


























The finite difference grid, a portion of which is shown in Figure 6.5, is 238 by 15 by 52 nodes in the
X, y, and z directions, respectively, yielding 192,780 total nodes with 156,675 active nodes. The grid
spacing is variable with refinement around the shoreline and injection area at 0.25 m (0.82 ft) spacing
vertically and horizontally.

Boundary conditions on the northern portion of the model use hourly river-stage measurements
applied to the river bottom surface obtained from the Columbia River stage recorder RS-1 in the 100-N
Area. These data were extracted from the Hanford Virtual Library, Automated Water Level Data
Monitoring (AWLM) module. Water level data for well 199-N-67 were used for the southern model
boundary. Hourly water level data were available for well 199-N-67 but high-resolution data were not
required given its damped response to river-stage fluctuations.

Figure 6.5. STOMP Model Cross Section and Zonations for Pilot Test Site #2. This is a partial view of
the cross section showing near-shore details along the road (see Figure 6.3 for transect
location).

Simulations were developed to fit pilot test #2 for estimating hydraulic and transport parameters for
the field tests. The Columbia River stage and river flow below PRD for 2006, along with the timing of
pilot test #2, are shown in Figures 6.6 and 6.7. Field data used in the development and comparison of the
simulation results included injection rates, water levels in the injection and surrounding monitoring wells,
and bromide and phosphate breakthrough curves at the monitoring wells. The monitoring wells for this
test were installed at upper and lower zone pairs (i.e., Hanford and Ringold Formations), and at different
radial distances and directions from the injection well (see well layout in Figure 4.3 and Table 5.10).

A trial-and-error manual parameter estimation process was used. Interim simulation results were
inspected and the parameters were adjusted based on the comparison of simulated with measured values
of hydraulic heads, bromide, and phosphate for the pilot test #2. This simulation involved injection over
a well screen that spanned the two hydrostratagraphic units, as shown in Figure 4.3. Bromide was
simulated as a conservative tracer.
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Figure 6.6. Columbia River Stage (a) and Flow (b) for 2006 at the 100-N Area. The river stage and
timing of the first two pilot tests are also shown. River stage data are from the Hanford
Virtual Library, Automated Water Level Network Data Viewing module.
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Figure 6.7. Detailed Columbia River Stage (a) and Flow (b) for 2006 Pilot Test #2 at 100-N Area. The
river stage and timing of the first two pilot tests are also shown. River-stage data from
Hanford Virtual Library, Automated Water Level Network Data Viewing module.

Phosphate transport was simulated using a linear isotherm (Kd). Parameters estimated during this
fitting process include the hydraulic conductivity of the Hanford and Ringold Formations (Kxy and
anisotropy), dispersivity, and phosphate Kd.

Porosity values were specified based on physical property measurements from sediment samples
collected from the characterization boreholes drilled in 2005 (199-N-122 and 199-N-123). Average
porosities were calculated from core samples collected near the middle of the split-spoon samples
(B-cores) because there was evidence of significant sample disturbance and partial recovery in the
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samples collected near the bottom (D-cores). A total porosity value for the Hanford formation was
calculated from a mean of all the total porosity measurements from these two boreholes, which resulted in
an estimate of 24% (the mean value for each borehole was similar). A total porosity value of 18% for the
Ringold Formation was calculated from the mean for well 199-N-123. The Ringold Formation mean for
well 199-N-122 was slightly higher at 21%; however, the higher porosity values were below the targeted
treatment zone. Effective porosities in the model were set to the same values as the total porosities.

This fitting process involved numerous iterations for specifying values for the two hydrostratigraphic
layers because adjustments in the hydraulic properties of one unit would change how the injection flux
was proportioned between both units. Final hydraulic property values were determined based on a visual
inspection of the fit of both the hydraulic head and solute breakthrough data. In some cases, a good fit
could not be achieved for both; in these cases, the fit for the solutes was favored over the hydraulic heads.
Additionally, measurements for wells at similar radial distances but oriented in different directions had
slightly different responses (e.g., well P2-5-R and P2-7-R). However, no spatial zonation was developed
in this model to account for these differences (i.e., only a single value is specified for each parameter in
the Ringold Formation unit) so parameters were selected with simulated results that fit between these
different responses at the same radial distance. Breakthrough curves for the conservative tracer, Br-, were
fit first before adjusting Kds for the phosphate breakthrough match.

The number of runs for parameter estimation was limited by the simulation execution time. The
three-dimensional flow and transport simulations of the pilot test #2 took approximately 3 days per run on
a dual-processor Xeon (Pentium 4, ranging from 3.2 to 3.6 gHz) Linux workstations.

The parameters from this estimation process are shown in Table 6.2. Comparison of the simulated
results using these values with the measurements for the hydraulic head data are shown in Figure 6.8, for
the bromide tracer in Figure 6.9, and for phosphate in Figure 6.10. These parameters may be updated
from additional runs with this model using field data from subsequent injections at the pilot test site #2.

Table 6.2. 100-N Pilot Test #2 Preliminary Parameter Estimation Results

Ringold Formation Gravel /
Parameter Hanford Formation Gravel / Sand Sand
Hydraulic Conductivity Kxy =29 m/day Kxy =9 m/day
Kz =2.9 m/day Kz = 0.9 m/day
Porosity (not estimated in modeling) | 24% 18%
Dispersivity Longitudinal = 0.2 m Longitudinal = 0.2 m
Transverse = 0.04 m Transverse = 0.04 m
Phosphate Kd Kd=0.13 cm’/g Kd=0.13 cm’/g
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Figure 6.9. Bromide Results of Pilot Test #2 Model Fit. Simulation results (shown as lines) at differing
radial distances are followed by measurements from wells at similar radial distances (shown
with both lines and symbols).

6.3.2 Pilot Test Site #1 Model

A numerical model is being developed for pilot test site #1. The construction of this model was
similar to the pilot test site #2 model described in the previous section (i.e., three-dimensional domain
created by replicating a two-dimensional cross section, half-well symmetry, and the inland and river
boundaries). Major differences between these models are the elevation of the Hanford/Ringold formation
contact that was based on geologists’ logs at the pilot test sites, a lower permeability contrast between the
Hanford and Ringold Formations, and the addition of a high hydraulic conductivity zone within the
Hanford formation that was created based on the monitoring results during the tracer test (see
Section 5.1). The high-hydraulic conductivity zone within the Hanford formation was created on the
inland side of the injection well for fitting the fast tracer arrival times seen at monitoring well P-6-H.

Hydraulic property estimates for pilot test site #1 need to include values for the High-K zone in the
Hanford formation, in addition to the values for the rest of the Hanford formation and the Ringold
Formation. The monitoring results of the tracer and first Ca-citrate-PO, injection at pilot test site #1
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showed the contrast between the hydraulic conductivity of the Hanford (not including the High-K zone)
and Ringold formations is lower than for pilot test site #2. This was observed in the differences in
relative arrivals between the Hanford and Ringold Formation monitoring wells at the two pilot test sites.
It is unknown how much of this apparent reduction in permeability contrast is associated with the
relatively extreme well inefficiency observed in these wells (see discussion in Sections 4.0 and 5.0). The
specific capacity of the injection well at pilot test site #1 was much less than that of pilot test site #2 (see
Figure 4.5).
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Figure 6.10. Phosphate Results of Pilot Test #2 Model Fit. Simulation results (shown as lines) at
differing radial distances are followed by measurements from wells at similar radial
distances (shown with both lines and symbols).

Preliminary hydraulic property estimates for pilot test site #1 were developed based on fitting the
results of the tracer test. Hydraulic conductivity estimates in the xy direction for the High-K Hanford
formation zone was 200 m/day (656 ft/day), 12 m/day (39 ft/day) for the rest of the Hanford formation,
and 10 m/day (33 ft/day) for the Ringold Formation. The vertical hydraulic conductivity values were set
to 1/10 for the horizontal value. These estimates will be updated based on additional pilot test site #1
model simulations using data from the tracer test and Ca-citrate-POy, injections at the site.

6.3.3 Winter 2007 Injection Design

Barrier emplacement injections were conducted in 9 of the 10 barrier injection wells in February and
March 2007. Because river stage conditions varied over this period to outside the expected range, these
injections resulted in both targeted treatment of the Ringold Formation (during low-stage conditions) and
combined Hanford/Ringold formation treatments in the upstream wells (see discussion is Section 7.0).
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Pilot test site #1 was not targeted for treatment to continue post-injection monitoring from the spring 2006
injection at this site. Injection volume estimates for these low-river stage injections, 530,000 L

(140,000 gal), were developed based on simulations with pilot test site #2. The Ca-citrate-PO, injection
concentrations were revised again for these injections with an increase in the phosphate concentration and
decreases in the calcium and citrate based on analysis of the September 2006 pilot test #2 operational and
monitoring results and additional laboratory experiments.

Simulations were conducted with the pilot test site #2 model (described in Section 6.3.1) using the
same hydraulic properties and timing as the September 2006 pilot test site #2 Ca-citrate-PO, injection.
Columbia River flow conditions over this time period are shown in Figure 6.7 (~70,000 cfs). The
injection was extended with this model, using the lower rate of 151 L/min (40 gpm) that was used for the
later part of pilot test #2 to determine the volume required to achieve ~50% phosphate concentrations at a
6.1-m (20-ft) radial distance. The injection volume estimate based on this method was 530,000 L
(140,000 gal) (3500 minutes elapsed injection time), as shown in Figure 6.11 (see 20-ft and 21-ft
phosphate concentrations in the Ringold Formation).
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Figure 6.11. Phosphate Results of Pilot Test #2 Injection Test with Volume Extended to 140,000 gal.
Simulation results (shown as lines) at differing radial distances are followed by
measurements from wells at similar radial distances (shown with both lines and symbols)

Simulations were also conducted with the pilot test site #2 model during different river stage
conditions to determine the effect on injection volumes required for Ringold Formation treatment. In
addition to the ~70,000-cfs case shown in Figure 6.11, cases were run at very high-river stage conditions
with the timing of the May/June 2006 pilot test #1 injection and at an intermediate river stage period
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(100,000 cfs) as shown in Figure 6.6. Simulated phosphate concentrations after 530,000 L (140,000 gal)
of injection were between 30 to 45% of the injection concentration at a 6.1-m (20-ft) radial distance in the
Ringold Formation for the 100,000 cfs case. These concentrations were approximately 30% lower than
the ~70,000-cfs case as shown in Figure 6.11. For the very high-river stage during the June 2006 pilot
test #1, simulated phosphate concentrations after 530,000 L (140,000 gal) of injection were between 18 to
37% of the injection concentration at a 6.1-m (20-ft) radial distance in the Ringold Formation.

