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1.0 EXECUTIVE SUMMARY

The F-Area Tank Farm (FTF) is located within F-Area in the General Separations Area (GSA) of
the Savannah River Site (SRS). The GSA contains the F and H-Area Separations Facilities, the
S-Area Defense Waste Processing Facility, the Z-Area Saltstone Facility, and the E-Area Low-
Level Waste Disposal Facilities. The FTF includes twenty-two waste tanks, which were
emplaced between 1951 and 1976. Site Regulatory Integration and Planning (SRIP) is in the
process of preparing the regulatory documentation for closure of several of these liquid waste
tanks. The current closure concept for all of the FTF waste tanks is to fill the majority of the
tank interior with reducing fill grout and fill the very top of certain tanks with a strong grout to
protect against inadvertent intrusion after closure.

The Savannah River National Laboratory (SRNL) has been tasked to design and test various tank
grouts and a base mat surrogate concrete to support the Performance Assessment (PA) for the
FTF (WSRC, 2006). These materials include the following:

* Strong grout B2000-X-0-0-BS (WSRC, 2003)
* Reducing fill grout OPDEXE-X-P-0-BS (WSRC, 2003)
* Alternative reducing fill grout 1 A (Ganguly and Langton, 2007)
" Alternative reducing fill grout lB (Ganguly and Langton, 2007)
* Alternative reducing fill grout 2 (Ganguly and Langton, 2007)
* Base mat surrogate (provided by SRIP)

The specific scope of this task was to measure the physical and hydraulic properties of these
materials. The grout formula development for the alternative mixes and wet physical property
measurements of each fill material and grout are described by Ganguly and Langton (2007). The
purpose of this report is to provide the results of the hydraulic property measurements of these
materials.

Three inch diameter mold samples of each material (except the base mat surrogate) were
prepared at the site concrete testing facility located in N-Area and allowed to cure for a minimum
of 28 days in a controlled environment (Ganguly and Langton, 2007). Three inch diameter core
samples were collected from the working slab and base mat of the Contaminated Water Storage
Tanks (CWST) located near the P-Area retention basin (904-86G). These samples, which were
provided by SRIP, served as a surrogate for the tank base mat concrete. These core samples,
along with the mold samples, were submitted to offsite laboratories for testing of hydraulic and
physical properties. These services were provided by MACTEC Engineering and Consulting,
Inc (MCT) and Geotesting Express, Inc. (GTX) per ASTM standard methods. Properties
measured included saturated hydraulic conductivity, water retention characteristics, dry bulk
density, and porosity.

In addition to the testing conducted by MCT and GTX, one inch diameter samples of the
reducing fill grout were submitted to the Idaho National Laboratory (INL) to be tested for
saturated, hydraulic conductivity, unsaturated hydraulic conductivity, water retention
characteristics, dry bulk density, and porosity. INL used steady state centrifugation-unsaturated
flow apparatus (SSC-UFA) to measure the hydraulic properties of the reducing fill grout.
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Recommended hydraulic property values for each tank grout and the base mat surrogate are
provided. The hydraulic properties provided for each material include the saturated hydraulic
conductivity, dry bulk density, particle density, and water exchangeable porosity. In addition,
water retention data are presented for each material along with the van Genuchten transport
parameters as determined using the RETC code. Finally, selected samples of each material were
scanned using computed tomography. Images from these scans are presented to provide a
qualitative perspective of the porosity and heterogeneity of each sample.
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2.0 INTRODUCTION
The F-Area Tank Farm (FTF) is located within F-Area in the General Separations Area (GSA) of
the Savannah River Site (SRS). The GSA contains the F and H-Area Separations Facilities, the
S-Area Defense Waste Processing Facility, the Z-Area Saltstone Facility, and the E-Area Low-
Level Waste Disposal Facilities. The FTF is a nearly rectangular shaped area and comprises
approximately 20 acres, which is bounded by SRS coordinates N 76,604.5 to N 77,560.0 and E
52,435.0 to E 53,369.0. The FTF includes twenty-two waste tanks, which were emplaced
between 1951 and 1976 (Figure 1). Site Regulatory Integration and Planning (SRIP) is in the
process of preparing the regulatory documentation for closure of several of these liquid waste
tanks.

The Federal Facility Agreement (FFA) closure dates for Tanks 18 and 19 are currently under
negotiation with South Carolina Department of Health and Environmental Control (SCDHEC)
and the United States Environmental Protection Agency (EPA) due to the ongoing evaluation of
a new technology for additional waste removal from the tanks. Waste removal operations are
currently in progress in Tank 6 and further heel removal is scheduled for both Tanks 5 and 6 to
support the current FFA commitment dates.

The current closure concept for all of the FTF waste tanks is to fill the majority of the tank
interior with reducing fill grout and fill the very top of certain tanks with a strong grout to protect
against inadvertent intrusion after closure.

The Savannah River National Laboratory (SRNL) has been tasked to design and test various tank
grouts and a base mat surrogate concrete to support the Performance Assessment (PA) for the
FTF (WSRC, 2006). These materials include the following:

* Strong grout B2000-X-0-0-BS (WSRC, 2003)
" Reducing fill grout OPDEXE-X-P-0-BS (WSRC, 2003)
* Alternative reducing fill grout IA (Ganguly and Langton, 2007)
" Alternative reducing fill grout IB (Ganguly and Langton, 2007)
* Alternative reducing fill grout 2 (Ganguly and Langton, 2007)
* Base mat surrogate (provided by SRIP)

The specific scope of this task is to determine the physical and hydraulic properties of these
materials. The grout formula development for the alternative mixes and wet physical property
measurements of each fill material and grout are described by Ganguly and Langton (2007). The
purpose of this report is to provide the results of the hydraulic property measurements of these
materials. These data will be used to establish material properties for these cementitious
materials for use in the PA and closure document development process.

The specific objectives of this task are to:
* Determine the hydraulic properties of the strong grout, reducing fill grout, a base mat

surrogate, and three alternative reducing fill grouts including hydraulic conductivity and
water retention characteristics.
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* Determine the physical properties of the strong grout, reducing fill grout, a base mat
surrogate, and three alternative reducing fill grout materials including dry bulk density
and porosity.

The sections that follow discuss the methods used to test samples of the tank grouts and .base mat
surrogate and the results of the testing.

3.0 METHODS

The objective of this testing was to determine the hydraulic conductivity, water retention
characteristics, dry bulk density, and water exchangeable porosity of samples of the tank grouts
and a base mat surrogate concrete. The following samples were tested to determine hydraulic
and physical properties using standard ASTM methods.

* 6 samples of the strong grout (B2000-X-0-0-BS)
* 6 samples of the reducing fill grout (OPDEXE-X-P-0-BS)
o 4 samples of base mat surrogate concrete
* 2 samples of alternative reducing fill grout IA
* 4 samples of alternative reducing fill grout 1B
* 4 samples of alternative reducing fill grout 2

Two samples of the reducing fill grout were tested using a steady state centrifugation unsaturated
flow apparatus (SSC-UFA) at the Idaho National Laboratory (INL). In addition to the hydraulic
and physical testing, selected samples of each grout were scanned using computed tomography
(CT) to examine the internal structure of the samples and to make qualitative observations
regarding connected porosity and preferential flow paths or channels.

3.1 TANK GROUT MOLD SAMPLE PREPARATION

Three inch diameter by six inch in length mold samples of the strong grout, reducing fill grout,
and three alternative reducing fill grouts were provided by Ganguly and Langton (2007). Details
on the preparation and wet physical property testing of each mix are provided by Ganguly and
Langton (2007). These samples were labeled according to the mix and batch of origin as given
in Table 1. The samples were capped and stored in a controlled environment for curing. Each
sample was cured for a minimum of 28 days prior to hydraulic testing. Samples of each material
were tested for compressive strength at the site concrete testing facility located in N-Area
(Ganguly and Langton, 2007). Each mold sample was assigned a unique identification number
for laboratory tracking purposes (Table 1).

One inch diameter by 12 inch in length mold samples of the reducing fill grout were also
prepared using polybutyrate liners. These samples were prepared for testing in the SSC-UFA at
INL. The samples were labeled according to the mix and batch of origin as given in Table 1.
The samples were capped and stored in a controlled environment for curing. Each sample was
cured for a minimum of 28 days prior to hydraulic testing.
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3.2 BASE MAT SURROGATE CORE COLLECTION

Four core samples of the base mat surrogate concrete were provided by SRIP. These samples
were collected from base mat concrete at the Contaminated Water Storage Tanks (CWST)
located near the P-Area retention basin (904-86G). The tanks are 88 feet diameter and 12 feet
high carbon steel plate tanks with capacity for 500,000 gallons of liquid. Each tank sits on a
eighteen inch thick integrated concrete working slab and base mat. Three CWSTs were built
under project lS-1745 in the late 70's for P, C and K-area.

The core samples were collected using a three inch diameter wet abrasive coring bit and drill
motor from the CSWT base mat concrete. The concrete core samples were intended to be
representative of Class 3 concrete (DuPont Specification 5B 6 A for 3000 psig concrete) poured
at SRS during the 1950s or 1960s, which is assumed to be a suitable surrogate of the tank base
mat concrete. A single core of this material was tested for compressive strength at the site
concrete testing facility located in N-Area. Each base mat surrogate concrete core sample was
assigned a unique identification number for laboratory tracking purposes (Table 1).

3.3 HYDRAULIC AND GEOTECHNICAL TESTING

A total of 26 cementitious samples were submitted for testing per standard ASTM methods to
offsite subcontract laboratories. The samples were split among two laboratories in order to meet
the project schedule. Samples of the strong grout, reducing fill grout, and alternative reducing
fill grout 2 were submitted to Mactec Engineering, Inc. (MCT). Samples of the base mat
surrogate concrete and alternative reducing fill grouts 1A and lB were tested by Geotesting
Express, Inc. (GTX). Two samples of the reducing fill grout were tested by INL.

The tank grouts and base mat surrogate were tested using standard methods as indicated in Table
7. Three inch diameter by six inch in height mold samples of the tank grouts were submitted to
the designated laboratory. Three inch diameter core samples of the base mat surrogate concrete
were submitted to MCT for testing.

Standard ASTM methods were used to test each sample. The ASTM standards of each test are
indicated in Table 7 and are summarized below. Except as noted, both labs followed the same
procedures.

* Saturated hydraulic conductivity using method ASTM D 5084 - flexible wall permeameter:
a. MCT - Method B (falling head, constant tailwater pressure)
b. GTX - Method C (falling head, rising tailwater pressure)

* Water retention characteristics were determined using methods ASTM D 2325 and ASTM D
3152 by pressure plate apparatus.

* Dry bulk density was determined by dividing the dry weight of the sample by the measured
volume (modified ASTM C 642).

* Water exchangeable porosity (n) was measured using a modified method of ASTM C 642 as
follows:
a. Sample volume (Vot) was determined by measuring the cylindrical concrete specimens.

A minimum of 3 height measurements at 1200 from each other and top and bottom
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diameter measurements were made to determine the volume. Additional measurements
were made as necessary to compensate for any substantial irregularities in the sample.

b. Saturated mass (Msat) of the vacuum saturated, surface dried specimen was measured per

the requirements of ASTM C 642 Section 5.2 (i.e. criteria for acceptable mass
measurement).

c. Oven-dried mass (Mdry) of the specimen was measured per ASTM C 642 Section 5.1

(i.e. criteria for acceptable mass measurement). For many of the samples, it took several
days to a week to obtain an acceptable oven-dried mass measurement.

d. Porosity was calculated as:

n = ((Msat - Mdry)/Pw) / Vol

where Pw = density of water at the temperature used to determine Msat.

Specific gravity was determined using method ASTM D 854 which is a water pycnometer
method.

INL tested two samples of the reducing fill grout using a steady state centrifugation unsaturated
flow apparatus (SSC-UFA) following method ASTM D 6527 and procedures given in Methods
of Soil Analysis (Dane and Topp, 2002). A complete discussion of the methods used is given in
the project report in Appendix B (Mattson, 2007). A total of two, one inch diameter cylinders of
the reducing fill grout were provided to INL for testing: TNKO19R and TNK020R.

The SSC-UFA was used to estimate the saturated and unsaturated hydraulic conductivity of the
reducing fill grout samples. Additionally, the saturated hydraulic conductivity of the samples
was estimated using a falling head method as given by Dane and Topp (2002). INL also
measured the water retention characteristics of the reducing fill grout samples by testing sub-
cores of the grout over a range of pressures from 0 to approximately 45,000 cm of H2 0 (-45
bars). A combination of methods was used to establish the water retention curve including
hanging column analysis (for the wet end of the curve), pressure plate apparatus (for the middle
portion of the curve), and chilled mirror analysis (for the dry end of the curve). See Appendix B
for a complete discussion of the methods.

The dry bulk density of the reducing fill grout was determined following the method of Dane and
Topp (2002) where the dry weight of the sample is divided by the measured volume (equivalent
to ASTM C 642). INL determined water exchangeable porosity in the same manner as MCT and
GTX (modified ASTM C 642) where porosity is determined by dividing the volume of the pores
by the totalsample volume. The volume of the pores is determined by subtracting the dry weight
of the sample from the saturated weight of the sample (assuming a density of 1 g/cm3). The
volume of the sample is determined by measuring the physical dimensions of the sample.

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 water retention data. These methods are generally based on pore-size
distribution models, and have been shown to perform reasonably well for coarse textured soils
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and other porous media having relatively narrow pore-size distributions (USDA, 1998). The
applicability of these models to cementitious materials has not been fully assessed; nevertheless,
predictive models based on water 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 FTF tank grouts and
base mat surrogate concrete samples based upon the measured water retention properties of each
material.

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
water retention data for each tank grout and the base mat surrogate. The program's curve fitting
is based on van Genuchten's equation for soil water content as a function of pressure

0(h) = 0, + 0h -0 h < 0

0(h) = 0, h > 0

where 0(h) is water content at the pressure head h, 0r is residual water content, 0, is the

saturated water content, h is pressure head, a 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).

All of the generated moisture retention curves were based on water retention data only; no
unsaturated hydraulic conductivity data were available for the samples. RETC's (USDA, 1998)
van Genuchten m = 1 - 1/n retention curve model was used to estimate curve fitting parameters

(r, 0s, a, n ) for each sample.

The curve fitting parameters (0, 0s, ct , n ) from RETC (USDA, 1998) were used to calculate the

effective saturation (or reduced water content), Se, at incremental pressure heads according to

S- Sr 1(ah)

where Sr denotes residual saturation. Using Se, the relative hydraulic conductivity was

calculated at incremental pressure heads using the Mualem-van Genuchten type function

K = S•1-(- Sm1 ( m, where L is an empirical pore-connectivity parameter and assumed

to be 0.5.

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

where residual saturation, Sr, is equal to 0r /O, (the residual water content divided by the

saturated water content).

3.5 TOMOGRAPHIC EVALUATION OF TANK GROUTS AND BASE MAT
SURROGATE CONCRETE SAMPLES

Computed tomographic (CT) imaging was performed on selected samples of the tank grouts, and
base mat surrogate samples. A 420 keV x-ray tube was used to acquire the raw projection
images for the three inch diameter samples. The detector used was a 1.5K x 1K pixel
Photometrics charge-coupled device (CCD) camera with an 85 mm lens viewing an image
quality indicator (IQI) glass scintillator. The scintillator converts x-ray energy into visible light
which can be imaged with light sensitive detectors.

The samples were placed on a rotational turntable controlled by data acquisition software. The
samples were imaged at 0.5 degree increments in the rotational angle for a total of 760 projection
images. The raw projection data was processed by subtracting the dark current signal then taking
the log of the ratio of the sample image to the un-attenuated beam. This transforms the data into
the x-ray attenuation space. The projections were then Fourier transformed and filtered in the
frequency domain to produce filtered projections. The filtered projections were then back
projected through the object space using a cone beam reconstruction algorithm to provide
reconstructed planes perpendicular to the axis of rotation and the raw projection coordinates.
The set of reconstructed planes constitutes a 3-D data set which represents the attenuation
coefficients of the sample. This 3-D data set was then sliced and viewed from different angles.
For ease of viewing, movie files were created showing a sequence of images that are planes
perpendicular to the axis of rotation or planes that are parallel to the axis of rotation. From these
movies, still images were captured to show the internal characteristics of the tank grouts and base
mat surrogate samples.

4.0 RESULTS

A total of 22 tank grout samples were tested to estimate hydraulic conductivity, water retention
characteristics, porosity, and bulk density. These samples Were all tested following a minimum
28 day cure time. In addition, 4 base mat surrogate core samples were also tested to estimate
hydraulic conductivity, water retention characteristics, porosity, and bulk density. Samples were
analyzed using traditional geotechnical testing methods as well as using steady state
centrifugation. In addition to the hydraulic and physical testing, selected samples of each tank
grout and base mat surrogate were scanned using computed tomography (CT) to examine the
internal structure of the samples and to make qualitative observations regarding connected
porosity and preferential flow paths or channels within each sample.

Page 8 of 153



WSRC-STI-2007-00369, REVISION 0

4.1 COMPRESSIVE STRENGTH TESTING

Mold samples of the tank grouts were tested for compressive strength at 7, 14, 28, 56, 90 and 180
days at the site concrete testing facility located in N-Area. Details on the testing and discussion
of the results are provided by Ganguly and Langton (2007) and preliminary results are presented
in Table 8 through Table 12 (the detailed compressive strength test reports are provided in
Appendix C). Compressive strength testing is of interest for this task because an increase in
strength is generally associated with a decrease in hydraulic conductivity. Thus, a substantial
increase in compressive strength may be used as an indicator that additional hydraulic testing
should be conducted to determine if the hydraulic conductivity of the material has changed.

Both the strong grout and reducing fill grout were made in two batches to have enough material
for the required testing. The strong grout batches were labeled 070025.1 and 070025.2. The
reducing fill grout batches were labeled 070027.1 and 070027.2. The compressive strength of
each batch of strong and reducing fill grout was measured. Per SRS Specification C-SPP-F-
00047, Revision 2, the minimum 28 day compressive strength for the strong grout (B2000-X-0-
0-BS) is 2000 psig. For the strong grout, it appears there was an issue with batch 070025.2 since
it had a 28 day compressive strength of 1060 psig (Table 8). This is substantially less than the
design strength (2000 psig). Additionally, it is noted that batch 070025.1 did not meet the design
strength at the 28 day test (1520 psig) but did at 62 days.

Per SRS Specification C-SPP-F-00047, Revision 2, the minimum 28 day compressive strength
for the reducing fill grout (OPDEXE-X-P-0-BS) is 900 to 1100 psig with a 90 day strength of
1800 to 2100 psig. The results of the strength testing from this mix show that both batches
(070027.1 and 070027.2) meet the specification requirements (Table 9).

The compressive strength of each alternative reducing fill grout increased over the curing period
with significant gains in compressive strength between 28 and 90 days (Table 10 through Table
12). This is due to the fly ash and slag content of these mixes, which hydrate more slowly than
does cement. Therefore, it is likely that the saturated hydraulic conductivity of these grouts
decreased between the 28 day and 90 day curing period. It is also noted that each of the
alternative reducing fill grouts were significantly stronger than the site specification reducing fill
grout (OPDEXE-X-P-0-BS) because these mixes contained significantly more cementitious
materials (cement, fly ash, and/or slag).

A single core of the base mat surrogate was also tested for compressive strength. The
compressive strength was found to be 2700 psig, which is slightly less than the specification for
Class 3 concrete (DuPont Specification 5B 6 A for 3000 psig concrete).

4.2 HYDRAULIC AND PHYSICAL PROPERTIES OF TANK GROUTS AND BASE
MAT SURROGATE SAMPLES

MACTEC Engineering and Consulting, Inc (MCT) and Geotesting Express, Inc. (GTX)
determined the hydraulic and physical properties of the tank grouts and base mat surrogate using
ASTM standard methods, while the Idaho National Laboratory (INL) used the steady state
centrifugation unsaturated flow apparatus (SSC-UFA) and standard soil science methods

Page 9 of 153



WSRC-STI-2007-00369, REVISION 0

(Methods of Soil Analysis (Dane and Topp, 2002)). The supporting detailed test reports
produced by MCT and GTX are provided in Appendix A, and the report detailing the INL results
is included in Appendix B.

4.2.1 Strong Grout Hydraulic and Physical Properties

Six samples from two different batches of the strong grout mix were tested by Mactec
Engineering and Consulting, Inc. (MCT) to estimate the hydraulic and physical properties of the
grout. The results of this testing are presented in Table 13 and summarized in Table 20. Sample
details are given in Table 1. The samples were cured for 28 days prior to shipping them to MCT
for testing. The mix design for the strong grout is presented in Table 2. Simultaneous to the
testing at MCT, samples from each batch of the strong grout were tested for compressive
strength as described in Section 4.1. The results of the strength testing (Table 8) showed there to
be an issue with one batch of the strong grout (batch 070025.2); however, the results of the
hydraulic and physical property testing were consistent with each other and there was no
apparent reason to exclude data from the batch. The saturated hydraulic conductivity of the
strong grout ranged from 6.8 x 10-9 to 2.9 x 10-8 cm/sec with an arithmetic average of 2.1 x 10-8

cm/sec. The dry bulk density of the strong grout ranged from 1.78 to 1.81 g/cm 3 with an
arithmetic average of 1.80 g/cm3 .

The water exchangeable porosity ranged. from 0.257 to 0.277 with an arithmetic average of
0.269. The average porosity of the strong grout is greater than that of a low quality concrete
(0.226, Phifer et al., 2006). The increased porosity is most likely related to the high water to
cementitious materials ratio (WCMR) for this mix (WCMR = 0.99). The most important factor
controlling the porosity of a cementitious material is the WCMR and porosity increases with
increasing WCMR above a WCMR of approximately 0.35 to 0.40 (Phifer et al., 2006).

As with hydraulic conductivity, water retention properties of the strong grout samples were
determined by MCT and the results are presented in Table 21. The MCT testing was conducted
at pressures ranging from 102 cm H20 (0.1 bars) to 15,296 cm H20 (15 bars), Table 21. A wafer
approximately 3 inches in diameter and ½ inch thick from each sample was tested using a
pressure plate apparatus. Water retention curves were prepared for each sample and are shown
in Figure 2.

4.2.2 Reducing Fill Grout Hydraulic and Physical Properties

Six samples of the reducing fill grout mix were also tested by MCT to estimate the hydraulic and
physical properties of the grout. The results of this testing are presented in Table 14 and
summarized in Table 20. Sample details are given in Table 1. The samples were cured for 28
days prior to shipping them to MCT for testing. Although two batches of the reducing fill grout
were prepared (070027.1 and 070027.2), all six samples tested originated from the same batch
(070027.2). The mix design for the reducing fill grout is presented in Table 3. The saturated
hydraulic conductivity of the reducing fill grout ranged from 1.0 x 10-8 to 8.5 x 10-8 cm/sec with
an arithmetic average of 3.6 x 10-8 cm/sec. The dry bulk density of the reducing fill. grout ranged
from 1.80 to 1.86 g/cm 3 with an arithmetic average of 1.81 g/cm 3. The water exchangeable
porosity ranged from 0.219 to 0.278 with an arithmetic average of 0.266. Similar to the strong
grout, the reducing fill grout had an average porosity greater than a low quality concrete (0.226).
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The increased porosity is most likely related to the fairly high WCMR for this mix (WCMR =
0.76). Because the reducing fill grout mix contains fly ash and blast furnace slag, the saturated
hydraulic conductivity and porosity of this mix may decrease with increased curing time.

Sub-samples from two one inch diameter samples of the reducing fill grout were also tested by
the INL (Mattson, 2007). The results from the INL testing are presented in Table 15. These
samples came from batch 070027.2, which is the same batch as the sample tested by MCT. A
report detailing the INL results is included in Appendix B of this report. INL found the saturated
hydraulic conductivity of the reducing fill grout to be much lower than that measured by MCT
on the three inch diameter samples. INL first attempted to determine the saturated hydraulic
conductivity using a falling head method (Table 15). This was unsuccessful as the conductivity
was found to be less than the limit for the method. Subsequently, INL used centrifugation to
measure the saturated hydraulic conductivity of the reducing fill grout and found it to range from
4.0 x 10-10 to 9.0 x 10-11 cm/sec with an arithmetic average of 3.7 x 10-10 cm/sec. The bulk
density of the reducing fill grout as reported by INL ranged from 1.81 to 1.84 g/cm 3 with an
arithmetic average of 1.83 g/cm3 , which is comparable to that measured by MCT (Table 15).
INL found the saturated porosity of the reducing fill grout to range from 0.264 to 0.272 with an
arithmetic average 0.268, which is also comparable to that measured by MCT (Table 23).

One possible explanation for the difference between the INL and MCT results for the saturated
hydraulic conductivity of the reducing fill grout could be leakage along the side of the sample in
the permeameter. To rule out this possibility, four of the reducing fill grout samples were
retested at a confining pressure of 40 psig (compared to 10 psig for the original tests). No
significant difference was found in the conductivities of the samples upon retesting at the higher
confining pressure. The average saturated hydraulic conductivity of the retested samples was 4.6
x 10-8 cm/sec. Therefore, it is unclear why the permeability for the reducing fill grout reported
by INL is so much lower than that measured by MCT. Sample size can impact saturated
hydraulic conductivity measurements, with smaller samples often resulting in lower measured
conductivities, since they do not always represent the full range of heterogeneities that may be
present in larger samples. Therefore, to be conservative, the INL data were excluded from
establishing the recommended value for saturated hydraulic conductivity of the reducing grout.

Water retention properties of the reducing fill grout samples were determined by MCT and INL
and are presented in Table 22 and Table 23. The MCT testing was -conducted at pressures
ranging from 102 cm H20 (0.1 bars) to 15,296 cm H20 (15 bars), Table 22. A wafer
approximately 3 inches in diameter and '½ inch thick from each sample was tested using a
pressure plate apparatus. Water retention curves were prepared for each sample and are shown
in Figure 3.

INL also measured the water retention characteristics of the reducing fill grout samples by
testing sub-cores of the grout over a range of pressures from 0 to approximately 45,000 cm of
H20 (-45 bars). A combination of methods was used to establish the water retention curve
including hanging column analysis (for the wet end of the curve), pressure plate apparatus (for
the middle portion of the curve), and chilled mirror analysis (for the dry end of the curve). Water
retention curves were prepared for each sample and are shown in Figure 4. It is noted that the
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drainage curves for the samples tested by INL are similar to the curves generated by MCT. A
plot which combines the curves from MCT and INL is shown in Figure 5.

4.2.3 Alternative Reducing Fill Grout 1A Hydraulic and Physical Properties
Two samples of alternative grout mix 1A were tested by GTX to estimate the hydraulic and
physical properties of the grout. The results of this testing, are presented in Table 16 and
summarized in Table 20. Sample details are given in Table 1. The samples were cured for a
minimum of 28 days prior to shipping them to GTX for testing. Both samples came from the
same batch of grout. The mix design for alternative grout mix IA is presented in Table 4. The
saturated hydraulic conductivity of this mix ranged from 8.2 x 10-9 to 9.5 x 10-9 cm/sec with an
arithmetic average of 8.9 x 10-9 cm/sec. The dry bulk density of the alternative grout mix 1A
ranged from 1.84 to 1.88 g/cm3 with an arithmetic average of 1.86 g/cm3. The water
exchangeable porosity ranged from 0.190 to 0.250 with an arithmetic average of 0.220. The
porosity of this mix is comparable to a low quality concrete (0.226). The WCMR for this mix
(WCMR = 0.49) is comparable to ordinary concrete. Because this mix contains fly ash and blast
furnace slag, the saturated hydraulic conductivity and porosity of this mix may decrease with
increased curing time.

Water retention properties of alternative reducing fill grout 1A samples were determined by
GTX and are presented in Table 24. The GTX testing was conducted at pressures ranging from
102 cm H20 (0.1 bars) to 15,296 cm H20 (15 bars), Table 24. Two wafers approximately 3
inches in diameter and ½2 inch thick from each sample were tested using a pressure plate
apparatus. The wafers were taken from the top and the bottom of the mold, sample. Water
retention curves were prepared for each sample and are shown in Figure 6.

4.2.4 Alternative Reducing Fill Grout 1B Hydraulic and Physical Properties

Four samples of alternative grout mix 1B were tested also tested by GTX to estimate the
hydraulic and physical properties of the grout. The results of this testing are presented in Table
17 and summarized in Table 20. Sample details are given in Table 1. The samples were cured
for a minimum of 28 days prior to shipping them to GTX for testing. All four samples came
from the same batch of grout. The mix design for alternative grout mix lB is presented in Table
5. The saturated hydraulic conductivity of this mix ranged from 1.0 x 10-8 to 1.5 x 10-8 cm/sec
with an arithmetic average of 1.3 x 10-8 cm/sec. The dry bulk density of the alternative grout
mix lB ranged from 1.82 to 1.86 g/cm 3 with an arithmetic average of 1.85 g/cm 3. The water
exchangeable porosity ranged from 0.230 to 0.250 with an arithmetic average of 0.240. The
porosity of this mix is slightly greater than that of a low quality concrete (0.226). For this mix,
the WCMR was 0.37, which is a relatively low WCMR. Because this mix contains fly ash and
blast furnace slag, the saturated hydraulic conductivity and porosity of this mix may decrease
with increased curing time.

Water retention properties of alternative reducing fill grout lB samples were determined by GTX
and are presented in Table 25. The GTX testing was conducted at pressures ranging from 102
cm H20 (0.1 bars) to 15,296 cm H20 (15 bars), Table 25. Two wafers approximately 3 inches in
diameter and Y2 inch thick from each sample were tested using a pressure plate apparatus. The
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Wafers were taken from the top and the bottom of the mold sample. Water retention curves were
prepared for each sample and are shown in Figure 7.

4.2.5 Alternative Reducing Fill Grout 2 Hydraulic and Physical Properties
Four samples of alternative grout mix 2 were also tested by MCT to estimate the hydraulic and
physical properties of the grout. The results of this testing are presented in Table 17 and
summarized in Table 20. Sample details are given in Table 1. The samples were cured for a
minimum of 28 days prior to shipping them to GTX for testing. All four samples came from the
same batch of grout. The mix design for alternative grout mix 2 is presented in Table 6 The
saturated hydraulic conductivity of this mix ranged from 5.5 x 10-9 to 8.1 x 10-9 cm/sec with an
arithmetic average of 6.6 x 10-9 cm/sec. The dry bulk density of the alternative grout mix 2
ranged from 1.92 to 2.06 g/cm3 with an arithmetic average of 1.96 g/cm3. The water
exchangeable porosity ranged from 0.186 to 0.225 with an arithmetic average of 0.209. The
porosity of this mix is slightly less than that of a low quality concrete (0.226). For this mix, the
WCMR was 0.39, which is a relatively low WCMR. Because this mix contains fly ash and blast
furnace slag, the saturated hydraulic conductivity and porosity of this mix may decrease with
increased curing time.

