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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. 
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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: 

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

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

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

• 6 samples of the strong grout (B2000-X-0-0-BS) 
• 6 samples of the reducing fill grout (OPDEXE-X-P-0-BS) 
• 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. 
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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. 
 
• Saturated hydraulic conductivity using method ASTM D 5084 - flexible wall permeameter: 

a. MCT - Method B (falling head, constant tailwater pressure) 
b. GTX - Method C (falling head, rising tailwater pressure) 

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

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

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

A minimum of 3 height measurements at 120o from each other and top and bottom 
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diameter measurements were made to determine the volume. Additional measurements 
were made as necessary to compensate for any substantial irregularities in the sample. 

b. Saturated mass (Msat) of the vacuum saturated, surface dried specimen was measured per 
the requirements of ASTM C 642 Section 5.2 (i.e. criteria for acceptable mass 
measurement). 

c. Oven-dried mass (Mdry) of the specimen was measured per ASTM C 642 Section 5.1 
(i.e. criteria for acceptable mass measurement).  For many of the samples, it took several 
days to a week to obtain an acceptable oven-dried mass measurement. 

d. Porosity was calculated as: 
n = ((Msat - Mdry)/ρw) / Vol 

where pw = density of water at the temperature used to determine Msat. 
• Specific gravity was determined using method ASTM D 854 which is a water pycnometer 

method. 
 
INL tested two samples of the reducing fill grout using a steady state centrifugation unsaturated 
flow apparatus (SSC-UFA) following method ASTM D 6527 and procedures given in Methods 
of Soil Analysis (Dane and Topp, 2002).  A complete discussion of the methods used is given in 
the project report in Appendix B (Mattson, 2007).  A total of two, one inch diameter cylinders of 
the reducing fill grout were provided to INL for testing: TNK019R and TNK020R.   
 
The SSC-UFA was used to estimate the saturated and unsaturated hydraulic conductivity of the 
reducing fill grout samples.  Additionally, the saturated hydraulic conductivity of the samples 
was estimated using a falling head method as given by Dane and Topp (2002).  INL also 
measured the water retention characteristics of the reducing fill grout samples by testing sub-
cores of the grout over a range of pressures from 0 to approximately 45,000 cm of H2O (~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/cm3).  The 
volume of the sample is determined by measuring the physical dimensions of the sample. 
 
3.4 DETERMINATION OF VAN GENUCHTEN TRANSPORT PARAMETERS  
 
Direct measurement of the unsaturated hydraulic conductivity of large numbers of samples of 
cementitious materials is time consuming and cost prohibitive.  An alternative to direct 
measurement is the use of theoretical methods to predict the unsaturated hydraulic conductivity 
based upon measured water retention data.  These methods are generally based on pore-size 
distribution models, and have been shown to perform reasonably well for coarse textured soils 
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and other porous media having relatively narrow pore-size distributions (USDA, 1998).  The 
applicability of these models to cementitious materials has not been fully assessed; nevertheless, 
predictive models based on water retention data provide the most viable means of characterizing 
the hydraulic properties of large numbers of samples of cementitious materials.  Therefore, this 
method was chosen to predict the unsaturated hydraulic conductivity of the FTF tank grouts and 
base mat surrogate concrete samples based upon the measured water retention properties of each 
material. 
 
RETC (RETention Curve) (USDA, 1998), a U.S. Salinity Laboratory computer program 
designed for analyzing the hydraulic properties of unsaturated soils, was used to fit the measured 
water retention data for each tank grout and the base mat surrogate.  The program’s curve fitting 
is based on van Genuchten’s equation for soil water content as a function of pressure 
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where )(hθ  is water content at the pressure head h , rθ  is residual water content, sθ  is the 
saturated water content,  h  is pressure head, α  is a constant related to the inverse of the air-
entry pressure, and n  is a measure of the pore-size distribution.  The constraint nm 11−=  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 nm 11−=  retention curve model was used to estimate curve fitting parameters 
( rθ , sθ ,α , n ) for each sample. 
 
The curve fitting parameters ( rθ , sθ ,α , n ) from RETC (USDA, 1998) were used to calculate the 
effective saturation (or reduced water content), eS , at incremental pressure heads according to 
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where rS  denotes residual saturation. Using eS , the relative hydraulic conductivity was 
calculated at incremental pressure heads using the Mualem-van Genuchten type function 
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e SSK −−= , 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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where residual saturation, rS , is equal to sr θθ (the residual water content divided by the 
saturated water content). 
 
3.5 TOMOGRAPHIC EVALUATION OF TANK GROUTS AND BASE MAT 

SURROGATE CONCRETE SAMPLES 
 
Computed tomographic (CT) imaging was performed on selected samples of the tank grouts, and 
base mat surrogate samples.  A 420 keV x-ray tube was used to acquire the raw projection 
images for the three inch diameter samples.  The detector used was a 1.5K x 1K pixel 
Photometrics charge-coupled device (CCD) camera with an 85 mm lens viewing an image 
quality indicator (IQI) glass scintillator.  The scintillator converts x-ray energy into visible light 
which can be imaged with light sensitive detectors. 
 
The samples were placed on a rotational turntable controlled by data acquisition software.  The 
samples were imaged at 0.5 degree increments in the rotational angle for a total of 760 projection 
images.  The raw projection data was processed by subtracting the dark current signal then taking 
the log of the ratio of the sample image to the un-attenuated beam.  This transforms the data into 
the x-ray attenuation space.  The projections were then Fourier transformed and filtered in the 
frequency domain to produce filtered projections.  The filtered projections were then back 
projected through the object space using a cone beam reconstruction algorithm to provide 
reconstructed planes perpendicular to the axis of rotation and the raw projection coordinates.  
The set of reconstructed planes constitutes a 3-D data set which represents the attenuation 
coefficients of the sample.  This 3-D data set was then sliced and viewed from different angles.  
For ease of viewing, movie files were created showing a sequence of images that are planes 
perpendicular to the axis of rotation or planes that are parallel to the axis of rotation.  From these 
movies, still images were captured to show the internal characteristics of the tank grouts and base 
mat surrogate samples. 
 

4.0 RESULTS 
 
A total of 22 tank grout samples were tested to estimate hydraulic conductivity, water retention 
characteristics, porosity, and bulk density.  These samples were all tested following a minimum 
28 day cure time.  In addition, 4 base mat surrogate core samples were also tested to estimate 
hydraulic conductivity, water retention characteristics, porosity, and bulk density.  Samples were 
analyzed using traditional geotechnical testing methods as well as using steady state 
centrifugation.  In addition to the hydraulic and physical testing, selected samples of each tank 
grout and base mat surrogate were scanned using computed tomography (CT) to examine the 
internal structure of the samples and to make qualitative observations regarding connected 
porosity and preferential flow paths or channels within each sample. 
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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 10-9 to 2.9 x 10-8 cm/sec with an arithmetic average of 2.1 x 10-8 
cm/sec.  The dry bulk density of the strong grout ranged from 1.78 to 1.81 g/cm3 with an 
arithmetic average of 1.80 g/cm3.   
 