As discussed in Section 7.0, the Columbia River stage increased earlier than expected in March 2007
(see Figure 6.2) so that some of these injections occurred during high-river stage conditions instead of the
planned low-river stage. Additionally, springs appeared during some of these injections from high
hydraulic conductivity channels in the Hanford formation, resulting in potential poor reagent coverage in
these cases. One injection was stopped shortly after it started due to excessive seepage; this seepage loss
is discussed in more detail in Section 7.0.

6.3.4 June/July 2007 Injection Design

A second injection campaign was conducted in June and July of 2007. These injections were initially
intended for high-river stage treatment of all the barrier injection wells; however, some of these wells
were treated during high-river stage conditions in March 2007 because of the early seasonal rise in the
Columbia River stage. Thus, these injections targeted the wells that were not injected at high-river stage
during the earlier injections of 2007. This injection campaign also included another injection at pilot test
site #1. The Ca-citrate-PO, formulation during these injections was the same as the winter 2007
injections.

Planning for these high-river stage injections also accounted for differences in the hydraulic conduc-
tivity along the barrier determined through site characterization, pilot test injections, and the winter 2007
injections. Based on these observations, the barrier can be divided into two distinct portions with an
upstream portion between wells 199-N-138 to 199-N-141 and a downstream portion between wells
199-N-142 to 199-N-137. The upstream portion of the barrier is characterized by pilot test site #1 and the
downstream portion is characterized by pilot test site #2. The upstream portion has a much lower well-
specific capacity (as shown in Figure 4.5) than the downstream portion. The hydraulic conductivity
contrast between the Hanford and Ringold Formations is lower in the upstream portion than the down-
stream portion based on relative arrivals in these units at the pilot test sites and estimates from numerical
modeling fits. The bulk hydraulic conductivity in the Hanford formation (ignoring the larger-scale
heterogeneities) is lower in the upstream portion compared to the downstream portions. Estimates of the
hydraulic conductivity of the Ringold Formation are similar for both portions of the barriers.

For the upstream portion of the barrier, 378,500-L (100,000-gal) injection volumes were specified for
treating the Hanford formation during high-river stage. For the downstream portion, a lower injection
volume of 227,000 L (60,000 gal) was specified because there would be less reagent loss to the Ringold
Formation due to the greater contrast in the Hanford/Ringold hydraulic conductivity. The June/July 2007
injections are described in Section 7.0.

6.4 Post-Barrier Injection Design Revisions/Recommendations

Operational monitoring results from the pilot sites and barrier well injections (described in
Sections 5.0 and 7.0) showed that large injection volumes targeting the Ringold Formation in the
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downstream portion of the barrier were inefficient, and coverage was not complete because of the springs
that appeared and the earlier than usual high-river stage in 2007. PNNL scientists recommended that
injection wells screened only over the contaminated portion in the Ringold Formation be installed
between the existing injection wells in the downstream portion of the barrier. These wells would signifi-
cantly reduce the injection volumes required to treat the Ringold Formation, reduce the loss from springs
that formed during these injections, and also remove the low-river stage timing constraint for treatment of
these wells. The installation of these Ringold-only injection wells is planned for the winter of 2008.

With this new well configuration including the Ringold Formation-only wells, the injection design for
the high-concentration Ca-citrate-PO, planned for 2008 can be divided into two sections based on the
upstream and downstream portions of the barrier. For the upstream portion of the barrier, which has
injection wells spanning both the Hanford and Ringold Formation treatment zone, single large-volume
injections (~454,000 L [~120,000 gal]) are required during high-river stage conditions for treating both
the Hanford and Ringold Formations. Both units can be targeted simultaneously due to the relatively low
contrast in hydraulic conductivity between these units. For the downstream portion of the barrier, which
includes injection wells spanning both units and the Ringold-only injection wells, two injection opera-
tions, each with lower injection volumes (~227,000 L [~60,000 gal] each), will be required. The injection
wells spanning both the Hanford and Ringold Formations need to be injected during high-river stage to
treat the Hanford formation portion of the aquifer. The Ringold-only injection wells can be injected at
any time.

The design analysis is continuing to refine the volumes needed for the planned 2008 injections.
Work will continue on analysis of results from previous injections, and monitoring data collected during
the first Ringold Formation-only screened injection will be analyzed to determine treatment volume
requirements for these wells.
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7.0 100-N Area Low-Concentration Barrier Injections

The section describes the low-concentration apatite solution injections conducted as the initial phase
of treatment emplacement for a 91-m (300-ft)-long apatite PRB. After the pilot tests and additional
laboratory studies were conducted (described in Sections 2.0, 3.0, and 5.0), the injection formula was
modified for the remaining barrier well injections. The general injection design, as described in detail in
Section 6.0, is for a combination of low- and high-river stage injections to target the **Sr-contaminated
portion of the Hanford and Ringold Formations. Different injection volumes were needed during the
low- and high-river stage injections. Additionally, differences in injection volumes were required for the
upstream and downstream portions of the barrier due to differences in the hydraulic conductivity contrast
between the Hanford and Ringold Formations (see Sections 4.1.2 and 6.3.2).

During these injections, it was determined that low-river stage injections were not needed for the
upstream portion of the barrier because adequate coverage of reagent was also achieved in the Ringold
Formation during the high-river stage injections. This more uniform distribution of treatment was caused
by a relatively low apparent contrast in Hanford/Ringold formation hydraulic conductivity at these
locations, as determined based on pilot test #1 results. Conversely, the larger hydraulic conductivity
contrast between the Hanford and Ringold Formations in the downstream portion of the barrier resulted in
the need for larger injection volumes during low-river stage conditions to adequately treat the Ringold
Formation. Springs appeared during some of these injections, which resulted in termination of one
injection after only 4 hours due to excessive seepage loss. Injection wells screened only in the Ringold
Formation for the downstream portion of the barrier are needed for better coverage in this area, and will
be installed before additional injections at the barrier. These Ringold-only injection wells should result in
increased treatment efficiency by requiring smaller injection volumes to target the contaminated zone in
the upper portion of the Ringold Formation.

Apatite injections were conducted in nine wells in February and March 2007 during both low- and
high-river stage conditions. Six additional injections occurred in June and July of 2007 during high-river
stage conditions for wells that had injections during low-river stage conditions in March. The apatite
injections conducted at the 100-N Area are summarized in Table 7.1.

7.1 Barrier Installation

This initial phase of apatite barrier formation was accomplished by conducting 17 separate injections
at the 10 barrier well locations (Table 7.1). Most wells were injected twice, per the two-phased injection
strategy discussed above. Three different chemical formulations were used—one for the initial pilot test,
a modified formulation for the second pilot test, and the final formulation for the barrier formation
(Table 7.2).

The chemical mass injected, and the average concentration of the chemical treatment for each injec-
tion, was determined by monitoring concentrations within the injection well, monitoring flow rates of the
injection stream and concentrated feed solutions, and measuring the undiluted chemical concentrations
and volumes (see Section 4.3). After the chemical mass was injected, the average chemical concentration
for each of the barrier formation injections was generally within 10% of the design specification
(Tables 7.3 and 7.4). The injection volumes were typically lower than the design volumes.
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Table 7.1. 100-N Area Low-Concentration Apatite Injection Summary. Table identifies purpose of
injection, injection start date, river stage condition, formation treated, chemical formulation

used, volume of solution injected, and the duration of the injection.

(2)

60,000 gal (23.6 hr)

Well ID First Treatment Second Treatment
Pilot Test #1 5/31/06 — HR Barrier Emplacement 6/8/07 — HR
199-N-138 Hanford/Ringold — P1 Formulation Hanford/Ringold — Barrier Formulation
96,000 gal (35.4 hr) 89,900 gal (39 hr)
Barrier Emplacement 3/22/07 — HR
199-N-139 Hanford/Ringold- Barrier Formulation No follow-up treatment
124,800 gal (53 hr)
Barrier Emplacement 3/2/07 — LR Barrier Emplacement 7/10/07 — HR
199-N-140 Hanford/Ringold — Barrier Formulation Hanford/Ringold — Barrier Formulation
123,600 gal (57 hr) 82,700 gal (37 hr)
Barrier Emplacement 3/20/07 — HR
199-N-141 Hanford/Ringold — Barrier Formulation No follow-up treatment
127,600 gal (54.5 hr)
Barrier Emplacement 2/28/07 — LR Barrier Emplacement 6/5/07 — HR
199-N-142 Ringold — Barrier Formulation Hanford — Barrier Formulation
129,900 gal (58 hr) 55,900 gal (22 hr)
Barrier Emplacement 3/22/07 — HR
199-N-143 Hanford — Barrier Formulation No follow-up treatment
131,600 gal (53 hr)
Barrier Emplacement 3/2/07 — LR Barrier Emplacement 6/5/07 — HR
199-N-144 Ringold — Barrier Formulation Hanford — Barrier Formulation
128,900 gal (57 hr) 54,600 gal (22 hr)
Barrier Emplacement 2/28/07 — LR Barrier Emplacement 7/10/07 — HR
199-N-145 Ringold — Barrier Formulation Hanford/Ringold — Barrier Formulation
110,300 gal (53 hr) 55,600 gal (25 hr)
Barrier Emplacement 2/28/07 — LR Barrier Emplacement 6/5/07 — HR
199-N-136 Ringold — Barrier Formulation Hanford — Barrier Formulation
9700 gal (4 hr) 54,600 gal (22 hr)
Pilot Test #2 September 2006 — LR Barrier Emplacement 3/20/07 — HR
199-N-137 Ringold — P2 Formulation Hanford — Barrier Formulation

134,500 gal (54.5 hr)

(a) HR= high-river stage, LR= low-river stage.

