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Summary

One new Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
groundwater monitoring well was installed in the 300-FF-5 Operable Unit (OU) in fiscal year 2005 to
fulfill commitments for well installations proposed in the Hanford Federal Facility Agreement and
Consent Order Milestone M-24-57. Well 699-S20-E10 (C4855) was drilled approximately 20 feet into
the uppermost unconfined aquifer and installed upgradient of the 300 Area. This new well was installed
to collect data in support of groundwater flow and contaminant transport simulations and to supplement
the water quality monitoring network for the 300-FF-5 OU.

This report supplies the information obtained during drilling, characterization, and installation of the
new groundwater monitoring well. This document also provides a compilation of hydrogeologic and well
construction information obtained during drilling, well development, and sample collection/analysis
activities.

Sediment core samples from well 699-S20-E10 were analyzed for physical properties, including
grain- or particle-size distributions (PSD), and bulk and particle densities.

Estimation of aquifer recharge under natural conditions using chloride mass balance techniques from
data collected on sediment samples from well 699-S20-E10 was also completed.
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1.0 Introduction

One new Comprehensive, Environmental Response, Compensation, and Liability Act (CERCLA)
groundwater monitoring well was installed upgradient of the 300 Area within the 300-FF-5 Groundwater
Operable Unit (OU) in fiscal year 2005 to fulfill commitments for a well installation proposed in Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement; Ecology et al. 1989) Milestone
M-24-57.%) The need for additional information to support the groundwater flow and contaminant
transport simulations was identified in the Operation and Maintenance Plan for the 300-FF-5 Operable
Unit (DOE 2002). This well will also provide needed upgradient coverage for the 300-FF-5 OU
groundwater monitoring network.

This report provides the information obtained during drilling, characterization, and installation of this
new CERCLA groundwater monitoring well in the 300-FF-5 OU. Sediment core samples from well
699-S20-E10 were analyzed for physical properties, including grain- or particle-size distributions (PSD),
and bulk and particle densities.

Estimation of aquifer recharge under natural conditions using chloride mass balance techniques from
data collected on sediment samples from well 699-S20-E10 was also completed.

1.1 New Groundwater Monitoring Well

Groundwater monitoring well 699-S20-E10 (well ID C4855) was installed between July and August
2005. The location of this well is shown on the location map in Figure 1. The new well was constructed
to the specifications and requirements described in Washington Administrative Code (WAC) 173-160,
Sampling and Analysis Plan for CERCLA Well Drilling at 300-FF-5 Operable Unit, Fiscal Year 2005
(DOE 2005b), and specifications provided by Fluor Hanford, Inc. (FHI), Richland, Washington. During
drilling and construction of the well, sampling and analysis activities were conducted to support field
screening for radiological and chemical contaminants, to collect intact sediment split-spoon samples for
geologic description and geochemical testing, digital photography, and for archival in the Hanford
Geotechnical Sample Library (HGSL).

This document provides a compilation of all available geologic data, radiological logs, hydrogeologic
data, and well information obtained during drilling, well construction, well development, pump installa-
tion, and sample collection activities. Appendix A contains the Well Summary Sheet, the Well Construc-
tion Summary Report, the geologist’s borehole log, well development and pump installation records, and
the well location and elevation survey results. Appendix B contains digital photographs of the recovered
splitspoon core samples, the split-spoon chain-of-custody forms, and selected geologic descriptions of
several of the core. Appendix C contains grain size distribution curves and sieve data results from core
sample analysis. Appendix D contains the complete geophysical log report.

(a) Letter from EJ Murphy-Fitch (Fluor Hanford, Inc., Richland, Washington) to Distribution, “Tentative
Agreement on Tri-Party Agreement Negotiations on the Overall Strategy and Approach for Hanford
Groundwater Protection, Monitoring, and Remediation (M-024),” dated September 22, 2003.
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Additional well construction documentation is on file with Fluor Hanford, Inc. (FHI). Hanford Well
Information System (HWIS) [http://apweb02/cfroot/rapidweb/phmc/cp/hwisapp/] contains electronic
drilling and construction records for this well. In addition, the Washington State Well Record form is on
file with the Washington State Department of Ecology as required per WAC 173-160.

English as well as metric units are used in this report. English units may be used to describe drilling
and well completion activities because that is the system of units used by drillers to measure and report
depths and well construction measurements. Conversion to metric can be done by multiplying feet by
0.3048 to obtain meters or by multiplying inches by 2.54 to obtain centimeters.

2.0 Well 699-S20-E10

Well 699-S20-E10 (well ID C4855) is located to the northwest of the 300 Area. The well is upgra-
dient of the 300 Area and will (1) help differentiate upgradient groundwater contamination from contam-
inants released in the 300 Area and (2) support groundwater modeling. The new well monitors the
uppermost unconfined aquifer and is screened across lower Hanford formation and upper Ringold
Formation sediments.

2.1 Drilling and Sampling

Well 699-S20-E10 (well ID C4855) was drilled with a cable tool drill rig from surface to a total depth
of 64.5 feet below ground surface (bgs). Temporary 8 5/8-inch outside diameter (OD) casing was used

during drilling to total depth. Drilling began on July 13, 2005, and total depth was reached on July 15,
2005.

Grab samples of sediment for geologic description, digital photography, and archives were collected
at approximately 5-foot intervals from ground surface to total depth. In addition, 43 nearly continuous
split-spoon samples were collected from 7 to 63 feet bgs. The water table was encountered at approx-
imately 43.63 feet bgs. The borehole log in Appendix A provides the lithologic description of sediments
encountered during drilling. The composite log in Section 4.4 summarizes the lithology, hydrogeology,
and presents graphic results of data collected in this well.

Sediments encountered during drilling were predominantly unconsolidated silty sandy gravel of the
hydrologic unit 1 (Hanford formation) of Thorne et al. (1993) from approximately 1 foot to a depth of
approximately 47 feet bgs. Above the Hanford formation are Holocene recent deposits.

The Ringold Unit 5 that lies beneath the Hanford formation, silty sandy gravel, is not easily defined in
this borehole but appears to be present from approximately 48 feet to total depth (64.5 feet bgs). This
approximate contact depth was defined based on a detailed evaluation of the sediment core (see
Appendix B) incorporated with the other available data sets. The field geologist’s detailed borehole log,
along with the well construction summary report, as-built diagram, well development and pump



installation records, and well survey results are included in Appendix A. Appendix B contains the split-
spoon core photographs, selected geologic description of the core, and chain-of-custody forms. A more
detailed hydrogeologic interpretation of the borehole sediments is included in Section 4.4.

The borehole and drill cuttings were monitored regularly for organic vapors and radioisotope
contaminants (i.e., gamma). Radioisotope monitoring revealed no detectable gamma contamination was
present. Spectral gamma and neutron moisture geophysical logs were run in the temporary borehole in
July by Stoller Corporation (Appendix C). Section 4.3 provides the details of this logging.

2.2 Waeéll Completion

The permanent casing and screen were installed in well 699-S20-E10 on July 19, 2005. A 15-foot
long, 4-inch inside diameter (ID), stainless steel, continuous wire-wrap 20 slot (0.02-inch slot) screen was
set from 58.56 to 43.57 feet bgs. A 3-foot long, 4-inch ID stainless steel sump is attached to the bottom
of the screen and extends from 61.56 to 58.56 feet bgs. The permanent well casing is 4-inch ID, stainless
steel from 43.57 bgs to 2 feet above ground surface.

The screen filter pack is composed of 10-20 mesh silica sand placed from 63.25-32.18 feet bgs; the
filter sand was developed with a surge block to settle the sand pack. The annular seal above the sand
pack is composed of 3/8-inch bentonite pellets from 32.18-25.22 feet bgs and granular bentonite
crumbles from 25.22—-10.80 feet bgs. The surface seal is composed of Portland cement grout from 10.80
feet bgs to ground surface. A 4-foot by 4-foot by 6-inch concrete pad was placed around the well at the
surface. A protective 6-inch-diameter well head casing with locking cap, four protective steel posts, and a
brass marker stamped with the well identification number and Hanford well number were set into the
concrete pad.

A borehole straightness test was completed. The vertical and horizontal coordinates of the well were
surveyed by Fluor Federal Services on September 6, 2005. The horizontal position of the well was
referenced to horizontal control stations established by the U.S. Army Corps of Engineers (USACE). The
coordinates are Washington Coordinate System, South Zone, NAD83(91) datum. Vertical datum is
NAVDSS and is based on existing USACE bench marks. Survey data are included in Table 1 and
Appendix A. The static water level was measured at 43.63 feet bgs on July 25, 2005. The brass survey
marker is equivalent to ground surface.

Table 1. Survey Data for New CERCLA Well 699-S20-E10

Well Name Easting Northing Elevation
(Well ID) (meters) (meters) (meters) Comments
699-S20-E10 593124.37 117366.18 Center of casing
(C4855) 120.480 Top of casing, N. edge

119.731 Brass survey marker

120.490 Top pump base plate, N. edge

NOTES: Horizontal Datum is NAD83 (91); Vertical Datum is NAVD88; Washington State Plane
Coordinates (South Zone); surveyed September 6, 2005.




2.3 Weéll Development and Pump Installation

Well 699-S20-E10 was developed on July 25, 2005, at two different intervals using a temporary,
3-horsepower submersible pump. The depth to water was measured at 46.63 feet below top of casing
(btc) prior to development. A pressure transducer was installed above the pump and connected to a
Hermit datalogger to monitor water level during development. A total of 1,725 gallons of water was
pumped during well development and a final turbidity of 1.1 NTU was achieved. Table 2 contains the
well development results, including pump intake depth, pump rate, pump run time, drawdown, final
turbidity (NTU), pH, and temperature readings.

Table2. Well Development Information for Well 699-S20-E10

Pump Intake | Pumping | Drawdown Recovery Test
Pump Rate | Depth (ft btc) | Run Time (ft) Final Field Readings Time
33.2 gpm 60.35 27 min 0.35 1.38 NTU, 17.3 C, pH =7.89 N/A
31.6 gpm 55.25 26 min 0.34 1.10NTU, 17.7 C, pH="7.93 N/A
ft btc = Feet below top of casing.
gpm = Gallons per minute.
N/A = Not available.
NTU = Nephelometric turbidity unit.

A dedicated Redi-Flo-3, 0.3-horsepower Grundfos™ submersible sampling pump (model 5SQE90NE)
was installed in well 699-S20-E10 on July 25, 2005. The sampling pump intake was set at 53.08 feet bgs,
approximately 9.4 feet below the water table, and connected to the surface with 3/4-inch-diameter
stainless steel riser pipe.

3.0 Sampling and Analysis During Drilling

This section describes the collection and planned analysis of sediment samples obtained during
drilling from well 699-S20-E10.

3.1 Field Screening

The drill cuttings from the well were screened in the field for volatile organics and beta-gamma
activity by radiation control technicians and site safety staff. Subsurface spectral gamma logs were also
evaluated for gamma-emitting contaminants, and details are discussed in Section 4.3.

Radiation screening of cuttings revealed only natural background levels. No actions were required.
Results of field screening for radiation and gases during drilling are indicated on the geologist’s borehole
logs in Appendix A.



3.2 Sediment Sampling

Sediment grab samples were collected from the borehole at 5-foot intervals from ground surface to
total depth. The sediment samples are used for geologic description, digital photography, and for archival.
The geologic descriptions of these samples are contained in the wellsite geologist’s borehole log in
Appendix A. The archive grab samples are contained in 1-pint glass jars, labeled by depth and well
number. These jars are stored in the Hanford Geologic Sample Library (HGSL), which is located at
Building 3718A/B in the 300 Area. In addition to the archived jars, a small sub-sample from each 5-foot-
depth interval was placed in 1-inch by 2-inch plastic sample trays to create a digital photographic log for
each well. This digital photographic log is included with the composite log in Section 4.4. These small
trays do not include the larger cobbles that may have been in the interval sampled.

In addition to the grab samples, a total of 43 near continuous intact 1-foot-long split-spoon core
samples were collected from 7—63 feet bgs. Sample recovery of intact core was good to poor and is
summarized on the geologist borehole log in Appendix A and core logs in Appendix B. These split-
spoon samples are being tested/analyzed for hydraulic parameters, moisture, and possibly other data. The
available results from this testing are provided in Sections 4 and 5. High-resolution digital photographs
of the open split-spoon core samples were also recorded. These core photos are available in Appendix B
(including the sample chain-of-custody forms). Grain size distribution data and supporting analytical data
are provided in Appendix C. All sediment sample depths and/or intervals are documented on the
composite log in Section 4.4 and in the geologist’s borehole logs located in Appendix A.

3.3 Geophysical Logging

A high-resolution spectral gamma-ray survey and neutron moisture survey were conducted in the
borehole by Stoller Corporation to determine the presence and concentration of manmade (process) and
naturally occurring gamma-emitting radionuclides, and moisture content of the surrounding sediments.
Spectral gamma measurements were captured during a “move-stop-acquire” mode at a rate of
100 seconds per foot. Neutron moisture measurements were collected at 0.25-foot intervals. The
geophysical logs have been evaluated and correlated to the geologic log data for each borehole and the
results are presented in the composite log in Section 4.4. The detailed geophysical log data report is
provided in Appendix C. The log report describes calibration requirements, data processing, contains the
borehole log plots, and an interpretation of results.

Well 699-S20-E10 (C4855) was logged on July 18, 2005, using the gamma-ray tool from 61.5 feet
bgs to 0.5 foot bgs inside temporary carbon steel casing with an approximate outside diameter of
8 5/8 inches. A repeat section was run from 48.5-38.5 feet bgs. The neutron moisture tool was run from
near the water table at 42.5-0.25 feet bgs with a repeat interval from 41.5-31.5 feet bgs. As reported by
Stoller Corporation, no manmade radionuclides were detected in the borehole.



4.0 Subsurface Characterization Results

Results from sediment sampling, physical property analysis, geologic descriptions, spectral gamma
and neutron moisture logs, and well development for well 699-S20-E10 are correlated to provide an
interpretation of the hydrogeologic conditions in the borehole. This section includes a discussion of the
criteria used to evaluate and interpret the data. The composite log in Figure 2 illustrates the interpreted
hydrogeology developed for this well.

4.1 Physical Properties

Grab samples collected at 5-foot-depth intervals are described on the geologist’s borehole log located
in Appendix A and selected geologic descriptions of splitspoon core are provided in Appendix B. The
wellsite geologist’s graphic representation of the borehole log is illustrated in the composite log
(Figure 2). The sample quality and formation representativeness of the split-spoon samples is generally
poor and incomplete. This is due to coarseness of the drilled formations and the inability to completely
clean out the borehole between core runs

Selected core samples from well 699-S20-E10 were analyzed for physical properties, including grain-
or particle-size distributions (PSD), and bulk and particle densities (all laboratory analyses performed by
Ray Clayton, Michelle Valenta, and Karen Waters-Husted, PNNL). Grain-size data were generated using
both wet sieve and hydrometer methods (Gee and Or 2002). Continuous functions were fit to the discrete
grain-size distribution data using an Excel-Visual Basic Applications (VBA) program to generate various
metrics, reported in Appendix C.

Figure 3 shows examples of grain size data and fitted functions for samples from the Hanford
formation at depths of 9.5-10.5 feet bgs and 24.5-25.5 feet bgs from well 699-S20-E10 (top and middle
plots, respectively). Also shown in Figure 3 (bottom plot) are grain size data for a backhoe sample
collected ~14 feet below the base of the 300 Area North Process Pond (sampling for/by John Zachara and
co-workers, PNNL, and sieve data provided by Jason Keller, PNNL), which is 2-3 feet above the water
table at this location (Bjornstad 2004). The grain size data from the 24.5-25.5 foot depth and several
other depths (see Appendix C) for well 699-S20-E10 have a multi-modal size distribution. The sample
from the 9.5-10.5 foot depth, which is one of the coarsest and most well sorted from this borehole, is
finer and less well sorted than the backhoe sample from the North Process Pond. This point is discussed
in more detail later in this section.

Grain size metrics were computed using both mm and ¢ scales, where ¢ is defined as (Folk 1980)

¢ = -log2(mm) (1)
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Figure 2. Hydrogeologic Interpretation for Well 699-S20-E10



Figure 3.
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Grain- or Particle-Size Distribution (PSD) Data and Fitted Functions for Samples from
300 Area Well 699-S20-E10 (top and middle plots, respectively) and the North Process
Pond (bottom plot). Some samples (e.g., middle plot) from well 699-S20-E10 exhibit
multimodal grain size distributions which appear to be the result of the splits-spoon
sampling technique. The backhoe sample from the North Process Pond is coarser and
more well sorted than the samples from well 699-S20-E10.
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The metrics reported in Appendix C include the inclusive graphic standard deviation, ojg, defined as

d16 — d84 + ds - d95
4 6.6

Oc=

2

where d is the grain diameter (in ¢ units) and the subscripts (e.g., 16, 84, etc.) refer to the weight percent
of the bulk sample with grain sizes smaller than the given diameter. The inclusive graphic standard
deviation is a measure of the uniformity or sorting of the grain-size distribution.

Another metric reported in Appendix C is the so-called “fredle index”, F.l., defined as (Lotspeich and
Everest 1981)

F.l.=— 3)

where dg is the geometric mean grain diameter (in mm) and S0 is another type of sorting index. The
geometric mean diameter is defined as (Lotspeich and Everest 1981)

j
d =l;[di“ @)

where di is the midpoint diameter (in mm) of particles retained by a given sieve and Wi is the weight
fraction of particles retained by the sieve. S0 is defined as (Lotspeich and Everest 1981)

d

— 75

s = S
d,. ®)

where d75 and d25 are the grain diameters (in mm) at the 75™ and 25™ percentiles of the distribution.
Rather than using Equation (4), the values of the F.l. that are reported in Appendix C were calculated
with dg approximated by the graphic mean diameter (Folk 1980)

~ dys +ds, +ds,

d (6)
’ 3
Grain-size distribution metrics reported in Appendix C were used to estimate saturated hydraulic
conductivity using several methods. The simplest formula is due to Hazen (1911)
K, =CdZ, )

where Ksis the saturated hydraulic conductivity (cm/s), C is a constant (taken here to be 1), and d10 is the
effective grain size (mm) for which 10% (by weight) of the particles in the sample are finer (Freeze and
Cherry 1979, p. 350). Hydraulic conductivities were also computed using the well-known Kozeny-
Carmen equation (Bear 1972, p. 166)
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where pw and u are the density and viscosity of water, respectively, g is the gravitational constant, n is
the porosity, and dmis a representative grain size (taken here to be d50 [mm)]).

Porosity was calculated from

Py
Po

n=1- ©)

where pb and pp are the bulk and particle densities, respectively.

