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1.0 EXECUTIVE SUMMARY

The Saltstone Disposal Facility (SDF), located in the Z-Area of the Savannah River Site (SRS),
is used for the disposal of low-level radioactive salt solution. The SDF currently contains two
vaults: Vault 1 (6 cells) and Vault 4 (12 cells). Additional disposal cells are currently in the
design phase. The individual cells of the saltstone facility are filled with saltstone. Saltstone is
produced by mixing the low-level radioactive salt solution, with blast furnace slag, fly ash, and
cement (dry premix) to form a dense, micro-porous, monolithic, low-level radioactive waste
form. The saltstone is pumped into the disposal cells where it subsequently solidifies.
Significant effort has been undertaken to accurately model the movement of water and
contaminants through the facility. Key to this effort is an accurate understanding of the
hydraulic and physical properties of the solidified saltstone. To date, limited testing has been
conducted to characterize the saltstone.

The primary focus of this task was to estimate the hydraulic and physical properties of three
types of saltstone and two vault concretes. The saltstone formulations included saltstone premix
batched with 1) Deliquification, Dissolution, and Adjustment (DDA) salt simulant (w/pm 0.60),
2) Actinide Removal Process (ARP)/Modular Caustic Side Solvent Extraction Unit (MCU) salt
simulant (w/pm 0.60), and 3) Salt Waste Processing Facility (SWPF) salt simulant (w/pm 0.60).
The vault concrete formulations tested included the Vault 1/4 concrete and two variations of the
Vault 2 concrete (Mix 1 and Mix 2). Wet properties measured for the saltstone formulations
included yield stress, plastic viscosity, wet unit weight, bleed water volume, gel time, set time,
and heat of hydration. Hydraulic and physical properties measured on the cured saltstone and
concrete samples included saturated hydraulic conductivity, moisture retention, compressive
strength, porosity, particle density, and dry bulk density. These properties were determined
following a minimum 28 day curing period. Additional testing of the three saltstone
formulations was conducted following a minimum 90 day curing period. The compressive
strength of each saltstone and concrete material was measured at approximately 14, 28, 56, and
90 days.

Recommended hydraulic property values for each saltstone grout and the vault concretes are
provided. The hydraulic properties provided for each material include the saturated hydraulic
conductivity, dry bulk density, particle density, and porosity. In addition, water retention data
are presented for each material along with the van Genuchten transport parameters as determined
using the RETC code.
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2.0 INTRODUCTION

The Saltstone Disposal Facility (SDF), located in the Z-Area of the Savannah River Site (SRS),
is used for the disposal of low-level radioactive salt solution. The SDF currently contains two
vaults: Vault 1 and Vault 4. Additional disposal cells are currently in the design phase. Vault 4
is approximately 200 feet wide, 600 feet in length, and 26 feet in height. Vault 4 is divided into
12 cells with each cell measuring about 100 feet by 100 feet (Phifer et al., 2006). Vault 1 is half
the size of Vault 4 measuring approximately 100 feet wide by 600 feet long with 6 cells. The
individual cells of the saltstone facility are filled with saltstone. Saltstone is produced by mixing
low-level radioactive salt solution, with blast furnace slag, fly ash, and cement to form a dense,
micro-porous, monolithic, low-level radioactive waste form. The saltstone material contains no
coarse or fine aggregate and is pumped into the disposal cells where it subsequently solidifies.

SRS is currently in the process of revising the Performance Assessment (PA) for the SDF as
required by DOE Order 435.1, Radioactive Waste Management. As part of this revision, a
significant effort will be undertaken to accurately model the movement of water and
contaminants through the SDF. Key to this effort is an accurate understanding of the hydraulic
and physical properties of the specific saltstone formulations to be placed in the SDF.

Initial testing of the saltstone grout was conducted by Yu et al. (1993). This characterization
work indicated that intact saltstone had a saturated intrinsic permeability of 5.3 x 10 darcies
using a brine solution; and a saturated hydraulic conductivity relative to water of 5.19 x 1072
cm/s (Yu et al., 1993). These results have not been corroborated by subsequent testing and are
now thought to be biased due to potential precipitation of the brine solution within the saltstone
samples.

Langton (1986) measured the saturated hydraulic conductivity of “Reference Saltstone” samples
containing 42.5% salt solution and 57.5% (by mass) blended cement. Langton (1986) reported
saturated hydraulic conductivity of this material to be 1.1 x 10™ cm/sec for a sample cured for 60
days. Additionally, Langton (1986) reported the results of previous hydraulic testing on
saltstone samples (made with varying amounts of salt solution) with results ranging from 3.0 x
10 cm/sec to <1.0 x 10" cm/sec.

More recently, Harbour et al. (2007a) estimated the saturated hydraulic conductivity of a MCU
saltstone using a beam bending technique. Harbour et al. (2007a) estimated the hydraulic
conductivity of the saltstone ranged from 1.4 to 3.4 x 10" cm/sec, which is about three orders of
magnitude more permeable than reported by Yu et al. (1993). Furthermore, Harbour et al.
(2007a) reported a porosity of 0.62 which is substantially greater than that reported by Yu et al.
(1993).

Dixon and Phifer (2007) estimated the saturated hydraulic conductivity of a MCU saltstone using
standard geotechnical testing methods (ASTM 5084, flexible wall permeameter). Dixon and
Phifer (2007) estimated the saturated hydraulic conductivity of the MCU saltstone relative to two
different permeating fluids: groundwater equilibrated with vault concrete simulant and saltstone
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pore fluid simulant. The saturated hydraulic conductivity of the saltstone relative to the
groundwater equilibrated with vault concrete simulant was estimated to be 1.5 x 10® cm/sec.
The saturated hydraulic conductivity of the saltstone relative to the saltstone pore fluid simulant
was estimated to be 5.3 x 10” cm/sec. The dry bulk density of the saltstone was estimated to
range from 0.95 to 1.06 g/cm’ with an average of 0.99 g/cm’. The porosity was estimated to
range from 0.578 to 0.613 with an average of 0.596.

The purpose of this task was to measure the hydraulic and physical properties of three saltstone
grout formulations and two vault concrete formulations. The saltstone formulations include
saltstone premix batched with 1) Deliquification, Dissolution, and Adjustment (DDA) salt
simulant (w/pm 0.60), 2) Actinide Removal Process (ARP)/ Modular Caustic Side Solvent
Extraction Unit (MCU) salt simulant (w/pm 0.60), and 3) Salt Waste Processing Facility (SWPF)
salt simulant (w/pm 0.60). The vault concretes tested include the Vault 1/4 concrete and the
Vault 2 concretes (Mix 1 and Mix 2). Wet properties measured for the saltstone grout
formulations include yield stress, plastic viscosity, wet unit weight, bleed water volume, gel
time, set time, and heat of hydration. Hydraulic and physical properties measured on the cured
samples included saturated hydraulic conductivity, moisture retention, porosity, and dry bulk
density. These properties were determined following a minimum 28 day curing period.
Additional testing was conducted on the saltstone samples following a minimum 90 day curing
period. The sections that follow discuss the methods used to test samples of the saltstone and
vault concretes and the results of the testing.

3.0 METHODS

The purpose of this task was to measure the hydraulic and physical properties of three saltstone
grout formulations and two vault concrete formulations. The saltstone formulations tested were
the DDA, ARP/MCU, and the SWPF formulations. The vault concrete formulations tested were
the Vault 1/4 concrete and two variations of the Vault 2 concrete. All samples were tested for
saturated hydraulic conductivity, moisture retention characteristics, compressive strength, dry
bulk density, particle density, and porosity. The following samples of each material were tested
to determine the hydraulic and physical properties using standard ASTM methods (or
equivalent):

3 samples of DDA saltstone following a minimum 28 day curing period (w/pm 0.60)

3 samples of DDA saltstone following a minimum 90 day curing period (w/pm 0.60)

3 samples of ARP/MCU saltstone following a minimum 28 day curing period (w/pm 0.60)
3 samples of ARP/MCU saltstone following a minimum 90 day curing period (w/pm 0.60)
3 samples of SWPF saltstone following a minimum 28 day curing period (w/pm 0.60)

3 samples of SWPF saltstone following a minimum 90 day curing period (w/pm 0.60)

3 samples of Vault 1/4 concrete following a minimum 28 day curing period

3 samples of Vault 2, Mix 1 concrete following a minimum 28 day curing period

3 samples of Vault 2, Mix 2 concrete following a minimum 28 day curing period
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3.1 SALTSTONE SAMPLE PREPARATION

Samples of three saltstone formulations were prepared for compressive strength and hydraulic
and physical property testing. The cementitious materials used in the premix for each of the
saltstone grout formulations were identical and were comprised of Class F fly ash (45 wt%),
Grade 100 blast furnace slag (45 wt%), and Type II Portland cement (10 wt%) with an as-
batched water to premix ratio (w/pm) of 0.60 (Table 1). The cementitious materials were
received in 5 gallon containers from the vendors during truck delivery of the bulk materials to
SPF. The cementitious materials are therefore part of one of the batches actually used in
production of saltstone. For each saltstone grout formulation, the cementitious materials were
mixed with a salt simulant representative of three types of decontaminated salt solution to be
processed by the saltstone facility. The recipes for the simulants are presented in Table 2
through Table 4 and the physical properties of the simulants are presented in Table 5.

Wet properties measured for the saltstone formulations included yield stress, plastic viscosity,
wet unit weight, bleed water volume, gel time, set time, and heat of hydration. The methods of
Harbour et al. (2005) were followed to determine yield stress, plastic viscosity, gel time, bleed
water volume, and wet unit weight. Porosity and heat of hydration were determined following
the method of Harbour et al. 2007b and 2007¢, respectively.

3.1.1 DDA Saltstone Sample Preparation

Three large batches of DDA Saltstone were batched (~ 5 kg each) to provide a sufficient amount
of grout for all of the testing. Seven test cylinders (2.8 x 6 inch) were filled for hydraulic testing.
The mold samples were capped, sealed, and allowed to cure in the laboratory at ambient
temperature for a minimum of 28 or 90 days prior to testing. Bleed liquid leaked from the
hydraulic test cylinders during the initial curing period. Compressive strength samples were cast
in triplicate in 2-in. cube molds per ASTM C 109. A number of smaller vials were filled for
bleed water volume, set time, gel time, wet unit weight, and porosity measurements. One
additional 3 x 6 inch cylinder was filled and sealed for use in K4 measurements (Kaplan, 2008).

3.1.2 ARP/MCU Saltstone Sample Preparation

Three large batches of ARP/MCU Saltstone were batched (~ 5 kg each) to provide a sufficient
amount of grout for all of the testing. Seven test cylinders (2.8 x 6 inch) were filled for hydraulic
testing. The mold samples were capped, sealed, and allowed to cure in the laboratory at ambient
temperature for a minimum of 28 or 90 days prior to testing. Bleed liquid leaked from the
hydraulic test cylinders during the initial curing period. Compressive strength samples were cast
in triplicate in 2-in. cube molds per ASTM C 109. A number of smaller vials were filled for
bleed water volume, set time, gel time, wet unit weight, and porosity measurements. One
additional 3 x 6 inch cylinder was filled and sealed for use in K4 measurements (Kaplan, 2008).

3.1.3 SWPF Saltstone Sample Preparation

Three large batches of SWPF Saltstone were batched (~ 5 kg each) to provide a sufficient
amount of grout for all of the testing. Seven test cylinders (2.8 x 6 inch) were filled for hydraulic
testing. The mold samples were capped, sealed, and allowed to cure in the laboratory at ambient
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temperature for a minimum of 28 or 90 days prior to testing. Bleed liquid leaked from the
hydraulic test cylinders during the initial curing period. Compressive strength samples were cast
in triplicate in 2-in. cube molds per ASTM C 109. A number of smaller vials were filled for
bleed water volume, set time, gel time, wet unit weight, and porosity measurements. One
additional 3 x 6 inch cylinder was filled and sealed for use in K4 measurements (Kaplan, 2008).

3.1.4 Saltstone Permeant Preparation

Permeants for each of the three saltstone batches were prepared as required for use by the offsite
testing laboratory. Additionally, the permeants were used to saturate the samples prior to testing.
Geochemical modeling was conducted on each simulant to assess the potential for chemical
reactions between the simulants and grout that could impact the hydraulic and physical property
testing (Appendix A). The results of the modeling were used to develop permeants essentially
equivalent to the simulants except for the exclusion of the minor phosphate and aluminate
constituents. Aluminate and phosphate ions are reactive constituents in the hydration reactions
and the intent was to preclude additional reactions which would not be representative of the
disposal process at the SDF. Sodium hydroxide was adjusted for each permeant in order to
maintain similar ionic strength and pH. The recipes for the permeants are given in Table 2
through Table 4.

3.2 CONCRETE SAMPLE PREPARATION

Sample preparation and strength testing of the Vault 1/4 and Vault 2 concretes were performed
by The Washington Group at the SRS Civil Engineering Test Laboratory, Bldg. 717 — 5N. The
mix design for the Vault 1/4 concrete is presented in Table 6. The Vault 2 mix designs are
presented in Table 8 and Table 9. The Vault 2 concretes differ only in the amount of
cementitious material with Mix 1 containing 670 Ibs/yd® and Mix 2 containing 710 lbs/yd>.

3.2.1 Vault 1/4 Concrete Preparation

Samples of the Vault 1/4 concrete were prepared according to ASTM C 192 and cured in a
constant temperature (73°F) curing room at 100 % relative humidity. The ingredients and
suppliers for this mix are given in Table 7. A three cubic foot concrete lab mixer was used to
prepare the concrete. Prior to weighing the concrete sand, three cubic feet of the material was
mixed in a wheelbarrow and its moisture content was determined. The moisture content of the
coarse aggregate was also determined. These values were used to correct the batch mix water.
The concrete was mixed in 2 batches of approximately 1.25 cubic feet each. The two batches
were then combined in a wheelbarrow and shovel mixed for uniformity.

The laboratory mix of the Vault 1/4 concrete was prepared by placing approximately half the
sand and stone and a portion of the batch water into the mixer. The mixer was then activated and
the other half of the sand and stone, air entraining admixture (Microair) and water reducing agent
(322 N, see footnote to Table 7) were added and mixed for five minutes. This was followed by
the addition of the blast furnace slag and Portland cement. Batch water was added as needed.
These ingredients were mixed for an additional five minutes then allowed to rest for five
minutes. A slump test was performed and this sample was returned to the mixer. The remaining
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batch water was added and the batch was mixed for an additional three minutes. The mix was
allowed to rest for three minutes. The slump was re-checked, the unit weight determined,
entrained air checked, and mix temperature was obtained. Samples were then cast for
compressive strength testing, and hydraulic and physical property testing. Samples were tested
for compressive strength at 14, 28, 56, and 90 days.

Six by twelve inch cylinders, four by eight inch cylinders, and three by six inch cylinders were
cast from this mix. These cylinders were cast per ASTM C 31. The larger samples were
prepared for permeability measurements (ASTM D 5084). The four by eight inch samples were
prepared for compressive strength testing (ASTM C 39) and the three by six inch samples were
prepared for water retention measurements (ASTM D 2325, 3152).

3.2.2 Vault 2 Concrete Preparation

Samples of the Vault 2 Mix 1 and Mix 2 concretes were prepared according to ASTM C 192 and
cured in a constant temperature (73°F) curing room at 100 % relative humidity. The ingredients
for each of the Vault 2 mixes were the same with the only difference being the amount of
cementitious materials in each mix. The ingredients and suppliers for these mixes are given in
Table 10. The method of preparation for each mix was the same and is as follows. A three cubic
foot concrete lab mixer was used to prepare the Vault 2 concretes. Prior to weighing the
concrete sand, three cubic feet of the material was mixed in a wheelbarrow and its moisture
content was determined. The moisture content of the coarse aggregate was also determined.
These values were used to correct the batch mix water. The concrete was mixed in 2 batches of
approximately 1.25 cubic feet each. The two batches were then combined in a wheelbarrow and
shovel mixed for uniformity.

The laboratory mix of each Vault 2 concrete was prepared by placing approximately half the
sand and stone and a portion of the batch water into the mixer. The mixer was then activated and
the other half of the sand and stone, air entraining admixture (Grace Darex II), and water
reducing agent (Grace WRDA 35) were added and mixed for five minutes. This was followed
by the addition of the blast furnace slag, fly ash, silica fume, and Portland cement. Batch water
was added as needed to increase the slump within the required range (1 to 3 inches prior to
adding super plasticizer). These ingredients were mixed for five minutes then allowed to rest for
five minutes. A super plasticizer (Grace ADVA 380) was then added as needed to reach the final
design slump for the mix (6 to 8 inches). With each addition of super plasticizer, the ingredients
were mixed for five minutes then allowed to rest for five minutes prior to checking slump. After
each slump test, the sample was returned to the mixer and the batch was mixed for three minutes.
Once the slump was within the required range, the batch was allowed to rest for three minutes.
The slump was re-checked, the wet unit weight determined, entrained air checked, and mix
temperature was obtained. Samples were then cast for compressive strength testing, and
hydraulic and physical property testing. Samples were tested for compressive strength at 14, 28,
56, and 90 days.

Six by twelve inch cylinders, four by eight inch cylinders, and three by six inch cylinders were
cast from each mix. These cylinders were cast per ASTM C 31. The larger samples were
prepared for permeability measurements (ASTM D 5084). The four by eight inch samples were

Page 6 of 204



SRNL-STI-2008-00421, REVISION 0

prepared for compressive strength testing (ASTM C 39) and the three by six inch samples were
prepared for water retention measurements (ASTM D 2325, 3152).

3.3 HYDRAULIC AND GEOTECHNICAL TESTING

The saltstone and vault concrete samples were submitted for testing per standard ASTM methods
(or equivalent) to Mactec Engineering and Consulting, Inc. (MCT), Atlanta, GA. Samples of the
saltstone formulations were tested following 28 and 90 day minimum curing periods. All
concrete samples were cured for a minimum of 28 days. Sample preparation and shipment to
MCT was staggered so that each material was tested as closely as possible to the 28 or 90 day
curing period.

3.3.1 Saltstone Grout Hydraulic and Physical Property Testing

Due to the high water to premix ratio (0.60) and low degree of hydration of each of the three
types of saltstone grout, it was assumed that the samples were at or nearly saturated when
received by the laboratory. This assumption is consistent with previous testing of various types
of saltstone (Harbour et al., 2007a and Dixon and Phifer, 2007). Nonetheless, each saltstone
grout sample was immersed in a permeant similar in composition to the simulant used to batch
the grout (Section 3.1.4) to ensure that the samples were saturated. Laboratory measurements
showed no significant weight gain during the saturation process, which suggests that the samples
were saturated when received for testing.

For each of the three types of saltstone grout tested, the properties of the excess pore fluid
remaining in the cured samples following hydration are not well documented. During hydration,
a certain percentage of the water is consumed in producing the calcium silicate hydrate.
Approximately 8 percent of the water used in the batching process is consumed during hydration
in saltstone mixes. However, the salt is not consumed and therefore, the pore solution is
concentrated as a result of this loss of water to the calcium silicate hydrate. This hydration and
concentration process changes the ratio of water to simulant which is used to translate the mass
of evaporable water to a mass of simulant. The density of the pore solution also increases as a
result of this process. The resultant density in the pore space was determined from a graph of
weight percent solids as function of simulant density for each of the three saltstone formulations
(Figure 1). For each of the three saltstone formulations, the estimated properties of the
concentrated pore fluid are given in Table 5.

The saturated hydraulic conductivity of each saltstone grout formulation was determined using
method ASTM D 5084 (Method F, Constant Volume-Falling Head) using a flexible wall
permeameter (mercury head). The laboratory tested cylinders approximately 2.8 inch diameter
by 2.5 inch long cut from the original mold samples for each saltstone formulation. Each sample
was tested with a permeant similar in composition to the simulant used to batch the samples
(Section 3.1.4). Saturated hydraulic conductivity is a function of the porous medium and the
properties of both the pore fluid and test fluid. Typically, the pore fluid and the permeating test
fluid are the same; however, for the saltstone grouts, the pore fluid (concentrated simulant) and
the permeating test fluid were slightly different. Since the samples were back pressure saturated
with permeant, the resulting pore fluid is a combination of the concentrated simulant (as
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described earlier) and the permeant used to test the sample. The differences between the
simulants used to batch each type of saltstone, the resulting concentrated simulant contained
within the pore spaces of the samples following curing, and the permeants used to test the
samples are not believed to be significant (Table 5). Since the pore volume of each saltstone
sample is large (about 150 cm’) compared to the volume of permeant introduced to the sample
during saturation and testing (< 1.0 cm?), it is assumed that saturated hydraulic conductivity is
relative to the concentrated simulant contained within the pore space following curing. Hence,
the saturated hydraulic conductivity of each saltstone sample was converted to permeability
using the following equation based on the properties of the concentrated simulant:

(K
P9
k = intrinsic permeability (darcy)
K = saturated hydraulic conductivity relative to concentrated simulant (cm/sec)
u = dynamic viscosity of concentrated simulant (Table 5)
p = density of concentrated simulant (Table 5)
g = gravity (981 cm/sec?)

The moisture retention characteristics, dry bulk density, and porosity of each of the three
saltstone formulations were measured by the laboratory. Although assumed to be at or near
saturation as received by the laboratory, each sample was immersed in the appropriate permeant
to ensure saturation. The determination of each of the three aforementioned properties requires
the removal of the evaporable water (at 105 °C) from each sample. As a result, each
measurement was adjusted for the salt content of the pore fluid (which was precipitated during
drying). Thus, the raw laboratory measurements presented in (Appendix C) differ from the final
results presented in the tables of this report.

The moisture retention characteristics were measured using method ASTM D 2325 by pressure
plate apparatus. This method provided the moisture retention properties of each grout sample to
15 bars. The laboratory tested 0.5 inch thick wafers cut from the original mold samples of each
saltstone grout. Measurements were made at the following pressures: 0.1, 0.5, 1.0, 5.0, and 15.0
bars. For moisture retention analysis, the saturated samples were weighed to determine an initial
weight. These samples were then subjected to increasing pressures in a pressure plate apparatus.
Between each increase in pressure, the samples were weighed. Following the final pressure
increase, the samples were weighed and then oven dried. The results from these measurements
were subsequently adjusted for salt precipitation as illustrated in Appendix E. Porosity (initial
moisture content) and dry bulk density were estimated for each water retention sample. These
results were also adjusted for salt precipitation.

The laboratory determined dry bulk density and porosity of the three saltstone formulations using
the samples from the saturated hydraulic conductivity testing. Dry bulk density was calculated
by subtracting the evaporable water (from heating to 105 °C) and the known amount of salt
present in the grout from the mass of the saturated saltstone. This mass was then divided by the
measured volume of the saturated saltstone (obtained by measurement of the saturated saltstone)
to obtain the dry bulk density. Example calculations are presented in Appendix E.
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Porosity (1) of the saltstone grout samples was determined by subtracting the final dry weight of
the sample from the saturated weight to yield the mass of evaporable water (from heating to 105
°C) in the sample. The amount of salt present in each grout was measured when batched and this
mass (adjusted for sample weight) was added to the evaporable water mass to yield the simulant
mass. The volume of simulant in the sample was then determined by dividing the simulant mass
by the density of the concentrated salt simulant (Table 5). The volume of simulant contained
within the sample was divided by the measured sample volume to obtain porosity. Example
calculations are presented in Appendix E.

Particle density for each sample was calculated based on dry bulk density and porosity [p, = py/(1-
]

3.3.2 Vault Concrete Hydraulic and Physical Property Testing

Three samples each of the Vault 1/4, Vault 2 Mix 1, and Vault 2 Mix 2 concretes were tested for
saturated hydraulic conductivity, water retention characteristics, porosity, and bulk density.
Standard 6 x 12 inch cylinders of each material were submitted for use in the saturated hydraulic
conductivity, dry bulk density, and porosity testing. Standard 3 x 6 inch cylinders were
submitted for use in the water retention testing. Smaller diameter samples were necessary for the
water retention testing due to the size of the testing equipment.

Saturated hydraulic conductivity was determined using method ASTM D 5084 (Method F,
Constant Volume- Falling Head) using a flexible wall permeameter (mercury head). The
laboratory tested 6 inch diameter by 5 inch long cylinders cut from the original 6 x 12 inch mold
samples. These samples were tested with tap water. The saturated hydraulic conductivity of
each concrete sample was converted to permeability using the following equation based on the
properties of tap water:

k= K#
Py
k = intrinsic permeability
K = saturated hydraulic conductivity relative to tap water
p = dynamic viscosity of concentrated simulant (1.002E-03 g/cm-sec)
p = density of concentrated simulant (1.00 g/cm’)
g = gravity (981 cm/sec?)

The water retention characteristics of each concrete sample were determined using method
ASTM D 2325 by pressure plate apparatus. This method provided the water retention properties
of each concrete sample to 15 bars. Measurements were made at the following pressures: 0.1,
0.5, 1.0, 5.0, and 15.0 bars. The laboratory tested wafers 0.5 inches thick which were cut from
the 3 x 6 inch cylinders.

Porosity was estimated using the samples from the saturated hydraulic conductivity testing and

the water retention testing following ASTM C 642. The samples were oven-dried (105 °C) to
determine the final dry weight at the conclusion of testing. The final dry weight was subtracted
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from the saturated weight to yield the mass of water contained within each sample. Then, using
the density of water, the porosity of the each sample was determined by dividing the volume of

water contained within the sample by the total volume of the sample (¢ = ((Msat - Mdry)pw) / Vol).

The dry bulk density of the concrete samples were determined by dividing the dry weight of the
sample by the measured volume. Dry bulk density was estimated using both the samples from
the saturated hydraulic conductivity testing and from the water retention testing. Particle density
for each sample was calculated based on dry bulk density and porosity [p, = py/(1-n)].

3.4 DETERMINATION OF VAN GENUCHTEN TRANSPORT PARAMETERS

Direct measurement of the unsaturated hydraulic conductivity of large numbers of samples of
cementitious materials is time consuming and cost prohibitive. An alternative to direct
measurement is the use of theoretical methods to predict the unsaturated hydraulic conductivity
based upon measured moisture retention data. These methods are generally based on pore-size
distribution models, and have been shown to perform reasonably well for coarse textured soils
and other porous media having relatively narrow pore-size distributions (USDA, 1998). Savage
and Janssen (1997) compared measured drainage from concrete samples with predictive models
produced from characteristic curves developed from van Genuchten curve fitting (i.e., RETC).
They concluded that the van Genuchten method of predicting unsaturated hydraulic conductivity
from moisture retention data was applicable to Portland cement concrete. This indicates that
predictive models based on moisture retention data provide the most viable means of
characterizing the hydraulic properties of large numbers of samples of cementitious materials.
Therefore, this method was chosen to predict the unsaturated hydraulic conductivity of the
saltstone grouts and the vault concrete samples based upon the measured moisture retention
properties.

RETC (RETention Curve) (USDA, 1998), a U.S. Salinity Laboratory computer program
designed for analyzing the hydraulic properties of unsaturated soils, was used to fit the measured
moisture retention data for the saltstone and vault concrete samples. The program’s curve fitting
is based on van Genuchten’s equation for soil moisture content as a function of pressure

H(h)=9r+L0rm h<o0
1+ ()]
o(h) =6, h>0

where @(h) is moisture content at the pressure head h, 6, is residual moisture content, 6, is the

saturated moisture content, h is pressure head, « is a constant related to the inverse of the air-
entry pressure, and n is a measure of the pore-size distribution. The constraint m =1-1/n was
used as suggested by van Genuchten (van Genuchten, 1980; van Genuchten et al., 1991).

The generated moisture retention curves were based on moisture retention data only; no
unsaturated hydraulic conductivity data were available for the samples. RETC’s (USDA, 1998)
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van Genuchten m=1-1/n retention curve model was used to estimate curve fitting parameters
(6,.0,,a ,n) for each sample.

The curve fitting parameters (6, ,6,,a ,n) from RETC (USDA, 1998) were used to calculate the
effective saturation (or reduced water content), S,, at incremental pressure heads according to
S-S5, 1
o = =
=S s @[

where S, denotes residual saturation. Using S,, the relative hydraulic conductivity was
calculated at incremental pressure heads using the Mualem-van Genuchten type function

K=St [1 - (1 —-sum )m ]Z , where L is an empirical pore-connectivity parameter and assumed
to be 0.5.

Saturation (S ) was calculated at various pressure heads according to

1-S
S=S +|— "7
[1 + (ah)”]
where residual saturation,S,, is equal to 6, /6, (the residual moisture content divided by the
saturated moisture content).
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4.0 RESULTS

Samples of three saltstone grout formulations and two vault concrete formulations were tested to
estimate hydraulic conductivity, moisture retention characteristics, porosity, and bulk density
using standard ASTM methods (or equivalent). The saltstone formulations include: 1) DDA
(w/pm 0.60), 2) ARP/MCU (w/pm 0.60), and 3) SWPF (w/pm 0.60). The vault concretes tested
include the Vault 1/4 concrete and two variations of the Vault 2 concrete (Mix 1 and Mix 2). For
saturated hydraulic conductivity, each saltstone grout sample was tested using a permeant similar
in composition to the simulant used to batch the grout. The vault concrete samples were tested
with tap water.

4.1 FRESH PROPERTIES OF THE SALTSTONE MIXES

The fresh properties of the three saltstone mixes were measured as part of this task and the
results are summarized in Table 11. The results are in good agreement with previous
measurements of these properties for the three mixes. The presence of bleed water in all of these
samples reduces the actual water to premix (w/pm) ratio for these mixes from the as-batched
0.60 w/pm to 0.55 for the DDA mix and 0.58 for both the SWPF and MCU mixes. The DDA
mixes have a 2 day set time compared to the 1 day set time for MCU and SWPF mixes.

4.2 HEAT OF HYDRATION OF THE SALTSTONE MIXES

The hydration reactions of the cement, slag, and fly ash generate heat (exothermic) in the process
of producing the calcium silicate hydrates. The time dependence of the heat release was
measured for the three saltstone mixes and these curves correspond to the development of the
cured state of the grouts. Figure 2 reveals that hydration occurs over many days and that the
SWPF mixes generate the most heat per gram of premix while the DDA and MCU mixes
produce roughly the same amount of heat per gram of premix.

4.3 COMPRESSIVE STRENGTH TESTING

Mold samples of each material type were tested for compressive strength at 14, 28, 56, and 90
days by The Washington Group at the SRS Civil Engineering Test Laboratory, Bldg. 717 — 5N.
The results of this testing are presented in Table 12 through Table 17. The detailed compressive
strength test reports are presented in Appendix B. Compressive strength testing is of interest
because an increase in strength over time for a specific material maybe associated with a
decrease in hydraulic conductivity. Thus, a substantial increase in compressive strength for a
specific material may be used as an indicator that additional hydraulic testing should be
conducted to determine if the saturated hydraulic conductivity of the material has decreased.

Figure 3 shows the compressive strength results for the three saltstone materials. An increase in
strength is observed for each material type with the SWPF saltstone exhibiting the greatest gain.
The average compressive strength of the DDA saltstone at 28 and 90 days was 917 and 1023
psig, respectively. This represents approximately a 12 percent increase in compressive strength
over the curing period. The average compressive strength of the ARP/MCU saltstone at 28 and
90 days was 1010 and 1213 psig, respectively. This represents approximately a 20 percent
increase in compressive strength over the curing period. The average compressive strength of
the SWPF saltstone at 28 and 90 days was 1213 and 1467 psig, respectively. This represents
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approximately a 21 percent increase in compressive strength over the curing period. Based on
the development of compressive strength between 28 and 90 days for each of the saltstone
formulations, it was decided to test the 90 day samples of each material for hydraulic properties.

Figure 4 shows the compressive strength results for the Vault 1/4 and the Vault 2 concrete
formulations. An increase in strength is noted for each material between 28 and 90 days. The
average compressive strength of the Vault 1/4 concrete at 28 and 90 days was 8725 and 9430
psig, respectively. This represents approximately an 8 percent increase in compressive strength
over the curing period. The average compressive strength of the Vault 2 Mix 1 concrete at 28
and 90 days was 7430 and 9285 psig, respectively. This represents approximately a 25 percent
increase in compressive strength over the curing period. The strength of the mix easily exceeded
the design strength of 5000 psig at 28 days and developed an additional 1855 psig of
compressive strength between 28 and 90 days. The average compressive strength of the Vault 2
Mix 2 concrete at 28 and 90 days was 8255 and 10155 psig, respectively. This represents
approximately an 19 percent increase in compressive strength over the curing period.

4.4 SALTSTONE AND VAULT CONCRETE HYDRAULIC AND PHYSICAL
PROPERTIES

MCT estimated the hydraulic and physical properties of the saltstone and vault concrete samples
using ASTM methods (or equivalent) following a minimum 28 or 90 day curing period. The
supporting detailed test reports produced by MCT for the saltstone samples are provided in
Appendix C, and the reports detailing the vault concrete results are included in Appendix D.

4.4.1 DDA Saltstone Hydraulic and Physical Properties

Six, 2.8 inch diameter samples of DDA saltstone were tested by MCT to estimate the saturated
hydraulic conductivity, water retention characteristics, dry bulk density, and porosity. Three
samples each were tested following a minimum 28 and 90 day curing period. The saturated
hydraulic conductivity of the 28 day DDA saltstone ranged from 5.9 x 10" to 1.4 x 10™ cm/sec,
with a logarithmic average of 2.5 x 10” cm/sec (Table 18). The saturated hydraulic conductivity
of the 90 day DDA saltstone ranged from 7.2 x 10" to 1.1 x 10™"° cm/sec, with a logarithmic
average of 9.6 x 10" cm/sec (Table 18). The saturated hydraulic conductivity results are
assumed to be relative to the concentrated DDA simulant contained with the pore space of the
samples. Hence, the saturated hydraulic conductivity results were converted to intrinsic
permeability based on the properties of the concentrated DDA simulant as described in Section
3.3.1. The intrinsic permeability of the 28 day DDA saltstone ranged from 7.1 x 107 to 1.7 x 10"
> darcy, with a logarithmic average of 3.1 x 10 darcy (Table 18). The intrinsic permeability of
the 90 day DDA saltstone ranged from 8.7 x 10 to 1.3 x 107 darcy, with an logarithmic average
of 1.1 x 107 darcy (Table 18). These results are summarized in Table 30.

The moisture retention properties of the DDA saltstone were also determined by MCT and are
presented in Table 32. These results are adjusted for salt precipitation as described in Section
3.3.1. As stated earlier, the samples were considered to be saturated with the DDA simulant used
to batch the saltstone samples. MCT tested each DDA saltstone sample at pressures ranging
from 102 cm H,O (0.1 bars) to 15,296 cm H,O (15 bars), Table 32. MCT tested wafers
approximately 2.8 inches in diameter and !5 inch thick from each sample using a pressure plate
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apparatus. Moisture retention curves were prepared for both the 28 day and 90 day wafers taken
from each sample as shown in Figure 5 and Figure 6, respectively.

Dry bulk density and porosity were measured on the samples used in the saturated hydraulic
conductivity testing and on the samples used in the water retention testing (Table 19 and Table
32). After adjusting for salt precipitation, the dry bulk density of the 28 day DDA saltstone
ranged from 1.04 to 1.07 g/cm’ with an arithmetic average of 1.05 g/cm’. The dry bulk density
of the 90 day DDA saltstone ranged from 1.04 to 1.08 g/cm’ with an arithmetic average of 1.06
g/cm3. The porosity of the 28 day DDA saltstone ranged from 0.54 to 0.56 with an arithmetic
average of 0.56. The porosity of the 90 day DDA saltstone ranged from 0.55 to 0.57 with an
arithmetic average of 0.55. The high total porosity and low bulk density observed for the DDA
saltstone samples may be attributed to the high water to cementitious material ratio (w/pm = 0.6)
and low degree of cementitious material reaction. The particle density of the DDA saltstone was
calculated based on the results from the dry bulk density and porosity measurements. The
particle density of the 28 day DDA saltstone ranged from 2.32 to 2.43 g/cm’ with an arithmetic
average of 2.37 g/cm’. The particle density of the 90 day DDA saltstone ranged from 2.33 to
2.48 g/cm’ with an arithmetic average of 2.37 g/em’. The dry bulk density, porosity, and particle
density results are summarized in Table 31.

4.4.2 ARP/MCU Saltstone Hydraulic and Physical Properties

Six, 2.8 inch diameter samples of ARP/MCU saltstone were tested by MCT to estimate the
saturated hydraulic conductivity, water retention characteristics, dry bulk density, and porosity.
Three samples each were tested following a minimum 28 and 90 day curing period. The
saturated hydraulic conductivity of the 28 day ARP/MCU saltstone ranged from 2.7 x 10" to 5.4
x 10” cm/sec, with a logarithmic average of 2.6 x 10® cm/sec (Table 20). The saturated
hydraulic conductivity of the 90 day ARP/MCU saltstone ranged from 6.4 x 10" to 1.1 x 107
cm/sec, with a logarithmic average of 8.5 x 10 cm/sec (Table 20). The saturated hydraulic
conductivity results are assumed to be relative to the concentrated ARP/MCU simulant contained
with the pore space of the samples. Hence, the saturated hydraulic conductivity results were
converted to intrinsic permeability based on the properties of the concentrated ARP/MCU
simulant as described in Section 3.3.1. The intrinsic permeability of the 28 day ARP/MCU
saltstone ranged from 4.9 x 107 to 9.8 x 10 darcy, with a logarithmic average of 2.6 x 10
darcy (Table 20). The intrinsic permeability of the 90 day ARP/MCU saltstone ranged from 1.2
x 10 to 2.0 x 10 darcy, with a logarithmic average of 1.6 x 10° darcy (Table 20). These
results are summarized in Table 30.

The moisture retention properties of the ARP/MCU saltstone were also determined by MCT and
are presented in Table 33. These results are adjusted for salt precipitation as described in Section
3.3.1. As stated earlier, the samples were considered to be saturated with the ARP/MCU
simulant used to batch the saltstone samples. MCT tested each ARP/MCU saltstone sample at
pressures ranging from 102 cm H,O (0.1 bars) to 15,296 cm H,0 (15 bars), Table 33. MCT
tested wafers approximately 2.8 inches in diameter and % inch thick from each sample using a
pressure plate apparatus. Moisture retention curves were prepared for both the 28 day and 90
day wafers taken from each sample as shown in Figure 7 and Figure 8, respectively.
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Dry bulk density and porosity were measured on the samples used in the saturated hydraulic
conductivity testing and on the samples used in the water retention testing (Table 21 and Table
33). After adjusting for salt precipitation, the dry bulk density of the 28 day ARP/MCU saltstone
ranged from 0.98 to 0.99 g/cm® with an arithmetic average of 0.98 g/cm’. The dry bulk density
of the 90 day ARP/MCU saltstone ranged from 0.95 to 1.01 g/cm’ with an arithmetic average of
0.97 g/cm’. The porosity of the 28 day ARP/MCU saltstone ranged from 0.58 to 0.59 with an
arithmetic average of 0.58. The porosity of the 90 day ARP/MCU saltstone ranged from 0.58 to
0.61 with an arithmetic average of 0.59. The high total porosity and low bulk density observed
for the ARP/MCU saltstone samples may be attributed to the high water to cementitious material
ratio (w/pm = 0.6) and low degree of cementitious material reaction. The particle density of the
ARP/MCU saltstone was calculated based on the results from the dry bulk density and porosity
measurements. The particle density of the 28 day ARP/MCU saltstone ranged from 2.30 to 2.41
g/em® with an arithmetic average of 2.35 g/cm’. The particle density of the 90 day ARP/MCU
saltstone ranged from 2.30 to 2.49 g/cm’ with an arithmetic average of 2.38 g/cm’. The dry bulk
density, porosity, and particle density results are summarized in Table 31.

