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1.0 INTRODUCTION

The Tank Operations Contractor (TOC) [Washington River Protection Solutions, LLC (WRPS)]
has responsibility for closure of underground waste storage tanks after waste retrieval. To
support closure planning and take advantage of lessons learned from recent tank closure
activities at the Idaho National Laboratory (INL), the TOC has contracted with Columbia Energy
& Environmental Services, Inc. (Columbia Energy) to perform cold (i.e., non-radioactive/
non-hazardous) off-site testing to evaluate grout formulations and placement strategies. The data
collected will provide information to support development of the technical basis for future tank
closure decisions. This report documents testing of two grout formulations:

. Waste stabilization grout formulated to stabilize any residual waste heel remaining in the
tank following waste retrieval, and

. Bulk fill grout formulated to fill the tank space and prevent long-term subsidence.

1-1



RPP-RPT-41550, Rev. 1

20 BACKGROUND

The grout testing described in this test report was performed in phases designed to first evaluate
materials and develop formulations on a small batch scale to define baseline formulations for the
waste stabilization and bulk fill grouts followed by scale up to production sized batches. The
starting point for the grout formulations (waste stabilization and bulk fill) were those used for
closure of underground storage tanks at INL.

The first phase of testing was performed to collect data to optimize the waste stabilization and
bulk fill grout formulations. Specifically, the first phase was to determine the extent to which the
formulations could reduce the quantity of admixtures and capitalize on more readily available
(local) supplementary cementitious materials by varying the quantities of cement, fly ash and
admixtures. Phase 1 testing was performed on small batches (2 cubic feet) of the waste
stabilization and bulk fill grouts. The evaluation criteria used for this phase of testing was
flowability of the grouts relative to the baseline formulations used at INL. The Phase 1 test was
performed to CEES-0505, Grout Formulation Optimization Test Procedure. The results of the
Phase 1 testing are presented in CEES-0524, Grout Formulation Optimization Test Report,
which is provided as Appendix A of this test report.

Based on the results from Phase 1 testing, additional testing was warranted which was performed
in the Phase 2 testing. The Phase 2 testing was performed to collect data to further optimize the
waste stabilization and bulk fill grout formulations. Specifically, the second phase was to
determine the extent to which bleed water and segregation could be minimized in the waste
stabilization grout, and grout material formulations. Additionally, the formulations were
adjusted for both the waste stabilization and bulk fill grouts to achieve a full cubic yard yield.
Phase 2 testing was performed on small batches (2 cubic feet) of the waste stabilization and bulk
fill grouts. Bleed water and segregation were evaluated for the small batch tests by visual
examination. The evaluation criterion for adjusting the formulations to achieve a full cubic yard
yield was flowability of the grouts relative to the baseline formulations used at INL. The Phase 2
testing was performed to CEES-0512, Grout Formulation Optimization Test Procedure Part 2.
The results of the Phase 2 testing are presented in CEES-0524 which is provided as Appendix A
of this test report.

Phase 3 testing was performed to demonstrate scalability of the optimized grout formulations
developed in the Phase 2 testing and determine the affects of placement in an underground
storage tank (i.e., dropping the grout 50-feet onto a hard surface). This test involved mixing 6 to
7 cubic yard batches of the stabilization and bulk fill grout formulations defined through Phase 2
testing and dropping the grout 50 feet from a pump truck. The evaluation criterion for the
scalability of the grouts was the flowability of the grouts relative to the formulations developed
in Phase 2 testing. Visual examination was used for the effects of dropping 50-feet onto a hard
surface. The Phase 3 test was performed to CEES-0523, Grout Placement Test Procedure. The
results of the Phase 3 testing are presented in CEES-0524, which is provided as Appendix A of
this test report.
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Testing performed to CEES-0501, Tank Closure Grout Test Procedure, satisfied test objectives
1,2, 3,4 and 6 in RPP-PLAN-39837, Test Plan for Closure Demonstration Cold Testing. These
test objectives are as follows:

1. Demonstrate the suitability of the INL mix designs (stabilization and bulk fill) for
application at Hanford for stabilizing the tanks.

2. Demonstrate the ability to drop (free fall) grout from grade into the tanks while
maintaining the material’s ability to serve its intended purpose. The distance from grade
to the bottom of the 241-A and 241-AX farm tanks is approximately 50 feet (the
anticipated bounding condition when closing Hanford tanks).

3. Determine the maximum lift height that can be continuously poured without exceeding
temperature limits of the tank structure or the grout material during the curing process.

4. Demonstrate the flow characteristics of the bulk fill grout mix into cascade lines/transfer
line penetrations.

6. Demonstrate the encapsulation performance of the stabilization grout formulation.

Test objective 5 was not tested: Demonstrate the flow characteristics of the pipe fill grout mix
into cascade lines/transfer line penetrations. Test objective 5 was reconsidered based on the
performance and flow characteristics of the bulk fill grout. The pipe fill grout (i.e., highly
flowable grout without sand) was not tested. The decision was made during the test planning
phase to eliminate testing of the pipe fill grout until results were obtained for the bulk fill grout
(test objective 4). If the bulk fill grout does not meet the requirements for pipe fill, additional
testing may be required using the pipe fill grout.
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30 RESULTS

Testing performed to CEES-0501, Tank Closure Grout Test Procedure, Section 5.1, satisfied test
objective 1. Testing performed to CEES-0501, Section 5.2 satisfied test objectives 2 and 6.
Testing performed to CEES-0501, Section 5.3 satisfied test objective 3. Testing performed to
CEES-0501, Section 5.4 satisfied test objective 4.