Table 7.2. Design Specified Chemical Concentrations of Injection Solution

Phosphate
Formulation Citrate Concentration | Calcium Concentration Concentration
P1 Formulation — Pilot test #1 10 mM (1890 mg/L) 4 mM (160 mg/L) 2.4 mM (228 mg/L)
P2 Formulation — Pilot test #2 5 mM (945 mg/L) 2 mM (80 mg/L) 2.4 mM (228 mg/L)
Barrier Formulation 2.5 mM (473 mg/L) 1 mM (40 mg/L) 10 mM (950 mg/L)
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Table 7.3. Injection Concentrations and Total Chemical Mass Injected During the March 2007 Apatite
Barrier Formation Injections. Note that calcium design concentration includes calcium from
the raw chemical feed (40 mg/L) and from the make-up water (17 mg/L). Solution injection
rates were maintained at ~40 gpm during all injections.

Total Solution Average Injection Concentration Total Chemical Injection Mass
injection volume (mg/L) (kg)

Well Name (gal) Calcium Citrate Phosphate Calcium | Citrate | Phosphate
199-N-139 124836 57.2 520 1069 27.0 238 528
199-N-140 123588 64.2 591 1032 30.0 274 494
199-N-141 127576 68.8 557 985 332 264 506
199-N-142 129923 64.3 540 987 31.5 256 493
199-N-143 131633 54.5 489 979 27.1 239 499
199-N-144 128888 61.8 559 1031 30.1 271 519
199-N-145 110297 62.3 549 1105 26.0 227 478
199-N-136 9669 68.6 600 1130 2.5 22 44
199-N-137 134505 65.3 504 936 332 253 495

Design Spec. 140000 57 473 950 30.2 250 503

% Difference Percent difference from design Percent difference from design
from design vol. specification concentration specification mass
199-N-139 -11% 0.3 10 13 -11 -4.7 5.1
199-N-140 -12% 1% 25 8.6 -0.5 9.4 -1.6
199-N-141 -9% 21 18 3.7 10 5.6 0.6
199-N-142 1% 13 14 3.9 4.3 23 -1.9
199-N-143 -6% -4.3 3.5 3.1 -10 -4.3 -0.8
199-N-144 -8% 8 18 8.5 -0.2 8.3 3.4
199-N-145/ -14% 10 17 15 -5.6 -0.2 3.7
199-N-136
comb
199-N-137 -4% 15 6.7 -1.4 10 1.2 -1.5

This occurred because the injections concentration was typically held slightly higher than the design
specification, resulting in a slightly lower volume at a slightly higher concentration. Details of the pilot
test injections are provided in Sections 5.2 and 5.3.

River stage during the barrier injection was an important parameter in the depth interval treated and
the efficiency of treatment. River stage along this section of the Columbia River is controlled by the rate
of discharge at PRD, located approximately 29 km (18 mi) upstream of the 100-N Area. Tables 7.5 and
7.6 show the Columbia River stage at the 100-N Area stage gauge, and the corresponding river discharge
from PRD during the February/March and June/July 2007 injections. The initial plan, prior to pilot
testing, was to conduct injections during low-river stage to provide treatment for the Ringold Formation,
while injections during high-river stage would target Hanford formation treatment. For the upstream
portion of the barrier, the contrast between permeability in the Hanford and Ringold Formations was
sufficiently small that injections at high-river stage alone were successful in treating both the Hanford and
Ringold Formations.
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Table 7.4. Injection Concentrations and Total Chemical Mass Injected During the June 2007 Apatite
Barrier Formation Injections. Note that calcium design concentration includes calcium from
the raw chemical feed (40 mg/L) and from the makeup water (17 mg/L). Solution injection
flow rate was maintained at ~40 gpm during all injections.

Total Solution | Average Injection Concentration (mg/L) | Total Chemical Injection Mass (kg)
injection volume
Well Name (gal) Calcium Citrate | Phosphate Calcium | Citrate | Phosphate
199-N-138 89,889 56.2 528 862 19.1 179 315
199-N-140 82,716 57.7 550 991 18.0 175 309
Design Spec. 100,000 57 473 950 21.6 179 359
199-N-142 55,911 57.6 570 1049 12.2 120 225
199-N-144 54,609 56.4 534 986 11.7 110 204
199-N-145 55,572 59.0 401 1063 12.4 97 225
199-N-136 54,609 56.4 534 986 11.7 110 204
Design Spec. 60,000 57 473 950 12.9 107 216
% difference Percent difference from design Percent difference from design
from design vol. specification concentration specification mass
199-N-138 -10% -1.5 12 -9.2 -12 0.0 -12
199-N-140 -17% 1.2 16 43 -17 -2.1 -14
199-N-142 -7% 1.0 20 10 -5.7 12 43
199-N-144 -9% -1.0 13 3.8 -10 2.8 -5.4
199-N-145 -7% 3.5 -15 12 -3.9 -9.4 4.4
199-N-136 -9% -1.0 13 3.8 -10 2.8 -5.4

Table 7.5. River Stage (and corresponding Priest River Dam discharge) During the March 2007
Injections and the 7-Day Reaction Period, as Measured at the 100-N Area River Stage Gauge

River stage (m) River Discharge (cfs)

Well ID Maximum Minimum Average Maximum Minimum Average
199-N-136 119.36 117.30 118.14 117,000 76,900 100,682
199-N-137 120.42 118.19 119.43 196,000 127,000 161,818
199-N-139 120.59 117.42 119.53 223,000 131,000 174,000
199-N-140 119.36 117.30 117.98 112,000 76,900 96,445
199-N-141 120.42 118.19 119.43 196,000 127,000 161,818
199-N-142 119.36 117.30 118.14 117,000 76,900 100,682
199-N-143 120.59 117.42 119.53 223,000 131,000 174,000
199-N-144 119.36 117.30 117.98 112,000 76,900 96,445
199-N-145 119.36 117.30 118.14 117,000 76,900 100,682

Table 7.6. River Stage (and corresponding Priest River Dam discharge) During the June 2007 Injections
and 7-Day Reaction Period

Injection River Stage (m) River Discharge (cfs)

Well ID | Start Date | Maximum | Minimum Average Maximum | Minimum Average
199-N-136 6/5/07 120.51 119.01 119.74 224,500 147,700 182,700
199-N-138 6/8/07 120.51 119.05 119.70 224,300 150,600 181,620
199-N-140 | 7/10/07 119.81 117.51 118.99 191,930 78,720 151,190
199-N-142 6/5/07 120.51 119.01 119.74 224,500 147,700 182,700
199-N-144 6/5/07 120.51 119.01 119.74 224,500 147,700 182,700
199-N-145 | 7/10/07 119.81 117.51 118.99 191,930 78,720 151,190
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However, for the downstream portion of the barrier, multiple injections did not provide complete
treatment. High-river stage conditions provided a hydraulic barrier that contained the injection solution in
the Hanford formation, allowing adequate treatment. Unfortunately, injections during low-river stage had
limited success in providing adequate extent of treatment in the Ringold Formation. The large contrast in
permeability between the Hanford and Ringold Formations along the downstream portion of the barrier
resulted in the loss of a significant portion of the injection volume to the saturated Hanford formation
interval, associated shoreline seeps, and limited treatment of the Ringold Formation. As discussed earlier,
Ringold-only injection wells will be required to provide a more effective treatment of this interval over
the downstream portion of the barrier. Injections that occurred during a low-river stage (<118.5 m
[388 ft]) were re-treated during June 2007 to provide treatment for the Hanford formation (Tables 7.5 and
7.6).

For injections conducted during periods of low-river stage, the injection solution was able to move
through high-permeability zones within the lower portion of the Hanford formation (just above the
Hanford/Ringold formation contact) and discharge directly to the Columbia River. This loss to the
shoreline seeps resulted in a significant loss in treatment efficiency. The largest seeps that formed during
barrier emplacement injections were located at the downstream portion of the barrier (Figure 7.1).

N-137

Lal
N-147 3122007

®N-136
KT TTY
®N-145
NS3 M7
o
o ®N-144
N-122 31407
& N-143
# N-142
N52 32007
/ S IY0
N-146 14T ® Injection wells
® N-140 o Caissons
314107 o Performance wells
® N-139 Color indicates "spring’
appeared. Date indicates
®N.138 date spring appeared.

Figure 7.1. Location and Relative Discharge Rate of Springs During Injection. Spring locations are
color coordinated to designate which wells were associated with which spring. Height of
color block is qualitatively proportional to spring discharge rate. 199-well name prefix is
omitted.
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In general, seep locations were consistent with historical N-Spring locations reported during 100-N
Reactor operations. Some of these springs occurred over very small areas, indicating the spring was
caused by a high permeability feature of limited extent. The spring near monitoring well 199-N-147
appeared during the injection in 199-N-136. This injection was stopped after several hours and moved to
well 199-N-145. Even after moving the injection, the spring continued to discharge injection solution to
the river, though at a slower rate than during injections. Other springs occurred over a wide area,
suggesting that a larger-scale high permeability feature led to formation of the spring. The injection wells
where springs occurred are illustrated in Figure 7.1. The discharge from most springs found during
injections consisted of virtually undiluted injection solutions, as indicated by SpC. No springs or seeps
were observed during injections conducted at high-river stage conditions because all seep locations were
underwater. No attempt was made to sample the submerged seeps at high-water stage due to the
difficulties associated with both locating and sampling the features. It is possible that discharge of
injection solution to the Columbia River occurred even during high-river stage conditions, although most
likely at a significantly reduced rate.

