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Executive Summary

The 105-R Reactor Disassembly Basin Grout Placement Strategy Report (SRNL-TR-
2009-00157) identifies various portions of the facility that will undergo an in-situ
decommissioning process. The estimated residual radioactive contamination in the 105-
R facility is shown in Figure 1. Cementitious grout formulations developed by SRNL
are being used to immobilize and isolate the radioactive contamination in existing below
grade portions of the 105-R building as shown by the gray-hatched area in Figure 2. A
Zero Bleed flowable fill was formulated for both dry placement and for underwater
placement. The first major area in the 105-R Disassembly Basin to undergo the grouting
process was the D&E Canal and an underlying void space known as the Chase. Grout
temperature data was needed to ensure that the grout mix design was on the correct grout
curing trajectory to meet the material compressive strength requirement of 50 pounds per
square inch. Initial grout temperature measurements were needed to confirm and
optimize grout mix design fresh property characteristics; i.e. material strength, and set
time. Grout curing temperature is an integrating fresh property characteristic that is used
to estimate cementitious material strength in accordance with the Standard Practice for
Estimating Concrete Strength by the Maturity Method, ASTM C 1074.
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Figure 1. Residual Radioactive Contamination in 105-R Reactor Building

The Maturity Method is used in the construction industry to estimate in-place strength of
concrete to allow the start of critical construction activities; e.g. formwork removal,
removal of cold weather protection, opening of roadways to traffic, etc. Applying this
methodology provides an expeditious means to estimate in-place grout strength based on
compressive strength laboratory results. The Maturity Method results define the
relationship between strength-time and age-time that may be utilized in the field for
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estimating strength after a given time of placement. Maturation curves were developed
under the 105-R Reactor Disassembly Basin Cementitious Materials Laboratory Test
Plan (SRNL-TR-2009-00175) to establish grout mix maturation indices for this
relationship. Temperature data collected from the D&E grout placement will be
evaluated against these maturation indices in a subsequent analysis. Grout temperature
data outside the maturation indices highlight the opportunity to adjust the grout mix
design for future placements. The pre-existing grout placement will not be removed
since this material will comply with strength requirements under the normal curing
duration.
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Figure 2. Below grade portions of the reactor facility to be grouted
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SRNL designed a standalone measurement system to collect grout mass placement
temperature data in the D&E Canal. Four vertical poles instrumented with
thermocouples were positioned in the canal prior to grout placement. The thermocouples
were connected to stand-alone, battery-powered data recorders mounted nearby that were
configured to take temperature recordings every 10 minutes for up to 100 days.
Unfortunately, after just 2 weeks, data collection was terminated because the
thermocouple wires connecting the data loggers to the thermocouple poles were severed
during construction activities. This report will highlight the unique challenges in
designing a data collection system for the D&E canal, describe the temperature
measurement system and its installation, and present calculated as well as measured
temperature values.
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Background
The 105-R Reactor Disassembly Basin consists of a number of distinct areas. The first 2
areas to be grouted were the D&E Canal and Chase as shown in Figure 3.

Figure 3. Disassembly Basin Areas

The canal is approximately 168 ft. in length, 16 ft. in width, and 30 ft. in depth. It was
estimated that it would take approximately 3000 cubic yards of grout to fill this area. A
plank walkway was located above and in the center of the canal. It spanned the entire
length of the canal. Workers used the walkway to set up the grout piping system. The
D&E Canal and walkway were categorized as a radiation contamination area based on
residual contamination in the canal. The Chase was a void space underneath the floor of
the D&E Canal. The Chase was approximately 163 ft. in length, 16 ft. in width, and 9 ft.
in depth. It was estimated that it would take approximately 1000 cubic yards of grout to
fill the Chase. There was no viable access into the Chase for the introduction of grout.
Several 6 inch diameter holes were drilled through the floor of the canal and into the
Chase. A few of the holes were used to provide video camera access to monitor the grout
pour process. Before the Chase was filled, a 5 foot layer of grout was poured on the
canal floor to provide shielding from radioactive contamination. To keep the camera and
grout pour holes from being covered by the shielding grout layer, 8 ft. sections of PVC
pipe were installed into each hole. After the shield pour was allowed to set, the cameras
were inserted into the PVC pipes and then partially into the Chase. The underwater grout
mix was poured into the Chase thereby displacing water which had been trapped in the
Chase. The displaced water completely covered the D&E Canal floor. With the Chase
grouted and the shield layer in place, the D&E Canal was ready to be filled with grout.
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Temperature Measurement System Design