31 TEST OBJECTIVE1

Testing associated with test objective 1 was performed to evaluate and establish baseline
physical property data for the bulk fill and waste stabilization grout properties and changes in the
physical properties associated with water additions (+ 10 and 25 percent) in bulk batch
operations. Test objective 1 is defined in RPP-PLAN-39837, Section 5.1. The testing performed
on the waste stabilization and bulk fill grout included the following:

. Strength per ASTM C39/C39M-04a, Sandard Test Method for Compressive Strength of
Cylindrical Concrete Specimens,

. Air Content per ASTM C231, Standard Test Method for Air Content of Freshly Mixed
Concrete by the Pressure Method,

. Density per ASTM C138/C138M-92, Standard Test Method for Unit Weight, Yield, and
Air Content (Gravimetric) of Concrete,

. Yield per ASTM C138,

. Shrinkage per ASTM C157/C157M-99, Standard Test Method for Length Change of
Hardened Hydraulic-Cement, Mortar and Concrete,

. Bleed Water per ASTM (C232-99, Sandard Test Methods for Bleeding of Concrete,

. Flow per ASTM D6103-97, Standard Test Method for Flow Consistency of controlled
Low Strength Material (CLSM).

The grout formulations used for this testing were based on grout formulation optimization testing
documented in Appendix A. These grout formulations are designed to support a two-stage tank
closure fill strategy that consists of the following:

. Placement of an approximate 4-foot layer of grout (waste stabilization grout) to stabilize
the residual waste in the tank bottom. The waste stabilization grout formulation
incorporates blast furnace slag for immobilizing technetium-99 in the residual waste.

. Placement of a lower strength, more flowable grout (bulk fill grout) to fill the remainder
of the tank.

The grout formulations optimization testing was performed to develop grout recipes that
maximized the use of materials that are available from local suppliers. The grout formulas used
at the INL facility were developed based on the availability of materials local to the facility. For
example, Class C fly ash, which was one of the ingredients in the INL bulk fill grout, was the
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locally available fly ash. However, Class F fly ash is the commonly batched material locally
around the Hanford Site. Initial testing was performed on the INL grout formulations to evaluate
the effects of switching the Class C fly ash to Class F fly ash. The initial testing also included
the effects of reduced admixtures in the grouts to support the development of a more
economically feasible grout mix design. The results of this testing are documented in
CEES-0524 and is provided as Appendix A of this test report.

Because of concerns raised at INL over maintaining strict control over the water-to-cement ratio
and the recognized improvement in the flowability with increased water content, the baseline
formulations were tested with increased water content. The increased water content testing was
aimed at evaluating the impact of water content on the physical properties of the grout. Small
batch (2 cubic foot) testing was performed on both the waste stabilization and bulk fill grouts for
the baseline formulations, increased water content of 10 percent, and increased water content of
25 percent. The formulations for the waste stabilization and bulk fill grouts used for this testing
are presented in Table 3-1.

Table 3-1. Grout Formulations (Test Objective 1).

Stabilization Batch (Volume) Bulk Fill Batch (Volume)
Ingredient
1CY 2CF 1CY 2CF
Portland Cement Type I (1b) (£ 1%) 118 8.74 200 14.81
Slag (Ib) (+ 1%) 351 26.00 0 0
Pozzolan Class F (Ib) (+ 1%) 230 17.04 390 28.89
Water (Ib) (+ 1.5%) 430 31.85 371 27.41
+10% Water (Ib) (= 1.5%) 473 35.04 408.1 30.23
+25% Water (Ib) (= 1.5%) 5375 39.81 463.8 34.36
Sand (Ib) ( 2%) 2,712 200.89 2,562 189.78
Glenium® 3030 (cc) (+ 3%) 1,138.6 84.34 177.4 13.14
Rheocell® 30 (cc) (+ 3%) 0 0 1183 8.76

cc = cubic centimeter.
CF = cubic foot.

CY = cubic yard.

Ib = pound.

® Glenium and Rheocell are registered trademarks of BASF Construction Chemicals LLC.

The batch testing to satisfy test objective 1 was performed at American Rock Products facility on
April 23, 2009, starting at approximately 12:00 p.m. The batch testing was completed at
approximately 3:00 p.m. To mix each batch, the grout ingredients (with the exception of the
Glenium and Rheocell) were measured using a calibrated scale (calibration certifications are
provided in Appendix B) and then placed into a 5 cubic foot drum mixer incrementally, while the
drum mixer was turning to allow for a homogenous mixture. The Glenium and Rheocell were
then measured using a syringe with 1cubic centimeter markings and placed into the drum mixer.
The grout was then mixed for three minutes, allowed to rest for two minutes, and then mixed for
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three minutes before being placed into a wheelbarrow for testing. All grout testing was
performed by Quality Inspection Services, Inc. (QISI), which is an accredited concrete testing
company that was audited by Columbia Energy and placed on their evaluated suppliers list prior
to the testing activities.

3.1.1 Results

The results for both the nominal formulation of the stabilization grout and bulk fill grout met
expectations. There are no specific criteria defined that were used to evaluate the results. The
general criteria for the grout mixtures at this stage of the closure program planning are
qualitative (i.e., flowable, minimal bleed water, minimal shrinkage, and with sufficient
compressive strength to prevent long-term subsidence).

The water addition cases resulted in immediate impacts on the physical properties in both
formulas as measured by QISI technicians, including increased flowability/slump, decreased air
content, slight increases in bleed water, and increased density. The laboratory results from the
small batch testing of the waste stabilization and bulk fill grouts are presented in Table 3-2.