Water retention properties of alternative reducing fill grout 2 samples were determined by MCT
and are presented in Table 26. The MCT testing was conducted at pressures ranging from 102
cm H20 (0.1 bars) to 15,296 cm H20 (15 bars), Table 26. A wafer approximately 3 inches in
diameter and ½/2 inch thick from each sample was tested using a pressure plate apparatus. Water
retention curves were prepared for each sample and are shown in Figure 8.

4.2.6 Base Mat Surrogate Hydraulic and Physical Properties
Four samples of a surrogate for the base mat concrete were tested by GTX to estimate the
hydraulic and physical properties of the grout. The results of this testing are presented in Table
19 and summarized in Table 20. Sample details are given in Table 1. The base mat surrogate
concrete samples were taken from the concrete pad within the P-Area Retention Basin (904-
86G). The saturated hydraulic conductivity of the base mat surrogate concrete ranged from 1.6 x
10-8 to 6.0 x 10-8 cm/sec with an arithmetic average of 3.4 x 10.8 cm/sec. The dry bulk density of
the base mat surrogate concrete ranged from 2.01 to. 2.14 g/cm 3 with an arithmetic average of
2.06 g/cm 3. The water exchangeable porosity ranged from 0.150 to 0.190 with an arithmetic
average of 0.168.

Water retention properties of the base mat surrogate samples were determined by GTX. The
GTX testing was conducted at pressures ranging from 102 cm H20 (0.1 bars) to 15,296 cm H20
(15 bars), Table 21. Two wafers approximately 3 inches in diameter and Y2 inch thick from each
sample were tested using a pressure plate apparatus. The wafers were taken from the top and the
bottom of the core sample. Water retention curves were prepared for each sample and are shown
in Figure 9.
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4.3 ANALYSIS OF WATER RETENTION DATA

The measured water retention data were analyzed using the RETC code (USDA, 1998) to
determine the van Genuchten transport parameters and the relative hydraulic conductivity
function for each tank grout and the base mat surrogate. For each material type, the "average"
was calculated by arithmetically averaging the saturation values (S) of the individual water
retention measurements at each suction value. For materials where wafers were tested from the
top and bottom of the sample, an average curve was determined separately for the top and
bottom samples. The water retention results were averaged (rather than allowing RETC to
generate a curve based on all'of the raw data) to create a fitted curve more representative of the
average of the individual curves. Results from the analysis are presented in Table 28 and are
shown in Figure 10 through Figure 21. All parameters in the RETC model were fitted except for
saturated water content (Os). The saturated water content was set to the average vacuum
saturated water content for each material. All moisture retention values were given a weight of
1. The standard Mualem relationship between n and m (i.e., m = 1 - 1/n) was used. In general,
good agreement between the measured data and the fitted retention curves was observed (r2 >

0.99 for each case) for each material.

The characteristic curves for the strong grout are shown in Figure 10. These curves were based
upon water retention data through 5,103.5 cm H20 (5 bars) due to a delay in receiving data from
MCT. However, Figure 10 shows the curve fit is adequate.

The characteristic curves for the reducing fill grout are shown in Figure 11. These curves were
also based upon water retention data through 5,103.5 cm H20 (5 bars) due to a delay in receiving
data from MCT. However, Figure 11 shows the curve fit is adequate.

INL used the moisture retention data from TNK019R and TNK020R to develop the van
Genuchten transport parameter for the grout sub-cores. These results are presented in Figure 12
and Figure 13 and Table 28. For comparison, the characteristic curves generated by INL for the
reducing fill grout are plotted together with those determined using the MCT data in Figure 14.
The results produced by both labs are comparable. INL was able to obtain water retention data
beyond the 15 bar maximum suction head of MCT. This may illustrate the importance of water
retention data at high suction heads for cementitious materials.

The characteristic curves for the three alternative fill grouts are shown in Figure 15 through
Figure 19. Of the three alternative grouts, alternative fill grout 2 exhibited the best drainage
characteristics. Alternative fill grout 2 drained to about 85 percent saturation at a suction head of
15 bars. Alternative fill grout IA and alternative fill grout 1B drained to 60 and 70 percent
saturation, respectively.

The characteristic curves for the base mat surrogate are shown in Figure 20 and Figure 21.
These figures show the base mat surrogate to have drainage properties similar to a soil material.
A review of the CT scans for this material (see Section 4.4) showed significant interconnected
macro-porosity and poor cementation at the aggregate-paste boundary (Figure 29). These
attributes would likely cause the base mat surrogate to exhibit drainage characteristics similar to
a soil material at least until the macro-porosity had been drained.
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4.4 TOMOGRAPHIC ANALYSIS OF TANK GROUTS AND BASE MAT SURROGATE
SAMPLES

Selected samples of each tank grout and base mat surrogate were scanned using computed
tomography (CT) to examine the internal structure of the samples and to make qualitative
observations regarding connected porosity and preferential flow paths or channels within each
sample. Tomographic reconstructions perpendicular and longitudinal to the cylindrical axis were
used to provide cross sectional and transverse views. These scans were prepared to show pores,
cracks, voids, aggregate, and the cementitious matrix as well as other internal features in the
samples.

Images from these scans for the tank grout and the base mat surrogate are shown in Figure 24
through Figure 32. With the exception of the base mat surrogate, these figures show the samples
from each mix to be relatively homogeneous with very little interconnected macro-porosity. The
observed macro-porosity (represented by black features within the samples) is minimal and does
not appear to be connected. No macro channels are observed in any of the images. These
findings are consistent with the low saturated hydraulic conductivity values measured for each
mix. For the base mat surrogate (Figure 29), poor cementation around a portion of the
aggregate-paste interface is observed which could produce channels or preferential flow paths.
The. observed channeling does not appear to run the entire length of the core and so long as any
channeling is localized it would not be expected to greatly influence the saturated hydraulic
conductivity of the material. This is reflected in the relatively low saturated hydraulic
conductivity measurements for the mix (average of 3.4 x 10-8 cm/sec)
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5.0 SUMMARY

The primary focus of this task was to measure the physical and hydraulic properties of various
FTF tank grouts and a base mat surrogate concrete. These materials included 1) strong grout
B2000-X-0-0-BS (WSRC, 2003), 2) reducing fill grout OPDEXE-X-P-0-BS (WSRC, 2003), 3)
Alternative reducing fill grout 1A (Ganguly and Langton, 2007), 4) Alternative reducing fill
grout lB (Ganguly and Langton, 2007), 5) Alternative reducing fill grout 2 (Ganguly and
Langton, 2007), and 6) Base mat surrogate (provided by SRIP).

Three inch diameter mold samples of each material (except the base mat surrogate) were
prepared at the site concrete testing facility located in N-Area and allowed to cure for a minimum
of 28 days in a controlled environment (Ganguly and Langton, 2007). Cores of the base mat
surrogate approximately 3 inches in diameter were taken from concrete in the P-Area Retention
Basin (904-86G). These concrete core samples were intended to be representative of Class 3
concrete (DuPont Specification 5B 6 A for 3000 psig concrete) poured at SRS during the 1950s
or 1960s.

The mold samples, along with the base mat surrogate samples, were submitted to offsite
laboratories for testing of hydraulic and physical properties. These services were provided by
MACTEC Engineering and Consulting, Inc (MCT) and Geotesting Express, Inc. (GTX) per
ASTM standard methods. Properties measured included saturated hydraulic conductivity, water
retention characteristics, dry bulk density, and porosity. Idaho National Laboratory (INL) was
also contracted to test samples of the reducing fill grout. INL used a steady state centrifugation-
unsaturated flow apparatus (SSC-UFA) to measure the hydraulic properties of the reducing fill
grout. Using the SSC-UFA, INL measured the saturated hydraulic conductivity, water retention
characteristics, dry bulk density, and porosity of the reducing fill grout. Due to the low saturated
hydraulic conductivity of the reducing fill grout, INL was unable to directly measure the
unsaturated hydraulic conductivity as a function of moisture content. Recommended hydraulic
properties for each tank grout and the base mat surrogate are presented in Table 29 and are based
upon the testing conducted by MCT, GTX, and INL.

Water retention data were analyzed using the RETC code (USDA, 1998) to determine the van
Genuchten transport parameters and the relative hydraulic conductivity function for each tank
grout and the base mat surrogate. These parameters may be used to implicitly determine the
relationship between unsaturated hydraulic conductivity and moisture content. The
recommended van Genuchten transport parameters for each tank grout and the base mat
surrogate are presented in Table 30. For the strong grout and alternative fill grout 2, these
parameters are the same as those shown in Table 28. For the reducing fill grout, the transport
parameters determined by INL were averaged and then those values were averaged with the
parameters determined using the MCT data. For alternative fill grout 1A, alternative fill grout
1B, and the base mat surrogate, the recommended parameters are the average of the parameters
determined from the top and bottom samples for each mix (as presented in Table 28).

Figure 22 shows a plot of the recommended characteristic curves for each of the FTF tank grouts
and the base mat surrogate concrete. Figure 23 shows a plot of the recommended characteristic
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curves for the reducing fill grout and the base mat surrogate separately. Appendix D provides a
summary of the recommended characteristic curves for the tank grouts and the base mat
surrogate.

Tomographic scans were made of selected samples from each of the tank grouts and base mat
surrogate. These scans showed the internal structure of each sample and provided a qualitative
perspective of the macro-porosity of each sample. These images showed very little heterogeneity
and interconnected macro-porosity in the tank grouts. There appeared to be more interconnected
macro-porosity in the base mat surrogate sample particularly along the aggregate paste boundary.
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Figure 1. General Layout of the FTF.
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Figure 2. Water retention curves for the strong grout (B2000-X-0-0-BS) as measured by MCT.
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Figure 3. Water retention curves for the reducing fill grout (OPDEXE-X-P-0-BS) as measured by MCT.
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Figure 4. Water retention curves for the reducing fill grout (OPDEXE-X-P-0-BS) as measured by INL.
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Figure 5. Combined water retention curves for the reducing fill grout (OPDEXE-X-P-0-BS) as measured
by MCT and INL. TNKO19R-C, TNKO19R-D, TNK020R-C, and TNK02OR-D were measured by INL.
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Figure 6. Water retention curves for alternative reducing fill grout 1 A as measured by GTX.
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Figure 7. Water retention curves for alternative reducing fill grout 1B as measured by GTX.
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Figure 8. Water retention curves for alternative reducing fill grout 2 as measured by GTX.
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Figure 9. Water retention curves for the base mat surrogate as measured by GTX.
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Figure 10. Characteristic curves for the strong grout (B2000-X-0-0-BS).

(Characteristic curves based on water retention data through 5 bars.)
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Figure 11. Characteristic curves for the reducing fill grout (OPDEXE-X-P-0-BS) as determined from
MCT data.

(Characteristic curves based on water retention data through 5 bars.)
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Figure 13. Characteristic curves for the reducing fill grout sample
determined by INL.

TNK020R (OPDEXE-X-P-0-BS) as

Page 26 of 153



le+7

1 e+6

le+5
E

" le+4
a)

o ]e+3

C-)

le+2

le+1

le+0

WSRC-STI-2007-00369, REVISION 0

le+0

le-1

--9/-1 e-2

/ le-3

le-4 E

le-6 a

le-7

__ -__le-8

1 e-9
0.4 0.5 0.6 0.7 0.8 0.9 1.0

Saturation

Figure 14. Comparison of characteristic curves for
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Figure 15. Characteristic curves for alternative reducing fill grout IA (top samples).

(Water retention data average of samples TNK027A1 Top and TNK028AlTop)
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Figure 17. Characteristic curves for alternative reducing fill grout 1B (top samples).

(Water retention data average of samples TNK029A2_Top, TNK030A2_Top, TNK03 1A2_Top,
and TNK032A2 Top)
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Figure 18. Characteristic curves for alternative reducing fill grout 1B (bottom samples).

(Water retention data average of samples TNK029A2_Bottom, TNK030A2_ Bottom,
TNK03 1A2_ Bottom, and TNK032A2_ Bottom)
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Figure 19. Characteristic curves for alternative reducing fill grout 2.

(Water retention data average of samples TNK034A3, TNK035A3, TNK036A3,and
TNK037A3)
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Figure 20. Characteristic curves for the base mat surrogate (top samples).
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Figure 21. Characteristic curves for the base mat surrogate (bottom samples).

(Water retention data average of samples TNK009BBottom, TNKO 1 OB_Bottom,
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Figure 22. Recommended characteristic curves for FTF tank grouts and base mat surrogate.
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Figure 23. Recommended characteristic curves for reducing fill grout (OPDEXE-X-P-0-BS) and base
mat surrogate.
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(a) (b)

Figure 24. Longitudinal (a) and transverse (b) slice of three inch diameter strong grout mold sample
TNK001S. Macro-porosity is represented by black features (K. = 2.8x10-8 cm/sec).

(a) (b)

Figure 25. Longitudinal (a) and transverse (b) slice of three inch diameter strong grout mold sample
TNK023S. Macro-porosity is represented by black features (K, = 6.8x10 9 cm/sec).
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(a) (b)

Figure 26. Longitudinal (a) and transverse (b) slice of three inch diameter strong grout mold sample
TNK024S. Macro-porosity is represented by black features (K, = 2.7xl0-8 cm/sec).

(a) (b)
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Figure 27. Longitudinal (a) and transverse (b) slice of three inch diameter reducing fill grout mold
sample TNK005R. Macro-porosity is represented by black features (K, = 1.Ox 10-8 cm/sec).

(a) (b)

Figure 28. Longitudinal (a) and transverse (b) slice of three inch diameter reducing fill grout mold
sample TNK025R. Macro-porosity is represented by black features (K, = 4.3x 10-8 cm/sec).
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Figure 29. Longitudinal (a) and transverse (b) slice of three inch diameter base mat surrogate core sample
TNK009B. Macro-porosity is represented by black features (K, = 1.6x10 8 cm/sec).
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(a) (b)

Figure 30. Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout
IA mold sample TNK027A1. Macro-porosity is represented by black features (Ks = 8.2x10 9 cm/sec).

(a) (b)

Figure 31. Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout
lB mold sample TNK029A2. Macro-porosity is represented by black features (K, = 1.0xl0-8 cm/sec).
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(a) (b)

Figure 32. Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout 2
mold sample TNK034A3. Macro-porosity is represented by black features (K, = 6.3x10-9 cm/sec).
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Table 1. Sample Details for Tank Grout and Base Mat Surrogate Concrete Testing.

Diameter Batch
Sample ID Date Cast (inches) Type Lab Material ID
TNKOOS 2/21/2007 3 Mold MCT' Strong Grout 070025.2
TNK002S 2/21/2007 3 Mold MCT Strong Grout 070025.2
TNK003S 2/21/2007 3 Mold MCT Strong Grout 070025.2
TNK004S 2/21/2007 3 Mold MCT Strong Grout 070025.2
TNK005R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2
TNK006R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2
TNK007R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2
TNK008R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2
TNK009B 3/30/2007 3 Core GTX2 Base Mat Surrogate NA
TNK010B 3/30/2007 3 Core GTX Base Mat Surrogate NA___
TNKOllB 3/30/2007 3 Core GTX Base Mat Surrogate NA
TNK012B 3/30/2007 3 Core GTX Base Mat Surrogate NA
TNK019R 2/22/2007 1 Mold INL 3  Reducing Fill Grout 070027.2
TNK020R 2/22/2007 1 Mold INL Reducing Fill Grout 070027.2
TNK023S 2/21/2007 3 Mold MCT Strong Grout 070025.1
TNK024S 2/21/2007 3 Mold MCT Strong Grout 070025.1
TNK025R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2
TNK026R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2
TNK027A1 3/28/2007 3 Mold GTX Alt Reducing Fill Grout 1A 070044
TNK028AI 3/28/2007 3 Mold GTX Alt Reducing Fill Grout lA 070044
TNK029A2 3/21/2007 - 3 Mold GTX Alt Reducing Fill Grout lB 070043
TNK030A2 3/21/2007 3 Mold GTX Alt Reducing Fill Grout lB 070043
TNK031A2 3/21/2007 3 Mold GTX Alt Reducing Fill Grout lB 070043
TNK032A2 3/21/2007 3 Mold GTX Alt Reducing Fill Grout I B 070043
TNK034A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070
TNK035A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070
TNK036A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070
TNK037A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070
'Mactec Engineering and Consulting, Inc.2Geotesting Express, Inc.
3Idaho National Laboratory
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Table 2. Design Mix for the Strong Grout (B2000-X-0-0-BS)'.

Ingredients Quantity/yd 3  Units
Portland Cement 550 lbs
Sand 2285 lbs
Water 65 gal
Kelco-Crete 2  275 grams
Advaflow3  90 fl. oz.
WCMR (unitless ratio) 0.99
'Internal mix ID = 070025.1 and 070025.22Kelco-Crete - plasticizer
3High Range Water Reducer

Table 3. Design Mix for the Reducing Fill Grout (OPDEXE-X-P-0-BS)1 .

Ingredients Quantity/yd 3  Units
Portland Cement 75 lbs
Fly Ash 375 lbs
Slag 210 lbs
Sand 2300 lbs
Water 60 gal
Kelco-Crete 2  275 grams
Advaflow3  90 fl. oz.
Sodium Thiosulfate4  2.1 Lbs
WCMR (unitless ratio) 0.76
'Internal mix ID = 070027.1 and 070027.22Kelco-Crete - plasticizer
3High Range Water Reducer
4Sodium Thiosulfate - reducing agent

Table 4. Design Mix for Alternative Reducing Fill Grout 1A1.

Ingredients Quantity/yd 3  Units
Portland Cement 185 lbs

Fly Ash 580 lbs
Slag 260 lbs
Sand 1885 lbs

Water 60 gal
Kelco-Crete 2  216 grams

Sika ViscoCrete 21003 54 fl. oz.
Recover 4  10 fl. oz.

Sodium Thiosulfate5  2.1 Lbs
WCMR (unitless ratio) 0.49

'Internal mix ID = 0700442Kelco-Crete - plasticizer
3Sika ViscoCrete 2100 - high range water reducing admixture4Recover- hydration stabilizer
5Sodium Thiosulfate - reducing agent
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Table 5. Design Mix for Alternative Reducing Fill Grout !B'.

Ingredients Quantity/yd 3  Units
Portland Cement 300 lbs
Fly Ash 800 lbs
Slag 310 lbs
Sand 1420 lbs
Water 63 gal
Kelco-Crete2  216 grams
Sika ViscoCrete 2100' 54 ft. oz.
Recover4  10 ft. oz.
Sodium Thiosulfate 5  2.1 Lbs
WCMR (unitless ratio) 0.37
'Internal mix ID = 0700432Kelco-Crete - plasticizer
3Sika ViscoCrete 2100 - high range water reducing admixture4Recover - hydration stabilizer
'Sodium Thiosulfate - reducing agent

Table 6. Design Mix for Alternative Reducing Fill Grout 2'.

Ingredients Quantity/yd 3  Units
Portland Cement 185 lbs
Fly Ash 850 lbs
Slag 260 lbs
Sand 942 lbs
Aggregate (#8 stone) 946 lbs
Water 61.1 gal
Kelco-Crete2  216 grams
Advaflex 3  54 fl. oz.
Recover 4  4 fl. oz.
Sodium Thiosulfate 5  2.1 Lbs
WCMR (unitless ratio) 0.39
'Internal mix ID = 070070
2Kelco-Crete - plasticizer
3Advaflex - high range water reducing admixture
4Recover - hydration stabilizer
5Sodium Thiosulfate - reducing agent
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Table 7. Methods of Analysis used for Tank Grout and Base Mat Surrogate Concrete Testing

Property GTX Test Method MCT Test Method INL Test Method
Saturated Hydraulic ASTM D 5084, ASTM D 5084, ASTM D 6527

Conductivity Method C Method B
Unsaturated Hydraulic NA NA ASTM D 6527

Conductivity I
Water Retention ASTM D 2325 ASTM D 2325 Dane and Topp, 2002a

Dry Bulk Density ASTM C 642 b ASTM C 642 b Dane and Topp, 2002
Porosity ASTM C 642 b ASTM C 642 b Dane and Topp, 2002

aMethods of Soil Analysis, Part 4 - Physical Methods.
bModified ASTM C 642: Dry Bulk Density is determined by dividing the dry weight of the sample by the total safnple volume.

Porosity is determined by dividing the volume of the saturated water filled pores by the total sample volume. The volume of the
saturated water filled pores is determined by subtracting the dry weight of the sample from the saturated weight of the sample and
dividing by the density of water (approximately 1 g/cm 3). The total sample volume is determined by measuring the physical
dimensions of the sample.

Table 8. Preliminary Compressive Strength for the Strong Grout (B2000-X-0-0-BS)1 .

Batch Batch
070025.1 070025.2

Days Aged Date Tested Strength2, (psig) Strength3, (psig)
14 3/7/2007 1570 920
28 3/21/2007 1520 1060
62 4/24/2007 1980 1180
62 4/24/2007 2110 1160
90 5/22/2007 2070 1160
90 5/22/2007 2110 1170
180 8/20/2007 2110 1170
180 8/20/2007 2050 _

'See Ganguly and Langton (2007) for complete results and discussion of the strength data.2 Samples TNK023S and TNK024S were from Batch 070025.13 Samples TNK001S, TNK002S, TNK003S, and TNK004S were from Batch 070025.2

Table 9. Preliminary Compressive Strength for the Reducing Fill Grout (OPDEXE-X-P-0-BS)1 .

Batch Batch
070027.1 070027.2

Days Aged Date Tested Strength, (psig) Strength, (psig)
14 3/8/2007 990 1000
28 3/22/2007 1760 1660
61 4/24/2007 2380 2140
61 4/24/2007 2270 2130
90 5/23/2007 2470 2200
90 5/23/2007 2300 2250
180 8/21/2007 2450 2390
180 8/21/2007 2410 1

'See Ganguly and Langton (2007) for complete results and discussion of the strength data.
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Table 10. Preliminary Compressive Strength for Alternative Reducing Fill Grout 1A'

Batch
070044

Days Aged Date Tested Strength, (psig)
28 4/25/2007 3500
28 4/25/2007 3610
90 6/26/2007 5430
90 6/26/2007 5160

'See Ganguly and Langton (2007) for complete results and discussion of the strength data.

Table 11. Preliminary Compressive Strength for Alternative Reducing Fill Grout 1 B1 .

Batch
.070043

Days Aged Date Tested Strength, (psig)
14 4/4/2007 2420
28 4/18/2007 5080
28 4/18/2007 5230
90 6/19/2007 7360
90 6/19/2007 7570

'See Ganguly and Langton (2007) for complete results and discussion of the strength data.

Table 12. Preliminary Compressive Strength for Alternative Reducing Fill Grout 21.

Batch
070070

Days Aged Date Tested Strength, (psig)
28 6/5/2007 3490
28 6/5/2007 3380
90 8/6/2007 4600
90 8/6/2007 5080

'See Ganguly and Langton (2007) for complete results and discussion of the strength data.
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Table 13. Hydraulic Properties of the Strong Grout (B2000-X-0-0-BS).

Permeameter
Saturated

Bulk Particle Water Hydraulic
Sample Density' Density2  Exchangeable Conductivity 4

Sample Id Lab Type (g/cm 3) (g/cm3) Porosity3 (cm/s)

TNK001S 5  MCT 6  3" Mold 1.79 2.51 0.269 2.8E-08
TNK002S5  MCT 3" Mold 1.78 2.51 0.277 2.5E-08
TNK003S 5  MCT 3" Mold 1.78 2.51 0.265 2.9E-08
TNK004S5  MCT 3" Mold 1.80 2.51 0.275 9.4E-09
TNK023S MCT 3" Mold 1.81 2.51 0.268 6.8E-09
TNK024S MCT 3" Mold 1.81 2.51 0.257 2.7E-08

'Frorn saturated hydraulic conductivity samples.2Particle density measured per ASTM D 8543Water exchangeable porosity calculated as n = ((Msat -Mdry)/Pw) / Vol
4Effective confining stress = 10 psig.
5These samples are from mix batch 070025.2 for which the compressive strength was approximately half that required by
specifications (See Table 8).
6Mactec Engineering and Consulting, Inc.

Table 14. Hydraulic Properties of the Reducing Fill Grout (OPDEXE-X-P-0-BS).

Permeameter
Saturated

Bulk Particle Water Hydraulic
Sample Density' Density2  Exchangeable Conductivity 4

Sample Id Lab Type (g/cm 3) (g/cm) Porosity3  (cm/s)
TNK005R MCT5  3" Mold 1.86 2.51 0.219 1.OE-08
TNK006R MCT 3" Mold 1.81 2.51 0.275 8.5E-08
TNK007R MCT 3" Mold 1.81 2.51 0.275 1.OE-08
TNK008R MCT 3" Mold 1.80 2.51 0.271 5.2E-08
TNK025R MCT 3" Mold 1.80 2.51 0.278 4.3E-08
TNK026R MCT 3" Mold 1.81 2.51 0.277 1.7E-08

'From saturated hydraulic conductivity samples.2Particle density measured per ASTM D 854
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/Pw) / Vol
4Effective confining stress = 10 psig.5Mactec Engineering and Consulting, Inc.
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Table 15. Hydraulic Properties of the Reducing Fill Grout (OPDEXE-X-P-0-BS) as Measured by INL.

Permeameter
Saturated UFA Centrifuge
Hydraulic UFA Hydraulic Dry Bulk

Sample Conductivity' Centrifuge2  Conductivity Density
Sample Id Type (cm/s) RPM (cm/s) (g/cm 3)

TNK019R-A 1" Core <l.OOE-08 2500 9.0E-11

TNK019R-B 1" Core <l.00E-08 2500 4.0E-10

TNK019R-E3  1" Core - - 1.835

TNK019R-F4  1" Core .... 1.843

TNK020R-A 1" Core <1.OOE-08 2500 5.OE-10

TNK020R-B 1" Core <1.OOE-08 2500 5.0E-10

TNK020R-E5  1" Core - 1.815

TNK020R-F6  1" Core - - 1.810

INL = Idaho National Laboratory
The saturated hydraulic conductivity of the potted samples was estimated using a falling head method with 2

meters of head. Accurate determination of the saturated hydraulic conductivity on the 1 inch potted samples was not
possible due to the low fluxes through the samples
2 The UFA samples were run at 2500 rpm in the centrifuge for over 100 hours to reach steady-state conditions. The
centrifuge falling head method was used. These results are considered to be representative of the actual saturated
hydraulic conductivity of these very tight samples.3Bulk density for TNKO19R-E is the average of sub-cores TNKO19R-1-5.4Bulk density for TNKO19R-F is the average of sub-cores TNKOI9R-6-10.5Bulk density for TNK020R-E is the average of sub-cores TNK020R-1-5.6Bulk density for TNK020R-F is the average of sub-cores TNK020R-6-10.
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Table 16. Hydraulic Properties of Alternative Reducing Fill Grout 1A.

Permeameter
Saturated

Bulk Particle Water Hydraulic
Sample Density' Density2  Exchangeable Conductivity' 4' 5

Sample Id Lab Type (g/cm 3) (g/cm 3) Porosity3  (cm/s)
TNK027A1 GTX6 3" Mold 1.84 2.38 0.190 8.2E-09
TNK028Al GTX 3" Mold 1.88 2.48 0.250 9.5E-09

'From saturated hydraulic conductivity samples.2Particle density measured per ASTM D 854
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/Pw) / Vol
4Effective confining stress = 10 psig.
5It is likely that the saturated hydraulic conductivity of this material would be substantially lower with additional cure time
beyond the 28 days of these samples due to the use of fly ash and blast furnace slag the formulation.6Geotesting Express, Inc.

Table 17. Hydraulic Properties of Alternative Reducing Fill Grout lB.

Permeameter
Saturated

Bulk Particle Water Hydraulic
Sample Density' Density2  Exchangeable Conductivity4'5

Sample Id Lab Type (g/cmj) (g/cm 3) Porosity3  (cm/s)
TNK029A2 GTX6 3" Mold 1.82 2.43 0.230 L.OE-08
TNK030A2 GTX 3" Mold 1.86 2.42 0.250 1.5E-08
TNK031A2 GTX 3" Mold 1.86 2.41 0.240 1.4E-08
TNK032A2 GTX 3" Mold 1.85 2.43 0.240 1.3E-08

'From saturated hydraulic conductivity samples.2Particle density measured per ASTM D 8543Water exchangeable porosity calculated as n = ((Msat - Mdry)/Pw) / Vol
4Effective confining stress = 10 psig.
5
1t is likely that the saturated hydraulic conductivity of this material would be substantially lower with additional cure time

beyond the 28 days of these samples due to the use of fly ash and blast furnace slag the formulation.6Geotesting Express, Inc.
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Table 18. Hydraulic Properties of Alternative Reducing Fill Grout 2.

Permeameter
Saturated

Bulk Particle Water Hydraulic
Sample Density' Density2  Exchangeable Conductivity 4'5

Sample Id Lab Type (g/cm 3) (g/cm 3) Porosity 3  (cm/s)
TNK034A3 MCT6  3" Mold 2.06 2.51 0.186 6.3E-09

TNK035A3 MCT 3" Mold 1.94 2.51 0.214 5.5E-09

TNK036A3 MCT 3" Mold 1.92 2.51 0.225 6.6E-09

TNK037A3 MCT 3" Mold 1.94 2.51 0.211 8.1E-09
'From saturated hydraulic conductivity samples.2Particle density measured per ASTM D 8543Water exchangeable porosity calculated as n = ((Msat - Mdry)/Pw) / Vol
4Effective confining stress = 10 psig.
51t is likely that the saturated hydraulic conductivity of this material would be substantially lower with additional cure time
beyond the 28 days of these samples due to the use of fly ash and blast furnace slag the formulation.6Mactec Engineering and Consulting, Inc.

Table 19. Hydraulic Properties of the Base Mat Surrogate Concrete.