The Hazen formula uses a single grain-size metric, d10, while the Kozeny-Carmen equation uses a
measure of the median grain diameter, d50, and the porosity of the porous medium. Masch and Denny
(1966) showed that the permeability of unconsolidated sands was related to both the median grain
diameter, d50, and the inclusive graphic standard deviation, gjg, but they did not develop any predictive
formulas for these relationships.

Figure 4 shows the Masch and Denny (1966) data with Ks plotted as a function of the median grain
diameter, d50 (mm), and as a function of d,,/,/0,g . Power function models were also fit to the data.
Accounting for grain sorting increases the coefficient of determination (R?) from 0.7053 to 0.9813. In
other words, when d50 is used as the predictor variable, 70.5% of the variability in KSis accounted for by
a power function relationship between the two variables for this data set. However, when the ratio
ds,/+/O, is used as a predictor variable, 98.1% of the variability in Ks is accounted for by a power
function relationship between the two variables. Using measures of both the mean grain diameter and
grain sorting clearly results in a substantial improvement in the ability to predict Ks from grain size data

relative to using only a measure of the median grain diameter.

In general, for unconsolidated sediments that have the same median grain diameter, but different
grain-size distributions, a more poorly-sorted sample (larger oic) should have lower porosity and lower
permeability than a more well-sorted sample (small oig). The porosity and saturated hydraulic
conductivity should also both be inversely correlated with ojg or other similar measures of grain sorting.

The type of regression relationship depicted in Figure 4 is frequently referred to in the soils literature
as a pedo-transfer function (PTF). Another PTF was developed for Ksusing sediment samples from the
Hanford fm, two other coarse sands, and a gravel sample, by regressing the laboratory-measured values of
Ks from (vertically-oriented) core samples of the sediments against the ratio d50(mm)/ais” (Figure 5).
This regression yielded a coefficient of determination, R* = 0.7665. Using the ratio dy, /O, asthe
predictor variable for the data set shown in Figure 5 (as was done previously for the Masch and Denny

data set shown in Figure 4), yielded a value of R* = 0.6695. Thus the optimal value of the exponent on
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the grain sorting coefficient appears to depend on the particular data set, or perhaps on the range of
textures of the samples that are used to develop the PTF. The sediments used by Masch and Denny
(1966) are relatively fine-textured in comparison to the sediment samples for which data are depicted in
Figure 5.

Using the fredle index, F.l., (Equation 3) as the predictor variable for the data set depicted in Figure 5
yielded a value of R*= 0.6689. Although the fredle index has been used successfully to develop PTFs for
Ks and other hydraulic parameters based on samples collected from the Army Loop Road Site on the
Hanford Central Plateau,' the ratio d50(mm)/cis” provides better predictions of Ks (R* = 0.7665 vs.
0.6689) for the data set shown in Figure 5. These differences suggest that different metrics may work
better as predictors of Ks (and/or other hydraulic or physicochemical properties) for different sites, and/or
for different hydrogeologic units (e.g., Hanford vs. Ringold fm).

As a final comment regarding the use of PTFs, it should be emphasized that estimates of KS (or any
other hydraulic parameters) based on grain-size distributions alone do not account for structure (e.g.,
layering, stratification, or laminations), grain shape and orientation (e.g., spherical vs. plate-like grains),
or physicochemical properties (e.g., calcite cementation) of the in situ sediments. All of these factors may
affect the pore-size distributions and connectivity of the pores leading to significantly different hydraulic
properties for sediment samples that might have similar grain-size distributions but different structure.
This suggests that it may be better to develop PTFs for hydraulic parameters using hydraulic properties
measured only on homogenized and repacked samples, rather than “undisturbed” samples, in order to
minimize variability due to unaccounted for structure and/or other features noted above. Some of the
features noted above and structural information is evident in the high resolution digital images of the
cores from the split-spoon samples (cf. photographs in Appendix B). If this information can be
quantified, and correlated with grain-size distribution metrics and other data from the bulk sample (or
subsamples), then grain-size distributions and other hydraulic or physicochemical properties could
potentially be estimated at much higher spatial resolution than that of the bulk sample, and at lower cost.

Table 3 contains measured densities, water contents, calculated porosities, and saturated hydraulic
conductivity estimates for the samples from well 699-S20-E10. Figure 6 depicts field volumetric water
content and porosity as a function of depth. Figure 7 depicts the estimated Ks values. With the exception
of two of the deeper samples (from below the 52.5-foot depth) the Hazen formula provides the lowest
estimated Ks values, which are similar in magnitude to K values determined from pump-test results in the
Ringold Formation, while the Kozeny-Carmen equation provides the highest estimates, which are similar
to K values determined from 300 Area pump test results for the Hanford formation. The PTF-based Ks
estimates are generally intermediate in value, and show less overall variability than estimates of Ks
computed using the other methods. The geometric mean value of the Kozeny-Carmen-based Ks estimates
is a factor of ~8 greater than the geometric mean value of the Hazen-based Ks estimates. The geometric
mean value of the PTF-based Ks estimates is a factor of ~2 greater than the geometric mean of the Hazen-
based Ksestimates. Again, note that the PTF-based Ks estimates reported here strictly represent the
vertical direction due to the vertical orientation of the core samples on which the KS measurements were
made.

! Personal communication with the authors from AL Ward, PNNL, Richland, Washington.
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Table 3. Physical Properties and Saturated Hydraulic Conductivity Estimates for Sediment Samples from Hanford 300 Area Well 699-S20-E10

91

Depths Physical Properties Hydraulic Conductivity Estimates (cm/s)
Top Bottom | Mid-pt (ft, Mid-pt Particle Density Bulk Density | Calculated | Field Vol. Water Kozeny-

(ft, bgs) (ft, bgs) bgs) (m, bgs) (g/cm’) (g/em’®) Porosity Content Hazen Carmen PTF
7.0 8.0 7.5 2.3 2.78 1.14 0.59 - 5.26E-02 - 8.95E-02
8.0 9.0 8.5 2.6 2.77 1.86 0.33 0.033 5.92E-03 3.80E-01 3.57E-02
9.5 10.5 10.0 3.0 2.79 0.96 0.66 - 2.47E-01 - 1.16E-01
10.5 11.5 11.0 3.4 2.80 1.78 0.36 0.036 1.28E-02 6.66E-01 3.95E-02
12.0 13.0 12.5 3.8 2.83 1.89 0.33 0.049 3.63E-03 1.37E-01 2.25E-02
13.0 14.0 13.5 4.1 2.72 1.99 0.27 0.045 2.35E-02 3.27E-01 5.38E-02
14.5 15.5 15.0 4.6 2.82 1.93 0.32 0.069 6.89E-03 1.55E-01 3.29E-02
15.5 16.5 16.0 4.9 2.80 1.85 0.34 0.065 4.06E-02 5.30E-01 6.54E-02
17.0 18.0 17.5 5.3 2.78 1.93 0.31 0.064 5.20E-04 2.30E-02 9.44E-03
18.0 19.0 18.5 5.6 2.79 1.96 0.30 0.049 2.23E-02 2.37E-01 4.97E-02
19.5 20.5 20.0 6.1 2.78 1.94 0.30 0.062 1.56E-03 2.12E-02 1.02E-02
20.5 21.5 21.0 6.4 2.75 2.05 0.25 0.053 2.19E-02 3.79E-01 6.86E-02
22.0 23.0 22.5 6.9 2.78 1.94 0.30 0.049 8.16E-04 3.26E-02 1.12E-02
23.0 24.0 23.5 7.2 2.79 1.98 0.29 0.053 5.08E-03 2.29E-01 3.54E-02
24.4 25.5 25.0 7.6 2.76 1.74 0.37 0.069 3.19E-03 2.79E-03 2.62E-03
25.5 26.5 26.0 7.9 2.82 1.91 0.32 0.050 7.16E-02 4.91E-01 6.30E-02
27.0 28.0 27.5 8.4 2.85 2.10 0.26 0.065 2.11E-02 8.53E-02 3.28E-02
28.0 29.0 28.5 8.7 2.79 1.85 0.34 0.051 1.26E-01 5.32E-01 6.57E-02
30.0 31.0 30.5 9.3 2.80 1.93 0.31 0.005 1.07E-02 3.28E-01 4.00E-02
32.0 33.0 32.5 9.9 2.78 1.87 0.33 0.076 3.09E-02 1.93E-01 3.86E-02
33.0 34.0 33.5 10.2 2.87 1.97 0.31 0.080 1.39E-02 1.00E-01 2.84E-02
35.5 36.5 36.0 11.0 2.70 2.07 0.23 0.061 5.18E-02 1.52E-01 5.46E-02
38.0 39.0 38.5 11.7 2.75 1.89 0.31 0.062 3.41E-02 441E-01 4.77E-02
40.5 41.5 41.0 12.5 2.74 1.83 0.33 0.068 8.74E-02 7.64E-01 7.05E-02
47.0 48.0 47.5 14.5 2.64 2.00 0.24 0.143 1.21E-02 1.69E-01 4.56E-02
48.5 49.5 49.0 14.9 2.73 1.92 0.30 0.137 3.98E-02 2.05E-01 4.53E-02
49.5 50.5 50.0 15.2 2.75 1.99 0.28 0.147 2.00E-02 2.88E-01 5.72E-02
52.0 53.0 52.5 16.0 2.65 2.02 0.24 0.143 2.44E-02 1.95E-01 6.04E-02
54.5 55.5 55.0 16.8 2.63 1.83 0.31 0.098 1.37E-02 2.07E-03 3.93E-03
57.0 58.0 57.5 17.5 2.65 1.97 0.26 0.146 7.20E-02 4.52E-01 8.09E-02
59.5 60.5 60.0 18.3 2.68 2.00 0.25 0.147 2.80E-02 7.51E-02 3.34E-02

Averages” 2.76 1.93 0.30 1.70E-02 1.29E-01 3.34E-02

(a) Arithmetic averages of physical properties (excluding questionable values highlighted in red) and geometric mean values of hydraulic conductivity estimates.




Visual inspection (by BN Bjornstad, PNNL) of color change and basalt content of the sediment
samples from well 699-S20-E10 was used to estimate the depth of the Hanford /Ringold fm contact
between 47-48 feet (Appendix B). There is a noticeable shift (decrease) in overall porosity and an
increase in moisture across this interval as depicted in Figure 6. The field volumetric water content
values do increase significantly at depths below ~45.9 feet, but the driller’s logs indicate that the water
table was encountered at a depth of ~43.6 feet, so higher water contents at these depths are expected.

The volumetric water content values determined from the core samples are significantly greater than
those estimated from the original geophysical logging of this well. This discrepancy could be due to
differences between the diameter and thickness of the casing used for well 699-S20-E10 relative to the
casing that was used for calibration of the neutron-moisture logging system (personal communication
with Alan Pearson and Rick McCain, Stoller). The volumetric water content data determined from the
core samples were used in conjunction with the raw neutron-moisture probe count data (obtained from
Stoller’s neutron-moisture logging system, NMLS) to develop a new calibration equation for the neutron-
moisture probe. The volumetric water content core data and the original and revised neutron-moisture
probe results are depicted in Figure 8. The elevated neutron-moisture contents just below the ground
surface are not considered to be accurate, but are instead attributed to drill-pad related disturbance.

Pump test data from the Hanford Site indicate that the saturated hydraulic conductivity of the Hanford
fm is generally much greater, by up to several orders of magnitude, than that of the Ringold Formation.’
Excavations in the North and South Process Ponds within the 300 Area indicate that the lower Hanford
and upper Ringold fm sediments are highly reworked (Bjornstad 2004). These factors could make the
physical and hydraulic properties of sediments from these two formations less distinct from one another
in the 300 Area than they might be elsewhere (e.g., beneath the Central Plateau).

The largest PTF-based (Figure 5) estimate of Ks from the 699-S20-E10 well samples is for the sample
from the 9.5-10.5 foot depth bgs, with Ks=0.116 cm/s (~100 m/d). The PTF-based Ks estimate for the
North Process Pond sample is 0.42 cm/s (~363 m/d), a factor of ~3.6 greater than the sample from well
699-S20-E10. The grain size data for these two samples were shown previously in Figure 3 (and in
Appendix C). The addition of some fine grains and possible over compaction (e.g., higher density)
created during drilling may have resulted in the lower Ks values derived from the well (splitspoon)
samples.

Since the PTF-based Ks estimates represent the vertical direction, due to the vertical orientation of the
core samples on which the Ks measurements were made, it is reasonable to assume that Ksin the
horizontal direction is a factor of 10 greater than the vertical Ks estimates, which yields Ks values (1,000
and 3,630 m/d) that agree well with pump test data for the Hanford formation in the 300 Area (Schalla
et al. 1988).

One final comment should be made regarding the use of grain-size distribution data to estimate
hydraulic and/or physiochemical properties for 300 Area sediments. As noted previously, and as depicted
in Figure 3, the backhoe sample collected ~14 feet below the base of the North Process Pond is coarser
and better sorted than any of the split-spoon samples from well 699-S20-E10. Furthermore, several of the
samples from well 699-S20-E10 had very large cobbles in them, approaching the diameter of the core
barrel (see photographs in Appendix B). These samples also may contain some pulverized and broken

? Personal communication to the authors from Paul Thorne, PNNL, Richland, Washington.
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clasts, and in come cases contain a large percentage of slough that could not be removed by bailing. This
suggests the possibility that split-spoon samples of the gravel dominated sediments from the 300 Area
(and other near-river sites) may be biased toward smaller grain sizes due to fracturing and crushing of
larger clasts during splitspoon sampling. On the other hand, it is known that large volumes of effluent
were disposed to the process ponds for many years and the rapid change in the water table due to the river
fluctuations created a washing machine like effect. These processes could have washed out a portion of
the fines in the near-saturated sediments in the vicinity of the water table. Another equally plausible
possibility is that the original sediments deposited in the vicinity of the North Process Pond are actually
coarser than they are at the location of well 699-S20-E10. Whatever the case may be, larger diameter
core samples will be collected as part of a limited field investigation (LFI) using a sonic drilling method.
Comparison of data from these larger diameter core with data from other nearby wells for which split-
spoon core samples were collected should help determine if there is a split-spoon sampling bias for
samples collected in the 300 Area.

The grain-size distribution data from well 699-S20-E10 have been added to a database of grain-size
distribution data representing approximately 340 samples from 17 boreholes and other miscellaneous
sampling locations from in and around the 300 Area. These data will be supplemented with additional
data from new wells that are drilled as part of the LFI (DOE 2005a). The physical and hydraulic property
data are being used to assist in the delineation of sedimentary facies and will ultimately be used for
parameterization of a three-dimensional vadose zone and groundwater flow and reactive transport model
for the 300 Area.

4.2 Sediment Digital Photographic Log

A digital photographic log of chip tray samples is included in the composite log for the well
(Figure 2). Grab samples from the cuttings return line were collected for lithologic descriptions docu-
mented in the borehole log in Appendix A, for sediment archives, and for digital photography. The
photographic log presentation, compiled from the 1-inch by 2-inch chip tray samples can provide a
qualitative visual tool that can reveal changes in major lithologic intervals (i.e., grain size, color, and
relative moisture). However, the interpretative value of these photographic logs is limited by the sample
collection technique, discussed earlier, and sample container size. Core samples which were digitally
photographed and presented in Appendix B provide a more realistic view of the sediment. Even though
these core were disturbed, the digital photography did preserve the overall color, which is useful for
differentiating Hanford formation sediment from Ringold Formation.

4.3 Spectral Gamma and Neutron Moisture L ogging

Based on processing by Stoller Corporation, no manmade gamma-emitting radionuclides were
detected in the well (details in Appendix C).

These data are used in the geology interpretation presented in Section 4.4. No discussion of the
shallow gamma ray inflections less than 5 feet bgs is included because the inflections are difficult to
interpret, reflecting dramatic changes due to shallow drill pad material, multiple casing strings, increased
moisture, and/or recently deposited loose sediment.

For well 699-S20-E10 (C4855), the gamma log plots of the naturally occurring gamma-emitting
radioisotopes (potassium, uranium, and thorium) indicate there are distinct activity changes marked by a
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low reading at approximately 25 feet bgs and the increasing inflection points from approximately 26 to
42 feet bgs. These changes correlate to either lithologic features such as grain size gradations in the
vadose zone and/or contrasting lithologic intervals near the water table (Figure 2).

A review of the neutron moisture log reveals a distinct moisture increase beginning at approximately
30 feet bgs and continuing sporadically to the bottom of the log (water table). No water was added to the
borehole during drilling, which suggests that this moisture increase is a natural measurement. Except for
a small amount of silt or clay described in the geologist’s borehole log, there does not appear to be a
distinguishable lithologic change to explain this moisture increase. Overall, natural moisture (as
calculated by the Stoller Corp ranges from about 2% to nearly 4% throughout the vadose interval. The
moisture results are viewed as qualitative for the purpose of distinguishing areas of relative moisture
change. Actual moisture values derived from core sample measurements appear to be slightly higher
based on the discussion and correction provided in Section 4.1.

4.4 Composite Log

A composite log has been assembled for well 699-S20-E10 using the well as-built diagram, well
development information, descriptions of the sediment and the representative graphic log, the digital grab
sample photographic log, and the geophysical logs. Stratigraphic contacts and key lithologic changes are
identified where possible. The composite log for the new well is illustrated in Figure 2. Recent surficial
Holocene sediments composed of reworked Hanford and eolian deposits overlie the area and range in
thickness from one foot up to approximately 20 feet bgs.

With the exception of recent Holocene surficial deposits, the hydrogeologic Unit 1 (Hanford
formation) of Thorne et al. (1993) comprises the entire vadose zone and the upper portion of the
unconfined aquifer in the well. This interval is approximately 46 feet thick (from approximately 1 to
47 feet bgs), and is composed of unconsolidated sediments ranging in grain size from cobble to pebble
gravel, coarse to fine grained sand, silty sand, and silt. There are no distinguishable hydrostratigraphic
changes within the vadose zone. At a depth of approximately 25 feet bgs, there does appear to be a
reduction in grain size that is present. A slight increase in moisture is noticeable at about 30 feet bgs
based on the neutron moisture log, which may or may not be associated with the slight increase in silt or
clay described in the geologist’s borehole log. A zone of mixing between the Hanford and Ringold
Formation sediments is interpreted between approximately 40 and 48 feet bgs.

The Ringold Formation Unit 5 contact with the overlying Hanford formation is based on a distinct
change in basalt content and color at ~47 feet bgs which can be seen in core photographs (Appendix B).
This coarse, silty, sandy gravel unit comprises the lower portion of the uppermost unconfined aquifer
beneath the 300-FF-5 OU.

