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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 1A (Ganguly and Langton, 2007)

Alternative reducing fill grout 1B (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.

Page 2 of 153
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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 1A (Ganguly and Langton, 2007)

Alternative reducing fill grout 1B (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:
e 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.

Page 3 of 153
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e 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)
4 samples of base mat surrogate concrete

2 samples of alternative reducing fill grout 1A

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.

Page 4 of 153
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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 1S-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 1B 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.

e 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)
e Water retention characteristics were determined using methods ASTM D 2325 and ASTM D
3152 by pressure plate apparatus.
e Dry bulk density was determined by dividing the dry weight of the sample by the measured
volume (modified ASTM C 642).

e Water exchangeable porosity (n) was measured using a modified method of ASTM C 642 as
follows:
a. Sample volume (Vol) 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 (Mggt) 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 ('V'dry) 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)/ow) / Vol
where pyy = density of water at the temperature used to determine Mgzt.

e 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 TNKO020R.

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 H,O (~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 total sample 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/cm®). 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

om=0,+— "% h<o
i+ (ah)]
o(h=6,  h>0

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

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

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

(6,,0,,a,n) for each sample.

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

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

m 2 - P P
K=SS b— (1— Si’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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1-—
S=S, + %
i+ (eny]
where residual saturation,S,, is equal to &, /6, (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 (I1QI) 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.
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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
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(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 to 2.9 x 10® cm/sec with an arithmetic average of 2.1 x 10°®
cm/sec. The dry bulk density of the strong grout ranged from 1.78 to 1.81 g/cm® with an
arithmetic average of 1.80 g/cm®.

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 H,O (0.1 bars) to 15,296 cm H,0 (15 bars), Table 21. A wafer
approximately 3 inches in diameter and % 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°® to 8.5 x 10® cm/sec with
an arithmetic average of 3.6 x 10°® cm/sec. The dry bulk density of the reducing fill grout ranged
from 1.80 to 1.86 g/cm® with an arithmetic average of 1.81 g/cm®. 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™ to 9.0 x 10™** cm/sec with an arithmetic average of 3.7 x 10™° cm/sec. The bulk
density of the reducing fill grout as reported by INL ranged from 1.81 to 1.84 g/cm® with an
arithmetic average of 1.83 g/cm?®, 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 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 H,O (0.1 bars) to 15,296 cm H,0 (15 bars), Table 22. A wafer
approximately 3 inches in diameter and % 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
H,O (~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 1A is presented in Table 4. The
saturated hydraulic conductivity of this mix ranged from 8.2 x 10 to 9.5 x 10" cm/sec with an
arithmetic average of 8.9 x 10° cm/sec. The dry bulk density of the alternative grout mix 1A
ranged from 1.84 to 1.88 g/cm® with an arithmetic average of 1.86 g/cm®. 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 H,0O (0.1 bars) to 15,296 cm H,0 (15 bars), Table 24. Two wafers approximately 3
inches in diameter and % 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 1B is presented in Table
5. The saturated hydraulic conductivity of this mix ranged from 1.0 x 10® to 1.5 x 10°® cm/sec
with an arithmetic average of 1.3 x 10® cm/sec. The dry bulk density of the alternative grout
mix 1B ranged from 1.82 to 1.86 g/cm® with an arithmetic average of 1.85 g/cm®. 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 1B samples were determined by GTX
and are presented in Table 25. The GTX testing was conducted at pressures ranging from 102
cm H,0 (0.1 bars) to 15,296 cm H,0 (15 bars), Table 25. Two wafers approximately 3 inches in
diameter and % 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 to 8.1 x 10”° cm/sec with an
arithmetic average of 6.6 x 10° cm/sec. The dry bulk density of the alternative grout mix 2
ranged from 1.92 to 2.06 g/cm® with an arithmetic average of 1.96 g/cm®. 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 H,0 (0.1 bars) to 15,296 cm H,0 (15 bars), Table 26. A wafer approximately 3 inches in
diameter and %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°® to 6.0 x 10°® cm/sec with an arithmetic average of 3.4 x 10® cm/sec. The dry bulk density of
the base mat surrogate concrete ranged from 2.01 to 2.14 g/cm® with an arithmetic average of
2.06 g/lcm®. 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 H,O (0.1 bars) to 15,296 cm H,0
(15 bars), Table 21. Two wafers approximately 3 inches in diameter and % 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 (0s). 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 (r* >
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 H,O (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 H,O (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 TNKO19R and TNKO20R 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 1A 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°® 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 1B (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. ldaho 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. TNKO019R-C, TNK019R-D, TNK020R-C, and TNK020R-D were measured by INL.

Page 22 of 153



WSRC-STI-2007-00369, REVISION 0

1.0e+5
1.0e+4 -
£
(&)
- 1.0e+3 1
©
()
I
c
2
g 1.0e+2 4
v —e— TNKO027A1_Top
—v— TNKO028A1_Top
1.0e+1 4 —a— TNKO027A1_Bottom
' —e— TNKO028A1_Bottom
1.0e+0 T I | | |
0.4 0.5 0.6 0.7 0.8 0.9 1.0

Saturation

Figure 6. Water retention curves for alternative reducing fill grout 1A 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 12. Characteristic curves for the reducing fill grout sample TNK019R (OPDEXE-X-P-0-BS) as
determined by INL.
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Figure 13. Characteristic curves for the reducing fill grout sample TNK020R (OPDEXE-X-P-0-BS) as
determined by INL.
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Figure 14. Comparison of characteristic curves for the reducing fill grout (OPDEXE-X-P-0-BS) as
determined from the MCT and INL data.
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Figure 15. Characteristic curves for alternative reducing fill grout 1A (top samples).
(Water retention data average of samples TNK027A1_Top and TNK028A1 Top)
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Figure 16. Characteristic curves for alternative reducing fill grout 1A (bottom samples).
(Water retention data average of samples TNK027A1_Bottom and TNK028A1_Bottom)
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Figure 17. Characteristic curves for alternative reducing fill grout 1B (top samples).

(Water retention data average of samples TNK029A2_Top, TNKO030A2_Top, TNK031A2_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,
TNKO031A2_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, TNKO035A3, TNK036A3,and
TNKO037A3)
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Figure 20. Characteristic curves for the base mat surrogate (top samples).
(Water retention data average of samples TNK009B_Top, TNKO010B_Top, TNKO011B Top, and

TNKO012B_Top)
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Figure 21. Characteristic curves for the base mat surrogate (bottom samples).
(Water retention data average of samples TNKO09B_Bottom, TNKO010B_Bottom,

TNKO011B_Bottom, and TNK012B_Bottom)

Page 30 of 153
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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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(b)

Figure 24. Longitudinal (a) and transverse (b) slice of three inch diameter strong grout mold sample
TNKO001S. Macro-porosity is represented by black features (K, = 2.8x10°® cm/sec).

(@) (b)

Figure 25. Longitudinal (a) and transverse (b) slice of three inch diameter strong grout mold sample
TNKO023S. Macro-porosity is represented by black features (K, = 6.8x10°° cm/sec).
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Figure 26. Longitudinal (a) and transverse (b) slice of three inch diameter strong grout mold sample
TNKO024S. Macro-porosity is represented by black features (K = 2.7x10® cm/sec).
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Figure 27. Longitudinal (a) and transverse (b) slice of three inch diameter reducing fill grout mold
sample TNKOO5R. Macro-porosity is represented by black features (K = 1.0x10°® cm/sec).

S ——

(a) (b)

Figure 28. Longitudinal (a) and transverse (b) slice of three inch diameter reducing fill grout mold
sample TNKO025R. Macro-porosity is represented by black features (K = 4.3x10® cm/sec).

(@) (b)

Figure 29. Longitudinal (a) and transverse (b) slice of three inch diameter base mat surrogate core sample
TNKO09B. Macro-porosity is represented by black features (K, = 1.6x10® cm/sec).
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(@) (b)

Figure 30. Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout
1A mold sample TNK027A1. Macro-porosity is represented by black features (K, = 8.2x10°° cm/sec).

(@) (b)

Figure 31. Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout
1B mold sample TNK029A2. Macro-porosity is represented by black features (K = 1.0x10°® cm/sec).
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(b)

Figure 32. Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout 2
mold sample TNKO034A3. Macro-porosity is represented by black features (K, = 6.3x10”° 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
TNKO001S 2/21/2007 3 Mold | MCT! Strong Grout 070025.2
TNKO002S 2/21/2007 3 Mold | MCT Strong Grout 070025.2
TNKO003S 2/21/2007 3 Mold | MCT Strong Grout 070025.2
TNKO004S 2/21/2007 3 Mold | MCT Strong Grout 070025.2
TNKOO5R 2/22/2007 3 Mold | MCT Reducing Fill Grout 070027.2
TNKOO06R 2/22/2007 3 Mold | MCT Reducing Fill Grout 070027.2
TNKOO7R 2/22/2007 3 Mold | MCT Reducing Fill Grout 070027.2
TNKOO08R 2/22/2007 3 Mold | MCT Reducing Fill Grout 070027.2
TNKO009B 3/30/2007 3 Core | GTX? Base Mat Surrogate NA
TNKO010B 3/30/2007 3 Core | GTX Base Mat Surrogate NA
TNKO011B 3/30/2007 3 Core | GTX Base Mat Surrogate NA
TNKO012B 3/30/2007 3 Core | GTX Base Mat Surrogate NA
TNKO19R 2/22/2007 1 Mold | INL® Reducing Fill Grout 070027.2
TNKO020R 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
TNKO025R 2/22/2007 3 Mold | MCT Reducing Fill Grout 070027.2
TNKO026R 2/22/2007 3 Mold | MCT Reducing Fill Grout 070027.2
TNKO027A1 | 3/28/2007 3 Mold | GTX | AltReducing Fill Grout 1A | 070044
TNKO028A1 | 3/28/2007 3 Mold | GTX | AltReducing Fill Grout 1A | 070044
TNKO029A2 | 3/21/2007 3 Mold | GTX | AltReducing Fill Grout 1B | 070043
TNKO030A2 | 3/21/2007 3 Mold | GTX | AltReducing Fill Grout 1B | 070043
TNKO031A2 | 3/21/2007 3 Mold | GTX | AltReducing Fill Grout 1B | 070043
TNKO032A2 | 3/21/2007 3 Mold | GTX | Alt Reducing Fill Grout 1B | 070043
TNKO034A3 | 5/8/2007 3 Mold | MCT Alt Reducing Fill Grout 2 070070
TNKO35A3 | 5/8/2007 3 Mold | MCT Alt Reducing Fill Grout 2 070070
TNKO036A3 | 5/8/2007 3 Mold | MCT Alt Reducing Fill Grout 2 070070
TNKO37A3 | 5/8/2007 3 Mold | MCT Alt Reducing Fill Grout 2 070070

*Mactec Engineering and Consulting, Inc.
’Geotesting Express, Inc.
%ldaho National Laboratory
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Table 2. Design Mix for the Strong Grout (B2000-X-0-0-BS)".

Ingredients Quantity/yd® Units
Portland Cement 550 Ibs
Sand 2285 Ibs
Water 65 gal
Kelco-Crete’ 275 grams
Advaflow® 90 fl. oz.
WCMR (unitless ratio) 0.99

YInternal mix ID = 070025.1 and 070025.2
%Kelco-Crete - plasticizer
®High Range Water Reducer

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

Ingredients Quantity/yd® | Units
Portland Cement 75 Ibs
Fly Ash 375 Ibs
Slag 210 Ibs
Sand 2300 Ibs
Water 60 gal
Kelco-Crete’ 275 grams
Advaflow® 90 fl. 0z.
Sodium Thiosulfate® 2.1 Lbs
WCMR (unitless ratio) 0.76

"Internal mix 1D = 070027.1 and 070027.2
%Kelco-Crete - plasticizer

®High Range Water Reducer

“Sodium Thiosulfate — reducing agent

Table 4. Design Mix for Alternative Reducing Fill Grout 1A%,

Ingredients Quantity/yd® | Units
Portland Cement 185 Ibs
Fly Ash 580 Ibs
Slag 260 Ibs
Sand 1885 Ibs
Water 60 gal
Kelco-Crete? 216 grams
Sika ViscoCrete 2100° 54 fl. oz.
Recover” 10 fl. 0z.
Sodium Thiosulfate 2.1 Lbs
WCMR (unitless ratio) 0.49

“Internal mix 1D = 070044
%Kelco-Crete - plasticizer

3Sika ViscoCrete 2100 — high range water reducing admixture

“Recover — hydration stabilizer
®Sodium Thiosulfate — reducing agent
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Table 5. Design Mix for Alternative Reducing Fill Grout 1B".

Ingredients Quantity/yd® Units
Portland Cement 300 Ibs
Fly Ash 800 Ibs
Slag 310 Ibs
Sand 1420 Ibs
Water 63 gal
Kelco-Crete’ 216 grams
Sika ViscoCrete 2100° 54 fl. oz.
Recover” 10 fl. oz.
Sodium Thiosulfate® 2.1 Lbs
WCMR (unitless ratio) 0.37

YInternal mix ID = 070043

2Kelco-Crete - plasticizer

3Sika ViscoCrete 2100 — high range water reducing admixture
“Recover — hydration stabilizer

°Sodium Thiosulfate — reducing agent

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

Ingredients Quantity/yd® | Units
Portland Cement 185 Ibs
Fly Ash 850 Ibs
Slag 260 Ibs
Sand 942 Ibs
Aggregate (#8 stone) 946 Ibs
Water 61.1 gal
Kelco-Crete’ 216 grams
Advaflex’ 54 fl. oz.
Recover 4 fl. 0z.
Sodium Thiosulfate 2.1 Lbs
WCMR (unitless ratio) 0.39

YInternal mix ID = 070070

2Kelco-Crete - plasticizer

3Advaflex — high range water reducing admixture
“Recover — hydration stabilizer

°Sodium 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,
Conductivity Method C Method B ASTM D 6527
Unsaturated Hy_draullc NA NA ASTM D 6527
Conductivity
Water Retention ASTM D 2325 ASTM D 2325 Dane and Topp, 2002
Dry Bulk Density ASTM C 642° ASTM C 642° Dane and Topp, 2002
Porosity ASTM C 642 ° ASTM C 642° Dane and Topp, 2002

®Methods of Soil Analysis, Part 4 — Physical Methods.

®Modified ASTM C 642: Dry Bulk Density is determined by dividing the dry weight of the sample by the total sample 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?). 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)*.

Batch Batch
070025.1 070025.2
Days Aged Date Tested Strength?, (psig) Strength®, (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.
2samples TNK023S and TNK024S were from Batch 070025.1
3Samples TNKOO01S, TNK002S, TNKO003S, and TNK004S were from Batch 070025.2

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

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 -

!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
1See Ganguly and Langton (2007) for complete results and discussion of the strength data.
Table 11. Preliminary Compressive Strength for Alternative Reducing Fill Grout 1B,
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 2.
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

1See 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* Density? Exchangeable | Conductivity*
Sample Id Lab Type (g/cm?) (g/cm?) Porosity® (cm/s)
TNKO001S® MCT® 3" Mold 1.79 2.51 0.269 2.8E-08
TNK002S® MCT 3" Mold 1.78 2.51 0.277 2.5E-08
TNK003S® MCT 3" Mold 1.78 2.51 0.265 2.9E-08
TNKO004S> MCT 3" Mold 1.80 2.51 0.275 9.4E-09
TNKO023S MCT 3" Mold 1.81 2.51 0.268 6.8E-09
TNKO024S MCT 3" Mold 1.81 2.51 0.257 2.7E-08

*From saturated hydraulic conductivity samples.
%particle density measured per ASTM D 854

SWater exchangeable porosity calculated as n = ((Mgqt - Mdry)/PW) / Vol

“Effective confining stress = 10 psig.
These samples are from mix batch 070025.2 for which the compressive strength was approximately half that required by

specifications (See Table 8).

®Mactec 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* Density® Exchangeable | Conductivity*
SampleId | Lab Type (glcm®) (g/cm®) Porosity® (cm/s)
TNKOO05R MCT> 3" Mold 1.86 2.51 0.219 1.0E-08
TNKO06R MCT 3" Mold 1.81 2.51 0.275 8.5E-08
TNKOO7R MCT 3" Mold 1.81 2.51 0.275 1.0E-08
TNKO08R MCT 3" Mold 1.80 2.51 0.271 5.2E-08
TNKO025R MCT 3" Mold 1.80 2.51 0.278 4.3E-08
TNKO026R MCT 3" Mold 1.81 2.51 0.277 1.7E-08

From saturated hydraulic conductivity samples.
Zparticle density measured per ASTM D 854

Water exchangeable porosity calculated as n = ((Mgqt - Mdry)/Pw) / Vol

*Effective confining stress = 10 psig.
®*Mactec 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 Centrifuge? Conductivity Density
Sample Id Type (cm/s) RPM (cm/s) (glem?)
TNKO19R-A 1” Core <1.00E-08 2500 9.0E-11 -
TNKO019R-B 1” Core <1.00E-08 2500 4.0E-10 -
TNKO19R-E® | 1” Core - - - 1.835
TNKO19R-F* 1” Core - - - 1.843
TNKO20R-A 1” Core <1.00E-08 2500 5.0E-10
TNKO020R-B 1” Core <1.00E-08 2500 5.0E-10
TNKO20R-E® 1” Core - - - 1.815
TNKO20R-F® 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

% 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.

*Bulk density for TNKO19R-E is the average of sub-cores TNK019R-1-5.

*Bulk density for TNKO19R-F is the average of sub-cores TNK019R-6-10.

*Bulk density for TNK020R-E is the average of sub-cores TNK020R-1-5.

®Bulk 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* Density” | Exchangeable | Conductivity*®
Sample Id Lab Type (glem®) (glem®) Porosity® (cm/s)
TNKO027A1 GTX® 3" Mold 1.84 2.38 0.190 8.2E-09
TNKO028A1 GTX 3" Mold 1.88 2.48 0.250 9.5E-09

From saturated hydraulic conductivity samples.

%particle density measured per ASTM D 854

SWater exchangeable porosity calculated as n = ((Mgqt - Mdry)/PW) / Vol

“Effective confining stress = 10 psig.

%It 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.

®Geotesting Express, Inc.

Table 17. Hydraulic Properties of Alternative Reducing Fill Grout 1B.

