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ORNL Contributions to the Advanced Neutron Source (ANS)
Project for October 1986 - March 1987

Abstract

The Advanced Neutron Source (ANS) Facility -~ formerly called
the Center for Neutron Research -- will provide the world's best
facilities for the study of neutron scattering. The ANS high
power density reactor will be fueled with uranium silicide and
cooled, moderated, and reflected by DyO0. Peak neutron fluxes in
the reflector are expected to be 5 to 10 x 1019 neutrons per
square meter with a power level between 270 MW and 300 MW.

This report describes the status of technical work at ORNL on
the ANS Project during the first half of FY 1987. Earlier work is
described in a previous report, Center for Neutron Research
Project Status Report, ORNL/TM-100651.

The scope of this report includes Research and Development
Tasks; Safety Tasks; Conceptual Design Tasks: and Project Support.
The last two areas were only initiated as separate activities
during this reporting period.

Technical highlights include a better understanding of the
relationship among neutron flux, core power, and core volume;
preconceptual design work on a cold source for use in a very high
gamma and neutron flux environment; identification of the major
applicable safety rules and guidelines; and establishment of
initial functional objectives for the containment structure.




1. INTRODUCTION

This report describes the status of technical work at ORNL on
the Advanced Neutron Source (ANS) Project -- formerly called the
Center for Neutron Research -- during the first half of FY 1987.

Earlier work is described in a previous report, Center for Neutron

Research Project Status Report, ORNL/TM—100651. This report does

not include work that was begun during this period by
subcontractors.

The scope of this report includes Research and Development
Tasks; Safety Tasks; Comnceptual Design Tasks; and Project Support.
The 1last two areas were only initiated as separate activities
during this reporting period.

This period has also seen some important nontechnical events
for the ANS Project: the U.S. Congress placed funding for "the
Advanced Steady State Research Reactor at 0ak Ridge" in the FY
1987 budget; the Department of Energy’'s (DOE’'s) Office of Basic
Energy Sciences mnominated Oak Ridge National Laboratory (ORNL) as
the lead 1laboratory for this project; a National Steering
Committee for an Advanced Neutron Source was formed and has become
active; and arrangements were initiated for certain tasks to be
undertaken at other laboratories and universities with appropriate
experience and expertise.

Technical highlights include a better understanding of the
relationship among mneutron flux, core power, and core volume;

preconceptual design work on a cold source for use in a very high

gamma and neutron flux environment; identification of the major
applicable safety rules and guidelines; and establishment of
initial functional objectives for the containment structure.

These, and many other topics, are discussed below.



2. RESEARCH AND DEVELOPMENT TASKS

The research and development activities during the first half
of FY 1987 focused on the continuation of the core design
optimization studies and the initiation of <certain tasks
considered crucial for fulfillment(of the design objectives. This
chapter summarizes tasks performéd in-house at ORNL as well as
tasks performed under subcontract at universities and other
laboratories.

2.1 Reactor Core Design

The reactor core design studies continued to be a focus of the
R&D activities. Two core design concepts are being considered: a
single-core similar to that of the High Flux Isotope Reactor
(HFIR) and a twin—core with an axial heavy-water plenum proposed
by Idaho National Engineering = Laboratory (INEL); both are
illustrated in Fig. 1. In the first half of FY 1987, more
detailed neutronics studies were carried out to advance the core
design and to develop initial’conceptual design specifications for
the two alternatives. Initial comparison of the designs proposed
by INEL and ORNL indicated that most of the reported performance
differences were actually due to differences in basic design
assumptions: maximum allowable fuel temperature, oxide film
buildup rate, fraction of fission energy deposited in the fuel,
minimum practical <coolant gap, minimum acceptable Ffuel plate
thickness, and maximum fuel density (see Table . 1). The
establishment of a set of consistent ground rules for both design
efforts was initiated and is now complete (see Appendix A). These
ground rules will be ﬁsed by INEL to perform a comparison of the
two designs in the second half of FY 1987 and in future design
work, pending the completion of experimental tests on fuel and
oxide behavior.

Present plans are to make a choice between the single- and
twin-core design concepts early mnext year; the dilution and
duplication of effort that results from carrying two designs 1is

seriously delaying programs in other project areas.
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Fig. 1. Cut-away views of (a) twin-core and (b} single~-core
models



Table 1. Some design assumptions
Ground
Parameters INEL® ORNL? Rules
Maximum permissible fuel
temperature?, ©C 450 350 385
Oxide film formation 0.5 x Griess® 1.0 x Griess® 0.5 x Griess®
Fraction of fission energy
deposited in fuel,$ 91 98 51
Coolant inlet
temperature, °C 38 49 49
Minimum coolant gap, mm 0.76 1.27 Npd
Minimum acceptable fuel
plate thickness, mm 1.02 1.27 Npd
Heat transfer correlation Dittus Boelter Petukhov Petukhov
Fuel burnup limit, '
fissions/mL of meat 2.0 x 1021 2.6 x 1021 2.6 x 1021
2Data represent design parameters prior to May 1987. New ground
rules, to be followed by both laboratories, were agreed upon in May 1987
and are shown in column 3: a more complete list of the current

assumptions may be found in Appendix A.
bU3Si.2 fuel dispersed in an aluminum matrix.

Cugriess" is the growth rate predicted by the correlation based on
out-of-pile measurements by J. Griess. The reduction facter of 0.5
adopted by INEL is based on measurements of irradiated Advanced Test
Reactor (ATR) fuel plates that have a lower heat flux than any of the
ANS designs.

dNot defined in ground rules.

2.1.1 Relationship of power, core volumeée, and peak thermal flux
for the single-core concept

It has long been known that a relationship exists between the
core volume and the power necessary to achieve a given peak

reflector flux. This relationship has now been more closely



examined, and the results are summarized by Fig. 2. The top curve
presented in Fig. 2 is based on data from a series of calculations
performed Dby the ORNL Engineering Physics and Mathematics
Division: the additional curves follow from the fact that for any
given core the flux at the end of core 1life 1is approximately
proportional to the reactor power. All the curves calculated have
a central hole of 128-mm diameter, the same as the HFIR, and a
height-to-diameter ratio of 0.8 in the fueled region. The results
were used to develop an understanding of the relationship between
peak flux 1in the reflector and reactor core parameters such as
power density. One interesting aspect of this work is illustrated
in Fig. 3 where the peak flux is plotted as a function of average
power density for various power levels. As can be seen, we are
designing for a region where further 1increases in power density,

for a constant power level, bring little further increase in peak
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thermal flux. The physical reason for this is that the thermal
flux peak lies some 180-mm outside the core: in other words, for
very small (i.e., high power density) cores, the surface area of

the high flux region is determined primérily by the thermalization
distance in the heavy-water (D70) and not by the core dimensions.
The flatness of the curves in Fig. 3 provided the motive for
the development of a new optimized, oxided, single-core concept.
Instead of lowering the power level of the 35-L core until the
power density dropped below the limitation imposed by the oxide
buildup, one could maintain the same power level and simply
increase the core size until the desired power density 1is
obtained. This led to a 55-L core desigﬁ which, although not
optimized, produced a higher peak reflector flux.than our previous
approach of lowering the power level for the smaller core. The

55-L oxided core produced a peak reflector flux that was only 13%

lower than that produced by the 35-L core under the oxide-free
condition. The unperturbed radial thermal flux profiles in the
reflector are gilven for\bqth the 35-L non-oxided core and 55-L
oxided core designs in Fig. 4. (The configurations of these two

cores are discussed in Section 2.12.1). Further optimization may
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Fig. 4. Unperturbed thermal fluxes

lead to a still smaller difference between the oxide and non-oxide

core performance predictiomns.

2.1.2 D90 _vs HoQ primary cooling

In 1984 a decision had been made to use D90 rather than H90 as

the primary coolant. That decision was based on a Uj30g fuel
design that produced a peak reflector flux of only about 3 x 1019
neutrons/(mzs). At that flux level, the flux penalty associated
with using H90 was not acceptable. Subsequently, the change to

the U3Sip fuel form and other improvements in the core design have
led to a significantly higher peak flux. A re-evaluation of the
choice of coolant was initiated and the following potential
advantages of Hp0 cooling have been identified:

smaller Dp0 inventory,

reduction of construction costs,

operational simplifications,

no tritiated D90 outside the reactor containment dome,

increased worth at locations within the core for excess
reactivity control due to the softer spectrum of the H»0
system, and

6. resolution of some engineering technical issues relating to

D90/H90 intexrfaces.

woEwN



As a result, a decision was made to reexamine, in detail, the H0
coolant option.

A significant effort was expended during this period to review
the performance penalties and the economics of using light water
rather than heavy water for the primary ccolant. Several major
facility simplifications resulting from wuse of a light-water
coolant were identified. The problem of transferring spent fuel
and in-core irradiation experiments from heavy to 1light water
would be avoided. A direct cost saving associated with the heavy-
water Iinventory would be realized. In addition, a variety of

facility simplifications in the reactor support building would

result from eliminating the presence of tritium and heavy water in
that building. These advantages range from the design of primary
system equipment and elimination of a helium buffer gas over the
D90 coolant to simplifications of the waste and ventilation
systems. Potential capital cost savings in the range of $30M'to
$80M were identified, as shown in Table 2. Operation and
maintenance of the facility would also be simpler, which could
have a significant impact on the plant availability factor. A
simpler refueling operation could also reduce downtime during
refueling with a further increase in availability.

Not all of the above benefits would mnecessarily be fully
realized, however. For example, decay heat considerations may
dominate in the refueling sequence, negating potential gains in
reactor availability. In addition, most of the tritium could also
be kept out of the primary loop by maintaining separate coolant
and reflector circuits, if mechanical considerations in the core
region allow such a separation. Thus, there are large
uncertainties in the actual capital cost savings associated with
using light-water coolant. The minimum saving would be at least
the direct cost of the heavy-water coolant inventory.

The initial mneutronics calculation of a 35-L core with Hy0
primary cooling indicated that the peak reflector flux would be
decreased by ~35% from the 35-L D90 reference core. This decrease

in flux in the reflector is attributable to two factors: (1) an



Table 2. Breakcdown of potential cost savings for Hp0 coolant
Item Cost saving range Comment
($ M)

A relatively certain saving

Heavy-water inventory

Heavy-water drains in
gsupport building

Helium cover-gas system
for coolant
Dry ventilaticon system in

support building

Coolant detritiation and
upgrade system

Pump and valive seals

Tritium monitoring and
control 1n support

building
Simplification of refueling
procedure

<

Inciuding drains and tanks
as contingency

A relatively certain saving

Gastight containment may be

similar in cost

Reflector circuit may
require these systems
anyway

Low-lcakage eguipment
needed in any case

Some system required in
any case

Difference may be small if
refueling schedule is
heat

dominated by decay
loads (as anticipated)

01
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increase in the thermalization of neutrons within the core region
and (2) an increase in absorption of neutrons in the cooclant. A
series of calculations was then initiated to identify design
changes that would enhance the peak flux level for the Hs0-cooled
design. The initial results indicate that by using some beryllium
components and some complex geometries, the flux penalty can be
reduced to 22%. However, the increased complexity 1in geometry
will lead to higher fuel cycle costs™ and increased complexities
in operation. Other wunfavorable factors associated with H»O
coolant included the following:

1. vessel replacement becomes a more complicated process,

2. the numbexr of H90 - D90 interfaces is increased,

3. a potential for positive void coefficient exists, and

4. oxide formation will have a bigger impact due to an
increase in the H20 flux penalty as the core is made
larger.

In general, the confliect boils down to a simplification of
balance-of-plant (BOP) and potential reduction in facility costs
vs a 25 to 35% reduction in the peak flux level and a potentially
complex core design. Although the decision was not clear cut, it
was decided that the flux penalty was too large, the overall cost
savings too uncertain, and complexities in BOP were preferable to
a complex design for the core that must be replaced every 2 to 3
weeks. Therefore, the decision was made to remain with the heavy-
water-cooled concept. Note that the use of H»0 coolant would have
an even more deleterious effect on the twin-core design because of
the amount of coolant in the plenum between the two core halves

and in the necessarily large by-pass flow annulus,

2.1.3 Reactor pressure vessel design

In both of the present design concepts (single and twin-core),
the primary coolant pressure boundary is located between the core
and the D90 reflector. The boundary is simply a tube or pipe, the

Core Pressure Boundary Tube (CPBT), with no penetrations and an

*The actual increases in fuel assembly costs could not be
evaluated without a detailed study. However, because we need a
new fuel assembly every 17 days, even a small increase in the cost
of the fuel assembly can lead to a very large expense over the
life of the facility.
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inside diameter of approximately 540 mn. The advantage of this
arrangement is that the beam tubes, cold source and certain other
experimental facilities do not penetrate the pressure boundary.
This reduces the risk of pressure boundary failure and simplifies
the design and operation of the beam tubes and other devices
located in the D90 reflector, and improves their performance since
they do not have to be designed for a high-pressure environment.
The in-close location of the pressure tube does however present
three major problems:
1. the high fluence associated with this position causes

intense damage to the tube material;

2. the presence of a wall between the core and the thermal
flux peak in the reflector reduces the magnitude of the
thermal flux peak; and

3. the high gamma heating rate in the vicinity of the tube
makes it difficult to cool the tube.
It does appear that there are solutions to these probleans.