The water exchangeable porosity ranged from 0.257 to 0.277 with an arithmetic average of 
0.269.  The average porosity of the strong grout is greater than that of a low quality concrete 
(0.226, Phifer et al., 2006).  The increased porosity is most likely related to the high water to 
cementitious materials ratio (WCMR) for this mix (WCMR = 0.99).  The most important factor 
controlling the porosity of a cementitious material is the WCMR and porosity increases with 
increasing WCMR above a WCMR of approximately 0.35 to 0.40 (Phifer et al., 2006). 
 
As with hydraulic conductivity, water retention properties of the strong grout samples were 
determined by MCT and the results are presented in Table 21.  The MCT testing was conducted 
at pressures ranging from 102 cm H2O (0.1 bars) to 15,296 cm H20 (15 bars), Table 21.  A wafer 
approximately 3 inches in diameter and ½ inch thick from each sample was tested using a 
pressure plate apparatus.  Water retention curves were prepared for each sample and are shown 
in Figure 2. 
 

4.2.2 Reducing Fill Grout Hydraulic and Physical Properties 
Six samples of the reducing fill grout mix were also tested by MCT to estimate the hydraulic and 
physical properties of the grout.  The results of this testing are presented in Table 14 and 
summarized in Table 20.  Sample details are given in Table 1.  The samples were cured for 28 
days prior to shipping them to MCT for testing.  Although two batches of the reducing fill grout 
were prepared (070027.1 and 070027.2), all six samples tested originated from the same batch 
(070027.2).  The mix design for the reducing fill grout is presented in Table 3. The saturated 
hydraulic conductivity of the reducing fill grout ranged from 1.0 x 10-8 to 8.5 x 10-8 cm/sec with 
an arithmetic average of 3.6 x 10-8 cm/sec.  The dry bulk density of the reducing fill grout ranged 
from 1.80 to 1.86 g/cm3 with an arithmetic average of 1.81 g/cm3.  The water exchangeable 
porosity ranged from 0.219 to 0.278 with an arithmetic average of 0.266.  Similar to the strong 
grout, the reducing fill grout had an average porosity greater than a low quality concrete (0.226).  
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The increased porosity is most likely related to the fairly high WCMR for this mix (WCMR = 
0.76).  Because the reducing fill grout mix contains fly ash and blast furnace slag, the saturated 
hydraulic conductivity and porosity of this mix may decrease with increased curing time. 
 
Sub-samples from two one inch diameter samples of the reducing fill grout were also tested by 
the INL (Mattson, 2007).  The results from the INL testing are presented in Table 15.  These 
samples came from batch 070027.2, which is the same batch as the sample tested by MCT.  A 
report detailing the INL results is included in Appendix B of this report.  INL found the saturated 
hydraulic conductivity of the reducing fill grout to be much lower than that measured by MCT 
on the three inch diameter samples.  INL first attempted to determine the saturated hydraulic 
conductivity using a falling head method (Table 15). This was unsuccessful as the conductivity 
was found to be less than the limit for the method.  Subsequently, INL used centrifugation to 
measure the saturated hydraulic conductivity of the reducing fill grout and found it to range from 
4.0 x 10-10 to 9.0 x 10-11 cm/sec with an arithmetic average of 3.7 x 10-10 cm/sec.  The bulk 
density of the reducing fill grout as reported by INL ranged from 1.81 to 1.84 g/cm3 with an 
arithmetic average of 1.83 g/cm3, which is comparable to that measured by MCT (Table 15).  
INL found the saturated porosity of the reducing fill grout to range from 0.264 to 0.272 with an 
arithmetic average 0.268, which is also comparable to that measured by MCT (Table 23).   
 
One possible explanation for the difference between the INL and MCT results for the saturated 
hydraulic conductivity of the reducing fill grout could be leakage along the side of the sample in 
the permeameter.  To rule out this possibility, four of the reducing fill grout samples were 
retested at a confining pressure of 40 psig (compared to 10 psig for the original tests).  No 
significant difference was found in the conductivities of the samples upon retesting at the higher 
confining pressure.  The average saturated hydraulic conductivity of the retested samples was 4.6 
x 10-8 cm/sec.  Therefore, it is unclear why the permeability for the reducing fill grout reported 
by INL is so much lower than that measured by MCT.  Sample size can impact saturated 
hydraulic conductivity measurements, with smaller samples often resulting in lower measured 
conductivities, since they do not always represent the full range of heterogeneities that may be 
present in larger samples.  Therefore, to be conservative, the INL data were excluded from 
establishing the recommended value for saturated hydraulic conductivity of the reducing grout. 
 
Water retention properties of the reducing fill grout samples were determined by MCT and INL 
and are presented in Table 22 and Table 23.  The MCT testing was conducted at pressures 
ranging from 102 cm H2O (0.1 bars) to 15,296 cm H20 (15 bars), Table 22.  A wafer 
approximately 3 inches in diameter and ½ inch thick from each sample was tested using a 
pressure plate apparatus.  Water retention curves were prepared for each sample and are shown 
in Figure 3. 
 
INL also measured the water retention characteristics of the reducing fill grout samples by 
testing sub-cores of the grout over a range of pressures from 0 to approximately 45,000 cm of 
H2O (~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 10-9 to 9.5 x 10-9 cm/sec with an 
arithmetic average of 8.9 x 10-9 cm/sec.  The dry bulk density of the alternative grout mix 1A 
ranged from 1.84 to 1.88 g/cm3 with an arithmetic average of 1.86 g/cm3.  The water 
exchangeable porosity ranged from 0.190 to 0.250 with an arithmetic average of 0.220.  The 
porosity of this mix is comparable to a low quality concrete (0.226).  The WCMR for this mix 
(WCMR = 0.49) is comparable to ordinary concrete.  Because this mix contains fly ash and blast 
furnace slag, the saturated hydraulic conductivity and porosity of this mix may decrease with 
increased curing time. 
 
Water retention properties of alternative reducing fill grout 1A samples were determined by 
GTX and are presented in Table 24.  The GTX testing was conducted at pressures ranging from 
102 cm H2O (0.1 bars) to 15,296 cm H20 (15 bars), Table 24.  Two wafers approximately 3 
inches in diameter and ½ 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 10-8 to 1.5 x 10-8 cm/sec 
with an arithmetic average of 1.3 x 10-8 cm/sec.  The dry bulk density of the alternative grout 
mix 1B ranged from 1.82 to 1.86 g/cm3 with an arithmetic average of 1.85 g/cm3.  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 H2O (0.1 bars) to 15,296 cm H20 (15 bars), Table 25.  Two wafers approximately 3 inches in 
diameter and ½ inch thick from each sample were tested using a pressure plate apparatus.  The 
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wafers were taken from the top and the bottom of the mold sample.  Water retention curves were 
prepared for each sample and are shown in Figure 7. 
 