Permeameter
Saturated
Bulk Particle Water Hydraulic
Sample Density* Density’ | Exchangeable | Conductivity*®
Sample Id Lab Type (g/cm?) (glem®) Porosity® (cm/s)
TNKO029A2 GTX® 3" Mold 1.82 2.43 0.230 1.0E-08
TNKO030A2 GTX 3" Mold 1.86 2.42 0.250 1.5E-08
TNKO031A2 GTX 3" Mold 1.86 2.41 0.240 1.4E-08
TNKO032A2 GTX 3" Mold 1.85 2.43 0.240 1.3E-08

From saturated hydraulic conductivity samples.

Zparticle density measured per ASTM D 854

Water exchangeable porosity calculated as n = ((Mgqt - Mdry)/Pw) / Vol

*Effective confining stress = 10 psig.

%It 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.

®Geotesting Express, Inc.
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Table 18. Hydraulic Properties of Alternative Reducing Fill Grout 2.

Permeameter
Saturated
Bulk Particle Water Hydraulic
Sample Density’ Density? Exchangeable | Conductivity*®
Sample Id Lab Type (g/cm?) (g/cm?) Porosity® (cm/s)
TNKO034A3 MCT® 3" Mold 2.06 2.51 0.186 6.3E-09
TNKO035A3 MCT 3" Mold 1.94 2.51 0.214 5.5E-09
TNKO036A3 MCT 3" Mold 1.92 2.51 0.225 6.6E-09
TNKO037A3 MCT 3" Mold 1.94 2.51 0.211 8.1E-09

From saturated hydraulic conductivity samples.
Zparticle density measured per ASTM D 854
Water exchangeable porosity calculated as n = ((Mgqt - Mdry)/Pw) / Vol

*Effective confining stress = 10 psig.

%It 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.
®Mactec Engineering and Consulting, Inc.

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

Permeameter
Saturated
Bulk Particle Water Hydraulic
Sample Density* Density? Exchangeable Conductivity*
Sample Id | Lab Type (glcm®) (g/cm?) Porosity® (cm/s)
TNKO009B GTX® 3" Mold 2.14 2.54 0.150 1.6E-08
TNKO10B | GTX 3" Mold 2.01 2.51 0.170 3.1E-08
TNKO11B | GTX 3" Mold 2.05 2.53 0.190 6.0E-08
TNKO012B | GTX 3" Mold 2.04 2.44 0.160 3.3E-08

From saturated hydraulic conductivity samples.
%particle density measured per ASTM D 854
Water exchangeable porosity calculated as n = ((Mgqt - Mdry)/pw) / Vol

“Effective confining stress = 10 psig.
SGeotesting 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/em) (g/em?) (cm/sec) (fraction)
Description Min Max Avg Min Max Avg Min Max Avg Min Max Avg
Strong Grout* 1.78 1.81 1.80 2.51 251 251 6.8E-09 | 2.9E-08 | 2.1E-08 | 0.257 0.277 0.269
Reducing Fill Grout 1.80 1.86 181 251 251 251 1.0E-08 | 8.5E-08 | 3.6E-08 | 0.219 0.278 0.266
Alt. Reducing Fill Grout 1A 1.84 1.88 1.86 2.38 244 241 8.2E-09 | 9.5E-09 | 8.9E-09 | 0.190 0.250 0.220
Alt. Reducing Fill Grout 1B 1.82 1.86 1.85 241 2.43 242 1.0E-08 | 1.5E-08 | 1.3E-08 | 0.230 0.250 0.240
Alt. Reducing Fill Grout 2 1.92 2.06 1.96 251 2.51 251 5.5E-09 | 8.1E-09 | 6.6E-09 | 0.186 0.225 0.209
Base Mat Surrogate 2.01 2.14 2.06 244 2.54 2.51 1.6E-08 | 6.0E-08 | 3.5E-08 | 0.150 0.190 0.168

1Summary results for the strong grout exclude samples TNK001S, 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 1d* Bulk Potential
Density (cm)
(g/cm®)
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’/cm?®)
TNKO001S° 1.76 0.298 0.287 0.285 0.272 0.261
TNK002S? 1.73 0.304 0.292 0.289 0.279 0.270
TNK003S? 1.75 0.307 0.291 0.288 0.276 0.267
TNK004S? 1.76 0.302 0.293 0.292 0.280 0.272
TNKO023S 1.77 0.289 0.281 0.264 0.257 0.246
TNKO024S 1.74 0.278 0.266 0.265 0.262 0.254

'Samples tested by Mactec Engineering and Consulting, Inc. (MCT).
These 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 1d* Bulk Potential
Density (cm)
(g/cm®)
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*/cm®)
TNKOO5R 1.77 0.283 0.272 0.264 0.257 0.249
TNKOO06R 1.76 0.318 0.305 0.301 0.293 0.286
TNKO07R 1.81 0.273 0.264 0.262 0.254 0.252
TNKO008R 1.81 0.280 0.268 0.261 0.245 0.245
TNKO25R 1.82 0.289 0.278 0.277 0.272 0.265
TNKO26R 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.

Sample ID
TNKO019R- | TNKO19R- TNKO020R- | TNKO20R-
c! D? c? D*
Volumetric | Volumetric Volumetric | Volumetric
Water Water Water Water
Sample Potential Content Content Potential Content Content
Method | Description (cm) (cm®cm?) (cm3cm?) (cm) (cm®cm®) (cm®cm®)
Vacuum ~1” diameter
Saturation® by ~0.8 cm | 0.00E+00 0.264 0.267 0.00E+00 0.272 0.268
length
Hanging ~1” diameter
Column by ~0.8cm | 6.12E+01 0.261 0.263 6.12E+01 0.270 0.268
length
Hanging ~1” diameter
Column by ~0.8cm | 1.33E+02 0.261 0.263 1.33E+02 0.268 0.265
length
Pressure ~1” diameter
Plate by ~0.8cm | 7.95E+02 0.244 0.247 7.95E+02 0.258 0.253
length
Pressure ~1” diameter
Plate by ~0.8cm | 3.57E+03 0.238 0.241 3.57E+03 0.253 0.249
length
Pressure ~1” diameter
Plate by ~0.8cm | 1.27E+04 0.233 0.238 1.27E+04 0.248 0.244
length
Chilled ~3 mm
Mirror® dlam_eter 4 56E+04 0.225 0.225 3.54E+04 0.242 0.242
grains

"Volumetric water contents for TNKO19R-C are the average of sub-cores TNK019R-1, 2, 6, & 7
\olumetric water contents for TNK0O19R-D are the average of sub-cores TNK019R-3, 4, 8, & 9.
*Volumetric water contents for TNK020R-C are the average of sub-cores TNK020R-1, 2, 6, & 7
*Volumetric water contents for TNK020R-D are the average of sub-cores TNK020R-3, 4, 8, & 9.

*Vacuum Saturation is considered to be the water exchangeable porosity.

®Chilled mirror measurements for TNK019R and TNKO020R were averaged from sub-cores TNK019R-6&7 and

TNKO020R-6&7, respectively.
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Table 24. Water Retention Data for Alternative Reducing Fill Grout 1A.

Sample Id* | Location’ | Bulk Potential
Densitsy (cm)
(g/cm’)
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
(cm®cm®)
TNKO027A1 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
TNKO028A1 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).
’GTX tested wafers from the top and bottom of each mold sample.
Table 25. Water Retention Data for Alternative Reducing Fill Grout 1B.
Sample 1d* | Location? | Bulk Potential
Density (cm)
(g/em?®)
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
(cm’/cm?®)
TNKO029A2 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
TNKO030A2 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
TNKO031A2 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
TNKO032A2 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).
’GTX 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 1d* Bulk Potential
Density (cm)
(g/cm?)
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®cm®)
TNKO034A3 1.96 0.216 0.203 0.201 0.192 0.190
TNKO35A3 2.01 0.191 0.178 0.177 0.170 0.168
TNKO36A3 1.98 0.196 0.184 0.182 0.176 0.174
TNKO037A3 2.04 0.181 0.168 0.166 0.162 0.160
'Samples tested by Mactec Engineering and Consulting, Inc. (MCT).
Table 27. Water Retention Data for the Base Mat Surrogate Concrete.
Sample I1d* | Location® | Bulk Potential
Density (cm)
(glem?)
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
(cm®cmd)
TNKO009B 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
TNKO010B 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
TNKO011B 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
TNKO012B 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).
GTX tested wafers from the top and bottom of each mold sample.
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Table 28. Van Genuchten Transport Parameters”.

0, O, o

Mix Location | (cm*cm™®) | (cm*cm™®) | (1/cm) n m r?
Strong Grout® - 0.296 0.234 0.0060 | 1.1529 | 0.1326 | 0.999
Reducing Fill Grout? - 0.290 0.245 0.006 | 1.202 | 0.1677 | 0.999

Reducing Fill Grout® 0.266 0.215 0.00733 | 1.2290 | 0.1863 -

Reducing Fill Grout* 0.270 0.233 0.0104 | 1.2290 | 0.1863 -
Alt. Reducing Fill Grout 1A Top 0.217 0.078 0.0085 | 1.1414 | 0.1239 | 0.993
Alt. Reducing Fill Grout 1A | Bottom 0.227 0.109 0.0114 | 1.1926 | 0.1615 | 0.994
Alt. Reducing Fill Grout 1B Top 0.252 0.167 0.0120 | 1.2677 | 0.2112 | 0.994
Alt. Reducing Fill Grout 1B | 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 TNKO19R.

“Analysis by INL on sample TNKO020R.

Table 29. Recommended Hydraulic Property Values.

Water
Bulk Particle Exchangeable

Permeability Density Density Porosity

Description (cm/sec) (glcm?) (glcm?) (fraction)
Strong Grout 2.1E-08 1.80 251 0.269
Reducing Fill Grout 3.6E-08 181 2.51 0.266
Alt. Reducing Fill Grout 1A 8.9E-09 1.86 241 0.220
Alt. Reducing Fill Grout 1B 1.3E-08 1.85 2.42 0.240
Alt. Reducing Fill Grout 2 6.6E-09 1.96 251 0.209
Base Mat Surrogate 3.5E-08 2.06 251 0.168
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Table 30. Recommended van Genuchten Transport Parameters®.

es er o

Mix (cm¥em®) | (cm¥cm?) (1/cm) n m
Strong Grout? 0.296 0.234 0.0060 1.1529 0.1326
Reducing Fill Grout? 0.279 0.234 0.008 1.2153 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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é//MACTEC

HYDRAULIC CONDUCTIVITY
Project Mo. 6141-06-0170 Tested By  HJF
Project Mame Hydranlic & Geotechnical Grout Test Date 572007
Eoring Mo. TNRKOOIS Reviewed By JHW
Sample No. Core Review Date 6/7/2007
Sample Depth N/A Lab No. 7367

Sample Description  Grost sample

Femarks:

ASTM D5084 - Falling Head

Sample Type: | Core
Initial Water Content, %: |15.0
Wt Unit Weight, pef; 128.6
Dry Unit Weight, pcf: 111.8
Porosity Based on 5G \0.287
Porosity {(Mga-Mqr)/p. Vol } 0.269
Effective Confining Pressure, psi |10.0
Hydraulic Conductivity, em/sec. @20 “C 2.BE-08

Confract Mo, AC33153N

Task Mo. 13
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ZMACTEC

HYDRAULIC CONDUCTIVITY
Project Mo, GI41-06-0170 Tested By Hr
Project Name Hydraulic & Geotechnical Grout Test Date 572007
Boring No. TNE0028 Reviewed By JW
Sample No. Core Review Date &7/2007
Sample Depth NAA Lab Mo, 7368

Sample Description Growt sample

Remarks:

ASTM D5084 - Falling Head

Sample Type: | Core
Initial Water Content, %: |15.6
Wet Unit Weight, pcf; 128.2
Dry Unit Weight, pcf: 1108
Porosity Based on SG 0.293
Porosity {{M.a-Ma, WMo JVol} 0.277
Effective Confining Pressure, psl 10,0
Hydraulic Conductivity, em/sec, @20 "C |2.5E-08

Contract No. AC33159N

Task Mo. 13
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ZMACTEC

HYDRAULIC CONDUCTIVITY
Project Mo. G6141-06-0170 Tested By
Project Name Hydraulic & Geotechnical Grout Test Date
Boring No. TNK(03S Reviewed By JW
Sample No. Core Review Date &/7/2007
Sample Depth N/A Lab No,

Sample Description  Growut sample

Remarks:

ASTM D5084 - Falling Head

Sample Type; Core
Initial Water Content, %: 148
Wet Unit Weight, pcf: 127.8
Dry Unit Weight, pef: [111.3
Porosity Based on 5G |0.280
Porosity {{Msar-Man Vpu)VoOL} 0.265
Effective Confining Pressure, psi I 10.0

Hydraulic Conductivity, cm/sec. @20 °C 2.9E-08

Contract Mo, AC33158M

Task Mo. 13
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WSRC-STI1-2007-00369, REVISION 0

ij/MACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6141-06-0170 Tested By HJ

Project Name Hydraulic & Geotechnical Grout Test Data 57112007
Boring Mo, TNKDO48 Reviewed By JH
Sample No. Core Review Date 672007
Sample Depth NeA Lab Mo. 7370

Sample Description  Groat sample

ASTM D5084 - Falling Head

Sample Typa: |Core
Initial Water Conlent, % 1563
Wet Unit Weight, pcf. 129.6
Dry Unit Weight, pcf: 112.4
Porosity Based on 5G 0.283
Porosity {{Mea-Me, VpLlVol} 0.275
|Effective Confining Pressure, psi oo
Hydraulic Conductivity, cm/sec. @20 °C 9.4E-09

Remarks: Contract No, AC33159N
Task Mo. 13
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:ﬂ/_/MACTEc

HYDRAULIC CONDUCTIVITY

Project No. 6141-06-0170
Project Mame

Baoring Mo, TNKOOIR
Sample No. Core

Sample Depth N/A

Tested By HF

Hydraulic & Geotechnical Grout Test Date 512007

Reviewed By JW
Review Date 672007

Lab Mo, 7371
Sample Description  Grout sample
ASTM D5084 - Falling Head

Sample Type: |Core
Initial VWater Content, %: |11.8
Wet Unit Weight, pcf: |128.8
Dry Unit Weight, pef: 116.1
Porosity Based on 3G |0.259
Porosity {(My-Mgq, Jp, Vol } 0.219
Effective Confining Pressure, ps [10.0
Hydraulic Conductivity, cm/sec. @20 °C | 1.0E-08

Remarks:

Confract No. AC33159N

Task Mo. 13
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ZMACTEC

HYDRAULIC CONDUCTIVITY
Project No. 6I41-06-0170 Tested By HI
Project Mame Hydraulic & Geotechnical Grout Test Date 512007
Boring No. TNKMISR Reviewed By JH
Sample No. Core Review Date &7/ 2007
Sample Depth Ni4 Lab Mo, 73714

Sample Description  Growut sample

Remarks:

ASTM D3084 - Falling Head

Sample Type: |Core
Initial Water Content, %: 11.8
Wet Unit Weight, pef: 129.8
Dry Unit Weight, pcf: 116.1
Porosity Based on SG |0.259
Porosity {{Mag-Mar)paivol} _0.2?9
Effective Confining Pressure, psi 40.0

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

Contract No. AC33159N

Task No. 14
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%/MACTEC

HYDRAULIC CONDUCTIVITY
Project Na, 61471-06-0170 Tested By Hr
Project Name Hydraulic & Geotechnical Grout Test Date 5112007
Boring MNo. TWKO6R Reviewed By JW
Sample No. Core Review Date 672007
Sample Depth N4 Lab No. 73172
Sample Description  Grout sample
ASTM D5084 - Falling Head

Sample Type: |Core

[nitial Water Content, %: |15.3

Wet Unit Weight, pcf. 129.8

Dry Unit Weight, pcf: |112.6

Porosity Based on 3G 0.282

Porosity {{Mg-My, VpJVol} 0.275

Effective Confining Pressure, psi 10.0

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

Remarks:

Contract Mo, ACI3159N

Task Mo, 13
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g/ MACTEC

HYDRAULIC CONDUCTIVITY

Project MNo. 6141-06-0171
Project Mame

Boring No. TNEO6R
Sample No. Core

Sample Depth N4
Sample Description  Grout sample

Tested By HJ
Hydraulic & Geotechnical Grout Test Date 54112007

Reviewed By JW
Review Date 6/7/2007
Lab Mo. 73724

ASTM D5084 - Falling Head

Remarks:

Sample Type:

Initial VWater Content, %:
Wet Unit Weight, pcf:
Dry Unit Weight, pef:

Parosity Based on 5G

Paorosity {{(Mga-Me, )ip,)Vol}

Effective Confining Pressure, psi

Hydraulic Conductivity, em/sec. @20 "C 6.7E-08

Core
15.3
128.8
112.8
0,282

0.275

40.0

Contract Mo, AC33159N

Task No. 14
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Z/MACTEC

HYDRAULIC CONDUCTIVITY
Project Mo. 6141-06-0170 Tested By  HJ
Project Mame Hydraulic & Geotechnical Grout Test Date 5112007
Boring Mo. TNKOO7R Reviewed By JW
Sample Mo. Core Review Date 6&/7/2007
Sample Depth NAA Lab Mo. 7373

Sample Description  Grout sample

Remarks:

ASTM D5084 - Falling Head

Sample Type: |Core
Initial Water Confent, %: 15.2
Wet Unit Weight, pcf: 130.2
Dry Unit Weight, pef: 1131
Porosity Based on 3G |0.278
Porasity {{(Mga-My Vo, Wol} _ 0.275
Effective Confining Pressure, psi 10.0
Hydraulic Conductivity, em/sec. @_20 °C |1.0E-08

Contract No, AC33158N

Task Ma, 13
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ZMACTEC

HYDRAULIC CONDUCTIVITY
Project No. 6141-06-0170 Tested By HI
Project Name Hydraulic & Geotechnical Grout Test Date 5/11/2007
Baring No. TNEKMO7R Reviewed By JW
Sample Mo. Core Review Date 6/7/2007
Sample Depth N/A Lab Mo. 73734

Sample Description  Grout sample

ASTM D5084 - Falling Head

Sample Type:

Initial Water Content, %:
Wet Unit Weight, pef
[Dry Unit Weight, pcf. )
Porosity Based on SG

Porosity (MearMer /P0INOL)

Effective Confining Pressure, psi _

0.275

|Hydraulic Conductivity, cmisec. @20 °C_6.0E-08

|Core
152
1302
1113.1

10279

400

Remarks: Contract No. AC33158N

Task No. 13
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g/MACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6141-06-0170
Project Name

Boring No. TNKOOSR
Sample No. Core

Sample Depth NiA
Sample Description  Growut sample

Remarks:

WSRC-STI1-2007-00369, REVISION 0

Tested By HF

Hydraulic & Geotechnical Grout Test Date 5112007

Reviewad By JH
Review Date &/7/2007
Lab Mo, 7374

ASTM D5084 - Falling Head

Sample Type:

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

Porosity Based on SG
Porasity {(Mya-May P, Vol}

Effective Confining Pressure,

Hydraulic Conductivity, cmisec. @20 °C 5.2E-08

Core
|15.1
|129.2
|172.3
|0.283

0.271

psi 10.0

Contract No, AC33159M

Task No. 13
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Geolesting
eEMpress

HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By  MCM
Project Names Tank Closure Grout Testing Test Date 5202007
Boring Mo. N/A Reviewed By TAT
Sample Mo, TNK-098 Review Date  53/31/2007
Sample Depth Lab No. 21269

Sample Description Concrete Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: Core
Sample Orientation: i_lf’erﬂcaf
Initial Water Content, %: :2.? -
Wet Unit Weight, pcf: - l13ra
Dry Unit Weight, pcf. |133.6
Compaction, %: MNA
Hydraulic Conductivity, cm/sec. @20 °C 1.6E-08

Remarks: WS3RC Task 27
Contract No. AB&0188N
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Geolesting

express

HYDRAULIC CONDUCTIVITY

Project No, GTX-GG1238 Tested By  MCM
Project Name Tank Closure Grout Testing Test Date 37202007
Baoring No, N/ Reviewed By TAT
Sample No. TNK-10B Review Date 5/31/2007
Sample Depth Lab Mo. 21270

Sample Description Concrete Core

ASTM D5084 - Falling Head (Method C Rising Tail)

Sample Type: - ~ Core
Sample Orientation; | Vertical
Initial Water Content, %: 135

Wetl Unit Weight, pef: ) 11300

Dry Unit Weight, pef: _|1255
Compaction, %: ) A

Hydraulic Conductivity, cm/sec. @20 °C |3.1E-08

Remarks: WSRC Task 27
Contract No, ABBO188N
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Geolesting
BXpress

HYDRAULIC CONDUCTIVITY

Project No. GIX-(:1238 Taested By MCM
Project Name Tank Closure Grout Testing Test Date 5/20/2007
Boring Mo, N4 Reviewed By TAT
Sample No. TNK-11B Review Date 5/31/2007
Sample Depth Lab Mo, 21271

Sample Description Concrete Core

ASTM D5084 - Falling Head (Method C Rising Tail)

Sample Type: o |Care
Sample Orientation: _: Vertical
Initial Water Content, %: 2e
Wet Unit Weight, pcf: 1323

Dry Unit Weight, pef: o [127.3
Compaction, %: _EMA

Hydraulic Conductivity, cm/sec. {@20 °C 6.0E-08

Remarks: WSRC Task 27
Contract No. ABBO188N
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Geolesting

exXxpress

HYDRAULIC CONDUCTIVITY

Project No. GTX-GI238 Tested By  MOM
Project Name Tank Closure Grout Testing Test Date 52002007
Boring No. N/A Reviewed By TAT
Sample Mo. TNK-12B Review Date 5/31/.2007
Sample Depth Lab No. 21272

Sample Description Concrefe Core

ASTM D5084 - Falling Head (Method C Rising Tail)

Sample Type: |Core
Sample Orientation: f'l.-f'e.r‘h'ca.f
Initial Water Content, %: . IS.Q_ -
Wet Unit Weight, pcf. e 7323
Dry Unit Weight, pcf: 127.3
Compaction, %: MNAA
Hydraulic Conductivity, cm/sec. @2& °C 3.3E-08

Remarks:

WSRC Task 27

Contract Mo. ABEQ188MN
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ZMACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6141-06-0170
Project Mame

Boring No. TNK238
Sample Mo. Core

Sample Depth N/A
Sample Descriplion  Grouf sample

Tested By HF

Hydraunlic & Geotechnical Grout Test Date 3252007

Reviewed By JW
Review Date  &7/2007
Lab Ma. 7adr

ASTM D5084 - Falling Head

Sample Type:

Initial Water Content, %.
Wet Unit Weight, pcf.
Dry Unit Weight, pef:
Porosity Based on SG

Porosity {{Mya-Maq p,)/Vol }

Effective Confining Pressura, psi

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

| Care
14.8

1295

0.280
0.268

10.0

112.8

Remarks:

Contract Mo, AC33158N

Task Mo, 13
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/ﬁ/ MACTEC

HYDRAULIC CONDUCTIVITY

Project No. 6141-06-0170 Tested By  HJ
Project Name Hydraulic & Geotechnical Grout TestDate 5252007
Boring Mo, TNVK248 Reviewed By JW
Sample No. Core Review Date &7/2007
Sample Depth NeA Lab Mo. 7642

Sample Description  Grout sample

Remarks:

ASTM D5084 - Falling Head

Sample Type: Care
Initial Water Content, %: 4.2
Wet Unit Weight, pcf, 1288
Dry Unit Weight, pef: 1128
Porosity Based on SG |0.280
Porosity {(Mga-Mar M WVol.} 0.257
JEI‘fEu:.ti-mat Confining Pressure, psi [ 10.0
Hydraulic Conductivity, cm/sec. @20 "C | 2.7E-08

Contract No. AC33159N
Task Mo. 13
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:J/J MACTEC

HYDRAULIC CONDUCTIVITY

Project Na. 6 4 I-06-0170
Project Name

Boring Mo. TNK25R
Sample Mo, Core

Sample Depth N4
Sample Description  Grout sample

Remarks:

Tested By HI

Hydraulic & Geotechnical Grout Test Date 5/25/2007

Reviewed By JI
Review Date &72007

Lab M

ASTM D5084 - Falling Head

[+ 7643

Sample Type:

Initial Water Content, %:
Wet Unit Weight, pcf:

Dry Unit Weight, pef:
Porosity Based on SG
Forosity {{Mga-My Vo ihol}

Effective Confining Pressure,

Hydraulic Conductivity, cm/sec. @20 °C 4.3E-08

| Core
15.5
1283
1120
|0.286

0.278

psi 10.0

Contract No. AC33158N

Task MNo. 13
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A MACTEC

HYDRAULIC CONDUCTIVITY

Project No. 614 1-06-0170 Tested By 0
Project Name Hydraulic & Geotechnical Grout Test Date 5/25/2007
Boring MNo. TNK26R Reviewed By JW
Sample No. Core Review Date &/7/2007
Sample Depth N4 Lab No. 7644

Sample Description  (Frouf sample

Remarks:

ASTM D3084 - Falling Head

Sample Type: |Core
Initial Water Content, % |15.3
\Wet Unit Weight, pcf: 129.9
Dry Unit Weight, pcf: 1127
Porosity Based on SG 0.281
Porosity {{Maa-Mgn Mp)Vol.} _0.2??
Effective Confining Pressura, psi [10.0
Hydraulic Conductivity, cm/sec. @20 °C 1.7E-08

Contract No. AC33154N

Task Mo. 13
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Project Name

Baring No.
Sample Mo,

WSRC-STI1-2007-00369, REVISION 0

g/ MACTEC

HYDRAULIC CONDUCTIVITY

6141-06-0171)

TWNK26R
Core

Sample Depth NAA
Sample Description  Grout sample

Remarks:

Tested By HF
Hydraulic & Geotechnical Grout Test Date 7/24/2007

Reviewed By JW
Review Date 8/3/2007
Lab Mo, Todd.4

ASTM D5084 - Falling Head

Sample Type:

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

Porosity Based on 5G

Porosity {{(M,a-Man)/p,)/VoL}

Effective Confining Pressure, psi

Hydraulic Conductivity, cm/sec. @20 °C 1.9E-08

Core

1129.9

0277

15.3

112.7

0.281

40.0

Contract Mo, AG33158N

Task No. 14

Page 73 of 153



WSRC-STI-2007-00369, REVISION 0

Geolesting
exXpress

HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By  MCM
Project Name Tank Closure Grout Testing Test Date 3/25/2007
Boring Ma. N/A Reviewed By TAT
Sample No, TNK-027A1 Review Date 5/31/2007
Sample Depth Lab Mo, 21277

Sample Description Grout Core

ASTM D5084 - Falling Head (Method C Rising Tail)

Sample Type: o |Core

Sample Orientation: Vertical
Initial Water Content, %: [10.0

Wet Unit Weight, pef: 126.4

Dry Unit Weight, pcf. !114.5
Compaction, %: - :M’i -
Hydraulic Conductivity, cm/sec. @20 °C iB.EE—ﬂQ

Remarks: WSRC Task 27
Contract Mo. ABBD188N
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Geolesting

exXxXpress

HYDRAULIC CONDUCTIVITY

Project No. GTX-G1238 Tested By MCM
Project Mame Tank Closure Grout Testing Test Date 5/25/2007
Boring No. N/A Reviewed By TAT
Sample No. TNK-02841 Review Date 5/31/2007
Sample Depth Lab No. 21278

Sample Description Growt Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: - N !_c;gre
Sample Orientation: |Vertical
Initial Water Content, % |8.3

Wet Unit Waight, pcf: [126.7
hnry Unit Weight, pet: ~ {17.0
Compaction, %: | A
Hydraulic Conductivity, cm/sec. @20 °C ?Q.EE-L'IQ

Remarks: WSRC Task 27
Contract No. ABBO18EN
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Geolesting
exXpress

HYDRAULIC CONDUCTIVITY

Project No. GTX-(1238 Tested By  MCM
Project Name Tank Closure Grout Testing Test Date 5202007
Boring Mo. N/A Reviewed By TAT
Sample No. TNK-02942 Review Date 5312007
Sample Depth Lab Mo, 21273

Sample Description Grout Core

ASTM D5084 - Falling Head (Method C Rising Tail)
|

Sample Type: _ Core

Sample Orientation: - EVerﬁcaF__ B
Initial Water Content, %: 133
Wet Unit Weight, pcf: 1288

Dry Unit Weight, pef: . 1137
Compaction, %: NA

Hydraulic Conductivity, cmisec. @20 °C 1.0E-08

Remarks: WSRC Task 27
Contract Mo. ABB01BBN
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Geolesting

exXpress

HYDRAULIC CONDUCTIVITY

Project No. GTX-GI238 Tested By MCM
Project Name Tank Closure Grout Testing Test Date 5/25.2007
Boring Mo, N/A Reviewed By TAT
Sample No. TNK-03042 Review Date  5/31/2007
Sample Depth Lab Mo. 21274

Sample Description Growt Core

ASTM D5084 - Falling Head (Method C RisingTail)

Sample Type: - | Core
Sample Orientation: _ | Vertical
Llnil!ial Water Content, %: |88

Wet Unit Weight, pcf; |126.3

Dry Unit Weight, pcf: [116.0
Compaction, %: MAA
Hydraulic Conductivity, cm/sec. @20 °C |1.5E-08

Remarks: WSRC Task 27
Caontract No, ABBO188N
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Geolesting
express

HYDRAULIC CONDUCTIVITY
Project Mo, GTX-GI238 Testad By MCM
Project Name Tank Closure Grout Testing Test Date 5/25/.2007
Boring Mo. N/A Reviewed By TAT
Sample No. TNK-031A2 Review Date 5/31/2007
Sample Depth Lab Mo, 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, pef 116.0
Compaction, %: %MA
Hydraulic Conductivity, cm/sec. @20 °C if.#E—DE

Remarks: WSRC Task 27
Contract No. ABB0188N
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Geolesting
exXxpress

HYDRAULIC CONDUCTIVITY

Project No, GTX-GI238 Tested By MCM
Project Name Tank Closure Grout Testing Test Date 5/25/2007
Boring Mo, N/A Reviewed By TAT
Sample No. TNK-03242 Reviaw Date  5/31/2007
Sample Depth Lab Mo, 21276

Sample Description Grout Core

ASTM D5084 - Falling Head (Method C Rising Tail)

Sample Type: __ |Core
Sample Orientation: Vertical
Initial Water Content, %: _I'.f_g.{_:l_ -
Wet Unit Weight, pef: 1127.1

Diry Unit Weight, pcf. 1158
Compaction, %: - A
Hydraulic Conductivity, em/sec. @20 °C '1.3E-08

Remarks:;

WSRC Task 27

Contract No. ABED188N
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Project No.

Froject Name Hydraulic & Geotechnical Grout Test Date 792007

WSRC-STI1-2007-00369, REVISION 0

7MACTEC

HYDRAULIC CONDUCTIVITY

6l41-03-0170 Tested By HJ

Boring No ITNKO34A43 Reaviewsd By JW
Sample No. Core Review Date 77 6/2007
Sample Depth NiA Lab Mo, 7838

Sample Description  Grout sample

Remarks:

ASTM D35084 - Falling Head

Sample Type: Core
Initial Water Content, %: 8.0
Wet Unit Weight, pef: 138.9
Dry Unit Weight, pef: 128.3
Paorosity Based on SG o181
Porosity {{(M..-M.)p )Wol) 0186
Effective Confining Pressure, psi 10.0
Hydraulic Conductivity, cmisec. @20 °C  6.3E-09

Contract No. AC33159N

Task No. 14
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Project Mo.

Project Name Hydraulic & Geotechnical Grout Test Date 92007

WSRC-STI1-2007-00369, REVISION 0

MACTEC

HYDRAULIC CONDUCTIVITY

6141-03-0170 Tested By  HJ

Baring Nao. TNKG3543 Reviewed By JW
Sample Mo, Core Review Date 762007
Sample Depth NiA Lab Mo. FRI9

Sample Descripion  Growt sample

Remarks:

ASTM D3084 - Falling Head

Sample Type: Core
Initial Water Content, %: 11.0
Wet Unit Weight, pef: 134.2
Dry Unit Weight, pcf: 120.9
FPorosity Based on S5G 0229
Porosity {(My.-Mg,, o, )Vol.) 0.214
Effective Confining Pressure, psi 10.0
Hydraulic Conductivity, cmisec. @20 °C 5.5E-09

Contract No, AC33158N

Task No. 14
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Project No,

Project Mame

Boring Mo.
Sample No.

WSRC-STI1-2007-00369, REVISION 0

ZIMACTEGC

HYDRAULIC CONDUCTIVITY

G141-03-0171

TNKO36A43
Core

Sample Depth N4
Sample Description  Groud sample

Remarks:

Tested By HJ

Hydraulic & Geotechnical Grout Test Date 2007

Reviewed By JW
Review Date 7762007
Lab Mo, 7R40

ASTM D35084 - Falling Head

sample Type:

Initial Water Content, %
Wet Unit Weight, pof:
Dry Unit Weight, pcf:
Porosity Based on SG

Porosity {(Mya-Mg.,)p, Vol }

Effective Confining Pressure, psi

Hydraulic Conductivity, cmisec. @20 °C

Core

11.7

134.1

T20.0

0.234

0225

10.0

6.6E-09

Confract No. AC33159N

Task MNo. 14
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TMACTEC

HYDRAULIC CONDUCTIVITY

Project Mo G6141-03-0170

Project Name

Boring Mo. TNKO37A3
Sample No. Core
Sample Depth NAA

Sample Description  Growt sample

Hydraunlic & Geotechnical Grout Test Date

HJ
72007
Reviewad By JW
Review Date 7462007
Lab Mo, TR4T

Tested By

ASTM D3084 - Falling Head

Sample Type:

Initial Water Content, %:
Wet Unit Weight, pcf:
Dry Unit Weight, pcf;
Porosity Based an SG

Porosity {{Mear-Ma Mp,JVol}

Effective Confining Pressure, psi

Hydraulic Conductivity, cmisec. @20 °C

1134.1

0211

Core

10.8

121.0

0.228

10.0

8.1E-09

Femarks: Contract No, AC33159N

Task Mo, 14
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MACTEC

Water Retention Test
{ASTM D2325)

Prajact Mo 6141-03-0170 Project Marmsa Hydraulic & Gectachnical Grout Testing
Tested By Hd Test Date aM14/07
Raviawed By JL Review Date

340
320
w300

5§
i g 28.0
£z
=
] E 260
ol

24.0 i

| |
5 ! f ‘
220 | { .
20.0 : .
0.00 2.00 4.00 8.00 8.0 10.00 12.00 14.00 16.00
Applied Prassure [hara)
—4— THE 015 n'a —8—THE 0025 nfa —&— THK 0035 n/a —8— THE 0045 nia —#—
Sample No Imitial | Dry Linit | Appled Pressure (bars)
& Depth () Molsture | ‘Weight | 0.000 0500 10] 50 150 |
|% by Vol.  (pch Retained Water (percent by volume)

THE 001 S,z 298 1098 298| 207 285 272 261
THE 0025, na | 0.4 1061 304 202 288 279 270
THE 0035, n'a 0.7 1089 307 29| 288 278 7T

THK 0045 nfa | 2 1088 302 283 292 280 272

Remarks: The effective porasity (efective drenege poresity 65 defined by ASTM D653, 65 & percant, & found for
an appled prassune by subtractng the ratained percent wader (by volume) from the saturation percent water,
When testing at pressures highar than cne bar, ASTM D2325 using similar equipment designed far the required capacity

Contract no, AC33159N
Task no, 13
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MACTEC

Water Retention Test
(ASTM D2325)
Project No B141-03-0170 Project Name Hydraulic & Geotachnical Grout Testing
Testad By H. Test Date 2807
Reviewed By J Review Date
4.0 T
32.0
n.a
i E —n
= |
iE
=)
EE
§ ]
H — 4
24.0 —a
220 i | |
| |
20.0
0.00 2.00 4.00 6.00 B.00 10,00 12,00 14.00 16.00
Applied Fressure (bars}
—#— THE [0SR, va —8— THE O06R,na —&— THK 0O7R n/a —B—THK DIBR.nfa —%—
Sample MNo. Initial | Dy Linit | Applied Pressure (bars)
& Depth () | Moisture | Weight | 000 050 10 50 150 |
[%byvol| (pch | Retained Water ipercent by valume)
THE D05R.nia | =e3| 1103 283 272 2864 257 249 |
THK DOER./8 | %8 1100 31a] 305 304 203 286 [
THK B07R.n/a 213 1130 273 264 252 254 252 _
THK 008R.n/a | 20| 1128) 280/ 288 281 250 245 . |
| |

Ramarks: The affactve porosity (effective dreinage porosity as defined by ASTM DB53, &s a percent, i found for
an applied pressura by subiracting the retained percent water {by volume) fram the saturation peecan wates,
‘When testng al pressunes higher than one bar, ASTM D2325 using similar aquipmant designad for the requirad capacily.