Because the tube is of small diameter, only a relatively thin
wall is necessary to provide the pressure boundary. In addition,
the simplicity of its design (a single tube with no penetrations)
makes it relatively easy to fabricate. The cost of the CPBT 1is
therefore swall enough to consider frequent replacement of the
vessel. Thus, we propose to replace the CPBT frequently to deal
with the high fluence problem. Initial indications are that the
tube would be replaced every 6 months to a year depending on the
material chosen.

The flux penalty is a little more difficult to resolve because
there is very little we can do to reduce the flux loss imposed by
the wall, "15% when the wall is moved as far in from the thermal
flux peak as practical. Increases in the fuel loading and a shift

L.
from our previously conservative estimates of thermal-to-fission

*Thermal power as used in this context refers to the amount of
fission energy deposited in the core and primary coolant region
(i.e., it is the amount of heat energy that must be removed by the
primary coolant system). For conservatism, all thermal power is
assumed to be deposited into the fuel plates.
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power ratio, offset the previously unaccounted for penalty due to

the wall, and we Dbelieve there will be 1little change from

‘ previously reported flux values for the 35-L core.

Present estimates of gamma heating rates in the region where
we propose to locate the pressure vessel range from 28 W/g to 100

W/g. As a result a significant amount of heat will be deposited

in the vessel material. Wall temperature and stress limitations
dictate that for successful single-side forced-flow cooling, the
total neutronic and gamma heating would have to be <8 W/g for a
Zircaloy vessel or <25 W/g for an aluminum alloy vessel. In the
case of forced flow on both sides of the pressure tube, the limits
appear to be 30 W/g for the Zircaloy vessel and 60 W/g for the
aluminum one; Eonsequently an aluminum pressure vessel with forced
flow on both sides will be proposed by ORNL. The INEL designs
presently favor a Zircaloy tube because the larger diameter of the
twin-core pressure tube (to accommodate the larger coolant bypass
annulus) places the wall closer to the thermal flux peak in the
reflector where the flux penalty associated with the pressure tube
is much higher; the wuse of Zircaloy with a 1lower thermal

absorption cross section than aluminum reduces this flux penalty.

2.1.4 ANS core plate geometry

The ANS core 1is based on the use of curved fuel plates

spanning, in a primarily radial direction, the annular gaps
between <concentric support cylinders. As in the HFIR, two
concentric fuel zones will be utilized. To maintain a constant

gap between the fuel plates over their radial expanse, the plates
are formed into a geometric shape defined as an "involute of a
dircle“. A routine that allows rapid calculation of basic
geometric parameters of the core has been writtenm for TK Solverz,
a personal computer based application program for solving a system
of simultaneous equations.

The basic sections of the core are shown in Fig. 5.

Progressing radially outward from the <c¢enterline, the «cross

section consists of the following regions: an inner D90 cavity,
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Fig. 5. Fuel core elements

the 1inner element inner-side plate, the 1inner element plate
annulus, the inner element outer-side plate, the interfuel zone

irradiation target basket, the outer element inner-side plate, the

outer element plate annulus, and the outer element outer-side
plate. The arcs used to generate the fuel-plate curvature are not
shown in Fig. 5. These arcs, referred to as the inner and outer

generating circles, represent the theoretical inner limit of the

respective fuel zones. If extended inward to this limit the fuel
plate would be normal to the generating circle.

Using the routine developed, the affect of different 1input
variables or boundary conditions c¢an be rapidly evaluated and
since there are six unknowns (i.e., the radii of the two
generating circles, and the inner and outer limiting radii of the
two respective involute shaped fuel zones), six constraints can be
specified. Input can be either a desired numerical wvalue for one

of the wvariables or a required relationship between variables.
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The baseline case was established by (1) fixing the radius of the
inner edge of the inner fuel plates, the desired core volume,
minimum bend radius for the fuel plates, and fuel-plate nominal
thickness; and (2) requiring that the arc length of the inner and
outer fuel plateé be equal.* The resulting geometry for the base

case is shown in Fig. 6 with the major parameters for the

"The inner and outer fuel-plates are made equal to minimize the
maximum fuel-plate radial length. This maximized the critical
velocity for the system.

ORNL DWG 87-4210ETD
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Fig. 6. Basic dimensions for reference 35-1. core
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reference 35-L core as follows:
1. Core volume, 35-1L
2. Core length, 350-mm
3. Length along arc of fuel plate

Inner 83.5, 69.5 fueled

Outer 83.5, 69.5 fueled
4, Number of fuel plates

Inner 172

OQuter 395

5. Fuel plate thickness, 1.27-mm
6. Coolant gap thickness, 1.27-mm

7. Minimum fuel plate bend radius, 16-mn

2.1.5 Neutron transport models

For some time we have been concerned about the adequacy of
using neutron diffusion theory models in light of the steep flux
gradients in the core and the deep penetration problems associated
with the D90 reflector. One-dimensional comparisons between

diffusion and transport models have now been made, and the results

are 1illustrated in Fig. 7. The results indicate that although
diffusion theory methods are adequate for core calculations, a
transport or transport-correction approach may indeed be necessary
to study neutron transport through the D90 reflector.

A two-dimensional (2-D) R-Z transport model 1is also now
available. Comparisons of the 2-D transport calculations and 2-D
diffusion calculations will be made as soon as a convergence

problem in the transport model is resolved.

2.1.6 Cross sections

The cross-section development effort for ANS can be divided
into two categories: (1) evaluation of cross-section point data
and (2) generation of few group cross-section libraries (both
diffusion and transport) which are specific to the ANS model. As
an individual project there was little that could be done in the
way of measurement and evaluation of point data; therefore, the
effort associated with item (1) was limited. However, as
discussed below, an evaluation of the potential weaknesses of the

point data was performed.
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Fig. 7. Comparison of transport and diffusion calculations of
fast flux (800 KeV - 20 MeV) in the ANS core and
reflector regions

2.1.6.1 Cross-section point data. The ANS neutronics

analysis 1s presently using cross-section data files from the
ENDF/B-V data base. According to a brief study by D. €. Larson of

the Engineering Physics and Mathematics Division, some ENDF/B-V



18

data base files, important to the ANS analysis, are not
professionally sound. The silicon evaluation was done under
Defense Nuclear Agency sponsorship, with particular emphasis on
reactions at energies around 14 MeV and on charged particle
production. As a result, there are no resonance parameters for
silicon; only point data are given, and of 11 resonances now known
below 500 keV, only one is included in the ENDF/B-V data base.
Similarly, the resonance regions 1in 235y and aluminum are
inadequately treated. BPBecause these three materials are important
to the ANS design, some concerns were raised.

The major concern appears to be with the 235y and aluminum
data, because the silicon resonances would have to be very severe
to have a sigﬁificant impact on the analysis efforts. A new
resonance parameter evaluation 1is now available for 235y, The
goal is to incorporate this new evaluation into the ANS cross-
section library by the end of this year.

The solution to the aluminum problem may mnot be as easy.
Present ENDF/B aluminum data are the result of an evaluation
performed in 1973. In 1975 an evaluation containing resolved
resonance parameters for aluminum was made (JENDL-2). A
comparison of the broad group cross sections for the two

evaluations reveals rather large differences for both the elastic

and capture cross sections. In particular, in the energy range
between 550 eV and 17 keV -- a very iwportant energy range for
ANS-- the contribution of a 5.9-keV resonance in the JENDL-2

evaluation results in a significant increase in the capture cross
section over the present ENDF/B-V value. It has been recommended
that the impact of this difference in capture cross section be
examined. One possible solution is to 1incorporate the resolved
resonance parameters from the JENDL-2 evaluation into the ANS
cross section libraries.

2.1.6.2__ANS cxross section libraries. The Computing and

Telecommunications Nuclear Engineering Applications Department
(NEAD) is generating pseudo-problem-independent multigroup cross-

section libraries to support general design work with special
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efforts to develop cross sections for use in analyzing the ANS
cold- and hot-neutron sources and their interaction with the
reactor core. The collection of libraries are designated ANSL-V
(Advanced Neutron Source Cross-section Libraries derived from
Evaluated Nuclear Data File-B, Version V).

The following broad-group 1libraries are being generated for
ANSL-V:

1. a 123-material General-Purpose Neutron (GPN) Library,

2. a 44-material Secondary Gamma-Ray Production (SGRP)
Library, and

3. a 34-material Gamma-Ray Interaction (GRI) Library.

The GPN library 1is to include appropriate data for core and
shield analyses, activation analyses after irradiation of certain
elements in the ANS reactor environment, and safety analyses. The
SGR? library will include data, where available, for the
generation of gamma-rays resulting from neutron-induced reactions
in the ANS core, structural, and shielding regions. The GRI
library is to include data for use in calculating the transport of
photons throughout the ANS.

In further support of the ANS project, NEAD is completing
development and testing of the XLACS-III module and a new version
of the NITAWL module. Both modules are components of the AMPX
System. XLACS-III is needed to generate multigroup data for the
CNRXS GPN 1library; and the new version of NITAWL is needed to
process resolved resonance data when pseudo-problem-independent
data from the GPN library are converted into problem-independent
data, Approximately one-third of the nuclides to be included in
the GPN have been processed. Specifically, data sets for
hydrogen, deuterium, oxygen, aluminum, uranium-235, and uranium-

238 have been completed so that some benchmarking with the library

could be attempted. Comparisons of experihentally measured values
to calculated values are shown in Table 3. Agreement 1s generally
good.

Cold neutronm cross section data for hydrogen and deuterium
have been generated and are shown in Figs 8, 9, and 10 along with

data obtained from the Institute-Laue Langevin (ILL) facility.
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Table 3. Benchmark lattice results using ANSL-V cross sections

Experiment/ Measured Calculated
parameter Value Value C/E
BAPL-18
k-effective 1.0 0.9988 0.998
U238 cap./ U235 fis. 0.078 0.0754 0.967
TRX-1%
k-effective 1.0 0.9936 0.994
U238 fis./ U235 fis. 0.0946 0.0985 1.041
U238 cap./ U235 cap. 0.797 0.8070 1.013
ZEEP-1P
k-effective 1.0 0.9991 0.999
U238 fis./ U235 fis. 0.0675 0.0681 1.009
RCR€ 1.260 1.2867 1.021
4Documented in "Cross Section Evaluation Working Group BRenchmark

Specifications,"™ BNL-19302 (ENDF-202), 1974 (Rev. 1981).

bpocumented in "Testing ENDF/B-V Data for Thermal Reactors,"” AECL-
7690 (Rev. 1), June 1964.

CRCR = U238 captures/ U235 fissions (in the cell) divided by the
same ratjio in a Maxwellian at the temperature of the moderator.
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The lower French values reflect the inclusion of a wvoid fraction
into the cross section representation. The deviation at low
energies of the French deuterium data from the ORNL data reflects
ILL's experimental correction to the Young and Koppel theoretical
model. A new mneutron scattering model is under investigation at
ORNL for use at energies less than 7 meV. This new model attempts
to account for chemical binding effects by treating liquid
hydrogen to be of a quasicrystalline nature. It is anticipated

that this model modification will resolve the differences.
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The SGRP 1library has been completed and documented in amn
informal, internal memorandum. Likewise, the GRI library has been
completed and documented. Benchmarking of these libraries will

not be attempted until FY 1988.

2.2 Fuel Element Specifications and Manufacturing

To achieve acceptable core lifetimes at the desired
performance level, a different fuel form from the U30g/Al
dispersion wused in the HFIR or the UAly; used in other research
reactors is required. The major modification 1is the use of a
uranium silicide rather than a uranium oxide or aluminide. The

higher density uraunium silicide fuel allows the achievement of a
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high specific loading for 235y with a low volume fraction of fuel
in the dispersion, thus retaining high thermal conductivity.
During the first half of FY 1987, work agreements between ORNL and
Argonne National Laboratory (ANL) as well as ORNL and Babcock &
Wilcox (B&W) have been developed to qualify, over the mnext three
and a half years, the performance capability and feasibility of
fabrication of the fuel element materials. Existing facilities at
ANL and B&W are being modified to fabricate miniature and full-
size fuel plates with radial and axial fuel-loading gradients.
Present plans call for the delivery of initial plates for testing
purposes by the end of FY 1987. In addition, B&W has been asked
to provide engineering assessments of the feasibility and relative
cost impacts of

twin-core vs single-core fuel elements,
thinner plates,

narrower coolant channels, and
ATR-type plate vs involute plate cores,.