4.2.5 Alternative Reducing Fill Grout 2 Hydraulic and Physical Properties 
Four samples of alternative grout mix 2 were also tested by MCT to estimate the hydraulic and 
physical properties of the grout. The results of this testing are presented in Table 17 and 
summarized in Table 20.  Sample details are given in Table 1.  The samples were cured for a 
minimum of 28 days prior to shipping them to GTX for testing.  All four samples came from the 
same batch of grout.  The mix design for alternative grout mix 2 is presented in Table 6  The 
saturated hydraulic conductivity of this mix ranged from 5.5 x 10-9 to 8.1 x 10-9 cm/sec with an 
arithmetic average of 6.6 x 10-9 cm/sec.  The dry bulk density of the alternative grout mix 2 
ranged from 1.92 to 2.06 g/cm3 with an arithmetic average of 1.96 g/cm3.  The water 
exchangeable porosity ranged from 0.186 to 0.225 with an arithmetic average of 0.209.  The 
porosity of this mix is slightly less than that of a low quality concrete (0.226).  For this mix, the 
WCMR was 0.39, which is a relatively low WCMR.  Because this mix contains fly ash and blast 
furnace slag, the saturated hydraulic conductivity and porosity of this mix may decrease with 
increased curing time. 
 
Water retention properties of alternative reducing fill grout 2 samples were determined by MCT 
and are presented in Table 26.  The MCT testing was conducted at pressures ranging from 102 
cm H2O (0.1 bars) to 15,296 cm H20 (15 bars), Table 26.  A wafer approximately 3 inches in 
diameter and ½ inch thick from each sample was tested using a pressure plate apparatus.  Water 
retention curves were prepared for each sample and are shown in Figure 8. 
 

4.2.6 Base Mat Surrogate Hydraulic and Physical Properties 
Four samples of a surrogate for the base mat concrete were tested by GTX to estimate the 
hydraulic and physical properties of the grout.  The results of this testing are presented in Table 
19 and summarized in Table 20.  Sample details are given in Table 1.  The base mat surrogate 
concrete samples were taken from the concrete pad within the P-Area Retention Basin (904-
86G).  The saturated hydraulic conductivity of the base mat surrogate concrete ranged from 1.6 x 
10-8 to 6.0 x 10-8 cm/sec with an arithmetic average of 3.4 x 10-8 cm/sec.  The dry bulk density of 
the base mat surrogate concrete ranged from 2.01 to 2.14 g/cm3 with an arithmetic average of 
2.06 g/cm3.  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 H2O (0.1 bars) to 15,296 cm H20 
(15 bars), Table 21.  Two wafers approximately 3 inches in diameter and ½ 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. 
 
 
 



WSRC-STI-2007-00369, REVISION 0 

Page 14 of 153 

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 (θs).  The saturated water content was set to the average vacuum 
saturated water content for each material.  All moisture retention values were given a weight of 
1.  The standard Mualem relationship between n and m (i.e., m = 1 – 1/n) was used.  In general, 
good agreement between the measured data and the fitted retention curves was observed (r2 > 
0.99 for each case) for each material. 
 
The characteristic curves for the strong grout are shown in Figure 10.  These curves were based 
upon water retention data through 5,103.5 cm H2O (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 H2O (5 bars) due to a delay in receiving 
data from MCT.  However, Figure 11 shows the curve fit is adequate. 
 
INL used the moisture retention data from TNK019R and TNK020R to develop the van 
Genuchten transport parameter for the grout sub-cores.  These results are presented in Figure 12 
and Figure 13 and Table 28.  For comparison, the characteristic curves generated by INL for the 
reducing fill grout are plotted together with those determined using the MCT data in Figure 14.  
The results produced by both labs are comparable.  INL was able to obtain water retention data 
beyond the 15 bar maximum suction head of MCT.  This may illustrate the importance of water 
retention data at high suction heads for cementitious materials. 
 
The characteristic curves for the three alternative fill grouts are shown in Figure 15 through 
Figure 19.  Of the three alternative grouts, alternative fill grout 2 exhibited the best drainage 
characteristics.  Alternative fill grout 2 drained to about 85 percent saturation at a suction head of 
15 bars.  Alternative fill grout 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. 



WSRC-STI-2007-00369, REVISION 0 

Page 15 of 153 

 
 
4.4 TOMOGRAPHIC ANALYSIS OF TANK GROUTS AND BASE MAT SURROGATE 

SAMPLES 
 
Selected samples of each tank grout and base mat surrogate were scanned using computed 
tomography (CT) to examine the internal structure of the samples and to make qualitative 
observations regarding connected porosity and preferential flow paths or channels within each 
sample. Tomographic reconstructions perpendicular and longitudinal to the cylindrical axis were 
used to provide cross sectional and transverse views.  These scans were prepared to show pores, 
cracks, voids, aggregate, and the cementitious matrix as well as other internal features in the 
samples.   
 
Images from these scans for the tank grout and the base mat surrogate are shown in Figure 24 
through Figure 32.  With the exception of the base mat surrogate, these figures show the samples 
from each mix to be relatively homogeneous with very little interconnected macro-porosity.  The 
observed macro-porosity (represented by black features within the samples) is minimal and does 
not appear to be connected.  No macro channels are observed in any of the images.  These 
findings are consistent with the low saturated hydraulic conductivity values measured for each 
mix.  For the base mat surrogate (Figure 29), poor cementation around a portion of the 
aggregate-paste interface is observed which could produce channels or preferential flow paths.  
The observed channeling does not appear to run the entire length of the core and so long as any 
channeling is localized it would not be expected to greatly influence the saturated hydraulic 
conductivity of the material.  This is reflected in the relatively low saturated hydraulic 
conductivity measurements for the mix (average of 3.4 x 10-8 cm/sec) 
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5.0 SUMMARY 

 
The primary focus of this task was to measure the physical and hydraulic properties of various 
FTF tank grouts and a base mat surrogate concrete.  These materials included 1) strong grout 
B2000-X-0-0-BS (WSRC, 2003), 2) reducing fill grout OPDEXE-X-P-0-BS (WSRC, 2003), 3) 
Alternative reducing fill grout 1A (Ganguly and Langton, 2007), 4) Alternative reducing fill 
grout 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.  Idaho National Laboratory (INL) was 
also contracted to test samples of the reducing fill grout.  INL used a steady state centrifugation-
unsaturated flow apparatus (SSC-UFA) to measure the hydraulic properties of the reducing fill 
grout.  Using the SSC-UFA, INL measured the saturated hydraulic conductivity, water retention 
characteristics, dry bulk density, and porosity of the reducing fill grout.  Due to the low saturated 
hydraulic conductivity of the reducing fill grout, INL was unable to directly measure the 
unsaturated hydraulic conductivity as a function of moisture content.  Recommended hydraulic 
properties for each tank grout and the base mat surrogate are presented in Table 29 and are based 
upon the testing conducted by MCT, GTX, and INL. 
 
