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SLIGHTLY ENRICHED URANIUM FUEL CYCLE: PERFORMANCE ASPECTS

G.M. MacGillivray and I.J. Hastings*

Atomic Energy of Canada Limited - Research Company
Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1J0

1. INTRODUCTION

The target burnup in the slightly enriched uranium (SEU) fuel cycle is
500-600 MW.h/kg U, a factor of two or three greater than the current
average of 200 MW.h/kg U for the CANDU once-through natural uranium fuel
cycle. This would be obtained by increasing the U-235 content of the
fuel to about 1.2 wt% U-235 In U. We are examining the SEU cycle because
it has the potential to reduce fuel cycle costs and because it may give
added flexibility in exploring various methods of capital cost reduction.
A preliminary Ontario Hydro study (1) indicated that the economics of the
SEU fuel cycle could already be favourable. The economics of the SEU
fuel cycle are discussed in another paper at this conference (2).

This paper focuses on the fuel performance aspects of the SEU fuel cycle.
Areas where the current data base is applicable are discussed and
additional work is identified.

2. PEEF08HANCE ASPECTS

The current once-through natural uranium fuel cycle is performing very
well in CANDU reactors. The cumulative defect rate is less than 0.1%
with over 380 000 bundles irradiated to date (3). However, additional
constraints are pieced upon fuel performance at the higher burnups
required for the SEU cycle. Areas of particular Importance in fuel
performance at high burnup are:

(1) Waterside corrosion,
(2) Fission-gas release and internal gas pressure,
(3) Power Ramp behaviour,
(4) Short-lived fission product release,
(5) Bundle integrity,
(6) Defect behaviour, and
(7) Modelling of performance.

Waterside corrosion is not expected to be a problem for high burnup fuel.
Fission gas release and internal element pressure are important because,
if internal pressure rises to an excessive level, heat transfer between
the fuel and the sheath can be reduced and a positive feedback loop may
be established. Thus, fission gas release mechanisms at high burnup, and
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particularly during power ramps at high burnup, require further study.
The ability of CANLUB coatings to prevent defects resulting from power
ramps at high burnup must be confirmed. Also, it is proposed to examine
the accident behaviour of high burunup fuel via the Blowdown Test
Facility at Chalk River. Fuel performance models will be updated to
include results obtained at high burnup, to ensure continuing predictive
capability.

The existing data base includes both power reactor experience and experi-
mental work. Over 3000 bundles have been irradiated to above-average
burnups, to a maximum of 700 MW.h/kg U, in commercial CANDU power
reactors (3). We have also irradiated 66 bundles to high burnup in
experimental reactors, supplemented by data from the irradiation of 173
single elements. Some of these single elements were highly instrumented,
while others were tests of the effects of changes in particular fuel
variables.

The work required to prove the SEU fuel cycle will involve experimental
irradiations, primarily involving the reference fuel type (conventional
pressed and sintered solid pellets), but some work on backup fuel designs
will also be carried. The tests will take fuel to the extremes of the
perceived power history to burnups in excess of that required for the
fuel cycle. The experiments will examine the phenomena described above,
and fuel performance modelling work will proceed in parallel with the
experimental program. The final phase of the program will involve a
demonstration in a power reactor of more than 400 bundles, of the
selected fuel design, with possible extension to a full core transition.
The purpose of this phase of the program is to demonstrate that fuel
performance is satisfactory, and that fuel performance is predicted by
the behaviour codes.

3. COBCLUSIORS

The current once-through natural CANDU fuel cycle is performing well.
However, there is economic promise associated with the SEU fuel cycle.
We have a substantial data base applicable to high burnup. Several areas
have been identified for further work.

4. REFERENCES

(1) R.A. Bonalumi and J.H.K. Lau, "Technical Aspects and Economic
Promise of Low-Enriched Uranium CANDU-PHW Reactors", Proc. CNS
^ (1980) 212.

(2) A.D. Lane, F.N. McDonnell and J.C. Wood, "The Role of Slightly-
Enriched Uranium Fuel in Advanced Fuel Cycles for CANDU", to be
presented at this conference.

(3) P.T. Truant and I.J. Hastings, "CANDU Reactor Experience: Fuel
Performance", Proc. Sixth Annual Conference of CNS, Ottawa,
Ontario, 1985 June 3-4, reprinted as Atomic Energy of Canada Limited
Report AECL-8774 (1985).
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FEAST: A Finite Element Code for

Estimating Stresses in Fuel Elements

M. Tayal

Atomic Energy of Canada Limited
Sheridan Park Research Community

Mississauga, Ontario, Canada, L5K 1B2

1. INTRODUCTION

A finite element computer program called FEAST has been developed
to calculate stresses, strains, and displacements in components of CANDU
fuel. These can include pellets, sheaths, and endcaps. The FEAST code is
two-dimensional. That is, either plane or axisymmetric calculations can be
done. The model includes the effects of elastic, plastic, creep and thermal
strains. Cracking can also be simulated. Material properties like Young's
modulus can differ in different parts of the structure, depending on local
temperature and prior heat-treatment.

Reference 1 described some recent applications of FEAST in
design/analysis of CANDU fuel. The present paper focusses on those
theoretical aspects of the finite element method that are unique to FEAST.
This paper also compares FEAST predictions to some analytical solutions and
to experimental measurement?.

FEAST solves the equations of equilibrium. This ensures that
internal stresses balance each other and applied loads at each point. FEAST
also ensures compatibility among neighbouring fibres. This means that the
calculated strains do not create artificial holes, nor do they assign two
different points of the material to occupy the same physical space. In
addition, FEAST ensures that at each point of the structure, the
stress/strain law is consistent with local conditions like temperature and
plasticity. The pertinent boundary conditions and restraints are also
satisfied.

2. THEORY

The displacements at nodes, {&}» are the basic unknowns in the
solution - procedure. Since a unique displacement is calculated for each
node, compatibility is satisfied automatically. The strains, {e}> and
stresses, {a}, in each element are formulated in terms of the unknown
displacements. Since this is done separately for each element, complex
variations of material properties are easily accomodated.
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Equilibrium is ensured by minimizing the total potential energy of
the system. The potential energy <£ is given by:

/{{e}1 {a} d V - {R}' {6} - J{r}" {f} dV
In the above, equation, dV represents an infinitesimal volume, {R} represents
the external concentrated loads, {p} represents the external distributed
loads, If} represents the displacements at each point of the system, and T
represents the transpose of matrix.

To solve for stresses, first the equations mentioned in the second
paragraph of this section are used to express the potential energy as a
function of the basic unknown, the nodal displacements. Then, the resulting
functional for potential energy is minimized by using calculus of
variations. This gives the values of the nodal displacements. Their first
derivative gives strains. Stresses are obtained by applying material's
constitutive laws to calculated strains.

The plastic strains are calculated from the incremental theory,
using Prandtl-Ruess formulation and Hencky-von Mises yield function. The
formulation for creep is similar to that for plasticity.

The user can specify arbitrary conditions of forces, pressures,
and temperatures. As well, zero, non-zero, or limiting values of
displacements can be imposed on parts of the body.

FEAST makes no assumption specific to CANDU fuel. Hence it is a
"general purpose" code for stress analyses, in that it can also be used to
analyze components other than nuclear fuel, for example pressure-tubes.

3. ACCURACY AND VALIDATION

The predictions of FEAST have been compared to about 20 analytical
solutions. Figure 1 shows the predictions of FEAST for elastic stresses
near a circular hole in a rectangular plate subjected to uniaxial tension.
Although the agreement is considered reasonable, it can be improved further
by using a finer mesh. Similar agreement is obtained with closed-form
solution, even when the load is increased well into the plastic range.

Comparisons are also available against strain-gauge measurements
on endcaps subjected to axial compression. Reference 1 reported comparisons
for axial strains. Results presented in this paper show that FEAST
predictions for hoop strains also compare well with measurements.
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4. CONCLUSION

A verified version of FEAST is now available to assess stresses,
strains, and displacements in CANDU fuel elements. It can also be used to
assess strains/stresses in other components, for example pressure tubes.

5. REFERENCE

1. M. Tayal, "Recent Uses of the Finite Element Method in
Design/Analysis of CANDU Fuel", presented at the Sixth Annual Conference of
the Canadian Nuclear Society, Ottawa, Canada. 1985 June 2-4.
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(B) RESULTS
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PRESSURE TUBE ELONGATION RATES
CANDU FUEL CHANNELS

C O . Poidevin Ontario Hydro (H10 A08)
700 University Avenue
Toronto, Ontario
M5G 1X6.

M. Natesan Ontario Hydro (H10 BO7)

R. Rao Ontario Hydro (H10 B09)

At present operating reactors provide the most reliable data base
on elongation rates for Zirconium-Niobium pressure tubes in CANDU
reactors. Pressure tube samples irradiated in high flux test
reactors do provide complementary data. However, since these
irradiations to date do not simulate either the actual operating
conditions or the geometrical effects of the pressure tubes, the
data may be used only to indicate long term trends.

The reactor data indicate that there are differences in pressure
tube elongation rates across the reactor face and between
reactors, especially between those reactors having substantially
different operating conditions. Hence these data, in their
present form, can be used only to predict such things as channel
on-bearing life for the short term and in a particular reactor.
Before data from one reactor can be used for predicting the
elongation rates for other reactors an understanding of the
basis for these differences is needed. This understanding can
only come from a thorough analysis of the pressure tube data
with respect to all significant variables., namely operating
conditions (neutron flux and temperature) and manufacturing
history (^quenching, extrusion ratio, percentage cold work,
etc.). This report describes such an analysis.

In the analysis, the elongation rates have been expressed as
elongation per unit fluence (mm/n/cm ). This permits direct
comparison between elongation rates cf tubes regardless of their
lattice location or the operating Dower level of the reactor
in which they are contained.

The present analysis has been limited to pressure tubes in
Pickering NGS "A" Units 3 and 4 and Bruce NGS "A" Unit 2 where
there is an abundance of available data. The elongation of
pressure tubes in these three units have been measured
periodically since start-up and a detailed operating history
(flux and temperature) are also available for each channel.
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Although it was initially believed that the flux contribution
towards the elongation rate was significant, the general
conclusion of this report is that the temperature contribution is
substantially more significant. There appears to be a good basis
for prediction of pressure tube elongation in future reactors.
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DEVELOPMENT OP FAILURE MAPS FOR
INTEGRITY ASSESSMENT OF PRESSURE TUBES

Prabhu S. Kundurpi
Nuclear Studies & Safety Department

Ontario Hydro
Toronto

The pressure tubes in CANDU reactor form the main coolant pressure
boundary within the reactor core. Consequently they are designed to
withstand all anticipated operating conditions both normal and abnormal.
However during certain postulated accident scenarios, the pressure tubes
could be subjected to severe pressure and temperature transients.
Traditionally in the safety analysis, the integrity of the pressure tube
during these transients is demonstrated by a detailed analysis of
deformation behaviour during the transient. For rapid and accurate
assessment of pressure tube integrity, it is very convenient if the
conditions leading to pressure tube failure are known beforehand. This
paper presents the conditions required for failure of the pressure tube
in the form of failure maps.

After a detailed review of the experimental data on deformation of
pressure tube material, a conservative local strain value (100%) is
selected as bench mark for failure. The average hoop strain on the
pressure tube is limited to around 18 percent due to the presence of
calandria tube. Hence the pressure tube is considered to have failed if
the pressure tube attains 100% local strain at any point before the
average hoop strain on the pressure tube reaches 18%. This criteria is
used as the failure criteria in developing the failure maps. The effect
of using other failure criteria is also discussed.

The main parameters influencing the deformation of pressure tube during
postulated accident conditions are identified as:

(a) Internal pressure.

(b) The extent of the hot region on the tube and the nature of the
temperature distribution.

(c) Rate of temperature rise.

To identify the significance of these parameters, a few sensitivity
studies have been carried out by using the computer code NUBALL(i^
which calculates the creep strain distribution in pressure tnbe due to
non uniform distribution. The main conclusions of the sensitivity study
are:

(a) The failure temperature is independent of the temperature
distribution and it is dependent only on the rate of heating and
internal pressure.

(b) The average hoop strain at failure is not sensitive to the rate
of heating and is almost entirely dependent on the temperature
distribution and pressure.
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Based on these conclusions, the problem of PT integrity asi: »ssment is
reduced to the task of determining:

(a) The failure temperature as a function of pressure and

(bj Determination of average hoop strain as a function of
temperature distribution for various pressures.

The failure temperatures and average hoop strain at failure have been
obtained by using th« computer code NUBALL for various pressures and
temperature shapes. Typical results obtained are given in Figures 1
and 2. These results are currently used in pressure tube integrity
assessment for known thermal hydraulic conditions.

References

1. Kundnrpi, P.S. "Development and Validation of Computer Code NUBALL
for Simulation of Pressure Tube Ballooning Behaviour" paper presented
at Simulation Symposium 1966.



A - 1 1

Tf K

c- -1100

•900

T. C

-P.0Q

-750

-700

-650

2 3 4 5 6 7

P— Pressure MP3
9 10 -6C0

FIGURE- I
Pressure Tube Failure T^moeratures



A - 12

Variation of Temperature

• • • • • « " • • Cubic

• . - a l l

PT Contacts CT

10

_•». ? MPa

FIGURE 7.
V3r:ation of Average Hoop Strain at Failure W'th Internal Pressure and <9,



A - 13

METALLOGRAPHIC EXAMINATION OF A CANDU FUEL BUNDLE

HEATED UNDER SEVERE ACCIDENT CONDITIONS

by

Choubey, D.J. Wren, A.E. Unger, K.J. George

Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0

and

P.J. Fehrenbach

Chalk River Nuclear Laboratory

Chalk River, Ontario KOJ 1J0

ABSTRACT

During a loss-of-coolant accident associated with degraded emer-

gency cooling, fuel cladding temperature may rapidly rise to above 2000°C

[1]. At such high temperatures, fuel integrity will be severely impaired

and the Zircaloy cladding will be subject to reaction with steam and UO2.

A series of high temperature tests [2-3] on CANDU fuel bundles

have been performed recently at the Westinghouse Canada Incorporated (WECAN)

test facility to study bundle sagging behaviour and molten material reloca-

tion in the bundle.

In these tests, 37-element fuel bundles were heated by an oxy-

hydrogen torch in superheated steam at a flow rate of about 9 g«s~l. The

maximum fuel cladding temperature was different in each test - 1700 to

1900°C in the test HTBS-001, 1500°C in HTBS-002 and 1900°C in HTBS-004.

The last test was conducted in a ZrO2 shroud as in HTBS-001, but in order to

increase the temperature and heat-up rate and allow space for bundle slump-

ing, the outer ring of 18 elements in the 37-element bundle was removed.

Canada Deuterium Uranium Reactor

IN
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After the test, the bundles were potted in epoxy and detailed

metallogra^hic and SEM examinations of bundle cross sections were carried

out. This paper describes the results of metallographic study on cross

sections from two different locations - 50 and 377 mm (from the upstream

end) of the bundle HTBS-004. The effects of cladding temperature to above

the Zircaloy-4 melting temperature on the Zircaloy/UC>2 interaction and on

the molten material relocation in th_s bundle are discussed.

The macrestructure of the 50 mm section shows evidence of molten

material relocation under gravity assisted flow into the subchannel regions

toward the bottom one-third section of the bundle HTBS-004. Some of this

material originated from melting of the end caps on the hot steam inlet side

of the elements and moved horizontally into the bundle. This relocated

material was produced from Zircaloy/UC>2 interaction and it was identified as

(Zr,U,0)-alloy by SEM-Energy Dispersive X-ray (EDX) analysis.

In the section taken at 50 mm from the upstream end, the outer-

element cladding reacted with the U0£ pellet because of high cladding

temperatures 1900°C. However, in the section 377 mm downstream, the

Zircaloy/UC>2 interaction was minimal except for the cladding sections facing

interelement subchannels. This may be due to a slower heat-up rate of the

downstream (377 mm) bundle section which lead to greater cladding oxidation

before reaching the -Zr (0) melting temprature or temperatures high enough

to promote the Zircaloy/U02 interaction. This would be less important for

subchannels which were hotter and had restricted steam flow.

In the interior regions of both bundle sections, where the clad-

ding temperature is likely to be much higher than the outer elements, the

nature of Zircaloy/U02 interaction both within the subchannel regions and

between the elements was qualitatively similar to that in bundle HTBS-001.

However, the cladding thickness in HTBS-004 was reduced because of interac-

tion with the UO2. The resulting (Zr,U,0)-alloy was molten at the test

temperature and flowed by capillary action into narrow spaces such as inter-

element gaps, pellet/cladding interface and pellet cracks. The alloy bonded

the cladding of adjacent elements and also flowed into the subchannels

partially blocking them. In some element junctions, the steam/ Zircaloy/U02
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interactions led to segregation of metallic alloys, which have been identi-

fied by SEM-EDX as being rich in Sn, Fe and Cr. This behaviour has been

observed elsewhere in conjunction with oxidation of Zircaloy-4 [4].

This study has shown that the extent of Zircaloy/U02 interaction

even at high temperatures ( 1900°C) can be minimal at slow heat-up rates

due to cladding oxidation. In the hotter subchannel regions, the cladding

reacted with the UO2 and the (Zr,U,0)-alloy relocated mainly between

adjacent elements and into the subchannel and pellet/cladding interface

regions.

REFERENCES

1. W.T. Hancox, "Safety Research for CANDU Reactors," AECL-6835, 1982
October.

2. G.I. Hadaller, R.M. Sawala, E. Kohn, G.H. Archinoff and
S.L. Wadsworth, "Experiments Investigating the Thermal-Mechanical
Behaviour of CANDU Fuel Under Severely Degraded Cooling,"
presented at the Fifth International Conference on Thermal Nuclear
Reactor Safety, 1984 Sept. 9-13, Karlsruhe, FRG.

3. S.L. Wadsworth, G.I. Hadaller, R.W. Sawala and E. Kohn,
"Experimental Investigation of CANDU Fuel Deformation During
Severely Degraded Cooling" to be presented at the ANS Meeting on
Thermal Reactor Safety, 1986 San Diego.

4. M. Cambini, P. Bottelier, G. Buscaglia and C. Miglierina, J. Nucl.
Mater., 115, 343 (1983).
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SELECTING A MAPLE CORE FOR 1-10 MW OPERATION

by

H.J. Smith, P.A. Carlson and M.-F. Roy
Atomic Energy of Canada Limited

Research Company
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0

The MAPLE class of research reactors is designed so that a single
reactor concept can satisfy a wide range of practical applications. This
paper reports the results of physics studies undertaken on a number of
potential core configurations and assesses the relative merits of each.
Recommended core designs are given to maximize the available neutron fluxes
and isotope-production capability for total core power levels of 1, 3 and
10 MW.

The studies consider central cores of 14, 19 and 24 fuelled sites.
Fuels used were enriched 5 and 8 w% UO2 and 20 w% U3S1-AI fuel. The
standard driver fuel assembly is a 36-element bundle for the U3Si-Al and a
27-element bundle for the U02« Control and shutdown reactivity worths on
the whole core were determined for the 18-element control assemblies.
Equilibrium poisons, burnout and initial core lifetimes were obtained by
interpolation as functions of core power for the various numbers of fuelled
sites and fuel types.

The study revealed that the best performance was achieved by the
compact 14-site core for powers of 10 MW or less. For 1 or 3 MW the 5%
UO2 fuel was the best choice, and provided sufficient reactivity within
shim rod capacities and at lowar cost than the 8% fuel. For 10 MW that
U3S1-A1 fuel provided a higher rating that the UO2 and was the fuel of
choice for this 14-site core. For power above 10 MW the 19 or 24 site cores
will probably be selected to remain within the allowable fuel ratings. Some
additional work was done on beam tube and irradiation capsule loadings on
core reactivity and the effect on fuel management schemes. Some of the
reactivity coefficient results are included.
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ASSESSMENT OF BEAM TUBE PERFORMANCE FOR THE MAPLE RESEARCH REACTOR

by

A.G. Lee
Atomic Energy of Canada Limited

Research Company
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0

A major utilization of research reactors involves beams of
radiation extracted from the reactor core to an experimental area outside of
the reactor shield. For example, beams of radiation are used in neutron
scattering studies for solid-state physics, in neutron radiography, in
prompt gamma neutron activation analysis and in nuclear physics
investigations. Each application has different requirements for neutron and
gamma radiation fields.

This work investigated the radiation field composition for a
variety of beam tube placements around the MAPLE reactor core. The energy
distributions of the neutron and gamma—ray fluxes for different orientations
of the beam tubes and for different neutron scattering media were
calculated.

The radiation beams are extracted from the core of a research
reactor via beam tubes that penetrate through the biological shield and end
in the reflector material surrounding the core. The composition of
radiation fields in a beam depends on many factors, such as the orientation,
tangential or radial, of the tube with respect to the core and the type and
amount of scattering medium between the tube and the core. For example,
tubes that point radially towards the fuelled core region have a larger
component of gamma radiation than tubes that are tangential to the fuelled
core.

It is anticipated that users of a MAPLE research reactor will have
different beam tube requirements, depending upon specific applications. It
is desirable to have an understanding of the performance characteristics of
representative beam tubes to respond to the user requirements. For
instance, many neutron scattering studies for solid-state physics have
required high thermal neutron content however, contemporary research in
solid-state physics use beams of "cold" neutrons with mean temperatures less
than 20°K. Many applications of neutron radiography also require high
thermal neutron fluxes, however, epi-thermal neutron fluxes are needed to
radiograph objects that have significant amounts of thermal neutron
absorbing species such as boron.