S w o

2.3 Corrosion/Erosion Tests on Aluminum-Alloy-Clad Material

The ANS reference cores have a configuration very similar to
those of the HFIR: simply, an array of aluminum-alloy-clad fuel
plates immersed in rapidly flowing water. The high thermal
.conductivity of the aluminum combined with the high heat transfer
coefficient governing heat flow from the plate to the water keeps
the fuel plates at a reasonable temperature, Unfortunately, the
exposure of aluminum under these conditions leads to the formation
of a thin layer of an oxide (boehmite), which separates the fuel
plates from the coolant water. The boehmite film has a wvery low
thermal conductivity, and the high heat flux through the film can
cause excessive heating of the plates during the lifetime of the
core. Experimental verification of acceptable corrosion behavior

is therefore a critical consideration for the ANS.

2.3.1 Design of corrosion/erosion test loop

In the late 1950s and early 1960s, the HFIR Project supported
a corrosion test program that examined the behavior of aluminum

under conditions relevant to the operation of that reactor. This
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test program did not extend beyond the HFIR conditions of heat
flux and coolant velocity. As a result of the highexr heat fluxes
and coolant flow velocities in the ANS design, 1t is only possible
to apply the HFIR experience directly to the present project by
unsubstantiated extrapolation from existing experimental data.
Therefore, a test loop is being built to determine experimentally
the rate of corrosion product formation on the aluminum cladding
at the higher heat fluxes and flow rates.

The test facility, shown in the flow diagram in Fig. 11, is a
two-loop system. The high-pressure portion will operate with a
loop pressure of up to 6.9-MPa (1000-psig) pump discharge pressure
and a flow rate of 1.9 L/s (30 gal/min). Only 0.5 L/s (8 gal/min)
will be supplied to the test section with the remainder flowing
through the by-pass. The test section power 1is supplied by a
30,000 A, 20-V de Transrex Power Supply. Heat is removed by a
water-cooled heat exchanger, and the test section flow will be

measured and controlled by an orifice-type flowmeter and a flow

control wvalve. Loop pressure will be maintained using a metering
pump. The low-pressure portion of the facility contains the loop
water chemistry conditioning equipment. A flow of 4 to 8 L/h (1

to 2 gal/h) will be maintained by the letdown valve and cooled as
it passes through a heat exchanger. The water then passes through
an ion exchange column, a conductivity cell, a pH meter, and a
dissolved oxygen meter before returning to an open 114-L (30-gal)
sump tank. Nitriec acid will be added to the water to control the
pH.

The test section assembly is shown in Fig. 12. The first test
specimens will be 6061 aluminum, the same material as the HFIR
fuel-plate cladding. The heated length of each specimen is 165 mm
(6.5 in.) with a coolant flow channel cross section of 12.7 umm X
1.27 mm (0.5 in X 0.05 in). Tests are scheduled to be conducted
with heat fluxes from 5 to 20 MW/m2 and coolant velocities from 9
to 33 m/s. Currently, the design 1is for light-water testing.
Heavy-water tests will be conducted in the future and will require

some additional modifications,



VENT

ORNL-DWG 87-4251 ETD

PROCESS WATER
Aade

HEAT EXCHANGER » j 150 psi

WATER
(CLOSED LOOP)
] RELIEF
POWER VALVE
SUPPLY NOTE: DISSOLVED O, SENSOR MAY BE USED AT

EITHER OF 2 MEASUREMENT LOCATIONS

TEST} )

SECTION| .
; 1500

psi ==

@ I 40 psi

PROCESS -—
COOLING
WATER - LET—DOWN z
' hagl 1l I
N ORIFICE — VALVE cr £
5 BY—PASS = ) o 3
% <Z @ ol
o< el B
P A CONTROL T3 o
g VALVE v Slg S« | 18
L C) - G iy aZz -
i A i @ I . DRAIN ekt
PUMP & 134}
[ |
\ 30—gal
PRESS PUMP SUMP
TANK
DISSOLVED
DISSOLVED O, SEE
O, SEENOTE sz i NOTE
2 »
DRAIN

Fig. 11. ANS corrosion loop flow diagram

174



INSULATION

ORNL—-DWG 87-4252 ETD

ELECTRODE {1.75 X 8 X 20)
2 RECGUIRED
MATERIAL: 60681 ALUMINUM

SS BACKUP
/PLATES
, 1
¥ INSULATION
T GASKET
- - (2 REQUIRED)

AL W

‘:LOW

\\\

~1/2 sched 80

SSTL

Il

9¢

E_j?lw 4:~ i e’;r

==
J:L\\

7.50

d—

Fig. 12.

/ DIMENSIONS iN in.
/

ANS corrosion loop test section assembly



27

This same facility will later be used for thermal-hydraulic
testing. However, modifications will be necessary due to higher
heat fluxes, temperatures, and pressures.

The engineering design of the test facility has been
completed. The corrosion test specimen design 1is currently
awaiting verification of the development of a welding technique
for the longitudinal seam welds and a trial specimen assembly.
Purchase orders have been awarded for the circulating pump, the

metering pump, the heat exchanger, and the loop package.

2.3.2 Preanalvsis of corrosion/erosion test loop experiments

The basic information to be extracted from the first
experiments In the ANS corrosion test loop will be an estimate of
the temperature drop across the growing corrosion product layer as
a result of the local heat flux. Because the experimental data
will generally involve only measurements of average heat flux (or
total power) in the specimen and temperature measured along the
axis on the outer surface of the specimen, the required
information on local heat flux and various temperatures across the
heat flow path must be calculated. This calculation is normally
performed with commonly used simplified equations. Because it is
unlikely that a practical precise analytical solution to this
problem exists, the wuse of the simplified equations «could
introduce unacceptable uncertainties. As a result, an analysis
was performed during this report period using a more sophisticated
finite difference solution to the heat transfer problem to
evaluate the accuracy of the simplified analytical equations.

The HEATINGS5 computer code was used to perform a 2-D heat flow
analysis of an appropriate segment geometry defining the active

part of the specimen (a strip that is 7.6 mm wide, 2.5 mm thick,

and 165 mm long). To account for the temperature variation of the
physical properties, the specimen segment was divided into nine
zones: three axial by three lateral. The corrosion product layer

was divided into 12 axial =zones because the temperature and

therefore the oxide thickness will vary significantly along that
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direction. Properties were assigned according to the temperature
at the center of each zone, and the steady-state heat transfer
solutions were iterated until satisfactory agreement was reached
between the assigned and the computed temperatures.

After each solution, the calculated temperature at the oxide
film-water interface at the midpoint of each of the 12 axial zones
was used to assign a thickness to the corrosion product at that
zone. In addition, the thermal conductivity, electrical
resistivity, and heat generation rate were reassigned to the nine
zones, representing the aluminum alloy, on the basis of the new
temperature distributions. This procedure was followed until a
reasonable convergence was apparent.

The -temperature distributions computed by HEATING5 were then
used to obtain estimates of the accuracy of calculated
temperatures or parameters based on assumptions made to simplify
either the data gathering or data treatment processes. The
comparisons indicated that when temperature variations are large
along the axis of the specimen, the variation in local heat flux
should mnot be overlooked when using the approximate equations,.
The approximate equations were determined to be most accurate at
some point near the center of the specimen, where the heat flux

remains closest to the average value.

2.4 Core Flow and Heat Transfer Tests

To characterize the thermal-hydraulic performance of the ANS,
the following parameters and/or the accuracy of their prediction

have to be known:
1. pressure drop across the corxe,
2. heat transfer coefficient,
3. thermal conductance of clad with and without oxide layer,
4. incipient boiling heat flux,
5. minimum burnout heat flux, and
6. the pump coastdown charactexristic.

Measurements of these parameters will be used to validate computer
codes that, in turn, will be used to assess hot channel conditions
and capability for mnatural convection cooldown. The accuracy

required of the measurements must be determined.
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The same experimental facility described 1in the previous
section will be used for the thermal-hydraulic testing; however,
modifications will ©be necessary due to higher heat fluxes,
temperatures, and pressures. Under the present schedule, the
modifications to the loop would be performed in early summer of FY
1988. It is anticipated that it will take approximately 3 months
to modify the loop and an additional 3 months to perform the
required thermal-hydraulics tests. Upon completion of the
thermal-hydraulics tests, the loop will be reconfigured to

continue corrosion tests.

2.5 Control Element Design, Tests, and Manufacturing Procedures

The design of the control elements is an integral part of the

ANS core design. The present plans call for two separate control
element systems: (1) an excess reactivity control system and (2)
a safety shutdown control system. By separating the two systems,

the excess reactivity control system can be designed to minimize
impact on the peak reflector flu%, and the safety shutdown system
can be located for maximum shutdown worth because impacts on the
peak reflector flux are not a consideration.

No assessments have been made concerning the actual design of
these control systems, but some ideas have been generated. It has
been estimated that as much as 20% excess reactivity may be
required at the beginning of life to ensure a 1l4-d core life.
This excess reactivity 1is expected to be controlled by two
methods: (1) fixed ‘burnable poison probably in the fuel plates
and (2) movable control rods of reflective or absorptive material.

The most 1likely choice for the burnable poison 1is boron.
Boron has been used in other reactors, including the HFIR, as a
reasonably efficient burnable poison. The primary limitation of
boron 1s associated with production of helium from the boron decay
following neutron absorption. The distribution of the poison
within the fuel plates could also be used as a means for further
flattening of the power distribution.

At this time, only absorptive (i.e., not reflective) materials

have been examined for the movable control rods. Hafnium rods are
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used in Advanced Test Reactor (ATR) and have been proposed by

INEL. Hafnium has good capturing power in the epithermal ranges,
fair resistance to radiation damage, and good corrosion
resistance. Neutron absorption is by means of five successive
(n,gamma) reactions. The major disadvantages of hafnium are that

heavy pieces of hafnium are required for long-life usage and it is
quite expensive to obtain and fabricate. Europium 1is another
material that could be used in the movable control rods. With
respect to neutron absorptive capabilities, it is very similar to
hafnium. The major disadvantage of the europium is its expense.
Other rod compositions such as the silver/cadmium rods used in ILL
will also be considered.

2.6 Validation of Neutronics Performance Predictions Through
Critical Experiments

This activity is not scheduled to begin until late FY 1988.

2.7 Structural Analysis and Tests

Due to funding limitations, no work in this area was

undertaken in this reporting period.

2.8 Cold Neutron Source Development

The major capability to be provided by the ANS is that of a
source of low-energy neutrons for neutron physics experiments.
Thus, R&D activities to optimize the cold-source design are

important. Four design goals have now been identified:

1. The cold source(s) should provide a high flux of cold
neutrons (at least five times the ILL level). A preferred
neutron energy distribution will be defined by the
National Steering Committee,

" 2. The design of the cold source(s) should provide a total of
at least 8 cold neutron guide tubes for the ANS Facility.

3. The cold source(s) should have minimal effects on safety.
This implies that the cold source should not be a major
contributor to the overall risk associated with the
facility.

4. The cold source(s) should have minimal effects on normal
reactor operation. This implies that the status of the
cold source has either no impact on the normal operation
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of the reactor or that cold source conditions that could
have an impact on normal operation have acceptably low
probabilities of occurrence.

The major design factors for the cold source include number,
location, shape., size, moderator type, structural materials and
cooling concept. During this report period, several of these

factors have been examined on a preconceptual design basis.

2.8.1 Number of cold neutron sources

The decision has been made dinitially to approach the cold-
source goals with two cold sources of basically identical design
located on opposite sides of the core. This decision was made for

three major reasons:

1. The requirement for eight guide tubes can be met by either a
single cold source or two cold sources. However, in the
case of a single cold source, the tubes would be
concentrated in a small area or separated axially to the
point where some tubes would be in a less than optimal
flux field. In either case, the cold neutron source
integrated over all eight tubes would be reduced for the
single cold-source vs the two cold-source option.

2. One of the design objectives identified for the cold source
was to minimize the reactor core flux or power tilting
effects caused by the presence of the cold source. With
two cold sources located 180° apart, the impact of the
cold source on the core is more balanced with respect to
localized positions in the core; thus, the flux or power
tilting effects are reduced.

3. Because the cold source is such an important component of
the ANS Facility, it is important that the availability of
a cold neutron source capability be as high as possible.
The use of two cold sources will enhance the probability
that at least some cold mneutrons are available at all
times even though the two cold sources are not expected to
be totally separate systems,

The major disadvantage associated with the choice of two cold
sources is that in all likelihood it is somewhat more expensive to
build two smaller cold sources than it is to build one large one.
In making the decision to provide two cold sources it was
determined that the advantages outweighed the probable increase in

system cost. It should be noted, however, that we are still in



32

the preconceptual design phase and that other factors not yet

identified could result in a reversal of this decision.

2.8.2 Cold neutron source location

The choice of location for the cold source is influenced by
several factors. For maximum cold meutron production, the source
should be located as close to the thermal peak in the reflector as
possible. This factor encourages locating the cold source close
to the reactor core. On the other hand, we do not wish to be so
close to the core that significant reactivity and flux tilting
effects result. In addition, the nuclear heating rates increase
very rapidly as the cold source is moved closer to the core, and
thus the amount of heat that must be removed at cryogenic
temperatures is increased.