3.1.2 Observations
The following observations were made following review of the small batch test results:

3.1.2.1 Strength. The nominal stabilization grout and bulk fill grout formulations resulted in
strength values that exceed the unconfined compressive strength of 50 to 100 pounds per square
inch of well compacted soil. The additional water associated with the +10 and +25 percent water
formulations resulted in minor reductions in the 28 day compressive strength. This trend follows
expectations associated with the additional water in the grout mix.

3.1.2.2 Air Content. Increased water additions resulted in reduced air content for both the
stabilization and bulk fill grout mixtures. Although the stabilization mix did not include an air
entrainment additive, there was an observed reduction in air content with increased water
addition.

3.1.2.3 Shrinkage. The shrinkage results indicate that the test specimens grew in volume. The
negative values reported in the test results indicate growth. Investigation into the test method
indicates that after removal from the forms, the specimens are stored in a lime-saturated water
bath for the first 28 days. After the first 28 days, the specimens can be stored in water or in air.
Water storage more closely resembles the expected in-tank conditions during bulk fill of the tank
(e.g., high humidity and the presence of bleed water and flush water during the curing process).
The average growth for the nominal bulk fill grout was 0.0235 percent. This translates into a
theoretical increase of 0.21 inches over a 75-foot diameter tank. The impact of this on the tank
structure would require further evaluation.

Discussions with the laboratory personnel indicated that these results were typical of grouts over
the first few weeks of the curing process and that the standard provides for measurements of the
specimens to be made for up to 64 weeks following the initial curing period.
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Table 3-2. Small Batch Test Results (Test Objective 1).

Test
Grout Mixture Strength® Alr Density | . 3 | Shrinkage® Bleed(c) Flow®
(ps) Content (bt Yield (ft°) (%) Water (i)
(%) (mL/cm?) '

Stabilization 2,950 5.5 137.0 2.08 -0.013°¢ 0.0494 6.25
Grout
Stabilization 2,700 2.6 139.0 2.07 N/AS 0.3278 8.0
Grout + 10%
Water
Stabilization 2,430 0.8 138.8 2.11 -0.029/-0.029 0.4491 13.5
Grout + 25%
Water
Bulk Fill Grout 350 14.0 125.2 2.08 -0.024/-0.023 0.1796 7.75
Bulk Fill Grout + 340 11.0 128.0 2.06 -0.026/-0.025 0.3121 8.25
10% Water
Bulk Fill Grout + 330 8.0 131.0 2.04 -0.097/-0.023 0.4671 9.75
25% Water

a.  Strength values are the average of two 28 day breaks (2 cylinders)

b. Two specimens were obtained for each grout mixture. An initial reading/measurement was obtained at 24 hours. The
final reading as recorded in this table was obtained at 24 days. The value represents the percentage length change of the
specimen, when compared to the 24 hour length change over the 23 day duration. Note that a negative percent length
change indicates positive growth in the test specimen.

c.  The value recorded indicates the volume of bleeding water per unit area of surface.

The flow values recorded are the average diameter of the flow patty when measured across two points perpendicular to
one another.

e.  One test specimen broke after the initial reading
f.  One specimen broke after the initial reading and one specimen broke during the de-molding process

in. = inch.

psi = pounds per square inch.

1b/ft? = pounds per cubic foot.

ft’ = cubic feet.

mL/cm® = milliliters per square centimeter.

It is not clear if this expansion represents a permanent set in the grout or whether there is a
transition to a drying shrinkage when subjected to air drying. ACI 209.1R-05, Report on the
Factors Affecting Shrinkage and Creep of Hardened Concrete, identifies different shrinkage
mechanisms. Typical values for long-term shrinkage of mortar are reported in ACI 209.1R-05 as
ranging from 0.08 to 0.2 percent.

3.1.2.4 Bleed Water. Measured bleed water values for the stabilization and bulk fill nominal
mixes were 0.78 and 3.29 percent, respectively. The percentage reflects the weight percent of
bleed water relative to the total mass of water in the mix. As expected, the mixes with the +10
and +25 percent water resulted in increased bleed water.

As an example, the nominal bulk fill grout mix that results in 3.29 percent bleed water will
produce approximately 14 pounds (1.7 gallons) of bleed water per cubic yard.
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3.1.25 Flow. Increased water additions had a significant effect on the flow (patty size) for
both the stabilization and bulk fill grout mixtures. Increased flowability can be achieved through
the addition of water or chemical admixtures. As long as the results are acceptable, the use of
added water is a low cost option to using admixtures.

3.1.2.6 Conclusion. Water additions can be used to provide for increased flow without
adversely impacting other physical properties if the resulting bleed water is acceptable.

3.1.2.7 Mixing. It was observed in mixing the small batches that there was some difficulty in
mixing the dry materials and a tendency of the sand and/or slag to cake at the base of the mixing
drum. This may be an issue with the mixer or an indication that without the typical aggregate
used in concrete care should be exercised to ensure adequate mixing of the materials.

32 TEST OBJECTIVES2AND 6

Testing associated with test objective 2 was performed to demonstrate the ability to drop (free fall)
grout from grade into the tanks while maintaining the material’s ability to serve its intended
purpose. The distance from grade to the bottom of the 241-A and 241-AX farm tanks is
approximately 50 feet (the anticipated bounding condition when closing Hanford tanks). Testing
associated with test objective 6 was performed to demonstrate the encapsulation performance of the
waste stabilization grout formulation. Test objectives 2 and 6 are defined in RPP-PLAN-39837,
Sections 5.2 and 5.6, respectively.