A study was performed to select a reference beam tube arrangement
for the MAPLE-X research reactor and to assess the performance of the beam
tubes in terms of radiation fields extracted from the core per unit thermal
power output. The beam tube arrangement for the MAPLE-X research reactor
was chosen to allow the radiation field composition of each beam tube type
to be demonstrated once the MAPLE-X reactor is put into service.
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A three-dimensional Monte Carlo neutron transport model of the
MAPLE research reactor has been developed to investigate the beam tubes.
The results of the physics simulations using the Monte Carlo Neutron Photon
collision probability code, MCNP, will be given. The simulations are based
on a MAPLE reactor operating at a power level of 10 MW. The influence of
different neutron reflector media in locations near the beam tubes is being
investigated.
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SAFETY AMD LICENSING ASPECTS OF THE MAPLE-X REACTOR

K.D. Cotnam

Nuclear Safety and Technology Branch
Atomic Energy of Canada Limited

Chalk River Nuclear Laboratories
Chalk River, Ontario, KOJ 1J0

Canada

Atomic Energy of Canada Limited (AECL) has developed a new reactor
concept called MAPLE (Multipurpose Applied fhysics Lattice Experimental)
which is intended to fulfill international requirements for a
multipurpose research reactor. It is planned to replace the NRX reactor
with a MAPLE type, designated MAPLE-X, to be used primarily for the
production of short lived radioisotopes at the Chalk River Nuclear
Laboratories (CRNL). This will enable the NRU reactor to pursue an
optimum research schedule without isotope production constraints and, in
addition, will provide a prototype of a MAPLE research reactor. Those
features of a generic MAPLE reactor requiring demonstration will be
included unless they conflict with the production of radioisotopes.

The license for the CRNL site is issued by the Atomic Energy Control
Board (AECB). The safety review and approval of nuclear facilities is
conducted by the Nuclear Safety Advisory Committee (NSAC) with
representation from across AECL as well as from the AECB. For major CRNL
facilities, the CRNL Nuclear Safety and Technology Branch is responsible
for the safety review and analysis process on behalf of AECL. The
facility review process consists of up to five submissions to the NSAC:
a notification memorandum, a Conceptual Safety Assessment Report (CSAR)
for concept and location approval, a Preliminary Safety Analysis Report
for construction approval, a Final Safety Analysis Report (FSAR) for
approval to commission and operate, and an updated FSAR to include
relevant commissioning experience and any modifications. The MAPLE-X
project is at an early stage in the review process and the CSAR is
summarized in this paper. The basic criteria which should be included in
the safety analysis for a facility are outlined in guideline documents of
the NSAC. One of the roles of the MAPLE-X project is the demonstration
of licensability of generic MAPLE reactors. The International Atomic
Energy Agency has recently revised its Code of Practice, Safety Series
#35 for the "Safe Operation of Research Reactors and Critical Assemblies"
and the safety analysis for MAPLE-X is being done in conformance with
this revised code of practice.

MAPLE-X will be constructed in a new building adjacent to the existing
NRX building. The basic MAPLE concept consists of an open-tank-type
reactor assembly within a light water pool. The reactor assembly
consists of three parts: the inlet plenum, the calandria assembly and
the chimney. The light water primary coolant enters the inlet plenum,
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flows upward through the calandria assembly and exits from the chimney
via outlet nozzles. The stainless steel pool liner is surrounded by
concrete shielding which is penetrated by beam ports extending into the
calandria. A shallow pool for fuel storage is connected to the reactor
pool and a shielded room for the primary heat transport system is located
adjacent to the shallow pool.

Good design practice, which is fundamental to reactor safety, will
incorporate "defense-in-depth" philosophy through the use of multiple
barriers to fission product release; through standard safety design
features such as the use of redundancy, diversity, separation, and fail
safe components; and through the provision of means for thorough testing
of all components and circuits. Recognized codes and standards will be
used for the design and fabrication of components and systems.

The MAPLE concept provides strong assurances that the reactor core will
remain covered with water in the event of loss of pool water. The
reactor assembly essentially acts like an upright bottle in a sink
(draining the sink does not cause the bottle to empty). Two independent
barriers must fail before core drainage is possible. Inherent passive
safety features are also included in the MAPLE concept. The coolant void
and fuel temperatures coefficients are negative. Decay heat removal
during shutdown will be by natural thermal cycling.

The safety analysis includes anticipated operational occurrences and
postulated accidents. Accidents are grouped into the following
categories: decrease in heat removal by the reactor cooling system, loss
of pool water, loss of reflector cooling, flow blockage, decrease in heat
removal by the process water system, and reactivity transients. The
accident-initiating events are evaluated using reliability and event
sequence analyses and order-of-magnitude estimates are made of the
failure probabilities. The parameters which initiate protective system
action are identified.

The radiological hazard during normal operation is due to the activation
products, particularly N-16. Suppression of activation products by the
primary heat transport system and the potential radiation fields are
discussed.

The potential radiological hazards to individuals on site and members of
the public at the boundary are estimated based on a determination of the
fission product inventory, the release from the fuel and subsequently
from the reactor pool and building, the atmospheric dispersion including
the effects of meteorological conditions and effective stack height, and
appropriate dose conversion factors.
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A NON-INTRUSIVE NEUTRON METHOD FOR
GADOLINIUM POISON CONCENTRATION MONITORING

E. Hussein, M. Mosher and D. O'Connor

Department of Chemical Engineering
University of New Brunswick
Fredericton, N.B. E3B 5A3

The paper presents a new non-intrusive method for measuring
the gadolinium poison concentration in the second shutdown
system (SDS2) of a CANDU reactor. The SDS2 consists mainly
of gadolinium nitrate in heavy water solution, poised in
several (six to eight) tanks to be injected under pressure
into the calandria following a reactor trip. The
concentration of gadolinium in the solution is required to be
no less than 4000 mg Gd/kg solution, to assure the
effectiveness of the system. Presently, the concentration of
gadolinium solution is determined by periodic manual sampling
followed by laboratory analysis. Continuous monitoring using
an automatic system would reduce the effort required for
testing and would improve the control room indication.

Several on-line monitoring methods have been proposed for
gadolinium concentration monitoring. These methods, however,
require modifications to the existing piping system, in order
to introduce the monitoring device. Given the fact that the
SDS2 is classified as a Nuclear Class I system, any intrusion
into the system is costly. The non-intrusive method proposed
here involves placing a small neutron source on the side of
each tank and measuring the reflected thermal neutron flux.
The reflected flux is inversely proportional to the
gadolinium concentration in the tank, since gadolinium
absorbs thermal neutrons. Figure 1 shows a conceptual design
of the proposed device.

The performance of the device was experimentally tested in
our laboratory. A cylinder resembling a gadolinium tank at
the Point Lepreau Generating Station was filled with heavy
water solution of different gadolinium concentrations and
exposed to a two curie Americium-Beryllium neutron source.
The reflected neutrons were measured using a BF_ thermal
neutron detector. Experiments showed that the optimum
detector position is directly below the neutron source. The
detector response as a function of the gadolinium concen-
tration is shown in Figure 2. The Figure shows that a
significant increase in the detector count rate occurs if the
gadolinium concentration drops below the critical concen-
tration of 4000 mg Gd/kg solution. Based on the results of
Figure 2, one can utilize the increase in the detector count
rate to alert the operator against a decrease in the
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gadolinium concentration in the monitored tank.

The proposed monitoring technique is non-intrusive, and
therefore can be installed on operating reactor units without
any changes in the piping system. The device yields
continual concentration updates that can be displayed
directly in the control room. Given the fact that thermal
neutrons are monitored, the device has the advantage of
providing a direct measure of the concentration of the
neutron absorbing isotopes in the solution; this is unlike
other non-neutron methods that measure the total
concentration including non-absorbing isotopes. Since the
technique does not require modifications in the Nuclear
Class I piping system of SDS2, the cost of implementing this
technique will be relatively inexpensive compared to other
intrusive methods. The monitoring device can be mounted near
the poison tank walls. By allowing for vertical movement of
the device, complete scanning of the tank can be done. This
can aid in the detection of gadolinium precipitation in the
tank. A prototype of this device is being designed for
testing purposes.

SHlELblfXr
SOURCE

•DETECTOR

Figure 1: Conceptual Design for a Gadolinium Monitoring
Device, placed near SDS2 Tank.
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Figure 2: Variation of Reflected Neutron Counts versus
Gadolinium Concentration.
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COMPARISON OF COMMISSIONING TEST RESULTS
WITH PHYSICS SIMULATIONS IN A CANDU REACTOR

A.U. Rehman, M.Z. Faroogui, G.V. Guardalben, and A.L. Wight
Ontario Hydro

700 University Avenue, Toronto, Ontario, Canada M5G 1X6

In phase B, tne reactor core is unirradiated and at very low power. The
moderator contains some poison, boron or gadolinium, to compensate for
the absence of fission product poisons in the fuel and excess reactivity
due to cold conditions of the fuel, moderator, and coolant.

The reactor is brought to criticality for the first time from its
guaranteed shutdown state by removing some of the poison from the
moderator. The poison concentration at which the criticality occurs is
measured and compared with that calculated previously.

Once the criticality is reacned, several experiments are conducted to
confirm tne nuclear characteristics of the reactor at low power. The
reactor control and shutdown systems are checked to verify their
behaviour as designed. Comparison between experimental results and
pre-simulations ensure that the actual reactor parameters agree with the
values used in design and accident analysis. This comparison also serves
to further validate the computer codes which are used in the design
process and which will be used to follow the subsequent operation of the
reactor.

A number of static and dynamic simulations are performed prior to the
commissioning of a reactor. The static simulations include:

(a) critical moderator poison concentration;

(b) calibration of liquid zone controllers;

(c) calculation of reactivity worth of adjusters;

(d) calculation of reactivity worth of shutoff rods; and

(e) calculation of thermal neutron flux distribution.

The dynamic simulations include:

(a) power rundown with shutdown system 1; and

(b) power rundown with shutdown system 2.

In this paper, the experimental and simulation techniques will be
described. The modelling of reactor core and the control and shutdown
devices will be discussed.

4004b
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Tne physics simulations were performed before the commissioning of the
reactor using the reactor physics computer codes POWDERPUFS-V and OHRFSP
(Ontario Hydro Reactor Fuelling Simulation Program). The POWDERPUFS-V is
a lattice code specifically written for natural uranium fuelled
CANDU-type reactor. It performs lattice cell calculations in
one-dimensional radial geometry. OHRFSP performs core design, core
physics, and fuel management calculations for CANDU reactors. It
calculates neutron flux and power distributions using a two-group,
tnree-dimensional finite-difference diffusion method.

The dynamic simulations, ie, power rundown with shutdown systems 1 and 2,
were done using the codes SMOKIN/SMOKUP*3', based on modal method.

The results from the poison concentration measurements and the
pre-simulation agree within 0.1 mg/kg of the experimental results. The
measured reactivity worth of individual adjuster rods and the banks agree
within the experimental uncertainties with the pre-simulated values.

The reactivity worths of mechanical control absorbers and shutoff rods,
calculated and measured, also have shown a good agreement. These results
have shown that the modelling and methods used in our reactor physics
codes are quite adequate.

The dynamic tests, where the flux transient was monitored after shutdown
system 1 or shutdown system 2 was fired with the reactor critical at low
power, have shown that the actual system indeed performs better tnan is
required to meet the assumptions in the accident analyses.

REFERENCES

1. Miller, D.B., and E.E.Y. Tin, "POWDERPUFS-V User's Manual, Part 2 of
3", TDAI-31, AECL Engineering Company (Revised March, 1976).

2. Wight, A.L., "Latest Version of OHRFSP", Ontario Hydro, Nuclear
Studies and Safety Department (July 9, 1981).

3. Luxat, J.C., "SMOKIN, A Spatial Mode Kinetics Code for Reactor
Space-Time Neutronic Simulation - Engineers Manual", Ontario Hydro,
Design and Development Division Report No. 78281 (to be issued).
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A REVIEW OF APPLICATIONS OF
RADIOLYSIS IN THE ADSORBED STATE

Lawrence V. Dickson, Ajit Singh and Astrid Toft-Hall
Radiation Applications Research Branch

Atomic Energy of Canada Limited, Research Company
Vhiteshell Nuclear Research Establishment

Pinava, Manitoba, Canada ROE 1L0

In many cases, it is not economically feasible to irradiate an
entire process stream to the dose required to effect a particular
chemical or biological conversion or the removal of a low-level
contaminant. In some situations, the desired species can be retained
on an adsorbent column in a radiation field. Then the required
radiation dose can be delivered to the species retained on the column
vhile the bulk fluid receives a much lover average dose.

A study by Zhabrova et al. of the radiolysis of methanol and
cyclohexane adsorbed on a number of different solids showed that
energy deposited in insulators (SiO,, silica-alumina, A1.0, and KF)
resulted in decomposition of the adsorbed species but energy deposited
in conducting materials (Pt and Pd) and activated carbon vas
effectively lost. In spite of these observations, the applications
that have been developed to date have consisted exclusively of
radiolysis of species adsorbed from aqueous solution onto activated
carbon. In these applications the energy deposited in the water is
the major contributor to the observed radiolytic decomposition.

gQ A pilot-scale study of the combined use of activated carbon and
Co r-radiation fo^treatment of industrial and municipal wastewater

vas performed by Hay . Reductions of over 90Z in chemical oxygen
demand and bacterial kills in excess of 95% vere obtained in several
vastevaters at average doses to the bulk water of only 50 krad (0.5
kGy). A special aeration method vas used to attain oxygen
concentrations of 11.5 mg/L in the vastevater to maximise process
efficiency. The cleaned vater vas suitable for discharge to navigable
vaters or recycle to a poultry processing plant used in the study.

The radiolytic decomposition of j)-chlorophenol dissolved in vater
or adsorbedoon activated carbon in aqueous medium vas investigated by
Wolf et al. They observed that the irradiation of aqueous solutions
of £-chlorophenol resulted in dechlorination and production of a brown
substance similar to humic acid. However, when £-chlorophenol
adsorbed on activated carbon vas irradiated in an aqueous medium, the
products vere chloride ion, water and carbon dioxide.
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An East German patent by Vissel et al. describes the use of an
electron accelerator to regenerate activated carbon. A dose of 100
Mrad (1 MGy) delivered by a 1.5-MeV accelerator operated at 100-mA
beam current was used to regenerate a 4-mni-thick layer of wet
activated carbon (59* H-O) on a metallic conveyor belt moving at 1
m/min. They also note an increase in process efficiency vhen chemical
oxidants (oxygen, ozone, nitrogen oxides and sodium hypochlorite) are
added to the vet activated carbon.

A related patent on the use of an electron accelerator to remove
sulphur from coal has been granted to Ray and Feldman . The coal is
pulverized, slurried vith water and subjected to a minimum dose of
1.58 Hrad (15.8 kGy). The patent claims that the sulphur present in
the coal is converted to gaseous sulphur compounds, elemental sulphur,
soluble sulphates and easily separated insoluble sulphates by this
process.

Several other possible applications for combined adsorption
/radiation treatment processes were identified during the course of
this review. Treatment of drinking water by a combined adsorption
/radiation process would produce lower levels of potentially
carcinogenic trihalomethanes in the water than those produced by the
typical chlorination processes, though some degree of post-
chlorination nay still be required to maintain antibacterial action
downstreaa of the treatment facility. Another possible application of
this type of process is in the removal and in situ detoxification of
hazardous organic compounds, including polycElorinated biphenyls
(PCBs), from dilute wastevaters, such as those leaking from hazardous
waste disposal sites. Adsorption/radiation treatment may also be
applicable to the removal of sulphur compounds from hydrocarbon
process streams. Interested industrial partners will be sought for
collaborative work on promising applications identified in the course
of this review.

References:
1. G.M. Zhabrova, V.I. Vladimirova, B.M. Kadenatski, V.B. Kazanskii
and G.B. Pariiskii, J. Catal. 6, 411 (1966).
2. V.C. Hay, Radiat. Clean Environ., Proc. Int. Symp,, IAEA, Vienna,
1975, p. 433.
3. F. Wolf, S. Lindau and M. Tonn, Isotopenpraxis 15, 90 (1979).
4. D. Vissel, E. Boehler, C. Scholze, L. Haldenwang, V. Huhn, P. Ott,
A. Heger, B. Dorschner and B. Ihme, Patent Ger. (East) DD 218,073
(1985).
5. A.B. Ray and P«L. Feldman, Patent U.S. 4,406,762 (1983).
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A SAFETY REVIEK OF THE MRU EFFLUENT HEAT RECOVERY PROJECT

P.R. Ballantyne

Nuclear Safety and Technology Branch
Atomic Energy of Canada Limited

Chalk River Nuclear Laboratories
Chalk River, Ontario, KOJ 1J0

Canada

NRU is a 135 MW, heavy water moderated and cooled research reactor
located at Chalk River. The heated heavy water circulates from the
vessel through eight independent heat exchanger-pump packages and the
cooled water is returned to the reactor as forced flow over the fuel.
Process water is pumped from the Ottawa River through the secondary side
of the eight heat exchangers and returned to the river through a weir
tank.

The heat recovery scheme involves diverting 471 kg/s (at peak heating
conditions) of this heated effluent water from the NRU Process Effluent
Weir and distributing it for various heating applications in both the
inner and active areas at CRNL. The water will be used indirectly for
preheating fresh air intake and plant service water and directly as
heated makeup to fire water system and to the plant steam generators
which supply steam to the plant. Adequate protective features will
prevent the transfer of radionuclides to buildings outside of NRU. The
protective system involves an automatic isolation on radioactive leakage
detection with routine manual sampling as a safety backup. Water
diverted from the process drain system will be monitored for compliance
before being returned to the river.

The safety features of the heat recovery system, including monitoring,
automatic trip and isolation, piping system design and system operation
are described and the safety assessed.

Leakage monitoring problems for the system are discussed. Tritium, D2O
and radiation type monitors were evaluated at the design stage. The
heavy water tritium contamination in NRU is presently about 20 Ci/L.
Leakage into the light water is easily detectable in spot samples but
there are problems with travel time in piping and with continuous tritium
monitoring. The final monitoring system uses radiation monitors to
detect gamma activity from outleakage of the heavy water containing
activation products, but limitations still exist with short half life of
the principal activation product, N-16, and the delay time to monitors.

Automatic circuit isolation is necessary to limit the migration of
radionuclides, and in particular tritium, through the system. One of the
circuits, a gravity feed line, would continue to flow at capacity unless
isolation is complete. The valve position on the critical isolation
valve is monitored.
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The heat recovery system take-off design was chosen for a number of
reasons including security of the process weir function, take-off leakage
detection and non-interference with critical reactor cooling piping. The
piping layout caused some potential flooding concerned which are also
addressed.

Routine testing of safety systems and safety aspects of the system
operation are also discussed.

Accident analysis includes a small leak (a guillotine tube failure in one
of the main heavy water heat exchangers) and a large leak (guillotine
failure of all tubes in one heat exchanger). The principle path for
employee exposure is thought to be leakage of tritium into the boiler
feedwater system. Steam from these boilers is used for live steam
humidification. Modelling of the boiler steam and condensate system was
used to determine dose estimates. Chronic leakage below normal detection
limits and resultant doses are also addressed.

The effect of ventilation shutdowns in buildings being heated and
potential long term buildup of nuclide is also addressed.



C - 3

CHALK RIVER AREA SEISMICITY AND ITS IMPLICATIONS FOR LOW-LEVEL
RADIOACTIVE WASTE DISPOSAL FACILITY SITING

by

J.S. Devgun
Chalk River Environmental Authority
Atomic Energy of Canada Limited

Chalk River Nuclear Laboratories
CHALK RIVER, Ontario KOJ 1J0

SUMMARY

Siting of a radioactive waste disposal facility requires the consid-
eration of many technical and socio-economic factors. Assessment of seis-
micity of the area is necessary because areas of high seismic activity are
considered unfavourable as facility sites.

A prototype shallow land burial facility, SLB-P1, for low- and
intermediate-level radioactive waste disposal is to be sited within the 37
km property of Chalk River Nuclear Laboratories fCRNL). CRNL is located
in an area where the frequency of seismic activity is relatively high, even
though the magnitude (M) of earthquakes is generally <4 on the Richter
scale. Seismicity of this area has been analyzed and its implications have
been assessed with respect to: (1) site suitability, (2) design and
engineering of the facility and, (3) regulatory concerns.

Chalk River area lies in the Western Quebec (WQU) Seismic Zone of
eastern Canada. Seismic activity in the WQU zone is concentrated in the
southwestern Qa4ber area north of the Ottawa River but the activity around
and close to CRNL is significant. For an 800 km x 600 km square region
with Chalk River at the centre, an analysis of historical earthquake data
since 1661 (up to 1983) shows that more than 1000 events have occurred in
this region with M>3. The microearthquakes (M<3) have occurred at a rate
of about 26 per year. Some 20 earthquakes with M>5 have occurred in the
region, including the 1935 Temiscaming event of M 6.2 about 120 km from
Chalk River. Statistical analysis of seismic data combined with a closer
look at the detailed annual earthquake records for the last few years leads
to two conclusions: (a) the concentration of activity is localized to
certain areas and, (b) the pattern of earthquake recurrence is relatively
unchanged for given time period intervals. Cumulative magnitude recurrence
relations for the CRNL area have also been derived and compared to those of
the overall WQU zone. Seismotectonics of the WQU zone is not yet well
understood. The earthquakes are intraplate in origin and there have been
some attempts in literature to correlate the geological features of the
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area to seismic activity. A triangular area that bounds the concentration
of epicentres within the WQU zone, the so-called "Gatineau Triangle", seems
to correlate well with the area's topographic depression.

According to the 1970 seismic zoning map of Canada, Chalk River is
located in the moderate seismic risk zone (Zone 2; there are four zones:
0 to 3). According to the two new seismic zoning maps, which are now a
part of the 1985 edition of the National Building Code of Canada, Chalk
River lies in Zone 2 for peak horizontal velocity (PHV) and Zone 4 for peak
horizontal acceleration (PHA) (in each map, there are seven zones: 0 to
6). Probabilistic risk calculations (done by Earth Physics Branch of
Energy, Mines and Resources, Canada) for a probability of exceedance of
0.002 per annum provide a value of 0.167 g for PHA and 0.086 m/s for PHV.
Calculations have also bien done for probabilities of exceedance of 0.01,
0.005 and 0.001 per annum. The values quoted above are relevant because,
for example, the probability of exceeding PHA of 0.167 g is approximately
once in 500 years which is the period of safety concerns for SLB-Pl. These
values are useful in the design and engineering of the facility. The PHA
and PHV contour maps for the CRNL area have also been drawn.