Contacts can sometimes also be identified by the inflections and general curve fitting from the
spectral gamma and neutron moisture logs but no distinguishable changes are visible in the logs for this
well. Where these data are useful the inflections are dashed on the respective composite logs to imply a
unit boundary or contact.

The total thickness of the uppermost unconfined aquifer was not determined in new well
699-S20-E10 but more details about the aquifer thickness and groundwater conditions are available
in the Operations and Maintenance Plan for the 300-FF-5 Operable Unit (DOE 2002).
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5.0 Estimation of Recharge from Well 699-S20-E10 (C4855)
Sediment Samples Using Chloride M ass Balance

Recharge, defined as infiltrating water that reaches the water table, is the primary mechanism driving
the transport of wastes residing in the unsaturated zone to groundwater (Ward et al. 1997; DePaolo et al.
2004). Performance assessments of remediation and disposal alternatives are often highly sensitive to the
recharge assigned for the area of interest, illustrating the importance of accurate recharge estimates. In
support of efforts to reduce uncertainties in recharge estimates for the Hanford Site, sediment core sam-
ples from well 699-S20-E10 were analyzed for matric potential, water content, and pore water anions for
purposes of estimating recharge conditions at the well location using the chloride mass balance (CMB)
method. In addition, grab samples collected to a depth of 3.28 feet prior to construction of the drilling
pad (sampling performed by Ray Clayton of PNNL) were also measured for water content and pore water
anions. The estimated present day recharge rate (R) based on the data presented below is R=1.89 mm

yr'l.

Matric potential was measured using the filter paper technique described in Methods of Soil Analysis,
Part 4 (SSSA, 2002). Filter paper was placed in contact with the core sediment, the core was resealed,
and the sample allowed to equilibrate for several days. After filter paper analysis was complete, the cores
were opened for collection of moisture content and anion subsamples of approximately 100 g each.

Water content was measured using standard convective oven-drying procedures described by SSSA
(2002). Anion extraction followed the procedures outlined in Methods of Soil Analysis, Part 3 (ASA,
1996). The extraction of anions from the field moist sediment samples was performed by adding
deionized water to the samples in a 1:1 water to soil ratio by weight. The amount of deionized water
needed to obtain a 1:1 extract was determined from the separate moisture content samples. The anion
sediment samples were agitated on an orbital shaker for one hour and then allowed to sit overnight. The
supernatant solution was then filtered through a 0.45 um membrane syringe filter and the filtrate collected
for analyses using ion chromatography. All analysis was performed at the PNNL Radiochemical
Processing Laboratory by Ray Clayton and Michelle Valenta.

The subsequent calculation of chloride concentration in the soil pore water, Cls (mg Cl' L™ soil
solution), is:

Cl,=—2D (10)

where Cleg (mg CI L' filtrate) is the chloride concentration in the extract, w is the gravimetric water
content of the bulk sample, and D is the dilution ratio or the mass ratio of water to dry soil (1:1). The

core subsamples collected for anion analysis were limited to particle diameters less than 19-mm. To
correct Cley, to incorporate the bulk sample (>19-mm and <19-mm), Cl., was multiplied by the fraction of
the bulk sample that is less than 19-mm. While this discussion is limited to chloride, the calculation of
the concentration of other analyzed anions in the soil pore water follows the same relationship described
by Equation (10).
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With certain assumptions, such as piston flow chloride transport, knowing Clg allows for a recharge
rate, R (mm yr™), to be calculated using a mass balance approach described by:

PxCl, = RxCl, (an

where P is the average annual precipitation (mm yr') and Cl, is the average chloride deposition rate,
including both wet and dry fallout. Murphy et al. (1996) estimated for the Hanford Site Cl, ranges from
0.220 to 0.230 mg L™, For this work we used the median Cl, value of 0.225 mg L. A P of 190 mm yr’'
was used following the work of Gee et al. (2005) who estimated that value for a nearby lysimeter site.

Table 4 gives the water content for the bulk samples and subsamples along with the fraction of the
bulk sample with a mean particle diameter less than 19 mm. The grab samples were restricted to particle
diameters less than 19 mm when collected. While the soil to a depth of approximately 0.75-meter did not
visibly contain particles greater than 19-mm, the soil at depths greater than 0.75-meter is composed of
gravels and cobbles (Figure 9), making the grab samples taken from the 0.75 to 1.0-meter depth interval
not true bulk samples. Review of the fraction of particles less than 19 mm in diameter shows that there is
not a consistent trend in gravel throughout the profile and that the profile is rather heterogeneous. Table 5
presents the suite of anion concentrations of the sample sediment pore water, corrected for bulk sample
composition. Review of the depth profile of Cls shown in Figure 10 reveals a slight increase in Clg near
the soil surface. This is often the case in arid regions in which chloride is concentrated near the surface
due to plant transpiration or upward water movement resulting from evaporative drying. A somewhat
more constant Clg profile exists from roughly 0.5 to 6 meters bgs before a large Cls bulge arises in the
profile and continues to approximately 12 meters bgs, reaching a maximum Clsof 291 mg L™, This bulge
may represent past recharge conditions or it was thought that the bulge may be the product of water table
fluctuations. The chloride concentration of a groundwater sample collected soon after the well was
completed does not support a fluctuating water table as the cause because the groundwater chloride was
measured to be 16.2 mg L™ or nearly 18 times less than the maximum measured Cls. Furthermore,
examination of water table elevation data collected from nearby wells and spanning over 50 years does
not suggest that the water table in the area fluctuated enough for groundwater to intrude into the area of
the bulge. A change in recharge conditions is a plausible answer given that the well is located in an active
dune in which surface conditions that control recharge, such as soil texture and vegetation, are continually
changing. In addition, the occurrence of range fires that alter the vegetative community may play a role
in changing recharge conditions.

To determine the value of Clg to apply in the calculation of recharge using Equation (11), the
cumulative chloride content with depth was plotted against the cumulative water content at the same
depth (Figure 11). Resulting slopes from this plot equals the inverse of Cl for that depth interval. The
straight line segments represent times of constant recharge conditions and slope changes signify changes
in recharge conditions. Included in Figure 11 are the Clsand calculated R for that time segment as well as
the residence time represented by that Cls before the change in slope. Current recharge conditions are
represented by the straight line segment nearest to the surface, providing an estimated R of 1.89 mm yr™".
This is less than the recharge of 4.01 mm yr™' estimated from CMB by Murphy et al. (1996) for a
primarily grass covered stabilized dune and slightly larger than the recharge of 1.11 mm yr' estimated by
Fayer and Szecsody (2004) for a dune vegetated with deep rooted shrubs. The vegetation around well
699-S20-E10 is predominately annual and perennial grasses (Figure 12) with the surface soil classified as
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a Rupert Sand (Hajek 1966). As a note of interest, the R calculated from the straight line segment located
at the depth of the Cl bulge, potentially representing past recharge conditions, is 0.18 mm yr.

Table 4.

with a Mean Diameter Less Than 19-mm

Bulk Sample Water Content, Subsample Water Content, and Fraction of the Bulk Sample

Bulk Sample Subsample
Depth Depth Moisture Content Moisture Content Fraction of Bulk Sample

Sample Number bgs, ft bgs, m g g'l g g-l Less Than 19-mm
C4855-0-10® | 0-0.8 0-0.2 - 0.027 -
C4855-10-19® | 0.8-1.6 0.2-0.5 - 0.025 -
C4855-19-26® | 1.6-22 | 0.5-0.7 - 0.028 -
C4855-30-35® | 2.5-29 | 0.8-0.9 - 0.027 -
C4855-38-41® | 3.2-3.4 | 0.9-1.0 - 0.021 -
C4855-1 7-8 2.1-2.4 0.019 0.019 0.547
C4855-2 8-9 2.4-2.7 0.018 0.018 0.638
C4855-3 9.5-10.5 | 2.9-3.2 0.016 0.016 0.606
C4855-4 10.5-11.5 | 3.2-3.5 0.020 0.024 0.644
C4855-5 12-13 3.7-4.0 0.026 0.021 0.804
C4855-6 13-14 4.0-4.3 0.023 0.041 0.620
C4855-7 14.5-15.5 | 4.4-4.7 0.036 0.030 0.885
C4855-8 15.5-16.5 | 4.7-5.0 0.035 0.045 0.806
C4855-9 17-18 5.2-5.5 0.033 0.034 0.877
C4855-10 18-19 5.5-5.8 0.025 0.085 0.786
C4855-11 19.5-20.5 | 5.9-6.2 0.032 0.034 0.843
C4855-12 20.5-21.5 | 6.2-6.6 0.026 0.028 0.576
C4855-13 22-23 6.7-7.0 0.025 0.023 0.770
C4855-14 23-24 7.0-7.3 0.027 0.029 0.673
C4855-15 24.5-25.5 | 7.5-7.8 0.039 0.040 0.850
C4855-16 25.5-26.5 | 7.8-8.1 0.026 0.030 0.682
C4855-17 27-28 8.2-8.5 0.031 0.029 0.732
C4855-18 28-29 8.5-8.8 0.027 0.035 0.674
C4855-19® 30-31 9.1-9.4 0.002 0.032 0.659
C4855-20 32-33 9.8-10.1 0.041 0.039 0.785
C4855-21 33-34 10.1-10.4 0.041 0.042 0.829
C4855-22 34.5-35.5 | 10.5-10.8 - - -
C4855-23 35.5-36.5 | 10.8-11.1 0.029 0.035 0.638
C4855-24 37-38 11.3-11.6 - - -
C4855-25 38-39 11.6-11.9 0.033 0.037 0.615
C4855-26 39.5-40.5 | 12.0-12.3 - - -
C4855-27 40.5-41.5 | 12.3-12.6 0.037 0.047 0.616
C4855-28 42-43 12.8-13.1 - - -

(a) Anion moisture content sample used for w in the calculation of Clg,
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Figure9. Soil Sampling Pit Used for Collecting Near Surface (<1-m) Grab Samples. Note the
abundance of gravels and cobbles beginning at a depth of approximately 0.75 meter.

To further support drainage conditions at the site, the matric potential profile is presented in
Figure 13. While the matric potential data shows some scatter, the overall trend is higher (less negative)
matric potential with depth, trending towards unit gradient conditions, indicating gravity drainage. The
sharp decrease in matric potential above 4 meters implies potential upward water flow at the time of
sampling, indicative of the dry summer conditions. This agrees with the presence of the Cls bulge
identified near the surface.

The estimated recharge rate(s) at this site can be used as an upper boundary condition for undisturbed
areas in the subsurface flow and reactive transport models that are being developed for the 300 Area in
support of the record of decision regarding the 300-FF-5 OU.
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Table5.  Pore Water Anion Concentrations for Well 699-S20-E10 Core Samples, Corrected for Bulk

Sample Composition

Depth Depth Chloride | Fluoride | Bromide | Nitrite | Nitrate Sulfate Phosphate
Sample Number bgs, ft bgs, m mg L mg L mg L mgL' | mgL”' mgL! mg L’
C4855-0-10 0-0.8 0-0.2 56.91 5.26 ND 13.83 146.41 129.06 93.59
C4855-10-19 0.8-1.6 0.2-0.5 60.91 5.92 ND 9.57 121.92 139.88 81.10
C4855-19-26 1.6-2.2 0.5-0.7 21.03 11.26 ND ND 58.98 27.67 60.74
(4855-30-35® 2.5-2.9 0.8-0.9 14.28 24.98 ND ND 37.75 127.44 19.77
(4855-38-41® 3.2-34 0.9-1.0 6.79 2492 ND ND 14.10 73.18 29.32
C4855-1 7-8 2.1-2.4 58.30 16.92 ND ND ND 418.52 9.11
C4855-2 8-9 2.4-2.7 31.05 25.27 ND ND ND 311.04 11.88
C4855-3 9.5-10.5 2.9-3.2 16.72 18.58 ND ND ND 154.61 11.75
C4855-4 10.5-11.5 | 3.2-3.5 22.43 19.64 ND ND ND 182.13 13.07
C4855-5 12-13 3.7-4.0 26.66 22.17 ND ND ND 210.84 7.30
C4855-6 13-14 4.0-4.3 14.85 19.52 ND ND ND 119.69 5.15
C4855-7 14.5-15.5 | 4.4-4.7 21.28 18.40 ND ND ND 221.57 4.48
C4855-8 15.5-16.5 | 4.7-5.0 26.93 22.08 ND ND 26.88 462.10 6.92
C4855-9 17-18 5.2-5.5 44.56 30.24 ND ND ND 719.03 6.97
C4855-10 18-19 5.5-5.8 41.65 18.85 ND ND 2.11 1049.55 8.11
C4855-11 19.5-20.5 | 5.9-6.2 53.20 17.89 ND ND ND 923.34 4.80
C4855-12 20.5-21.5 | 6.2-6.6 75.73 8.18 ND ND 38.84 1040.45 2.76
C4855-13 22-23 6.7-7.0 153.19 18.49 ND ND 13.95 1571.37 21.28
C4855-14 23-24 7.0-7.3 169.61 11.33 1.28 ND 57.44 1383.37 18.77
C4855-15 24.5-25.5 | 7.5-7.8 291.36 6.36 2.69 ND ND 1018.84 441
C4855-16 25.5-26.5 | 7.8-8.1 233.51 6.17 2.08 ND 7.80 717.20 7.37
C4855-17 27-28 8.2-8.5 264.00 6.73 1.93 ND ND 907.17 2.18
C4855-18 28-29 8.5-8.8 198.29 6.41 1.83 ND ND 542.57 7.55
C4855-19 30-31 9.1-9.4 277.59 13.09 2.44 ND ND 880.77 23.37
C4855-20 32-33 9.8-10.1 129.35 8.62 1.21 ND ND 430.65 21.86
C4855-21 33-34 10.1-10.4 116.69 7.42 1.03 ND 11.45 287.44 12.32
C4855-23 35.5-36.5 | 10.8-11.1 89.27 8.15 ND ND 3.94 315.25 18.15
C4855-25 38-39 11.6-11.9 54.78 7.11 ND ND ND 178.03 11.40
C4855-27 40.5-41.5 | 12.3-12.6 37.53 6.10 ND ND ND 159.48 1.51

ND = nondetect.
(a) Pore water concentrations not corrected for bulk sample composition.

27




2 —a— Chloride
= = Water Table
< Ground Water Chloride

Depth (m)

10 A

12 A

14 T T T T + T T T T + T T T T + T T T T t T T T T + T T T T + T T T T + T T T T
0 50 100 150 200 250 300 350 400
Chloride (mg L™Y)

Figure 10. Pore Water Chloride Profile and Groundwater Chloride Concentration for Well 699-S20-E10
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Vegetative Conditions at the Location of Well 699-S20-E10 Prior to Well Installation.

Figure 12.
Photo is taken looking south.
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well Name: Well 1D: Well Location: Date: l
[@d- 23 -El1O (HBSS 2,00-F6:5 (aa MW ok Femm. ?’\1‘5 a7
Reference Measuring Point (unfess otherwise noted): TOP OF OUTER CASING (TOC)
Has the well been surveyed? O Yes ¥ Ne Doas the well have a cement pad? (O Yes ,ﬁ No
PART 1 PART 4
STATIC WATER LEVEL:
) \ | Last Recorded Current
Startof Job 145,43 " obee { 4363 ben] | Measurements Measurements
End of Job ' </ . :
Al 65 H‘ot(ﬂ%-(.'v 'bﬁﬁj Date: -—nl/a - Date: ?:/;g{/sﬁ‘

DEPTH TO BOTTOM:

Startof lob (3.9¢" S&L%bﬂa@ S 3C

g \ ] ;

Endofdob gy {6 beee (L116" buy i

PART 2 [ E
WELL DEVELOPMENT DATA A &
= Vu-
acmplies %&&46 M? \P/ ey 3 Ground Level g mad b, &
Intake Depth , » 22" bhoe / 4913 ’h‘mb | 9urbace (3 ’PO«U
Starting Turbidity - xy
%00 m/ B\ A= 1eo
Pump Start Stop Flow Rate 7

R oB5 5310 ©7 — ofk- R

> pe2e o4k N bgpd €= —";’/Av | C=_ y.ve

\

b7 &)

L

Are there any reference marks on the casing strings? () Yes QgNo

Total Pumped A 960 qt[ } 2% n_n.\

PART 5

Final Turbidity ~ (, 2%, ...jrl,./[ ie mu

XD SN/Range (PSI} -5;[?/90?5:;
PART 3

“NSTANTANEOUS SLUG TEST”

Static Walds Level (TOC) /
Transducer Deg /
Baseline Start \/ Qeé
Injection Start Q)"/\ <)
Baseling Start/ \\

WithdrawgrStart N
Siugpﬂ{lume \

SN/Range (PSI) AN

COMMENTS:

't_&_l S Te X T so’ o

—

‘-élb

\'!'«;(-L’ Taderual W
SR IOLN S +c£«f§a

—_ %u, o.er\.t Tecerged o J(%J( & oo

R ohalee @ po35' Y,

13,} - Tk X
2% Tukavva '\ Uu/
- Rowxded ek &

- ?ewucw( rzuxrée,} & \‘ebe " oe7.

putg m\;q\w, @ 55 .95 "bec.