Material segregation is the primary concern when placing grout into the tank. To fill a tank with
grout, the grout will have to be lowered or dropped, from grade to the tank floor at heights of up
to 50 feet for a 1 million gallon tank. To replicate these conditions, a concrete pumper truck was
used to elevate the grout mixtures and then allow them to free fall approximately 50 feet onto a
hard surface. Approximately 36 cubic yards of the bulk fill grout was used in the test and
approximately 32 cubic yards of stabilization grout was used. Two 12-foot square by 4-foot
deep drop areas were constructed with 36-foot long by 3-foot wide troughs running outward
from the drop area. The test set-up for the drop tests is presented in Figures 3-1 and 3-2.
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Figure 3-1. Test Objective 2 Grout Drop Trenches.

Figure 3-2. Test Objective 2 Typical Grout Drop Trench.
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To determine the encapsulation properties/mixing effects of the waste stabilization grout when
dropped from approximately 50 feet, a waste simulant was poured into the bottom of the drop
area. The simulant used for this testing was a bulk sluiced sludge simulant as described in
RPP-PLAN-39837. The formulation for the simulant is presented in Table 3-3. To aid in the
evaluation of the encapsulation/mixing properties, a commercial concrete dye (red material
shown in Figure 3-9) was added to the simulant to contrast with the grout color. Simulant was
not used during the bulk fill grout drop tests.

Table 3-3. Bulk Sluiced Sludge Simulant Recipe.

Ingredient Quantity
Sand 70 wt%
Hematite 30 wt%
Water 17% (on a weight basis)

Source: RPP-PLAN-39837, 2008, Test Plan for the Closure
Demonstration Cold Testing, Rev. 0, Washington River Protection
Solutions, LLC, Richland, Washington.

Note: One bag of red concrete dye was added to provide contrast
between the simulant and the grout.

3.2.1 Bulk Fill Grout Drop

The bulk fill grout drop test was performed at the American Rock Products facility on April 21,
2009, starting at approximately 10:30 am. The testing started with the batching of 4 concrete
mixer trucks, each containing 9 cubic yards of bulk fill grout. Each batched ingredient was
required to fall within the tolerances specified by the National Ready Mixed Concrete
Association (NRMCA), which is listed below:

. Cementitious materials (cement and fly ash): £ 1 percent of the desired weight

. Aggregates (sand): =+ 2 percent of the desired weight

. Water: =+ 1.5 percent of the desired amount

. Admixtures (Glenium 3030 and Rheocell 30): + 3 percent of the desired amount.

Each truck batched was inspected to ensure the ingredients were within the specified tolerances
prior to release to the test site. Completed inspection reports with the batch tickets are presented
in CEES-0501 (see Appendix B). A summary of the trucks batched, and modifications required
based on the results of the inspection are listed below:

. Truck 1 — All materials within NRMCA tolerance except Glenium 3030. One ounce
added by hand to bring within tolerance.

. Truck 2 — All materials within NRMCA tolerance except Glenium 3030. One ounce
added by hand to bring within tolerance.

. Truck 3 — All materials within NRMCA tolerance except Glenium 3030. Truck rejected
due to Glenium 3030 quantity being too high.
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. Truck 3A — All materials within NRMCA tolerance. No changes required.

. Truck 4 - All materials within NRMCA tolerance except Glenium 3030. One ounce
added by hand to bring within tolerance.

Once the trucks arrived at the test site and the pump height had been verified at 50 feet in
elevation from the drop area. QISI personnel obtained samples from each truck and performed
the following testing on the grout:

. Strength per ASTM C39
. Air Content per ASTM C231
. Flow per ASTM D6103.

The grout from each truck was then dispensed into the pump truck for subsequent dropping into
the trench. Upon initial pumping, water was added to the pump hopper to establish flow. Once
flow was obtained through the pump, the boom was adjusted (horizontally) to allow the drop of
the grout in the approximate center of the drop area. An additional 10 gallons were added to
each truck to assist in the pumping process. The added 10 gallons were accounted for and
included in the grout results obtained by QISI (see Appendix B for grout test results). The grout
reached the end of the trench after approximately 10 to 12 cubic yards of grout had been
pumped. Once the 36 cubic yards of grout had been dropped, observations were made which
indicated an approximate 1 foot of slope in the grout approximately every 15 feet. The bulk fill
grout drop is sequentially shown in Figures 3-3 through 3-8.

Figure 3-3. Setting the Boom to the 50-foot Drop Height.
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Figure 3-4. Start of Bulk Fill Grout Drop.
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Figure 3-6. Bulk Fill Batch Testing.

Figure 3-7. Bulk Fill Drop After Approximately 20 Cubic Yards.
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Figure 3-8. Bulk Fill Drop Complete.
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3.21.1 Results. Once the bulk fill grout drop was completed, QISI personnel obtained
samples from the bulk fill trench at locations that were approximately 8, 15, and 30 feet from the
center of the drop area. The following testing was performed on each sample:

. Air Content per ASTM C231
. Flow per ASTM D6103.

Visual examination of the material during the test and when the test setups were demolished did
not show any signs of material segregation. There are no specific requirements identified or test
procedures used to measure material segregation. A visual examination along with the flow
properties was used to evaluate the material after it had been dropped.

The results for the bulk fill grout testing (from each batch and the trench) are presented in
Table 3-4.

Table 3-4. Bulk Fill Grout Drop Test Results.

Test
Description Strength® Air Content Flow®

(psi) (%) (in.)
Truck 1 230 13.0 8.5
Truck 2 260 17.0 8.75
Truck 3A 290 15.0 9.0
Truck 4 270 16.0 8.5
Trench (8 feet) Not measured 13.5 8.5
Trench (15 feet) Not measured 14.0 7.5
Trench (30 feet) Not measured 14.0 7.0

a.  Strength values are the average of two 28 day breaks (2 cylinders)

b.  The flow values recorded are the average diameter of the flow patty when measured
across two points perpendicular to one another.

in. = inch.
psi = pounds per square inch.