The SLB concept adopted at CRNL, envisages a facility located in sur-
ficial deposits above the water table. The site chosen for SLB-Pl and the
other candidate sites for any future SLB facilities are all located in
duned sand areas where the depth to water table is generally several metres
below the ground surface. The present design of the facility calls for a
100 m long x 20 m wide x 8 m deep subsurface trench with reinforced con-
crete cap and walls and a permeable bottom. The bottom of the facility
will be located at least a metre above the highest recorded water table.
For such a design, the major seismic concerns of relevance are related to
site-specific soil behaviour during strong earthquake activity. The most
important concern for CRNL, given the unconsolidated nature of the sedi-
ments and the possibility of a water table rise in the future, is the
potential for liquefaction of the soil under strong seismic shaking. Other
concerns assessed have included slope stability, possibility of general
subsidence, modification of groundwater flow regimes and the effect on
topography and surface waters. Preliminary calculations, based on cone
penetration testing data show that soil liquefaction is unlikely. However,
cyclic loading tests on laboratory samples are underway to provide a more
definite answer.

The Canadian seismic requirements for SLB facilities are still evolv-
ing; however, it may be required to demonstrate that earthquakes will not
lead to unacceptable contamination of man or the environment. Interna-
tional guidelines and the U.S. rule 10CFR61 will also be reviewed in this
context.
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Within the constraint of locating SLB-P1 on CRNL property, the
acceptability of the site has been dependent on a thorough examination of
seismic risk. Such an evaluation has been made for CRNL. Preliminary
results from the analysis of soil-specific concerns indicate that the site
is suitable for an engineered SIB facility.

This paper will present the relevant data, analyses and the results.



C - 6

A SYSTEMATIC APPROACH TO THE ANALYSIS OF
WASTE MANAGEMENT SYSTEMS

A. Buchnea

MacLaren Plansearch Inc.
33 Yonge St./ Toronto/ Ontario

INTRODUCTION

Waste management in the nuclear industry is a very diverse
and complex problem at present. The low level and mill
tailings wastes represent the largest volume of waste;s in
the nuclear industry. There are numerous waste sites that
are presently inactive and in need of remedial works/ there
are sites that are presently in operation that require
decommissioning in the near future/ and there are sites that
are in various stages of design and planning. The nature
of wastes requiring disposal include large volume uranium
tailings and uranium refinery wastes/ reactor wastes/ wastes
from the industrial/ university/ and medical use of
radioisotopes and low level wastes that are by-products of
processes that are not related to the nuclear industries.
The contaminants associated with these wastes include
naturally-occurring radionuclides/ man-made radionuclides/
and non-radioactive chemical contaminants.

The computer component model/ CHINTEX/ was developed to
provide a tool for the systematic analysis of these waste
management systems. It is designed to provide useful
information at all stages of a remedial action or new
facility design for the land disposal or storage of solid
wastes. It can provide information to focus field data
collection programmes/ site selection/ the development of
design constraints/ to focus more detailed modelling
activities and for licensing purposes.

CHINTEX is a modular/ component model composed of a number
of stand-alone models that describe the various components
of a waste management facility and its surrounding
environment: a hydrologic component that calculates runoff,
infiltration and erosion/ a facility component that
describes the water balance in the facility and contaminant
releases from the facility/ components that describe the
transport of contaminants through the air (gases and
particulates) / surface water and groundwater and finally a
component that describes the uptake of contaminants by
plants/ animals and man and the resultant dose.
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SYSTEMATIC MODELLING APPROACH

In a typical situation requiring analysis/ the starting
point for the analysis is one of the following:

CASE 1: existing waste management site that requires
remedial action/ existing field data is
limited/ and a number of options and design
variations are possible.

CttSE 2: new design and/or site to be selected from a
number of options with little or no field
data.

The end point in both cases is the selection and licencing
of the most cost-effective design/ with acceptable
environmental impact and sufficient supporting field data.

An effective modelling tool is one which can be utilized at
the start of the analysis to define the problem to De
analysed and to focus the design and data gathering work to
the desired end-point. This would include the following
modelling activities:

- determination of the relative importance of the
various pathways and the selection of a critical
receptor

- determination of the critical parameters (by
sensitivity analysis)

- screening of the effectiveness of options/ designs/
design components (using runs of components of the
model/ sensitivity analysis)

- definition of data requirements for a field and
laboratory program

- definition of detailed modelling requirements.

Use of a modelling tool for the above activities replaces
the more expensive field data gathering and engineering
design activities during the screening process.

Once all the data have been gathered and the design and site
finalized and distributions of the critical parameters have
been identified/ the model can be run probabilistically in
order to generate a cumulative versus dose output at various
time after facility closure.
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The probabilistic results together with the initial problem
definition and sensitivity analyses would provide the
information necessary for licensing.

APPLICATION

CHINTEX has been applied to several waste management
problems including the evaluation of alternative methods for
the decommissioning of uranium mill tailings and for the
disposal of uranium refinery waste. The systematic
modelling approach described above was applied during these
studies. As a result of the analyses several significant
results were obtained.

Analysis of decommissioning alternatives for the uranium
tailings indicated that seepage of contaminants under the
containment structures was the most significant pathway
resulting both in the highest individual dose to a specified
critical receptor and the highest population dose. There
was found to be an insignificant difference in the long term
reduction of the dose resulting from the use of various
cover materials and shapes.

Analysis of disposal alternatives for uranium refinery
wastes indicated that the chemical contaminants/ not the
radioactivity/ resulted in the greatest potential impact and
that the groundwater pathway was the most significant
pathway for an unlined facility. Long term problems from
overflow of contaminants through the cover was found to be a
major concern for lined facilities and those situated in
highly impermeable soils. The water balance in the facility
was found to be very sensitive to the permeability for
subsurface permeabilities less than 10 cm/sec and even
facilities with covers containing infiltration barriers may
have long term problems from overflow of contaminants-

In both examples/ the results of the systematic modelling
approach using the CHINTEX model were used to focus field
data gathering activities and define design constraints.
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Ra 226 AND Pb 210 CONCENTRATION RATIOS IN TERRESTRIAL
AND WETLAND PLANTS ON INACTIVE AND ABANDONED

URANIUM MILL TAILINGS IN CANADA

M. Kalin* and M.P. Smith
Boojum Research Ltd.

139 Amelia St.
Toronto, Ontario, Canada

M4X 1E6

Concentrations of long-lived radionuclides have been compared in
indigenous terrestrial and wetland plants (trees,shrubs, herbs and
grasses) growing on inactive or abandoned uranium mill tailings sites in
the Bancroft, Elliot Lake and Uranium City areas. Ra 226 and Pb 210
concentrations were determined in stems, leaves and roots of aspens and
birches (N = 50 @); in samples from 2 shrubs and 3 grasses; in stems,
fruits, leaves, rhizomes and roots of cattails (N = 28 @) and in fruits,
stems, leaves roots of sedges (N = 8). The biomass was dried at 75 C
and wet oxidized. Radionuclide analyses were carried out at the
University of Waterloo by H.Sharma.

None of the concentrations of radionuclides indicated that above ground
biomass in the terrestrial and wetland areas are accumulating Ra 226 or
Pb 210. Grasses from the Uranium City tailings (Gunnar Mines Ltd.)
showed concentrations of radionuclides in the aerial parts to be one tenth
to one quarter of that in the roots. The concentration ratios (leaves &
stems /roots) ranged from 0.09 to 0.19 for Ra 226 and a consistent ratio of
0.16 for Pb 210.

In indigenous trees growing on Bancroft and Elliot Lake tailings slightly
higher Ra 226 and Pb 210 concentrations can be found in the stems than
in the roots. Average Ra 226 and Pb 210 concentrations range from 2.6
to 41.2 and 2 1 to 9.3 ,respectively, for stems; for roots the average
ranges are 4.9 to 36.7 and 1.4 to 7.3 ,respectively. The concentrations
in the roots were generally lower than in the tailings with concentration
ratios (roots/tailings) ranging from 0.2 to 0.4 for Ra 226 and 0.7 to 0.6
for Pb 210. The partitioning of Ra 226 between roots and stems resulted
in concentration ratios (stems/roots) ranging from 0.77 to 1.6. For Pb 210
the distribution was very similar with concentration ratios ranging from
0.41 to 1.7 for trees.

Sedges and cattails in wetland areas on tailings were evaluated.
Root/rhizome concentration ratios for cattails ranged from 0.04 to 0.24 for
Ra 226; for Pb 210 the ratio was consistently 0.5. The stem/rhizome
ratios for cattails were 0.5 and 0.1 for Ra 226 and Pb 210, respectively.
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For the sedges, the stem/root ratio for Ra 226 ranged from 0.36 to 0.41
and for Pb 210, from 0.03 to 0.08. In general these ratios indicate that
only one tenth of the concentrations in the roots or rhizomes reach the
stems of the wetland vegetation. This clearly differentiates the
distribution pattern of Ra 226 and Pb 210 between indigenous wetland and
terrestrial vegetation growing on inactive or abandoned uranium mill
tailings.

These differences in wetland and terrestrial radionuclide distribution in
the waste site plant ecosystem may have important implications in
evaluating specific environmental pathways of long-lived radionuclides
from uranium mill tailings.

This work was supported by DSS contract # OSU81-00024 to the
University of Toronto sponsored by the Atomic Energy Control Board and
Environment Canada. The assistance of Rio Algom Ltd. and Denison Mines
Ltd. is great fully acknowledged.

* Formerly Institute for Environmental Studies, University of Toronto,
Toronto Canada.
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A HIGHLY SELECTIVE METHOD FOR REMOVING NATURAL
RADIOACTIVITY FROM DRINKING WATER

M. Gascoyne
Applied Geoscience Branch

Vhiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 110

SUMMARY

High natural concentrations of uranium and radium have been
found in veil vaters in the Lac du Bonnet area, Southeastern Manitoba. A
filter system has been developed at Vhiteshell Kuclear Research Estab-
lishment (VNRE) that removes > 90* uranium and > 70% radium and nay be
installed in-line with any household vater supply.

INTRODUCTION

Uranium concentrations as high as 570 ug/L and 226Ra activities
of up to 4 Bq/L have been measured in private veil supplies in the rural
municipality of Lac du Bonnet. Concentrations in groundvaters at the
nearby Underground Research Laboratory have also attained high values, up
to 840 ug/L and 20 Bq/L, respectively1 . The affected areas lie vithin
the boundaries of the Lac du Bonnet granite batholith. All radioactivity
in the groundvaters is considered to be natural, from the dissolution of
uranium-bearing minerals in the granite.

Based on previous reports in the literature2'3, a two-component
filter system has been developed and tested at VNRE for removing radium
and uranium from drinking vater, in an attempt to offer an inexpensive
solution to the problem faced by residents in the Lac du Bonnet area.
Existing removal methods either were suitable only for large scale
treatment plants or were relatively expensive, vith lov production rate
and poor selectivity for uranium and radium (e.g., reverse osmosis and
distillation systems).

METHOD

The radium filter was made by treating loose acrylic fibres
vith potassium permanganate to impregnate them vith manganese dioxide.
The uranium filter vas prepared by pre-rinsing an anion exchange resin to
remove excess amine, followed by conditioning vith a brine solution.
Each material vas packed into a - 1 L polycarbonate, vater-filter hous-
ing, modified vith a central riser pipe and steel mesh for flow distribu-
tion and material retention. The units were interconnected in series and
installed in the cold vater line of the kitchen sink tap of a household
in the Lac du Bonnet area, in 1984 March. Over 5000 L of vater vere
passed through the system at a rate of 2 L/min, over the following two
months before materials were renewed. Samples vere taken frequently
during this period for measurement of uranium, 22£Ra and major and minor
elements. In situ measurements of the radiation field arising from
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radionuclides trapped on the filters were made using a hand-held gamma
monitor.

RESULTS

For the first 4000 L of vater, removal efficiencies of radium
and uranium were found to be > 702 and > 90%, respectively. Radium re-
moval appeared to be less consistent than uranium removal, possibly be-
cause of compacting of the fibre and channelling of flov during the test.

After ~ 4000 L of vater had been passed, radiation fields on
contact vith the radium filter container were found to bs 0.018 mR/h,
compared to 0.011 mR/h, 30 cm avay from the filter. Room background
radiation vas also about 0.011 mR/h. No radiation above background could
be detected on the uranitut filter. At this time, the filters had reached
60% or more, of their final capacities. Although radiation fields are
not significant during operation, used filter materials may constitute a
hazard once dry, and nay require special disposal procedures.

Analyses of filtered vater to determine effects on vater qual-
ity shoved that cation concentrations remained unchanged by filtration,
throughout the experiment. Anion concentrations varied only in the first
- 200 L of vater treated; after this, they remained equal to rav vater
concentrations. The main change initially in vater quality vas found to
be removal of SOj" from the vater and release of Cl~ from the resin.
Iron, and veil jater colour and turbidity vere also found to be removed,
resulting in a much clearer drinking vater. Tests shoved that the iron
vas replaced by manganese, derived presumably by a redox reaction occur-
ring in the radium removal fibre. Although dissolved manganese does not
constitute a health problem, it may affect aesthetic quality by product-
ion of black deposits on fixtures over time. To some extent, this is
countered by the prevention of iron-staining.

Results of continuing tests of the household system, at lover
vater demand rates, over the period 1984 May to 1985 November fully con-
firm the results described above and demonstrate the suitability of the
system for long-term use.

SUMMARY AND CONCLUSIONS

The uranium and radium removal system has been found to reduce
uranium and radium in drinking vater to veil vithin Provincial and
Federal guidelines. General vater quality and mineral content of the
vater is not affected and radiation fields associated vith the system are
negligible.

A commercial version has been developed by a vater treatment
company. It uses sealed, disposable cartridges containing each
type of filter material and the entire unit costs under $300 (less than
half the cost of reverse osmosis or distillation systems). Cartridges
are designed for a 6000 L capacity (12-18 months of treated vater supply)
and both can be renewed for about $100.
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This household unit can be readily scaled-up for community or
industrial treatment facilities and tests are underway to determine its
ability to remove other heavy metal contaminants.
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UPDATE ON THE CONSTRUCTION OF THE TOKAMAK DE VARENNES

G.W. PACHER, IREQ

TOKAMAK DE VARENNES
Case Postale 1000

Varennes, Quebec, Canada
JOL 2PO

The Tokamak de Varennes, Canada's contribution to tokamak-oriented fusion
research, is to begin experimental operation in the autumn of 1986. This paper
will give the up-to-date status of construction at the time of the conference.

The Tokamak de Varennes is a medium-sized tokamak experiment whose
scientific vocation is the investigation of plasma-wall interaction and surface
studies in a long-pulse mode. It is this program which has been the determi-
ning factor in machine design leading for instance, to demountable toroidal
field coils, to an unique power supply for the ohmic heating system, to complex
internal structures, to a complicated cooling system.

At the beginning of February, all of the power supplies have been deli-
vered. Their installation is well-advanced and low-power commissioning will
begin in the spring.

The primary cooling system is presently installed so that commissioning is
beginning. The more complex recirculating cooling for the coils required by
the long-pulse mode will, however, be installed along with the coils.

Actual machine installation will begin as soon as sufficient system
components have arrived on site. At the present time (February 1986), various
support components, several poloidal field coils, and two toroidal field coils
have been received. The vacuum vessel will soon be ready to begin vacuum
tests. At the time of the conference, machine assembly will be well advanced.

The Tokamak de Varennes is supported primarily by the National Research
Council of Canada and Hydro-Quebec, as well as by INRS and the Universite de
Montreal, and is designed jointly by IREQ, INRS-Energie, Universite1 de Mon-
treal, M.P.B. Technologies Inc., and Canatom Inc.
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THE POTENTIAL IN CANADA FOR FUSION
BY POLARIZED NUCLEI

by

D. Giusti, D.G. Andrews and R.A. Bonalumi

Department of Chemical Engineering and Applied Chemistry
University of Toronto

Toronto, M5S 1A4

INTRODUCTION

Present approaches to fusion power have used conventional
methods involving expensive installations and calling for financial
support at the billion-dollar level. It has not been possible for
Canada to develop an independent fusion power programme at this level;
however, the production and supply of tritium fuel is seen as a useful
Canadian activity. The use of polarized nuclei now appears to be
worth investigation as a possible means of closing the fusion fuel
cycle within Canada's boundaries. The technique for producing
polarized atomic hydrogen gas has been developed in recent years,
(1,2,3,4) and can be applied to research at cryogenic temperatures.
It also transpires (5) that depolarization rates are lower than needed
to sustain a reaction in fusion fuel, and that the available
technology for producing spin-polarized hydrogen can be used to
produce polarized deuterium atoms (6).

APPROACH TO FUSION

The physics of production of spin-polarized hydrogen, and its
physical properties, are becoming well-known, so that large research
expenditures in this area are not called for. Also, the H-H, H-D and
D-D reactions are impractical as a power source at this time, so the
most promising starting point is the D-T reaction, with ignition
temperature 77 x 106 K:

D + T = ( He + 3.52 MeV) + (̂ n + 14.06 MeV) (1)

In view of its lower power loading, it is possible to use hydrogen H
for many experimental projects not directly related to ignition
temperature, in which case, the energy multiplication factor is much
lower than 1. On the other hand, the higher ignition temperatures,
magnetic fields and electric fields call for larger conventional plant
expenditures, and this barrier has to be overcome.
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Relating first to the Lawson criterion: particle density n x
confinement time = 101^ particle cm~^ sec, currently-
achievable times are of the order of a fraction of a second. In
comparison, confinement times for polarized hydrogen can be measured
to at least 106 second, permitting much lower particle densities
and effort expended in plasma compression. Under these conditions the
lower heating resultant upon reduced plasma compression will not carry
the plasma up to the 77 x 10& K D-T ignition temperature, let
alone the temperature needed for other systems, which can be at least
10 times greater. Therefore, a change must be made to neutral beam
injection, in which plasma heating is achieved by internal elastic
collisions. Whereas previous interest was in the area of VxB for
polarization of ions to overcome mismatch of Larmor radius between
trapped and injected particles (7), and to take advantage of
independence of spin internal barriers, now the requirement is shifted
from high density to high beam flux. The polarized hydrogen source
will operate at lower particle density ( 1016 cm~3) aruj the
major recombination mechanisms which previously caused problems are no
longer significant• Confinement times of the order of seconds are
achievable before electron spin problems commence to develop.

Practical aspects have been considered. The process for
energizing polarized neutral beams can be enhanced if their magnetic
dipole can be used, as opposed to the present methods. Kulsrud et al.
(5) have produced results for enhancement of fusion reaction cross-
section through the use of spin-polarized reactants. They foresee the
possibility of choosing reactions leading to dC-particles as products
instead of fast neutrons, and thereby improving magnetohydrodynamic
stability through the trapping of the eC-particles in well-defined
orbits. A group at Massachusetts Institute of Technology (6) is
planning to produce polarized deuterium as a step forward from the
current level of polarized hydrogen technology. The situation in
Canada regarding neutral beam injection is very hopeful, owing to a
ten-year accumulation of expertise, and Project Fusion Canada has
expressed interest in development of an efficient, general—purpose,
Canadian neutral-beam injection system, so that a state of readiness
exists for the penetration of the field, initially using polarized
hydrogen and then upgrading to polarized deuterium.

VEHICLE FOR EXPERIMENTAL PROGRAMME

It would appear unwise for Canada to attempt to break into the
Tokamak field at this time, although a neutral beam injection system
can also be easily adapted to it, particularly now that due to the
reduced plasma densities, the principal heating process of the Tokamak
cannot be used cost-effectively. Therefore it is proposed to use
magnetic mirror confinement. Theoretical aspects have been well-
researched and the basic physics are well-known. In addition,
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several institutions have accumulated practical knowledge of
experimental systems. One property to be sought is the matching of
injected-beam and plasma angles of approach and velocities, and the
magnetic mirror system provides this in contrast to the Tokamak, which
requires the passage of powerful electric currents through the plasma.
This aspect does not preclude later and beneficial application to the
Tokamak. Clearly, however, it is not currently an open route for
Canada* Consideration of the functioning of the mirror process
indicates that hexapole lines of magnetic induction can be more easily
matched using the proposed system. Another aspect is the easier
provision of escape routes for high-mass impurities via "holes" in the
magnetic field. Also, it is possible to achieve a sufficiently-high
A, the ratio of plasma pressure to magnetic pressure.

The authors recommended that the neutral-injection, magnetic-
mirror route be chosen by Canada to close its fusion fuel-cycle within
its own boundaries.
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CONCEPTS FOR FUSION FUEL PRODUCTION BLANKETS

P. Gierszewski
Canadian Fusion Fuels Technology Project

2700 Lakeshore Rd. W, Mississauga, Ontario L5J 1X3

The fusion blanket surrounds the burning hydrogen core of the fusion
reactor. It is in this blanket that most of the energy released by the DT
fusion reaction is converted into useable product, and where tritium fuel is
produced to enable further operation of the reactor. Energy removal and
tritium production capabilities will be needed for the next-generation of
fusion devices in the late 1990*s, and certainly for subsequent demonstration
reactors. However, the technology is in a very early stage of development,
and will involve new materials, conditions and processes. There are many
ideas and just as many unresolved feasibility issues, and even a modest
program can have a significant impact. Considering the importance of tritium
production in blankets, and the possibility of developing useful technological
capabilities, the Canadian Fusion Fuels Technology Project has established a
Fusion Blanket Technology research program.