Permeameter
Saturated

Bulk Particle Water Hydraulic
Sample Density' Density2  Exchangeable Conductivity4

Sample Id Lab Type (g/cm 3) (g/cm 3) Porosity3  (cm/s)
TNK009B GTX5  3" Mold 2.14 2.54 0.150 1.6E-08
TNK010B GTX 3" Mold 2.01 2.51 0.170 3.1E-08
TNKO11 B GTX 3" Mold 2.05 2.53 0.190 6.OE-08
TNKO12B GTX 3" Mold 2.04 2.44 0.160 3.3E-08

'From saturated hydraulic conductivity samples.2Particle density measured per ASTM D 8543Water exchangeable porosity calculated as n = ((Msat - Mdry)/Pw) / Vol
4Effective confining stress = 10 psig.
5Geotesting Express, Inc.
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Table 20. Summary Hydraulic Properties for Tank Grouts and Base Mat Surrogate Concrete.

Water
Bulk Particle Exchangeable

Density Density Permeability Porosity
(g/cm 3) (g&cm 3) (cm/sec) (fraction)

Description Min Max Avg Min Max Avg Min Max Avg Min Max Avg
Strong Grout' 1.78 1.81 1.80 2.51 2.51 2.51 6.8E-09 2.9E-08 2.1E-08 0.257 0.277 0.269

Reducing Fill Grout 1.80 1.86 1.81 2.51 2.51 2.51 I.OE-08 8.5E-08 3.6E-08 0.219 0.278 0.266
Alt. Reducing Fill Grout 1A 1.84 1.88 1.86 2.38 2.44 2.41 8.2E-09 9.5E-09 8.9E-09 0.190 0.250 0.220
Alt. Reducing Fill Grout 1 B 1.82 1.86 1.85 2.41 2.43 2.42 1.OE-08 1.5E-08 1.3E-08 0.230 0.250 0.240
Alt. Reducing Fill Grout 2 1.92 2.06 1.96 2.51 2.51 2.51 5.5E-09 8.1E-09 6.6E-09 0.186 0.225 0.209

Base Mat Surrogate 2.01 2.14 2.06 2.44 2.54 2.51 1.6E-08 6.OE-08 3.5E-08 0.150 0.190 0.168
'Summary results for the strong grout exclude samples TNK001 S, TNK002S, TNK003S, and TNK004S which all came from batch 070025.2. These results were excluded because the
compressive strength for this batch of grout did not meet the specified 28 day strength of 2000 psig.
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Table 21. Water Retention Data for the Strong Grout (B2000-X-0-0-BS).

Sample Id1  Bulk Potential
Density (cm)
(glcm 3) -510.3

0 -510.35 -1,020.70 -5,103.50 -15,310.50
(0.00 bars) (-0.50 bars) (-1.0 bars) (-5.0 bars) (-15.0 bars)

Volumetric Water Content

(cm 3/cm 3)

TNK0O1S2 1.76 0.298 0.287 0.285 0.272 0.261
TNK002S 2  1.73 0.304 0.292 0.289 0.279 0.270
TNK003S2 1.75 0.307 0.291 0.288 0.276 0.267
TNK004S2 1.76 0.302 0.293 0.292 0.280 0.272
TNK023S 1.77 0.289 0.281 0.264 0.257 0.246
TNK024S 1.74 0.278 0.266 0.265 0.262 0.254
'Samples tested by Mactec Engineering and Consulting, Inc. (MCT).2These samples are from mix batch 070025.2 for which the compressive strength was approximately half that required by
specifications

Table 22. Water Retention Data for the Reducing Fill Grout (OPDEXE-X-P-0-BS).

Sample Id' Bulk Potential
Density (cm)
(g/cm 3)-503 0 -510.35 -1,020.70 -5,103.50 -15,310.50

(0.00 bars) (-0.50 bars) (-1.0 bars) (-5.0 bars) (-15.0 bars)

Volumetric Water Content

(cm 3/cm 3)

TNK005R 1.77 0.283 0.272 0.264 0.257 0.249
TNK006R 1.76 0.318 0.305 0.301 0.293 0.286
TNK007R 1.81 0.273 0.264 0.262 0.254 0.252
TNK008R 1.81 0.280 0.268 0.261 0.245 0.245
TNK025R 1.82 0.289 0.278 0.277 0.272 0.265
TNK026R 1.76 0.297 0.287 0.284 0.278 0.274

'Samples tested by Mactec Engineering and Consulting, Inc. (MCT).
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Table 23. Water Retention Properties of the Reducing Fill Grout (mix OPDEXE-X-P-0-BS) as
measured by INL.

Sam le ID
TNK019R- TNK019R- TNK020R- TNK020R-

C1 DC2 C3  D4

Volumetric Volumetric Volumetric Volumetric
Water Water Water Water

Sample Potential Content Content Potential Content Content
Method Description (cm) (cm 3/cm 3) (cm 3/cm 3) (cm) (cm 3/cm 3) (cm 3/cm 3)

Vacuum -1" diameter

Saturation5  by -0.8 cm 0.OOE+00 0.264 0.267 0.OOE+00 0.272 0.268
length

n -F1" diameter
Column by-0.8 cm 6.12E+01 0.261 0.263 6.12E+01 0.270 0.268

length

H i -1" diameter
Column by-0.8 cm 1.33E+02 0.261 0.263 1.33E+02 0.268 0.265

length

P1" diameterPressure b

Plate by -0.8 cm 7.95E+02 0.244 0.247 7.95E+02 0.258 0.253
length

Pressure -1" diameter
Plate by -0.8 cm 3.57E+03 0.238 0.241 3.57E+03 0.253 0.249

length

-1" diameterPressure b

Plate by -0.8 cm 1.27E+04 0.233 0.238 1.27E+04 0.248 0.244
length

Chilled -3 mm
Mirror6 diameter 4.56E+04 0.225 0.225 3.54E+04 0.242 0.242

grains

1Volumetric water contents for TNKO19R-C are the average of sub-cores TNKO19R-1, 2, 6, & 7.2Volumetric water contents for TNKO19R-D are the average of sub-cores TNK019R-3, 4, 8, & 9.
3Volumetric water contents for TNK020R-C are the average of sub-cores TNK020R-1, 2, 6, & 7.4Volumetric water contents for TNK020R-D are the average of sub-cores TNK020R-3, 4, 8, & 9.5Vacuum Saturation is considered to be the water exchangeable porosity.6Chilled mirror measurements for TNKO 1 9R and TNK020R were averaged from sub-cores TNKO 1 9R-6&7 and
TNK020R-6&7, respectively.
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Table 24. Water Retention Data for Alternative Reducing Fill Grout IA.

Sample Id' Location2 Bulk Potential
Density (cm)
(glcm 3)-503

0 -102.07 -510.35 -1,020.70 -5,103.50 -15,310.50

(0.00 (-0.10 (-0.50 (-1.0 (-5.0 (-15.0
bars) bars) bars) bars) bars) bars)

Volumetric Water Content

(cm3/cm
3 )

TNK027A1 Top 1.84 0.184 0.170 0.158 0.145 0.130 0.124
Bottom 1.92 0.211 0.195 0.177 0.162 0.153 0.141

TNK028AI Top 1.84 0.250 0.241 0.226 0.207 0.190 0.171
Bottom 1.80 0.243 0.229 0.213 0.195 0.175 0.164

Samples tested by Geotesting Express, Inc. (GTX).2GTX tested wafers from the top and bottom of each mold sample.

Table 25. Water Retention Data for Alternative Reducing Fill Grout lB.

Sample Id' Location2 Bulk Potential
Density (cm)
(glCM 3) 0 -102.07 -510.35 -1,020.70 -5,103.50 -

15,310.50
(0.00 (-0.10 (-0.50 (-1.0 (-5.0 (-15.0
bars) bars) bars) _bars) bars) bars)

Volumetric Water Content

(cm3/cm 3)
TNK029A2 Top 1.86 0.261 0.244 0.225 0.212 0.204 0.194

Bottom 1.86 0.258 0.239 0.207 0.194 0.185 0.177
TNK030A2 Top 2.01 0.273 0.254 0.238 0.221 0.212 0.199

Bottom 1.94 0.270 0.246 0.232 0.217 0.204 0.193
TNK031A2 Top 1.77 0.248 0.241 0.226 0.211 0.198 0.194

Bottom 1.82 0.255 0.239 0.228 0.211 0.199 0.192
TNK032A2 Top 1.69 0.227 0.212 0.196 0.185 0.170 0.165

Bottom 1.68 0.227 0.201 0.183 0.170 0.158 0.153

'Samples tested by Geotesting Express, Inc. (GTX).2GTX tested wafers from the top and bottom of each mold sample.
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Table 26. Water Retention Data for Alternative Reducing Fill Grout 2.

Sample Id 1  Bulk Potential
Density (cm)
(g/cma)-503

0 -510.35 -1,020.70 -5,103.50 -15,310.50

(0.00 bars) (-0.50 bars) (-1.0 bars) (-5.0 bars) (-15.0 bars)

Volumetric Water Content

(cm 3/cm 3)

TNK034A3 1.96 0.216 0.203 0.201 0.192 0.190
TNK035A3 2.01 0.191 0.178 0.177 0.170 0.168
TNK036A3 1.98 0.196 0.184 0.182 0.176 0.174
TNK037A3 2.04 0.181 0.168 0.166 0.162 0.160
7Samples tested by Mactec Engineering and Consulting, Inc. (MCT).

Table 27. Water Retention Data for the Base Mat Surrogate Concrete.

Sample Id' Location2  Bulk Potential
Density
(g/CM 3) 1(cm)

0 -102.07 -510.35 -1,020.70 -5,103.50 -15,310.50
(0.00 (-0.10 (-0.50 (-1.0 bars) (-5.0 bars) (-15.0
bars) bars) bars) bars)

Volumetric Water Content

(cma/cm 3)
TNK009B Top 1.93 0.144 0.129 0.106 0.099 0.076 0.060

Bottom 2.01 0.150 0.142 0.105 0.100 0.081 0.068
TNK010B Top 1.98 0.146 0.130 0.114 0.095 0.084 0.072

Bottom 2.03 0.152 0.133 0.119 0.096 0.080 0.065
TNKO11B Top 1.91 0.139 0.124 0.106 0.083 0.074 0.066

Bottom 1.88 0.141 0.127 0.108 0.088 0.076 0.066
TNK012B Top 1.98 0.145 0.126 0.114 0.102 0.088 0.079

Bottom 1.99 0.148 0.128 0.113 0.099 0.082 0.077

'Samples tested by Geotesting Express, Inc. (GTX).2GTX tested wafers from the top and bottom of each mold sample.
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Table 28. Van Genuchten Transport Parameters'.

0s Or

Mix Location (cm 3/cm"3) (cm 3/cm- 3) (1/cm) n m r2

Strong Grout 2  0.296 0.234 0.0060 1.1529 0.1326 0.999

Reducing Fill Grout2  0.290 0.245 0.006 1.202 0.1677 0.999

Reducing Fill Grout3  0.266 0.215 0.00733 1.2290 0.1863 -

Reducing Fill Grout 4  0.270 0.233 0.0104 1.2290 0.1863 -

Alt. Reducing Fill Grout IA Top 0.217 0.078 0.0085 1.1414 0.1239 0.993

Alt. Reducing Fill Grout IA Bottom 0.227 0.109 0.0114 1.1926 0.1615 0.994

Alt. Reducing Fill Grout lB Top 0.252 0.167 0.0120 1.2677 0.2112 0.994

Alt. Reducing Fill Grout lB Bottom 0.253 0.157 0.0182 1.2635 0.2085 0.995

Alt. Reducing Fill Grout 2 0.196 0.162 0.0160 1.2081 0.1722 0.997

Base Mat Surrogate Top 0.144 0.023 0.0137 1.1772 0.1505 0.995

Base Mat Surrogate Bottom 0.148 0.040 0.0101 1.2573 0.2047 0.997
'Data analyzed using Mualem relationship between n and m where m = 1 - 1/n.2Additional water retention data is anticipated from MCT which will be evaluated versus the recommended transport parameters
for both the strong grout and the reducing fill grout.3Analysis by INL on sample TNK019R.
4Analysis by TNL on sample TNK020R.

Table 29. Recommended Hydraulic Property Values.

Water

Bulk Particle Exchangeable
Permeability Density Density Porosity

Description (cm/sec) (g/cm 3) (g/cm 3) (fraction)
Strong Grout 2.1E-08 1.80 2.54 0.269

Reducing Fill Grout 3.6E-08 1.81 2.51 0.266

Alt. Reducing Fill Grout 1A 8.9E-09 1.86 2.41 0.220

Alt. Reducing Fill Grout lB 1.3E-08 1.85 2.42 0.240

Alt. Reducing Fill Grout 2 6.6E-09 1.96 2.51 0.209

Base Mat Surrogate 3.5E-08 2.06 2.51 0.168
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Table 30. Recommended van Genuchten Transport Parameters'.

Os Or c
Mix (cm 3/cm' 3) (cm 3/cm"3) (1/cm) n m

Strong Grout2  0.296 0.234 0.0060 1.1529 0.1326

Reducing Fill Grout2  0.279 0.234 0.008 1.2i53 0.1770

Alternative Fill Grout 1A 0.222 0.093 0.010 1.1670 0.1427

Alternative Fill Grout 1B 0.252 0.162 0.015 1.2656 0.2099

Alternative Fill Grout 2 0.196 0.162 0.016 1.2081 0.1722

Base Mat Surrogate 0.146 0.031 0.012 1.2173 0.1776
'A tabulation of the recommended characteristic curves, produced from these recommended parameters, is provided in Appendix
D.2Additional water retention data is anticipated from MCT which will be evaluated versus the recommended transport parameters
for both the strong grout and the reducing fill grout.
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APPENDIX A. MACTEC AND GTX DATA SHEETS ON
CONCRETE/GROUT TESTING
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4MACTEC
HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNKOO1S Reviewed By

Core Review Date

NIA Lab No,

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HI
5/7/2007

JW

6/7/2007

7367

ASTM D5084 - Falling Head

Sampie Type: I Core

Initial Water Content, %: 15.0

Wet Unit Weight, pcf: 128.6

Dry Unit Weight, pcf: 111.8

Porosity Based on SG ]0.287

Porosity {(Mt'-Mdlr,)po/I.} 0.269

Effective Confining Pressure, psi 10.0

Hydraulic Conductivity, cmlsec. @20 =C 2,8E-08

Contract No. AC33159N
Task No. 13

Remarks:
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4MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNKO02S Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Descripfion

HJ
5/7/2007

JI,
6/7/2007

7368

ASTM D5084 - Falling Head

Sample Type: Core

Initial Water Content, %: 15.6

Wet Unit Weight, pcf: 128.2

Dry Unit Weight, pd: 1110.9

Porosity Based on SG 0.293

Porosity {(M.,-Myyp")/Vol.} 0.277

Effective Confining Pressure, psi .10.0

Hydraulic Conductivity, cmlsec. @20 °C 2.5E-08

Contract No. AC33159N
Task No. 13

Remarks:
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SMACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TiVK003S Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HJ
5/7/2007

Jin

6/7/2007
7369

ASTM D5084 - Falling Head

Sample Type: Core

Initial Water Content. %: 14.9

Wet Unit Weight, pcf: 127.8

Dry Unit Weeiht, pcf: 111.3

Porosity Based on SG 0.290

Porosity {(Ms.,-MdryYP.)NNoI.} 0.265

Effective Confining Pressure, ps.i. 10.0

Hydraulic Conductivity, cmisec. @20 °C 2.9E-08

Contract No. AC33159N
Task No. 13

Remarks:
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AMACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geoteclnical Grout Test Date

TNKO04S Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

IIJ

5/11/2007

ill
6/7/2007
7370

ASTM D5084 - Falling Head

Sample Type: Core

Initial Water Content. %: 15,3

Wet Unit Weight, pcf: 129.6

Dry Unit Weight, pc~f: 1112.4

Porosity Based on SG 0.283

Porosity ((M.-My)Jp,)/olJ} 0,275

Effective Confining Pressure,_ psi 10.0

Hydraulic Conductivity, cmlsec. @20 °C 9.4E-09

Contract No. AC33159N
Task No. 13

Remarks:

Page 57 of 153



WSRC-STI-2007-00369, REVISION 0

~MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNK05R Reviewed By

Core Review Date

NIA Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HJ
5/11/2007

Jw

6/7/2007
7371

ASTM D5084 - Falling Head

Sape Type:______ 1 Core

initial Water Content, %: 11.8

Wet Unit Weight, pcf: 129.8

Dry Unit WeightL pci: 116.1

Porosity Based on SG 0.259

Porosity {(Maot-Mdry)pWYVol.} 0.219

Effective Confining Pressure, psi 10.0

Hydraulic Conductivity, cmlsec. @20 °C 1.OE.08

Contract No. AC33159N
Task No. 13

Remarks:
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~MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNKOO5R Reviewed By

Core Review Date

W/A Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HJ
5/11/2007
JW
6/7/2007

7371.4

ASTM D5084 - Falling Head

S a-mple Type: Core

Initial Water Content, %: 11.8

Wet Unit Weight, pcf: 129.8

Dry Unit Weight, pcf: 116.1

Porosity Based on SG 0.259

Porosity {(Ms1-Mdy)/p,)Nol.} 0.219

Effective Confining Pressure, psi 40.0

Hydraulic Conductivity, cm/sec. @20 °C 3.7E-08

Contract No. AC33159N
Task No. 14

Remarks:
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~MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNKOO6R Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No,

Sample No.

Sample Depth

Sample Description

HJ

5/11/2007
JW

6/7/2007
7372

ASTM D5084 - Falling Head

Sample Type: Core

Initial Water Content, 0: 15.3

Wet Unit Weight, pci: 129.8

Dry Unit Weight, pcf: 112.6

Porosity Based on SG -0.282

Porosity {(M,-MdIryypW)Nol.} 0.275

Effective Confining Pressure, psi 10.0

Hydraulic Conductivity, cm/sec. @20 °C 8.5E-08

Contract No. AC33159N
Task No. 13

Remarks:
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~MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNKOO6R Reviewed By

Core Review Date

N/A Lab No,

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

Hi

5/1.1/2007

JW

6/7/2007

7372.4

ASTM D5084 - Falling Head

Sa__-Le lype: Core

Initial Water Content, %: 15.3

Wet Unit Weight,_pcf: 129.8

Dry Unit Weight, pcf: 112.6

Porosity Based on SG 0,282

Porosity ((Mt-Me)/p)/Vol,} 0.275

Effective Confining Pressure. psi 40.0

Hydraulic Conductivity, cmisec. @20 °C 6.7E-08

Contract No. AC33159N
Task No. 14

Remarks:
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MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By
Hydraulic & Geotechnical Grout Test Date

TNKOO7R Reviewed By

Core Review Date

N/A Lab No.
Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

MJ
5/11/2007

JW
6/7/2007

7373

ASTMD5084 - Falling Head

Sample Type: Core

Initial Water Content, %: 15.2

Wet Unit Weight, pcf: 130.2

Dry Unit Weight, pcf: 113.1

Porosity Based on SG {0.279

Porosity {(M.W-Md1)Yp,)/Vol.}) [0.275

Effective Confining Pressure, psi !10.0

Hydraulic Conductivity, cmlsec. @20 =C 1.0E-08

Remarks: Contract No. AC33159N
Task No. 13
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AMACTEC

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

6141-06-0170 Tested By
Hydraulic & Geotechnical Grout Test Date
TNKOO7R Reviewed By
Core Review Date
N/A Lab No.
Grout sample

HJ

5/11/2007

JW
6/7/2007
7373.4

ASTM D5084 - Failing Head

Initial Water Content, %: 15.2

Wet Unit Weight", p:__ 130,2

Dry UnitWe~iht, pcI; 113.1

Porosity Based on SG 0.279

Porosity ((M.-Md,,)/p,)Nol.} 0.275

Effecove ConinigPressure, psi_ _ 40,0

Hydraulic Conductivity, cmlsec. @20 -C ,6.0E-08

Contract No, AC33159N
Task No. 13

Remarks:
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01 MACTEC
HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By
Hydraulic & Geotechnical Grout Test Date
TNKOO8R Reviewed By
Core Review Date
N/A Lab No.
Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HJ
5/11/2007
JW
6/7/2007
7374

ASTM D5084 - Falling Head

Sample Type: Core

Initial Water Content, %: 15.1

Wet Unit Weight, pct: 129.2

Dry Unit Weight, pcf: 112.3

Porosity Based on SG 0.283

Porosity ((M,, 2-Mdy)/p,,)Nol.} 0.271

Effective Confining Pressure, psi 10.0

Hydraulic Conductivity, cm/sec. @20 °C 5.2E-08

Remarks: Contract No. AC33159N
Task No. 13
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express

HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By MCM

Project Name Tank Closure Grout Testing Test Date 5/20/2007
Boring No. NIA Reviewed By TAT

Sample No. TNK-09B

Sample Depth
Sample Description Concrete Core

Review Date 5/31/2007

Lab No. 21269

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: Core

Sample Orientation: Vertical

Initial Water Content, %: 2.7

Wet Unit Weight, pcf: 137.3

Dry Unit Weight. p•cf•: 133.6

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 oC 1.6E.08

WSRC Task 27
Contract No. AB80188N

Remarks:

Page 65 of 153



WSRC-STI-2007-00 3 6 9 , REVISION 0
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express

HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By MCM
Project Name Tank Closure Grow Testing. Test Date 5/20/2007
Boring No. N/A Reviewed By TA T

.Review Date 513112007
Sample Depth Lab No. 21270
Sample Description Concrete Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Typentation: VCorerc
Sample Orientation: Vertical

Initial Water Content, %: W3.5

Wet Unit Weight, pf: U 130.0

Dry UtWeh.p:125.5

•__p.•paction,. %: __ N/A

-Hiydraulic Conductivity, cmlsec. @20 OC 13. IE-08

WSRC Task 27
Contract No. AB80188N

Remarks:
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express

HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By MCM

Project Name Tank Closure Grout Testing Test Date 5/20/2007

Boring No, N/A Reviewed By TAT

---- .Sample*No: .... TNK-1B] .... evew Dote 5/31/2007
Sample Depth Lab No. 21271

Sample Description Concrete Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: _ Core

Sample Orientation: Vertical

Initial Water Content, %: 3.9

Wet Unit Weight, pcf: 732.3

Dry Unit Weght-1 Pc: 127.3

Coýmpaýction, 0%: ____ NIA

Hydraulic Conductivity, cmlsec. @20 OC 6.OE-08

Remarks: WSRC Task 27
Contract No. A68OO188N - ,
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HYDRAULIC CONDUCTIVITY

Project No. GTX-GI238 Tested By MCM

Project Name Tank Closure Groul Testing Test Date 5/20/2007

Boring No. N/A Reviewed By TAT

Sample No. TNK-12B Review Date 5/31/2007

Sample Depth Lab No. 21272

Sample Description Concrete Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: Core

Sample Orientation: Vertical

Initial Water Content, %: 3.9

Wet Unit Weight, pcf: 132.3

Dry Unit Weight, pcf.t 127.3

Compaction, %: N/A

Hydraulic Conductivity, cmisec. @20 OC 3.3E.08

WSRC Task 27
Contract No. AB80188N

Remarks:
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MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNK23S Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HJ
5/25/2007

JW
6/7/2007
7641

ASTM D5084 - Falling Head

Sample Type: Core

Initial Water Content, %: 14.8

Wet Unit Weight, pcf: 129.5

Dry Unit Weight, pcd: 112.8

Porosity Based on SG 0.280

Porosity {(M,, 1-M")IpJ}No.) 10.268

Effective Confining Pressure, psi 110.0

Hydraulic Conductivity, cmrsec. @20 °C 6.8E-09

Contract No. AC33159N
Task No. 13

Remarks:
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4rMACTEC
HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geoteclinical Grout Test Date

TNK24S Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No,

Sample No.

Sample Depth

Sample Desciption

5/25/2007
JW

6/7/2007
7642

ASTM D5084 - Falling Head

Sample Type: w Core

Initial Water Content, %: 114.2

Wet Unit Weight. pcf: 128.9

Dry Unit _Weight, pcf: _1112.8

Porosity Based on SG . 0.280

Porosity {(M•i-Md.yyp•)Nol.} 0.257

Effective Confining Pressure, psi 110.0

Hydraulic Conductivity, cmlsoc. @20 °C 2.7E-08

Remarks: Contract No. AC33159N
Task No. 13
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4MACTEC
HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNK25R Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HJ
5/25/2007
JW
617/2007

7643

ASTM D5084 - Falling Head

Sample Type: -- Core

Initial Water Content. %: 115.5

Wet Unit Weight, pcf:

DRy Unit Weight, pcf:.

Porosity Based on SG

Porosity ((M-Mdrv)/pw)/Vol.)

129.3

112.0

0.286

0.278

10.0Effective Confining Pressure, psi

Hydraulic Conductivity, cmlsec. @20 °C 14.3E-08

Remarks: Contract No. AC33159N
Task No. 13
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!' MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNK26R Reviewed By

Core Review Date

N/A Lab No.

Grout sample

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

HJ
5/25/2007

JW
6/7/2007

7644

ASTM D5084 - Falling Head

Sample Type: Core

Initial Water Content. %: 15.3

Wet Unit Weilht, pcfý: 129.9

Dry Unit Weight., pcf: 1112.7

Porosity Based on SG - 0.281

Porosity {(M.[-M~)ypwyNol.} 0,277

Effective Confining Pressure, psi 10.0

Hydraulic Conductivity, cm/sec. @20 °C 11.7E-08

Contract No. AC33159N
Task No. 13

Remarks:
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AMACTEC

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

6141-06-0170 Tested By
Hydraulic & Geotechnical Grout Test Date

TNK26R Reviewed By

Core Review Date
N/A Lab No.

Grout sample

7/24/2007

JW

8/3/2007

7644.4

ASTAI D5084 - Falling Mead

Sample Type:Core

Initial Water Content, %: 15.3

Wet Unit Weight, cf, 129.9

Dry Unit Weight., p-f: 112.7

Porosity Based on SG 0.281

Porosity {(Ms,-Md1x)lp,,)Nol.) 0.277

Effective Confining Pressure, psi 40.0

Hydraulic Conductivity, cmlsec. @20 *C 1.9E-08

Contract No. AC33159N
Task No. 14

Remarks:
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HYDRAULIC CONDUCTIVITY

Project No. GTX-GI238 Tested By MCM
Project Name Tank Closure Grout Testhig Test Date 5/25/2007
Boring No. N/A Reviewed By TAT
Sample No. TNK-027AI Review Date 5/31/2007

Sample Depth Lab No, 21277
Sample Description Grout Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: Core

Sample Orientation: Vertical

Initial Water Content, %: 10.0

Wet Unit Weight, pcf: 126.4

Dry Unit Weight, pcf: 114.9

Compaction, %: N/A

Hydraulic Conductivity, cmlsec, @20 C 8.2E@09

WSRC Task 27
Contract No. AB80188N

Remarks:
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HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By MCM

Project Name Tank Closure Grout Testing Test Date 512512007

Boring No. N/A Reviewed By TAT
Sample No, TNK-028A I Review Date 5/31/2007

Sample Depth Lab No. 21278

Sample Description Grout Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: lCore

Sample Orientation: Vertical

Initial Water Content, %: j8.3

Wet Unit Weight, pot 126.7

Dry Unt Welght. pcf: 117.0

Comp.action, %: N/A

Hydraulic Conductivity, cmlsec. @20 °C 9.5E-09

Remarks: WSRC Task 27
Contract No. AB80188N
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HYDRAULIC CONDUCTIVITY

Project No. GTX-GI238
Project Name Tank Closure Grout Testing
Boring No. NIA

...... "S r~l 'N --.. .... T K-O29A2 . . .. ... ..

Sample Depth
Sample Description Grout Core

Tested By MCM

Test Date 5/20/2007

Reviewed By TAT

Lab No. 21273

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Ty e: Core

Sample Orientation: Vertical

Initial Water Content, %: 13.3

Wet Unit Weight, pce: 128.8

Dry Unit Weight., pcf: 113.7

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 OC 1.OE-08

WSRC Task 27
Contract No. AB80I88N

Remarks:
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HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By MCM
Project Name Tank Closure Grout Testing Test Date 5/25/2007
Boring-No. N/A Reviewed By TAT

Sample No. TNK-O30A2 Review Date 5/31/2007
Sample Depth Lab No. 21274
Sample Description Grout Core

ASTM D5084 - Filing Head (Method C RisingTail)

Sample Type: Core

Sample Orientation: Vertical

Initial Water Content, %: 8.9

Wet Unit Weight, pcf: 126.3

Dry Unit Weight, pcfR: 116.0

Compaction. %: N/A

Hydraulic Conductivity, cmlsec. @20 °C 1.5E-08

WSRC Task 27
Contract No, AB80188N

Remarks:
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HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By MCM
Project Name Tank Closure Grout Testing Test Date 5/25/2007
Boring No. N/A Reviewed By TAT
Sample No. TNK-031A2 Review Date 5/.31/2007
Sample Depth Lab No. 21275
Sample Description Grout Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: Core

Sample Orientation: Vertical

Initial Water Content, %: 9.9

Wet Unit Weight, pcf: 127.5

Dry Unit Weight, pcf: 116.0

Compaction, %: N/A

Hydraulic Conductivity, cmlsec. @20 °C 1.4E-08

Remarks: WSRC Task 27
Contract No. AB8O188N
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HYDRAULIC CONDUCTIVITY

Project No. GTX-GI238 Tested By MCM
Project Name Tank Closure Grout Testing Test Date 5/25/2007
Boring No. N/A Reviewed By TAT
S•'Se1i I "N5 TNK •-032e2 atet 5 5-31/2 00 7

Sample Depth Lab No. 21276
Sample Description Grout Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: Core

Sample Orientation: Vertical

Initial Water Content,.%: 10.0

Wet Unit Weight, pcf: 1127.1

Dry Unit Weight, pcf: 116.6

Compaction, %: N/A

Hydraulic Conductivitycmlsec. @20 *C -1.3E-08

Remarks: WSRC Task 27
Contract No. AB80 I 88N
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MACTEC

.HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

6141-03-0170 Tested By

IIydraulic & Geotechnical Grout Test Date

TAK034A3 Reviewed By

Core Review Date

N/A Lab No.

Grout santple

HJ
7/9/2007

JW

7/16/2007

7838

AS TV D5084 - Falling Head

Sample Type:_._ Core

Initial Water Content, %: 9.0

Wet Unit Weight, pcf: 139.9

Dy Unit W eight., pcf: 128,3

Porosity Based on SG _0.181

Porosity {(MI-MdJ.)/pl)Nol.) _ 0.186

Effective ConfiningPressure, psi 10.0

Hydraulic Conductivity, cmlsec. @20 °C

Remarks: Contract No. AC33159N
Task No. 14
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~MACTEC

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No,

Sample No.

