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The regulations in 10 CFR 50.34, “Contents of applications; technical information,”
paragraph (b)(2) require that the safety analysis report (SAR) include the evaluations
required to show that safety functions of the structures, systems, and components
(SSCs) listed in 10 CFR 50.34(b)(2)(i) will be accomplished.

The guidance in NUREG-1537, Part 1, Section 4.6, “Thermal-Hydraulic Design,” states
that licensees should present the information and analyses necessary to show that
sufficient cooling capacity exists to prevent fuel overheating and loss of integrity for ali
anticipated reactor operating conditions. The licensee should address the coolant flow
conditions for which the reactor is designed and licensed; a detailed description of the
methods used in the thermal-hydraulic analysis should be provided.

The guidance in NUREG-1537, Part 2, Section 4.5.2, “Reactor Core Physics
Parameters,” states that: “The calculational assumptions and methods should be
justified and traceable to their development and validation, and the results should be
compared with calculations of other similar facilities and previous experimental
measurements.”

Additional information is needed for the NRC staff to ensure that sufficient cooling
exists for the proposed core geometry to prevent the fuel from overheating. The NRC
staff needs more information to understand the heat removal conditions (such as fuel
surface saturation temperature, onset of nucleate boiling, departure from nucleate
boiling, and/or flow instability) that provide for adequate fuel channel cooling.

In response to RAI No. 2, UMD stated that a new thermal-hydraulic analysis is
unnecessary. UMD further stated that average power per element will be reduced
from 2.00 kilowatts (kW) to 1.95 kW.

1. Provide the methodology used to determine average power per element for both
the current and proposed core configurations.

Power per element was determined by dividing the total power of the core
(300kW) by the total number of elements in the core. The response to RAl No.2
was an error and the correct power per element for the old core was 3.23kW,
while the power per element for the new core is 2.75kW.

2. Justify why the core neutronics analysis for the proposed core was performed at
250 kW even though the Reactor Power Level scram maximum setpoint is
120 percent of full power (300 kW).

Oregon State University has reperformed the neutronics analysis at 300kW.
Please see Attachment 1 for the updated neutronics report.

3. Justify by using specific parameters (i.e., peaking factor, departure from nucleate
boiling ratio, core power level, average fuel element power etc.) why the current
thermal-hydraulic analysis bounds the proposed core configuration.

The thermal hydraulic analysis for the current core bounds the thermal hydraulics
for the proposed core configuration. The new core will have a similar power
peaking factor (1.65 vs. 1.6), and a lower highest power element (4.23kW vs 4.63
kW, see Attachment 1). The same power will be distributed across a larger core
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resulting in a lower power per element (2.75kW vs 3.23kW at 300kW) and more
conservative fuel temperatures. Lower fuel temperatures will result in a larger
DNBR. For the current core, General Atomics has simulated the DNBR at power
of 300kW and a 92° C pool temperature to be 5.92; the proposed core will have a
greater DNBR. The proposed core is more conservative thermal-hydraulically
than the current core thus the current thermal-hydraulic analysis is bounding.

4. Explain and justify the influence, if any, to the neutronic and the thermal hydraulic
analysis for the proposed core configuration based on UMD’s recent identification
of several slightly misaligned fuel bundles in the existing core. In addition,
explain how UMD would verify that the proposed addition of 16 fuel elements
(i.e., four fuel bundles) are fully aligned and seated properly in the grid plate.

University of Maryland and Oregon State University separately analyzed the
misalignment of fuel bundles using MCNP and found that it has a negligible
contribution to reactivity. UMD found that the observed off shifting of the bundles
contributes -$.0.03 to the excess reactivity of the core. OSU found that if all of the
fuel was offset (raised) by 2 cm from normal, with the control rods remaining at
the same axial locations, that the offset bundles had a Ker of 1.03273, vs a ke Of
1.03481, which amounts to a reactivity worth of approximately $0.03. Given the
minimal reactivity worth of the offshifting, and that it occurs in the vertical
direction and does not change coolant channel widths, the misalignment does
not significantly perturb the thermal-hydraulics of the analyzed core.

When new fuel bundles are added to the core they will be verified to be aligned
and seated using an underwater camera. See Attachment 2, Revised Start-up
Plan.

The regulations in 10 CFR 50.34(b)(2) require that the SAR include the evaluations
required to show that safety functions of the SSCs listed in 10 CFR 50.34(b)(2)(i) will
be accomplished.