There are three general factors that affect the blanket design: reactor
application, reactor conditions and material choice. Applications are
primarily electric power and fissile fuel production, but isotope production,
actinide waste burnup, and high-temperature heat for synfuel production have
been considered. The reactor conditions are the combination of neutron wall
load, surface heat load, pulse cycle, lifetime irradiation fluence and
magnetic field strength that affect the blanket behavior. These conditions
vary according to the nature of the device (e.g., experimental test reactor,
compact power reactor), and between reactor types (e.g., tokamak, mirror,
reversed-field pinch). The third major influence on the blanket is the
material choices for tritium breeding medium, coolant, structure, and neutron
multiplier/moderator. Table 1 is a partial list of materials of current
interest. Although not all combinations are sensible, there are still a large
number of possible combinations, each with its own advantages and problems.

Table 1: Current primary blanket material options

Breeder Coolant Structure Multiplier

Liquid metal Liquid metal Austenitic steel Beryllium
Solid ceramic Helium Ferritic steel Lead
Molten salt Water Refractory metal Uranium
Dissolved salt Molten salt
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Present blanket concepts for fusion-electric applications are typically
based on helium-cooled pellets of lithium-bearing ceramics, flowing liquid
metal systems with lithium or lithium-lead as the coolant and breeding medium,
and water-cooled modules containing slowly circulating lithium-lead.
Alternate concepts based on molten salt cooled systems have been proposed,
particularly for fusion-hybrid applications and, more recently, for compact
fusion devices such as reversed-field pinches. Water-based concepts are
attractive for near-term applications, such as the next-generation devices,
because they are based on relatively conventional technology. A recent
concept that uses dissolved lithium salts in water offers both design
simplicity and conventional materials. Other recent ideas involve a radical
redefinition of the blanket design by attempting a more direct and efficient
conversion of the neutron kinetic energy into electrical energy than through a
Carnot-limited thermodynamic power cycle.

However, although many blanket designs have been proposed, none have been
built and tested. Nor has a consensus emerged as to which are the best
concepts for each application. In this paper, a summary of recent fusion
blanket concepts will be presented to illustrate the range of blanket design
concepts and their critical issues.
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IRRADIATION OF LITHIUM-BASED CERAMICS FOR FUSION BLANKET APPLICATION

I.J. Hastings*, J.M. Miller, R.A. Verrall, S.R. Bokwa and D.H. Rose

Atomic Energy of Canada Limited - Research Company
Chalk. River Nuclear Laboratories
Chalk River, Ontario KOJ 1JO

SUMMARY

1. INTRODUCTION

There is currently a concerted effort by the international fusion
community to test and evaluate solid breeder blanket options. Major
topics include material selection, optimization of microstructure and
blanket operating conditions, and tritium release characteristics. In
Canada, the program** is based on the long-term experience with
ceramics, irradiation testing and tritium handling at Chalk River.

2. EXPERIMENTAL

The major facility is the NRU Research reactor. Both unvented and vented
capsule experiments can be performed in-reactor; Tables 1 and 2 give
respective details. In the unvented tests, designated CREATE (Chalk
River test to Evaluate Tritium Emission), samples are irradiated in a
flux up to A x 1 0 ^ n.nT^.s"! (thermal, maximum), 7 x lOl'n.nr^.s"! (fast
>1 MeV, maximum) at less than 100°C Tritium release data (HT, HTO,
retention) are obtained from post-irradiation heating in the presence of
a sweep gas. Tests have been completed utilizing L1A1O2 fabricated at
Chalk River and ANL, and Li20 from ANL. Effects of sweep gas,
material and microstructure have been determined.

In the vented tests, designated CRITIC (£halk River I_n-reactor Tritium
Instrumented Capsule) candidate blanket materials are irradiated under
neutronics conditions identical to those for CREATE. Calculations have
shown that tritium production in CRITIC will be close to that expected
in a fusion blanket. However in fission reactor tests there is a higher
ratio of thermal to fast neutrons, and a damage rate about 10 times less
(10~9 dpa/s versus to 10~° dpa/s), than would be achieved in a
blanket.

*Member - CNS
**Program co-funded by Atomic Energy of Canada Limited and Canadian
Fusion Fuels Technology Project
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3. RESULTS AND DISCUSSION

Unvented CREATE tests have shown that, under reducing conditions, most of
the tritium (>70%) is released as HT or T2; the balance as HTO or
T2O. Residual tritium is very small, less than 0.02%. Varying the
sweep gas composition has a dramatic effect on the form of tritium
released. With a quartz extraction tube during post-irradiation heating,
a He sweep gas results in 10-30% release as HT or T2; with a He-1% H2
sweep gas,>60% release as HT is achieved. The effect of extraction tube
material is also significant. Using pure He sweep gas, a quartz
extraction tube results in 10-30% release as HT or T2; stainless steel
produces 80-95% as HT or T2« Chalk River-fabricated LiAlO2 behaved
similarly to that from ANL in these tests.

Further CREATE testing is planned using LiAlO2 from France and Li20
from Japan, under the BEATRIX international breeder exchange matrix. The
first vented test at Chalk River, CRITIC-I, planned for mid-1986, will
examine ANL-fabricated Li20, 0.3 wt% Li-6, 30 mm ID, 40 mm 0D annular
pellets, in a six-month irradiation at 400-900°C, varying the sweep gas,
with on-line HT/HTO measurement.

"CREATE* SERIES
(CHALK RIVER TEST TO EVALUATE TRITIUM EMISSION)

- NRX/NRU
- UNVENTED
- 100 mg SAMPLES
- IRRADIATE IN QUARTZ AT < 100°C
- T REMOVED POST-IRRADIATION
- He-H2 SWEEP AT 600°C
- HT/HTO MEASURED
- RESIDUAL T BY DISSOLUTION
- PRE- AND POST-iRRADIATION CHARACTERIZATION

TABLE 1 CREATE T e s t s

"CRITIC SERIES
(CHALK RIVER IN-REACTOR TRITIUM INSTRUMENTED CAPSULE)

- NRU
- 4 x 1 0 " n m V 1 (THERMAL)

7»WnnMH-1 (>1 MeV)
- 400-900°C
- INSTRUMENTED
- He-H2 SWEEP (VARY)
- HT, HTO ON-LINE
- POST-IRRADIATION T RETENTION
- PRE- AND POST-IRRADIATION CHARACTERIZATION

TABLE 2 CRITIC T e s t s
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TWO-DIMENSIONAL MODEL OF CURRENT DENSITY AND TEMPERATURE IN THE
TF COILS OF THE TOKAMAK DE VARENNES DURING LONG PULSE OPERATION

G. LE CLAIR, (M.P.B. Technologies Inc.)
G.W. PACHER, (IREQ)

H.D. PACHER, (INRS-Energie)

TOKAMAK DE VARENNES
Case Postale 1000

Varennes, Quebec, Canada
JOL 2P0

The Tokamak de Varennes will allow some important aspects of the operation
of high-duty-factor machines to be investigated. It was therefore specifically
designed to study a quasi-continuous operating aode, characterized by a series
of successive current pulses, and a continuous mode using non inductive current
drive.

The toroidal field (TF) circuit, consisting of a TF power supply and
sixteen TF coils, produces a quasi-stationary confining field of 1.5 tesla for
the plasma. The cross-sections of the horizontal and external vertical
branches are rectangular while the cross-section of the inner vertical branch
is trapezoidal and reduced because of space limitations. Each four-turn
T.F. coil carries 100 kA per turn. The currrent density in the rectangular
section is 1.615 kA/cm^ and 2.369 kA/cm^ in the trapezoidal section.

The TF power supply provides the current for the toroidal field at
a high pulsed level for the main plasma discharge and at a lower continu-
ous level for the cleaning discharge

- 100 kA 30 s on, 900 s off
- 100 kA 10 s on, 300 s off
- 120 kA 10 s on, 900 s off
- 10 kA continuous

We have calculated the equipotentials, current lines and isotherms of
a TF coil turn using a 2D finite element algorithm. The results show that,
without cooling, the hottest point will reach a temperature of 95 C in 12 s of
maximum current compared to the maximum temperature of 105 C allowed by the
insulator. The ramp-up and ramp-down phases are 2 s each, corresponding to 1 s
at full current. Th^s leaves 10 s of operation at maximum current without
active cooling. Including the active cooling system of the internal branch in
real geometry, we extend these calculations to a 30 s pulse.

The Tokamak de Varennes is supported primarily by the National Research
Council of Canada and Hydro-Quebec, as well as by INRS and the University de
MontrSal, and is designed jointly by IREQ, INRS-Energie, University de Mon-
treal, M.P.B. Technologies Inc., and Canatom Inc.
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EXPRRTMRNTAL INVESTIGATION OF

STRAM-LINE BREAK TRANSIENTS IN A RECIRCULATING U-TUBE STEAM GENERATOR

by

G.R. McGee and V.S. Krishnan
Atomic Energy of Canada Limited

Whiteshe11 Nuclear Research Establishment
Pinawa, Manitoba ROE 1L.0

T.G. Bolander
Nuclear Studies and Safety Department

Ontario Hydro, H9 BIT
700 University Avenue

Toronto. Ontario M5G 1X6

SUMMARY

This paper describes the results of an experimental investigation of the
thermalhydraulic behaviour of a U-tube steam generator under conditions
of simulated steam-line rupture. The objective was to provide data for
the verification of steam generator models in computer codes used for
reactor safety analysis.

In CANDU reactor licensing submissions, one of the postulated upset
conditions to be considered involves a break in the steam-line piping of
a steam generator. Such an event depressurizes the steam generator,
leading to a loss of normal heat sink, and may result in loss of pressure
control in the primary heat transport system. It is desirable to get
more information on level instrumentation response since it is used for
controlling feedwater and initiating a reactor trip. A series of tests
has been conducted at the Whiteshell Nuclear Research Establishment in
which a small-scale steam generator was depressurized through an orifice
in the steam-line piping.

Figure 1 is a schematic diagram of the test facility. It consisted of an
electrically heated fuel element simulator, a pump, and a steam generator
connected together in a closed loop. The reactor typical steam generator
was of the recirculating U-tube type, with internal preheater and
downcomer. A radial-arm primary separator and a perforated-plate
secondary separator inside the steam generator represented the
steam-water separation system in a typical reactor steam generator. The
shell of the steam generator was 4 m long and had a 0.29 m internal
diameter. There was a total of 42 U-tubes in the steam generator. The
diameter of the U-tubes was 0.0127 m. The volumes of the primary and the
secondary sides were 0.019 m^ and 0.243 m3, respectively. The
maximum power capability of the steam generator was 1.2 MW. The steam
generator was depressurized by opening a fast-acting valve in the steam
line, and an orifice plate in the line determined the rate of
depressurization.
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Steam yenerator instrumentation measured primary-side temperature,
secondary-side void-fraction, break-flow rate and water level.

The tost procedure used was to first bring the facility up to
pre-selected steady-state conditions. Data-logging was then commenced,
followed by closing the main steam valve and feedwater valve. The
break-valve was opened immediately thereafter. When the primary pressure
reached a preset limit, process trips automatically shut off the power to
the heated section and the pump. However, tests were usually terminated
when the secondary pressure reached atmospheric. The test conditions
studied were as follows:

Break Size : 0.1 - 5.0% of steam generator shell
cross-sectional area

Primary Pressure : 5, 7, 10 HPa
Secondary Pressure : 2.5, 3.5, 4.5 MPa
Heated Section Power : 0.3, 1.0 MW
Steam Generator
Water Level : 72, 80, 90% of shell height

For break areas greater than or equal to 4% of the steam generator shell
cross-sectional area, the secondary pressure fell to atmospheric and
almost all of the steam generator inventory was discharged within about
20 s of opening the break value. For a break area of 0.1% of the steam
generator shell cross-sectional area, choking at the break orifice
resulted in an initially increasing steam generator pressure until the
steam generation rate dropped due to decreased secondary inventory. The
pressure then decreased gradually to atmospheric over 900 s.

The paper will describe the results observed with respect to break
discharge rates, secondary-side water level and recirculation behaviour
during the transient. The results of this work have provided Insights
into the thermohydraulics of steam generators under postulated accident
conditions and established a data base against which computer models for
predicting steam generator behaviour can be verified.
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STGEN SIMULATIONS OF TOP BLOWDOWN TESTS
OF RD-12 STEAM GENERATOR

by

C.S. Kim, W. Liauw and J.Y. Stambolich

Ontario Hydro
Nuclear Studies and Safety Department

700 University Avenue (H9 A20)
Toronto, Ontario, M5G 1X6

A computer code STGEN has been developed for the purpose of
analyzing the thermal hydraulic response of the steam generator to top
blowdown under conditions representative of a postulated steam line
break. An analytical model has been specifically developed and
incorporated in the code for the prediction of the transient response
of the steam generator level instrumentation.

Recently, a series of top blowdown tests from the RD-12 steam
generator connected to the RD-14 experimental test loop has been
conducted (1). These tests provided experimental measurements which
are useful for confirmation of the analytical model used in the STGEN
code. This paper describes some of the STGEN simulations of these
tests.

One of the postulated accident events considered in CANDU
reactor licensing submissions involves a break in the steam-line
piping of a steam generator. Such an accident results in top blowdown
from the steam generator initially containing a large volume of
pressurized, hot water. The break induced large flow, together with
depressurization leads to an upward flow of the fluid within the steam
drum, and possible two-phase discharge out of the steam generator.
Rapid depressurization and depletion of the steam generator mass
inventory also cause liquid flashing and level swell in the steam drum
of the steam generator. The top blowdown phenomena become further
complicated due to the complex geometry and flow patterns associated
with the typical design of the steam drum internals.

In the STGEN codes, the physical model of the steam generator
is limited in nodalization to only those regions essential for
describing the internal hydrodynamic response; namely the riser (tube
bundle), the downcomer, the steam drum and if required, a preheater
region. Within the riser region, the heat transfer coupling between
the primary and secondary system coolants across the tube is modelled
over the whole range of heat transfer regimes including the post CHF
regimes. The steam drum region includes a steam/water disengagement
model for simulation of separators or natural steam/water separation.
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Each of the regions of the STGEN steam generator model is
characterized by its mass inventory, pressure, and temperature.
Fressure, void fraction, and quality within each region are
distributed according to the influence of gravity, fractional and
accelerational pressure loss effects. The distribution of these
parameters determines the inter-region and exit mass and energy flow
rates, which provide the boundary conditions for the dynamic
conservation equations. When upset conditions are applied, the
internal pressures are changed which in turn results in changes to the
internal flows and mass inventories. Reverse flow may result in the
downcomer. Flashing in the downcomer, mass inventory re-distribution
in the steam generator, and swelling in the steam drum may occur.
These phenomena significantly influence the steam generator response.
The STGEN code models all of these effects to accurately predict the
overall response of the steam generator to a variety of steam line
break conditions.

The simulation of the RD-12 top blowdown tests have been
performed using the STGEN code. This paper presents the results of
these simulations for some of the test cases. The simulation results
are also compared with the measurements. The thermal hydraulic
parameters specifically examined and compared include pressures
(temperatures) in the various steam generator regions, void fraction
and quality distribution, internal and external flow rates, level
instrumentation response and primary system coolant temperature.
Additional parameters, which are not measured in the tests but
obtained from the simulation, ars also presented; they include total
mass inventory and its distribution among the various regions, liquid
levels in the regions and the heat transfer rate between the primary
and secondary system coolants across the tube bundle.

The comparison of the code predictions of the key thermal
hydraulic parameters with the measurements provides confirmation of
the adequacy of the modelling approach for top blowdown simulations.
Such confirmation allows a high degree of confidence in the use of the
code for accident analyses involving a break in the steam line piping
of a steam generator.

Reference

1. Steam-Line Break Transients in a Recirculation U-Tube Steam
Generator, G.R. McGee, V.S. Krishnan and l.G. Bolander,
1986 CNS Conference, Toronto, Canada.
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ANALYSIS OF FUEL ELEMENT TO
PRESSURE TUBE CONTACT USING THE MINI-SMARTT CODE

D.B. Reeves, P . S . Kundurpi, G.H. Archinoff, K.E. Locke*, A.P. Muzumdar

Onta r io Hydro
700 Un ive r s i t y Avenue

Toronto, Onta r io
CANADA M5G 1X6

Atomic Energy of Canada Limited (Cur ren t ly on Attachment t o On ta r io Hydro)

SUMMARY

During a postulated large-break Loss-of-Coolant Accident (LOCA) in a CANDU
Pressurized Heavy Water Reactor, rapid voiding of the coolant may occur in
some fuel channels, followed by a period of steam cooling. During this
degraded cooling period, changes in geometry of the fuel and fuel channel
components will occur if sufficiently high temperatures are reached. Among
the possible distortion modes, diametral straining (ballooning) of the
pressure tube into contact with the calandria tube occurs if the pressure tuoe
temperature and internal pressure are high. As well, the fuel elements may
distort into contact with the pressure tube (FE/PT contact) if sufficiently
high temperatures are achieved. This FE/PT contact may create a hot spot on
the pressure tube leading to local strain failure. Rupture of the pressure
tube may be precluded if the overall heat flux to the pressure tube causes
rapid ballooning. The resultant rejection of heat to the cool moderator
prevents further straining of the pressure tube.

This paper presents the results of analytical studies which predict the
transient thermal-mechanical behaviour of the pressure tube following the
contact of a hot fuel element under LOCA conditions. Specifically, the fuel
sheath temperature and contact width is calculated assuming Hertzian
mechanics. Estimates of total conductance (gas and contact conductance) are
developed from the correlations of Yovanovich'^'.

The SMARTT (̂ Simulation tlethod for Azimuthal and Radial ̂ Temperature ̂ Transients)
computer code was developed at Ontario Hydro to assess the two dimensional
temperature distribution on the pressure tube and the pressure tube strain
resulting from asymmetric heating and cooling' . To assess FE/PT contact,
the SMARTT code was modified to include contact conduction between any
specified number of fuel elements and the pressure tube. The modified version
of the code is designated as MINI-SMARTT.

The calculation of radiation to the pressure tube in MINI-SMARTT is simplified
by using a ring radiation model. The ring model is shown to be accurate by
comparison with a detailed pin radiation model in the full paper. This
modification enables sensitivity studies for various FE/PT geometry
configurations to be easily carried out without the re-definition of a large
view factor matrix for each configuration. To improve the spatial convergence
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of the code following PE/PT contact, the code was modified to allow the use of
a graded nodalization grid at any location on both the pressure tube and/or
contacting fuel elements. Figure 1 presents an example of a graded
nodalization scheme for a single CANDU type fuel element contacting a pressure
tube.

Sensitivity studies were conducted on the various parameters affecting the
consequences of FE/PT contact. The most sensitive parameters were found to be
the FE/PT contact conductance, FE/PT contact transient time prior to
ballooning, and contact area. Figure 2 shows typical results of average
pressure tube strain versus FE/PT contact conductance for various transient
contact times prior to ballooning for a fuel element (with an initial linear
rating of 61.9 kW/m) undergoing a typical large LOCA thermal-hydraulic
transient. In this figure, an average strain of 16.4 percent or greater
indicates pressure tube/calandria tube contact, while a final average strain
below this value leads to pressure tube rupture. Both contact conductance and
FE/PT contact time are critical factors in determining pressure tube integrity
for FE/PT contact. The results in Figure 2 assume a constant contact width of
2 mm between the fuel element and pressure tube over an infinite axial
length. The full paper will also present the code results using the values of
contact width and sheath temperature calculated with Hertzian mechanics. As
well, the effect of FE/PT contact conductance will be examined assuming single
element and multi-element contacts.

In conclusion, the results of the studies show that if realistic assumptions
are used, pressure tube rupture, due to PE/PT contact prior to pressure tune
ballooning, is precluded.

1. Yovanovich, M.M. and A.H. Hegazy, "An Accurate Universal Contact
Conductance Correlation for Conforming Rough Surfaces With Different
Micro-Hardness Profiles", Proc AIAA 18th Thermophysics Conference,
Montreal, Quebec, Canada, June 1-3, 198 3.

2. Locke, K.E., et al, "SMARTT - A Computer Code to Predict Fuel and
Pressure Tube Temperature Gradients Under Asymmetric Coolant
Conditions", proc 6th Annual CNS Conference, Ottawa, Ontario,
June 198 5.
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EFFECT OF GAS FLOW IN THE
INSULATING ANNULUS ON FUEL

CHANNEL TEMPERATURES IN A SEVERE
ACCIDENT IN A CANUD REACTOR

J.T. Rogers and S.S. Goindi
Department of Mechanical and
Aeronautical Engineering,

Carleton University
Ottawa, Ontario

K1S 5B6

SUMMARY

In a CANDU reactor, heat loss from the hot coolant to the relatively-
cool moderator is restricted under normal operating conditions by the gas-
filled annulus between the pressure and calandria tubes. A trickle flow
of the gas, either nitrogen or C02, is now provided under normal conditions.

In a highly improbable dual-failure accident in which a large LOCA is
followed by failure of the emergency coolant injection system, fuel melting
is prevented by heat flow across the insulating annulus to the separately-
cooled moderator, but severe damage to fuel bundles would occur. The heat
flow rate across the annulus is enhanced by distortion of the pressure tube
as its temperature reaches 800°C to 1000°C, either by sagging or ballooning
into contact with the calandria tube.

An analytical investigation has been made of the effects on fuel and
pressure tube temperatures in such an accident sequence of a significant
increase in the gas flow rate in the insulating annulus, and of the
substitution of the normal annulus gas by helium from the moderator cover
gas. The analytical model used assumes a normal configuration for the fuel
bundle and pressure tube and thus treats the period before pressure tube
distortion and bundle damage.

Results of the analysis show that pressure tube and fuel temperatures
following such a severe accident could be reduced considerably for flow rates
of helium gas which appear reasonable, considering total flow rate require
ments and pressure drops. Typical results are shown in Figure 1. Thus, it
might be possible to limit fuel bundle and pressure tube damage in this
severe accident sequence using this approach. The results show that it would
probably not be necessary to provide cooling of the recirculated helium flow
after passage through the fuel channel annuli, since the calculated
temperature reductions of fuel bundles and pressure tubes result almost
entirely from the improved conductance of the heat flow path to the moderator
rather than from heat transport by the helium gas.

