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1.0 INTRODUCTION

Ex-vessel debris coolability is an important ligtditer reactor (LWR) safety issue. For
existing plants, resolution of this issue will conf the technical basis for severe accident
management guidelines (SAMGs). For new reactarderstanding this issue will help confirm
the effectiveness of the design and implementatibmew accident mitigation features and
severe accident management design alternatives [B¥)] The first OECD-MCCI program
conducted reactor material experiments focusedchreang the following technical objectives:

i) provide confirmatory evidence for various coglimechanisms through separate effect tests
and data for severe accident code model developnamd ii) provide longer-term two-
dimensional core-concrete interaction data for akessment and improvement.

Debris cooling mechanisms investigated as parheffirst MCCI program included: i)
water ingression through cracks/fissures in thee abebris, ii) melt eruption caused by gas
sparging (volcanic-type event), and iii) large-scatust mechanical failure leading to renewed
bulk cooling. The results of this testing and assed analysis provided an envelope
(principally determined by melt depth) for debrsotability. However, this envelope does not
encompass the full range of melt depths that aleulesied for all plant accident sequences.
Cooling augmentation by additional means may beleat the late stage to assure coolability
for new reactor designs as well as for various desti sequences for existing reactors. In
addition, the results of the CCI tests showed thtdral/axial power split is a function of
concrete type. However, the first program produloeited data sets for code assessment. In
light of significant differences in ablation behawifor different concrete types, additional data
would be useful in reducing uncertainties and gejrdonfidence in code predictions.

Based on these findings, a workscope was definethéfollow-on MCCI program that
can be divided into the following four categories:

1. Combined effect tests to investigate the intergaglifferent cooling mechanisms, and to
provide data for model development and code asssggpurposes.

2. Tests to investigate new design features to enheo@@bility, applicable particularly to
new reactor designs.

3. Tests to generate two-dimensional core-concreggaation data.
4. Integral tests to validate severe accident codes.

Aside from these various testing categories, atyaisaworkscope was also defined to develop
and validate debris coolability models to form ttechnical basis for extrapolating the
experiment findings to plant conditions.

As one of the steps in satisfying these prograneatbjes, the Management Board (MB)
approved the conduct of a fifth longer-term 2-D €@oncrete Interaction (CCI) experiment
designed to provide information in several areaduding: i) lateral vs. axial power split during
dry core-concrete interaction, ii) integral debrmolability data following late phase flooding,
and iii) data regarding the nature and extent efdaboling transient following breach of the crust
formed at the melt-water interface. The first éhtests [1] in this experiment series investigated
the interaction of fully oxidized PWR core melt goositions with specially designed concrete

1
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test sections that were initially 50 cm x 50 cmcross-sectional area. Both siliceous and
limestone/common sand concrete types were addres3éne fourth test [2] examined the
interaction of a partially oxidized BWR melt comgas with limestone/common sand concrete.

The overall design objective of CCI-5 was to insee#he test section aspect ratio (i.e.,
test section width/melt depth) to the greatest rexy@ossible to more accurately mock up
prototypic conditions. To this end, the projecegared two design documents [3,4] that were
submitted to the PRG for review. On this basig, design was finalized, the apparatus was
fabricated and assembled, and the experiment waslucteed on September 25, 2008.
Specifications for CCI-5 are provided in Table 1-The initial corium composition and concrete
types were the same as those of CCI-3, but therdiimes and design of the test section were
different. In particular, CCI-3 was conducted wahtest section that featured two-ablating
sidewalls with an initial basemat cross-sectiod®@fcm x 50 cm, whereas the CCI-5 test section
featured one ablating concrete sidewall, an opgoMgO refractory sidewall, and a concrete
basemat that was initially 50 cm x 79 cm in crosstisnal area. The input power for CCI-5
during the dry ablation phase was specified to 4 KW, which was based on the requirement
of providing an initial ‘prototypic’ heat flux of 80 kW/nf across all melt surfaces that were
not in contact with insulating sidewall materialhis is the same surface heat flux requirement
used to specify the total input power for tests -QGhrough CCI-4. The initial melt depth for
CCI-5 was set at 25 cm, which is the same as thed in previous tests. Since the surface area
of the CCI-5 basemat was larger than that of preyviests, the initial melt mass to achieve this
depth was increased considerably to 590 kg. Wiitbse specifications, CCI-5 could be
considered a repeat of CCI-3, but with the aspatid increased to the greatest extent possible
using: i) available hardware and ii) an inert whkt provided a symmetry boundary condition
on one side of the test section.

The objective of this data report is to provide thermalhydraulic results from this test.
To this end, a summary description of the test egipa is provided first, followed by
descriptions of the test operating procedure arycek@eriment results.

2.0 FACILITY DESCRIPTION

The overall facility design and operating procedum CCI-5 were similar to those used
in the previous four tests [1-2]. However, at 8PRG meeting for MCCI-2, the MB directed
the project to increase the test section aspeact tathe greatest extent possible. Given the test
section overall planar dimensions, the approachrdaching this objective was to increase the
aspect ratio to the highest possible value to mocairately mock up conditions at plant scale by
incorporating one inert MgO sidewall into the oVkedesign. This step created a symmetry (i.e.,
~ adiabatic) boundary condition on one side of #st tection which, in theory, doubled the
aspect ratio for a given basemat width. With tyenrmetry boundary condition, the test
simulated erosion in a 50 cm x 158 cm test sectiorAdditional details regarding this
modification are provided in the balance of thistga, along with a general description of the
overall facility for CCI-5. Specifications for trexperiment were provided previously in Table
1-1.
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Table 1-1. Specifications for CCI-5.

Parameter Specification
Corium 100 % oxidized PWR with 15 wt % siliceousmcrete
Concrete type Siliceous concrete (CEA-type)
Initial basemat dimension 50 cm x 79 cm
Initial melt mass (depfh 590 kg (25 cm)

Test section sidewall construction Nonelectrodd ial 1: concrete
Nonelectrode wall No. 2: MgO protected by Ligzllet layer.
Electrode walls: MgO protected by Uellet layers.

Lateral and axial ablation limits 40 and 42.5 caspectively

System operating pressure Atmospheric

Melt formation technique Chemical reaction (~30 seconds)

(timescale)

Initial melt temperature 1950 °C

Melt heating technique Direct Electrical (Joule)altieg

Power input prior to water addition  Constant poaket45 kW

Criteria for water addition 1) 6.0 hours of opevatwith DEH input, 2) lateral ablation
reaches 35 cm, or 3) axial ablation reaches 37.5 cm

Inlet water temperature 20 °C

Inlet water flow rate 2 liters/second

Sustained water depth over melt | 50+ 5 cm

Power input after water addition Constant voltage

Test termination criteria 1)k < concrete solidus, 2) concrete ablation is agrgsd)

maximum lateral/axial ablation limit is reached49r1.5 hours
operation with water present in the cavity.

2.1  Test Apparatus

The CCI facility consisted of a test apparatus,ocavgr supply for Direct Electrical
Heating (DEH) of the corium, a water supply systéng steam condensation (quench) tanks, a
ventilation system to complete filtration and exs$taihe off-gases, and a data acquisition system.
A schematic illustration of the facility for CCI-i& provided in Figure 2-1. The apparatus
consisted of three rectilinear sidewall sectiond anid. The overall structure was 3.4 m tall.
The two upper sidewall sections had a square iatemss sectional area of 50 cm x 50 cm.

The test section for containment of the core medsvocated at the bottom of the
apparatus. A top view of this component is showfkigure 2-2, while cross-sectional views of
the electrode and non-electrode sidewalls are geavin Figures 2-3 and 2-4, respectively. The
thickness of the new non-electrode sidewall wasstree as the existing MgO electrode walls
(i.e., 25 cm), and it was also protected with asbed UQ pellet liner. This approach had been
found to provide an inert (i.e., non-ablative) dmghly insulated wall surface. As shown in
Figure 2-4, the underside of the test section ttiansplate was exposed due to the addition of
the thin MgO sidewall. To provide thermal proteati the plate was lined with ADs insulation
and a tungsten heat shield. A similar heat sldeklgn was also used to protect the inner surface
of the ACE/MCCI test apparatus lid. [5] The thickeeof the concrete sidewall was the same as
that used in the CCI-3 test. [1]
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The selected sidewall dimensions increased therts&idth from 50 cm in CCI-3 to 79
cm for the current design. Taking credit for tlyensetry boundary condition, then the aspect
(width/melt depth) ratio was increased from (252%¢m =) 1.0 in test CCI-3 to (79 cm/25 cm
=) 3.2 for CCI-5, given the initial melt depth o 2m for CCI-5 (see Table 1-1). Note that the
safety plan for the CCI tests assumed that a mimrthickness of 15 cm was maintained for all
concrete components to ensure final containmerith@fmelt. On this basis, up to 40 cm of
lateral ablation could be accommodated in the aacsidewall. Conversely, up to 42.5 cm of
axial ablation could be accommodated given théairnasemat thickness of 57.5 cm.

As shown in Figures 2-2 and 2-3, the concrete amNMidewalls were contained within a
flanged steel forms that were used to secure therlgection to the balance of the existing test
section components with the aluminum transitioneplarhe flanges allowed the lower sidewalls
to be disassembled to reveal the solidified corfottowing the test. As previously noted, a
layer of crushed U@pellets was used to protect the interior surfatehe MgO sidewalls
against thermo-chemical attack by the corium. MdBnum and tungsten plates were embedded
in the sidewalls to stop erosion in case the, [g€llet layer failed to provide adequate protection
Multi-junction Type C thermocouple assemblies weast within the sidewalls so that the time-
dependent heat loss from the melt could be cakdl&dbm the local temperature gradient and
the thermal conductivity of the MgOThe melt was crced through an exothermic chemical
reaction yielding the target melt mass over a toaksof ~ 30 seconds. After the chemical
reaction, DEH simulating decay heat was appliedugh two banks of tungsten electrodes. As
shown in Figures 2-2 and 2-3, the electrodes lthednterior surfaces of the two opposing MgO
sidewalls. The electrodes were 9.5 cm in diamater aligned in a row with a pitch of 1.9 cm.
They were attached by copper clamps and water-gddmlss bars to a 560 kW AC power supply.
As shown in Figure 2-2, the electrodes spannedahwodth of 120 cm on each sidewall of the
lower section. At the start of the experiment, ékectrical current was drawn through the center,
79 cm-wide section of electrodes that were in dicentact with the melt. As the test progressed
and the concrete sidewall was eroded, additiomaiteldes were exposed to the corium. Current
was drawn through these newly exposed heating @fesméhereby maintaining a uniform
internal heat pattern in the melt over the coursthe experiment. With the overall electrode
span of 120 cm, the entire 40 cm of lateral sidewedsion could be accommodated while
ensuring that the entire melt cross-sectional @sain contact with the electrodes.

After the melt was formed, ablation of the concré@semat and sidewall would
eventually commence. As shown in Figure 2-1, gddl5 cm diameter) gas line was used to
vent the helium cover gas and the various gas epextising from the core-concrete interaction
(i.,e., CO, CQ, H,O, and H) into adjacent tanks that were partially filledthvivater. In the
initial phase of the experiment when the cavity agrad dry, the tanks served to cool the off-
gases and filter aerosols generated from the camerete interaction.