4.4.3 SWPF Saltstone Hydraulic and Physical Properties

Six, 2.8 inch diameter samples of SWPF saltstone were tested by MCT to estimate the saturated
hydraulic conductivity, water retention characteristics, dry bulk density, and porosity. Three
samples each were tested following a minimum 28 and 90 day curing period. The saturated
hydraulic conductivity of the 28 day SWPF saltstone ranged from 2.0 x 10” to 3.4 x 10™® cm/sec,
with a logarithmic average of 9.3 x 10” cm/sec (Table 22). The saturated hydraulic conductivity
of the 90 day SWPF saltstone ranged from 1.2 x 10” to 8.8 x 10® cm/sec, with a logarithmic
average of 6.0 x 10” cm/sec (Table 22). Of the three samples of 90 day SWPF saltstone tested
for saturated hydraulic conductivity, two were slightly more than 10 cm/sec and the third was
almost 10”7 cm/sec. The saturated hydraulic conductivity of the most permeable sample was
almost two orders of magnitude greater than the other two samples whereas the difference
between the minimum and maximum saturated hydraulic conductivity values for the 90 day
DDA and ARP/MCU samples was less than a factor of two. Additionally, MCT reported that a
prolonged power failure complicated testing of the most permeable 90 day SWPF sample. Thus,
this sample may be an outlier. If this sample is excluded from the data set, the logarithmically
averaged saturated hydraulic conductivity of the 90 day SWPF is 1.5 x 10” cm/sec.

The saturated hydraulic conductivity results are assumed to be relative to the concentrated SWPF
simulant contained with the pore space of the samples. Hence, the saturated hydraulic
conductivity results were converted to intrinsic permeability based on the properties of the
concentrated SWPF simulant as described in Section 3.3.1. The intrinsic permeability of the 28
day SWPF saltstone ranged from 4.0 x 10 to 6.8 x 10~ darcy, with a logarithmic average of 1.9
x 10~ darcy (Table 22). The intrinsic permeability of the 90 day SWPF saltstone ranged from
2.4 x 10° to 1.8 x 10™ darcy, with a logarithmic average of 1.2 x 10~ darcy (Table 22). If the
potential outlier is excluded, the logarithmically averaged intrinsic permeability of the 90 day
SWPF saltstone is 3.1 x 10 darcy. These results are summarized in Table 30.

The moisture retention properties of the SWPF saltstone were also determined by MCT and are
presented in Table 34. These results are adjusted for salt precipitation as described in Section

Page 15 of 204



SRNL-STI-2008-00421, REVISION 0

3.3.1. As stated earlier, the samples were considered to be saturated with the SWPF simulant
used to batch the saltstone samples. MCT tested each SWPF saltstone sample at pressures
ranging from 102 cm H,O (0.1 bars) to 15,296 cm H,0 (15 bars), Table 34. MCT tested wafers
approximately 2.8 inches in diameter and % inch thick from each sample using a pressure plate
apparatus. Moisture retention curves were prepared for both the 28 day and 90 day wafers taken
from each sample as shown in Figure 9 and Figure 10, respectively.

Dry bulk density and porosity were measured on the samples used in the saturated hydraulic
conductivity testing and on the samples used in the water retention testing (Table 23 and Table
34). After adjusting for salt precipitation, the dry bulk density of the 28 day SWPF saltstone
ranged from 1.00 to 1.05 g/cm’ with an arithmetic average of 1.03 g/cm’. The dry bulk density
of the 90 day SWPF saltstone ranged from 1.00 to 1.03 g/cm’ with an arithmetic average of 1.01
g/em’. The porosity of the 28 day SWPF saltstone ranged from 0.56 to 0.60 with an arithmetic
average of 0.58. The porosity of the 90 day SWPF saltstone ranged from 0.57 to 0.59 with an
arithmetic average of 0.59. The high total porosity and low bulk density observed for the SWPF
saltstone samples may be attributed to the high water to cementitious material ratio (w/pm = 0.6)
and low degree of cementitious material reaction. The particle density of the SWPF saltstone
was calculated based on the results from the dry bulk density and porosity measurements. The
particle density of the 28 day SWPF saltstone ranged from 2.39 to 2.53 g/cm’ with an arithmetic
average of 2.44 g/cm’. The particle density of the 90 day SWPF saltstone ranged from 2.35 to
2.53 g/em’ with an arithmetic average of 2.42 g/cm’. The dry bulk density, porosity, and particle
density results are summarized in Table 31.

4.4.4 Vault 1/4 Concrete Hydraulic and Physical Properties

Three, 6 inch diameter samples of the Vault 1/4 concrete were tested by MCT to estimate the
saturated hydraulic conductivity, dry bulk density, and porosity following a minimum 28 day
curing period. The saturated hydraulic conductivity of the 28 day Vault 1/4 concrete ranged
from 1.1 x 10" to 2.1 x 10™ cm/sec, with a logarithmic average of 3.1 x 107 cm/sec (Table 24).
The saturated hydraulic conductivity results are relative to tap water. The saturated hydraulic
conductivity results were converted to intrinsic permeability based on the properties of tap water
as described in Section 3.3.2. The intrinsic permeability of the 28 day Vault 1/4 concrete ranged
from 1.1 x 10 to 2.2 x 107 darcy, with a logarithmic average of 3.2 x 10™ darcy (Table 24).
These results are summarized in Table 30.

The moisture retention properties of the Vault 1/4 concrete were determined by MCT using three
inch diameter samples and are presented in Table 35. MCT tested each Vault 1/4 concrete
sample at pressures ranging from 102 cm H,O (0.1 bars) to 15,296 cm H,0 (15 bars). MCT
tested wafers approximately 3 inches in diameter and '2 inch thick from each sample using a
pressure plate apparatus. Moisture retention curves were prepared for the wafers taken from
each sample, Figure 11.

Dry bulk density and porosity were measured on the samples used in the saturated hydraulic
conductivity testing and on the samples used in the water retention testing (Table 25 and Table
35). The dry bulk density of the 28 day Vault 1/4 concrete ranged from 2.15 to 2.31 g/cm’ with
an arithmetic average of 2.24 g/cm’. The porosity of the 28 day Vault 1/4 concrete ranged from
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0.10 to 0.12 with an arithmetic average of 0.11. The particle density of the Vault 1/4 concrete
was calculated based on the results from the dry bulk density and porosity measurements. The
particle density of the 28 day Vault 1/4 concrete ranged from 2.44 to 2.58 g/cm’ with an
arithmetic average of 2.53 g/cm’. The dry bulk density, porosity, and particle density results are
summarized in Table 31.

4.4.5 Vault 2 Mix 1 Concrete Hydraulic and Physical Properties

Three, 6 inch diameter samples of the Vault 2 Mix 1 concrete were tested by MCT to estimate
the saturated hydraulic conductivity, dry bulk density, and porosity following a minimum 28 day
curing period. The saturated hydraulic conductivity of the 28 day Vault 2 Mix 1 concrete ranged
from 6.0 x 10" to 2.8 x 107" cm/sec, with a logarithmic average of 1.1 x 107 cm/sec (Table
26). The saturated hydraulic conductivity results are relative to tap water. The saturated
hydraulic conductivity results were converted to intrinsic permeability based on the properties of
tap water as described in Section 3.3.2. The intrinsic permeability of the 28 day Vault 2 Mix 1
concrete ranged from 6.2 x 10” to 2.9 x 10™® darcy, with a logarithmic average of 1.1 x 10 darcy
(Table 26). These results are summarized in Table 30.

The moisture retention properties of the Vault 2 Mix 1 concrete were determined by MCT using
three inch diameter samples and are presented in Table 36. MCT tested each Vault 2 Mix 1
concrete sample at pressures ranging from 102 cm H,O (0.1 bars) to 15,296 cm H,0 (15 bars).
MCT tested wafers approximately 3 inches in diameter and 2 inch thick from each sample using
a pressure plate apparatus. Moisture retention curves were prepared for the wafers taken from
each sample, Figure 12.

Dry bulk density and porosity were measured on the samples used in the saturated hydraulic
conductivity testing and on the samples used in the water retention testing (Table 27 and Table
36). The dry bulk density of the 28 day Vault 2 Mix 1 concrete ranged from 2.16 to 2.21 g/cm’
with an arithmetic average of 2.19 g/cm’. The porosity of the 28 day Vault 2 Mix 1 concrete
ranged from 0.08 to 0.13 with an arithmetic average of 0.12. The particle density of the Vault 2
Mix 1 concrete was calculated based on the results from the dry bulk density and porosity
measurements. The particle density of the 28 day Vault 2 Mix 1 concrete ranged from 2.39 to
2.50 g/cm’ with an arithmetic average of 2.48 g/cm’. The dry bulk density, porosity, and particle
density results are summarized in Table 31.

4.4.6 Vault 2 Mix 2 Concrete Hydraulic and Physical Properties

Three, 6 inch diameter samples of the Vault 2 Mix 2 concrete were tested by MCT to estimate
the saturated hydraulic conductivity, dry bulk density, and porosity following a minimum 28 day
curing period. The saturated hydraulic conductivity of the 28 day Vault 2 Mix 2 concrete ranged
from 5.0 x 10" to 3.2 x 107'% cm/sec, with a logarithmic average of 9.3 x 10" cm/sec (Table
28). The saturated hydraulic conductivity results are relative to tap water. The saturated
hydraulic conductivity results were converted to intrinsic permeability based on the properties of
tap water as described in Section 3.3.2. The intrinsic permeability of the 28 day Vault 2 Mix 2
concrete ranged from 5.2 x 10 to 3.3 x 10™ darcy, with a logarithmic average of 9.6 x 10” darcy
(Table 28). These results are summarized in Table 30.
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The moisture retention properties of the Vault 2 Mix 2 concrete were determined by MCT using
three inch diameter samples and are presented in Table 37. MCT tested each Vault 2 Mix 2
concrete sample at pressures ranging from 102 cm H,O (0.1 bars) to 15,296 cm H,0 (15 bars).
MCT tested wafers approximately 3 inches in diameter and 2 inch thick from each sample using
a pressure plate apparatus. Moisture retention curves were prepared for the wafers taken from
each sample, Figure 13.

Dry bulk density and porosity were measured on the samples used in the saturated hydraulic
conductivity testing and on the samples used in the water retention testing (Table 29 and Table
36). The dry bulk density of the 28 day Vault 2 Mix 2 concrete ranged from 2.16 to 2.26 g/cm’
with an arithmetic average of 2.22 g/cm’. The porosity of the 28 day Vault 2 Mix 2 concrete
ranged from 0.09 to 0.14 with an arithmetic average of 0.11. The particle density of the Vault 2
Mix 2 concrete was calculated based on the results from the dry bulk density and porosity
measurements. The particle density of the 28 day Vault 2 Mix 2 concrete ranged from 2.43 to
2.55 g/em’ with an arithmetic average of 2.50 g/cm’. The dry bulk density, porosity, and particle
density results are summarized in Table 31.

4.5 ANALYSIS OF MOISTURE RETENTION CHARACTERISTICS

The measured moisture retention data for the three saltstone formulations, the Vault 1/4 concrete,
and the two Vault 2 concretes (Mix 1 and Mix 2) as determined by MCT were analyzed to
determine the van Genuchten transport parameters and the relative hydraulic conductivity
function. For the saltstone materials, the 90 day moisture retention data was used for the
analysis. Measured moisture retention data was available for three samples of each material.
These data were averaged to produce a single data set for each of the three types of saltstone
tested. Initially, the moisture retention data were analyzed using the RETC model (USDA,
1998). However, it was not possible to obtain a good fit of the data using RETC. Thus, a visual
curve matching procedure was employed in a spreadsheet where the curve fitting parameters of
the van Genuchten model (o and n) were manipulated to obtain an acceptable fit of the moisture
retention data. The residual and saturated moisture content (6, and 6;) used to fit each set of data
was loosely constrained by the measured minimum and maximum porosities for each material.
It was found that an acceptable fit could be obtained by fixing o for each material to a value of
0.15. The curve fitting parameter, o, represents the inverse of the air entry pressure and given
the similarity of the three saltstone materials would not be expected to vary significantly. For
each saltstone material, the standard Mualem relationship between n and m (i.e., m = 1 — 1/n)
was used. The resulting characteristic curves are presented in Figure 14 through Figure 16 and
the transport parameters are given in Table 38. The results for all three types of saltstone are
similar to those reported by Dixon and Phifer (2007).

Previously, Idaho National Laboratory (INL) tested samples of MCU saltstone for moisture
retention characteristics (Dixon and Phifer, 2007). INL measured the moisture retention
characteristics of the saltstone samples by testing sub-cores of the saltstone over a range of
pressures from 0 to approximately 56,086 cm of H,O (~55 bars). This is a significantly wider
range than Mactec tested the current saltstone samples. A combination of methods was used to
establish the moisture retention curve including hanging column analysis (for the wet end of the
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curve), pressure plate apparatus (for the middle portion of the curve), and chilled mirror analysis
(for the dry end of the curve). The INL moisture retention data were analyzed to determine the
van Genuchten transport parameters and the relative hydraulic conductivity function. The results
from this analysis are presented in Table 38 (adjusted for salt precipitation) and Figure 17.
Results from this analysis provide a comparison for the current analysis.

The RETC model was used to fit the moisture retention data for each concrete material. All
parameters in the RETC model were fitted including the saturated moisture content (6s). All
moisture retention values were given a weight of 1. The standard Mualem relationship between
nand m (i.e., m = 1 — 1/n) was used. The characteristic curves for each material are presented in
Figure 18 through Figure 20 and the transport parameters are given in Table 38. As with the
saltstone samples, it is important to note the limited range over which moisture retention data
was obtained. Beyond the range of the moisture retention data (15 bars), the characteristic
curves are extrapolated. Data beyond 15 bars suction may significantly affect the shape of the
characteristic curves since these low permeability materials exhibit minimal drainage at lower
pressures.

4.6 RECOMMENDED HYDRAULIC AND PHYSICAL PROPERTIES

The recommended hydraulic and physical properties for each material tested are presented in
Table 39. For the concretes, the logarithmic average of the 28 day saturated hydraulic
conductivity is presented as the recommended value. For the saltstone grouts, the logarithmic
average of the 90 day saturated hydraulic conductivity data is presented as the recommended
value. For the SWPF saltstone, the recommended saturated hydraulic conductivity value may be
influenced by an outlying value. Sample SWPF-TR451-3 had a saturated hydraulic conductivity
almost two orders of magnitude greater than that of the other two 90 day samples whereas the
difference between the minimum and maximum saturated hydraulic conductivity values for the
90 day DDA and ARP/MCU samples was less than a factor of two. The testing laboratory
reported that a prolonged power failure complicated the testing of this sample. Thus, it may be
appropriate to exclude this sample from the data set for saturated hydraulic conductivity.

The recommended values for porosity and dry bulk density for each saltstone material were
determined based on the arithmetic average of the 90 day data. The recommended value for
particle density was calculated from the porosity and dry bulk density data [p, = py/(1-n)].
Recommended transport parameters were determined from the 90 day moisture retention data
and presented in Table 38. The data for the characteristic curves are given in Appendix F
including that for the MCU saltstone as determined by INL and reported by Dixon and Phifer
(2007).

The recommended values for porosity and dry bulk density for each concrete material were
determined based on the arithmetic average of the 28 day data. The recommended value for
particle density was calculated from the porosity and dry bulk density data [p, = py/(1-n)].
Recommended transport parameters were determined from the 28 day moisture retention data
and presented in Table 38. The data for the characteristic curves are given in Appendix F.

Page 19 of 204



SRNL-STI-2008-00421, REVISION 0

5.0 SUMMARY

The primary focus of this task was to determine the hydraulic and physical properties of three
different saltstone formulations and two vault concretes. The saltstone formulations included
saltstone premix batched with 1) Deliquification, Dissolution, and Adjustment (DDA) salt
simulant (premix at w/pm 0.60), 2) Actinide Removal Process (ARP)/Modular Caustic Side
Solvent Extraction Unit (MCU) salt simulant (premix at w/pm 0.60), and 3) Salt Waste
Processing Facility (SWPF) salt simulant (premix at w/pm 0.60). The vault concrete
formulations tested included the Vault 1/4 mix and two variations of the Vault 2 concrete (Mix 1
and Mix 2).

Mold samples of each saltstone formulation were prepared for hydraulic and physical property
testing. These samples were 2.8 by 6 inch cylinders. Preparation of the samples were staggered
so that each formulation could be tested as closely as possible to a 28 and 90 day cure. Wet
properties measured for the saltstone formulations included yield stress, plastic viscosity, wet
unit weight, bleed water volume, gel time, set time, and heat of hydration. The results of these
measurements are presented in Table 11.

The saltstone samples were submitted to Mactec Engineering and Consulting, Inc. (MCT) for
testing per ASTM standards (or equivalent). Each saltstone formulation was tested with a
permeant similar in composition to the simulant used to batch the grout. The hydraulic
conductivity of a porous medium is related to the properties of the medium and the permeating
fluid (density and viscosity). Each of the saltstone formulations was batched with a salt simulant
(w/pm 0.60) specific to the formulation. Due to the low degree of hydration for saltstone grouts
in general, it is assumed that the saltstone samples remained saturated with simulant throughout
the curing process (Harbour et al., 2007a). Additionally, some of the water in the simulant is
consumed during hydration (about 8 percent) which results in a slightly concentrated solution in
the pore space of the saltstone compared to the initial simulant used to batch the samples.
Although each type of saltstone grout was tested with a permeant similar in composition to the
simulant used to batch the grout, the saturated hydraulic conductivity measurements are assumed
to be relative to the concentrated simulant that comprises the pore fluid following hydration.
This is a reasonable assumption due to the low permeability of the saltstone materials and the
small volume of permeant that actually penetrates each sample. The saturated hydraulic
conductivity data reported by the lab for each formulation were subsequently converted to
intrinsic permeability using the density and viscosity estimated for the concentrated simulants.
Intrinsic permeability is independent of the test fluid and is solely a function of the porous
medium.

The saturated hydraulic conductivity (relative to the concentrated DDA simulant) and intrinsic
permeability data for the DDA saltstone are presented in Table 18. The dry bulk density,
porosity, and particle density data for the DDA saltstone are presented in Table 19 and Table 32.
The saturated hydraulic conductivity (relative to the concentrated ARP/MCU simulant) and
intrinsic permeability data for the ARP/MCU saltstone are presented in Table 20. The dry bulk
density, porosity, and particle density data for the ARP/MCU saltstone are presented in Table 21
and Table 33. The saturated hydraulic conductivity (relative to the concentrated SWPF simulant)
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and intrinsic permeability data for the SWPF saltstone are presented in Table 22. The dry bulk
density, porosity, and particle density data for the SWPF saltstone are presented in Table 23 and
Table 34.

The moisture retention properties of all three saltstone formulations were measured by MCT and
are presented in Table 32, Table 33, and Table 34. Although the samples were assumed to be
saturated, prior to testing they were immersed in a permeant similar in composition to the
simulant used to batch the samples. The MCT measurements were made using pressure plate
apparatus. The data for each saltstone formulation were analyzed to determine the van
Genuchten transport parameters using a visual curve matching method. These parameters may
be used to implicitly determine the relationship between unsaturated hydraulic conductivity and
moisture content. The results from these analyses are presented in Table 38. Also included in
Table 38 are previous results for MCU saltstone as determined by INL which includes data over
a broader range of pressures (Dixon and Phifer, 2007).

In addition to the saltstone samples, mold samples of the two vault concrete formulations were
also prepared for testing. These formulations included the Vault 1/4 mix and two variations of
the Vault 2 formulation (Mixes 1 and 2). The samples used to estimate hydraulic conductivity
were 6 by 12 inch cylinders. Samples prepared for moisture retention analysis were 3 by 6 inch
cylinders. These samples were submitted to MCT for testing per ASTM specifications (or
equivalent). These samples were tested using tap water as the permeating fluid.

The saturated hydraulic conductivity and intrinsic permeability data for the Vault 1/4 concrete
are presented in Table 24. The dry bulk density, porosity, and particle density data for the Vault
1/4 concrete are presented in Table 25 and Table 35. The saturated hydraulic conductivity and
intrinsic permeability data for the Vault 2 Mix 1 concrete are presented in Table 26. The dry
bulk density, porosity, and particle density data for the Vault 2 Mix 1 concrete is presented in
Table 27 and Table 36. The saturated hydraulic conductivity and intrinsic permeability data for
the Vault 2 Mix 2 concrete are presented in Table 28. The dry bulk density, porosity, and
particle density data for the Vault 2 concrete are presented in Table 29 and Table 37.

The moisture retention properties of the Vault 1/4, Vault 2 Mix 1, and Vault 2 Mix 2 concrete
formulations were also measured by MCT and are presented in Table 35, Table 36, and Table 37.
Prior to testing, samples of each concrete formulation were saturated with tap water. The MCT
measurements were made using pressure plate apparatus. The data for the Vault 1/4, Vault 2
Mix 1, and Vault 2 Mix 2 concrete formulations were analyzed to determine the van Genuchten
transport parameters using the RETC code (USDA, 1998). These parameters may be used to
implicitly determine the relationship between unsaturated hydraulic conductivity and moisture
content. The results from these analyses are presented in Table 38. The data for the
characteristic curves are presented in Appendix F. As noted previously, the characteristic curves
are extrapolated beyond the range of the moisture retention data (15 bars).

Summary hydraulic properties for all materials tested are presented in Table 30. Summary

physical properties for all materials tested are presented in Table 31. Recommended hydraulic
and physical properties for each material tested are presented in Table 39.
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Figure 1. Bivariate fit of simulant density as a function of measured weight percent solids.
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Figure 2. Normalized Heat (J/g of premix) from DDA, ARP/MCU, and SWPF saltstone at 0.60
w/pm ratio.
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Figure 3. Compressive strength as a function of curing period for DDA, ARP/MCU, and SWPF
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Figure 4. Compressive strength as a function of curing period for Vault 1/4, Vault 2 Mix 1, and
Vault 2 Mix 2.
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Figure 5. Moisture retention curves for the 28 day DDA saltstone samples.
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Figure 6. Moisture retention curves for the 90 day DDA saltstone samples.
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Figure 7. Moisture retention curves for the 28 day ARP/MCU saltstone samples.
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Figure 8. Moisture retention curves for the 90 day ARP/MCU saltstone samples.
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Figure 9. Moisture retention curves for the 28 day SWPF saltstone samples.
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Figure 10. Moisture retention curves for the 90 day SWPF saltstone samples.
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Figure 11. Moisture retention curves for the 28 day Vault 1/4 concrete samples.
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Figure 12. Moisture retention curves for the 28 day Vault 2 Mix 1 concrete samples.
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Figure 13. Moisture retention curves for the 28 day Vault 2 Mix 2 concrete samples.
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Figure 14. Characteristic Curves for the DDA Saltstone (using 28 and 90 day retention data).
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Figure 15. Characteristic Curves for the ARP/MCU Saltstone (using 28 and 90 day retention
data).
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Figure 16. Characteristic Curves for the SWPF Saltstone (using 28 and 90 day retention data).
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Figure 17. Characteristic curves for MCU saltstone samples as determined by INL reported by
Dixon and Phifer (2007).
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Figure 18. Characteristic Curves for the Vault 1/4 Concrete (based on 28 day minimum curing
period).
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Figure 19. Characteristic Curves for the Vault 2 Mix 1 Concrete (based on 28 day minimum
curing period).
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Figure 20. Characteristic Curves for the Vault 2 Mix 2 Concrete (based on 28 day minimum
curing period).
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Table 1. Saltstone Cementitious Materials (premix).

Premix Blend
Ingredient’ Vendor (Wt%)
Portland Cement (Type II) Holcim 10
Blast Furnace Slag (Grade 100) Holcim 45
Fly Ash (Class F) Cross Station 45

'All materials were received from the Saltstone Disposal Facility. The as-batched water to premix ratio for all three

mixes was 0.60.

Table 2. Recipe for DDA Simulant used to Prepare Simulated Saltstone Grout Samples and the
Permeant used for Hydraulic and Physical Testing.

DDA Simulant DDA Permeant’
Molarity Mass Molarity Mass
Ingredient (Moles/Liter) | (g/Liter H,0) | (Moles/Liter) | (g/Liter H,0)
Sodium Hydroxide, NaOH

(50 % by weight) 0.769 61.52 0.485 38.80
Sodium Nitrate, NaNO; 2.202 187.15 2.202 187.15

Sodium Nitrite, NaNO, 0.110 7.56 0.110 7.56
Sodium Carbonate, Na,CO; 0.145 15.36 0.145 15.36

Sodium Sulfate. Na,SO, 0.044 6.31 0.044 6.31
Aluminum Nitrate (9 H0) 0.071 26.63 0.000 0.000
Sodium Phosphate (12 H,O) 0.008 3.22 0.000 0.000

"The simulant was used to batch the grout samples.
2 . . .
The permeant was used to test the grout samples for hydraulic and physical properties.

Table 3. Recipe for ARP/MCU Simulant used to Prepare Simulated Saltstone Grout Samples
and the Permeant used for Hydraulic and Physical Testing.

ARP/MCU Simulant*

ARP/MCU Permeant?

Molarity Mass Molarity Mass
Ingredient (Moles/Liter) (g/Liter H,0) | (Moles/Liter) | (g/Liter H,0)
Sodium Hydroxide, NaOH
(50 % by weight) 1.594 127.50 1.377 110.16
Sodium Nitrate, NaNOj3 3.159 268.48 3.159 268.48
Sodium Nitrite, NaNO, 0.368 25.39 0.368 25.39
Sodium Carbonate, Na,CO; 0.176 18.65 0.176 18.65
Sodium Sulfate. Na,SO, 0.059 8.37 0.059 8.37
Aluminum Nitrate (9 H20) 0.054 20.33 0.000 0.000
Sodium Phosphate (12 H,0) 0.012 4.67 0.000 0.000

'"The simulant was used to batch the grout samples.
*The permeant was used to test the grout samples for hydraulic and physical properties.
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Table 4. Recipe for SWPF Simulant used to Prepare Simulated Saltstone Grout Samples and the
Permeant used for Hydraulic and Physical Testing.

SWPF Simulant® SWPF Permeant?
Molarity Mass Molarity Mass
Ingredient (Moles/L iter) (g/Liter H,0) | (Moles/Liter) | (g/Liter H,O)
Sodium Hydroxide, NaOH

(50 % by weight) 2.866 229.28 2.409 192.69
Sodium Nitrate, NaNO; 1.973 167.66 1.973 167.66
Sodium Nitrite, NaNO, 0.485 33.43 0.485 33.43
Sodium Carbonate, Na,CO; 0.118 12.46 0.118 12.46

Sodium Sulfate. Na,SO, 0.055 7.84 0.055 7.84
Aluminum Nitrate (9 H20) 0.114 42.90 0.000 0.000
Sodium Phosphate (12 H,0) 0.007 2.76 0.000 0.000

"The simulant was used to batch the grout samples.
’The permeant was used to test the grout samples for hydraulic and physical properties.

Table 5. Simulant and Permeant Properties

Water to
Dynamic | Simulant Ratio | Weight Percent | Salt Content
Density | Viscosity (g H,O/g Solids (g/100g wet
(g/ml) (cP) simulant) (%) grout)
DDA Simulant 1.173 1.50 0.777 22.33 9.28
ARP/MCU Simulant 1.261 2.46 0.685 31.54 14.50
SWPF Simulant 1.248 2.78 0.711 28.88 13.00
DDA Concentrated Simulant’ 1.190 - 0.762 - 9.28
ARP/MQU Conclentrated 1973 i 0.664 ) 14.50
Simulant
SWPF Concentrated Simulant' 1.260 - 0.691 13.00
DDA Permeant 1.156 1.39 0.780 20.45 -
ARP/MCU Permeant 1.248 2.25 0.680 30.20 -
SWPF Permeant 1.224 2.46 0.710 26.08 -

'During hydration, approximately 8% of the water contained within the simulant is consumed. This concentrates the
pore fluid relative to the simulant used to batch the samples. The properties of the concentrated pore fluids were
determined as described in Section 3.3.1.
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Ingredient’ Quantity
(Ibs/cu yd)

Type Il cement (ASTM C 150) 419
Grade 100 Blast furnace slag (ASTM C 989) 278
Sand (ASTM C 33) 1133
No. 67 aggregate (maximum % in) (ASTM C 33) 1798
Microair AEA (oz/yd’) 5.9
Master Builders 320 N WRA (oz/yd’)’ 40
Water (maximum) 268 (32.1 gal/cu yd)
Water to cementitious material ratio 0.385
Minimum compressive strength at 28 days 4000 psig
Maximum slump 3in

'"Taken from Phifer et al. 2006 Tables 4-5 and 4-6).

*The original formulation called for Grade 120 Blast furnace slag. Currently, only Grade 100 Blast furnace slag is

available.

3This product line is now supplied by BASF and 320 N has been replaced with 322 N.
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Table 7. Ingredients Used to Prepare the Vault 1/4 Concrete Samples.

Material

Specification

Supplier / Address

Phone Number

Portland cement
(Type I/1T)

ASTM C 150

LaFarge Cement

P.O. Box 326
463 Judge St.

Harleyville, S.C, 29448
sampled from Lafarge
Ready Mix Plant, 109
Laney Walker Blvd.,
Augusta, GA, 30909

(803) 462-7651
(706) 798-3676

Slag cement (Grade 100)

ASTM C 989

Holcim, US Inc.
1555 Hartman
Industrial Blvd.
Birmingham, AL
35221

(205) 929-6813

Concrete sand

ASTM C 33

Foster Dixiana

3308 Charleston Hwy.
Columbia, SC, 29172
sampled from Lafarge
Ready Mix Plant, 109
Laney Walker Blvd.,
Augusta, GA, 30909

(803) 794-2872
(706) 798-3676

No. 67 stone 3/4 inch gravel
(granite)

ASTM C 33

USA Aggregates
Dogwood Quarry
Appling GA, 30802
sampled from Lafarge
Ready Mix Plant, 109
Laney Walker Blvd.,
Augusta, GA, 30909

(706) 541-0187
(706) 798-3676

Admixtures

Microair (air entraining
admixture)

322 N (mid range water reducer)’

ASTM C 260

ASTM C 494

BASF Corporation
106 Macon St.
Reynolds, GA, 31076

(864) 607-4160

1322 N has replaced 320 N in the BASF AEA product line.
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Table 8. Saltstone Vault 2, Mix 1 Concrete Formulation (670 1bs/cu yd Cementitious Material,
Class 3 Sulfate Resistant Concrete).

Ingredient’ Quantity
(Ibs/cu yd)

Type V cement (Lehigh T-V #2 ; ASTM C 150) 201
Grade 100 Blast furnace slag (Holcim Grade 100 Slag; ASTM C 268
989)
Silica Fume (W. R. Grace Silica Fume; ASTM C 1240) 44.7
Type F Fly ash (SEFA Class “F” Fly Ash; ASTM C 618) 156.3
sand (Rinker Aggregates Company - Augusta Sand - Natural 911
Washed Sand); ASTM C 33)
aggregate (Rinker Aggregates Company - Dogwood Quarry - 1850
#67 Granite; ASTM C 33)
Water (maximum) 254.6
Water (maximum; gal/ cu yd) 30.5
Maximum water to cementitious material ratio 0.38
Grace WRDA 35 (oz/cwt c+p) 5
Grace Darex Il (0z/cwt ct+p) 0.4t00.5
Grace Adva 380 (oz/cwt c+p) 3to4
Minimum compressive strength of at 28 days 5000 psig
Slump range/target of before Super-P 1 — 3 inches / 2 inches
Slump range/target of after Super-P 6 — 8 inches / 7 inches

'Taken from Phifer et al. 2006 Tables 4-6, DCR: AC51636A-001 Supplier Document, and
personal correspondence with Carlos Chiappetto.
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Table 9. Saltstone Vault 2, Mix 2 Concrete Formulation (710 Ibs/cu yd Cementitious Material,
Class 3 Sulfate Resistant Concrete).

Ingredient’ Quantity
(Ibs/cu yd)

Type V cement (Lehigh T-V #2 ; ASTM C 150) 213
Grade 100 Blast furnace slag (Holcim Grade 100 Slag; ASTM C 284
989)
Silica Fume (W. R. Grace Silica Fume; ASTM C 1240) 47.3
Type F Fly ash (SEFA Class “F” Fly Ash; ASTM C 618) 165.7
sand (Rinker Aggregates Company - Augusta Sand - Natural 911
Washed Sand); ASTM C 33)
aggregate (Rinker Aggregates Company - Dogwood Quarry - 1850
#67 Granite; ASTM C 33)
Water (maximum) 269.8
Water (maximum; gal/ cu yd) 32.3
Maximum water to cementitious material ratio 0.38
Grace WRDA 35 (oz/cwt c+p) 5
Grace Darex Il (oz/cwt c+p) 0.4 10 0.5
Grace Adva 380 (oz/cwt c+p) 3to4
Minimum compressive strength of at 28 days 5000 psig
Slump range/target of before Super-P 1 — 3 inches / 2 inches
Slump range/target of after Super-P 6 — 8 inches / 7 inches

'Taken from Phifer et al. 2006 Tables 4-6, DCR: AC51636A-001 Supplier Document, and
personal correspondence with Carlos Chiappetto.
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Table 10. Ingredients Used to Prepare the Vault 2 Mix 1 and Mix 2 Concrete Samples.

Material

Specification

Supplier / Address

Phone Number

Portland cement
(Type V)

ASTM C 150

Lehigh Portland
Cement Co., 8401 2™
Ave. Leeds, AL., 35094
sampled from Lafarge
Ready Mix Plant, 109
Laney Walker Blvd.,
Augusta, GA, 30909

(205) 699-2231
(706) 798-3676

Slag cement (Grade 100)

ASTM C 989

Holcim US Inc.
1555 Hartman
Industrial Blvd.

Birmingham, AL
35221

(205) 929-6813

Fly ash (Class F)

ASTM C 618

SEFA Group, 217
Cedar Rd., Lexington,
SC, 29073

(803) 520-9000

Concrete sand

ASTM C 33

Foster Dixiana

3308 Charleston Hwy.
Columbia, SC, 29172
sampled from Lafarge
Ready Mix Plant, 109
Laney Walker Blvd.,
Augusta, GA, 30909

(803) 794-2872
(706) 798-3676

No. 67 stone 3/4 inch gravel
(granite)

ASTM C 33

USA Aggregates
Dogwood Quarry
Appling GA, 30802
sampled from Lafarge
Ready Mix Plant, 109
Laney Walker Blvd.,
Augusta, GA, 30909

(706) 541-0187
(706) 798-3676

Admixtures

DAREX II (air entraining
admixture)

ASTM C 260

WRDA 35 (mid range water
reducer)

Adva 380 (super plasticizer)

ASTM C 494

ASTM C 494
Type F

Grace Construction
Products, 6606
Marshall Blvd.,
Lithonia, GA, 30058
sampled from Lafarge
Ready Mix Plant, 109
Laney Walker Blvd.,
Augusta, GA, 30909

(877) 423-6491
(706) 798-3676
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Table 11. Fresh Properties of the DDA, ARP/MCU, and SWPF Saltstone.

Yield Plastic
Stress Viscosity Gel Time One Day Bleed Set Time
Sample Id (Pa) (cP) (minutes) (volume %0) (days)

DDA-TR430 6.3 89 >90 5.0 2

MCU-TR436 34 79 40 1.5 1

SWPF-TR450 33 83 >100 2.5 1

Table 12. Compressive Strength for the DDA Saltstone Grout (Cast 3/18/2008).
Compressive Strength*?

Days (psig)

Aged Date Tested Measured Average
14 4/01/2008 820 790 790 800
28 4/15/2008 910 940 900 917
56 5/13/2008 1060 1070 1060 1063
90 6/16/2008 1020 1010 1040 1023

'Samples were 2-in cube mold samples and were tested per ASTM C 109.

2Lab Batch ID 080013.

Table 13. Compressive Strength for the ARP/MCU Saltstone Grout (Cast 3/31/2008).

Compressive Strength*?

Days (psig)
Aged Date Tested Measured Average
16 4/16/2008 970 1000 820 930
28 4/28/2008 1000 1000 1030 1010
56 5/26/2008 1130 1120 1170 1140
90 6/29/2008 1200 1230 1210 1213
'Samples were 2-in cube mold samples and were tested per ASTM C 109.
*Lab Batch ID 080014.
Table 14. Compressive Strength for the SWPF Saltstone Grout (Cast 4/22/2008).
Compressive Strength?
Days (psig)
Aged Date Tested Measured Average
14 5/06/2008 1020 1000 980 1000
28 5/20/2008 1210 1200 1230 1213
56 6/17/2008 1420 1420 1490 1443
90 7/21/2008 1480 1450 1470 1467

'Samples were 2-in cube mold samples and were tested per ASTM C 109.

2Lab Batch ID 080021.
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Table 15. Compressive Strength for the Vault 1/4 Concrete (Cast 5/05/2008).

Compressive Strength*?

Days (psig)

Aged Date Tested Measured Average
14 5/19/2008 7440 6870 7155
28 6/02/2008 8700 8750 8725
56 6/30/2008 10170 10230 10200
90 8/03/2008 9570 9290 9430

'Samples were 4 x 8 inch cylinders and were tested per ASTM C 39.
*Lab Batch ID 080025.

Table 16. Compressive Strength for the Vault 2 Mix 1 Concrete (Cast 3/25/2008).

Compressive Strength*?

Days (psig)

Aged Date Tested Measured Average
14 4/08/2008 6390 6400 6395
28 4/22/2008 7550 7310 7430
56 5/20/2008 8050 8080 8065
90 6/23/2008 9450 9120 9285

'Samples were 4 x 8 inch cylinders and were tested per ASTM C 39.
*Lab Batch ID 080010.