The nuclear heat deposited in the cold source was estimated in
a first step toward resolution of the 1location 1issue. The
estimation was made by scaling and extrapolating available data on
heat deposited in the ILL cold source. These values were

subsequently reviewed Dby ILL staff and determined to be

reasonable. Table 4 summarizes the amount of heat deposited by
Table 4: Sources and magnitudes of heat deposited in the cold source
ANS at ANS at
ILL 10 x ILL 80% peak

Heat source (kW) (kW) (kW)

Core pgammas 1.3 8.4 31

Fast neutrons 0.1 1.4 4

Betas in aluminum 1.1 | 11.3 17

Capture gammas

From LDjp 0.8 8.4 13
From structure 1.3 10.3 16
Heat in-leakage 1.2 1.2 1

TOTAL 5.8 41.0 82
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various sources in the ILL cold source as well as our estimated
values for two locations in the D90 reflector tank of the ANS
Facility, assuming the same cold-source shape and size. The high
heat deposition levels indicated by these estimates indicate that
unless improvements in the thermal design of the cold source can
- be made, the nuclear heat would limit us to a minimum distance
from the center of the core to the center of the cold source of

"700 mm.

2.8.3 Cold neutron source shape and size

The principle cold source at the ILL facility has a spherical

3 In recent years, a chamber has been added inside

external shape.
the cold source that allows the formation of a cavity region
extending from the center to the back inner wall of the cold
source. The cavity region effectively removes material which:
(1) has a diminishing returns impact on the cold neutron
population and (2) provides a target for additional neutronic
heating. This design offers a reference configuration to start
our analysis but may not be optimized for the ANS conditions.
Because many of the heat sources identified in Table 4 appear as
so many watts per gram, we need to maximize the cold neutron flux
while minimizing the amount of moderator and structural material.
Some possible shapes for the ANS cold source are shown in Fig. 13.
EFach shape offers advantages as well as disadvantages over the
more conventional sphere, However, a direct evaluation of each
shape, as well as other potential shapes, to perform a tradeoff
analysis would be both time-consuming and expensive.

An analytic method that could make an optimization effort
practical 1is wunder <consideration. This method would involve
adapting transport adjoint methodologies, developed in shielding
analysis to trace streaming paths, for the purpose of determining
the origin of cold neutrons entering a guide tube. This approach
could provide information on the importance of various moderator
regions around the guide-tube entrance and thus some insights into

the shape and size that would be most effective. Adjustments to
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the shape to accommodate engineering design considerations could

then be performed using direct evaluation techniques.

2.8 .4 Cold neutron source moderator

Liquid hydrogen and liquid deuterium are the usual choices for
the moderator of a cold source of the kind envisioned for ANS.
Both have been wused in previous high-flux-reactor cold-source
designs. The major difference 1is that for liquid hydrogen cold
sources the optimal flux 1is reached as the cold-source volume
approaches 1000 em3 . Beyond this wvolume, the hydrogen absorption
cross section dominates and there is a net decrease in the number

of cold neutrons available,3

The smaller absorption cross section
associated with liquid deuterium permits the design of larger cold
sources with a greater number of cold neutrons.

One of the design goals for the ANS cold source(s) 1is to

provide a total of at least eight cold neutron guide tubes.
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Coupled with the decision to use two cold sources this implies
that theée volume for each cold source will be larger than the 1000-
cm? value, if sufficient area is to be available to feed four
large guides. As a result, the decision was made to consider

liquid deuterium as the moderator material for the cold source.

2.8.5 Cold neutron source structural materials

Our present calculations for the cold source are based on the
ILL design and therefore use aluminum as the primary cryostat
styuctural material,. Aluminum 1is certainly appropriate for the
environment. However, the (n,f) reaction in the aluminum is a
source of heat that 1is deposited by the B-particle in both the
aluminum and the liquid deuterium. The elimination of this heat
source could reduce the amount of heat that must be removed from
the cold source at cryogenic temperatures by as much as 28%.
Therefore, during this vreport period we have examined, in a
preliminary manner, other materials for potential use as the cold
neutron source structural material. The most promising material
appears to be magnesium or at least some form of a magnesium-
aluminum alloy. A search for material properties, irradiation,
and c¢ryogenic data for the magnesium-aluminum alloys will be

performed during the coming months.

2.8.6 Cold neutron source cooling options

Four options were considered for cooling the cold source
moderator: (1) single-phase thermal siphon, (2) forced flow, (3)
direct helium gas cooling of subcooled liquid deuterium and (4)
natural convection. Option 1 is identical to the ILL design and
is capable of handling a total heat load of at least 5 kW. At
this heat load, bubble fraction in the liquid moderator region is
about 25%. At the preferred cold source location, the heat loads
are nearly 10 times larger than the ILL heat load, and at such
heat loads it would be impossible to <create/maintain any

substantial 1liquid deuterium dinventory in the cold source.

Therefore, this option can be ruled out for the ANS cold source.
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Option 2 is based on forced flowing liquid deuterium with an
external pump. The warm liquid deuterium would be transported to
a helium-cooled heat exchanger. Although this system can handle
the heat load of the ANS cold source, its main disadvantage is a
much larger volume of liquid deuterium. Moreover, reliable pumps
are not presently available for operation at very low temperatures
(720 K). For these reasons, this option is also not considered
favorably at this time.

The most promising option appears to be No. 3. A schematic of
this concept 1is shown in Fig. 14. An inner vessel contains
deuterium under moderate pressure [ 0.4 MPa (60 psig)]. An outer
vessel provides the primary structural support, including the
pressure boundary. In between the two vessels, helium gas flows
at an inlet temperature of 6 K. One of the advantages of this
concept 1is that the majority of the heat deposited 1in the
structural material is removed directly by the helium gas rather
than 1indirectly through transfer to the 1liquid deuterium.

Although the conceptual design is by no means complete because

neither the shape nor size of the cold source have been optimized,
the present preconceptual design will provide for the removal of a
significant amount of heat from the cold source structure and
moderator. This capability should allow wus to place the cold
sources 1In positions that will provide a cold neutron flux level
that is at least 10 times that of ILL. The major limitation
appears to be the ability to transfer heat from the LDy to the
inner wall. With natural circulation in the LD? pool, a heat flux
value at the wall of only 1 W/cmz can be handled with an
acceptable temperature difference between the cooled vessel wall
and the liquid deuterium.

This 1limitation can be overcome by incorporating conductive
fins along the inside surface of the inner deuterium vessel. This
increases the surface area to handle the required heat load. Any
heating generated into the fins is directly passed to the inner

vessel wall where it 1is removed by the cold helium gas. A
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preliminary arrangement of the coid source vessel is shown in Fig.
15. The key feature of this concept is a stagnant pool of liquid
deuterium.

Finally, Option 4 utilizes mnatural convection which is driven

by gravity due to liquid deuterium density differences between the
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vessel
warm and cold regions of the liquid deuterium. A cold source
concept based on this approach is shown in Fig. 16. This design

is similar to the concept of Fig. 15 with the following exception.
The design of Fig. 16 does not have cooling fins, and the maximum
heat load that can be handled by such a system would be limited to
5 kW. To remove an additional 10 kW heat load from the liquid
deuterium, the system of Fig. 16 employs a helium gas-cooled heat

exchanger and a liquid deuterium flow guide. The heat exchanger
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is located inside the neck tube of the inner vessel. Total length
of this heat exchanger is 110 cm. For ease of maintenance, this
heat exchanger will be located outside the D90 moderator pool.
This requirement will force the heat exchanger to be placed at
least 200 cm above the cold source vessel. In this concept,
sufficient liquid deuterium will be needed to fill the inner cold
source vessel as well as up to 300 cm length of the neck tube.
This requirement results in twoe times more liquid deuterium than
the Option 3 cold-source concept. Moreover, the heat exchanger in
the neck tube is a second active system with potential maintenance
and reliability problems. This concept is also being considered
as an optiomn.

The above discussion is based on preliminary analyses which in
turn are based on what may be inadequate waterial property data.
More detailed analysis and model testing would be required to

further differentiate among the various concepts discussed here.

2.9 Beam Tube and Instrument Development

This activity is pot scheduled to begin until FY 1988.

2.10 Hot Neutron Source Development

This activity is not scheduled to begin until FY 1988.

2.11 Shielding Concepits and Validation

This activity 1s not scheduled to begin until FY 1988.

2.12 Plant Instrumentation and Controls

This activity is not scheduled to begin until FY 1988.

2.13 BOP Concepts

In addition to the 12 R&D tasks previously mentioned, numerous
issues arise regarding integration of the ANS systems into a total
plant concept. Many of these issues require R&D efforts to
evaluate alternatives and provide feedback to the component design
and safety evaluation efforts. During this report period, four
R&D efforts fell 1into this category: (1) core and facility

configuration evaluations, (2) containment and ventilation issues,
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(3) tritium and deuterium contrxol, and (4) refueling and vessel

replacement.

2.13.1 Core and facility configuration

The major effort toward establishing the interface between
core design activities and concepts for the BOP was the generation
of a series of core and facility configuration sketches. Figure
17 shows a sketch of the 35-L reference core configuration, and
Fig. 18 shows a similar sketch of a 55-L oxide core. These
sketches do not, in general, reflect mechanical designs but rather
show key dimensions and layouts of the core, CPBT and cold neutron
source components as currently envisioned. This effort not only
provides a point of reference from which general facility

configurations can be established, but also serves to identify the
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base dimensions under which all core calculations should be
carried out.

Figures 19-21 extend the core configuration into the facility.
Figure 19 shows the core and cold source set in a reflector tank
extending "~1.5m from the active core and centered in a light-water
pool. Figure 20 uses the standard beam tubes and typical shield
thicknesses to set floor elevations for the ground floor beam
room. Headroom requirements for the beam room and a typical
reactor pool depth are used to establish floor elevations for the
operating high bay and for the equipment and experiment areas on
the first floor level. Possible layouts are also shown for 24-in.
primary piping into a pipe chase aud, for deuterium, piping to a
fill station and safety relief tanks. It 1s interesting to note

that the CPBT 1s smaller in diameter than the primary coolant
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Fig. 19. Sketch of core, cold source, and reflector tank

piping. Figure 21 extends this configuration to a possible
overall elevation section of the central reactor building. This
configuration is based on the four-building concept of the FY 1984
feasibility study,A in which the central reactor building,
adjoining reactor support (including primary pumps and heat
exchangers) and guide hall buildings, and an administration
building are all distinct structures. Figure 22 shows a section
rotated 90 deg from Fig. 21, with the cold neutron beam guides
passing through a flooded casement into the guide hall building.
Spent-fuel pools are shown above the beam guide casement. Again,
all of these sketches are only meant to reflect the general
orientation of the facility as currently conceived and deo not

represent an actual design,
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2.13.2 Containment and ventilation

In the four-structure concept developed during the FY 1984
feasibility study, the primary coolant loop spans the central
reactor building and the reactor support building. Thus, the
primary reactor containment must also span the two structures,
Figures 23 and 24 show the primary and secondary ventilation zones
and the hardened protection boundary surrounding the primary
system. In the reactor building, a steel structure inside the
concrete dome forms the primary containment and will be designed

to meet specified leak rates for all conceivable accident
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scenarios. Early safety studies have shown that a ventilated
space between the primary containment and the outside environment
may be wuseful in keeping the site boundary and low-population
zones (LPZs) entirely on the DOE reservation. Such a wventilated
space between the steel and concrete dome structures is shown on
Fig. 23. In the reactor support building, the four primary heat
exchanger cells form the primary containment structure, with the
high bay and surrounding areas serving as the secondary
ventilation =zone. The pipe tunnel between the reactor pool and
the heat exchanger cells is also a part of the primary containment
structure. The passage of the primary piping from the reactor
building into the reactor support building will require special
care to ensure effective containment and seismic resistance.
During the second half of FY 1987, alternative configurations
that keep the primary loop entirely inside the central reactor
building will be examined. The motivation for placing the primary
pumps and heat exchangers in a separate building was to maximize
the accessible area around the reactor for experimental purposes
and to provide distinct zones for personnel and contamination
control. Further evaluation will be conducted to determine
whether these goals can be achieved in a plant configuration in

which primary containment does mot span two structures.