After a specified period of core-concrete intem@actithe cavity was to be flooded using
an instrumented water supply system (Figure 2-B)e water entered the test section through
two weirs located in the opposing (non-electrodd¢walls of the top test section. Steam and
concrete decomposition gases passed from thedesors through the 15 cm vent line into an
instrumented quench tank (Figure 2-6) that was mapd with a cooling coil to remove heat
from steam condensation, thereby maintaining amalbd state. If the condensate level in the



tank rose to a level of 560 I, spillover into anaaent overflow tank would occur. The quench
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tank and the interconnecting piping were insulatechinimize heat losses.
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A secondary spray tank was connected to the qumshby a 15 cm diameter vent line
(Figure 2-7). In situations when the steam gdimraate overwhelmed the primary quench
tank, the secondary spray tank served to conddreseetmaining steam. The spray tank and
interconnecting piping were also insulated to mimgrheat losses.

An off gas system (Figure 2-8) filtered noncamsbble concrete decomposition gases as
well as test section covergas exiting the sprak taefore venting the gas stream to the cell
atmosphere. The gas stream first passed throtigvaeparator and filter bank to remove any
remaining particulate. The flow then passed thhotlge final off gas flowmeter to the cell
atmosphere. The filters were equipped with a passbunter-weighted check valve set to open
at a nominal differential pressure of 7 kPa. Tiedss valve was provided to ensure that a vent
path for the test section was always availabldéndvent that the filters become plugged during
the experiment.

After a specified time with water present in theitg the crust formed at the melt-water
interface was to be broken with an insertable darste (Figure 2-9) to obtain data on the crust
breach cooling mechanism. The lance was made &&h cm diameter, 304 stainless steel rod
with a pointed tip. The lance contained an eleatrisolation hub so that there was no need to
terminate power input to the melt during the closting procedure. As shown in Figure 2-9,
the driving force for the lance was simply a 450degd weight that was remotely lowered with
the crane during the test.

Finally, the test section was also equipped witlingtrumented pressure relief system to
prevent over-pressurization and possible failurtheftest section (Figures 2-10 and 2-11). The
system consisted of a 15 cm diameter vent line fiteentest section to an auxiliary tank that was
initially filled with 400 | of water. This tank vgaopen to the atmosphere. The pressure relief
line included a passive, counter-weighted checkevakt to open at a pressure of nominally 68
kPad. A rupture diaphragm (68 + 13.4 kPad) upstr]am the check valve prevented any flow
through the line unless the pressure in the tesioseexceeded the design value of 68 kPad. The
line was also equipped with a vacuum breaker vadvprevent water hammer from occurring
from steam condensation should the relief valvenogoed then reseat after introduction into the
test section. The initial tank water inventory vpasvided to cool gases from the test section and
to remove aerosols before the noncondensable geses passed into the cell atmosphere.
Instruments were provided to measure water deptth @mperature so that the steam
condensation rate could be determined if the relystem activated after water addition into the
test section.

2.2 Instrumentation and Data Acquisition

The CCI facility was instrumented to monitor anddguexperiment operation and to log
data for subsequent evaluation. Principal paramebat were monitored during the course of
the test included the power supply voltage, currant gross input power to the melt; melt
temperature and temperatures within the concreterbat and sidewall; crust lance position and
applied load; supply water flow rate; water voluared temperature within the test apparatus,
and water volume and temperature within the quesyskem tanks. Other key data recorded by
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the DAS included temperatures within test sectioacsural sidewalls, off gas temperature and
flow rate, and pressures at various locations withe system.
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Detailed plan and elevation views of the basemeatntiocouple layout are provided in
Figures 2-12 and 2-13, respectively, while the cetecsidewall instrumentation locations are
shown in Figures 2-4 and 2-14. Both the basematsatewall were instrumented with multi-
junction Type K thermocouple assemblies to deteentie 2-D ablation profile as a function of
time. In addition, Type C thermocouple assemhbhegingsten thermowells protruded upwards
from the basemat and laterally inwards from thecoete sidewall in several locations. The
purpose of these instruments was to provide datdahenaxial and lateral melt temperature
distribution as a function of time. Note that thleermocouple junction locations were
repositioned to provide melt temperature and almafront location data over the increased
range of lateral and axial concrete ablation thas designed into this experiment. The concrete
instrumentation layout was similar to CCI-3, withetexception that additional thermocouples
were added on both sides of the concrete sidewatkdine at several axial elevations to provide
additional data on the radial ablation progressiocations are detailed in Figure 2-14.

Other significant test instrumentation includedtatisnary (lid mounted) video camera
for observing physical characteristics of the coweerete interaction. In addition, a two-color
optical pyrometer was added to measure the deppsrusurface temperature during periods in
which aerosol production did not optically occlutie view of the surface.
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All data acquisition and process control tasks waranaged by a PC executing
LabVIEW 8.4 under Windows XP. Sensor output teatsrwere connected inside the test cell
to model HP E1345A 16-channel multiplexers thatenietegrated into a mainframe chassis in
groups of eight. An illustration of the DAS setigpprovided in Figure 2-15. The multiplexers
directed signals to an HP E1326B 5 %2 digit multenehcorporated into each chassis. Three
independent 128 channel systems were used foalectyacity of 384 channels.

Signal noise was reduced by the digitizer througflegration over a single power line
cycle (16.7 ms). The digitized sensor readingseweuted from the test cell to the PC in the
control room via two HP-IB extenders. The extesddlowed the ASCII data from the HP to be
sent through the cell wall over a BNC cable. Theéeeder within the control room then
communicated with a GPIB card within the PC. Tbanfiguration also permitted remote
control of the multimeter through LabVIEW.

Integration of the signal over the period of a powee cycle limited the speed with
which the multiplexer could scan the channel li$he minimum time for the digitizer to scan
the channel list was ~1.7 s (i.e., 16.7 B0 channels/chassis for this test). Though hliheet
systems operated independently, implying the ghititupdate all 300 channels in roughly two
seconds, the actual time required for the updatabkaut 5.5 s.
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Figure 2-15. CCI Data Acquisition and Control Syséms.
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2.3 Corium Composition

As shown in Table 1-1, the corium oxide phase caitipm for CCI-5 was specified to
contain 15 wt % calcined siliceous concrete as mitiai constituent. As part of the
developmental work for the SSWICS-6 and CCI-3 expents, a specific thermite was
developed to produce this particular melt compaositiThe thermite reaction was of the form:

1.22U;05 + 3.3Zr + 0.978Si + 2.282S33 0.05Mg + 0.69CaO + 0.055Al + 2.165Gro
3.66UQ + 3.3ZrQ + 3.26SiQ + 0.05MgO + 0.69CaO + 0.11A4D; + 2.165Cr;
Q =-228.17 kd/mole (1.721 MJ/kg);
Tadiabatic= 2504 °C; Tewa~ 1950 °C

The composition of the melt produced from this teacis summarized in Table 2-1,
while the detailed pre- and post-reaction compmsstiare provided in Table 2-2. Note that the
pre- and post-reaction compositions shown in thalskes do not include the additional mass of
crushed UQ pellets that were used to line the test sectiorOMudewalls. Experience had
shown that this material did not participate in ihdial exothermic chemical reaction, and
remained essentially intact as a protective layeind the ensuing core-concrete interaction.
The actual mass of UQhat dissolved into the melt over the course @& &xperiment was
determined as part of the posttest examinationites.

The thermite powders were packed into the testiaeah a large, 1.7 mil aluminized
Saran bag that was pre-installed over the basemnatevent water absorption by Gr@nd
concrete oxides (principally CaO and £iOsince these constituents are hygroscopic. As an
additional measure to prevent moisture infiltratiomo the thermite from the concrete, the
basemat and sidewalls were completely covered wottitinuous sheets of Saran film before
thermite loading.

2.4  Concrete Composition

As shown in Table 1-1, the composition of the CQGlehicrete basemat and sidewalls is
specified to be of the siliceous type. The engimg composition for this particular concrete is
shown in Table 2-3. The sand and aggregate fomilkewere supplied by CEA as an in-kind
contribution to the program. The chemical composibf this concrete is shown in Table 2-3.
The composition was determirfedased on chemical analysis of the archive sanfie was
produced when the components for this test weregaou

To prevent downward migration and possible escdpeoncrete decomposition gases
during the course of the experiment, the electmeleetrations through the bottom support plate
were sealed using O-rings. As described in the seotion, the test section was leak checked at
83 kPa differential pressure as part of pretestaijmns to verify a low leak rate. On this basis,
essentially all concrete decomposition gases madrapwards through the melt pool during the
experiment, as opposed to partial loss through kibtom support plate of the apparatus.
Reinforcing rod was eliminated so that it did nagsk or delay the attainment of a fully oxidized

'Chemical analysis carried out by the Constructienhhologies Laboratories (CTL Group) in Skokiendis.
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melt. In previous tests, the concrete surfaceg \pestected by a layer 3 mm thick layer of ZrO
felt insulation to prevent thermal shock of the a@te basemat and sidewalls during the initial
However, for CCIlHistinsulation was omitted in order to
minimize the time to onset of concrete ablatioeratihe thermite burn was completed.

exothermic chemical reaction.

The density of the siliceous concrete was ~ 238hkgihich was calculated based on
the measured mass and volume of the CCI-5 conareleve sample.
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Table 2-1. Post-Reaction Bulk Composition for CCI-5rhermite.

Constituent W1t%
uo, 56.32
yA(O)) 23.13
Calcined Concrete 14.14
Cr 6.41

#Calcined siliceous concrete, consisting of 79.016%/4.5 wt% Si@MgO/CaO/ALO;

Table 2-2. Detailed Pre- and Post-Reaction Compaisins for CCI-5 Thermite.

Constituent Reactant Product
Wt % Mass, kg Wt % Mass, kg
U3Og 58.70 346.33 - -
uo, - - 56.32 332.29
Zr 17.16 101.24 - -
ZrO, - - 23.13 136.47
Si 1.57 9.26 - -
SiO, 7.84 46.26 11.17 65.90
Mg 0.07 0.41 - -
MgO - - 0.12 0.70
Al 0.09 0.53 - -
Al,03 - - 0.64 3.78
CaO 2.21 13.04 2.21 13.04
CrOs 12.36 72.93 - -
Cr - - 6.41 37.82
Total 100.00 590.00 100.00 590.00

Table 2-3. Engineering Composition of CCI-5 Siliceus Concrete Basemat and Sidewall.

Constituent wt % Size Distribution
Aggregate 47.4 5-8 mm: 16.6 wt %
8-11 mm: 20.4 wt%
11-16 mm: 10.4 wt%
Sand 30.6 0-2 mm: 12.2 wt %
2-4 mm: 18.4 wt %
Type 1 Cement 15.3 N/A
Tap Water 6.7 N/A
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Table 2-4. Chemical Composition of Siliceous Conete.