Table 17. Compressive Strength for the Vault 2 Mix 2 Concrete (Cast 6/24/2008).

Compressive Strength*?

Days (psig)

Aged Date Tested Measured Average
14 7/08/2008 6880 6800 6840
28 7/22/2008 8170 8340 8255
56 8/19/2008 9930 9560 9745
90 9/22/2008 10050 10260 10155

'Samples were 4 x 8 inch cylinders and were tested per ASTM C 39.
*Lab Batch ID 080028.
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Table 18. Hydraulic Properties of DDA Saltstone as Measured by MCT.

Minimum Saturated
Curing Hydraulic
Sample Period | Permeating | Conductivity’ | Permeability®
Sample Id Type (days) Solution® (cm/s) (darcy)

DDA-TR430-1 | 2.8" Mold 28 DDA 1.4x 108 1.7x 107
DDA-TR430-2 | 2.8" Mold 28 DDA 5.9x 10" 7.1x 107
DDA-TR430-3 | 2.8" Mold 28 DDA 2.0x10° 2.4x10°
DDA-TR431-1 | 2.8" Mold 90 DDA 1.1x 107" 1.3x107
DDA-TR431-2 | 2.8" Mold 90 DDA 72x 10" 8.7x10°
DDA-TR431-3 | 2.8" Mold 90 DDA 1.1x 107" 1.3x 107

'DDA permeant (Table 2) used as permeating solution.

*Saturated hydraulic conductivity relative to concentrated DDA simulant.

*Permeability is independent of the pore fluid and can be converted to saturated hydraulic conductivity for any
solution using the equation in Section 3.3.1

Table 19. Physical Properties of DDA Saltstone as Measured by MCT.

Minimum
Curing Dry Bulk Particle
Sample Period Density Density
Sample Id Type (days) (glem®)! (glem®)? Porosity®

DDA-TR430-1 | 2.8" Mold 28 1.04 2.36 0.56
DDA-TR430-2 | 2.8" Mold 28 1.05 2.39 0.56
DDA-TR430-3 2.8" Mold 28 1.04 2.40 0.56
DDA-TR431-1 2.8" Mold 90 1.05 2.34 0.55
DDA-TR431-2 2.8" Mold 90 1.08 2.48 0.57
DDA-TR431-3 2.8" Mold 90 1.06 2.38 0.56

'Dry bulk density corrected for salt precipitation as described in Section 3.3.1.
*Particle density calculated as ps = py/(1-1) Where py is dry bulk density and 1 is porosity.
*Porosity corrected for salt precipitation as described in Section 3.3.1.
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Table 20. Hydraulic Properties of ARP/MCU Saltstone as Measured by MCT.

Minimum Saturated
Curing Hydraulic
Period Permeating | Conductivity? | Permeability®
Sample Id Sample Type (days) Solution* (cml/s) (darcy)
MCU-TR436-1 2.8" Mold 28 ARP/MCU 54x10° 9.8x 10°
MCU-TR436-2 2.8" Mold 28 ARP/MCU 2.1x10° 3.8x10°
MCU-TR436-3 2.8" Mold 28 ARP/MCU 2.7x 107" 49x107
MCU-TR437-1 2.8" Mold 90 ARP/MCU 1.1x10° 2.0x10°
MCU-TR437-2 2.8" Mold 90 ARP/MCU 8.8x 10" 1.6x10°
MCU-TR437-3 2.8" Mold 90 ARP/MCU 6.4x 107" 1.2x10°

'ARP/MCU permeant (Table 3) used as permeating solution.

*Saturated hydraulic conductivity relative to the concentrated ARP/MCU simulant.

*Permeability is independent of the pore fluid and can be converted to saturated hydraulic conductivity for any
solution using the equation in Section 3.3.1.

Table 21. Physical Properties of ARP/MCU Saltstone as Measured by MCT.

Minimum
Curing Dry Bulk Particle
Sample Period Density Density
Sample Id Type (days) (glem®)! (glem®)? Porosity®

MCU-TR436-1 | 2.8" Mold 28 0.98 2.30 0.58
MCU-TR436-2 | 2.8" Mold 28 0.98 2.33 0.58
MCU-TR436-3 2.8" Mold 28 0.98 2.34 0.58
MCU-TR437-1 2.8" Mold 90 0.95 2.35 0.59
MCU-TR437-2 2.8" Mold 90 0.96 2.39 0.60
MCU-TR437-3 2.8" Mold 90 0.97 2.49 0.61

'Dry bulk density corrected for salt precipitation as described in Section 3.3.1.
*Particle density calculated as ps = py/(1-1) where py is dry bulk density and 1 is porosity.
*Porosity corrected for salt precipitation as described in Section 3.3.1.
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Table 22. Hydraulic Properties of SWPF Saltstone as Measured by MCT.

Minimum Saturated
Curing Hydraulic
Period | Permeating | Conductivity’ | Permeability?
Sample Id Sample Type (days) Solution® (cm/s) (darcy)
SWPF-TR450-1 2.8" Mold 28 SWPF 1.2x10% 2.4x107°
SWPF-TR450-2 2.8" Mold 28 SWPF 34x10% 6.8x 107
SWPF-TR450-3 2.8" Mold 28 SWPF 2.0x 107 4.0x10°
SWPF-TR451-1 2.8" Mold 90 SWPF 1.2x 107 24x10°
SWPF-TR451-2 2.8" Mold 90 SWPF 2.0x 107 40x10°
SWPF-TR451-3* 2.8" Mold 90 SWPF 8.8x 10 1.8x10%

'SWPF permeant (Table 4) used as permeating solution.

*Saturated hydraulic conductivity relative to the concentrated SWPF simulant.

*Permeability is independent of the pore fluid and can be converted to saturated hydraulic conductivity for any
solution using the equation in Section 3.3.1.

*This sample may be an outlier.

Table 23. Physical Properties of SWPF Saltstone as Measured by MCT.

Minimum
Curing Dry Bulk Particle
Sample Period Density Density
Sample Id Type (days) (g/em®)* (g/em®)? Porosity®

SWPF-TR450-1 | 2.8" Mold 28 1.01 2.40 0.58
SWPF-TR450-2 | 2.8" Mold 28 1.00 2.43 0.59
SWPF-TR450-3 | 2.8" Mold 28 1.02 2.53 0.60
SWPF-TR451-1 | 2.8" Mold 90 1.00 2.45 0.59
SWPF-TR451-2 | 2.8" Mold 90 1.01 2.42 0.58
SWPF-TR451-3 | 2.8" Mold 90 1.00 2.46 0.59

'Dry bulk density corrected for salt precipitation as described in Section 3.3.1.
ZParticle density calculated as p, = py/(1-1) where py, is dry bulk density and 7 is porosity.
*Porosity corrected for salt precipitation as described in Section 3.3.1.
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Minimum
Curing Saturated
Sample Period Permeating Hydraulic Permeability
Sample Id Type (days) Solution Conductivity (cm/s) (darcy)
V1-080025-4 | 6" Mold 28 Water 1.3x 107 1.3x 10"
V1-080025-5 | 6" Mold 28 Water 2.1x10”° 22x107
V1-080025-6 | 6" Mold 28 Water 1.1x 10" 1.1x10"
Table 25. Physical Properties of Vault 1/4 Concrete as Measured by MCT.
Minimum
Curing Particle
Period Dry Bulk Density
Sample Id | Sample Type (days) Density (g/cm®) (g/em®)* Porosity
V1-080025-4 6" Mold 28 2.27 2.57 0.12
V1-080025-5 6" Mold 28 2.31 2.58 0.10
V1-080025-6 6" Mold 28 2.27 2.55 0.10

'Particle density calculated as ps = py/(1-1) where py, is dry bulk density and 1 is porosity.
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Table 26. Hydraulic Properties of Vault 2 Mix 1 Concrete as Measured by MCT.
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Minimum
Curing Saturated
Sample Period Permeating Hydraulic Permeability
Sample Id Type (days) Solution Conductivity (cm/s) (darcy)
V2M1-080010-4 | 6" Mold 28 Water 7.8x 10" 8.0x 107
V2M1-080010-5 | 6" Mold 28 Water 2.8x10™ 29x10"
V2M1-080010-6 | 6" Mold 28 Water 6.0x 10" 6.2x 107
Table 27. Physical Properties of Vault 2 Mix 1 Concrete as Measured by MCT.
Minimum
Curing Dry Bulk Particle
Sample Period Density Density
Sample Id Type (days) (g/cm?) (glem®)! Porosity
V2M1-080010-4 6" Mold 28 2.18 2.47 0.12
V2M1-080010-5 6" Mold 28 2.21 2.39 0.08
V2M1-080010-6 6" Mold 28 2.16 2.49 0.13

'Particle density calculated as ps = py/(1-n) where py, is dry bulk density and 1 is porosity.
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Table 28. Hydraulic Properties of Vault 2 Mix 2 Concrete as Measured by MCT.
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Minimum
Curing Saturated
Sample Period Permeating Hydraulic Permeability
Sample Id Type (days) Solution Conductivity (cm/s) (darcy)
V2M2-080028-4 | 6" Mold 28 Water 5.0x 10" 52x 107
V2M2-080028-5 | 6" Mold 28 Water 5.0x 10" 52x 107
V2M2-080028-6 | 6" Mold 28 Water 3.2x10™" 33x10°
Table 29. Physical Properties of Vault 2 Mix 2 Concrete as Measured by MCT.
Minimum
Curing Dry Bulk Particle
Sample Period Density Density
Sample Id Type (days) (g/cm®) (glem®)? Porosity
V2M2-080028-4 6" Mold 28 2.16 2.50 0.14
V2M2-080028-5 6" Mold 28 2.17 2.43 0.09
V2M2-080028-6 6" Mold 28 2.21 2.46 0.10

'Particle density calculated as ps = py/(1-1) where py, is dry bulk density and 1 is porosity.
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Table 30. Summary Hydraulic Properties for Saltstone and Vault Concrete Samples.
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Saturated
Minimum Hydraulic Conductivity* Permeability
Curing (cm/sec) (darcy)
Period .. . Arithmetic | Logarithmic - . Arithmetic | Logarithmic
- Minimum | Maximum Minimum | Maximum
Description (days) Average Average Average Average
28 59x 10" | 1.4x 10 5.5x 10% 25x10% | 71x107 | 1.7x10% | 6.7x10° 3.1x10%
DDA Saltstone 90 72x 10" | 1.1x 10" 9.7x 10" 9.6x 10" 87x10% | 13x10Y | 1.2x10" 1.1x 107
ARP/MCU 28 27x10" | 5.4x10% 2.6x 10" 26x10% | 49x10% | 9.8x10% | 47x10% 2.6x 107
Saltstone 90 64x10" | 1.1x10% 8.7x 10 85x10" | 12x10% | 20x10% | 1.6x10% 1.6 x 107
28 20x10% | 3.4x10% 1.6x 10% 93x10%” | 40x10% | 6.8x10% | 3.2x10% 1.9x10%
SWPF Saltstone® 3.0x 10% 6.0x 10" 6.1x10% 1.2x10%
_09 _08 UX UX _06 04 A X Z X
90 1.2x10 8.8x 10 (16X10_09) (ISX 10_09) 24x10 1.8x 10 (32X 10—06) (31X10_06)
Xz‘;}l;ig 28 11x10"° | 21x10™ | 7.8x 10" 31x10% | 1.1x10% | 22x107 | 80x10% | 32x10%
Va(‘j‘gni rl\ftle" ! 28 6.0x 10" | 2.8x 10" 1.4x 107" 1.1x10"° | 62x10% | 29x10%® | 1.4x10® 1.1x10%
Vaggnzc rl\ftg‘ 2 28 50x 10" | 3.2x 101 1.4x 107" 93x 10" 52x10% | 33x10% | 1.4x10% 9.6x 10%

'Saturated hydraulic conductivity values for saltstone materials are relative to the concentrated simulants as given in Table 5. The saturated hydraulic

conductivity of the vault concretes are relative to tap water.
’The 90 day saturated hydraulic conductivity data may be influenced by an outlying value. If this value is excluded, the arithmetically averaged saturated

hydraulic conductivity is 1.6 x 10™ cm/sec and the logarithmically averaged saturated hydraulic conductivity is 1.5 x 10” cm/sec. If the value is also excluded
for permeability, arithmetically averaged permeability is 3.2 x 10 darcy and the logarithmically averaged permeability is 3.1 x 10 darcy.
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Table 31. Summary Physical Properties for Saltstone and Vault Concrete Samples.
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Minimum Bulk Partl_cle Porosity
_ Curing De”S'E}’ De”S'E,y (fraction)
Description Period (g/cm?) (g/cm?)
. . Arithmetic .. . Arithmetic .. . Arithmetic
(days) Minimum | Maximum Minimum | Maximum Minimum | Maximum
Average Average Average
SDDA 28 1.04 1.07 1.05 232 2.43 237 0.54 0.56 0.56
altstone
90 1.04 1.08 1.06 2.33 2.48 2.37 0.55 0.57 0.55
ASRP/MCU 28 0.98 0.99 0.98 2.30 2.41 235 0.58 0.59 0.58
altstone
90 0.95 1.01 0.97 2.30 2.49 2.38 0.58 0.61 0.59
SWPF 28 1.00 1.05 1.03 2.40 2.53 2.45 0.56 0.60 0.58
Saltstone
90 1.00 1.03 1.01 2.35 2.53 2.44 0.57 0.59 0.59
Xault 1/4 28 2.15 2.31 2.24 2.44 2.58 2.53 0.10 0.12 0.11
oncrete
\iaglt 2 Mix 28 2.16 2.21 2.19 2.39 2.50 2.48 0.08 0.13 0.12
oncrete
\;aglt 2 Mix 28 2.16 2.26 2.22 2.43 2.55 2.50 0.09 0.14 0.11
oncrete
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Table 32. Moisture Retention Data for DDA Saltstone as measured by MCT.

Potential
(cm)
0 -101.97 -509.87 -1,019.74 -5,098.72 -15,296.16
. (0.00 bars) (-0.10 bars) | (-0.50 bars) | (-1.0 bars) (-5.0 bars) (-15.0 bars)
Minimum
Curing Bulk
Period Density’ Volumetric Moisture Content*
Sample Id (days) (g/cm3) (cm®cm?)
DDA-TR430-1 28 1.07 0.560 0.558 0.557 0.557 0.556 0.556
DDA-TR430-2 28 1.06 0.545 0.544 0.544 0.543 0.542 0.542
DDA-TR430-3 28 1.06 0.545 0.544 0.543 0.542 0.541 0.541
DDA-TR431-1 90 1.06 0.551 0.550 0.549 0.548 0.548 0.546
DDA-TR431-2 90 1.06 0.550 0.545 0.544 0.543 0.543 0.542
DDA-TR431-3 90 1.04 0.553 0.550 0.549 0.549 0.549 0.547
'Dry bulk density and volumetric moisture content corrected for salt precipitation as described in Section 3.3.1.
Table 33. Moisture Retention Data for the ARP/MCU Saltstone as measured by MCT.
Potential
(cm)
0 -101.97 -509.87 -1,019.74 -5,098.72 -15,296.16
. (0.00 bars) (-0.10 bars) | (-0.50 bars) | (-1.0 bars) (-5.0 bars) (-15.0 bars)
Minimum
Curing Bulk
Period Density" Volumetric Moisture Content*
Sample Id (days) (g/cm3) (cm®cm®)
MCU-TR436-1 28 0.98 0.582 0.580 0.580 0.580 0.579 0.579
MCU-TR436-2 28 0.98 0.590 0.588 0.588 0.588 0.588 0.587
MCU-TR436-3 28 0.99 0.592 0.590 0.590 0.590 0.589 0.589
MCU-TR437-1 90 1.01 0.584 0.580 0.580 0.580 0.579 0.579
MCU-TR437-2 90 0.98 0.585 0.581 0.580 0.580 0.580 0.580
MCU-TR437-3 90 0.95 0.587 0.586 0.585 0.585 0.585 0.585

'Dry bulk density and volumetric moisture content corrected for salt precipitation as described in Section 3.3.1.
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Table 34. Moisture Retention Data for the SWPF Saltstone as measured by MCT.

Potential
(cm)
0 -101.97 -509.87 -1,019.74 -5,098.72 -15,296.16
. (0.00 bars) (-0.10 bars) | (-0.50 bars) | (-1.0 bars) (-5.0 bars) (-15.0 bars)
Minimum
Curing Bulk
Period Density" Volumetric Moisture Content*
Sample Id (days) (g/cm3) (cm®cm®)
SWPF-TR450-1 28 1.05 0.576 0.575 0.575 0.574 0.574 0.574
SWPF-TR450-2 28 1.05 0.570 0.568 0.568 0.567 0.567 0.567
SWPF-TR450-3 28 1.05 0.566 0.563 0.563 0.562 0.562 0.562
SWPF-TR451-1 90 1.00 0.579 0.574 0.574 0.573 0.573 0.573
SWPF-TR451-2 90 1.03 0.599 0.593 0.592 0.592 0.592 0.591
SWPF-TR451-3 90 1.02 0.588 0.582 0.582 0.581 0.581 0.581

'Dry bulk density and volumetric moisture content corrected for salt precipitation as described in Section 3.3.1.

Table 35. Moisture Retention Data for Vault 1/4 Concrete as measured by MCT.

Potential
(cm)
0 -101.97 -509.87 -1,019.74 -5,098.72 -15,296.16
. (0.00 bars) (-0.10 bars) | (-0.50 bars) | (-1.0 bars) (-5.0 bars) (-15.0 bars)
Minimum
Curing Bulk
Period Density Volumetric Moisture Content
Sample 1d (days) (g/lcm3) (cm’lcm?)
V1-080025-x 28 2.25 0.117 0.114 0.113 0.112 0.111 0.111
V1-080025-x 28 2.15 0.122 0.120 0.119 0.118 0.118 0.117
V1-080025-x 28 2.19 0.124 0.122 0.121 0.120 0.120 0.119
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Table 36. Moisture Retention Data for Vault 2 Mix 1 Concrete as measured by MCT.

Potential
(cm)
0 -101.97 -509.87 -1,019.74 -5,098.72 -15,296.16
L (0.00 bars) (-0.10 bars) | (-0.50 bars) | (-1.0 bars) (-5.0 bars) (-15.0 bars)
Minimum
Curing Bulk
Period Density Volumetric Moisture Content
Sample Id (days) (g/lcm3) (cm’lcm?)
V2M1-080010-1 28 2.18 0.128 0.128 0.125 0.125 0.124 0.124
V2M1-080010-2 28 2.21 0.116 0.116 0.114 0.113 0.113 0.112
V2M1-080010-3 28 2.19 0.127 0.125 0.123 0.123 0.122 0.121

Table 37. Moisture Retention Data for Vault 2 Mix 2 Concrete as measured by MCT.

Potential
(cm)
0 -101.97 -509.87 -1,019.74 -5,098.72 -15,296.16
L (0.00 bars) (-0.10 bars) | (-0.50 bars) | (-1.0 bars) (-5.0 bars) (-15.0 bars)
Minimum
Curing Bulk
Period Density Volumetric Moisture Content
Sample Id (days) (g/lcm3) (cm’lcm?)
V2M2-080028-1 28 2.26 0.113 0.110 0.109 0.108 0.108 0.107
V2M2-080028-2 28 2.25 0.111 0.108 0.107 0.106 0.105 0.105
V2M2-080028-3 28 2.26 0.109 0.106 0.105 0.105 0.104 0.104
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0, 0r o

Material (cm¥em®) | (cm’/cm?) (1/cm) n m’
DDA Saltstone 0.570 0.540 0.150 1.03 0.0291
ARP/MCU Saltstone 0.590 0.585 0.150 1.23 0.1870
MCU Saltstone — INL? 0.700 0.550 0.0007 1.12 0.1071
SWPF Saltstone 0.580 0.572 0.150 1.30 0.2308
Vault 1/4 Concrete 0.121 0.115 0.054 1.27 0.2099
Vault 2 Mix 1 Concrete 0.124 0.119 0.006 1.65 0.3951
Vault 2 Mix 2 Concrete 0.111 0.104 0.077 1.24 0.1952

'Data analyzed using Mualem relationship between n and m where m =1 — 1/n.
*Analysis of MCU saltstone previously reported by Dixon and Phifer (2007).

Table 39. Recommended Saltstone and Vault Concrete Hydraulic and Physical Parameter Values

Saturated
Hydraulic Particle Dry Bulk Van Genuchten
Conductivity Density? Density® Transport
Saltstone (cm/s) (g/cm?) (g/cm?) Porosity® Parameters’
DDA 9.6x 10" 2.37 1.06 0.55 Appendix F
ARP/MCU 8.5x 10" 2.38 0.97 0.59 Appendix F
5 6.0x 10" .
SWPF (15 x 10) 2.42 1.01 0.58 Appendix F
Vault 1/4 3.1x10" 2.53 2.24 0.12 Appendix F
Vault 2 Mix 1 1.1x10™" 2.50 221 0.12 Appendix F
Vault 2 Mix 2 9.3x 10" 2.50 2.22 0.11 Appendix F

'Saturated hydraulic conductivity values for saltstone materials are relative to the concentrated simulants as given in

Table 5. The saturated hydraulic conductivity of the vault concretes are relative to tap water.

*Logarithmically averaged saturated hydraulic conductivity from Tables 20, 22, 24, 26, 28, and 30. Used 90 day
data for saltstone and 28 day data for concrete.

*Particle density calculated as p, = py/(1-1) where py is dry bulk density and 1) is porosity using 90 day data for

saltstone and 28 day for concretes.

3 Average dry bulk density and porosity from Tables 21, 23, 25, 27, 29, and 31. Used 90 day data for saltstone and

28 day data for concretes.

*Characteristic curve data is contained in Appendix F.
>The SWPF saturated hydraulic conductivity value provided in parenthesis is the recommended value excluding a
potential outlying value. Sample SWPF-TR451-3 had a saturated hydraulic conductivity almost two orders of
magnitude greater than that of the other two 90 day samples whereas the difference between the minimum and
maximum saturated hydraulic conductivity values for the 90 day DDA and ARP/MCU samples was less than a
factor of two. The testing laboratory reported that a prolonged power failure complicated the testing of this sample.
Thus, it may be appropriate to exclude this sample from the data set for saturated hydraulic conductivity.
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APPENDIX A. DEVELOPMENT OF SALTSTONE PERMEANTS
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Miles Denham/SRMLSrs Te  Kenneth Dixon/SRNLSrsidsrs

03272008 04:45 PM oo Mark Phifer/SRNL/SrsgiSrs, John Harbour SRNL/Srsi@Srs,
Vickie Williams/SRML Srs@Srs, Frances
Williams/SRNL'Srs@5rs
oo

Subject Permeant Simulant for Saltstone Tests

History: & This message has been replied to and forwarded.

Fen.

Sarry for the delay in these caleulations. | have spent a fair amount of tme trying to find appropnate Pitzer
parameters to deal with aluminum at such high ionic strengths and trying other caloulations to try and get
around the lack of appropriate data. | finally gave wp and ran calculatons with and without aluminum in the
ongmal permeant simulant. The following 1s a summary of the calculations:

1) Saturaticn Indices in simulznt
MaNO3 Sl {1=satwrated)
DDA 035
ARPMCU 0.83
SWPF 0.79

Several aluminum phases are oversaturated according to these caleulations, but | have lttle faith in thesze
because of the lack of appropriate thermdynamic data.

2) Reaction of simulant with simulated cemeant

Several zluminum-beanng phaszes precipitate at the expense of C5H - the net porosity difference being
mimimal. Again. | am not sure | have faith in this because of the aluminum problem.

3) Remaval of water from simulant {ne zluminum present) -- this i= meant to test whether water
remaoved from amy further hydration of the cement will drive NaMO3 to precipitate. The figure below shows
that over 40% of the water (200 grams'kg scluton) would have to be removed from the DDA saimulant 1o
exgeed MaMO3 saturation. For the ARPMCU and the SWPF simulants the amaounts are smaller, 10% for
SWPF and 6% for ARP/MCLL.
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Conclusions

1} If John has s2en no evidence of aluminum phases precipitating in these simulants, it suggests we can
be pretty skeptical of the prediction that aluminum phases will precipitate. If we wanted to be sure, we
could leave the aluminum out of the simulants used in the testz. The zolution would remain about the
zame ionic strength and pH.

2} NaMO3 should not precipitats if the DDA simulant is used -- 40% of the water will not be removad even
if some cement hydration cecurs. This is probably true for the other simulants as well, but theyr are much
closer to saturation with Nal O3

Recommendation

If Johin sees no harm i it, remove the aluminum from the simulants, Othereaze, | think they should be
fine.

| hope this helps.

Milzs

Page 57 of 204



SRNL-STI-2008-00421, REVISION 0

Kenneth Dizon/SAMLSrs To Miles Denham!SRNLS=@Srs, John
03312008 01:38 PM Harbour/SRNL Srsg@Srs, Mark Phifer SRNLSrsgd Srs
¢t Heather Bums/SRNLISrs@Srs
bee

Subject Re: Permeant Simulant for Saltstone Testsl ]

Pursuant to our phone conversation this afternocn, we waill eliminate aluminum nitrate nenshydrate and
trisedium phosphate dodecahydrate from the DDA, ARPIMCL, and SWPF simulznts. Sodium hydroxide
will be adjusted as neceszary for 2ach simulant based on the elimination of these compounds. These
modificaticns will only be made 1o the permeants and not to the solution used to bawch the samples.
Based on calculatons peformed by Miles Denham, theszs adjustments appear to be necessary to pravent
precipitaton issues which could adverssly affect our permeability data (see attached 2-mail from
Denham).

Addmonally, we agreed that we should test one DDA sample for hydraulic conductivity with the high
prassure head system simultaneous to testing the remaining samples using the standard methed. This
appears 1o be prudent based on recant hydraulic conductivity dats from John Harbour which suggests
that the standard mathod may not be capable of measuning conductivity values much less than 1%10"
cmisec. If a significant discrepancy is noted between the two methods for the DDA szhstone, we will
need to discuss having all z=amples testing using the high pressure system. If this is necessary, then the
schedule will be delayed as the lab can only t2st one sample at the tme wath this method.

Ken

3-5203
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APPENDIX B. STRENGTH REPORTS
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DDA Saltstone Strength Report Page 1

ASR 18-203 (11707}

Washington Group
Savannah River Site
Summary Report of Testing Activities Pagel of 2
E Report D Cover Sheet
Wpprovals (IF required) | Waork Package No.: N
Civil Materials Testing Supservisor: QCIR Mo A
W. L. Mhyre Project No.: LWILSVOPrW
Qualily Programs & Civil Materials Testing Manager: Dessiign Category: MiA
W. Pope Report No.: 2008-LWISVOPW-00L |Dater  6-16-08
Lab No.: 180013 Test Methud: MNiA
Discipling: Civil Testing Dhescription: Groul Mix Designs
Laocation: Bldg. T17.5N Reported to: J. Harbour, B19-8420

summary: The following is a list of the compressive strength test resubis from 12, 2" X 2" cubes cast from mix DDA,
The samples were cast by SRNL at their ACTL facility am 3-18-08,

Mix Design,  Lab, No,,  Cast Dute, Doays aped, Date Tested, Lond, hs,  Unit Load, psi

DA 080013 3-18-08 14 4-108 3107 B0
(8001 3 14 3,161 790
DRIHD] 3 14 3046 T80
14 Day Avernge = B psi
[KTEEY [T R 1.18-08 28 4-15-04 3621 a0
OB001 3e ] 3665 940
OB00135 28 3551 Q00
28 Day Average = 920 psi
N
MiA
M&TE:  Ser Coments Page 2 |{,'ll- Due Date: See Coments Page 2 Procedure: CCP-020
NCR Mo LTLY Hew: ]
E:um; El Conforming D Noncanforming @ Nea PN A
Specs: NiA
Remarks: *Data submitted for Englacering Review, Hew: MAA
'Cubes tested 4-1-08 and 4-15-08 were tested per Procedure C-QCP-020 Rev. 1
—— DCFs: NiA
M

Inspector [|lr'li.l'!ﬁgu]é. el Level: '-E‘_" Date: J . Je. n g

Reviewer (PrintiSign): |5 _‘_' #’ " < Level: 'IE Drate: EM_
|
1

HE (¥
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DDA Saltstone Strength Report Page 2

ASR 18-250 (11/07)
Washington Group

Savannah River Site
2 |
Page ol

Summary Report of Testing Activities (Continuation Sheet)

Report Title: Grout Mix Designes Report No,:  2008-LWIISVOPW-0001
Ttem & Summary
MiA Mix Design, Lab No., Date Cast, Days aged, Dale Tested, Load, Ibs., Unii Load, psi

Ju1VEY DR 3y 3-18-08 Sk 5-13-08 4145 104}
0500130 56 4148 W70
R00H 56 4137 1060

56 Duy Average = 106[ psi

DA OS] 31808 W0 fi=16-08 445 1024k
513k kil 4031 [T
[T ol 4160 1040

S0 Duy Average = 1020 psi
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ARP/MCU Saltstone Strength Report Page 1

ASH 18-203 (11/07) “":I]$|'Ii'l'lg‘1;lﬂ Gl‘ﬂllp

Savaniah River Site

Summary Report of Testing Activities Pagel of 3
E Report D Cover Sheet
Approvals (If required) \1'_"; Package No.: MiA
Civil Materials Testing Superviser: QCTR Ma.: [LIEY
W, L. Mbyre Project Nou: LWITSY O
Quality Programs & Civil Materlals Testing Manager: Design Category: MNiA
W. Pope Report No: 2008-LWISVOPW-0002 |pate: 70108
Lalr Mo.: LESE Test Methad: MNIA
DHseipline: Civil Testing |lk-s-:ﬂplion: Cirout Mix Designs
Location: Bldg, T17-5M _IEPWW oz 1. Harbour, §19-8420

Summary: The following is & list of the compressive strength test resalts from 12, 2" X 2 eubes east from mix MCL.
The sanples were cast by SRNL at thelr ACTL facillty an 3-31-08.

blixDesien ~ Lab, Mo, CastDate  Dovspped — Date Tested  Load ibs  Lnit Load. psi

MU 20142 33108 | 4-11-08 3700 T
[EET 3, EHD 1.4
IB0014c LEd6 KD

21 Day Average = %ol psi

MCU 030014d 3-18-08 I8 d-28-048 31,956 1M
08041 4e 3,950 1.0}
LT ET 1,965 1,030
18 lh" .ﬂ.\'lrjgg = [ |'ui
MNiA
M&ETE:  See Coments Page 2 J Cal, Due Date; See Coments Page 2 Frocedure; C-QCP-020°
MUK Mo MiA Rewv: 1]
Test PCNs: MiA
Hesults: |:| Conforming |:| Monconforming MiA
Specs: MiA
N *
Remarks: Diata submibtied for Engineering Review, Rev: WA
"Cubses tested 4-21-08 and 4-28-08 were tested per Procedure C-QCP-020 Rev. 1
== M Fs: MiA

Inspector (PHII.:'S'LII}.'I:- ,

Reviewer (Print/Sign): |
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ARP/MCU Saltstone Strength Report Page 2

ASK 18-250 (11707)

Washington Group
Savannah River Site

Pags : of 2
Suwmmary Report of Testing Activities (Continuation Sheet)
Report Title: Grout Mix Designs Report Moz 2008-LWISYOPW-0002
Ttem & Summary
MiA Mix Design_Lab No. Date Cast Davs sped Date Tested _.y.a_ll._lL Limit Lo, si
MoU OEOD 4y 3- 3108 57 5-27-14 1,130
[T 4»1'."1 1,120
[T 4,6 1,170
57 Day Average = 1,140 psi
MCuU LU 3-31-04 20 =308 4.758 1,200
DR 4k 4,835 1,24
a4l B0 1210

90 Day Averape = 1,210 psi

Cimmenis:

“"'I-F:l il
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SWPF Saltstone Strength Report Page 1

ASR 18-203 (1107)
Washingion Group
Savannah River Site
. Page 1 of 2
Summary Report of Testing Activities — =
E Hepori D Caver Sheet
Approvals (If required) Wark Package No,: NiA
Civil Materlals Testing Supervisor: QCIR Mo NFA
il Project No.: LWIISVOPW
Quality Programs & Civil Materials Testing Manager: Design Category: Nia
W. Fupe Report No.: 2008-LWISVOPW-0003 |Dute: /2108
Lal No.: 08021 Test Method: NA
D¥iscipline: CIVIL TESTING IDEJH‘JPIIDI‘I: GROUT - MIX DESIGNS
Lacation: BLIMG, T1T7-5N J—churburl L J. HARBOUR, B19-B410
Summary: The fellowing ks a list of the compressive stremgth fest results from the 12, 2 X 2 cubes cast from mix
SWPF, The samples were cast by SRNL ai thelr ACTL facility om 4722708,
Mix No, Luh, Mo, Date Cust Age, doys Mate Tested Lapdd, Ib. Unit Losd, psi
SWPF 0800212 422408 14 FGME 4,126 1020
NSMIZ1 4012 1,01
0821 3967 QB0
14 Day Average = 1,000 psi
SWPF 0&M21d 42108 18 E20V0E 4.870 1,210
[T 1 4,837 1,200
0R00217 4,082 1,230
28 Dy Average = 1,210 psi

M&TE: Hefer to comments pp.2 ![‘.al. Due Date:  Hefer o commenis pg.2 Procedure: C-CP-020
NOR Mo N/A Rev: L}
Test PCMNs: MNiA
Hesubis: I:l Confarming D Nanconfirming IE' MiA
Spees: NiA
Remarks: *Drata submitted for Engineering Review. Rav: Nia
HCFs: MiA

Inspector | FrintSign): W

Level: o Dt 7l fa
Mﬂnefﬂfrﬂlﬂiﬂ!MLj_______

Kowl reet: I pue 7/23(08
T 2308
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SWPF Saltstone Strength Report Page 2

ASK 18-250 (1107)
Washington Group
Savannah River Site » 3

Summary Report of Testing Activities (Continuation Sheet)
Report Mo.:  2008-LWISVOPW-Ma3

Report Title: Corout Mix Designs
Ttem # Summary
MiA Mia Design Lab No. Date Cast Daysaped Dote Tested Load, lhs. LUnit Load, pxi
EWPF (R0 Ig  4-22-08 L6 fi=1T7-08 86313 1,420
BEDO2 1R 5648 1420
DR 5,915 1,4%0
56 Day Average = 1440 psi
E_“'!'I" B8N0 4-12-18 Rl T-21-0K i 56 1480
IEMIZ] 2913 1,450
8211 5047 470

W Day Average = 1470 psi

Comments: M

-'f.f;im
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ASH I8-335 (11407}

Washington Group
ASTM C 39 05" ) ASTMC 314 L b ASTM C 143 ﬂ 1 Savannah River Site ASTM C 1924 L I ASTM C617-( 9ﬂ|
ASTMO 94 07 ) ASTMC 1384 07 ) ASTMC 1724 @7 Concrete/CLSM Test Report  ASTMC234 M ) ASTMCI06 05 )
ASTM D 6103 NiA ) Page 1 of
Repart No.: ] OE-LWEA SROM-(402 Date Molded: 5-5-2008 Work Package No.: ]_ MNiA 1]
Report Diates 5-5- 2008 Tinse Malded: 1430 QCIR No.: | NiA
Project Nou: | LWPASRO0M Mix Design: [ Saltstone Vault |, Mivd | Design Strengih: ]_ 00 ] psi @ '|_ 1% J days
Duesign Category: | MNIA Batch Ticket Number: MIA Placement Method: |_ N.rﬁ (_'.,m.-,,mr;[ KRNI I
Supplier: LaFarge ] Type Admixtureis), (if known): [WRDASSADVASUAREX ] Acceptance Shump, in. Air Content, * CLSM Flow, in, ConcCLSM Temp.,"F
Placement W 717-5N Civil Lab ) | Criterine [1-3/ 48] [Swaeei] [ ]
Truck LD, Time of Mixing  Time Start/Stop Discharge  Batch Size, yds.  Water Allow. / Water Added, gals. [ T T (D

[ ) Cow | [ e [ was | [ 1 | [ mm [ ma ] Weather: | NIA ] Ambient Temp., °F: [ 58
Inspector (Print/Sign): N\ - Lavel £ Initial Curing: | Canlarming ] CIS-167 7 9.12-08
Tnspeetor (PrintiSign) . 5. ey Level _zZ—TLaboratory Curing: [ Conformi | CDs-167 7 91208
Pickeup Date:[__gifdl : [ T ] ls: L{ﬁ Castin Labs  Yes E No |:| e & ] [Come & Shear] rae— .

Lab. Trays Date | Capped Height, | [ Diameter, | [Area, Square][Total Load,] [Unit Load, Z Z Z ] TT:;:J:M
Number Aped Tested Inches | Inches Inches ks, psi __J Level
080025 14 || snsz008 8.13 400 12.56 934600 7440 X Cag )

14 5/19/2008 816 4.0 12.56 BEITD GET0 X 24 /_22'__

28 W28 813 4.00 12.56 109240 &T00 X (ol ] /_T.;

E] [ 813 00 1256 109920 #7500 X 8 ) ]

56 6/30/2008 817 4.00 12.56 127770 0170 X ) 5"

56 63072008 8.15 .00 1256 128460 10230 X gl

9 || wazws 819 400 1256 120140 9570 X Mk [

Measure &  Measure, Calibeation UNI0  Cememtitions Aggregates, Plant Water, Field Water, WRA, AEA, HWRA,  Total Weight of Yield® Yield!

Conerete, lbs, Ibs. Factor  Welght  Majerials, Ihs, Ibs. gals. gals, i, oz oz Materials Batched cu.ft. cunyd-

4456 | 8.28 402 | | 14585 | | w0 L2za | | 3235 | | o | @ 3 | s | 2568 || 95|
M&TECal: SC- 01 [ 10-18-08 | TG- 337 [ 71008 aM- o4 [ 72608 |UWB- 04 [ 72808 |s- 48 [ 62708 cps- 167 [ 9208 ™™ 5 [12:27:08 |

Remarks: [ 14 Day Avg. = T160 pai: 28 Day Avg. =8720 psi; S6Day Avg. =10190 paiz 90 Day Avg. =040 _psi.

| *=Information for Engineering evaluation only.

[ N/A @ ey TR-ZrS - i

Procedure No. : | CQUP-020 | Drawing Mo NAA | Specitication No.:  [M&g.408 .