3.2.1.2 Observations. This test successfully demonstrated the ability to drop the grout mixture
from a height of 50 feet and maintain acceptable flow properties.

There was difficulty in pumping the mix and additional water was added. As noted in the test
log an additional 10 gallons of water was added to each truck to maintain pump ability. This is
approximately 2.5 percent of the water used in the 9 cubic yard batches and exceeds the

+ 1.5 percent tolerance on water additions by approximately 30 pounds (4 gallons).

The bulk fill material performed as expected and flowed the full length of the trench. The

T posts located in the middle of the trenches were painted at approximately 1 foot intervals.
Figure 3-7 shows that midway during the test the difference in height is approximately 1.5 feet.
The test log noted a slope of approximately 1 foot in 15 feet. At the completion of the test the
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difference in grout level between the drop zone and the end of the trench was approximately
2 feet in 36 feet. During the test the grout flow tended to surge indicating the need to maintain a
steady high rate of grout placement to maximize flow away from the drop zone.

There was a reduction in the flow measured for samples taken down the trench.
Some bleed water was observed at the surface of the grout.

Although not observed in the testing performed it was noted that difficulties were experienced at
INL with grout build up on the fins of the concrete trucks. The aggregate used in standard
concrete helps to prevent this buildup.

3.2.2 Waste Stabilization Grout Drop

The waste stabilization grout drop test was performed at the American Rock Products facility on
April 21, 2009, at approximately 2:30 pm. Prior to batching the grout, a waste simulant was
mixed and placed in the bottom of the drop area. The waste simulant is shown in Figure 3-9.

Figure 3-9. Waste Stabilization Drop Area with Simulant.

Once the simulant was placed, the grout trucks were batched. Slag is not a standard product
inventoried at concrete facilities. As a result, slag was procured in approximate 2,000 pound
super sacks. The bags were weighed with a calibrated load cell the day before to dictate the size
of the waste stabilization grout batches. Listed below are the weights of the bags and
corresponding batch size:

. 2,288 pounds — 6.5 cubic yards
. 2,280 pounds — 6.5 cubic yards
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. 2,206 pounds — 6.25 cubic yards
. 2,120 pounds — 6.0 cubic yards
. 2,016 pounds — 5.75 cubic yards.

Each truck was batched in three phases. The first phase incorporated approximately half of the
ingredients (minus the slag and Glenium 3030), the second phase included manually loading the
slag into the concrete truck, and the third phase incorporated the remaining ingredients. This
three phase process was used for the scale up testing which is documented in CEES-0524 and
ensured a homogenous grout mixture. Each batched ingredient, including the slag that was
manually loaded, was required to fall within the tolerances specified by the NRMCA as listed
below:

. Cementitious materials (cement, slag and fly ash): £ 1 percent of the desired weight
. Aggregates (sand): =+ 2 percent of the desired weight

. Water: =+ 1.5 percent of the desired amount

. Admixtures (Glenium 3030): + 3 percent of the desired amount.

Each truck batched was inspected to ensure the ingredients were within the specified tolerances
prior to release to the test site. Completed inspection report s with batch tickets are presented in
Appendix B. A summary of the trucks batched are listed below:

. Truck 1 — All materials within NRMCA tolerance. No changes required.
. Truck 2 — All materials within NRMCA tolerance. No changes required.
. Truck 3 — All materials within NRMCA tolerance. No changes required.
. Truck 4 — All materials within NRMCA tolerance. No changes required.
. Truck 5 — All materials within NRMCA tolerance. No changes required.

Once the trucks arrived at the test site and the pump height had been verified at 50 feet in
elevation from the drop area, QISI personnel obtained samples from each truck and performed
the following testing on the grout:

. Strength per ASTM C39
. Air Content per ASTM C231
. Flow per ASTM D6103.

Prior to initiating the drop, the pump vendor established flow using a pumping primer once the
concrete trucks started dispensing grout into the pump hopper. Once the primer had been passed
through the pump (approximately 0.5 cubic yard), the boom was adjusted (horizontally) to allow
the drop of the grout in the approximate center of the drop area. During the start of the drop, the
pump vendor noted that the pumping pressures were excessive and suggested that the grout be
adjusted due to equipment damage concerns. Water was added to trucks 2 through 5 in the
following volumes: 7, 10, 7, and 15 gallons, respectively. Water is routinely used as a standard
practice by the pump truck operator to prime the pump before introducing the grout into the
pump truck, during pumping if the pump pressures become excessive, and after pumping to flush
the pump and lines. The water additions were accounted for and included in the grout test results
obtained by QISI (see Appendix B for results). The waste stabilization grout only flowed
approximately 15 feet down the trench (approximately 20 feet from the drop area). Once the
drop was completed, observations were made that indicated an approximate 4 feet of slope in the
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grout in an approximate 10-foot distance. The waste stabilization grout drop is sequentially
shown in Figures 3-10 through 3-14.

Figure 3-10. Start of Waste Stabilization Grout Drop.
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Figure3-11. Waste Stabilization Drop After Approximately 10 Cubic Yards.
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Figure 3-13. Waste Stabilization Grout After Approximately 20 Cubic Yards.
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Once the waste stabilization grout drop was completed, QISI personnel obtained samples from
the waste stabilization trench at locations that were approximately 8 and 15 feet from the center
of the drop area. The waste stabilization grout did not flow to the 30 foot mark so samples were
not able to be obtained at that location. The following testing was performed on each sample
obtained from the trench:

. Air Content per ASTM C231
. Flow per ASTM D6103.

The results for the waste stabilization grout (from each batch and the trench) are presented in
Table 3-5.