Oxide Wit%
SiO, 58.27
Al,O3 3.51
FeOs 1.33
CaO 20.20
MgO 0.92
SO; 0.45
Na,O 0.49
K-0 0.80
TiO, 0.15
P,Os 0.07
Mn>0O4 0.05
SrO 0.03
CO, 9.50
H>0, Free 1.90
H,0, Bound 2.88
Total 100.54

3.0 TEST PROCEDURES
3.1 Pretest Operations

Assembly of the apparatus began by installingttimgsten electrodes (126 total; 63 per
side) into machined copper electrode clamps. Téetrede clamps were then attached to the
bottom of the 2.54 cm thick aluminum support platech served as the foundation for the entire
apparatus. With the electrode clamps installegl stipport plate was moved into position on the
ZPR-9 reactor bed. The concrete basemat was taeadpatop the support plate. The basemat
was then completely covered with a continuous sbiegt7 mil aluminized Saran film to prevent
moisture contamination of the thermite powders ftbm basemat once the powders were loaded
into the test section. The lower test section oetecand MgO sidewalls were then set in place.
The concrete sidewall was also covered with alurethi Saran before placement to prevent
moisture contamination of the thermite once the gere were loaded. The lower section flange
bolts and clamping bars were then installed anguied according to an approved procedure.

In parallel with test section assembly, the theempibwders were mixed in preparation for
corium loading. As a precursor for initiating ntigi a gas sample téstas conducted to verify
that the initial level of volatile impurities in aample prepared from the CCI-5 thermite
constituents was sufficiently low to preclude extes gas release during the burn. The results
of this test indicated moisture content within gateble limits. On this basis, mixing was
initiated.

®The gas sample test procedure consisted of ignitirgpresentative sample of the thermite in a dosssel. The
amount of noncondensable gas produced was detetrfriom the ideal gas law; the composition of thelesd
gases was determined using gas mass spectroscopy.
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Once the lower section was assembled, preparatmni®ading of the corium charge
began. A single, large 1.7 mil aluminized Sarag Wwas preinstalled over the basemat. During
loading, the 590 kg thermite charge was placedimwithis single bag in order to minimize the
amount of bagging material present in the thermifes the powders were placed in the test
section, the basemat melt temperature thermocowpées monitored to detect any localized
heating in the corium powders. If heating was olb=#® the cell was to be evacuated
immediately. As the thermite was placed, the gafwben the tungsten electrodes and MgO
sidewalls was filled with crushed UY@ellets. A temporary sheet metal form was alsigied
that allowed a uniform 2.5 cm thick layer of crughgellets to be installed between the corium
powders and the non-heated MgO sidewall. The edigiellets served as a protective layer
against excessive chemical/thermal attack by threumoduring the test. Once loading was
completed, two sparkler igniters were placed a éewtimeters below the top of the powders
near the center of the test section, and thenagenas folded and sealed.

Once loading was completed, a removable trainatoimg a 1.0 kg bagged sample of
thermite was installed over the powder bed; astitation is provided in Figure 3-1. The sample
train was removed weekly and the sample weighedhdmitor the moisture pickup by the
thermite during the period between loading anditesation. Note from Figure 3-1 that the top
portion of the train also contained a 4.5 kg canmisf desiccant. The desiccant was provided to
maintain the plenum gas as dry as possible dunietggt operations. As an additional measure
to prevent moisture accumulation in the powder libd, lower test section was continuously
purged with argon (2 slpm) from the time loadingsweampleted until the test was initiated.

After installation of the sample train, the rentién of the test apparatus was assembled.
This included installation of the transition platejo upper sidewall sections, and finally the
enclosure lid. Peripheral instrumentation was timstalled on the lid and sidewalls of the test
section. The main steamline run from the testi@e¢o the primary quench tank was completed,
as well as the pressure relief line from the testisn to the auxiliary tank. (The main steamline
was closed off from the test section using an tabér blank-off plate throughout pretest
operations to preclude moisture migration fromdghench tank into the test section).

After assembly was completed, extensive systemkci@rocedures were performed to
ensure that the facility was in proper working ard€his included a proof test of the test section
at 83 kPad, which was 20 % in excess of the pressalref system activation pressure of 68
kPad. The pressurization gas for this test wasmargAn insertable blind flange was installed
upstream of the rupture disk in the pressure réhefto isolate this system. During the test, the
apparatus was gradually pressurized to the prasfsoire of 83 kPad. After a 1 minute hold at
this pressure, the system was isolated to deterthaéeak rate. The leak rate of the CCI-5 test
section was found to be 3.0 kPa/min (13 slpm) abminal pressure of 55 kPad, which was
significantly below the acceptable leak rate of filley assembled test section (i.e., < 2 % of the
expected peak gas/vapor generation rate duringgte

Pretest preparations for CCI-5 culminated withralfifull system checkout that involved
remotely running all equipment with the power sygploperation across a water cooled dummy
load. Once the full system check was completewl fsystem preparations were carried out.
These efforts included: (i) hookup of the powerypo the tungsten electrodes through water
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cooled buss bars, (ii) installation of the finapipg connection between the water supply tank
and the test section, and (iii) removal of the san@in from within the test section. Following
connection of the power supply to the electrodenpls, the key for the power supply lockout
located in the cell, as well as the key for theiiick located on the control room console, were
assigned to a custodian who kept the keys in fhessession until the test was initiated. This
step was taken to preclude inadvertent activatidhepower supply.

Over the five week time interval spanning pretgstrations, the moisture content of the
removable sample of bagged thermite increased gligduom 0.187 wt % to 0.225 wt %. The
final moisture content was within the maximum pessible level of 0.3 wt %. On this basis,
final approval was granted to proceed with the aken of Test CCI-5.

ACCESS PORT —— g

MAIN STEAM LINE OUTLET
TO PRESSURE RELIEF SYSTEM

MAIN STEAM LINE OUTLET

ML-2
=] TO SMALL QUENCH TANK

ACCESS PORT SIZE: 6", SCH.10 PIPE
(6.3"ID). 5.0"MAX. OD OF SAMPLE
COLUMN BECAUSE OF INTERFERENCE
WITH TOP SECTION

TEST SECTION

I 1/4"DIA. SST CABLE
ATTACHED TO SAMPLE
COLUMN

SAMPLE COLUMN
IN POSITION

I
L o 4 .
B /é B | COMPARTMENT DESICCATOR
4.5"0D X 16" LONG

5.0kg (11.0Ibs.)
HELD IN PLACE WITH RODS

| — SAMPLE COLUMN MADE WITH

3
P
v
[
ﬁ / 1.4"DIA. SST ROD AND SST

RINGS WELDED TOGETHER

| — SAMPLE BASKET
PERFORATED STEEL
SHEET 58% OPEN

| — 2 kg BOTTOM SAMPLE
IN PLASTIC BAG

DRAWING: CCI3 MOISTURE
MONITOR (NORTH VIEW)
DRAWING NO.: MCCI653
DRAWN BY: D. KILSDONK 2-4746
DATE: 10/3/05

FILE: CCI3_MM1.DWG(112)

Figure 3-1. lllustration of Thermite Sample Train Installed in Test Section.
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3.2  Test Operations

The planned test operating procedure is desciibsd followed by a brief summary of
the actual operating procedure.

As shown in Table 1-1, target power for the dryecooncrete interaction phase of the
test was 145 k\W. After melt formation, the input power would beobght up to 145 kW and
held there for the balance of dry cavity operatior3nset of basemat ablation would define time
t = O for the experiment. After ablation begarg ihteraction would be permitted to proceed for
6.0 hours, or until the ablation depth reached B5laterally or 37.5 cm axially. After one of
these two criteria was met, the cavity would therflboded. However, if a crust was present at
the melt upper surface, the crust lance would leel 13 fail the crust prior to flooding so that the
water would be able to contact the underlying mélllowing water addition, the power supply
operation would be switched from constant powet4f kW to a constant voltage operating
mode. (With constant voltage, the input powersitgrnwould remain relatively constant if a
significant quench front developed). Forty fivenmies after water addition, or after the debris
cooling rate had been reduced to a relatively ewel, the crust would be failed with the lance to
obtain data on the transient crust breach coolimghanism. After breach, power supply
operation would continue for an additional 45 mesjtyielding a total operating period of 90
minutes with water present in the cavity, or uttité ablation limit of 40 cm was reached laterally
or 42.5 cm axially. At this point, the input poweould be turned off and the test terminated.

CCI-5 was performed on 25 September 2008. On ¥eaieg prior to the experiment,
the apparatus was inerted with a slow bleed otuhelinto the test section. On the day of the
experiment, the apparatus was brought up to opegratonditions, a final walk through
inspection was performed by operating personnelttiermite igniter was hooked up, and finally
the power supply was energized before the contahm@s evacuated and sealed. Data
acquisition was initiated at 5:00 pm. Coolant aoder gas flows were brought up to design
conditions, and the cell ventilation system wasetband sealed per test procedures.

The event sequence for CCI-5 is provided in Table In the discussion that follows,
time t = O corresponds to the onset of basematiablaThe criterion used to define the onset of
concrete ablation at a given location was thatdbal temperature reached the siliceous concrete
liquidus temperature of 1250 °C. [5]

As shown in Table 3-1, data acquisition began & #Binutes relative to initial melt
contact with the concrete basemat. As shown inr€i@-2, power was applied to the nichrome
wire/sparkler located at the top of the powder ghaat -1.2 minutes. Based on video camera
data from the test section and plenum gas temperatadings inside the test section, thermite
ignition was announced and logged in the controhrat -0.9 minutes. Based on readings from
thermocouples located near the top of the conctb&eburn front reached the bottom of the
powder bed in ~ 40 seconds (i.e., at -0.3 minutegBjch was within the planning basis for the
experiment. The readings from selected melt teatpsx thermocouples are shown in Figure 3-
3 over the first few minutes of the interactions & evident from this collection of data, peak

*The 145 kW power level for CCI-5 is based on thguiement of providing an initial ‘prototypic’ he#itix of ~
160 kW/nf across all melt surfaces that are not in contéitt iwsulating sidewall material.
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melt temperatures near the center of the meltarfitet 30 seconds of the interaction were in the
range of 1930 to 1970 °C, with the average valuegoe 1950 °C.

Table 3-1. CCI-5 Event Sequence (times relative tnset of cavity ablation).
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-6.0 DAS started.

-1.2 Power applied to thermite igniter wire.

-0.9 Thermite burn initiated; view of melt surfamecluded by aerosol within 5 seconds.

-0.3 Thermite burn completed (burn time ~ 40 sesynuelt temperature ~1950 °C

0.0 Onset of ablation detected at all five baseanalt all five sidewall TC array location
initially contacted by melt; average time for onise®.0 minutes, which defined time
= 0 for the experiment. Standard deviation iretigpread is 0.14 minutes. Hereaft
there were local spatial variations, but on averagal ablation proceeds slowly but
steadily at ~ 3 cm/hour.

1.9 Target DEH input power of 145 kW reached.

3.5-49.0 Melt surface view effectively blocked rasols generated by the CCI.

1.4-10.2 Test section pressure steadily increasss .14 to 1.62 Bar at which point test
section pressure relief system activated.

40.7 Tap change from 56 to 112 Volt range on thegosupply.

49.0-54.0 Aerosols in plenum gradually clearedeteeal the interaction. Melt surface was crust
free and highly agitated by sparging gases. Mgfase continued to heat up until the
view was lost due to excessive light intensitydtigh a No. 4 filter). View of surfage
not recovered until ~ 178 minutes.

44.0-76.0 | Bulk melt temperature measurements weatesed, but average value rises from ~
1710 to ~1780 °C over this interval, while meltfaoe temperature rises from 850
1767 °C at the same time.

158.0 Sidewall ablation suddenly increases and iresrfairly steady over the balance of the

experiment. Average rate is ~ 10 cm/hour.