Water retention data were analyzed using the RETC code (USDA, 1998) to determine the van 
Genuchten transport parameters and the relative hydraulic conductivity function for each tank 
grout and the base mat surrogate. These parameters may be used to implicitly determine the 
relationship between unsaturated hydraulic conductivity and moisture content. The 
recommended van Genuchten transport parameters for each tank grout and the base mat 
surrogate are presented in Table 30.  For the strong grout and alternative fill grout 2, these 
parameters are the same as those shown in Table 28.  For the reducing fill grout, the transport 
parameters determined by INL were averaged and then those values were averaged with the 
parameters determined using the MCT data.  For alternative fill grout 1A, alternative fill grout 
1B, and the base mat surrogate, the recommended parameters are the average of the parameters 
determined from the top and bottom samples for each mix (as presented in Table 28). 
 
Figure 22 shows a plot of the recommended characteristic curves for each of the FTF tank grouts 
and the base mat surrogate concrete.  Figure 23 shows a plot of the recommended characteristic 
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curves for the reducing fill grout and the base mat surrogate separately. Appendix D provides a 
summary of the recommended characteristic curves for the tank grouts and the base mat 
surrogate. 
 
Tomographic scans were made of selected samples from each of the tank grouts and base mat 
surrogate.  These scans showed the internal structure of each sample and provided a qualitative 
perspective of the macro-porosity of each sample. These images showed very little heterogeneity 
and interconnected macro-porosity in the tank grouts.  There appeared to be more interconnected 
macro-porosity in the base mat surrogate sample particularly along the aggregate paste boundary. 
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Figure 1.  General Layout of the FTF. 
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Figure 2.  Water retention curves for the strong grout (B2000-X-0-0-BS) as measured by MCT. 
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Figure 3.  Water retention curves for the reducing fill grout (OPDEXE-X-P-0-BS) as measured by MCT. 
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Figure 4.  Water retention curves for the reducing fill grout (OPDEXE-X-P-0-BS) as measured by INL. 
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Figure 5.  Combined water retention curves for the reducing fill grout (OPDEXE-X-P-0-BS) as measured 
by MCT and INL.  TNK019R-C, TNK019R-D, TNK020R-C, and TNK020R-D were measured by INL. 
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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. 



WSRC-STI-2007-00369, REVISION 0 

Page 25 of 153 

 

Saturation

0.4 0.5 0.6 0.7 0.8 0.9 1.0

S
uc

tio
n 

H
ea

d,
 c

m

1e+0

1e+1

1e+2

1e+3

1e+4

1e+5

1e+6

1e+7

R
el

at
iv

e 
P

er
m

ea
bi

lit
y

1e-9

1e-8

1e-7

1e-6

1e-5

1e-4

1e-3

1e-2

1e-1

1e+0

Potential
Water Retention Data
Relative Permeability

 
 
Figure 10.  Characteristic curves for the strong grout (B2000-X-0-0-BS). 

(Characteristic curves based on water retention data through 5 bars.) 

Saturation

0.4 0.5 0.6 0.7 0.8 0.9 1.0

S
uc

tio
n 

H
ea

d,
 c

m

1e+0

1e+1

1e+2

1e+3

1e+4

1e+5

1e+6

1e+7
R

el
at

iv
e 

P
er

m
ea

bi
lit

y

1e-9

1e-8

1e-7

1e-6

1e-5

1e-4

1e-3

1e-2

1e-1

1e+0

Potential
Water Retention Data
Relative Permeability

 
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. 

 

Saturation

0.4 0.5 0.6 0.7 0.8 0.9 1.0

S
uc

tio
n 

H
ea

d,
 c

m

1e+0

1e+1

1e+2

1e+3

1e+4

1e+5

1e+6

1e+7
R

el
at

iv
e 

P
er

m
ea

bi
lit

y

1e-9

1e-8

1e-7

1e-6

1e-5

1e-4

1e-3

1e-2

1e-1

1e+0

Potential
Water Retention Data
Relative Permeability

 
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, TNK030A2_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, 
TNK031A2_ Bottom, and TNK032A2_ Bottom) 
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Figure 19.  Characteristic curves for alternative reducing fill grout 2. 

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

(Water retention data average of samples TNK009B_Top, TNK010B_Top, TNK011B_Top, and 
TNK012B_Top) 
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Figure 21.  Characteristic curves for the base mat surrogate (bottom samples). 

(Water retention data average of samples TNK009B_Bottom, TNK010B_Bottom, 
TNK011B_Bottom, and TNK012B_Bottom) 
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Figure 22.  Recommended characteristic curves for FTF tank grouts and base mat surrogate. 

Saturation

0.4 0.5 0.6 0.7 0.8 0.9 1.0

S
uc

tio
n 

H
ea

d,
 c

m

1e+0

1e+1

1e+2

1e+3

1e+4

1e+5

1e+6

1e+7

R
el

at
iv

e 
P

er
m

ea
bi

lit
y

1e-9

1e-8

1e-7

1e-6

1e-5

1e-4

1e-3

1e-2

1e-1

1e+0

Reducing Grout - Potential
Base Mat Surrogate - Potential
Reducing Grout - Relative Permeability
Base Mat Surrogate - Relative Permeability

 
Figure 23.  Recommended characteristic curves for reducing fill grout (OPDEXE-X-P-0-BS) and base 
mat surrogate. 
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(a) (b) 

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

 
 
 

 

 

(a) (b) 

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

Figure 26.  Longitudinal (a) and transverse (b) slice of three inch diameter strong grout mold sample 
TNK024S.  Macro-porosity is represented by black features (Ks = 2.7x10-8 cm/sec). 

 
 
 

 

 

(a) (b) 
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Figure 27.  Longitudinal (a) and transverse (b) slice of three inch diameter reducing fill grout mold 
sample TNK005R.  Macro-porosity is represented by black features (Ks = 1.0x10-8 cm/sec). 

 
 

  

(a) (b) 

Figure 28.  Longitudinal (a) and transverse (b) slice of three inch diameter reducing fill grout mold 
sample TNK025R.  Macro-porosity is represented by black features (Ks = 4.3x10-8 cm/sec). 

 
 
 

  

(a) (b) 

Figure 29.  Longitudinal (a) and transverse (b) slice of three inch diameter base mat surrogate core sample 
TNK009B.  Macro-porosity is represented by black features (Ks = 1.6x10-8 cm/sec). 
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(a) (b) 

Figure 30.  Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout 
1A mold sample TNK027A1.  Macro-porosity is represented by black features (Ks = 8.2x10-9 cm/sec). 