2.13.3 Tritium and deuterium control

Tritium is produced in heavy-water reactors by absorption of
neutrons in deuterium; it decays with a 12.3-year half 1life.
Using a time-averaged constant rate of production during the life
of the reactor and assuming no turnover of heavy water and no
tritium removal system, an equilibrium concentration of tritium in
coolant or reflector water can be calculated. Because 1t takes
several half 1lives to reach this equilibrium (about 40 years to
reach 90% of equilibrium), this value is more useful for providing
common comparisons than as an actual projection. In practice,
values of no more than about one third the equilibrium would

likely be encountered during operation.
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Table 5 shows assumptions for tritium production rates and the
resulting equilibrium concentrations for separate coolant and
reflector loops and for a common loop serving coolant and
reflector. A range of 1 to 2 Ci/L 1is often considered the
threshold for operational concern. For example, the detritiation
system at ILL 1is used to hold tritium concentrations 1in their
combined reflector-coolant system to 2 Ci/L. Conversations with
Canadian engineers associated with the CANDU reactors have
indicated that concentrations below 1 Ci/L do not cause
operational difficulties. The wvalue calculated for a separate

coolant loop in the ANS is well below this threshold, although the

Table 5. Tritium concentration parameters and results?

Coolant only Reflector only Combined
(fuel+island)b (reflector) coolant and
reflector

Tritium produced perx 0.0059 4.05 4.056
cycle®, grams

Average tritium 1,140 783,000 785,000
production rate,
Ci/year

Volume of loop, liters 114,000 19,000 133,000
Calculated equilibrium 0.177 733 105

tritium concentration,
Ci/L

8Calculations for equilibrium concentrations assume no removal of
tritium by mechanisms other than decay, such as leakage, diffusion,
replacement of coolant or reflector water, or detritiation. Realistic
conditions would result in lower equilibrium values.

bGconcentrations are based on static calculations where the coolant
flow outside of the fuel end caps is included in the reflector region.
Therefore these numbers do not totally reflect the equilibrium tritium
concentration in the primary coolant.

€Tritium production per cycle is based on a 270-MW reactor, with a
l4-day operating cycle followed by a 3-day downtime for refueling.
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o calculation is based on an idealized coolant flow in the fuel and
island regions only and a realistic value encompassing flow
between the fuel element and reflector, and flow paths above and
below the core would be several times higher. However, this wvalue
would still be relatively low because most of the tritium 1is
produced in the reflector, where the highest thermal neutron
fluxes encounter the largest volume of D90, These calculations
point out the possibility of removing much of the tritium from the
coolant system by keeping the coolant and reflector systems
separate. However, a tritium removal system will be needed for
the reflector system. The need for a system to remove light-water
contamination applies to both the coolant and reflector.

Small, routine tritium and deuterium vreleases from the
facility are wumnavoidable and acceptable. Monitored tritium
releases occur at the existing ORNL reactors and at a variety of
other ORNL facilities, consistent with current DOE guidelines for
such emissions. Although deuterium 1is a naturally occurrihg
isotope and 1is not radioactive, large releases may be harmful to
aquatic 1life and the environment at ORNL. Existing ORNL waste
systems are incapable of removing either tritium or deuterium from

o waste streams. Studies of anticipated release rates, environmen-

tal impacts, and waste handling alternatives will continue.

2.13.4 Refueling and vessel replacement

Removal of spent fuel from a heavy-water coolant into a light-
water reactor and storage pool presents additional problems not
encountered at other ORNL reactors. These problems are further
complicated by the high decay heat rates expected for ANS fuel,
for which forced-flow cooling may be required for as long as about
1 day after reactor shutdown.

Refueling approaches at several other heavy-water reactors
were evaluated for applicability to the ANS reactor. Most heavy-
water reactors discharge spent fuel directly from the heavy-water
coolant into a light-water pool by lifting the elements into a dry

discharge chute or canal. A flush water stream is often used to
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wash heavy water off the fuel and provide some cooling during the
transfer. Because of the high power density and high decay heat
rates of the ANS fuel, these approaches may not be practical. The
most promising system encountered is that used at the ILL. A dry
"bell jar" traunsfer vessel is lowered into the reactor pool and

attached to the top of the fuel element (which, at ILL, is also

the reactor vessel 1i.e., the core pressure boundary tube is
integral with the fuel element.) A valve 1s opened, allowing
heavy-water <coolant to flood the transfer vessel. A remote

lifting device 1is then used to pull the fuel element into the
transfer vessel, which is provided with a natural convection heat
exchanger for transfer of decay heat to the pool. The fuel
element and tﬁe transfer vessel are then sealed, and the transfer
vessel containing the fuel, still immersed in heavy-water coolant,
is moved to the spent-fuel pool. After about 45 days of cooling,
an air transfer step 1s then used to move the fuel directly into

the light-water pool environment. >
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3. SAFETY TASKS

In general, safety goals and requirements for the ANS reactor
are set by DOE orders, including DOE Order 5480.6% that mandates
adherence to the NRC regulations of 10 CFR 1007 (Reactor Site
Criteria), to the General Design Criteria of Appendix A of 10 CFR
50,83 and to the NRC standard format for safety analysis reports.
This minimum set of applicable NRC requirements has Dbeen
considerably widened by the general statement in DOE Order 5480.6
that DOE reactors must follow "...uniform standards, guides, and
codes which are consistent with those applied to comparable

licensed reactors."6

Therefore, considerable effort was expended
during this reporting period in the study of the safety goals -and
philosophies currently espoused by the NRC for new plants.
Basically, it 1s our intent to anticipate the trend of NRC
requirements for regulatory approval and to design the ANS reactor
facility to meet those projected requirements. This should help
ensure the acceptability of the ANS reactor design 1f review by
the NRC or other outside agency should be required.

Major elements of the ANS reactor safety philosophy were
developed and solid consensus reached among the ANS project staff;
further review will ©be sought outside the project. Most
basically, it was determined that a very high degree of protection
should be provided for the public. To achieve this desired high
degree of protection, it will be necessary to make the probability
of a release vexry small and to provide containment of any
radiéactivity that could be released from the reactor as a result
of an accident. ANS project management plan to use probabilistic
risk assessment (PRA), starting early in the design of the reactor
facility. This approach contrasts with the more common use of PRA
only in the later stages of a reactor project i.e., after design
and in many cases after construction. Greater assurance of safety
and reliability will be provided by the ANS approach because even
early decisions will be guided by the need to meet the requisite
goals for limiting the probability of core damage or containment

failure. This approach is inherently compatible with the USNRC
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"Safety Goals for the Operations of Nuclear Power Plants" (51 FR

30028),9 which states the desired safety characteristics of

nuclear plants in terms of risk (probability x consequence). A
contract has been placed with Brookhaven National Laboratory
(BNL) to assist in the PRA effort, and work has begun. Progress

in this area is discussed in Sect. 3.2.

To contain hypothetical accident releases, it is planned to
house the ANS reactor and coolant system in a low leakage contain-
ment building. The expense of a tight containment, standard
practice in U.S. power reactors, over a "confinement" concept is
justified because it permits the achievement of very low risk
consistent with the USNRC Safety Goals Policy. As discussed in
Sect. 3.4, a sufficiently tight, but feasible, containment leakage
specification will greatly reduce the territory —covered by the
reactor’'s LPZ. This reduction in the potential for radiation
exposure to the population will be a major factor in showing that
the ANS reactor complies with the regulatory requirements.

The process of defining functional requirements for safety-
related systems was begun during this period and will continue
throughout the entire design period. The first milestone is to
contribute all needed safety requirements to the Conceptual Design
Criteria to be 1issued prior to the beginning of the Conceptual
Design (July 1988). This area 1is discussed in somewhat more
detail in Sect. 3.1.

3.1 Development and Specification of Design Criteria for Safetvy-
Related Svstems

The progress realized during this period was the
identification of applicable regulatory criteria that the reactor

must meet; the selection of a means of choosing and categorizing

anticipated events, design basis events, and emergency planning
events; and an initial selection of <candidate safety-related
systems. The information comprises the document "ANS Functional

Specifications for Safety-Related Systems",lo a draft of which is
currently (June 1987) undergoing internal review before a wider

review. The document is intended to communicate essential safety
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requirements and the safety philosophy to system designers during

the design process.

3.2 Probabilistic Risk Assessment Task

A contract to perform PRA has been placed with BNL to use its
experience and expertise in probabilistiec risk analysis for the
benefit of the ANS reactor facility. Initial meetings were held,

and a plan for their work scope for the remainder of FY 198/ has

been agreed upon. Because the ANS design is still in the pre-
conceptual stage, the initial efforts will include a cursory
macroscopic evaluation of potential initiating events, event
sequences, etc,, and a gathering of information that will be

needed later in the PRA. Tasks for the remainder of FY 1987 will
include: ’

1. review of the draft version of the functionmal requirements
for safety-related systems document;

2. development of functional system models of ANS using failure
modes and effects analysis, fault trees, or event trees;

3. development of a 1list of abnormal events and transients
requiring special design consideration to achieve the
risk and reliability pgoals;

4. development of prioritized lists of reactor systems
based on each system’s effect on safety and on
reliability; and

5. initial review of system interaction and common mode
potential.

3.3 Development of Computer Codes and Analvtical Methods for
Safety Analysis

The development and/or acquisition of calculational tools 1is
essential for the ANS project because the safety analysis report
must substantiate the ability of the plant to withstand a wide
range of operational occurrences, accidents, and external events.
Available industry-standard computer codes will be wused where
beneficial and feasible; however, it must be recognized that code
development over the past 20 years has been largely directed
toward power reactors. Some code development may be mnecessary

because of the unique nature of a high-flux research reactor with
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subcooled 1liquid <coolant. Computer models are required for
analysis of potentially severe accidents, including flow decrease,
loss-of-coolant, and reactivity accidents. These models typically
calculate the transient reactor respouse during the course of an
accident.

The PARET computer codell, developed at INEL for the analysis
of reactivity accidents, has been obtained from ANL and made
operational on the ORNL computer system. The test case with the
code provided by ANL is a reactivity excursion for a small-core
research reactor using thin plate-type fuel elements. This
successful operation of the code with input for a thin plate-type
fuel indicates that it should be feasible to apply the PARET code
to the ANS reactor. The next step in the evaluation of the PARET
code will be to prepare an input data set applicable to the HFIR
reactor and to compare the results with previous HFIR
calculations. The use of the existing PARET code for ANS analysis
is desirable because PARET calculations have been compared
successfully to the experimental results obtained in the SPERT
reactor experiments and because considerable cost savings can be

realized by using an existing code.

3.4 Gontainment Functional Reguirements

The current plans for the 270-MW ANS reactor are to use, if
acceptable, a site that 1s very <c¢lose to the present HFIR
location. A calculational study was undertaken during this
reporting period to determine functional requirements that the
containment would have to meet if the surrounding low-population
zone (LPZ) were to be accommodated entirely on the DOE reservation
at Oak Ridge.

The major conclusion of this study is that the containment for
the ANS reactor should have a leak rate of 4%/d or less (well
within the capabilities already demonstrated at other reactors)
and that it should be provided with an effluent filtration system
with an efficiency of at least 0.99 (which is well within the
proven capabilities of the system now operating at the HFIR

facilicty). The adoption of these functional performance
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specifications would meet by more than a two-thirds margin the 10
CFR 100 1limits for off-site radiation exposure, with the LPZ
entirely on the DOE reservation, and should make it unnecessary
for off-site personnel emergency planning to include evacuation

even in the event of the maximum hypothetical accident.

3.4.1 Containment functional objectives

DOE Order 5480.6, dated September 23, 1986, requires that new

DOE reactors meet the requirements of NRC regulation 10 CFR 100.
This document requires that off-site radiation exposures must be
acceptable for a hypothetical accident, postulated for analysis
purposes, more severe than any credible accident. The maximum
allowable exposures are defined as 25-rem whole-body dose and 300-
rem thyroid dose over the first 2 h of the accident at any point
along the Exclusion Area Boundary (EAB), or for the duration of
the accident at any point on the outer boundary of the LFZ. The
Exclusion Area is the zone surrounding the reactor that is under
the physical control of the operator at all times. The LPZ, on
the other hand, need not be controlled by the operator and may
contain private property and residences. Plans for the ANS
reactor are to design the containment such that even the LPZ can
be located entirely within the DOE reservation at Oak Ridge and
would therefore not involve any private property or residences.
Figure 25 1illustrates the site presently considered for the
ANS reactor. The EAB and the LPZ are both drawn as a circle of
radius equal to 2.2 km, with center at the HFIR/TRU stack. The
radius of 2.2 km was chosen as the distance to the nearest inlet
of Melton Hill lake. The LPZ is chosen to be the same size as the
Exclusion Area because of the design objective of keeping the LPZ
entirely on the DOE reservation. Larger off-site releases would
be allowed (e.g., at the 2.2-km EAB) if the LFZ were extended
outward (e.g. the HFIR LPZ is 5.72 km), but to do so would include
within the LPZ public segments of Anderson, ﬁoudon, and Knox
counties and possibly some residential sections of Roane County,
which would sacrifice the safety licensing and emergency planning

advantages of the smaller site.
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To determine off-site exposures for the maximum hypothetical
accident, each of the following calculations or determinations
must be performed: (1) how much of each fission product escapes
from the damaged fuel to the containment atmosphere; (2) how much
of each nuclide in the containment atmosphere subsequently escapes
from the containment to the environment; (3) based on
meteorological conditions ahd the rate of release to the

environment, what nuclide air concentrations exist at the receptor

sites of interest; and (4) what radiation exposures would be
incurred by an individual at the receptor site. Each of these
four areas presents a formidable challenge. A computer code was

written that calculates each of the four quantities to determine
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the off-site radiation exposures. The computer code 1is described
in the following section.