Prepared by {print name}: Signat eé{@ Date: .
_ b Saoles & ‘i@( # asd 05
eviewed by (print name): Slgn ture’ Date:
o8 e oy e & o5

A.32
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WELL ATTRIBUTES REPORT

ELD ORDER NO LAST INSPECTION
WELL ID C Y855 DRILL DATE 7/12/e5 NORTHING
WELL NAME 499~ S20-EJO CONST-DATE 7/ f05 BASTING
HOST WELL D i CONST DEPTH 615" bgs  ELEVATION
MEASUREMENT INFORMATION =
' o LAST CURRENT 41 s c
[ATDEPTH TO WATER(TS 4 ! .
A 46, 5" swc | Y46.79 go i
DEPTH TO WATER CATE 7-25-05 7-28-05
B|DEPTH TO BOTTOM(R) bd le’ () At Meas,
DEFTH TO BOTTOM DATE 7-25-05 e ; A
CSTICK UP(ft) 20" Ino coment ) 2.51
D|REFERENCE MARK(F) f.0°f |~ (o’
REFERENCE MARKISTOC | i ves (] no O no* | B ves O no ®
PERFORATION INFORMATION
EESING SIZE TOP BOTITOM |CUTS/FT/ROUND /l/ ,/4 .' Du;;lth t0 Watar
cuanaes_ Cemeat pecd acf /o plce i
o 7-26-05 Depth to Bettom of Well
i _— Depth ta Bottom of Cusing
A DEPFTH TO WATER FRGM TOP OF CASING
B DEPTH TO BOTTOM OF WELL FROM TQP OF CASING
. -C ‘TOP OF CASENG TO GROQUND SUREACE/PAD
CASING INFORMATION D TOP OF CAE!NG_ G SURVEY REFERENCE MARKER
[ s1zE ToP | BQTTOM MATERIAL TYPE CONNECTION | THICKNESS
g Tz | 42510 zeyt 53 — E4 80 Sch. 5
CHANGES
SCREEN INFORMATION
SIZE | TOP |BOTTOM MATERIAL __TYPE SLOTSIZE
T 3,571 58.5¢] 3¢ 3oyl 0.020-h.
CHANGES

NE* - Not Derymented

A33
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WELL ATTRIBUTES REPORT

:::tf I%RDER no 5 DRILL DATE 7/ _A*S' nfrmip:amn -
WELL NAME £99- 320 ~-EI0 CONST DATE /257 Lﬁ EASTING - e —
HOST WELL ID A CONST DEFTH @!.5" bys ELEVATION
lj LAST INSPECTION INFORMATION CURRENT INSPECTION INFORMATION ]
WELL FAD Cves Owo O Nn*/WE“- il By O owo |
[BRASS SURVEY FARKER T ves [ ng Qb (ERASS SURVEY MARKER Wies wo |
MARKER STAVPED WITH SURVEY DATA | (] vgs [ o A0 np  [MARKER STAMPED WITH SIRVEYDATA | - [ ves [ g
|Iv1ARKER STAMPED WITH WELLIC DATA| [ yes [ a6 [ np» |MARKER STAMPED WITHWELLIDDATA| Yes  [J g
WELL LABELED WITH WELL 1D O ves A no [ npr WEL LABELED WITH WELLID Oves @
WELL LABELED WITH WELL NAME - YEE/ O no [ ap+ [ WELLLABELED WITH WELL NAME O vyes - o
PROTECTIVE FOSTS D/ O ng (0 wp+ |PROTECTIVE POSTS Tves O no
REMOVAELE POST IN PLACE Ol ves no [0 nps (REMOVASLE POST IN PLACE Dves O no
WELL LOCK N [ ves DOwo [ wpe [WEHLLOCK Bves O wo
WELL DAMAGED 7, O ves [l no [ npx |WELL DAMAGED O ves  Eno
WELL IS DRY / 7Vl [yes Owo Cwos [WELLISDRY Oy o no
PARTED CASING O ves [ no [ npx |PARTED CASING Oyes E'no
BENTONITE IN WE Oves [no Lnpe [PENONTEIVWEL dves_ & no
1L SANDED [ves [dnc [dnpoe [WELLSANDEDIN Dves Ehvo
COLLAPSEREASING T ves L[I.ng [ np+. [COLLAPSED CASING Ovyes  [Eno
EQUIPMENT IN WELL T ves no [0 no+ |[EQUIPMENT IN WELL Ove & no
%Bﬁ]-s IN WELL ] ves Ono [Jwp+ |PEBRISINWELL Mves B no
LAST PUMP INFORMATION CURRENT PUMP INFORMATION
PUMP ACTIVITY FERFORMED [] INSTALLED PUMP ACTIVITY PERFORMED (& INSTALLED
[ REPLACED % ] REPLACED
] REMGOVED ] REMOVED
PUMF TESTED O ves a6 [ npx |[PUMPTESTED Byves O no
INEW PUMP [ ves /ﬁ no [ np+ |NEWPUMP Bves O owo
ACTIVITY PEFORMED BY ACTIVITY PEFORMED BY Blue S4nr Ba
DATE ACTIVITY PERFORMED DATE ACTIVITY PERFORMED 7-25~05
PUMP “TypE PUMP TYPE e
PUMP MAKE “A/‘/ PUMP MAKE Erec” clc. Suf|.
/ yd} brusdfzs
PUMP MODEL 7] PUMP MODEL S Redy; -F'lo 3.
PUMP INTAKE DEF’W/*W PUMP INTAKE DEPTH (ft) 537
TUBING 5778 (In 'TUBING SIZE (In) 3/t
BING My [TUBING MATERIAL 3oy §5
TUBING ¥FENGTH (f1) TUBING LENGTH () 55 yy ”
{ NG cowNECTION TURING CONNECTION o Es

NE® - Not boeymentad

A.34
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FIELD ACTIVITY REPORT Page _{_of I _

TUBULAR GOODS TALLY Date: F—/2-05
: . = e
WellName:  [PBoprtdede & #4955 |We|[ID &77—x .‘-‘_O E/0
TEMPORARY PERMANENT" SCREEN/CAP”
Ju# Length (it} Ji# Length (.} Jo# Length {it.)} C | Jt# Length (ft.) C qhu# Length {ft.) [
1 aid] 21 1 * | o6 | c 2| Aovetrf 1 Gm.ﬂ 2,00 |~
2 | sier |2 2] go.00° 2 | pa— @B /| 2 (3)14.94
3 | stoe | =@ [13 ] 4.9y 23 1 /]s /
4| Sos | u 4 0.4 24 I /
5 | stee {2 [ |5 25 / | /
& Sz | 2 / 6 /| 28 i 6 /
7 sy 427 / 7 /| or 7
8 | 5o 28 / 8 / 28 / B
9 5,62 1 20 9 29 9
10 | cpep | 30 \;/71 10 /} 30 R //[C' 10 /@*
1| s 00 31 -2 & 11 JZANIE L/ P 11 N/ o
12 | Eon 32 W 12 A E Y 12 K04
13 5 50 33 / 13 W 33 / 13 /
14 < fa)] s / 14 /- 34 / 14 /
15 C s [ ] N EE / 35 / 15 /
16 ?‘(ﬂ" 6 | [ 16 / 36 / 16 /
17 37 [ ] 17 / a7l / 17 /
4 38 |/ 18 1 / 8 |/ 18 | /
19 |/ @™ / 19 [/ 30 [/ ‘ 19 |/
20 | otk sl & 40 20 |/ a0 |/ : 20 |/
Tot | LSA"T | Tot Tat H5. S Tot —F— | Tot [7.49

*indicate thoss joints with centralizers with a C in the availabls box.
ALL Casing length shall be measured to the nearest 0.01 fi.

Comments/Remarks:

Darusueats HY Sla S Tyge ?,a‘t/cam.. s, (yh" aD/‘;"r.p\
tokal lewellr = (5.5
— 9.5, ?w:e,e,ux ey Doho " C,l,o{- Couk. woTy-a witappyd WeSlak

Temporary: 0.0.41D. g{/a " /7 f;’é_" |Permanem: 0DAD. 4 / 4 " * |Screen: Q.DJD. 4 %1”/’1."
7 7
—_— *' Cant v‘-é N
Reported By: LS % s 6'5 , Reviewed By: L ' b. [/Ud /A‘c&-

Titla Q \, ‘A, 2 A e~ ’\n | Date: wg ] ﬂ.(f Title: Geo (o9, s+ ’ Date: é?/‘p%y 5]
Slg nature: M" QL Signature: Prrad M |
A

A-6003-855 (04/03)
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WELL SURVEY DATA REPORT

Pro;ect R " Prepared By: NP Fastabend
Company: FGG

' Date Requested: 3/15/05 Requestor: 1.0 Watker {(FH)
Date of Survey:  9/6/05 o Surveyor: N.P Fastabend o
—————— i - P —_ : FGG
 ERC Point of Contact: " Survey Co. Point of Contact: o
Grant F Brazil {PLS)
' Description of Work: “Horizontal Datum: NADB3(91]

Civil Survey of Groundwater Monitoring * Verfical Datum:  NAVDES

Well C4855 7 895-8S20-E10. e
" Units: Meters

Hanford Area Designation: GODA

Coordinate System: Washmgton State Plane (‘oordmates {South Zane)

N323 (COE) and 300-70 {FGG)

Horizontat Control Menuments:

‘Vertical Control Monuments:
HSWB-005 (COE) and M323 (COE)
"7 WeliiDT WellName  Easting T_N_J&_ﬁﬁé__} " Elevation |
 C4855%  B9O- SED Shi 59&1}_4 37’ ' Tﬁéégi_é_g' o | Center of Casing
I _ . e i e B et "
120 490 ! N?;éd;emp ascplate
12048[} I Top Casing, N Edge
; 1 19?31 , Brass Survey Marker

Notes

= ey

Eaummem Used Tnmble GPS 5800 RTK
Trimble DiNt 12 Level

. Surveyor Statement:
L Gram FoBrogii g Profess.aonal Land Surveyor regisiered
i the Biate of Washington (Registration Ne. 22328), hereby
cerify that inis report s based or g Serd survay periormed in
| Seprember. 2005 under my drect superasion ang that e data
certairad hete IS ffue ans correc:

Comnal 1o
Dannuten by OIS

A36



Appendix B

Core Photographs, Selected Descriptions,
and Chain-of-Custody Forms

NOTE:
1) Quality of Core Photos is dependent on photographic conditions.

2) Hardcopy quality/color are dependent on the individual printer and printing software used.



<€ UP

Borehole ID

C4855

Core Sample Number

C4855-1

Depth

7'- 8

ilwo IJ

bk

il I'I(n
|

<€ UP

Borehole ID

C4855

Core Sample Number

C4855-2

Depth

g8'-9

B.1



Borehole 1D Core Sample Number Depth

<€ UP C4855 C4855-3 9.5'-10.5'

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-4 10.5'-11.5'

B.2



y 1feo e

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-5 12'- 13"

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-6 13'- 14

B3
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<€ UP

Borehole ID

C4855

Core Sample Number

C4855-7

Depth

14.5'-15.5'

<€ UP

Borehole ID

C4855

Core Sample Number

C4855-8

Depth

15.5'-16.5'

B.4



Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-9 17" - 18"

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-10 18'- 19"

B.5



Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-11 19.5'-20.5'

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-12 20.5"'-21.5'

B.6



A # R e N
L& 18 S e ST o

Borehole ID Core Sample Number

<€ UP C4855 C4855-13 22'- 23"

TITRrTIN|
la oo oo dlee alin alue 1la0 1lee olsm e
1k aiid) L
I - .
. A

ST

Borehole ID Core Sample Numbe

<€ UP C4855 C4855-14 23'- 24

B.7



Borehole ID Depth

C4855 C4855-15 24.5'-25.5'

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-16 25.5"-26.5'

B.§



Borehole ID Core Sample Number Depth

C4855 C4855-17 27" - 28'

&

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-18 28" - 29"

B.9



Borehole ID

<€ UP C4855 C4855-19 30"-31"

Core Sample Number Depth

Borehole ID

Core Sample Number

<€ UP C4855 C4855-20 32'-33'

B.10



Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-21 33' - 34'




Borehole ID Core Sample Number Depth

<€ UP (C4855 C4855-22 34.5'-35.5'

Borehole ID Core Sample Number Depth

<€ UP (C4855 C4855-23 35.5"-36.5'

B.12



Borehole ID Core Sample Number

<€ UP (C4855 C4855-24 37" -38'

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-25 38'- 39"

B.13



Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-26 39.5"'- 40.5'

1nn

aln

T

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-27  40.5'- 41.5'

B.14




‘= 30 1l40 ilsp 1!:.-

<4 UP

Borehole ID

C4855

Core Sample Number

C4855-28

Depth

42' - 43'

(Intentionally left blank)

B.15



Borehole ID Core Sample Number Depth

C4855 C4855-29 44.5' - 45.5'

(Intentionally left blank)

B.16



Borehole ID Core Sample Number Depth

<€ UP (C4855 C4855-30 46' - 47"

Borehole ID Core Sample Number Depth

<€ UP (C4855 C4855-31 47" - 48'

B.17



Borehole 1D Core Sample Number Depth

<€ UP C4855 C4855-32 48.5'- 49.5'

Borehole 1D Core Sample Number Depth

<€ UP C4855 C4855-33 49.5'-50.5'

B.18



Borehole ID

C4855

Core Sample Number Depth

C4855-34 51'- 52"

Borehole ID

C4855

4 \\-‘\-.— a iAW

Core Sample Number Depth

C4855-35 52'- 53’

B.19



Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-36 53.5'- 54.5'

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-37  54.5'-55.5'

B.20
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e

<& L

Borehole ID Core Sample Number Depth

C4855 C4855-38 56'- 57"

Borehole ID Core Sample Number Depth

<€ UP C4855 C4855-39 57'- 58

B.21



Borehole ID Core Sample Number Depth

C4855 C4855-40  58.5'-59.5'

R 3 Bl a8 ~ v £ N
52 s s o N e . .

Borehole ID Core Sample Number

<€ UP C4855 C4855-41 59.5"- 60.5'

B.22



Borehole ID Core Sample Number Depth

C4855 C4855-42 61'- 62"

-

Borehole ID Core Sample Number

<€ UP C4855 C4855-43 62' - 63'

B.23



699-S20-E10

Sediment Core Geological Descriptions



Lcd

s — < - : ! -fe -
Pacific Northwest DAILY BoringWellNo 4855 (697-52n- Efﬂ") Depth $9.5- 78.» Date [(-/5-0% Sheet
Nationat Laboratery | BOREHOLE LOG |[Location 320 Aren Project RCRA Monityprine | _of 5
i
Logged by BN Biornctad | Drilling Contractor
] - T P (=)
Reviewed by Date Driller
Frez Sagn
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Contral Point
DEPTH SAMPLES  [CONTAMINATION | GRAFHIC LITHOLOGIC DESCRIPTION "o DRILLING COMMENTS
TIME TURE‘ {particle size distribution, sorting, mineralogy, apbeo| CASING (drilling rate, down time, blow counts,
{ TYPE| 10 NUMBER |INSTR] READING c ] z | s ] G raundness, color, reaclion 1o HCI, etc.) water level, drill fluid, etc.)
24 : ! ey s Loves Ca”:-c-ifcl
. {4.';{'5\ f,r.‘l' L S 00 / ‘5/'};:'5.
B 0 ) . . Py <. v v, (__}
SM b, o ! 25 G, 2.4 {“[2.(:\'(\.-;-,-.’..(\_ wmj \ Se a4 1V pspepe tores, .
oo, 2 s - - 7 :
T % _{)o«;-l? < orted Pa}veruzeé S e coves 'Lufb(;w laa g
g w0y 70 -89% Lo ot el Aagh 25em halo were saped 2l
go @ | T U
V7 %0 sappled previgus'y bk
vt locard el geplo: o
T 4 7
E2
27 256 2.?'!5{2(».A\<_Tfn;,,'(_1.‘ bren) Yo
259012 Ocre) " nplyeriaed
W 'J - 5
vV poor'y serted ST
] 7
bo<eft e clash= S em
29 i

W = Wet, M = Moist, D = Dry

1998/DCUPROC/DBLOOT




Pacific Northwast DAILY BoringWell No__ L 4855 Depth_ 37-95.5  Date N1-/S-05|  Sheet

8cd

National Laberatery | BOREHOLE LOG | Location 300 Fran Project R CpRA 2 of 5
Logged by BN Blovnslel | Drilling Contractor
P S Tk T
Reviewed by Date Driller
Pam. =
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape ! Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES CONTAMINATION | GR&PQ‘C LITHOLOGIC DESCRIPTION “o DRILLING COMMENTS
TIME TURE T | (particle size distribution, sorting, mi qy, ADDED| CASING {drilling rate, down time, blow counts,
( ) TveE| 1D NUMBER LINSTFI READING c]r z ! si6 roundness, color, reaction to HCI, etc.) water level, drill fluid, etc.}
75 ;
236 25ys/2 /cu.,.‘qia Lrin) v,
[ " .
fan'y sorted " macy  pulveyszed,
1] Ly ]
Yo S= 70% bacsQh joer clagd s
4 -
: Senm  celeprrpms SNrincgvs
a
i-{'J ; :
H2 tsG, 250 4/e (Ak cropchy b, v 5% recavecy
Puady corted S L 70 % l:a\-:,sQ.L_
- {
sy, pnlyerized | (oo gt lam
SU% ¢ 35% S 5% il
“f?) I (-
1Y
56, loose 76% G _20Ys S, 30% (Crwecy ~ SVt
pogrly socked msy 25T H[L )
T T : T T
Hg S= Lﬂhlb N e f:"‘.. L fe
PO"*S'r'.Q}- £ 4 ‘1‘_“; -f‘ - L

W = Wet, M = Moist, D = Dry ) 1998/DCUPROC/DBLIN




pacific Northwest DAILY Boring/Well No (4855 Depth_7{-52 Date |[-I5-0¢& Sheet

6cd

National Laberatory | BOREHOLE LOG | Location 200 Arec Project Re¢ Rp 3 of 5
Logged by BN Rlornstnd | Drilling Contractor
Far N ) L= [
Reviewed by Date Driller
Foed b

Lithologic Class. Scheme Procedure Rev Rig/Method

Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES  |CONTAMINATION | CGRAFHIC LITHOLOGIC DESCRIPTION o DRILLING COMMENTS

TIME TURE (particle size distribution, sorting, mineralogy, anhen] CASING (drilling rate, down time, blow counts,
( ) vee! 1o numeer linsTr] READING rau.ndnes-s. :olor, reaction to HCI, elc.) S water level, drill fluid, etc.)
77 W tre SEAd, 5% basalr R
S 40% G, 50% sand ( hag 5= Y
LN ~ . R
N\cn 10% mud, 2.575/X l_((m\;l sk Qn-.(o‘lc! - ke wasd rix
Ly (4 * L4
y L) mav S 50% bossis

47 g o &8

.r.fg |

14

-
|
51 9] S ers, '«»e.\\sov'?ee‘.-?'i'fﬁ:"?- '.!’}v_t‘*r‘-'i‘. o) S‘-D"\&L"-
Ho%fy basef>
¥ 3G, wo sHy L rnded, ok besal?
=<y SN piwndal S L0 %y woselt
! loose | 4i%h b b1 ¢
W = Wet, M = Moist, D = Dry

1988/DCUPROCDELDOT




0oed

Pacific Northwest DAILY Boring/WellNo (4855 Depth 53-5%.5 Date [i-15-9¢ Sheet
National Laboratory | BOREHOLE LOG | Location 300 Acop Project PCR Y of 5
Logged by B AN 6. orn 5—%-:) I Drilling Contractor

L= 7 T P T
Reviewed by Date Driller
T T
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES  |coNTAMINATION | GRATHIC LITHOLOGIC DESCRIPTION DRILLING COMMENTS
TIME N ORE (particie size d serting, gy, an2ol casing (drilling rate, down time, blow counts,
{ vee| 0 nuMBER |insTR| READING |:1 z | s | G roundness, coler, reaction to HCI, etc.) waler level, drill fluid, etc.)
55 :
[N S MJ 2. ;Ta/L( ra\\,-s‘a llr;ww\} slpumgh 7 ﬁiw 0}:‘)
ATAL (Df‘f*em. -")‘56’ ppocaceous i 0
54 wav 39 .\,ztﬁaj?_" J
¥ v
5S. '
71 [N pelabry < g | Elﬂ\on[.?‘; V‘w‘y‘-“ Vol ”? R h.(;o|c!_
alnéb\yﬁﬁ ér{aa Caa %4-2_\ i )
S, a3 X255/ ¢ Sroy Tavn vy, Tooss,
N/ 25 % boasaf* | e Ceons,
57 . i PNLEALS (\ TShe 2T P
o
59 i |
P
W : S| gyedes Liowr v gt e !*-1 L Slocla LSUNTIV
4] 4]
I.’Al' ‘af (t Wi .-_,3 - e 'osu 0 i l,
BN los 52, bue gm b dstsfa S:asth |
b - bpzald | iwiEncCeans | pSY \1/
W = Wet, M Maist, D = Dry 1998/DCUPROC/DBLICO1




Ied

pacific Northwest DAILY Boring/WellNo  CH8565 Depth  bl-b2 Date _[I-/5-05 Sheet
National Laboratory | BOREHOLE LOG | Location 306 Pren Project Pc.Ff g of 5
] . 1 ! EITH
Logged by 8 roE prvL—m e | Drilling Contractor
[ T Ford =
Reviewed by Date Driller
LS S
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES CONTAMINATION GRARHIC LITHOLOGIC DESCRIPTION W DRILLING COMMENTS
TIME TURE : (particle size distribution, sorting, mineralogy, nDl.)oED CASING {drilling rate, down time, blow counts,
( ) TYPE! ID NUMBER |INSTR] READING c l z's ! G roundness, color, reaction to HCI, etc.) water level, drill fluid, etc.)
1 W | S | cvades AG.,W ers 6} bothem Slyugle R ngotd
e A i <
: do L o} top lgoss el Sor—‘-e'Jr,
25% boseh plicaceous
)'V‘Sv.elf(ﬁ‘cl' Io( "T,A"V\‘ s
L4 -
b2 °
1398/DCLPROC/DBLIOOT

W = Wet, M = Moist, D = Dry



ce'd

PNNL CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

Collector Contact/Recuester [Telenhone No, MSIN FAX
Lae (3 peill serdt (L) :
[SAF No. Samoling Ociein Purchese Order/Charee Code
Prolect Title 54’?:&{/@ L4g S—;‘ @7?_5‘20'_5/&} Logbook No, fce Chest No. Temp.
Bill of Lading/Alr Bill No.