Contract no. AC33159N
Task no, 13
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Geolesting

express
Water Retention Test
(ASTM D3152)
Project No GTX-1238 Praject Mame Tark: {3nsurm Smul Tosling Project
Tested By (XY Test Date SZ2007
Reviewed By TT Review Data 53007

6.0

=
£-]

ra
(=]

=
=

Rotantion Water
[percent by Valuma)
=
o

6.0
40 |— e SR — 1 S — —
[
20 [— } I — I I f S
| | | | |
0.0 200 4.00 6.00 0,00 10,00 12.00
Applied Pressure {bars]
| —#—TnK-0mE top —B—TNE-008, battom —— A
Sample Mo. Initial | Dy Uit ) Applied Pressure (bars) I
& Dapth {ft} Moisture | Wa-ght 010 EI.ﬁﬂ 1 1.0' 50 1IIH.‘-I| | N
B | % by ol o Retained Watler (percenl by -.-ohme} B
L I uu:' 128 108 98] 78 o | '
|TMK-088,battam | 15. ':'. Tiﬁ? gzl 1[]5 100] 81 Sﬂ-l | | i )

| | |
—_— - — | !
t ! — —

— 1 | ! { i _|_.___.'_

Ramarks; Tha aflaclive poresily (slfeclive drainsge porosity as dafined by ASTM DBEY, as a parcant, ks fourd for
an appied presaure by sublracling the relained percant watar (by woluma) from fhe saburation percan waler,
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express
Water Retention Test
(ASTM D3152)
Project No GTX-1238 Projact Mame Tank Cissuns Groil Tesng Priject
Tested By MM Test Date af22/07
Reviewsd By T Review Date 5/30/07

s E
i3 -
£ !
EEW — —_ —
2§ f ' .
4.0 S— _I_... - - I e —
|
| | |
o |- — - | I — -
. | '
o ] | | |
0.00 2.00 400 600 4,00 10.00 12.00
Appliad Prassuns [Dars)
| = Thir- 108 lop —— TR 102 botam —k— —8— —#%— |
Sample Mo. Intlal | Dey Unmit] Applied Presgurs (barg) ] |
& Dopth (ft}) | Moistwa | Weight | 010 080 10 &0/ qo00f | | | 1
[%ByVel| (pehh | Ratsined Water (percant by volume)
THKdtBiop | 146 1236 130 114] 85 84 73 [ 1 [
Mici08botom | 152, 1264) 133 119 96| 80 &5 | | I

Remarks: Tha affactive parosity (eflective drainage porcsily 88 delined by ASTM DE53. 88 8 parcenl, is found far
an applisd pressune by aublracling the relsirsd parcant water (by walume) fram the saluration peroent wabsr.

Page 87 of 153



WSRC-STI1-2007-00369, REVISION 0
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express
Water Retention Test
(ASTM D3152)
Project Mo GTX-1238 Projact Mame Tank Glosure Grout Testing Projct
Tested By W Test Date 2207
Raviewad By T Review Date SAM0T
14,0

120 ] S o . .
| |
| |
100 - _
= |
ig 80 — — —
ER |
B E &0 S S _— . 7 _
] ! '
40 I T — | . —_ — —
01 ] A — 1 1 — | i -
: [
|
an } }
nan 200 4.0 B.0D B0 10.00 12.00
Applied Pressurs (bars)
—4—THK1 18 30p —— TNK-11B,bottom —d— —G— —8— |
Samgiae Ko, Inital | DryUmit| :  fpplied Prossurs (bars)
& Depth () Maisturs | Weght | 040 oso.  10[ sl el [ [ T
B [%byVol, fpchh | _ Retained Waler [peroent by voluma) I
THK-1 1B 0op | 138 1190| 124] 108 83 74 65 [ 1
THH- B betleen | 1-l.1_|_‘i_1?.2| 127108 88 16 &8 | B
I SN AN SO S S S |
| | | ]

Rerarks: The effedtive porosity {etfactive drainege ponsty & dafirsd by ASTM DES3, as a parcent, is found for
an applied prassure by sublracting e relained parcent waler (boy volume) from the satumtion permant watar
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express
Water Retention Test
(ASTM D3152)
Project Me 3TX-1238 Projact Nama Tank Ciosura Grout Tosting Projec
Tested By [ Test Date 207
Reviewed By T Review Date S/a007

14.0

120
0.0
3
- 3]
§ g a0
i3
S
- EQ
=i
a0
20
[ [ [
a0 T -
000 240 A4.00 6.00 B0 10,00 12,60
Applied Pressura (barsh
[ == THK-128.50p —— TR-128 bottam —k— —B— —— |
Samgpla Na. Initial | Dry Unit - __ Applied Presaure (bars)
BDepth () | Mostwre| Weight 010 050 10 50 100 | | i
:'.-ﬁ by Vol (paf} | __Ratained Watar (percent by woluma) -
Mcizewp | 14s| 1z3z2| 1ze] 194 1ozl el 7o [ [ [ [

1 ! —1 —

[ Thi<-2 28, botiom | 14a| 12a1| 128 113 98 83 r_ri

Remarks: The afiective porosity (affective drainage porosity as defined by ASTM DES53, &6 8 pancent, 18 found Tor
anapplled pressans oy subtracting the redained paroant waber (by wolume) fom the saluralion percent walar.
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Water Retention Test
(ASTM D2325)

Project Mo 5141-03-0170 Project Name Hydrauke & Gactechaizal Grout Testing
Tested By HdJ Test Date Br28/07
Reviewead By JW Review Date

T
i
53
iz
if
-]
22.0
20.0 ! i
0.00 200 4.00 .00 8.00 10.00 12.00 14,00 165,00
Applied Prassure [bars)
—a—TNK 235,18 === THK 243,0/8 =—kr=THKK 268 /g =B THEK 28R, 0/ == |
Sample Mo Initizd | Diry Umit ) ) ~ Applied Pressure (bars)
& Depth (f} Moisture | WWeight 0000 050 1.0 500 150 |
% by Vol.|  (peh Retained Water (percant by volume) )
THE 235,nia | 288  NMOF 2880 281 264 257 246 | | '
THE 245 n/a T8 1084 278 286 285 262 254 | '
THIK 25R, nia [ #88| M33 288 2TE ITT| 272 65 | ! [

THIC 26R, A |7 1098 207 287 284 278 274

Ramarks: The effective parosity (effective drainage pomsity as dafined by ASTM DERY, as & percant, is found far
an applied pressure by subfracting the retained percent water (by volume) fram the saturation percand watar
Wehen lesling al pressures higher lhan one bar, ASTM D2325 using similar eguiprment designed for the equined capacity

Contract no, AC33158N
Task no. 13
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express
Water Retention Test
(ASTM D3152)
Praject Mo GTX-1238 Project Mame Tank Closwe Groul Testing Preyect
Tested By ik Test Date S22007
Reviewed By TT Review Dale BIAMOT
250

B
=
=

-
=1

=
E=]

Ratenticn Water
(parcant sy Violume)

o
=
-

00 - . l .
n.on 2.0 4.00 a.00 B0 10.00 12.00
Applisd Prossura [bars)
[—#—THK0Z7 AT top —— TNE027AT balio —a— —S— —— |
BampleNo. | nifial | DryUni [ __ Applied Presswe (bars) ]
&Depth(f) | Molsture | Weight | 0.10] 0.50] 10 s0[ taof [ [ "] [
. %byVel| (pd) | Retanad Waler (percent by voume)
TNCO2TAMEp | 184 1147 170 158 145 130 124 | A I
THRGETALbotlom | 219 1187] 18.5 177 162 153 4d | | |
] S E—

— I — 4+ 1 :_._l._.|._ | —— == =

Rerarks: The efactvi porosity (elfecive drainags porosity 83 defined by ASTM D553, 88 & percant, is found far
an appled pressure by subilracling the retained percani waler {by volume] from the saturaiion percen! wales,
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express

Water Retention Test
(ASTM D3152)

Project Mo GTX-1238 Project Name Tark Chiauew CGrout Tasting Projed
Tested By (5 Test Date s22107
Reviewsd By T Raview Date FEN
0.0
.0 -
F20.0 .
5k
£2
& B0 | —
EE | | |
H ’ -
Boo | — _—— - —
{ . [
| |
50— — T e — —— ]
| | |
i ' '
B . | | |
000 200 400 .00 800 10.00 1200
Applied Pressure [bars)
[ —#— TNE-02BA1 iop —l— THK-0ZBAT baltom —d— —5— —%— |
SampleMo. el Drylnit) Applied Pressure (bars) o
&Dephift) | Mofsture| Waight | 0u0] 0s0) 0] s0f wwo ] [ [ ] ]
. hoyVol| fgeh | Refamed Wter (percentby voiume)
MoBAtiep | 250 1150 241 226 207 1ol tr7 | [ [ [
NeOz8ATbotom | 243] 1125 228 213 195 175 184 | | | |

| -

Remarks: Tha effactive porcsily (efactive drainage parosity as defined by ASTM D653, a5 a percert, Is found for
an apalied pressure by sublracting tha ratained parcenl waler { by voiuma) fram the ssturatian peroent water,
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Geolesting

express
Water Retention Test
(ASTM D3152)
Project No GTX-1238 Project Narme Tank Clogue Grout Testing Frejeei
Tested By [ Test Dale 5/22/007
Reviewed By TT Review Date SIEOT
0.0
T T
250 | _— _ |
| |
| | I | .
S0 = | — e " | —
"
i | B —
i _;.i‘15.c- - I fr——+ | — -
§ |
|
Yool 1 S
|
|
ﬁ n S | R _:_ e . —_— ! S
! ! !
an L !
0.00 200 400 .00 B.00 1000 12,00
Applied Pressure (bars)

Sample Mo. | Initial | Dry Unit | o Applied Pregsure [bars)
&Depth () | Molsture | Weignt | 0.10] 050 10| 50 100 I
—|%byVol, fpef) |  Relsined Waler {porentbywolime)
kNl 264] 1162 244 225 212 2047 194] | I T -
THK-28A212Bbatiom | 258 196.1] _?iﬂl 20.7| 194 185 177 | '_—i_ [ L
E— T s S S S Y S Y

Remarks; The affactive panosity (effective drainsge porosity as defined by ASTM DES3, as a parcant, i Sund for
an appled pressure by sublracting the retained percent waler (by voiume] fram $he saluration percant walar
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express
Water Retention Test
{ASTM D3152)
Project No GTX-1238 Project Mame Tank Clessurs Grout Tasting Project
Tested By [ Test Date G227
Reviewad By 1T Rewview Date 53007
EL . -
250 ..
F00 B
5 £
=S
£ ZiBa — { — — — —_— — —
£t .
3 E ,
© | |
0.0 | — — — ! — I— S
| ( |
50 F — — — — ! —_— I —_— —]
0 - - - |
a0 2.00 400 600 .00 1000 12.00
Applied Prossurs (bars)
—4— THK-030A2,lop —M— TNK-30A2 baltom —k— —5— —%— |
Semple No, Inifial | Dry Unit | ) __ Apolied Pressure [bars) B
& Dapth (ft) | Maistyre | | Weight | 0.0 0.50 1.0/ 50 10.0] | |
o abyvel (pefp RalﬂlnadWm.ar_[@cmt I:-;.- wolurme| b ]
THH-030AZ lop _ 73] 1253 254] 238 21| 21. 2 88 | [
THE-030AZ Botiom 270 1m0 246 232 217 204 193 | [
. S—L - =2 | -/ I S SR S —
N — —1 {_ | —

Famarke: The alective porosily (effecive drainage porosity as definad by ASTM DES3, a2 & percant, i fourd for
an appled pressure by subfracting tha retained parcant water (by woluma) Tram the saturation pacent waier.
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express
Water Retention Test
(ASTM D3152)
Project Mo GTA-1238 Project Mame Tank Diosure Grout Tasting Projet
Tested By [ Test Date SR22007
Reviewed By 1T Review Date 530007
300
| | |
[ [ | {
| | |
250 f— S— I I N I B S I —
-\l— i | |
LT E—— — = M — - —
1 — i —
£s ! . | |
E BiBa |— B — — | S I S 1
£E i I I !
$8 . '
[
Bagn S R — - [ | S _
| |
5 |} E— —_— —_ —_— — S S—— —_— — —
i ' I
i [
00 - - -
000 2.00 4.00 .00 a00 10,00 12.00
Applied Prassure (bars)
——THK-031AZ fap —B— THK031A7 hotiam —l— —E— —#— |
SampleNo. | Inibal | Dry Ui | — Appiied Pressure (bars] -
EDepth(fty | Meisture| Weight | 0.10[ 050] 10 50] 100] T -
| |Sbyvol fpef) | W"mwﬂﬂﬂqﬂwﬂl byvolume)
THK-031AZ lop — _248] 105 24, 1' ] ﬁ|_211 198 194 I | |
THK-IHAZDottom | gsl 1135 zas Czzal 2 1 199 192 | 1
| R _| _I_ } ! ] I 1 _
L. L i B I N N I N !_ | — 4 .

Remarka: The effective porosity (efiective drainage perosity a8 defined by ASTM D53, as a peroant, is found for
an applied pressure by sublracting the retained percent walsr (by volume) from the saturasion percant waler,
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express
Water Retention Test
(ASTM D3152)
Project No GTX-1238 Project Nama Tari s Grod Tusting Froject
Tested By [ Tesl Date BIZ207
Reviewed By T Review Date S/IE007
2540
0.0 i
= ! |
1 i ’ .
15.0 |
= i [ i
is .
£ : | '
g 8o — { !
i | '
5.0 S _I —
! 1
I
0.0 - -
000 20 4.00 £.00 a.00 10,00 12.00
Appliod Prossura (bars)
[—#— THK-032AZ lop —B— TNKAIT2AZ baliom —k— —B— —%— |
Semple Mo, Initial Dy Unit | ___Applied Pressure (bars) _ )
& Depdh (f) Moisture | Weight 040 050) 1.0[ 50/ 100 | I | [
by Vel (pef) | ) Retained Watar (parcant by volume)
THK-03242, lop | 2F aps1] 212 198] 185] 17.0] 165 ] |
TNK-O32A2bosom | 227 1048 201| 183 170 158 153 |
— — | !
i I I

Ramarks; The effective porosity (afacie drainage parosity as defined by ASTM D53, 65 a pancenl, is found far
an applied pressung by sublracling the retained peroent watar (by veluma) Trom e saluration peroant watar.
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/'MACTEC

Water Retention Test
{ASTM D2325)

Praject Ma E141-03-0170 Project Name Hygraulic & Geolechnical Groul Testing
Tested By H. Test Date 710007
Raviawad By JW Rewiew Date THE0T
S
] =
E k]
2=
=2
P
==
i
2 100
=8
50
0.0 l——
0.00 00 4.00 00 8.0 10.00 12.00 14,06 16.00
Applied Prassure (bars|
—#— THEO34AI nia —B—THKII5AT, Va —h—THEDIGAS '8 —B— TNKDGTAS nia —%—
Sarmple Mo, | Indtial | Dry Unit Applied Fressure (bars)
& Depth () Moisture | Weight | 000 050 10/ 50 150 |
% by Vol (pof) Retained Waler {parcant I:_u!,r volurms)
THKO3443 nla 216 1224 218 203 201 192 190
TMHEO35A3, nia 18.1 1254 181 178| 177 170 168
THKD26A3,n'a 198 123E 198 184 182 176 174
TNKDI7A3 0 181 1275 181 168 168 182 160

Remarks: The affactive porosity (eFactive drainage porosity as delined by ASTM DES3, 8 8 percent, & found for
&n applied pressure by sublracting the retained percant watar (by valurne] fram the saturabon percan water
Wher lesting ai prassuras higher tham one bar, ASTM 2325 using simiar equipment designad for the reguired capacity

Caontract no, ACI3150N
Task no. 14
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GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SAMPLE
Project No.: GTX-1238 Boring No.: N/A
Lab No: 21260 Depth: Nia
Project Name: Tank Closure Grout Testing Projec Sample ID: TNE-(UB
Tested By: MM Reviewed By: MM
Date: 052507 Drate: 06:/01/07
Tuotal Sample Inside Diameter Moisture Content
Height, fnches of Cut Tube, inches
1 3.297 Tare Mo, SGL-4E
2 1315 Top 2787 Tare Weight 965 grams
3 3.31 Bottom 2,815 Wet Weight + Tare 73256 grams
Average 3.31 Average 2801 Dry Weight + Tare 72264 groms
Moisture Content 1.4 H
Total Weight of Soil + Tube Section 72260 grams
Weight of Clean, Dry Tube Section (00 s
Wet Weight of Soil 1.50 Ibs
Volume of Sample 0.012 S
RESULT SUMMARY
Muoisture Content 1.4 %
Wet Density 135.1 pef
Dry Density 133.2 pef
Specific Gravity 154
Porosity'™ 0.16
Porosity"” 0.15
Femarks: Task Order # 27

Contract # ABEDIEEN
i

Porosity using Specific Gravity, IL’“"'1=‘-:|m;sjr1-- using volumetric method
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express

GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SAMPLE
Project No.: GTX-1238 Boring Mo N/A&
LabNo: 21270 Depth: N/A
Project Name: Tank Closure Grout Testing Projec Sample ID: THE-10B
Tested By: MM Reviewed By: MM
Date: 05/25/07 Date: (M/01/07
Total Sample Inside Diameter Muoisture Content
Height, inches of Cut Tube, inches
1 3.014 Tare No, 675-C
2 3.025 Top 2,791 Tare Weight 9.61 EFams
3 3036 Boltom 2789 Wet Weight + Tare 63065 grams
Averapge 3.03 Average 2,790 Dy Weight + Tare 61871 prams
Maoisture Content 2.0 ]
———————
Total Weight of Soil + Tube Section 61871 Erams
Weight of Clean, Dry Tube Section 1,0 EFams
Wet Weight of Soil 1.36 thg
Volume of Sample 0.011 i
RESULT SUMMARY
Moisture Content 2.0 %
Wet Densiiy 127.4
Dry Density 1250 pef
Specific Gravity 2513
Purnsit_\-'{'} 0.20
Porosity” 0.17

Remarks: Task Order # 27
Contract # ARBROIEEN
" Porosity using Specific Gravity, ™ Porosity using volumetrie Method
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Geolesting
express

GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SAMPLE
Project No.: GTX-1238 Boring No.: N/A
Lab Ma: 21271 Diepth: N/A
Project Name: Tank Closure Grout Testing Projec Sample ID: THNE-11 B
Tested By: MM Reviewed By: MM
Date: 05/25/07 Date: 06/01/07
Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches
1 3076 Tare Mo,  8GIL-5C
2 ETIT Top 2792 Tarc Weight __ 9.60  grams
3 3,082 Bottom 2787 || Wet Weight + Tare 65207 grams
Average .08 Average 2790 || Dvy Weight + Tare 63721 arants
Muoisture Content 24 %
Total Weight of Soil + Tube Scetion 637.21 gramy
Weight of Clean, Dry Tube Section (LK) grams
Wel Weight of Soil 1.40 Ihx
Volume of Sample 0.011 i’
RESULT SUMMARY
Moisture Content 2.4 %
Wet Density 129.1 pef
Dy Density 126.1 pef
Specific Gravity 2.53
Porosity™ 0.20
P’l}]“ﬂsil’_‘_}'m T

Remarks: Task Order # 27
Contract # ABSD1SAN
" Porosity using Specific Gravity, ™ Porosity using Volumetric method
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GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SAMPLE
Project No.: GTX-1238 Boring No.: N/A
Lab MNo: 21272 Deepth: N/A
Project Name: Tank Closure Grout Testing Projec Sample ID: THNE-12B
Tested By: MM Reviewed By; MM
Date; 03/25/107 Date: (601707
Total Sample Inside Diameter Moisture Content
Height, inchies of Cut Tube, inches
1 111 Tare No,  SGL-6C
2 3.11 Top 2804 Tare Weight .73 AR
3 314 Bottom 2 804 Wet Weight + Tare 66719 prams
Average i Average 2804 Dry Weight + Tare 65176 grams
Moisture Content 24 %
otal Weiglt of Soil + Tube Section 54203 grams
Weight of Clean, Dy Tube Section (.00 grams
Wl Weight of Soil 1.42 ihs
Volume of Sample 0011 i
RESULT SUMMARY
Moisture Content 2.4 %
Wet Density 127.3 pof
Dry Density 124.3 pef
Speeific Gravity 2.4
Porosity'" 0.18
Porosity™ 0.16
Remarks: Task Crder # 27

Conitract # ABS)]EEN
Mporosity using Speeific Gravigy Porosity using Volumetrie method
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GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SAMPLE
Project No.: GTX-1238 Borimg MNo,: NiA
Lab No: 21277 Depth: MNiA
Project Name: Tank Closure Grout Testing Projec Sample [D: TNE-027A1
Tested By: MM Reviewed By: MM
Date: 05/25/07 Date: 06/01/07
Total Sample Inside Diameter Moisture Content
Ililﬁht, inches of Cut Tube, inches
1 2,373 Tare No.
2 2374 Top 24975 Tare Weight (.00 grams
3 2372 Bottom 2975 § Wet Weight + Tare 570,50 grams
Average 237 Average 2975 Dry Weight + Tare 52200 prams
Moisture Confent 1.3 %

Total Weight of Soil + Tube Section 576.50 TS
Weight of Clean, Dry Tube Section 0.00 F
Wet Weight of Soil 1.27 T
Volume of Sample 0.010 S
RESULT SUMMARY
Mouoisture Content 10.3 %
Wet Density 133.1 pef
Dry Density 120.8 pof
Specific Gravity 2.38
Porosity" 019
Porosity™) 0.19
Remarks: Task Order & 27

Contract # ABSO 188N
u !P'i:'l'tlﬁl'l'_'f' using The $pecific Gravity, ™ Porosity Uzing the Volumetric Method
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GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SA MPLE
Project No.: GTX-1238 Boring Mo, W/A
Lab No: 21275 Depth: N/
Project Name: Tank Closure Grout Testing Projec Sample 1D: TNK-028A1
Tested By: MM Reviewed By: MM
Date: 05/25/07 Date: 06/01/07
Total Sample Inside Diameter Muoisture Content
Height, inches of Cut Tube, imehes
1 2,519 Tare No.
2 2518 Top 3003 Tare Weight (.00 graiy
3 2.52 Bottommn 3002 ) wet Weight + Tare 600,15 Erams
Average 152 Average 3003 Dry Weight + Tare 535,17 grany
Muoisture Content 13.6 ]
otal Weight of Soil + Tube Section 509,17 B
Weight of Clean, Dry Tube Section (.00 grams
Wet Weight of Soil 1.34 Ihs
—
Volume of Sample 0,010 i
RESULT SUMMARY
Maisture Content 13.6 %
Wet Density 130.1 pef
Dry Density 114.5 pef
—l
Specific Gravity 244
Porosity'" 0.25
ansltym 0.25

Remarks; Task Order # 27
Contract # ABRN1S8N
i Pososity using the Specific Ciravity, E"ansity using the Volumetric Method
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GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SAMPLE
Project No: GTX-1238 Boring No.: M/A
Lah No: 21273 Depth: NJA
Project Name: Tank Closure Grout Testing Projec Sample ID: TNE-02942
Tested By: MM Reviewed By: MM
Date: 05/25/07 Duate: 06/01/07
Total Sample Inside Diameter Moisture Content
Height, incftes of Cut Tube, inches
1 2,589 Tare Mo,
2 2589 Top 2994 Tare Weight (10K Erams
3 2580 Bottom  2.904 Wel Weight + Tare 62427 Ay
Average 2.59 Average 2094 Dry Weight + Tare 34804 grams
Muoisture Content 139 e
Total Weight of Soil + Tube Section 62457 grams
Weight of Clean, Dry Tube Section {L.0K) VAN
Wet Weight of Soil 1.38 T
Volume of Sample 0.011 7
RESULT SUMMARY
Muisture Content 13.9 %
Wet Density 130.5 pef
Dry Density 114.6 pefl
Specific Gravity 2.43
Porosity'" 0.24
Porosity'” 0.23
Remarks: Task Crder # 27

Coatract # ABRD1EEN

“.'Pnl'oesdt_'.-' using specific Gravity, Fomsiy ity Vol metlad

Page 104 of 153



WSRC-STI1-2007-00369, REVISION 0
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express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX-1238 Boring No.: N/A

Lab No: 21274 Depth: M/A
Project Name: Tank Closure Grout Testing Projec Sample ID: TNE-03042
Tested By: MM Reviewed By: MM
Drate: 05/25/07 Drates: 060107
Total Sample Inside Diameter Muoisture Content
Height, incles of Cut Tube, inches
1 2.569 Tare No.
2 2,564 Top 2013 Tare Weight (.00 grams
3 2569 | Bottom  3.013 || Wet Weight + Tare__617.00 _ grams
Average 2.57 Average 3013 Dry Weight + Tare M0 grams
Motsture Content 13.6 %
otal Weight of Soil + Tube Section 6100 grams
cight of Clean, Diry Tube Section 0.00 B
Wt Weight of Soil 1.36 s
Volume of Sample 0.011 Fi
RESULT SUMMARY
Moisture Content 13.6 %%
Wet Density 128.3 Pl
Dry Density 113.0 pel
Specific Gravity 2.42
Porosity' 0.25
Pﬂrnsjl!ym 0.25
Remarks: Task Order # 27

Coniract # ABE0 188N

"Porasity using the Specific Grawity, "Porosity using the Volumerric Method
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GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX-1238 Boring No.: N/A
Lab MNo: 21275 Depth: N/A
Project Name: Tank Closure Grout Testing Projec Sample ID: TNE-031A2
Tested By: MM Reviewed By: MM
Date: 05/25/07 Date: (6/01/07
Total Sample Inside Diameter Muisture Content
Hei;h’t, fnches of Cut Tube, inches
1 2,513 Tare Mo,
2 2512 Top 2508 Tare Weight L0 rams
3 2514 Boitom 2,907 Wet Weight + Tare 60270 prams
Average 2.51 Average 2,993 Drry Weight + Tare 53138 grams
Moisture Content 13.4 P
Total Weight of Soil + Tube Section 602,70 BRI
Weight of Clean, Dry Tube Section 0.00 sy
Wet Weight of Soil 1,33 Ihs
Volume of Sample 0010 s
RESULT SUMMARY
Mouisture Content 13.4 %
Wet Density 129.5 pef
Dry Density 114.1 pof
Specific Gravity 241
Purnsitym 024
Poraosity') 0.24
Remarks: Task Order & 27

Contract ¥ ABRDIEEN
" Parosity using Specific Gravity, '™ Porosity using the Volumetde Method
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express

GTX TECHNICAL PROCEDURE T-03

UNIT WEIGHT OF SAMPLE
Project No.: GTX-1238 Boring No.: N/A
Lab No: 21276 Depth: N/A
Praject Name: Tank Closure Grout Testing Prajec Sample ID: TNE-032A2
Tested By: MM Reviewed By: MM
Date: 05/25/07 Drate: 06/01/07
Total Sample Inside Diameter Muoisture Content
Height, inchies of Cut Tube, inches
1 2541 Tare No.
2 2,542 Top _ 2.99% Tare Weight 0.00 Brams
1 2.54] Botlom 2,995 Wel Weight + Tare 61340 grams
Average .54 Average 29G4 Dy Weight < Tare 54000 prams
Muoisture Content 13.6 Ha
Total Weight of Soil + Tube Section 613,40 Erams
Weight of Clean, Dry Tube Section 0.00 grams
Wet Weight of Soil 1.35 ihg
Volume of Sample 0.010 i
RESULT SUMMARY
Moisture Content 13.6 %
Wet Density 130.5 pef
Dry Density 114.9 pef
Specific Gravity 2.43
Porusit}r"] 0.24
Pnrasjtym 0.24
Remarks: Task Order # 27

Contract # ABEO1ESN

Pornsity using the Specific Gravity, Porosity using the volumetric Method
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—

|daho Mofional Loboratory M

May 23, 2007 CC 200883

Eenneth .. Dixon

Savamnah Biver National Laboratory
Building 773-424

Aiken, SC 29808

SUBJECT:  Data Report for Savannah River Site - FTF Reducing Grout Cores (INL/WIS-06-11865)
Dear Kenneth:

Scope

Provide testing and consulting services for Grout samples.

Introduction

Two grout cores identified as TNEOL9R. and TNKO20R. were received by the Idaho National Laboratory
for hydraulic analyses from the Savannah Biver Site (SES). The cores were laboratory casts of reducing
grout material that was cured in pelybutyrate plastic tubes. The tubes had dimensions of approximately
2.5 cm dhameter by ~30 cm long. All cores were recetved in good shape with no visual fracturing or
significant drying noted upon receipt. Requested analysis included: diy bulk density, porosity, meisture
retention characteristics, saturated and unsaturated hydraulic conductivity measurements, and van
Genuchten parameters.

Sample Preparation

To expedite testing, the two 30 cm long grout cores
were cut info a number of lengths for laboratory
analyses using a diameond tipped masomy saw.

The first set of sub-cores was used for permeability
analysis using both the standard falling head and
the centrifuze methods. The second set of sub-
cores was used to determine the dry bulk density,
porosity, moisture retention characteristics, and van
Genuchten parameters of the grout material

The fowr sub-cores used in the permealality
analysis required potting these samples in an epoxy
mixture to establish a no flow boundary along the
length of the sub-core and provide a uniform outer
diameter for hydranlic conductivity testing (Figure

Figure 1. Grout samples potted in epoxy
casts for permeakility analyses.
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1). In general, the length of the permeability sub-core was mitially cut to 6 cin in length to facilitate
potting the core in our UFA meld. The cores were centered in the 3.3 em diameter Teflon mold, and
filled with a two part epoxy molding compound. After curing (~24 to 48 hours), the mold was split
open to extract the potted cement material. The ends of the potted material were then rmmed to a
length appropriate for the UFA using a masonry saw (~ 5 cm in length).

Potting of the grout samples for hydraulic flow testing followed procedures developed for the previously
tested SEINL saltstone cores. Ceramic epoxy 15 typically not used as a casting compound but, in our
case, the small volume of ceramic epoxy requred for each mold was such that hear pensration was net
an 1ssue.

Potting sub-cores into epoxy for dry bulk density,
perosity. and moisture characteristic
measurements was not necessary. These sub-
cores were also cut from the 30 cm samples as
thim (~0.2 cm hetght) disks (see Figure 2 for
examples). To expadite testing, 10 sub-cores
were cut from each core and were nsed to
determine various portiens of the moisturs
retention curve. Four sub-cores were used m the
wet end (i.e.. hanging colmn analysis) of the
molsture retention curve dev EIDPIELEDI and 4 sub-
cores were used in the mid range (1e., pressure
plate znalysis). The remaiming two sub-cores
were tested as replacement cores but not evaluated
a5 to their hydraulic properties. Four of the
pressure plate sub-cores (fwo from each sample)
were used to determine the high range of the moisture retention curve (12, chilled mirrer analysis).

Figure 2. Example of grout samples
uzed in moisture retention analyses.

The wetting solution was a nuxture of CaCly, Na:50s, MgCl, KCL and NaCl salts mixed in nanopure
DI water to create an “SENL Artificial Ground Water” as per mstruction send via email. The recipe
followed that described by Storm and Kaback, (1992)

Methods

Dry bull density 15 expressed as the mass per unit volume of material  Procedures followed those
described m Method of Soil Analysis where the total volume of 3 porous 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 deternune its volume. The sub-cores wers
dried in an oven over 48 howrs to a constant weight. Dividing the mass by 1ts volume gives its bulk
density. Sub-core samples from the hanging column and the pressure plate analyses were used to
calculate an average bulk density.

Page 110 of 153



WSRC-STI-2007-00369, REVISION 0

Kenneth L. Dizon
May 23, 2007
CCN 20088

Page 3

Vacunm saturation was performed following procedures deseribed by Flint and Flint (Method of Seil
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. Vactum saturation lasted approximately 5 days.

Saturated water porosify can be determuned directly or can be calenlated as a fitting parameter from the
van Genuchten analysis of the moisture retention data. In a typical soil hydranlic analysis, the weight of
the samples imumediately at the termunation of the falling head method is used to calculate the saturated
water porosity. For the reducing grout samples, we had to pot the samples in an epoxy cast of an
unknown weight that weould canse some uncertainty in the poresity caleulation. Therefore, we
determuned the saturated water porosity of the meisture retention sub-cores after vacuum saturation

Saturated hydraulic eonductivity measurements were attempted on the potted sub-cores using the falling
head method ontlined in ASTW D30284 and these described by Beynolds 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 smilar
to the standard falling head method but uses the centrifuge to mnecrease the fluid drving foree through the
sample. Previous testing on saltstone samples confirmed that the falling head centrifugs method agreed
with the standard falling head results.

Saturated hydraunlic conductivity analysis in a cenfrifuge takes the followmg form with both a gravity
and centrifingal driving force:

al . (gh+085a'r")
Kw - Ale,—t] h{gh! +0.5a'r? | o
where:
215 the area of the burette
L 15 the sample length
A 13 the area of the sample
t 13 time
g 15 gTavity

H i3 the height of the water column
w i3 the rotational speed
r1s the centrifuge radins

Unsaturated hydraulic conductivity testing could not be performed in the Unsamrated Flow Apparatus
(UFA) model J-6 due to the low saturated hydraulic conductivity of the reducing grout material. Nimmo
discusses the steady state cenmrifuge method in Metheds of Seil Analysis, Chapter 3.6.1.1.b and methods
generally followed those outlined m ASTM D6327. To conduct an unsaturated 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 3¢ of the measured saturated hydranlic conduetrvity. The sample 15 then spun at
500 to 3000 EPM in the UFA centrifuge. The flux from the centrifinge falling head test was to low to
apply with certainty using syrings puamps.

Moizture retention characteriziics measurements deseribe a porous media pore size distribution through
relating the amount of water retained by a porous media at known matric potentials. The data for the
reducing grout sub-cores were camied out by 3 separate methods.

To obtain data near saturation, we used the hanging columm apparatis. Saturated samples were placed
i contact with a highly porous ceramic plate that 15 comnected to a water cohmm and reservoir where
the water surface 15 beneath the sample. (see MOSA pg 146). The distance between the water surface
and the sample is the imposad suction on the sample (e the mamie potential). A series of steps
consisting of lowering the level of the reservoir and measuring the egquilibrivm weight of the sample
were conducted.

For the mid-matric potentials, we used the pressure plate methed (Method of Seil Analysiz, 2002,
chapter 3.3.2.4) in a Soil Meisture 15 bar pressure plate extractor (model 1300). Sample weights were
recorded on small ~1 em ligh sub-cores at 0.8, 3.5 and 12.5 bars of pressure. Moisture contents were
caleulated from the oven dried weights measured at the end of the test.

Moisture contents at higher soil water potentials (~40 bars) were measured using the clilled mimror
methed (Methed of So1l 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
equilibrivm was reached between the sample hunidity and the matric potential of the porous material.
The hunudity was then measured using the WP4 chilled mirror humidity senser to determine the
equivalent matric potential and the sample was weighed to determune its comesponding moisture
content.

Hydranlic transport parameters (van Genuchten parameters alpha, n, and residnal moisture content)
were fitted to the moisture retention data. The saturated porosity was not fitted. Data were analyzed
using the EETC fiting program.

Results and Discussion

The results appear to be reasonable and generally consistent with ene another. The following tables and
paragraphs list the measurement results and provide a zeneral discussion of the results. Sample numbers
were assigned fo each of the subcores. For example, 19 - 1, indicates it was taken from TNE019E. and
15 sub-core mumber [ that was nsed for the moisture refention measurements. A dash between the sub-
core number means the analysis was an average of the sub-cores. For the potted samples, sample 194
indicates that it was an epoxy coated sub-core used for hydranlic analysis and was taken from
THNEO15E
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Bulk Deansity

The dry bulk densities ranged from 1.81 to 1.284 g em™ 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 uncertainty 1s not believe to be significant. The bulk densities measured
for sample TWEO19E were shzhtly higher than those measured for TNEO20E. 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 densitv (g ocm™)
19-1-5 1.835
19— 6-10 1.843
20-1-3 1.815
20— 6-10 1.810

Moisture Retention Data

Saturated moistre contents were consistent for the reducing grout sub-cores. Saturated metstore
0 3177

- - 3 -
content, also known as the satmated porosity, varied from 0.264 to 0.272 con” em™.