The technical feasibility and economic justification for this modifica-
tion have not been assessed in this study. Such an assessment, most usefully
on a probablistic risk basis, obviously would be needed before any further
conclusions can be reached about this modification.
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THERMAL BEHAVIOUR OF CANDU FUEL CHANNEL
UNDER STEAM FLOW CONDITIONS:

AN ALTERNATIVE SOLUTION

By
Hassan E.S. Fath

Khalid M. Al-Sabti**

School of Technical Education
University of Technology

Baghdad - Iraq

Abstract

A highly reliable scheme is proposed to guarantee the safety behaviour
of CANDU fuel channel under steam flow conditions. The proposed
scheme increases the channel thermal emissivity and the annulus gas
gap effective thermal conductivity during and after the accident.

Two transient models (lumped and one-dimensional) are developed to
predict the temperatures of both pressure tube and calandria tube
under the proposed scheme. The results £>how that the pressure tube
temperature increases up to a maximum value after which it drops
again. The pressure tube maximum temperature, at the channel vertical
midplane, was found to be below 700°C and 500°C when the gap conductivity
is 3.0 and 4.5 W/m.k respectively. Calandria tube temperature is
maintained at 110°C maximum. Therefore, the pressure tube-calandria
tube contact is eliminated and a "Coolable Fuel Geometry" is
guaranteed.

The moderator subcociing requirements are therefore relaxed and the
moderator heat load is fully recovered to the first stage of feedwater
heating system.

* Assistant Professor
** Assistant Lecturer
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Introduction

The CANDU reactor consists of a large horizontal tank which contains
the low-pressure, low-temperature heavy water moderator. The calandria
is penetrated by a large number of calandria tubes which provide
"sites" for fuel channels. The pressure tube in which the fuel is
located is centrally located inside each calandria tube, and separated
by a carbon dioxide filled gas gap. High-pressure, high-temperature
heavy water coolant is pumped through the pressure tube to transfer
the heat given off by the fuel to the steam generator. The annul us
gas gap between the pressure tube and the calandria tube acts as
a thermal insulator that minimizes the heat losses from the coolant
to the moderator during normal operation.

The present CANDU design has a potential safety feature that prevents
the fuel melting under the postulated steam flow conditions. Steam
flow conditions can occur in some of the reactor channels during
a postulated Loss of Coolant Accident (LOCA) with critical break
size that causes coolant stagnation or LOCA associated with Loss
of Emergency Coolant Injection (LOCA+LOECI). Only two conditions
are required to cope with this stiuation, reactor shutdown and
continuous removal of the decay heat through the moderator system.
With the present design (high thermal resistance of the annulus gas
gap) most of the decay heat is transferred to and stored in the
pressure tube. The pressure tube temperature rises quickly and strains
to contact the calandria tube either by "ballooning", induced by
steam pressure, or "sagging", induced by fuel weight. At contact,
the sudden release of the large amount of the stored heat through
a small contact area can cause calandria tube dryout (i.e. film boiling
takes place at the calandria tube outer surface); moderator subcooling
is not sufficient. In this case, calandria tube temperature rises
quickly and may fail to cause reactor core damage.

2-The Proposed Scheme

The maximum decay heat flux at the begining of the accident is much
less than both steady and transient Critical Heat Flux even at zero
moderator subcooling. The problem arises from the fact that the
high termal resistance of the annulus gas gap forces the decay heat
to be accumulated in the pressure tube instead of being ransferred
to the moderator as early as the accident starts. The proposed scheme
therefore increases the annulus gas heat transfer during and after
the accident. A highly reliable combination is to increase the termal
emissivity (E) of the pressure tube and calandria tube (by surface
coating) and to increase the equivalent thermal conductivity (Kg)
of the annulus gas gap by using helium and additional garter springs.
The additional heat loss from the coolant to the moderator under
normal operation, along with the moderator heat load, will be fully
recovered to the first stage of feedwater heaters.

The thermal behaviour of the pressure tube and calandria tube is
presented first, while the moderator heat recovery scheme is presented
later.
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Results

Figure (1) shows the effect of increasing Kg from 1.5 to 6.0
W/m.k while E is constant. The effect in significantly reducing
the pressure tube transient temperature is very apparent.

In all cases, the calandria tube transient temperature rises so that
nucleate boiling takes place, after that it rises very slowly and
then drops again. The maximum temperature of the calandria tube
at the channel midplane was found to be below 110°C.

Maintaing the pressure tube temperature low, eliminates the pressure
tube - calandria tube contact which is important to the reactor safety.
In addition, moderator subcooling requirements are relaxed and add
economical advantages.

Moderator Heat Recovery

The moderator heat load in the CANDU 600 is approximately 120 MW(th).
In addition, there is the heat losses from the fuel channels to the
moderator with the proposed scheme. The amount of this heat loss
depends upon the values of E and Kg under normal operation conditions
and amounts to about 10-35 MW(th). The potential exists for
transferring all this amount of heat, 130-155 MW(th), to the first
stage of feedwater heating system. The selected arrangement, Figure
2, consists of a circuit in which feedwater passes through the
moderator heat exchangers under normal power conditions. Standby
Raw Service Water system and bypass lines are provided for abnormal
conditions. All moderator heat is therefore recovered at full pov?er
thereby generating approximately 9-15 MW(e) of about 2% increase
in electrical output.

More detailed discussion of the moderator heat recovery scheme is
given in the full paper.



E - 14

t
I

500

400

300

500

(a/-€=1.0
1.5 W/m.k

- € = 1 . 0 t
K =3.0 W/m.k

20

t=J

s

' y

35 s (c)-€=1.0
Kg=4,5 W/m.k

i . o
6,0 W/m.k

0.0 0.25 0.5 0.75 1.0

Pigur«(l) Pressure !Ub« Transient Temperature
(Effect of Effective Thermal

Conductivity)
-One Dimensional Model-



Law Pressure Turbines

steam
generator

P.W.Pump

p,W,=Fe6dwater

P.G,=Process Gontro

HX =Heat Exchanger

Service

i

U1

Water

Figure(2.) Moderator Heat Hksovery



E - J6

ATHENA SIMULATION OK THE WOLSUNG 0>/) SPILL INCIDENT

OF 1984 NOVEMBER 25

by

D-J. Richards*, S.D. Grant** and T.E. MacDonald*

* Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0

** Atomic Energy of Canada Limited
CANDU Operations

Sheridan Park Research Community
Mississauga, Ontario L5K 1B2

SUMMARY

The ATHENA code has been used to simulate the thermalhydraulic behaviour of
the WOLSUNG CANDU reactor during the D20 spill incident of 1984 November 25.
A 4-inch (nominal) Liquid Relief Valve (LRV) inadvertently opened in the
reactor auxiliary system during normal reactor operation, resulting in a
discharge of heavy water from the primary heat transport system. The valve
remained open for approximately 29 minutes.

ATHENA* is an advanced thermalhydraulic computer code for analysis of postu-
lated loss-of-coolant (LOCA) scenarios and transient faults in CANDU nuclear
reactors. A full two-fluid (six-equation) representation of the two-phase
flow is used. System models such as pumps, valves, critical discharge,
etc., which are necessary to describe the CANDU system under LOCA condit-
ions, have been incorporated into the code. Heat transfer between the fluid
and piping walls (or fuel) is modelled using applicable correlations for
boiling, condensation and forced convective heat transfer.

The two figure-of-eight primary heat Lransport (PHT) loops of the reactor
were modelled (see Figure 1). The header-to-header interconnects, loop-
interconnect, lines to the pressurlzer, and lines to the degasser-condenser
were also included in the idealization. In total, 134 nodes, 138 links, and
150 heat transfer surfaces (to piping and fuel) were used for the calculat-
ion. Initial conditions used by the code were taken from reactor operating
data. Prior to the event, the PHT flow was single-phase liquid (2115 kg/s),
and the outlet header pressure was 10.0 MPa.

Boundary conditions, such as valve opening/closing times, and D20 feed into
the PHT, were derived from plant data. The secondary side of the steam
generators was modelled using plant data for the temperature and an approp-
riate time-varying heat transfer coefficient. Flow through the LRV was
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calculated using the LRV design specifications, and a standard subcritical/
critical discharge model. Table 1 gives the timing of significant events in
the transient.

The ATHENA calculation of the outlet header pressure, closest to the LVR, is
compared with available plant data in Figure 2. The slight underprediction
of pressure at about 500 s is thought to be due to an overestimation of the
boiling heat transfer coefficient for the steam generator during this
period. Figure 3 shows the predicted PHT inventory compared with values
derived from plant data. Agreement is seen to be very good. Predicted fuel
sheath temperatures do not rise above those experienced during normal plant
operating conditions. This is consistent with the plant data, as there was
no evidence of fuel failure.

The calculation was performed on a VAX 11/750 and required about 11 hours of
equivalent CPU time on a CDC CYBER-175.

REFERENCE

1 Richards, D.J., Hanna, B.N., Hobson, N. and Ardron, K.H., "ATHENA: A
Two-Fluid Code for CANDU LOCA Analysis", Third International Topical
Meeting on Reactor Thermalhydraulics, Newport, Rhode Island,
October 15-18, 1985.

TABLE 1

Time
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s

Event

Liquid relief valve opens

Reactor trip

PHT loop isolation
D20 feed loop interconnect closes

D20 feed loop interconnect reopens

Steam generator medium rate cooldown

Steam generator maximum rate cooldown
Liquid relief valve closes
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THE ROLE OF R&D IN FACILITATING INDUSTRIAL
USE OF RADIATION PROCESSING

Stuart L. Iverson
Radiation Applications Research Branch

Atomic Energy of Canada Limited Research Company
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba, Canada, ROE 1L0

In March 1985 Atomic Energy of Canada (AECL) formed a new Branch,
Radiation Applications Research, to conduct R&D in support of existing
industrial radiation processing and to develop and promote new radiation
applications. Libraries are full of books and research reports on uses of
radiation ranging from preserving food to improving the quality of gem
stones and R&D is going on in many labs around the world. How can a new
player be most effective in getting these applications out of the libraries
and labs and onto the factory floor? The approach we have adopted is to
focus the R&D program sharply on solving, in cooperation with industrial
partners, relatively simple problems standing in the way of major
applications. We expect this approach to be successful because, in a
generic sense, the technical aspects of many radiation processes are well
developed. What is needed is a vehicle to transfer this technology into the
plant or factory where its advantages can be exploited. Our role is to
facilitate this transfer.

To help design the vehicle, we have examined how radiation processing
technology has been successfully transferred in the past. One of the major
industrial uses of radiation is sterilization of medical disposables. More
than 135 plants exist in 42 countries1 with the capability to treat about
2.3 million cubic metres of product per year2 mostly using gamma radiation
from 60Co. During the 25 year period from the practical beginning of this
application to the present, significant problems were overcome mostly by the
medical products industry itself. Key developments were the demonstration
that microorganisms could be inactivated without causing the product to
become toxic, the development of radiation resistant materials for
manufacture of medical disposables, the streamlining of regulations and, in
some cases, the regulatory concern about the safety of competing processes.
These developments allowed radiation processing to develop to a scale where
it was economically competitive.

Major opportunities exist today to broaden the range of products
sterilized, pasteurized or disinfested using radiation, partly because the
chemicals traditionally used for these processes are being slowly phased out
due to their toxicity to humans. Products often mentioned range from food
items such as chicken for the reduction of salmonella bacteria and extension
of shelf life or stored wheat for the inactivation of insects, to industrial
products such as wood chips for the prevention of decay during storage and
sewage sludge to inactivate viruses and bacteria to allow unrestricted
recycling as a fertilizer. Significant research effort has been expended in
all these areas and the technical objectives appear achievable. R&D is
required for optimization fcr local varieties and conditions, tailoring of
treatments for industrial scale production demonstration and, in some cases,
to meet regulatory requirements. However, before commercial success is
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achieved each application must pass through a series of barriers similar to
those successfully negotiated by medical products.

To negotiate these barriers successfully a radiation process should
offer a distinct technical and economic advantage, meet a consumer need, be
acceptable to regulatory agencies and be developed and funded primarily by
industry3. Our initial efforts are being concentrated in areas offering the
fewest barriers and the greatest number of advantages.

A second large area of industrial radiation processing is in cross-
linking, grafting and polymerization. Products include heat-resistant
plastic insulation for electrical vires, permanent-press fabrics, heat-
shrinkable plastic film and radiation-cured paints and inks. Nearly all of
the radiation is delivered by electron accelerators operating at energies of
a few MeV. These applications offer very strong technical advantages,
clearly meet consumer needs, offer few, if any, regulatory problems and were
developed and funded almost entirely by industry. Development of industrial
linear accelerators delivering inexpensive radiation at higher energies4

offers opportunities to extend these and similar applications into bulk
materials and larger components. An example could be lightweight plastic
components for automotive or aerospace applications with strength, heat or
pressure resistance improved by radiation processing.

A third area is the use of radiation to synthesize or break down
chemicals. An example is the use of radiation to destroy PCBs5. While many
such applicants have been described, few are in use mainly because similar
effects can be achieved more cheaply by other means.

A key component in the success of current industrial applications has
been the strong and continuous involvement of industry users from the very
early stages. In our limited experience, managers and technical people in
target industries are very aware of the problems they face and the
constraints under which they operate. In most instances we have found them
very open to consideration of radiation processing as a possible solution,
and have often proceeded very quickly to initial radiation trials on a
cooperative basis. Once preliminary technical information is available, it
is possible to make a preliminary economic analysis accurately enough to
judge the probable return on further investment.

Our role in this process is first to discover and explore possible
applications through discussions and visits between knowledgeable radiation
scientists and potential users. The second step is to evaluate the
requirement for economic or technical studies. For economic studies we can
provide estimates of capital and operating cost derived from existing
applications while the user industry can provide industry specific data.
For preliminary technical studies the user industry provides samples of
material and usually conducts standard analyses of characteristics pertinent
to the user while we conduct the irradiations and other analyses as
required. Our ability to irradiate material will be significantly increased
in spring '87 when a lkW 10 MeV industrial linear accelerator will be
commissioned at the Vhiteshell Nuclear Research Establishment.

Beyond the initial stages, development of the application can take many
forms but a significant involvement by a potential user, user association or
other agency is a necessity. In this way we intend to focus the efforts of
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Radiation Applications Research Branch on those applications with the
greatest chance of success.

(1) World List of Industrial Irradiators. Atomic Energy of Canada,
Radiochemical Company (1984).

(2) CUDA, J., Industrial Gamma Processing Overview. Technical paper GPS
311, June 6-9 (1983).

(3) MASEFIELD, J. and DIETZ, G.R., Food Irradiation: the Evaluation of
Commercialization Opportunities. CRC Crit. Rev. Food Sci. Nutrition V
19, 259-272 (1983).

(4) MCKEOWN, J., A New Generation of Intense Radiation Sources. Sixth
annual CNS Conference June (1985).

(5) SINGH, A., KREMERS, W., SMALLEY, V. and BENNETT, G.S., Radiolytic
Dechlorination of Polychlorinated Biphenyls, Radiat. Phys. Chem. 25 (1-
3) (1985).
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AN ENERGY-EXERGY ANALYSIS OF
A NUCLEAR GENERATING STATION

M.A. Rosen and D.S. Scott

Department of Mechanical Engineering
University of Toronto
5 King's College Road

Toronto, Ontario, Canada M5S 1A4

1. INTRODUCTION

In this study, energy and exergy analyses are used to assess
the performance of the Pickering Nuclear Generating Station
(PNGS). It is hoped that this examination, primarily because
it includes exergy analysis, will yield new insights into the
performance of nuclear generating stations.

A complete analysis of the thermodynamic performance of a
process requires the use of both energy and exergy analyses.
Exergy analysis, because it accounts for losses due to
internal consumptions and external wastes, is regarded by
many to give more meaningful and realistic results than
energy analysis. '~"e Exergy, which is defined as the maximum
amount of work which can be produced by a stream of material,
heat or work in a specified environment, is a loose measure
of the "usefulness" of the stream. See Refs. 1-6 for further
discussions of exergy and exergy analysis.

2. BACKGROUND

The process flowsheet for PNGS is described elsewhere.7 For
convenience, it is divided into four sections here:

• The steam generation section. Heat is produced in the
reactor and used to generate steam from preheated water.

• The power production section. The steam produced in the
previous section is passed through a series of turbines
in which shaft work is produced. The shaft work is
converted into electricity in a generator, and the
voltage of the electricity is adjusted in a transformer.

• The condensation section. After passing through the
turbines, the steam is condensed.
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The preheat section. The water from the condenser passes
through a series of pumps and heat exchangers in which
its temperature and pressure are increased.

3. ANALYSIS APPROACH

PNGS was modelled and simulated using Aspen Plus, a state-of-
the-art process-simulation computer code.• Then, energy and
exergy analyses of PNGS were performed using a version of
Aspen Plus which had previously been enhanced by the authors
for complete and unified energy-exergy analysis. The
development and application of the enhanced version of Aspen
Plus are described elsewhere.*~e

4. RESULTS AND DISCUSSION

Energy efficiency, n, and exergy efficiency, e, values were
evaluated for PNGS:

E E 545 — 19
product - pumps _ _ ,n

E - 1763 - 3 0 %

Ex
Product -

 E*pumps . 5 4 5 ~ 1 9 _
" -T76T- "

where E and Ex denote respectively flows of energy and
exergy. The energy and exergy efficiencies are identical
here because it was assumed in the analysis that the specific
energy and specific exergy of uranium are equal. Note that
the energy efficiency of 30% calculated here carfares well
with the value of 29.5% reported by Ontario Hydn.

Although the overall energy and exergy efficiencies were
found to be identical, there were many subprocesses within
the station for which the energy and exergy efficiencies
differed markedly. Therefore, the location of the principal
losses were indicated to be in different subprocesses,
depending on whether an energy or exergy analysis had been
used. It was shown tnat the main losses for both these
proces s occur due to internal consumptions (as exergy
analysis indicates), not due to external emissions (as energy
analysis indicates). Specifically, the quantity of exergy
associated with the cooling water was found to be small,
while the quantity of exergy consumed in the nuclear reactor
was shown to be large (see Table 1).
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5. CONCLUSIONS

Both energy and exergy analysis, because they provide
different information about process performance, are useful
tools for examining the performance of electrical generation
processes. Tasks, such as design, optimization and synthesis
of processes, as well as other endeavours involving decision
making, can likely be better performed if the results of an
exergy analysis, in addition to those of an energy analysis,
are considered. For instance, other processes for utilizing
nuclear energy (see Ref. 9 for a discussion of some
possibilities) may be better analyzed if both energy and
exergy analyses are performed.

In particular, it was shown for PNGS that the greatest
potential for improving efficiency is in the nuclear
reactors, and that the heat rejected by the condensers, which
is substantial in quantity but low in quality (i.e., at a
temperature near to that of the environment), is for the most
part not very desirable.
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Table 1 Breakdown by Device of Lost Exergy (in M W )

Steam Generation Section

Reactor 969.7
D2O-H2O Heat Exchanger 47.4
D20 Pump 1.1
Moderator Cooler 9.0

1027.2

Power Production Section

H.P. Turbine 36.9
L.P. Turbines 79.7
Generator 5.5
Transformer 5.5
Steam Separator 0.2
Closed Steam Reheater 15.0

142.8

Condensation Section

Condenser 24.7

24.7

Preheat Section

Pre-Deaerating Heat Exchangers 1.6
Deaerating Heat Exchanger 1.8
Post-Deaerating Heat Exchangers 16.4
Hot Well Pumps 0.04
Heater Condensate Pumps 0.03
Boiler Feed Pumps 0.43

20.8

Total 1215.5
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INfcJOVATI

D E S I G N & C O N S T R U C T I ON METHODS

TO REDUCE NUCLEAR E>LA.NT

C O N S T R U C T I O N T I M E

P.D.Stevens-Guille, W.J.Penn, N.Fairclough.

Ontario

The Need to Reduce Capital Costs: When the fourth unit of
Darlington enters commercial service in 1992, Ontario Hydro will
have completed a nuclear building program of 14 GW(e)/£rom 20
reactors at three sites. At present the utility is involved in
a far reaching study of ways and means to satisfy the power
demands of Ontario into the 21st century. One of the future
options is clearly nuclear, which in 1985 provided over 35% of
the Province's power safely, and with minimal effects on the
environment. However, one of the important requirements of any
future power source will be the ability to construct it quickly
and at acceptable capital cost. Uncertainties in the demand for
power over the 10 to 15 year period required to design and
construct a four unit nuclear plant threaten the choice of this
opt ion.Cosequently, a reduction in construction time can provide
valuable flexibility to power planners and save interest charges
and administration costs at the plant site.

Accordingly, Ontario Hydro has embarked on a nuclear cost
reduction 'study and is consulting with other utilities in this
area. Preliminary work has centered on the need for early
completion of design (by computer aided methods), the integration
of cost and schedule systems, improved construction techniques
and modular prebuilt systems to reduce construction time. To this
end, the authors visited Japan in late 1985 and saw two
manufacturers, four utilities and five reactors under
construction.The paper reports on the Ontario Hydro studies and
also examines innovative methods in use in Japan. The application
of these methods in the Ontario environment is discussed.

The Japanese Nuclear Scene: In 1975, after poor operating
experience early in the Japanese progam, a combined utility,
manufacturer and government program was set up, aimed at
improvements and standardization. It is concerned with improved
reliability and capacity factor, dose reduction, efficiency of
inservice inspection and shortening of construction time. The
first stage has been completed, and existing plants have achieved
high capacity factors. The second stage improvements are in hand
and several reactors under construction incorporate them.Third
stage improvements lit in the future.
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Innovative methods: Extensive analysis of past performance
convinced Japanese manufacturers and utilities of the benefits
of freezing the design at an early stage of construction and
completing a large fraction of the drawings before construction
starts.Several manufacturers make use of physical modelsin
conjunction with computer aided methods to produce drawings.
Usually between 67 and 80 % of drawings are completed prior to
the start of construction. Manufacturers and their civil
contractors (in consultation with the utility client) make
extensive constructability plans. The result of these plans often
require design changes to the plant or the design of new tools
jigs etc. to speed construction. Broadly, the shortening of
construction time is the result of three concepts: (1) reduce
site work, (2) parallel work on critical activities, (3) improve
efficiency of work on the site.