Method of Shioment

Shinned To (Lab}

Protocot IData Turnaround [Offsite Proverty No.

POSSIBLE SAMPLE HAZARDS/REMARKS PECIAL INSTRUCTIONS Hold Time Total Activity Exemption:  Yes 4 No LJ

Sample No. Lab ID L] Date Time MofType Container Sample Analysis Preservative
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Appendix C

Raw Data for Samples from Well 699-S20-10



Appendix C

Raw Data for Samples from Well 699-S20-10

This appendix contains the grain-size distribution data and metrics for sediment samples from well 699-
S20-E10 and North Process Pond sample NPP-1-14.

C.1



Sample data (Well 699-S20-E10, 7-8 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric Value
1.00000 100.00000 -6.6439 0.99999 0.00000 d5(phi) 4.34
1.00000 50.80000 -5.6668 0.98983 0.00010  d10(phi) 2.12
0.90133 38.10000 -5.2517 0.90475 0.00001  d16(phi) 0.79
0.54676 19.05000 -4.2517 0.54120 0.00003  d25(phi) -1.33
0.35744  9.42000 -3.2357 0.36873 0.00013  d50(phi) -4.07
0.29962  4.76000 -2.2510 0.28980 0.00010  d75(phi) -4.88
0.23573  2.00000 -1.0000 0.23960 0.00001  d84(phi) -5.09
0.20547  1.00000 0.0000 0.20422 0.00000  d90(phi) -5.24
0.15519 0.50000 1.0000 0.14858 0.00004  d95(phi) -5.40
0.08968  0.25000 2.0000 0.10434 0.00021 o(phi) 2.95
0.06297 0.10400 3.2653 0.06897 0.00004 d5(mm) 0.05
0.05474  0.07400 3.7563 0.05934 0.00002 d10(mm) 0.23
0.04936  0.05300 4.2379 0.05148 0.00000 d16(mm) 0.58
0.06602 0.07000 3.8365 0.05794 0.00007 d25(mm) 2.52
0.06094  0.05100 4.2934 0.05065 0.00011 d50(mm) 16.85
0.05586  0.03100 5.0116 0.04136 0.00021 d75(mm) 29.52
0.03047 0.01700 5.8783 0.03279 0.00001 d84(mm) 34.12
0.02793  0.01000 6.6439 0.02699 0.00000 d90(mm) 37.77
0.02285 0.00700 7.1584 0.02380 0.00000 d95(mm) 42.11
0.02031 0.00600 7.3808 0.02257 0.00001 Fl(mm) 5.02
0.01777  0.00500 7.6439 0.02121 0.00001
0.01016  0.00200 8.9658 0.01573 0.00003 SSE= 0.00114
1.0 =
0.9 + & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 8-9 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric  Value
1.00000 100.00000 -6.6439 0.99999 0.00000 d5(phi) 6.29
1.00000 50.80000 -5.6668 0.98305 0.00029 d10(phi) 3.70
0.88285 38.10000 -5.2517 0.89010 0.00005 d16(phi) 2.16
0.63761 19.05000 -4.2517 0.63172 0.00003 d25(phi) 0.73
0.49186  9.42000 -3.2357 0.50031 0.00007 d50(phi) -3.23
0.43936  4.76000 -2.2510 0.43040 0.00008 d75(phi) -4.79
0.35895 2.00000 -1.0000 0.36670 0.00006 d84(phi) -5.09
0.30822  1.00000 0.0000 0.30413 0.00002 d90(phi) -5.28
0.23788 0.50000 1.0000 0.23092 0.00005 d95(phi) -5.47
0.15134  0.25000 2.0000 0.16846 0.00029 oc(phi) 3.60
0.10974  0.10400 3.2653 0.11373 0.00002 d5(mm) 0.01
0.09795 0.07400 3.7563 0.09837 0.00000 d10(mm) 0.08
0.08829 0.05300 4.2379 0.08571 0.00001 d16(mm) 0.22
0.09886  0.07000 3.8365 0.09611 0.00001 d25(mm) 0.60
0.09506  0.05100 4.2934 0.08439 0.00011 d50(mm) 9.40
0.08365 0.03100 5.0116 0.06933 0.00021 d75(mm) 27.64
0.05704 0.01700 5.8783 0.05536 0.00000 d84(mm) 34.17
0.05323 0.01000 6.6439 0.04586 0.00005 d90(mm) 38.95
0.03802 0.00700 7.1584 0.04060 0.00001 d95(mm) 44,19
0.03042 0.00600 7.3808 0.03857 0.00007 FI(mm) 2.15
0.02662  0.00500 7.6439 0.03633 0.00009
0.01521  0.00200 8.9658 0.02725 0.00014 SSE = 0.00166
1.0
0.9 ¢ Data
08 | Model fit
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Sample data (Well 699-S20-E10, 9.5-10.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99923 0.00000 d5(phi) 2.87
1.00000 50.80000 -5.6668 0.97076 0.00086  d10(phi) 1.01
0.88686 38.10000 -5.2517 0.90784 0.00044  di16(phi) -0.36
0.60648 19.05000 -4.2517 0.59612 0.00011  d25(phi) -2.18
0.35788  9.42000 -3.2357 0.36677 0.00008  d50(phi) -3.91
0.25785  4.76000 -2.2510 0.25536 0.00001  d75(phi) -4.72
0.18363  2.00000 -1.0000 0.18471 0.00000  d84(phi) -4.99
0.14883  1.00000 0.0000 0.14493 0.00002  d90(phi) -5.22
0.10380 0.50000 1.0000 0.10034 0.00001  d95(phi) -5.44
0.05529  0.25000 2.0000 0.06836 0.00017 o c(phi) 2.42
0.03865 0.10400 3.2653 0.04377 0.00003 d5(mm) 0.14
0.03918 0.07400 3.7563 0.03725 0.00000 d10(mm) 0.50
0.03552  0.05300 4.2379 0.03197 0.00001 d16(mm) 1.28
0.04016  0.07000 3.8365 0.03630 0.00001 d25(mm) 4.54
0.03347 0.05100 4.2934 0.03143 0.00000 d50(mm) 14.98
0.02454  0.03100 5.0116 0.02529 0.00000 d75(mm) 26.30
0.02231  0.01700 5.8783 0.01973 0.00001 d84(mm) 31.81
0.02008 0.01000 6.6439 0.01603 0.00002 d90(mm) 37.15
0.01785 0.00700 7.1584 0.01402 0.00001 d95(mm) 43.54
0.01339 0.00600 7.3808 0.01324 0.00000 Fl(mm) 6.66
0.01116  0.00500 7.6439 0.01239 0.00000
0.00669  0.00200 8.9658 0.00902 0.00001 SSE= 0.00179
1.0 &
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Sample data (Well 699-S20-E10, 10.5-11.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid*2 PSD metric Value
1.00000 100.00000 -6.6439 0.98481 0.00023 d5(phi) 5.42
0.89449 50.80000 -5.6668 0.88994 0.00002  d10(phi) 3.15
0.79500 38.10000 -5.2517 0.81321 0.00033  d16(phi) 1.75
0.64379 19.05000 -4.2517 0.62237 0.00046  d25(phi) 0.28
0.47479  9.42000 -3.2357 0.48953 0.00022  d50(phi) -3.34
0.41380 4.76000 -2.2510 0.40786 0.00004  d75(phi) -4.94
0.32491  2.00000 -1.0000 0.33058 0.00003  d84(phi) -5.39
0.27163  1.00000 0.0000 0.26833 0.00001  d90(phi) -5.73
0.21100 0.50000 1.0000 0.20354 0.00006  d95(phi) -6.12
0.13245 0.25000 2.0000 0.14701 0.00021 oc(phi) 3.53
0.09304 0.10400 3.2653 0.09614 0.00001 d5(mm) 0.02
0.08397 0.07400 3.7563 0.08202 0.00000 d10(mm) 0.11
0.07519  0.05300 4.2379 0.07056 0.00002 d16(mm) 0.30
0.08240 0.07000 3.8365 0.07996 0.00001 d25(mm) 0.82
0.07553  0.05100 4.2934 0.06937 0.00004 d50(mm) 10.10
0.06180 0.03100 5.0116 0.05607 0.00003 d75(mm) 30.68
0.04463 0.01700 5.8783 0.04413 0.00000 d84(mm) 41.89
0.03776 0.01000 6.6439 0.03626 0.00000 d90(mm) 53.06
0.03433 0.00700 7.1584 0.03201 0.00001 d95(mm) 69.52
0.02403  0.00600 7.3808 0.03038 0.00004 Fl(mm) 2.85
0.02060 0.00500 7.6439 0.02860 0.00006
0.01373  0.00200 8.9658 0.02154 0.00006 SSE = 0.00189
1.0
0.9 ¢ Data
08 | Model fit
O PSD metrics
0.7
vV 0.6 1
é 0.5
g o
L 0.4 -
0.3
0.2
0.1
0.0 * —— -+ -
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02

Grain size (mm)