Grout temperature data was needed from the D&E Canal pour to ensure that the grout
mix design was on the correct grout curing trajectory to meet the material strength
requirement. Initial grout temperature of the mass pour was needed to confirm and
optimize grout mix design fresh property characteristics. It was going to take 5
sequential grout pours or lifts, 5 feet each, to fill the D&E Canal. There would be at least
24 hours of curing time between lifts. The conditions of the canal and in the vicinity
were as follows:

The canal was considered a contaminated area with limited access.

The canal was 25 ft. deep which included the shield layer.

The grout mixture was wet and mildly corrosive.

120 VAC power was available nearby.

There was no air conditioning, heat or humidity control.

Airborne debris typical of construction activities was present.

Limited access and very little free space were available near the canal.

Nk =

Commercial devices for measuring and predicting concrete set times were considered for
this application. Normally, they are individually placed into the concrete with their wire
leads exposed. When a reading is needed, a hand-held data logger is temporarily attached
to the exposed leads of one of the devices and the data is retrieved and displayed. The
data logger is then disconnected from that device and moved to the location of the next
temperature device. Single point data collection is not an ideal way to take

measurements in a radioactive, contaminated, and congested environment such as the
D&E Canal.

SRNL developed a temperature measurement system that suited the sequential pour
process and considered the unique conditions of the canal itself. The temperature
measurement system consisted of sealed, self-powered data loggers connected to vertical
arrays of thermocouples. Sealed, self-powered data logger are not be hampered by
airborne debris, lack of air conditioning, high humidity, tampering, and if small, are
inconspicuous. The OM-CP-OCTTEMP 8-channel data logger was chosen for this
application and is shown in Figure 4. It is manufactured by MadgeTech, but is

Figure 4. Temperture Data Logger
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distributed by Omega, Inc. It has an operational range from -4 to 140° F and 5 to 95%
relative humidity. The data logger’s internal memory can hold 14,563 readings per
channel and is software configurable to record readings every 5 seconds to 12 hours.
Figure 5 shows one of the data loggers attached at the top of an I-beam support column
located adjacent to the D&E Canal. At the top of the column, the data logger is
somewhat inconspicuous and out of the way of construction activities.

Figure 5. Data Logger mounted adjacent to D&E Canal

The OM-CP-OCTTEMP data logger supports a variety of thermocouple types. A type T
thermocouple was selected for this application because they are good for low
temperatures, have superior corrosion resistance, and are tolerant to moisture. In
addition, since data was planned to be collected for at least 28 days, a hermetically sealed
variety was chosen. Hermetically sealed thermocouple sensors are manufactured with the
sensor tip fully encapsulated by an insulating material. This provides the sensor with
continuous protection against corrosive environments, moisture, and contamination. A
sealed thermocouple is shown below in Figure 6. The insulation material is Teflon®
PFA. PFA is a perfluoroalkoxy copolymer resin that offers both excellent resistance to
abrasion and water submersion as well as excellent resistance to solvents, acids, and
bases.
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Data Logger
connection point

Sealed Thermocouple Tip End

Figure 6. Hermetically Sealed Thermocouple

A qualitative operational check of the Type T thermocouples was performed by SRNL
prior to being transported to R-Area. Each thermocouple was tested at room temperature
in Bldg. 773-A, D-1176 with the thermostat set to approximately 72°F as well as in an
ice water bath measuring 34°F. Figure 7 shows results from the room temperature
testing of 8 Type T thermocouples as recorded by one of the OM-CP-OCTTEMP data
loggers. As you can see from the graph, the thermocouples agree to within a degree of
each other. Similar testing was done in an ice water bath. Again, the thermocouples

agreed to within a degree of each other.
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Figure 7. SRNL Testing of Type T Thermocouples
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The deployment of the thermocouples was a challenge. Major factors to consider
included the following:

e The grout pour schedule was somewhat unpredictable.

e The design had to be preassembled to support ALARA goals with respect to
working in a radiation environment.

e The design had to accommodate the depth of the canal, be adjustable to permit
reassembly within the limited non-contaminated workspace adjacent to the canal,
and be easily transportable by vehicle.

e The design had to be rigid enough to maintain a vertical orientation as grout was
being poured, but flexible enough to be transported through multiple turns of the
narrow hallways leading to the canal.

e The thermocouples had to remain at fixed distances from the canal floor.