Examples of reduced site work are:

Pzeinstallation: Reactor pressure vessel internals are
installed in the factory, analogous to pretubing a CANDU reactor.

Modules: As many as 40 prebuilt pipe and equipment modules
weighing up to 40 t are employed, reducing site pipe welds on
these systems by 50 %.

Concrete foxmwozk: Prebuilt (permanent) concrete formwork
renders a structure weather tight and allows pours to take place
at the contractors convenience.

Examples of parallel work are:

The deck plate method: Scaffolding to support concrete floor
slabs is eliminated by pouring the floor on steel deck plates
supported on permanent or temporary steel beams. This method is
used for approximately 20 % of the reactor building floor area
to allow equipment to be installed in parallel with slab pours
and is credited with reducing construction time by 1 to 2 months.

Eguipment installed during building construction; Certain
sites use .temporary ramps and platforms which enable access for
equipment to be installed during the course of construction of
the building. Between 50 and 90 prefabricated packages of
eguipment are installed in a PWR.

Examples of increased site work efficiency are:

Automatic welding machines: Savings in manpower and improved
quality have been achieved for Class 1, 2 and 3 automatic welds
on pipe and vessels.

"Rebar zobots": Tracked, electro-hydraulic machines equipped
with adaptive learning manipulators are used to place rebar in
position, saving manpower and reducing the risk of injury to
workers.

Cranes: Construction sites employ as many as 13 small tower
cranes and one large tower or mobile crane with capacities to
8000 tm to lift large sections of vessels, modules and equipment.
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Improved crane layout has led to 1 to 3 months reduction in
construction time.

The application of these' methods and others is credited in
reducing construction time from 77.6 to 55 months at one BWR
site.

Application to CANDU Construction: The principles of reduced
site work, parallel work and improved site efficiency are all
applicable to CANDU's. Many innovative methods are in use
already, however, several of the methods from Japan have
considerable potential for reducing construction time when
applied in a form suitable to local conditions.
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THE NECESSITY FOR NUCLEAR POWER
THE OXYGEN-CO2 BALANCE

by

John W. Harding
Retired Engineer

108 Brentwood Drive
Bramalea, Ontario, L6T 1R2

This world contains only finite amounts of free oxygen and of
fuels, and both are decreasing rapidly. The carbon dioxide of the air
is increasing and acid rain is a major problem. We can expect all
these items to get worse in the next decade unless we greatly
increase the production of Nuclear energy, which burns no fossil fuel,
uses no oxygen and produces no acid rain.

Two billion years ago the earth had a reducing atmosphere.
Free oxygen was absent, carbon dioxide was abundant. The only living
organisms were one cell creatures, including blue-green algae, the
first living things capable of photosynthesis (1) that is the
breakdown of carbon dioxide, the carbon going into various organic
compounds and the oxygen being released into the air. Over the next
billion years, (more or less) much carbon dioxide (CO2) broke
down, the oxygen content of the air increased to about 23%. The
carbon content went into our coal and oil deposits. The carbon
dioxide content of the atmosphere decreased to about 0.03% or 300
parts per million.

The free oxygen, the kind we breath every day, remained in the
atmosphere because gravity was strong enough, and the temperature low
enough so that little escaped to outer space. The total free oxygen
on this earth is now about 1.35x1017 short tons or 1.2x10^7
metric tons or about 20 parts per million of the weight of the earth,
5.98xl024 kilograms.

Our reserves of mineable coal worldwide are about 5 trillion
tons (2), and we have reserves of billions of barrels of oil in liquid
form, and enormous deposits of oil shales and tar sands from which we
can recover oil, but at great cost.

Our present situation looks good, but we are on the brink of
the precipice. The world now burns about 3 billion tons of coal per
year, producing about 9 billion tons of C02« We burn about 65
million barrels of oil per day, which produces about 13 billion tons
of CO2 per year. We also burn immense quantities of wood and
natural gas and these produce more CC>2« The carbon dioxide
content of the air goes up about one part per million per year (3),
which means that we are adding about 5.3x10̂ -1 metric tons of
C02 more to the atmosphere than all the green plants on esrth
breaks down by photosynthesis.
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The breakdown of CO2 into free oxygen and carbon takes
place in most green plants on earth, the rain forests of the tropics
and the top 100 feet of lakes and oceans producing most.

The rain forests of the Amazon produce more oxygen than another
source, according to Dr. George M. Woodwell, who has spent more of
his working life studying pollution and the oxygen CO2 cycle and
related problems (3). The people of Brazil are rapidly destroying the
forests to open large areas for agriculture and mining, with
disastrous results to the oxygen supply of the world. Other forests
world wide are suffering similarly. In developing countries of the
world the poor people cut forests for fire wood. Millions of hectares
per year are destroyed (4).

We are on the brink of disaster. Mankind is destroying in a
few decades what nature built in a billion years. The situation
regarding oxygen, C02» coal, oil, forests, pollution and acid rain
are all alarming.

Nuclear Power is the answer to all these problems• Nuclear
power burns no coal or oil or wood. It uses no oxygen, and produces
no C02 or acid rain. The CANDU reactor has a long record of safe
clean efficient production of reliable power.

In Ontario this means that we should speed up completion of
Darlington and phase out coal burning plants. We should convert coal
burning plants to Nuclear Power. On a Canada wide view, we should
encourage all provinces who are considering coal or oil burning power
plants to build nuclear plants instead. Any Nuclear plant anywhere in
the world improves the 0xygen-C02 situation world wide.

Starvation in Africa is much on our minds. I calculate that a
Nuclear plant the size of Bruce could supply enough power to pump
energy from the Congo River to put one foot of water per year on one
thousand square miles on the south edge of the Sahara desert. This
water if accompanied by ecologically sound farming forestry, should
stop and even reverse the southward spread of the Sahara desert. The
plant could also supply power to hot plates in tens of thousands of
homes, so there would be no need to cut the forest for fire wood, thus
saving thousands of acres of oxygen producing trees. The cost-about
20 billion dollars, which is cheap for saving a good part of a
continent.
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Some people speak against Nuclear power. Let us deal with a
few objections. Anti Nuclear people say there is no safe way to
dispose of radioactive substances in spent fuel rods from Nuclear
reactors. This problem was solved many years ago. See report EP77-6
by A.M. Aiken, J.M. Harrison, and F.K. Hare of Energy Mines and
Resources, Canada (5). This report recommends putting useless
radioactive materials in tunnels 3000 to 4000 feet below surface in
solid granite or similar rock. I have heard or read no valid
objection to this.

We can answer other objections similarly.

A Concluding remark is in order "If we love this planet and the
people in it, let us develop nuclear power, and phase out coal and oil
burning plants.
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FRIGHTENED AT FALSE FIRE

NUCLEAR ENERGY, THE NEWS MEDIA AND THE PUBLIC

David Mosey
Nuclear Studies and Sa-fety Department

Ontario Hydro

The News Media

The nuclear energy community's concerns about the news media's
treatment o-f nuclear energy are, to a certain extent, misplaced
at the present time. The time, space and stylistic constraints
to which journalists are subject preclude the production o-f truly
"accurate" and "objective" reports judged by the standards of
traditional scholarly discourse. This position of the nuclear
industry with respect to the news media is probably no different
to that of, for example,, the education "industry", the medical
"industry" or the legal "industry".

To obtain and maintain "essentially correct" and fair coverage of
nuclear-related matters in the news media, journalists must be
assured of ready and timely access to information sorces and must
be provided with comprehensive information. Candour, accuracy
and timeliness establish credibility and, incidentally, result in
better informed journalists. Response by members of the nuclear
community should be limited to correcting gross errors or
misrepresentations.

Public Perceptions

While there do exist widespread public misconceptions in Ontario
about the safety of nuclear energy, concern aroused by these
misconceptions appears to be offset by an excellent safety record
and the generally good economic performance of installations
currently in service.

Public support for the current nuclear power programme in
Ontario, although not a-_ high as in 1978 (69 percent as
established by Gallup) is still a majority (57 percent in
December 1985, according to Decima surveys). More significantly
it should be noted that in the 1981 Ontario election nuclear
energy, despite post-TMI publicity and the high profile of the
Ontario programme due to the Legislature Select Committee
hearings on nuclear safety, did not become an election issue.
Nor did it the 1985 election.

Despite sho. t-term perturbations (such as TMI or G-16) and
despite sensational or misleading news coverage, actual
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performance is the criterion most of the general public are going
to apply to nuclear energy. Attempting to follow -fluctuations in
public opinion polls by advertising or "public communication"
campaigns is inappropriate and can engender the dangerous -frame
of mind in which a real problem is regarded as a "communications
problem". Communications <to any public) should be factual,
consistent and seek to achieve greater understanding of the
subject.

Addressing a Real Information Need

The really important issue of scientific and engineering
illiteracy with respect to CANDU systems,, especially among those
groups with input to policy formulation, is being neglected. One
actual example of this "illiteracy" was the case of an eminent
Canadian resource economist who prepared a paper on future energy
policy for the provincial government fully convinced that an
objection to more extensive reliance on CANDU nuclear power was
that CANDU reactors could only be operated at 100 percent full
power. This is by no means an isolated example.

There exists a dearth of good technical literature on the CANDU
system. There are available (principally from Ontario Hydro and
Atomic Energy of Canada Ltd) many publications dealing with the
subject at an elementary ^nd advocative level, and there are many
publications (such as the proceedings of CNS conferences) at a
specialist level, but there does not appear to be anything in
between.

While Ontario's current nuclear programme is not a major public
issue, support for future development is much less certain. If
such support is to ba gained then not only must the nuclear
energy programme at the very least maintain (if not improve upon)
its operational record, but also that section of the "public"
with input to energy and R & D policy formulation— such as
academics, civil servants, and even utility executives— must be
provided with the intellectual tools to evaluate realistically
the costs and benefits of nuclear energy from the CANDU system.
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THE CRNL TRITIUM LABORATORY- A CANADIAN RESOURCE
W.J. Holtslander, J.M. Miller, S.R. Bokwa, and R.E.

Johnson Atomic Energy of Canada Research
Company Chalk River Nuclear Laboratories,

Chalk River, Ontario KOJ 1J0

The Chalk River Nuclear Laboratories operate a special laboratory capable of
handling pure tritium as T2. This facility is unique in Canada, and is
available for carrying out a variety of scientific and technical work with
concentrated tritium. It is used for both AECL-funded work and for contract
work for those researchers outside of AECL who want to do investigations
with tritium, but do not have their own facilities. The current inventory
limit is 20 000 Ci. This is a somewhat arbitrary limit and could possibly
be raised if there was a need to do so. For experimental work in the four
years the laboratory has been in operation, this limit has never been a
problem. The safety philosophy is to have the tritium-containing gas doubly
contained within primary and secondary barriers. A further requirement is
the tritium must not be in the water form. The key feature of the
laboratory is a stainless steel gas handling system contained in a high
integrity, inert atmosphere glove box to provide the primary and secondary
containment • All the system components are compatible with pure T2. The
gas handling apparatus is equipped with a special tritium compatible
circulation pump capable of operating at suction pressures down to 5 Pa and
discharge pressures up to 350 kPa. Attached to the gas handling system
are a mass spectrometer and a gas chromatograph for analysis of the six
isotopic hydrogen molecules. In addition to the main inert atmosphere glove
box, the laboratory is equipped with eight fume hoods and an air atmosphere
glove box all of which are connected to a tritium monitored exhaust. These
facilities are used for work with low concentrations of tritium where
secondary containment is not required. The laboratory is well equipped
with tritium monitoring instrumentation. These include monitors on the inlet
and outlet of the argon purification system for the main glove box, room air
monitors., room air effluent monitors, a high range monitor attached to the
gas handling system as well as a number of portable monitors. In addition,
the laboratory has been used for the evaluation of a CRNL-designed and built
monitor that can discriminate between tritium in the water and elemental
forms* The laboratory was established to demonstrate the safe packaging of
pure T2 that will be produced by the Chalk River Tritium Extraction Plant
scheduled to begin operation in early 1987. It also has provided an early
opportunity to gain experience with handling high tritium concentrations
prior to the start-up of the plant. The tritium storage program was
completed 1985 March with the demonstration of the packaging of pure T2 as
titanium tritide in a specially designed container that will be used to
package and store 500,000 Ci lots of tritium from the CRNL plant. During the
program the titanium tritide was shown to have very slow release of tritium
by leaching in water and also shown to be very stable in air.
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The laboratory is now being i.sed to assist in the design and evaluation of
components for the Tritium Extraction Plant and for contract work, primarily
to support the Canadian Fusion Fuels Technology Project. Some examples of
the work include the preparation of tritium-containing gas mixtures for use
in dosimetry measurements, in the implantation and subsequent diffusion
studies of tritium in metals, in measurement of the distribution of tritium
between watar and hydrogen, and in preparation of very accurate standards
for the calibration of tritium monitors* The laboratory has enabled the
measurement of tritium production from irradiated lithium salts, which has
allowed an early and significant Canadian contribution to the international
fusion fuel breeder blanket program. It is also used in che very popular
CFFTi- sponsored Tritium Safe Handling Course to provide the participants
with the opportunity to gain "hands on" experience with handling tritium and
working with the special facilities needed to do this. In a jointly funded
CFFTP-CRNL project, a small fusion fuel cleanup system was designed, built
and tested at CRNL to demonstrate the purification of a hydrogen stream
containing impurities that are expected in a fusion reactor torus exhaust.
The second phase of this project is now underway where a second inert
atmosphere glove b ;x is being installed containing the cleanup system to
demonstrate its use with tritium.
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W.T. Shmayda
Ontario Hydro Research

800 Kiping Avenue
Toronto, Ontario M8Z 5S4

A demand for increased hands-on experience with tritium in a
controlled manner is currently prevalant in Canada. This
demand is arising on two separate although related fronts. The
Tritium Removal Facility at Darlington NGS is in the advanced
stages of construction. It is expected to handle large
quantities of pure tritium gas next year. During its
operational lifetime, unforeseen problems will arise and will
require solutions which have been experimentally verified. On
the second front, the Fusion Group based in Ontario, Canadian
Fusion Fuels Technology Projects, funds a broad range of fusion
reactor relevant research programs. Performance verification
with tritium is desirable and quite often essential.

A 1200 curie tritium laboratory has been designed and is under
construction at Ontario Hydro Research Division. Special
features have been implemented into the design to ensure
experimental programs can be carried out safely. One of the
key features of the laboratory is the tritium storage and
delivery system. This paper will detail its construction and
anticipated performance. Where applicable, relevant experience
developed in the laboratory will be discussed. The implica-
tions, impact and recovery from the failure of components
within the system will be presented. A full scale plastic
model of the loop will be used as a discussion aid.

The tritium storage and delivery system is a stainless steel
loop which consists of a hard vacuum subsystem, a radio
frequency mass spectrometer based analysis station, a dry cir-
culation pump and two uranium beds. All components are tritium
compatible. Typical operations to be performed by the system
are, assaying tritium stock, metering quantities of gas to
remote experimental work stations within the laboratory and
separating helium-3 from the inventory. The vacuum system
consists of a Balzers 150 L/s turbomolecular pump backed by a
helium tight mechanical pump. A getter has been inserted into
the foreline to minimize tritium losses by this route. Should
unacceptably large quantities (on the order of 0.1 curies) of
tritium gas escape from the loop into the vacuum system, a
simple but reliable tritium monitor located downstream of the
getter will isolate the loop from the stack and await operator
intervention. The mass analysis system uses a 5 micron pin
hole bleed to assay the quality of the tritium. This approach
minimizes gas losses to the stack and maximizes system
simplicity. The loop configuration is based on extensive
studies carried out at Ontario Hydro to minimize loop com-
plexity while maintaining flexibility to carry out all required
operations as well as recovery from off normal conditions.
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L K J k E B FOR TKITIUM.STORAGE

W.T. Shmayda and W.P. Kherani
Ontario Hydro Research Division

BOO Kipling Avenue
Toronto, Ontario M8Z 5S4

Tritium is produced in significant quantities in CANDU reactors
primarily via transmutation of the deuterium in the moderator
and the primary heat transport systems. A Tritium Removal
Facility (TRF) is being constructed at the Darlington Nuclear
Generating Station to recover the tritium. The extracted
elemental tritium is expected to have an isotopic purity
greater than 99.9% and will be stored in Immobilization
Containers as titanium "tritide". As demand dictates, tritium
will be transferred to temporary storage beds and subsequently
metered into shipping containers. A research program was put
in place to develop hands-on experience with bulk getter
storage beds and to study the dynamics of bed performance.
This paper summarizes the data base developed for temporary and
long term tritium storage on bulk getters and the operating
characteristics of a series of uranium and titanium beds built
and tested during this program.

The kinetics of loading and unloading hydrogen on to uranium
powder was studied on the simple 15 gram bed illustrated in
Figure 1. The loading rate was observed to depend on the gas
overpressure, the bed capacity at the start of the loading
cycle, the bed temperature, the bed orientation, the helium
content within the gas stream and the porosity of any in-line
filters. Assessment of a 6 kilogram doubly-contained uranium
bed, built by Los Alamos National Laboratory, at Ontario Hydro
Research indicated that the loading and unloading rates do not
scale up simply. The heat transport from the reaction zone for
example plays an important role in determining the effective
getter rate.

The performance of the Amersham International 100 gram uranium
bed was studied on a loop similar to that of Figure 1.
Consistent with the 15 gram study, results indicated that high
loading rates can be attained with the use of high porosity in-
line filters. This approach to enhance loading rates, however,
compromises the quality of the gas handling loop by contam-
inating it with uranium fines and accelerating the deteriora
tion of tight fitting components.

This paper will review the performance of singly-contained and
doubly-conLained bulk getter beds and present descriptions of
doubly contained 25 gram and 3 kilogram beds recently designed
at Ontario Hydro for tritium service.
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Modelling of Tritium Dispersion
in the Atmosphere

by R.P. Bell
Monserco Limited
6620 Kitimat Road

Mississauga, Ontario
L5N 2B8

The Ontario Hydro Tritium Dispersion computer code (OHTDC) is used to estimate
radiation doses to man that would result from an atmospheric release of
radioactive gases from either a fusion facility or a tritium removal plant.
The code has recently been compared to similar codes in France, Italy and
Sweden. An attempt is also being made to carry out a full scale test to
verify the accuracy of these codes. This paper outlines the method of
computation used by OHTOC and gives a comparison of its results with the other
codes and test data.

The model operates over a user specified grid of quadrilateral terrain
elements, each of which is uniquely characterized according to terrain
roughness length and tritium transfer coefficients which apply among the
atmospheric, vegetation and soil compartments. The standard Gausian diffusion
equations are used for the gas transport in air.

At each terrain element both tritium and tritium oxide are deposited on soil
and vegetation. The tritium gas that is deposited is assumed to be converted
immediately to the oxide form. The oxide both diffuses into the soil and
vegetation, and is redispersed back into the air. Transfer into the air is
dependent on the concentration difference multiplied by the exchange
velocity. Diffusion in the soil and vegetation is computed using
one-dimensional diffusion equations.

A sensitivity analysis was carried out to determine the influence of various
input parameters on the computed gas concentrations and the results are given
in the paper. Simulation runs on the field test conditions were carried out
and compared to the results of the other codes. Some results are given in
Figure 1.

The current status of full scale tests, and how they relate to code results
are to be presented. (Tests scheduled for May/June).



;ONCENTRATION
(Ci m"3 )

10-5

IO- 8

10
-7

10
- 8

10
- 9

10 10*

.-0HTDC

" Italy

'Sw»d«n

'Y

'I

1/

i,

REFERENCE CASE
7000 m

TIME(S)

Fig. 1
Comparison of Dispersion Codes

a
I



G - 8

CRITICAL. SAFETY ISSUES IN THE DESIGN OF

FUSION POWER FACILITIES

R. Stasko and K. Wong

Canadian Fusion Fuels Technology Project
2700 Lakeshore Rd. W.
Mississauga, Ontario.

In order to make fusion power a viable future source of energy, it will be
necessary to ensure that the cost of power for fusion electric generation is
competitive with advanced fission concepts. In addition, fusion power will
have to live up to its original promise of being a more radiologically benign
technology than fission. This paper will briefly overview a few of the key
safety issues presently recognized as critical to the ultimate achievement of
licenseable, environmentally safe and socially acceptable fusion power
facilities.

1.0 Potential Hazards Arising from Fusion Power Facility Operation

Unlike fission power plants, fusion power facilities will not have any safety
problems arising from reactivity excursions or removal of fission product
afterheat. Even if control systems fail, an ignited plasma will quench as
soon as first-wall materials begin to melt. Afterheat from activated
materials (eg: in the tritium breeder blanket) can be controlled via
appropriate use of simple, passive system safety design concepts.
Nevertheless, there are significant potential hazards that must be addressed.
Tritium is one of the key fuelling elements for the next generation of fusion
machines. Because of the requirement for a large facility inventory of
tritium (nominally several kilograms) this would be the critical radionuclide
with respect to public and occupational safety. In addition, there will be
hazards associated with 14MeV neutrons and dispersable activation products.

2.0 Seed for Inherent Safety Concepts

Due to an undercurrent of public disatisfaction with the present generation of
fission plants, a large effort is underway worldwide to develop inherently
safe fission reactors, and a number of innovative designs have already emerged
such as the Process Inherent Ultimately Safe (PIUS) reactor, and the Modular
High Temperature Gas Reactor (MHTGR). In order to compete with these advanced
concepts, fusion reactors will also have to embody 'walk-away safe* concepts
which rely solely on the inherent conductive and radiative heat transfer
properties of the materials comprising the blanket and first wall. This
should not prove to be an insurmountable engineering challenge, considering
the safety advantages of fusion (eg. no fuel afterheat to contend with). Any
disadvantages associated with a lower power density could be more than made up
by cost savings through elimination of many engineered safety systems, and by
avoidance of nuclear grade components for much of the core reactor systems.
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3.0 Acute Release Limits

These must be derived from maximum acceptable doses to individuals at the site
boundary. Recent NRC/EPA requirements in the US exempt licensees of nuclear
facilities from having to generate site evacuation plans as long as design
basis accidents do not result in individual doses greater than 1.0 rem. This
limit has been selected as representative of a realistic safety criterion that
would assure public acceptance. Preliminary analyses indicate that for an
exclusion boundary of one kilometer, this limit would not likely be exceeded
if acute releases of tritium do not exceed 200,000 curies released as HTO.
Note that while other volatile radionuclides may be released under various
accident conditions, tritium is generally considered to be the dominant
radionuclide.