C.5




Sample data (Well 699-S20-E10, 12-13 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99902 0.00000 d5(phi) 6.56
1.00000 50.80000 -5.6668 0.98338 0.00028  d10(phi) 4.05
0.93957 38.10000 -5.2517 0.95698 0.00030  d16(phi) 2.57
0.80442 19.05000 -4.2517 0.79375 0.00011  d25(phi) 1.28
0.57972  9.42000 -3.2357 0.59594 0.00026  d50(phi) -2.48
0.49469 4.76000 -2.2510 0.47859 0.00026  d75(phi) -4.05
0.39519 2.00000 -1.0000 0.40110 0.00003  d84(phi) -4.47
0.35411 1.00000 0.0000 0.35514 0.00000  d90(phi) -4.80
0.28015 0.50000 1.0000 0.27491 0.00003  d95(phi) -5.18
0.17994  0.25000 2.0000 0.19441 0.00021 oc(phi) 3.54
0.13181  0.10400 3.2653 0.12758 0.00002 d5(mm) 0.01
0.11520 0.07400 3.7563 0.10943 0.00003  d10(mm) 0.06
0.10421  0.05300 4.2379 0.09464 0.00009 d16(mm) 0.17
0.10429 0.07000 3.8365 0.10678 0.00001 d25(mm) 0.41
0.09627  0.05100 4.2934 0.09310 0.00001 d50(mm) 5.58
0.08022 0.03100 5.0116 0.07569 0.00002 d75(mm) 16.54
0.06017 0.01700 5.8783 0.05971 0.00000 d84(mm) 22.21
0.05215 0.01000 6.6439 0.04895 0.00001 d90(mm) 27.84
0.04011  0.00700 7.1584 0.04304 0.00001 d95(mm) 36.22
0.03610 0.00600 7.3808 0.04076 0.00002 Fl(mm) 1.47
0.02808 0.00500 7.6439 0.03826 0.00010
0.02006  0.00200 8.9658 0.02820 0.00007 SSE = 0.00188
1.0
0.9 ¢ Data
0.8 - Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 13-14 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid*2 PSD metric Value
1.00000 100.00000 -6.6439 0.99272 0.00053 d5(phi) 5.13
0.82676 50.80000 -5.6668 0.85725 0.00093  d10(phi) 2.70
0.76602 38.10000 -5.2517 0.75486 0.00012  d16(phi) 1.13
0.62042 19.05000 -4.2517 0.57174 0.00237  d25(phi) -0.55
0.42576  9.42000 -3.2357 0.45232 0.00071  d50(phi) -3.69
0.35017 4.76000 -2.2510 0.36661 0.00027  d75(phi) -5.23
0.27188  2.00000 -1.0000 0.27807 0.00004  d84(phi) -5.60
0.22443  1.00000 0.0000 0.21770 0.00005  d90(phi) -5.84
0.17946  0.50000 1.0000 0.16602 0.00018  d95(phi) -6.09
0.11231  0.25000 2.0000 0.12382 0.00013 oc(phi) 3.38
0.08135 0.10400 3.2653 0.08436 0.00001 d5(mm) 0.03
0.07350 0.07400 3.7563 0.07289 0.00000 d10(mm) 0.15
0.06669  0.05300 4.2379 0.06347 0.00001 d16(mm) 0.46
0.07527 0.07000 3.8365 0.07121 0.00002 d25(mm) 1.47
0.06545 0.05100 4.2934 0.06248 0.00001 d50(mm) 12.88
0.05890 0.03100 5.0116 0.05151 0.00005 d75(mm) 37.55
0.04581  0.01700 5.8783 0.04181 0.00002 d84(mm) 48.46
0.03927 0.01000 6.6439 0.03559 0.00001 d90(mm) 57.37
0.02291  0.00700 7.1584 0.03232 0.00009 d95(mm) 68.35
0.02291  0.00600 7.3808 0.03108 0.00007 Fl(mm) 4.07
0.01963  0.00500 7.6439 0.02973  0.00010
0.01309 0.00200 8.9658 0.02441 0.00013 SSE = 0.00584
1.0
0.9 & Data
08 | Model fit
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Sample data (Well 699-S20-E10, 14.5-15.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid’2 PSD metric Value
1.00000 100.00000 -6.6439 0.99977 0.00000 d5(phi) 6.19
1.00000 50.80000 -5.6668 0.99875 0.00000 d10(phi) 3.59
1.00000 38.10000 -5.2517 0.99715 0.00001 d16(phi) 1.93
0.88489 19.05000 -4.2517 0.88355 0.00000 d25(phi) 0.28
0.57903 9.42000 -3.2357 0.58527 0.00004 d50(phi) -2.71
0.46141 4.76000 -2.2510 0.44608 0.00023 d75(phi) -3.87
0.31600 2.00000 -1.0000 0.33880 0.00052 d84(phi) -4.13
0.28042 1.00000 0.0000 0.26826 0.00015 d90(phi) -4.30
0.22016 0.50000 1.0000 0.20688 0.00018 d95(phi) -4.50
0.14139 0.25000 2.0000 0.15673 0.00024 o c(phi) 3.13
0.10596 0.10400 3.2653 0.10955 0.00001 d5(mm) 0.01
0.09604 0.07400 3.7563 0.09548 0.00000 d10(mm) 0.08
0.08661 0.05300 4.2379 0.08360 0.00001 di16(mm) 0.26
0.08668 0.07000 3.8365 0.09338 0.00004 d25(mm) 0.82
0.08321 0.05100 4.2934 0.08234 0.00000 d50(mm) 6.54
0.07628 0.03100 5.0116 0.06785 0.00007 d75(mm) 14.60
0.06588 0.01700 5.8783 0.05413 0.00014 d84(mm) 17.45
0.04854 0.01000 6.6439 0.04467 0.00001 d90(mm) 19.74
0.03814 0.00700 7.1584 0.03942 0.00000 d95(mm) 22.60
0.03120 0.00600 7.3808 0.03738 0.00004 FI(mm) 1.92
0.02427 0.00500 7.6439 0.03513 0.00012
0.02774 0.00200 8.9658 0.02603 0.00000 SSE = 0.00182
1.0 PP
0.9 & Data
0.8 | Model fit
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Sample data (Well 699-S20-E10, 15.5-16.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99782  0.00000 d5(phi) 4.98
1.00000 50.80000 -5.6668 0.99002 0.00010  d10(phi) 2.31
0.97059 38.10000 -5.2517 0.97790 0.00005  d16(phi) 0.59
0.80570 19.05000 -4.2517 0.80436 0.00000  d25(phi) -1.14
0.46493  9.42000 -3.2357 0.46756 0.00001  d50(phi) -3.37
0.33745  4.76000 -2.2510 0.33075 0.00004  d75(phi) -4.10
0.23149  2.00000 -1.0000 0.24157 0.00010  d84(phi) -4.36
0.19059 1.00000 0.0000 0.18701 0.00001  d90(phi) -4.58
0.15079  0.50000 1.0000 0.14298 0.00006  d95(phi) -4.89
0.09903  0.25000 2.0000 0.10884 0.00010 o6(phi) 2.73
0.07475 0.10400 3.2653 0.07747 0.00001 d5(mm) 0.03
0.06885 0.07400 3.7563 0.06812 0.00000 d10(mm) 0.20
0.06294  0.05300 4.2379 0.06019 0.00001 d16(mm) 0.67
0.06666  0.07000 3.8365 0.06672 0.00000 d25(mm) 2.20
0.05951 0.05100 4.2934 0.05935 0.00000 d50(mm) 10.36
0.05713  0.03100 5.0116 0.04960 0.00006 d75(mm) 17.19
0.04999 0.01700 5.8783 0.04024 0.00010 d84(mm) 20.53
0.04047  0.01000 6.6439 0.03370 0.00005 d90(mm) 23.99
0.02619 0.00700 7.1584 0.03002 0.00001 d95(mm) 29.58
0.02381  0.00600 7.3808 0.02858 0.00002 Fl(mm) 3.76
0.01666  0.00500 7.6439 0.02699 0.00011
0.01428 0.00200 8.9658 0.02044 0.00004 SSE = 0.00087
1.0
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08 | Model fit
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Sample data (Well 699-S20-E10, 17-18 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99941 0.00000 d5(phi) 7.90
1.00000 50.80000 -5.6668 0.99757 0.00001  d10(phi) 5.45
1.00000 38.10000 -5.2517 0.99507 0.00002  d16(phi) 3.82
0.87687 19.05000 -4.2517 0.87603 0.00000  d25(phi) 2.16
0.66364  9.42000 -3.2357 0.66890 0.00003  d50(phi) -1.40
0.57685  4.76000 -2.2510 0.56509 0.00014  d75(phi) -3.72
0.45522  2.00000 -1.0000 0.47151 0.00027  d84(phi) -4.11
0.41088 1.00000 0.0000 0.40009 0.00012  d90(phi) -4.34
0.33902 0.50000 1.0000 0.32826 0.00012  d95(phi) -4.57
0.24032  0.25000 2.0000 0.26020 0.00040 o(phi) 3.87
0.18299  0.10400 3.2653 0.18662 0.00001 d5(mm) 0.00
0.16252  0.07400 3.7563 0.16278 0.00000 d10(mm) 0.02
0.14987  0.05300 4.2379 0.14199 0.00006 d16(mm) 0.07
0.15405 0.07000 3.8365 0.15914 0.00003 d25(mm) 0.22
0.14305 0.05100 4.2934 0.13975 0.00001 d50(mm) 2.64
0.12104 0.03100 5.0116 0.11366 0.00005 d75(mm) 13.20
0.09903 0.01700 5.8783 0.08850 0.00011 d84(mm) 17.31
0.08803 0.01000 6.6439 0.07106 0.00029 d90(mm) 20.31
0.06052 0.00700 7.1584 0.06143 0.00000 d95(mm) 23.77
0.04401  0.00600 7.3808 0.05771 0.00019 Fl(mm) 0.87
0.03851  0.00500 7.6439 0.05362 0.00023
0.03301 0.00200 8.9658 0.03740 0.00002 SSE = 0.00209
1.0 o
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Sample data (Well 699-S20-E10, 18-19 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99999 0.00000 d5(phi) 4.44
1.00000 50.80000 -5.6668 0.99818 0.00000 d10(phi) 2.74
0.98290 38.10000 -5.2517 0.98875 0.00003 d16(phi) 1.70
0.78608 19.05000 -4.2517 0.78242 0.00001 d25(phi) 0.70
0.50024  9.42000 -3.2357 0.51245 0.00015 d50(phi) -3.16
0.41787  4.76000 -2.2510 0.39847 0.00038 d75(phi) -4.16
0.32566  2.00000 -1.0000 0.33857 0.00017 d84(phi) -4.42
0.30574 1.00000 0.0000 0.30363 0.00000 d90(phi) -4.62
0.23490 0.50000 1.0000 0.22084 0.00020 d95(phi) -4.85
0.11521  0.25000 2.0000 0.13958 0.00059 o c(phi) 2.94
0.07832  0.10400 3.2653 0.08004 0.00000 d5(mm) 0.05
0.06228 0.07400 3.7563 0.06538 0.00001 d10(mm) 0.15
0.05453  0.05300 4.2379 0.05399 0.00000 d16(mm) 0.31
0.06015 0.07000 3.8365 0.06330 0.00001 d25(mm) 0.62
0.05680 0.05100 4.2934 0.05283 0.00002  d50(mm) 8.95
0.05346  0.03100 5.0116 0.04021 0.00018 d75(mm) 17.84
0.03676  0.01700 5.8783 0.02942 0.00005 d84(mm) 21.44
0.03007 0.01000 6.6439 0.02264 0.00006  d90(mm) 24.64
0.02339 0.00700 7.1584 0.01911 0.00002  d95(mm) 28.92
0.01671  0.00600 7.3808 0.01778 0.00000 Fl(mm) 1.90
0.01337  0.00500 7.6439 0.01636 0.00001
0.01002  0.00200 8.9658 0.01094 0.00000 SSE = 0.00189
1.0
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Sample data (Well 699-S20-E10, 19.5-20.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid*2 PSD metric Value
1.00000 100.00000 -6.6439 0.99966 0.00000 d5(phi) 7.03
1.00000 50.80000 -5.6668 0.99163 0.00007  d10(phi) 4.66
0.96264 38.10000 -5.2517 0.97473 0.00015  d16(phi) 3.24
0.84281 19.05000 -4.2517 0.83481 0.00006  d25(phi) 2.02
0.63102  9.42000 -3.2357 0.64455 0.00018  d50(phi) -1.39
0.55888 4.76000 -2.2510 0.54375 0.00023  d75(phi) -3.84
0.48155  2.00000 -1.0000 0.48742 0.00003  d84(phi) -4.28
0.45266  1.00000 0.0000 0.45532 0.00001  d90O(phi) -4.59
0.37659  0.50000 1.0000 0.36469 0.00014  d95(phi) -4.95
0.22633  0.25000 2.0000 0.25187 0.00065 oc(phi) 3.70
0.15963 0.10400 3.2653 0.15884 0.00000 d5(mm) 0.01
0.14023 0.07400 3.7563 0.13428 0.00004 d10(mm) 0.04
0.12336  0.05300 4.2379 0.11453 0.00008 d16(mm) 0.11
0.13229 0.07000 3.8365 0.13072 0.00000 d25(mm) 0.25
0.12127 0.05100 4.2934 0.11249 0.00008 d50(mm) 2.61
0.10473  0.03100 5.0116 0.08967 0.00023  d75(mm) 14.34
0.07166  0.01700 5.8783 0.06917 0.00001 d84(mm) 19.39
0.06063 0.01000 6.6439 0.05564 0.00002 d90(mm) 24.17
0.04961 0.00700 7.1584 0.04834 0.00000 d95(mm) 31.01
0.03307 0.00600 7.3808 0.04555 0.00016 Fl(mm) 0.97
0.02205 0.00500 7.6439 0.04249 0.00042
0.01654 0.00200 8.9658 0.03043 0.00019 SSE = 0.00275
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Sample data (Well 699-S20-E10, 20.5-21.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric Value
1.00000 100.00000 -6.6439 0.99383 0.00004 d5(phi) 4.48
0.90071 50.80000 -5.6668 0.93828 0.00141 d10(phi) 2.76
0.90071 38.10000 -5.2517 0.86954 0.00097 d16(phi) 1.60
0.57634 19.05000 -4.2517 0.58485 0.00007 d25(phi) 0.18
0.38275 9.42000 -3.2357 0.38193 0.00000 d50(phi) -3.93
0.33498 4.76000 -2.2510 0.32325 0.00014 d75(phi) -4.79
0.28177 2.00000 -1.0000 0.29598 0.00020 d84(phi) -5.12
0.25932 1.00000 0.0000 0.25954 0.00000 d90(phi) -5.41
0.21609 0.50000 1.0000 0.19874 0.00030 d95(phi) -5.77
0.11834 0.25000 2.0000 0.13650 0.00033 o c(phi) 3.23
0.07474 0.10400 3.2653 0.08113 0.00004 d5(mm) 0.04
0.06543 0.07400 3.7563 0.06649 0.00000 d10(mm) 0.15
0.05700 0.05300 4.2379 0.05494 0.00000 d16(mm) 0.33
0.06822 0.07000 3.8365 0.06439 0.00001 d25(mm) 0.88
0.05582 0.05100 4.2934 0.05376 0.00000 d50(mm) 15.28
0.04962 0.03100 5.0116 0.04085 0.00008 d75(mm) 27.68
0.03721 0.01700 5.8783 0.02978 0.00006 d84(mm) 34.81
0.02791 0.01000 6.6439 0.02282 0.00003  d90(mm) 42.48
0.01861 0.00700 7.1584 0.01921 0.00000 d95(mm) 54.61
0.01240 0.00600 7.3808 0.01786 0.00003 FI(mm) 3.00
0.00930 0.00500 7.6439 0.01640 0.00005
0.00620 0.00200 8.9658 0.01090 0.00002 SSE = 0.00379
1.0
0.9 & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 22-23 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99945 0.00000 d5(phi) 7.20
1.00000 50.80000 -5.6668 0.99018 0.00010  d10(phi) 5.13
0.96021 38.10000 -5.2517 0.96495 0.00002  d16(phi) 3.68
0.76962 19.05000 -4.2517 0.76855 0.00000  d25(phi) 2.14
0.60807  9.42000 -3.2357 0.60909 0.00000  d50(phi) -1.70
0.53567 4.76000 -2.2510 0.53274 0.00001  d75(phi) -4.17
0.44734  2.00000 -1.0000 0.45976 0.00015  d84(phi) -4.56
0.40995 1.00000 0.0000 0.39720 0.00016  d90(phi) -4.83
0.34364 0.50000 1.0000 0.32859 0.00023  d95(phi) -5.12
0.23506  0.25000 2.0000 0.25947 0.00060 o(phi) 3.93
0.16895 0.10400 3.2653 0.18174 0.00016 d5(mm) 0.01
0.15609 0.07400 3.7563 0.15624 0.00000 d10(mm) 0.03
0.14168  0.05300 4.2379 0.13403 0.00006 d16(mm) 0.08
0.15093 0.07000 3.8365 0.15235 0.00000 d25(mm) 0.23
0.13633 0.05100 4.2934 0.13165 0.00002 d50(mm) 3.24
0.12172  0.03100 5.0116 0.10401 0.00031 d75(mm) 17.95
0.09251  0.01700 5.8783 0.07782 0.00022 d84(mm) 23.58
0.05843 0.01000 6.6439 0.06016 0.00000 d90(mm) 28.39
0.04869 0.00700 7.1584 0.05064 0.00000 d95(mm) 34.83
0.03895 0.00600 7.3808 0.04702 0.00007 Fl(mm) 1.01
0.02921  0.00500 7.6439 0.04309 0.00019
0.02434 0.00200 8.9658 0.02800 0.00001 SSE = 0.00232
1.0
0.9 A ¢ Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 23-24 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99487 0.00003 d5(phi) 6.15
0.94966 50.80000 -5.6668 0.95019 0.00000  d10(phi) 3.81
0.89487 38.10000 -5.2517 0.89575 0.00000  d16(phi) 2.27
0.67347 19.05000 -4.2517 0.67235 0.00000  d25(phi) 0.69
0.49890 9.42000 -3.2357 0.50123 0.00001  d50(phi) -3.22
0.43306 4.76000 -2.2510 0.42783 0.00003  d75(phi) -4.57
0.34551  2.00000 -1.0000 0.35796 0.00015  d84(phi) -4.96
0.30996  1.00000 0.0000 0.29491 0.00023  d90(phi) -5.28
0.23409 0.50000 1.0000 0.23046 0.00001  d95(phi) -5.66
0.15335 0.25000 2.0000 0.17347 0.00040 oc(phi) 3.60
0.11264  0.10400 3.2653 0.11818 0.00003 d5(mm) 0.01
0.10147 0.07400 3.7563 0.10167 0.00000 d10(mm) 0.07
0.09274  0.05300 4.2379 0.08780 0.00002 d16(mm) 0.21
0.10254 0.07000 3.8365 0.09921 0.00001 d25(mm) 0.62
0.09494  0.05100 4.2934 0.08634 0.00007 d50(mm) 9.34
0.08355 0.03100 5.0116 0.06962 0.00019 d75(mm) 23.82
0.05696 0.01700 5.8783 0.05407 0.00001 d84(mm) 31.13
0.04177 0.01000 6.6439 0.04357 0.00000 d90(mm) 38.79
0.03418 0.00700 7.1584 0.03784 0.00001 d95(mm) 50.73
0.03038 0.00600 7.3808 0.03564 0.00003 Fl(mm) 2.19
0.02658 0.00500 7.6439 0.03323 0.00004
0.01899 0.00200 8.9658 0.02367 0.00002 SSE = 0.00131
1.0
0.9 & Data
08 | Model fit
O PSD metrics
0.7
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Sample data (Well 699-S20-E10, 24.5-25.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid*2 PSD metric Value
1.00000 100.00000 -6.6439 0.99640 0.00013 d5(phi) 6.34
0.89182 50.80000 -5.6668 0.93561 0.00096  d10(phi) 4.15
0.89182 38.10000 -5.2517 0.89274 0.00000  d16(phi) 3.01
0.85001 19.05000 -4.2517 0.81315 0.00136  d25(phi) 2.08
0.75775  9.42000 -3.2357 0.76294 0.00003  d50(phi) 0.67
0.72362 4.76000 -2.2510 0.73080 0.00005  d75(phi) -2.88
0.66968  2.00000 -1.0000 0.69550 0.00067  d84(phi) -4.65
0.64200 1.00000 0.0000 0.61826 0.00056  d90(phi) -5.32
0.44070 0.50000 1.0000 0.43096 0.00009  d95(phi) -5.81
0.20890 0.25000 2.0000 0.25999 0.00261 oc(phi) 3.75
0.14669  0.10400 3.2653 0.14295 0.00001 d5(mm) 0.01
0.12551  0.07400 3.7563 0.11644 0.00008 d10(mm) 0.06
0.10886  0.05300 4.2379 0.09664 0.00015 d16(mm) 0.12
0.12857 0.07000 3.8365 0.11277 0.00025 d25(mm) 0.24
0.11633  0.05100 4.2934 0.09468 0.00047 d50(mm) 0.63
0.07959  0.03100 5.0116 0.07376 0.00003 d75(mm) 7.37
0.06122 0.01700 5.8783 0.05665 0.00002 d84(mm) 25.02
0.05510 0.01000 6.6439 0.04624 0.00008 d90(mm) 40.07
0.04286  0.00700 7.1584 0.04091 0.00000 d95(mm) 56.04
0.02449  0.00600 7.3808 0.03893 0.00021 Fl(mm) 1.54
0.02449  0.00500 7.6439 0.03678 0.00015
0.02449  0.00200 8.9658 0.02860 0.00017 SSE = 0.00809
1.0
0.9 & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 25.5-26.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99060 0.00009 d5(phi) 3.27
0.93240 50.80000 -5.6668 0.93845 0.00004  d10(phi) 1.90
0.88290 38.10000 -5.2517 0.88562 0.00001  d16(phi) 1.04
0.68241 19.05000 -4.2517 0.67257 0.00010  d25(phi) 0.16
0.44374  9.42000 -3.2357 0.46035 0.00028  d50(phi) -3.47
0.37700 4.76000 -2.2510 0.35812 0.00036  d75(phi) -4.57
0.30139  2.00000 -1.0000 0.31257 0.00013  d84(phi) -4.99
0.26919 1.00000 0.0000 0.26452 0.00002  d90(phi) -5.35
0.16997 0.50000 1.0000 0.16397 0.00004  d95(phi) -5.79
0.07291  0.25000 2.0000 0.09491 0.00048 oc(phi) 2.88
0.04765 0.10400 3.2653 0.05000 0.00001 d5(mm) 0.10
0.04176  0.07400 3.7563 0.03963 0.00000 d10(mm) 0.27
0.03685 0.05300 4.2379 0.03181 0.00003 d16(mm) 0.48
0.04254  0.07000 3.8365 0.03819 0.00002 d25(mm) 0.90
0.03600 0.05100 4.2934 0.03103 0.00002 d50(mm) 11.08
0.02945 0.03100 5.0116 0.02268 0.00005 d75(mm) 23.80
0.01963 0.01700 5.8783 0.01585 0.00001 d84(mm) 31.79
0.00982  0.01000 6.6439 0.01173 0.00000 d90(mm) 40.73
0.00982 0.00700 7.1584 0.00966 0.00000 d95(mm) 55.41
0.00982  0.00600 7.3808 0.00890 0.00000 Fl(mm) 2.81
0.00982  0.00500 7.6439 0.00809 0.00000
0.00654  0.00200 8.9658 0.00510 0.00000 SSE = 0.00168
1.0
0.9 A & Data
0.8 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 27-28 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99743 0.00003 d5(phi) 4.78
1.00000 50.80000 -5.6668 0.96013 0.00159  d10(phi) 2.78
0.86895 38.10000 -5.2517 0.90826 0.00154  d16(phi) 1.67
0.73221 19.05000 -4.2517 0.71125 0.00044  d25(phi) 0.71
0.53557  9.42000 -3.2357 0.55017 0.00021  d50(phi) -2.77
0.46244  4.76000 -2.2510 0.45612 0.00004  d75(phi) -4.44
0.37733  2.00000 -1.0000 0.38539 0.00007  d84(phi) -4.88
0.33735 1.00000 0.0000 0.32583 0.00013  d90(phi) -5.20
0.21611  0.50000 1.0000 0.21849 0.00001  d95(phi) -5.56
0.11911  0.25000 2.0000 0.13827 0.00037 oc(phi) 3.20
0.08602  0.10400 3.2653 0.08317 0.00001 d5(mm) 0.04
0.07463  0.07400 3.7563 0.06977 0.00002 d10(mm) 0.15