Sample Depth

Sample Description

6141-03-0170 Tested By

Hki'draulic & Geotechnical Grout Test Date

TNKO35A3 Reviewed By

Core Review Date

N/A Lab No.

Grout sample

I'M
7/9/2007

JW
7/1612007

7839

ASTM D5084 - Fallins Head

Sample Type: ___ Core

Initial Water Content, %: 11.0

Wet Unit Weig ht, pcf: __ 134,2

Diy Unit Weight, p cf: _ 120.9

Porosity_ Based on SG 0.229

Porosity ((M3 1-Md,y)1p.)Nol.) 0.214

Effective Confining Pressure, psi 10,0

Hydraulic Conductivity, cmisec. @20 °C 5.5E-09

Remarks: Contract No. AC33159N
Task No, 14
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.RIMAI CTEC

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

6141-03-0170 Tested By

Hydraulic & Geotechnical Grout Test Date

TNKO36A3 Reviewed By

Core Review Date
N/A Lab No.

Grout santple

HJ

7/9/2007

JWI
7/16/2007

7840

ASTAID 05084 - Fallingk Head

Sample Type -___ C

Initial Water Content, %:

Core

11,7

Wet Unit Weight. pcf: 134.1

Dry Unit WeigIht., pcf; 120.0

Porosity Based on SG 0.234

Porosity {(Mr,-Md•)/pW)Nol.} 0.225

Effective Confining Pressure, psi 10,0

Hydraulic Conductivity, cmlsoc. @20 'C 6.6E-09

Remarks: Contract No. AC33159N
Task No. 14
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MACTEC

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

6141-03-0170 Tested By

Hlydraulic & Geotechnical Grout Test Date

TNK037A3 Reviewed By

Core Review Date

N/A Lab No.

Grout smunple

7/9/2007

JW
7/16/2007

7841

ASTM D5084 - Falling Head

Initial Water Content, %: W10.9

Wet Unit Weicght_, pcf___1__-t34.1

Dry Unit Weiqht, pcf: 121.0

Porosity Based on SGt__ 0.228

Porosity {(M.1-Mdr,)/Py)Nol.} 0.211

Effective Confining Pressure, psi 10.0

Hydraulic Conductivity, cm/sec. @20 *C 8.IE-09

Remarks: Contract No. AC33159N
Task No. 14
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IMACTEC

Water Retention Test
(ASTM D2325)

Project No
Tested By
Reviewed By

6141-03-0170
HJ
JL

Project Name
Test Date
Review Date

Hodrmulic & C-eeL-hnical GroL TetinO
9/14107

T T
34.0

25.0 -- --

22.0 . . ... . . .

20.0

0.00 2.01 4.00 6.00 &.C0 10.00 12.00 14.0a 16,00

Appliead Pressure (bar•)

I-.-i-Tf OOlS.rna - --TNXWO2Snita o TNK 03S.n/a --- TNX 004S,na I---N

Samift No, initial LfryUnitk A~pplierl Pressure (bars)
& Depth (fl) Moisture IWeigh t -0.0-01 .51 1 -0 1 5-01 -Is. 6[

I% byy Vol. (pc_. Retained Water (percent by volurme
TNK015,oa ,29.8[- 100.8 2$o.8. 28.7T 28.5 27.2_ . .....I
TNK0oo2S,,-a 30,41 108.1 30.41 29.21 2921 27,9 17.0
TNK 036,rnfa 1 30.71 108.9 30.7 29.31 2T8.8 27.6 26-.7

ThK004Sr~a 302 109.) 302.29.3J 29.2 280 7.

RemBASt: The etteclive poreosky (effect•ve drainage porosay as aefined by ASIrM 0653, as a pear:ri, is found lor
an appVed pressure by auttractin the retained percent water (by voeume) frorn the sturatio por•ani water,
When rasting at pressures higher than oeo bar, ASTM 023255 using similar cquipment designed for the rquircd capacity.

Contract no. AC33159N
Task no, 13
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Water Retention Test
(ASTM D2325)

Project No
Tested By
Reviewed By

6141-03-0170
Hi
JW

Project Name
Test Date
Review Date

H~ydraulic & Geo~eanical Grout Testingi
9/28/07

> 32 .0 _ _ __ _ -- I

22.0 -___ - .____ _______ _

0.00 2M0 4.D5 6.01) 8I00 10,00 11,00 14J10 16.00
Applied Proessue (barsi

J-4-TNK0tO.R,rfa -U-TNK0O6R,n~a -i-TNK007R~nl -G- 3TNK008R~ntarx--

Sample No. Initial DyUnit Applied Pressure (bars)
Depth (It) Moisture W • t" _001 0. 10 1-.01 .1 1F -

TNK 0O&Rrila j 31.8 110.0 31.81 30.5 30.1 20.3 28.6 __
% byr Vol. (pcI) ____ Retained Water (potcent by 'volume)

TNK 007R..na 27.3 113.0 7.3 26.4 26.2 25.4 25.2
TNK OO8Rna 28.01 T 112,8 28.01 25.8 26.1 25.0 24.5 -

Remarks: The effec'ive potosity Jeftect,•i drainage porosltW as defned by ASTM 0653, as a peleerll, Es ftmnrd far
an laplied proesure 1y subtracling the resei•ne verent water Iby volume) from the saturationr peroer wer".e.
When testing a pressures higici thar. one bar. ASTM 023M2 usirg9 simil, equiprent diesigned for the retuired catachy.

Contract no. AC33159N
Task no. 13
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express

Water Retention Test
(ASTM D3152)

Project No GTX-1238 Project Name fam USU, G MU '
-.. ..Tesled By. MM ...... Test D)at e W/2V07

R Bd T .... R6iOWt... 5130t47

Sample No. Initl _.i Iai! Ap__iod Pressure __

% by Vol. (pcf) I Retained WAeer rent by vomeL

[NK499,p 14,4 120.4 12•9 10.6 991 7.6 6.0 I __

TNX-09,bctbm 1 15.0 125,2 142 10.5 10.01 &l 6.8 1

ReseAca:th eft~eiie~ Mostly feileCtIve &tdnage purconity as dofmcd by ASTM 00I63, as a pcrrocnt. w'is Itoud
en ap1ied e~s"re by cutvcLing Ce rct,•zi • p rc=rwn W (Iby ',•iurr• timm Ch =aralion pwwl watner.
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Water Retention Test
(ASTM D3152)

Project No GTX-1238 Project Name Tank Chwa Gr,,l ,fs Ps i ....
Tested By MM- . ... . . Tost Date ...-.-.. 5/22ID..................
Reviewed By TT Review Dole 5/30/07

14.0

4.0 __ {_ _ __ _ _ _

2.0 ______

0.00 2-00 4.00 0.00 11.00 IDOl 12.00
APPrtod PrOSSUnM (leni,

J--*TNI(.iB,tnP -- k.Dbnrm-*- - --- -ffi-

f Sample No. Initia Dry Unit Applied Pressure ýbnrs)
I Dpth (A)} Moiteure FVe ht 0.101 0MI 1.01 6.01 t1 ~ ~

'INKby Vol. (pcl) R3, 14 Rtalned Water (percent bY sow1e --

______________ 14,61 123,6 _L30 1,1 9,51 8,41 T,2 J -

_____________oo 15.21 -125.4 13.3 11,9 9.8 ý 8, 0 65

Remarks; 'Tho n.'1cwie porosity (alve dradinae psoro oslity as detfined by ASThI D653, as a petoemt, is ioutid for
an agptike4 pressize, by stbradk5 the ret~s4 peteaf wa1sr (by volme) from the sSILurfil permnrt ~wao.
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Water Retention Test
(ASTM D3152)

Project No GTX-1238 Project Nime Trak ctm • . l TaoUft Pspl
, -estl d.By.. MM'.............. .... .. Te-stDate ..Da .e - 52207- .

IetwdBy TT oiwDt 5130/07

I

0,00 2.00 4.00 S00 8.00 10.00 12.00

Aoppled PFesure (banre

I"--TNK.,Ia.1sp --'1--INK-11B.botlom -- *- -- 0 -W

Sarnio No, Initial D Unit i Apvliod Pnassure 4bars)
& Depth (fit Moisture Wgtt C0.101 0.50w iý0I 5.01 io10.0 7 -7 7

%by Vol, (pc) Retalned Wale (percent by vwourno)
TNK-11Btm~ 13.9 119.01 14 10.61 8.3 7.4 6.6 1
TNK-11i8.bollo•o 14.1 

1
1

7
,
2  

1277 10,8 8,8 7.6 6.1i _

Remarks: The effacuo Porot.ly IJgQiftc drainago porosty as deatd by ASTM IB53, as a parm.nt is found tor
an applid pressure by subtnrcang the retaired porrenit waler Iby vaumo) u -tre ft n sacttJ porzr•, wsalr.
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Water Retention Test
(ASTM 03152)

Project No GTX-1238 Project Name, Tark ro O ra 4 Torsle Prm)

....Tested.By...... MM . Test Date . S... ,2207. ...
Reviewed By "I Reew Dole 5/3007

14.0

12.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10.00 .040 .080 00 20

E~le ranm(as

ANN.2.e I.N.~Btcm-----I

i • . I

Samri e No. Initial Dry Unit Ap. ed Pressure (bars). -I _
oeph (ftl) Moisure g 0.101 0.50! 1.o0 sol 10.01 T

, %b Vol. ,J• Retaned Water (percelnt by volume)
TNK-M.l29.I 14.5 123,2 12A 11.4 10.2 8.81 7.9,
UK-12B________ 1-4.8 124.1 12.8 11.3 9,9 8.2 7.7

Rcm-snerri Te cfltctvo pcrmlly (eff'Wye drainage porosity as derned by ASTMI 0653, as a percent, is found r
an applied pressure oy subtraclng the fetBined peroint v~ste (by volume) bol the setursitln percent vwaer.
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Water Retention Test
(ASTM D2325)

Project No
Tested By
Reviewed By

6141-03-0170
HJ
JW

Project Name
Test Date
Review Date

Hydrautic & Geotecluti~cl Grout TeStin
9/28M07

I i

-0., - --- 1- ---I

~26.0 . _

1K a 24.0 
.-. .- .-..-..-

0.01) 2.00 4.00 6.00 8.00 10.00 12, 4.0 160

Aovpllod Pressure (bsis)

L::.hiNK23SNja -U-IF NK 24SNle -fr-TN~K 2SIRnda -l-iNK 26A.nfo -U-j

Srnple No. Initial 2ry Unit Applied Pressure (bars)o_-Det&(t Mo1itture Wegt 000 05E .1 . 50

% ( yi Vol. _q(pd .... Relained Water(pecet by" volume)
TNK 2S.n,3 a 28.9 110.7 28.9 128.1 264 25.7• 24.61 I
"NK 24Srrla 27.8 108.4 27,6 26.6 M5 26.2 25.4
TNK 2Rnf; Z8,9 I133 2.69 27.8 27i 27.2 26.5J

TNK 26R,rif 29.71 109.61 29.7 28.7 28.4 27.8 27.4J

Renarkst The effective plarosy (effe--ti're drafnage pacosity as dofird by ASTM 06S3, as a pwcarv., ir lound for
an applied iýres surebyishbracting Ihm retained percent ,-atef Jby vouuim) frem the farrtihn peroor4 piter,
When tetlr'nj at pretsures high-ar then one bar•, ASTM 02325 usingl simihlar equiprm~n! designed for the zcqub~cd capacity,

Contrac:t no, AC33159N
Task no. 13
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Water Retention Test
(ASTM D3152)

Project No GTX-1238 Projoct Name T.kclCu Gr "'r, P,'.
... . .. .. MM, . . Test Date.... 5,.2207 ... . . . .

Re1ii&d', 1 -TT Re iewOoto 6* 30A07

20.0-__ _ . '

0.0 -

0.00 2.00 4.00 6.00 8.00 10.00 12,00

Appieod Preoeizrc (bats)

1-4-* TNK-027A1.*P -*- TNe-027Al.ballwl - 0--
i • . i

StmtoN. Irtifial rt1!ýrd I UW Prtsu00 fbarr)
& Dol.h(ft) Molsfure Wmght a.101 0.501-1.01 5.01 10.01- illh:ITF: 1Zi
__________ J% by VoL (* pcf) Rdlaied Water rereni by volu0

Th-027A1.p 18.41 11417 17A 15.81 14.5 13,0 12A4
TLM(-M7A1.bobft 21.1 f 119.7 195 7. 16.21 15.31 14,1 .

Remrnks: The cdo"POM4ofectitO eId~' ha~go porroIity as defined bty ASTM 0553. age v ervet i5 faundtatir
at apatvd parvaur by Sltactaintlg the mntalnez pweCere wler 4by vev.u) fromn Uw asstr.ef pacc. t w.t1re
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Water Retention Test
(ASTM D3152)

Project No G1X-1238 Profet Namo
.... ite- By . MM RTest Date

-TT Rmview Date

T.*k MOt, GA 0t T.r9 P'
.5M2207- - I.-. 7, - . ....-. .
5130i07

30.0-

25.0 _ _ __ _ _ _ _ __ _

Df.0 --- ------

0.0 -
2,o200 4.0D .U.0 8.00 10,00 l1Zn0

AlPPAed Prossuro (bmnr,)

-- 4-- ,•W-028A1,tp -4U-TNK-028A"I,b•tzom - 0

Sample No. InilMi Dry Unit Avplied Pressuro (b•rs)
D.plh (fH) Mofolurr "Wigl-.1 101 .0.501 1,0 .0 100

% by Vol. c9 - - Rewincd Water peroet vumo
TNX-026Al.Izp 25.0 115.0 24,1 22.6 20.7 19.0 17.7
TNK-02BAlareW, 24.3 112-51 22.9. 21.3 . 1-7.75 1.4I,

Rurnaft: TIw efflosh' pcroeoty (,iaethe Ormiage poro~ti e•lefad by ASYM 01153, as apercemn. Is toid for
m1 amlod prmsure by ftbldirng fth mar•n* perceod water (by w*tumn) from the eatufllat prorl Vtcr.
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Water Retention Test
(ASTM D3152)

Project No GTX-1238 Project Normo T4nk cl=-.,r c-. To•m• NOa,

. ea ed By ..... MM Test.Dale, .. . 5/22/07. ... .
---- Rdi'rr -w 136-iW sl 513O0M7

0,00 2.00 4.00 0.00
Apptied Prossuro (bars)

8100 10.00 12.00

I-.--TK•, .ztoP, -6-W-NK.02A2128B.bDMln -d -- --*-- I

Sample No. Initlal I U __tlec PrDrure ) .....
&Depth Of) Molstufre We 0.101 0-501 1.01 sa Ioo I 11

% byVol.t (5-'jtP Ret.in-d Watu {pcrout by vdourfe)
TNK4C22A21op 1 26.11 116.21 24.41 22.51 21.21 20.41 119.41 ý [
THK-02W12120,blWao 58 1S 23.91 20.71 19.4 185 7

_ _ _ _ _ _ _ _r I I . I

RonariTs;(•ed0.'e poroaqy (ah.edivt dkairt~e pooaly ns dotned by ASTM D6Mi3, a; a paroonL. IoUrI tfr
an appied ixeaa by subbmceiig tme reati'sd percent ý,nr (by voX,, w) from 0M Waluraljon per water.
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Water Retention Test
(ASTM 03152)

Project No GTX-1238 Project Name T*&k cIO" w rTjq, P,.0G2
Tested y. MM .. .Test DaoW- 5,22J=7O - ... .
Re-vliW6d BY----TT R~i6WD~t- U130107

3 11. . . . . . ...0..... . . . .

30.0

0.00 7100 4.00 &00 B00 10,00 12.00

App•'cd Pressum (tbers

L-9-T -o3W.top -U TNK.O30A2bumm -a- B

S.pde No. I kia1 Dr'y Unli Aplied PrMssurc (bar•)
•oep,(ft /,•Moia l_.wLgchil 0.101 0o50] 1.01 &ol 1 .01 f J_

% byVol] . (pe.. I Retained Water eme ,y volumeJ
TNK-.3OA2.to _ 27.31 125.31- 21 21.2 9. 93
!NK43IA4botltom -- 27.0 121.0 24.61 23.2 21.7 20.4 19.3

___________I ! ____________________

Reankf: The effectlede potaily (eCFtlC' drfna1go pomstly as detned by ASTM 0553, asea peroesd. is found for
an usneld pmmsiir by subumang tho rolained poroent ,wetw (by ,olun*) frouit fth eatJroon pe ceftv w.r.
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Water Retention Test
(ASTM D3152)

Project No GTX.1238 Project Name O.rne Gt ToU,• Pg.•.ct
...... Tos.tcdBy , . . MM .... Test Date . 5/2207, ..

-R64iýIB~ -.. K&Ai-~ l 5W_______7_

3D.0 -- _____________

25.0 __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

Fr0.0f

10.0

0.00 ZOO 4.00 0.00 8.00 10.00 12.00

Applied Pmasuie (bars)

Sampoe No. Initile Dry Uml Applied Pressure (ba.rs& a Deth(t) Muf.tfuc We .t 01i &.501 1.01 5.01 1__0,01 1' 1 l

I_ % by Vol. (pf1) Retained Walei (p',l by volumO)
TNK-031A2.tp 24.8 110.5 24,1 22.6 21.1 19.8 4 -
TNK-C31A2,bel~m I 25.5 113.5j 23,9 228 21.1 M99 19.2

Remaf• The eteclhv pmuashy (cdfOhtv, srainago pwtfSly as ceaned by ASTM 0853. Us a peroent. 4t runo tor
en applied pmewe by n.btmcng am retainled peiceum weer (by ,mne) from, th sammtu- p•.er4 ,•ta,
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express

Water Retention Test
(ASTM D3152)

Project No GTX-1238 Pro~ct Name Tank CL-h* G, Tobie l 9noA

.....TestedBy . MM . . . ... . Te Datoe _. 5&22,07...... . .-..............RiI - B . . TT RevLew Date 5W30/07

25.0

r;,

.k _ _ _ _ I_ " _ _ _ . . .

0,0
0.a00 2.00 4,00 6.C0 8.00 10.00 12.0D

Ajplwd Pros=.m= lbasi

L-:!zTNK.0322A2,Lev -0--T -032A2,boilwn ý-~ Go M-lIi

Sample No. l&ltioI Dry UriM I Applied Preswmi (bar-rý
9Deplh (h) molilture Weijhl 0,101 0,501 1.01 5.01 10.0 1

%_____ _ %by Voi_ (P[ Retained Water (percent volume)
INK.032A2,tp 22.7 105.1 21 1. 1.5 17.0 16,5 ________

TNK-61WA.bcwcn -22.71 104.8 ý20.1 11.3 1-7.01 15.8 . 15.31

Raomask; Tile o1Tez*Pve poreelly (eltecite dmrtzeln paoreeay ascan e.4d bj ASTM D553, as a percent, Is found for
an eppled ptemton by skotranting ft~ rutzfnaa parccnt nwatnr (by volu"o) 1rn fte satureltlon ocraint w4Wr
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Water Retention Test
(ASTM D2325)

Project No
Tested By
Reviewed By

6141-03-0170
HJ
Jw

Project Name
Test Date
Review Date

Hydrauic &. Geotechinical Grreit Testing

7 1007
7/16107

0.0D 2.00 4.00 60Co 8.00 10,00 1 Z-0 14,00 15.001

Applied Prossurp, Itaral

1HTMK0(34A3,n/a -UTNK035A3,rwfa -- &- TM03GA3,nia -g-3--TNK037A3,nn -1-

Sarnple No. Initial Dry Ulit Applied Pressure (bots)
4 0eplh (Rt) Moisture Weiqhl 0.00 =( " ýD

A% by VoY. (pcf) Retalrne Waer opercent by volume)
TNKGIA3,hia 21.0 122.4 71.1 20.3 2.11 19.2 19.0 _ -

rNK035A3,,tia 18.1 125.4 1 91 17,8ý 17.7 17.0 O 16.81
T-Nl-K3SW,nta 19.6 123.8 10~ 18.4 18.2 17.6r-17.41
TtKKO37A3,t%(A 10.1 127.5 18. aIITr-.10.0 )1 L1.

Remnork.; The ehecltve porosity (efective dr;inago porosity as defled by ASTM 0553. as a percent. is found for
as applied pressure yb subrreling the retained peronoft water (by vOlumel from the .aluration percersi wkael.

Wheen testing at proswsres higher than ome bar, ASTM 02325 using slnalm equipmem chssk3ned for the requited capacity,

Contract no. AC33159N

Task no. 14
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GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX-1238 Boring No.: NIA
-...... ---=L==_=ab:No!:2.2269 -............... :. -:z.._Deth.f:N /k:=.===.:•-:= ..... =....

Project Name: Tank Closure Grout Temting Projoc Sample ID: TNK-09B
Tested By: MM Reviewed By: MM

Date: 051125/07 Date: 06/01/07

Total Sample j Inside Diameter Moisture Content
Height, inches of Cut Tube inches
1 3.297 Tare No. SCL--4E
2 3.315 Top 2.787 Tare Weight 9.65 gramns

.... --3. .... 331--.. Bottoma2:815 .... W eWiglifF÷Td-- -732756---ii•.. .

Average 3.31 Average 2.801 Dry Weight + Tare 722.64 grams
Moisture Content 1.4 %

Total Weight of Soil + Tube Section 722.64 graors
Weighi of Clcant Dry Tube Section 0.00 grants

ct Weight of Soil 1.59 lbs
olume of Sample 0.012 ft3

RESULT SUMMARY

Moisture Content 1.4 %
Wet Density 135.1 pcf
Dry Density 133.2 pcf
Specific Gravity 2.54
Porosity"). 0.16
Porosity' 2 ) 0.15

Remarks: Task Order #27
Contract # ABSOI 88N
C" Porosity uLsing Spelific 6nivity. 12 Porosiry using vohaznteric method
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GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX- 1238 Boring No.: N/A
...... •-::-•:-ab•N6. 21-270-'--:--'-:- ...- "-~ :-' .. -''"" fDepth: N /A- A............. ..

Project Name: Tank Closure Grout Testing Projic Sample ID: TNK-10B
Tested By: MM Reviewed By: MM

Date: 05.-'25/4)7 Date: 06&01/07

Total Sample Inside Diameter1 Moisture Content
HeIght, inches of Cut Tube, incies ,_,,
1 3.014 Tare No. 675-C
2 3.025 Top 2.791 Tare Weight 9.61 gra••s-

... . - 3. 036..... Bt--279- Wi W~iiiht--rCiii---6f365 grams
Average 3,03 Average 2.790 D[y Wcight + Tart 619.71 grams

Moisture Content 20 %

[[Tmal Weight of Soil + Tub" Section 618-71 grams
Weight of Clean, Dry Tube Section 0.00 gra0f
Wet Weight of Soil 1.36 lbs

Volumo of Sample 0.011 II

RESULT SUMMUARY

Moisture Content 2:0 A

Wet Densiy 127.4 pcf
Dry Density 125.0 pcf
Specific Gravity 2.513
Porosity"' 0.20
Porositye) 0.17

Renrrik.s: Task Order ft 27
Contract # ADININ"
410 Porosity using Specific Gravity, O0 Porosity using volunetric Mithod
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GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX-1238
.~..... ...Lab .N o :-2 21 7.1

Project Name: Tank Closure Grout Testing Projec

Tested By: MM
Date; 0;5/25107

Boring No.: NIA

Sample ID: TNK-I I B

Reviewed By: MM
Date, 060 1/07

Total Sample Inside Diameter Moisture Content
1eig/a, inches of Cut Tube, inches

1 3.076 Tare No. SGL-SC
2 3.074 Top 2.792 Tare'Weight 9.60 gal' .

- 10 3082-- -Bdt -2.787 - W eight . Tare 652.07 ,rams
Averge 3.08 Average 2.790 Mry Weight + Tare 637.21 grams

Moisture Content 2.4 5

Tolal Weight of Soil + Tu e Section 637.21 gram.s'
Weight of Clean, Dry Tube Section 0.50) grams

let Weight of Soil 1,40 lbs
olurniof SampIc 0.011 7 p3. I

ff- 
T71

RESULT SUMMARV

Moisture Content 2!4 %
Wet Density 129.1 pcf
Dry Density 126.1 pcf

Specific Gravity 2.53

Porosity(l) 0.20
Poroslye'i 0.19

Rewnarks: Task Order ? 27

Contlact # AB)IOt8N
Porosity uwsing Speeific Gravity, • Po,"sitv •i•gi, Vo.rmcuiec method
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GTX TECHNICAL PROCEDURE T413
UNIT WVEIGHT OF SAMPLE

Project No.: GTX- 1238 Boring No.: N/A
... .. ... , =-L atb-No:2 1272- - . ... .. . . ..... . lph:-N1 A . . ... .. .. .. . .

Project Name: Tank Closure Grout Testing Projec Sample ID: TNK- 12B
Tested By: MMvt Reviewed By: MM

Date: 05/25/07 Date: 06/01/07

Total Sample Inside Diaineter fMoistureContent
Height, inches of Cut Tube, incites
1 3.1] Tare No. SG1-6C
2 3.11 Top 2,804 Tamr Weight 9.73 grains

. .. .3- .. B -ttn"-2.804 - 'Wit W-ili TT-- ý667.19 gramv
Average 3.11 Average 2.804 Dry Weight + Tare 651.76 grams

Moisture Content 2.4 %

T[ otal Weight of Soil -rTube Sectioni 642.03 grrams

Weight of Clean. Dry Tube Section 0.00 grams
Wet Weight of Soil 1.42 lbs

olurn of Sample 0.011

RESULT SUMMARY

Moisture Content 2.4 %
Wet Density 127-3 pc/
DryDensity 1243 pcf
Spccific Gravity 2.44

Porosfty") 0.18

Porosity(!) 0.16

Remarks: Tit,,k Order # 27
Comtract # AB80188N
I )Porosity usiag Specific Gmvity 121'Porosity ut•hi Volumetric atethod
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GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX-1238 Boring No.: NiA
____________________Dcp&NA

Project Namte: Tank Closure Grout 'esting Projec Sample ID: TNK-027A I
Tested By: MM Reviewed By: MM

Date: 05/25/07 Date: 06/01/07

Total Sample Inside Diameter Moisture Content
Heighte inches of Cut Tube, ines

I 2.373 Tare No. _

2 2.374 Top 2,975 Tare Weight 0.00 grums
-..-3- .. ... .372--"-Bortobn"--2:975- WfWitT -- 7 )- grams....

Average 237 Average 2X95 Dry, Weight + Tare 52.2A grams
Moisture Content 10.3 %

rotal Weight of Soil + Tube Section 570.50 grams
Weight of Clcan, Dry 'lube Section 0,00 gramsIWet Weight of Soil 1.27 lbs

Volume of Sample ft "" •

RESULT SUMMARY

Moisture Content 10.3 %
Wet Density 133.1 pef
Dry Density 120.8 pcf
Specific Gravity 2.38
Porosi""'t1  0.09

Porosityf•) 0.19

Remrks: Task Order l" 27
Contract # ABSOI8N

("lPoromity using Tite Specific Gravity. (7 Porosity Using the Voluieric Method
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GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMNIPLE

Project No.: GTX-1238

Project Name: Tank Closure Grout Testing Projec
Tested By: MM

Date: 05/25/07

BdrinS No.: N/A .

Sample ID: TNK-028A I
Reviewvd By: MM

Date: 06/01/07

Total Sample Inside Diameter Moisture Content
, Height, hiches or Cut rube, inches

1 2519 l"are No.
2 2-518 Top 3.003 To're We.igbt, 0.00 .___ grains.
-3 -.- -2 :52-- lBolloin 1002 WI•ctFWeight * Tare 609.16 grams

Average 2.52 Average 3.003 Dry Weight + Tare 536.17 grainsMoistureContent 13.6 % A

Tol"tal W eight of Soil + "rube S ection _ . 60,9. ,7 - _m r ,m 7
Weighr of Clean, Dry Tube Section 0.00 grainy

et weight or Soil 1.34 1-

VolhuneofSample 0.010 f,-

RESULT SUMMARY

Moisture Content 13.6 %
Wet Density 130.1 pcf

Dry Density 114.5 pcf
Specific Gravity 2.•44

Porosityt) 0.251

PorosityIt) 0.25

Remtarls: 'ask Order b 27
Contract # AR80188N
01 Porosity using the Specific Gravity, ý'Porxnity using the VolumtCric Method
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GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX- 1238 Boring No.: N/A
.... .- -•Lab:No:=2I2, 13---3-. ... . ------ "• '- ... :" D~jtfi-+ .........

Project Name: Tank Closure Grout Testing PrsLJOC Sample I D: TNK-029A2

Tested By: MM Reviewed By: MM
Date: 0.5/25/07 Date: 06/01/07

Total Sample Inside Diameter Moisture Content
Height, inches of Cutl rube. inches

I 2,589 Tare No.
2 1589 Top 2,9.94 Tare Weight 0.00 gramnts.
. -3 .589 .-. . tt0i--99- W•t'Weight + Tlrc 624.27 gran'cs

Aicrage 2.59 Average 2.994 Diy Weight + Tare 548&04 granur
Moisture Content 13.9 %

Toal Weight of Soil + Tube Section 624.57 gramns
Weight of Clean, Dry Tube Section 0.0K gramsFct Weight or Soil 1,38 1&

Volume of Sanple 0.011

RESULT SUMMARY

Moisture Content 13.9 %
Wet Density 130.5 pef
Dry Density 114.6 pcf
Specific GravIty 2.43

Porosity /'• 0.24

Porosity42) 0.23

Remarks: Task, Order 0 27
Comact # AB8OtIStN

'*vonmiy Uising Specific Cjrnrity. waVn.tz*I
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GeoTesting
express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

ProjectNo.: GTX-1238 BoringSNo.:.NIA.. .. _
~Lab-~ 21- 74-~ Dieth: N/A

Project Name: Tank Closure Grout Testing Projec Sample ID: TNK-030A2
Testcd By: MM Reviewed By: MM

Date: 05/25107 Date: 06/01/07

Total Sample Intide Diameter Moisture Content
Uleig.t, nt ches .of Cut TubeInches • .

1 23569 Tare No.
2 2.569 Top 31013 Tare Weight , M0.00I..