7.2 Assessment of Lateral Regent Coverage

Design specifications for the barrier installation stipulated that the chemical concentrations should be
at least 50% of injection concentration 6.1 m (20 ft) from each injection well. This is considered a
sufficient radial extent of treatment to provide overlap of treatment between injection wells. While
monitoring points were not installed between injection wells, monitoring was conducted in adjacent
injection wells during treatment operations. Comparison of the SpC and phosphate concentrations
relative to injection concentration provides an indication of treatment effectiveness at a radial distance of
6.1 m (20 ft) from the injection well (Table 7.7). Operational monitoring data during these injections in
adjacent wells is shown in Appendix A. As expected, phosphate transport was somewhat retarded
relative to the bulk solution (as indicated by SpC measurements). The SpC in adjacent wells was
consistently closer to injection well values than the phosphate concentration. Thus, the phosphate
concentration was considered a better indicator of treatment efficiency than SpC. Because no monitoring
wells were available at a 6.1-m (20-ft) radial distance to assess the extent of treatment, arrival data from
adjacent injection wells (9.1-m [30-ft spacing]) were used as an indicator. To account for the increase in
radial distance to this monitoring point, the phosphate concentration metric for arrival at adjacent
injection wells was reduced to 20% to 30% of the injection concentration (from 50% at a 6.1-m [20-ft]
distance). Based on this injection performance metric, the phosphate concentration measured at wells
adjacent to the injection indicated satisfactory treatment. The effectiveness of the injection was most
questionable between injection wells 199-N-144 and 199-N-145. Concentrations measured along this
portion of the barrier provide an example of hydraulic interference between adjacent injections. The July
2007 injections in wells 199-N-144 and 199-N-136 occurred simultaneously. Based on the phosphate
concentrations measured in well 199-N-145 during these injections, it appears the two injection mounds
created by simultaneous treatment of these closely spaced wells worked against each other, thus limiting
flux between the two points of injection and, subsequently, treatment at well 199-N-145. Phosphate
concentration in well 199-N-145 during the July 2007 injection was only 25% of the injection concen-
tration. However, monitoring in well 199-N-144 during both the March and July 2007 injections in well
199-N-145 indicated adequate treatment of this portion of the barrier. This example illustrates the need
for maintaining adequate spacing between active injection wells to ensure satisfactory treatment.
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Table 7.7. Comparison of Treatment Efficiency at Wells Adjacent to Injection Wells During FY 2007

Injections
Upstream Well %
Upstream Well % of Injection Downstream Well % of
of Injection Solution PO4 Downstream Well % of | Injection Solution PO,
Injection Well Solution SpC Concentration Injection Solution SpC Concentration

199-N-138 (June) No upstream well | No upstream well | 38% (@15 £t)® Hanford |21% (@15 f)® Hanford
199-N-138 (June) No upstream well | No upstream well [ 66% (@15 ft) Ringold  [42% (@ 15 ft) Ringold
199-N-139 (March) 90% 83% 86%" 76%®
199-N-140 (March) 54% 38% 47% 40%
199-N-140 (July) 74%® 86%" 50% 34%
199-N-141 (March) 66% 39% 80% 56%
199-N-142 (February) 26% 16% 83% 85%
199-N-142 (June) 54% 33% 82% 74%
199-N-143 (March) 80%" 67%" 94%® 95%"
199-N-144 (March) 92%") 105%" 90% 85%
199-N-144 (June) 82% 74% 45%© 26%
199-N-145 (February) 47% 34% 64%" 17%®
199-N-145 (July) 56% 37% 91%® 90%"®
199-N-136 (June) 45%° 26%"° 78% 70%
199-N-137 (March) 54% 25% 101% (@15 ft) Hanford |90% (@15 ft) Hanford
199-N-137 (March) No Ringold well | No Ringold well [75% (@15 ft) Ringold 50% (@15 ft) Ringold

(a) Arrival was higher at mid-injection (80% SpC and phosphate).
(b) Previous injections interfered with results at adjacent monitoring wells.
(c) Interference from concurrent injections at wells 199-N-144 and 199-N-136.

A more thorough evaluation of treatment efficiency can be conducted for injections in the two wells
at the ends of the barrier. At these locations, additional monitoring points were installed as part of the
pilot test injection monitoring network. During the March injection in well 199-N-137, the phosphate
concentrations in the Hanford formation at the end of the test indicated good treatment. Phosphate

concentrations 4.6 m (15 ft) from the injection well were 70 to 90% of the injection solution phosphate
concentration (Figure 7.2). More than 6.1 m (20 ft) from the injection well, the aquifer tube installed in
the Hanford formation (APT-5S) had a phosphate concentration 60% of the injection solution.

Treatment of the Ringold Formation was not as effective. The phosphate concentrations measured at
wells P2-7-R and P2-3-R indicated some treatment; however, the other monitoring wells screened in the
Ringold Formation showed much lower (or nondetectable) phosphate concentrations. Monitoring well
P2-9-R was screened lower in the Ringold Formation (see Figure 4.3) than the other wells. Arrival data
indicated that what treatment there was in the Ringold Formation was mostly limited to that interval
targeted by the screen. However, over time some reagent was lost deeper in the formation.

The injection during June 2007 in well 199-N-138 indicated generally comparable treatment in
both Hanford and Ringold Formations (Figure 7.3), although somewhat less extensive in the Ringold
Formation. Results from this injection indicate that a larger volume should be specified for future
injections in wells located within the upstream portion of the barrier.
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Figure 7.2. Treatment Efficiency Around Well 199-N-137 (Pilot Test Site #2) During March 2007
Injection. Final phosphate concentrations in monitoring wells reflected as percent of
injection concentration. Shaded region shows ~20-ft radius. ND = No Data.
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Figure 7.3. Treatment Efficiency Around 199-N-138 (Pilot Test Site #1) During June 2007 Injection.
Final phosphate concentrations in monitoring wells reflected as percent of injection
concentration. Shaded region shows ~20-ft radius. ND = No Data.
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As indicated in Section 6.4, future injection volumes will be specified at 454,000 L (120,000 gal),
which is a ~30% increase in volume from what was used during this injection. Consistent with pilot
test #1, treatment of the Hanford formation appeared most effective north and south of the injection well,
while treatment of the Ringold Formation appeared more effective east of the injection well. In fact,
phosphate concentrations indicated that treatment of the Ringold Formation was more effective than
treatment of the Hanford formation in that direction. Overall, this analysis supports the notion that
effective treatment of both formations can be accomplished with the existing wells at the upstream
portion of the barrier. Effective treatment along the downstream portion of the barrier will require
injection wells screened only within the Ringold Formation.

7.3 Hydrogeologic Differences Along Barrier Length

During low-concentration treatment of the barrier, it was observed there were two distinct zones
within the Hanford formation along the apatite barrier. The hydraulic conductivity of the Hanford
formation appeared to be higher along the downstream half of the barrier, between wells 199-N-142 and
199-N-137. This was evident from the specific capacity estimates determined from drawdown response
during well development (see Section 4.1.2), and from reagent arrivals in adjacent wells and the
appearance of shoreline seeps during injection operations. The lower apparent hydraulic conductivity of
the Hanford formation observed at pilot test site #1 (and assigned as representative of conditions over the
upstream portion of the barrier) may be due in part to well inefficiency (i.e., skin effect) observed in these
wells (see discussion in Sections 4.0 and 5.0).

While specific capacity cannot be directly related to hydraulic conductivity of the Hanford formation,
it does provide an indication of the combined effects of formation permeability and well efficiency. The
specific capacity on the downstream half of the barrier is 10 to 30 times higher than on the upstream
portion of the barrier (see Figure 4.5). Given the consistent difference in specific capacity between the
wells in the up and downstream portions of the barrier, it is apparent the downstream wells are in
hydraulic communication with higher permeability materials than the upstream wells.

Another indicator of the relative difference in Hanford/Ringold formation permeability contrast over
the upstream and downstream sections of the apatite barrier was provided by analysis of the arrival curves
at wells adjacent to an injection well. Over the upstream portion of the barrier, the SpC of the adjacent
wells increased gradually during the injection (Figure 7.4). Injections on the downstream portion of the
barrier resulted in more rapid increases in SpC, which is indicative of a higher conductivity flow path
(Figure 7.4).

Another example of this larger apparent permeability contrast between the Hanford and Ringold
Formations is provided by the June 2007 injection in well 199-N-136. Partway between well 199-N-136
and 199-N-137, there was a well pair from the pilot test #2 well network. This well pair consisted of both
a Hanford (PT-2-6H) and Ringold (PT-2-5R) monitoring point. The chemical arrival in the Hanford
formation was consistent with the arrival monitored in the adjacent fully screened wells. However, there
was no evidence of chemical arrival in the Ringold Formation (Figure 7.5).
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Figure 7.4. Arrival Curves for Wells Adjacent to Injection Well. Blue curves are for a March 2007
injection in well 199-N-140 (upstream portion of barrier). Red curves are for a June 2007
injection in well 199-N-136 (downstream portion of barrier). Prefix 199- omitted from well
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Figure 7.5. Arrival Curves for Wells Adjacent to 199-N-136 During the June 2007 Injection in Well
199-N-136. Prefix 199- omitted from well names.

Two injections in well 199-N-142 (March and June 2007) provide an example of a relatively
asymmetric reagent transport distribution, which was exhibited to some degree at most of the injection
well locations (see treatment efficiency estimates presented in Table 7.7). During both of these injections,
much faster arrivals were observed in the downstream well (199-N-143) than in the upstream well
(199-N-141) (Figure 7.6). This response indicates preferential flow in the downstream direction at this

location. This effect was more pronounced during the low water (March 2007) injection.
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8.0 100-N Apatite Low-Concentration Injection
Performance Monitoring

The section describes the barrier performance following low-concentration apatite solution injections
for the 91-m (300-ft) barrier. The objective of the low-concentration apatite solution injections is to
stabilize the existing *’Sr before injection of high-concentration apatite injections. The ionic strength of
the injection solution, particularly divalent ions such as calcium, causes desorption of *°Sr from the
sediments resulting in temporary increased aqueous °Sr concentrations. Strontium-90 concentrations in
groundwater along the Columbia River at the 100-N area show significant temporal variability based on
measurements from aquifer tubes and long-term monitoring wells installed before the apatite treatability
test. Additionally, there is a general spatial trend in *°Sr concentrations in the aquifer along the river as
shown in Figure 1.8. Because of the short time between the installation of compliance, injection, and
pilot test monitoring wells at the 100-N Area apatite treatability test site and the Ca-citrate-PO, injections
(started at the site in the spring of 2006), there were insufficient data from these wells to establish
baseline *°Sr ranges at the site. Therefore, baseline *°Sr ranges were established for the injection and
compliance wells at the treatability test site based on gross beta analysis from the aquifer tube monitoring
and the limited preinjection monitoring from the treatability test wells.

Two different analytical methods and laboratories were used to measure *’Sr as listed in Table 4.5
(*°Sr and **°Sr). The *°Sr is reported in the Hanford Environmental Information System (HEIS) as
“total beta radiostrontium.” Comparison of values from duplicate samples using these two different
techniques yielded similar results. The results from these two different methods are indicated in the
figures in this section. For simplicity, *°Sr as referred to in the text includes both types of measurements
(*°Sr and ¥°Sr). Additionally, Mendoza et al. (2007) has shown that aqueous gross beta measurements
can directly correlate to aqueous *’Sr concentrations around the 100-N Area shoreline with gross beta
equal to two times the *°Sr concentrations.