Reve g | poN:| NiA | Reve[ WA | DOF Nid | Rev: [ 0] DOF:| Nin
Inspector (PrintSign): M i ednne | Kovel [ laneboonl i oot Leved I Date: 8308 NCRNow [ NiA
[Reviewer (Prinusiens Az g 0800 A Emfﬂé;p: :‘fm Level 772 Date: 52,04 TestReshtss [ e

7 i ;
t
)_—

¥-19-0%
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Vault 1/4 Concrete Strength Report Page 2

ASR 18-335 (11/07)

Washington Group
ASTM C30¢ 05" ) ASTMC3LL 06 ) ASTMC 434 058 ) Savannah River Site ASTMC 1924 97 ) ASTMC 617 %0k )
ASTMCO94 @ ) ASTMC 1364 7 4 ASTMC 1724 0 ) Concrete/CLSM Test Report  ASTMC231c 84 ) ASTMCI6- o5 ) M e 0
ASTM D E103. N& ) Page ,.\-2 of 2
Repart No: 2008-1. WPASRIMO-0002 Date Molded: 5-5-20H08 | Work Package No | NiA ]
Report Date: 5.5-2008 Time Molded: [ 1430 QCIR No.: | WA |
Project No.: | LWPASRHN Mix Design: | Sultstane Viult 1, Mix 4 | Design Stremgth: I psi @ 28 days
Diesign Calegory: | -NM Bateh Ticket Munber: MiA Placement Method: MIA Contracior: SRNL
Suppller: LaFa | Type Admixturels), (if known): | WRDABSADYARIDARIX | A coeptance Shamp,in. Alr Content, * CLSM Flow, in. Conc/CLSM Termp.'F
Plucement Location: 717-5N Civil Lab Criteria: [13748] [Fwesii] [“wa [ae 90
Truck LD, Time of Mixing  Time Start/Stop Discharge  Batch Size, yds.  Water Allow. / Water Added, gals. | 2% | a0 | A [ Jes
[ na | e | [ we /[ maa | [ wa_ [ s Weather: Nia | Ambient Temp., 'P=~E b e
Inspector (Print/Signl:  pa -, | e [} Level = Initial Curing: I Conformin; CDS-16T 91208
Inspector (PrintSign: ¢7; p et Level L —Laboratory Coring: [ i ] Cos-1e7 7 1208
Pk Date s8] Tmes | V0 mdé' Castin Lab.: Yes [X] Mo Ij e & Sy [Cane & Shear] [Shear] [Cotaman]
1 BEE Techniginns
Lab, Trays Date || Capped 1 Tiameter, || Are, Square] [ Total Load, Uit Laad,| |- Tnitials
Aped Tested Tnc! Inches Inches L. psi Level
W e 221 4.00 1256 116640 9290 X ME ot
90 spare || 832008 || Discondf | Dise g |
NIA Ly N/A
/A NiA NIA
NIA NiA NIA
/A WA WA
NIA NiA N/A
Measure &  Measure, Calibration 'll-'l_'l-" Cementitious  Appregates, Plant Water, Field Water, WA, AEA. HWR4,  Total Weight of Yield' Yiell!
Concrete, Ihs. Ibs. Factor Weight  Muterials, Ihe. (TS gals. gals. az. a2 Materials Batched onft cuyd.
(a5 | [ m2s | [ awz | [a4s8s | | 700 | | 27s1 | [ 3235 | [ o | sraags | [ 2ses [ s ]
M& TECale SC-_ 01 [101808 | 76- 337 [ 7-10.08 Jan- o4 [ 72808 Juwe- o4 [ 72808 |5 48 [ 62008 Joos 167 [ Jme_ s [ow
T e - e e———
marks: [ 14 Dray Avg. = 7160 psi; 28 Day Avg. =B720 psi; ssm_u Avg. = 10190 psi; 90 Day Avg. = %420 psi.
**Information for Engineering evaluation oaly.
N/A ENEe-TR-Z -crcET
Procedure Mo, : | C-QCE-020 | Drawing No.: WA Specification No.: |M K g 14 0B e-spstrmems— & |
Reva[ o ] PON:[ /A | Reve | wia | DOF| /A Rev: 0| PCF: [ N ]
\Inspector (Print/Sign): Level 11 Date: %- 3O NCR Now L A ]
eviewer (Print/Sign): Level rﬂ' Dhate: é’éﬁﬁ Test Resulis: I_Ij

y1q.0%
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ASR 18332 (1107)

Washington Group

ASTM €304 057 ) ASTM C 314 _06_ | ASTMC 1434 052 Savannah River Site ASTMC 1924 07 ) ASTM C 617 9803 )
ASTMC 944 07 ) ASTMC 1384 07 ) ASTMCIT2Z( 0T Concrete/CLSM Test Report  ASTMC23 M) ASTMC 1064 05 )
ASTM D 61034 NA - ) Page ! of ?
- ——— — T T
Report No.: | TEE-LWPASR0-0001 Date Molded: 3-25-2008 Work Package No.: [ MiA
Report Date: | 3.25-2008 Time Molded: 1600 QCIR No.: | A
Project No.: [ LWPASRIN0 Mix Design: | Salistone Vault 2, Mix 1| Design Strength: [ 5000 | et @ [ 2w | days
Design Category: |' N/A Batch Ticket Number: NiA Placement Method: NiA Contractor: SRNL
Supplier: Lehigh, Type V | Type Admixture(s), (if knownh: [WRDAISADVATADAREX W] Acceptance Slamp, In. Alr Content, > CLSM Flaw, in. ConeJCLSM Temp.'F
Placement Location: | 717-5M Civil Lab | Criterin: 13 048] [3were1] [ ma Max 90
Truck LI, Time of Mizing ~ Time Start/Stop Discharge  Batch Size, yds.  Water Allow. / Water Added, gals. 1 i l [ a2 ] [ 1 n
r WA I | [ 1.0 | NA J;L NiA | Weather: I MNIA |.-\|||Nmr'|‘emp.."h E
Inspector (PrintiSiga): Level  ~jf Initial Curing: [ Conforming | cos-167 1 w1248
Inspector (Print/Sign): 0 Level g Laboratory Curing: | Conformi | cos1s7_7 siz0w

=y

o,

o5l
AfA  CastinlLab: Yes

Pickup Date [ ar/A | Time: [x] ~[] wnc & Spi] [Cone & Shear] [Shear]  [Colamna
[Come & £pi] [Cone & Shear] [Eotumar ===
Lab. Days Date Capped Height, || Diameter, (| Area, Square|| Total Load,||Unit Load, I miials
MNumber Aged Tested Inches Inehes Inehes Ibs. psi Level
080010 ; T ,
14 ATRIZDR 817 4.00 12.56 B0220 6390 X PE,
14 || amizoos 525 4.00 1256 80330 6400 X g/ I |
18 4/22/2008 §.25 4.00 1256 Y4580 7550 X re/ ‘.
i ] 4i22/2008 #32 4.0l 1256 w1800 7310 X XL S T
56 5/20/2008 817 4.00 12.56 101100 BOS0 X MK’,‘_II:
56 5/20/2008 £00 4.00 12.56 101480 ROBD X ke I
90 6232008 820 4,00 12.56 118720 9450 X 4”-47
Measare &  Measure, Calibration  UBil — Comentitious  Amsrepates, Plant Water, Field Water, WRA, AEA, HWRA, Tofal Weight of Yiehd/ Yield!
Conerete, Ibs, Ibs. Faclor ~ Weight  Materials, Ibs. Tbs. gals. Is. Materials Batched cufi. cu.yd,

[Casaz | s ] [aor ] [Daega] [ e | [Cazer | [30s [ ?4:] ] ITE@ [ anmssr ] [ 2622 | 57|

M& TE Cal: SC- 01 TG- 337 [ 4008 |am- 04 [ 42808 Juws- o4 [ 42808 |s- w0 [ 2709 |cos- 167 928 |tv- s [122748
o —— === — ————— e

| ** 14 Day Avp. = 6380 psi; **28 Day Avg = 7430 psi; **56Day Avg, = 8060 psl; **80 Day Avg. = IR0 psi.
I **Information for Engincering evaloation only.
I N/A
Procedure No. © | C-QCP-020 Jﬂl'a\l'h'li, MNo.: [ NIA | Specification M.z i WERC-TR-2008-00037 l
Re\--:[ 0 J PE‘F-'[ /A ] Re\'.:l MiA I DCF:| DA | Rev.: l [ | Dt.‘l-':[_ MiA l

Inspector {PrintSign):  Charles A. BOO‘C"IBFHCF-'/}{,,’, Level 11 Date: 6-23-08  NCRNo: | NiA I

Level ZZE Date: _’% Test Results: [___z:
1 ?—'
.-3-0%

Reviewer (Print/Sign): B4
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ASR ¥ 533 (11407)

Washington Group

ASTM € 394 05" ) ASTM C 31+ _96_ 1 ASTM C 1434 ﬂ ] Savannah River Site ASTM C 192 _W_ ] ASTM C 617+ 9_*;'-‘_!]
ASTMCB4( W7 j ASTMC138( 07 ) ASTMC172{ 0% ) Concrete/CLSM Test Report —ASTMC20( M ) ASTMCI08d( o8 )
ASTM D 61034 Na ) Page ® of 1
Report No: | 2008-LWPASRO0D-0001 Date Melded: [ 3257008 | Werk Package Noa: [ NA ]
Report Date: | 3-25-2008 Time Molded: | 1600 QCIR Ne: [ NA |
Project No.: | LWPASRI00 Mix Design: [ Saltstone Vault 2, Mix || Design Strength: | so00 | psi [T28 | dars
Design Category: | NIA Batch Ticket Number: Nid Flacement Method: NiA c.m,m,,,[ SRNL

Supplier: | Lehigh, Type V'
Placement Location:

] Type Admistureis), (if known): Aceeptance Slump, in. Air Content,™ CLSM Flaw, in. Cone /CLSM Temp. F

Inspectar (Print/Sign):

717-5N Civil Lab Criteria: |y.3, 4-0! 306+ 1 NiA Max, ¥
Truck L.D. Time of Mixing  Time Start/Stop Discharge  Batch Size, vds.  Water Allow, | Water Added, gals. 2/7 NIA T
NiA [ases /[ mua 7 AT Weather: Ambieat Temp., " F: | 70
Inspector (PrintSign): Level 7 Initial Curing: r—mnm__:l CDS-167 | 9-12-08

Mgl ael Kool

ol Level JT  Laboratory Curin

| Cosforming | CDS-167 ¢ 9-12-08

Pickemp Date :[ /04 | Time: | AffA | lai

Conerete, Ibs. Ibs.

¢ ANFA CastioLabs Yes E Mo D [Cane] “one & Shear| [Shear]  [Culummnar]

| Lab. i Days Date || Capped Height, || Dinmeter, |[Area, Square||Total Load,|[Unit Load, H " Te::::‘l‘::;“
MNumber Aged Tested Inches Inches Inches Ihs, psi A ¢ N i Level
80010 o0 || 6232008 820 4.00 12.56 114530 9120 X /',gﬁ]ﬁ

NiA NI Nis '

NiA NiA N

NiA NIA NiA

N/A MIA NiA

NiA NI Nia

NiA /A NiA
Measure &  Messure, Calibration !Jn" Cementitious  Agpregates, Plant Water, Field Water, WRA, AEA, HWRA,  Total Weight of Yield/ Yield'

Faetor Weight

Mlaterials, Ibs, Ibs. pals. Ty 0z e, Materinls Batched ouft. euyid.

pals.
ez ] s ] [Canz ] [rs0ne 670 [amma] s ] [ o [=]
M&TECa: SC- 01 [10-1808 | 1G- 337 [ 4908 |am- 04 [ 42808 Juws- o4 [ 42808 |5 s [ 27w |cos 167 [ 9azas JT™- 5 [12.27-08 |

[ 3es026 | [ 2622 [ 97

Remarks: | 4414 Day Avg, = 6380 psi;_**28 Day Avy. = 7430 psi; **56Duy Avg. = BIG0 psi; **90 Day Avg, = 9280 psi.
[ **Information for Engineering evaluation only,
S =
| N/A
Procedure No. : | CaQCP=020 Drawing No.: NiA Specification No.: [ WSRC-TR-2008-00037
Jlet'.:| o ] P[‘N:[ NIA Rev. NIA Rev: [ 9 | DOF:| NiA

Inspector (Print’Sign):

Charles A, Bookhamer,

Level 77 Date: - 4305 NCRNosx | WA

Reviewer (Print/Sign): Level 222— Date: 7‘@9:& Test Results: o ]
2 . 2-0F
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ASH 18 335 (11/07)

Washington Group

ASTM C 34 08 ) ASTM C 3l 06 ) ASTM I 1434 ﬂ ] Savannah River Site ASTM C 1924 07 ASTVEC 6170 98100y )
ASTMCO44 07 ) ASTMC 1384 07 ) ASTM C 1724 ey Conmcrete/CLSM Test Report ASTMC 23y 64 ) ASTMU LG4 05 s -
ASTMDBION NiA ) Page ' of ¥

Report N 2008-LWPASRID-000) | Date Molded: £-24-2008 Work Package No.: [ NIA |
Report Date: [ 6242008 Time Molded: 030 QeI No: [ NIA ]
Project No.; |_ LWPASRO00 Mix Design: Iilmlnne Vault 2, Mix 2| Design Streagth: [ 2000 ] e [ 28 ] daws
Design Category: | NIA Batch Tiekel Number: NiA Placement Methods [ N& | Contractor: SRN
Supplicr: [ Lehigh | Trpe Admixtureqs), (if known): [WRDAZSADVASRDAREX 1], Stump, in. Air Content, ™ CLSM Flow, in. Conc/CLSM Temp.F
Placement Location: [ 717-5N Civil 1.ah ] lierias 3ta 6+ NiA M. 90

Truck L1 Vime of Mixing  Time Start/Stop Dischurge  Budch Size, yds.  Water Allow. ' Water Added, gals. I 40 NiA ™
[ NIA [Cow ] 1020 T T | [ wa [ ma Wearher: NiA Ambient Temp., E
Inspectar (Print/Signy: Charles A. Hookhamer ¢ Lavel Initial Curing: [ Conforming | CDS-167 /  3.9.9
tnspectar (PrinuSigny: Michacl Koval! Pl B o5 @ g o 9 Teevil E Laboratory Curing: | Conforming | CDS-167 [ 3909

Pick-up Dute ;[ AT7A | Time: [ na | Initiats: MJA Castin Labs Ves wo [ [Fone & spi] [Cane & Snear] [Foiummar]
| Lab. Days Date [ Capped Hrighl.l Diameter, |[Area, Square||Tatal Load.|[Cnit Lond, | @
Number Apged Fested Inches Inches Inches Ibs. psi 4N LI
w8008 1 TR 8.18 am 1263 84880 6880 X
it HRA0S .20 4,00 12.56 5430 6800 X
-] 2208 818 400 12.56 102700 §180 X
- YRR 827 400 12.56 104830 350 X
5% M1o0m08 8.5 400 12.56 124660 2930 X
% || wromm 830 400 12.56 120030 9560 X
% Vo | | 8w 4.00 12,56 126180 10050 X
Measure &  Measure, Calibration UDiL  Cemeniilious  Aggrepates, Plant Water, Fickl Water, WHRA, ALA, IIWRA, Vol Weight of Yield/
Conerete, Ths. Ihs. Fuelor Welght  Marerials, Ihs. Ihs. gals. mals. " oz, oz, Materiuls Batched cuft, cu.yd.

Cowe | Coar] [am ] Goen] Cow ] [ [oese] o] [od [55]
M& TE Cal.: SC- 01 10-18-08 | TG- 337 5 | AM- 0 I T-2R-08 |LWE- 04 I 7-28-08 |5 48 6-17-08 | CDS- 167 U |TM- 5§ 12-27-08

Remarks: I

14 Day Avy. = 6840 psi; 28 Dav Avp. = 8260 psic 56Day Avg. = 9740 psi; 90 Day Avp. = 10160 psi.

I **Infarmation for Engineering evaluation only. +aih Ll !

[ NiA ) i;!ﬁ g”‘f”" .
Procedure No. : C-QCPa2n Drawing No.: NIA Specification th A SRC- TH-2008-00037

m«‘:| 0 PON:[ NiA Rev:[ nia | DCF: NiA Rev: [ o | DbCF: NiA
g

lospector (PrinsSigni:  Michusl Koval: Aaoan bn o0 S K em o S_ Levet 1| Daer  9-22-08  NCRNo: NiA

Reviewor (Prinusigny. WL Mhyre / Level Ml Date: 92208 VetResulls: [« |
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ASR 1B 3350117y

Washington Group

ASTM C a4 8" ASTM C 31 06 ) ASTM C 143 (54 } Savannah River Site ASIMC 1924 07 ASTY C Bl l‘.m,ﬂl i}

ASTM LMy 07 ) ASTMC 138¢ 07 ) ANIMCIT2Z4 01 ) Concrete/CLSM Test Report  ASTMU23Lc ) ASTMC 10644
ASTM D 6103 Na

05 )

z
.

Page 3 of 45,

Report No.: | 008-L WP ASRIN0-0003 Date Molded: us Wark Package No.: NA

Report Date: L fi-24-2008 Time Molded: 1030 DCIR No.: NiA

Project Na.: LWPASRO0D Mix Design: Salistone Vault 2. Mix 2 | Design Strength: [ S000 | psi @

[ ]

days

Design Calegory: |

A Batch Ticket Number: Pl

meni Method: NiA Conlructor:| SRNL

Supplier: = Lehigh |'|')‘pe.-ldmhlltrﬁl*h llfL"lelhf RDASADVAMLD: Acceptance Shumys, in. Air Content, ” CLSM Flow, in. CancCLSM Temp."F
Placement Location: | 717-5N Civil Lab ] © [T NiA [ Max 00
Truck LD, Time of Mixing  Time StartStop Discharge  Bateh Size. yds.  Water Allon. ! Water Added, gals. | 1%/8 A0 Nh [

N/A | 1060 1520 i NiA 1.0 NiA i NiA Weather: NeA A

laspectar (P

Charles A Rookhanuer Level Initinl Curing: Conforming ] cose7

Inspector (P

gy Michael Kovall pavae @ g n Q£ Level 5z Laboratory Curing: [ Conforming CDS-I87 . 3908

(a5 ) ooz 710 (e ] a5 | |

PickamPate [ o JA__] Vime: [TNia_ | it A7j4 Castintab: ves [5] No [ ] [Eone & pi] [Eone & Shear
[ Lab. ' Days Date || Capped Heigjnl Diameter, ‘sqmm Unit I.nml.l
Number Aged Tested Inches Inches Inches . psi
80028 wo [ emms | w8 400 1256 128880 10260
A _h".‘\ NiA N/A NiA N/A NiA MNa Nea NiA N NiA NiA
NA A NA NI N/A NA NiA NA NIA NiA NiA NiA Nid
NA A oy [ na Nia NiA NiA NiA N/A NiA NiA NA NiA
N NA N N/A NiA Nia NeA N/A Nia NA N/A N/a NIA
| NA N NeA NiA NiA Nia NFA N/A Nia NIA N/A NiA NIA
J NA NA [ Nfa I_ii\ NiA Nh\i Nfa N/A N/A NIA N/ NAa A
Measure & Measure, Calibration  UPit  Comenritious  Aggregaies, Plant Water, et Water, WRA, AEA, [IWRA,  Total Weight of Yield/ eld!
Canerele, s, by Fartor L Materials, Ibs. Ihs. gals. gals, 0z 0 oz, Muterials Baiched cu.fr, vd.

394475 2033

L]

METE Cul: SC

0]
O | 20-180% JTG- 47 | 4908 |am- 04 [ s2808 Juws- o4 [42808 |s- 0 [ 2709 Jcos 167 [ 3o |- s [1irres

Remarks:

**lnfurmation for Engincering ovaluation only. ¥

— NA TUNMA ; [ix

Proceddure No - | C-QCP-020 } Drawing No.: N | Specification No.: |__ WSRO-TR-2008-00037 ~

Rev:[ a | pew: NiA _res[w A NA w9 Jwer[ NA

Tspector (PringiSigy:  Michuel Koval ! P e 52 oo o R Pl 1 Date: 92208 NCR N |

NA

Reviewer (PrintSigm: WL M

Level 11 Date: 9 22.08 Test Results: -
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AMMACTEC

HYDRAULIC CONDUCTIVITY

Project No, GI55-08-0031 DO 2 Tested By  HJ

Project Mame Saltstone Growt & Vault Concrete  Test Date £TR2008
Boring Ne. TR430-1 (DDA) Reviewed By JW
Sample No, Core Review Date  10/74/2008
Sample Depth Al Lab No. 8584
Sample Description Grout

ASTM D5084 - Method F (CVFH)

Sample Type: |Gore

Sample Orientation: Veartical

Initial Water Content, %; 424

Wat Unit Weight, pef: 1065 .
Dry Unit Weight. pcf. 74.8
Compaction, %. A
Hydraulic Conductivity, cmisec. @20 °C |1.4E-08

FRemarks: Subcontract Mo, ACS431TN
Specification Mo, K-SPC-G-0013
Revision 10 08-13-2007
Delivery Ordar No. 02
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Project No.: 61535-08-0031 DO 2

SRNL-STI1-2008-00421, REVISION 0

ZMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Boring No.: TR430-1 (DDA

Lab No: 8584 Depth: nia
Project Name: Saltstone Grout & Vault Concrete Sample ID; Core
Tested By: HI Reviewed By: JW
Diate: 04/18/08 Diate: 10/14/08
Total Sample Inside Diameter Muoisture Content
Height, inches of Cut Tube, inches
1 3.021 Tare Ma. T-25
2 3021 Top  2.861 Tare Weight 0.00 grams
3 3.021 Bottom  2.860 Wet Weight + Tare 54285 prams
Average 3.02 Average 2861 || Dry Weight+ Tare 38130 gramy
Moisture Content 42.4 Fa
Total Weight of Soil + Tube Section 542.85 Brams
Weight of Clean, Dry Tube Section 0.00 ETns
Wet Weight of Soil 1.20 s
Velume of Sample 0.011 7
RESULT SUMMARY
Muoisture Content 42.4 %a
Wet Density 106.5 pef
Dry Density 74.8 pef
Specific Gravity 2.3611
Porosity .49

Eemarks:

Subcontraet Mo, ACS43 17N

Specification No. K-8PC-G-0013, Rev, 10 (#8-13—-2007

Delivery Order Mo 02
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Project Mo,
Froject Name
Boring Mo.
Sample No.
Sample Depth

SRNL-STI1-2008-00421, REVISION 0

AMACTEC

HYDRAULIC CONDUCTIVITY

GI55-08-0031 Tested By I
Saltstone Growt & Vaelt Concrete Test Date 4/18/:2008
TR430-2 (DDA) Reviewsd By JW

Core Review Date  10/T4/°2008
nAa Lab Mo, 8585

Sample Description Grout

ASTM D5084 - Method F (CVFH)

Sample Type: ] Caore

|Sample Orientation; Vertical

Initial Water Content, %: 42.3

Wet Unit Waight, pcf: 107.1

Oy Unit Weight, pcf. 78.2
Compaction, %: NA B
Hydraulic Conductivity, em/sec. @20 °C |5.9E-10

Remarks: Subcontract No. ACS431TN

Specification No, K-SPC-G-0013

Revision 10 08-13-2007

Delivery Order No. 02
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SRNL-STI1-2008-00421, REVISION 0

ﬁMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring No.: TR430-2 (DDA
Lab MNo: 8585 Depth: nfa
Project Name: Saltstone Growt & Vault Concrete Sample ID: Core
Tested By: HY Reviewed By: TW
Date: (4/18/08 Dyate; 10/14/08
Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches
1 3045 Tare Ma. R-64
T T i .
2 1.4 Top 2373 Tare Weight 0.00 grans
3 1041 Bottom 2,880 Wet Weight + Tare 55643 grawmy
Average 3,04 Average 2378 Dry Weight + Tare 39094 prams
Muisture Content 423 k]

Total Weight of Soil + Tube Section 556.43 Erams
Weight of Clean, Diry Tube Section 0,00 SrmmE
Wet Weight of Soil 1.23 Ihs
Volume of Sampie 0011 I
RESULT SUMMARY
Muoisture Content 42.3 %
Wet Density 107.1 pef
Dry Density 75.3 pef
Specifie Gravity 2.392145
Porosity .50
Remarks; Subcontract Mo, ACS4317N

Specification Mo. K-8PC-G-0413, Rev. 10 08-13-2007
Drelivery Order No, (2
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SRNL-STI1-2008-00421, REVISION 0

AMMACTEC

HYDRAULIC CONDUCTIVITY

Project No. G6I155-08-0031 PO 2 Tested By  HJ

Project Name Sultstone Grout & Vault Concrete  Test Date 4182008
Boring No. TR430-3 (DDA) Reviewsd By JW
Sample Mo, Core Review Date  TO/74/2008
Sampie Depth n'a Lab Na. 8386

Sample Description Grouft

ASTM D35084 - Method F (CVFH)

Sample Type: Core

Sample Orientation: Vertical |
 Initial Water Content, % 42.5

Vet Unit Welght, pcf: 107.1

Diry Unit Weight, pef _ 751
Compaction, %: _ ' _ ._ P4
Hydraulic Conductivity, cmisec. @20 °C |2.0E-09

Remarks: Subcontract No. ACS431TN
Specification No. K-SPC-G-0013
Revision 10 08-13-2007
Delivery Order No. 02
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SRNL-STI1-2008-00421, REVISION 0

yMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project Ne.: 6155-08-0031 DO 2 Boring No.: TR430-3 (DDA)
Lab MNo: 8584 Depth: nfa
Project Name: Saltstone Grout & Vault Concrete Sample I Core
Tested By: HI Reviewed By: T'W
Doates; 04/18/08 Date; 10/14/08
Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches
1 2508 Tare MNo. T-7
L ) e
2 2,902 Top 2.554 Tare Weight 0.00 EFains
A —d —_—— -
3 2.908 Bottom 2,860 Wit Weight + Tare 523 84 prams
Average 2.01 Average 2857 Dry Weight + Tare 36749  gramy
Moisture Conteat 42.5 ¥

Total Weight of Soil + Tube Section §23.84 Erenmy
Weight of Clean, Dry Tube Section 0.00 grams
Wet Weight of Soil 1.15 lbs
WVolume of Sample 0.011 Fa
RESULT SUMMARY
Moisture Content 42.5 %
Wet Density 107.1 pef
Diry Density 751 pef
Specific Gravity 2.396608
Porosity .50
Remarks: Subcontract Mo, AC54317H

Specification No. K-8PC-G-0013, Rev. 10 08-13-2007
Delivery Order Mo, 02
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SRNL-STI1-2008-00421, REVISION 0

ZMMACTEC

Water Retention Test

(ASTM D3152)
Project Na 6155-08-0031 D02 Praject Name Zalstone Grout & Vadlt Cancrate
Tested By HJAWw Tast Date 52108
Reviewad By Jw Review Date 10M4/08
52.0 | | T
51.5 b —
— _
T
i 5 51.0
5.0 4
£s
ir
EE
3 g 8.5
-_-_-—-—-.
8.0 i et 3
485 — | | |
oo Z.00 4.00 G.00 .00 10.00 12.00 14.00 16.00
Applied Pressure (hars)
| —#—DDA-TR430-1. A —8— DOATRA302 MIA —a— DOATRAIEAMA —Be 3 |
Sample Mo. Inikial | Dry Unit Applied Praagiuse (bars)
& Depth {f) Moisture | Weight | 0.00] 0.40]  0.5] 1.0 s.0] 15.0] [ | [ ]
%a by Vol.| (pen Retained Watsr {parcent by volums)
JooA-TRE30-1 N 518 761 519 51.6] 515] 51.5] 514 614 ' | |
DO TFR430-2, Hid 50.5 75.3| 605 s50.3] E0.a| s02l 01/ BoA
DDA-TRA30-3, MM 50.5 TaB| s0.5 50.3 502 &0.2) s04] so0
i I —
I I I |
Remarks: Subcontract Ne. AC54317N

Speclfication Mo R-SPC-=-0013
Revision 10 08-13-2007
Delvery Order No 02
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SRNL-STI1-2008-00421, REVISION 0

AMACTEC

Water Retention Test

(ASTM D2152)
Prajesl Mo G6155-08-0051 D2 Praject Mama Zaltsiana Grout & Vaull Concrele
Testad By HAW Teast Drabe B31°2008
Reviawad By W Raview Dade 10/14/72008
Sampde Mo, DOATEID | OOATR4IES | Bofelmi] Remarks: Subeoniract Mo, ACS43178
|Depith 1) A, Mid T Hin ecificalion No K-5PC-G-0013
Lab Na. 8584 [ AR5 B5HE Festision 10 08-13-2007
Rirg Mo [Ty A [Ty Dalivery Ordar Mo 02
Conbainer Weight. {g) i i 0
fnar Diameater (cm) ramal  TIE Ta0E
Candainar Haighl, (om) 2188 3373 FIva
Container Yalurne fom’) 9009 700.08) 4831
Wi_of Wet Scil + Goneaner ) | 156,54]  171.31]  62.21 ]
V'L of Dry Sai + Conlainer [g) 109.81] 120.81] 1445
Muoislure Cantant (%) 42,6 418 421
[y Uinit Waighd {ped) 7806 TEIE] 7481
Inetial WiL'Wat Soll + Conlaine {g) 166,54  171.31] 16221
'Eualvw. Container g 1.0 008  ara
Inllia Maisture, % by Yalame 81,9 50.5 50.5]
Lab ~ [Pressurs el ] O = T O I - 7 276
Ma, [beers 0.0 0.10 0.5 1.0 50 16D |
Cale / Bead Sy ]
3534 Weighi of Soil + Ring 18254] 15531 1BES| 18878 1561 156.08
Weight of Ring [ [ [ [ ] [
|Retained Wetar (% 51.8 B 515 51.8 51 514
B585[vWeight af Sol + Fing 1713 TH2E] 17143 Trioa 171 170.53
'Wight of Ring [ [ [ 1] 1 [\ ]
etained Walsr (5} 505 50.2 50.3 502 ] ElK]
B5EH Werght of Sail = Ring 162,21 18207 16188  169.8 16169 161.7%
Waight of Ring i [ i i [ d
Retaned Water (%) 505 50,5 502 502 50 ]
I !
g | |

Ne. of Samples 3
Nao. of Teals per Sample []
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SRNL-STI1-2008-00421, REVISION 0

AMACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6155-08-0031 DO 2 Tested By  HJ
Project Name Saltstone Growut & Vault Concrete  Test Date F242008
Boring Na. TR431-1 (DDA) Reviewed By JW
Sample No. Core Age 90 Days Review Date [@/14/2008
Sample Depth na Lab Na. 8878

Sample Description Grout

ASTM D5084 - Method F (CVFH)

Sample Type: Core
Sample Crientation: Vertical
Initial Water Content, %: 41.0
Wet Unit Weight, pef: 106.6
Dry Unit Weight, pcf: 75.6
\Compaction, %: ]
Hydraulic Conductivity, cmisec. @20 °C (1.1E-10

Remarks: Subcontract No. ACS4317TN
Specification No. K-SPC-G-0013
Revision 10 08-13-2007
Delivery Order No., 02
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Project No.: 6155-08-0031 DO 2

SRNL-STI1-2008-00421, REVISION 0

Lab MNo: BE78

Tested By; HI

A MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Baoring No.: TR431-1 (DDA)

Depth: nfa
Project Name: Saltstone Grout & Vault Concrete Sample ID: Core Age 90 Days
Reviewed By: I'W
Date: 07/24/08 Doate: 10/14/08

Eemarks:

Subcontract Na, ACS431TH

Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inchex
1 243 Tare N, LI-20
2 2.431 Top 2,894 Tare Weight .00 grams
3 2431 Bottom 2894 | Wet Weight + Tare 44721  groms
Average 2.43 Average 2804 Dry Weight+ Tare  317.16  grams
Muoisture Content 41.10 b
[Total Weight of Seil + Tube Section 44721 erams
Weight of Clean, Dry Tube Section 0.00 Eramns
Wet Weight of Soil 0.99 b
Volume of Sample 1.00% b
RESULT SUMMARY
Moisture Content 41.0 %
Wet Density 106.6 pci
Diry Deensity 5.6 cf
Specific Gravity 2341953
Porosity 0,48

Specification Wo. K-SPC-G-0013, Bev. 10 0.13-3007

Drelivery Order No. 02
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SRNL-STI1-2008-00421, REVISION 0

MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2

- Boring No.: TR431-2 (DDA)

Lab No: 8879

Depth: nfa

Project Name: Saltstone Grout & Vault Concrets

Sample ID: Core Age 90 Days

Tested By: HJ Reviewed By: TW
Date: 07/24/08 Date: 10/14/08
Total Sample Inside Diameter Moisture Content
Height, fnches of Cut Tube, inches
1 2485 TareNo.  DB-14
2 2485 Top  2.86E Tare Weight 0.00 grans
3 2485 Bottom 2800 || Wet Weight + Tare  440.80 grams
Average 249 Average 2,834 Dry Weight+ Tare  31E56  groms
Moisture Content 41.2 b
Tatal Weight of Soil + Tube Section 449,80 grams
Weight of Clean, Dry Tube Section .00 Erams
Wet Weight of Soil 0.59 fbg
Volume of Sample 0,009 Fia
RESULT SUMMARY
Moisture Content 41.2 %
Wet Density 109.3 pef
Dry Density 77.4 pef
Specific Gravity 2.484399
Porosity 0.50

Remarks:

Subcontract Mo, AC5431TH

Specification Mo. K-8FC-G-0013, Rev. 10 08-13--2007

Delivery Order Ma_ 02
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SRNL-STI1-2008-00421, REVISION 0

AMACTEC

HYDRAULIC CONDUCTIVITY
Project Mo. 6135-08-0031 DO 2 Tested By  HJ
Project Name Saltstone Grout & Vault Concrete  Test Date 8212008
Boring Mo. TR431-3 (DDA) Reviewed By JW
Sample Nao. Core Age 90 Days Review Date T@/4/2008
Sample Depth N4 Lab No, 8880

Sample Description Gromt

ASTM D5084 - Method F (CVFH)

Sample Type: Core

Sample Crientation: Vertical

Initial Water Contant, %: 41.4

Wet Unit Weight, pcf; 107.2

Dry Unit Weight, pef: __|75.8 .
Compaction, %: _ MNAA
Hydraulic Conductivity, cm/sec. @20°C_1.1E-10

Remarks: Subcontract No, AC5421TN
Specification No. K-SPC-G-0013
Revigion 10 08-13-2007
Delivery Ordar No, 02
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SRNL-STI1-2008-00421, REVISION 0

AMACTEC

HYDRAULIC CONDUCTIVITY
Project No. 6155-08-0031 DO 2 Tested By  HJ
Project Mame Salistone Grout & Vault Concrete  Test Date 242008
Boring Nao, TR431-2(DDA) Reviewed By JW
Sample No. Core Age 90 Du]-s Review Date  10/74/2008
Sampla Depth R Lab Ne. 8879

Sample Description Grout

ASTM D35084 - Method F (CVFH)

Sample Type: Core .
Sample Oriantation: Vertical

Initial Water Content, %: 41.2

Wet Unit Weight, pof- 109.3 N
[Dry Unit Weight, pef: 7rd
Compaction, %: A
|Hydraulic Conductivity, cmisec. @20 °C |7,26-17

Remarks: Subcontract Mo, AC54317H
Specification No, K-SPC-G-0013
Revision 10 08-13-2007
Delivery Order Mo, 02
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AIMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project Mo.: 6155-08-0031 DO 2 Boring Mo.: TR431-3 (DDA)
Labk MNo: 8820 Depth: n/'a
Froject Name: Saltstone Grout & Vault Concrete Sample ID: Core Age 90 Days
Tested By: HJI Reviewed By: IW
Date: 08/21/08 Drater 10414408

Total Sample Inside Diameter Moisture Content
Height, fnches of Cut Tube, inches
1 2479 Tare Mo, T3
2 2461 Top 2361 Tare Weight 0.00 grams
3 2508 Bottom 2,861 Wer Weight + Tare  449.19  grams

Average 248 Average 2,861 Dry Weight+ Tare 31767 prams

Muoisture Content 41.4 ]

Taotal Weight of Soil + Tube Section 440,19 grams
Weight of Clean, Dry Tube Section .00 grams
Wet Weight of Soil (.94 tha
Volume of Sampie .09 _,I'TJ

RESULT SUMMARY

Moisture Content 41.4 ]
Wet Density wiz . pof
Diry Density T5.8 pef
Specific Gravity 2371823
Porosity 0.49

Bemarks: Subcontract Mo, AC5431TH

Specification Mo, K-SPC-G-0013, Rev. 10 08-15-2007
Dilivery Order No. 02
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ZMACTEC

Water Retention Test
(ASTM D3152)

Project Ne B185-05-0031 DO2 Praject Hame Sallabone Grout & Vault Concrete
Testad By  HMIW Test Data Bz
Reviewed By JW - Review Dats 101 72008
Sample Ma. TRE3-1 | TR43-Z | TRADT-3 | Remarks: Subconfract No, ACS4317H
Diepth [ft) b A ] ecilication Mo K-5PC-E-0013
Lak Ho. BETE Barg HBED Rewislon 10 08-13-2007
Fireg Mo A, M, [Ty . Calivery Order He 62
Container Waighl fgh 1] ] [i]
Certainar Dlemeler (cm) T340 7883 7a4R
Cartainar Helght, [am) 1,881 173 7328
|Cantainer Vikime (o) 8128) 7237] 9188
Wt of Wied Sail + Cantainer (g) 138.18] 12388, 16627 N
WL of Dry 5ol + Genlainsr (g) GTEE]  B5o3| 1oa.2n
Malslure Content %) 425 475 43.1 ]
Ciry Unil Weight {pch) 7438]  T4ES] 7407 ]
nitial WLVt Soil + Container (g) | 13818 720,45 158,37
Initial WL Canfairar () 0.00 .00 10,00
Initial Mobsiure, % by Voluma 51.1 58,4 51.2 ]
Leb |F‘m:ssura 8l 0 145 708 145 725! Z17.5
Wa, BErs ] 0.1 0ne 1.0 5.0 15.0
Date | Read By
7B |VWeight oF ol + Fing 156.18] 19909) 136%a] Taae1] 19688 TR
Weigat of Ring b 1] 0 [ 1] 0
IRelzined Waiar (%) 511 505 S0E S0.7 50T 50.5]
8574 Weight of Goi + Ang N R N PN 122.18
Weinht of Fing_ 1] 0 i 0 a i
Ratained Waler %) E1.9 4,4/ 50.4 50.3 5.2 80,1
BUEA[Waight of Soil + Ring. 8627|1655 15588 16583 1GR3 155,66
Waighl of Ring 1 [1] [+] a 1] [N
Retained Water (%) B2 504 508 0.8 508 506 ]
! | I
| I |
Ka, af Samples 3
Noa. of Tests per Sample B
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HMMACTEC