--- 3 ........ 259- •Biim -3-03 Wvt Weight + Tare 617.09 grans
Average 2,57 Avemage 3.013 Dry Weight + Tare 543.09 gramwr

IMoisture Content 13.6

J
RESULT SUMMARY

Moisture Content 13.6 %
Wet Density 128.3 pc./
Dry Density 113.0 pef
Specific Gravity 2.42

Porositytl 0.25

Porositvyl) 0.25

Remarks: ThAr Order 9 27
Contract #f ABS018ON

1 'Porosity using the Specific Gravity. 
0
ý'P(0siy Irsint t1= VoU.tMeCiCt McthEd
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GeoTesting
express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX-1238 Boring No.: N/A
--- --" "-D tNA

Project Name: 'rank Closure Grout Testing Projcc Sample ID: TNK403 I A2
Tested By: MM Reviewed By: MM

Date: 05/25/07 Date: (W01/07

Total Sample Inside Diameter Moisture Content
Heigbe , inch ,, of Cut Tube, inches
1 2,513 Tare No.
2 2.512 Top 2.998 Tare WVeight 0.00 grams

...-.-- 3- -. .-2:5"4 ... B66-fi- 2-997-- W We~ht- Tare 602.70 grrns
Average 2.51 Average 2.998 Dry Weight + ,rare 53 .38 grams

_Moistuic Content 13.4 %

l'ocal Weight of Soil -t Tube Section 60270 grams
NWeight of Clian. Dry Tube Section 0.00 grams

Ve1 Weight of Soil 1.33 lbs
IVolumne of Sample 0,010 fij

RESULT SUMMIARY

Moisture Content 13.4 %
Wet Density 129.5 >pcf

Dry Density . 114.1' pcf
Specific Gravity 2.41

Porosityv" 0.24

Porositye) 0.24

Retnazks: Task Order # 27
Contr,%t t ABM0l88N
41 Poe•sity using Specific Grvity, Porosity uwing the V1unietric Method
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GeoTesting
express

GTX TECHNICAL PROCEDURE T-03

UNIT W1EIGHT OF SAMPLE

PA)jtct No.: GTX-1238 BoringNo.A •

Project Name: Tank Ciosure Grout Testing_,,_ e Sample ID: TNK-032A2
Tested By: MM Reviewed By: Mlyi

Date: 05125/07 Date: 06101/07

Total Sample Inside Diameter Moisture Content
l1Jigbr, Inc'e. of Cut Tube, hnhes

1 2.541 2 Tare No.
2 2.542 T'op 2.996 Tae Weight 0n(eO .•.-.gasns.

...... 3.... . 2 -5 - - om 2.995 -Wet Weight -t Tare 613.40 4 grat
Average 2.54 Average 2.996 Dry Weight + Tare 540.00 grams

Moisture Contentl 13.6 91

otal Weight of Soil ± Tube Section '13.40 grams
Weight of Clean, Dry Tube Section 0.00 grams
Vel Weight or Soil 1.35 1bs

Volumneof Samnple 0.01o3 7r,

RESULT SuiNNI1ARY

Moisture Content 13.6
Wet Density 1305 pcf
Dry Density 114.9 pcf
Specific Gravity 2.43

oi) 0.24

Poroslty(z) 0.24

gcni1cs: "'TOak Order # 27

Contract u ABS011'heS"lh'oimit.y, usineg ihe Spctifle GCm x1ty. Porosity uaiig the votamculic Method

I.
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APPENDIX B. INL REPORT ON TESTING OF REDUCING FILL GROUT
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May 23. 2007 CCN 209883

Kenneth-L. Dixon
Savannah River National Laboratory
Buildine 773-42A
Aiken SC 29808

SUBJECT- DatbReport for Savannah River Site - FTI Reducing Grout Cores (LNL.MS-06-11865)

Dea~r Kenneth:

Scope

Provide testing and consulting services for Grout sample.s.

Introduction

Two grout cores identfied:as TNKOI 9R. and TNK02OR were received by the, Idaho National Laboratory
for hydiaulic analyses'from the Savannah River Site (SRS). The coreswere laboratory casts of reducing
grout matefial-that was. cured in polybs.tyrate plastic tubes, The tubes had dimensions of approximately
2.5 cm diameter by -30 cm long. All cores were received in good shape with no visual fracturing or
significant drying noted upon receipt. Requested analysis included: dry bulk density, porosity, moisture
retention characteristicsi -saturated and unsaturated hydraulic conductivity measurements, and van
Genuchten paiameters.

SamplePreparation

To expedite testing, the two 30 cm long grout.cores
were cut into a number of leneths for laboratory
anal-ses using a diamond tipped mansonry saw.
The first set of sub-cores was used' for peimeability
.inalysis using both the standard falling~head and
the centif'4ge methods. The second set of sub-
cores.was used to detenmine the dry bulk density.
porosity, moisture retention characteristic.s; and van
Genuchten parameters of the grout material.

The four sub-cores used in the.permeability F
analvsis requiired potting these samples in an epoxy Figure 1. Grout.samplas pored in eposy

mLxture to establish a no flow boundury along the
lengthof the:sub-core and provide a uaiform outer
diameterfor hydraulic, cbnductivit" testing (Figure
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1). In g'ieraL the lengthof the penmeabiit" sub-core was initially cut to 6 cm in lenth to tcilitate
potting the core in our UTA mold. The cores were centered in.the 3.3 cm diameter Teflon mold, and
filled With a two part epoxy molding compound. After.curing (-_24 to 48 hours). the mold was spli.'
open to extract the potted cement'niaterial. The ends of the potied material were then trinmed to a
length' appropriate for.the UFA using a masonry saw (_ 5 cm iii leng.th).

Potting of the grout samples for hydraulic flow testine followed procedures developed'for the previously
testenSR.NIL-saltstone cares.. Cerannc.epoxy is typically not used as a.casting compound bit~in our
case, the small volume of ceramic epoxy required for each moid,was such that heat generation was not
an issue.

Potting sub-co res into 'epoxy for dry bulk density;
porosity. aný moisture charactedstic
measurementswas not necessary. These sub-.
c6res w&e alsocut from ihe 30 cm s les as
thin (-0.-cninheight) disks'(tee Figure 2. for
examples). To expedite' testing, 10 sub-cores
were cut from each core and were used to
determine varwius portions of the moisture
retention curve. Four sub-cores were used in the
wet end (i~e..-hanging column analysis)of the
moisture retention curve development and 4 sub-
cores were used in the mid ra~ne (i.e., pressure
plate analysis).. Th.1 rema-in-ingtwo sub-cor's.plat anlysi): '•heremininty;•ub~resFigure 2. Exam'ple of grout samples
were tested as replacement cores but not evaluated ure2. m ple rot amplesUsed in moisture retention analyses.
asto'iheg. hydraulic properties. Four of the .

pressure plate sub-cores (mwo from each sample)
were used to determine the high range of the moisture retention curve (i.e.. chilled mirror analysis).

The:\vettins solution was a mixture of CaCl2. Na2SO 4. MgCi 2. KCI, and NaCI salts nixed i nanopure
DI water to0create an'SRNL Artificial Ground Water" as per inttruction send via email. The recipe
followed that described by Storm and Kaback. (1992).

Metholds

DAy bulk density is expressed as the mass per unit volume.of material. Procedures followed thdse
described in Method of Soil Analysis where the total volume ofa pbrous material is measured, then
dried in an oven at 105' C to determine the dry porous material mass. For the sub-cores, the diameter
and length of each sub-core was-measured with a caliper to determineits volume. The sub-cores vere
dried in in oven over 481 hours to a constant weight. Dividing the mass by its volume gives its bulk
density. Sub-&ore samples from the hiuaging cohlmn and the pressure plate anai.ses were used to
calculate anaaverage bulk density.
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Vacuum saturation was performed following procedures described by Flint and Flint (Method of Soil
Analysis, chapter 2.3, pg 233). No pre-flushing with CO, was performed. A plastic desiccant chamber
was used as the vacuum chamber. The samples were placed in the chamber. a vacuum was applied for
approximately 3 hours, then water was added to the base of the samples to allow them to imbibe the
solution. Vacuum saturation lasted approximately 5 days.

Saturated waierporvsii, can be determined directly or can be calculated as a fitting parameter from the
van Genuchten analysis of the moisture retention data. In a typical soil hydraulic analysis, the weight of
the samples immediately at the termination of the falling head method is used to calculate the saturated
water porosity. For the reducing grout samples, we had to pot the sample~s in an epoxy cast of an
umknown weigyht that would cause some uncertainty in the porosity calculation. Therefore, we
determined the saturated water porosity of the moisture retention sub-cores after vacuum saturation-

Saturated h>kdraidic conductivio, measurements were attempted on the potted sub-cores using the falling
head method outlined in ASTM D50-4 and those described by Reynolds and Elrick in Methods of Soil
Analysis, Chapter 3.4.2.3. Saturated hydraulic conductivities were also determined using the falling
head method in the UFA following the methods of Nimmo et.aL (MOSA pg 903). This testing is similar
to the standard falling head method but uses the centrifuge to increase the fluid driving force through the
sample. Previous testing on saltstone samples confirmed that the falling head centrifuge method agreed
with the standard falling head results.

Saturated hydraulic conductivity analysis in a centrifuge takes the following form with both a graviyv
and centrifugal driving force:

____ -(514 +0.So,:rf ]
- to (i (1)

where:
a is the area of the burette
L is the sample length
A is the area of the sample
t is time
g is gravity
H is the height of the water column
w is the rotational speed
r is the centrifuge radius

Unsaturated hydraulic conductivit, testing could not be performed in the Unsaturated Flow Apparatus
(UIFA) model 3-6 due to the low saturated hydraulic conductivity of the reducing gout material. Nimmo
discusses the steady state centrifuge method in Methods of Soil Analysis, Chapter 3.6.1.l.b and methods
generally followed those outlined in ASTNI D6527. To conduct an umsaturated hydraulic conductivity
test, a constant flux is applied on the upper surface of the epoxy potted sample. The flux rate is typically
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set to approximately A of the measured saturated hydraulic conductivity. The sample is then spun at
500 to 3000 RPM in the UFA centxifige. The flux from the centrifuge falling head test was to low to
apply with certainty using syringe pumps.

M'oistrweretentfon characteristics measurements describe a porous media pore size distribution through
relating the amount of water retained by a porous media at known manic potentiaLs. The data for the
reducing gout sub-cores were carried out by 3 separate methods.

To obtain data near saturation. we used the hanging column apparatus. Saturated samples were placed
in contact with a highly porous ceramic plate that is connected to a water column and reservoir where
the water surface is beneath the sample. (see MOSA pg 146). The distance between the water surface
and the sample is the imposed suction on the sample (i.e. the manic potential). A series of steps
consisting of lowering the level of the reservoir and measuring the equilibrium weight of the sample
were conducted.

For the mid-manic potentials, we used the pressure plate method kMethod of Soil AnalNsis, 2002.
chapter 3.3.2.4) in a Soil Moisture 15 bar pressure plate extractor (model 1500). Sample weights were
recorded on small -A cm high sub-cores at 0.8: 3.5. and 12.5 bars of pressure. Moisture contents were
calculated from the oven dried weights measured at the end of the test.

Moisture contents at higher soil water potentials (-40 bars) were measued using the chilled mirror
method ('Method of Soil Analysis, 2002. chapter 3.3.2.9.b) with the WP4 meter. Samples from the
pressure plate method were used for these analyses. After the completion of the pressure plate
measurements, the samples were placed in the WP4 sample chamber and allowed to evaporate until
equilibrium was reached between the sample humidity and the manic potential of the porous material.
The humidity was then measured using the WP4 chilled mirror humidity sensor to determine the
equivalent manic potential and the sample was weighed to determine its corresponding moisture
content.

Hydraulic transport parameters (van Genuchien parameters alpha, n, and residual moisture content)
were fitted to the moisture retention data. The saturated porosity was not fitted. Data were analyzed
using the RETC fitting program.

Results and Discussion

The results appear to be reasonable and generally consistent with one another- The following tables and
paragraphs list the measurement results and provide a general discussion of the results. Sample numbers
were assigned to each of the subcores. For example: 19 - 1, indicates it was taken from TNK019R and
is sub-core number I that was used for the moisture retention measurements- A dash between the sub-
core number means the analysis was an average of the sub-cores. For the potted samples: sample 19A
indicates that it was an epoxy coated sub-core used for hydraulic analysis and was taken from
TNK019R.
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Bulk De• itv

The dry bulk densities ranged from 1.81 to 1.84 g cnf3 . The sample geometries were small and not
perfectly round or cut perfectly parallel, resulting in some uncertainty of the volume calculation for bulk
density analysis; however, this uncertaint- is not believe to be sigilficant. The bulk densities measured
for sample TNK019R were slightly higher than those measured for TNhK020R. Since both samples were
cast from the same grout mix, the variation in bulk density may be an artifact of sample preparation.

Sample # Average bulk densit (g cm-)
19- 1-5 1.835
19-6-10. 1.843
20- 1-5 1.815
20- 6-10 1.810

Aloisture Retention Data

Saturated moisture contents were consistent fbr the reducing grout sub-cores. Saturated moisture
content, also known as the saturated porosity, varied from 0.264 to 0.272 cm3 cm 3 .

SPzple # 19 - 1-2 & 6-7 19 - 3-4 &- -9 20 -1-2 & 6-7 20 - 3-4 & 8-9
Me,.aod Mattic Moi•-ure Niatrkc Moisrare Man-ic Moisrae Matic Mot.r-e

Pcore =-a Comleun DoTental Con-eat PoTe.tia Cmcteat PoTenrida C onteal
i (ba) (cmr cm'cm' cm; i (bon) (cm1 cm"1) I (bars) (cnms cm"

Vacuum
Sati'mion 0 0.264 0 0.267 0 0.272 0 0.268

Column 0.06 0.261 0.06 0.263 0.06 0-270 0.06 0.268

Column 0.13 0261 0.13 0.263 0.13 0.268 0.13 0.265
Pressure
PlaVte 0.78 0.244 0.78 0.247 0.78 0258 0.78 0.253
.ressure
Plate 3.5 0.238 3.5 0.241 33 0253 3.5 0.249
.ressure
Plate 12.5 0-233 12.5 0.238 12.5 0.248 12.5 0.244
C U Mlled
Mixrrr 44.7 0.225 44.7 0.225 34.7 0.242 34.7 0.242

Due to the short turn around time requested, separate pairs of sub-cores were used to generate the
hanging column and the pressure plate data. Using separate samples may cause some bias in the data:
however, it is assumed that due to the homogeneous nature of the grout, separate samples will cause
little problems. The chilled mirror data were obtained from measurements of samples 19-6: 19-7, 20-6,
and 20-7 and used to help anchor the tail of the moisture retention curve. Sub-core sample data pairs
were average to develop a single chilled mirror matric potential - moisture content data point for each
sample (i.e. 19-6 and 19-7 values were averaged and used for both sets of TNK019R sub-cores.
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See the van Genuchten analysis for graphs of the data as a fimction of moisture content and pressure

head (matric potential).

van Genuchten P'aainetr Analy.sis;

The moisture retention data (see moisture retention data result section) was used to develop the van
Genuchten transport parameter for the grout sub-cores. All moisture retention values were given a
weight of 1. The residual moisture was set to be a regressed number and we used the standard Mualem
relationship between n and m (i.e., m = 1 - I/n). Figures 3a) and 3b) illustrates the data as a function of
water content verses pressure head (matric potential) and the van Genuchten fitted relationship using all
the data for both gout cores shipped. The bold values in the table below were determined using both
sets of data for the sample and likely best represent the hydraulic parameters determined by this method-

(cm-i nU (cM, cm") (cm' cm') K. (cm s")

19 - (112-&7) 0.00621 1.261 0.215 0.264 9x10"-
19 - (314-49) 0.01195 1.062 0.143 0.267 4x1O"t'

TNE g19R 0.00733 1.229 0.21 0.266 2.5x10-

20 -(112-6?'1 0.00074 1.256 0.222 0.272
20 - (314-89 0.00463 1.436 0.240 0.2!3 5x10"'

TNK020R 0.0104 1.229 0.233 0.270 ftlo"

Hyas1ic Propeo•os: "f'ta vs. h ~atdIc PrqIertaa: "•Y• h v

- - -- - -- -- -- --- - -

Q. TI C21-i•. i i i

00

a: - - - --_-__ L .... ,o •F- -- -

I Q I IQ I 0o.. _----_• -- I__--., *• -•--_-!_ -_

a) b)
Figure 3. van Genuchten curie fit of the moisture retention data for a)
TNK019R and b) TNK020R
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Hydraulic Conchwtiviýy

Measured saturated hydraulic conductivity values ranged from the 5xl0mc to 9x10"'" cm s4 . Hydraulic
conductivity determination was attempted using, the traditional falling head method with approximately
2 meters of applied head. The lower limit of this method for determining saturated hydraulic
conductivity is approximately 10- cm s". The reducing grout sub-cores had such low synthetic
groundwater fluxes that accurate determination of the hydraulic conductivity was not possible with the
traditional falling head method. In the table, we represent this limitation by indicating the hydraulic
conductivity to be less than 10' cm s-*. To increase the driving force on the water, we used the
centrifuge falling head method in the UTA centrifuge. Previously tested saltstone analyses indicated
that the centrifuge falling head method is much quicker and is a better method for analyses of tight*
sample.s. These samples were spun for over 100 hours at 2500 rpm3 to obtain sufficient flux of water
through the grout samples.

Medhod Sample ID Kat(cm s")

Standard Failing Head 19-A 1:E-O:
Cenaii FaIiingHead 19-A 9E-11
Stamdard Failin••_ Head 19-B <E--08
C'enn-ieze Faliine Head 19-B 4E-10
Szndard Faibfn Head 20-A <1E.-O0
Cennif-ae Faliinz Head 20-A SE-10
Snfdard Failinz Head 20-B < flE-OS
Cenn'fiae Falking Head 20-B aE-10

Unsaturated hydraulic conductivities were not directly measured using the UFA centriflge since the
fluid flux necessary to perform these analyses was too low to be accurately controlled. Considering the
small drainage measured in the moisture retention analyses a conservative assumption would be to
assume that the unsaturated hydraulic conductivity is equal to the saturated hydraulic conductivity value
over the range of matric potential measured. Otherwise. the unsaturated hydraulic conductivity values
as estimated by the van Genuchten parameter analysis method can be used-

Suggested Future Work

Below are a few notes on the testing and some .suezsted activities to address the issues raised by this
round of laboratory anaiyses.

1. The grout material between TNK019R and TNK02OR are close in hydraulic properties but do
exhibit a slight but consistent bias in the data. TNK019R has a higher bulk density, lower
saturated porosity, smaller saturated hydraulic conductivity, and a smaller alpha than TNK020R.
The material visually looks identical and this slight variability may be due to variation in sample
preparation.
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2. The reducing grout material exhibits a very low hydraulic conductivity approaching the limits of
the testing equipment. If future grouts arc expected to be of similar hydraulic properties, we may
consider reducing the length of the epoxy potted samples in an attempt to increase the pressure
gradient.

Sinccrely,

F. Matson, Research lydrologis
Qeosciencs

EDM:mab

Page 116 of 153



WSRC-STI-2007-00369, REVISION 0

APPENDIX C. STRENGTH REPORTS

Page 117 of 153



WSRC-STI-2007-00369, REVISION 0

ASR -ISO if.u iloI) WashingtonIC roup
&VIM C 39ý.{0. ASTM C-31 IM3. ASUN61C 143.1 W-. I oonhRvrS ASC'i 111921 4- 1 ASJIM C61?-( "IMP I

ANTMC 94-( 06 MU C AT138101- 1 AS~7lC12.%l C pswI Coiicrcte/CLSM I'est Report A.0I6l1C31-( 041 AgSTMCIOG4.( es3I
AWDM0I3.4 el 1 Pate I of

Ropli NIA A.--- ......oesol l1 69 slr

lo~~~melorwth [s~ 111610oln /6.h011H I

I10p~ets L-ve I om.lu.Krs Cno Cv,-. (I) I6

51611-6/" XIs/s 155/ K. .1 \-

14~ Irs,1o &z 3.8 103 1 nI
23 321007 Me1 3.00 1.7 107 1521)

Q 5124'] S. 6.267.0 141073 0

0go 6.10 3.00 7.0 1900 D

10' .04 3.00 707 196Yl :1101

300OI _____ ffl____ 141 - I - : __

Mlso-um & 6umo CaijbratIion 1101 Cesscalitiss, AsoroMcr. Mwso Wat~er, FliddWsl 161 WRA. AM%.. 101RA. TOWl 6V,lkh IF 1111 VoI
lb0r1016 hb. Fs.eFO vlighl M.ssssid. lb,. It... ga(l, 00. I,. -, ... fto obe c/. 's.y5I.

I6 N,',% I =II =] F-1-1 cg/A = 6/ K) 4 LJ Lý IZ
NJ&TE C.I. SC. IV/6k 6/ TC. =~AM. N/A N/ UNWI1.. 41, =,/ S. NJ.6NA =1$ ~ T Wl 5
I:tm-r": 28 DIAY A6C..

-NOMrl/ A1176 111/SIN. UMs- IlESUI/I:17s12117M FR I NF~lORMATIOIN ON'Tl,

-W.514-Mopl4 Ro cOO

"'ge froll, 110fd evljde.-%

I'ss'el~rNs. C-Qcpaz.0 j 6r-iog No.. N/A spoc .i~esil N., I cl:.1smc.11

Ro. // CM: NA Roe.= N/ CF1 NM Re-. .71. f, t

Imehos ________________________L-1e Nta,: NCR No., N/A Test R-suts: :
It.soor levl 1,1. I.-sspvolor:t [tOl MW0,

Page 118 of 153



WSRC-STI-2007-00369, REVISION 0

IsR 8•335(ooJ) I'Washington Group

A ,'tNIC3QQ4, • ASqThC3kg o-- ) A Oh,* .(0s Savannnh River Site ASTMC C92.1 02 I ,I."M C6I1,'

ASTMC9{ C 4 A9rFMctos.( 02. C A5'rnl 1 Concrete/CLSM Test Report ,SrMC 231• 04 AS"IC 10(4 052

AsTrI D 610124 lPge 2 Or

Lpo rlat - ZO"• sIoe r2 d = -- I2 120 Q .•R P.: I... I .
R,Dort D-,2 WNW, ~ ne b QCI - "'/
Pr0jw N..: D., .... 0 .. d y,

27,=' •'0"I "m 1". T-,,: I 81/0 . *o o :1 0o-x-o-o-&2 . , Ihiv, ,•lo 0,o. : = Rbod. pok.I •

[i i ,E 7 1 NLS NP. Nhl N

Isipeor. Iil -- abaiiolCurin:: c(,..rni.z J ,I, ,tb oO2p.,, I [
: apebtna: I~.,,el - r Cofoso- CDS-167 1

2'it..lI~Aol., Z 1 ] I I.11 Olbbb - " Co , Lb..: V, : Elo [ I f~ slog F =W0 - P0 t~~ j0.. roo ,,

ii

Page 119 of 153



WSRC-STI-2007-00369, REVISION 0

ASH ,s.335(00/O) Washington Group

AS'ElM 39. i04- 1 ASTAIC 31• ý0 I ASl"l C 143-1 0-( Saovoannahto River Site C 192-1 0 1 AS".IMC6174 9ioJi

ASM C 94- 06 1 ASTI C 13H-( 0111- 1 AS.M C 172-. 04 1 Concrete/CLSM Test Report ,STM C 231.- 04 A$1 l C IO0.4-I" 05 o

AFF'M D6•200044 0N 3 P",, I f

Rcpon So. o 2007• D'ri0 ,S : [.., 040 .14 I4 No' A
llp.. D. 24I 00 ri.oM,4d NIAO ~Q41
O rotew o, LWDSMOIDt 00Ni onc. 1)44 11 0I.I-u Dme44n 'orength:00 pi. 907 [II ~ y,

T4 "Ai•,gory: r, ,.s- 04s o Aol,'?, Ti , , - PI,0o-,s.. P .iar ..i lMethod" )] CaoortorEtwl:LooJoio 4.'444444 f CA.4Ti174 4.00 W• r..7 . ..... 4004044 [ 1,A .... Z1 •" "

loopelolr: I,,',oi inhilal 120rleo4'4 Conforoing ,liii''.ii 04 *F: L
j'4 44 4, - ......... .. J 1~ L..... ...J - ' ( .. ......04 0-•"-4.4 i ' U -• , , G <: 4444-,< ,, , 44 0,. o.o~

""'"-____11° - L- - "-':"-- - "' " ' I h 1"r \. r 1
___ J± j 444.40. 00, 1-. 10,0h. III U " V J I JJ dc

0705. 4 3!7.'2007 6.R2 3,04) 7.0 6523 929

20 3r7./22.007 6.05 3.00 ?.07 7476 10400

62 [4,21414607i 6.00 J.00 7.07 032t 4200

Q2 , 4n4.v ,0i b. 3.00 .0 49 4060 N
90 !- 22/4•Ol 47j 5.95 3.0oo 7.o07 0 2.3 14 X00

90____ ___ 5.12212007j 6.02 3.on w- 7.7M34 I27

3A.•Ul- & M-o.u,,. (.04i0lrion u4il C¢--litli-u , AW,,C ' 4.t0. 4 0040r, 14I0d 444lWI WRA, AEA. M, I 0.. +1' o o W1W h4Ffl -I 04d4' Yidd8 -
0.404444,. 1Mo. III, Faloo, W624000 81.1,6., It. 44. 44w.. pl' Ph. oo. 0., 0-Ii4t000Bt0,o , "*o.d,

N'NI E.: /AIX INIStCS. TE51" RESN!LTA S [SUBM11IEO FOR INFORMATION ONVI I

- i.Mi. 5 - od 4 p e 16 ,
-- ,*NO HOLD.D CYINDERS L0./F. ONLY ONE BREAK FORt IXtt IuAV

Prn-dure No. : I C-Q•CP-020 D-I M~nIng5,.: I N;lA _I Sp~ir-ii-N I- I -,l'-- ixI
RI i': ,A PCN, N Hm. N 4CF:j NM r RI--; =7 Ijt.

mn4pwC-r [-d_________________ 0.0a0 2000 NCR N.4.4 NIA. I040010R40-0 L

Itooloer:leve lbw4,' 0004444'4r: [coo 4)0
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,411 42-3325 (4IU) WashingtIun Group

ASTM C 39. (04. 4 A C)I ( 31.4 04. AS'rIM C 143, O,% 1 Savannah River Site AST4( C 192-4 06 ) 31)1 C (1 9,(03)

Aisl C 44- 06 Ab-rTM C I.\4 0a. AMr C M7( w4 Concrete/CLSMKTest Report ASTM C 231.4 041 ASf241 C 10"4- (5 I

--ASI'4M 0 &03.( .4 Page I of 2

Relan N.:2001- 1)t M o~lded: F W-1,7•) %'r Pnuckgll N.,: [N/A

4410 "'o 2000 I.4 Ioy, s

sqlI'limr L.•F-rm 'f~p~ mxue••(rnx)( •A ] rtplancr Sjvmiý in.,'i* .... " l ol• lw~i. :n*. •l; T l

Irpo kl.[4 .0 11- T4n0 SliSl, r ,4,hSim0d, . rA l \IN.atrAddlM .l•[ 'A I4NA L '421

Inl, t-,r I 'lxv - Inilhil Curing: IIod•r i. I /nw Fm lm •; '-:

Inopeflu:I•i'l _ 4.4o.c: Loo !fpo~~ ... o,,.o . 4oo I 4444 .4 00 .,.44. 44n04 .3 o,.

IL• • ... ,a<• II W1,• .... ,1_' * 11 .... ' A'+ . -,. q.... , w L-d. Uni L... I • t LL0102o 1,,o 6... ".- ?Al 7 (M& + ..I(.4.4,44107 6.03S444 3.0 7.12ri~jE 1409 76 X~~I '.~.

|1 721,2 N1 I . 3.00 Igo

9U " ,3121Mo, r 3.00 .07 1744.0 1 24i4 70 C.

4al 6 ,•1I• •.(K IN 7+ll .O"i mgl LIDO

40:44 , [o/ ,4,.o l .1/511.(021 II.,,o0 4.... S1 , . If ,:Ti. i~oII -/I ff< ' ,/' _ o .

II~ la4 C, •lolo ill 44,,0 I o'.u Irnd.1 li rj l•vlr. 1 1 A. AEA, II.ll.LA' L g,[

th.• Fw r ýlgl M16, h b tt ., . .1 " _ M...1,, _ .
.. 4•' . 200 f 0.1A 3.,0 ,- . 4,0 4430 . ,

04 NOFf[: 4MIX ,24 71 •.0 0 CIIi I+ I .TTED4 FOR MOPLMA"ION ONLY

Reducing rolt OM-EN0 E-X-P-O-BS: W-_ ]h I_ I

1.1- _- _ _CNý _I

4 2i3(2 : [-I :nlpec2r3 1-0 D9t
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Aql 19 ,;3 5(06O 01) W ash in gto n rnou p

Al-ril 1:39.t 041 , ASTlM C 31-1 0S3 ASI % t4 143-( M .ISavanah River Site ASTM C 192-4 02 1

ASlMC944 06 1 AS'klTOC139-+ 010 ASTIC 172.4 0W Concrete/CLSM Test Report ASTM.C.l231.( -04 N

ASI'M D 6103-4 )

.0//iC(17CA-1 98031

AST'I C 106,4. 05 f
Pago 1 ij: 2

l"'p-l. . l 00Z. . . I e) mo W'l :l I 2/'2I007 Io o
Pr.a , N I,.: l.;. .I .... . 2] Q

/0~l:/40r: L • I. 17I'o,•t j ]: T.p Adoilolrof.), (II k0000):] N/.A ]Aroop/onts Nolr.oD in. Ai•r Coo<,*s:." 11591X 0/on..in C~mr+J+lS%•l Too'io2F

l :lokr /10~~m G~. 4o /,/i•P~ oo- ... . . . .. .. /.. g. P :.s .l. {r.0 09co 4l t oolo + /

Ioopcotor: . .. I:t 0lIita 4~ig 1Cnfomn• ]_ .ioo iionl To+om . F: .I---

Ifo~pOOA': -- -- l+o,l - lIto ltr.l.lFl.O: • ]4 CI)S-1{+7 /--

[ilo-U ': f;•t ] 4 ow.e [II ,li/hch -- Co.: 4c lo,, t,i;'+• El •o E .• .1 /1ti4

I IH fl T, + io:I"o, l_ _ I II " IIiO It'II o!o • • I11

VA__ ' _H

NIA H L------A

5tW,-. r& M a.r.... lilttl Int Cmnll<+ A'je~l. Pl'i-Mater, Fidh/%Vta,~ WRA. 0AI.A IIVCA NTtlviighto 0 '~• Yed
H.,ors/A. Ibh. lb, 0/odor W69hi Mal.rah.k 1,. , o , latcrilo 0 l cIt.. K i-yd.