171.3-199.0| Test section pressure relief systenvades, causing test section pressure to dgrop
gradually from 1.7 to 1.28 Bar over this time int@rbefore settling out.

178.0-280.0| Melt surface video showed predominagelynolten surface, but crust segments
periodically formed on sidewalls, broke, and weigead in with melt.

259-271.4 Pyrometer measured steady surface tetuperdecline from 1513 °C to 1250 °
before rebounding suddenly back to 1515 °C. Dutimg time, crust grew to cover
surface except for a small pocket in NW corner. 289 minutes, melt began to flow
over the crust. At 269.2 minutes, large crust sagmgradually broke off and wefe
mixed into the bulk, and by 269.5 most of surfaes wrust-free.

257.7 Crust lance inserted to break crust; minifioate was required to puncture the
material.

275.4 South MgO sidewall surface temperature reached 2238t the + 10 cm elevatio
Decision made to terminate the test on the bassadssive sidewall heatup.

280.8 Input power to melt terminated. Averageutrgower over the time interval from 0
280.8 minutes was 143.8 kW. Peak axial ablatignttdevas 22.5 cm, while peak
radial ablation was 30 cm.

927.8 Data acquisition terminated.
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Figure 3-3. Bulk Melt Temperature Data over the Fist 5 Minutes of the Interaction.
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Soon after the thermite burn was completed, onsab@ation was detected at all five
basemat and all five sidewall thermocouple (TChwrocations initially contacted by melt;
average time for ablation onset was 0.0 minutesclwtefines time t = O for the experiment.
The standard deviation in time spread for onsetbddition is 0.14 minutes. Thereafter, although
there were local variations, axial ablation pro@skdlowly but steadily at a rate of ~ 3 cm/hour,
while onset of radial ablation was delayed untiéifan the experiment sequence.

At completion of the burn, a power supply curnemhp up to the target power of 145 kW
was initiated. This power level was reached atrtifutes, where it was maintained for the
balance of the test. A power supply voltage tapnge was made at 40.7 minutes to
accommodate the increased voltage required to amairgonstant power input as the melt
resistance increased (due to incorporation of @aclag into the melt). Over the time interval
from 1.4 to 10.2 minutes, the pressure in thegdestion steadily increased. The test data, as well
as posttest examinations, indicated that this eedudue to plugging of the final off-gas
flowmeter by aerosols that were entrained throinghslystem during the thermite burn. The test
section pressure is shown in Figure 3-4, whileghench and spray tank pressures are shown in
Figure 3-5. In addition, a photograph of the aertisat plugged the inlet to the gas flowmeter is
shown in Figure 3-6. As indicated in Figure 3-de fpressure in the test section gradually
increased from 1.14 to 1.62 Bar over the time wgkfrom 1.4 to 10.2 minutes, at which time
the pressure suddenly decreased to 1.36 Bar. stidden reduction was most likely caused by
activation of the rupture disk in the test sectpyessure relieve system; the rupture disk was
rated for 68 + 13 kPad. The data also indicatasttie counter-weighted check valve (Figures 2-
10 and 2-11) subsequently reset, causing the peegsihe test section to gradually rise again.
The pressure hovered in the range of 1.36 to 1r7uBal 171.3 minutes, at which point the
check valve appears to have reopened, and remé#waedvay during the balance of the test.
This occurrence was most likely due to a largeaase in honcondensable gas flow associated
with the onset of sidewall ablation at 158 minuf€able 3-1), after which point the sidewall
ablation rate remained fairly steady at ~ 10 cm/holihe fact that the pressure relief line
remained open after 171 minutes was verified bystistained heatup of the water inventory in
the auxiliary tank past this time; see Figure 3Fhis response also indicated that there was little
flow bypass through the pressure relief systenhéntime interval following initial rupture disk
failure (at 10.2 minutes) up to the time that thief line reopened (at 171 minutes).

As the experiment progressed, the lower test sedfigO sidewalls continued to heat up
due to convection from the melt. The most intethsemal loading occurred on the south MgO
sidewall opposite from the concrete sidewall underg ablation. The thermal response in this
wall at the + 10.0 cm elevation is shown in Fig8r8. The temperature near the surface in this
wall reached 1230 °C at 275.4 minutes. The detigias then made to terminate the test on the
basis of excessive sidewall heatup. Input poweth&éo melt was subsequently terminated at
280.8 minutes. Peak axial ablation depth was @& %t this time, while the peak radial ablation
was 30.0 cm. The cavity was not flooded due todbecern that, with the plugged offgas
system, the resultant steam spike could lead tesgfailure of the test section. Data logging
continued overnight, and the DAS was subsequemthet! off at 927.8 minutes.
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Figure 3-6. Photo of Aerosl Pluging of Offgas Blvmeter Inlet (pipe ID is 10 cm).
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Figure 3-7. Miscellaneous Temperatures in Quenchna Off-Gas Systems.
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Figure 3-8. Thermal Response in South MgO Sidewadit the +10 cm Elevation.

During the course of the interaction, the lid Wideamera provided some information on
melt pool phenomenology. Over the first 49 minutdge view of the melt surface was
effectively blocked by aerosols generated from dbee-concrete interaction. At ~ 49 minutes,
aerosols in the plenum gradually cleared to retlgalinteraction. The surface was observed to
be crust free, and was highly agitated by spargases. The melt continued to heat up to the
point where the view was lost due to high lighemgity (through a No. 4 filter) at ~ 54 minutes.
The view was effectively lost until ~ 178 minuteAt this time, the melt had cooled to the point
where surface features could again be distinguisfdiuls view revealed a predominately molten
surface, with crust segments periodically forminmgsadewalls, breaking off, and mixing back
into the melt. From 259 to 271 minutes, the nmitometer measured a steady surface
temperature decline from 1513 °C to 1250 °C, befefounding suddenly back to 1515 °C.
During this time interval crust material grew stadut from the sidewalls to the point where
the entire surface was covered, except for a spwdket in the northwest corner. At 269
minutes, melt began to flow over the crust. At .268inutes, large crust segments gradually
broke off and were mixed into the bulk, and by B6Minutes most of surface was crust-free.
This re-sorption of crust material occurred simmdtausly with the sudden increase in surface
temperature from 1250 °C to 1515 °C that was resmbtu the optical pyrometer.
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4.0 RESULTS

A summary of key thermalhydraulic results from Cis provided in this section. A
complete list of instruments used in the test mvigled in Appendix A, while plots of all data
logged from these instruments are provided in AdpeB.

4.1 Electric Power

The DEH power for CCI-5 is shown in Figure 4-1e ttorresponding voltage and current
traces are provided in Appendix B (see Figures Bu3@ B-51, respectively). At completion of
the thermite burn, the power supply voltage waadtg increased until the input power reached
the target level of 145 kW at 1.9 minutes. Thasrainput power was held constant at ~ 145
kW over the balance of dry cavity operations. Atage tap change was made at 40.7 minutes in
order to maintain constant power as the load easist presented by the melt increased during
the course of the test. Power input was terminate280.7 minutes on the basis of excessive
heatup in the south MgO sidewall. Average input/g@oover the time interval from 0 to 280.8
minutes was 143.8 kW.
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Figure 4-1. DEH Input Power.

4.2 Melt Temperatures
As described in Section 2.0, a total of twentgheiW5%Re/W26%Re (Type C)

thermocouple junctions were used to monitor bulkt nreenperatures at various axial and lateral
locations in CCI-5. In addition, a two-color oig@yrometer was used to measure melt surface
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temperature. The data from all these instrumergssaown collectively in Figure 4-2. To
improve the readability, two actions have been riake the data have been averaged or 30
second time intervals, and ii) only data precedh&first off-scale reading by the thermocouples
are shown. Data plots for each individual instratrege provided in Appendix B.

Examination of Figure 4-2 indicates that the mefhperature declined from a high of
~1950 °C measured soon after initial melt contath whe concrete surfaces, to ~1630 °C at the
time input power was terminated at 280 minuteserQhe last few hours of the interaction, melt
temperatures were fairly uniform across the ex¢érihe interaction, generally clustering within
a band of approximately + 50 °C of the averagengitgiven time.
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Figure 4-2. Melt Temperatures Measured During CCI5.

4.3 Concrete Basemat and Sidewall Ablation Rates

As described in Section 2.0, the basemat was m&inted with five multi-junction Type
K thermocouple arrays to monitor the axial progies®f the ablation front, while the concrete
sidewall was instrumented with fifteen arrays tonmar the lateral ablation front progression at
eleven different elevations. When a thermocougached the siliceous concrete liquidus

temperature of 1250 °C [5], the melt was considévdzk in contact with the thermocouple at the
junction location.

Figure 4-3 provides the axial ablation depth versme based on the signal responses
from the Type K basemat arrays, while Figure 4-dviges the analogous plot of the lateral
ablation depth in the North concrete wall. The abfaprogression for test CCI-3, which was
conducted with the same concrete type and at thee q@ower level but with two ablating
concrete sidewalls [6], is also shown in the figui@ comparison. Examination of the data
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indicates that axial erosion began almost immelgiaddter contact with the basemat, and

proceeded fairly steadily at a rate of ~ 3 cm/hofierathe initial transient had passed.

Conversely, onset of significant sidewall ablatwas delayed until ~ 158 minutes. At this time,

lateral ablation proceeded in a uniform fashioa edte of ~ 10 cm/hour. At the time the test was
terminated at 280 minutes, the peak axial ablatiepth was 22.5 cm, while the peak radial
depth was 30 cm. Additional information on thetpes cavity erosion profile is provided in the

next subsection.

4.4  Posttest Debris Examination and Chemical Analysis &ults

Following the test, the apparatus was carefullyagsembled to document the posttest
debris configuration. A picture showing a viewarhe cavity after removal of the test section
lid is provided in Figure 4-5(a), while a view dfet debris upper surface after removal of the
middle section transition plate is provide in Figdr5(b). A side view of the lower section after
removal of the MgO sidewalls is provided in Figdr®, while Figures 4-7 and 4-8 provide two
different views of the solidified corium over thademat after removal from the test section
bottom plate. Figure 4-9 provides the analogoustggraphs of the corium remaining on the
North concrete sidewall. Finally, renderings of fhosttest debris configuration are provided in
Figure 4-10. In general, the posttest examinatimmgealed that, in contrast to tests with
limestone/common sand concrete, melt foaming wasanoajor issue and as a result the vast
majority of the corium was left as a uniform laydop the basemat. The morphology of the
solidified corium for CCI-5 was somewhat differentcomparison to the other CCI tests where
the cavity was flooded late in the experiment saqgae In particular, for CCI-5, the solidified
corium was dominated by a dense, monolithic, homoge oxide layer over the basemat with
very little porosity and few cracks. This morphgjocan be contrasted with the other tests in
which there was generally a substantial layer afops material (5-10 cm thick) overlying
monolithic material which had more cracks in congaar to the CCI-5 corium mass.

Consistent with the thermocouple measurements shioviaigures 4-3 through 4-4, the
posttest examinations indicate that the overallitgarosion was slightly skewed radially by the
end of the experiment. As the debris was remosa&ahples were collected for chemical analysis
by ICP/AES. Sample locations are shown in Figu®4 Key results from the analysis of five
of these samples are provided in Table 4-1. Thepositions shown in the table have been
simplified in the terms of core, structural, anchceete (CaO, Sig) MgO, AlLO3) oxides; raw
data are provided in Appendix C. Also providedhe table is an estimate of the end-of-test
average melt composition that was formulated byntakhe melt composition at the start of the
test minus material splatter in the upper regidnbe test section (50.44 kg; see Figure 4-10(a)),
oxidizing all the remaining metals, and then incogting 275.2 kg of slag from the
decomposition of 321.1 kg of concrete that is estad to have been eroded during the test.