Sample £ 12 -1-2 & 6-7 19 -3-4 &£ 89 W-1-2 & 67 W-—3-4 &850

Method Matrmic MMoismre Matric Moisture Matric Moismra Matric Moismra
Potentia Cowtant Potential Conrent Potenti Contant Potentia Contant
I(bars) | fom’ em™ | (bars) | fom'em™ | I bars) | fom’ om™ | U (bars)d | (o em™)

Vaomum

Sanoation 0 0284 i 0.287 0 0272 0 0258

Hanging

Column 0.06 0.281 0.08 0.283 0.04 0270 0.04 0258

Hanging

Colnmn 0.13 0.281 0.13 0.283 0.13 0.258 0.13 0.283

Fressurs

Flata 0.78 0.244 0.78 0.247 0.78 0.258 0.78 0.253

Fressurs

Plata 3.5 0.238 3.5 0.241 3.5 0.253 3.5 0.242

Pressura

Plzta 12.5 0.233 2.5 0.238 12.5 0.248 125 0.244

Chilled

Mirror 447 0.225 44.7 0.225 34.7 0.242 34.7 0.242

Due to the short tum around time requested. separate pairs of sub-cores were used to generate the
hanging columm and the pressure plate data. Using separate samples may canse some bias in the data;
howewver, 1t 15 assumed that due to the homogeneous nature of the grout, separate samples will canse
Little problems. The chilled murror data were obtained from measurements of samples 19-8, 19-7, 20-6,
and 20-7 and used to help anchor the tail of the meisture retention curve. Sub-core sample data pairs
were average to develop a single chilled murror matric potential — meisture content data point for each
sample (1.e. 19-5 and 19-7 values were averaged and used for both sets of TWNEO19E. sub-cores.
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See the van Genuchten analysis for graphs of the data as a fmctien of meisture content and pressure
head (matric potential).

van Genuchten Parameter Analysis

The moisture retention data (3ee moisture retention data result section) was used to develop the van
Gennchten transport parameter for the grout sub-cores. All moisture retention values were given a
weight of 1. The residual moisture was st to be a regressed munber and we used the standard Mualem
relationship betweenn and m (1e. 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 grout 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.

{em-13 [ o= fem’ emy Jlemt oy | B (omsh
19— (1/2-67) 0.00421 1.241 0.215 0.264 o1
10— (3/4-80) 0.01195 1.042 0.143 0.267 dxlo™
TNEN1IE 0.00733 1119 0.21% 0.264 rax10™
20-(12-67) | 0.00074 1.236 0222 0272 X107
20— (1/2-6/7 ] 2 112 ] 3
20—(34-8'9) | 0.00458 1.436 0.240 0.243 Sxlg
TNEO20R | 0.0104 1.119 0.233 0.270 sxlop™
Hydraulic Propertes; Tela va h Hydraullc Properfas: Thetave. h
3 (]
a3 a3
. a3e I:Jﬂ-
¥ om e
E azs ] Ty
FE B o =
Ean Fonm
a3z g
an )
&3 o2+ = % % "t ]
1 19 109 R =i L] 1 " 100 1023 3210 100003
Fraveare Hass|er Pranwacs Pead for|
a) k)
Figure 3. wan Genuchten curve fit of the moisture retention data for a)
THEOL9E and b) THNEO20E
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Hydraulic Conductivity

Measured saturated hydraulic conductivity values ranged from the 3x107" to 9x107 em s 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 detenmming saturated hydranle
conductivity 15 approximately 107 cm 5™, 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 107 cm =™, To imcrease the driving force on the water, we used the
cenfrifuge falling head method in the UFA centnifuge. Previously tested saltstone analyses indicated
that the centrifnge falling head method 13 munch quicker and 15 a better method for analyses of “tight’
samples. These samples wers spun for over 100 hours at 2500 rpms to obtain sufficient flux of water
through the grout samples.

Method Sample ID Faat
|":|.'I.'I s-l-\.l

Standard Falling Head 19-4 =1E-08
Cenmifnze Falling Head 19-A QE-11
Standard Falling Head 19-B =1E-08
Cenmifnze Falling Head 13-B 4E-10
Standard Falling Head 20-A =1E-08
Cenmifnze Falling Head 20-A SE-10
Standard Falling Head 20-B =1E-08
Cenmifnze Falling Head 20-B SE-10

Unsamrated hydraulic conductrvities were not directly measured using the UFA centrifuge sinee the
fluid fhux necessary to perform these analyses was too low to be accurately conmolled. Considering the
small drainage measured m the moisture retention analyses a conservative assumption would be to
assume that the unsaturated hydrauhe conductivity 13 equal to the saturated hydraulic conductivity value
over the range of matric potential measured. Otherwise, the unsaturated hydraulic conductivity values
a5 estimated by the van Gemchten parameter analysis method can be used.

Suggested Future Work

Below are a few notes on the testing and some suggested activities to address the issues raised by this
round of laboratery analyses.

The grout material between TWEO19E. and TNEO20E. are close in hydraulic properties but do
exhibit a slight but consistent bias in the data. TWNEO19E has a lugher bulk density, lower
saturated porosity, smaller saturated hydranlic conductivity, and a smaller alpha than TNEO20E.
The material visually locks identical and flus shght variability may be due to vanation i sample
preparation.
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2. The reducing growt material exhibits a very low hydraulic conductivity approaching the limits of
the testing equipment. IF Futare grouts are expected to be of similar hydraulic properties, we may
consider reducing the length of the epoxy potted samples in an attempt to increase the pressire
gradient.

;.QE) ﬁk;m——ﬁ——__

Ear] . Manson, Research Hydrologist
Geosciences

EDM:mab
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ASR 18-335 (06/01) Washington G
n Group

ASTM C 39040 ) ASTMC3Lq 0da ) ASTMC 1434 050 ) Savannah River Site ASTMC 192 02 ) ASTM CEI7( 9803) )
ASTMCOH( 06 ) ASTMC 1384 01a ) ASTMCIT24 ) Conerete/CLSM Test Report  ASTMCZI( 6 ) ASTMC 1064 15 )
ASTMD 6103 ™ ) Page ! of &
Report No.: | 2007- Date Molded: 272172007 Waork Package No.: [ NA |
Repart Date: | 22172007 Time Molded: QCIR No.: | NiA ]
Project No.: [ LSWDSMOD Mix Design: [ B2000-X-0-0-BS** Design Strengeh: | 2000 | i@ [ o0 | days
TWC: | NiA I Design Category: N/A Batch Ticket Number: N/A Placement Method: NiA Confractor; NA
Supplier: | LaFarge | Type Admixture(s), (if knowa): NiA Acceptunce Slump, in. Alr Content, * CLSM Flow, in. Conc./CLSM Temp.,'F
Placenent Location: | CAST IN LAB, BLDG, T17-58 | Criterin: [ Nia ] [3wern] [ na | [¥ax 90]
Trwck U0, Time of Mising Time Start/Stop Discharge  Bateh Size, yds.  Water Allow,/ Water Added,gate. [N || _n~a | [ na | [ |
NiA NiA [ owa P[wa ] [ma | [Cma [ w1 Weather: | INDOORS T
Inspector: Level Initial Coring: | Conforming | i Ambient Temp., °F: D
Inspector: Level Luborntory Curing: | Conforming | CDS-167_/
Pick-up Date: [ | Time: | | tnitials: CastinLab.: Yes o [] Cone & Splid] [Cone & Shear [Eotumnar]
gy — - [l l L | Tachnicians
Lab, Days Date || Capped Height, - |[Area. 5q Total Load, | [Unit Load, ' Initials/
Number | Aged Tested Lnches Inches Inches Ibs. psi Level
070251 14 37007 6.28 300 .07 11073 1570 X
28 || v212007 6.10 3.00 7.07 177 1520 'S
62 4/24/2007 615 XU 707 13982 1980 X
62 HTA2007 5.80 3.00 7.07 14596 pa B} X
90 || 522007 6.10 3.00 707 14641 2070 X
20 5122007 608 300 707 14924 210 X
180 || savzoo7 6.10 300 707 14900 2110 %
Measure & Measure,  Calibration  Unit  Cementitions  Apwrcpates, Plant Water, Field Water, WRA, AEA, HWRA, Tatal Weight of Vield/ Yield/
Conerete, lhs.  bs. Factor ~ Weight  Magerials, Ibs. Ibs. gals. gals. 0z oz vz, Materials Batched cu.fi. cuyd.

[N va | [ma ] 0 ] NiA [ | [ na | [wa | [ B (O O T |
M& TECal: SC- BA [ NA_| TG [ Jam- nea [ na Juws s [ wa s ma [ wa | ceps . 5 |

Remarks: | 28 DAY AVG. =

SNOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY

**Mixd-Modd pagel5

***get from hold cylinders

Procedure No. | C-QCP-020 Drawing No.: | NIA Specification No.: I C-SP5-GONES I
Rﬂf.:l NFA I’CN:I N/A |ll:v.:| NIA ] DCF: N/A Reu.:] NiA | I)CF‘:I_ N/A I

Inspector: Level Date: NCR No.: N/A J Test Results: I ANIA |

Reviewer: Level Date: Inspeetor: Level Date:
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ASTM C39(0Ma ) ASTMC3I-( Ma ) ASTM C 143 05 ) Savannah River Site ASTMC 92 01 ) ASTM CAI( 58003) )
ASTMC 044 06 ) ASTMC 138 0la ) ASTMCI72{ 04 ) Concrete/CLSM Test Report ASTMC23{ M )  ASTMCI064( 05 )
ASTM D G103 04 Page 2 of 2-
Report No.: 2007- Drate Molded: 2/21/2007 Wark Package No.t I N/A I
Report Date: | 20212007 Time Molded: QCIR No.: | NiA |
Project No.: | LEWDSMOD Mix Design: [ B2000-X-0-0-BS** Design Strength: | 2000 | i@ [ o0 | days
TWC: I NiA Design Category: N/A Batch Ticket Number: | NiA Flueement Method: NiA Contractor: MNAA

Supplier: 1

LaFarge

Placement Lacation:

CASTINI NiA

AB, BLDG. T17-5N

|Typ: Admixture(s), (if known): N/A Acceptance Slamp, in. Air Content,™ CLSM Flow, in. Cone /C
Cr

Temp.,"F

Jinb+-1 N

- | i E!
wils. Water Allow. / Water Added, ;,::sl's,l A NiA I NfA kil

Touch |1 Time of Mixing Start/Stop T g Bateh
o e | ] ene] oo |
Inspector: Level -~ Initial Curing: L Canfarming | ! Ambicat Temp., * F D
Inspectar: Level  Laboratory Curing: | Conforming | cDs-167 ¢

| Picl-up Date: | Time: itinls: “asi b Yes 0 o & 51 eore

I : L Time fj_ ul.l.u.\ml.. = Castin Lab.: Ye Na D I| El M L{_un_& Shear T

Lab, | i Dte Cupped Height, Diameter, || Area, Square|| Tolal Load, || Unit Load, Tmitials

J Numiher |’ Aged Testedd Inches J Inches Inches I nEi ‘ Level

070025.1 180 || 82002007 6.0% 200 7 14510 2050 X

snoLns || === ||2212007

by ez | [ 2212007

NiA NA
N/A NA
N/A NIA
N/A NiA

Measure & Measure, Calibration  Unit Cementitious  Apgregates, Plant Water, Field Water, WRA, AEA, HWRA, 1otal Weight of Yield! Vield/

Concrete, Ibs.  Ibs. Factor Weight  naterials, Ibs. Ibs gals. pals. 02 02, vz Marerials Batched cu.ft. cu.yd.

N/A NA wa J[ o | [ ~a ] [ | [ wa NiA 0 2 |
M&TECal: SC- NA [ N ]76- [ Jame wa [ wa Juwe N[ wa s owa [ na |cepse | J™- 5 | ]
Hamarie: | 28 DAY AVG. =

*NOTE: MIX DESIGN, TES'T RESUL'TS SURBMITTED FOR INFORMATION ONLY
** Mivd-Mod4 pagel s
***get from hold cylinders
Procedure No. : | C-QOr-nz0 Drawing No.: [ N/ Specification No.: | C-SPS.G.00085
Reva| Na | PON: | NA Rev.:| Na | DOR[ NIA Rev.: [ N/A | DCF: | NA
Inspector: Level — Date: NCR No.: l; NA ] Test Results: i A I
Reviewer: Level Date: Inspector: Level Date: N—
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ASTMC39404a ) ASTMCII{@a ) ASTM C 1434 052 | Savannah River Site ASTMC 192 02 )  ASTMOCG6IT{ 9803 }
ASTM C 94+ 06 ) ASTM C 1384 Ma ) ASTM C 172« 04 ) Concrete/CLSM Test Report ASTMC231( 04 ) ASTM CI064( 05 )
ASTMD 61034 14 ) Page ! of |
Report No.: ] 2007- Date Molded: 2212007 Waork Package No.: | MN/A |
Report Date: | 2212007 Time Molded: QCIR No.: | NiA ]
Project Nao.: | LSWDSMOD Mix Desi B2000-X-0-0-BS** Design Serength: | 2000 | psi@w [ en | days
TWC: Design Category: N/A Batch Ticket Number: NiA Placement Method: NiA Cuntractar: NIA

Supplier: [
Plaiterion! |

_ LaFuarge Type Admixtureis), (if known): N/A Acceptance Slump, in. Air Content, " CLSM Flow, in. Cone/CLSM Temp.'

] [Bwew-1 ] [ na | [Mu ]

TIN LAB, BLD( | Criterin: [

% . ¢ St/ Dis ‘Water Added,gals [ vn [ e [ nw | [ ]
NiA | [ oma J[ ; A | CNA ] Weathers | INDOORS |

Inspector: ) Initial Curing: ’Tmmg—’ I Ambient Temp., ° F: [:I

Inspectar: s Laboratory Curing: | Conforming ] CDS-167 [

Ll [ B b ] O B | [e= i L) ) e o : Technicians |
| b, ¥ e cigh, weter, | [Ares, Square|[Tofal Load, [ Initials/ |
| Number | .\_g. i Tosted Inches B ” J(luhrs | Inches Ihs |><| w \A M H_H Level |

{riAnEs:2 14 372007 6.22 200 7.07 6523 ' X

28 3212007 60.05 300 7.07 7476 1060 X

62 412472007 6.00 00 .07 8321 1180 X

62 4242007 6.00 200 7.07 8189 1160 X

%0 5222007 5.95 3.00 T07 8213 LR X

20 Sr2212007 6.02 100 7.07 B304 17 X

=180 || 8202007 6.00 300 707 B240 1nm X
Muasure & Measure, Calibration UMl Cementitions  Aggresates, Plant Water, Field Water, WRA, AEA, HWRa,  Total Weight of Yield/ Yield/
Concrete, Ibs,  Ihs. Factor  Weight  Magerials, Ihs. Ihs. gals. gals. Materials Batched cu.fr. eu.yd.
NIA wA | [wa [0 ][ ma [va | [ wa | [(wa ] T

M& TECal: SC- NA [ N@A_|T6- [ Jam. wa [N Juwe na [ wa s M [ | cops [ ™ 5 ]

il

28 DAY AVG. =

“NOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY

*“#Mix § - Mod 4 page 16

*4*NO HOLD CYLINDERS LEFT. ONLY ONE BREAK FOR 180 DAY

Procedure No. I C-QCP-020 I Drawing No.: N/A Specification No.: r C-5PS-0 0085

Rev:| nra | PON:[ N/A |H¢v.:| NIA ' DCF:| N/A Rev.: I T I DCE: [ NiA
Inspector: Level Date: NCRNo.: | Ni& | Test Results: I *N/A
Reviewer:

Level Date: Inspeetor: Level Date:
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ASK 18-335 (06/01) . M
Washington Group

ASTM C 39- 42 ) ASTMC 31 03n ) ASTM C 1434052 Savannah River Site ASTMC192 @ ) ASTMLC617-( 95(03) )
ASTMC944 % ) ASTMC 1384 0la_ ) ASTMC1724 04 ) Concrete/CLSM Test Report  ASTMC23L( # ) aSTMC 1064 05 )
ASTM D 61034 84 ) Page ! of 2
Report No.: [ 2007- Date Molded: 2/22/2007 Work Package No.: | NIA
Report Date: J_ 272272007 Time Maolded: QCIR Now: ‘ NA
Project No. |_ LSWDSMOD Mix De;ign:| e Design Strength: | 2000 ‘ psi @ | [T ] days
4 nns‘-gn Category: N/A Batch Ticket Number: N/A Flucement Method: | N/A Contractor: NIA

Supplier: | LaFarge | Type Admistureqs), (if known): N/A Accent Slump, in. Air Content,™ CLSM Flow, in. Cone

fCLSM Temp,,"F

Placement Location: CAST IN LAR, BLDG. 71758 | Criterin: | na | [3w6err] [ v ]

Max. 20 I
Truek 1D, Time of Mixing Time StartStop Discharge Batch Size, vds.  Water Allow. | Water Added, gals. NA NiA I Nia 70 I
[ ~na ] [wa | [ A [ wa [ v ] [wa [ ma ] Weather: | INDOORS |
Inspector Level Initial Caring: [ Conforming | i Ambieat Temp, “F: l:l
Inspector: Level Laboratory Cuving: [ Conforming | /
Figh-up Date: | | Time: [ | Initials: Castin Labs Yes [x] N [] e & Spiif] [Cone & Shear Calomaa]
e == = e I( “(—"—"4, i—_[ Technicians
Lak, TDiys || Dale | Capped Height, || Diameter, ||Area, Square]| Total Load, |[Unit Load, ' Tmitigli
MNumber Agud Tested Inches Inches Inches Tbs, psi Level
070027.1 14 IR2007 620 3.00 .07 006 990 X
28 3222007 6.08 an 712 12497 1760 X
61 472472007 6.00 .00 7.07 16848 2380 X
[} 4242007 595 A.00 7.07 16031 27 X
90 5/23/2007 5.88 00 707 17442 2470 X
40 5/23/2007 6.05 200 T.07 16202 2300 X
180 82172007 .06 300 7.07 17310 2450 X
Measure & Measure, Calibration UMt Cementitions  Ageregates, PlantWater, Fiell Waicr, WRA, AEA, HWRA, Total Weight of Yield/ Yield/
Concrete, lbs.  Ibs. Factor Weight  Materials, Ihs. Ibs. gals, o o, i3 Materials Batched euft. cu.yd.

gals.
Na | [0 Na | [ va ] [wa ]| [a [ 0 1=

| T

M& TE Cal: 8C- N/A

I
TG- | Jam- na [ WA Juws wa [ nva s na [ ws|cps L Jm- s [ 1|

Remarks: 28 DAY AYG.=

"NOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY

** Reducing Grout OPD-EXE-X-P-0-BS : Batch 1

Procedure No. : C-QUP-020 Drawing No.: ‘ NIA Specification No.: | C-5PS-G-00085

PON: | N/A | Rev:[ w4 | DCF: N/A Rev: [ Na | DCF: | NIA

Reviewer: Level Diate: Inspector: Level

Inspector: Level Date: NCRNo: | N/A | Test Results: “N/A

Date:
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ASR 18-335 (06:01) "
Washington Gronp
ASTM € 39 (da ) ASTMC 31-( 33 ) ANTM C 143 U5a | Savannah River Site ASTMC 192« 012 ) ASTM C617{ 98(03) )
ASTMC944 06 ) ASTMC1384 0t ) ASTMC 1724 % ) Concrete/CLSM Test Report  ASTMC231 M ) ASTM C 1064 05 )
ASTM D 6103 B4 ) Page I of 2
Report No.: 2007- Date Molded: 2/22/2007 Work Package No.: NiA
Report Date: | 272202007 Time Malded: QCIR No.: | NiA
Project No.: | LSWDSMOD Mix Design: |_ w2 Design Strength: | 2000 | psi @ a0 I days
TWC: NiA Design Category: NiA Balch Ticket Number: Nid Placement Method: NiA Contractor: NIA I
Supplier: [ LaFarge | Type Admixture(s), (if known): N/A A e Slump, in. Air Content. ™ CLSM Flow, in. Cone/CLSM Temp.F

ater Added,gols [ M8 T wa [ [ v | [ ]
[ wa [ & Weather: | INDOORS |
Curing: | Conforming / Ambient Temp., " F: E]
Inspectar: Level Labaratory Curing: i Conforming j CDS-167  /

CAST IN LAR,

7-\“. ri
T )

Inspector: Level

Water Allow. !