Figure 3-15 shows the degree of encapsulation of the colored simulant between the concrete slab
from the bottom of the trench and the grout monolith. Figure 3-16 shows a section of the grout
monolith broken off during demolition. The dye appears to extend a few inches into the grout.

Visual examination of the material during the drop test and when the test setups were demolished
did not show any signs of material segregation. QISI personnel did note that there was some
sand segregation in the slump/flow test. There are no specific requirements identified or test
procedures used to measure material segregation.

Table 3-5. Waste Stabilization Grout Drop Test Results.

Test
Description Strength® Air Content Flow®

(psi) (%) (in.)
Truck 1 2,730 5.4 5.5
Truck 2 2,590 5.0 4.5
Truck 3 2,490 4.5 5.5
Truck 4 2,730 4.1 5.0
Truck 5 2,430 4.5 6.25
Trench (8 ft) Not measured 3.7 5.0
Trench (15 ft) Not measured 4.3 4.5
Trench (30 feet)® Not measured Not measured Not measured

a. Strength values are the average of two 28 day breaks (2 cylinders)

b. The flow values recorded are the average diameter of the flow patty when measured
across two points perpendicular to one another.

c. The waste stabilization grout did not flow to the 30-foot mark.
in. = inch.
psi = pounds per square inch.
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Figure 3-15. Simulant Encapsulation.
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Figure 3-16. Simulant Encapsulation During Demolition.

3.2.3 Observations

The overarching observation associated with dropping the stabilization grout was that it did not
flow to the end of the trench. As noted in Table 3-5, the flow measurements from the truck
ranged from 4.5 to 6.25 inches. These values are lower than the flow value of 6.25 inches for the
nominal stabilization grout mix identified in Table 3-2 for all trucks except for truck 5.
Additional water was added to truck 5. As noted in the test log additional water was added to
trucks 2 through 5. An additional 15 gallons of water was added to truck 5 resulting in a flow
that was equal to that of the nominal small batch mix.

During the drop test the grout tended to build up in the drop zone and then begin to flow in
surges.

There was a considerable difference in the flow characteristics of the grout between the Phase 3
test performed on April 1, 2009, in accordance with CEES-0524 (Appendix A), and the large-
scale test performed on April 21, 2009, in accordance with CEES-0501 (Appendix B). The
weather conditions on these two days were substantially different. It was cold (approximately
40 °F) and raining on April 1 (Phase 3 testing) and sunny and hot (approximately 95 °F) on
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April 21. The preliminary drop test documented in Appendix A successfully demonstrated that
the stabilization mix could be dropped from a height of 50 feet, remain flowable, and non-
segregating. The Phase 3 testing performed on April 1 involved producing a 6.5 cubic yard
batch that included 335 gallons of water (51.5 gallons per cubic yard). The testing performed on
April 24 involved producing 5 batches ranging from 5.75 to 6.5 cubic yards. The water content
of these batches ranged from 51.5 to 51.7 gallons per cubic yard based on the data in

Appendix B.

There were a number of possible reasons identified for why the stabilization grout did not flow
as expected that include:

. There was not enough water in the mix due to the tolerance on the moisture content
measured in the sand. The NRMCA requirements for plant certification require
measurement of the cement and other cementitious materials to 1 percent, aggregate to
2 percent, water to 1.5 percent, and aggregate moisture to 1 percent. These tolerances
can combine in such a way to negatively affect the flowability of the grout and require
the addition of water to maintain the desired flow properties.

. Time spent in the truck prior to being pumped (between 60 and 90 minutes).

The stabilization grout encapsulated the bulk of the residual waste simulant between the concrete
pad and the grout pour. The impact of the grout from the 50-foot drop tended to push liquid
fraction of the simulant to the edges where it was incorporated into the grout near the surface.
The stabilization grout monolith was difficult to break up and a hydraulic hammer was required
for demolition.

33 TEST OBJECTIVE 3

Testing associated with test objective 3 was performed to determine the maximum lift height that
could be continuously poured without exceeding the temperature limits of the tank structure or
the grout material during curing. The temperature limitations for the tank structure and grout
material are discussed in greater detail in the following subsections.

3.3.1 Tank Structure

The bounding operating temperature limits for waste storage in the tank structures are
established as 300 °F in HNF-4712 (Loading Requirements for Maintaining Structural Integrity
of Hanford Sngle-Shell Tanks During Waste Feed Delivery and Retrieval Activities) and
HNF-3912 (System Specification for the Sngle-Shell Tank System), and 138 °C (280 °F) in
OSD-T-151-00013, Operating Specifications for the Sngle-Shell Waste Storage Tanks and
RPP-11051, Technical Basis Document for Sngle-Shell Tank Operating Specifications. The
operating limits for tank temperature have been historically set to mitigate tank structural
damage during operations. No temperature limits for tank closure have been defined at this time.
For the purposes of this test the temperature data collected from the grout testing will be
compared to the more conservative maximum temperature limit of 138 °C (280 °F).
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3.3.2 Grout Material

A limit for the maximum cure temperature for the grout used in tank closures has not been
defined. Several agencies, including the American Concrete Institute (ACI) and Portland
Cement Association (PCA) have published guidelines for not-to-exceed temperatures as shown
in the following examples.

. Temperatures over 88 °C (190 °F) can... reduce expected compressive strengths
(Gajda and Vangeem 2002).

. Delayed ettringite formation has... been shown to cause durability problems when
concrete is cured at elevated temperatures (in excess of 70 °C [158 °F])
(Riding et al. 2006).

. The Texas Department of Transportation Specification 420 (TxDOT 420) limits mass
concrete maximum in-place temperature to 71 °C (160 °F) (to avoid delayed ettringite
formation).