This section describes the data and methods used to establish a range of baseline *’Sr concentrations
for injection and compliance wells at the 100-N Area apatite treatability test site. The performance
monitoring data available in February 2008 (which included the November 2007 sampling event) are
provided in this section, which is organized by pilot test sites, barrier injection wells, compliance wells,
and aquifer tubes. The performance monitoring data in this section include **Sr, calcium, phosphate, and
specific conductance measurements.

Other performance measures for the 100-N apatite barrier include impact on general water quality
(i.e., field parameters and trace metals), changes in aquifer permeability, and assessment of the amount of
apatite formed from the field injections. Short-term monitoring results of field parameters and trace
metals following the two pilot tests are described in Section 5.0. Analysis of longer-term field parameters
and trace metal data will be included in the update of this interim report and/or in a separate report docu-
menting results from high concentration treatment. Additionally, monitoring wells screened only in the
Hanford formation at the pilot test sites have been dry since the June/July 2007 injections. Monitoring of
these wells will resume when the river stage increases in spring 2008. Performance monitoring in the
other wells is continuing with the results reported in subsequent reports. Because high-concentration
injections will be conducted during the upcoming spring/summer high-river stage period, continued
assessment of the effectiveness of the low-concentration treatments cannot be continued once these
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injections commence. Attention will shift instead to performance assessment of the high-concentration
treatments, which is the primary objective of the apatite treatability studies.

Changes in aquifer permeability from this process will also be assessed as part of the treatability test.
Pressures and tracer arrivals monitored during the initial pilot injection tests will be compared to moni-
tored values at the ending of high-concentration injections at the pilot test sites that are planned to begin
in 2008. Numerical models developed for the pilot test sites will be used to estimate the hydraulic
properties of these sites based on fitting the monitoring data collected during these tests.

Following the high Ca-citrate-PO, injections planned to begin in 2008, sediment samples will be
collected from boreholes in the treatment zone (focused on the two pilot test sites) for laboratory analysis.
These studies will be used to determine the quantity of apatite in the sediments achieved by the field
injections and to estimate treatment longevity.

8.1 Estimation of Baseline Strontium-90 Concentrations

Only limited pretreatment data were available for the 10 apatite barrier injection wells, which made it
difficult to establish baseline conditions for these wells, and therefore limited the ability to assess post-
treatment performance data. However, more than a year of pretreatment data are available from downgra-
dient aquifer tubes monitored as part of the Remediation and Closure Science Project (Mendoza et al.
2007) and one of the compliance monitoring wells installed in FY 2005 (others have a shorter data record
but do provide some baseline information). In an attempt to use this previously collected data, a geosta-
tistically based approach was implemented to estimate baseline conditions at the injection well locations
based on the observed range in *°Sr concentrations in these nearby aquifer tubes (Figure 8.1). Both spatial
and temporal variability in *’Sr concentration exists over the scale of the apatite barrier. The objective of
this evaluation was to estimate the extent of temporal variability and the degree to which it varies
spatially along the length of the barrier, to provide an improved understanding of baseline site conditions.
This improved understanding of baseline conditions in turn allows for a more informed evaluation of the
post-treatment performance assessment data collected to date.

Variogram analysis was conducted to assess and model the spatial variation. Available data were
binned on a monthly basis, and the pretreatment concentration at the injection wells was estimated
monthly using data from downgradient aquifer tubes, as well as available pretreatment observations in the
compliance/injection wells. These data were collected separately for each month. Up to 12 monthly data
collections were estimated by kriging with the use of the modeled variogram. Means and the 95%
confidence intervals of the means were calculated.

8.1.1 Available Data

Injection and Compliance Wells: There are 10 injection wells (i.e., 199-N-138, 199-N-139,
199-N-140, 199-N-141, 199-N-142, 199-N-143, 199-N-144, 199-N-145, 199-N-136 and 199-N-137) and
4 compliance wells (199-N-123, 199-N-146, 199-N-122 and 199-N-147). After careful review of
available data, a set of pretreatment observations were identified for the injection wells and compliance
wells. Table 8.1 tabulates the 32 pretreatment data from the injection and compliance wells. Note there
were no pretreatment observations available for 199-N-139 and 199-N-140. All other injection wells
have a single pretreatment observation except for 199-N-137, which had two. Several more pretreatment
observations were available for compliance wells 199-N-122 and 199-N-123.
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Figure 8.1. Spatial Coordinate Transform. Red symbols: wells in original coordinates relative to 2A.
Solid red line: regression line based on the coordinates of 10 injection wells. This regression
line defines the angle to be rotated. The dashed red line represents the x-axis that is rotated
to the position shown as the dashed blue line. Blue symbols are well locations in the rotated

coordinate system.

Aquifer Tubes: Gross beta concentration data, which has been shown to be directly correlated to *’Sr
concentration (Mendoza et al. 2007), from eight aquifer tubes (2A, 3A, 4A, 6A, 7A, NS-2A, NS-3A and
NVP2, Figure 8.1) were evaluated for their usefulness in providing pretreatment *°Sr baseline data. The
selection of these aquifer tubes was based on their location relative to the apatite barrier and the depth
interval sampled by the tube (116 m [380 ft] above mean sea level) was selected by Mendoza et al. (2007)
to represent the highest concentration portion of the profile, and is the approximate contact between the
Hanford/Ringold formations at the tube location. Data from these aquifer tubes were available from April
2004 to December 2007, with varying temporal coverage from tube to tube. A general cutoff for iden-
tifying pretreatment data in the aquifer tubes was prescribed as the initial injection test on well 199-N-137
at September 27, 2006. However, adjustment was made for aquifer tubes close to well 199-N-138, which
had an initial injection on May 31, 2006. Table 8.2 lists the specification of pretreatment data retained
from the aquifer tubes. After averaging the 24 duplicate observations on November 8, 2005, and the 2
duplicate observations on May 10, 2006, for NVP2, and the 2 duplicate observations on May 10, 2006
for NS-2A, and converting the gross beta to *’Sr concentration (gross beta divided by two), a total of
102 pretreatment data were retained for the 8 aquifer tubes, as tabulated in Table 8.3.
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Table 8.1. Pretreatment Baseline *’Sr Measurements Identified for Injection and Compliance

Monitoring Wells
Easting (m) Northing (m)
NAD83 (91) NADS3 (91)
Date/Time Well Name Sr (pCi/L) Datum Datum
7/7/2006 11:00 199-N-136 1700.00 571337.18 149940.73
9/25/2006 13:24 199-N-137 1841.99 57134443 149946.30
7/7/2006 13:38 199-N-137 875.00 571344.43 149946.30
4/26/06 9:24 199-N-138 811.24 571287.27 149887.72
7/10/2006 14:32 199-N-141 985.00 571303.97 149909.49
7/11/06 10:16 199-N-142 2200.00 571310.19 149916.16
7/11/2006 10:53 199-N-143 2050.00 571316.50 149923.04
7/11/06 11:54 199-N-144 1550.00 571322.83 149929.28
7/11/06 12:26 199-N-145 4450.00 571329.90 149935.11
11/28/2005 10:47 199-N-123 871.00 571282.86 149889.37
12/6/2005 11:48 199-N-123 745.00 571282.86 149889.37
1/16/2006 9:54 199-N-123 1180.00 571282.86 149889.37
1/31/2006 10:01 199-N-123 723.00 571282.86 149889.37
3/1/2006 12:20 199-N-123 857.00 571282.86 149889.37
4/12/2006 10:32 199-N-123 1040.00 571282.86 149889.37
11/28/2005 12:35 199-N-122 730.00 571318.48 149928.81
12/6/2005 13:07 199-N-122 1010.00 571318.48 149928.81
1/6/2006 12:07 199-N-122 657.00 571318.48 149928.81
5/18/2006 11:25 199-N-122 724.00 571318.48 149928.81
7/21/2006 8:57 199-N-122 2430.00 571318.48 149928.81
8/8/2006 9:52 199-N-122 2320.00 571318.48 149928.81
9/13/2006 10:13 199-N-122 4630.00 571318.48 149928.81
11/13/2006 10:42 199-N-122 1030.00 571318.48 149928.81
2/15/2007 13:18 199-N-122 942.00 571318.48 149928.81
7/11/2006 9:38 199-N-122 1150.00 571318.48 149928.81
6/13/2006 11:41 199-N-147 522.00 571338.34 149946.51
9/18/2006 11:50 199-N-147 1220.00 571338.34 149946.51
7/7/2006 12:20 199-N-147 685.00 571338.34 149946.51
6/13/2006 12:30 199-N-146 318.00 571298.80 149909.74
11/16/2006 9:22 199-N-146 882.00 571298.80 149909.74
2/15/2007 13:57 199-N-146 810.00 571298.80 149909.74
7/10/2006 15:12 199-N-146 665.00 571298.80 149909.74

The combined 134 pretreatment data from both aquifer tubes (Table 8.3) and injection/compliance
wells (Table 8.1) were visually inspected for their temporal and spatial variations. For spatial variation, it
was restricted to only consider the one-dimensional variation along the direction parallel to the injection
barrier. To accomplish this, the following coordinate transformation was conducted. Coordinates of all
wells/aquifer tubes relative to aquifer tube 2A were calculated. A regression line was established based
on the relative coordinates of the 10 injection wells. The slope of the regression line established the
rotation angle (about 45 degrees) for a new horizontal x axis with origin at 2A and parallel to the
regression line passing through the 10 injection wells. All wells and aquifer tubes were projected to this
new horizontal x axis. Figure 8.1 shows a sketch of this transformation, and Table 8.4 lists the distance of
each well to the origin (aquifer tube 2A) along the regression line parallel to the apatite barrier.
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Table 8.2. Name and Coordinates of Aquifer Tubes

Easting (m) Northing (m)
NAD83 (91) NADS3 (91)
Name Datum Datum Comments
2A 571259.6 149888.8 Exclude data after 5/31/2006 (199-N-138). The first
116.0 m actually excluded is 6/6/2006.
(screen top elev.)
3A 571273.7 149911.4 Exclude data after 5/31/2006 (199-N-138). The first
116.0 m actually excluded is 6/6/2006.
(screen top elev.)
4A 571292.3 149925.4 Exclude data after 9/27/2006 (199-N-137). The first
116.0 m actually excluded is 3/15/2007.
(screen top elev.)
6A 571325.6 149955.7 Exclude data after 9/27/2006 (199-N-137). The first
116.0 m actually excluded is 1/10/2007.
(screen top elev.)
7A 571347.1 149981.7 Exclude data after 9/27/2006 (199-N-137). The first
116.0 m actually excluded is 3/14/2007.
(screen top elev.)
NS-2A 571292.3 149925.4 No exclusion. Available data are between 4/9/2004 and
116.1 m 9/25/2006.
(screen top elev.)
NS-3A 571310.5 149941.2 No exclusion. Available data are between 4/9/2004 and
116.1 m 11/1/2005.
(screen top elev.)
NVP2 571313.8 149945 Exclude data after 9/27/2006 (199-N-137). The first
116.0 m actually excluded is 1/10/2007.
(screen top elev.)