The guidance in NUREG-1537, Part 2, Section 4.5.2, states that “The calculational
assumptions and methods should be justified and traceable to their development and
validation, and the results should be compared with calculations of other similar
facilities and previous experimental measurements. The ranges of validity and
accuracy should be stated and justified.”

In response to RAI No. 4, UMD performed a different method (i.e., rod drop) for
measuring rod reactivity worth and concluded that these measurements better agree
with the simulated values of rod worth.

Additional information is needed for the NRC staff to understand which method(s)
UMD will use to measure rod reactivity worth to ensure the reactor can be shutdown
with sufficient margin from any operating condition.
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1. Explain which method(s) UMD plans to use to measure rod reactivity worth for
initial startup of the reactor in the Startup Plan — Additional Reactor Fuel included
in the LAR and during its required surveillance in technical specification
(TS) 4.2.1.

Rod worths will be measured using the asymptotic period method in
accordance with SP204: Control Rod Calibration, the approved procedure for
annually measuring rod worths. Rod drop worth measurements may be
performed at the same time to validate this method, however these will not
replace the method in the approved procedure at this time.

2. Explain when UMD will perform the control rod reactivity worth measurements
considering the fuel loading process. For example, does UMD plan to conduct
multiple control rod reactivity worth measurements as fuel is loaded into the core
or perform a single measurement after all 16 elements are loaded into the core.

Control rod worth measurements will be performed after each individual bundle is
added. This is the more conservative approach to adding fuel and will help to
ensure that reactivity limits will not be violated. See Attachment 2, Revised
Startup Plan, for more information.

3. Provide a current graph and quantitative data of measured control rod reactivity
worth from 2010 to 2019 (Figure 14 — Historic MUTR Control Rod Data).

See Attachment 3, Control Rod Worth Data.

The regulations in 10 CFR 50.34(b)(2) require that the SAR include the evaluations
required to show that safety functions of the SSCs listed in 10 CFR 50.34(b)(2)(i) will
be accomplished.

The guidance in NUREG-1537, Part 1, Section 13.1.2, “Insertion of Excess Reactivity,”
states, in part, that an insertion-of-excess-reactivity event is a ramp insertion of
reactivity by drive motion of the most reactive control rod or shim rod, or ganged rods,
if possible. (This event could occur during reactor startup procedures or when the
reactor is at power.)

The current Maryland University Training Reactor (MUTR) TS 3.1, “Reactor Core
Parameters,” Specification 1, states that: “The EXCESS REACTIVITY relative to the
REFERENCE CORE CONDITION, with or without experiments in place, shall not be
greater than $1.12.”

The LAR proposes a limiting condition for operation (LCO) for excess reactivity of not
greater than $3.50.

In response to RAI No. 5, UMD stated that the rod withdrawal analysis of

December 18, 2006, does not provide a bounding condition for the proposed excess
reactivity LCO of $3.50. The NRC staff needs more information to ensure that peak
fuel temperature remains below temperature safety limit of 1,000 degrees Celsius in
TS 2.1, “Safety Limit,” and that thermal-hydraulic conditions in the fuel channel remain
subcooled.
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Provide a ramp reactivity analyses, taking into consideration the proposed
excess reactivity limit of $3.50, starting at both high and low power conditions for
the proposed core configuration. Provide the values of maximum fuel centerline
temperature and maximum power achieved for all scenarios evaluated.

See response to 3.2 below.

Explain the methodology, inputs, and assumptions used in the control rod
withdrawal analysis.

A ramp insertion of reactivity analysis was performed by considering the
maximum power that ramp insertion of reactivity would result in, and using the
RELAP analysis performed by General Atomics in 2011 (ML110350175) to
determine the maximum fuel temperature. This analysis is a bounding case for
the proposed core as described in the response to RAI #1.3. 3 scenarios were
considered, (1) a ramp as quickly as possible from low power, (2) a ramp from
full power just below the scram setpoint, and (3) a ramp with no functioning
Reactor Safety System.

In the first case, the reactor power is initially taken to be 1W and the fuel
temperature to be 20°C. The control rods withdraw such that a 5s period, just
below the period scram setpoint, is maintained during the ramp. The reactor will
be scrammed by the 2 independent power scram channels when it reaches
300kW. Assuming a 1s delay between reaching the scram setpoint and the
control rod release terminating the power rise to account for channel response
time, the reactor power will increase to 366 kW. According to the 2011 Thermal
Hydraulic Analysis (Figure 3-3) by GA the peak fuel temperature at 366kW is
approximately 270°C, below the maximum operational, 350°C, fuel temperature
allowed by the TS, and far below the 1000°C Safety Limit.