Additionally, studies have shown that curing temperature plays a role in determining the pore
structure and that for plain cement pastes of equal water to cement ratios hydrated to
approximately the same degree of hydration, the higher the curing temperature the greater the
total porosity “Pore Structure of Plain Cement Pastes Hydrated at Different Temperatures”
(Kjellsen et al. 1990).

3.3.3 Methodology

Bulk placements of three lift heights were tested using the bulk fill grout to determine the
maximum temperature rise in a mass pour. Each mass placement was formed using a poly-tank
of a diameter equal to the lift height. Four-, five-, and six-foot diameter tanks were buried into
the soil and instrumented with a thermocouple tree and data logger to test four-, five- and six-
foot lift heights, respectively. A schematic and pictures of the test set-up are presented in
Figures 3-17, 3-18, and 3-19.
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Figure 3-17. Temperature Test Schematic.
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Figure 3-18. Temperature Test Set-up.
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Figure 3-19. Six-foot Diameter Tank with Thermocouple Tree.

Numerous modeling programs, formulas, and graphical methods exist for predicting the
maximum cure temperature for mass pours. Arguably the simplest and quickest method is
established by the Portland Cement Association, as:

Tuax = Ti + (12 * W/100)

Where:
T; = the concrete placement temperature, °C
W, the weight of cement, kg/m3

The American Concrete Institute Committee 207 proposed a modification to the PCA’s method.
The modified method assumes that supplementary cementing material contributes approximately
half of the heat as cement. The modified formula is as follows:

Tanax = T + (12 * W/100) + (6 * Ween/100)

Where:
Weem = the weight of supplementary cementing materials, kg/m’

This method predicts a rise in concrete temperature of approximately 21.5 °C (38.7 °F) for the
bulk fill grout. Using a pour temperature of 22 °C (71.6 °F), the peak temperature is predicted to
be 43.5 °C (110 °F).
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3.34 Reaults

Temperature data were acquired for 7 days on all three mass pours. The peak temperature in the
4-foot lift was reached after two days and after three days in the 6-foot lift. In all instances, the
peak temperatures were observed in the center of the mass. Figures 3-20, 3-21, and 3-22
graphically depict a trendline of the temperature data over the 7-day test duration for each of the
three lift test pours. The different temperature profiles represent thermocouples from different
heights along the centerline of the tank as shown in Figure 3-17. The intent of the test was to
determine the maximum temperature rise due to the heat of hydration in the grout. Temperature
data was not collected beyond the 7-day duration due to the steady temperature decrease which
indicated the heat of hydration had peaked.

Figure 3-20. Temperature Profilein 6-foot Lift.
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Figure3-21. Temperature Profilein 5-foot Lift.
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Figure 3-22. Temperature Profilein 4-foot Lift.
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The center of the 6-foot lift increased 28 °C (50 °F), the 5-foot lift increased 24.4 °C (44 °F),
and the 4-foot lift increased 22.8 °C (41 °F). The maximum 1-day temperature rise was 19 °C
(34 °F), 17.8 °C (32 °F), and 17.8 °C (32 °F) for the 4-, 5-, and 6-foot tanks, respectively.
Trendlines for the temperature profiles for the center thermocouple in the 4-, 5-, and 6-foot tanks
are presented in Figure 3-23. The placement temperature of all three lifts was approximately

21 °C (70 °F); and none of the pours approached the maximum threshold for the tank structure of
138 °C (280 °F). It should be noted that this is an operational limit and is not applicable to tank
closure activities.

The resulting temperatures were nominally higher than the predicted temperature (49 °C [120 °F]
versus 43 °C [110 °F]), but the test results validated the relative accuracy of the American
Concrete Institute Committee 207°s modification of the PCA method (modified PCA method)
for predicting maximum temperature.
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Figure 3-23. Temperature Profile.
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A reference thermocouple was placed below grade (approximately half way up the tank) on the
outside of the 4-foot, 5-foot and 6-foot tanks to measure the change in the temperature on the
tank exterior. Figure 3-24 shows a plot of the temperature trendline at the center of the 6-foot
pour with the temperature trendline at the sidewall of the tank. The 6-foot tank was bounding
since it experienced the largest temperature rise. The 6-foot tank structure increased
approximately 13 °C (24 °F) over a 2-day period during the curing process.
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Figure 3-24. Temperature Profile-6-foot Tank Center and Sidewall.
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3.3.5 Observations

The modified PCA method shows relatively good agreement with the test results. It is noted that
the modified PCA method is not dependent on lift height so the maximum predicted temperature
should be applicable to lift heights greater than 6 feet. The results for the center thermocouples
for the 4-foot, 5-foot, and 6-foot lifts resemble classical adiabatic heat of hydration curves for
cementitious materials. In comparing results for the three lift heights the peak temperatures for
the three lift heights were as expected for this type of test setup with some heat loss to the
surroundings. The larger mass of grout associated with the 6-foot lift resulted in a higher peak
temperature that was realized later in time when compared to the 4-foot and 5-foot pours. The
peak temperatures reached in the uppermost and lower most thermocouple in each lift was
relatively close (approximately 105-110 degrees). In comparing results for M4-TC2 (center of
the 4-foot pour) and M6-TC2 both thermocouples were located approximately 2 feet below the
surface of the grout; however, the temperatures observed in the 6-foot pour were higher, which
demonstrates the effect of the greater mass of grout in the larger pour.

As noted in Figure 3-23, the peak temperatures exhibit some dependence on lift height,
additional testing or analysis would be required to confirm curing temperatures for lift heights
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greater than 6 feet. Based on the maximum heat of hydration calculated using the modified PCA
method, the maximum threshold temperature of 138 °C (280 °F) (operating specification for the
tank structure) would never be reached, regardless of grout pour lift height.