M04`0'1 CIL' oCNI !,0/ IA '.NA N/ S/IPNA N/ S- NIA r: lS T l

R-moo•o. I2 DAVAV(..

* MNOTE 1 DESIN. 'I'/0I ItLfS SUB1rt'rrED FOR INFIOR•MATION ONLY

Reducing Grout OP-lEXE-X-P-O-BS: Ralth I
-grot hold oslind-a

Po.: : IMA IPC N J +"Ro.: N LA N/sA R- ,.: = ,/AP-Il NIA

9p0 : .... __ 1- Ico 1 01... __D : KCR No.: [ N/A (o l m Irio,:

Rm~vloer: LociI Mwto: Iml•lor: lool Da..:
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ASKlI-!t It•) Washington Group

ASI, CJ.•(lO4O i AST.MC]l 1-()03 I AT/.1C143., 05O ) Savannah Rivcr Sitv oSIMCI92-I 02 I .lC6I7-i M8/3

ASrNT C q4, 06 1 AST.NI C I38. ONI. ASIC 172-4 0 1 Concrete/CLSM Test Report ,SrI C 131i 04 ) ASThI C 1064.( 05

AST.1 1D6103/ 64 1'Pae of 2

Report No. 2007. D1te 1o0led: . /0/07 "- a.6 K'o .,k No

Ieo Mic D'~w Thoc. Nb 2lod [ Z ] 03(11 Nogo-Proji0 No. -- NI- 3%VNI(4ID- 5~ --~ i~boon[ - -- *" -- olo~gn Sirolglh: [ 100 l i • dy

1,03W L__1.o+go Colg.+ 4,o0o>6 o.ooi...+• \oo I "• IPl ......oo Oohol, 00",0:... * +:

Supplir L.Forg. ITyp.Adtioluwejl], lilknoo): N/A A ee .. lo. Ace Ct0-.. 4 . ob. C., N.CL.'ITop.'F

Pl ....... Loolion:t CAST I, ,.it. I4I1iG. 717-5N -- Ailei, A 3404.,, . 0
fl'eollL - Oll. ah.'lioiin Time SiO5 tIS p hlDheb.og 10006 Sh.,io. Woler ,I5,o oi Addll.0o.. N/A ,

• • l• r• r• /•--• Weather: F INDOORS ,

In.,,.. 1.- -1 1011.1 Corilu: ICoaor , / Aetbicni Temp.. F: i ]

I p.looP:C e~boot 1.0ts~,4ot0)Cooin: 0 ..nfonomtn CBS-O67 i

Fid. ' , ', D at.e:. .. . ... [, . ...e C . i. .... . ...b.... - --. E0 ý0 ,I- ]

I . . I 1.4), II 1ut0 nCIPpOl~Height.', Di..noeer, A-,04, Sqo.e-lolIlo.oi.ItUnil (0,4. IV l I I I I hli.ii6l/ I

I_____. I_ 'r inh- ' oIc I., b ob. I1 '6o. * IN po II u n l VN /I l L 1. I
07 7 '27.2 14 .1,8121107 6.14) " 3lJ ?.07 70.]8 I Illl x
0Ii 127. X1.22/12107 6.1 3 1 7.12 1172

61 4;14/2007 6.00 IL 3.00 ?.0_ 15116 2140__

61 4/2402107 6.0s 3.00 MT151 2130 ] _

IL 1 ./2Il07JI 0,01 I 3.00ILO l /23/211061I 6.08. 3.00 7.11_ 7 _5___ I" __O0 _

-A 5/2.4/2.007 6.03 3.00 02250

IL_ $1021f/2007 5.90 3.00) ?_6 37

..i......& N I- -, CIi~briltuo l04 Cemen0th100 A~c20•te., PlanftWater. Fkld t , A. AF.A. IIWRA, i-Lnd W\'gi6lti Viol' Yieldi

C .. rcle. Ib.. Ib.. Feeto- Vi'e1h Mw 0Orh i, lb , Ib,. g;ib. ph0. o. 00. o.. Nlsteriats oBDtched -u.1 . .. .- d.

'n/A F/ =/ 0 = :] [F~ I' NA E]A N/Al N/A I
*oI& ECol SC-N N N/A 110.l-_, AM%- NSi I UN. ';,A N/S SA =VA (.DS- = TZir - Es
Rern.,I-o: "8 I)AY AV(;. -

FNOTE; MIIX SIGS, II. T lO I SNIIIII'.I1'OID FOR INTORIOITIO••ONIV
Reducing Grout %li

x
1. B1lh 2

PI°/"0".. I Nooc.P.0,2o l)ooog,'o.: N. :A I SpoPio No.: I iP-,- I
R00:= 51, IN/:1 N/A R-:] )I / =o. IX:17: X15

100r0..... or._ __ D.....: -- No.: NIA I Ro-"""": ."-1-

Reviewer: IleI Dle: I.npootor: INovd 134.0e
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ASK I0-331)4J1i. Washington Group

NSTI1 C 39.'ý I ASTI C3 1-( -3 A• 1 C: 143( 605- 1 Sa'onnh RiVer Sihl AS I'M C 192-4 02 A5•,• C1n 171 /003) 1

ASTIC 04.4 W , AS IMn C 1S-( 24. ) AST.I C 17Z-L 40 Concrete/CLSM Test Report ISTlN C 2312.-- ) 0 ASI-N C 1064.( m5

A,•o 1 
6

103,- 4i 0Pa 2 ol 2

005"0. ' I2 2200- D.Nld"22k Pocko No. , N
Rop.+,•.o: Do•++++,. +., .2 6 )00Nodo 111 11 10C I1No.I ,A /

Pool' ot Dll~i Nem gi II,': SF Blh ¢I~o u mhroo n"[P+i...o .o'0ogil: +3'0/ I 9...... 06 [ m]d
R : I T.

2 5
B I.:t~rl Non ,r [1,,1w.) 11 P ooo _1,4hod N/A,, C, olr:i. e [1 . K.; 11,,]

Iloeo•.no WC [D1iGn 1 +L 1111,AyN INll I II)Il 77 "l+,- 0 Crll e1 d : [t, 1

Truck I.D. Thot ofN5ixia . lo- Stal/Sl014 Diooh/,r0 e Botch Sie ,yd,. W.r1, AIIooo / NWAiCr Addeld gol ,

I-1 NA IA .,(& -- IA IN: o i 'A 0D-147

I~~op~coo- lo1-i Lab.-.,oolCcn02 2 . !~f.0~l CDS.I67 I
Pick-.4 ol,104 l.tInc:s Cwo so Lob,'u v,, E 'O ;4 El R'~1 Icn 0 N40.00 il.l4100 .,~j ~ j

Lo ioo fi dIof. 0004, Aeo.Nqooe T.LoudFLaL. d To ot I f ~ ~ )Iito` INuuuo 0o olc oto o~ollt roe j[ 6
lnAl kI IN kI.J Lii 1*,

07002.)2 1 s /o/2m 6.10 3.01 6000 17" 03 100 X

1. KLI) - - I I 1CYIIN•II.ID2 2/22/220 j j I ______)_ I

N/A Ni 4

.N/A N___

N/A I ;A
McosorO N~mcal"We. Colibm00-n 1Ij,, CCWDnlilioUs Ae2rep0Tto.m PlntWater, Fihld Wotcr, WASA A)A. I106R4, IoTulI WtTih o - Yield: Vield/

Coocreot, Ibu. Ib, Fw., l xr riighl. Mlvtterial,% s. l1. 2 N ga5l, gai, Materials Batched -.u. c. d.

44: =) N/ = f N A ~ ~ N:1/ 45A ll[E) El
51IrC., SC, NINA TG- _,Un ., N ,A IS VA N/A Cls- 5

'NOTE: M IN )IESIGN. lb/Sr )F1)SI )r N IIr FOR L' FOR.ATION ONLY
0 Reducin Groul Mix I Batch 2

SPeo.ed.e. o.: I C.+Qcl-0o3 1l.0tog P45.:. 24/,' S poificatioo. N.,.: rs,,,C.- 00S " . -

R,.:N I'C:I N/A I , :A l"C:- N/, Reo.: N-A ,,+. !I" . l

oo c- ...... Io,, I NC- No: .-0 l R, t,,,,: - ,
Re.siosor: ).eoel Doll: In~pcsorlo: I+ntlP Dole':
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ASH M3-35i OM6II I A i6Washington Group

Ah rM C 39-4 a4a ASrYM C3114 Q. I ASINITC 14.H 05- Savannah River Ile AIýAM C 491., 02 ASI. Cbl?-4 984/34

AST1M 4.94 1 06 A24IM C 13441- 1ASOIn C |.7, •4 Coiicrctc/CLSM Test Report ASIM C: 11-ý 4 ) ,rt t 4f44 454

ASTM D6103IO-4 "'P Ngr I4pr I

Z`M-pond .,kk400 447k '104514
Prnjeg .: LSW•DSMOD lit',in [ I Desigr st-cmlh [ 0010 MJ- dpy

Supplie/r: [ •Z',• "v•",rl r|)(irLn',.,n 4:[ - N/A ]A:••tc sz• ~,,. i,,, c.•,, ," 41 4hm ,, C, (45. b••. o o•s r p I'

Pbo-eoo Loni- oloI 05 1 LAD. 14L4C. 71-NCO4iO0l 5,..

l'r~ok IID I~m noofM oxnj T e o tr/no4'4Ip I"in rtr Bol4b Sien ydo. /Vote o , o, ler Addno. Ti.,. SJ jŽ. J X'k birrz

Ieopeetor: Leon 1/-- 8 nh lCortng: [ 4 04444o0444444 ' AmbOOOnI [010..F:[

Innpi eor 0* I e~el - 4.014,000, Co*orig: Cooforoonl t j 1I)7-167 ' 9113ANIA ... b, 41 immi4
Wpr~oo44 ... '' "~ L- 1004 Ž "L 2JI ~

1rr-n I oe iniro n
I D : . T ie:r loon__ In.I.eo [I... Cm, in os. p4 V No teot

'1 &,0O ______ __ u_•___Ju_ _ _ _ •
is o .0 i -7.0007 6 ,10 . -7. 17 24 1 3490

29 &.llr A1im 7.07 " 39l3 3380

90 Mr.207 609 IN 7.07 32400 460

9G 8/262OO'7 6.12 3"m 7.07 35 __0 ._ x n I

9 S 110 I4 , I !.204_

ý61, HOL ,bz i K

Mn mos re a mN sUoo CIibro tIlfl "io n " C la,- ii o A•-zog l-o Il-1 W al er. Fidld W ajr, W RA, AE- A. IIW RA. T~t 0 0W~ irh of il/ - iro4
C -on r , '. lb lbn. ma t ar W lighl M aIl ri hl . lb, . lb,. gU l •. p h1. 4 . . a. l eroln t e d cU.o 4rý.4- 4.

NlATE9oI SiC- N/A NA C m AN.M ,!A ý MIWI NA N/ S.. I/ M's A14 ]S

40,,.arka,28 DAV' AVc. -

F ~ ~ ~ ~ ~~-o F7,41: MIN IIISIG N.TF.% 4 RESU1LTS SU44NITTEI) FOR) INORI'I 414AI(4N NI
* *#8Stone loddni,, Gr~oul w5ilb A,4 'i~ek / A

I-
t d-ie.o : 4CP-02D I6, N.: I4 NIA spnpnteiern., L Nole:
tt- N/ PCN : j ] e. s'o: 4)CI:[ N, Rn,: N/AV OCIiNA

Inoponleen1- I DW )44 NCR No.:, F N/A 0440O40

4I~L-I _ D4,1': I-Poe4O Iron _ 14

Page 125 of 153



WSRC-STI-2007-00369, REVISION 0

ASR 0-3S(hP Washington Group
ASThIC 39q 44- I ASTM C 314 03- ASTtC 143.4 05. 1 aonbie~g ASTM C 192-4 02 1 ASFM~C617-i W03)0I

ASTM C 944 06 1AsTm c 39.4 01- AsTTIc 1724 04 )Concrete/CLSM Test Report ASTM C23I-4 W4) ASTMC 1064-( 05 1

ASTM D 6103.4 04 IPage Iof

RnepN: . 2007. Data Mlded: I /1900 Work Pac.kae N- N/A

Rpol Da.te 2 3122007 TImte Molded 1450 OCIRNo.: N/A

Nosupp t: LSWDeSD.%o iT Mix De.0 .[ Redo.im:etL j eog Segh.II psi @[/]d.

TWC: [ Deslge Cattgorr. ~ I Batch Ticket Number: N/ PhientrtltttMethod : ~ Z ] co~~rZ~iIi~iiiii
Suppler:N/A Aeeeptaoee so i.. Ai, Coatest." C1 e.io C .. CoaeJCL0M5Temp..*F

Plaeoemnt Loeation: [ CAST IN LAB. BLDC. 717-5N CriteriaI:NA F...

Trck I.D. Tie.,ofMiaiog Time StOrulwp Disc harg e BatchSiae. yd. W Iter AtIow ./W Added. gl ..

N/A her.

Ipctor. L el Initial CLing Coforig / Ambient Temp., F:

Inspite.r. Level Luboartoey Curlngr. • e..r J CDS-167 I

Pick-op Date: 1 1~ Time: cotitO Cuin Lob.: ye.W No. e o ptoteASe.Toti~e

LaLb. Do Day. Date Capped light. Diae.et. Arel. Sq re Tolal L.d, Unit Lod. X ] Z Z [M =o
Namber Aged Tated Inches I0nhes tche bh. psi LLe
07043 14, 4/412007 6.10 3.00 7.07 17134 2420 X

20 '/1124007 6.10 3.00 1701 3000 %M X

28 4/18/2007 6.12 3.00 7.017 37001 12.30 X

90 6/19/2007 6.08 300 1.07 02007 7360 X

9 0 6/ 1 9 1 2 00 7 6 .1 0 3 .0 0 7 0 7 0 349 3 7 7 0

L- - -- 1 9 911741011

Me~asre& Mosme", C.Libratio. Unit Cemsatiticus Aggregates, Plant Water. Field Water, WtRA, AEA. HW#RA, To-- WIl~ f YcJ i

Cocee ls b. atgob. shis r Is h gets. Wz oo . eist~elbil, Bototed -D. -. Y

N/A NA / A FW N N/A N/A EN/ NA NA 0

M& TEC.L: SC- N/A N/ TG. [ =iAM. N/A N/ U1WS- N/A N/A - N/A N/A COO- EZ TO.M 5

Remarks: 28 DAY AVG. - 516O psi

-NOTE: MIX DESIGN. TEST RESULTS SUBMRNTED FOR INFO I N ONL

Fetedae o. C Q.020 Dewe o:N/A Speriftleatl. No.: C-SPS-C.0000

Ba,..:N/A PCN: Rev.:N/A DCF:L N/A R .: = DC- : NIA

Ilapertor: Level Daot: -- NCR No.C N/A Test Results: L I/A

Roeiewer: Level Dote: Inspector: Level Date:
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ASR 18-335 (06•I) Washington Group

ASTMC 39-(04a ASTMC31-( 03- ) ASTMC143 05- Savannah River Site ASTMC I92-4 02 A.rSTMC617-( M(03)

ASTM C94.1 06 )ASTM CIM3 ,- ) ASTMC172-( 04 )Concrete/CLSMTestReport ASTMC2311. 04 ) ASTMC1064-( O5

ASTMD61034 0 4 Page I of

Report N.: 2007. Dale Molde 3rn2o/07 VWork Packe No.: NMA

Rceion Dit.: 3/320 T-.. M1de 1500 QCI R No. N/A

Project No.: ISWDSDMOD JMl. Doago Rtduc.qe.Groolw/ Slha-2 Design strength: 2000 psi days
TwC:I N/A Design Coegory: N/A Balh Tictkel Nomber: N/A Pl/•ce..... m en[I Z7I COaMethod N[I ,I/A

supplier! I Laso typeAdmixt.re(s.i(ifioowo): ]N/ liepa 1 Co•ates. .... CISM Fl. in. Cx.cJCLSM Ttop.• •

Placement LocZlion: [ CAST IN LAB, BLDG. 717-5N Criteria:

Truck I.D. Time of Mixing Tim. Start/Stop Dibchaege Batch Size, yds. Water Allow. / Woer Added, gal. A

N/AI I/ N/ / / /N/A W esh-[= INDORS. 2  ,
lIspletor: Lee lonitialCuriog: CAn fortnes I A mbientTemp.."':

Inspector: Level Laboratory Curiag: o CDS-167 I

Plrk~op Dale: = Tho.: [ I n itial: - Cast in Lab., Via Q No C] C, a6itan8 shone Oh -.-.. -

Nnhr-t..- Aged. Teste lo h. -inhe Iche Io. P

Lah. Daysube id T Date Copped Height. DiInz-ner, Ares. Square Total Load. Load. •. its

0700G 28 4/252007 6.00. 3.00 7.07 24769 3500 X

28 4/25/2007 .93 3.00 7.07 25483 3610 X

90 6/26/2007 5.98 3,00 7.07 38410 3430 X

90 6/26a007 5.99 300 7.07 36500 5160 X
180 9taQ7007

9 HOLDS ISO 9/24/2007

0 0 WOLD 6/26/2007

L5

Measure & Measure. Calibration Unit Cesmeetitios Aggregates. Plant Water, Field Water., WRA, AELA iIWRA. T10ta1 Wesigh of Yiel5n Vie
Concrete. Ib. IRe. Factr Weight Material., li.. lb. gat. gait. 0e. a os. Materials Batched eat) cu.yd.

FN/A FN/A N/A7 FN7] N/ o~]NA NA N/ / /

M& E CaL.: SC- N/A N/A Tr-.[-- AM)- N/A N/A UW- - NA N/A - N/A CD-- TM. 5-

matrk,: 28 DAY AVG.

'NOTE: MIX DESIGN. TEST RESULTS SUBMITTED FOR INFORMATION O2ILV. .... :J..", ,. . '

Procedure No,: C-QP.020 Drosriog.No.: N/A spedlciolaios No: c-SPS-C.0o0185

Be..: N/A- PCN: N/A It-. -N/A DC:N/A 10c[ ]DFN/
Inspector: Leve Da.e: NCR No.: I N/A Tet Result: 'N/A

Reviewer. Level Date: Inspecto. Level Date:
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ASR 18-203 (0El01)
Washington Group
Savannah River Sito

Summary Report of Testing Activities
[K Report [] Cover Sheet

Page 1 of I

•povaLs ( eq.uIred) Work Package No.: NIA

Civil Materials Testing Supervisor: QOCIR No.: N/A

W. L, Mhyre Project No.: LSWDSLIMOD TWC: N!A

Quality Programs & Civil Materials Testing Manager. Design Category: NIA

Wyman Pope, Jr. Report No.: 20074-SWDG[X.40D-00 Fozt: -30-07
Lab No.. N/A ITest Method. ASTýs C 617-98(03), C 42-04 & C 39-04a

Discipline: Civil Testing IDescription: Cot S • enacancoecmnpa

Location: 717-5N I Reported to: Chrine Langton 5-5806

Summary: The concrete core sample from a slab in P-Area had a compressive strength of 2700 psi. The

sample had a length of 3.674" and a diarneter of 2.785 with a capped height of 4.05". The area of the dia-

meter was 6.09 square inches. The total toad on the core was 17,268 pounds and unit load was 2840 psi.

Unit Load of 2840 psi was multipled by the strength cotrection factor of 0.95 to equal 2700 psi, The pieces

of the core were returned to requester after tosting.

M&TE: 1)TM-5. 2) TC-5 lCal. Due Date: 1) 12-12-07, 2) 6-12-07 Procedure: C-QCP-020

NCR No.: N/A Rev: 1

Test PCNs: 2Results: 0] Conforming []Nonconforming NIA

Specs: N/A

Remarks: "Engineering Evaluation Rev: N/A

DCFs: WA

Inspector: Level: Date:

Reviewer, Level: Date:
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APPENDIX D. RECOMMENDED CHARACTERISTIC CURVES
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Table D. 1. Recommended Characteristic Curves for the Strong Grout.

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 2.1E-08 cm/s)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999759984985E-01 5.OOE-02 9.9999759984985E-01 5.051695E-01
9.9999466348382E-01 1.00E-01 9.9999466348382E-01 4.602615E-01
9.9998813560986E-01 2.OOE-01 9.9998813560986E-01 4.127931 E-01
9.9996589505087E-01 5.OOE-01 9.9996589505087E-01 3.466491E-01
9.9992423067248E-01 1.00E+00 9.9992423067248E-01 2.947121E-01
9.9983184136949E-01 2.00E+00 9.9983184136949E-01 2.420252E-01
9.9951948020069E-01 5.00E+00 9.9951948020069E-01 1.733266E-01
9.9894410984447E-01 1.00E+01 9.9894410984447E-01 1.243930E-01
9.9771146944462E-01 2.OOE+01 9.9771146944462E-01 8.083438E-02
9.9392764556881E-01 5.OOE+01 9.9392764556881E-01 3.656908E-02
9.8813629837680E-01 1.00E+02 9.8813629837680E-01 1.590808E-02
9.7889352553717E-01 2.OOE+02 9.7889352553717E-01 5.462054E-03
9.6197982947142E-01 5.00E+02 9.6197982947142E-01 9.549972E-04
9.4742422763326E-01 1.00E+03 9.4742422763326E-01 2.147589E-04
9.4445614146896E-01 1.15E+03 9.4445614146896E-01 1.571496E-04
9.4149843739237E-01 1.32E±03 9.4149843739237E-01 1.146695E-04
9.3855823799475E-01 1.52E+03 9.3855823799475E-01 8.346626E-05
9.3564165171903E-01 1.75E+03 9.3564165171903E-01 6.062358E-05
9.3275384913103E-01 2.01E+03 9.3275384913103E-01 4.395047E-05
9.2989914876806E-01 2.31E+03 9.2989914876806E-01 3.181163E-05
9.2708110651387E-01 2.66E+03 9.2708110651387E-01 2.299346E-05
9.2430260407322E-01 3.06E+03 9.2430260407322E-01 1.659980E-05
9.2156593350503E-01 3.52E+03 9.2156593350503E-01 1.197164E-05
9.1887287589207E-01 4.05E+03 9.1887287589207E-01 8.626223E-06
9.1622477308579E-01 4.65E+03 9.1622477308579E-01 6.210952E-06
9.1362259209776E-01 5.35E+03 9.1362259209776E-01 4.469033E-06
9.1106698215265E-01 6.15E+03 9.1106698215265E-01 3.213863E-06
9.0855832471098E-01 7.08E+03 9.0855832471098E-01 2.310121E-06
9.0609677694919E-01 8.14E+03 9.0609677694919E-01 1.659837E-06
9.0368230928008E-01 9.36E+03 9.0368230928008E-01 1.192190E-06
9.0131473753344E-01 1.08E+04 9.0131473753344E-01 8.560456E-07
8.9899375041395E-01 1.24E+04 8.9899375041395E-01 6.145234E-07
8.9671893282463E-01 1.42E+04 8.9671893282463E-01 4.410485E-07
8.9448978560139E-01 1.64E+04 8.9448978560139E-01 3.164859E-07
8.9230574215330E-01 1.88E+04 8.9230574215330E-01 2.270671E-07
8.9016618245013E-01 2.16E+04 8.9016618245013E-01 1.628907E-07
8.8807044474630E-01 2.49E+04 8.8807044474630E-01 1.168392E-07
8.8601783538106E-01 2.86E+04 8.8601783538106E-01 8.379902E-08
8.8400763694898E-01 3.29E+04 8.8400763694898E-01 6.009708E-08
8.8203911509369E-01 3.79E+04 8.8203911509369E-01 4.309603E-08
8.8011152414173E-01 4.35E+04 8.8011152414173E-01 3.090260E-08
8.7822411176081E-01 5.01E+04 8.7822411176081E-01 2.215801E-08
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Table D. 1. Recommended Characteristic Curves for the Strong Grout (Continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 2.1E-08 cm/s)

8.7637612279919E-01 5.76E+04 8.7637612279919E-01 1.588721E-08
8.7456680243901E-01 6.62E+04 8.7456680243901E-01 1.139064E-08
8.7279539877525E-01 7.61 E+04 8.7279539877525E-01 8.166486E-09
8.7106116491496E-01 8.76E+04 8.7106116491496E-01 5.854780E-09
8.6936336067584E-01 1.01E+05 8.6936336067584E-01 4.197358E-09
8.6770125395107E-01 1.16E+05 8.6770125395107E-01 3.009075E-09
8.6607412179604E-01 1.33E+05 8.6607412179604E-01 2.157162E-09
8.6448125128394E-01 1.53E+05 8.6448125128394E-01 1.546416E-09
8.6292194016932E-01 1.76E+05 8.6292194016932E-01 1.108575E-09
8.6139549739239E-01 2.03E+05 8.6139549739239E-01 7.946922E-10
8.5990124345141E-01 2.33E+05 8.5990124345141E-01 5.696777E-10
8.5843851066606E-01 2.68E+05 8.5843851066606E-01 4.083722E-10
8.5700664335083E-01 3.08E+05 8.5700664335083E-01 2.927390E-10
8.5560499791435E-01 3.54E+05 8.5560499791435E-01 2.098469E-10
8.5423294289788E-01 4.07E+05 8.5423294289788E-01 1.504258E-10
8.5288985896402E-01 4.68E+05 8.5288985896402E-01 1.078303E-10
8.5157513884484E-01 5.39E+05 8.5157513884484E-01 7.729611E-11
8.5028818725708E-01 6.20E+05 8.5028818725708E-01 5.540810E-1 1
8.4902842079077E-01 7.13E+05 8.4902842079077E-01 3.971804E-1 1
8.4779526777651E-01 8.19E+05 8.4779526777651E-01 2.847092E-1 I
8.4658816813593E-01 9.42E+05 8.4658816813593E-01 2.040866E-11
8.4540657321875E-01 1.08E+06 8.4540657321875E-01 1.462941E-1 1
8.4424994562976E-01 1.25E+06 8.4424994562976E-01 1.048669E- 11
8.4311775904786E-01 1.43E+06 8.4311775904786E-01 7.517092E-12
8.4200949803959E-01 1.65E+06 8.4200949803959E-01 5.388412E-12
8.4092465786855E-01 1.90E+06 8.4092465786855E-01 3.862525E-12
8.3986274430229E-01 2.18E+06 8.3986274430229E-01 2.768737E-12
8.3882327341781E-01 2.51 E+06 8.3882327341781E-01 1.984685E-12
8.3780577140654E-01 2.88E+06 8.3780577140654E-01 1.422661E-12
8.3680977437961E-01 3.31E+06 8.3680977437961E-01 1.019791E-12
8.3583482817412E-01 3.8 1E+06 8.3583482817412E-01 7.310055E-13
8.3488048816081E-01 4.38E+06 8.3488048816081E-01 5.239985E-13
8.3394631905354E-01 5.04E+06 8.3394631905354E-01 3.756119E-13
8.3303189472106E-01 5.80E+06 8.3303189472106E-01 2.692455E-13
8.3213679800113E-01 6.67E+06 8.3213679800113E-01 1.930001E-13
8.3126062051732E-01 7.67E+06 8.3126062051732E-01 1.383460E-13
8.3040296249865E-01 8.82E+06 8.3040296249865E-01 9.916891E-14
8.2956343260213E-01 1.01E+07 8.2956343260213E-01 7.108606E-14
8.2874164773827E-01 1.17E+07 8.2874164773827E-01. 5.095577E-14
8.2793723289973E-01 1.34E+07 8.2793723289973E-01 3.652601E-14
8.2714982099305E-01 1.54E+07 8.2714982099305E-01 2.618249E-14
8.2637905267350E-01 1.77E+07 8.2637905267350E-01 1.876808E-14
8.2562457618307E-01 2.04E+07 8.2562457618307E-01 1.345329E-14
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Table D. 1. Recommended Characteristic Curves for the Strong Grout (Continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 2.1E-08 cm/s)

8.2488604719160E-01 2.35E+07 8.2488604719160E-01 9.643558E-15
8.2416312864101E-01 2.70E+07 8.2416312864101E-0l 6.912673E-15
8.2345549059260E-01 3.10OE+07 8.2345549059260E-01 4.955126E-15
8.2276281007745E-01 3.57E+07 8.2276281007745E-01 3.551922E-15
8.2208477094978E-01 4.1 OE+07 8.2208477094978E-01 2.546081E-15
8.2142106374335E-01 4.72E+07 8.2142106374335E-01 1.825075E-15
8.2077138553075E-01 5.43E+07 8.2077138553075E-01 1.308246E-15
8.2013543978562E-01 6.24E+07 8.2013543978562E-01 9.377740E-16
8.1951293624768E-01 7.18E+07 8.1951293624768E-01 6.722129E-16
8.1890359079054E-01 '8.25E+07 8.1890359079054E-01 4.818540E-16
8.1830712529235E-01 9.49E+07 8.1830712529235E-01 3.454015E-16
8'.1772326750901E-01 1.09E+08 8.1772326750901E-01 2.475898E-16
8.1715175095016E-01 1.25E+08 8.1715175095016E-01 1.774768E-16
8.1659231475764E-01 1.44E+08 8.1659231475764E-01 1.272185E-16
8.1604470358659E-01 1.66E+08 8.1604470358659E-01 9.119243E-17
8.1550866748901E-01 1.91E+08 8.1550866748901E-01 6.536834E-17
8.1498396179973E-01 2.19E+08 8.1498396179973E-01 4.685717E-17
8.1447034702488E-01 2.52E+08 8.1447034702488E-01 3.358805E-17
8.1396758873254E-01 2.90E+08 8.1396758873254E-01 2.407650E-17
8.1347545744589E-01 3.34E+08 8.1347545744589E-01 1.725846E-17
8.1299372853844E-01 3.84E+08 8.1299372853844E-01 1.237117E-17
8.1252218213157E-01 4.41E+08 8.1252218213157E-01 8.867870E-18
8.1206060299420E-01 5.08E+08 8.1206060299420E-01 6.356645E- 18
8.1160878044454E-01 5.84E+08 8.1160878044454E-01 4.556555E-18
8.1116650825402E-01 6.71E+08 8.1116650825402E-01 3.266218E-18
8.1073358455308E-01 7.72E+08 8.1073358455308E-01 2.341283E-18
8.1030981173915E-01 8.88E+08 8.1030981173915E-01 1.678273E-18
8.0989499638636E-01 1.02E+09 8.0989499638636E-01 1.203015E- 18
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Table D.2. Recommended Characteristic Curves for the Reducing Fill Grout.