In the second case, the MUTR is operating just below the 300kW power scram
setpoint when uncontrolled rod withdrawal begins inserting $0.30 per second. It
would immediately reach the scram setpoint monitored by 2 independent scram
channels. Assuming a delay of 1s from reaching the scram setpoint to the rods
being released, $0.30 of reactivity would be inserted. This would cause the
reactor to prompt jump to 429kW before control rod insertion could terminate the
power rise. According to the GA analysis, 429 kW corresponds to a peak fuel
temperature of 285°C, still well below the maximum allowed operating
temperature and Safety Limit.

In the third case, it is assumed that the Reactor Safety System is inoperable
when the ramp begins. In this case, the MUTR would increase in power until all
excess reactivity was inserted. The MUTR’s power coefficient of reactivity is
$0.0053/kW as described in the SAR. Assuming $3.50 of excess reactivity, the
peak power reached would be 661 kW. Using the GA analysis, this corresponds
to a peak temperature of about 340°C, still below the maximum allowed
operating fuel temperature and with a 660°C margin to the Safety Limit. This is
not a plausible scenario as there are 2 independent scram channels that will
terminate the reactivity insertion at 300kW as well as a period scram channel that
will terminate reactivity insertion if the period exceeds 5s. Any 1 of these 3
channels, if operational, would prevent an uncontrolled rod withdraw from
reaching this power level, and all undergo a channel test prior to each operation.



RAI-4

MUTR Temperatures vs Reactor Power
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Figure 1: Reactor Power vs Fuel Temperature as modeled by General Atomics using RELAP in 2011.

The regulations in 10 CFR 50.34(b)(2) require that the SAR include the evaluations
required to show that safety functions of the SSCs listed in 10 CFR 50.34(b)(2)(i) will
be accomplished.

The guidance in NUREG-1537, Part 1, Section 4.5.3, “Operating Limits,” states that
the licensee should present information on the amount of negative reactivity that must
be available by control rod action to ensure that the reactor can be shut down safely
from any operating condition and maintained in a safe shutdown state. The analyses
should assume that (1) the most reactive control rod is fully withdrawn (one stuck rod),
(2) non-scrammable control rods are at their most reactive position, and (3) normal
electrical power is unavailable to the reactor. The licensee should discuss how
shutdown margin will be verified. The analyses should include all relevant
uncertainties and error limits.

Additional information is needed for the NRC staff to ensure the reactor can be
shutdown with adequate margin as stated in TS 3.1 from any operating condition for
the proposed core configuration.

The LAR states the following:

Using the control rod values from Table 3, the Shutdown Margin
is calculated from the total rod worth minus the most reactive
rod minus the excess reactivity. An upper limit of $0.50 on the
Shutdown Margin is defined in technical specification 3.1.2.



Allowing for an excess reactivity of $3.50, guarantees that the
shutdown margin shall always be maintained.

MUTR TS 3.1, Specification 2, states the following:
The SHUTDOWN MARGIN shall not be less than $0.50 with:

(a) The reactor in the REFERENCE CORE CONDITION; and
(b) Total worth of all experiments in their most reactive state; and
(c) Most reactive CONTROL ROD fully withdrawn.

1. Provide a shutdown margin determination that includes relevant uncertainties for
the proposed core configuration applying the requirements of TS 3.1
Specification 2.

The shutdown margin is calculated using the method described in section 2.5.1.2
of the SER as shown in Table 2-1 of the SER which is duplicated here with the
current (measured) and proposed (from Attachment 1, the OSU Neutronics
Analysis Report) core values.

Excess Shim | Shim | Regulating | Calculated | TS 3.1.2
Reactivity 1 2 Rod SDM SDM
(%) %) | 3 (%) (%) Value
(%)

Current +1.12 -2.08 | -2.75 -2.20 -3.16 -0.50
Core
(2017)

Proposed +3.50 -3.00 | -3.09 -3.26 -2.59 -0.50
Core

2. Explain the methodology used to obtain the data supporting the shutdown margin
determination for the proposed core. Additionally, state any inputs or
assumptions used in the shutdown margin determination.

The data used to calculate the SDM are the control rod worths for the proposed
core as reported by OSU in the Neutronics Analysis Report, while the excess
reactivity is assumed to be $3.50, the maximum allowed by the proposed TS.