To keep the system lightweight while addressing each of these factors, an adjustable
length, flexible pole design was fabricated from a series of fiberglass rod segments so
that a vertical temperature profile of the canal could be obtained. Four thermocouple
poles, each approximately 28 ft. in length, are shown in Figure 8 along with a view of the
foot piece located at the bottom of each pole.

Thermocouples
mounted to upper
section of Pole 1

Thermocouples
attached to lower
: section of Poles 2 and
e 4 are not in view

Thermocouples
mounted to upper
section of Pole 3 Foot

Figure 8. Thermocouple Pole Configurations and Assembly
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Each of the 4 poles is made up of 4 ft. segments of fiberglass rod with each segment
having a threaded male fitting at one end and a female fitting at the other end. They
attach end-to-end to build the pole. The poles were designed to be temporarily detached
near their center so that they could be easily transported by vehicle to R-Area. The
thermocouples were secured to the fiberglass rod segments using cable ties and heat
shrink tubing. The 2 poles (henceforth called Poles 1 & 3) on the left side of Figure 8
have 8 thermocouples attached every 2 ft. starting from the top of the pole (near the top
of picture) to approximately midway down the pole. Thermocouple 1 (TC1) is located at
the top of the pole and thermocouple 8 (TCS) is located midway on the pole. The
thermocouples were ordered with different length cabling to take into account they were
being mounted on the pole at different vertical distances. As a result, the thermocouple
connections at the top of the pole ended at the same point. This made it easier to connect
to the data logger. The 2 poles (henceforth called Poles 2 & 4) on the right in Figure 8
have 8 thermocouples attached every 2 ft. beginning midway on the pole to the bottom.
TC1 is located midway in this configuration and TC8 is located at the very bottom of the
pole near its foot. In all, there are 32 thermocouples divided between the 4 poles and 2
configurations. Poles 1 and 2 are considered a set (Pole Set A) with a total of 16
thermocouples mounted between them vertically from top to bottom with overlapping
pairs at the midpoint. Poles 3 and 4 are another pole set (Pole Set B) with a total of 16
thermocouples from top to bottom including overlapping pairs at their midpoint.
Therefore, each pole set installed vertically is able to track temperature readings at 14
distinct levels within the D&E Canal. On the bottom of each pole is attached a foot
designed to hold the pole in place during the initial grout pour into the canal. The foot is
fabricated from a round hole saw welded onto a swivel base plate. The idea is that the
sharp saw teeth would dig into the grout floor and the swivel base would ensure that as
many teeth as possible contact the floor despite minor uneven surface conditions. After
the initial pour hardens, the thermocouple poles would be fixed in place.

Temperature Measurement System Installation

The thermocouple poles were disassembled and transported in the white PVC containers
shown in Figure 8. Once inside the 105-R building, each pole was reassembled, tested,
and then carried to the D&E Canal and positioned vertically and spaced apart in the canal
as shown in Figure 9. Time and radiation exposure was reduced during the installation
process by having each pole fully assembled and tested before handing them over to
personnel in the Radiological Buffer Area (RBA). Radiological control personnel
monitored the hand-off of the poles from the clean to contaminated side of the RBA.
Each pole was lowered vertically between the guard rail on the D&E landing and the
guardrail on the D&E platform until its foot was in contact with the canal’s floor. A
custom T-fitting with short lengths of support piping was slid over the end of each
thermocouple pole and set screws tightened to secure it. One end of the support piping
from the T-fitting was fastened to the handrail on the D&E landing and the other to the
handrail on the D&E plank walkway as shown in Figure 10. This secured the
thermocouple pole vertically in the canal. The thermocouple connections from each pole
were kept on the uncontaminated side of the boundary during installation. The brown
wire bundle from the pole was secured with cable ties to the handrail on the landing side.