Samples from the dense oxide layer (i.e., Nos, B, @nd 9) do not indicate a significant
dependency of the composition on axial or radiaifpmn within the layer. This observation is
consistent with the melt temperature thermocoup&asurements in the latter phase of the
experiment that indicated that the melt pool wadl wéxed. The composition of the porous

?Slag mass estimated based on the eroded concregeaha21.1 kg after the loss of 14.28 wt % @OHand CQ
gases upon decomposition; see initial concrete ositipn shown in Table 2-4.
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oxide layer on top the dense oxide was highly éedcin concrete oxides relative to the dense
oxide. Overall, the samples contain slightly mooacrete content than would be expected based
on the estimated end of test composition.
underestimate of the mass of splatter material veshdrom the melt zone at the start of the
experiment, which is possible since a substantiaduat of material was deposited on the MgO
sidewalls in the lower section (see Figure 3-3Bowever, segregating the initially deposited
material from that subsequently deposited by meldimg as the test progressed was not

practical.
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The rejmncy could arise thorough an

Table 4-1. Chemical Analysis Results for SamplesoBected from CCI-5 Posttest Debris
(data are in wt %).

Oxide 5 7 8 9 10
Dense Oxide| Dense Oxide | Dense Oxide | Dense Oxide| Porous Estimated
at Axial Near Core- Near Axial Near Top at | Oxide at | End-of-Test
Centerline Concrete Centerline at Center of | Center of | Composition
and by North | Interface at | Center of Test| Test Section Test
Wall Center of Test Section Section
Section
uo, 34.04 33.71 33.39 31.16 25.67 36.59
Zr0, 12.27 10.14 12.32 12.53 12.70 15.02
Cr,0; 0.23 0.15 0.23 0.31 0.37 6.06
concrete 53.46 56.00 54.07 55.99 61.25 42.33
Total 100.00 100.00 100.00 100.00 100.00  100.00
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it % 5 il = By

(a) (b)

Figure 4-5. Top Views of the Test Section (a) Aftd.id Removal, and (b) After Removal of Top Section, MiddleSection, and Test
Section Transition Plate.
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APPENDIX A
Data Acquisition System Channel Assignments

This Appendix provides the channel assignmentshierthree independent DAS systems
that were used to record the data for CCI-5. mwvenience, these three 128 channel systems
were referred to the “Basemat”, “Power,” and “Qu&nsystems by operating personnel. The
channel assignment lists for each of these thrstss are provided in Tables A-1 through A-3.
The data recorded on each of these channels igdebin Appendix B.
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Table A-1. "Concrete" DAS Channel Assignments foiCCI-5.

Channel | Variable Sensor Location Elevation Rangeitl_i Accuracy
00 T Diode Sensor TC compensation Channels B01-B49 130 C
01 T TC Type C Concrete Basemat 0.0 cm, +1.9 cm WCL-1 +15.0 cm 2320 C +1%
02 T TC Type C Concrete Basemat 0.0 cm, +1.9 cm WCL-2 +10.0 cm 2320 C + 1%
03 T TC Type C Concrete Basemat 0.0 cm, +1.9 cm WCL-3 +5.0 cm 2320 C + 1%
04 T TC Type C Concrete Basemat 0.0 cm, +1.9 cm WCL-4 0.0 cm 2320 C +1%
05 T TC Type C Concrete Basemat -11.2 cm, +17.5 cm WNW-1 +9.0 cm 2320 C +1%
06 T TC Type C Concrete Basemat -11.2 cm, +17.5 cm WNW-2 +4.0 cm 2320 C +1%
07 T TC Type C Concrete Basemat -11.2 cm, +17.5 cm WNW-3 -1.0 cm 2320 C +1%
08 T TC Type C Concrete Basemat -11.2 cm, +17.5 cm WNW-4 -6.0 cm 2320 C +1%
09 T TC Type C Concrete Basemat +11.2 cm, +17.5 cm WNE-1 -3.0cm 2320 C +1%
10 T TC Type C Concrete Basemat +11.2 cm, +17.5 cm WNE-2 -8.0cm 2320 C +1%
11 T TC Type C Concrete Basemat +11.2 cm, +17.5 cm WNE-3 -13.0 cm 2320 C +1%
12 T TC Type C Concrete Basemat +11.2 cm, +17.5 cm WNE-4 -18.0dm 2320 C +1%
13 T TC Type C Concrete Basemat +11.2 cm, -17.5 cm WSE-1 +3.0 cm 2320 C +1%
14 T TC Type C Concrete Basemat +11.2 ¢cm, -17.5 cm WSE-2 -2.0cm 2320 C +1%
15 T TC Type C Concrete Basemat +11.2 ¢cm, -17.5 cm WSE-3 7.0 cm 2320 C +1%
16 T TC Type C Concrete Basemat +11.2 cm, -17.5 cm WSE-4 -12.0¢m 2320 C +1%
17 T TC Type C Concrete Basemat -11.2 cm, -17.5 cm WSW-1 -9.0 cm 2320 C +1%
18 T TC Type C Concrete Basemat -11.2 cm, -17.5 cm WSW-2 -14.0 cm 2320 C +1%
19 T TC Type C Concrete Basemat -11.2 cm, -17.5 cm WSW-3 -19.0 cm 2320 C +1%
20 T TC Type C Concrete Basemat -11.2 cm, -17.5 cm WSW-4 -24.0dm  2320C +1%
21 T TC Type C N Concrete Sidewall, 0.0 cm deepteréne WN-1 +5.0cm 2320 C +1%
22 T TC Type C N Concrete Sidewall, 2.5 cm deep, centerline WN-2 |  +5.0 cm 2320 C +1%
23 T TC Type C N Concrete Sidewall, 5.0 cm deep, centerline WN-3 | 5.0 cm 2320 C +1%
24 T TC Type C N Concrete Sidewall, 10.0 cm deeptearline WN-4 +5.0 cm 2320 C +1%
25 T TC Type K N Concrete Sidewall, 35.0 cm deep, centerline SWA-9 -36.0 cm 1400 C +0.75%
26 T TC Type K N Concrete Sidewall 40.0 cm deep, centerline SWA-10 -36.0 cm 1400 C +0.75%
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27 T TC Type K N Concrete Sidewall 45.0 cm deep, centerline SWA-11  -36.0 cm 1400 C *0.75%
28 T TC Type C N Concrete Sidewall, 15.0 cm deepterline WN-5 +5.0 cm 2320 C + 1%
29 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-1 0.0cm 1400 C +0.75%
30 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-2 -2.5¢cm 1400 C +0.75%
31 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-3 -5.0 cm 1400 C +0.75%
32 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-4 -7.5cm 1400 C +0.75%
33 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-5 -12.5cm 1400 C +0.75%
34 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-6 -17.5 cm 1400 C +0.75%
35 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-7 -22.5cm 1400 C +0.75%
36 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-8 -27.5cm 1400 C +0.75%
37 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-9 -32.5cm 1400 C +0.75%
38 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-10 -37.5¢cm 1400 C +0.75%
39 T TC Type K Concrete Basemat 0.0 cm, -1.9 cm A-11 -42.5 cm 1400 C +0.75%
40 T TC Type K Concrete Basemat —12.5 cm, +19.7 cm B-1 0.0cm 1400 C +0.75%
41 T TC Type K Concrete Basemat —12.5 cm, +19.7 cm B-2 -2.5¢cm 1400 C +0.75%
42 T TC Type K Concrete Basemat —12.5 cm, +19.7 cm B-3 -7.5¢cm 1400 C +0.75%
43 T TC Type K Concrete Basemat —12.5 cm, +19.7 cm B-4 -12.5¢cm 1400 C +0.75%
44 T TC Type K Concrete Basemat —12.5 cm, +19.7 cm B-5 -17.5¢cm 1400 C +0.75%
45 T TC Type K Concrete Basemat —12.5 cm, +19.7 cm B-6 -22.5cm 1400 C +0.75%
46 T TC Type K Concrete Basemat —12.5 ¢cm, +19.7 cm B-7 -27.5cm 1400 C +0.75%
47 T TC Type K Concrete Basemat —12.5 cm, +19.7 cm B-8 -35.0 cm 1400 C +0.75%
48 T TC Type K Concrete Basemat —12.5 ¢cm, +19.7 cm B-9 -42.5cm 1400 C +0.75%
49 T TC Type C N Concrete Sidewall, 20.0 cm deep,axtine WN-6 +5.0 cm 2320 C *1%
50 T Diode Sensor TC compensation Channels B51-B99 0as

51 T TC Type K Concrete Basemat +12.5 cm, +19.Teln 0.0cm 1400 C +0.75%
52 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-2 25cm 1400 C +0.75%
53 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-3 -7.5cl 1400 C +0.75%
54 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-4 -12.5¢ 1400 C +0.75%
55 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-5 -17.5¢ 1400 C +0.75%

41




OECD/MCCI-2009-TRO6 Rev. 1

56 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-6 -22.5cm 1400 C +0.75%
57 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-7 -27.5cm 1400 C +0.75%
58 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-8 -35.0 cm 1400 C +0.75%
59 T TC Type K Concrete Basemat +12.5 cm, +19.7 cm C-9 -42.5 ¢ 1400 C +0.75%
60 T TC Type C N Concrete Sidewall, 25.0 cm deep,arine WN-7 +5.0 cm 2320 C +1%
61 T TC Type K Concrete Basemat +12.5 cm, -19.7 cm D-1 0.0cm 1400 C +0.75%
62 T TC Type K Concrete Basemat +12.5 ¢cm, -19.7 cm D-2 -2.5cm 1400 C +0.75%
63 T TC Type K Concrete Basemat +12.5 cm, -19.7 cm D-3 -7.5¢m 1400 C +0.75%
64 T TC Type K Concrete Basemat +12.5 cm, -19.7 cm D-4 -12.5cm 1400 C +0.75%
65 T TC Type K Concrete Basemat +12.5 cm, -19.7 cm D-5 -17.5¢cm 1400 C +0.75%
66 T TC Type K Concrete Basemat +12.5 c¢cm, -19.7 cm D-6 -22.5cm 1400 C +0.75%
67 T TC Type K Concrete Basemat +12.5 cm, -19.7 cm D-7 -27.5cm 1400 C +0.75%
68 T TC Type K Concrete Basemat +12.5 cm, -19.7 cm D-8 -35.0 cm 1400 C +0.75%
69 T TC Type K Concrete Basemat +12.5 cm, -19.7 cm D-9 -42.5 cm 1400 C +0.75%
70 T TC Type C N Concrete Sidewall, 30.0 cm deep,ertine WN-8 +5.0 cm 2320 C +1%
71 T TC Type K Concrete Basemat -12.5 cm, -19.7 cm E-1 0.0 cm 1400 C +0.75%
72 T TC Type K Concrete Basemat -12.5 cm, -19.7 cm E-2 -2.5¢cm 1400 C +0.75%
73 T TC Type K Concrete Basemat -12.5 ¢cm, -19.7 cm E-3 -7.5¢m 1400 C +0.75%
74 T TC Type K Concrete Basemat -12.5 cm, -19.7 cm E-4 -12.5cm 1400 C +0.75%
75 T TC Type K Concrete Basemat -12.5 ¢cm, -19.7 cm E-5 -17.5¢cm 1400 C +0.75%
76 T TC Type K Concrete Basemat -12.5 cm, -19.7 cm E-6 -22.5cm 1400 C +0.75%
77 T TC Type K Concrete Basemat -12.5 cm, -19.7 cm E-7 -27.5cm 1400 C +0.75%
78 T TC Type K Concrete Basemat -12.5 cm, -19.FEen -35.0cm 1400 C +0.75%
79 T TC Type K Concrete Basemat -12.5 cm, -19.7 cm E-9 -42.5cm 1400 C +0.75%
80 Reserve