Table 8.3. Pretreatment Baseline *°Sr Measurements Identified for Aquifer Tubes

Sy
Date/Time Well Name (pCi/L) Date/Time | Well Name OSr
8/3/2005 2A 199.00 5/16/2005 NS-2A 1275.00
9/28/2005 2A 215.00 6/10/2005 NS-2A 1120.00
3/8/2006 2A 357.00 8/23/2005 NS-2A 1145.00
4/13/2006 2A 88.00 9/28/2005 NS-2A 1275.00
5/10/2006 2A 92.00 10/7/2005 NS-2A 1445.00
8/3/2005 3A 288.50 11/1/2005 NS-2A 1275.00
9/28/2005 3A 288.50 12/27/2005 NS-2A 1175.00
3/8/2006 3A 273.50 1/11/2006 NS-2A 1100.00
4/13/2006 3A 276.50 2/7/2006 NS-2A 1290.00
5/10/2006 3A 285.50 3/8/2006 NS-2A 1140.00
8/3/2005 4A 1040.00 4/13/2006 NS-2A 1380.00
9/28/2005 4A 1130.00 5/10/2006 NS-2A 1477.50
12/27/2005 4A 945.00 6/6/2006 NS-2A 1170.00
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Table 8.3. (contd)

9OSr
Date/Time Well Name (pCi/L) Date/Time | Well Name gy
1/11/2006 4A 935.00 7/20/2006 NS-2A 1105.00
2/7/2006 4A 1330.00 8/16/2006 NS-2A 1410.00
3/8/2006 4A 1040.00 9/25/2006 NS-2A 1555.00
4/13/2006 4A 965.00 4/9/2004 NS-3A 2930.00
5/10/2006 4A 875.00 6/9/2004 NS-3A 3855.00
6/6/2006 4A 985.00 8/16/2004 NS-3A 3115.00
7/20/2006 4A 1055.00 9/25/2004 NS-3A 2605.00
8/16/2006 4A 1075.00 || 10/29/2004 NS-3A 2855.00
9/25/2006 4A 1235.00 || 12/15/2004 NS-3A 2385.00
8/3/2005 6A 434.00 1/20/2005 NS-3A 2705.00
9/28/2005 6A 394.50 2/18/2005 NS-3A 2930.00
12/27/2005 6A 365.00 3/8/2005 NS-3A 2490.00
1/11/2006 6A 389.50 3/18/2005 NS-3A 2985.00
2/7/2006 6A 338.00 4/19/2005 NS-3A 3020.00
3/8/2006 6A 368.50 5/16/2005 NS-3A 4070.00
4/13/2006 6A 428.50 6/10/2005 NS-3A 4125.00
5/10/2006 6A 424.00 6/17/2005 NS-3A 4300.00
6/6/2006 6A 407.50 7/18/2005 NS-3A 4160.00
7/20/2006 6A 372.50 8/3/2005 NS-3A 3355.00
8/16/2006 6A 411.00 8/23/2005 NS-3A 3125.00
9/25/2006 6A 408.50 8/26/2005 NS-3A 2685.00
8/3/2005 7A 260.00 9/28/2005 NS-3A 3115.00
9/28/2005 7A 279.50 10/7/2005 NS-3A 3325.00
3/8/2006 TA 277.50 11/1/2005 NS-3A 2970.00
4/13/2006 7A 350.00 8/3/2005 NVP2 2525.00
5/10/2006 7A 383.00 9/28/2005 NVP2 2870.00
6/6/2006 7A 426.50 11/8/2005 NVP2 3513.96
9/25/2006 TA 266.50 12/27/2005 NVP2 2235.00
4/9/2004 NS-2A 1465.00 1/11/2006 NVP2 2560.00
6/9/2004 NS-2A 1460.00 2/7/2006 NVP2 2145.00
8/16/2004 NS-2A 1380.00 3/8/2006 NVP2 2115.00
9/25/2004 NS-2A 1340.00 4/13/2006 NVP2 1650.00
10/29/2004 NS-2A 1270.00 4/13/2006 NVP2 1515.00
12/15/2004 NS-2A 1050.00 5/10/2006 NVP2 1462.50
1/20/2005 NS-2A 1125.00 6/6/2006 NVP2 1240.00
2/18/2005 NS-2A 1125.00 7/20/2006 NVP2 2955.00
3/18/2005 NS-2A 1080.00 8/16/2006 NVP2 4285.00
4/19/2005 NS-2A 1060.00 9/25/2006 NVP2 2910.00

Figure 8.2 displays the time series and Figure 8.3 displays the monthly binned time series of the
pretreatment observations in aquifer tubes and injection/compliance wells, respectively. Obvious
temporal variations can be seen at NS-3A and NVP2. Figure 8.4 presents a plot of spatial variation of the
pretreatment concentration by grouping data to each month and plotting against the distance from aquifer
tube 2A along the projected line parallel to the barrier. As indicated in Figure 8.4, an obvious spatial
pattern exists.
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Table 8.4. Distance of Each Well to the Origin (Aquifer Tube 2A) Along the Regression Line Parallel to
the Apatite Barrier (see Figure 8.1)

Well Name Projected X (m)
199-N-136 91.47
199-N-137 100.52
199-N-138 18.68
199-N-139 27.63
199-N-140 36.76
199-N-141 45.90
199-N-142 55.02
199-N-143 64.35
199-N-144 73.24
199-N-145 82.35
199-N-146 42.45
199-N-147 96.39
199-N-122 69.84
199-N-123 16.75
2A 0.00
3A 25.99
4A 49.02
6A 93.98
TA 127.58
NS-2A 49.02
NS-3A 73.05
NVP2 78.07

Data variation ranges (i.e., minimum and maximum) at the aquifer tubes and the compliance wells
were retrieved from the data in Tables 8.1 and 8.3 and plotted against the distance from the aquifer
tube 2A in Figure 8.5 (minima shown in red-solid down triangle and maxima shown in blue-solid up
triangle). Note the pretreatment data from the injection wells were used by assigning them to nearby river
tubes/compliance wells as long as the distance is smaller than 10 m (33 ft). The minima and maxima at
aquifer tube 4A and NS-2A were combined because they have the same projected distance to 2A and the
smallest was used as the minima and the largest was used as the maxima. Data ranges at the injection
well locations were estimated by linear interpolation to their location along the regression line, as shown
in Figure 8.5 as the black open circles. Some pretreatment data from the injection wells was significantly
higher than values from nearby river tubes and compliance wells, which resulted in interpolated
maximum values at these locations that exceeded the bounds of the interpolated data range (e.g., July 11,
2006 at N145 with Sr=4450 and September 25, 2006, at 199-N-137 with Sr=1842). To address this
inconsistency, a simple rule was applied that involved extending the data range to include these values
whenever this condition occurred. Such estimations of data ranges considered the temporal and spatial
variations of the nearby aquifer tubes and compliance wells. Table 8.5 lists the extracted data ranges for
aquifer tubes and compliance wells along with the estimated data ranges for the injection wells.
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Figure 8.2. (a) Temporal Variation in Pretreatment Observations for Aquifer Tubes and (b) Temporal
Variation in Pretreatment Observations for Injection/Compliance Wells. Prefix 199-omitted
from well names.

Considering the spatial and temporal variation, researchers also decided to model the spatial variation
through variogram analysis (ignoring possible spatial variation along the direction perpendicular to the

barrier) and to bin the available data on the monthly basis (ignoring year-to-year variations), then to
estimate the pretreatment concentration on each month at each injection well. Multiple data points

resulting from binning of the data on a monthly basis were averaged to provide a single monthly value.

The processed data set consisted of 90 data points, as tabulated in Table 8.6.
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Figure 8.3. (a) Temporal Variation in Pretreatment Observations (monthly binned) for Aquifer Tubes
and (b) Temporal Variation in Pretreatment Observations (monthly binned) for
Injection/Compliance Wells. Prefix 199- omitted from well names.
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One Dimensional Spatial Variation
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Figure 8.5. Data Ranges Extracted for Aquifer Tubes and Compliance Wells (minima shown in red-solid
down triangle and line and maxima shown in blue-solid up triangle and line) and Estimated
for Injection Wells (open black circles). Prefix 199- omitted from well names.
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Table 8.5. Data Ranges (i.e., minimum and maximum) Extracted for Aquifer Tubes and Compliance
Wells and Linearly Interpolated for Injections Wells (Note: 4A and NS-2A have the same
projected X distance from 2A, and the smaller of the wells was used for the minimum and the
larger of them was used for the maximum at that distance).

9OSr 9OSr
Projected X | Minimum | Maximum
Well Name (m) (pCi/L) (pCi/L) Flag
2A 0.00 88.00 357.00 Extracted
199-N-123 16.75 689.00 1180.00 | Extracted
199-N-138 18.68 602.33 1103.08 | Interpolated
3A 25.99 273.50 811.24 Extracted
199-N-139 27.63 277.94 828.59 Interpolated
199-N-140 36.76 302.64 925.01 Interpolated
199-N-146 42.45 318.00 985.00 Extracted
199-N-141 45.90 610.93 1623.98 | Interpolated
4A 49.02 875.00 2200.00 | Extracted
NS-2A 49.02 875.00 2200.00 | Extracted
199-N-142 55.02 812.18 2900.20 | Interpolated
199-N-143 64.35 714.53 3988.71 | Interpolated
199-N-122 69.84 657.00 4630.00 | Extracted
NS-3A 73.05 1550.00 4300.00 | Extracted
199-N-144 73.24 1538.47 4305.58 | Interpolated
NVP2 78.07 1240.00 4450.00 | Extracted
199-N-145 82.35 997.24 4450 Interpolated
199-N-136 91.47 480.34 2133.98 | Interpolated
6A 93.98 338.00 1700.00 | Extracted
199-N-147 96.39 522.00 1841.99 | Extracted
199-N-137 100.52 487.30 1841.99 | Interpolated
7A 127.58 260.00 426.50 Extracted

Figure 8.6 shows the histogram of the strontium concentrations and those after logarithm
transformation. Researchers decided to perform variogram analysis and kriging estimation on the normal
score transformed data (Deutsch and Journel 1998). The experimental variogram and the variogram
model are shown in Figure 8.7.