Water Retention Test

{ASTM D3152)
Project Mo §155-08-0031 DO2 Project Name Salisions Grout & Vaus Concrede
Tested By HJLIW Test Date E18/08
Reviewead By JW Review Date 10/M14/08
51.4 | |
81,2 1 |
510
T
£S5
o 50E i
'3: = ___‘——'—-—L-_._.___________-_
oo T .
gg 506 — I — —..-_.__:""':=——-—-..___
il —=
504 Py
50.2  —— . — | —
.-_-_-_'_"_'_‘———-—-_.
E0L0 ! ; | !
0.0 2.0 400 6,00 8.00 10.00 12.00 14.00 16.00

Applied Pressure (bars)

4 TRE-1 B0dys(D0A) —l— TRA3-2 S0dyasiDON) —d— TRE31-3 Bdyas(D0A) —S— —w— |

Sample Mo | Initial | Dry Unit Applizd Prassure (bars)
LDepth{f} | Molsture | Weight | 0.00[ 0.40] os] 10] 50 150] [ [ [ ]
% by Vol | (pefy Ratained Waler (parcant by volurme)

TRA31-1,80dyas{D0w)

8141  750] 51.1] s09] so.e] soq] sar] s0s [ | |

TR431-2 90dyas(DOA)

584  750| 511 S04 504) 503] 602 604 1

TR431-2,B0dyas(DOA)

51.2 42 512 §0.8] 504| S0 508[ S0E

Remarks:

Subcontract Mo. ACS4317H
Specification Mo K-5PC-G-00143
Revision 10 08-13-2007
Delivery Order Ne 02
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AMACTEC

HYDRAULIC CONDUCTIVITY

Project No 6155-08-0031 DO 2 Tested By  HJ

Project Mame Saltstone Gront & Vaulf Concrete  Test Date 5.5°2008
Boring Mo, TR436-1 (MCLY) Reviewed By JH
Sample No, Core Review Date  10/74/2008
Sample Depth i ' Lab Nao. 8591

Sample Description Gromt

ASTM D5084 - Method F (CVFH)

Sarnple Type: Core
Sample Orientation: Verticaf
Initial Water Content, %:; 38.86
Wet Unit Weight, pcf. 106.8
Dry Unit Weight, pef: 765
Compaction, %: B MA
Hydraulic Conductivity, cm/sec. @20 °C |5.4E-09

Remarks: Subcontract Mo, AC54317N
Specification No, K-5PC-G-0013
Revision 10 08-13-2007
Delivery Order No, 02
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Project Ne.: 6155-08-0031 DO 2

ZMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

SRNL-STI1-2008-00421, REVISION 0

Boring No.: TR436-1 (MCLJ)

Lab No: 8591 Depth: nfa
Project Name: Salistone Grout & Vault Concrete Sample I Core
Tested By: HI Eeviewed By: JW
Date: 05/05/08 Drate: 1071408
Total Sample Inside Diameter Muoisture Conlent
Height, inches of Cut Tube, inches
1 3.638 Tare Nao. ADA
_ —
Z 3.636 Top 2894 Tare Weight 0.00 grams
_— —— ———
3 3.64 Bottom 2,884 Wet Weight + Tare 66847 prams
Average i64 Average 2889 Dry Weight + Tare 47898 grams
Moisture Content 39.6 ]

Total Weight of Soil + Tube Section 66847 arams
Weight of Clean, Dry Tube Section 000 Erams
Wet Weight of Soil 1.47 bz
Volume of Sample 0,014 A
RESULT SUMMARY
Moisture Content © 396 %
Wet Density 106.5 pef
Dry Density 76.5 pef
Specific Gravity 2.30378
Porosity 047

Subcontract Mo. ACS4317N
Specification Mo, K-SPC-G-0013, Rev. 10 08-13-2007
Drelivery Crder Mo, 02

Remarks:
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ZMMACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6155-08-0031 DOy 2 Tested By  HJ

Project Name Saltstone Grout & Vaudt Concrete  Test Date 352008
Boring Na. TR436-2 (MCL) Reviewed By JW
Sample No. Core Review Date 10742008
Sample Depth HAT Lab Mo, 8502

Sample Description Gro

ASTM D5084 - Method F (CVFH)

Sample Type; Core

Sample Orientation: Vertical

Initial Water Content, %: - 40.0

Wet Unit Weight. pof: 1071

Dry Unit Weight, pcf; 765 -
Compaction, %: ) NéA
Hydraulic Conductivity, cm/sec. @20 °C |2.1E-09

Remarks: Subcontract Mo, AC54317H
Specification No. K-SPC-G-0013
Fevision 10 08-13-2007
Delivery Order No. 02
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ﬁMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring No.: TR436-2 (MCU
Lab Ma: 8552 Depth: n'a .
Froject Wame: Saltstone Grout & Vault Concrete Sample [D: Core
Tested By: HI Reviewed By: JTW .
Date: 05/05/08 Date: 10/14/08
Total Sample Inside Diameter Muoizsture Content
Height, inches of Cut Tube, frches
1 3.802 Tare No. X-19
e . ———————
2 3.903 Top 2,884 Tare Weight  0.00  grams
3 19 Bottom  2.588 Wet Weight + Tare 71748 groms
Average 3.90 Average 2886 Dry Weight + Tare 51252 grams
Muoizture Content 400 #
Total Weight of Soil + Tube Section T17.4%8 gran
Weight of Clean, Dry Tube Seetion 000 Erams
et Weight of Soil 158 T
Wolume of Sample 0.015 A
RESULT SUMMARY
Mouoisture Content 40.0 %
Wet Density 107.1 pef
Dry Density 76.5 pef
Specific Gravity 2.317971
Porosity 0.47
Remarks: Subsomtract Ne, AC34317M

Specification Mo, K-8PC-G-0013, Rev. 10 08-13—2007
Dielivery Order Mo, 02
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AMACTEC

HYDRAULIC CONDUCTIVITY

Project Mo, 61 55-08-0031 DO 2 Tested By LS

Project Name Salistone Grout & Vool Concrete  Test Date 552008
Boring No, TR436-3 (MCL) Reviewed By JW
Sample No. Core Review Date 10/14/2008
Sample Depth A Lab Na. 8593

Sample Deascription Grost

ASTM D35084 - Method F (CVFH)

Sample Type: _ _ Cora ]
Sample Orientation: Vertical

Initial Water Content, %: 39.6 ]
Wt Unit Weight, pef: 105.4

Bry Unit Weight, pcf: 5.5
Compaction, %: NZA
Hydraulic Conductivity, cmisec, @20 °c |2.7E-10

Remarks;, Subcontract No, AC54317N
Specification No, K-5PC-G-0013
Revizion 10 08-13-2007
Delivery Order No. 02
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ﬂm{ﬁcmc

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 61535-08-0031 DO 2 Boring No.: TR436-3 (MCIT)
Lab No: 8593 . Depth: n/a
Project Mame: Saltstone Grout & Vault Concrete Sample I Core
Tested By: HT Reviewed By: W
Date: 05/05/08 Daate: 10/14/08
Tuotal Sample Inside THameter Moisture Content
HﬂiE_hh inclres of Cut Tube, inches
1 3.705 Tare Mo, AB-3
2 3.703 Top  1.880 Tare Weight 0.00 grams
3 3.701 Bottom 2,885 Wet Weight + Tare 68138 grams
Average 3.70 Average 1883 Dry Weight + Tare . 48811  grams
Moisture Content 396 %5

Total Weight of Soil + Tube Ssction 68138 grams
Weight of Clean, Drv Tube Section - 000 prams
Wet Weight of Soil 1.50 Ihs
Volume of Sample 0.014 7
RESULT SUMMARY
Muoisture Content 3.6 %
Wet Density 107.4 pef
Dry Density T6.9 pef
Specific Gravity 2338571
Porosity 0.47
Femarks: Subcpniract Mo, ACS431TH

Specificarion Mo, K-8PC-G-0013, Rev. 10 08-13--2007
Delivery Order No. 02
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AMMACTEC

Water Retention Test
(ASTM D3152)

Project Mo G5156-08-0031 DO2 Project Mame Seallstana Geul & Veull Cancrata
Tested By Huar sy Test Data H21008
Reviewed By W Raview Date 10/14/08
518 f | | | : |
51,6
614 Mﬂ_ r—
T I R e =
2 3
552 — — —— | o
EF
=]
E E 5140
& i i
0.8
506 L“L-_ —
— .
50.4 | l -
0.00 2.00 4.00 8.00 B.00 10,00 12.00 14,00 16.00
Applied Prassure (bars)
[—#—MCU TR-438-1 04, —m—MCU TREZE-2, A A MCU TRA36-3,NA —B— —%— |
Sample Mo, Imitial | Ory Unit | Appliad Pressura [bars)
& Depth {ff) Moisture | Weight | 0.00] 040] o5 14 s0] 15.0] [ | [
| % by vel!  (peh i Retained Water [percent by volume) ]
Moy TR-435-1 A S0.8| 75| 604 506 508 s06] S0.5| S04 ' |
BICLI TRA25-2 MiA 1.6 57 815 5.3 s51.3] &2 512 61,2
MU TREIE-3, WA 51.7 62| 517 515] 518 514 B14| 513
I ] | I I I | | |
Remarks: Subcontract Mo, ACS4317M

_Specification No K-SPC-G-001 5
Fevision 10 J8-13-2007
Dralivery Order No 02
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AMACTEC

Water Retention Test

(ASTM D31 52)
Project Mo §155-D8-0031 D02 Froject Name Sallslone Grout 4 Vaull Cencrete
Tested By  HLIW T Tast Oate 5/21/2008 '_
Rewviawad By W Review Dale Ton4zo0E
Samole Na ML T3 | A TR | s Tanes | I ] Remarks: Subconiract Mo, ACE431TH
Craph (1) WA T WA T we | | Spacificalion Mo K-SPC-G0013
Lab Na. BSB1 | Bsm3 | Gss3 | 1 Fovision 10 0B-13-2007
Ring Ko, Mes T RS | pliA N Dielivary Croar Mo 02
Contalner Weight (9 i i 0 |
Contarner Diameter (G 7338 7E1E| 7miy
Carmainer Height, (o) 2812] 2738| oo |
Containes Volima (em’) 1885 11820] 10892
Wi of Wat Soll + Contsiner 3] 20475 18512 1ea.77)
VWL, of Dry Sail + Comainer [g) 144.22] 139.78) 13333 N
Moistura Candsnt (%) 42.0] 42.5] 42,3
DOy Uil Wiaight (o) FSB5|  Th70]  TE.2S ]
Initial Wi, Wel Saoll + Conlainer [q1 | 20475 19093 18577
initial Wt Container (g) 0.00] 0u00] 0.00
Iritial Molslure, % by Valume 50.8] 51.5] 51.7]
Lef  |Pregadre [gs] [ 1.45 725 145 Ta.5] 217.5] I |
Ha, |_ bars 0.0 .10 6.5 1.0 50 15.0] ] ]
Data { Read B | |
8501 i'fT:I_gntarSdlLE+ ng L = = T | PN 1 ]
Wmight ol Fing 1] 0| o [ [ [ n
Fetainar WWaler () 500 S0 0.5 506 ;5:-.5 E0.5 ] N
8582 [Weight of Soil + Ring 1991z T9B 80| 79883 TEEE T E7d| 19672 T
Weright of Ring 1] 7 ] [ [ [ [
Fiatained Watar [5) E1.5 3 51.3 572 5z 51.2
SEA3[WEight of Soil * Ring 188.77) 18853 1B9.5) 18545 109.4] 166,34
Weight af Ring 1] o [ 1] 0 0
|Ratained Watar (%) 5.7 55 £S5 54 514 51.3) |
| | i
| ] | |
i | |
| |
L [ | | ]
| | | |
No. of Samplas 3
Na. of Tasts per Sarmple [
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AMMACTEC

HYDRAULIC CONDUCTIVITY

Froject No. 6155-08-0031 DO 2 Tested By  BM

Project Name Sulistone Grout & Vaulf Conerete  Test Date 892008
Boring Mo, TR437-1 (MCU) Reviewed By JW
Sample Mo, Core Age 90 Days Review Date  16/14/2008
Sample Depth R Lab Mo. 8884

Sample Description Grout

ASTM D5084 - Method F (CVFH)

Sarmple Type: _ lCnfe

Sample Orientation: _ Vertfcal |
Initial Water Contant, %: 42.4

Wet Unit Welght, pof: 106.7

Dry Unit Weight, pcf: 75.0
Compaction, %: N4
Hydraulic Conductivity, cm/sec. @20 °C |1.1E-09

Femarks: Subconfract No. ACS4317N
Specification No. K-SPC-2-0013
Revision 10 D8-13-2007
Delivery Order No. 02
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M MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project Mo, 6155-08-0031 DD 2 Boring Mo.: TR437-1 (MCLI)
Lab No: 8BB4 Diepth: nfa
Project Name: Saltstone Grout & Vault Concrete Sample ID: Core Age 90 Days
Tested By: HT Reviewed By: JW
Dhate: 08/19/08 Date; 10/14/08
Total Sample Inside Diameter Muoisture Content
Height, inchex of Cut Tube, inches
1 2.203 Tare MNe.  AB-11
e —_——
2 2.217 Top  2.500 Tare Weight 0,00 groams
————a— —_— —_—
3 2.226 Bottom 2890 || Wet Weight + Tare 40839 grams
Average 122 Average 2895 Dry Weight = Tare 286,87 pgrams
Muoisture Content 424 4

otal Weight of Soil + Tube Section 408.39 grams
Weight of Clean, Dry Tube Section (1.0 Erams
Wet Weight of Sail (.90 thi
Volume of Sample 0.008 i
RESULT SUMMARY
Moisture Content 42.4 %
Wet Density 106.7 pef
Dry Density 74.9 pef
Specific Gravity 2.348237
Porosity 0.49
Remarks: Subcontract Mo, ACS411TH

Specification No. K-SPC-G-0013, Rev_ 10 08-13--2007
Delivery Order Ma. 02
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AMACTEC

HYDRAULIC CONDUCTIVITY

Project No 6155-08-0031 DO 2 Tested By  BM
Project Name Salistone Growt & Vault Coperete  Test Date 8192008
Boring Mo, TR437-2 (MCL) Reviewed By JH
Sample No. Core Age 90 days Review Date  10/14/2008
Sample Depth nia Lak No. 8885

Sample Dascription Grout

ASTM D5084 - Method F (CVFH)

Remarks:

Sample Type: Core

Sample Orientation: Vedical |
Initial Water Content, %: 42.0

Wet Unif Weight, pct: 107.6 N
[Dry Unit Weight, pef: 73.8
Compaction, %: N/A ]
{Hydraulic Conductivity, cmisec. @20 °C |8.8E-10

Suboontract Mo, ACS4317MN
Specification No. K-SPC-G-0072
Revision 10 08-13-2007
Delivery Order No, 02
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ngACTEC |

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2

Lab MNo: BBES

Project Name: Saltstone Grout & Vault Concrete

Baoring No.: TR437-2 (MCL)
Depth: n/a
Sample IT}: Core Age 90 Days

Tested By: HY Reviewsd By W
Date: 08/19/08 Drate: 10/14/08
Total Sample Inside Diameter Moisture Content
Meight, fnches of Cut Tube, inches
1 2.147 Tare No, T-19
2 2.151 Top 2900 Tare Weight 000 grams
L —_— - - e ——
1 2.144 Bottom 2,881 Wet Weight + Tare 398.19  grams
Average .15 Average  2.89] Dry Weight + Tare 28040  grams
| Moisture Comtent 42.0 %

[Total Weight of Soil + Tube Section

308.19 B
Weight of Clean, Dry Tube Section 0.00 Erenms
Wet Weight of Soil 0.8 Ihe
Valume of Sample 0.008 7'
RESULT SUMMARY
Moisture Content 41.0 %
Wet Density 107.7 pef
Dry Density 75.8 pef
Specific Gravity 2.3597583
Porosity 0.49

Remarks:

Subcontract Wo. ACS4317H

Specification Ma, K-8PC-G-0013, Rav. 10 08-13--2007
Deelivery Order Mo, (2
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AMACTEC

HYDRAULIC CONDUCTIVITY

Praject No. 6155-08-0031 DO 2 Tested By  BM
Project Name Salistone Grout & Vault Conecrete  Test Date 8/19:°2008
Boring Mo, TR437-3 (MCLY) Reviewsd By JW
Sample Mo. Core Age 90 Days Review Date  10/14/2008
Sample Depth M Lab Mo, 8885

Sample Description Growt

ASTM D3084 - Method F (CVFH)

Sample Type: lﬂon&

Sample Orientation: Vertical

Initial Water Content, %: 43.2

Wet Unit Weight, pof; 108.8 i
Dry Unit Weight, pef: FA.1
Coampaction, %: NZA ]
Hydraulic Conductivity, em/sec. @20 °C |6.4E-10

Remarks: Subconfract No, ACS4317M
Specification No. K-SPC-G-0012
Revision 10 08-13-2007
Delivery Order Na_ 02
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ﬁMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring Ne.: TR437-3 {(MCU)
Lab No: 8884 Depth: nfa
Project Mame: Saitstone Grout & Vault Concrets Sample ID: Caore Age 90 Days
Tested By: HJI Reviewed By: JW
Date: 08/19/08 Date: 10/14/08
Total Sample Inside Diameter Muoisture Content
Height, irches of Cut Tube, inches
1 2.231 Tare Mo, AB-335
I —
2 2.239 Top 2870 Tare Weight (.00 gramng
e —— —— —
3 2.224 Bottom 2,880 Wet Weight + Tare  414.21  grams
Averape 2.23 Average 2875 Dry Weight + Tare 28026  grams
Moisture Content 432 2

Total Weight of Soil + Tube Section 41421 grams
Weight of Clean, Dry Tube Section 0.00 granes
Wet Weight of Scil 0,91 T
WVaolume of Sample 0,008 »
RESULT SUMMARY
Muisture Content 43.2 %
Wet Density 1089 pef
Dry Density Ta. 1 pef
Specific Gravity 2.488207
Porosity 0.51
Remarks: Subeontract Mo, AC5431TH

Specification Mo, K-8PC-G-0013, Rev. 10 08-13--2007
Delivery Order Mo, (2
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AMMACTEC

Water Retention Test
(ASTM D3152)

Project Mo £155-08-0031 D02 Project Mame Satsione Groul & Vauk Concrels
Tested By HJidw Test Date B8
Reviewad By JW Review Date 14408
1.4 T
i 3 -
51.2 N
511 '

[

Retention Water
(percent by Volume)
& 8 8

W i

-

S0E L‘:
————

£0.5 + —— e
-
504 ! |
o.00 2.0m 400 £.00 8,00 10.00 1200 14.00 18,00

Applied Pressura (bars)

| —#—TR437-1,30ckyas ML) —B— TR#37-2 90dyas(MCL) —&— TRAIT3 SielyasMCL) —8— —w— |

Sample No, | nifial | Dry Unit | Applied Pragsure {Bars)
& Depih (1) Moisture | Weight | 0.00] 010 08 10] 50| 350] ] | ]
- %% by Vol.| (poh) Ratained Water (parcant by velume)
THATT-1,30d yasMCLY £1.0 77.8] 510] s08] s08] 505 505] o5 [
TRA3T-2, 90cyasMOL) 1.1 7568|511, s068| s0&[ s08] so0s| s05 |
[TRa27-3 90dyasiMCL) 513 741 613 511 510 51.0] 510 S0
|
| | |
Femarks: Subeantract Mo, ACS4317TH

Specification No K-53PC-50013
Havision 10 08-13-2007
Delivery Order Mo 02
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A MACTEC

Water Retention Test
[ASTM D3152)

Frajes! No 5155-08-0031 DO2 Project Namsa Saltstong Grout & Vauk Concrels
Taatad By HIIW Tesl Dale BAQ2008
Aeviewsd By JW Rerview Daie 101472008
[Semple Mo, TR437-1 | TRad72 | TR437-3 Remarks; Suhcontract Mo ACEL31TH
[EERT 5 | wormmyony, | casmpscan ‘Epacificalion Mo K-SPC-G-0H3
Lt Mo Bans 8885 BOGE Revision 10 08-13-2007
Ring ba. Wi, A A, Dielivary Cider Mo 02
|Containar Weight (g i a 0
Container Diamaker {cm) 7,200 7.320 7342
Container Haigh, fcmi 1_G6GE] 1886 2172 N
Container Valume {c’) 6237  azEs| o113
W'l af Wat Soil * Conlainar (g) 144.73 142.7] 1838
W of Dry Sail + Contsiner (g} 10270] 16041 10913
Mosture Contant (3] 40.8 EER 43,2
Diry Unit Weight (pef) 7.0 TE.TT 705
Initial WEVlet Soll + Condiresr (g) 14473 142 70[ 155.2D)
|%ﬁalw1. Cantainer {gi 0.00 0.00 0.00 ]
Initlal Moisture % by WVolume 51.0] 51.1| 51.3
Lab  [Prasaure [psi Q 1.45] 7.25) 14.5] T35 217.8]
Mo, ‘bars 0.9 0.0 0.5 1.0] 5.0/ 6.0
Dt ( Read By
B84 | Weight of Sail + Fing 144.73] V4227 144.38] 12433 1443 144.28
Weight of Ring 7] 1] a 7] a 1]
Refanad Walsr (%) 51.0 506 50,65 505 505 E0.5
BEES Weight of Soil = Ring 1427) 14239] 4235 142,221 1427 142.18]
Weight of Ring 0 0 i 0 [ [ ]
Ratained Water (%) 5.1 50,6 5.5 E0L.E| S0.5 [
~ B06S | Veeignlal Sai + fing 166.20] 156.08| 166.08]  156.03 156 T5E 4
Walghl of Ring [1] 1 5 1] i [
Retalned Water (%) 51,3 511 51.0 51.0 £1.0 51,00
|
|
Ka. of Bamples ]
Wa. of Tests par Sampls [
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ZMACTEC

HYDRAULIC CONDUCTIVITY
Project No. 61 35-08-0031 Doy 2 Testad By HIi
Project Name Saltstone Growt & Vault Concrete  Test Date '/ 20008
Boring No. TR450-1 (SWPF) Reviewsd By JW
Sample No. Core Review Date  10/74/2008
Sample Depth na Lab Mo, 8727

Sample Description Grout

ASTM D3084 - Method F (CVFH)

Sample Type: __|Care

Sample Orientation: Vertical

Initial Water Contant, %: 40.8

Wet Unit Weight, pef: ) 108.6

Dry Unit Weight, pcf: 1S
Compaction, %: MAA
Hydraulic Conductivity, cm/sec. @20 °C |1.2E-08

Remarks: Subcontract Mo, ACE4317N
Specification No. K-SPC-G-0013
Fevision 10 08-13-2007
Delivery Order No. 02
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ﬁfMACTEc

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring No.: TR450-1 (SWFPF)
Lab No: 8727 Depth: nfa
Project Name: Saltstone Growt & Vault Concrete Sample ID: Core
Tested By: HI Reviewed By: TW
Drate: D&/04/08 Diate: 10/14/08
Tatal Sample Inside Dismeter Muoisture Content
Height, inches of Cut Tube, incles
1 31536 Tare Mo, R=20
2 ~ 3537 | Top  1.884 Tare Weight 000 Erems
3 3.576 Bottom 2882 Wet Weight + Tare 66060  grawu
Average 3.55 Average 2,883 Dry Weight + Tare  465.11  grams
Moisture Content 40.8 b

otal Weight of Soil + Tube Section G660 gramis
Weight of Clean, Dry Tube Scction 0.00 Erams
Wet Weight of Soil 146 lbs
Volume of Sample 0.013 Ji
RESULT SUMMARY
Mouoisture Content 40.8 Y
Wet Density 108.6 pef
Dry Density 77.1 pef
Specific Gravity 2.385699
Porosity 0,48
Eemarks: Subcaniract Mo, AC54317H

Specification Mo, K-8PC-G-0013, Rev. 10 08132007
Delivery Ordar Mo 02
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AMMACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6155-08-0031 DO 2 Tested By  HJ

Project Name Salistone Grout & Vanlt Concrete  Test Date /1 2/ 2008
Boring No. TR450-2 (SWPF) Reviewsd By JW
Sample No. Core Review Date T0742008
Sample Depth n'e Lab Mg, 8728

Sample Description Growut

ASTM D5084 - Method F (CVFH)

Sample Type: B Corg

|Sample Crientation; Vertical

Initial Water Content, %: 41.9

Wet Unit Weight, pcf: 108.7

Dry Unit Weight.. pof: 768.7 N
Compaction, % _ g4
Hydraulic Conductivity, cm/sec. @20 °C |3.4E-08

Remarks: Subconfract No. ACE4317N
Specification No. K-SPC-G-0013
Revision 10 08-12-2007
Delivery Order No. 02
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ﬁmcmc

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring Mo.: TR450-2 (SWPF)

Lab No: §728 Drzpth: nfa
Project Name: Saltstone Grout & Vault Concrete Sample ID: Care
Tested By: HI Reviewed By TW
Drate: 06/12/08 Date: 10/14/08
Total Sample Inside Diameter Moisture Content
Height, incfes of Cut Tube, inclies
1 3.132 Tare Na, R-21
=
2 3049 Top 2885 Tare Weight 0.0 Erams
3 3.084 Bottom  2.873 Wet Weight + Tare 57400 grams
Average 3.09 Average 2879 Dry Weight + Tare  404.65  grams
Moisturs Content 41.9 ]

Toral Weight of Soil + Tube Section 74,00 Eroms
Weight of Clean, Diry Tube Section 0.00 grams
Wet Weight of Soil 1.27 Ths
Volume of Sample 0.012 A’
RESULT SUMMARY
Moisture Content 41.9 %
Wet Density 108.8 pef
Dry Density 76.7 pef
Specific Gravity 2.428175
Porosity 0.49

Remarks: Subcontract Mo, AC54317N

Specification Mo, K-8PC-G-0013, Rev, 10 08-13-2007

Deelivery Order No. 02
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AMMACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6155-08-0031 DO 2 Tested By HJ

Froject Name Saltstone Grout & Vault Concrete  Test Date a:4/2008
Boring No. TR450-3 (NWPF) Reviewed By JW
Sample No. Core Review Date  10/14/°2008
Sample Depth nix Lab Mo, 8729

Sample Description Growt

ASTM D5084 - Method F (CVFH)

Sample Type: Corg
Sample Orientation; . Vertical

Initial Walter Content, %, 418

Vet Unit Weight, pef: 1107

|Dry Unit Weight, pcf: 78.2
Compaction, %: . A ]
Hydraulic Conductivity, emisec. @20 °C |2.0E-09

Remarks: Subcontract No. AC54317TN
Specification Mo. K-SPC-G-0013
Ravigion 10 08-13-2007
Delivery Order No., 02
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A MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: §155-08-0031 DO 2 Baoring No.; TR450-3 (SWPE)
Lah Ma: 8729 Depth: nfa
Project Wame: Saltstone Grout & Vault Concrete Sample I Core
Tested By: HJ Reviewed By: JW
Date: 06/04/08 Date: 10/14/08
Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches
1 3.E14 Tare Mo, BG-1
L ——— —
2 3.738 Top  2.863 Tare Weight 0.00 Srams
3 3.799 Bottom 2,880 Wet Weight + Tare 712,50 grams
Average 3.78 Average 2872 Dry Weight + Tare 50326  grams
Muoisture Content 41.6 i
Frotal Weight of Soil + Tube Section 712,50 grams
[Weight of Clean, Dry Tube Section 0.00 Erinms
Wet Weight of Soil 1.57 Ihs
Volume of Sample 0.014 I
RESULT SUMMARY
Moisture Content 41.6 %
Wet Density 110.8 pof
Diry Density 78.2
Specific Gravity 2.533665
Porosity 0.51
Rernarks: Subcontrace Mo, AC343 17N

Specification Neo. K-SPC-G-0013, Rev, 10 08-13--2007
Dreelivery Order Ma. 02
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ZMMACTEC

Water Retention Test
(ASTM D3152)

Project Mo 6155-08-0031 DO2 Project Name Salislone Grout & Vaut Concrets
Testad By H.MIW Test Date G808
Raviewsd By Jw _ Review Datle 10/14/08
52,0 T
514 }-
815
o —

Wiater

Redention
{percent by Volume)
(=1 i
- -k
.D LS5
———1ilk

5008 ——1 - |

06 q

S04 |- 1 ——f— y

502 | ! }

0,00 200 4,00 5,00 8,69 18,00 12.00 14,00 1600
Applied Prossure (bars)
[ —+—EWPF TRez0-1 WA —m— SWPF TRIS0Z ik —a—STEE TRAS0-3 NIA —5— —— |
Sample No, | Initiaf | Diry Linit Applied Pressurs (bars) |
& Depth (7) Maistura | Wedght | 0.00] 0.10] 05] 1.0]  &0] 150] [ [ |
B by Val.|  (pef) Ratained Water (persant by wolurns)

SWPF TRE80-1, /A

51.8 86| 518 516] 515 81.5] 514] 514 [

SWPF TRAS0-Z N

512 787 s1.2| soe| 508 s0s| S08 sS04 |

EWPF TR4S0-3 MNia

0.8 782) 508 s505| 805 E04| 504 s03

FRemarks:

Subcontract Mo, ACS4317N
Specification No K-SPC-(s-0013
Revision 10 08-13.2007
Defivery Crder No 0F
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ﬂMACTEC

Water Retention Test

(ASTIM D3152)
Prajest Mo §155-08-0031 DO2 Project Hamsa Safzlons Srowt & Vaut Cancrats
Testad By HIANY Teat Dade BM8/2008
Faviewad By T Reviaw Date WT4/3008
Sampie Mo _ BARF Tei | ser iasea] smer e | | Femarks: Subconirsst Mo, AC54317H
Daplh [F IR A Hi& ) Spacificalion Mo K-SFC-G-0013
Lain Mo BT 8728 | avig Ravision 10 08-13-2007
IRing Mo ity RiA b, Celvery Order Mo 02
Ceatiner Walght. {a) ) [T o h
‘Container Mameter (om) .05 7.1 r.37
Cantaingr Hexghl, fon) 2238 1.538 1.984
Containgr Yalumea (em’) 9580 @134 mase
WE of Wisl Sail + Container (g) 167021 144.14] 1477 ]
Wit of Dry Soil + Containar fg) 11847 102.53] 1073
hosture Content (%) 41.0 40.8 40.5
Oiry Unil Wieight (pof) TEB1|  Tees|  7e=zi
Irial WLWes Sall = Container ig) | 167,02 144.14] 14730 ]
initiel ¥, Conlainar [q) 0,00 0.00] 0.00 |
initisl Meisbore, % by Velume 51,8 512 15| |
L3k |Fressure [ps) O 48] 7G6] 43| 7Z3] Z17.5] I
Mo, harg L 040 b.5] 1.0 50 15.0] ]
Dale § Read By
7T |Weght of Soi + Fing 16702 BEE3] 16| 16878 T2 186,68
' VVElgh of Ring 0 0 [ i a i
Ratained Walsr (% £1.8 E1.8 51.5 1.5 £1.4 £1.4
[~ 5728 [ Walnt of Sail + Fing 9593 14587 TAnEs 8514386 43,84
Wiight of Ring i 7 1 i B [
Reetainad Walsr [%) E1% 50,5 50.8 5.9 &0.4 50,8
B7.29 Weight of 5ol + Ring 1=7d] 14588  T4651] 14685 14603 1468
Whaight af Ring [i [ 1] 0 1] 1
Retainad WWatar (%) 50,8 50,5 S G0.4 B0 503
| |
| | i ]
Mo of Samples 3
Me. of Tests per Samgple [
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A MACTEC

HYDRAULIC CONDUCTIVITY

Project Mo, 6155-08-0031 DO 2 Tested By  BM
Project Mame Saltstone Grout & Vauli Concrete  Test Date 9202008
Boring No. TR451-1 (SWPE) Reviewed By HJ
Sample No, Core Age 90 Days Review Date J/6/2008
Sample Depth na Lab Mo 8887

Sample Description Grout

ASTM D5084 - Method F (CVFH)

|Sample Type: |Can.=t

Sample Crientation: Vartical

Initial Water Content, %: 423 ]
Vet Unit Weight, pcf: 109.1

Dry Unit Weight, pcf: 76.6
Compaction, %: N4 i
Hydraulic Conductivity, cm/sec. @20 °C |1.2E-09

Remarks:  Subcontract No. ACS431TN
Specification No. K-SPC-G-0013
Revision 10 08-13-2007
Delivery Order No. 02
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?JM&CTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring MNo.: TR451-1 (SWPE)

Lab MNo: 8881 Depth: w'a
Project Name: Saltstone Grout & Vault Concrets Sample I Core Age 90 Days
Tested By: HJ Reviewed By: JW .
Date: 09/10/08 Date: 10/14/08

Tuotal Sample Inside Diameter Moisture Content
Hﬂgﬁ inches of Cut Tube, incles
1 2.025 Tare Ma,
z 2028 Top 2850 Tarzs Weight .00 grams
3 2.045 Bottom 2§32 Wet Weight + Tare 371,56 gromy

Average 2.03 Average 2851 | Dry Weight+ Tare 26106 grams

Moisture Content 42.3 )

otal Weight of Seil + Tube S=ction 317156 grms
Weight of Clean, Dry Tube Section 0,00 Pt T
Wet Weight of Soil (.82 fhy
Volume of Sampls 0.008 Ji
RESULT SUMMARY
Moisture Content 42.3 %
Wet Density 10%.1 pef
Dry Density T6.6 pef
Specifiec Gravity 2385699
Porosity 0.49
Remarks: Subcontract Mo, ACS431TN

Specification Mo, E-8PC-G-0013, Rev. 10 08-13--2007
Deelivery Order Mo. 02
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Project No,

Project Mame

Boring No.
Sample No.