81 T TC Type K N Concrete Sidewall 0.0 cm deep, centerline SWA-1 36.6 cm 1400 C +0.75%
82 T TC Type K N Concrete Sidewall 2.0 cm deep, centerline SWA-2 36.0cm 1400 C +0.75%
83 T TC Type K N Concrete Sidewall 6.0 cm deep, cdineiSWA-3 -36.0 cm 1400 C +0.75%
84 T TC Type K N Concrete Sidewall 10.0 cm deep, centerline SWA-4 -36.0 cm 1400 C +0.75%
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85 T TC Type K N Concrete Sidewall 15.0 cm deep, centerline SWA-5 -36.0 cm 1400 C *0.75%
86 T TC Type K N Concrete Sidewall 20.0 cm deep, centerline SWA-§ -36.0 cm 1400 C +0.75%
87 T TC Type K N Concrete Sidewall 25.0 cm deep, centerline SWA-7 -36.0 cm 1400 C +0.75%
38 T TC Type K N Concrete Sidewall 30.0 cm deep, centerline SWA-§ -36.0 cm 1400 C + 0.75%
89 T TC Type K N Concrete Sidewall 0.0 cm deep, centerline SWB-1| 24.0-cm 1400 C + 0.75%
920 T TC Type K N Concrete Sidewall 2.0 cm deep, centerline SWB-2 24.0.cm 1400 C +0.75%
91 T TC Type K N Concrete Sidewall 6.0 cm deep, cdineiSWB-3 -24.0 cm 1400 C +0.75%
92 T TC Type K N Concrete Sidewall 10.0 cm deep, centerline SWB-4 -24.0 cm 1400 C +0.75%
93 T TC Type K N Concrete Sidewall 15.0 cm deep, centerline SWB-§ -24.0 cm 1400 C *+0.75%
94 T TC Type K N Concrete Sidewall 20.0 cm deep, centerline SWB-§ -24.0 cm 1400 C +0.75%
95 T TC Type K N Concrete Sidewall 25.0 cm deep, centerline SWB-7 -24.0 cm 1400 C +0.75%
96 T TC Type K N Concrete Sidewall 30.0 cm deep, centerline SWB-§ -24.0 cm 1400 C + 0.75%
97 T TC Type K N Concrete Sidewall 0.0 cm deep, centerline SWC-1|  12.0-cm 1400 C + 0.75%
98 T TC Type K N Concrete Sidewall 2.0 cm deep, centerline SWC-2 12.0-cm 1400 C +0.75%
99 T TC Type K N Concrete Sidewall 6.0 cm deepterine SWC-3 -12.0cm 1400 C +0.75%

Explanation of Variable Notations

T = temperature

43




OECD/MCCI-2009-TRO6 Rev. 1

Table A-2. "Power" DAS Channel Assignments for CCi5.

Channel Variable Sensor Location Elevation RangeilLi Accuracy
00 Reserve
01 T TC Type K N Concrete Sidewall 10.0 cm deep, centerline SWC-4 -12.0 cm 1400 C + 0.75%
02 T TC Type K N Concrete Sidewall 15.0 cm deep, centerline SWC-5 -12.0 cm 1400 C +0.75%
03 T TC Type K N Concrete Sidewall 20.0 cm deepjexdine SWC-6 -12.0cm| 1400 C +0.75%
04 T TC Type K N Concrete Sidewall 25.0 cm deep, centerline SWC-7 -12.0cm 1400 C *0.75%
05 T TC Type K N Concrete Sidewall 30.0 cm deep, centerline SWC-8 -12.0 cm 1400 C +0.75%
06 T TC Type K N Concrete Sidewall 35.0 cm deeptedine SWC-9 -12.0cm 1400 C +0.75%
07 T TC Type K N Concrete Sidewall 40.0 cm deep, centerline SWC-10 -12.0 cm 1400 C | +0.75%
08 T TC Type K N Concrete Sidewall 45.0 cm deep, centerline SWC-11 -12.0cm 1400 C +0.75%
09 T TC Type K N Concrete Sidewall 0.0 cm deep, centerline SWD-1 .0 ctn 1400 C +0.75%
10 T TC Type K N Concrete Sidewall 2.0 cm deep, centerline SWD-2 .0 ctn 1400 C +0.75%
11 T TC Type K N Concrete Sidewall 6.0 cm deeptedine SWD-3 0.0cm 1400 C +0.75%
12 T TC Type K N Concrete Sidewall 10.0 cm deep, centerline SWD-4 0.0cm 1400 C *+0.75%
13 T TC Type K N Concrete Sidewall 15.0 cm deep, centerline SWD-5 0.0cm 1400 C +0.75%
14 T TC Type K N Concrete Sidewall 20.0 cm deeptedine SWD-6 0.0cm 1400 C +0.75%
15 T TC Type K N Concrete Sidewall 25.0 cm deep, centerline SWD-7 0.0cm 1400 C + 0.75%
16 T TC Type K N Concrete Sidewall 30.0 cm deep, centerline SWD-8 0.0cm 1400 C +0.75%
17 T TC Type K N Concrete Sidewall 35.0 cm deeptedine SWD-9 0.0cm 1400 C +0.75%
18 T TC Type K N Concrete Sidewall 40.0 cm deep, centerline SWD-10 0.0cm 1400 C *0.75%
19 T TC Type K N Concrete Sidewall 45.0 cm deep, centerline SWD-11 0.0cm 1400 C +0.75%
20 T TC Type K N Concrete Sidewall 0.0 cm deep, centerline SWE-1 10.6-cm 1400 C *0.75%
21 T TC Type K N Concrete Sidewall 2.0 cm deep, centerline SWE-2 10.6-cm 1400 C +0.75%
22 T TC Type K N Concrete Sidewall 6.0 cm deeptedine SWE-3 +10.0cm  1400C +0.75%
23 T TC Type K N Concrete Sidewall 10.0 cm deep, centerline SWE-4 +10.0 cm 1400C | +0.75%
24 T TC Type K N Concrete Sidewall 15.0 cm deepjedine SWE-5 +10.0 cm 1400 C | +0.75%
25 T TC Type K N Concrete Sidewall 20.0 cm deeptedine SWE-6 +10.0cm 1400 C +0.75%
26 T TC Type K N Concrete Sidewall 25.0 cm deep, centerline SWE-7 +10.0cm 1400C | +0.75%
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27 T TC Type K N Concrete Sidewall 30.0 cm deep, centerline SWE-8 +10.0 cm 1400 C *0.75%
28 T TC Type K N Concrete Sidewall 35.0 cm deeptedine SWE-9 +10.0cm 1400 C +0.75%
29 T TC Type K N Concrete Sidewall 40.0 cm deep, centerline SWE-10 +10.0 cm 1400 C *0.75%
30 T TC Type K N Concrete Sidewall 45.0 cm deep, centerline SWE-11 +10.0 cm 1400 C +0.75%
31 T TC Type K N Concrete Sidewall 0.0 cm deep, centerline SWF-1 20.6-cm 1400 C + 0.75%
32 T TC Type K N Concrete Sidewall 2.0 cm deep, centerline SWF-2 20.6-cm 1400 C +0.75%
33 T TC Type K N Concrete Sidewall 6.0 cm deepterine SWF-3 +20.0 cm 1400 C +0.75%
34 T TC Type K N Concrete Sidewall 10.0 cm deep, centerline SWF-4 +20.0 cm 1400 C *0.75%
35 T TC Type K N Concrete Sidewall 15.0 cm deep, centerline SWF-5 +20.0 cm 1400 C *+0.75%
36 T TC Type K N Concrete Sidewall 20.0 cm deeptedine SWF-6 +20.0cm  1400C +0.75%
37 T TC Type K N Concrete Sidewall 25.0 cm deep, centerline SWF-7 +20.0 cm 1400 C *0.75%
38 T TC Type K N Concrete Sidewall 30.0 cm deep, centerline SWF-8 +20.0cm 1400 C +0.75%
39 T TC Type K N Concrete Sidewall 35.0 cm deepterine SWF-9 +20.0cm 1400 C +0.75%
40 T TC Type K N Concrete Sidewall 40.0 cm deep, centerline SWF-10 +20.0 cm 1400 C + 0.75%
41 T TC Type K N Concrete Sidewall 45.0 cm deep, centerline SWF-11 +20.0 cm 1400 C +0.75%
42 T TC Type K N Concrete Sidewall 0.0 cm deep, centerline SWG-1 30.6-cm 1400 C *+0.75%
43 T TC Type K N Concrete Sidewall 5.0 cm deep, centerline SWG-2 30.6-cm 1400 C *0.75%
44 T TC Type K N Concrete Sidewall 10.0 cm deepiexddine SWG-3 +30.0cm 1400 C 1+ 0.75%
45 T TC Type K N Concrete Sidewall 35.0 cm deep, centerline SWB-9 -24.0 cm 1400 C *0.75%
46 T TC Type K N Concrete Sidewall 40.0 cm deep, centerline SWB-10 -24.0 cm 1400 C +0.75%
47 T TC Type K N Concrete Sidewall 45.0 cm deep, centerline SWB-11 -24.0 cm 1400 C + 0.75%
48 Reserve