Program kt3d in gslib (Deutsch and Journel 1998) was used for kriging. The kriging domain was
specified to include a total of 8475 nodes to provide sufficient resolution to assure that estimates were
available at the injection well locations. The data set in Table 8.6 was split into 12 subsets, one for each
month with only data grouped at that month.

Table 8.7 presents the kriging estimates for each of the 10 injection wells. Estimates were missing
when no nearby data could be found. The means and 95% confidence interval of the means were
calculated based on the data in Table 8.7 and presented in Table 8.8. Figure 8.8 displays the temporal
variation in the estimated pretreatment *’Sr concentration at the injection well locations together with the
measured data from NS-3A, NVP2. Figure 8.9 presents notched box plots of the kriged estimation listed
in Table 8.7. Figure 8.10 show the combination of the estimated ranges of the pretreatment data
(Table 8.5 and Figure 8.5, open-black circle), the kriging estimated 95% confidence interval of the mean
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pretreatment data (Table 8.8, shown as light blue, open-upper triangle and pink open-down triangle), and
the actual measured pretreatment data (Table 8.1, shown as red cross).

Table 8.6. Data Retained for Variogram Analysis and Kriging Estimation (red-framed numbers indicate
averages were taken from multiple data points)

Avg
Projected Avg *'Sr Projected Sy
X (m) Month (pCi/L) Well Name Date/Time X (m) Month  (pCi/L) | Well Name Date/Time
16.75 1 875.33 199-N-123 1/16/2006 9:54 42.45 7 665 199-N-146  7/10/2006 15:12
49.02 1 1053.33 4A 1/11/2006 45.90 7 985 199-N-141 7/10/2006 14:32
69.84 1 657 199-N-122 1/6/2006 12:07 49.02 7 1080 4A 7/20/2006
73.05 1 2705 NS-3A 1/20/2005 55.02 7 2200 199-N-142  7/11/2006 10:16
78.07 1 2560 NVP2 1/11/2006 64.35 7 2050 199-N-143 7/11/2006 10:53
93.98 1 389.5 6A 1/11/2006 69.84 7 1790 199-N-122 7/11/2006 9:38
42.45 2 810 199-N-146 2/15/2007 13:57 73.05 7 4160 NS-3A 7/18/2005
49.02 2 I 1248.33 4A 2/7/2006 73.24 7 1550 199-N-144  7/11/2006 11:54
69.84 2 942 199-N-122 2/15/2007 13:18 78.07 7 2955 NVP2 7/20/2006
73.05 2 2930 NS-3A 2/18/2005 82.35 7 4450 199-N-145 7/11/2006 12:26
78.07 2 2145 NVP2 2/7/2006 91.47 7 1700 199-N-136 7/7/2006 11:00
93.98 2 338 6A 2/7/2006 93.98 7 372.5 6A 7/20/2006
0.00 3 357 2A 3/8/2006 96.39 7 685 199-N-147 7/7/2006 12:20
16.75 3 857 199-N-123 3/1/2006 12:20 100.52 7 875 199-N-137 7/7/2006 13:38
25.99 3 273.5 3A 3/8/2006 0.00 8 199 2A 8/3/2005
49.02 3 1086.67 4A 3/8/2006 25.99 8 288.5 3A 8/3/2005
73.05 3 2737.50 NS-3A 3/8/2005 49.02 8 I 1210 4A 8/3/2005
78.07 3 2115 NVP2 3/8/2006 69.84 8 2320 199-N-122 8/8/2006 9:52
93.98 3 368.5 6A 3/8/2006 73.05 8 3070 NS-3A 8/16/2004
127.58 3 2717.5 TA 3/8/2006 78.07 8 3405 NVP2 8/3/2005
0.00 4 88 2A 4/13/2006 93.98 8 422.5 6A 8/3/2005
16.75 4 1040 199-N-123 4/12/2006 10:32 127.58 8 260 TA 8/3/2005
18.68 4 811.24 199-N-138 4/26/06 9:24 0.00 9 215 2A 9/28/2005
25.99 4 276.5 3A 4/13/2006 25.99 9 288.5 3A 9/28/2005
49.02 4 1217.5 4A 4/13/2006 49.02 9 I 1307 4A 9/28/2005
73.05 4 2975 NS-3A 4/9/2004 69.84 9 4630 199-N-122  9/13/2006 10:13
78.07 4 1582.5 NVP2 4/13/2006 73.05 9 2860 NS-3A 9/25/2004
93.98 4 428.5 6A 4/13/2006 78.07 9 2890 NVP2 9/28/2005
127.58 4 350 TA 4/13/2006 93.98 9 401.5 6A 9/28/2005
0.00 5 92 2A 5/10/2006 96.39 9 1220 199-N-147  9/18/2006 11:50
25.99 5 285.5 3A 5/10/2006 100.52 9 1841.99 | 199-N-137  9/25/2006 13:24
49.02 5 | 1209.17 4A 5/10/2006 127.58 9 273 TA 9/28/2005
69.84 5 724 199-N-122 5/18/2006 11:25 49.02 10 1357.50 NS-2A 10/29/2004
73.05 5 4070 NS-3A 5/16/2005 73.05 10 3090.00 NS-3A 10/29/2004
78.07 5 1462.5 NVP2 5/10/2006 16.75 11 871 199-N-123  11/28/2005 10:47
93.98 5 424 6A 5/10/2006 42.45 11 882 199-N-146 11/16/2006 9:22
127.58 5 383 TA 5/10/2006 49.02 11 1275 NS-2A 11/1/2005
42.45 6 318 199-N-146 6/13/2006 12:30 69.84 11 880 199-N-122  11/28/2005 12:35
49.02 6 1183.75 4A 6/6/2006 73.05 11 2970 NS-3A 11/1/2005
73.05 6 4093.3333 NS-3A 6/9/2004 78.07 11 3513.96 NVP2 11/8/2005
78.07 6 1240 NVP2 6/6/2006 16.75 12 745 199-N-123 12/6/2005 11:48
93.98 6 407.5 6A 6/6/2006 49.02 12 I 1056.67 4A 12/27/2005
96.39 6 522 199-N-147 6/13/2006 11:41 69.84 12 1010 199-N-122 12/6/2005 13:07
127.58 6 426.5 7A 6/6/2006 73.05 12 2385 NS-3A 12/15/2004
78.07 12 2235 NVP2 12/27/2005
93.98 12 365 6A 12/27/2005
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Figure 8.6. Histogram of Strontium Concentrations in Table 8.6
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Table 8.7. Kriged Estimate of Pretreatment *°Sr Concentrations (pCi/L) for Each Month at the

10 Injection Wells
199-N- | 199-N- | 199-N- | 199-N- | 199-N- | 199-N- | 199-N- | 199-N- | 199-N- | 199-N-
Month 138 139 140 141 142 143 144 145 136 137
January 1081.98 | 834.50 | 2373.26 | 1353.57 | 658.04
February 875.05 | 1046.67 | 1273.20 | 1054.54 | 2838.24 | 1211.84 | 398.16
March 450.30 | 276.66 | 396.17 877.49 | 1298.88 | 2030.48 | 2718.15 | 1233.92 | 425.37
April 811.23 | 281.40 | 520.51 991.88 | 1723.96 | 2320.85 | 2968.68 | 1218.43 | 810.42
May 272.02 425.29 959.89 | 1257.69 | 858.83 | 3271.34 | 1071.06 | 759.29
June 369.37 663.72 | 1634.66 | 2863.93 | 4042.85 | 1055.50 | 684.67 | 453.22
July 861.75 | 883.41 984.51 | 2200.12 | 2049.31 | 1549.83 | 4449.93 | 1698.17 | 875.01
August 275.64 500.03 | 1008.02 | 1566.72 | 2158.23 | 3038.70 | 2711.30 | 812.40
September 276.26 660.63 | 1085.09 | 2366.50 | 4171.53 | 2931.30 | 2197.08 | 706.32 | 1842.18
October 2152.01 | 2861.35
November 875.26 | 1013.00 | 1132.97 | 1316.33 | 1081.75 | 2955.01 | 2999.71 | 3087.40
December 1209.17 | 1054.18 | 2273.30 | 1246.68 | 423.38

Table 8.8. The Mean and 95% Confidence Interval of the Mean of the Kriged Pretreatment *Sr
Concentration (pCi/L) at Each Injection Well

199-N- 199-N- 199-N- 199-N- 199-N- 199-N- 199-N- 199-N- 199-N- 199-N-
STATISTC 138 139 140 141 142 143 144 145 136 137
N of cases 5 4 9 9 12 12 11 11 11 3
Mean 417.09 573.77 627.05 972.25 1590.10 194496  2814.61  1886.27 951.24 1056.80
95% Cl Upper | 706.51 111539  812.41 1077.59 1866.73  2597.18  3235.32  2621.08 1483.42  2825.77
95% CI Lower | 127.66 32.14 441.69 866.91 1313.48  1292.74 239389 1151.47 419.06 -712.16
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Figure 8.8. Temporal Variation of the Estimated Pretreatment *°Sr Concentrations at the Injection/
Compliance Along with Measured Concentrations at Aquifer Tubes NS-3A and NVP2.
Prefix 199- omitted from well names.
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(data shown in Table 8.6). The boxes are notched at the median value and return to full
width at the upper and lower 95% confidence intervals. Prefix 199- omitted from well
names.

8.15



5000

4000
3000
2000

Sr90 (pCilL)

1000

01»/|Qt|'|||||||';||
0O 10 20 30 40 50 60 70 80 90 100 110 120 130

Distance (m)
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Injection Wells. Also shown are baseline data ranges for aquifer tubes and compliance
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up triangle and line). Prefix 199- omitted from well names.