4.0 Chronic Emissions

A recent study was performed at Ontario Hydro to evaluate and compare several
computer codes which model tritium dispersion and subsequent dose impacts .
While many parameters utilized in these codes are imperfectly understood, the
application of these codes to reference emission scenarios proved useful in
scoping the magnitude of anticipated public doses. For a default design
target of 100 Ci/day released as HTO, the dose at one kilometer was found to
vary from 2.19 to 20.8 mrem/yr. with a mean value of 8.34 mrem/yr. for ten
different codes run with the same data. Since the US NRC limit is 5.0
mrem/yr. (a value not too different from limits envisioned in other countries
with nuclear power facilities), operational flexibility suggests a more
conservative design target for daily tritium emissions.

5.0 Occupational Safety

The bulk of maintenance work in a fusion reactor hall will require remote
handling systems, due to the high activation levels of core components
surrounding the vacuum chamber. The biological shielding necessary to allow
for routine shutdown maintenance access is viewed, in many cases, to be
prohibitive. This would imply the need for full remote maintenance. However,
some shielding is necessary to limit neutron damage and thermal load on magnet
materials/systems, and more is needed to avoid unacceptable activation of
structural material in the reactor hall. It therefore follows that some
degree of personnel access should be possible, and is likely desireable for
the purpose of: 1) optimizing for small, relatively intricate tasks which
would not be cost effective to perform remotely (eg; connect/disconnect
coolant lines or electrical systems) or 2) to ensure a large degree of
operational flexibility in response to unanticipated tasks for which no remote
handling capability exists.
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6.0 Radioactive Waste

The active waste material from a fusion reactor comes almost entirely from the
first wall and blanket. Present estimates of the life of the first wall and
blanket suggest that these components will be replaced after a radiation dose
equivalent of 20 MW.year/sq. meter, which corresponds to a replacement period
of five years for most designs. After several years of on-site storage, decay
heat and entrained radioactivity is expected to be low enough that offsite
transport and shallow land burial are deemed adequate disposal concepts.
Available studies indicate that the volume of active waste generated by fusion
reactors will be comparable with that from fission plants. However, these
wastes are different in composition since neither actinides nor fission
products are present. The activity is also contained in the metallic
structures wherein they were generated.
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EXPERIMENTAL AND ANALYTICAL STUDIES IN SUPPORT
OF FUEL CHANNEL CRITICAL POWER IMPROVEMENTS

By

D.C. Groeneveld

Thermalhydraullcs Development Branch
Chalk River Nuclear Laboratories
Chalk River, Ontario, KOJ 1J0

SUMMARY

During the past 10 years, Chalk River has Investigated the CHF, pressure
drop and post CHF performance of various bundle designs. The main object-
ive of these studies is to increase the fuel channel critical power (CCP)
without severe penalties of increased channel pressure drop and excessive
post-dryout temperatures. The results have demonstrated a significant
potential for increasing Critical Heat Flux. An assessment of the incre-
ase in critical channel power has also been made for certain bundle desi-
gns by including the effects of bundle pressure drop and the hydraulic
characteristics of the complete reactor circuit. The effects of a change
in flow, a redefinition of dryout and more accurate determination of chan-
nel flow and critical heat flux on the CCP have also been considered.
Figure 1 illustrates schematically how the above mentioned effects can
influence the CCP. The top curve represents the hydraulic characteristics
of the reactor channel and is governed by the system hydraulics and pump
characteristic while the bottom curve presents the unique relationship
between flow and dryout power for a given bundle geometry, inlet tempera-
ture and pressure. A discussion of each effect follows.

1. INCREASE CCP BY USING ENHANCEMENT TECHNIQUES

Chalk River has recently completed a series of tests on a 37-rod bundle
equipped with various types of CHF enhancement devices. The devices test-
ed include extra bearing pads, extra spacer planes, vortex generators in
square subchannels, flow obstruction vanes in square subchannels and grid
spacers. The largest increases in CHF were observed with the 4 extra
spacer planes and the grid spacers. A slightly smaller increase, but com-
bined with a much more modest pressure drop penalty was observed for the 2
extra spacer plane case. Figure la shows schematically the effects of CHF
enhancement devices on CCP.

2. CCP IMPROVEMENTS DUE TO AN INCREASE IN FLOW

For a given geometry an increase in flow will significantly increase the
CHF and CCP. In existing reactors an increase in flow may be obtained by
modifying the pump impeller, streamlining the bundle appendages or by
using double length bundles. Some evidence is available suggesting that
streamlining bundles could have a negative effect on CHF. Reducing the
number of bundle junctions in a channel by increasing the bundle length is
an attractive option since bundle junctions are responsible for a signi-
ficant fraction of the total channel pressure drop. For a new reactor,



H - 2

additional options available include: streamlining end fittings, using
fewer bundles/ channel, increasing outlet feeder diameter, increasing the
channel flow area, and using a larger capacity pump. The resulting incre-
ase in CCP is illustrated in Figure lb.

3. CCP IMPROVEMENT BY DRYOUT REDEFINITION

The classical view of the dryout heat flux is that of a heat flux limit,
beyond which the sheath temperature drastically increases. Recent experi-
ments on full scale replicas of a PHWR fuel channel have shown quite a
different picture; here the presence of an intermediate dryout region was
observed where the sheath temperature is too high to maintain continuous
liquid contact and too low to maintain continuous vapour contact. The
intermittent heat flux is bounded by the Onset of intermittent Dryout
^OID^ ^OID^ a s t*ie l° w e r temperature and heat flux boundary and
the Onset of Dry Sheath (^oDS'^ODS^ a s t h e uPP e r temperature and
heat flux boundary. Although experiments for a more exact determination
of the ODS conditions are still underway, recent results suggest the
TODS V a l u e t 0 ke approximately 375°C at reactor conditions of inter-
est. It is suggested that since the ODS condition represents a phenomeno-
logically correct dryout criteria, it should be used in future licensing
submissions. Previous dryout definitions were based either on OID or on
the observation of temperature rises of various magnitudes which corres-
pond to a poorly defined point within the intermittent dryout region. The
gain in CCP by using ODS instead of OID is illustrated in Figure lc.

4. INCREASING CCP BY REDUCING UNCERTAINTIES IN FLOW AND CHF

Figure Id illustrates that the CCP (defined by the intersection point of
the flow-power curve and the CHF curve) has a wide band width due to
uncertainties in both curves. The uncertainty in the flow (top curve) can
be reduced by more exact prediction methods of pressure drop (single-phase
and two-phase) in the fuel channel, endfittings and out-reactor components
such as boilers, as well as a better prediction of void fraction distribu-
tion. The uncertainty in the CHF curve may be reduced by more exact out-
reactor CHF experiments, a better method for including the effect of axial
flux distribution on CHF, and a better simulation of in-reactor conditions
in out-reactor experiments (i.e. include effect of misalignment, creep and
end-flux peaking).
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THE ONSET OF SUBCOOLED NUCLEATE BOILING IN NUCLEAR FUEL BUNDLES

by

C.W. Snoek

Thermalhydraulics Development Branch
Chalk River Nuclear Laboratories

Chalk River, Ontario
KOJ 1J0

SUMMARY

INTRODUCTION

One of the requirements for Loss-of-Regulation Accident (LORA) analysis of
water cooled nuclear reactors is the prediction of two-phase pressure drop
of the coolant in the fuel channel. Many existing pressure drop
prediction methods employ two-phase multiplier correlations based on
adiabatic vapour-liquid flow. It has been shown in Reference 1 that the
use of such multiplier correlations with the thermodynamic equilibrium
quality results in unsatisfactory predictions of the pressure profile in
heated bundles. In order to compute a realistic vapour weight quality, a
reliable Onset of Nucleate Boiling correlation valid for bundles must be
used.

Existing correlations for the Onset of Nucleate Boiling (ONB) or the Onset
of Significant Void (OSV) do not adequately predict the location in a
reactor channel where boiling starts to affect the pressure profile. A
reactor channel contains many subchannels of varying enthalpy and conse-
quently boiling may occur in one subchannel and not in another at the same
cross-section average conditions. Therefore, a new correlation was
derived from some recently obtained 37-element geometry simulated bundle
pressure drop data.

DATA BASE

The pressure drop data used for the correlation came frr, an experiment
with a simulated CANDU-geometry bundle having a skewed cosine axial heat
flux profile and using water as the coolant. Geometrically the bundle was
similar to a string of 12 aligned bundles with simulated endplates.

Using as many different experimental conditions as practicable, the mea-
sured two-phase pressure profile was plotted along with the prediction of
the pressure gradient had the flow been single phase. An example is shown
in Figure 1. Vertical bars are shown at the visually determined ONB point
and where the therraodynamic equilibrium quality equals zero. From the
example it is obvious that the two-phase pressure profile starts well
upstream from the location of zero quality.
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Using an expression of the form proposed by Saha and Zuber^, the local
ONB conditions were correlated with the local cross-section average qual-
ity. The resulting correlation is given by:

XONB = ~ 5 6 8 B ° — < X >

where XnKre
= thermodynamic quality at the Onset of Nucleate Boiling,

Bo = Boiling Number (;rr-) , and

<j> - Cross-section average heat flux

This correlation predicted the data reasonably veil. However, it was
found that the prediction error was dependent on the inlet quality. At
low subcooling, the correlation lost the edge of its predictive capabili-
ties. For this reason, the data was re-optimized using an inlet quality
term:

7X 5X
-2150 (1-e l n) (1+e i n) Bo1'15 ...(2)

This inlet quality term has correct asymptotic trends. When the inlet
quality approaches zero, the quality (X) at ONB also converges to zero.
When the inlet temperature is very far below saturation (large negative
X^ n), the inlat quality term effectively disappears.

To find the ONB location in a reactor channel with non-uniform axial heat
flux, for any given local and inlet conditions, a simple iterative solu-
tion scheme may be used:

Starting at the channel inlet, calculate and compare X and X_Mn.
l o c a l u n j s

At the i n l e t , normally X < X M . The comparison
local ONB

may be iterated down the channel unti l X and XrtMT, converge.
local U N B

Where X , = XnMn, the two-phase boiling regime starts as far
local U W B

as pressure drop calculation is concerned.

Equation (2) predicted the 136 ONB data with an average and RMS error of
0.6 and 13.2% respectively. No significant error trends with the inlet
parameters were observed. Application of Equation (2) in conjunction with
available vapour weight quality1 and two-phase multiplier correlations
resulted in /ery accurate predictions of the two-phase pressure drop in
several multi-element bundle data banks.
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CONCLUSION

When predicting the pressure drop in CANDU fuel channels, it is essential
that the two-phase flow pressure drop be evaluated starting from the point
of ONB. Two correlations are recommended in this paper. Equation (1) is
accurate and allows fast computing. Equation (2) is recommended when the
inlet quality is hign. The application of both equations in combination
with suitable vapour weight quality and two-phase multiplier correlations
resulted in very successful multi-element bundle pressure drop predict-
ions.

REFERENCES

(1) C.W. Snoek and S.Y. Ahmad, "A Method of Predicting Pressure Profiles
in Horizontal 37-Element Clusters", Multi-Phase Flow and Heat Trans-
fer III. Part A (1983) edited by T.N. Veziroglu and A.E. Bergles,
Elsevier Science Publishers, Amsterdam.

(2) P. Saha and N. Zaber, "Point of Net Vapour Generation and Vapour
Fraction in Subcooled Boiling", 5th International Heat Transfer
Conference, Tokyo, Paper B4.7, 1974.
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CIRCUMFERENTIAL DRYPATCH SPREADING ON FUEL ELEMENTS
IN THE POST-DRYOUT HEAT TRANSFER REGIME

by

CW. Snoek
Thermalhydrauli.es Development Branch

Chalk River Nuclear Laboratories
Chalk River, Ontario

KOJ 1J0

INTRODUCTION

During the course of a Loss—of—Regulation Accident (LORA), the chances are
that in some parts of the reactor the Critical Heat Flux (CHF) will be
exceeded. Exceeding the CHF results in an impeded heat flow from fuel
element to coolant and may result in fuel failure or fuel centreline melt-
ing.

Recently, the extent of element sheath overheating and drypatch spreading
was experimentally investigated using an electrically heated 37-element
bundle. This bundle simulated a string of 12 aligned CANDU fuel bundles
placed end to end. The bundle was six meters long and had simulated end-
plates every 50 cm.

A realistic radial heat flux depression as well as a skewed cosine axial
heat flux profile were part of the bundle design. Provisions were made to
radially and axially scan the interior of several of the element sheaths
with thermocouples. From these interior sheath temperatures, the outside
sheath temperature could be calculated.

For given experimental conditions, the Critical Channel Power (CCP) was
measured first. After the CCP was established, the electrical power to
the bundle was increased in discrete steps. After every increment, the
element sheath temperatures were scanned. In this way, an element temper-
ature profile was obtained at various Critical Overpower Ratios (COR).

DATA BASE

The data were obtained from 12 experiments with different operating condi-
tions and 7 repeat experiments. The flow ranged between (nominally) 9 and
16 kg/s and the inlet temperature varied between 187°C and 284°C. The
pressure was approximately 10 MPa. During these experiments, the thermo-
couples were rotated and moved axially to obtain an element temperature
profile.

Just upstream of the endplates and spacer planes the extent of drypatch
spreading was usually largest. In this study, the drypatch was defined as
the area where the sheath temperature exceeded 375°C.
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An example is shown in Figure 1. In these envelopes of an element sheath
shown folded open, the different symbols refer to temperature fields above
and below 375°C. The wear pad and spacer locations are also indicated.
In the top envelope where the power equals 9459 kW (about 1.04 COR) a dry-
patch is shown near 270° at the mid-plane spacers.

As the power is further increased, this drypatch increases in size and a
downstream drypatch appears as shown in the envelope below. The drypatch
is growing circumferentially (as well as axially) as the power is increas-
ed. At the power of 10594 kW (COR=1.16), the downstream drypatch has
wrapped circumferentially around the sheath. Although it was shown in
Reference 1 that the temperature rise was moderate under these conditions,
this drypatch wrap-around situation may lead to an elevated fuel centre-
line temperature.

The Circumferential Drypatch Fractions (CDF) were visually established
from thesa graphs. For correlating purposes the COR and other pertinent
local conditions (pressure, heat flux, quality and coolant mass flux) were
recorded.

RESULTS AND DISCUSSION

It is to be expected that parameters such as local heat flux, mass flux
and quality influence the spreading of a drypatch. An increase in the
local heat flux will help a drypatch to grow whereas an increase in mass
flux or quality (due to an increase in water velocity) will retard the
growth of a drypatch due to enhanced cooling of the sheath. However,
these effects were not obvious from the data. Figure 2 shows the data for
different ranges of the Boiling number and quality. It can be seen that
the data cannot be easily correlated. For low values of the COR, the CDF
is also low. As the COR increases, so does the CDF. The data show that
in any given experiment, the drypatch does not wrap around below
C0R=1.13.

The parabola

CDF=18.7 (COR)2 - 32.5 COR + 13.8 ...(1)

limits the magnitude of the Cieumferential Drypatch Fraction for any given
value of the Critical Overpower Ratio. At COR=1.1, the maximum observed
CDF was about 0.5. Equation (1) limits the CDF to approximately 0.7.

Equation (1) was also applied to data not used for its derivation. Other
cosine CDF data, CDF data from a uniform high heat flux bundle and Freon
CDF data were successfully predicted.
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CONCLUSIONS

This study shows that cooling of individual fuel elements beyond the Crit-
ical Heat Flux is much better than was expected. The growth of a drypatch
with an increase in heat flux takes place in a controlled manner. In the
experiments, the earliest wraparound dryout (CDF=1.0) happened at a Criti-
cal Overpower Ratio of 1.14.

REFERENCES

1. Snoek, C.W. "Drypatch Spreading Inside a Multi-Element Bundle", Invi-
ted paper presented at "China-US Seminar on Two-Phase Flows and Heat
Transfer", 1984 May 7-18, Xi'an, People's Republic of China. Two-
Phase Flow and Heat Transfer, China-US Progress, X-J Chen, T.N.
Veziroglu, Editors, Hemisphere Publishing Corporation, 1984, pp 243-
272. Also AECL report no. 8551.
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PREDICTION OF VOID FRACTION IN STEADY

HORIZONTAL STRATIFIED FLOW

by

P. Gulshani

Atomic Energy of Canada Limited
CANDU Operations

Sheridan Park Research Community
Mississauga, Ontario L5K 1B2

SUMMARY

Stratified two-phase flow occurs at low flow rates in horizontal

industrial pipelines. Examples are the flow of oil and natural gas in

pipelines and steam and water in nuclear heat transport system piping

following a postulated loss of coolant accident.

To study flow patterns and heat transfer in horizontal stratified

two-phase flow, the liquid level is needed. In previous studies, the liquid

level was identified with the equilibrium level or a correlation, such as

Martinelli1s, was used. In the present study, the one-dimensional two-fluid

conservation equations are used to predict the liquid level in steady

co-current stratified flow of gas and liquid in a horizontal tube and rod

bundle tube. This flow pattern can occur in a CANDU fuel channel under low

flow conditions.

For no mass or energy transfer between the phases (i.e., no heat

input) the gas and liquid momentum equations are combined to obtain a first

order differential equation for the liquid level, a.. This equation predicts

three distinct possible (terminal) levels (dotted lines in Figures 1-3),

namely: the equilibrium level (a in Figures 1-3) and two critical levels

(a. and a. in Figures 1-3). Depending on the gas and liquid flow rates,
Jlcl x.c2

one of these levels is statically unstable and corresponds to a state of

maximum mechanical energy and, hence, can only be attained at

* To be presented at Seventh Annual Conference of Canadian Nuclear Society,

Toronto, Canada, 1986 June 8-11
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the tube entrance under certain conditions (for example, a in Figure 1,

ex. in Figure 2 or a in Figure 3). The other two levels ard

statically stable and each corresponds to a state of minimum mechanical

energy. Thus, tl tise two levels can only be reached at the end of the

channel where the energy must be minimum (for example, a. and a in

Figure 1, etc.)- Thus in the model a continuous variation in level

(each solid curve Figures 1-3) from the upstream to the downstream end of

the channel is predicted as a function of the flow rates and the boundary

condition at one end of the channel. The equilibrium level is approached

,i..ymptotically and, hence, is reached only in channels of very long reach.

The equilibrium level is indentical to that used in previous

studies :juch as Taitel-Dukler's and is determined by balance of gas

and liquid frictional pressure drops and interfacial shear drag. One

of the critical levels is analogous to that in single-phase flow in open

channels. In open channels, the critical level corresponds to a state

of minimum mechanical energy.

For given gas and liquid flow rates, the equilibrium level may

lie above, in-between, below or coincide with one of the two critical

levels (Figures 1-3). For each of these four level configurations, the

four possible liquid level profiles along the channel are deduced from

the momentum equation. Each of these level profiles either commences from

and/or terminates on the equilibrium or a critical level. For given gas

and liquid flow rates, a boundary condition such as the knowledge of the

level at some point or whether the flow is sub- or super-critical up- or

down-stream is then needed to determine a unique liquid level profile.

To obtain closed-form solutions, circular pipe geometry is

replaced by a square one of equal cross-sectional area. This is a

reasonably good approximation. For square pipe geometry and for given

gas and liquid flow rates, the combined momentum equation is solved to

obtain a closed-form, implicit solution for the liquid level axial

profile subject to a down- or up-stream boundary condition. This



H - 15

solution is then applied to some relevant experiments. Most experiments

done so far to study stratified two-phase flow in a horizontal pipe have

used a separation tank at the pipe discharge. The separation tank causes

the liquid level at the pipe discharge to be at or below the critical level

in analogy with free overfall in open channels. For this experimental

arrangement and for subcritical upstream condition (for which the equilibrium

level lies between the two critical levels as in Figure 1) ,the level is

assumed critical at the pipe discharge (where the energy is minimum). For

supercritical flow condition (for which the equilibrium level is below the

critical levels as in Figure 2), the liquid level is assumed critical at

the pipe entrance (where the energy is maximum).

For the range of gas and liquid flow rates used in one set of

stratified flow tests and with the above boundary conditions, reasonably

good agreement between the predicted and observed levels is obtained. The

predicted and observed levels are found to be generally different from the

equilibrium level particularly for laminar-liquid laminar-gas flow regime.

The liquid level profile is also predicted for a pipe arrangement

more relevant to a CANDU fuel channel where the horizontal pipe ends with

a vertical pipe instead of a separation tank. However, for this pipe

arrangement, energy consideration requires the level to be critical at

the end of the horizontal pipe whenever the equilibrium level lies below

the (upper) critical level (Figures 1(b) and 2(b)), and at the entrance to the

pipe whenever the equilibrium lies above the (upper) critical level (Figure 3 (b))

With these boundary conditions and for the same range of gas and

liquid flow rates used above, the predicted liquid level is found to be

everywhere higher than is the case with a separation tank at the pipe exit,

particularly for laminar-liquid laminar-gas flow regime. For some of the

highest gas flow rates used, the liquid level is predicted to rise and reach

the upper critical level near the pipe wall in a short distance from the pipe

entrance. This implies that for these flow rates stratified flow condition

can exist only along a short length of the pipe from the entrance.
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It is concluded that the downstream boundary condition may have

a significant effect on the upstream void-fraction in horizontal stratified

two-phase flow particularly for the laminar-liquid laminar-gas flow regime.