49 Reserve

50 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm W of ¢éinge SWH-1 -15.0 cm 1400C | +0.75%
51 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm W of ¢éinge SWH-2 -15.0 cm 1400C | +0.75%
52 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm W ofartine, SWH-3 -15.0 cm 1400C | +0.75%
53 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm W ofertine, SWH-4 -15.0 cm 1400C | +£0.75%
54 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm W ofertine, SWH-5 -15.0 cm 1400C | +£0.75%
55 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm W ofertine, SWH-6 -15.0 cm 1400C | +£0.75%
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56 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm E of cbnég SWI-1 -15.0 cm 1400C | +£0.75%
57 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm E of cbnég SWI-2 -15.0 cm 1400C | +£0.75%
58 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm E oferéne, SWI-3 -15.0cm 1400 C | +0.75%
59 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm E ofezéine, SWI-4 -15.0 cm 1400 C | +0.75%
60 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm E ofezéinge, SWI-5 -15.0 cm 1400 C | +0.75%
61 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm E ofezéine, SWI-6 -15.0 cm 1400 C | +0.75%
62 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm W of ¢énge SWJ-1 -5.0cm 1400C | +0.75%
63 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm W of ¢énge SWJ-2 -5.0cm 1400C | +0.75%
64 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm W ofadine, SWJ-3 -5.0cm 1400C | +0.75%
65 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm W ofaréine, SWJ-4 -5.0cm 1400C | +0.75%
66 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm W ofadine, SWJ-5 -5.0cm 1400C | +0.75%
67 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm W ofardine, SWJ-6 -5.0cm 1400C | +0.75%
68 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm E of cbngg SWK-1 -5.0cm 1400 C +0.75%
69 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm E of cbngg SWK-2 -5.0cm 1400 C +0.75%
70 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm E ofaréing, SWK-3 -5.0cm 1400C | +0.75%
71 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm E ofaréine, SWK-4 -5.0cm 1400C | +0.75%
72 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm E ofaréing, SWK-5 -5.0cm 1400C | +0.75%
73 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm E ofaréing, SWK-6 -5.0cm 1400C | +0.75%
74 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm W of aénee SWL-1 +5.0cm 1400C | +£0.75%
75 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm W of eéngg SWL-2 +5.0 cm 1400 C | +0.75%
76 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm W ofaréine, SWL-3 +5.0 cm 1400 C | +0.75%
77 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm W oferéine, SWL-4 +5.0 cm 1400C | +0.75%
78 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm W ofaréine, SWL-5 +5.0 cm 1400C | +0.75%
79 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm W ofaréine, SWL-6 +5.0 cm 1400C | +0.75%
30 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm E of cbnée SWM-1 +5.0cm 1400C | +0.75%
81 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm E of cbnée SWM-2 +5.0 cm 1400C | +£0.75%
82 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm E oferéne, SWM-3 +5.0 cm 1400C | +0.75%
83 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm E oferéne, SWM-4 +5.0 cm 1400C | +0.75%
84 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm E oferéne, SWM-5 +5.0 cm 1400C | +0.75%
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85 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm E oferéne, SWM-6 +5.0 cm 1400C | +0.75%
36 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm W of ¢én&e SWN-1 +15.0 cm 1400C | +0.75%
87 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm W of ¢éngs SWN-2 +15.0 cm 1400C | +0.75%
88 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm W ofertine, SWN-3 +15.0 cm 1400 C | +0.75%
89 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm W ofertine, SWN-4 +15.0 cm 1400 C | +0.75%
90 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm W ofextine, SWN-5 +15.0 cm 1400 C | +0.75%
91 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm W ofextine, SWN-6 +15.0 cm 1400C | +0.75%
92 T TC Type K N Concrete Sidewall 0.0 cm deep, 12.5 cm E of cbngg SWO-1 +15.0 cm 1400C | +0.75%
93 T TC Type K N Concrete Sidewall 5.0 cm deep, 12.5 cm E of cbngg SWO-2 +15.0 cm 1400C | +0.75%
94 T TC Type K N Concrete Sidewall 10.0 cm deep, 12.5 cm E ofaréine, SWO-3 +15.0 cm 1400C | +0.75%
95 T TC Type K N Concrete Sidewall 20.0 cm deep, 12.5 cm E ofaréine, SWO-4 +15.0 cm 1400C | +0.75%
96 T TC Type K N Concrete Sidewall 30.0 cm deep, 12.5 cm E ofaréng, SWO-5 +15.0 cm 1400C | +0.75%
97 T TC Type K N Concrete Sidewall 40.0 cm deep, 12.5 cm E ofaréne, SWO-6 +15.0 cm 1400C | +0.75%
98 Reserve

99 Reserve

Explanation of Variable Notations

T = temperature
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Table A-3. "Quench" DAS Channel Assignments for CG5.

Channel | Variable Sensor Location Level Range/LimKccuracy Notes

00 T Diode Sensor TC Compensation CH Q00-Q49 130 C

01 T TC Type C S MgO Sidewall, Lower Section, 0.0 cm deep SWHL-17 +10.0 cm 2320 C +1.0%
02 T TC Type C S MgO Sidewall, Lower Section, 1.0 cm deep SWHL-18 +10.0 cm 2320 C +1.0%
03 T TC Type C S MgO Sidewall, Lower Section, 3.0 cm deep SWHL-19 +10.0 cm 2320 C +1.0%
04 T TC Type C E MgO Sidewall, Lower Section, 1.0 cm deep SWHL-1 -17.5 cm 2320 C +1.0%
05 T TC Type C E MgO Sidewall, Lower Section, 2.0 cm deep SWHL-2 -17.5 cm 2320 C +1.0%
06 T TC Type C E MgO Sidewall, Lower Section, 4.0 cm deep SWHL-3 -17.5 cm 2320 C +1.0%
07 T TC Type C E MgO Sidewall, Lower Section, 8.0 cm deep SWHL-4 -17.5 cm 2320 C +1.0%
08 T TC Type C W MgO Sidewall, Lower Section, 1.0 cm deep SWHL-p -7.5 cm 2320 C +1.0%
09 T TC Type C W MgO Sidewall, Lower Section, 2.0 cm deep SWHL-10 -7.5 cm 2320 C +1.0%
10 T TC Type C W MgO Sidewall, Lower Section, 4.0 cm deep SWHL-11 -7.5 cm 2320 C +1.0%
11 T TC Type C W MgO Sidewall, Lower Section, 8.0 cm deep SWHL-12 -7.5 cm 2320 C +1.0%
12 T TC Type C E MgO Sidewall, Lower Section, 1.0 cm deep SWHL-13 +2.5 cm 2320 C +1.0%
13 T TC Type C E MgO Sidewall, Lower Section, 2.0 cm deep SWHL-14 +2.5 cm 2320 C +1.0%
14 T TC Type C E MgO Sidewall, Lower Section, 4.0 cm deep SWHL-15 +2.5 cm 2320C +1.0%
15 T TC Type C E MgO Sidewall, Lower Section, 8.0 cm deep SWHL-16 +2.5 cm 2320 C +1.0%
16 T TC Type C | W MgO Sidewall, Lower Section, 1.0 cm deep SWHL-21 +12.5 cm 2320 C +1.0%
17 T TC Type C | W MgO Sidewall, Lower Section, 2.0 cm deep SWHL-22 +12.5 cm 2320 C +1.0%
18 T TC Type C | W MgO Sidewall, Lower Section, 4.0 cm deep SWHL-23 +12.5 cm 2320 C +1.0%
19 T TC Type C | W MgO Sidewall, Lower Section, 8.0 cm deep SWHL-24 +12.5 cm 2320 C +1.0%
20 L Potentiometer Lance Position Indicator 0-t&5

21 T TC Type K Steamline internal vertical run from vessel ML-1 1400 C | *0.75%
22 T TC Type K Steamline external vertical run from vessel ML-2 1400 C | 0.75%
23 T TC Type K Steamline external lateral run from vessel ML-3 1400 C | +0.75%
24 T TC Type K Steamline external vertical run to quench tank ML-4 1400 C | 0.75%
25 T TC Type K S Middle Section Sidewall, 0.0 cm deep SWHL-25 baam 1400 C +0.75%
26 +0.75%
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T TC Type K S Middle Section Sidewall, 20.0 cm d&AHL-26 +67.5 cm 1400 C
27 T TC Type K N Top Section Sidewall, 0.0 cm deep SWHL -37 | +193.0cm| 1400C | *0.75%
28 FOR Strain Crust Force Load 0-44.6 kN
29 T TC Type K Quench tank internal QT-1 21 cm 1400 C +0.75%
30 T TC Type K Quench tank internal QT-2 55 cm 1400 C +0.75%
31 T TC Type C S MgO Sidewall, Lower Section, 0.0 cm deep SWHL-5 -10.0 cm 2320 C +1.0%
32 T TC Type C S MgO Sidewall, Lower Section, 1.0 cm deep SWHL-§6 -10.0 cm 2320 C +1.0%
33 T TC Type C S MgO Sidewall, Lower Section, 3.0 cm deep SWHL-f -10.0 cm 2320 C +1.0%
34 T TC Type C S MgO Sidewall, Lower Section, 7.0 cm deep SWHL-8 -10.0 cm 2320 C +1.0%
35 T TC Type K Quench tank coil inlet QT-5 1400 C | +0.75%
36 T TC Type K Quench tank coil outlet QT-6 1400 C | *0.75%
37 T TC Type K Quench tank coil outlet QT-7 1400 C | *0.75%
38 T TC Type K Overflow tank internal OT-1 16 cm 1400 C +0.75%
39 T Voltage Igniter Current 100 mV
40 T TC Type K Spray tank internal  ST-1 10 cm 1400 C +0.75%
41 T TC Type C S MgO Sidewall, Lower Section, 7.0 cm deep SWHL-40 +10.0 cm 2320 C +1.0%
42 T TC Type K N Top Section Sidewall, 2.0 cm deep SWHL-38 | +193.0 cm 1400 C +0.75%
43 T TC Type K N Middle Section Sidewall, 0.0 cm deep SWHL-29 | +92.2 cm 1400 C +0.75%
44 T TC Type K N Middle Section Sidewall, 2.0 cm deep SWHL-30 | +92.2 cm 1400 C | *0.75%
45 T TC Type K W Top Section Sidewall 0.0 cm deep SWHL-39 | +211.3cm| 1400C | £0.75%
46 T TC Type K W Top Section Sidewall 2.0 cm deep SWHL-40 | +211.3cm| 1400C | £0.75%
47 T TC Type K S Middle Section Sidewall 0.0 cm deep SWHL-33 | +148.8 cm 1400 C +0.75%
48 T TC Type K S Middle Section Sidewall 2.0 cm deep SWHL-34 | +148.8 cm 1400 C +0.75%
49 Reserve
50 T Diode Sensor TC Compensation CH Q50-Q99 130 C
51 T TC Type K E Top Section Sidewall 0.0 cm deep SWHL-35 | +174.7cm| 1400C | £0.75%
52 T TC Type K E Top Section Sidewall 2.0 cm deep SWHL-36 +174.7 cm 1400 C +0.75%
53 Reserve
54 Internal, exhaust line OG-1 1400 C| +0.75%
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T TC Type K
55 T TC Type K Water Supply Tank Internal WS-1 1400 C| +0.75%
56 Optical Corium Surface Temperature OP-1 242.9 gm 600-18J0 €4.0 C

Pyrometer

57 T TC Type K Water level probe LP-1 167/48cm| 1400C | £0.75%
58 T TC Type K Water level probe LP-2 167/48cm| 1400C | £0.75%
59 T TC Type K Test vessel plenum gas TS-1 223.0 cm 1400 C +0.75%
60 L Strain Supply tank head PT-1 350-2000 | D-6
61 P Strain Supply tank pressure PT-2 0-204 kPa A-17
62 L Strain Test vessel head, insertion probe PT-3 63-150 | D-3
63 L Strain Test vessel head, static probe PT-4 32-1501 D-1
64 P Strain Test vessel plenum pressure PT-5 0-204 kPa A-l
65 P Strain Basemat side pressure PT-6 0-204 kPa A-3
66 Reserve
67 L Strain Quench tank head PT-8 80-590 | D-9
68 P Strain Quench/overflow tank pressure PT-9 0-35 kPad D-2
69 L Strain Overflow tank head PT-10 200-900 | D-8
70 L Strain Spray tank head PT-11 240-1290 | D-5
71 P Strain Spray tank pressure PT-12 0-35 kPad D-4
72 L Magnetic Float Supply tank volume LS-1 350-2000 |
73 L Magnetic Float Quench tank volume LS-2 80-590 |
74 L Magnetic Float Overflow tank volume LS-3 200-900 |
75 L Magnetic Float Spray tank volume LS-4 240-1290 |
76 F Paddlewheel Water supply flowrate FM-1 680 Ipm
7 F Paddlewheel Quench tank coil flowrate FM-2 190 Ipm
78 Reserve
79 T TC Type K S Top Section Sidewall 0.0 cm deep SWHL-41 +229.6 cm 1400 C +0.75%
80 T TC Type K S Top Section Sidewall 2.0 cm deep SWHL-42 +229.6 cm 1400 C +0.75%
81 FC Flowcontroller Final Offgas Flowrate FCla -3,000 Ipm
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82 - Calculated Water Volume in Test Section 0-15