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 3.6E-08 cm/s)

1.0000000000000E+00 O.00E+00 1.0000000000000E+00 1.000000E+00
9.9999803697138E-01 5.00E-02 9.9999803697138E-01 6.669260E-01
9.9999544240287E-01 1.00E-01 9.9999544240287E-01 6.196084E-01
9.9998941930292E-01 2.00E-01 9.9998941930292E-01 5.668640E-01
9.9996779497894E-01 5.OOE-01 9.9996779497894E-01 4.886646E-01
9.9992529108952E-01 1.00E+00 9.9992529108952E-01 4.233757E-01
9.9982689258689E-01 2.00E+00 9.9982689258689E-01 3.535921E-01
9.9947670468486E-01 5.00E+00 9.9947670468486E-01 2.571604E-01
9.9880207087538E-01 1.00E+01 9.9880207087538E-01 1.848035E-01
9.9730561845921E-01 2.OOE+01 9.9730561845921E-01 1.182351E-01
9.9260184433614E-01 5.OOE+01 9.9260184433614E-01 5.007098E-02
9.8547612947872E-01 1.00E+02 9.8547612947872E-01 1.975026E-02
9.7462383640950E-01 2.00E+02 9.7462383640950E-01 5.924991 E-03
9.5640751468347E-01 5.00E+02 9.5640751468347E-01 8.506385E-04
9.4206489823880E-01 1.00E+03 9.4206489823880E-01 1.663643E-04
9.3926132751510E-01 1.15E+03 9.3926132751510E-01 1.185421E-04
9.3650390531715E-01 1.32E+03 9.3650390531715E-01 8.426938E-05
9.3379725011599E-01 1.52E+03 9.3379725011599E-01 5.978528E-05
9.3114496215600E-01 1.75E+03 9.3114496215600E-01 4.234192E-05
9.2854975661669E-01 2.01E+03 9.2854975661669E-01 2.994381E-05
9.2601358930548E-01 2.3 1E+03 9.2601358930548E-01 2.114937E-05
9.2353777197667E-01 2.66E+03 9.2353777197667E-01 1.492185E-05
9.2112307584645E-01 3.06E+03 9.2112307584645E-01 1.051846E-05
9.1876982292228E-01 3.52E+03 9.1876982292228E-01 7.408751E-06
9.1647796546741E-01 4.05E+03 9.1647796546741 E-0 1 5.214979E-06
9.1424715435723E-01 4.65E+03 9.1424715435723E-01 3.668749E-06
9.1207679732323E-01 5.35E+03 9.1207679732323E-01 2.579754E-06
9.0996610818267E-01 6.15E+03 9.0996610818267E-01 1.813280E-06
9.0791414816114E-01 7.08E+03 9.0791414816114E-01 1.274103E-06
9.0591986036755E-01 8.14E+03 9.0591986036755E-01 8.949930E-07
9.0398209839876E-01 9.36E+03 9.0398209839876E-01 6.285352E-07
9.0209964995366E-01 1.08E+04 9.0209964995366E-01 4.413171E-07
9.0027125623322E-01 1.24E+04 9.0027125623322E-01 3.098109E-07
8.9849562780241E-01 1.42E+04 8.9849562780241E-01 2.174599E-07
8.9677145749583E-01 1.64E+04 8.9677145749583E-01 1.526188E-07
8.9509743086294E-01 1.88E+04 8.9509743086294E-01 1.071005E-07
8.9347223457321E-01 2.16E+04 8.9347223457321E-01 7.515138E-08
8.9189456313459E-01 2.49E+04 8.9189456313459E-01 5.272905E-08
8.9036312422175E-01 2.86E+04 8.9036312422175E-01 3.699438E-08
8.8887664286103E-01 3.29E+04 8.8887664286103E-01 2.595365E-08
8.8743386467792E-01 3.79E+04 8.8743386467792E-01 1.820714E-08
8.8603355837725E-01 4.35E+04 8.8603355837725E-01 1.277229E-08
8.8467451759729E-01 5.01E+04 8.8467451759729E-01 8.959460E-09
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Table D.2. Recommended Characteristic Curves for the Reducing Fill Grout (continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 3.6E-08 cm/s)

8.8335556225407E-01 5.76E+04 8.8335556225407E-01 6.284681E-09
8.8207553947196E-01 6.62E+04 8.8207553947196E-01 4.408337E-09
8.8083332417928E-01 7.61 E+04 8.8083332417928E-01 3.092132E-09
8.7962781943396E-01 8.76E+04 8.7962781943396E-Oi 2.168874E-09
8.7845795653234E-01 1.01E+05 8.7845795653234E-01 1.521264E-09
8.7732269494483E-01 1.16E+05 8.7732269494483E-01 1.067013E-09
8.7622102211391E-01 1.33E+05 8.7622102211391E-01 7.483949E-10
8.7515195314393E-01 1.53E+05 8.7515195314393E-01 5.249142E-10
8.7411453040628E-01 1.76E+05 8.7411453040628E-01 3.681653E-10
8.7310782307939E-01 2.03E+05 8.7310782307939E-01 2.582229E-10
8.7213092663949E-01 2.33E+05 8.7213092663949E-01 1.811109E-10
8.7118296231479E-01 2.68E+05 8.7118296231479E-01 1.270260E-10
8.7026307651360E-01 3.08E+05 8.7026307651360E-01 8.909208E- I1
8.6937044023474E-01 3.54E+05 8.6937044023474E-01 6.248623E- I1
8.6850424846704E-01 4.07E+05 8.6850424846704E-01 4.382566E-1 1
8.6766371958349E-01 4.68E+05 8.6766371958349E-01 3.073772E-1 I
8.6684809473419E-01 5.39E+05 8.6684809473419E-01 2.155828E-1 1
8.6605663724176E-01 6.20E+05 8.6605663724176E-01 1.512014E-1 1
8.6528863200194E-01 7.13E+05 8.6528863200194E-01 1.060467E-1 1
8.6454338489143E-01 8.19E+05 8.6454338489143E-01 7.437686E-12
8.6382022218476E-01 9.42E+05 8.6382022218476E-01 5.216488E-12
8.6311848998144E-01 1.08E+06 8.6311848998144E-01 3.658628E-12
8.6243755364429E-01 1.25E+06 8.6243755364429E-01 2.566008E-12
8.6177679724979E-01 1.43E+06 8.6177679724979E-01 1.799689E-12
8.6113562305080E-01 1.65E+06 8.6113562305080E-01 1.262225E-12
8.6051345095213E-01 1.90E+06 8.6051345095213E-01 8.852706E-13
8.5990971799900E-01 2.18E+06 8.5990971799900E-01 6.208906E-13
8.5932387787858E-01 2.51 E+06 8.5932387787858E-01 4.354657E-13
8.5875540043457E-01 2.88E+06 8.5875540043457E-01 3.054167E-13
8.5820377119474E-01 3.31E+06 8.5820377119474E-01 2.142059E-13
8.5766849091137E-01 3.81E+06 8.5766849091137E-01 1.502347E-13
8.5714907511422E-01 4.38E+06 8.5714907511422E-01 1.053680E-13
8.5664505367616E-01 5.04E+06 8.5664505367616E-01 7.390048E-14
8.5615597039088E-01 5.80E+06 8.5615597039088E-01 5.183054E-14
8.5568138256268E-01 6.67E+06 8.5568138256268E-01 3.635166E-14
8.5522086060796E-01 7.67E+06 8.5522086060796E-01 2.549545E-14
8.5477398766816E-01 8.82E+06 8.5477398766816E-01 1.788138E-14
8.5434035923394E-01 1.01E+07 8.5434035923394E-01 1.254121E-14
8.5391958278021E-01 1.17E+07 8.5391958278021E-01 8.795849E-15
8.5351127741177E-01 1.34E+07 8.5351127741177E-01 6.169019E-15
8.5311507351940E-01 1.54E+07 8.5311507351940E-01 4.326677E-15
8.5273061244586E-01 1.77E+07 8.5273061244586E-01 3.034539E-15
8.5235754616183E-01 2.04E+07 8.5235754616183E-01 2.128291E-15
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Table D.2. Recommended Characteristic Curves for the Reducing Fill Grout (continued).

Relative
Suction Permeability
Head kr

Saturation (cm) Saturation (Ksat = 3.6E-08 cm/s)
8.5199553695128E-01 2.35E+07 8.5199553695128E-01 1.492689E-15
8.5164425710612E-01 2.70E+07 8.5164425710612E-01 1.046906E-15

8.5130338862983E-01 3.10OE+07 8.5130338862983E-01 7.342534E-16

8.5097262294986E-01 3.57E+07 8.5097262294986E-01 5.149727E-16

8.5065166063848E-01 4.10E+07 8.5065166063848E-01 3.611790E-16
8.5034021114189E-01 4.72E+07 8.5034021114189E-01 2.533149E-16
8.5003799251733E-01 5.43E+07 8.5003799251733E-01 1.776639E-16

8.4974473117794E-01 6.24E+07 8.4974473117794E-01 1.246055E-16
8.4946016164521E-01 7.18E+07 8.4946016164521E-01 8.739279E-17

8.4918402630871E-01 8.25E+07 8.4918402630871E-01 6.129342E-17

8.4891607519295E-01 9.49E+07 8.4891607519295E-01 4.298849E-17
8.4865606573113E-01 1.09E+08 8.4865606573113E-01 3.015021E-17

8.4840376254558E-01 1.25E+08 8.4840376254558E-01 2.114602E-17

8.4815893723475E-01 1.44E+08 8.4815893723475E-01 1.483088E-17
8.4792136816646E-01 1.66E+08 8.4792136816646E-01 1.040172E-17

8.4769084027725E-01 1.91E+08 8.4769084027725E-01 7.295305E-18

8.4746714487777E-01 2.19E+08 8.4746714487777E-01 5.116603E-18

8.4725007946381E-01 2.52E+08 8.4725007946381E-01 3.588558E-18

8.4703944753305E-01 2.90E+08 8.4703944753305E-01 2.516855E-18
8.4683505840714E-01 3.34E+08 8.4683505840714E-01 1.765211E-18
8.4663672705912E-01 3.84E+08 8.4663672705912E-01 1.238040E-18
8.4644427394591E-01 4.41E+08 8.4644427394591E-01 8.683064E-19

8.4625752484580E-01 5.08E+08 8.4625752484580E-01 6.089916E-19

8.4607631070070E-01 5.84E+08 8.4607631070070E-01 4.271196E-19

8.4590046746315E-01 6.71E+08 8.4590046746315E-01 2.995628E-19
8.4572983594780E-01 7.72E+08 8.4572983594780E-01 2.101000E-19
8.4556426168726E-01 8.88E+08 8.4556426168726E-01 1.473548E-19
8.4540359479235E-01 1.02E+09 8.4540359479235E-01 1.033481E-19
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Table D.3. Recommended Characteristic Curves for Alternative Reducing Fill Grout IA.

Relative
Suction Permeability
Head kr

Saturation (cm) Saturation (Ksat = 8.9E-09 cm/s)
1.0000000000000E+00 0.OOE+00 1.0000000000000E+00 1.000000E+00
9.9998843163594E-01 5.00E-02 9.9998843163594E-01 5.174265E-01
9.9997402602850E-01 1.00E-01 9.9997402602850E-01 4.690570E-01
9.9994168891913E-01 2.OOE-01 9.9994168891913E-01 4.175887E-01
9.9983024469787E-01 5.00E-01 9.9983024469787E-01 3.454597E-01
9.9961937164427E-01 1.00E+00 9.9961937164427E-01 2.886782E-01
9.9914808334649E-01 2.OOE+00 9.9914808334649E-01 2.312062E-01
9.9754541079279E-01 5.00E+00 9.9754541079279E-01 .1.571669E-01
9.9460049612919E-01 1.00E+01 9.9460049612919E-01 1.059682E-01
9.8839770626823E-01 2.OOE+01 9.8839770626823E-01 6.275097E-02
9.7041230748223E-01 5.OOE+01 9.7041230748223E-01 2.359991E-02.
9.4553616118114E-01 1.00E+02 9.4553616118114E-01 8.571866E-03
9.1048543440806E-01 2.00E+02 9.1048543440806E-01 2.452704E-03
8.5485983898169E-01 5.00E+02 8.5485983898169E-01 3.561730E-04
8.1165617526879E-01 1.00E+03 8.1165617526879E-01 7.328666E-05
8.0316225535349E-01 1.15E+03 8.0316225535349E-01 5.289865E-05
7.9477856489010E-01 1.32E+03 7.9477856489010E-01 3.811728E-05
7.8651585973235E-01 1.52E+03 7.8651585973235E-01 2.742581E-05
7.7838274266446E-01 1.75E+03 7.7838274266446E-01 1.970819E-05
7.7038594031742E-01 2.01E+03 7.7038594031742E-01 1.414692E-05
7.6253056033279E-01 2.31 E+03 7.6253056033279E-01 1.014546E-05
7.5482032525865E-01 2.66E+03 7.5482032525865E-01 7.270013E-06
7.4725778181594E-01 3.06E+03 7.4725778181594E-01 5.205975E-06
7.3984448567128E-01 3.52E+03 7.3984448567128E-01 3.725767E-06
7.3258116283320E-01 4.05E+03 7.3258116283320E-01 2.665098E-06
7.2546784937816E-01 4.65E+03 7.2546784937816E-01 1.905576E-06
7.1850401151760E-01 5.35E+03 7.1850401151760E-01 1.362016E-06
7.1168864812421E-01 6.15E+03 7.1168864812421E-01 9.732048E-07
7.0502037780908E-01 7.08E+03 7.0502037780908E-01 6.952039E-07
6.9849751253321E-01 8.14E+03 6.9849751253321E-01 4.965043E-07
6.9211811958022E-01 9.36E+03 6.9211811958022E-01 3.545286E-07
6.8588007353826E-01 1.08E+04 6.8588007353826E-01 2.531099E-07
6.7978109975467E-01 1.24E+04 6.7978109975467E-01 1.806788E-07
6.7381881054673E-01 1.42E+04 6.7381881054673E-01 1.289598E-07
6.6799073528317E-01 1.64E+04 6.6799073528317E-01 9.203616E-08
6.6229434529712E-01 1.88E+04 6.6229434529712E-01 6.567888E-08
6.5672707445296E-01 2.16E+04 6.5672707445296E-01 4.686641E-08
6.5128633606777E-01 2.49E+04 6.5128633606777E-01 3.344037E-08
6.4596953678176E-01 2.86E+04 6.4596953678176E-01 2.385931E-08
6.4077408787985E-01 3.29E+04 6.4077408787985E-01 1.702259E-08
6.3569741448785E-01 3.79E+04 6.3569741448785E-01 1.214442E-08
6.3073696299888E-01 4.35E+04 6.3073696299888E-01 8.663919E-09
6.2589020702852E-01 5.01E+04 6.2589020702852E-01 6.180734E-09
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Table D.3. Recommended Characteristic Curves for Alternative Reducing Fill Grout IA (continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 8.9E-09 cm/s)

6.2115465214861E-01 5.76E+04 6.2115465214861E-01 4.409159E-09
6.1652783960858E-01 6.62E+04 6.1652783960858E-01 3.145306E-09

6.1200734921862E-01 7.61E+04 6.1200734921862E-01 2.243690E-09
6.0759080154037E-01 8.76E+04 6.0759080154037E-01 1.600504E-09
6.0327585950612E-01 1.01E+05 6.0327585950612E-01 1.141683E-09
5.9906022956745E-01 1.16E+05 5.9906022956745E-01 8.143846E-10
5.9494166245727E-01 1.33E+05 5.9494166245727E-01 5.809115E-10

5.9091795363493E-01 1.53E+05 5.9091795363493E-01 4.143690E-10

5.8698694347227E-01 1.76E+05 5.8698694347227E-01 2.955709E-10

5.8314651722883E-01 2.03E+05 5.8314651722883E-01 2.108307E-10
5.7939460485584E-01 2.33E+05 5.7939460485584E-01 1.503849E-10

5.7572918066226E-01 2.68E+05 5.7572918066226E-01 1.072686E-10

5.7214826287006E-01 3.08E+05 5.7214826287006E-01 7.651382E-1 1
5.6864991308150E-01 3.54E+05 5.6864991308150E-01 5.457652E-1I
5.6523223567700E-01 4,07E+05 5.6523223567700E-01 3.892878E- 11
5.6189337715919E-01 4.68E+05 5.6189337715919E-01 2.776738E-11
5.5863152545579E-01 5.39E+05 5.5863152545579E-01 1.980607E-1 1
5.5544490919189E-01 6.20E+05 5.5544490919189E-01 1.412736E-1I
5.5233179694023E-01 7,13E+05 5.5233179694023E-01 1.007681E-1 1
5.4929049645657E-01 8.19E+05 5.4929049645657E-01 7.187616E-12
5.4631935390608E-01 9.42E+05 5.4631935390608E-01 5.126798E-12
5.4341675308528E-01 1.08E+06 5.4341675308528E-01 3.656850E-12

5.4058111464361E-01 1,25E+06 5.4058111464361E-01 2.608362E-12

5.3781089530767E-01 1.43E+06 5.3781089530767E-01 1.860495E-12
5.3510458711068E-01 1.65E+06 5.3510458711068E-01 1.327054E-12

5.3246071662917E-01 1.90E+06 5.3246071662917E-01 9.465616E-13

5.2987784422856E-01 2.18E+06 5.2987784422856E-01 6.751634E-13
5.2735456331894E-01 2.51E+06 5.2735456331894E-01 4.815803E-13

5.2488949962196E-01 2.88E+06 5.2488949962196E-01 3.435014E-13
5.2248131044964E-01 3.31E+06 5.2248131044964E-01 2.450125E-13
5.2012868399570E-01 3.81E+06 5.2012868399570E-01 1.747623E-13
5.1783033863981E-01 4.38E+06 5.1783033863981E-01 1.246543E-13

5.1558502226500E-01 5.04E+06 5.1558502226500E-01 8.891332E-14

5.1339151158849E-01 5.80E+06 5.1339151158849E-01 6.342000E-14
5.1124861150597E-01 6.67E+06 5.1124861150597E-01 4.523615E-14

5.0915515444940E-01 7.67E+06 5.0915515444940E-01 3.226599E-14

5.0710999975824E-01 8.82E+06 5.0710999975824E-01 2.301465E-14
5.0511203306410E-01 1.01E+07 5.0511203306410E-01 1.641586E-14

5.0316016568864E-01 1.17E+07 5.0316016568864E-01 1.170908E-14

5.0125333405460E-01 1.34E+07 5.0125333405460E-01 8.351841E-15
4.9939049910975E-01 1.54E+07 4.9939049910975E-01 5.957190E-15
4.9757064576359E-01 1.77E+07 4.9757064576359E-01 4.249137E-15

4.9579278233671E-01 2.04E+07 4.9579278233671E-01 3.030819E-15
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Table D.3. Recommended Characteristic Curves for Alternative Reducing Fill Grout 1A (continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat 8.9E-09 cm/s)

4.9405594002231E-01 2.35E+07 4.9405594002231E-01 2.161818E-15
4.9235917236003E-01 2.70E+07 4.9235917236003E-01 1.541979E-15
4.9070155472150E-01 3.1OE+07 4.9070155472150E-01 1.099861E-15
4.8908218380768E-01 3.57E+07 4.8908218380768E-01 7.845070E-16
4.8750017715752E-01 4. 1OE+07 4.8750017715752E-01 5.595721E-16
4.8595467266792E-01 4.72E+07 4.8595467266792E-01 3.991308E-16
4.8444482812455E-01 5.43E+07 4.8444482812455E-01 2.846915E-16
4.8296982074342E-01 6.24E+07 4.8296982074342E-01 2.030643E-16
4.8152884672301E-01 7.18E+07 4.8152884672301E-01 1.448414E-16
4.8012112080658E-01 8.25E+07 4.8012112080658E-01 1.033123E-16
4.7874587585456E-01 9.49E+07 4.7874587585456E-01 7.369045E-17
4.7740236242676E-01 1.09E+08 4.7740236242676E-01 5.256182E-17
4.7608984837418E-01 1.25E+08 4.7608984837418E-01 3.749122E-17
4.7480761844020E-01 1.44E+08 4.7480761844020E-01 2.674168E-17
4.7355497387093E-01 1.66E+08 4.7355497387093E-01 1.907427E-17
4.7233123203458E-01 1.91EE+08 4.7233123203458E-01 1.360527E-17
4.7113572604954E-01 2.19E+08 4.7113572604954E-01 9.704347E-18
4.6996780442103E-01 2.52E+08 4.6996780442103E-01 6.921903E-18
4.6882683068618E-01 2.90E+08 4.6882683068618E-01 4.937245E-18
4.6771218306719E-01 3.34E+08 4.6771218306719E-01 3.521631E-18
4.6662325413259E-01 3.84E+08 4.6662325413259E-01 2.511904E-18
4.6555945046621E-01 4.41E+08 4.6555945046621E-01 1.791687E-18
4.6452019234387E-01 5.08E+08 4.6452019234387E-01 1.277972E-18
4.6350491341746E-01 5.84E+08 4.6350491341746E-01 9.115502E-19
4.6251306040633E-01 6.71E+08 4.6251306040633E-01 6.501892E-19,
4.6154409279583E-01 7.72E+08 4.6154409279583E-01 4.637660E-19
4.6059748254271E-01 8.88E+08 4.6059748254271E-01 3.307944E-19
4.5967271378742E-01 1.02E+09 4.5967271378742E-01 2.359486E-19
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Table D.4. Recommended Characteristic Curves for Alternative Reducing Fill Grout lB.

Relative
Suction Permeability
Head kr

Saturation (cm) Saturation (Ksat = 1.3E-08 cm/s)
1.0000000000000E+00 0.OOE+00 1.0000000000000E+00 1.000000E+00
9.9999158264902E-01 5.OOE-02 9.9999158264902E-01 7.255412E-01
9.9997976425553E-01 1.00E-01 9.9997976425553E-01 6.754006E-01
9.9995135872628E-01 2.OOE-01 9.9995135872628E-01 6.175069E-01
9.9984502276693E-01 5.OOE-01 9.9984502276693E-01 5.282903E-01
9.9962804230954E-01 1.00E+00 9.9962804230954E-01 4.512312E-01
9.9910944552563E-01 2.OOE+00 9.9910944552563E-01 3.669776E-01
9.9720374212636E-01 - 5.OOE+00 9.9720374212636E-01 2.493464E-01
9.9347975633387E-01 1.00E+01 9.9347975633387E-01 1.630205E-01
9.8536281847174E-01 2.OOE+01 9.8536281847174E-01 8.929981E-02
9.6219974794603E-01 5.OOE+01 9.6219974794603E-01 2.722709E-02
9.3292019244093E-01 1.00E+02 9.3292019244093E-01 7.809633E-03
8.9676391608424E-01 2.OOE+02 8.9676391608424E-01 1.723658E-03
8.4792137564475E-01 5.OOE+02 8.4792137564475E-01 1.824502E-04
8.1482572545491E-01 1.00E+03 8.1482572545491E-01 3.046548E-05
8.0870126415132E-01 1.15E+03 8.0870126415132E-01 2.113539E-05
8.0276665644505E-01 1.32E+03 8.0276665644505E-01 1.464711 E-05
7.9702114792107E-01 1.52E+03 7.9702114792107E-01 1.014157E-05
7.9146290494081E-01 1.75E+03 7.9146290494081E-01 7.016656E-06
7.8608924198265E-01 2.01E+03 7.8608924198265E-01 4.851536E-06
7.8089681223056E-01 2.31E+03 7.8089681223056E-01 3.352709E-06
7.7588176589374E-01 2.66E+03 7.7588176589374E-01 2.315885E-06
7.7103988065808E-01 3.06E+03 7.7103988065808E-01 1.599094E-06
7.6636666838299E-01 3.52E+03 7.6636666838299E-01 1.103806E-06
7.6185746176127E-01 4.05E+03 7.6185746176127E-01 7.617208E-07
7.5750748422271E-01 4.65E+03 7.5750748422271E-01 5.255348E-07
7.5331190592437E-01 5.35E+03 7.5331190592437E-01 3.625146E-07
7.4926588825756E-01 6.15E+03 7.4926588825756E-01 2.500236E-07
7.4536461892628E-01 7.08E+03 7.4536461892628E-01 1.724166E-07
7.4160333931921E-01 8.14E+03 7.4160333931921E-01 1.188855E-07
7.3797736560886E-01 9.36E+03 7.3797736560886E-01 8.196690E-08
7.3448210476440E-01 1.08E+04 7.3448210476440E-01 5.650854E-08
7.3111306645540E-01 1.24E+04 7.3111306645540E-01 3.895483E-08
7.2786587164833E-01 1.42E+04 7.2786587164833E-01 2.685250E-08
7.2473625855159E-01 1.64E+04 7.2473625855159E-01 1.850922E-08
7.2172008644355E-01 1.88E+04 7.2172008644355E-01 1.275777E-08
7.1881333781834E-01 2.16E+04 7.1881333781834E-01 8.793212E-09
7.1601211920226E-01 2.49E+04 7.1601211920226E-01 6.060500E-09
7.1331266092634E-01 2.86E+04 7.1331266092634E-01 4.176953E-09
7.1071131608567E-01 3.29E+04 7.1071131608567E-01 2.878740E-09
7.0820455887192E-01 3.79E+04 7.0820455887192E-01 1.983985E-09
7.0578898242839E-01 4.35E+04 7.0578898242839E-01 1.367315E-09
7.0346129634811 E-01 5.01E+04 7.0346129634811 E-01 9.423100E-10
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Table D.4. Recommended Characteristic Curves for Alternative Reducing Fill Grout lB (continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 1.3E-08 cm/s)

7.0121832391119E-01 5.76E+04 7.0121832391119E-01 6.494041E-10
6.9905699913824E-01 6.62E+04 6.9905699913824E-01 4.475410E-10
6.9697436372138E-01 7.61E+04 6.9697436372138E-01 3.084237E-10
6.9496756388109E-01 8.76E+04 6.9496756388109E-01 2.125496E-10
6.9303384718759E-01 1.01E+05 6.9303384718759E-01 1.464775E-10
6.9117055937671E-01 1.16E+05 6.9117055937671E-01 1.009438E-10
6.8937514118381E-01 1.33E+05 6.8937514118381E-01 6.956444E-11
6.8764512521396E-01 1.53E+05 6.8764512521396E-01 4.793951E-1 1
6.8597813286220E-01 1.76E+05 6.8597813286220E-01 3.303687E-11
6.8437187129450E-01 2.03E+05 6.8437187129450E-01 2.276687E-1 1
6.8282413049698E-01 2.33E+05 6.8282413049698E-01 1.568943E-1 1
6.8133278039900E-01 2.68E+05 6.8133278039900E-01 1.081211E-11
6.7989576807395E-01 3.08E+05 6.7989576807395E-01 7.450974E-12
6.7851111502006E-01 3.54E+05 6.7851111502006E-01 5.134703E-12
6.7717691452256E-01 4.07E+05 6.7717691452256E-01 3.538485E-12
6.7589132909774E-01 4.68E+05 6.7589132909774E-01 2.438479E-12
6.7465258801846E-01 5.39E+05 6.7465258801846E-01 1.680430E-12
6.7345898492065E-01 6.20E+05 6.7345898492065E-01 1.158035E-12
6.7230887548939E-01 7.13E+05 6.7230887548939E-O1 7.980364E-13
6.7120067522328E-01 8.19E+05 6.7120067522328E-01 5.499505E-13
6.7013285727538E-01 9.42E+05 6.7013285727538E-01 3.789871E-13
6.6910395036881E-01 1.08E+06 6.6910395036881E-01 2.611711E-13
6.6811253678514E-01 1.25E+06 6.6811253678514E-01 1.799806E-13
6.6715725042355E-01 1.43E+06 6.6715725042355E-01 1.240299E-13
6.6623677492851E-01 1.65E+06 6.6623677492851E-01 8.547258E-14
6.6534984188414E-01 1.90E+06 6.6534984188414E-01 5.890162E-14
6.6449522907287E-01 2.18E+06 6.6449522907287E-01 4.059081E-14
6.6367175879664E-01 2.51E+06 6.6367175879664E-01 2.797229E-14
6.6287829625815E-01 2.88E+06 6.6287829625815E-01 1.927651E-14
6.6211374800064E-01 3.3 1E+06 6.6211374800064E-01 1.328400E-14
6.6137706040374E-01 3.81E+06 6.6137706040374E-01 9.154382E-15
6.6066721823379E-01 4.38E+06 6.6066721823379E-01 6.308546E-15
6.5998324324655E-01 5.04E+06 6.5998324324655E-01 4.347400E-15
6.5932419284058E-01 5.80E+06 6.5932419284058E-01 2.995917E-15
6.5868915875936E-01 6.67E+06 6.5868915875936E-01 2.064572E-15
6.5807726584060E-01 7.67E+06 6.5807726584060E-01 1.422756E-15
6.5748767081094E-01 8.82E+06 6.5748767081094E-01 9.804615E-16
6.5691956112436E-01 1.01E+07 6.5691956112436E-01 6.756640E-16
6.5637215384296E-01 1.17E+07 6.5637215384296E-01 4.656193E-16
6.5584469455834E-01 1.34E+07 6.5584469455834E-01 3.208715E-16
6.5533645635221E-01 1.54E+07 6.5533645635221E-01 2.211217E-16
6.5484673879492E-01 1.77E+07 6.5484673879492E-01 1.523813E-16
6.5437486698031E-01 2.04E+07 6.5437486698031E-01 1.050103E-16
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Table D.4. Recommended Characteristic Curves for Alternative Reducing Fill Grout 1B (continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 1.3E-08 cm/s)

6.5392019059581E-01 2.35E+07 6.5392019059581E-01 7.236558E-17
6.5348208302632E-01 2.70E+07 6.5348208302632E-01 4.986918E-17
6.5305994049077E-01 3. 1OE+07 6.5305994049077E-01 3.436627E-17
6.5265318 121006E-01 3.57E+07 6.5265318121006E-01 2.368278E-17
6.5226124460544E-01 4.10E-i+07 6.5226124460544E-01 1.632048E-17
6.5188359052590E-01 4.72E+07 6.5188359052590E-01 1.124691E-17
6.5151969850389E-01 5.43E+07 6.5151969850389E-01 7.750563E-18
6.5116906703800E-01 6.24E+07 6.5116906703800E-01 5.341134E-18
6.5083121290190E-01 7.18E+07 6.5083121290190E-01 3.680727E-18
6.5050567047837E-01 8.25E+07 6.5050567047837E-01 2.536494E-18
6.5019199111764E-01 9.49E+07 6.5019199111764E-01 1.747970E-18
6.4988974251909E-01 1.09E+08 6.4988974251909E-01 1.204576E-18
6.4959850813547E-01 1.25E+08 6.4959850813547E-01 8.301076E-19
6.4931788659887E-01 1.44E+08 6.4931788659887E-01 5.720508E-19
6.4904749116755E-01 1.66E+08 6.4904749116755E-01 3.942165E-19
6.4878694919297E-01 1.91E+08 6.4878694919297E-01 2.716658E-19
6.4853590160623E-01 2.19E+08 6.4853590160623E-01 1.872127E-19
6.4829400242321E-01 2.52E+08 6.4829400242321E-01 1.290136E-19
6.4806091826776E-01 2.90E+08 6.4806091826776E-01 8.890693E-20
6.4783632791224E-01 3.34E+08 6.4783632791224E-01 6.126830E-20
6.4761992183483E-01 3.84E+08 6.4761992183483E-01 4.222172E-20
6.4741140179299E-01 4.41E+08 6.4741140179299E-01 2.909620E-20
6.4721048041236E-01 5.08E+08 6.4721048041236E-01 2.005102E-20
6.4701688079080E-01 5.84E+08 6.4701688079080E-01 1.381773E-20
6.4683033611672E-01 6.71E+08 6.4683033611672E-01 9.522184E-21
6.4665058930137E-01 7.72E+08 6.4665058930137E-01 6.562010E-21
6.4647739262458E-01 8.88E+08 6.4647739262458E-01 4.522070E-21
6.4631050739329E-01 1.02E+09 6.4631050739329E-01 3.116288E-21
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Table D.4. Recommended Characteristic Curves for Alternative Reducing Fill Grout 2.