Pick-up Date: | Castin Lub: Yes [;] No :'  [Coue & 5ol [Cane & Shear Shear | [Cotumnar]

L : i i ] | = il —— | L= Technicians
| || Lah. Days|[ Dute Diumeter, |[Area, Squarc|[Total Load, | [Onit Load, ‘ Initials/
| || Mumber | | Agi | Test Inches Inches Ths. i | Level

030627.1 150 | §21/2007 .08 3.00 7.07 17020 2410 | X
9 HOLD = =
CYLINDERS|| ™™ || 2222007 |
LEFT esr |l 2202007
NIA N/A
NiA N/A
NiA NiA
N/A N/A

Measure & Measure, Calibration I.I'.'“ Cementitions  Aggregates, Plant Water,  Field W:
Conerete, Ibs.  Ibs. Factor Weight  Materials, Ibs. Tbs. gals.

va | [ na o O T NA NiA
M&TECal: SC- NA [ N |TG- AM- NA [ NA_|uwe- Na [ va s N

ater, WRA, AEA, HWRA,  Total Weight o Vield/ Yield/
o Materials Batched cufi ew.yd.

[ o | R
:AlCDS—__ ™ 5 |

ek ] 28 DAY AYG.—
*NOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY
** Reducing Grout OPD-EXE-X-P-0-BS : Baich |

**tget from hold eylinders
Procedure No. : C-QCP-020 | Drawing No.: '__ Nia | Specifieation No.: [ C-SPS-G-008S
Revi| Nia | PON:| WA |Rev:[ nma | DCF Nia | Rev.: [ wia_ | DCF: | N/A
Inspector: Level _ Dame: NCR No.: [ NIA | Test Results: NIA
Reviewer: Level - Date: Inspector: Level _ Date:
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ASR 18-335 (06/01)

Washington Group

ASTM C 39 O4dn ) ASTM C 31-( 03a ) ASTM C 143+ 05a ] Savannah River Site ASTMC 92 02 ASTM C 617 98103 )
ASTMCO4( 06 ) ASTMC 138 0la ) ASTMC172-( % ) Concrete/CLSM Test Report  ASTMC23 8 ) ASTMCI064( 05 )
ASTMD 6103 04 ) Page ! of 2
Report No.: | 2007- Date Molded: 272212007 Work Package Nox | A ]
Report Date: | 22242007 Time Molded: QCIR No.: I NIA |
Project No.: | LSWDSMOD Mix Design: [ o Design Strength: | 2000 | esi@ [ o0 | days
TWE: Design Category: N/A Bateh Ticket Number: N/A Placement Method: NA Contractor: N/A
Supplier: | LaFarge | Tyoe Adminturegsh (iTknown): [ NAA | mccoptance Stump in. Air Content, ™ CLSM Flaw, in, Cone/CLSM Temp.'F
Placement Location: [ CAST IN LAB, BLDG. 717-5N | Criterin: [ s ] [3wen1] [ Na | [Mas o0 ]
Truck LD, Timeof Mixing  Time Start/Stop Discharge  Batch Size, yds. Water Allow. / Water Added, gals. [ ¥4 | w4 | [ wa | [ =
[ e ] [wa | [Cwa [ sa | [wna ] Cwa /[ wa Weather: INDOORS |
Inspector: Level LI Initial Curing: [_Trur.;.-.;g—| i Ambiei Temp,, “F: D
Tnspector: Level. Taborstory Cring: | Confarming | cos-167
Pick-up Date: r |Ttme: l | Initials: - W Castin Lab.: Yes |z| No D @ R
Lab. Days Date Capped Height, [| Diameter, ||Aren, Square||Total Load, || Unit L_lud. W E Initials/
Number Aged Tested Inches Inches Inches Ibs. psi /N Level
0700272 M || amr00? 6.10 3.00 7.07 036 1000 X
el 310007 6.12 3.01 12 11782 Tobd
ol 4242007 6.08 3.00 7.07 18116 2140 X
ol 4242007 605 3.00 7.07 15048 130
90 523/2007 6.08 300 709 15571 200 X
on 8232007 6.03 .00 707 15879 2250 X
180 &2 12007 590 J00 707 16860 2300 X
Measure & Measure, Calibration Uit Cementitious  Apgregates, Plant Water, Field Water, WRA, AEA, ITWRA,  Total Weight of Yield/ Yield!

Conerete, Ibs. b Factor Weight  Materials, Ibs. Ibs. gals, gals. 0Z. oL 0L Materials Batched e fi. cuyd.

[ wa | [owa ] [ wa J[ 0 J[ wa | [ v | [Cwa | [ va ] A [ ] | T |
M& TE Cal:  SC- N/A TG [ Jam- Na [ wa s s [ Jeps ™ 5 [ ]
Remarks: | 28 DAY AVG. =

*NOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY
** Reducing Grout Mix 1, Batch 2
]‘mcednn Mo : l—m | Drawing No.: | NIA I Specification No.: r_ [ -SPS-G-0D0BS
Rev:[ wa | PON:[ NIA | Revee[ wia ] o Ty | Revit [ nea | DCE:| N/A
Inspector: Level e Date: NCR No.: | N/A | Test Results: *NJA
Reviewer: Level b Date: Inspector: Level 1w Date:
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ASK 13-335 (06i01)

WSRC-STI1-2007-00369, REVISION 0

Washington Group
ASTM C 192 02 ASTM™ C 617-{ 98(03) )

ASTMC39-( 042 ) ASTMC 21 03s ) ASTMC 143 052 Savannah River Site
ASTMCO4 % ) ASTMC 138 0la ) ASTMC 1124 M ) Concrete/CLSM Test Report ASTMC23l M ) ASTMCHOGH( 05 )
ASTM D G103 D4 Pige. 2 laf 3.
Keport No.: | 2007- Date Molded: 20222007 Work Package Nou r_ WiA
Report Date: [ 272202007 Time Molded: QCIR No.: | N/A
Froject No.: | LSWDSMOD Mix Design: | " Design Strength: [ 2000 | pio@ [ o | days

TWC: Dasign Category: N/A Bateh Ticket Number: NiA Placement Method: NiA Contractar: | NIA ]

Supplier: | LaFarge |Typm MmintureESJ,(irknowl):| NJA ]_Accepimlm Slamp, in, Air Content, * CLSM Flow, in. Cone./CLSM Temp.,"F

Placement Location: | CAST IN LAB. BLDG. 717-5N | Criterin: [ "nia | [5wo1 | [ e ] Max 9
Truck LD. Time of Mixing Time Start/Stop Discharge Bateh Size, vds.  Water Allow, / Water Added, gzls.i va o [ [ wa ] 70
va | [ v | [ea [Cwa ] [ea ] na /[ wa | Weather: | INDOORS |
Inspector: Level Initial Curi [ Conforming | i Ambient Temp.,"F: I:l
Imspecrar: Leval Laboratory Curing: | Canforming | CDS-167  /
Pickap Date: | ] Time: ] tnivats: Cutintabs Yo [1] %o [] [one & 5] oone & v o]
= Technicians
Lab. Days Date Capped Height, || Diameter, ||Area, Square||Total Load. |[Unit Load, Initials/
Number Aged Tested Inches Tnches Inehes Ibs. psi Level
LR 180 || 82172007 610 300 707 7038 1000 X
2 HOLD
CYLINDERS|| ***? [ 2222007
Ll s | (20312007
N/A NAA
NIA N/A
NiA NA
NiA N/A
Measure & Measure, Calibration ”'_‘if Cementitious  Agorepates, Plant Water,  Field Water, WRA., AEA, HWRA, ]bll]‘ Weight al’ Yield! Yield/
Conerete, 1bs.  Ihs. Factor  Weight  pagerials, Ibs., Ibs. gals. guls. Materials Batched cu.fi. cu.yi.
[ s ] [nva ] [ma [0 ] [ma ] [ na NA | [ 0 = [ o
Ma& TE Cal.: N/A TC- [ Jase ma [ wa Juws na [ wa |s- wa [ na |epse [ - 5 | ]

Remarks: !

28 DAY AVG. =

SNOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY

“* Reducing Grout Mix |, Batch 2

*trget from hold eylinders

Procedure No. ¢ | C-0CP-020 Drawing No.: NiA Specification No.: [ (-SPS-G-00085

Rev:| N/A PON: |

NIA | Revie[ mia | DoF:| Nia Rev: [ na | por: NIA |

Inspector:

Level Date: NCR No.: ] NiA | Test Results: SNIA

Reviewer:

Level Date: Inspector: Level Date:
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ASR 15-335 (06/01)

WSRC-STI1-2007-00369, REVISION 0

Washington Group

ASTMC 3901 ) ASTMCII{( 038 ) ASTMC 1434 050 ) Ravannah River Sife ASTMC 192 02 ) ASTMCEIT( 9803 )
ASTM € 94+ 0 ) ASTM C 138+ Bla ) ASTMCIT2( M ) Concrete/CLSM Test Repoﬁ ASTM O 2314 ™ ) ASTMC 1064 )
ASTM DGI03( Mp ) Page ! of !
Report No.: | 2007- Date Molded: |_ 082007 Work Fackage No.: [ NiA |
Report Date: [ 511872007 Time Molded: | 1400 QCIR No: | NIA
Praject No.: | LSWDSMOD Mix Design: | - Deslgn Strength: [ 2000 ] i@ [ 28 | days
TWC: N/A Design Category: NA Batch Ticket Number: N/A Placement Method: NiA Contractor: NiA |
Supplier: | Lakurge | Type Admixture(s), (if known): N/A | Aceeptance Stamp, in. Air Content. * C1LSM Flow, in. ConeC mp.F
Placement Location: Ii CAST IN LAB, BLDG. T17-5N I Criteria: [ wia | [3we ] NiA
Truek LD, “Time of Mixing Time Start/Stop Discharge Balch Size, yds,  Water Allow. / Water Added, gals. | wa [ na | f—E [ s |
N/A T e e | N/A A /[ N Weath INDODRS |
Inspector: Level — Tnitial Curing: FW| / Ambient Temp., " F: l:]
Inspector: Level i Laboratery Curing: Conforming CDs-167 ¢ 9/13/07
Pick-up Date: | I Time: | Initials: Cast in Lab.: Yes |z| No D [Eons & Spif] [Cone & Shear] @ [Cotumur]
Lah. Days Date Capped Height, || Diameter, || Area, Square|| Total Load, || Unit L-uml.‘ E " 1] Tlniliulu
Number Aged Testerd Inches Inehes Inches hs. pei N L Level
G 25 || 6502007 6.10 3440 7.07 24641 3490 *
ki GI5/2007 6.18 300 .07 23913 2380 X
o0 86/2007 6.09 300 7.07 32490 4600 X
%0 8/6/2007 6.12 300 7.07 35890 5080 X
181 1L/572007
9 HOLDS 181 11572007
90 HOLD|| #/6/2007
Measure & Measure, Calibration Unit  Cementtious  Aggregates. Plant Water, Field Water, WRA, AEA, HWRA, Total Weight of Vield? Yield’
Conerete, Ibs. b Factor Weight  Materials, Ibs. Ihs. gals. gals. 2 Materials Batched cu.ft cuwyd.
NIA [wa | [wa J[ o ([ wa | [Cnva ] [na | [ wa | [ 0 I R | 0
M& TECal: SC- NA 16- [ Jam v vwi- v [ wa ]s owa e Jeos ™ 5 [ |
25 28 DAY AVG. =
*NOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY
++ #8 Stone Reducing Grouf with Advaflex #1A
Procedurs No. ¢ | C-QCP-020 Drawing No.: NIA Specification No.: r_- C=5PS-G-00085 ‘
Revi[ na | PONi| NIA Rev:[ wa | DOF NiA Rev.: [ Nia | DCF:[ N/A \
Inspecror: Level Dute: NCR Ne.: NIA | T'est Hesults: "NIA
Reviewer: Level Date: Inspector: Level Date:

Page 125 of 153



ASR 18-335 (06/8%)

WSRC-STI-2007-00369, REVISION 0

Washington Group

ASTM C 192« 02

) ASTM € 617-( 98(03) )

ASTMC39(0a ) ASTMC31{ D ) ASTMC 1805 ) Savannah River Site
ASTMCO4( 06 ) ASTMC 138 0la ) ASTMC 17 0 ) Concrete/CLSM Test Report ~ASTMCZIL( 84 ) ASTMCI06H 05 )
ASTM D 6103 04 ) Page ! of _
Report No.: I 2007- Date Molded: 3212007 Work Package No.: | N/A |
Report Date: | 32172007 Time Molded: 1450 QCIR No.: | NIA
Prnjm No.: | LSWDSDMOD Mix Design: | Reducing Grout with SIKA-14_| Design Strength: | 2000 ] esi @ [ 90 | days
l Design Category: I Batch Ticket Number: N/A Placement Method: [ N/A ] C"“l"“""l N/A |
Supplier: LaFarge | Type Admixture(s), (if known): [ Ja Slump, in. Air Content,™ CLSM Flow, in. Conc/CLSM Temp.'F
Placement Lo:ntlon. [ CAST IN LAB, BLDG. 717-5N | Criteria: [ nia | [3w6+i1] NiA [ Max 90
Truck LD. Time of Mixing Time Start/Stop Discharge Batch Size, yds. Water Allow. / Water Added, gals. | A ][ Na | NiA o
N/A | [nva ] [ na M wa ] [wa ] [ na [ mna ] Weather: | INDOORS
Inspector: Level  Initial Curing: | Conforming | li Ambient Temp., °F: |:|
Inspector: Level Laboratery Curing: | Conforming J CDS-167  /
Pick-up Date: | ] Time: [ ] Initials: CastinLab: Yes [x] No [] [Cone & Shear] [Cotamear] -
| Lab. , Days Date Capped Height, || Diameter, ||Area, Square | Total Load, || Unit Load, m E Z |:|:ﬂ Initials/
Number Aged Tested Inches Inches Inches Ibs. psi A Level
| 070043 14 || 442007 6.0 300 7.07 174 || 2420 X
28 || ansnoor 610 3.00 7.07 35875 5080 X
2 ||4nsnoo7 6.12 3.00 7.07 37001 5230 X
20 6/19/2007 6.08 3.00 7.07 52057 7360 X
90 61972007 6.10 3.00 7.07 53493 570 X
180 91772007
180 9/17/2007
Measure & Measure, Calibration Unit Cementitious  Aggregates, Plant Water, Field Wnl:r. WRA, AEA HWRA Total Weight of Yield/ Yield/
Concrete, lbs.  Ibs. Factor Weight  Materials, Ibs. Ibs. gals. oz Materials Batched cu.ft. cuyd.
wa ] [ ][0 | [ ma | [wa | [ wa | wA Mﬂm 0 1 C = 1 o ]
M&TE Cal: SC- NA [ NA ] TG- [ |aM- NaA uwn- na [ ma ]s wa [ wAa | cps [ Jv- 5 [ ]
Renar=1 28 DAY AVG. = 5160 psi
*NOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFO! TON ONLY.
CUR FNFURIVIA TN UL Y
Procedure No. : | C-QCP-020 | Drawing No.: [ N/A | Specification No.: I C-SPS-G-00085
Rev:| Nja | PON:| N/A | Rev.:[ wia | DOF:| NIA | Rev.: [ 7] peF:| NiA
Inspector: Level Date: NCR No.: | N/A F Test Results: | *N/A
Reviewer: Level Date: Inspector: Level _ Dae
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ASR 18-335 (06/01)

Washington Group
ASTMC39-(Ma ) ASTMC3I-(03s ) ASTMC L4305 ) Savannah River Site ASTMC 192 02 )  ASTMCEIT 9503) )
ASTMC944 06 ) ASTMC 1384 0la ) ASTMC172( ¢ ) Concrete/CLSM Test Report ~ ASTMC2I( 04 ) ASTMCI064( 05 )
ASTM D103 04 ) Page ! of
Report No.: |— 2007- Date Molded: 31282007 Work Package No.: | NIA I
Report Date: [ 3282007 Time Molded: 1500 QCIR No: [ NIA |
Project No.: [ LSWDSDMOD Mix Design: [ Reducing Grout w/ Sika-2_| Design Strength: [ 2000 | i@ [ 90 | days
TWC: Design Category: N/A Batch Ticket Number: N/A | Placement Method: N/A Ci [ NIA ]
Supplier: | LaFarge |'I'ype Admixture(s), (if knnwn):l NIA 1,‘ e Slump, in. Air Content, ™ CLSM Flow, in. Conc/CLSM Temp.,F
Placement Location: | CAST IN LAB, BLDG. 717-5N | Criteria: 3t06+-1 NIA [Max. 90
Truck LD. Time of Mixing Time Start/Stop Discharge Batch Size, yds. Water Allow./ Water Added, gals. NiA NiA NIA [ m |
T wa | [ wva | [ wa [ wa | [ | ~na /[ NaA Weather: [ INDOORS 1
Inspector: Level Initial Curing: Conforming / Ambient Temp., "F: D
Inspector: Level Laboratory Curing: | Conforming I CDS-167  /
Fick-upDate: [ | Time: [ Initials: CastinLab: Yes [x] No []  [T[Cond [Concasp] [cone & shear] [Cotumar]
Technici
Lab. Days Date || Capped Height, || Diameter, ||Area, Square][Total Load,][Unit Load, —‘ Initials/
Number Aged Tested Inches Inches Inches Ibs. psi Level
070044 28 4/2512007 £.00 3.00 707 24769 3500 X
28 4/25/2007 598 3.00 7.07 25483 3610 X
90 6/26/2007 598 3.00 7.07 38410 5430 X
o9 6/26/2007 599 3.00 7.07 36500 5160 X
180 || 92472007
9 HOLDS 180 9/24/2007
90 HOLD | | 6/26/2007
Measure & Measure, Calibration UPit  Cementitious Aggregates, Plant Water, Field Water, WRA, AEA, HWRA, Total Weight of Yield/ Yield/

Concrete, Ibs.  Ibs. Factor ~ Weight  Materials, Ibs. Ibs. 0z. Materials Batched cu.ft. cuyd.