0.06701  0.05300 4.2379 0.05933 0.00006 d16(mm) 0.31
0.07782  0.07000 3.8365 0.06787 0.00010 d25(mm) 0.61
0.06963  0.05100 4.2934 0.05827 0.00013 d50(mm) 6.83
0.04506  0.03100 5.0116 0.04662 0.00000 d75(mm) 21.78
0.03686  0.01700 5.8783 0.03648 0.00000 d84(mm) 29.43
0.02867 0.01000 6.6439 0.02994 0.00000 d90(mm) 36.79
0.02048 0.00700 7.1584 0.02644 0.00004 d95(mm) 47.32
0.02048 0.00600 7.3808 0.02511 0.00002 Fl(mm) 2.04
0.01638 0.00500 7.6439 0.02365 0.00005
0.01229  0.00200 8.9658 0.01790 0.00003 SSE = 0.00486
1.0 . g
0.9 & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 28-29 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99122 0.00039 d5(phi) 3.58
0.93347 50.80000 -5.6668 0.93393 0.00000  d10(phi) 1.49
0.85821 38.10000 -5.2517 0.87483 0.00028  d16(phi) 0.27
0.67429 19.05000 -4.2517 0.66012 0.00020  d25(phi) -0.79
0.46494  9.42000 -3.2357 0.47542 0.00011  d50(phi) -3.41
0.38281  4.76000 -2.2510 0.37896 0.00001  d75(phi) -4.65
0.27354  2.00000 -1.0000 0.27211 0.00000  d84(phi) -5.06
0.17815 1.00000 0.0000 0.17882 0.00000  d90(phi) -5.41
0.11916  0.50000 1.0000 0.12010 0.00000  d95(phi) -5.83
0.07458  0.25000 2.0000 0.08356 0.00008 oc(phi) 2.76
0.05482  0.10400 3.2653 0.05512 0.00000 d5(mm) 0.08
0.04975 0.07400 3.7563 0.04742 0.00001 d10(mm) 0.36
0.04590 0.05300 4.2379 0.04113 0.00002 d16(mm) 0.83
0.05018 0.07000 3.8365 0.04629 0.00002 d25(mm) 1.73
0.04489 0.05100 4.2934 0.04048 0.00002 d50(mm) 10.62
0.03697 0.03100 5.0116 0.03307 0.00002 d75(mm) 25.03
0.02905 0.01700 5.8783 0.02624 0.00001 d84(mm) 33.43
0.02113 0.01000 6.6439 0.02163 0.00000 d90(mm) 42.45
0.01849  0.00700 7.1584 0.01909 0.00000 d95(mm) 56.69
0.01320 0.00600 7.3808 0.01810 0.00002 Fl(mm) 3.94
0.01320 0.00500 7.6439 0.01702 0.00001
0.01056  0.00200 8.9658 0.01266 0.00001 SSE = 0.00121
1.0
0.9 & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 30-31 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.98308 0.00029 d5(phi) 5.56
0.90203 50.80000 -5.6668 0.90661 0.00002  d10(phi) 3.27
0.83890 38.10000 -5.2517 0.84283 0.00002  d16(phi) 154
0.65856 19.05000 -4.2517 0.65330 0.00003  d25(phi) -0.35
0.48747  9.42000 -3.2357 0.49251 0.00003  d50(phi) -3.29
0.39342  4.76000 -2.2510 0.38466 0.00008  d75(phi) -4.76
0.28240 2.00000 -1.0000 0.28926 0.00005  d84(phi) -5.24
0.23276  1.00000 0.0000 0.23115 0.00000  d90(phi) -5.62
0.18318 0.50000 1.0000 0.18278 0.00000  d95(phi) -6.07
0.13568  0.25000 2.0000 0.14199 0.00004 o c(phi) 3.45
0.10003 0.10400 3.2653 0.10020 0.00000 d5(mm) 0.02
0.08951  0.07400 3.7563 0.08682 0.00001 d10(mm) 0.10
0.07986  0.05300 4.2379 0.07516 0.00002 d16(mm) 0.34
0.08379  0.07000 3.8365 0.08478 0.00000 d25(mm) 1.27
0.07512 0.05100 4.2934 0.07390 0.00000 d50(mm) 9.80
0.06068 0.03100 5.0116 0.05927 0.00000 d75(mm) 27.02
0.04912 0.01700 5.8783 0.04522 0.00002 d84(mm) 37.67
0.03756  0.01000 6.6439 0.03563 0.00000 d90(mm) 49.09
0.02889 0.00700 7.1584 0.03042 0.00000 d95(mm) 67.14
0.02600 0.00600 7.3808 0.02844 0.00001 Fl(mm) 3.46
0.02023  0.00500 7.6439 0.02629 0.00004
0.01445  0.00200 8.9658 0.01804 0.00001 SSE = 0.00065
1.0
0.9 + ¢ Data
0.8 - Model fit
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Sample data (Well 699-S20-E10, 32-33 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99922 0.00000 d5(phi) 5.55
1.00000 50.80000 -5.6668 0.98655 0.00018  d10(phi) 251
0.95562 38.10000 -5.2517 0.96385 0.00007  d16(phi) 0.79
0.78478 19.05000 -4.2517 0.78389 0.00000  d25(phi) -0.62
0.55083  9.42000 -3.2357 0.55118 0.00000  d50(phi) -2.76
0.44191  4.76000 -2.2510 0.44119 0.00000  d75(phi) -4.13
0.27655  2.00000 -1.0000 0.28529 0.00008  d84(phi) -4.47
0.20573  1.00000 0.0000 0.20411 0.00000  d90(phi) -4.75
0.15305 0.50000 1.0000 0.15063 0.00001  d95(phi) -5.10
0.12168 0.25000 2.0000 0.11414 0.00006 oc(phi) 2.93
0.09145 0.10400 3.2653 0.08291 0.00007 d5(mm) 0.02
0.08323  0.07400 3.7563 0.07384 0.00009 d10(mm) 0.18
0.07552  0.05300 4.2379 0.06617 0.00009 d16(mm) 0.58
0.07840 0.07000 3.8365 0.07249 0.00004 d25(mm) 1.53
0.06900 0.05100 4.2934 0.06535 0.00001 d50(mm) 6.77
0.05959  0.03100 5.0116 0.05590 0.00001 d75(mm) 17.51
0.05018 0.01700 5.8783 0.04674 0.00001 d84(mm) 22.12
0.03763  0.01000 6.6439 0.04022 0.00001 d90(mm) 26.90
0.03136 0.00700 7.1584 0.03650 0.00003 d95(mm) 34.36
0.02823  0.00600 7.3808 0.03503 0.00005 Fl(mm) 291
0.02195 0.00500 7.6439 0.03339 0.00013
0.01568 0.00200 8.9658 0.02652 0.00059 SSE = 0.00151
1.0
0.9 A & Data
0.8 | Model fit
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Sample data (Well 699-S20-E10, 33-34 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99797 0.00000 d5(phi) 5.66
1.00000 50.80000 -5.6668 0.99032 0.00009 d10(phi) 3.08
0.97513 38.10000 -5.2517 0.97761 0.00001 d16(phi) 1.49
0.82904 19.05000 -4.2517 0.82893 0.00000 d25(phi) 0.02
0.61717 9.42000 -3.2357 0.62398 0.00005 d50(phi) -2.41
0.50552 4.76000 -2.2510 0.47945 0.00068 d75(phi) -3.90
0.30289 2.00000 -1.0000 0.33836 0.00126 d84(phi) -4.30
0.25232 1.00000 0.0000 0.25152 0.00000 d90(phi) -4.59
0.19502 0.50000 1.0000 0.18559 0.00009 d95(phi) -4.91
0.14944 0.25000 2.0000 0.13725 0.00015 oc(phi) 3.05
0.10372 0.10400 3.2653 0.09494 0.00008 d5(mm) 0.02
0.08961 0.07400 3.7563 0.08273 0.00005 d10(mm) 0.12
0.07465 0.05300 4.2379 0.07251 0.00000 d16(mm) 0.36
0.08093 0.07000 3.8365 0.08091 0.00000 d25(mm) 0.99
0.06798 0.05100 4.2934 0.07143 0.00001 d50(mm) 531
0.05827 0.03100 5.0116 0.05906 0.00000 d75(mm) 14.88
0.04532 0.01700 5.8783 0.04740 0.00000 d84(mm) 19.71
0.03561 0.01000 6.6439 0.03936 0.00001 d90(mm) 24.02
0.02914 0.00700 7.1584 0.03488 0.00003 d95(mm) 30.02
0.02590 0.00600 7.3808 0.03315 0.00005 Fl(mm) 2.18
0.02266 0.00500 7.6439 0.03122 0.00007
0.01619 0.00200 8.9658 0.02341 0.00005 SSE = 0.00270
1.0
0.9 & Data
08 | Model fit
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Sample data (Well 699-S20-E10, 35.5-36.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac<  resid*2 PSD metric Value
1.00000 100.00000 -6.6439 0.99378 0.00019 d5(phi) 4.97
0.80543 50.80000 -5.6668 0.87873 0.00000  d10(phi) 2.14
0.76842 38.10000 -5.2517 0.77832 0.00010  d16(phi) 0.45
0.63767 19.05000 -4.2517 0.60179 0.00129  d25(phi) -1.05
0.43531  9.42000 -3.2357 0.46652 0.00097  d50(phi) -3.50
0.35061 4.76000 -2.2510 0.35625 0.00003  d75(phi) -5.12
0.23351  2.00000 -1.0000 0.24639 0.00017  d84(phi) -5.51
0.19932  1.00000 0.0000 0.18279 0.00027  d90(phi) -5.75
0.15495 0.50000 1.0000 0.13674 0.00033  d95(phi) -5.97
0.11486  0.25000 2.0000 0.10370 0.00012 oc(phi) 3.15
0.08014 0.10400 3.2653 0.07474 0.00003 d5(mm) 0.03
0.07007  0.07400 3.7563 0.06627 0.00001 d10(mm) 0.23
0.06222  0.05300 4.2379 0.05910 0.00001 d16(mm) 0.73
0.06849 0.07000 3.8365 0.06500 0.00001 d25(mm) 2.07
0.06322 0.05100 4.2934 0.05834 0.00002 d50(mm) 11.35
0.05269 0.03100 5.0116 0.04952 0.00001 d75(mm) 34.72
0.03952  0.01700 5.8783 0.04102 0.00000 d84(mm) 45.72
0.02898 0.01000 6.6439 0.03501 0.00004 d90(mm) 53.80
0.02107 0.00700 7.1584 0.03160 0.00011 d95(mm) 62.66
0.01844  0.00600 7.3808 0.03025 0.00014 FI(mm) 4.70
0.01581  0.00500 7.6439 0.02876 0.00017
0.01317 0.00200 8.9658 0.02254 0.00044 SSE = 0.00447
1.0
0.9 ¢ Data
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O PSD metrics
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Sample data (Well 699-S20-E10, 38-39 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric Value
1.00000 100.00000 -6.6439 0.99237 0.00017 d5(phi) 5.78
0.81543 50.80000 -5.6668 0.83903 0.00028 d10(phi) 2.44
0.77419 38.10000 -5.2517 0.75955 0.00021 d16(phi) 0.54
0.61467 19.05000 -4.2517 0.60463 0.00010 d25(phi) -1.06
0.43979  9.42000 -3.2357 0.46743 0.00076 d50(phi) -3.49
0.36138 4.76000 -2.2510 0.35377 0.00006 d75(phi) -5.20
0.24096  2.00000 -1.0000 0.24554  0.00002 d84(phi) -5.67
0.19468  1.00000 0.0000 0.18522 0.00009 d90(phi) -5.94
0.15322  0.50000 1.0000 0.14201 0.00013 do5(phi) -6.17
0.11805 0.25000 2.0000 0.11083 0.00005 o c(phi) 3.36
0.08774  0.10400 3.2653 0.08298 0.00002 d5(mm) 0.02
0.07928 0.07400 3.7563 0.07466 0.00002 d10(mm) 0.18
0.07214  0.05300 4.2379 0.06755 0.00002 d16(mm) 0.69
0.07404  0.07000 3.8365 0.07341 0.00000 d25(mm) 2.09
0.06875 0.05100 4.2934 0.06679 0.00000 d50(mm) 11.22
0.06082 0.03100 5.0116 0.05789 0.00001 d75(mm) 36.67
0.05289 0.01700 5.8783 0.04913 0.00001 d84(mm) 50.96
0.03702 0.01000 6.6439 0.04281 0.00003 d90(mm) 61.42
0.03173 0.00700 7.1584 0.03916 0.00006 d95(mm) 71.95
0.02909 0.00600 7.3808 0.03771 0.00007 FlI(mm) 5.00
0.02644  0.00500 7.6439 0.03609 0.00009
0.01587 0.00200 8.9658 0.02921 0.00053 SSE = 0.00276
1.0
0.9 + & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 40.5-41.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric Value
1.00000 100.00000 -6.6439 0.99765 0.00001 d5(phi) 4.99
0.94458 50.80000 -5.6668 0.93269 0.00014  d10(phi) 1.76
0.79931 38.10000 -5.2517 0.81623 0.00029 d16(phi) -0.05
0.61618 19.05000 -4.2517 0.59213 0.00058  d25(phi) -1.55
0.40100 9.42000 -3.2357 0.42994 0.00084 d50(phi) -3.71
0.32245 4.76000 -2.2510 0.31246 0.00010 d75(phi) -5.00
0.20622  2.00000 -1.0000 0.21105 0.00002 d84(phi) -5.34
0.16822  1.00000 0.0000 0.15786 0.00011 d90(phi) -5.54
0.12768  0.50000 1.0000 0.12077 0.00005 do5(phi) -5.74
0.09949  0.25000 2.0000 0.09437 0.00003 o c(phi) 2.95
0.07399 0.10400 3.2653 0.07092 0.00001 d5(mm) 0.03
0.06564  0.07400 3.7563 0.06393 0.00000 d10(mm) 0.30
0.05961 0.05300 4.2379 0.05794 0.00000 d16(mm) 1.03
0.06326  0.07000 3.8365 0.06287 0.00000 d25(mm) 2.93
0.06073 0.05100 4.2934 0.05730 0.00001 d50(mm) 13.08
0.05820 0.03100 5.0116 0.04980 0.00007 d75(mm) 31.99
0.03796 0.01700 5.8783 0.04241 0.00002 d84(mm) 40.39
0.03036  0.01000 6.6439 0.03706 0.00004 d90(mm) 46.65
0.02530 0.00700 7.1584 0.03397 0.00008 d95(mm) 53.57
0.02277 0.00600 7.3808 0.03274 0.00010 FlI(mm) 5.50
0.02024  0.00500 7.6439 0.03136 0.00012
0.01265 0.00200 8.9658 0.02549 0.00016 SSE = 0.00278
1.0
0.9 + & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 47-48 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99584  0.00002 d5(phi) 5.45
0.93731 50.80000 -5.6668 0.93297 0.00002  d10(phi) 3.18
0.84714 38.10000 -5.2517 0.85357 0.00004  d16(phi) 1.84
0.62639 19.05000 -4.2517 0.61883 0.00006  d25(phi) 0.63
0.45865  9.42000 -3.2357 0.47015 0.00013  d50(phi) -3.50
0.40541  4.76000 -2.2510 0.39530 0.00010  d75(phi) -4.83
0.34021  2.00000 -1.0000 0.34495 0.00002  d84(phi) -5.19
0.30378 1.00000 0.0000 0.30165 0.00000  d90(phi) -5.47
0.21813  0.50000 1.0000 0.21875 0.00000  d95(phi) -5.79
0.14542  0.25000 2.0000 0.15070 0.00003 oc(phi) 3.46
0.09526  0.10400 3.2653 0.09728 0.00000 d5(mm) 0.02
0.08081  0.07400 3.7563 0.08301 0.00000 d10(mm) 0.11
0.07806  0.05300 4.2379 0.07144 0.00004 d16(mm) 0.28
0.08312 0.07000 3.8365 0.08093 0.00000 d25(mm) 0.64
0.07951  0.05100 4.2934 0.07023 0.00009 d50(mm) 11.32
0.06505 0.03100 5.0116 0.05672 0.00007 d75(mm) 28.42
0.04337 0.01700 5.8783 0.04442 0.00000 d84(mm) 36.59
0.03253 0.01000 6.6439 0.03619 0.00001 d90(mm) 44.38
0.02891 0.00700 7.1584 0.03170 0.00001 d95(mm) 55.50
0.02530 0.00600 7.3808 0.02998 0.00002 Fl(mm) 2.42
0.02168 0.00500 7.6439 0.02808 0.00004
0.01446  0.00200 8.9658 0.02052 0.00004 SSE = 0.00076
1.0
0.9 & Data
08 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 48.5-49.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid’2 PSD metric Value
1.00000 100.00000 -6.6439 0.99956 0.00000 d5(phi) 3.83
1.00000 50.80000 -5.6668 0.97436 0.00066 d10(phi) 2.33
0.89305 38.10000 -5.2517 0.91461 0.00046 d16(phi) 1.48
0.69469 19.05000 -4.2517 0.67567 0.00036 d25(phi) 0.69
0.49661  9.42000 -3.2357 0.51612 0.00038 d50(phi) -3.09
0.43494  4.76000 -2.2510 0.43039 0.00002 d75(phi) -4.58
0.36916  2.00000 -1.0000 0.36830 0.00000  d84(phi) -4.93
0.32416  1.00000 0.0000 0.32110 0.00001 d90(phi) -5.18
0.21097 0.50000 1.0000 0.21211 0.00000  d95(phi) -5.45
0.11872  0.25000 2.0000 0.11920 0.00000 oc(phi) 3.01
0.06113 0.10400 3.2653 0.06341 0.00001 d5(mm) 0.07
0.04973 0.07400 3.7563 0.05144 0.00000 d10(mm) 0.20
0.04027  0.05300 4.2379 0.04262 0.00001 d16(mm) 0.36
0.05214 0.07000 3.8365 0.04980 0.00001 d25(mm) 0.62
0.04813 0.05100 4.2934 0.04174 0.00004 d50(mm) 8.50
0.03209 0.03100 5.0116 0.03249 0.00000 d75(mm) 23.88
0.02808 0.01700 5.8783 0.02491 0.00001 d84(mm) 30.54
0.02005 0.01000 6.6439 0.02025 0.00000 d90(mm) 36.32
0.01604 0.00700 7.1584 0.01782 0.00000 d95(mm) 43.85
0.01604 0.00600 7.3808 0.01691 0.00000 Fl(mm) 2.11
0.01604 0.00500 7.6439 0.01592 0.00000
0.01203 0.00200 8.9658 0.01207 0.00000 SSE = 0.00197
1.0
0.9 1 & Data
0.8 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 49.5-50.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid*2 PSD metric Value
1.00000 100.00000 -6.6439 0.99986 0.00000 d5(phi) 4.74
1.00000 50.80000 -5.6668 0.99116 0.00008 d10(phi) 2.82
0.95864 38.10000 -5.2517 0.96367 0.00003 d16(phi) 1.66
0.69399 19.05000 -4.2517 0.69172 0.00001 d25(phi) 0.62
0.45085 9.42000 -3.2357 0.45809 0.00005 d50(phi) -3.52
0.39756 4.76000 -2.2510 0.38464 0.00017 d75(phi) -4.42
0.34418 2.00000 -1.0000 0.35432 0.00010 d84(phi) -4.68
0.31618 1.00000 0.0000 0.31058 0.00003 d90(phi) -4.89
0.21494 0.50000 1.0000 0.21284 0.00000 d95(phi) -5.15
0.12672 0.25000 2.0000 0.13899 0.00015 o c(phi) 3.08
0.08122 0.10400 3.2653 0.08441 0.00001 d5(mm) 0.04
0.06958 0.07400 3.7563 0.07045 0.00000 d10(mm) 0.14
0.05998 0.05300 4.2379 0.05936 0.00000 d16(mm) 0.32
0.06918 0.07000 3.8365 0.06844 0.00000 d25(mm) 0.65
0.06511 0.05100 4.2934 0.05823 0.00005 d50(mm) 11.44
0.04883 0.03100 5.0116 0.04563 0.00001 d75(mm) 21.38
0.04069 0.01700 5.8783 0.03452 0.00004 d84(mm) 25.64
0.03255 0.01000 6.6439 0.02732 0.00003 d90(mm) 29.68
0.02442 0.00700 7.1584 0.02348 0.00000 d95(mm) 35.42
0.02035 0.00600 7.3808 0.02203 0.00000 FlI(mm) 2.18
0.01628 0.00500 7.6439 0.02045 0.00002
0.01221 0.00200 8.9658 0.01428 0.00000 SSE = 0.00078
1.0
0.9 + & Data
0.8 | Model fit
O PSD metrics
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Sample data (Well 699-S20-E10, 52-53 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric Value
1.00000 100.00000 -6.6439 0.99938 0.00000 d5(phi) 4.40
1.00000 50.80000 -5.6668 0.97165 0.00080 d10(phi) 2.68
0.88664 38.10000 -5.2517 0.90769 0.00044 d16(phi) 1.62
0.63558 19.05000 -4.2517 0.62182 0.00019 d25(phi) 0.54
0.42546  9.42000 -3.2357 0.44100 0.00024 d50(phi) -3.66
0.36812 4.76000 -2.2510 0.36053 0.00006 d75(phi) -4.70
0.31028 2.00000 -1.0000 0.31279 0.00001 d84(phi) -4.99
0.28539  1.00000 0.0000 0.28309 0.00001 d90(phi) -5.22
0.21374  0.50000 1.0000 0.21049 0.00001 do5(phi) -5.48
0.13021 0.25000 2.0000 0.13471 0.00002 oc(phi) 3.15
0.07377 0.10400 3.2653 0.07815 0.00002 d5(mm) 0.05
0.05870  0.07400 3.7563 0.06412 0.00003 d10(mm) 0.16
0.05085 0.05300 4.2379 0.05317 0.00001 di16(mm) 0.33
0.06365 0.07000 3.8365 0.06212 0.00000 d25(mm) 0.69
0.05658 0.05100 4.2934 0.05206 0.00002 d50(mm) 12.66
0.04244  0.03100 5.0116 0.03988 0.00001 d75(mm) 25.96
0.03536  0.01700 5.8783 0.02940 0.00004 d84(mm) 31.82
0.02829 0.01000 6.6439 0.02277 0.00003 d90(mm) 37.22
0.02122 0.00700 7.1584 0.01931 0.00000 d95(mm) 44.70
0.01768 0.00600 7.3808 0.01801 0.00000 FlI(mm) 2.43
0.01415 0.00500 7.6439 0.01661 0.00001
0.01061 0.00200 8.9658 0.01124 0.00000 SSE = 0.00194
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Sample data (Well 699-S20-E10, 54-55 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value
1.00000 100.00000 -6.6439 0.99997 0.00000 d5(phi) 4.65
1.00000 50.80000 -5.6668 0.96148 0.00148  d10(phi) 3.10
0.84146 38.10000 -5.2517 0.88096 0.00156  d16(phi) 2.35
0.75276 19.05000 -4.2517 0.73236 0.00042  d25(phi) 1.74
0.63522  9.42000 -3.2357 0.64630 0.00012  d50(phi) 0.33
0.59536  4.76000 -2.2510 0.59473 0.00000  d75(phi) -4.41
0.55008  2.00000 -1.0000 0.55285 0.00001  d84(phi) -5.03
0.52582  1.00000 0.0000 0.52094 0.00002  d90(phi) -5.35
0.40813 0.50000 1.0000 0.40321 0.00002  d95(phi) -5.60
0.19675  0.25000 2.0000 0.20597 0.00009 oc(phi) 3.40
0.08984  0.10400 3.2653 0.09104 0.00000 d5(mm) 0.04
0.07123  0.07400 3.7563 0.07125 0.00000 d10(mm) 0.12
0.05814  0.05300 4.2379 0.05810 0.00000 d16(mm) 0.20
0.07701  0.07000 3.8365 0.06871 0.00007 d25(mm) 0.30
0.06417 0.05100 4.2934 0.05687 0.00005 d50(mm) 0.80
0.04492  0.03100 5.0116 0.04455 0.00000 d75(mm) 21.20
0.03850 0.01700 5.8783 0.03542 0.00001 d84(mm) 32.65
0.03209 0.01000 6.6439 0.03012 0.00000 d90(mm) 40.73
0.02567 0.00700 7.1584 0.02743 0.00000 d95(mm) 48.53
0.02567  0.00600 7.3808 0.02641 0.00000 Fl(mm) 1.33
0.01925 0.00500 7.6439 0.02531 0.00004
0.01925 0.00200 8.9658 0.02091 0.00000 SSE = 0.00390
1.0
0.9 & Data
08 | Model fit
O PSD metrics
0.7
vV 0.6 1
§ 0.5
g 0
L 0.4
0.3 1
0.2
0.1
0.0 e —
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02