RAI-5 The regulations in 10 CFR 50.34(b)(2) require that the SAR include the evaluations
required to show that safety functions of the SSCs listed in 10 CFR 50.34(b)(2)(i) will

be accomplished

The guidance in NUREG-1537, Part 1, Section 13.1.2, states, in part, that an
insertion-of-excess-reactivity event can be used to show why LCO on reactivity are
justified.

In the LAR, UMD applies the Fuchs-Nordheim technique to analyze a $4.00 insertion
of reactivity in the proposed core configuration. The NRC staff needs more information



to understand the input values to the analysis to ensure the peak fuel temperature
remains below temperature safety limit of 1,000 degrees Celsius in TS 2.1.

Explain and justify each value used in the Fuchs-Nordheim technique that is used to
analyze a $4.00 insertion of reactivity in the proposed core configuration.

UMD analyzed the $4.00 pulse using the constant heat capacity Fuchs-Nordheim
equations.

The Fuchs-Nordheim equations are:

Average fuel temperature: AT = m—akﬂ

Total Energy Released: E = 2C Aaﬁ

2
Peak Power: Ppax = %ﬂ) + Py

Peak Temperature: Tppqx = F,AT + Ty
Where:
Prompt neutron lifetime = | =1*10* seconds
Prompt temperature coefficient of reactivity = @ = 1.25*10* p/°C
Core heat capacity = C = 11.9*10* J/°C
Portion of the reactivity insertion above prompt critical = 4= ($ inserted -1)"f.
Power peaking factor = F,= 1.65

The prompt neutron lifetime was chosen as 1*10* seconds since this is the standard
accepted value for light water reactors. The prompt negative temperature coefficient of
reactivity was taken from the SAR. The core heat capacity is determined by multiplying
the heat capacity of a single TRIGA Fuel element (1088 J/°C) the total number of
elements in the core (109). This number can be derived from the equation for fuel
element heat capacity in GA-7882 given the approximate average temperature of a fuel
element during a pulse. The power peaking factor was determined by dividing the power
of the highest power element in the 109 element core by the average power per element
in the 109 element core as analyzed in the OSU Neutronics Behavior Report.

These inputs lead to the following results for a $4.00 reactivity insertion in a critical

reactor:
Initial Power (kW) Initial Temp (°C) Average Fuel Peak Fuel Temp | Energy Added Per
Temp (°C) (°C) Element (MJ)
.01 25 361 579 0.36
250 190 526 744 0.36

In all cases the fuel temperature remains below the safety limit. Since these estimates
were determined using the constant heat capacity Fuchs-Nordheim equations they are
more conservative than the estimates in the SAR using the variable heat capacity
Fuchs-l\gordheim equations as described in the IAEA TRIGA Reactor Characteristics
Manual.

lhttgs://ansn.iaga.org/_(;csmmon/do:)cuments/T raining/ TRIGA%20Reactors %20(Safety%20and%20Technol
ogy)/pdf/chapter1.pdf



RAI-6

The regulations in 10 CFR 50.36, “Technical specifications,” paragraph (c)(3) require
TSs to contain surveillance requirements relating to test, calibration, or inspection to
assure that the necessary quality of systems and components is maintained, that
facility operation will be within safety limits, and that the LCO will be met.

NUREG-1537, Part 1, Appendix 14.1, Section 4.1(6) “Fuel Parameters,” states that:
“For non-pulsing TRIGA reactors, the fuel should be inspected and measured on at
least a 5-year cycle. Approximately 20 percent of the fuel could be inspected and
measured annually.”

The NRC staff needs more information to ensure the integrity of the fuel cladding is
maintained to minimize the possibility of an inadvertent release of radioactive fission
products.

In response to RAI No. 5, UMD proposes a change to MUTR TS 4.1, “Reactor Core
Parameters,” Specification 4, to modify the fuel bundles that are inspected annually as
follows:

4.1 Reactor Core Parameters

4. A visual inspection of 2 fuel bundles from rows B and C shall be
performed annually at intervals not to exceed 15 months. The bundles
inspected shall change each year so that in a 5 year period the entire group
will be inspected. If any are found to be damaged, an inspection of the
entire MUTR core shall be performed.

UMD proposes that only 2 out of 28 fuel bundles which represents only 7 percent of
the core be visually inspected on an annual basis.

Provide a basis for visually inspecting 2 fuel bundles on an annual basis considering
that UMD is proposing to increase the total number of fuel elements from 93 to 109
with slightly irradiated fuel that has been in storage for a considerably long time.