For this flow regime, a free fall condition at the pipe discharge end tends

to increase upstream void fractin. The free fall condition has been used

in most gas-liquid stratified flow experiments conducted so far, so the

effect of downstream boundary condition needs to be investigated.

References

1. Y. Taitel and A.E. Dukler, "A Model for Predicting Flow Regime Transitions

in Horizontal and Near Horizontal Gas-Liquid Flow", ASME Paper 75-WA/HT-29.
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AIR-WATER FLOODING IN AN ELBOW BETWEEN A VERTICAL PIPE

AND A SLIGHTLY INCLINED PIPE

by

P.T. Wan and V.S. Krishnan
Atomic Energy of Canada Limited

Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0

SUMMARY

The core of a CANDU reactor consists of many horizontal fuel channels
connected to headers above the core by sections of horizontal and vertical
feeder pipes. In some postulated loss-of-coolant accidents (LOCAs) in the
CANDU system, it is predicted that rapid channel voiding would occur,
followed by a prolonged period of near-zero header-to-header pressure drop
in the breached circuit. Experiments conducted under these conditions In a
full-scale channel-feeder test facility indicate that the delivery of
emergency cooling water to the channel is delayed by countercurrent-flow-
limit (CCFL) effects in the feeder pipework, particularly in 90° elbows1.

CCFLs In upright 90° elbows have previously been studied In air-water2*3

and steam-water^ flows. The present work describes an experimental study of
CCFL in air-water flow in an upright elbow with the lower leg slightly (up
to 0.35°) inclined to the horizontal. Both upward and downward inclinations
were studied.

The test facility consisted of an upright glass elbow with a water supply
tank and an air supply tank connected to its vertical and horizontal legs,
respectively. Water flowed down the vertical leg via a porous sinter and
air was injected into the horizontal lower leg countercurrent to the water
flow. The test procedure was to first establish a preselected, steady water
flow in the elbow. The counterflow of air was then increased in small steps
until a slug of water formed in the horizontal leg, leading to water carry-
over into the vertical leg and out into a separation tank. Experiments were
performed in which the lower leg of the elbow was slightly inclined, up or
down, while the vertical leg was kept in the same position.

Figure 1 shows the flow patterns observed in the elbow for the cases of
(a) upwardly inclined, (b) perfectly horizontal, and (c) downwardly inclined
lower legs. In the following discussion, the observations in the horizontal
case are compared with those in the other two cases.

For a slight upward inclination of the lower leg, the depth of the
hydraulic jump was higher. Therefore, as would be expected, flooding occur-
red at lower gas flows. For a slight downward inclination of the lower leg,
the location of the hydraulic jump shifted away from the elbow bend and was
less pronounced. This is, again, as would be expected because a component
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of gravity is accelerating the flow in this case. Consequently, flooding
occurred at higher gas velocities.

Figure 2 summarizes the observed CCFL results. As may be seen, the elbow
with an upwardly inclined lower leg requires much less air flow to cause
flooding than the elbow with a horizontal leg, whereas the elbow with a
downwardly inclined lower leg requires more.

The paper will discuss the experiments and the results obtained in
detail. In particular, the importance of the results in predicting refill
behaviour of CANDU reactor feeders under postulated upset conditions will be
discussed.
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FIGURE 1: Observed Flow Patterns in the Elbow with Lower Leg (a) inclined
upwards, (b) horizontal and (c) inclined downwards
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NUMERICAL SIMULATION OF CONFINED JET UNDER SUCTION
AND COJNTER-MOMENTUM FOR CANADIAN MAPLE RESEARCH REACTOR

By

S.Y. Shim and D.K. Baxter

Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba, Canada ROE 1L0

A new multi-purpose research reactor, called MAPLE (Multi-purpose
Applied P_hysics Lattice Experimental), has been developed at Atomic Energy
of Canada Limited. The MAPLE concept is an upward-flowing light-water-
cooled research reactor with an open chimney-in-pool arrangement. As part
of the thermalhydraulics study, a two-dimensional flow model was used to
simulate flow patterns in key components of the reactor to study the effect
of the jet from the core in the open-chimney environment. The effectiveness
of counter-momentum flow, that was designed to suppress the jet, was
examined for various operating conditions.

The primary heat transport system of a typical MAPLE research
reactor contains key components such as the core, chimney, pool, inlet
plenum, heat exchangers and pumps. During normal operation, heated water
from the core temporarily resides in the chimney and is then drawn to the
heat exchanger by the pump. From the heat exchanger, the cooled water
returns to the inlet plenum. The counter-momentum flow, a small fraction of
the total flow, returns to the top of the chimney and flows downward through
it combining with the core flow. The combined counter-momentum and core
flows exit from the chimney via an outlet duct leading to the heat
exchanger.

A major function of the counter-momentum flow in the chimney is to
suppress the submerged core jet, which contains activity, so that the
kinetic energy of the jet can be dissipated through viscous shear in the
chimney. The physical process here is rather complicated as the inertial
force of the jet counter-balances the suction and counter-momentum forces
within the chimney. No relevant experimental or analytical information for
this problem has been found in the open literature, although many
investigators have dealt with jet problems in stagnant environments [1].
The present study investigates the effect of the jet on local flow
distributions under suction and counter-momentum environments to determine
whether any significant radionuclides in the jet migrate to the pool
surface. The flow patterns in the chimney and pool result from a balance
between the inertial momentum of the core-jet, the counter-momentum flow
down the chimney and the suction flow from the chimney.

A two-dimensional flow model has been used to study the detailed
local flow distributions in such key components of the MAPLE research
reactor as the pool, chimney, core and inlet plenum. The STEFAN code f2]
was adapted to accommodate the geometry and boundary conditions of the MAPLE
research reactor. The code solves continuity and momentum equations for
steady-state predictions of an incompressible single-phase fluid. A
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staggered grid is used wherein the velocity nodes lie between the pressure
nodes. The code employs the hybrid upwind-central difference numerical
scheme for the convection-diffusion flux terms to improve accuracy depending
on the local Peclet number. The resulting finite difference form of the
governing equations is treated like an initial value problem and is in an
implicit expression in terms of dependent variables. This discretized
equation is solved using an alternating direction method which double-sweeps
in the x- and y- directions sequentially on a line-by-line basis using a
tri-diagonal matrix algorithm. The pressure-velocity coupling is handled
using the SIMPLE procedure [3J. The inlet and outlet ducts were not
simulated but were taken into account by providing appropriate boundary
conditions at the exit from the chimney to the pump and at the inlet
returning from the heat exchanger. The porous-media approach was taken to
account for the effect of the fuel assemblies on the flow distribution. The
wall function method was employed to enforce the logarithmic law of the wall
and to model wall shear stress.

Isothermal flow simulations in two-dimensional Cartesian
coordinates have been made to study the limitation and performance of the
MAPLE research reactor for various operating conditions. The study examines
the effect of core-jet velocity, counter-momentum flow, and effective
viscosity on the local flow distributions. The numerical results for
isothermal flow have been obtained from which the following conclusions may
be drawn:

(i) the suction and counter-momentum, are the dominant forces
which suppress and confine the core jet within the chimney,

(ii) the effect of effective viscosity on flow patterns becomes
more significant for low core-flow conditions, and

(iii) the trends of parametric effects are;

- the higher the core-jet velocity, the higher the jet
penetrates up the chimney

- the higher the effective viscosity and, the more diffused
the jet, the less it penetrates up the chimney

- the higher the counter-momentun flow, the better the
core-jet suppression.

An experimental program to verify this investigation is underway
at the Whiteshell Nuclear Research Establishment.
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LOAD FOLLOWING IN CENTRAL NUCLEAR EN EMBALSE:
OPERATING EXPERIENCE AND ANALYTICAL SUMMARY

by

E. Diaz and J. Vinez

CNEA

H. Keil, A.M. Manzer, J.P. Karger

Atomic Energy of Canada Limited
CANDU Operations

The Central Nuclear en Embalse has been operating in response
to varying demands for power since the station was declared in service
on 1984 January 20. This mode of operation provides AECL and CNEA the
opportunity to participate in a load following study. While the
initial aim of the study was to evaluate any limitations to weekly
power level changes, the present intention is to extend the study to
also evaluate daily load changes.

The study program started in 1985 with weekend cycles when
power was reduced by approximately 20 or 40 percent from either 100 or
80 percent to either 80 or 60 percent, depending on grid demands.
About 35 cycles were performed in 1985. The data collected and
summarized in this paper reflect reactor, fuel, process and control
plant behaviour. The experience at Embalse is the first opportunity
to demonstrate, on a large scale, the 37-element fuel configuration
under load following mode of operation.

The behaviour of the process and control systems has been shown
to fall within the design envelope of the station. Data collected
includes the steam generator level, feedwater temperature, reactor
outlet header temperature and pressurizer level which typically vary
as a function of reactor power. Other variables such as the reactor
inlet temperature, steam pressure, and reactor outlet header pressure
are maintained within small variations as defined by the control
system design intention. A typical example is a variation of 3°C in
the reactor inlet temperature while the reactor power changes from 100
to 60 percent.

The tests and assessment confirm that the primary heat
transport pressure boundary is operating within design limits.



1 - 2

The performance of the 10,000 Canadian-built fuel bundles
irradiated to December 1985 is excellent. The defect rate of only
0.07 percent is within the range experienced in other CANDU plants
that operate under base load conditions. Furthermore, the defects
that have been identified are single element failures. These failures
were not preferentially confined to high powered nor high burnup fuel
where power related defects would be expected. Instead, most defects
belonged to the first change load which was subsequently discharged in
early 1985, prior to the period in which significant load following
occurred. Good fuel performance with load following is attributed to
a number of design features. These include: graphite Canlub coatings
that protect against pellet-clad-interaction; collapsible, ductile
sheaths that reduce stresses associated with power cycling; horizontal
orientation that avoids fuel stack relocation effects observed with
vertical orientation; and relatively short residence times in-core
that minimize the risk of fatigue failure.

The consequences of fuel defects are minimized in CANDU by
virtue of on-line defect detection and on-power refuelling capability.
The delayed neutron system is normally used to locate suspect fuel
which can be subsequently removed at power with fuelling machines.
The result is that coolant activity level, for example iodine-131, is
typically below IMBq/kg D20.

In summary, the CANDU 600 plant at Embalse has demonstrated
excellent and safe performance during load following on a weekly
basis. The current program is intended to continue with data
collection and analysis for more frequent cycles.
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STEAM GENERATOR LEVEL CONTROLLABILITY

by

W.G. Schneider and J.T. Boyd

Babcock. and Wilcox Canada

The steam generators used in the CANDU PHWR system are exposed
to operating transients considerably more severe than those in PWR
systems. These transients include power increases at rates as high as
1% per second as well as rapid power setbacks from full load to 60%.
It is a requirement of the CANDU steam generators that water level
fluctuations during such transients be both predictable and
controllable.

The paper reviews the design of the steam generator equipment
and the development of water level control philosophy for the CANDU
units at Point Lepreau G.S. and at Bruce G.S. "B". It then examines
the water level response characteristics seen during the commissioning
stage and compares them with the predicted characteristics. At Point
Lepreau a significant commissioning effort was required to success-
fully execute these transients without a water level trip. The Bruce
units proved to be much more easily controlled. The difference was
attributed to design improvements.

The original performance requirements specified for the steam
generators related totally to steady state operation except for the
rapid restart transient. This transient relates to the need to
restore power to a high level within about forty minutes of a trip in
order to avoid a two day poison-out due to xenon buildup. The total
transient from zero to full power is under 300 seconds in length and
the 25 to 80% ramp is at a rate of 1% full power increase per second.
A substantially defined transient is the load rejection maneuver. In
the case of total loss of electrical load the reactor is very rapidly
run back to 60% power and held at that level. During this maneuver,
the steam flow which has been cut off by the turbine stop valve
closure is diverted via discharge valves to the condensor.

The difficulty with rapid startup is in accommodating the
increase in water level without incurring a turbine trip due to high
water level. During load rejection the problem is to not only
accommodate the shrink in level due to the power reduction but to
control or accommodate the level changes due to the operating pressure
fluctuations. These pressure fluctuations result from the timing of
the turbine stop and condensor discharge valve movements.
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Pre-operational analysis of the Point Lepreau units indicated
that the design was not the optimum for accommodating the rapid
startup swells. This was attributed to the relatively large riser
volume and the relatively short drum. To achieve the runup it was
decided to begin startup from a water level below the primary
separator deck and to have zero feed flow until the level peak had
passed. During commissioning it was discovered that while these
factors were positive moves, they resulted in a complication of the
startup process and in some severe level response conditions. It was
also discovered that the pressure fluctuations had a significant
effect on level during the load rejection transients.

At the design stage of the Bruce units the configuration was
opimized to povide more drum volume to accommodate swell. The
effectiveness of this approach was confirmed at the commissioning
stage. During both the startup and load rejection maneuvers boiler
levels were well behaved.

All of these units are now operating very well. The insight
into operating dynamics gained from this design, simulation and
commissioning work has enhanced the operation of these units and the
design of subsequent ones•
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USE OF ACOUSTIC EMISSION TO LOCATE THE

GARTER SPRINGS OF A CANDU FUEL CHANNEL
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5 King's College Road 5 King's College Road
University of Toronto University of Toronto

Toronto, Ontario M5S 1A4 Toronto, Ontario M5S 1A4

H. Licht
Research Scientist

Nondestructive Testing Development Branch
Atomic Energy of Canada-Research Company

Chalk River, Ontario
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This paper describes current research in acoustic emission, having as its ultimate goal the
development of a method to determine the location of the garter springs (ring spacers) in
CANDU-PHW reactor fuel channels without removing the fuel from the reactor. The analytical
and practical results of this research are presented and the direction and scope of future work
are outlined.

It is important to confirm that garter springs in CANDU fuel channels are near their
prescribed positions, and thus will prevent pressure tube/calandria tube contact; such contact is
believed to be a significant contributing factor to degradation of pressure tube integrity. It is
not economically practical to de-fuel the entire reactor prior to channel-by-channel inspection,
as this would result in several months of downtime.

One potential inspection method that is currently being investigated at Chalk River
Nuclear Laboratories, Ontario Hydro Research, and University of Toronto, is based on acoustic
emission. In principle, sensors mounted on a fuel channel's end fittings outside the calandria
could detect vibrations caused by impingement of the garter springs on the pressure tube when
the latter is shaken; suitable signal analysis could then reveal the locations of the garter
springs.

Preliminary experiments were performed at CRNL, where a partial mock-up of a fuel
channel, consisting of a pressure tube with one Bruce-A end fitting and an automated device to
simulate garter spring impingement, was assembled. Vibration measurements were recorded for
various positions of the source relative to the sensor, both axially and circumferentially. The
signals thus gathered were analyzed. As a result of initial tests, it was decided that a "signa-
ture analysis" approach might be adopted, in which a "library" of signals corresponding to vari-
ous axial and circumferential positions of the garter springs would be recorded. Signals from
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each fuel channel would then be cross-correlated with the "library" during actual tests, and
thereby indicate the garter spring positions.

Further tests and evaluations enabled the determination of several significant parameters
of this approach. These include optimum sample length T, frequency bandwidth Af, sampling
interval At, and mesh fineness in the axial ( Ax ) and circumferential ( A0 ) directions required
to achieve the desired resolution. At the same time, certain potential obstacles were identified.
These include:

1. Variability of Signatures: It was found that the garter spring signal is dependent upon
many parameters, the effects of some of which are not easily controlled or quantified, e.g.
the type of endfitting, pressure tube imperfections, rolled joint variability, pressure tube
history and creep, etc. If these effects are found to be significant, the "library" could
become enormous.

2. Background Noise: This is virtually absent in our data, but may be significant in real
tests and could affect the signal processing strategy adopted.

3. Fuel Channel Excitation: The choice of a method for making a fuel channel shake such
that the garter springs "bounce" on the pressure tube will also affect the success of signal
processing efforts.

4. Signal Generation: Another source of variability is the fact that a pinched garter spring
may "rub" rather impinge on a pressure tube.

In order to address the problems outlined above, a mathematical model of pressure tube
vibrations was formulated. The effects of complicating factors such as presence of heavy water,
fuel, uncertain boundary conditions, and deviations from classical "shell" theory were investi-
gated. Two shell theory models were applied to a tube with a length/diameter/thickness ratio
similar to that of a pressure tube. One was "classical" thin-wall theory; the other included large
thickness effects of shear deformation and rotary inertia. The predictions of the theories and
their correlation with experimental results are presented.

In conclusion, "Signature Analysis" has been shown to be one of the potential methods of
locating garter springs in CANDU-PHW reactor fuel channels without de-fueling. Some practi-
cal aspects of the method have been investigated and relevant parameters determined. In sup-
port of this work, analytical work has determined which type of shell theory can be used to
model pressure tube vibrations.

The complexity of this problem is such that despite all efforts, a system to reliably locate
all garter springs in a fuel channel may not be forthcoming. However, the potential benefits of
success would be very great.
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LEAKAGE FKOM
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700 University Avenue
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J. Mildner Ontario Hydro (H10 B10)

Over the past years, a substantial number of leaks have developed in
individual circuits of the biological shield cooling systems for
Pickering NGS A. Remote visual examination has confirmed the
general area of these leaks, but not the failure mechanism. Similar
leaks have occurred in Point Lepreau and Wolsung reactors. No
technology is presently available to repair these leaks.

Currently, all leakage rates are within the capacities of the
leakage collection systems. However, there is concern that
excessive deterioration of carbon steel reactor vault components is
occurring, and that leakage rates may eventually exceed the
capacities of the leakage collection systems.

An assessment has been made of the flow requirement for different
coolants to safeguard the integrity of the concrete shielding
structure. It is expected that it will be necessary to substitute
gaseous cooling for light water cooling in some lines. Other lines
will be able to be sealed with special sealing components introduced
into the coolant, while still other lines will be able to be taken
out of service without adversely affecting the integrity of the
structure.
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Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
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Atomic Energy of Canada Limited - Chalk River is currently designing a
tomographic scanner for the post-irradiation examination of nuclear fuel
assemblies. Transmission tomography is a non-intrusive non-destructive
testing technique for generating quantitative cross-sectional attenuation
coefficient maps of objects. As such, it is a valuable technique for
characterizing the distribution of previously molten uranium-zirconium-
oxygen alloys within fuel assemblies subjected to severe accident simula-
tion tests, such as those to be performed in the CRNL Blowdown Test
Facility (BTF). It can also be used for selecting regions within an
assembly for more conventional metallographic PIE.

A feasibility study was carried out to define the requirements and to
determine the technical and economic feasibility of using neutrons,
gamma-rays and/or X-rays as the source of radiation. Following a
thorough survey of available radiation sources, it was concluded that a
transmission tomographic scanner incorporating a Co-60 source and banks
of scintillation detectors was the most cost-effective alternative.
Linacs were rejected due to their high cost and tomography based on
epitherraal neutrons was rejected due to the lack of a suitable source of
such neutrons at CRNL.

The proposed system will be located in the NRU fuel rod bay at CRNL. It
will be capable of handling fuel assemblies up to 366 cm in length by
12 cm in diameter. This spans the range from standard CANDU fuel to some
LWR geometries. The system will be based on a second generation rotate-
rotate CT scanner design and will be designed to have a spatial resolu-
tion of 1 mm full-width at half-maximum (FWHM) both in-plane and axially.
With 32 detectors per slice, it will take ~1 hour to image each slice of
the BTF assembly and up to 8 hours for larger assemblies. In both cases,
the contrast resolution achieved in each image will be 1.5% {relative to
U02). We are considering adding more banks of detectors to collect
several slices simultaneously, thereby reducing the effective scan time
per slice. All aspects of the data acquisition and scanner movement will
be computer-controlled. The same scanner can also be used to generate
digital radiographs and gross emission radiographs of the fuel assem-
blies. Emission tomography will also be possible for some isotopes.

Proof-of-principle tomographic scans have been performed on a standard 37
element CANDU fuel bundle and a section from bundle HTBS-004 used in the
Westinghouse Canada High Temperature Bundle Sag (HTBS) tests. These
scans have demonstrated the efficacy of the proposed design parameters
and the type of information that can be obtained from tomographic images.



1 - 9

For the CANDU fuel bundle, three-dimensional data were obtained from
which the location of pellet end faces were determined. The HTBS sample
images clearly show cracks within individual fuel pellets, ruptured fuel
sheaths and resolidified U/Zr/O alloy material.

The presentation will include an overview of the tomography technique and
a summary of the requirements and conceptual design for the proposed
tomography facility. Images from the proof-of-principle scans will be
presented.
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The hydrolaser has become a popular decontamination technique
for both routine plant maintenance and for decontamination prior to
repairs and retrofits. Its wide range of operating pressures and the
many nozzle configurations makes it a very versatile piece of
equipment. It can be used to reduce or remove loose and fixed
contamination on both small and large surfaces of regular or irregular
geometries.

The decontamination program being performed at the 250MWe
Gentilly-1 Station by Atomic Energy of Canada Limited has relied
heavily on the hydrolaser. This program supports the decommissioning
effort at the station which will bring it to a "Static State"
condition, a varient of the IAEA Stage I - Long Term Storage with
Surveillance.

The hydrolazing technique is applied either in-situ or in a
water-blast cabinet. It has been applied to uniriadiated fuel
bundles, fuel storage trays, fuel string hangers, fuel pool surfaces,
fuel handling tools, floor drains and other miscellaneous tools.

Operating pressures of 1,000 psi to 10,000 psi have been
employed with flow rates of up to 10 USGPM.

This paper describes in detail the equipment and operation of
the hydrolazing technique, the various types of jet configurations and
accessories to be used on various surfaces, the design and
construction of a water blast cabinet and a floating platform to be
used in conjunction with the hydrolaser for specific applications at
Gentilly-1. It also includes all the data in cleaning efficiency
(i.e. decontamination factors) on various surfaces such as stainless
steel, aluminium, zirconium and concrete with and without chemical
additives.