The temperature peak observed at the tank sidewall does not see the same temperature increase
as the center of the tank and is buffered by the effects of the surrounding soil as shown in
Figure 3-24 for the 6-foot pour.

Upper and lower temperature limits will need to be established for tank closure operations.
Lower temperatures result in longer cure times and there are recommended minimum placement
temperatures for winter operations. A temperature rise of 27.8 °C (50 °F) was observed for the
center of the 6-foot diameter test pour. This same increase would be expected if the grout were
poured at a higher initial temperature (i.e., during the middle of the summer). This temperature
increase needs to be taken into account if future temperature limits are established to maintain
specific material properties. For example, laboratory studies have shown the effect of curing
temperatures up to 50 °C (122 °F) on pore structure (Kjellsen et al 1990). Maintaining a cure
temperature below 49 °C (120 °F) would require the temperature of the grout during placement
to be at or below 21 °C (70 °F).

Additional follow on work is being performed to analyze the expected temperatures associated
with the heat of hydration for the bulk fill grout formulation extrapolated to larger grout pours.

34 TEST OBJECTIVE 4

Testing associated with test objective 4 was performed to investigate how the bulk fill grout
mixture would flow into the horizontal transfer lines and cascade lines connected to the single
shell tanks. Test objective 4 is defined in RPP-PLAN-39837, Section 5.4.

This test was performed to determine whether the bulk fill grout would flow into the horizontal
piping during tank fill operations and if it did flow into the line, how far could the grout be
expected to flow.

Design drawings were reviewed to identify the line sizes and configurations present in the single-
shell tank farms. In developing the test configuration it was determined that three pipe sizes, in
two different configurations would be representative of the different cascade and transfer line
configurations.

Three pipe sizes were tested to determine how the bulk fill grout would flow into connected
buried pipelines. Two each 20-foot long 2,4, and 6-inch diameter schedule 40 polyvinyl chloride
(PVC) pipes were attached to a box (used to simulate a tank) and sloped at 3 percent downward
away from the box. The 3 percent downward slope corresponds to the cascade line slopes
between the single-shell tanks. One of the 2-, 4-, and 6-inch diameter pipes were left open to
simulate the cascade lines. The open ended pipes allow the displacement of air as grout fills the
line. The other 2-, 4-, and 6-inch diameter pipes were capped to simulate a transfer line that was
blanked or isolated on the other end. Once the grout level exceeds the pipe opening then the
capped lines would not allow the air in the pipe to escape and would build up pressure, reducing
the ability of the grout to flow into/down the pipe. The test set-up for the pipe fill test is shown
in Figures 3-25, 3-26, and 3-27.
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Figure 3-25. PipeFlow Test Configuration.
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Figure3-26. PipeFill Test Configuration AsBuilt View 1.
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Figure 3-27. PipeFill Test Configuration AsBuilt View 2.

Following construction of the test setup consisting of the plywood weir box and PVC lines, the
pretesting activities consisted of mixing approximately 2.5 cubic yards of bulk fill grout at the
batch plant and transporting the grout to the test site in a concrete truck. The bulk fill grout
mixture used for the pipe fill test is shown in Table 3-6. The batch ticket from the plant is
provided in Appendix B.
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Table 3-6. Grout Mixture (Test Objective 4).

Ingr edient Bulk Fill Batch
(Volume)
1CY 25CY

Portland Cement Type I (Ib) (+ 1%) 200 500
Pozzolan Class F (Ib) (+ 1%) 390 975
Water (Ib) (+ 1.5%)* 371 927.5
Sand (Ib) (+ 2%)* 2,562 6,405
Glenium 3030 (fl 0z) (+ 3%) 6 15
Rheocell 30 (fl 0z) (+ 3%) 4 10

Source: RPP-PLAN-39837, 2008, Test Plan for the Closure Demonstration Cold
Testing, Rev. 0, Washington River Protection Solutions, LLC, Richland, Washington.

*Sand weight listed in table is dry. Water and sand weights added to mix
must be adjusted to compensate for moisture in the sand.

CY = cubic yard. fl oz = fluid ounce. b = pound.

Pipe fill testing was performed at the American Rock Products facility on April 21, 2009,
starting at approximately 1:00 pm. The grout placement was completed in approximately

5 minutes. The grout was discharged into the plywood box as slow as was practical to
approximate the slow rise of the grout level in a single-shell tank during bulk fill placement. It
was recognized during test planning that the grout level during bulk fill would increase very
slowly and would take approximately 12 cubic yards of grout to raise the level in 75-foot
diameter tank by 1 inch. It is also recognized that the grout flow tends to surge and transfer
lines/cascade lines could be exposed to a slow rise in grout level or could be exposed to a surge
of grout that would completely cover a pipe opening in a few seconds. Figure 3-28 shows the
initiation of the grout pour into the box. The sequence of photographs in Figure 3-29 shows the
filling of the box and subsequent rise in the grout level. Based on the time stamps for the
photographs the elapsed time associated with the photographs in Figure 3-29 was approximately
4 minutes. Once sufficient grout was placed into the box to create some head, the grout flowed
into the lines as shown in Figure 3-30. Figures 3-31 and 3-32 show the test setup near the end of
grout pour with evidence of continued flow of grout into the larger diameter lines.
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Figure 3-28. PipeFill Testing Grout Pour.

T = e
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Figure 3-29. PipeFill Test Grout Fill Sequence.
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Figure 3-30. PipeFill Grout Flowsinto PVC LinesView 1.

Figure 3-31. PipeFill Grout Flowsinto PVC LinesView 2.
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