Remarks:

SRNL-STI1-2008-00421, REVISION 0

MACTEC

HYDRAULIC CONDUCTIVITY

6155-08-0031 DO 2

Salisione Grout & Vasdi Concrele

TR451-2 (SWPF)
Core Age 90 Days
Sample Depth R

Sample Description Grout

Tested By BM

Test Date 902008
Reviewsd By JW
Review Date  10/14/2008
Lab Mo. 8882

ASTM D5084 - Method F (CVFH)

Sample Type: lCr::re ]
|Sarmple Orientation: Vertical

Initial Water Content, %: 40.7 .
Wet Uinit Weight, pcf: 108.0

Dry Unit Weight, pef: 77.5 ]
Compaction, %: N4 .
Hydraulic Conductivity, cmisec, @20 °C |2.0E-09

Subcontract Mo, ACS4317N

Specification No. K-SPC-G-0013

Revision 10 08-13-2007

Delivery Order No. 02
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ﬁMACTEC

TP-4 UNIT WEIGHT OF SAMFPLE

Project Mo.: 6135-08-0031 DO 2 Boring Mo.: TR451-2 (SWTF)
Lab Mao: 8882 Depth: n/a
Project Mame: Saltstone Grout & Vault Concrete Sample ID: Care Age 90 Days
Tested By: I Reviewed By: I'W
Date: 09/10/08 Drate: 10714008
Total Sample Inside Diameter Muisture Content
E[eiE_ht.. inches of Cut Tube, inches
1 2.157 Tare No. M-11
o — .
2 2.073 Top  2.887 Tare Weight .00 rams
- —_— ——————————
3 2.152 Bottom 2,875 Wet Weight + Tare 396.66  prams
Average 2.13 Average 2,881 | Dry Weight+ Tare  282.00  grams
Moisture Content 40,7 2

Total Weight of Soil + Tube Section 396.66 grams
Weight of Clean, Dry Tube Section 0.00 Erams
Wet Weight of Soil 0.87 ths
Volume of Sample 0.008 i
RESULT SUMMARY
Mouisture Content 40.7 %
Wet Density 109.0 nef
Dry Dengity 77.5 pof
Specific Gravity 2.420541
Porosity 0.49
Bemarks: Subcantract Mo, ACH51TH

Specification Mo, E-S8PC-G-0013, Rev, 10 08-13--2007
Dellvery Order Mo, 02
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?JMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring No.: TR451-3 (SWFF)
Lab Ma: 8833 Depth: n/a
Project Name: Saltstone Grout & Vault Concrete Sample I Core Age 90 Days
Tested By: HJ Reviewed By: TW
Date: 09/10/08 Drate: 10/14/08
Total Sample Inzide Diameter Moisture Content
Height, inches of Cut Tube, incies
1 2.04 Tare No.
2 2017 Top 2,580 Tare Weight 0.00 grams
3 2.01 Bottom 2888 Wet Weight + Tare_ 378.54  grams
Average 2.02 Average 2884 Dry Weight + Tare 26652 grams
Moisture Content 420 &

Total Weight of Soil + Tube Section 37858 grams
Weight of Clean, Dry Tube Section (.00 gremy
Wet Weight of Soil 0.83 Ihs
Voluime of Sample 0.00% i
RESULT SUMMARY
Moisture Content 42.0 %
Wet Density ' 109.2 pef
Dry Density 769 pef
Specific Gravity 2.402716
Porosity 0.49
Femarks: Subcontract Mo, AC31TH

Specification Mo, K-SPC-G-0013, Bev. 10 08-13-2007
Delivery Crder Mo, 02
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Water Retention Test

AMMACTEC

(ASTM D3152)
Project Na 6155-08-0031 DO2 Praject Hame Sallstane Growt & Vault Goncrats
Testad By HJW Tast Data aMang
Ravigwed By JW Reviaw Date 10M4/08
545 T
54.0 gr
51,5
g
é ) ,:1—"!“— = |
E&
E ¥ s
[
g o ""'1..:_ |
51.5 % -
51.0 | }
0.00 2,00 4.00 B0 8.00 1004 12.00 14.00 1800

Applied Pressurs (bars)

[ TRa511, c0dyms (W) —B—TRE512,M00pas SRR —h—TR451-2,90dyas{SWFF) —5— —%= |

Sample Mo, Imitizl | Dy Unit Applied Fressure (bars)
& Depth (f) Moistura | Waeight | 0000 040 o8] 10 &0] 18.0] I |
%o by Vol. | (pefy Petained Water (percent by voluma)
TRA51-1.30dyas{SWRF) 440 756 524| B1.8] 51.4] 514] 514] 514
TR451-2,90cyae{SWOF) 54.0 77l s40| saz| s31] s3] sao| san
TRAS1-3,20dvas] SWPF) 3.0 7E8| %S30| =22 522 524 B2 =20
] | | ]
Remarke: Subconiract Mo, ACE4317MN

Specifcation Mo K-5PC-5-0013

Ravision 10 05-13-2007

Dellvery Order No 02
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AMMACTEC

Water Retention Test

(ASTM D2152)
Praject No 5155-08-D031 D02 Preject Nama Salbsbane Grout & Vaull Cancrate
Teshad By LI Tast Dats B/19/2008
Rawiewad By W Riawlaw Data 101402008
Sampie ho, TR451-1 | TRAST-2 | TRaE12 Remesks: Subcontact Mo, ACS4317H
Cegth () 1 | oepusimmnr | aemusies Specification No K-5PC-G-0013
Lab No. BAE1 | p4E2 | paBd Revisian 10 68-13-2007
Rirg Ma, L) A, g, 1 Delivery Order Mo 02
Canfainer Waight (g _ [i] 0
Container Diametar (am) 7.263 7.237 7.316 N
Centainer Halght, (cm) 2.078]  1.836) Z2.n0ar ]
Cantsinar Yolume forry 8813 7984 B5.50
WL, afl Wel Sal + Consainar (g} 14922 14213] 18077
‘Wt of Dry Soil + Cartainer (g) 104,28 48.96] 105238
Mossture Cenlent (%) 43,0 43.5 43,1
Dy Linit Weight {pef) T5.80) 7770 75.78
Il WEWet Soll » Container (g) | 142.02] 14293 150.77
llni-h'al'-"ﬂ. Container (g 0.00 0.00 0.00 |
Initia! Moistura, % by Volumne 440 54.0 53.0] .
Lab  |Frezsure [pai i [EEH 7.25 14,5 T2.5] 217.5] | |
Ma, | |bars [ 210 05 1.0 54] 15.0 I |
Date T Raad By
BEAT|Wargnht af Sail + Fing 145.22| 14B.89| 14B.55| 148.81]  148.50 1058
Walght of Ring [ 1 [ [1] [1 [1]
Resained Walar (%) 52.1 518 514 514 514 HE
EAE2 [Weight of Seil + Ring T4Z13[ 12TE] 14145 14142 14198 AT
Wialght of Ring [1] [1] a ] ] i )
Ratained VWalsr (%) 54.0 53,2 534 B11 530 £30
8EA3[Weightof Sol+Ring |~ 15077]  150.15]  1B0.17| 1S0.05 150 148,67
Wiight of Ring 1] 0 T i [1] i
Fesained Water (%) 53.0 522 [EE: 521 521 520
|
| | I
Mo, of Samgles 3
Mo, of Tests per Sampla ]
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APPENDIX D. MCT DATA SHEETS ON VAULT CONCRETES
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ZIMACTEC

HYDRAULIC CONDUCTIVITY
Project No. 6135-08-0031 DO 2 Tested By  HJ
Project Name Saltstone Grout & Vault Concrete Test Date 852008
Boring Mo. Vi-080025-4 Reviewad By JW
Sample No. Core 28 days (6x12) Review Date 10/14/2008
Sample Depth N4 Lab Mo. 8969

Sample Description Concrete

ASTM D5084 - Method F (CVFH)

Sample Type: Core

Sample Orientation: Vertfical

Initial Water Content, %: 52 -
Wet Unit Weight, pef: 148.7

Dry Unit Weight, pof: 141.4
Compaction, %: MA .
Hydraulic Conductivity, cmisec. @20 °C |1.3E-10

Remarks: Subcontract Mo, ACS4317N
Specification No. K-SPC-G-0013
Revision 10 08-13-2007
Delivery Order No. 02
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?J MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Praject No.: 6155-08-0031 DO 2

Lab No: 8569

Project Name: Saltstone Grout & Vault Concaets

Tested By: HI

Date: OB/15/08

Boring No.: VI1-080{25-4
Depth: nfa
Sample ID: Care Age 28 Days (6xl3)
Beviewed By: JTW
Drates; 10014408

Total Sample Inside Diameter Moisture Content
Height, imches of Cut Tube, incles
1 5.709 Tare Na.
2 5674 Top  6.005 Tare Waight 0.00 SRS
3 5.623 Bottom  6.013 Wet Weight + Tare  6276.20  grams
Average 5.67 Average 6,009 Dry Weight + Tare  5966.70  prams
Muoisture Content 5.2 k)
Total Weight of So0il + Tube Section 6276,20 Erams
"Weight of Clean, Dry Tube Section 0.0 gl
Wet Weight of Soil 13.84 Ibs
Volume of Sample 0.093 A’

RESULT SUMMARY

Moisture Content
Wet Density

Diry Density
Specific Gravity
Porosity

5.2 %
148.7 pef
141.4 pef

1.57043
0.1z

Remarks: Subcontract No, ACS4317TH

Specification Mo, K-SPC-G-0013, Rev. 10 08-13.-2007

Delivery Order No. 02
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AMMACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6155-08-0031 DO 2 Tested By  HJ

Project Name Saltstone Grout & Vault Concrete  Test Date DA02008
Boring Mo Vi-180025-5 Reviewed By JW
Sample No. Core 28 days (6x12) Review Date  TO/T142008
Sample Depth NiA Lab Mo, 8070

Sample Description Concrete

ASTM D5084 - Method F (CVFH)

Sample Type; lCnm

Sample Orientation: Vartical

Initial Water Content, % 4.5

Wet Unit Weight, pef: 151.0 N
Diry Unit Weight, pcf: 144.5
Compaction, %: A .
Hydraulic Conductivity, cmisec. @20 *C |2 1E.09

Remarks: Subcontract Mo, AC54317N
Specification No. K-SPC-G-0013
Revision 10 08-13-2007
Delivery Order No. 02
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2 MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project Mo,: 6155-08-0031 DO 2 Boring Mo.: V1-080025-5
Lab Ma: 89740 Depth: nfa
Project Name: Saltstone Grout & Vault Concrete Sample ID: Core Age 28 Days (6x12)
Tested By: HJ Reviewed By W
Darte: 0%/10/08 Date: 10/14/08
Tatal Sample Inside Diameter Muoistare Content
Height, inches of Cut Tube, fackes
1 5.58 Tare No.
] 36 Tep 6026 Tare Weight .00 grams
3 5.54 Boftomt  6.020 [ Wet Weight+ Tare  §29140  grams
Average 5.57 Average __ 6.023 || Dry Weight+ Tare 602050 grams
Moisture Content 4.5 3

Total Weight of Soil -+ Tube Section 26140 Erms
Weight of Clean, Dry Tube Section .00 Erams
Wet Weight of Soil 13,87 Ibs
Volume of Sample (02 F
RESULT SUMMARY
Moisture Content 4.5 %
Wet Density 150.9 pef
Diry Density 144.4 pef
Specific Gravity 2.57043
Porosity 0.10
Remarks: Subcontract No. ACS431TH

Specification Mo, K-5PC-G-0013, Rev, 10 08-13--2007
Delivery Order Mo, 02
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MACTEC

HYDRAULIC CONDUCTIVITY

Project No, 6155-08-0031 DO 2 Tested By  HJ

Project Name Saltstone Grout & Vault Concrete Test Date 9102008
Boring No. VI-080025-6 Reviewed By JW
Sample No. Core 28 days (6x12) Review Date TO/142008
Sample Depth N4 Lab Mo. 8971

Sample Description Concrete

ASTM D5084 - Method F (CVFH)

Sample Type: Core

[Sample Orientation: \Verical |
Initial Water Content, %: 4.5

Wet Unit Weight, pef. 148.2 o
Dry Unit Weight, pef: 1428
Compaction, %: ) |
Hydraulic Conductivity, em/sec. @20 °C |1.1E-10

Remarks. Subcontract No. AC54317N
Specification No. K-SPC-G-0013
Revision 10 08-13-2007
Delivary Order Na_ 02

Page 146 of 204



SRNL-STI1-2008-00421, REVISION 0

T R AP0y Aaaljag] LT 51 FSRIOND  =(1-Moks =0 Wafl OTLLOD  =YII=S
LO0T-ET-B0 0] HOIEIASY FEOPDL =M w3 ] =T
ET00-D-DE5-1 opf boneayands gI0E00 ='W A8 [T ER] -
BLLTERSIY “Op 1IRnUIIGgNE STIOE JUI QlRIEND =R B3 TIL90D ="
Pz, WM Wil 250y 5
MWW PI-ATT Do 0T 1§ -Fay uonmELG| % od) adiy,
apdureg  |uorsedimery dnsuacy x| spdueg  Eeug) ge o
; |
|
11-3R06 | 118906 6L ¥l Tt 15 61T (57 oLl e
OEITT | OEDTT [#RI A TEL Tor I | osEE oo ne1ee
QUEEDL | RIFEERT LW ¥l TEL (TR 0L DsEE oLl Q0RSE
0l-AFEl | 01ESFL 00T voT TEL [T 0T 09k oLl OZ5EE
Ql-EsTl | pIEPel |ToE oL TEL (AT e Towve Joln A
o 0T 1 WHPED  JEAPED
QUL gy | el | onoespdp (2:) ] () ()] (TS (=24
L] k] [LHE] L] dusap oy o e “x ot ), paedeyy
11851 (T 1'ifi % TR
ROCT oy ] F G JEUeT) SSIOW | BTkl B
A PRSI RS 109 U I 050767 | S STy 05 A 01610 |2 1 S|0WES |10F
1Eh 5 WDUEEIES we sl g 9L, |L5T | FRERR OS5
i 2 YaBumgy sumpa, TTFl od e i Da | o619 sl SE) + 105 4 [L1BS1 [ B
0 Smpesy yemy eung & o ey saeiop] | £10 SEERAY BT FluEAY
0 Bupway mmg [ee) 0 aued W@ey oy | L1090 | =l L5es Lo
p1 ted amssang Sunguos 0EGT6E | mwed uRg 3 105 A0 | G009 T W] B T UapENa]
59 15d "anssaig qoeg 05 1alY e Wy IoS A | 1009 [uomEa] | OZ5F | ey
8L s ‘snsseg mgEs 0] R [T uf T
WO P USUDy Eyeg] apduies [ Euﬁnﬂum Tepy
FR2007 nondussag spdureg
B 168 0N 9T WM dsq apdueg
RPN AR mataay [Z1%0) sfep g 230 “op] spdumeg
........... MI E pamataay . _9-STO0SO-LA  CoN Buuog

" SOML/60 AL 190D IR F TOID FUOIIDS SN oafoid
U MHU<2 W [H &g pasal 7 OC [E00-80-55 9 2equmpy paelong

(preayy Fuje swnjo) yowsuo)y f POmaR) (£0 - ROSA WLSY)
1831 ALIMIEYINHA

Page 147 of 204



SRNL-STI1-2008-00421, REVISION 0

ﬁMACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring Mo V1-080025-5

Lab Mo: 8571 Depth: n'a
Project Name: Saltstone Grout & Vault Conerete Sample IT): Core Age 28 Days (6x12)
Tested By: HI Reviewed By: TW

Date: 09/ 10/08%

Date: 10/14/08

Total Sample Inside Diameter Muoisture Content
Height, inches of Cut Tube, inches
1 5,52 Tare No.
2 5.548 Top 6017 Tere Weight 0.00 orams
3 5.637 Battom 6009 Wet Weight + Tare  6191.60 grams
Average 3.57 Average 6013 Dry Weight + Tare  5926,50 grams
Maisture Coatent 4.5 4
[Total Weight of Soil + Tube Section 6191.60  grams
Weight of Clean, Dry Tube Section 0,01 Erams
Wet Weight of Soil 13.65 iby
Volume of Sample 0.052 Fs
RESULT SUMMARY
Muoisture Content 4.5 %
Wet Density 149.2 pef
Dry Density 142.8 pef
Specific Gravity 257043
Porosity 0.11

Femarks:

Subcontract Mo, AC54317N
Speeification Mo, K-8PC-G-0013, Rev. 10 08-13--2007
Delivery Order Na. 02
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MACTEC

Water Retention Test

{ASTM D3152)
Project Mo £155-08-0031 DOz Project Mame Salislone Grout & Vault Conenels
Tesled By HIJW Test Date 8/9008
Raviewsad By Jw Review Date 1004/08
128 ’7 |
12.4 —
122 1:»_\
¥ E 120 f— e ~ .
£2 N —
EZ1a e -
£z — = —n
g i 11& |
11.4
112 |— = ——
T —
1.0 I | —
0.00 200 400 800 8.00 10,00 12,00 14.00 16.00
Applied Prossure (bars)
[—+—v1-anezs nis —m—vioeorzsz —k—VT-DB0025-3 N8 —B— —a— |
Sampie No. inilial | Diry Lint | ] Appfied Pressure (bars)
& Depth () Moisture | Weight | 0.00] 010] os] 10] sol 180 ] [ |
% by Val.|  (pcf) Retained Water (parcant by wolume) )
v 1-DBD02E 1, 1A 1.7 1403 11.7] 14| 193] 193] i14] 111 | [ '
\1-OBA02S-2, Mk, 122 1328 122 120| 11.8] 118] 118 117 |
1-0B00ES .3, M, 12.4 1365 124 122 121] 120/ 120 118
— |
Rarmarks: Subcontract Mo, ACS431TH

Specification Mo K-BPG-G-0013
Fevision 10 08-13-2007
Celivery Order Mo 02
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?JM&CTEC

Water Retention Test
(ASTIM D3152)

Projact Mo £155-08-0051 D2 Projact Mame Sefstone Grout & Vaull Concrete
Tasted By HIW Tesst Date A0S
Reviewsd By JW - Fiarview Dabe 1071452008
Sample Na. wiAmes | w-0a00asd | wiamoang | 1 Remarks: Subeaniract Mo, ACS4317H
Dspth [ ™ = ™ L Specificalion Mo K-SFC-G-0012
Lab Mo (=L BEET [ETT] o Ravision 10 08-13-2007
Fing Mo i, HiA NiA, Delvary Crder Me 02
[Container Wheighd, (g} i [ [1] |
|Cionleiner Diametar {cm) TEID| 779, 7.71a
[Comtaitar Hemght, [em) 1.875 21477 2,303
Cantainer Voluma (cm”) B2.82] 10881 103.07
Wi of Vel Sall + Confainer 1) 21248 235354 FaE 1
Wi of Dry Sod + Conlainer (g) 0| 2a7ES, 995 4
Waisture Gonbant (%) 52 5.7 5.E ¥
Unit Waight (pah) 0,32  133,85| 138.4F
Inital Ve Vet Soil + Gonteirer (g] | S12.48] 2353 23811
nitial Wt Containar (g) £.00 (1,061 0.00
Ingial Malslure, % by Voluma 1.7, 12.2] 12.4] |
Lan  [Pressure [pai [l 1.45] 728 14.5] T2.5] 21T.5]
M, |bans 0.0] 0.1a] 0.5 1.0 5.0 15.0
Crate / Read By ]
[~ BaEE Weight of Sell + Rmg | 21228 i'r|1 73| 21218 Fi207|  2iem FRER ]
Veight of Ring [+] D [ a o] 1]
Retained Waler [% 1.7 114 11.3 1.2 1.1 11.1
GG |[Weiphiof Sol + ming | 235.04)  puh04 234.00] D9A5E T5ATD Ta4.E7]
Wimight of Ring 0 [1] 5] 7] V] [4]
Retained Vater (% [ 12,0 115 11.8 11.8 11,7
BOSE|Welhiof Sl + Ring | 23A.91] 28708 B38| T A ST T ES
Wight of Ring 1 1 1 i [ 0
|Retained Water (%] 124 1232 124 120 12.0 1.8
]
| | | |

Ma, of Samples
Mo. of Tests per Sample

| L
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AMACTEC

HYDRAULIC CONDUCTIVITY

Project Mo. 6155-08-0031 DO 2 Tested By  HJ

Project Name Saltstone Grout & Vault Concrete  Test Date T212008
Boring Mo, F2MT 80010-4 Reviewed By JH
Sample Mo. Core Review Date 10752008
Sample Depth ] Lab No. 8307

Sample Description Concrete

ASTM D5084 - Method F (CVFH)

Sample Type; Core :
Sample Orientation: Verfical

Initial Vater Content, %: 54 .
Vet Unit Weight, pcf; ] 143.4

Dry Unit Weight, pef: _ 1360
Compaction, %: A
Hydraulic Conductivity, cm/sec. @20 °C |7.8E-11

Remarks:
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ﬂMACTEc

TP-4 UNIT WEIGHT OF SAMPLE

Project Mo.: 6155-08-0031 DO 2 Boring Mo.: V2M1-800104-4

Lab MNo: 8597 Depth: nfa
Project Mame: Saitstone Grout & Vault Concrete Sample IT:: Core Age 28 Days (5x12)
Tested By: HI Reviewed By: I'W
Date: 07/21/08 Date: 10/14/0%
Total Sample Inside Diameter Moisture Content
Height, fnches of Cut Tube, inches
1 4.5509 Tara Ma, AB-19
2 4,712 Top 6005 Tars Weight 0,00 grenms
EEee— — L —
3 4,662 Baottem 6,007 Wet Weight + Tare 498920 grams
Average 4.68 Average  A.008 Dry Weight + Tare 473210 grams
Moisture Content 5.4 b
Tatal Weight of Soil + Tube Section 4080 20 grams
Weight of Clean, Dry Tube Section 0.00 granis
Wet Weight of Soil 11.00 s
Volume of Sample 0.077 I
RESULT SUMMARY
Moisture Content 5.4 %
Wet Density 143.4 pef
Dry Density 136.0 pef
Specific Gravity 2,5195534
Porosity 0.13

Eemarks: Subcontreet Mo, ACS431TH

Specification Mo. K-8PC-G-0013, Rev. 10 08-13-2007

Delivery Order Mo, 02
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ZMACTEC

HYDRAULIC CONDUCTIVITY
Project No, 6155-08-0031 DO 2 Testaed By  HJ
Project Name Saltstone Grout & Vault Concrete  Test Date 32472008
Boring MNa. F2M1 80010-5 Reviewsd By JH
Sampla Nao. Core Review Date T0/75.2008
Sample Depth M Lab No. 8508

Sample Description Concrete

ASTM D5084 - Method F (CVFH)

Sample Type: Core
Sample Crientation: Vertical
Initial Water Content, %; X}
Wet Unit Weight, pef: 1425
Dry Unit Weight, pef: 137.7
Compaction, %; A
|Hydraulic Conductivity, cm/sec. @20 *C |2.BE-10

Remarks:
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MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project Mo.: 6155-08-0031 D0 2

Labh No: 8598

Projeet Name: Saltstone Grout & Vault Concrete

Boring No.: VIMI1-800104-5
Depth: n'a
" Sample ID: Core Ape 28 Days (6x12)

Tested By: HY Feviewed By: I'W
Doate: 05/24/08 Drate: 1(V'14/08
Total Sample Inside Diameter Muoisture Content
Height, incies of Cut Tube, inches
| 10,049 Tare Ma. L-20
= =
2 10.002 Top 6006 Tere Waight 0.00 Eramg
3 10,038 Bottom  6.030 Wet Weight + Tare  10670.40  grams
Average 1003 | Average_ 6.018 | Dry Weight+ Tare 10312.82  grams
Muoisture Content 3.5 6
Total Weight of Soil + Tube Section [0670.40 grams
Weight of Clean, Dry Tube Section .00 ErimE
Wet Weight of Soil 23,52 ibs
Volume of Sample 0.165 A
RESULT SUMMARY
Moisture Content 3.5 %
Wet Density 142.5 Pl
Dry Density 137.7 pef
Specific Gravity 24100761
Porosity .08

Remarks: Subcontract Ne, ACS4317TH

Specification No. K-8PC-G-0013, Rev, 10 08132007

Delivery Order Mo, 02
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AMMACTEC

HYDRAULIC CONDUCTIVITY

Project No. G155-08-0031 DO 2 Tested By . H.J

Project Name Saltstone Grout & Vanlt Concrete  Test Date 3/24/2008
Boring Mo. F2M1 80010-6 Reviewed By JHW
Sample No. Core " Review Date 104152008
Sample Depth na Lab No, 8599

Sample Description Concrete

ASTM D5084 - Method F (CVFH)

Sample Type: - _ |Core

|Sample Orientation: Vertical |
Initial VWater Content, %: .15‘.2

Wet Unit Weight, pcf: 143.1

Dry Unit Weight, pof: 134.8
Compaction, %: NFA
Hydraulic Conductivity, cm/sec. @20 °C |6.0E-11

Femarks:
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%”J MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 Boring No.: VIM1-800104-6

Lab No: 8599 Depth: nia
Project Wame: Saltstone Grout & Vault Conerefe Sample [I: Core Age 28 Days (6x12)
Tested By: HIY Reviewed By: TW
Date: 05/24/08 Date: 10/14/08

Total Sample Inside Diameter Foisture Content
Height, inches of Cut Tube, inches
1 467 Tare Mo. 1
2 4614 Toep 6021 Tare Weight .00 Erams
3 4.636 Bomtem 6,011 Wet Weight + Tare 495480  gramw

Average 4.64 Average  6.016 Dry Weight + Tare  4665.20  grams

Muoisture Comtent 6.2 g5

Total Weight of Soil + Tube Section 405480 grams
Weight of Clean, Dry Tube Section 000 grams
Wet Weight of Soil 10.92 Ihs
Volume of Sample 0.076 A
RESULT SUMMARY
Muoisture Content 6.2 %
Wet Density 143.1 pef
Dry Density 134.7 pef
Specific Gravity 2.5507326
Porosity 015
Femarks: Subcontract No. ACS431TH

Specification Mo. K-§PC-G-0013, Rev. 10 08-13.-2007
Delivery Order Mo, 02
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ZMACTEC

Water Retention Test

(ASTM D3152)
Praoject Mo B155-08-0031 DO2 Projact Mame Salisione Grout & Vauk Conoete
Tasted By HJIJW Test Date 5/21/08
Reviswed By S0 Raview Date 04008
130 |
12,8 dg—
L
128
124 3\_\ - - .
() .
kB
i i:‘ 22 e —— e -
—
g E 20
]
11.8
H
LT
1.4 t‘.\
112
Ha !
0.00 200 .00 £00 8.0 10.00 12.00 14.00 1800
Applied Pressura (bars)
[—4—=2N1 B0010-1 WA —— VM T H0OT0-2 NIA —k— VWM S00103 MA —B— —m ]
Semple Mo, Initial | Dry Linit __Applied Pressure (bars)
& Depth {ff) Meisture | Weight | 0000 010] o5 10] s0] 150] [ | [ ]
% by Vol (peh Retained Waler {parcan by volurme)
VM1 80010-1 Mid, 128] 1357 128 1z6] 125 126] 124] 124 ]
2t B0010-2, M8, 18] 1384 11.8) 18] 114 11a] 113 112
MY B0010-3, MiA 127) 1364 12.7] 125 1z3] 123] 122] 1241 ]
I | I !

Remarks:

Subcontract Mo, ACS431TH
Specification No F-SPC-GO013
Fewvision 10 08-13-2007
Delivery Crdar No 02
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ﬂmcme

Water Retention Test

(ASTM D3152)
Prajest Na G155-08-0031 DOz Project Nama Seitsione Groul & Waull Concrate
Testsd By HUJW T Test Date E1/2008
Renviewed By JW Resview Data 101472008
Sarnpla Mo WM 001021 BO00EMT 800 10-3 | Remarks: Subcaniract Mo, ACS4317N
Degth (] HiA [ T | Specification Mo K-SPC-G0013
Lab No. B5b4 | BRAE | B53E | ] Revisian 10 06-13-2007
Ring Mo, A, [ B ] Dalivary Orgar Mo 02
|[-antairer Weight. [g) [ 0 o ]
[Container Damater {cm) TEIT| 7824 7608 .
Conlainer Height, (om) 24730 2479] 1.68a
Condairer Yalume fem’) 11041 08,47 85.24
il of Wat Sl + Canfainer [g) 254.78| 21161 10048
Wit_of Dry Soil + Containar (g) 240168  2008] 183
[Wiaistura Contan (%) ] 52 EB
Unil Walght {pcf) 13573 1306 15547 |
Iniliai W Wet Sail + Cordaner [g) A4 38]  ZIVET] 15948
Initial Wt Container (g) .00 .04 [TI73]
Initial Mipisture, % by Violume 12 8] 11,8 12,7
Lair  |Pressure [aai ] 0 148 7.=2s5] 4.5 72.5] 217.5] |
Na, bars 0.0 ORI .51 1.0 5.0 15,0/
Cale / Read By
858 |WuBight of S0l + Fing T 78] oeaom 354 B3] 2604 253,81
Wiight af Ring i 0 1 [ [ 1
Ratained Water (%] 128 12,8 12.5 125 12.4) 12,4
8585 \Walght of Soi + Fang Z3TE1| 35168 73142 2913|213 331 2
Wiight of Rirg 1 0 1 [ o [
Ratained Waler [3) 11.6 11,6 11.4 11.3 11.3 11,2
S585Weight of Sail + Ring 159.46] 196350 18015 7a9.11] 19609 168,95
Waight of Ring [ ] [ 1] i ]
Fedainad Wealer (5] 127 125 123 123 [ 121
|
| [ ] |
M. of Samplas

I

Ha. of Tests per Sample
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ZMACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6155-08-0031 Do) 2 Tested By HJ

Project Mame Saltsione Grout & Vault Concrete Test Date 852008
Boring Mo, F2M2-080028-4 Reviewed By JW
Sample No. Core 28 days (6x12) Review Date  TO/142008
Sample Depth nu Lab Mo, S940

Sample Description Concrefe

ASTM D5084 - Method F (CVFH)

Sample Type: Core
Sample Orientation: Vertical
Initial Water Content, %: 6.3
Wat Unit Weight, pcf; 143.4
Dy Unit Weight, pef: 134.9
Compaction, %: M4
Hydraulic Conductivity, em/sec. @20 °C 5.0E-11

Remarks: Subcontract No. AC54317TN
Specification No. K-SPC-G-0013
Revision 10 08-13-2007
Dealivery Order No. 02
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ZMMACTEC

Project No.: 6135-08-0031 DO 2

Lab No: 89440

]‘mjem Mame: Saltstone Grout & Vault Concrete

Tested By: HI

Date: 08/05/08

TP-4 UNIT WEIGHT OF SAMPLE

Boring No.; V2M2-080028-4
Depth: n'a

Sample ID: Core Age 28 Days (6x12)

Reviewed By: J'W
Date: 10/14/08

Total Sample Inside Diameter Muoisture Content
Height, fmches of Cut Tube, inches
1 4,885 Tare No.
e e s e
2 4396 Top 5.005 Tare Weight .00 Erams
- B e —— ——
3 4894 Bottom 615 Wet Weight + Tare  5204.30  grams
Average 4.89 Average 6000 Dry Weight + Tare 48959 grams
Moisture Content 0.3 b
Total Weight of Soil + Tube Section 5204.50 B
Weight of Clean, Dry Tube Section 0,00 RIS
Wel Weight of Soil 11.47 ihs
Volume of Sample 0.080 s
RESULT SUMMARY
Mouoisture Content 6.3 o
Wet Density 143.4 pef
Dry Density 134.9 prof
Specific Gravity 2.501233
Porosity 014

Remarks: Subcontract No. AC54317N
Specification No, K-8PC-G-0013, Bev, 10 08-13--2007

Delivery Order MNo. 02
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ZfMACTEC

HYDRAULIC CONDUCTIVITY

Project Mo, 6155-08-0031 DO 2 Tested By HF

Project Name Saltstone Grout & Vault Concrete  Test Date 992008
Boring No. F2M2-080028-5 Reviewed By JW
Sample Mo. Core 28 days (6x12) Review Date T/ 747°2008
Sample Depth e Lab Mo, 8941

Sample Description Concrefe

ASTM D5084 - Method ¥ (CVIH)

Sample Type: Core
Sample Orientation: Vertical
Initial Water Content, %: 3.9
Wet Unit Weight, pcf: 144.0
Cry Unit Weight, pef; 138.5
Compaction, %: MNEA
Hydraulic Conductivity, cmisec. @20 °C_5.0E-11

Remarks: Subcontract No. AC54317N
Specification Mo, K-SPC-G-0013
Revision 10 08-13-2007
Delivery Order No. 02
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Project No.: 6155-08-0031 DO 2

SRNL-STI1-2008-00421, REVISION 0

MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Boring No.: V2M2-080028-3

Lab No: B94]

Depth: n/a

Project Name: Saltstone Grout & Vault Concrete

Sample 1D: Core Age 28 Days (6x12)

Tested By: HI

Reviewed By: IW

Date: O8/05/08

Date; 1001408

Total Sample Inside Mameter Muoisture Content
Hedght, frchies of Cut Tube, inches
1 5009 Tare Mo,
2 4,925 Top  6.015 Tare Weight {00 Erany
T B e — —_—
3 4.061 Bottomn 6,007 || Wet Weight + Tare  5324.60  pramy
Average 4487 Average  6.011 Dry Weight + Tare  5123.00  pramy
~ | Moisture Content 3.9 %
[ntal Weight of Sail + Tube Section 5324.60 ey
Weight of Clean, Dry Tube Section 0,00 B
fet Weight of Soil 11.74 ths
‘olume of Sample 0.082 5
RESULT SUMMARY
Muoisture Content 39 ]
Wet Density 144.0 pef
Dry Density 138.5 pef
Specific Gravity 243103
Porosity 0.09

Remarks: Subcontract No, AC54317N
Specification No, K-SPC-G-0013, Rev, 10 08-13--2007

Delivery Order Ko, 02
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Project Mo.

Project Name

Boring No.
Sample Mo.

Sample Depth

SRNL-STI1-2008-00421, REVISION 0

ZMACTEC

HYDRAULIC CONDUCTIVITY

G6155-08-0031 DO 2

Saltstone Grout & Vauli Concrefe
F2M2-080028-6

Core 28 days (6x12)

n'a

Sample Description Concrete

Remarks:

Tested By HJ

Test Date 182008
Raviewed By JW
Review Date T 14°2008
Lab No. 8942

ASTM D5084 - Method F (CVFH)

Sample Type:

Sample Orientation:
Initial Water Content, %:
Wet Unit Weight, pef:
Dry Unit Weight, pcf:
Compaction, %

Hydraulic Conductivity, em/sec. @20 °C

Vertical

Core

4.7

144.3

137.8

NEA

3.2E-10

Subcontract No. ACS4317N

Specification No. K-SPC-G-0013

Revision 10 08-13-2007

Delivery Order No. 02
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MACTEC

TP-4 UNIT WEIGHT OF SAMPLE

Project No.: 6155-08-0031 DO 2 " Boring No.: V2M2-080028-6
Lab Na: 8942 Depth: n'a
Project Name: Saltstone Grout & Vault Concrete Sample ID: Core Age 28 Days (6x12)
Tested By: HI Reviewed By: I'W
Dare: 09/18/08 Date: 1001408
Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches
1 4,922 Tare MNo.
2 4801 Top G020 Tare Weight (.00 gramy
3 4.803 Bottorn 6030 Wer Weight + Tare 522980 prams
Averago 4,84 Avermge  6.025 Dy Weight + Tare  4995.00  grams
Muoisture Content 4.7 %4
[Tatal Weight of Soil + Tube Section 322980 Erams
Weight of Clean, Dry Tube Section (1,001 arams
Wet Weight of Soil 11.53 lbs
Yolume of Sample 0.080 5’
RESULT SUMMARY
Muoisture Content 4.7 b
Wet Density 144.3 pef
Dry Density 137.8 el
Specifie Gravity 2.501233
Porosity 0.12
Remarks: Subcontract Mo, ACS4317N

Specification No. K-SPC-G-0013, Rev, 10 08.13--2007
Deelivery Crrder Mo 02
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Water Retention Test

MACTEC

(ASTM D3152)
Project No E155-08-0031 DO2 Praject Mame Sakstone Grout & Vaull Concrete
Tested By HJIW Tast Dafe GrayOE
Reviewed By JWN Review Date 10/14/08
114 | T T
[
1.2
5 E 11.0
; Eo1ne —— —— -
E .
3 B
£ 106
- —
104 —
0.2 ¢ | - : -
0.00 200 4.00 GO0 8,00 1060 12.00 14.00 1600
Applied Prossure (bars)
| —#—VaM20e0026-1 A —B—VEMZ080028-2 WA —A— VZMZOB00Z8 S NA —E— —— |
Sampla Ma. Initial | Dry Unit Applied Pr (bars)
& Diepth (1) Moisture | Weight | 0.00) o10] o8] 1.0]  5.0] 15.0] | [
% by Val.|  [peh ) Retained Water (percent by voluma)
VZMEOBODZS-1, A 113]  1408] 113 11.0] 10.8] 108] 10.8] 107 | '
EMI0A00ZE.2 KA, 111 407 114] 108] 107 108] 108 105 |
VIM20H002E-3, ik 10.9)  4408| 108 106 105) 105] 104] 104
| | | ]
Remarks: Subcontract Mo, ACS4317N

Specification Mo R-SPG-G-0013

Rewsgion 10 08-13-2007

Defvary Order No 02
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ngACTEc

Water Retention Test

(ASTM D2152)
Praject Mo B158-08-0031 D02 Praject Mama Saltstene Grout & Vaull Goncrete
Tasted By  HIDW Test Date BP0l
Reviewad By VW Feavisn Dale 10472008
Sample Mo \aititdin. | vivomsin2 | vieaceaeg _ Reamarks: Subcontrast Ma, ACES31TH
Depth i) Hh w | e _ Specification Me K-5PE-G-0013
Lab He, 8937 | ep3@ | &oao Revision 10 08-13-2007
Ring Mo. . HiA, HiA | THRA ] Delivary Order Mo 02 —
Container Weaight. (g} [i] [+] [1]
Containgr Déameler (e} FEM|  7ez0|  7.6e0
[Cardamar Height, fom) 1,867 187 2088
Container Velune fer) §1.33  @m84]  agzes
e, of Wet Sof + Cartainer ig) 36,54| 71284 gsoqe ]
WL of Dry Sail + Genlaner (o) 206.22| 20258 21178
Maistura Contant (%] 5.0 48 4.8
Dry Unil Winight {pch 140.88]  140.71]  140E1
[Initial Wit Wt S0l + Contalner () | 216.54] 21268 22202
Inilial ¥e. Cantainar (g) 0.07 0.00 .00 |
Initlal Meisturs, % by Voluma 11.3 11,1 10.8] |
Lak  Prassure pa 0] 1.4% T25] 4.5]  7a.8] FRER] |
Mo, | [bams [ 0.0 0.5] 1.0] 5.0 5.0 [
Dsie / Fead By
BE37 |Veeeghi of Sail + Ring 21654 21631] #16.14] 216.13] 21807 215.02
Wiaight of Ring i i [ [i [ 7]
Fetzined Watar [3) 113 110 0.9 168 0.8 0.7
HE3E Weighl af Goi = Firg S1Zo4|  212.28 212.16] Z1Ei3 Zis04 FEFIF]
Velght of Ring [i [ 0 o 0 ]
Fiatained Wader (%) 1.1 108 10.7 108 10.E] 10.5 ]
B34 [Walght of Sail+ Ring P S I I P S 221.61
- |Waight of Ring [1] 0 1] 1] 1] [i]
Reatained Walsr (%) 108 108 105 10.5] 104 104
i | ] |
[ | | i
Ma. of Samples

[=1] [T

Mo, of Tests per Sampis
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APPENDIX E. CALCULATIONS TO CORRECT FOR SALT
PRECIPITATION
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The purpose of this appendix is to demonstrate the calculations that were used to correct the
raw laboratory measurements of dry bulk density, porosity, and moisture retention for the
saltstone grout samples. For each of these measurements, the sample is ultimately oven dried
and it is necessary to correct for salt precipitation that occurs during this process. For each
type of saltstone, the amount of salt added per 100 gram of wet grout was measured and this
information was used to make the corrections. The corrections were made for each of the
three types of saltstone (DDA, ARP/MCU, SWPF). The example calculations presented are
for DDA saltstone. However, the calculations were the same for each saltstone type except
for the simulant ratios and properties.

Dry bulk density was calculated based on the following equations.

Mg = My — My, +S

liquid dry

M
pdry =

-M
V

total

sat liquid

Miiquia = mass of interstitial liquid in sample

Mi,t = mass of saturated sample

Mgy = mass of oven dried sample

S = known salt content of grout (g salt/100g grout)
Viotal = total volume of sample

pary = dry bulk density

For sample DDA-TR430-1:

Mgt =542.84 g

Mgy =3813 g

S =9.28 (grams of salt per 100 gram of grout)
Vool = 318.24 cm’

M s =542.84 ~3813 + 209531 4 54) 84 g grout
100 g grout
M i =211.929
_542.849-211.92¢
Peo 318.24cm’
g
Pay =104
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Porosity was calculated as:

M iquia
Vliquid =—=
pliquid
b= Vioigs _ Viiuia
V V

total total

Miiquia = mass of interstitial liquid in sample
Vvoids = total volume of voids

Viiquia = volume of interstitial liquid in sample
Viotal = total volume of sample

priquid =density of interstitial liquid

¢ = corrected porosity

For sample DDA-TR430-1:
Mliquid =211.92 g
pliquid =1.19 g/ CIIl3
Viotal = 318.24 cm’

M

liquid
Vliquid =—
liquid
211.92¢
Vliquid :—g
1.19 3
cm
Vigug =178.08cm’
4= 178.08cm’
318.24cm’
¢ =0.560
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The following equations were used to determine the initial moisture content (i.e., porosity) of
the moisture retention samples. It is important to note that only the mass of liquid removed
by oven drying needs to be corrected for salt precipitation. The liquid removed by pressure
extraction does not need to be corrected. Therefore, to determine the mass of liquid initially
in the sample, the calculation is broken into two parts. The first part of the calculation
determines the mass of liquid removed by pressure extraction and the second part determines
the mass of liquid removed by the oven drying process at the end of the test (which is
corrected for salt precipitation). The sum of these two values equals the total mass of liquid
in the sample at saturation. Corrections to the moisture retention data were slightly different
than for porosity and dry bulk density. For these measurements, the water to simulant ratio
was used rather than the measured salt content. Although the difference is negligible, some
salt is lost during pressure extraction so the salt content of the grout prior to oven-drying is
actually unknown.

1) Determine the initial moisture content of the sample:

M liquid — pressure = M sat M pressure— final
M _ M pressure— final — M dry
liquid—oven —
A wil
M liquid = M liquid — pressure + M liquid —oven
V _ M liquid
liquid —
liquid

b= Vioigs _ Viiuia

Vtotal Vtotal

Miiquid-pressure = mass of interstitial liquid removed by pressure

extraction, g

Miiquid-oven = mass of interstitial liquid removed by oven drying, g
Mpressure-final = final mass of sample following pressure extraction, g
M, = total mass of saturated sample, g

Miiquia = mass of interstitial liquid in sample at saturation, g

Mgry = mass of oven dried sample, g

Ywi= mass fraction of water in interstitial liquid, fraction

Viiquia = volume of interstitial liquid in sample, cm’

Vyoids = total volume of voids, cm’

Viotal = total volume of sample, cm’

¢ = porosity, fraction

Pliquid =density of interstitial liquid, g/ cm’
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For DDA-TR430-1:
M = 156.54 g
Mpressure-ﬁnal =156.08 g
Mdry =109.81 g
Ywi= 0.7767
Viotal = 90.09 cm’
¢ = porosity, fraction
Pliquia=1.19 g/cm’

M liquid — pressure = 15654 g _15608 g
M liquid — pressure :()46 g
M _ 156.089 -109.819g

liquid —oven 07767

M liquid —oven =59.57 g

M =0.469+59.57¢g

liquid

Mg =60.03g

liquid

v _60.03g

liquid

1.19

cm’

V. . =50.45cm’

liquid

_50.45cm’

/= 90.09cm’

¢ =0.560
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2) Determine the volumetric moisture content of the samples at each pressure increment. In
this example, the volumetric liquid content at 15 bars is determined.