 
 
 

 
 

(a) (b) 

Figure 31.  Longitudinal (a) and transverse (b) slice of three inch diameter alternative reducing fill grout 
1B mold sample TNK029A2.  Macro-porosity is represented by black features (Ks = 1.0x10-8 cm/sec). 
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(a) (b) 

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

Sample_ID Date Cast 
Diameter 
(inches) Type Lab Material 

Batch 
ID 

TNK001S 2/21/2007 3 Mold MCT1 Strong Grout 070025.2 
TNK002S 2/21/2007 3 Mold MCT Strong Grout 070025.2 
TNK003S 2/21/2007 3 Mold MCT Strong Grout 070025.2 
TNK004S 2/21/2007 3 Mold MCT Strong Grout 070025.2 
TNK005R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2 
TNK006R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2 
TNK007R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2 
TNK008R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2 
TNK009B 3/30/2007 3 Core GTX2 Base Mat Surrogate NA 
TNK010B 3/30/2007 3 Core GTX Base Mat Surrogate NA 
TNK011B 3/30/2007 3 Core GTX Base Mat Surrogate NA 
TNK012B 3/30/2007 3 Core GTX Base Mat Surrogate NA 
TNK019R 2/22/2007 1 Mold INL3 Reducing Fill Grout 070027.2 
TNK020R 2/22/2007 1 Mold INL Reducing Fill Grout 070027.2 
TNK023S 2/21/2007 3 Mold MCT Strong Grout 070025.1 
TNK024S 2/21/2007 3 Mold MCT Strong Grout 070025.1 
TNK025R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2 
TNK026R 2/22/2007 3 Mold MCT Reducing Fill Grout 070027.2 
TNK027A1 3/28/2007 3 Mold GTX Alt Reducing Fill Grout 1A 070044 
TNK028A1 3/28/2007 3 Mold GTX Alt Reducing Fill Grout 1A 070044 
TNK029A2 3/21/2007 3 Mold GTX Alt Reducing Fill Grout 1B 070043 
TNK030A2 3/21/2007 3 Mold GTX Alt Reducing Fill Grout 1B 070043 
TNK031A2 3/21/2007 3 Mold GTX Alt Reducing Fill Grout 1B 070043 
TNK032A2 3/21/2007 3 Mold GTX Alt Reducing Fill Grout 1B 070043 
TNK034A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070 
TNK035A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070 
TNK036A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070 
TNK037A3 5/8/2007 3 Mold MCT Alt Reducing Fill Grout 2 070070 
1Mactec Engineering and Consulting, Inc. 
2Geotesting Express, Inc. 
3Idaho National Laboratory 
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Table 2.  Design Mix for the Strong Grout (B2000-X-0-0-BS)1. 

Ingredients Quantity/yd3 Units 
Portland Cement 550 lbs 
Sand 2285 lbs 
Water 65 gal 
Kelco-Crete2 275 grams 
Advaflow3 90 fl. oz. 
WCMR (unitless ratio) 0.99 
1Internal mix ID = 070025.1 and 070025.2 
2Kelco-Crete - plasticizer 
3High Range Water Reducer 
 
 
Table 3.  Design Mix for the Reducing Fill Grout (OPDEXE-X-P-0-BS)1. 

Ingredients Quantity/yd3 Units 
Portland Cement 75 lbs 
Fly Ash 375 lbs 
Slag 210 lbs 
Sand 2300 lbs 
Water 60 gal 
Kelco-Crete2 275 grams 
Advaflow3 90 fl. oz. 
Sodium Thiosulfate4 2.1 Lbs 
WCMR (unitless ratio) 0.76 
1Internal mix ID = 070027.1 and 070027.2 
2Kelco-Crete - plasticizer 
3High Range Water Reducer 
4Sodium Thiosulfate – reducing agent 
 
 

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

Ingredients Quantity/yd3 Units 
Portland Cement 185 lbs 

Fly Ash 580 lbs 
Slag 260 lbs 
Sand 1885 lbs 
Water 60 gal 

Kelco-Crete2 216 grams 
Sika ViscoCrete 21003 54 fl. oz. 

Recover4 10 fl. oz. 
Sodium Thiosulfate5 2.1 Lbs 

WCMR (unitless ratio) 0.49 
1Internal mix ID = 070044 
2Kelco-Crete - plasticizer 
3Sika ViscoCrete 2100 – high range water reducing admixture 
4Recover – hydration stabilizer 
5Sodium Thiosulfate – reducing agent 
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Table 5.  Design Mix for Alternative Reducing Fill Grout 1B1. 

Ingredients Quantity/yd3 Units 
Portland Cement 300 lbs 
Fly Ash 800 lbs 
Slag 310 lbs 
Sand 1420 lbs 
Water 63 gal 
Kelco-Crete2 216 grams 
Sika ViscoCrete 21003 54 fl. oz. 
Recover4 10 fl. oz. 
Sodium Thiosulfate5 2.1 Lbs 
WCMR (unitless ratio) 0.37 
1Internal mix ID = 070043 
2Kelco-Crete - plasticizer 
3Sika ViscoCrete 2100 – high range water reducing admixture 
4Recover – hydration stabilizer 
5Sodium Thiosulfate – reducing agent 
 
 
 
 
 

Table 6.  Design Mix for Alternative Reducing Fill Grout 21. 

Ingredients Quantity/yd3 Units 
Portland Cement 185 lbs 
Fly Ash 850 lbs 
Slag 260 lbs 
Sand 942 lbs 
Aggregate (#8 stone) 946 lbs 
Water 61.1 gal 
Kelco-Crete2 216 grams 
Advaflex3 54 fl. oz. 
Recover4 4 fl. oz. 
Sodium Thiosulfate5 2.1 Lbs 
WCMR (unitless ratio) 0.39 
1Internal mix ID = 070070 
2Kelco-Crete - plasticizer 
3Advaflex – high range water reducing admixture 
4Recover – hydration stabilizer 
5Sodium Thiosulfate – reducing agent 
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Table 7.  Methods of Analysis used for Tank Grout and Base Mat Surrogate Concrete Testing 

Property GTX Test Method MCT Test Method INL Test Method 
Saturated Hydraulic 

Conductivity 
ASTM D 5084, 

Method C 
ASTM D 5084, 

Method B ASTM D 6527 

Unsaturated Hydraulic 
Conductivity NA NA ASTM D 6527 

Water Retention ASTM D 2325 ASTM D 2325 Dane and Topp, 2002a 
Dry Bulk Density ASTM C 642 b ASTM C 642 b Dane and Topp, 2002 

Porosity ASTM C 642 b ASTM C 642 b Dane and Topp, 2002 
aMethods of Soil Analysis, Part 4 – Physical Methods. 
bModified ASTM C 642: Dry Bulk Density is determined by dividing the dry weight of the sample by the total 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/cm3).  The total sample volume is determined by measuring the physical 
dimensions of the sample. 
 