11
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Connections from the thermocouple pole were then mated to the blue thermocouple
extension wire bundle coming from the data loggers. With all the poles secured to the
handrail and the thermocouple connections made, a laptop computer was connected to
each data logger and the data collection program was initiated as shown in Figure 11.
Data from each of the 4 thermocouple pole arrays was recorded into its own data logger
every 10 minutes for a period of 2 weeks beginning February 16, 2010.

Connection between blue
thermocouple extension
wires on data logger to
brown thermocouple
wires from pole

Figure 11. Data Collection from Pole #1 using laptop computer

Thermal Model Results

There were a total of 6 grout lifts, each of 5 feet, poured into the D&E Canal. The first
lift, the shield layer, occurred on January 27, 2010 and consisted of the dry grout
formulation. This lift was poured before the thermocouple poles were installed. It was
followed by 4 pours of the underwater grout mix beginning on February 16, 2010. The
last pour was on February 26, 2010 and used the dry grout formulation. Thermal model
temperature results for the 5 grout lifts poured after the initial shield lift are shown in
Figure 12. Thermal modeling is discussed in more detail in Appendix A of this report.
For purposes of thermal modeling, the dry grout was assumed to have the same heat of
hydration as the underwater grout. The graph starts with the second lift which was
modeled as a rectangle with a width of 16 ft. (width of the canal) and a height of 5 ft. of
cooled-down grout and a second 5 ft. layer of new grout. A 5 ft. thickness of concrete
surrounded the layers of grout from the bottom and sides to simulate absorption of heat
released by hydration of the grout. The outer boundary of the concrete was assumed to be
at a constant temperature of 45°F, as was the ambient air temperature in the reactor

13




105-R Disassembly Basin D&E Canal SRNL-TR-2010-00098
Grout Temperature Measurements Revision 0

building. Early morning temperatures outside the reactor building during the pours
ranged from the mid-20s to low 30s. As a result, the ambient temperature of the reactor
building remained quite cool during the entire grout pour campaign of the D&E Canal.
The thermocouple poles were estimated to be 5-7 ft. from the nearest wall of the canal.
Although there was a considerable temperature gradient in the grout close to the canal
wall, the thermocouple arrays were in the flat portion of the cross-sectional temperature
profile and for practical purposes had the same temperature as in the center of the canal.
The transient calculation was performed up to the time of the next lift. The vertical
temperature profile at this time was used as the initial temperature profile for the next lift,
including the temperature of the fresh grout. The temperature of the fresh grout was
assumed to be the same as the ambient air temperature. The calculation was then restarted
and continued until the next lift. In this way, 5 individual models represented a buildup
of grout from the bottom to the top of the canal.
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Figure 12. Modeled Temperatures at Center of Lifts

Measured Temperature Data

Temperature data was downloaded from each of the 4 data loggers to a laptop computer
every week. The graph in Figure 13 shows the results from thermocouple 5 (TC5) on
Pole #1. TCS5 was mounted approximately 16 ft. from the top of the shield lift. It was
typical of the data recorded by a pole mounted thermocouple as it transitioned from air, to
water, and finally to grout. As the graph shows, over the first 4-5 days of pours, TC5
remains above the water and grout layers. It records the diurnal variations in the ambient

14
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air temperature that can be seen to range from 40 — 45°F. As the grout pouring campaign
continues, the water level in the canal rises and eventually submerges TCS during the 4t
lift. Over the next few days, the insulating nature of the water layer causes the
temperature readings to remain around 50 °F. After the 5" 1ift, the thermocouple is
enveloped by the grout mixture. The temperature of the grout layer increases from 50 to
above 70 °F. As the grout cures, the temperature peaks above 70° F and then slowly
tapers off. This is consistent with the thermal model data shown in Figure 12 and
demonstrates that the grout design was on the correct grout curing trajectory to meet the
material compressive strength requirement.