Mg = Mg —M liquid
v . M sample M solid
liquid — P
liquid
0 _ Vquuid
liquid —
V

total

M, = total mass of saturated sample, g

Mgampie = mass of sample at each pressure increment, g

Miiquia = mass of interstitial liquid in sample at saturation, g

Mgolig= corrected final dry weight of sample, g

Pliquid =density of interstitial liquid, g/cm3

Viiquia = volume of liquid in sample at each pressure increment, cm’
Viotal = total volume of sample, cm’

Oliquia = volumetric moisture content of sample at each pressure
increment, fraction

Page 178 of 204



SRNL-STI-2008-00421, REVISION 0

For DDA-TR430-1

Mg = 156.54 g

Mgampie = mass of sample at each pressure increment, g
Mliquid =60.03 g

Pliquid =1.19 g/cm3

Vit = 90.09 cm’

M i = 156.549 -60.03 9

solid

M, =96.51g

soli

156.089—-96.51¢g
Vliquid = 9

1.19

cm’®

V. . =50.06cm’

liquid

50.06¢cm’

e 90.09cm?

Biquia =0.556

liquid
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APPENDIX F. RECOMMENDED CHARACTERISTIC CURVE DATA
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Table F.1. Recommended Characteristic Curves for the DDA Saltstone (w/pm 0.6).

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 9.6 x 10™ cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999010535498E-01 5.00E-02 9.9999010535498E-01 1.868055E-02
9.9997986436144E-01 1.00E-01 9.9997986436144E-01 1.409047E-02
9.9995916826836E-01 2.00E-01 9.9995916826836E-01 1.010657E-02
9.9989725297926E-01 5.00E-01 9.9989725297926E-01 5.857499E-03
9.9979724454104E-01 1.00E+00 9.9979724454104E-01 3.469996E-03
9.9961184597960E-01 2.00E+00 9.9961184597960E-01 1.807035E-03
9.9915465067191E-01 5.00E+00 9.9915465067191E-01 5.962337E-04
9.9860302333373E-01 1.00E+01 9.9860302333373E-01 2.111529E-04
9.9788067099630E-01 2.00E+01 9.9788067099630E-01 6.441829E-05
9.9674249020172E-01 5.00E+01 9.9674249020172E-01 1.144766E-05
9.9580897825690E-01 1.00E+02 9.9580897825690E-01 2.890764E-06
9.9485355143488E-01 2.00E+02 9.9485355143488E-01 7.080560E-07
9.9359026361135E-01 5.00E+02 9.9359026361135E-01 1.077786E-07
9.9264684578947E-01 1.00E+03 9.9264684578947E-01 2.573860E-08
9.9245840185135E-01 1.15E+03 9.9245840185135E-01 1.927454E-08
9.9227060867993E-01 1.32E+03 9.9227060867993E-01 1.443233E-08
9.9208348235218E-01 1.52E+03 9.9208348235218E-01 1.080560E-08
9.9189703632961E-01 1.75E+03 9.9189703632961E-01 8.089594E-09
9.9171128180992E-01 2.01E+03 9.9171128180992E-01 6.055838E-09
9.9152622803278E-01 2.31E+03 9.9152622803278E-01 4.533103E-09
9.9134188254552E-01 2.66E+03 9.9134188254552E-01 3.393081E-09
9.9115825143362E-01 3.06E+03 9.9115825143362E-01 2.539646E-09
9.9097533952056E-01 3.52E+03 9.9097533952056E-01 1.900795E-09
9.9079315054099E-01 4.05E+03 9.9079315054099E-01 1.422599E-09
9.9061168729063E-01 4.65E+03 9.9061168729063E-01 1.064675E-09
9.9043095175602E-01 5.35E+03 9.9043095175602E-01 7.967839E-10
9.9025094522666E-01 6.15E+03 9.9025094522666E-01 5.962858E-10
9.9007166839208E-01 7.08E+03 9.9007166839208E-01 4.462313E-10
9.8989312142561E-01 8.14E+03 9.8989312142561E-01 3.339323E-10
9.8971530405684E-01 9.36E+03 9.8971530405684E-01 2.498910E-10
9.8953821563413E-01 1.08E+04 9.8953821563413E-01 1.869982E-10
9.8936185517866E-01 1.24E+04 9.8936185517866E-01 1.399328E-10
9.8918622143100E-01 1.42E+04 9.8918622143100E-01 1.047123E-10
9.8901131289143E-01 1.64E+04 9.8901131289143E-01 7.835600E-11
9.8883712785458E-01 1.88E+04 9.8883712785458E-01 5.863323E-11
9.8866366443946E-01 2.16E+04 9.8866366443946E-01 4.387456E-11
9.8849092061527E-01 2.49E+04 9.8849092061527E-01 3.283065E-11
9.8831889422372E-01 2.86E+04 9.8831889422372E-01 2.456655E-11
9.8814758299825E-01 3.29E+04 9.8814758299825E-01 1.838261E-11
9.8797698458060E-01 3.79E+04 9.8797698458060E-01 1.375525E-11
9.8780709653512E-01 4.35E+04 9.8780709653512E-01 1.029269E-11
9.8763791636112E-01 5.01E+04 9.8763791636112E-01 7.701725E-12
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Table F.1. Recommended Characteristic Curves for the DDA Saltstone (w/pm 0.6) continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 9.6 x 10™ cm/s)

9.8746944150343E-01

5.76E+04

9.8746944150343E-01

5.762967E-12

9.8730166936164E-01

6.62E+04

9.8730166936164E-01

4.312246E-12

9.8713459729793E-01

7.61E+04

9.8713459729793E-01

3.226711E-12

9.8696822264388E-01

8.76E+04

9.8696822264388E-01

2.414438E-12

9.8680254270634E-01

1.01E+05

9.8680254270634E-01

1.806640E-12

9.8663755477250E-01

1.16E+05

9.8663755477250E-01

1.351844E-12

9.8647325611416E-01

1.33E+05

9.8647325611416E-01

1.011536E-12

9.8630964399154E-01

1.53E+05

9.8630964399154E-01

7.568946E-13

9.8614671565646E-01

1.76E+05

9.8614671565646E-01

5.663558E-13

9.8598446835513E-01

2.03E+05

9.8598446835513E-01

4.237825E-13

9.8582289933051E-01

2.33E+05

9.8582289933051E-01

3.171002E-13

9.8566200582437E-01

2.68E+05

9.8566200582437E-01

2.372738E-13

9.8550178507903E-01

3.08E+05

9.8550178507903E-01

1.775427E-13

9.8534223433890E-01

3.54E+05

9.8534223433890E-01

1.328482E-13

9.8518335085174E-01

4.07E+05

9.8518335085174E-01

9.940508E-14

9.8502513186981E-01

4.68E+05

9.8502513186981E-01

7.438087E-14

9.8486757465076E-01

5.39E+05

9.8486757465076E-01

5.565624E-14

9.8471067645852E-01

6.20E+05

9.8471067645852E-01

4.164534E-14

9.8455443456393E-01

7.13E+05

9.8455443456393E-01

3.116153E-14

9.8439884624536E-01

8.19E+05

9.8439884624536E-01

2.331692E-14

9.8424390878922E-01

9.42E+05

9.8424390878922E-01

1.744711E-14

9.8408961949036E-01

1.08E+06

9.8408961949036E-01

1.305497E-14

9.8393597565248E-01

1.25E+06

9.8393597565248E-01

9.768504E-15

9.8378297458839E-01

1.43E+06

9.8378297458839E-01

7.309375E-15

9.8363061362029E-01

1.65E+06

9.8363061362029E-01

5.469309E-15

9.8347889007999E-01

1.90E+06

9.8347889007999E-01

4.092461E-15

9.8332780130910E-01

2.18E+06

9.8332780130910E-01

3.062222E-15

9.8317734465911E-01

2.51E+06

9.8317734465911E-01

2.291336E-15

9.8302751749163E-01

2.88E+06

9.8302751749163E-01

1.714514E-15

9.8287831717839E-01

3.31E+06

9.8287831717839E-01

1.282901E-15

9.8272974110135E-01

3.81E+06

9.8272974110135E-01

9.599421E-16

9.8258178665277E-01

4.38E+06

9.8258178665277E-01

7.182855E-16

9.8243445123528E-01

5.04E+06

9.8243445123528E-01

5.374637E-16

9.8228773226185E-01

5.80E+06

9.8228773226185E-01

4.021621E-16

9.8214162715588E-01

6.67E+06

9.8214162715588E-01

3.009215E-16

9.8199613335117E-01

7.67E+06

9.8199613335117E-01

2.251673E-16

9.8185124829195E-01

8.82E+06

9.8185124829195E-01

1.684835E-16

9.8170696943287E-01

1.01E+07

9.8170696943287E-01

1.260693E-16

9.8156329423902E-01

1.17E+07

9.8156329423902E-01

9.433249E-17

9.8142022018586E-01

1.34E+07

9.8142022018586E-01

7.058514E-17

9.8127774475925E-01

1.54E+07

9.8127774475925E-01

5.281597E-17

9.8113586545544E-01

1.77E+07

9.8113586545544E-01

3.952003E-17

9.8099457978099E-01

2.04E+07

9.8099457978099E-01

2.957122E-17
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(cm)
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Saturation

Table F.1. Recommended Characteristic Curves for the DDA Saltstone (w/pm 0.6) continued.

Relative
Permeability
kr

(Ksat = 9.6 x 10 cm/s)

9.8085388525283E-01

2.35E+07

9.8085388525283E-01

2.212694E-17

9.8071377939814E-01

2.70E+07

9.8071377939814E-01

1.655668E-17

9.8057425975438E-01

3.10E+07

9.8057425975438E-01

1.238869E-17

9.8043532386925E-01

3.57E+07

9.8043532386925E-01

9.269947E-18

9.8029696930064E-01

4.10E+07

9.8029696930064E-01

6.936322E-18

9.8015919361661E-01

4.72E+07

9.8015919361661E-01

5.190166E-18

9.8002199439533E-01

5.43E+07

9.8002199439533E-01

3.883588E-18

9.7988536922510E-01

6.24E+07

9.7988536922510E-01

2.905930E-18

9.7974931570425E-01

7.18E+07

9.7974931570425E-01

2.174389E-18

9.7961383144113E-01

8.25E+07

9.7961383144113E-01

1.627006E-18

9.7947891405409E-01

9.49E+07

9.7947891405409E-01

1.217422E-18

9.7934456117141E-01

1.09E+08

9.7934456117141E-01

9.109470E-19

9.7921077043126E-01

1.25E+08

9.7921077043126E-01

6.816244E-19

9.7907753948171E-01

1.44E+08

9.7907753948171E-01

5.100316E-19

9.7894486598063E-01

1.66E+08

9.7894486598063E-01

3.816358E-19

9.7881274759569E-01

1.91E+08

9.7881274759569E-01

2.855625E-19

9.7868118200430E-01

2.19E+08

9.7868118200430E-01

2.136746E-19

9.7855016689358E-01

2.52E+08

9.7855016689358E-01

1.598840E-19

9.7841969996034E-01

2.90E+08

9.7841969996034E-01

1.196347E-19

9.7828977891098E-01

3.34E+08

9.7828977891098E-01

8.951770E-20

9.7816040146154E-01

3.84E+08

9.7816040146154E-01

6.698246E-20

9.7803156533756E-01

4.41E+08

9.7803156533756E-01

5.012022E-20

9.7790326827413E-01

5.08E+08

9.7790326827413E-01

3.750289E-20

9.7777550801580E-01

5.84E+08

9.7777550801580E-01

2.806188E-20

9.7764828231655E-01

6.71E+08

9.7764828231655E-01

2.099756E-20

9.7752158893977E-01

7.72E+08

9.7752158893977E-01

1.571162E-20

9.7739542565818E-01

8.88E+08

9.7739542565818E-01

1.175635E-20

9.7726979025383E-01

1.02E+09

9.7726979025383E-01

8.796800E-21
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Table F.2. Recommended Characteristic Curves for the ARP/MCU Saltstone (w/pm 0.6).

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 8.5 x 10 cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999614841617E-01 5.00E-02 9.9999614841617E-01 4.563459E-01
9.9999098293979E-01 1.00E-01 9.9999098293979E-01 3.839188E-01
9.9997894439345E-01 2.00E-01 9.9997894439345E-01 3.073041E-01
9.9993605635663E-01 5.00E-01 9.9993605635663E-01 2.044476E-01
9.9985461139490E-01 1.00E+00 9.9985461139490E-01 1.318531E-01
9.9968139960062E-01 2.00E+00 9.9968139960062E-01 7.171879E-02
9.9919782556041E-01 5.00E+00 9.9919782556041E-01 2.216349E-02
9.9858987175287E-01 1.00E+01 9.9858987175287E-01 6.583447E-03
9.9783038201652E-01 2.00E+01 9.9783038201652E-01 1.531679E-03
9.9677727558239E-01 5.00E+01 9.9677727558239E-01 1.759306E-04
9.9604152427855E-01 1.00E+02 9.9604152427855E-01 3.130601E-05
9.9539044037874E-01 2.00E+02 9.9539044037874E-01 5.390587E-06
9.9466198490639E-01 5.00E+02 9.9466198490639E-01 5.159668E-07
9.9420117768092E-01 1.00E+03 9.9420117768092E-01 8.690415E-08
9.9411669350360E-01 1.15E+03 9.9411669350360E-01 6.066360E-08
9.9403485226565E-01 1.32E+03 9.9403485226565E-01 4.234350E-08
9.9395557581617E-01 1.52E+03 9.9395557581617E-01 2.955431E-08
9.9387878747403E-01 1.75E+03 9.9387878747403E-01 2.062691E-08
9.9380441216504E-01 2.01E+03 9.9380441216504E-01 1.439561E-08
9.9373237652116E-01 2.31E+03 9.9373237652116E-01 1.004642E-08
9.9366260894936E-01 2.66E+03 9.9366260894936E-01 7.011008E-09
9.9359503967569E-01 3.06E+03 9.9359503967569E-01 4.892592E-09
9.9352960076973E-01 3.52E+03 9.9352960076973E-01 3.414199E-09
9.9346622615315E-01 4.05E+03 9.9346622615315E-01 2.382491E-09
9.9340485159577E-01 4.65E+03 9.9340485159577E-01 1.662522E-09
9.9334541470167E-01 5.35E+03 9.9334541470167E-01 1.160108E-09
9.9328785488761E-01 6.15E+03 9.9328785488761E-01 8.095151E-10
9.9323211335534E-01 7.08E+03 9.9323211335534E-01 5.648691E-10
9.9317813305939E-01 8.14E+03 9.9317813305939E-01 3.941554E-10
9.9312585867140E-01 9.36E+03 9.9312585867140E-01 2.750329E-10
9.9307523654191E-01 1.08E+04 9.9307523654191E-01 1.919108E-10
9.9302621466044E-01 1.24E+04 9.9302621466044E-01 1.339098E-10
9.9297874261435E-01 1.42E+04 9.9297874261435E-01 9.343809E-11
9.9293277154706E-01 1.64E+04 9.9293277154706E-01 6.519797E-11
9.9288825411596E-01 1.88E+04 9.9288825411596E-01 4.549284E-11
9.9284514445034E-01 2.16E+04 9.9284514445034E-01 3.174323E-11
9.9280339810957E-01 2.49E+04 9.9280339810957E-01 2.214922E-11
9.9276297204176E-01 2.86E+04 9.9276297204176E-01 1.545486E-11
9.9272382454296E-01 3.29E+04 9.9272382454296E-01 1.078378E-11
9.9268591521710E-01 3.79E+04 9.9268591521710E-01 7.524482E-12
9.9264920493672E-01 4.35E+04 9.9264920493672E-01 5.250272E-12
9.9261365580457E-01 5.01E+04 9.9261365580457E-01 3.663420E-12
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Table F.2. Recommended Characteristic Curves for the ARP/MCU Saltstone (w/pm 0.6) continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 8.5 x 10 cm/s)

9.9257923111605E-01

5.76E+04

9.9257923111605E-01

2.556179E-12

9.9254589532266E-01

6.62E+04

9.9254589532266E-01

1.783592E-12

9.9251361399633E-01

7.61E+04

9.9251361399633E-01

1.244514E-12

9.9248235379475E-01

8.76E+04

9.9248235379475E-01

8.683676E-13

9.9245208242764E-01

1.01E+05

9.9245208242764E-01

6.059091E-13

9.9242276862395E-01

1.16E+05

9.9242276862395E-01

4.227768E-13

9.9239438210007E-01

1.33E+05

9.9239438210007E-01

2.949951E-13

9.9236689352888E-01

1.53E+05

9.9236689352888E-01

2.058345E-13

9.9234027450981E-01

1.76E+05

9.9234027450981E-01

1.436222E-13

9.9231449753973E-01

2.03E+05

9.9231449753973E-01

1.002132E-13

9.9228953598472E-01

2.33E+05

9.9228953598472E-01

6.992434E-14

9.9226536405278E-01

2.68E+05

9.9226536405278E-01

4.879010E-14

9.9224195676726E-01

3.08E+05

9.9224195676726E-01

3.404356E-14

9.9221928994121E-01

3.54E+05

9.9221928994121E-01

2.375408E-14

9.9219734015242E-01

4.07E+05

9.9219734015242E-01

1.657454E-14

9.9217608471936E-01

4.68E+05

9.9217608471936E-01

1.156497E-14

9.9215550167778E-01

5.39E+05

9.9215550167778E-01

8.069520E-15

9.9213556975803E-01

6.20E+05

9.9213556975803E-01

5.630550E-15

9.9211626836316E-01

7.13E+05

9.9211626836316E-01

3.928746E-15

9.9209757754767E-01

8.19E+05

9.9209757754767E-01

2.741303E-15

9.9207947799691E-01

9.42E+05

9.9207947799691E-01

1.912759E-15

9.9206195100712E-01

1.08E+06

9.9206195100712E-01

1.334637E-15

9.9204497846618E-01

1.25E+06

9.9204497846618E-01

9.312502E-16

9.9202854283486E-01

1.43E+06

9.9202854283486E-01

6.497847E-16

9.9201262712871E-01

1.65E+06

9.9201262712871E-01

4.533907E-16

9.9199721490056E-01

1.90E+06

9.9199721490056E-01

3.163557E-16

9.9198229022347E-01

2.18E+06

9.9198229022347E-01

2.207388E-16

9.9196783767432E-01

2.51E+06

9.9196783767432E-01

1.540217E-16

9.9195384231787E-01

2.88E+06

9.9195384231787E-01

1.074694E-16

9.9194028969133E-01

3.31E+06

9.9194028969133E-01

7.498734E-17

9.9192716578939E-01

3.81E+06

9.9192716578939E-01

5.232280E-17

9.9191445704981E-01

4.38E+06

9.9191445704981E-01

3.650851E-17

9.9190215033933E-01

5.04E+06

9.9190215033933E-01

2.547400E-17

9.9189023294018E-01

5.80E+06

9.9189023294018E-01

1.777462E-17

9.9187869253687E-01

6.67E+06

9.9187869253687E-01

1.240233E-17

9.9186751720351E-01

7.67E+06

9.9186751720351E-01

8.653790E-18

9.9185669539146E-01

8.82E+06

9.9185669539146E-01

6.038227E-18

9.9184621591742E-01

1.01E+07

9.9184621591742E-01

4.213204E-18

9.9183606795184E-01

1.17E+07

9.9183606795184E-01

2.939785E-18

9.9182624100778E-01

1.34E+07

9.9182624100778E-01

2.051250E-18

9.9181672493003E-01

1.54E+07

9.9181672493003E-01

1.431270E-18

9.9180750988461E-01

1.77E+07

9.9180750988461E-01

9.986763E-19

9.9179858634865E-01

2.04E+07

9.9179858634865E-01

6.968315E-19
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Table F.2. Recommended Characteristic Curves for the ARP/MCU Saltstone (w/pm 0.6) continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 8.5 x 10 cm/s)

9.9178994510053E-01

2.35E+07

9.9178994510053E-01

4.862178E-19

9.9178157721032E-01

2.70E+07

9.9178157721032E-01

3.392610E-19

9.9177347403062E-01

3.10E+07

9.9177347403062E-01

2.367211E-19

9.9176562718754E-01

3.57E+07

9.9176562718754E-01

1.651734E-19

9.9175802857211E-01

4.10E+07

9.9175802857211E-01

1.152506E-19

9.9175067033189E-01

4.72E+07

9.9175067033189E-01

8.041669E-20

9.9174354486282E-01

5.43E+07

9.9174354486282E-01

5.611115E-20

9.9173664480141E-01

6.24E+07

9.9173664480141E-01

3.915184E-20

9.9172996301709E-01

7.18E+07

9.9172996301709E-01

2.731840E-20

9.9172349260487E-01

8.25E+07

9.9172349260487E-01

1.906156E-20

9.9171722687818E-01

9.49E+07

9.9171722687818E-01

1.330030E-20

9.9171115936199E-01

1.09E+08

9.9171115936199E-01

9.280355E-21

9.9170528378609E-01

1.25E+08

9.9170528378609E-01

6.475418E-21

9.9169959407864E-01

1.44E+08

9.9169959407864E-01

4.518252E-21

9.9169408435984E-01

1.66E+08

9.9169408435984E-01

3.152637E-21

9.9168874893592E-01

1.91E+08

9.9168874893592E-01

2.199769E-21

9.9168358229324E-01

2.19E+08

9.9168358229324E-01

1.534899E-21

9.9167857909254E-01

2.52E+08

9.9167857909254E-01

1.070983E-21

9.9167373416349E-01

2.90E+08

9.9167373416349E-01

7.472848E-22

9.9166904249932E-01

3.34E+08

9.9166904249932E-01

5.214209E-22

9.9166449925162E-01

3.84E+08

9.9166449925162E-01

3.638252E-22

9.9166009972539E-01

4.41E+08

9.9166009972539E-01

2.538604E-22

9.9165583937412E-01

5.08E+08

9.9165583937412E-01

1.771325E-22

9.9165171379515E-01

5.84E+08

9.9165171379515E-01

1.235952E-22

9.9164771872507E-01

6.71E+08

9.9164771872507E-01

8.623882E-23

9.9164385003536E-01

7.72E+08

9.9164385003536E-01

6.017355E-23

9.9164010372809E-01

8.88E+08

9.9164010372809E-01

4.198672E-23

9.9163647593180E-01

1.02E+09

9.9163647593180E-01

2.929657E-23
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Table F.3. Characteristic Curves for MCU Saltstone as Determined by INL (Dixon and Phifer, 2007).

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 8.5 x 10 cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999976540962E-01 5.00E-02 9.9999976540962E-01 5.013543E-01
9.9999949012830E-01 1.00E-01 9.9999949012830E-01 4.661379E-01
9.9999889182528E-01 2.00E-01 9.9999889182528E-01 4.293214E-01
9.9999690770961E-01 5.00E-01 9.9999690770961E-01 3.784173E-01
9.9999327958840E-01 1.00E+00 9.9999327958840E-01 3.384701E-01
9.9998539616530E-01 2.00E+00 9.9998539616530E-01 2.975922E-01
9.9995927265626E-01 5.00E+00 9.9995927265626E-01 2.427984E-01
9.9991158215229E-01 1.00E+01 9.9991158215229E-01 2.014672E-01
9.9980830517116E-01 2.00E+01 9.9980830517116E-01 1.610389E-01
9.9946943274209E-01 5.00E+01 9.9946943274209E-01 1.106641E-01
9.9886370262499E-01 1.00E+02 9.9886370262499E-01 7.655804E-02
9.9760553368456E-01 2.00E+02 9.9760553368456E-01 4.768905E-02
9.9391355248690E-01 5.00E+02 9.9391355248690E-01 2.027161E-02
9.8853487285773E-01 1.00E+03 9.8853487285773E-01 8.443452E-03
9.8710980336367E-01 1.15E+03 9.8710980336367E-01 6.889821E-03
9.8556558070136E-01 1.32E+03 9.8556558070136E-01 5.571507E-03
9.8390345422771E-01 1.52E+03 9.8390345422771E-01 4.465546E-03
9.8212648862780E-01 1.75E+03 9.8212648862780E-01 3.548212E-03
9.8023949270192E-01 2.01E+03 9.8023949270192E-01 2.795807E-03
9.7824886091039E-01 2.31E+03 9.7824886091039E-01 2.185379E-03
9.7616234144880E-01 2.66E+03 9.7616234144880E-01 1.695324E-03
9.7398875142640E-01 3.06E+03 9.7398875142640E-01 1.305835E-03
9.7173766335656E-01 3.52E+03 9.7173766335656E-01 9.991959E-04
9.6941908735370E-01 4.05E+03 9.6941908735370E-01 7.599136E-04
9.6704317059299E-01 4.65E+03 9.6704317059299E-01 5.747188E-04
9.6461993065739E-01 5.35E+03 9.6461993065739E-01 4.324618E-04
9.6215903350220E-01 6.15E+03 9.6215903350220E-01 3.239348E-04
9.5966962095117E-01 7.08E+03 9.5966962095117E-01 2.416526E-04
9.5716018766385E-01 8.14E+03 9.5716018766385E-01 1.796153E-04
9.5463850379725E-01 9.36E+03 9.5463850379725E-01 1.330738E-04
9.5211157722331E-01 1.08E+04 9.5211157722331E-01 9.831164E-05
9.4958564802628E-01 1.24E+04 9.4958564802628E-01 7.244861E-05
9.4706620783297E-01 1.42E+04 9.4706620783297E-01 5.327253E-05
9.4455803702691E-01 1.64E+04 9.4455803702691E-01 3.909721E-05
9.4206525379006E-01 1.88E+04 9.4206525379006E-01 2.864607E-05
9.3959136998183E-01 2.16E+04 9.3959136998183E-01 2.095831E-05
9.3713934994577E-01 2.49E+04 9.3713934994577E-01 1.531453E-05
9.3471166933090E-01 2.86E+04 9.3471166933090E-01 1.117842E-05
9.3231037187351E-01 3.29E+04 9.3231037187351E-01 8.151749E-06
9.2993712278898E-01 3.79E+04 9.2993712278898E-01 5.939786E-06
9.2759325797390E-01 4.35E+04 9.2759325797390E-01 4.325028E-06
9.2527982863288E-01 5.01E+04 9.2527982863288E-01 3.147367E-06
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Table F.3. Characteristic Curves for MCU Saltstone as Determined by INL continued (Dixon and
Phifer, 2007).

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 8.5 x 10 cm/s)

9.2299764124261E-01 5.76E+04 9.2299764124261E-01 2.289194E-06
9.2074729297073E-01 6.62E+04 9.2074729297073E-01 1.664279E-06
9.1852920279901E-01 7.61E+04 9.1852920279901E-01 1.209497E-06
9.1634363867811E-01 8.76E+04 9.1634363867811E-01 8.787039E-07
9.1419074107923E-01 1.01E+05 9.1419074107923E-01 6.382032E-07
9.1207054331820E-01 1.16E+05 9.1207054331820E-01 4.634166E-07
9.0998298901970E-01 1.33E+05 9.0998298901970E-01 3.364304E-07
9.0792794706904E-01 1.53E+05 9.0792794706904E-01 2.441983E-07
9.0590522437266E-01 1.76E+05 9.0590522437266E-01 1.772249E-07
9.0391457671848E-01 2.03E+05 9.0391457671848E-01 1.286030E-07
9.0195571799659E-01 2.33E+05 9.0195571799659E-01 9.331025E-08
9.0002832801077E-01 2.68E+05 9.0002832801077E-01 6.769659E-08
8.9813205908321E-01 3.08E+05 8.9813205908321E-01 4.910991E-08
8.9626654162840E-01 3.54E+05 8.9626654162840E-01 3.562390E-08
8.9443138884901E-01 4.07E+05 8.9443138884901E-01 2.583975E-08
8.9262620068522E-01 4.68E+05 8.9262620068522E-01 1.874187E-08
8.9085056713049E-01 5.39E+05 8.9085056713049E-01 1.359311E-08
8.8910407101055E-01 6.20E+05 8.8910407101055E-01 9.858455E-09
8.8738629030804E-01 7.13E+05 8.8738629030804E-01 7.149654E-09
8.8569680010327E-01 8.19E+05 8.8569680010327E-01 5.185008E-09
8.8403517419068E-01 9.42E+05 8.8403517419068E-01 3.760138E-09
8.8240098642187E-01 1.08E+06 8.8240098642187E-01 2.726776E-09
8.8079381181805E-01 1.25E+06 8.8079381181805E-01 1.977370E-09
8.7921322748836E-01 1.43E+06 8.7921322748836E-01 1.433904E-09
8.7765881338479E-01 1.65E+06 8.7765881338479E-01 1.039793E-09
8.7613015291968E-01 1.90E+06 8.7613015291968E-01 7.539957E-10
8.7462683346769E-01 2.18E+06 8.7462683346769E-01 5.467478E-10
8.7314844677091E-01 2.51E+06 8.7314844677091E-01 3.964623E-10
8.7169458926244E-01 2.88E+06 8.7169458926244E-01 2.874841E-10
8.7026486232183E-01 3.31E+06 8.7026486232183E-01 2.084603E-10
8.6885887247339E-01 3.81E+06 8.6885887247339E-01 1.511579E-10
8.6747623153657E-01 4.38E+06 8.6747623153657E-01 1.096065E-10
8.6611655673647E-01 5.04E+06 8.6611655673647E-01 7.947680E-11
8.6477947078092E-01 5.80E+06 8.6477947078092E-01 5.762927E-11
8.6346460190973E-01 6.67E+06 8.6346460190973E-01 4.178734E-11
8.6217158392090E-01 7.67E+06 8.6217158392090E-01 3.030019E-11
8.6090005617747E-01 8.82E+06 8.6090005617747E-01 2.197076E-11
8.5964966359855E-01 1.01E+07 8.5964966359855E-01 1.593105E-11
8.5842005663725E-01 1.17E+07 8.5842005663725E-01 1.155162E-11
8.5721089124767E-01 1.34E+07 8.5721089124767E-01 8.376080E-12
8.5602182884320E-01 1.54E+07 8.5602182884320E-01 6.073491E-12
8.5485253624744E-01 1.77E+07 8.5485253624744E-01 4.403881E-12
8.5370268563944E-01 2.04E+07 8.5370268563944E-01 3.193246E-12
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Table F.3. Characteristic Curves for the MCU Saltstone as Determined by INL continued (Dixon and
Phifer, 2007).

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 8.5 x 10 cm/s)

8.5257195449417E-01 2.35E+07 8.5257195449417E-01 2.315416E-12
8.5146002551930E-01 2.70E+07 8.5146002551930E-01 1.678902E-12
8.5036658658906E-01 3.10E+07 8.5036658658906E-01 1.217367E-12
8.4929133067594E-01 3.57E+07 8.4929133067594E-01 8.827089E-13
8.4823395578063E-01 4.10E+07 8.4823395578063E-01 6.400492E-13
8.4719416486084E-01 4.72E+07 8.4719416486084E-01 4.640973E-13
8.4617166575932E-01 5.43E+07 8.4617166575932E-01 3.365152E-13
8.4516617113141E-01 6.24E+07 8.4516617113141E-01 2.440058E-13
8.4417739837237E-01 7.18E+07 8.4417739837237E-01 1.769276E-13
8.4320506954476E-01 8.25E+07 8.4320506954476E-01 1.282895E-13
8.4224891130609E-01 9.49E+07 8.4224891130609E-01 9.302213E-14
8.4130865483672E-01 1.09E+08 8.4130865483672E-01 6.744993E-14
8.4038403576840E-01 1.25E+08 8.4038403576840E-01 4.890764E-14
8.3947479411331E-01 1.44E+08 8.3947479411331E-01 3.546271E-14
8.3858067419381E-01 1.66E+08 8.3858067419381E-01 2.571385E-14
8.3770142457299E-01 1.91E+08 8.3770142457299E-01 1.864499E-14
8.3683679798596E-01 2.19E+08 8.3683679798596E-01 1.351940E-14
8.3598655127203E-01 2.52E+08 8.3598655127203E-01 9.802850E-15
8.3515044530773E-01 2.90E+08 8.3515044530773E-01 7.108000E-15
8.3432824494081E-01 3.34E+08 8.3432824494081E-01 5.153977E-15
8.3351971892507E-01 3.84E+08 8.3351971892507E-01 3.737124E-15
8.3272463985620E-01 4.41E+08 8.3272463985620E-01 2.709771E-15
8.3194278410853E-01 5.08E+08 8.3194278410853E-01 1.964842E-15
8.3117393177274E-01 5.84E+08 8.3117393177274E-01 1.424697E-15
8.3041786659450E-01 6.71E+08 8.3041786659450E-01 1.033041E-15
8.2967437591408E-01 7.72E+08 8.2967437591408E-01 7.490531E-16
8.2894325060689E-01 8.88E+08 8.2894325060689E-01 5.431347E-16
8.2822428502496E-01 1.02E+09 8.2822428502496E-01 3.938244E-16
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Table F.4. Recommended Characteristic Curves for the SWPF Saltstone (w/pm 0.6).