Grain size (mm)

C.30




Sample data (Well 699-S20-E10, 57-58 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric Value
1.00000 100.00000 -6.6439 0.99022 0.00096 d5(phi) 2.49
0.77940 50.80000 -5.6668 0.85791 0.00308 d10(phi) 1.90
0.74689 38.10000 -5.2517 0.74815 0.00000 d16(phi) 1.43
0.58772 19.05000 -4.2517 0.53311 0.00298 d25(phi) 0.38
0.39298  9.42000 -3.2357 0.41152 0.00034 d50(phi) -4.03
0.33477  4.76000 -2.2510 0.34463 0.00010 d75(phi) -5.26
0.28657  2.00000 -1.0000 0.29484 0.00007 d84(phi) -5.60
0.26768  1.00000 0.0000 0.26494 0.00001 d90(phi) -5.85
0.20772  0.50000 1.0000 0.20806 0.00000 d9o5(phi) -6.13
0.08840 0.25000 2.0000 0.08847 0.00000 oc(phi) 3.06
0.03428 0.10400 3.2653 0.03166 0.00001 d5(mm) 0.18
0.02590 0.07400 3.7563 0.02783 0.00000 d10(mm) 0.27
0.02102  0.05300 4.2379 0.02513 0.00002 di6(mm) 0.37
0.02748 0.07000 3.8365 0.02734 0.00000 d25(mm) 0.77
0.02404 0.05100 4.2934 0.02485 0.00000 d50(mm) 16.34
0.01717 0.03100 5.0116 0.02160 0.00002 d75(mm) 38.28
0.01374 0.01700 5.8783 0.01841 0.00002 d84(mm) 48.38
0.01030 0.01000 6.6439 0.01610 0.00003 d90(mm) 57.60
0.01030 0.00700 7.1584 0.01476 0.00002 d95(mm) 70.17
0.00687 0.00600 7.3808 0.01423 0.00005 FI(mm) 3.08
0.00687 0.00500 7.6439 0.01363 0.00005
0.00687 0.00200 8.9658 0.01110 0.00004 SSE = 0.00780
1.0
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08 | Model fit
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Sample data (Well 699-S20-E10, 59.5-60.5 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid?2 PSD metric Value
1.00000 100.00000 -6.6439 0.99264 0.00054 d5(phi) 4.07
0.93668 50.80000 -5.6668 0.94045 0.00001 d10(phi) 2.58
0.86503 38.10000 -5.2517 0.88745 0.00050 d16(phi) 1.79
0.72535 19.05000 -4.2517 0.70808 0.00030  d25(phi) 0.97
0.54122  9.42000 -3.2357 0.55159 0.00011 d50(phi) -2.77
0.46577  4.76000 -2.2510 0.45424 0.00013 d75(phi) -4.48
0.37467  2.00000 -1.0000 0.37977 0.00003 d84(phi) -4.96
0.32817  1.00000 0.0000 0.33245 0.00002 d90(phi) -5.34
0.25166  0.50000 1.0000 0.24714 0.00002 do5(phi) -5.77
0.13500 0.25000 2.0000 0.14039 0.00003 oc(phi) 3.18
0.06947  0.10400 3.2653 0.07020 0.00000 d5(mm) 0.06
0.05694  0.07400 3.7563 0.05652 0.00000 d10(mm) 0.17
0.04804  0.05300 4.2379 0.04691 0.00000 d16(mm) 0.29
0.06189 0.07000 3.8365 0.05470 0.00005 d25(mm) 0.51
0.04642 0.05100 4.2934 0.04598 0.00000 d50(mm) 6.83
0.03481 0.03100 5.0116 0.03634 0.00000 d75(mm) 22.29
0.03095 0.01700 5.8783 0.02866 0.00001 d84(mm) 31.22
0.02321 0.01000 6.6439 0.02394 0.00000 d90(mm) 40.42
0.01934 0.00700 7.1584 0.02147 0.00000 d95(mm) 54.41
0.01547 0.00600 7.3808 0.02052 0.00003 FlI(mm) 1.93
0.01547  0.00500 7.6439 0.01950 0.00002
0.01160 0.00200 8.9658 0.01537 0.00001 SSE = 0.00181
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Sample data (Well 699-S20-E10, 62-63 ft depth)

%< size(um) fraction< size(mm) size(phi) pred frac< resid’2 PSD metric Value
1.00000 100.00000 -6.6439 0.99562 0.00019 d5(phi) 4.25
0.91608 50.80000 -5.6668 0.94967 0.00056 d10(phi) 2.79
0.90379 38.10000 -5.2517 0.90157 0.00000 d16(phi) 2.04
0.78122 19.05000 -4.2517 0.76562 0.00024  d25(phi) 1.40
0.64848  9.42000 -3.2357 0.66714 0.00035 d50(phi) 0.01
0.61056 4.76000 -2.2510 0.60800 0.00001 d75(phi) -4.19
0.56527  2.00000 -1.0000 0.56054 0.00002 d84(phi) -4.87
0.51199 1.00000 0.0000 0.51186 0.00000 d90(phi) -5.30
0.34614  0.50000 1.0000 0.34707 0.00000 d95(phi) -5.76
0.17223  0.25000 2.0000 0.17041 0.00000 oc(phi) 3.24
0.07757  0.10400 3.2653 0.07693 0.00000 d5(mm) 0.05
0.05809 0.07400 3.7563 0.06025 0.00000 d10(mm) 0.14
0.04979  0.05300 4.2379 0.04894 0.00000 di16(mm) 0.24
0.06013 0.07000 3.8365 0.05808 0.00000 d25(mm) 0.38
0.04209 0.05100 4.2934 0.04787 0.00003 d50(mm) 1.00
0.03608 0.03100 5.0116 0.03703 0.00000 d75(mm) 18.24
0.03007 0.01700 5.8783 0.02886 0.00000 d84(mm) 29.21
0.02405 0.01000 6.6439 0.02408 0.00000 d90(mm) 39.43
0.02405 0.00700 7.1584 0.02165 0.00001 d95(mm) 54.21
0.02405 0.00600 7.3808 0.02074 0.00001 FI(mm) 1.46
0.01804 0.00500 7.6439 0.01975 0.00000
0.01804 0.00200 8.9658 0.01585 0.00000 SSE = 0.00146
1.0
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Grain size (mm)

C.33




Sample data (300 Area North Process Pond backhoe sample NPP-1-14 from Zachara et al.)

%< size(um) fraction< size(mm) size(phi) pred frac< resid®2 PSD metric Value

1.00000 83.50000 -6.3837 0.99338 0.00004  d5(phi) 0.24

1.00000 75.00000 -6.2288 0.98945 0.00111  d10(phi) -2.03

0.95430 50.00000 -5.6439 0.94914 0.00003  d16(phi) -3.09

0.83130 37.50000 -5.2288 0.87127 0.00160  d25(phi) -3.61

0.66680 25.00000 -4.6439 0.65555 0.00013  d50(phi) -4.31

0.47970 19.00000 -4.2479 0.47318 0.00004  d75(phi) -4.86

0.25460 12.50000 -3.6439 0.25888 0.00002  d84(phi) -5.12

0.14450 8.00000 -3.0000 0.15021 0.00003  d90(phi) -5.35

0.11020 4.75000 -2.2479 0.10575 0.00002  d95(phi) -5.65

0.08260 2.00000 -1.0000 0.08118 0.00000 o s(phi) 1.40

0.05620 1.00000 0.0000 0.05505 0.00000 d5(mm) 0.84

0.03280 0.50000 1.0000 0.03766  0.00002 d10(mm) 4.09

0.02500 0.25000 2.0000 0.02674 0.00000 di6(mm) 8.52

0.02170 0.14900 2.7466 0.02111 0.00000 d25(mm) 12.20

0.01980 0.10600 3.2379 0.01822 0.00000 d50(mm) 19.80

0.01780 0.05300 4.2379 0.01372 0.00002 d75(mm) 29.11

d84(mm) 34.73

doo(mm) 40.77

do5(mm) 50.24

Fl(mm) 13.60

SSE = 0.00307
1.0

0.9 & Data
08 | Model fit
O PSD metrics
0.7
vV 0.6 1
§ 0.5
g0
L 0.4 |
0.3 1
0.2
0.1
0.0 — — Y
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02

Grain size (mm)
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Hantord Office DOE-EM/GJ940-2005

699-S20-E10 (C4855)
Log Data Report
Berehole Information:
Borehole: 699-820—E10 (C4855) l Site: 300-FF-5
Coordinates (WA St Plane) GWL' (ft): 434 GWL Date:  07/18/05
North East TOC* Elevation
(m) (m) Drill Date ) Total Depth (ft) Type
Not available Not available Q7105 Not available 64 Cable
Casing Information:
Outer Inside
Diameter Diameter Thickness
Casing Type Stickup (ft) {in.) (in.) {in.) Top (ft) Bottom (ft)
Threaded Steel | 1.0 | 858 | 758 | 1/2 [ 10 | 64

Borehole Notes:

The logging engineer measured the casing with a caliper and steel tape. Measurements are rounded to the
nearest 1/16 in.

Logging Equipment Information:

Logging System: Gamma 4E Type: SGLS (70%)
SN: 34TP40587A

Effective Calibration Date: 12/21/104 Calibration Reference: DOE/EM-GJ854-2005

[ Logging Procedure:  MAC-HGLP 16.5, Rev. 0

Logging System: Gamma 4M | Type: NML SN: H340207279

Effective Calibration Date: 03/24/05 Calibration Reference: DOE/EM-GJ856-2005

| Logging Procedure: MAC-HGLP 1.6.5, Rev. 0

S System (SGLS Run Information:
Log Run 1 2 Repeat

'E?tga 07118105 07/18/05
Logging Engineer Spatz Spatz

Start Depth (ft) 61.5 48.5

Finish Depth (ft) 0.5 38.5

Count Time (sec) 100 100
Live/Real R R

Shield (Y/N) N N

MSA Interval (ft) 1.0 1.0

ft/min N/A® N/A
Pre-Verification DE851CAB DE851CAB

Page 1
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| Log Run 1 2 Repeat

Start File DE851000 DE&S1062

Finish File DE851061 DEBS1072

Post-Verification DEBS1CAA DE851CAA

Depth Return Error -1 a

(in.)

Comments Fine gain No fine gain
adjustment adjustment.
after file -051.

Neutron Moisture Logoing System (NMLS) Log Run Information:

Log Run 1 2 Repeat
Date Q71805 07/18/05
Logging Enginesr Spatz Spatz
Start Depth (ft) 42.5 41.5
Finish Depth {ft) 0.25 315
Count Time (sec) N/A N/A
Live/Real R R
Shisld {Y/N) N N
Samgle Interval (ft) 0.25 0.25
ft/min 1.0 1.0
Pre-Verification DMOC12CAB DM0O12CAB
Start File DMO12000 DMO12G70
Finish File DMO12069 DMO12210
Post-Verification DMO12CAA DMO12CAA
Depth Retum Error -1 o}

(in.)

Comments None None

Logging Operation Notes:

Logging was conducted with a centralizer placed over the sonde. Logging data acquisition is referenced to
ground surface. Repeat sections were collecied in this borehole to evaluate SGLS and NMLS performance.

Analysis Notes:

[ Analyst | Henwood [Date: | 0801705 | Reference: | GJO-HGLF 1.6.3, Rev. C

l

Pre-run and post-run verifications for each logging system were performed for each day’s logping event.
The acceplance criteria were met for both logging systems.

A casing correction for 0.5-in.-thick steel casing was applied to the log data.

SGLS spectra were processed in batch mode using APTEC SUPERVISOR to identify individual energy
peaks and determine count rates. Concentrations were calculated with an EXCEL worksheet template
identifted as G4Eapr05.xls using efficiency functions and corrections for casing, water, and dead time as
determined from annual calibsations. No correction for dead time was necessary. A correction for water
was applied to the data below 43 ft.

NMLS log spectra were processed in baich mode using APTEC SUPERVISOR (o determine count rates.,
The volume fraction of water was caleulated in EXCEL, using parameters determined from analysis of
recent calibration data. Logging was terminated just above groundwater level of 43.4 ft.
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Log Plot Notes:

Separate log plots are provided for the man-made radionuctides (**'Cs, *1) and **'Pa) that were thought to
possibly exist in the area, naturally cccurring radienuclides (K, *U, ®*Th [KUT]), a combination of man-
made, KUT, and moisture, total gamma plotted with dead time, and total gamma plotied with moisture.

For each radionuclide, the energy value of the speciral peak used for quantification is indicated. Unless
otherwise noted, alt radionuclides are plotted in picocuries per gram (pCi/g). The open circles indicate the
minimum detectable level (MDL) for each radionuclide. Error bars on each plot represent error associated
with counting statistics only and do not include errors associated with the inverse efficiency function, dead
time correction, casimg commections, or water corrections. Repeat log sections are atso included.

Results and Interpretations:

No man-made radionuclides were dotected in this borehole. A plot of man-made radionuclides for '¥'Cs,
731, and **Pa are included for the logged interval. The plot indicates the MDLs at each depth interval.

The repeat sections indicate good agreement for the naturally occurring KUT and moisture.

' GWL - groundwater level
2 TOC — top of casing
? N/A — not applicable
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699-S20-E10 (C4855)
Man-Made Radionuclides
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699-S20-E10 (C4855)
Dead Time

Total Gamma & Dead Time
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699-S20-E10 (C4855)
Total Gamma & Moisture

Total Gamma
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699-S20-E10 (C4855)
Moisture Repeat Section
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(103y) yydaQ

i ISR TE e -

.7, (i F O
36

(1e9)) yideQg

Percent

Reference - Ground Surface

D.10



No. of
Copies

4 DOE Richland Operations Office
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