Pole 1 -TC5

80

70

60 -

Grout Layer
50 L™

40 /\\w/\““/\q*f\\fj :Water ;

Layer

Temp (F)

A
v

30 Air-Layer

20

-16 16:13:44

-17 00:43:44

-17 09:13:44

-17 17:43:44

-18 02:13:44

8 10:43:44

-18 19:13:44

-19 03:43:44

-19 12:13:44

-19 20:43:44

-20 05:13:44
0-02-20 13:43:44
0-02-20 22:13:44
0-02-21 06:43:44
0-02-21 15:13:44
0-02-21 23:43:44
0-02-22 08:13:44
0-02-22 16:43:44
0-02-23 01:13:44
0-02-23 09:43:44
0-02-23 18:13:44
0-02-24 02:43:44

0-02-24 11:13:44

-— - o v v = = = -

0-02-24 19:43:44
0-02-25 04:13:44
0-02-25 12:43:44
0-02-25 21:13:44
0-02-26 05:43:44
0-02-26 14:13:44
0-02-26 22:43:44
0-02-27 07:13:44
0-02-27 15:43:44
0-02-28 00:13:44
0-02-28 08:43:44
0-02-28 17:13:44
0-03-01 01:43:44

oo

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

=
3
)

Figure 13. Temperature Data from Pole #1, thermocouple 5

The composite graphs for the Pole Set A which includes Pole #2 (TC1-8) and Pole #1
(TC1-8) are shown in Figures 14 and 15 respectively. They represent the complete
vertical measured temperature profile of the D&E Canal from bottom to top. As
expected, there is some overlap of data between Pole #2 and Pole #1 as TC1 and TC2 on
Pole #2 are at the same elevation as TC8 and TC7 on Pole #1. Pole Set B includes Pole
#3 and Pole #4. Pole Set B is a backup to Pole Set A. As expected, the temperature
change as a result of the grout pour affects Pole #2 first since its thermocouples extend
from the bottom of the canal to midway up. As the grout level increases, the
thermocouples on Pole #1 eventually record similar results. The graphs shown in
Figures 14 and 15 are consistent with the thermal model data graphed in Figure 12 and
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demonstrate that the grout design was on the correct grout curing trajectory to meet the
material compressive strength requirement.
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The thermocouples on Poles #2 and #4 were configured similarly. Their composite
graphs began very much alike, but an anomaly occurred on Pole #4 or its data logger
between grout pours during the week of February 22, 2010. For some inexplicable
reason, some of the thermocouple temperature values on Pole #4 dropped suddenly which
was not expected. This anomaly appeared to coincide with the first pour of that week.
Then, the temperatures abruptly returned to expected readings during the last pour of that
week. It was as if some of the thermocouples on Pole #4 had become disconnected and
then reconnected. During the same time period, the temperature readings from
thermocouple Poles #1 and #3 appeared normal. Even though Pole #4 or its data logger
experienced some unexplained event, early temperature data values from it agreed with
results of its twin, Pole #2.

The graphs in Figure 16 show selected thermocouple temperature measurements from
Pole Set A, that is, Pole #1 (P1) and Pole #2 (P2). They illustrate measured temperature
values of each grout lift from the bottom of the canal to the top. Pole #2 thermocouples
were located in the bottom half of the 25 foot deep canal and Pole #1 thermocouples were
located in the upper half. The thermocouple distances from the top of the first lift or
shield layer to the 6" and final lift are shown below:

Pole# Thermocouple Elevation from Lift#
Top of 1% Lift (ft.)