UMD proposes that Technical Specification 4.1.4 be updated to read “A visual
inspection of a representative group of at least 4 FOUR ELEMENT FUEL BUNDLEs
from rows B and C shall be performed annually at intervals not to exceed 15 months.
The bundles inspected shall rotate such that in a 2-year period all accessible 4 FOUR
ELEMENT FUEL BUNDLEs in rows B and C are inspected. If any are found to be
damaged, an inspection of the entire MUTR core shall be performed.”

Only the bundles in rows B and C are accessible due to the CRDM support plate which
blocks access to most of the core. In the SER, the NRC states that because the MUTR
facility does not pulse, does not use a forced circulation coolant system, has relatively
low fuel burn up given the operating history, uses stainless steel fuel elements, the low
risk of damage to instrumentation, and its current licensed power of only 250 kWi, that
visually inspecting the fuel in grid plate locations listed in TS 4.1, Specification 4 would
provide an adequate representative profile of all other fuel elements in the core.

An inspection of approximately 20% of the core fuel on an annual basis was judged to
be sufficient to meet the requirements of NUREG 1537 so long as the entire core would
be inspected if damaged fuel was identified. Only 9 fuel elements are readily accessible
without excessive risk of damage from moving them. These 9 elements are in a group of
4 and a group of 5. Alternating between the group of 4 and the group of 5 allows for
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inspecting nearly 20% of the core in accordance with NUREG 1537 and rotating among
the 9 accessible bundles allows for 30% of the core to be inspected biennially.

See attachment 4 for updated Technical Specification pages. The change to TS 4.1.4 is
on page 19. However, the increased length of the revised specification has caused the
locations of other specifications to shift on pages 18 and 20. All 3 revised pages are
presented, however, no revisions to the text have taken place other than TS 4.1.4.

The regulations in 10 CFR 50.34(b)(2) require that the SAR include the evaluations
required to show that safety functions of the SSCs listed in 10 CFR 50.34(b)(2)(i) will
be accomplished.

The guidance in NUREG-15637, Part 1, Section 13.1.2, states that an insertion-of-
excess-reactivity event can be used to show limiting conditions for operation on
reactivity are justified.

Additional information is needed for the NRC staff to ensure the reactor can be
shutdown with adequate margin as required by TS 3.1 from any operating condition for
the proposed core configuration.

TS 4.1, Specifications 1 and 2, state the following:

1. The EXCESS REACTIVITY shall be determined annually, at intervals
not to exceed 15 months, and after each time the core fuel configuration
is changed, these changes include any removal or replacement of
CONTROL RODS.

2. The SHUTDOWN MARGIN shall be determined annually, at intervals
not to exceed 15 months, and after each time the core fuel configuration
is changed, these changes include any removal or replacement of
CONTROL RODS.

UMD proposes to change TS 3.1, Specification 1, to the following:

The EXCESS REACTIVITY relative to the REFERENCE CORE
CONDITION, with or without experiments in place shall not be greater than
$3.50.

1. Explain how UMD ensures that the excess reactivity of $3.50 proposed in TS 3.1,
Specification 1, is not exceeded when experiments are placed in the core.

All experiments must be approved by the Reactor Safety Committee before they
can be performed as per TS 6.5. Reactivity estimates are made as part of the
experimental review process. The estimate is used to ensure that the
specifications for excess reactivity, shutdown margin, and reactivity worth of
experiments are still met with the experiment is installed before the experiment is
approved by the committee. Experiments do not typically approach any limits on
reactivity.



2. Explain how UMD ensures that the shutdown margin requirement of $0.50 is not
exceeded when experiments are placed in the core.

All experiments must be approved by the Reactor Safety Committee before they
can be performed as per TS 6.5. Reactivity estimates are made as part of the
experimental review process. The estimate is used to ensure that the
specifications for excess reactivity, shutdown margin, and reactivity worth of
experiments are still met with the experiment is installed before the experiment is
approved by the committee. Experiments do not typically approach any limits on
reactivity.
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1. Introduction

This report contains the results of investigation into the neutronic behavior of the Maryland
University Training Reactor (MUTR). The objectives of this study were to: 1) create a model of
the MUTR to study the neutronic characteristics, 2) demonstrate acceptable reactor performance
and safety margins for the MUTR core under normal conditions, and 3) suggest ways to improve
performance of the MUTR.