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

Days Aged Date Tested 

Batch 
070025.1 

Strength2, (psig) 

Batch 
070025.2 

Strength3, (psig) 
14 3/7/2007 1570 920 
28 3/21/2007 1520 1060 
62 4/24/2007 1980 1180 
62 4/24/2007 2110 1160 
90 5/22/2007 2070 1160 
90 5/22/2007 2110 1170 

180 8/20/2007 2110 1170 
180 8/20/2007 2050 - 

1See Ganguly and Langton (2007) for complete results and discussion of the strength data. 
2Samples TNK023S and TNK024S were from Batch 070025.1 
3Samples TNK001S, TNK002S, TNK003S, and TNK004S were from Batch 070025.2 
 
Table 9.  Preliminary Compressive Strength for the Reducing Fill Grout (OPDEXE-X-P-0-BS)1. 

Days Aged Date Tested 

Batch 
070027.1 

Strength, (psig) 

Batch 
070027.2 

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 - 

1See 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 1A1 

Days Aged Date Tested 

Batch 
070044 

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 1B1. 

Days Aged Date Tested 

Batch 
070043 

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 

1See Ganguly and Langton (2007) for complete results and discussion of the strength data. 
 
 
 
 
 
Table 12.  Preliminary Compressive Strength for Alternative Reducing Fill Grout 21. 

Days Aged Date Tested 

Batch 
070070 

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). 

Sample Id Lab 
Sample 
Type 

Bulk 
Density1 
(g/cm3) 

Particle 
Density2 
(g/cm3) 

Water 
Exchangeable 

Porosity3 

Permeameter 
Saturated 
Hydraulic 

Conductivity4 
(cm/s) 

TNK001S5 MCT6 3" Mold 1.79 2.51 0.269 2.8E-08 
TNK002S5 MCT 3" Mold 1.78 2.51 0.277 2.5E-08 
TNK003S5 MCT 3" Mold 1.78 2.51 0.265 2.9E-08 
TNK004S5 MCT 3" Mold 1.80 2.51 0.275 9.4E-09 
TNK023S MCT 3" Mold 1.81 2.51 0.268 6.8E-09 
TNK024S MCT 3" Mold 1.81 2.51 0.257 2.7E-08 

1From saturated hydraulic conductivity samples. 
2Particle density measured per ASTM D 854 
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/ρw) / Vol 
4Effective confining stress = 10 psig. 
5These samples are from mix batch 070025.2 for which the compressive strength was approximately half that required by 
specifications (See Table 8). 
6Mactec Engineering and Consulting, Inc. 
 
 
 
 
 
 

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

Sample Id Lab 
Sample 

Type 

Bulk 
Density1 
(g/cm3) 

Particle 
Density2 
(g/cm3) 

Water 
Exchangeable 

Porosity3 

Permeameter 
Saturated 
Hydraulic 

Conductivity4 
(cm/s) 

TNK005R MCT5 3" Mold 1.86 2.51 0.219 1.0E-08 
TNK006R MCT 3" Mold 1.81 2.51 0.275 8.5E-08 
TNK007R MCT 3" Mold 1.81 2.51 0.275 1.0E-08 
TNK008R MCT 3" Mold 1.80 2.51 0.271 5.2E-08 
TNK025R MCT 3" Mold 1.80 2.51 0.278 4.3E-08 
TNK026R MCT 3" Mold 1.81 2.51 0.277 1.7E-08 

1From saturated hydraulic conductivity samples. 
2Particle density measured per ASTM D 854 
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/ρw) / Vol 
4Effective confining stress = 10 psig. 
5Mactec Engineering and Consulting, Inc. 



WSRC-STI-2007-00369, REVISION 0 

Page 43 of 153 

 

Table 15.  Hydraulic Properties of the Reducing Fill Grout (OPDEXE-X-P-0-BS) as Measured by INL. 

Sample Id 
Sample 

Type 

Permeameter 
Saturated 
Hydraulic 

Conductivity1
 

(cm/s) 

UFA 
Centrifuge2 

RPM 

UFA Centrifuge 
Hydraulic 

Conductivity 
(cm/s) 

Dry Bulk 
Density 
(g/cm3) 

TNK019R-A 1” Core <1.00E-08 2500 9.0E-11 - 

TNK019R-B 1” Core <1.00E-08 2500 4.0E-10 - 

TNK019R-E3 1” Core - - - 1.835 

TNK019R-F4 1” Core - - - 1.843 

TNK020R-A 1” Core <1.00E-08 2500 5.0E-10  

TNK020R-B 1” Core <1.00E-08 2500 5.0E-10  

TNK020R-E5 1” Core - - - 1.815 

TNK020R-F6 1” Core - - - 1.810 
INL = Idaho National Laboratory 
1 The saturated hydraulic conductivity of the potted samples was estimated using a falling head method with 2 
meters of head.  Accurate determination of the saturated hydraulic conductivity on the 1 inch potted samples was not 
possible due to the low fluxes through the samples 

2 The UFA samples were run at 2500 rpm in the centrifuge for over 100 hours to reach steady-state conditions.  The 
centrifuge falling head method was used.  These results are considered to be representative of the actual saturated 
hydraulic conductivity of these very tight samples. 
3Bulk density for TNK019R-E is the average of sub-cores TNK019R-1-5. 
4Bulk density for TNK019R-F is the average of sub-cores TNK019R-6-10. 
5Bulk density for TNK020R-E is the average of sub-cores TNK020R-1-5. 
6Bulk density for TNK020R-F is the average of sub-cores TNK020R-6-10. 
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Table 16.  Hydraulic Properties of Alternative Reducing Fill Grout 1A. 

Sample Id Lab 
Sample 

Type 

Bulk 
Density1 
(g/cm3) 

Particle 
Density2 
(g/cm3) 

Water 
Exchangeable 

Porosity3 

Permeameter 
Saturated 
Hydraulic 

Conductivity,4,5 
(cm/s) 

TNK027A1 GTX6 3" Mold 1.84 2.38 0.190 8.2E-09 
TNK028A1 GTX 3" Mold 1.88 2.48 0.250 9.5E-09 

1From saturated hydraulic conductivity samples. 
2Particle density measured per ASTM D 854 
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/ρw) / Vol 
4Effective confining stress = 10 psig. 
5It is likely that the saturated hydraulic conductivity of this material would be substantially lower with additional cure time 
beyond the 28 days of these samples due to the use of fly ash and blast furnace slag the formulation. 
6Geotesting Express, Inc. 
 