Simplifying assumptions have been used where justified and
desirable, and in general the approach is a conservative one. The
single, most significant simplifying assumption is provided by the
suggestion in 1C CFR 100 to use the TID-14844 numbers!? for the
fractional release of each nuclide from damaged fuel to
containment atmosphere: 100% of the core inventory of noble gases,
25% of the 1odines, and 1% of all other radiocactive fission
products. This 1is, in effect, a definition of the maximun
hypothétical accident. As explained in TID-14844, it is based on
a postulated large-break loss-of-coolant accident with the assumed
simultaneous failure of all reactor vessel injection systems and
therefore involves the wmeltdown in air of the reactor core.
Because the ANS reactor will have a pool of water around the
reactor vessel, with a valving arrangement to admit water in the
event of a loss-of-coolant from the vessel, the assumption of a
dry meltdown is conservative,.

The most important containment functions for off-site dose
reduction are containment leak rate, removal of fission products
from containment atmosphere before escape to the environment, and
the efficiency with which fission products are filtered from the

effluent that escapes from the containment. Because the ANS

project is still at the preconceptual stage, precise containment
system features have not been determined. Therefore, 1t was
necessary to survey the parameter space by making many computer
runs. As discussed in the results section, it was found that
there are many practical combinations of these parameters that
would lead to acceptable off-site doses. The acceptable
combinations require a degree of containment leaktightness that

has long been routinely achieved at other reactors.

3.4.2 Calculation model

This section describes the computer model and corresponding

input data used to generate the results presented in this report.
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The starting point for any calculation of off-site radiation
exposures 1is the amount of fission product nuclides held within
the fuel before the accident. The number of curies of each of the
many fission products was obtained from an ORIGEN run. 13 The
total list of nuclides was shortened by eliminating those present
in relatively small quantity and those with a half 1ife < 30 min.
The short-lived radionuclides cannot contribute significantly to
the total dose accumulation because only a fraction of the
containment atmosphere escapes each day and radicactive decay
removes the nuclides before they escape. Containment would have
to fail catastrophically early in the accident if short-lived
nuclides were to have a significant effect on total doses. The
shortened list of 58 nuclides appears in Table 6, along with the
half-1life and number of curies of each immediately after shutdown
from full power at the end of a complete operating cycle. This is
the worst case for fission product accumulation and represents a
conservative assumption of this analysis, Also indicated in Table
6 is whether each nuclide is part of a decay chain with parent or
grandparent nuclides, with fractional branching ratios given where
necessary. Information on the decay chain of each nuclide was
taken from Kocher's handbook.l? Utilization of the end-of-cycle
fission product inventories is another conservative assumption.
The calculation is 1initialized by the assumption that the

appropriate fraction of each nuclide escapes from the fuel at the

beginning of the accident and is immediately dispersed uniformly
into the atmosphere of the containment; a delay in dispersion
would of course, reduce the total release because of radioactive
decay. As mentioned in the introduction, the TID-14844 escape
fractions were chosen for this analysis: 100% for noble gases, 25%
for iodines, and 1% for all others.

Once a nuclide is dispersed into the containment atmosphere,
it is assumed to remain there until either it wundergoes
radioactive decay, is removed from the containment atmosphere by
an inherent fall-out process or by an installed in-containment air

treatment system, or escapes by containment leakage. In addition,
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Table 6. Nuclides considered in the calculation of

off-site radiation exposures
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atoms of a given nuclide may be created even after the accident by
radiocactive decay of a parent nuclide suspended in the containment
atmosphere. A simple, first-order differential equation is solved
to calculate the number of atoms of each nuclide in the
containment atmosphere as a function of time.

The rate at which each nuclide (except noble gas nuclides)
escapes to the environment is taken to be proportional to the

product of the number of nuclide atoms, the containment leak rate,

and the fractional filtration inefficiency (i.e., one minus the
efficiency). The noble gas nuclides are assumed to be unaffected
by filtration, a conservative assumption because in fact somne

would be held up on the activated charcoal filters.

The three parameters that were varied to obtain the results of
this study are the containment 1leak vrate, the 1in-containment
removal rate (removal of nuclides from the containment atmosphere
while still inside the containment), and the effluent filtration
efficiency. For analysis purposes, each parameter was assumed to
remain constant throughout the accident, with the exception of
several runs that were made to test the effect of a Grenoble-style
containment that prevents any release at all until several hours
have passed. For those few runs, the containment leak rate was
held at zero for an initial period and then set at the applicable

nonzero value for the remainder of the accident.

Having calculated the source term, in curies per wunit time
escaping from the containment inte the environment, two steps
remain in the calculation of radiation exposures: (1) the

1

calculation of the radioactivity concentration in air at the

receptor sites of interest and (2) the resultant radiation

exposures. The transport of airborne radioactivity in the
atmosphere depends on many factors, including the height of
release, the period of time over which the accidental release
occurs, the distances of travel to the receptor sites, and the
degree of conservatism desired in the result. The height of
release is conservatively assumed to be zero (ground level); that

is, no credit 1is taken for the stack that will in fact be
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installed. If the ANS reactor facility stack were similar to the
HFIR/TRU stack, the off-site doses would be reduced by a factor of
2 or more.

For a release that occurs over a long period of time, there 1is

more of a chance for wind shifts that tend to spread the plume

over a broader scope of territory, resulting in lower
concentrations at any particular receptor site. The effect of
greater distance (i.e., a larger EAB and LPZ) would also be to
reduce doses. Conservatism is built in, as desired, by choosing

suitably pessimistic weather conditions to be in effect at the
time of the accident. Generally, slower wind speeds and more
stable atmospheric conditions lead to higher downwind
concentrations.

The approach used for the atmospheric diffusion coefficients
was to divide the time scale of the accident into five segments: 0
to 2 h, 2 to 8 h, 8 to 24 h, 1 to 3 d, and 3 to 30 d. The most
pessimistic coefficient is used for the first 2 h, followed by a

. slightly 1less pessimistic coefficient for the 2- to 8-h time
segment, and so on out to 30 days. This progression from worse to
better <values could mirror reality because the atmospheric
conditions are typically worse early 1in the day but generally
improve as the wind picks up later in the day and perhaps even
shifts direction significantly. It is generally unnecessary to
carry the calculation past 30 days because by that time almost all
of the radioactivity has decayed, settled out in containment, or
escaped and been dispersed past the point of interest.

The intended degree of conservatism for the present evaluation
is to wuse atmospheric diffusion coefficients that would be
exceeded in only a small fraction ( 5%) of randomly selected
initiation times. The help of ORNL Energy Division meteorclogist
F.C. Kornegay was enlisted to select the diffusion coefficients
for each time segment. The technique he and Computing &
Telecommunications programmer R.D. Sharp wused was to search

‘through a year's worth of data taken at the 20-m HFIR
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meteorological observation tower to find the single 1, 8, 24-h and
30-d periods with the worst atmospheric dispersion conditions.
The following dispersion coefficients were selected from

Kornegay's resultsl?

for the proposed 2.2-km ANS Facility LPZ
outer boundary radius (the wuse of these coefficients for
calculating downwind concentration is explained below):

2.1 x 10°4 s/m3 for the first 2 h,

0.9 x 10°% s/m3 for the 2- to 8-h period,
4.6 x 10°° s/m3 for the 8- to 24-h period,
1.8 x 1072 s/m3 for the 1- to 3-d period, and
3.9 x 10°% s/m3 for the 3- to 30-d period.
These values, based on actual measurements, are in substantial

agreement with the dispersion coefficients that one can calculate

from the cookbook approach of NRC Regulatory Guide 1.3 or 1.4 16

The concentration of a given mnuclide at a receptor site is
calculated from the diffusion coefficient as follows:

C(i,j) = S(i) ADF(j,k),

where
C(i) = concentration of the i-th nuclide (ci/m3)
S(i) = source term (ci/s) for the i-th nuclide, and

ADF(j,k)=atmospheric dispersion coefficient (s/m3) for the
j-th receptor during the k-th time segment.

Having calculated the concentration of each nuclide at each of

the receptor 1locations, the <corresponding dose rates can be

calculated. Because the present study is primarily aimed at the
criteria of 10 CFR 100, only the whole-body (external exposure due
to absorption of gamma <rays) and the thyroid doses (due to
inhalation of the radioiodine isotopes and subsequent absorption
into the blood stream and concentration in the thyroid gland) are
calculated. These two exposures, one external and one internal,
form an index of how well the reactor contajiument systems are able
to control the consequences to individuals at the receptor sites.
More sophisticated analyses planned for the future will include

other critical organs such as the lungs and bone marrow.
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The whole-body exposure rate at the j-th off-site receptor is
given by the following formula:
WBE(j) = :sum over all i of: C€(i,j) DCFWB(1i),
where

DCFWB(i) = dose conversion factor (rem per hour/ curie per
cubic meter) for the i-th nuclide.

Dose conversion factors for whole body exposure were taken from
the compilation by Kocher.1l7 The whole-body doses off-site are
usually dominated by the noble gases; however, all 58 nuclides of
interest are included in the calculation.

The <calculation of thyroid exposure 1is a 1little more
complicated than the whole-body exposures, because proper
consideration must be given to the breathing rate. The highest
breathing rate is specified for the first 2 h of the accident,
when activity levels must be assumed to be elevated. The dose
conversion factors used for this study are 40-year dose
conmitments for the inhalation of a given amount of iodine nuclide
(only the iodines were considered because the relative
contribution of other nuclides is orders of magnitude smaller).

The thyroid exposure rates are calculated as follows:

THY(j) = :sum over all i of: C(i,j) BR(k) DCFTHY (i),

where
THY{(j) = thyroid exposure rate for the j-th receptor site,
C(i,j) = concentration of the i-th nuclide at the j-th site,
BR(k) = breathing rate for the k-th time segment,

DCFTHY(i) = 40-year dose commitment (rem) per Iinhaled curie o f
the i-th nuclide.

The breathing rates were taken from the American Nuclear Society
standard for site evaluation for research reactors: 9
for 0 to 2 h: BR(1)= 3.33 x 10°2 m3/s
2 to 24 h: BR(2)= 2.58 x 10°2 m3/s
>24 h: BR(3)= 2.64 x 102 m3/s.
The dose commitment factors for the radioiodines were taken from

the compilation of Dunning et al.19
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3.4.3 Analysis results

An early finding of the calculations was that even a very
tight containment would mnot, without iodine removal, provide
sufficient thyreid dose reduction at the proposed 2.2-km LPZ
distance following the maximum Thypothetical accident. For
example, a containment with a 0.25%/d leak rate but without any
iodine filtration or removal would limit the whole-body dose on
the LPZ to a desirably low 0.62 rem, but it would allow a thyroid
dose of 158 rem, which would be uncomfortably close to the 300-remn
limit specified by 10 CFR 100. Therefore, most of the
calculations reported in this section include effluent filtration
and/or in-containment removal for containments of various degrees
of leaktightness.

Containment leak rates of between 0.25%/d and 22.5%/d were
examined. Leak rates higher than 22.5%/d would not, inm any case,
be permissible because the escape of noble gases (assumed to be
unaffected by filtration or sprays) would lead to excessive whole-
body exposures along the 2.2-km radius LPZ outer boundary. The
lower limit of 0.25%/d extends the calculation to the lower limit
of practicality for 1large containments, as exemplified by the
0.25%/d containment building described in the Final Safety
Analysis Report (FSAR) for the Calvert Cliffs 2560-MW pressurized-

20 Several other reactors have been approved with

water reactor
containment leak rates about one order of magnitude higher: the
primary containment of the Browns Ferry 3200-MW boiling water

reactory meets a 2%/d maximum leak vrate specification, and the

containment building of the 40-MW High Flux Beam Reactor (HFBR) at
BNL meets a 5%/d specification.

Effluent filtration efficiencies between about 0.50 and 1.00
were considered. As defined 1in this report, a filtration
efficiency is the fraction of the nuclides in the effluent that
remains in the filter and thus does not escape to the environment.
The lower end of the range (efficiency near 0.5) represents an

unrealistically low filter system efficiency system -- 0.95 or
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better would be more typical. An overall effluent efficiency of
0.5 could, however, be realized 1f part of the effluent bypassed
the filters. The HFIR reactor air treatment system (charcoal and
absolute filters) meets a technical specification of 0.995
efficiency; the in-house ORNL procedures actually applied at the
HFIR require that filters be changed when the measured efficiency
slips below 0.9985. 1In this investigation it was assumed that the
same efficiency applies to the radiociodines and all other
nuclides, except the noble gases, which are assumed to be totally
unaffected by filtration (even though a small amount of the noble
gases would iIn fact be retained on the charcoal).