2. Summary and Conclusions of Principal Safety Considerations

The conclusion of this investigation is that the MCNP model does an acceptable job of predicting
behavior of the MUTR core. As such, the results suggest that the current MUTR core can be safely
operated within the parameters set forth in the technical specifications; however, the MUTR as
currently loaded is unable to operate at 250 kW due to depleted fuel, which the MCNP model
confirmed. Discussion and specifics of the analysis are located in the following sections. The
final sections of this analysis provide suggestions for a new core configuration and suggested

changes to the technical specifications to accommodate the new core configuration.

3. Reactor Fuel

The fuel utilized in the MUTR is standard TRIGA® fuel manufactured by General Atomics. The
use of low-enriched uranium/zirconium hydride fuels in TRIGA® reactors has been previously
addressed in NUREG-1282 [1]. This document reviews the characteristics such as size, shape,
material composition, dissociation pressure, hydrogen migration, hydrogen retention, density,
thermal conductivity, volumetric specific heat, chemical reactivity, irradiation effects, prompt-
temperature coefficient of reactivity and fission product retention. The conclusion of NUREG-
1282 is that TRIGA® fuel, including the fuel utilized in the MUTR, is acceptable for use in reactors
designed for such fuel.

The design of standard stainless steel clad fuel utilized in the MUTR is shown in Figure 1 [2].
Stainless steel clad elements used at MUTR all have fuel alloy length of 38.1 cm. The

characteristics of standard fuel elements are shown in Table 1.
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Figure 1 — TRIGA® Stainless Steel Clad Fuel Element Design used in the MUTR Core [2]

Table 1 — Characteristics of Stainless Steel Clad Fuel Elements

Uranium content [mass %] 8.5
BOL 233U enrichment [mass % U] 19.75
Original uranium mass [gm] 37
Zirconium rod diameter [in] 0.225
Fuel meat inner diameter [in] 0.25
Fuel meat outer diameter [in] 1.374
Cladding outer diameter [in] 1.414
Cladding material Type 304 SS
Cladding thickness [in] 0.020
Fuel meat length [in] 15
Graphite slug outer diameter [in] 1.291
Graphite slug length [in] 3.47
Molybdenum disc thickness [mm] 0.8
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4. Reactor Core

The MUTR core is a five-by-nine rectangular grid array (labeled B through F, 1 through 9)
composed of stainless-steel-clad standard TRIGA® fuel and aluminum-clad graphite reflector
clusters (located in E2 and D2). The core also contains several non-fueled locations that house
instrumentation (fission chamber in F9, ion chamber in F2), a plutonium-beryllium startup source
in B6, and a pneumatic transfer (Rabbit) irradiation facility in C4. The current configuration
established in 1974 includes 93 standard stainless-steel-clad fuel elements. The reactor is
controlled by three electromagnetic control rods (Shim I, located in E4; Shim II, located in E7;
and Regulating, located in C6) which utilize borated graphite (B4C) as a neutron poison. Fuel
temperature is measured by an instrumented fuel element (IFE) located in the southeast corner of

the D8 fuel cluster. The current core configuration is shown in Figure 2.

b

| i
v
|

Figure 2 — Schematic Illustration of the MUTR Showing the Current Core Configuration
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Detailed neutronic analyses of the MUTR core were undertaken using MCNP6.1.1 [3].
MCNP6.1.1 is a general purpose Monte Carlo transport code which permits detailed neutronic
calculations of complex 3-dimensional systems. It is well suited to explicitly handle the material
and geometric heterogeneities present in the MUTR core. The original input deck for the MUTR
model was developed by Dr. Ali Mohamed [4]. Facility drawings provided by the manufacturer
at the time of construction of the facility were used to define the geometry of the core and
surrounding structures. The geometry of the stainless steel clad fuel elements and control rods
were based upon the manufacturing drawings. Representative cross-sectional views of the MCNP

model are shown in Figure 3 and Figure 4.

Figure 3 — Horizontal Cross-section of the MUTR MCNP Model
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Figure 4 — Vertical Cross-section of the MUTR MCNP Model

Fuel element meats were modeled as a homogeneous mixture of 2>°U, 238U, natural zirconium

and hydrogen. Compositions of all significant materials are shown in Table 2.
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Table 2 — Physical Densities and Mass Fractions for Selected Core Components in the

MCNP Model of the MUTR
‘Material | Physical Density [g/cm?] Nuclide Mass Fraction
0y 0.462087
N7 0.100770
Vi 0.154029
Standard 8.5 S47: 0.156095
b o &Zr 0.025148
U-ZrH fuel -
H 0.016871
25y 0.017000
#2381 ] 0.068000
Natural Mn 0.020
Type 304 SS o Natural Cr 0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>