2
TC8-P2 0 2
TC2-P2 10 3
TC1-P2 12 4

1
TC8-P1 10 3
TC7-P1 12 4
TC5-P1 16 5
TC2-P1 22 6

As the 2™ lift is poured, TC8-P2 transitions from a water environment to being covered
by grout. TC8-P2 reaches its maximum value at about 20 hrs after the start of the second
lift. By the end of the 3" 1ift, TC8-P1 then starts to increase at 58 hrs simultaneously
with TC2-P2 as they were at approximately the same elevation in the canal. After the 3™
lift is poured at 48 hrs, TC8-P1 indicated a peak value at 68 hrs or 20 hrs after the 31
pour. This is in contrast to 48 hrs for the calorimetry sample graphed in Figure 17. The
change in hydration kinetics may be due to the additional water in the canal due to the
displacement of water from the Chase. As TC8-P1 and TC2-P2 temperatures rise due to
the grout, TC7-P1 is seen to transition from air temperature to water temperature as the
introduction of grout continues to cause the water level to rise. After the 4™ lift, TC1-P2
and TC7-P1 show simultaneous temperature increases from the grout as they were at
approximately the same elevation. TC5-P1 shows the transition from air temperature to
water temperature as the introduction of grout continues to cause the water level to rise.
After 240 hrs and during the 6" lift, TC2-P1 records the transition from air to grout. It is
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apparent from the graphs in Figure 16 that the step changes in the temperatures
correspond to the covering of the thermocouples by the successive grout lifts. The results
shown in Figure 16 are consistent with the results exhibited by the thermal model.
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Figure 16. Selected Measured Grout Temperatures from Poles #1 & #2
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Figure 17. Heat of Hydration for Underwater Grout
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Summary

SRNL researchers designed several unique grout formulations for use in the in-situ
decommissioning of the 105-R Reactor building. Grout temperature data was needed to
ensure that the grout mix formulation was on the correct grout curing trajectory to meet
the material strength requirement. A temperature measurement system was designed that
incorporated ALARA principles, addressed work area restrictions, and environmental
conditions. A total of 32 thermocouples, 8 on each of 4 poles, were placed vertically and
in 4 locations within the Disassembly Basin’s D&E Canal. Temperature data was
successfully collected between February 16, 2010 and March 1, 2010. The measured
temperature values of the grout matched well to those results predicted by the grout
thermal model.
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Appendix A

Grout Thermal Modeling Results
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Transient modeling of the R-Reactor Disassembly Basin (D&E Canal) was performed
using the information from the actual pour schedule.

Thermal Properties of Ordinary Portland Cement Grouts
The types of grout used and the mix proportions are given in Table A-1.

Table A-1
Grout Mixture Recipes for D&E Canal Grouting
Materials PR-ZB-FF-8-D Dry PR-UZB-FF-8
Grout-Sand Mix Underwater Grout
(Ibs/cu. yd) (Ibs/cu. yd)

Portland Cement 150 150
Fly Ash 500 500
Sand 1850 1832
Pea gravel (#8 stone) 800 800
Mix water 415 350
VMAdmixture 275 NA
HRWR Admixture 39 67.5
Air content 2.7 2.5

Unit weight (Ibs/cu. ft) 133.3 135.8

The thermal properties, measured by the Engineering Development Laboratory of SRNL,
are given in Table A-2.

Table A-2
Thermal Properties of Grouts Used in D&E Canal Grouting
Thermo-physical Parameter Dry Grout-Sand Underwater Grout
Mix

Density, g/ml 2.16 2.16
Specific heat, J/kg-"K 892 935.9
Thermal conductivity, w/m-"K 1.68 1.9
Total heat of hydration (7 days), 17.2 18.3
(24°C)J/g

The heats of hydration as a function of time for the Underwater Grout and Dry Grout, are
given in the charts of Figures A-1 and A-2, respectively. There was a considerable delay
in the start of hydration for the Underwater Grout of 30 hrs and where the peak did not

occur until after 45 hrs. The Dry Grout started hydrating almost immediately after 10 hrs.
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Figure A-1 Heat of Hydration for Underwater Grout, PR-UZB-FF-8
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Figure A-2 Heat of Hydration for Dry Grout, PR-ZB-FF-8D
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D&E Canal Grout Pouring Schedule
Information on the D&E Canal grout pouring schedule was provided by Wayne Cadden,
Construction Management — Operations and Services, and is as follows:

Date Number of Cubic Yards Grout Type Elevation, ft

1% Lift Jan. 27,2010 376 PR-ZB-FF-8D 0-5
2" Lift Feb. 16,2010 2 Standard grout

416 PR-UZB-FF-8 5-10.54
39 Lift Feb. 18,2010 2 Standard grout +

PR-UZB-FF-8 10.54 — 15.94

4™ Lift Feb. 20, 2010 2 Standard grout

400 PR-UZB-FF-8 15.98 -21.31
5™ Lift Feb. 22,2010 2 Standard grout

400 PR-UZB-FF-8 21.31 -26.64
6" Lift Feb. 26, 2010 252 PR-ZB-FF-8D 26.64 —30.00

The first lift consisted of the dry grout, PR-ZB-FF-8D, followed by 4 pours of a small
layer of standard grout and a larger volume of underwater grout, PR-UZB-FF-8. The last
pour used the dry grout. For purposes of thermal modeling, the standard grout was
assumed to have the same heat of hydration as the underwater grout due to its small
volume.