In-containment removal rates of between 100%/d and 1600%/h
were investigated in the parameter study. The lower rate might be
representative of the mnatural settling out from containment
atmosphere onto walls and floors that a fission-product-bearing
aerosol would undergo, and the upper removal rate would represent
a well-designed, high-volume, in-containment air treatment or
spray system. The same removal rate is applied to all nuclides,
except the noble gases, which are again assumed to be totally
unaffected by the removal process. As used in the model, these

rates are a measure of the rate of removal from containment

atmosphere in terms of percent per unit time of the nuclide

inventory in the atmosphere at any given instant.

The results of the parameter study show in general that the
whole-body exposures (absorption of gamma radiation due to the
immersion of the body in a semi-infinite cloud of gamma emitter)

are dominated by the gamma radiation from the noble gases. This

is primarily because of the basic assumption that the accident
causes the escape from the fuel of all of the noble gases, but
only 25% of the iodines and 1% of all other nuclides.

Most of the whole-body dose accumulation occurs over the first
24 h of the accident, because the noble gas nuclides that have the
highest energy gammas also have the shortest half-lives. For
example, Krypton-88 emits a 1.95-MeV gamma but has a 2.84-h half-
life and is therefore essentially gone after 24 h. The thyroid
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doses accumulate at a more sustained rate over the whole 30-d
period covered by the calculations because of the longer half-
lives of the dominant iodine isotopes (e.g., ITodine-131 has an 8-d
half-life).

Figures 26 and 27 illustrate the accumulation of whole-body
and thyroid doses over the 30-d accident period for 1, 5, and

20%/d contaiument leak rates. The accumulated doses are shown at
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indicated; fractional effluent filtration efficiency =
0.99)

the 2.2-km radius of the LPZ outer boundary proposed for the ANS
reactor. For these calculations, the efficiency of effluent
filtration is taken at 99%, and there is no in-containment nuclide
removal.

3.4.3.1 Filtration Only (no in-containment removal) .

Figure
28 summarizes the results of a series of calculations with various

containment leak

rate. The top curve on Fig. 28 is the locus of combinations of
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containment leak rate and effluent filtration that exactly meet
but do not exceed either the 25-rem whole body limit or the 300-
rem thyroid dose limit of 10 CFR 100. Most of the points along
this curve were actually determined by the thyroid 1limit.
However, the whole-body exposure is limiting in some cases because
even with perfect filtration (efficiency = 1.0) the containment
leak rate must not exceed 22.5%/d in order to satisfy the whole-
body exposure limits. All combinations below the top curve would
meet the nominal requirements of 10 CFR 100.

Because past regulatory positions have demanded that site
suitability studies show doses substantially below the 10 CFR 100

limits, another curve is shown on Fig. 28. The lower curve is the

locus of leak rate and efficiency combinations that meet but do
not exceed one-third of the 10 CFR 100 limits--i.e., 0.33 x 25 or
8.33-rem for whole-body dose and 0.33 x 300 or 100-rem for thyroid
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dose. The shape of this lower curve is similar to the upper one,
but the maximum allowable containment leak rate is 7.5%/d with
perfect filtration. No combinations below the lower curve would
exceed one-third of the nominal 10 CFR 100 limits. One example
point on the lower curve is a case with a containment leak rate of
5%/d and a filtration efficiency of 0.965. In this example, the
corresponding 30-d whole-body dose at the 2.2-km LPZ distance is 6
rem and the thyroid dose is 100 rem. Thus, the thyroid dose, at
100 rem, is controlling because the whole-body dose of 6 rem 1is

well below the target dose of 0.33 x 25 or 8.33 rem.

3.4.3.2 In-containment removal (no filtration). Figure 29
summarizes the results of a series of calculations with wvarious
degrees of (unfiltered) containment leak rate and in-containment
removal, Combinations along the wupper curve exactly meet the

nominal 10 CFR 100 limits and those along the lower curve exactly
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meet one-third of the limits. For the wupper curve the 300-rem
thyroid dose 1is controlling for containment 1leak rates below
22.5%/d and the 25-rem whole-body dose 1imit makes leak vrates
above 22.5%/d unacceptable regardless of in-containment removal.
The region of acceptable performance is found below the curve for

each case.

3.4.3.3 Removal and filtration. Calculations were performed
over a range of containment leak rates to determine the usefulmness
of a 100%/d in-containment removal rate in conjunction with an
effluent filtration efficiency of 0.99. The results, plotted on
Fig. 30, demonstrate a substantial potential reduction in thyroid
dose compared with the same cases without in-containment removal;

the reduction of whole-body doses is minimal and therefore not
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included on Fig. 30. The assumed 100%/d in-containment removal
rate could be representative of either a low-capacity installed
system (e.g., a.low-volume containment spray system) or simply of
natural settling-out processes.

3.4.3.4 Delaved release. The containment concept of the 57-MW

ILL reactor at Grenoble, France, inspired another series of runs.
In that series, the code input simulates the double-containment
system at Grenoble, with the outer containment pressurized with
respect to the inner containment by blowing ambient air into the
space between the inner and outer containments. According to the
assistant reactor department chief at ILL, Dr. E. Bauer,21 the TLL
safety analysis demonstrates that following the maximum

hypothetical accident, there would be a slow increase in inner-

containment pressure, but the outer-containment pressure would
remain above inner-containment pressure; therefore, significant
releases would not begin until after 12 h: even those releases

would be filtered effluent.

A series of calculations was made in which the containment was
assumed not to leak until 4, 8, and 12 h after the beginning of
the accident. In-containment removal was taken to be =zero,
effluent filtration at 99%, and two containment leak rates were
examined, 2 and 10%/4d.

The results (Fig. 31) show that delaying the onset of the
release has the potential to reduce the whole-body exposures by
almost an order of magnitude. This advantage is gained because of
decay of the dominant radiocactive noble gas nuclides. Figure 31
shows reductions by a factor of about 2 for the thyroid exposures,
but this 1is solely because the computer code applies less
pessimistic atmospheric dispersion factors and individual
breathing rates at .longer times after accident initiation. In
actuality, the delay would reduce off-site thyroid exposures
because of mnatural in-containment settling-out processes not

included in these calculations.
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Even if the ILL style containment is not selected for the ANS
reactor, a more mechanistic analysis of the pressure build-up
within containment would show that it takes some time, perhaps
hours, to reach the peak release rates. This gradual buildup in
release rate would approximate the delay considered here and would

result in lower off-site radiation exposures.

3.4.4 Implications for design

The specification of a low (less than ~ 5%/d) containment leak

rate has some obvious implications for contalinment design. For
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example, all cracks will have to be eliminated or sealed by tight
gaskets, because even a short length of open crack would cause
such a low leakage specification to be exceeded even for low
internal ©pressures. The specification of a high effluent
filtration efficiency impliegs that the effluent air treatment
include at least one stage of a special iodine treatment, such as
the activated charcoal filters incorporated in the HFIR
ventilation system.

The specification of a maximum leak rate cannot, at present,
be directly translated into a containment design pressure
specification, because the rate of gas generation during
hypothetical severe accidents has not yet been reliably estimated
for the ANS reactor. If an assumption is made that the 4%/d
maximum leak rate is to be applied, for example, at an internal
gauge pressure of 0.014 MPa (2.0 psig), containment design could
proceed; but then a later analysis might show that the accident
gas generation and expansion could pressurize the containment to
above the 2.0-psig reference pressure and thus cause the resultant
leak rate to exceed the rate assumed for the site suitability
analysis. On the other hand, it would be possible te specify that
the maximum leak rate applies at any containment pressure. But
this would leave unknown and unspecified the containment internal
design pressure. Until a good estimate of severe accident gas
generation and expansion rate is available, the containment design
pressure cannot be set with any certainty. Future investigations

are planned to develop this much needed information.

3.4.5 Implications for emersency planning

The Environmental Protection Agency (EPA) Protective Action

Guidelines (PAGs) for emergemncy planning22

specify that esmergency
personnel should strongly consider evacuation i1f doses to members
. of the general public are likely to exceed 5 rem to the whole body
or 25 rem to the thyroid. Sheltering is to be considered if doses
are likely to exceed 1 rem to the whole body and 5 rem to the

thyroid. Because these dose limits are much lower than the
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nominal 10 CFR 100 1limits, they may be considered the limiting
factor for containment design consideration. The containment
functional performance specifications of 5%/d and 97% filtration
efficiency suggested by these calculations were based on the
higher 1limiting doses of 8.33-rem whole-body dose and 100-rem
thyroid dose (i.e., one-third of the nominal 10 CFR 100 limits).
Therefore, a prudent step would be to improve the functional
containment performance requirements from 5%/d to 4%/d maximum
leak rate and from 0.97 to 0.99 effluent filtration efficiency.
This would bring the presently estimated mwmaximum hypothetical
accident doses to below the upper PAGs for evacuation.

Further reduction in estimated doses may follow improvement in
the calculation and knowledge of the probable severe accident
response of this reactor; this work will be undertaken at an
appropriate, but later, tiue. Specification of leakage and
filtration requirements to meet the lower (sheltering) PAG limits
is not recommended until more is known about the severe accident
response and about containment design options. However, it will
be recalled that the calculational results reported in Sect.
3.4.3.4 fox the ILL double containment (for which there would be a
12-h delay after initiation of the maximum hypothetical accident
before the beginning of release to the environment) show promise
for reduction of whole-body doses to below the lower PAG limits.
Similar containment designs should be investigated for the ANS
Yeactor.

Specification of containment leaktightness of 0.25%/d along
with highly efficient iodine removal would practically guarantee
that the LPZ exposures for the maximum hypothetical accident would
not exceed the lower PAGs, but the need for such stringent

specifications cannot be fully evaluated at present.

3.4.6 Containment analysis conclusions

The major conclusion for this study is that the containment
for the ANS reactor should have a leak rate of 5%/d or less and

that it should be provided with an effluent filtration system with
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an efficiency factor of 0.97 or better to meet the requirements of
10 CFR 100. An in-containment removal system of 400%/h capability
would be roughly equivalent to the 0.97 filtration efficiency and
could be substituted for the effluent filtration. The adoption of
these functional performance specifications would meet by a
comfortable two-thirds margin the requirements of 10 CFR 100 with
the EAB and the LPZ entirely on the DOE reservation and ensure one
very major aspect of the suitability of the present HFIR site for
the 270-MW ANS reactor.

It is further concluded that because of emergency planning

considerations we may choose to adopt containment requirements

even more stringent than would be required for compliance with 10

CFR 100. How much more stringent cannot presently be stated with
certainty, but a 4%/d maximum leak rate and a 0.992 minimum
filtration efficiency (or equivalent in-containment iodine

removal) would represent the least restrictive requirements that

should be adopted for emergency planning purposes.

3.4.7 Recommendations

The design goal for containment for the ANS should be to have
as tight a containment as practicable and one that is provided
with a highly effective means for iodine removal. As discussed
above, a design goal for maximum containment leak rate of 4 %/d
can presently be justified. The corresponding goal for iodine
removal would be an efficiency of 0.99 if implemented as an
effluent (or containment leakage) treatment or 1300%/h removal
rate if implemented as an in-containment removal system.

The calculations described in this report mneed to be
strengthened with more mechanistic treatments of all phases of the
hypothetical severe accidents of interest, including the cooling
of the core debris from postulated severe accidents; the
generation of steam and/or noncondensibles including hydrogen; the
heat-up and pressurization of the containment atmosphere; fission
product plate-out and removal from the containment atmosphere; and

the leakage of fission products from the containment to the
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environment. Concurrently, actual containment designs should be
selected and evaluated as the improved calculational models become

available.
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4 . CONCEPTUAL DESIGN TASKS

Preparation for the conceptual design falls into two
categories: planning for the architect-engineer (AE) to generate
the conceptual design for the major construction packages and
planning for ORNL teams to generate the comnceptual design for key
reactor and experiment hardware.

Several tasks must be completed prior to initiation of the
facility conceptual design by an AE firm: site selection,
generation of conceptual design criteria, and the AE selection
process. Although these tasks were originally planned for FY
1987, funding limitations and priorities given to execution of the
R&D plan have deferred them until early in FY 1988. Thus, there
will be no significant progress on activities directly supporting
the AE conceptual design effort this year. Much of the planning
conducted under project support, as well as the BOP activities
under the R&D plan, will contribute to the timely execution of

those activities next year.

4.1 Main Construction Contracts

This activity is not scheduled to begin until FY 1988.

4.2 ORNL Retained Reactorx

At this time mno significant planning for the reactor
conceptual design activities assigned to ORNL has taken place.
Again, however, work currently under the R&D plan will support
development of teams and criteria for the ORNL conceptual design

tasks,

4.3 ORNL Retained Experiments

No significant planning for the conceptual design of
scattering, irradiation, and other experiment hardware assigned to
ORNL has taken place. Work currently under the R&D plan will
support development of teams and criteria for the ORNL conceptual

design tasks.