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 6.0 x 10%° cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999450512237E-01 5.00E-02 9.9999450512237E-01 5.922781E-01
9.9998649099373E-01 1.00E-01 9.9998649099373E-01 5.132622E-01
9.9996686324043E-01 2.00E-01 9.9996686324043E-01 4.240580E-01
9.9989251698424E-01 5.00E-01 9.9989251698424E-01 2.946031E-01
9.9974303973976E-01 1.00E+00 9.9974303973976E-01 1.957579E-01
9.9940878616220E-01 2.00E+00 9.9940878616220E-01 1.085018E-01
9.9843030311622E-01 5.00E+00 9.9843030311622E-01 3.294675E-02
9.9718023345998E-01 1.00E+01 9.9718023345998E-01 9.194285E-03
9.9564723793658E-01 2.00E+01 9.9564723793658E-01 1.936657E-03
9.9362164284766E-01 5.00E+01 9.9362164284766E-01 1.899584E-04
9.9228702148395E-01 1.00E+02 9.9228702148395E-01 2.985589E-05
9.9116514834577E-01 2.00E+02 9.9116514834577E-01 4.542393E-06
9.8998069206494E-01 5.00E+02 9.8998069206494E-01 3.696632E-07
9.8927370123159E-01 1.00E+03 9.8927370123159E-01 5.511103E-08
9.8914793987243E-01 1.15E+03 9.8914793987243E-01 3.753732E-08
9.8902730907304E-01 1.32E+03 9.8902730907304E-01 2.556609E-08
9.8891160484811E-01 1.52E+03 9.8891160484811E-01 1.741186E-08
9.8880063025300E-01 1.75E+03 9.8880063025300E-01 1.185795E-08
9.8869419536088E-01 2.01E+03 9.8869419536088E-01 8.075328E-09
9.8859211718782E-01 2.31E+03 9.8859211718782E-01 5.499195E-09
9.8849421957863E-01 2.66E+03 9.8849421957863E-01 3.744799E-09
9.8840033306328E-01 3.06E+03 9.8840033306328E-01 2.550056E-09
9.8831029469194E-01 3.52E+03 9.8831029469194E-01 1.736458E-09
9.8822394785494E-01 4.05E+03 9.8822394785494E-01 1.182424E-09
9.8814114209264E-01 4.65E+03 9.8814114209264E-01 8.051517E-10
9.8806173289903E-01 5.35E+03 9.8806173289903E-01 5.482494E-10
9.8798558152219E-01 6.15E+03 9.8798558152219E-01 3.733149E-10
9.8791255476398E-01 7.08E+03 9.8791255476398E-01 2.541967E-10
9.8784252478074E-01 8.14E+03 9.8784252478074E-01 1.730861E-10
9.8777536888644E-01 9.36E+03 9.8777536888644E-01 1.178562E-10
9.8771096935928E-01 1.08E+04 9.8771096935928E-01 8.024931E-11
9.8764921325255E-01 1.24E+04 9.8764921325255E-01 5.464228E-11
9.8758999221036E-01 1.42E+04 9.8758999221036E-01 3.720619E-11
9.8753320228852E-01 1.64E+04 9.8753320228852E-01 2.533382E-11
9.8747874378094E-01 1.88E+04 9.8747874378094E-01 1.724986E-11
9.8742652105158E-01 2.16E+04 9.8742652105158E-01 1.174545E-11
9.8737644237219E-01 2.49E+04 9.8737644237219E-01 7.997480E-12
9.8732841976567E-01 2.86E+04 9.8732841976567E-01 5.445482E-12
9.8728236885513E-01 3.29E+04 9.8728236885513E-01 3.707824E-12
9.8723820871851E-01 3.79E+04 9.8723820871851E-01 2.524652E-12
9.8719586174870E-01 4.35E+04 9.8719586174870E-01 1.719031E-12
9.8715525351900E-01 5.01E+04 9.8715525351900E-01 1.170485E-12
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Table F.4. Recommended Characteristic Curves for the SWPF Saltstone (w/pm 0.6) continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 6.0 x 10% cm/s)

9.8711631265375E-01

5.76E+04

9.8711631265375E-01

7.969803E-13

9.8707897070411E-01

6.62E+04

9.8707897070411E-01

5.426619E-13

9.8704316202864E-01

7.61E+04

9.8704316202864E-01

3.694969E-13

9.8700882367868E-01

8.76E+04

9.8700882367868E-01

2.515894E-13

9.8697589528833E-01

1.01E+05

9.8697589528833E-01

1.713064E-13

9.8694431896873E-01

1.16E+05

9.8694431896873E-01

1.166420E-13

9.8691403920675E-01

1.33E+05

9.8691403920675E-01

7.942116E-14

9.8688500276768E-01

1.53E+05

9.8688500276768E-01

5.407760E-14

9.8685715860186E-01

1.76E+05

9.8685715860186E-01

3.682125E-14

9.8683045775517E-01

2.03E+05

9.8683045775517E-01

2.507146E-14

9.8680485328308E-01

2.33E+05

9.8680485328308E-01

1.707107E-14

9.8678030016826E-01

2.68E+05

9.8678030016826E-01

1.162363E-14

9.8675675524152E-01

3.08E+05

9.8675675524152E-01

7.914488E-15

9.8673417710599E-01

3.54E+05

9.8673417710599E-01

5.388946E-15

9.8671252606444E-01

4.07E+05

9.8671252606444E-01

3.669314E-15

9.8669176404947E-01

4.68E+05

9.8669176404947E-01

2.498422E-15

9.8667185455666E-01

5.39E+05

9.8667185455666E-01

1.701167E-15

9.8665276258043E-01

6.20E+05

9.8665276258043E-01

1.158318E-15

9.8663445455248E-01

7.13E+05

9.8663445455248E-01

7.886945E-16

9.8661689828282E-01

8.19E+05

9.8661689828282E-01

5.370192E-16

9.8660006290317E-01

9.42E+05

9.8660006290317E-01

3.656543E-16

9.8658391881272E-01

1.08E+06

9.8658391881272E-01

2.489727E-16

9.8656843762609E-01

1.25E+06

9.8656843762609E-01

1.695246E-16

9.8655359212341E-01

1.43E+06

9.8655359212341E-01

1.154286E-16

9.8653935620248E-01

1.65E+06

9.8653935620248E-01

7.859493E-17

9.8652570483289E-01

1.90E+06

9.8652570483289E-01

5.351500E-17

9.8651261401202E-01

2.18E+06

9.8651261401202E-01

3.643816E-17

9.8650006072280E-01

2.51E+06

9.8650006072280E-01

2.481061E-17

9.8648802289329E-01

2.88E+06

9.8648802289329E-01

1.689345E-17

9.8647647935784E-01

3.31E+06

9.8647647935784E-01

1.150269E-17

9.8646540981992E-01

3.81E+06

9.8646540981992E-01

7.832136E-18

9.8645479481637E-01

4.38E+06

9.8645479481637E-01

5.332872E-18

9.8644461568325E-01

5.04E+06

9.8644461568325E-01

3.631133E-18

9.8643485452297E-01

5.80E+06

9.8643485452297E-01

2.472425E-18

9.8642549417284E-01

6.67E+06

9.8642549417284E-01

1.683465E-18

9.8641651817492E-01

7.67E+06

9.8641651817492E-01

1.146265E-18

9.8640791074704E-01

8.82E+06

9.8640791074704E-01

7.804874E-19

9.8639965675508E-01

1.01E+07

9.8639965675508E-01

5.314309E-19

9.8639174168635E-01

1.17E+07

9.8639174168635E-01

3.618493E-19

9.8638415162408E-01

1.34E+07

9.8638415162408E-01

2.463818E-19

9.8637687322294E-01

1.54E+07

9.8637687322294E-01

1.677605E-19

9.8636989368558E-01

1.77E+07

9.8636989368558E-01

1.142275E-19

9.8636320074015E-01

2.04E+07

9.8636320074015E-01

7.777T706E-20
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Table F.4. Recommended Characteristic Curves for the SWPF Saltstone (w/pm 0.6) continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 6.0 x 10% cm/s)

9.8635678261868E-01

2.35E+07

9.8635678261868E-01

5.295811E-20

9.8635062803642E-01

2.70E+07

9.8635062803642E-01

3.605898E-20

9.8634472617200E-01

3.10E+07

9.8634472617200E-01

2.455242E-20

9.8633906664837E-01

3.57E+07

9.8633906664837E-01

1.671765E-20

9.8633363951462E-01

4.10E+07

9.8633363951462E-01

1.138299E-20

9.8632843522841E-01

4.72E+07

9.8632843522841E-01

7.750630E-21

9.8632344463922E-01

5.43E+07

9.8632344463922E-01

5.277378E-21

9.8631865897230E-01

6.24E+07

9.8631865897230E-01

3.593346E-21

9.8631406981317E-01

7.18E+07

9.8631406981317E-01

2.446696E-21

9.8630966909289E-01

8.25E+07

9.8630966909289E-01

1.665945E-21

9.8630544907382E-01

9.49E+07

9.8630544907382E-01

1.134336E-21

9.8630140233607E-01

1.09E+08

9.8630140233607E-01

7.723658E-22

9.8629752176440E-01

1.25E+08

9.8629752176440E-01

5.259000E-22

9.8629380053574E-01

1.44E+08

9.8629380053574E-01

3.580834E-22

9.8629023210720E-01

1.66E+08

9.8629023210720E-01

2.438176E-22

9.8628681020453E-01

1.91E+08

9.8628681020453E-01

1.660144E-22

9.8628352881113E-01

2.19E+08

9.8628352881113E-01

1.130389E-22

9.8628038215744E-01

2.52E+08

9.8628038215744E-01

7.696738E-23

9.8627736471082E-01

2.90E+08

9.8627736471082E-01

5.240686E-23

9.8627447116579E-01

3.34E+08

9.8627447116579E-01

3.568353E-23

9.8627169643476E-01

3.84E+08

9.8627169643476E-01

2.429693E-23

9.8626903563900E-01

4.41E+08

9.8626903563900E-01

1.654368E-23

9.8626648410013E-01

5.08E+08

9.8626648410013E-01

1.126452E-23

9.8626403733188E-01

5.84E+08

9.8626403733188E-01

7.669913E-24

9.8626169103219E-01

6.71E+08

9.8626169103219E-01

5.222514E-24

9.8625944107564E-01

7.72E+08

9.8625944107564E-01

3.555977E-24

9.8625728350621E-01

8.88E+08

9.8625728350621E-01

2.421226E-24

9.8625521453033E-01

1.02E+09

9.8625521453033E-01

1.648639E-24
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Table F.5. Recommended Characteristic Curves for the Vault 1/4 Concrete.

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 3.1 x 10 cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999448279510E-01 5.00E-02 9.9999448279510E-01 6.282651E-01
9.9998674147690E-01 1.00E-01 9.9998674147690E-01 5.635998E-01
9.9996815915692E-01 2.00E-01 9.9996815915692E-01 4.905770E-01
9.9989889329805E-01 5.00E-01 9.9989889329805E-01 3.822289E-01
9.9975898521165E-01 1.00E+00 9.9975898521165E-01 2.939217E-01
9.9943210243002E-01 2.00E+00 9.9943210243002E-01 2.050949E-01
9.9831283231788E-01 5.00E+00 9.9831283231788E-01 1.008801E-01
9.9642387568934E-01 1.00E+01 9.9642387568934E-01 4.524240E-02
9.9320747134925E-01 2.00E+01 9.9320747134925E-01 1.509831E-02
9.8721029833949E-01 5.00E+01 9.8721029833949E-01 2.283523E-03
9.8224817413294E-01 1.00E+02 9.8224817413294E-01 4.348143E-04
9.7759873675434E-01 2.00E+02 9.7759873675434E-01 7.473829E-05
9.7233495472900E-01 5.00E+02 9.7233495472900E-01 6.798478E-06
9.6904745807054E-01 1.00E+03 9.6904745807054E-01 1.085506E-06
9.6845153924636E-01 1.15E+03 9.6845153924636E-01 7.490880E-07
9.6787666760808E-01 1.32E+03 9.6787666760808E-01 5.168170E-07
9.6732220374801E-01 1.52E+03 9.6732220374801E-01 3.565002E-07
9.6678750732854E-01 1.75E+03 9.6678750732854E-01 2.458752E-07
9.6627194167485E-01 2.01E+03 9.6627194167485E-01 1.695558E-07
9.6577487735687E-01 2.31E+03 9.6577487735687E-01 1.169130E-07
9.6529569494875E-01 2.66E+03 9.6529569494875E-01 8.060705E-08
9.6483378712146E-01 3.06E+03 9.6483378712146E-01 5.557117E-08
9.6438856019673E-01 3.52E+03 9.6438856019673E-01 3.830874E-08
9.6395943526753E-01 4.05E+03 9.6395943526753E-01 2.640721E-08
9.6354584897116E-01 4.65E+03 9.6354584897116E-01 1.820235E-08
9.6314725398485E-01 5.35E+03 9.6314725398485E-01 1.254630E-08
9.6276311930115E-01 6.15E+03 9.6276311930115E-01 8.647491E-09
9.6239293032909E-01 7.08E+03 9.6239293032909E-01 5.960091E-09
9.6203618885884E-01 8.14E+03 9.6203618885884E-01 4.107767E-09
9.6169241291978E-01 9.36E+03 9.6169241291978E-01 2.831070E-09
9.6136113655673E-01 1.08E+04 9.6136113655673E-01 1.951141E-09
9.6104190954367E-01 1.24E+04 9.6104190954367E-01 1.344686E-09
9.6073429705090E-01 1.42E+04 9.6073429705090E-01 9.267191E-10
9.6043787927817E-01 1.64E+04 9.6043787927817E-01 6.386626E-10
9.6015225106383E-01 1.88E+04 9.6015225106383E-01 4.401406E-10
9.5987702147819E-01 2.16E+04 9.5987702147819E-01 3.033252E-10
9.5961181340718E-01 2.49E+04 9.5961181340718E-01 2.090370E-10
9.5935626313165E-01 2.86E+04 9.5935626313165E-01 1.440575E-10
9.5911001990598E-01 3.29E+04 9.5911001990598E-01 9.927665E-11
9.5887274553928E-01 3.79E+04 9.5887274553928E-01 6.841586E-11
9.5864411398141E-01 4.35E+04 9.5864411398141E-01 4.714822E-11
9.5842381091575E-01 5.01E+04 9.5842381091575E-01 3.249173E-11
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Table F.5. Recommended Characteristic Curves for the Vault 1/4 Concrete continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 3.1 x 10 cm/s)

9.5821153336004E-01

5.76E+04

9.5821153336004E-01

2.239131E-11

9.5800698927628E-01

6.62E+04

9.5800698927628E-01

1.543070E-11

9.5780989719043E-01

7.61E+04

9.5780989719043E-01

1.063386E-11

9.5761998582242E-01

8.76E+04

9.5761998582242E-01

7.328178E-12

9.5743699372676E-01

1.01E+05

9.5743699372676E-01

5.050107E-12

9.5726066894393E-01

1.16E+05

9.5726066894393E-01

3.480205E-12

9.5709076866254E-01

1.33E+05

9.5709076866254E-01

2.398329E-12

9.5692705889240E-01

1.53E+05

9.5692705889240E-01

1.652770E-12

9.5676931414816E-01

1.76E+05

9.5676931414816E-01

1.138980E-12

9.5661731714356E-01

2.03E+05

9.5661731714356E-01

7.849090E-13

9.5647085849601E-01

2.33E+05

9.5647085849601E-01

5.409069E-13

9.5632973644128E-01

2.68E+05

9.5632973644128E-01

3.727568E-13

9.5619375655809E-01

3.08E+05

9.5619375655809E-01

2.568790E-13

9.5606273150226E-01

3.54E+05

9.5606273150226E-01

1.770237E-13

9.5593648075030E-01

4.07E+05

9.5593648075030E-01

1.219928E-13

9.5581483035198E-01

4.68E+05

9.5581483035198E-01

8.406922E-14

9.5569761269174E-01

5.39E+05

9.5569761269174E-01

5.793483E-14

9.5558466625863E-01

6.20E+05

9.5558466625863E-01

3.992477E-14

9.5547583542444E-01

7.13E+05

9.5547583542444E-01

2.751345E-14

9.5537097022984E-01

8.19E+05

9.5537097022984E-01

1.896041E-14

9.5526992617821E-01

9.42E+05

9.5526992617821E-01

1.306623E-14

9.5517256403690E-01

1.08E+06

9.5517256403690E-01

9.004360E-15

9.5507874964566E-01

1.25E+06

9.5507874964566E-01

6.205195E-15

9.5498835373203E-01

1.43E+06

9.5498835373203E-01

4.276200E-15

9.5490125173339E-01

1.65E+06

9.5490125173339E-01

2.946867E-15

9.5481732362548E-01

1.90E+06

9.5481732362548E-01

2.030781E-15

9.5473645375716E-01

2.18E+06

9.5473645375716E-01

1.399476E-15

9.5465853069107E-01

2.51E+06

9.5465853069107E-01

9.644241E-16

9.5458344705026E-01

2.88E+06

9.5458344705026E-01

6.646156E-16

9.5451109937021E-01

3.31E+06

9.5451109937021E-01

4.580080E-16

9.5444138795633E-01

3.81E+06

9.5444138795633E-01

3.156280E-16

9.5437421674666E-01

4.38E+06

9.5437421674666E-01

2.175094E-16

9.5430949317948E-01

5.04E+06

9.5430949317948E-01

1.498927E-16

9.5424712806585E-01

5.80E+06

9.5424712806585E-01

1.032959E-16

9.5418703546665E-01

6.67E+06

9.5418703546665E-01

7.118451E-17

9.5412913257425E-01

7.67E+06

9.5412913257425E-01

4.905553E-17

9.5407333959838E-01

8.82E+06

9.5407333959838E-01

3.380574E-17

9.5401957965619E-01

1.01E+07

9.5401957965619E-01

2.329662E-17

9.5396777866632E-01

1.17E+07

9.5396777866632E-01

1.605445E-17

9.5391786524684E-01

1.34E+07

9.5391786524684E-01

1.106364E-17

9.5386977061685E-01

1.54E+07

9.5386977061685E-01

7.624306E-18

9.5382342850176E-01

1.77E+07

9.5382342850176E-01

5.254154E-18

9.5377877504191E-01

2.04E+07

9.5377877504191E-01

3.620806E-18
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Table F.5. Recommended Characteristic Curves for the Vault 1/4 Concrete continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 3.1 x 10™ cm/s)

9.5373574870463E-01

2.35E+07

9.5373574870463E-01

2.495214E-18

9.5369429019941E-01

2.70E+07

9.5369429019941E-01

1.719532E-18

9.5365434239620E-01

3.10E+07

9.5365434239620E-01

1.184985E-18

9.5361585024673E-01

3.57E+07

9.5361585024673E-01

8.166109E-19

9.5357876070859E-01

4.10E+07

9.5357876070859E-01

5.627528E-19

9.5354302267221E-01

4.72E+07

9.5354302267221E-01

3.878110E-19

9.5350858689035E-01

5.43E+07

9.5350858689035E-01

2.672530E-19

9.5347540591032E-01

6.24E+07

9.5347540591032E-01

1.841726E-19

9.5344343400853E-01

7.18E+07

9.5344343400853E-01

1.269193E-19

9.5341262712751E-01

8.25E+07

9.5341262712751E-01

8.746414E-20

9.5338294281519E-01

9.49E+07

9.5338294281519E-01

6.027433E-20

9.5335434016642E-01

1.09E+08

9.5335434016642E-01

4.153697E-20

9.5332677976658E-01

1.25E+08

9.5332677976658E-01

2.862447E-20

9.5330022363727E-01

1.44E+08

9.5330022363727E-01

1.972604E-20

9.5327463518398E-01

1.66E+08

9.5327463518398E-01

1.359385E-20

9.5324997914566E-01

1.91E+08

9.5324997914566E-01

9.367959E-21

9.5322622154616E-01

2.19E+08

9.5322622154616E-01

6.455761E-21

9.5320332964734E-01

2.52E+08

9.5320332964734E-01

4.448871E-21

9.5318127190404E-01

2.90E+08

9.5318127190404E-01

3.065859E-21

9.5316001792055E-01

3.34E+08

9.5316001792055E-01

2.112783E-21

9.5313953840874E-01

3.84E+08

9.5313953840874E-01

1.455987E-21

9.5311980514773E-01

4.41E+08

9.5311980514773E-01

1.003367E-21

9.5310079094497E-01

5.08E+08

9.5310079094497E-01

6.914512E-22

9.5308246959876E-01

5.84E+08

9.5308246959876E-01

4.765017E-22

9.5306481586217E-01

6.71E+08

9.5306481586217E-01

3.283723E-22

9.5304780540826E-01

7.72E+08

9.5304780540826E-01

2.262917E-22

9.5303141479650E-01

8.88E+08

9.5303141479650E-01

1.559456E-22

9.5301562144054E-01

1.02E+09

9.5301562144054E-01

1.074670E-22
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Table F.6. Recommended Characteristic Curves for Vault 2 Mix 1 Concrete.

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 1.1 x 10 cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999997794816E-01 5.00E-02 9.9999997794816E-01 9.902710E-01
9.9999993064469E-01 1.00E-01 9.9999993064469E-01 9.847216E-01
9.9999978187144E-01 2.00E-01 9.9999978187144E-01 9.760256E-01
9.9999900794401E-01 5.00E-01 9.9999900794401E-01 9.565945E-01
9.9999688017126E-01 1.00E+00 9.9999688017126E-01 9.321615E-01
9.9999019071969E-01 2.00E+00 9.9999019071969E-01 8.943561E-01
9.9995545449709E-01 5.00E+00 9.9995545449709E-01 8.120898E-01
9.9986049204570E-01 1.00E+01 9.9986049204570E-01 7.133400E-01
9.9956697754547E-01 2.00E+01 9.9956697754547E-01 5.723132E-01
9.9815482322008E-01 5.00E+01 9.9815482322008E-01 3.246634E-01
9.9503286740494E-01 1.00E+02 9.9503286740494E-01 1.416418E-01
9.8903731339770E-01 2.00E+02 9.8903731339770E-01 3.586834E-02
9.7896836554982E-01 5.00E+02 9.7896836554982E-01 2.572257E-03
9.7268858661215E-01 1.00E+03 9.7268858661215E-01 2.460128E-04
9.7165837511642E-01 1.15E+03 9.7165837511642E-01 1.506568E-04
9.7070516687436E-01 1.32E+03 9.7070516687436E-01 9.194319E-05
9.6982559165950E-01 1.52E+03 9.6982559165950E-01 5.595516E-05
9.6901573228587E-01 1.75E+03 9.6901573228587E-01 3.397722E-05
9.6827137113171E-01 2.01E+03 9.6827137113171E-01 2.059469E-05
9.6758817348953E-01 2.31E+03 9.6758817348953E-01 1.246518E-05
9.6696181961962E-01 2.66E+03 9.6696181961962E-01 7.536038E-06
9.6638809653065E-01 3.06E+03 9.6638809653065E-01 4.551868E-06
9.6586295898000E-01 3.52E+03 9.6586295898000E-01 2.747383E-06
9.6538256748168E-01 4.05E+03 9.6538256748168E-01 1.657281E-06
9.6494330949589E-01 4.65E+03 9.6494330949589E-01 9.992451E-07
9.6454180857294E-01 5.35E+03 9.6454180857294E-01 6.022658E-07
9.6417492506746E-01 6.15E+03 9.6417492506746E-01 3.628919E-07
9.6383975111787E-01 7.08E+03 9.6383975111787E-01 2.186076E-07
9.6353360187074E-01 8.14E+03 9.6353360187074E-01 1.316658E-07
9.6325400438441E-01 9.36E+03 9.6325400438441E-01 7.928977E-08
9.6299868523621E-01 1.08E+04 9.6299868523621E-01 4.774310E-08
9.6276555755424E-01 1.24E+04 9.6276555755424E-01 2.874510E-08
9.6255270797064E-01 1.42E+04 9.6255270797064E-01 1.730554E-08
9.6235838383124E-01 1.64E+04 9.6235838383124E-01 1.041792E-08
9.6218098087891E-01 1.88E+04 9.6218098087891E-01 6.271293E-09
9.6201903154447E-01 2.16E+04 9.6201903154447E-01 3.775000E-09
9.6187119391974E-01 2.49E+04 9.6187119391974E-01 2.272292E-09
9.6173624144611E-01 2.86E+04 9.6173624144611E-01 1.367733E-09
9.6161305332376E-01 3.29E+04 9.6161305332376E-01 8.232476E-10
9.6150060562771E-01 3.79E+04 9.6150060562771E-01 4.955110E-10
9.6139796310488E-01 4.35E+04 9.6139796310488E-01 2.982435E-10
9.6130427161830E-01 5.01E+04 9.6130427161830E-01 1.795084E-10
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Table F.6. Recommended Characteristic Curves for Vault 2 Mix 1 Concrete (continued).

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 1.1 x 10 cm/s)

9.6121875120111E-01

5.76E+04

9.6121875120111E-01

1.080427E-10

9.6114068968056E-01

6.62E+04

9.6114068968056E-01

6.502847E-11

9.6106943683224E-01

7.61E+04

9.6106943683224E-01

3.913899E-11

9.6100439902545E-01

8.76E+04

9.6100439902545E-01

2.355668E-11

9.6094503432203E-01

1.01E+05

9.6094503432203E-01

1.417808E-11

9.6089084799285E-01

1.16E+05

9.6089084799285E-01

8.533351E-12

9.6084138841825E-01

1.33E+05

9.6084138841825E-01

5.135953E-12

9.6079624334096E-01

1.53E+05

9.6079624334096E-01

3.091163E-12

9.6075503644206E-01

1.76E+05

9.6075503644206E-01

1.860468E-12

9.6071742421306E-01

2.03E+05

9.6071742421306E-01

1.119753E-12

9.6068309309869E-01

2.33E+05

9.6068309309869E-01

6.739408E-13

9.6065175688768E-01

2.68E+05

9.6065175688768E-01

4.056216E-13

9.6062315433003E-01

3.08E+05

9.6062315433003E-01

2.441295E-13

9.6059704696144E-01

3.54E+05

9.6059704696144E-01

1.469330E-13

9.6057321711693E-01

4.07E+05

9.6057321711693E-01

8.843378E-14

9.6055146611741E-01

4.68E+05

9.6055146611741E-01

5.322516E-14

9.6053161261417E-01

5.39E+05

9.6053161261417E-01

3.203433E-14

9.6051349107752E-01

6.20E+05

9.6051349107752E-01

1.928032E-14

9.6049695041718E-01

7.13E+05

9.6049695041718E-01

1.160414E-14

9.6048185272292E-01

8.19E+05

9.6048185272292E-01

6.984116E-15

9.6046807211493E-01

9.42E+05

9.6046807211493E-01

4.203490E-15

9.6045549369452E-01

1.08E+06

9.6045549369452E-01

2.529930E-15

9.6044401258620E-01

1.25E+06

9.6044401258620E-01

1.522674E-15

9.6043353306339E-01

1.43E+06

9.6043353306339E-01

9.164429E-16

9.6042396775035E-01

1.65E+06

9.6042396775035E-01

5.515741E-16

9.6041523689368E-01

1.90E+06

9.6041523689368E-01

3.319727E-16

9.6040726769743E-01

2.18E+06

9.6040726769743E-01

1.998024E-16

9.6039999371616E-01

2.51E+06

9.6039999371616E-01

1.202539E-16

9.6039335430092E-01

2.88E+06

9.6039335430092E-01

7.237650E-17

9.6038729409363E-01

3.31E+06

9.6038729409363E-01

4.356082E-17

9.6038176256551E-01

3.81E+06

9.6038176256551E-01

2.621769E-17

9.6037671359578E-01

4.38E+06

9.6037671359578E-01

1.577949E-17

9.6037210508711E-01

5.04E+06

9.6037210508711E-01

9.497105E-18

9.6036789861468E-01

5.80E+06

9.6036789861468E-01

5.715966E-18

9.6036405910571E-01

6.67E+06

9.6036405910571E-01

3.440235E-18

9.6036055454714E-01

7.67E+06

9.6036055454714E-01

2.070554E-18

9.6035735571862E-01

8.82E+06

9.6035735571862E-01

1.246192E-18

9.6035443594893E-01

1.01E+07

9.6035443594893E-01

7.500380E-19

9.6035177089360E-01

1.17E+07

9.6035177089360E-01

4.514209E-19

9.6034933833190E-01

1.34E+07

9.6034933833190E-01

2.716940E-19

9.6034711798158E-01

1.54E+07

9.6034711798158E-01

1.635229E-19

9.6034509132980E-01

1.77E+07

9.6034509132980E-01

9.841854E-20

9.6034324147872E-01

2.04E+07

9.6034324147872E-01

5.923458E-20
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Table F.6. Recommended Characteristic Curves for Vault 2 Mix 1 Concrete (continued).

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 1.1 x 10 cm/s)

9.6034155300462E-01

2.35E+07

9.6034155300462E-01

3.565116E-20

9.6034001182933E-01

2.70E+07

9.6034001182933E-01

2.145716E-20

9.6033860510282E-01

3.10E+07

9.6033860510282E-01

1.291429E-20

9.6033732109608E-01

3.57E+07

9.6033732109608E-01

7.772646E-21

9.6033614910329E-01

4.10E+07

9.6033614910329E-01

4.678076E-21

9.6033507935261E-01

4.72E+07

9.6033507935261E-01

2.815567E-21

9.6033410292466E-01

5.43E+07

9.6033410292466E-01

1.694588E-21

9.6033321167815E-01

6.24E+07

9.6033321167815E-01

1.019912E-21

9.6033239818206E-01

7.18E+07

9.6033239818206E-01

6.138484E-22

9.6033165565359E-01

8.25E+07

9.6033165565359E-01

3.694531E-22

9.6033097790170E-01

9.49E+07

9.6033097790170E-01

2.223606E-22

9.6033035927541E-01

1.09E+08

9.6033035927541E-01

1.338309E-22

9.6032979461673E-01

1.25E+08

9.6032979461673E-01

8.054789E-23

9.6032927921765E-01

1.44E+08

9.6032927921765E-01

4.847900E-23

9.6032880878086E-01

1.66E+08

9.6032880878086E-01

2.917775E-23

9.6032837938396E-01

1.91E+08

9.6032837938396E-01

1.756106E-23

9.6032798744671E-01

2.19E+08

9.6032798744671E-01

1.056931E-23

9.6032762970122E-01

2.52E+08

9.6032762970122E-01

6.361289E-24

9.6032730316466E-01

2.90E+08

9.6032730316466E-01

3.828655E-24

9.6032700511444E-01

3.34E+08

9.6032700511444E-01

2.304326E-24

9.6032673306548E-01

3.84E+08

9.6032673306548E-01

1.386885E-24

9.6032648474948E-01

4.41E+08

9.6032648474948E-01

8.347126E-25

9.6032625809602E-01

5.08E+08

9.6032625809602E-01

5.023939E-25

9.6032605121533E-01

5.84E+08

9.6032605121533E-01

3.023706E-25

9.6032586238245E-01

6.71E+08

9.6032586238245E-01

1.819837E-25

9.6032569002294E-01

7.72E+08

9.6032569002294E-01

1.095299E-25

9.6032553269970E-01

8.88E+08

9.6032553269970E-01

6.592439E-26

9.6032538910100E-01

1.02E+09

9.6032538910100E-01

3.967600E-26
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Table F.7. Recommended Characteristic Curves for Vault 2 Mix 2 Concrete.

Relative
Suction Permeability
Head kr
Saturation (cm) Saturation (Ksat = 9.3 x 10™ cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9998800333577E-01 5.00E-02 9.9998800333577E-01 5.487652E-01
9.9997163686602E-01 1.00E-01 9.9997163686602E-01 4.807670E-01
9.9993301618303E-01 2.00E-01 9.9993301618303E-01 4.062577E-01
9.9979231640985E-01 5.00E-01 9.9979231640985E-01 3.002156E-01
9.9951532386600E-01 1.00E+00 9.9951532386600E-01 2.182504E-01
9.9888886201051E-01 2.00E+00 9.9888886201051E-01 1.409355E-01
9.9687748591834E-01 5.00E+00 9.9687748591834E-01 5.983137E-02
9.9379000673926E-01 1.00E+01 9.9379000673926E-01 2.330090E-02
9.8908372090643E-01 2.00E+01 9.8908372090643E-01 6.789228E-03
9.8128822875291E-01 5.00E+01 9.8128822875291E-01 9.207321E-04
9.7528138507094E-01 1.00E+02 9.7528138507094E-01 1.715413E-04
9.6977996900517E-01 2.00E+02 9.6977996900517E-01 2.981385E-05
9.6355647642560E-01 5.00E+02 9.6355647642560E-01 2.817478E-06
9.5962619706564E-01 1.00E+03 9.5962619706564E-01 4.663813E-07
9.5890799984945E-01 1.15E+03 9.5890799984945E-01 3.242999E-07
9.5821318832782E-01 1.32E+03 9.5821318832782E-01 2.254696E-07
9.5754108600444E-01 1.52E+03 9.5754108600444E-01 1.567381E-07
9.5689101982150E-01 1.75E+03 9.5689101982150E-01 1.089470E-07
9.5626232356661E-01 2.01E+03 9.5626232356661E-01 7.572121E-08
9.5565434052514E-01 2.31E+03 9.5565434052514E-01 5.262443E-08
9.5506642551724E-01 2.66E+03 9.5506642551724E-01 3.657042E-08
9.5449794643470E-01 3.06E+03 9.5449794643470E-01 2.541263E-08
9.5394828537268E-01 3.52E+03 9.5394828537268E-01 1.765835E-08
9.5341683943403E-01 4.05E+03 9.5341683943403E-01 1.226971E-08
9.5290302127021E-01 4.65E+03 9.5290302127021E-01 8.525205E-09
9.5240625941102E-01 5.35E+03 9.5240625941102E-01 5.923303E-09
9.5192599842567E-01 6.15E+03 9.5192599842567E-01 4.115413E-09
9.5146169895008E-01 7.08E+03 9.5146169895008E-01 2.859268E-09
9.5101283760855E-01 8.14E+03 9.5101283760855E-01 1.986504E-09
9.5057890685277E-01 9.36E+03 9.5057890685277E-01 1.380124E-09
9.5015941473677E-01 1.08E+04 9.5015941473677E-01 9.588315E-10
9.4975388464293E-01 1.24E+04 9.4975388464293E-01 6.661351E-10
9.4936185497104E-01 1.42E+04 9.4936185497104E-01 4.627846E-10
9.4898287880042E-01 1.64E+04 9.4898287880042E-01 3.215086E-10
9.4861652353287E-01 1.88E+04 9.4861652353287E-01 2.233593E-10
9.4826237052273E-01 2.16E+04 9.4826237052273E-01 1.551720E-10
9.4792001469919E-01 2.49E+04 9.4792001469919E-01 1.078005E-10
9.4758906418484E-01 2.86E+04 9.4758906418484E-01 7.489056E-11
9.4726913991365E-01 3.29E+04 9.4726913991365E-01 5.202740E-11
9.4695987525081E-01 3.79E+04 9.4695987525081E-01 3.614399E-11
9.4666091561655E-01 4.35E+04 9.4666091561655E-01 2.510957E-11
9.4637191811530E-01 5.01E+04 9.4637191811530E-01 1.744382E-11
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Table F.7. Recommended Characteristic Curves for Vault 2 Mix 2 Concrete continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 9.3 x 10 cm/s)

9.4609255117138E-01

5.76E+04

9.4609255117138E-01

1.211835E-11

9.4582249417221E-01

6.62E+04

9.4582249417221E-01

8.418695E-12

9.4556143711947E-01

7.61E+04

9.4556143711947E-01

5.848516E-12

9.4530908028889E-01

8.76E+04

9.4530908028889E-01

4.062994E-12

9.4506513389869E-01

1.01E+05

9.4506513389869E-01

2.822581E-12

9.4482931778722E-01

1.16E+05

9.4482931778722E-01

1.960859E-12

9.4460136109945E-01

1.33E+05

9.4460136109945E-01

1.362217E-12

9.4438100198274E-01

1.53E+05

9.4438100198274E-01

9.463370E-13

9.4416798729153E-01

1.76E+05

9.4416798729153E-01

6.574236E-13

9.4396207230101E-01

2.03E+05

9.4396207230101E-01

4.567143E-13

9.4376302042965E-01

2.33E+05

9.4376302042965E-01

3.172808E-13

9.4357060297027E-01

2.68E+05

9.4357060297027E-01

2.204159E-13

9.4338459882974E-01

3.08E+05

9.4338459882974E-01

1.531236E-13

9.4320479427685E-01

3.54E+05

9.4320479427685E-01

1.063754E-13

9.4303098269832E-01

4.07E+05

9.4303098269832E-01

7.389924E-14

9.4286296436265E-01

4.68E+05

9.4286296436265E-01

5.133799E-14

9.4270054619169E-01

5.39E+05

9.4270054619169E-01

3.566463E-14

9.4254354153959E-01

6.20E+05

9.4254354153959E-01

2.477631E-14

9.4239176997900E-01

7.13E+05

9.4239176997900E-01

1.721216E-14

9.4224505709432E-01

8.19E+05

9.4224505709432E-01

1.195733E-14

9.4210323428167E-01

9.42E+05

9.4210323428167E-01

8.306784E-15

9.4196613855556E-01

1.08E+06

9.4196613855556E-01

5.770742E-15

9.4183361236182E-01

1.25E+06

9.4183361236182E-01

4.008948E-15

9.4170550339684E-01

1.43E+06

9.4170550339684E-01

2.785025E-15

9.4158166443270E-01

1.65E+06

9.4158166443270E-01

1.934763E-15

9.4146195314814E-01

1.90E+06

9.4146195314814E-01

1.344084E-15

9.4134623196513E-01

2.18E+06

9.4134623196513E-01

9.337385E-16

9.4123436789087E-01

2.51E+06

9.4123436789087E-01

6.486702E-16

9.4112623236505E-01

2.88E+06

9.4112623236505E-01

4.506326E-16

9.4102170111211E-01

3.31E+06

9.4102170111211E-01

3.130555E-16

9.4092065399857E-01

3.81E+06

9.4092065399857E-01

2.174803E-16

9.4082297489491E-01

4.38E+06

9.4082297489491E-01

1.510841E-16

9.4072855154223E-01

5.04E+06

9.4072855154223E-01

1.049584E-16

9.4063727542321E-01

5.80E+06

9.4063727542321E-01

7.291486E-17

9.4054904163744E-01

6.67E+06

9.4054904163744E-01

5.065411E-17

9.4046374878088E-01

7.67E+06

9.4046374878088E-01

3.518952E-17

9.4038129882936E-01

8.82E+06

9.4038129882936E-01

2.444624E-17

9.4030159702589E-01

1.01E+07

9.4030159702589E-01

1.698286E-17

9.4022455177180E-01

1.17E+07

9.4022455177180E-01

1.179803E-17

9.4015007452147E-01

1.34E+07

9.4015007452147E-01

8.196116E-18

9.4007807968060E-01

1.54E+07

9.4007807968060E-01

5.693859E-18

9.4000848450779E-01

1.77E+07

9.4000848450779E-01

3.955537E-18

9.3994120901951E-01

2.04E+07

9.3994120901951E-01

2.747920E-18
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Table F.7. Recommended Characteristic Curves for Vault 2 Mix 2 Concrete continued.

Saturation

Suction
Head
(cm)

Saturation

Relative
Permeability
kr

(Ksat = 9.3 x 10™ cm/s)

9.3987617589814E-01

2.35E+07

9.3987617589814E-01

1.908986E-18

9.3981331040313E-01

2.70E+07

9.3981331040313E-01

1.326177E-18

9.3975254028513E-01

3.10E+07

9.3975254028513E-01

9.212979E-19

9.3969379570291E-01

3.57E+07

9.3969379570291E-01

6.400277E-19

9.3963700914312E-01

4.10E+07

9.3963700914312E-01

4.446287E-19

9.3958211534271E-01

4.72E+07

9.3958211534271E-01

3.088845E-19

9.3952905121392E-01

5.43E+07

9.3952905121392E-01

2.145827E-19

9.3947775577177E-01

6.24E+07

9.3947775577177E-01

1.490711E-19

9.3942817006395E-01

7.18E+07

9.3942817006395E-01

1.035600E-19

9.3938023710313E-01

8.25E+07

9.3938023710313E-01

7.194338E-20

9.3933390180141E-01

9.49E+07

9.3933390180141E-01

4.997921E-20

9.3928911090704E-01

1.09E+08

9.3928911090704E-01

3.472066E-20

9.3924581294319E-01

1.25E+08

9.3924581294319E-01

2.412053E-20

9.3920395814883E-01

1.44E+08

9.3920395814883E-01

1.675658E-20

9.3916349842152E-01

1.66E+08

9.3916349842152E-01

1.164084E-20

9.3912438726210E-01

1.91E+08

9.3912438726210E-01

8.086915E-21

9.3908657972131E-01

2.19E+08

9.3908657972131E-01

5.617995E-21

9.3905003234809E-01

2.52E+08

9.3905003234809E-01

3.902834E-21

9.3901470313964E-01

2.90E+08

9.3901470313964E-01

2.711306E-21

9.3898055149317E-01

3.34E+08

9.3898055149317E-01

1.883552E-21

9.3894753815923E-01

3.84E+08

9.3894753815923E-01

1.308508E-21

9.3891562519659E-01

4.41E+08

9.3891562519659E-01

9.090225E-22

9.3888477592864E-01

5.08E+08

9.3888477592864E-01

6.315004E-22

9.3885495490126E-01

5.84E+08

9.3885495490126E-01

4.387043E-22

9.3882612784203E-01

6.71E+08

9.3882612784203E-01

3.047686E-22

9.3879826162089E-01

7.72E+08

9.3879826162089E-01

2.117235E-22

9.3877132421204E-01

8.88E+08

9.3877132421204E-01

1.470851E-22

9.3874528465711E-01

1.02E+09

9.3874528465711E-01

1.021800E-22
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APPENDIX G. DESIGN CHECK DOCUMENTATION
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W02 Jones/SRMNLISrs To Henneth DiscndSRENLISE@ss

e 11/1 042008 09:39 AM o
boo

Subject Re: Design Check - SANS-5TI1-2008-00042

Ken.

Just to nete that the review comments for the referenced report that | returmed last Thursday, November 6,
included the review outlined below, with verifications and checks including approamataly 10 percent of
the data. As | mentoned, this report's succinet witing style made for easy reading - well done.

Bill
Kenneth Dizon/ZRNLSrs

Kenneth Dixon/SANL/Srs

10/28/2008 04-09 M To W02 Jones/SRNLISrs@Srs

ot Mark Phifer/SRNLSrsi@Srs, John Mayer/SRNLISrs@Ses
Subject Design Check - SANS-STI-2008-00042

Bill.

Pleaze perform a design check on the document SENS-5TI-2006-00042 whach = utled "HYDRAULIC
AND PHYSICAL PROPERTIES OF SALTSTONE GROUTS AND VAULT CONCRETES". Elements of
this design check should include but are not limited to:

*  venfy that data from the laboratory reponts have been acourately entered into the spreadsheets and

report tables
*  venfy the correction for salt content on the salstone samples in the spreadshests

# check the caloculations in the spreadshests for accuracy
*  venfy that the logic in determining the van Genuchten transport parameters is sound for both the

zalistone and concrets matenals
#  venfy that the assumptions, interpretations, and conclusions of the report are reasonzble
Files asscmated with the design chack may be found at the fellowing path:
VnagD2KLDVS2108_DesignCheck

We can meet to dizcuss the file structure for the spreadshests to speed the design check proceszz. | will
also provide hard copies of the lab sheets and strength reports. The charge code for your tme is

WCZPAREVZ.
Thanks,

Ken
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