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 6.6E-09 cm/s)

1.OOOOOOOOOOOOOE+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999456409664E-01 5.OOE-02 9.9999456409664E-01 5.978787E-01
9.9998744318343E-01 1.00E-01 9.9998744318343E-01 5.447128E-01
9.9997099932177E-01 2.OOE-01 9.9997099932177E-01 4.863940E-01
9.9991236992326E-01 5.OOE-01 9.9991236992326E-01 4.018814E-01
9.9979800131291E-01 1.00E+00 9.9979800131291E-01 3.333328E-01
9.9953571869007E-01 2.OOE+00 9.9953571869007E-01 2.625164E-01
9.9862064277240E-01 5.00E+00 9.9862064277240E-01 1.702697E-01
9.9691993814534E-01 1.00E+01 9.9691993814534E-01 1.073659E-01
9.9338354876193E-01 2.OOE+01 9.9338354876193E-01 5.700609E-02
9.8380111315060E-01 5.00E+01 9.8380111315060E-01 1.716452E-02
9.7204879141839E-01 1.00E+02 9.7204879141839E-01 5.074477E-03
9.5753541084825E-01 2.OOE+02 9.5753541084825E-01 1.195643E-03
9.3738589274499E-01 5.OOE+02 9.3738589274499E-01 1.423886E-04
9.2315285979779E-01 1.00E+03 9.2315285979779E-01 2.62271 OE-05
9.2045464589848E-01 1.1 5E+03 9.2045464589848E-01 1.856429E-05
9.1781875360022E-01 1.32E+03 9.1781875360022E-01 1.312702E-05
9.1524597174004E-01 1.52E+03 9.1524597174004E-01 9.274273E-06
9.1273664028139E-01 1.75E+03 9.1273664028139E-01 6.547493E-06
9.1029072907951E-01 2.01E+03 9.1029072907951E-01 4.619550E-06
9.0790790564003E-01 2.31 E+03 9.0790790564003E-01 3.257578E-06
9.0558759288389E-01 2.66E+03 9.0558759288389E-01 2.296124E-06
9.0332901801638E-01 3.06E+03 9.0332901801638E-01 1.617822E-06
9.0113125359806E-01 3.52E+03 9.0113125359806E-01 1.139532E-06
8.9899325186212E-01 4.05E+03 8.9899325186212E-01 8.024241E-07
8.9691387323965E-01 4.65E+03 8.9691387323965E-01 5.649125E-07
8.9489190995664E-01 5.35E+03 8.9489190995664E-01 3.976250E-07
8.9292610546498E-01 6.15E+03 8.9292610546498E-01 2.798301E-07
8.9101517037100E-01 7.08E+03 8.9101517037100E-01 1.969040E-07
8.8915779543299E-01 8.14E+03 8.8915779543299E-01 1.385363E-07
8.8735266211518E-01 9.36E+03 8.8735266211518E-01 9.746058E-08
8.8559845111183E-01 1.08E+04 8.8559845111183E-01 6.855796E-08
8.8389384918983E-01 1.24E+04 8.8389384918983E-01 4.822318E-08
8.8223755464220E-01 1.42E+04 8.8223755464220E-01 3.391780E-08
8.8062828159685E-01 1.64E+04 8.8062828159685E-01 2.385489E-08
8.7906476338416E-01 1.88E+04 8.7906476338416E-01 1.677677E-08
8.7754575513251E-01 2.16E+04 8.7754575513251E-01 1.179841E-08
8.7607003573196E-01 2.49E+04 8.7607003573196E-01 8.297082E-09
8.7463640928187E-0l 2.86E+04 8.7463640928187E-01 5.834666E-09
8.7324370611851E-01 3.29E+04 8.7324370611851E-01 4.102958E-09
8.7189078350128E-01 3.79E+04 8.7189078350128E-01 2.885161E-09
8.7057652602282E-01 4.35E+04 8.7057652602282E-01 2.028787E-09
8.6929984579627E-01 5.01 E+04 8.6929984579627E-01 1.426582E-09
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Table D.4. Recommended Characteristic Curves for Alternative Reducing Fill Grout 2 (continued).

Relative
Suction Permeability
Head kr

Saturation (cm) Saturation (Ksat = 6.6E-09 cm/s)
8.6805968246373E-01 5.76E+04 8.6805968246373E-01 1.003119E-09
8.6685500306186E-01 6.62E+04 8.6685500306186E-01 7.053491E-10
8.6568480177416E-01 7.61E+04 8.6568480177416E-01 4.959664E-10
8.6454809959419E-01 8.76E+04 8.6454809959419E-01 3.487365E-10
8.6344394391927E-01 1.01E+05 8.6344394391927E-01 2.452111 E-10
8.6237140809100E-01 1.16E+05 8.6237140809100E-01 1.724173E-10
8.6132959089566E-01 1.33E+05 8.6132959089566E-01 1.212327E-10
8.6031761603511E-01 1.53E+05 8.6031761603511E-01 8.524267E-11
8.5933463157702E-01 1.76E+05 8.5933463157702E-01 5.993675E-1 1
8.5837980939131E-01 2.03E+05 8.5837980939131E-01 4.214327E-11
8.5745234457860E-01 2.33E+05 8.5745234457860E-01 2.963210E-1 1
8.5655145489513E-01 2.68E+05 8.5655145489513E-01 2.083511E-11
8.5567638017794E-01 3.08E+05 8.5567638017794E-01 1.464970E-1 1
8.5482638177307E-01 3.54E+05 8.5482638177307E-01 1.030056E-1 1
8.5400074196922E-01 4.07E+05 8.5400074196922E-01 7.242569E-12
8.5319876343869E-01 4.68E+05 8.5319876343869E-01 5.092418E-12
8.5241976868682E-01 5.39E+05 8.5241976868682E-01 3.580594E-12
8.5166309951128E-01 6.20E+05 8.5166309951128E-01 2.517595E12
8.5092811647181E-01 7.13E+05 8.5092811647181E-01 1.770176E-12
8.5021419837111E-01 8.19E+05 8.5021419837111E-01 1.244649E-12
8.4952074174725E-01 9.42E+05 8.4952074174725E-01 8.751390E-13
8.4884716037786E-01 1.08E+06 8.4884716037786E-01 6.153286E-13
8.4819288479632E-01 1.25E+06 8.4819288479632E-01 4.326503E-13
8.4755736181992E-01 1.43E+06 8.4755736181992E-01 3.042054E-13
8.4694005409009E-01 1.65E+06 8.4694005409009E-01 2.138930E-13
8.4634043962448E-01 1.90E+06 8.4634043962448E-01 1.503926E-13
8.4575801138092E-01 2.18E+06 8.4575801138092E-01 1.057441E-13
8.4519227683304E-01 2.51E+06 8.4519227683304E-01 7.435079E-14
8.4464275755731E-01 2.88E+06 8.4464275755731E-01 5.227753E-14
8.4410898883142E-01 3.31E+06 8.4410898883142E-01 3.675738E-14
8.4359051924367E-01 3.81E+06 8.4359051924367E-01 2.584485E-14
8.4308691031319E-01 4.38E+06 8.4308691031319E-01 1.817203E-14
8.4259773612070E-01 5.04E+06 8.4259773612070E-01 1.277712E-14
8.4212258294967E-01 5.80E+06 8.4212258294967E-01 8.983847E-15
8.4166104893750E-01 6.67E+06 8.4166104893750E-01 6.316721E-15
8.4121274373649E-01 7.67E+06 8.4121274373649E-01 4.441412E- 15
8.4077728818452E-01 8.82E+06 8.4077728818452E-01 3.122845E-15
8.4035431398491E-01 1.01E+07 8.4035431398491E-01 2.195734E-15
8.3994346339542E-01 1.17E+07 8.3994346339542E-01 1.543864E-15
8.3954438892611E-01 1.34E+07 8.3954438892611E-01 1.085522E-15
8.3915675304577E-01 1.54E+07 8.3915675304577E-01 7.632518E-16
8.3878022789669E-01 1.77E+07 8.3878022789669E-01 5.366574E-16
8.3841449501761E-01 2.04E+07 8.3841449501761E-01 3.773345E-16
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Table D.4. Recommended Characteristic Curves for Alternative Reducing Fill Grout 2 (continued).

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 6.6E-09 cm/s)

8.3805924507454E-01 2.35E+07 8.3805924507454E-01 2.653113E-16
8.3771417759929E-01 2.70E+07 8.3771417759929E-01 1.865456E-16
8.3737900073544E-01 3.10E+07 8.3737900073544E-01 1.311639E-16
8.3705343099162E-01 3.57E+07 8.3705343099162E-01 9.222396E-17
8.3673719300179E-01 4.1OE+07 8.3673719300179E-01 6.484449E-17
8.3643001929241E-01 4.72E+07 8.3643001929241E-01 4.559344E-17
8.3613165005628E-01 5.43E+07 8.3613165005628E-01 3.205765E-17
8.3584183293284E-01 6.24E+07 8.3584183293284E-01 2.254037E-17
8.3556032279473E-01 7.18E+07 8.3556032279473E-01 1.584858E-17
8.3528688154056E-01 8.25E+07 8.3528688154056E-01 1.1 14345E-17
8.3502127789346E-01 9.49E+07 8.3502127789346E-01 7.835179E-18
8.3476328720556E-01 1.09E+08 8.3476328720556E-01 5.509069E-18
8.3451269126798E-01 1.25E+08 8.3451269126798E-01 3.873535E-18
8.3426927812624E-01 1.44E+08 8.3426927812624E-01 2.723559E-18
8.3403284190107E-01 1.66E+08 8.3403284190107E-01 1.914988E-18
8.3380318261424E-01 1.91E+08 8.3380318261424E-01 1.346466E-18
8.3358010601943E-01 2.19E+08 8.3358010601943E-01 9.467269E-19
8.3336342343796E-01 2.52E+08 8.3336342343796E-01 6.656624E-19
8.3315295159921E-01 2.90E+08 8.3315295159921E-01 4.680404E-19
8.3294851248557E-01 3.34E+08 8.3294851248557E-01 3.290884E-19
8.3274993318194E-01 3.84E+08 8.3274993318194E-01 2.313886E-19
8.3255704572944E-01 4.41E+08 8.3255704572944E-01 1.626939E-19
8.3236968698337E-01 5.08E+08 8.3236968698337E-01 1.143933E-19
8.3218769847521E-01 5.84E+08 8.3218769847521E-01 8.043219E-20
8.3201092627858E-01 6.71E+08 8.3201092627858E-01 5.655346E-20
8.3183922087910E-01 7.72E+08 8.3183922087910E-01 3.976386E-20
8.3167243704787E-01 8.88E+08 8.3167243704787E-01 2.795875E-20
8.3151043371867E-01 1.02E+09 8.3151043371867E-01 1.965835E-20
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Table D.5. Recommended Characteristic Curves for the Base Mat Surrogate.

Relative
Suction Permeability

Head kr
Saturation (cm) Saturation (Ksat = 3.5E-08 cm/s)

1.0000000000000E+00 0.OOE+00 1.0000000000000E+00 1.000000E+00
9.9998338807784E-01 5.OOE-02 9.9998338807784E-01 6.413759E-01
9.9996137980028E-01 1.00E-01 9.9996137980028E-01 5.905842E-01
9.9991022488774E-01 2.OOE-01 9.9991022488774E-01 5.341789E-01
9.9972633405279E-01 5.OOE-01 9.9972633405279E-01 4.510947E-01
9.9936467630313E-01 1.00E+00 9.9936467630313E-01 3.823999E-01
9.9852802708792E-01 2.OOE+00 9.9852802708792E-01 3.099342E-01
9.9556535327948E-01 5.OOE+00 9.9556535327948E-01 2.123163E-01
9.8993414531007E-01 1.00E+01 9.8993414531007E-01 1.422723E-01
9.7780138769010E-01 2.OOE+01 9.7780138769010E-01 8.215088E-02
9.4244990780599E-01 5.OOE+01 9.4244990780599E-01 2.853688E-02
8.9490307640768E-01 1.00E+02 8.9490307640768E-01 9.391429E-03
8.3131284591558E-01 2.OOE+02 8.3131284591558E-01 2.389848E-03
7.3741316925452E-01 5.OOE+02 7.3741316925452E-01 2.978810E-04
6.6911476863451E-01 1.00E+03 6.6911476863451E-01 5.519762E-05
6.5608592588432E-01 1.15E+03 6.5608592588432E-01 3.905019E-05
6.4334535752348E-01 1.32E+03 6.4334535752348E-01 2.758734E-05
6.3090172188359E-01 1.52E+03 6.3090172188359E-01 1.946576E-05
6.1876061834088E-01 1.75E+03 6.1876061834088E-01 1.372099E-05
6.0692508834663E-01 2.01E+03 6.0692508834663E-01 9.663164E-06
5.9539605537738E-01 2.31 E+03 5.9539605537738E-01 6.800334E-06
5.8417270619246E-01 2.66E+03 5.8417270619246E-01 4.782634E-06
5.7325281765808E-01 3.06E+03 5.7325281765808E-01 3.361800E-06
5.6263303437234E-01 3.52E+03 5.6263303437234E-01 2.362000E-06
5.5230910267801E-01 4.05E+03 5.5230910267801E-01 1.658905E-06
5.4227606659464E-01 4.65E+03 5.4227606659464E-01 1.164722E-06
5.3252843089484E-01 5.35E+03 5.3252843089484E-01 8.175301E-07
5.2306029610411E-01 6.15E+03 5.2306029610411E-01 5.736997E-07
5.1386546969592E-01 7.08E+03 5.1386546969592E-01 4.025135E-07
5.0493755723421E-01 8.14E+03 5.0493755723421E-01 2.823608E-07
4.9627003671519E-01 9.36E+03 4.9627003671519E-01 1.980468E-07
4.8785631889720E-01 1.08E+04 4.8785631889720E-01 1.388928E-07
4.7968979599052E-01 1.24E+04 4.7968979599052E-01 9.739766E-08
4.7176388071010E-01 1.42E+04 4.7176388071010E-01 6.829371E-08
4.6407203737425E-01 1.64E+04 4.6407203737425E-01 4.788308E-08
4.5660780645596E-01 1.88E+04 4.5660780645596E-01 3.357047E-08
4.4936482375917E-01 2.16E+04 4.4936482375917E-01 2.353481E-08
4.4233683519293E-01 2.49E+04 4.4233683519293E-01 1.649854E-08
4.3551770794950E-01 2.86E+04 4.3551770794950E-01 1.156551E-08
4.2890143875215E-01 3.29E+04 4.2890143875215E-01 8.107198E-09
4.2248215972177E-01 3.79E+04 4.2248215972177E-01 5.682843E-09
4.1625414231416E-01 4.35E+04 4.1625414231416E-01 3.983374E-09
4.1021179969950E-01 5.01E+04 4.1021179969950E-01 2.792085E-09
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Table D.5. Recommended Characteristic Curves for the Base Mat Surrogat (continued).

Relative
Suction Permeability
Head kr

Saturation (cm) Saturation (Ksat = 3.5E-08 cm/s)
4.0434968788879E-01 5.76E+04 4.0434968788879E-01 1.957039E-09
3.9866250585715E-01 6.62E+04 3.9866250585715E-01 1.371718E-09
3.9314509486847E-01 7.61E+04 3.9314509486847E-01 9.614465E-10
3.8779243716861E-01 8.76E+04 3.8779243716861E-01 6.738784E-10
3.8259965418366E-01 1.01E+05 3.8259965418366E-01 4.723181E-10
3.7756200433448E-01 1.16E+05 3.7756200433448E-01 3.310433E-10
3.7267488055831E-01 1.33E+05 3.7267488055831E-01 2.320238E-10
3.6793380761081E-01 1.53E+05 3.6793380761081E-01 1.626216E-10
3.6333443920848E-01 1.76E+05 3.6333443920848E-01 1.139783E-10
3.5887255505966E-01 2.03E+05 3.5887255505966E-01 7.988493E-1 1
3.5454405782314E-01 2.33E+05 3.5454405782314E-01 5.598945E-1 1
3.5034497002588E-01 2.68E+05 3.5034497002588E-01 3.924159E-1 1
3.4627143096474E-01 3.08E+05 3.4627143096474E-01 2.750338E-11
3.4231969361264E-01 3.54E+05 3.4231969361264E-01 1.927635E-1 I
3.3848612154476E-01 4.07E+05 3.3848612154476E-01 1.351023E-1 1
3.3476718589743E-01 4.68E+05 3.3476718589743E-01 9.468919E-12
3.3115946236960E-01 5.39E+05 3.3115946236960E-01 6.636477E-12
3.2765962827417E-01 6.20E+05 3.2765962827417E-0i 4.651300E-12
3.2426445964518E-01 7.13E+05 3.2426445964518E-01 3.259949E-12
3.2097082840477E-01 8.19E+05 3.2097082840477E-01 2.284794E-12
3.1777569959331E-01 9.42E+05 3.1777569959331E-01 1.601338E-12
3.1467612866441E-01 _1.08E+06 3.1467612866441E-01 1.122325E-12
3.1166925884635E-01 1.25E+06 3.1166925884635E-01 7.866008E-13
3.0875231857052E-01 1.43E+06 3.0875231857052E-01 5.513024E-13
3.0592261896694E-01 1.65E+06 3.0592261896694E-01 3.863894E-13
3.0317755142677E-01 1.90E+06 3.0317755142677E-01 2.708074E-13
3.0051458523117E-01 2.18E+06 3.0051458523117E-01 1.897998E-13
2.9793126524569E-01 2.51E+06 2.9793126524569E-01 1.330243E-13
2.9542520967935E-01 2.88E+06 2.9542520967935E-01 9.323220E-14
2.9299410790702E-01 3.31E+06 2.9299410790702E-01 6.534329E-14
2.9063571835413E-01 3.81E+06 2.9063571835413E-01 4.579689E-14
2.8834786644217E-01 4.38E+06 2.8834786644217E-01 3.209748E-14
2.8612844259371E-01 5.04E+06 2.8612844259371E-01 2.249603E-14
2.8397540029547E-01 5.80E+06 2.8397540029547E-01 1.576670E-14
2.8188675421802E-01 6.67E+06 2.8188675421802E-01 1.105034E-14
2.7986057839063E-01 7.67E+06 2.7986057839063E-01 7.744805E-15
2.7789500442984E-01 8.82E+06 2.7789500442984E-01 5.428069E-15
2.7598821982030E-01 1.01E+07 2.7598821982030E-01 3.804347E-15
2.7413846624638E-01 1.17E+07 2.7413846624638E-01 2.666337E-15
2.7234403797334E-01 1.34E+07 2.7234403797334E-01 1.868744E-15
2.7060328027633E-01 1.54E+07 2.7060328027633E-01 1.309739E-15
2.6891458791623E-01 1.77E+07 2.6891458791623E-01 9.179508E-16
2.6727640366069E-01 2.04E+07 2.6727640366069E-01 6.433602E-16
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Table D.5. Recommended Characteristic Curves for the Base Mat Surrogat (continued).

Relative
Suction Permeability
Head kr

Saturation (cm) Saturation (Ksat = 3.5E-08 cm/s)
2.6568721684928E-01 .2.35E+07 2.6568721684928E-01 4.509091E-16
2.6414556200132E-01 2.70E+07 2.6414556200132E-01 3.160267E-16
2.6265001746519E-01 3.10E+07 2.6265001746519E-01 2.214923E-16
2.6119920410801E-01 3.57E+07 2.6119920410801E-01 1.552363E-16
2.5979178404432E-01 4.1OE+07 2.5979178404432E-01 1.087998E-16
2.5842645940274E-01 4.72E+07 2.5842645940274E-01 7.625405E-17
2.5710197112947E-01 5.43E+07 2.5710197112947E-01 5.344385E-17
2.5581709782750E-01 6.24E+07 2.5581709782750E-01 3.745696E-17
2.5457065463050E-01 7.18E+07 2.5457065463050E-01 2.625229E-17
2.5336149211038E-01 8.25E+07 2.5336149211038E-01 1.839933E-17
2.5218849521744E-01 9.49E+07 2.5218849521744E-01 1.289546E-17
2.5105058225228E-01 1.09E+08 2.5105058225228E-01 9.037985E-18
2.4994670386835E-01 1.25E+08 2.4994670386835E-01 6.334413E-18
2.4887584210437E-01 1.44E+08 2.4887584210437E-01 4.439572E-18
2.4783700944567E-01 1.66E+08 2.4783700944567E-01 3.111544E-18
2.4682924791360E-01 1.91E+08 2.4682924791360E-01 2.180774E-18
2.4585162818216E-01 2.19E+08 2.4585162818216E-01 1.528430E-18
2.4490324872099E-01 2.52E+08 2.4490324872099E-01 1.071224E-18
2.4398323496411 E-01 2.90E+08 2.4398323496411 E-01 7.507840E-19
2.4309073850340E-01 3.34E+08 2.4309073850340E-01 5.261987E-19
2.4222493630626E-01 3.84E+08 2.4222493630626E-01 3.687946E-19
2.4138502995666E-01 4.41E+08 2.4138502995666E-01 2.584755E-19
2.4057024491885E-01 5.08E+08 2.4057024491885E-01 1.811565E-19
2.3977982982315E-01 5.84E+08 2.3977982982315E-01 1.269664E-19
2.3901305577305E-01 6.71E+08 2.3901305577305E-01 8.898641E-20
2.3826921567307E-01 7.72E+08 2.3826921567307E-01 6.236752E-20
2.3754762357666E-01 8.88E+08 2.3754762357666E-01 4.371124E-20
2.3684761405371E-01 1.02E+09 2.3684761405371E-01 3.063570E-20
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APPENDIX E. DESIGN CHECK DOCUMENTATION
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Kenneth OixocnSRNUSn To Margaret M1•ihgs/SRNUSrs@Srs
10116r2007 10:21 AM cc Mark PhifeuSRNLFSrs@Srs

bcc

Subject Design Check for FTF Materials Report

Please design check the document WSRC-STI-2007-00369 tided "Hydraulic and Physical Properties of

Tank Grouts and Base Mat Surrogate concrete for FTF Closure".

Associated files:

\kkddawg\Tankl

Design check instructions:

1 )Check that the property values and ranges given in the report tables are consistent with those given in
the data reports from MCT. GTX. and INL.
2)Check that the property values and ranges fisted in the text of the report match those given in the data
tables.
3)Check the hydraulic conductivity curves and the water retention curves to ensure theyj look reasonable
for the various cementitious materials.
4)Check the van Genuchten transport parameters to ensure they look reasonable for the various
cemenrtitious materials. Check the files associated with the parameter estimation.
5) Verify that the logic of the report is sound and'that the conclusions and recommendations are
reasonable based on the results of the testing.

Thanks,
Ken
5-5205
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C hMargaret MlntaISRNL.Mn To Kenneth DixorVSRNUtS.s@srs
. rm17t2107 04:3, PM cc

\ . ... . . ' oo

Su.ect Re: Design Chect for FTF Materialts Reporg

Ken..
I finished the design check and it looks good - only mninor changes/comments. The report was well
written and easy to follow.. Your logic, conclusions and recommendations appear to be reasonable and
in-line.vith the test resulti_

l,checked most (if not all) the property values and ranges on the tablets (and in the text) of the report
versus the Iaboiatyn reports.. I had a few:questions (see numbered items below).

I also spot checked the values listed on the report tables versus the Excel speadsheets (including
verifying formultis). The specific spot checks are noted on the hard cop,, of the report that IT give back to
you,. I did not find ranything that looked que.ition.able (except for #8, listed below)-

The hydraulic conductivit durves and water reientionc•,'rves- looked reasonable -- where ve had data.
the curves appeared.to match 0p with the" laboratory data. "

I checked'the van Genuchten parameters listed on your tables versus those you had listed in the Excel
spreadsheet. I also checked the formulas on tht- Excel spreadsheet:to make sure that they referenced
the correct cells on the spreadsheet. I spot checked four RETC output files to make sure that the
pa rameterislisted (e.g., Theta r; alpha and n) matched those listed oin your summary table.

Here are a few itemrs you may want to check (most are just editorial suggesfions):
1. Top of page 5 firs: parahraoh -- "88 feet diameterand 12' high

0 
- mhybe spell out the` symbol to

make it consistent within the sentence
2. Bottom of page 5 under "a - should there be F or C listed with the temperature given?
3: Page 6. dot afterid" - d~leke one of the periods t the end of the sentence.
4. Page 1 lthe first full paragraph -- check-the 5.0.x 10-10 cmtsec minimu•n• listed for the INL

measurermaents of educing fill grout (should it be 4E-10?)
5. Page 11. the fihot full paragraph -the range lis•ted.for the IN'L measured porosity of the reducing fill

grout - I didn't see these values listed on a table (either in your report or the INL repon - I may have
missed them??? I didn't checkthese values against an•yhing)

6. You may possibly add hcow particle density wascalculatedl in the footnotes of your hydraulic property
tables??? If you do. youmay also wantrto specif. which porosity you used in the calculation.

7. You-may possibly want to add in the footnote of some of your hydraulic property tables that the values*
shown were from effective coninming pressure of 1Opsi (veritus 40psi - since you have some of these
reports in your appendix).

8. Check the hydraulic conductivity value listed for TNK010B on Table 19. It's listed as 2.6E-8: but I
thought that the report said 3.1E-8.. The Excel spreadsheet has 2.6E-8.

9. Check the maximum partcle density listed for the Base Mat• Surrogate on Table 20. It's listed as -2.53
- I was wondering Ahether it should be 2.55?

10. Check the footnote number listed at the bottom of Table 22 - there's a 1 and 3 (I'm thinking that the 3
should be a 2).

11. Check the footnotes on Tables 24 and 25 - the footnotes are listed, but no numbers appear on the
table. li looks liike "Sample ID" should have a 1 and "Location" should have a 2???

12. Check the second Sample ID listed on Table 24- hts listed as TNKO29A2 but oolting at.the data I was
wondering whether it should be TA.N K02MA2?

13. Checkthe bulk density value and porosity valuefisted on Table 29 (Recommended Hydraulic
Property Values) for the Strong Grout- Based on Table 20. 1 thought maybe the bulk density should
be 1.80 and porosity should be 0.269 (neither of these are far off from what you have on the table, but
it riiigt be confusing to some people why the values are different from Table 20???)"
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14. Check the footnotes on Table 30 -- footnote #2 doesn't appear on the table.

If ,you have any questions, let me know.

Maggie

Kenneth DixonISRNLUSrs

Kenmeth Dixo•nSRNI./Sa
1011V62007 10:21 AM To Margaret , Bng.SRNUSrs s

cc cc Mark Phifer)SRNL'Sis@Srs
Subject Oesign. Cleck for FTF Materisls Report

Please design check the document WSRC-STI-2007-00369 tiled "Hydraulic and Physical Properties of

Tank Grouts and Base Mat Surrogate concrete for FTF Closure".

Associated files:

\UkddawgTankl

Design check mstructions:

1)Check that the property values and ranges given in the report tables are consistent with those given in
the data reports from MCT. GTX. and INL.
2:ICheck that the property values and ranges fited in the text of the report match those given in the data
tables-
3)Check the h.,ydraulic conductivity curves and the water retention curves to ensure they look reasonable
for the various cementitious materials-
4)Check the van Genuchten transport parameters to ensure they look reasonable for the various
oementitious materials- Check the files associated with the parameter estimation
5)Verify that the logic of the report is sound and that the conclusions and recommendations are
reasonable based on the results of the testing.

Thanks.
Ken
5-5205
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\ $ . Iof19120707:21 AM
To Kenneth DixornSRNLt&,s4)srs

cc

bec
&t#ect Re: Design Check for FTF Materiab .Report1Q

Ken.
Sounds good. Sory I didnht realize that the 120 was position -- it definitely makes more sense as position.

Maggie

Kenneth DixorJSRNUSrs

at
Kereteth OixcISRNLS
1W 18t2007 04:54 PM To Margarea MillingsJSRNL(Srs@Srs

Strtct Re: Design Check for FTF Materials Reporl

Maggie.

I have addressed all yourcomments. I agreed with all comments except comment 2. The 120T indiates
position'ratheT tJhn temperature. Thus, n'change was.rnade for comhment 2. The revised report is in my
public folder at the following path:

\lkddaws\Tankl"

If you agree that I have adequately addressed your comments, please send an e-mail to that effect.

Thanks,
Ken
5-5205

Margaret Minirtgs/SPNLlSrs

Margaret Mni lSRN1Sbrs

W10/12007 04:3.9 FMI To Kenneth DixorVSRNLSs@srs

cc

Stdect, Re: Design Check for FTF M1 Iaterials. Reporg

Ken.
I Finished the design check arid ft looks good -Onl-r minor changestoomments. The report waswwell
written and easy'to follow.. Your logic. conrclusions and recommendatons appear to be reasonable and
in-line with thetest results-

I checked most (if not all) the property values and ranges on the tables (and in the text) of the report
versus.the iaboratotry.rePo's. I had a few questions (see.numbered items'below).
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