Transient Thermal Modeling

The transient thermal modeling used the general partial differential equation software,
Comsol Multiphysics, applied to a 2-dimensional geometry. The 6 different lifts were
modeled separately. An initial calculation showed that due to the long time between the
first and second lifts, about 480 hrs, the grout temperature basically reached ambient
temperature. Consequently the model presented here starts with the second lift, which
was modeled as a rectangle with a width of 16 ft (width of the canal) and a height of 5 ft.
of cooled-down grout and a second 5 ft layer of new grout. A 5 ft thickness of concrete
surrounded the layers of grout from the bottom and sides to simulate absorption of heat
released by hydration of the grout. The outer boundary of the concrete was assumed to be
at a constant temperature of 45°F, as also the air temperature. The thermocouple tree was
5-7 ft from the wall of the canal. Although there was a considerable temperature gradient
in the grout close to the canal wall, the thermocouple tree was in the flat portion of the
cross-sectional temperature profile and was for practical purposes had the same
temperature as in the center of the canal. The transient calculation was performed up to
the time of the next lift. The vertical temperature profile at this time was used as the
initial temperature profile for the next lift, including the temperature of the fresh grout.
The temperature of the fresh grout was assumed to be the same as the ambient air
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temperature. The calculation was then restarted and continued until the next lift. In this
way, 5 individual models represented a buildup of grout up to the top of the canal.

Figure A-3 shows a chart of the recorded grout temperatures from selected thermocouples
from Pole #1 and Pole #2 that illustrate the measured temperatures of each lift.
Thermocouples from Pole #2 were located in the bottom half of the canal and
thermocouples from Pole #1 were located in the top half of the canal. The thermocouple
distances from the top of the first lift or shield layer were as follows;

Thermocouple  Elevation from Top of 1* Lift Lift Location

(ft)
Pole 2
TC8-P2 0 2
TC2-P2 10 3
TC1-P2 12 4
Pole 1
TC8-P1 10 3
TC7-P1 12 4
TC5-P1 16 5
TC2-P1 22 6

For the second lift, TC8-P2 starts to increase immediately, apparently as water is being
displaced. It reaches its maximum at about 20 hrs after the start of the second lift. With
the third lift, TC8-P1 then starts to increase at 58 hrs simultaneously with TC2-P2 from
Pole #2, being at the same elevation. Similarly, TC1-P2 from Pole #2 and TC7-P1 from
Pole #1 show simultaneous temperature increases being at the same elevation. After the
3 1ift is poured at 48 hrs, TC8-P1 indicated a peak at 68 hrs or 20 hrs after the 31 pour,
in contrast to 48 hrs for the calorimetry sample, Figure A-1. The change in hydration
kinetics may be due to the additional water in the canal. The step changes in the
thermocouples correspond to the covering of the thermocouples by the successive lifts.

The calculated temperature transients for the 2" through the 6™ lifts are given in Figure
A-4. The general shape of the temperature histories is similar to the actual measured
temperatures, Figure A-3, except for the longer onset of temperature increase for the
calculation as a result of using the heat of hydration curve, Figures A-1 and A-2. The
calorimetric tests were conducted at a starting grout temperature of about 75°F, while the
grout initial temperature was 45°F, which likely affected the heat of hydration. Despite
the differences between laboratory and field conditions, the calculated peak temperatures
are still very close to the maximum measured temperatures.
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Figure A-3 Measured D&E Canal Grout Temperatures, Thermocouple Pole #1 & #2
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Attachment 1

Graphs and Data from Thermocouple Poles 1-4
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