83 FC Flowcontroller Lid lights & camera covergas flowrate FC-2 0-200 Ipm

84 Reserve

85 - Calculated Total Current (Q92+Q93) 0-10,000 A

36 - Calculated Total Power (Q94+Q95) 0-500 kV

87 FC Flowcontroller Test vessel covergas flowrate FC-6 0-100 Ipm

88 FC Flowcontroller Lid camera covergas flowrate FC-7 0-350 Ipm

89 \% Pressure transducer power supply #1 voltage 0-30V

90 \% Pressure transducer power supply #2 voltage 0-30V

91 \% Voltmeter Power supply voltage 0-200 V

92 A Transformer Power supply current #2 5000 A

93 A Transformer Power supply current #1 5000 A

94 W Hall Meter Power supply power #2 1100 kw

95 W Hall Meter Power supply power #1 1100 kw

96 L Strain Auxiliary Tank Head PT-13 366-4080 D-10
97 T TC Type K Auxiliary Tank Internal AT-1 43 cm 1400 C | *0.75%
98 Reserve

99 Reserve

Explanation of variable notations

T = temperature P = Pressure FOR=Force L = L&velVoltage F = Flowrate A = Current W = Powe€ = Flow Controller
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APPENDIX B
Test Data

This Appendix provides plots of all data recordedimg Test CCI-5. The complete
channel assignment list is provided in Appendix Aime t = 0 in all plots is referenced to the
time at which ablation had been initiated on thenctete basemat and sidewall. This
corresponds to 6.0 minutes after onset of dataisitign; see Table 3-1. All data was logged at
~ 5.5 second time intervals during the test. Th& deave been averaged over 30 second
intervals to improve readability.
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26

20

24 A«WWWMMWWW”M

-25

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350

Elapsed Time (Minutes)

Figure B-1. Compensator Temperature, Channels BO-4 and B50-B99.
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Figure B-2. Basemat Type C “WCL” Array Data.
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Figure B-3. Basemat Type C “WNW" Array Data.
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Figure B-4. Basemat Type C “WNE” Array Data.
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Figure B-5. Basemat Type C “WSE” Array Data.
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Figure B-6. Basemat Type C “WSW” Array Data.
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Figure B-7. North Sidewall Type C “WN” Array Data.
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Figure B-8. Melt Surface Temperature Optical Pyroneter OP-1 Data.
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Figure B-9. Basemat Type K “A” Array Data.
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Figure B-10. Basemat Type K “B” Array Data.
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Figure B-11. Basemat Type K “C” Array Data.
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Figure B-12. Basemat Type K “D” Array Data.

58



OECD/MCCI-2009-TRO6 Rev. 1
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Figure B-13. Basemat Type K “E” Array Data.
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Figure B-14. North Sidewall Type K “SWA” Array Dat a.
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Figure B-15. North Sidewall Type K “SWB” Array Data.
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Figure B-16. North Sidewall Type K “SWC” Array Data.
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Figure B-17. North Sidewall Type K “SWD” Array Data.
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Figure B-18. North Sidewall Type K “SWE” Array Dat a.
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Figure B-19. North Sidewall Type K “SWF” Array Data.
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Figure B-20. North Sidewall Type K “SWG” Array Data.
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Figure B-21. North Sidewall Type K “SWH” Array Dat a.
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Figure B-22. North Sidewall Type K “SWI” Array Dat a.
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Figure B-23. North Sidewall Type K “SWJ” Array Data.
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Figure B-24. North Sidewall Type K “SWK” Array Data .
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Figure B-25. North Sidewall Type K “SWL"” Array Data .
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Figure B-26. North Sidewall Type K “SWM” Array Dat a.
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Figure B-27. North Sidewall Type K “SWN” Array Data.
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Figure B-28. North Sidewall Type K “SWO” Array Data.
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Figure B-29. Thermocouple Compensator Data for Chanels Q0-Q49 and Q50-Q99.
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Figure B-30. Test Section Sidewall Heat Loss Datd -17.5 cm Elevation.
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Figure B-31. Test Section Sidewall Heat Loss Datd -10.0 cm Elevation.
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Figure B-32. Test Section Sidewall Heat Loss Datd -7.5 cm Elevation.
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Figure B-33. Test Section Sidewall Heat Loss Datt +2.5 cm Elevation.
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Figure B-34. Test Section Sidewall Heat Loss Datd +10.0 cm Elevation.
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Figure B-35. Test Section Sidewall Heat Loss Datd +12.5 cm Elevation.
1200
800
Sidewall Heat Loss
South Wall, +67.5 cm Elevation
— SWHL-25 (0.0 cm)
600 ——SWHL-26 (-20.0 cm)
400
200 e
0 T T T T T T T T T T T T T T
-25 0 25 50 75 100 125 150 175 200 225 250 275 300 325 350

Figure B-36. Test Section Sidewall Heat Loss Datd the +67.5 cm Elevation.
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Figure B-37. Test Section Sidewall Heat Loss Datd the + 92.2 cm Elevation.
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Figure B-38. Test Section Sidewall Heat Loss Datd the + 148.8 cm Elevation.
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Figure B-39. Test Section Sidewall Heat Loss Datd the + 174.7 cm Elevation.
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Figure B-40. Test Section Sidewall Heat Loss Datd the + 193.0 cm Elevation.
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Figure B-41. Test Section Sidewall Heat Loss Datd the + 211.3 cm Elevation.
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Figure B-42. Test Section Sidewall Heat Loss Datd the + 229.6 cm Elevation.
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Figure B-44. Test Section Plenum and Insertable Wer Probe Thermocouple Data.
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Figure B-45. Quench Tank Water Volume, Coil Inlet,and Coil Outlet Temperatures.
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Figure B-46. Temperatures in Water Supply, Quenchand Off Gas Systems.
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Figure B-47. Crust Lance Load Cell Data.
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Figure B-48. Lance Position Indicator Data.
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Figure B-49. Total Power Supply Power.
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Figure B-50 Power Supply Voltage Data.
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Figure B-51. Total Power Supply Current Data.
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Figure B-52. Power Supply Current Transformer Data
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Figure B-53. Hall Effect Meter Data.
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Figure B-54. Voltage across Igniter Shunt.
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Figure B-55. Pressure Transducer Power Supply Vages.
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Figure B-56. Tank Water Volume Data.
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Figure B-57. Supply and Quench System Tank Head Ba(Backup).
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Figure B-58. Test Section Water Head Transducer Da.
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Figure B-59. Water Supply Tank Pressure.
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Figure B-60. Test Section Pressure.
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Figure B-61. Quench/Overflow and Spray Tank Plenunbifferential Pressures.
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Figure B-62. Water Flow Rates.
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Figure B-63. Test Section Helium Cover Gas Flow Res.
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Figure B-64. Final Off Gas Flow Rate.
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APPENDIX C
Chemical Analysis Results

This Appendix provides the raw data from the chamn@nalysis of the five corium
samples that were collected as part of the posttesninations for CCI-5. Sample locations are
described in Section 4.4 of this report.

All samples were analyzed using Inductively CouplBthsma Atomic Emission
Spectroscopy (ICP/AES). The analysis was carrigdog the Analytical Chemistry Laboratory
(ACL) at Argonne National Laboratory. Results gm@vided in Table C-1. The ICP/AES
analysis provides concentrations of selected elésnehe elements have been converted to
assumed oxide forms in the table. The resultangsnizalance should sum to within the
measurement error (reported as + 10 % of the regoelemental concentration for each
constituent) if the assumed oxide forms are redserand all key sample constituents have been
included in the element scan list. As shown inl@&b-1, all oxide mass balances fall within this
range except sample CCI-7, which was collected ftbendense oxide near the core-concrete
interface at the center of the test section (sgar€i4-10). The mass balance for this sample is
only ~ 85 %, indicating that a significant elemeraswexcluded from the scan (unlikely), or the
assumed oxide form(s) are not entirely correctsoAlote that this sample had a high amount of
tungsten (i.e. ~5.8 wt % in elemental form) relativethe other samples. The tungsten would
have been introduced into the melt through disswlutof the tungsten electrodes and
thermowells that were in contact with the melt dgrihe experiment.
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Table C-1. Raw Data from CCI-5 Sample Analyses.A{l constituents with elemental concentrations of .1 wt% are shown)

Sample Number

Element | Oxide CCI-5 CCI-7 CCI-8 CCI-9 CCI-9 (Dup) CCI-10
Form Wit% Wit% Wit% Wt% Wit% Wit% Wit% Wit% Wit% Wit% Wit% Wit%
Elem. Oxide Elem. Oxide Elem. Oxide Elem. Oxide Elem. Oxide Elem. Oxide
Al Al ;03 1.02 1.92 0.85 1.61 1.00 1.90 1.09 2.06 1.7 202 1.21 2.28
Ca CaO 8.06 11.28 7.25 10.14 7.99 11.18 8.49 11,88 8.46 11.84 9.46 13.24
Cr Cr,03 0.13 0.20 0.08 0.12 0.14 0.20 0.19 0.27 0.18 0.26 0.23 0.34
Fe FeO3 0.62 0.89 0.59 0.85 0.62 0.89 0.66 0.94 0.64 0.92 0.71 1.01
Hf HfO, 0.05 0.06 0.02 0.02 0.05 0.06 0.06 0.0Y 0.05 0.06 0.06 0.07
Mg MgO 0.36 0.60 0.28 0.47 0.36 0.59 0.349 0.62 0.37 0.62 0.41 0.69
Mn MnO 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.0B8 0.03 0.03 0.03 0.04
Ni NiO 0.02 0.02 0.06 0.08 0.02 0.02 0.02 0.03 0.0 0.03 0.02 0.02
K K20 0.36 0.44 0.34 0.41 0.36 0.43 0.39 0.46 0.38 0.46 0.43 0.52
Si Sio, 15.49 33.14 14.22 30.42 15.64 33.4p 16.31 34.00 .3116| 34.90 18.25 39.05
Na NaO 0.22 0.30 0.19 0.26 0.22 0.30 0.23 0.31 0.23 0.31 0.26 0.35
Sr SrO 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Ti TiO, 0.18 0.31 0.12 0.20 0.18 0.30 0.19 0.32 0.19 0.31 0.21 0.35
U uo, 26.35 29.89 22.62 25.67 25.65 29.10 24.26 27.p3 783 26.98 20.42 23.16
w WG, 1.06 1.34 5.79 7.31 0.92 1.15 0.87 1.10 0.86 1.09 0.99 1.25
Zr ZrO, 7.98 10.77 5.72 7.72 7.95 10.74 8.2( 11.07 8.15 .0111| 8.48 11.46
Total 91.23 85.31 90.37 91.61 90.8 93.4
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