 
 
 
 
 
 
 
 
 

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

Sample Id Lab 
Sample 
Type 

Bulk 
Density1 
(g/cm3) 

Particle 
Density2 
(g/cm3) 

Water 
Exchangeable 

Porosity3 

Permeameter 
Saturated 
Hydraulic 

Conductivity4,5 
(cm/s) 

TNK029A2 GTX6 3" Mold 1.82 2.43 0.230 1.0E-08 
TNK030A2 GTX 3" Mold 1.86 2.42 0.250 1.5E-08 
TNK031A2 GTX 3" Mold 1.86 2.41 0.240 1.4E-08 
TNK032A2 GTX 3" Mold 1.85 2.43 0.240 1.3E-08 

1From saturated hydraulic conductivity samples. 
2Particle density measured per ASTM D 854 
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/ρw) / Vol 
4Effective confining stress = 10 psig. 
5It is likely that the saturated hydraulic conductivity of this material would be substantially lower with additional cure time 
beyond the 28 days of these samples due to the use of fly ash and blast furnace slag the formulation. 
6Geotesting Express, Inc. 
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Table 18.  Hydraulic Properties of Alternative Reducing Fill Grout 2. 

Sample Id Lab 
Sample 

Type 

Bulk 
Density1 
(g/cm3) 

Particle 
Density2 
(g/cm3) 

Water 
Exchangeable 

Porosity3 

Permeameter 
Saturated 
Hydraulic 

Conductivity4,5 
(cm/s) 

TNK034A3 MCT6 3" Mold 2.06 2.51 0.186 6.3E-09 

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

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

TNK037A3 MCT 3" Mold 1.94 2.51 0.211 8.1E-09 
1From saturated hydraulic conductivity samples. 
2Particle density measured per ASTM D 854 
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/ρw) / Vol 
4Effective confining stress = 10 psig. 
5It is likely that the saturated hydraulic conductivity of this material would be substantially lower with additional cure time 
beyond the 28 days of these samples due to the use of fly ash and blast furnace slag the formulation. 
6Mactec Engineering and Consulting, Inc. 
 
 
 
 
 
 
Table 19.  Hydraulic Properties of the Base Mat Surrogate Concrete. 

Sample Id Lab 
Sample 

Type 

Bulk 
Density1 
(g/cm3) 

Particle 
Density2 
(g/cm3) 

Water 
Exchangeable 

Porosity3 

Permeameter 
Saturated 
Hydraulic 

Conductivity4 
(cm/s) 

TNK009B GTX5 3" Mold 2.14 2.54 0.150 1.6E-08 
TNK010B GTX 3" Mold 2.01 2.51 0.170 3.1E-08 
TNK011B GTX 3" Mold 2.05 2.53 0.190 6.0E-08 
TNK012B GTX 3" Mold 2.04 2.44 0.160 3.3E-08 

1From saturated hydraulic conductivity samples. 
2Particle density measured per ASTM D 854 
3Water exchangeable porosity calculated as n = ((Msat - Mdry)/ρw) / Vol 
4Effective confining stress = 10 psig. 
5Geotesting Express, Inc. 
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Table 20.  Summary Hydraulic Properties for Tank Grouts and Base Mat Surrogate Concrete. 

 
Bulk 

Density 
(g/cm3) 

Particle 
Density 
(g/cm3) 

Permeability 
(cm/sec) 

Water 
Exchangeable 

Porosity 
(fraction) 

Description Min Max Avg Min Max Avg Min Max Avg Min Max Avg 
Strong Grout1 1.78 1.81 1.80 2.51 2.51 2.51 6.8E-09 2.9E-08 2.1E-08 0.257 0.277 0.269 

Reducing Fill Grout 1.80 1.86 1.81 2.51 2.51 2.51 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 2.44 2.41 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 2.41 2.43 2.42 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 2.51 2.51 2.51 5.5E-09 8.1E-09 6.6E-09 0.186 0.225 0.209 

Base Mat Surrogate 2.01 2.14 2.06 2.44 2.54 2.51 1.6E-08 6.0E-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). 

Potential 
(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 

Sample Id1 Bulk 
Density 
(g/cm3) 

(cm3/cm3) 
TNK001S2 1.76 0.298 0.287 0.285 0.272 0.261 
TNK002S2 1.73 0.304 0.292 0.289 0.279 0.270 
TNK003S2 1.75 0.307 0.291 0.288 0.276 0.267 
TNK004S2 1.76 0.302 0.293 0.292 0.280 0.272 
TNK023S 1.77 0.289 0.281 0.264 0.257 0.246 
TNK024S 1.74 0.278 0.266 0.265 0.262 0.254 

1Samples tested by Mactec Engineering and Consulting, Inc. (MCT). 
2These samples are from mix batch 070025.2 for which the compressive strength was approximately half that required by 
specifications 
 
 
 
Table 22.  Water Retention Data for the Reducing Fill Grout (OPDEXE-X-P-0-BS). 

Potential 
(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 

Sample Id1 Bulk 
Density 
(g/cm3) 

(cm3/cm3) 
TNK005R 1.77 0.283 0.272 0.264 0.257 0.249 
TNK006R 1.76 0.318 0.305 0.301 0.293 0.286 
TNK007R 1.81 0.273 0.264 0.262 0.254 0.252 
TNK008R 1.81 0.280 0.268 0.261 0.245 0.245 
TNK025R 1.82 0.289 0.278 0.277 0.272 0.265 
TNK026R 1.76 0.297 0.287 0.284 0.278 0.274 

1Samples 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 
 TNK019R-

C1 
TNK019R-

D2 
 TNK020R-

C3 
TNK020R-

D4 

Method 
Sample 

Description 
Potential 

(cm) 

Volumetric 
Water 

Content 
(cm3/cm3) 

Volumetric 
Water 

Content 
(cm3/cm3) 

Potential 
(cm) 

Volumetric 
Water 

Content 
(cm3/cm3) 

Volumetric 
Water 

Content 
(cm3/cm3) 

Vacuum 
Saturation5 

~1” diameter 
by ~0.8 cm 

length 
0.00E+00 0.264 0.267 0.00E+00 0.272 0.268 

Hanging 
Column 

~1” diameter 
by ~0.8 cm 

length 
6.12E+01 0.261 0.263 6.12E+01 0.270 0.268 

Hanging 
Column 

~1” diameter 
by ~0.8 cm 

length 
1.33E+02 0.261 0.263 1.33E+02 0.268 0.265 

Pressure 
Plate 

~1” diameter 
by ~0.8 cm 

length 
7.95E+02 0.244 0.247 7.95E+02 0.258 0.253 

Pressure 
Plate 

~1” diameter 
by ~0.8 cm 

length 
3.57E+03 0.238 0.241 3.57E+03 0.253 0.249 

Pressure 
Plate 

~1” diameter 
by ~0.8 cm 

length 
1.27E+04 0.233 0.238 1.27E+04 0.248 0.244 

Chilled 
Mirror6 

~3 mm 
diameter 

grains 
4.56E+04 0.225 0.225 3.54E+04 0.242 0.242 

1Volumetric water contents for TNK019R-C are the average of sub-cores TNK019R-1, 2, 6, & 7. 
2Volumetric water contents for TNK019R-D are the average of sub-cores TNK019R-3, 4, 8, & 9. 
3Volumetric water contents for TNK020R-C are the average of sub-cores TNK020R-1, 2, 6, & 7. 
4Volumetric water contents for TNK020R-D are the average of sub-cores TNK020R-3, 4, 8, & 9. 
5Vacuum Saturation is considered to be the water exchangeable porosity. 
6Chilled mirror measurements for TNK019R and TNK020R were averaged from sub-cores TNK019R-6&7 and 
TNK020R-6&7, respectively. 
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Table 24.  Water Retention Data for Alternative Reducing Fill Grout 1A. 