4.4 Systems Integration

Attention was given to identifying tasks and milestones for

safety, environmental, and other assessment activities as part of
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the overall scheduling and cost compilation effort. However,
early work in these areas has been considered under safety rather
than systems integration and is reported in Sects. 3.1, 3.2, and
3.4, Thus, there 1is no significant work to report under the

categoxry of systems Integration.
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5. PROJECT SUPPORT

Project support <covers the managerial and administrative
activities mnecessary for planning and executing the ANS project.
The material covéred in this section falls into a single task in
the preconceptual plan. Several key activities Thave Dbeen
initiated during the last 6 months and are reported as sections
below. These activities include development of an initial wversion
of the project work breakdown structure (WBS), and development of

project schedules and cost estimate data.

5.1 Work Breakdown Structure

The WBS to be used for managing the design and construction of
the ANS was rvevised during this reporting period. The top level
of the WBS is shown in Fig. 32, and further breakdowns are shown
in the Appendix B. The initial box in the WBS covers the entire
ANS project, including capital and expense-funded activities, and
all activities from design and construction to assessments and
project administration. The second level 1is composed of seven
elements. Technology development 1includes the 1list of items
appearing in the current R&D plan. Project support covers the ANS
Project Office itself. All activities presently under way fall
into one of these two categories. Elements 1.3, 1.4, and 1.5,
which have not yet begun, cover the actual conceptual and detailed
degigns and the construction of the ANS, Element 1.3 is broken
into three major design and construction contracts, with design
and construction management by AE firms. Elements 1.4 and 1.5
cover those reactor and experiment design and  procurement
activities under ORNL control because of their unusual nature and
their high importance to safety. Element 1.6 includes safety,
assessment, and integration activities that will continue for the
duration of the project (current safety studies are considered a
part of R&D, as element 1.1.9.) Element 1.7 will include
operations up to placing the facility into routine operation.

This WBS will be considered a "living document" and will be
revised as the mneed arises. Although generally oriented toward

managing funding throughout the project the WBS is particularly
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oriented toward the design and construction of buildings and
hardware. Other types of breakdown, such as by functional system,
will be developed as needed for activities such as safety studies

and risk assessments.

5.2 Schedule

A major review of the schedule assumptions for the overall ANS
project was made during this reporting period. Major milestones
for each main phase of the project were reviewed against the
standard DOE line-item sequence, NRC-type licensing requirements,
and experience with other major projects, A revised overall
schedule was generated as shown in Fig. 33. The early years are
driven by funding availability, execution of the R&D plan to
provide a reasonable basis for design, and the steps needed to

bring an AE firm on board for the facility conceptual design.

ORNL-—-DWG 87--4231 ETD
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Fig. 33. Summary schedule for the ANS Project
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Because the drafting of AE design criteria and the AE selection
process will not begin until FY 1988, the earliest the facility
conceptual design by an AE can now begin is the last quarter of FY
1988. The conceptual design could then be completed and the
construction data sheet submitted in second quarter FY 1990, as
required for a FY 1992 1line 1item. A "design-only" line-item
request will be used to fund Title I and some initial Title II
design work in FY 1991, avoiding a l-year delay resulting from the
budget cycle between conceptual design and the FY 1992 line-item
authorization for design and construction of the facility.
Although formal licensing by the NRC is not presently required
for DOE-operated reactors, all documentation required of NRC
licensees wili be generated for the ANS, as required by DOE Order
5480.6 (see Sect. 3.0). This provides major milestones in the
schedule for generation of construction permit documentation and
the documentation used to apply for DOE permission to operate the
reactor. Integrating these documents into the DOE project cycle
places a milestone for the construction permit documentation at
the end of the Title I design phase. At that time, an NRC-style
Preliminary Safety Analysis Report (PSAR) and other documentation
will also be required. The schedule shown in Fig. 33 allows for a
6-month review period between completion of the construction
permit documentation and start of site work. Title ITI design,
procurement and facility construction Dbegins with line-item
authorization in FY 1992 (with initial Title IT design,
particularly on site preparation, beginning 6 months earlier under
design-only, line-item funding) and runs through FY 1994, At the
end of FY 1994, the operating permit documentation will be
submitted to DOE for the mnecessary rteviews. A l-year period,
during which final installation of reactor equipment will take
place, is allowed for review of this submission. The FSAR and
final environmental documentation is required at the end of FY
1994 as part of the final package submitted to DOE. Permission

for low-power testing would be needed at the beginning of FY 1995,
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with startup and testing extending through that year. This
schedule assumes sufficient progress in startup to close the
construction phase and enter the operations phase by the end of FY
1995, Specific criteria for project completion remain to be
identified.

Further breakdown of the baseline project schedule according
to the top-level WBS was entered into a PC-based scheduling
program. Output from this program is included in the appendices,
Use of the computer-aided scheduling package allows ready tracking
and revision to the schedule and also allows input and tracking of

cost estimates as they become available.

5.3 Costs
Along with the schedule review discussed above, an effort was
made to compile and escalate the most current known estimates for
all activities associated with the ANS project. Estimates were
entered into the computer-aided scheduling package, and a table of
costs in current-yeatr dollars by fiscal-year quarter was
generated. The DOE escalation factors given in the Oak Ridge

Operations Office (ORO) Estimating and Cost Control Manua123 were

then used to escalate the estimate to the year of expenditure.
Both the current-yeaxy dollar and escalated versions of the overall

estimate were then tabulated by fiscal year.

In the case of the design and construction of the facility,
the primary basis for the estimate was the feasibility study
generated in FY 1984, Cost-vs-power curves generated early in FY
1985 were used to bring the feasibility study estimate, which was
for a 200-MW reactor, up to an estimate for the current baseline
of a 270-MW reactor. Costs were then escalated to second quarter,
FY 1987 for “"current-dollar" estimates. Costs for activities
covered by the R&D plan were covered by entering the R&D plan data
directly into the current-dollar estimate base. Costs for the ANS
Project Office and for manpower during startup were obtained by
estimating staff size and using current rates in the unescalated

version. Heavy-water costs for the reactor were based on the
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recent purchase price of heavy water for the corrosion test loop.
Costs for the various assessments were based oun discussions with
persons experienced in similar activities, although the cost for
NRC-type reviews is difficult to predict. Some of the weakest
points in the existing estimates arxe in the areas of hardware to
be designed and procured by ORNL, such as the reactor control
system.

This estimate review was done as an independent activity and
was not directly factored to take budget documents currently in
preparation into account. Work on bringing the estimates into
agreement with the current project planning base is continuing.
Until revised estimates are available from future design and
planning work, the only method for bringing this estimate and
official budgets into agreement is to adjust schedules, This task
provides a tool for explaining the schedule loss that will be
encountered 1if requested funding 1s not provided. Since a
computerized system is being used, revised estimates and schedules

can readily be incorporated in a timely manner.
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Appendix A:

Ground Rules For Core Design Studies






FACTOR QR ISSUE

1. Coolant inlet
temperature

2. Maximum fuel
temperature

3. Minimum margin to CHF:
a. CHF correlation

b. Uncertainties

4. Minimum margin to
hydraulic instability

5. Maximum core delta P

6. Oxide buildup Issues:
a. Correlation

b. Prefilm

c. D20 vs H20
differences

d. Sloughing
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GROUND RULE

49°cC

The maximum hot spot centerline
temperature should not at any time
during the cycle exceed 385°C. This
includes all allowances for the
nuclear power peaking and also for
engineering factors (such as channel-
to-channel variations in coolant gap
and hot streaks) or statistical
margins affecting the fuel temperature.

ORNL will use the updated Gambill
(superposition) correlation. INEL will
use the Modified Bermath correlation.
Based on INEL evaluations the results
produced by the two correlations are
quite close.

3o

‘We do not feel that the maximum core

pressure drop should be specified by a
ground rule, because any reasonable
value ‘would not appear to be limiting.
However, the pressure you choose

should be used to determine the
necessary pressure vessel thickness.

We agree with INEL to use a Griess
correlation biased by the factor of 0.5
developed from experimental data from
ATR.

Assume a 0.002 mm boehmite prefilm.
Essentially none
Sloughing at 0.05mm is acceptable.

However, in each case, INEL and ORNL
should indicate whether the 0.05mm was



10.

11.

12.

13.

e. Hot spot treatment

Heat transfervr
correlation

Incipient nucleate
boiling

Friction factor

Thermal conductivity
of materials
(assumes 45% Vol
of U iu Fuel Meat
at 90% TD)

a. Fuel
b. Clad
c. Oxide

Critical velocity
methodology

Fuel burnup limit

Fuel density issues:
a. Maximum volume
fraction of
uranium in
fuel Meat

b. Maximum void
fraction

¢. Maxifmum uranium
density
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reached and 1if the liwilt was reached,
the time in the cyecle at which the
limit was reached should be indicated.
(This is because the alloys that slough
most rveadily also suffer the most from
pitting czorrosion.)

Direct tracking of movement

Petukhov Correlation

Although ORNIL will continue to avoid
bubble formation on our own design,
we concede that .small bubbles,
smaller than the thermal boundary
layer, can be allowed.

ORNL will use the Filonenko correlation.
If as indicated by INEL the locally
preferred data base is not wmuch
different, we have no problem with the
substitution.

60 W/mK
180 W/mK
2.25 ¥W/mK

For flat or uniformly curved plates, use
Miller correlation.

Data indicate a permissible burnup
limit of 2.6x1021 fissions/mL of
meat at 45 vols.

0.10

4.8 g/mL of fuel meat
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1s.

16.

17.

18.

19.

20.

21.

Peak thermal neutron
Flux

Operational
requirements

Minimum cycle
length

Pool temperature/
pressure

Bias for beams/
sources/targets

Maximum k excess

Pressure vessel

Maximum allowable
core outlet D90
bulk temperature
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> 5x1019 neutrons/m2~s 1s the minimum
project goal.

There is no established requirement for
operation at constant flux, and from
BOP considerations, it is much more
reasonable to require constant power.
However, we will not insist on this as
a design requirement.

14 day core life plus 3 day average

. shutdown. Evaluation of the
refueling process indicates that at
least 3 days will be required for the
refueling process (averaged over a
year). This coupled with our desire
for a minimum 14 day core life leads to
a minimum cycle length of 17 days.

Room/atmospheric

The 2% in k value proposed by INEL
may be a little low. However, at this
point the most important factor is that
we both use the same value. Therefore,
we will use the 2% bias in k as the
ground rule.

We do not see a need at this time
for identifying a specific maximum k
excess,

Al1-6061 or Zircaloy 4 should be used
as the pressure vessel material. The
maximum operating temperatures for
these materials are 149°C for the Al-
6061 and 371°C for the Zircaloy 4. The
maximum temperature in the vessel wall
material under the chosen conditions
should be calculated and included in
the results. Other material
properties, (allowable stress,
corrosion allowance, creep, etc.), are
available if needed.

<tpbp. 99°C. Although this temperature
wiEl not preclude steam generation forx
all LOCA events, it will preclude steam
generation for the most probable small
break LOCAs.
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23.

24

25.

26,

27.

28.

Maximum fuel
concentration
ratio

In-core irradiations

MeV/fission
Fission power

to thermal power
conversion factor

Efficiency factor

Cross sections

Energy boundaries
for flux
reporting
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Although we have requested information

from B&W on this issue, it will be a
vhile before they can fully evaluate
it. Therefore, we will not include a
maximum concentration ratio at this
time.

Provisions must be made for in-core

irradiations of material samples at or
near high energy flux peak. At this
time, k bias or target types are not
known. The ground rule at this time
only indicates that space be made
available in the core configuration.

202 MeV/fission based on ENDF/B-V

Based on INEL data, the value of 0.91

will be used for conversion purposes.
This wvalue may, however, be revised in
the future if more detailed nuclear
heating calculations indicate that a
change is needed.

To avold confusion about scaling factors,

it is convenient to intercompare
efficiency factors where the efficiency
factor 1s defined as the peak flux per
unit power; it can be computed very
easily by dividing the peak flux by the.
total fission power.

ENDF/B-V

For various reasons it is important

that the flux be reported as a
function of specific energy levels.

As a result the following definitions
should be used:

fast flux > .183 MeV
thermal flux < .625 eV
epithermal flux .414 eV to 101 eV

These levels correspond to user
needs and do not correspond to our
cross section energy boundaries.
Therefore, we as well as INEL will
have to perform interpolations/
extrapolations in order to report
the fluxes in this manner.
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29. End Caps ’ The fuel meat does not and cannot

extend to the very edge of the fuel
plate. Therefore, sections of
unfueled aluminum plates are required.
A realistic minimum length for the
unfueled region entrance(s) and
exit(s) to the core(s) would be 20
times the coolant gap. The effect of

. these unfueled aluminum regions must
be included in the calculations of
flux and core life.
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Appendix B:

Further Definition of Work Breakdown Structure
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Appendix C:

Detailed Schedule for the ANS Project
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