[wa | [ na | [ na | 0 ] [ va | [(wva ]
M&TECal: SC- NA [_NA ] TG- Jam. N [ Juws- na [ wa s wa [ wa Jops C__Jm s [ ]

Remarks: [ 28 DAY AVG. =

*NOTE: MIX DESIGN, TEST RESULTS SUBMITTED FOR INFORMATION ONLY Tat] A

¥4 it Al Y ST
—
Procedure No. : | C-QCP-020 I Drawing No.: NA Specification No.: r—m?s——l
Rev.:[ A | PCN:| N/A | Rev.:[ Nia_| DCF:| NIA Rev: [ 7 | DCF:] N/A
P H Level I Date: NCR No.: [ N/A I Test Results: *N/A

Reviewer: Level _ Date: Inspector: Level - Date:
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ASR 18-203 (08/01)

WSRC-STI1-2007-00369, REVISION 0

Washington Group
Savannah River Site

Summary Report of Testing Activities Page 1 of 1
[X] Report [[] cover Sheet

[Approvals (I required] Work Package No.: A
Civil Materials Testing Supervisor: QCIR Mo.: M
W. L. Minyre Project No.:  LSWDSDMOD TWC: MR
Quality Programs & Civil Materials Testing Manager: Design Category: A
Vyman Pope, Jr. Report No.: 2007LSWDSOMODO001 |pate:  5-30-07
Lab Mo.: MNA Test Method: ASTMSs C §17-98(03) , C 42-04 & C 39-04a
Discipline: Civil Testing Description:  Compressie Strength of a concrete core sample
Location: T17-5M Reported to: Christine Langton 5-5808

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

sample had a length of 3.874" and a diameter of 2.765"

with a capped height of 4.05°. The area of the dia-

meter was §.08 square inches. The total load on the core was 17,268 pounds and unit load was 2840 psi.

Unit Lo of 2840 psi was mulfiplied by the strength correction factor of 0.85 to equal 2700 psi, The pleces

of the core were returned to requester after testing.

MATE: 1T-E, 2) TC-5 fC.uI. Due Date: 1) 12-12-07, 2) 8-12-07 Procedure: C-QCP-020:
MNCR No.: Mi& Rewv: i
Test < PCNs; 2
Results: D Conforming D Monconfarming A
Specs: [N
|Remarks: * Engineering Evaluation Rev: IR
DCFs: N,
Inspector: Leval: Date
Roviewer: Laveal: Date:
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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 5.00E-02 9.9999759984985E-01 5.051695E-01
9.9999466348382E-01 1.00E-01 9.9999466348382E-01 4.602615E-01
9.9998813560986E-01 2.00E-01 9.9998813560986E-01 4.127931E-01
9.9996589505087E-01 5.00E-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 2.00E+01 9.9771146944462E-01 8.083438E-02
9.9392764556881E-01 5.00E+01 9.9392764556881E-01 3.656908E-02
9.8813629837680E-01 1.00E+02 9.8813629837680E-01 1.590808E-02
9.7889352553717E-01 2.00E+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 7.61E+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-11
8.4902842079077E-01 7.13E+05 8.4902842079077E-01 3.971804E-11
8.4779526777651E-01 8.19E+05 8.4779526777651E-01 2.847092E-11
8.4658816813593E-01 9.42E+05 8.4658816813593E-01 2.040866E-11
8.4540657321875E-01 1.08E+06 8.4540657321875E-01 1.462941E-11
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 2.51E+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 3.81E+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-01 6.912673E-15
8.2345549059260E-01 3.10E+07 8.2345549059260E-01 4.955126E-15
8.2276281007745E-01 3.57E+07 8.2276281007745E-01 3.551922E-15
8.2208477094978E-01 4.10E+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 0.00E+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 5.00E-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 2.00E+01 9.9730561845921E-01 1.182351E-01
9.9260184433614E-01 5.00E+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 5.924991E-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 2.31E+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 9.1647796546741E-01 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 7.61E+04 8.8083332417928E-01 3.092132E-09
8.7962781943396E-01 8.76E+04 8.7962781943396E-01 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-11
8.6937044023474E-01 3.54E+05 8.6937044023474E-01 6.248623E-11
8.6850424846704E-01 4.07E+05 8.6850424846704E-01 4.382566E-11
8.6766371958349E-01 4.68E+05 8.6766371958349E-01 3.073772E-11
8.6684809473419E-01 5.39E+05 8.6684809473419E-01 2.155828E-11
8.6605663724176E-01 6.20E+05 8.6605663724176E-01 1.512014E-11
8.6528863200194E-01 7.13E+05 8.6528863200194E-01 1.060467E-11
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 2.51E+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

Page 134 of 153




WSRC-STI-2007-00369, REVISION 0

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 3.10E+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 1A.

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

1.0000000000000E+00 0.00E+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 2.00E-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 2.00E+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 2.00E+01 9.8839770626823E-01 6.275097E-02
9.7041230748223E-01 5.00E+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 2.31E+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 1A (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-11
5.6864991308150E-01 3.54E+05 5.6864991308150E-01 5.457652E-11
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-11
5.5544490919189E-01 6.20E+05 5.5544490919189E-01 1.412736E-11
5.5233179694023E-01 7.13E+05 5.5233179694023E-01 1.007681E-11
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 3.10E+07 4,9070155472150E-01 1.099861E-15
4.8908218380768E-01 3.57E+07 4.8908218380768E-01 7.845070E-16
4.8750017715752E-01 4.10E+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 1.91E+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 1B.

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

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999158264902E-01 5.00E-02 9.9999158264902E-01 7.255412E-01
9.9997976425553E-01 1.00E-01 9.9997976425553E-01 6.754006E-01
9.9995135872628E-01 2.00E-01 9.9995135872628E-01 6.175069E-01
9.9984502276693E-01 5.00E-01 9.9984502276693E-01 5.282903E-01
9.9962804230954E-01 1.00E+00 9.9962804230954E-01 4.512312E-01
9.9910944552563E-01 2.00E+00 9.9910944552563E-01 3.669776E-01
9.9720374212636E-01 5.00E+00 9.9720374212636E-01 2.493464E-01
9.9347975633387E-01 1.00E+01 9.9347975633387E-01 1.630205E-01
9.8536281847174E-01 2.00E+01 9.8536281847174E-01 8.929981E-02
9.6219974794603E-01 5.00E+01 9.6219974794603E-01 2.722709E-02
9.3292019244093E-01 1.00E+02 9.3292019244093E-01 7.809633E-03
8.9676391608424E-01 2.00E+02 8.9676391608424E-01 1.723658E-03
8.4792137564475E-01 5.00E+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 1.464711E-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
7.0346129634811E-01 5.01E+04 7.0346129634811E-01 9.423100E-10
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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)

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-11
6.8597813286220E-01 1.76E+05 6.8597813286220E-01 3.303687E-11
6.8437187129450E-01 2.03E+05 6.8437187129450E-01 2.276687E-11
6.8282413049698E-01 2.33E+05 6.8282413049698E-01 1.568943E-11
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-01 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 3.31E+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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WSRC-STI-2007-00369, REVISION 0

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 3.10E+07 6.5305994049077E-01 3.436627E-17
6.5265318121006E-01 3.57E+07 6.5265318121006E-01 2.368278E-17
6.5226124460544E-01 4.10E+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)

1.0000000000000E+00 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9999456409664E-01 5.00E-02 9.9999456409664E-01 5.978787E-01
9.9998744318343E-01 1.00E-01 9.9998744318343E-01 5.447128E-01
9.9997099932177E-01 2.00E-01 9.9997099932177E-01 4.863940E-01
9.9991236992326E-01 5.00E-01 9.9991236992326E-01 4.018814E-01
9.9979800131291E-01 1.00E+00 9.9979800131291E-01 3.333328E-01
9.9953571869007E-01 2.00E+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 2.00E+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 2.00E+02 9.5753541084825E-01 1.195643E-03
9.3738589274499E-01 5.00E+02 9.3738589274499E-01 1.423886E-04
9.2315285979779E-01 1.00E+03 9.2315285979779E-01 2.622710E-05
9.2045464589848E-01 1.15E+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 2.31E+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-01 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 5.01E+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 2.452111E-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-11
8.5837980939131E-01 2.03E+05 8.5837980939131E-01 4.214327E-11
8.5745234457860E-01 2.33E+05 8.5745234457860E-01 2.963210E-11
8.5655145489513E-01 2.68E+05 8.5655145489513E-01 2.083511E-11
8.5567638017794E-01 3.08E+05 8.5567638017794E-01 1.464970E-11
8.5482638177307E-01 3.54E+05 8.5482638177307E-01 1.030056E-11
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 2.517595E-12
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

Page 143 of 153
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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 4.10E+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 1.114345E-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 0.00E+00 1.0000000000000E+00 1.000000E+00
9.9998338807784E-01 5.00E-02 9.9998338807784E-01 6.413759E-01
9.9996137980028E-01 1.00E-01 9.9996137980028E-01 5.905842E-01
9.9991022488774E-01 2.00E-01 9.9991022488774E-01 5.341789E-01
9.9972633405279E-01 5.00E-01 9.9972633405279E-01 4.510947E-01
9.9936467630313E-01 1.00E+00 9.9936467630313E-01 3.823999E-01
9.9852802708792E-01 2.00E+00 9.9852802708792E-01 3.099342E-01
9.9556535327948E-01 5.00E+00 9.9556535327948E-01 2.123163E-01
9.8993414531007E-01 1.00E+01 9.8993414531007E-01 1.422723E-01
9.7780138769010E-01 2.00E+01 9.7780138769010E-01 8.215088E-02
9.4244990780599E-01 5.00E+01 9.4244990780599E-01 2.853688E-02
8.9490307640768E-01 1.00E+02 8.9490307640768E-01 9.391429E-03
8.3131284591558E-01 2.00E+02 8.3131284591558E-01 2.389848E-03
7.3741316925452E-01 5.00E+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 2.31E+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 Surrogate (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-11
3.5454405782314E-01 2.33E+05 3.5454405782314E-01 5.598945E-11
3.5034497002588E-01 2.68E+05 3.5034497002588E-01 3.924159E-11
3.4627143096474E-01 3.08E+05 3.4627143096474E-01 2.750338E-11
3.4231969361264E-01 3.54E+05 3.4231969361264E-01 1.927635E-11
3.3848612154476E-01 4.07E+05 3.3848612154476E-01 1.351023E-11
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-01 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 Surrogate (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 4.10E+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
2.4398323496411E-01 2.90E+08 2.4398323496411E-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 Dixon/SRNL/Srs Te Margaret Millings/SRNL/Srsi@Srs
1062007 10:21 AM oz Mark PhiferdSRNLUSrs@Srs
boo

Subject Design Check for FTF Matesials Report

Pleasa design check the decument WSRC-STI-2007-00359 ttled "Hydraulic and Physical Properties of
Tank Grouts and Base Mat Surrogate concrete for FTF Closura”.

Associated files:
Vkddawg\Tank1
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 hsted 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 they lock reasonable
far the vanous cementitious matenals.

4)Check the van Genuchten transport parameters to ensure they lock reazonable for the vanous
cementbious matenals. Check the files associzted with the parameter estmation.

S)Wenfy that the logic of the report 1s sound and that the conclusions and recommendations are
reasonable based on the results of the testing.

Thanks,

Ken

3-5202
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" Y@ Margaret Milings /SRNL/Srs To Kenneth Dixon/SRMLISrs@srs
TTI200T 04:33 PM cc
! oae
W Subject Re: Design Check for FTE Materials Repor(]
Ken.

| fimtshed the design check and it looks good -- onky manor changes/commients. The report was well
written and easy to follow. Your logic, conclusions and recommendations appear o be reazonable and
in-line with the test results.

| checked mast (if not alli the property values and ranges on the tables (and in the text) of the report
versus the laboratory reports. | had a few guestions (see numbered items below).

| also spot checked the values listed on the report tables versus the Excel spreadshests {including
werifying formulas). The specific spot checks are noted on the hard copy of the report that I'll give back 1o
vouw. | did not find anything that leoked questionable (except for #8 listed below)

The hydraulic conductivity curves and water retention curves looked ressonable -- where we had data
the curves appeared to match up with the laboraton, data.

| checked the van Genuchten parameters listed on your tzbles versus those vou had listed in the Excel
spreadsheet. | also checked the formulaz on the Excel spreadshest to make sure that they referenced
the comect cells on the spreadshest. | spot checked four RETC output files to make sure that the
parameters listed (2.g.. Theta r, alpha and n) matched these listed on vour summary table.

Here are a few ttems you may want to check {most are just editonal suggestions):

1. Top of page 5 first paragraph -- "B8 feet diameter and 12" high" - maybe spell out the ' symbol 1o

make it consistent within the sentence

Bottorn of page 5 under "a" - should there be F or C listed with the temperature given?

Page &, dot after "d" — delet= one of the periods at the end of the santance.

Page 11, the first full paragraph -- check the 5.0 x 10-10 emisec minimum listed for the INL

measurements of reducing fill grout {(zhould it be 4E-107)

Page 11, the first full paragraph -- the range listed for the INL measured porosity of the reducng fill

grout — | didn't see these values listed on a table {zither in your report or the INL report - | may have

missed them?77 | didn't check these values against anything)

You may possibly add how particle density was caleulated in the footnotes of your hydraulic property

1zbles??? If you do, you may also want 1o specify which poresity you used in the calculation.

7. Wou may possibly want to add in the footnote of some of your hydraulic property tables that the values

shown were from effective confining pressure of 10p=1 {versus 40psi - since you have some of these

reports In Your appendi.

Check the kydravlic conductivity value listed for THEKOT0E on Table 19, It's listed as 2.6E-8, but |

thought that the report said 3. 1E-8. The Excel spreadsheet has 2 6E-8.

9. Check the maximum particle density listed for the Base Mat Surrogate on Table 20. It's listed as 2.53

- | was wondering whether it should be 2.557

10. Check the footnate number listed at the bottomn of Table 22 —- there's a 1 and 3 (I'm thinking that the 3
should be 2 2).

11. Check the footnotes on Tables 24 and 25 - the footnotes are listed, but no numbers appear an the
tzble. It locks like "Sample 10" should have 2 1 and "Location” should have 2 2777

12. Check the second Sample |D listed on Table 24. If's listed as THKO29A2 but looking =t the data | was
wondenng whether it should be TANKDIZ25427

13. Check the bulk density value and porasity value isted on Table 29 {Recommended Hydraulic
Property Walues) for the Strong Grout. Based on Table 20, | thought maybe the bulk density should
be 1.80 and porasity should be 0269 {nzither of these are far of from what you have on the table, but
it maght be confusing to some people why the values are differen: from Table 20777

L

m

]
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14. Check the footnotes on Table 30 -- foctnote #2 doesn't appear on the =hble.

If you have any questions, l=t me know.

Maggie

Kenneth Dixon/SREML Srs

Kenneth Dixon/SAMNL/Srs
10ME2007 10:21 AM To Margaret Milings/SRNLSrsaiSrs
oz Mark PhiferSRNL S rs@Srs
Subject Design Check for FTF Materials Report

Plzaze design check the decument WSRC-5TI-2007-00358 siled "Hydraulic and Physical Properties of
Tarnk Grouts and Base Mat Surrogate concrate for FTF Closura”.

Associated files:
Vikddawg'Tank1
Design chieck 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 IML.

E]E.Iheck that the property values and ranges listed in the text of the repart match those given in the data
tables.

3)Check the hydraulic conductivity curves and the water retention curves to ensure they lock reasonable
far the vanous cementitious matenals.

4)Check the van Genuchten transport parameters to ensure they lock reasonable for the vanous
cementitious matenals. Check the files associzted with the parameter estimation.

5)Wenfy that the logic of the report 1s zound and that the conclusions and recommendations are
reascnable based on the results of the testng.

Thanks,

Fen

5-520%
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Margaret MiSngs/5RNL/Srs To Kenneth Dixon/SRMLISrs@srs
1012007 07:21 AM oc
b
Subject Re: Design Check for FTE Materials Repor(]

Ken.
Sounds good. Sorry | didn't realize that the 120 was position - it definitely makes more sense as position.

Magge

Kenneth Dixon/SEMLSrs

Kenneth Dixon/SRNLSrs
10M18/7007 04:54 M To Margare: Millings/ SRNL/Srs@Srs
cc
Subpect Re: Design Check for FTF Materials Repnrﬁ

Maggie,

| have addressed all your comments. | agreed with all comments sxcept comment 2. The 1207 indicates
position rather than temperature. Thus, no change was made for comment 2. The revised report is in my
public folder at the following path:

kddawg\ Tankl

If vou agree that | have adequately addressed your comments, please send an e-mail to that effect.
Thanks,

Ken

5-520%
Margaraz Milling="SRML Sr=

Vi Margaret Milings /SRMNL/Srs

"'\\ 1001 71007 04:39 PM To Kenneth DixonSRMLISrs(@srs
kY cc
V Subject Re: Design Check for FTF Materials Hep.':-ra
ken.

| finishad the design check and it looks good - only minor changes/comments. The report was well
written and easy to follow. Your logie, conclusions and recommendatons appear to be reasonable and
in-lime with the test results.

| chacked mast (if not all) the property values and ranges on the tables (and in the tex:) of the report
wersus the laboratory reports. | had a few questions (see numbered items below).
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