Potential 
(cm) 

0 -102.07 -510.35 -1,020.70 -5,103.50 -15,310.50
(0.00 
bars) 

(-0.10 
bars) 

(-0.50 
bars) 

(-1.0 
bars) 

(-5.0 
bars) 

(-15.0 
bars) 

Volumetric Water Content 

Sample Id1 Location2 Bulk 
Density 
(g/cm3) 

(cm3/cm3) 
TNK027A1 Top 1.84 0.184 0.170 0.158 0.145 0.130 0.124 

 Bottom 1.92 0.211 0.195 0.177 0.162 0.153 0.141 
TNK028A1 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 
1Samples tested by Geotesting Express, Inc. (GTX). 
2GTX tested wafers from the top and bottom of each mold sample. 
 
 
 
 
 
 
Table 25.  Water Retention Data for Alternative Reducing Fill Grout 1B. 

Potential 
(cm) 

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

(0.00 
bars) 

(-0.10 
bars) 

(-0.50 
bars) 

(-1.0 
bars) 

(-5.0 
bars) 

(-15.0 
bars) 

Volumetric Water Content 

Sample Id1 Location2 Bulk 
Density 
(g/cm3) 

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

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

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

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

 Bottom 1.68 0.227 0.201 0.183 0.170 0.158 0.153 
1Samples tested by Geotesting Express, Inc. (GTX). 
2GTX tested wafers from the top and bottom of each mold sample. 
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Table 26.  Water Retention Data for Alternative Reducing Fill Grout 2. 

Potential 
(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 

Sample Id1 Bulk 
Density 
(g/cm3) 

(cm3/cm3) 
TNK034A3 1.96 0.216 0.203 0.201 0.192 0.190 
TNK035A3 2.01 0.191 0.178 0.177 0.170 0.168 
TNK036A3 1.98 0.196 0.184 0.182 0.176 0.174 
TNK037A3 2.04 0.181 0.168 0.166 0.162 0.160 
1Samples tested by Mactec Engineering and Consulting, Inc. (MCT). 
 
 
 
Table 27.  Water Retention Data for the Base Mat Surrogate Concrete. 

Potential 
(cm) 

0 -102.07 -510.35 -1,020.70 -5,103.50 -15,310.50 
(0.00 
bars) 

(-0.10 
bars) 

(-0.50 
bars) 

(-1.0 bars) (-5.0 bars) (-15.0 
bars) 

Volumetric Water Content 

Sample Id1 Location2 Bulk 
Density 
(g/cm3) 

(cm3/cm3) 
TNK009B Top 1.93 0.144 0.129 0.106 0.099 0.076 0.060 

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

 Bottom 2.03 0.152 0.133 0.119 0.096 0.080 0.065 
TNK011B Top 1.91 0.139 0.124 0.106 0.083 0.074 0.066 

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

 Bottom 1.99 0.148 0.128 0.113 0.099 0.082 0.077 
1Samples tested by Geotesting Express, Inc. (GTX). 
2GTX tested wafers from the top and bottom of each mold sample. 
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Table 28. Van Genuchten Transport Parameters1. 

Mix Location 
θs 

(cm3/cm-3) 
θr 

(cm3/cm-3) 
α 

(1/cm) n m r2 
Strong Grout2 - 0.296 0.234 0.0060 1.1529 0.1326 0.999 

Reducing Fill Grout2 - 0.290 0.245 0.006 1.202 0.1677 0.999 
Reducing Fill Grout3  0.266 0.215 0.00733 1.2290 0.1863 - 
Reducing Fill Grout4  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 

1Data analyzed using Mualem relationship between n and m where m = 1 – 1/n. 
2Additional water retention data is anticipated from MCT which will be evaluated versus the recommended transport parameters 
for both the strong grout and the reducing fill grout. 
3Analysis by INL on sample TNK019R. 
4Analysis by INL on sample TNK020R. 
 
 
 
 
Table 29. Recommended Hydraulic Property Values. 

Description 
Permeability 

(cm/sec) 

Bulk  
Density 
(g/cm3) 

Particle 
Density 
(g/cm3) 

Water 
Exchangeable

Porosity 
(fraction) 

Strong Grout 2.1E-08 1.80 2.51 0.269 
Reducing Fill Grout 3.6E-08 1.81 2.51 0.266 

Alt. Reducing Fill Grout 1A 8.9E-09 1.86 2.41 0.220 
Alt. Reducing Fill Grout 1B 1.3E-08 1.85 2.42 0.240 
Alt. Reducing Fill Grout 2 6.6E-09 1.96 2.51 0.209 

Base Mat Surrogate 3.5E-08 2.06 2.51 0.168 
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Table 30. Recommended van Genuchten Transport Parameters1. 

Mix 
θs 

(cm3/cm-3) 
θr 

(cm3/cm-3) 
α 

(1/cm) n m 
Strong Grout2 0.296 0.234 0.0060 1.1529 0.1326 

Reducing Fill Grout2 0.279 0.234 0.008 1.2153 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 
1A 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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APPENDIX B.  INL REPORT ON TESTING OF REDUCING FILL GROUT 
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Table D.1.  Recommended Characteristic Curves for the Strong Grout. 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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. 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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 
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Table D.2.  Recommended Characteristic Curves for the Reducing Fill Grout (continued). 
 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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. 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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). 
 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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. 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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 



WSRC-STI-2007-00369, REVISION 0 

Page 140 of 153 

Table D.4.  Recommended Characteristic Curves for Alternative Reducing Fill Grout 1B (continued). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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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Table D.4.  Recommended Characteristic Curves for Alternative Reducing Fill Grout 1B (continued). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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. 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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 



WSRC-STI-2007-00369, REVISION 0 

Page 143 of 153 

Table D.4.  Recommended Characteristic Curves for Alternative Reducing Fill Grout 2 (continued). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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 
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Table D.4.  Recommended Characteristic Curves for Alternative Reducing Fill Grout 2 (continued). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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. 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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). 

Saturation 

Suction 
Head 
(cm) Saturation 

Relative 
Permeability 

kr 
(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 

 
 
 
 



WSRC-STI-2007-00369, REVISION 0 

Page 148 of 153 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E.  DESIGN CHECK DOCUMENTATION 
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