Note that several assumptions, as described above, were required to derive the means and their 95%
confidence intervals using the selected approach. Subsequently, the data shown in Table 8.8 should not
be used for strict statistical comparison, but rather to provide a general assessment of baseline *’Sr
concentrations at the injection well locations.

8.2 Field Test Performance — Pilot Test Sites

The pilot test site #1 consists of one injection well (199-N-138), eight monitoring wells (199-N-126
through 199-N-133), and one aquifer tube (APT-1). The pilot test site #2 consists of one injection well
(199-N-137), nine monitoring wells (199-N-148 through 199-N-156), and one aquifer tube (APT-5).
However, data from four of the nine pilot test site #2 monitoring wells are not described here because of a
lack of data from these wells because of dry sampling conditions during low-river stage. Data gaps exist
in the monitoring for other pilot test site wells that are screened only in the Hanford Formation when they
are dry.

Detailed short-term monitoring results at the pilot test sites are described in Sections 5.2 for pilot
test #1 and Section 5.3 for pilot test #2. These short-term results include field parameters, anions, and
%St measurements. Longer-term monitoring results are provided below for *Sr and calcium, phosphate,
and SpC.
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8.2.1 Field Test Performance — Pilot Test Site #1

The pilot test #1 performance monitoring plots for **Sr and **°Sr are shown in Figure 8.11 for the
injection well and in Appendix B for the monitoring wells (B.2 through B.10). The minimum and
maximum baseline range was determined for the injection well (199-N-138) from analysis of preinjection
(i.e., 2004-2006) *°Sr and gross beta concentration data from river aquifer tubes along the river shoreline
(see preceding Section 8.1 and Table 8.5), and from the limited baseline data from the injection and
compliance wells. This analysis for determining this baseline range assesses the spatial and temporal
variability in concentrations. Because no long-term data are available to show the variability in concen-
trations over time for the pilot test site #1 wells, the range of 602 to 1103 pCi/L determined by the
analysis for the injection well was assigned to all pilot test #1 wells. The *°Sr data from five of six pilot
test #1 wells and an aquifer tube for samples collected in April 2006, before the first injection at
199-N-138, show values that are within this assigned baseline range.

Immediately following the first injection on May 31 to June 1, 2006, **Sr concentrations in the pilot
test #1 wells increased to a maximum ranging up to 7829 pCi/L on June 2, 2006 (see figures in
Appendix B.1). Approximately 1 to 2 months after the first injection, concentrations appear to have
increased a second time, reaching a maximum up to 12,000 pCi/L in one well (Figure B.7). Following
this maximum, concentrations decreased significantly for 1 to 2 months and then continued to decrease
before the second injection on June 8, 2007. No samples were collected from pilot test #1 monitoring
wells for *’Sr analyses during the March 22, 2007, injection at nearby well 199-N-139.

The pilot test #1 performance monitoring plots for calcium, phosphate, and SpC are shown in
Figures 8.12 for the injection well and in Appendix B for the monitoring wells (B.12 through B.20).
Complete datasets for these measurements have not been entered into HEIS or otherwise made available
for use in this interim report. The plots indicate significant variability in SpC that coincides with
increased *’Sr concentrations following the first injection on May 31, 2006. Many of the plots indicate a
double spike in SpC; one increase during the injection, and another increase approximately 1 to 2 months
after the injection. These double spikes occur in the four wells that are completed in the Ringold
Formation. SpC levels ranged up to 2970 puS/cm during the injection (Figure B.14) and up to 3620 uS/cm
approximately 1 to 2 months after the injection (Figure B.15). All pilot test #1 wells also show an
increase in calcium and phosphate concentrations during the May 31, 2006, injection.

Following the second injection on June 8-10, 2007, *’Sr concentrations increased in some of the pilot
test #1 wells, but did not increase to the levels observed during the previous May 31, 2006 injection. The
most notable increase was observed at well 199-N-130 where *°Sr concentrations reached 4000 pCi/L
within approximately 1 month following the June 8 injection (Figure B.5). Phosphate showed a sharp
increase in concentration during the June 8, 2007, injection followed by a steep drop in phosphate
concentration after the injection. The maximum phosphate concentration observed during the injection
was 856 mg/L in monitoring well 199-N-129 (Figure B.13). Calcium showed small increases in some of
the wells during the June 8 injection, with a maximum of 156 mg/L in well 199-N-130 (Figure B.14).
Specific conductance and other general parameter data are not yet available for pilot test #1 wells during
the June 8, 2007 injection.
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8.2.2 Field Test Performance — Pilot Test #2 Site

The pilot test #2 performance monitoring plots for *’Sr are shown in Figure 8.13 for the injection well
and in Appendix B for the monitoring wells (B.22 through B.27). The minimum and maximum baseline
range was determined for the injection well (199-N-137) from the baseline analysis described previously
in Section 8.1 (Table 8.5). Because no long-term data are available to show the variability in
concentrations over time for the pilot test #2 wells, the range of 487 to 1842 pCi/L determined by the
baseline analysis for the injection well were assigned to all pilot test #2 wells. The **Sr data from the
pilot test #2 wells for samples collected in September 2006, before the first injection at 199-N-137, show
values that are within this assigned baseline range.

Strontium-90 concentrations were impacted by the first injection at well 199-N-137 on September 27,
2006. Strontium-90 concentrations increased to levels above the baseline maximum, reaching *°Sr levels
as high as 11,320 pCi/L at well 199-N-148 (Figure B.22). During the second injection at well 199-N-137,
9908r concentrations responded to the injection and exceeded the baseline maximum, but generally at
lower maximum levels than during the first injection at this well. The maximum *°Sr concentration
measured for the second injection was 6800 pCi/L in well 199-N-148 (Figure B.22). The plots show that
Sr concentrations did not respond significantly to injections at the adjacent well 199-N-136.

The pilot test #2 performance monitoring plots for calcium, phosphate, and SpC are shown in
Figure 8.14 for the injection well and in Appendix B for the monitoring wells (B.29 through B.34).
Complete datasets for these measurements have not been entered into HEIS or otherwise made available
for use in this interim report. The plots indicate that calcium, phosphate, and SpC responded during both
the September 27, 2006, and March 20, 2007, injections at pilot test site #2 injection well 199-N-137.
The maximum phosphate concentrations were generally greater during the March 20, 2007, injection with
a maximum of 733 mg/L in monitoring well 199-N-151 (Figure B.30). The maximum calcium concen-
tration was 278 mg/L in monitoring well 199-N-156 during the first injection at well 199-N-137
(Figure B.33). SpC showed levels that reached a maximum of 2051 puS/cm in monitoring well 199-N-154
(Figure B.32). SpC data are not yet available for the pilot test site #2 wells during the June 5, 2007,
injection at adjacent well 199-N-136.

8.3 Field Test Performance — Injection Wells

In addition to the two pilot test site locations, eight additional injection wells located on 9.1-m (30-ft)
spacing were used to treat the full 91-m (300-ft) barrier length. The injection well performance moni-
toring plots for *’Sr are shown in Figures 8.11 and 8.13 for the pilot test injection wells, and Figures 8.15
through 8.22 for the remainder of the injection wells. The injection start times as indicated on each of
these plots include the injection well and adjacent injection wells to show any potential impact on *Sr
concentrations. The injection wells received one or two injections during the February-July 2007 period,
as shown in Table 7.1.

The minimum and maximum baseline range was determined for each injection well from the baseline
analysis described in Section 8.1 (Table 8.5). Strontium-90 data from all but two injection wells collected
before the first injections occurred show values that are within these assigned baseline ranges. Two
injection wells, 199-N-139 and 199-N-140, show preinjection ***°Sr values that exceed the assigned
baseline range. Strontium-90 concentrations in these two wells, located close to pilot test site #1, were
possibly impacted by the pilot test #1 injection that occurred in May-June 2006.

8.19



12,000 : 199-N-1 37. Samples
. . & Sr-90
| . : —a— 5r-89/90
10,000 | . . - - - - Inj. Start, N-137
I . : Inj. Start, N-136
= 8,000 | ' : Min and Max Baseline Range (N-137)
O L] 1
2 | ' .
S . .
@ - -
g.lg 6,000 ! '
7 . . :
S . .
L 4,000 : :
(/) L] 1
2,000 | . !
PR '
7:/ ' ¢ /4/4 N N
0 : r Mahy ayy o T A+
Ju-06  Aug-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 Nov-07 Jan-08
Date

Figure 8.13. *°Sr Performance Monitoring Plots for Pilot Test #2 Injection Well 199-N-137
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Figure 8.19. *°Sr Performance Monitoring Plots for Injection Well 199-N-142
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Strontium-90 concentrations showed the greatest increase during the February 28, 2007, injection at
well 199-N-136 where a concentration spike exceeded the maximum baseline range, reaching a maximum
of 9800 pCi/L (Figure 8.15). Other injection wells that showed an increase in *°Sr concentrations to
levels above the maximum baseline range during earlier injections include 199-N-140, 199-N141, and
199-N-142 (Figures 8.17 through 8.19). During the later injections in June and July 2007, *°Sr
concentrations did not change significantly in response to the injections.

The injection well performance monitoring plots for calcium, phosphate, and SpC are shown in
Figures 8.12 and 8.14 for the pilot test injection wells, and in Figures 8.23 through 8.30 for the remainder
of the injection wells. The plots generally show large spikes in SpC and phosphate levels in response to
all the injections during the February-July 2007 period, reaching maximum concentrations of 1090 mg/L
in wells 199-N-142 and 199-N-145 (Figures 8.27 and 8.30, respectively). SpC reached maximum levels
near or above 3000 uS/cm. SpC data are not yet available for the later injections in June and July 2007.
These plots also show that most injection wells were impacted by injections in adjacent injection wells as
indicated by increases in SpC and in phosphate and calcium concentrations.

8.4 Field Test Performance — Compliance Wells

The compliance well performance monitoring plots for *°Sr are shown in Figures 8.31 through 8.34.
The minimum and maximum baseline range was determined for each compliance well from the baseline
analysis described in Section 8.1 (Table 8.5). Preinjection *Sr data from the compliance wells show
values within these assigned baseline ranges.

Strontium-90 concentrations in the compliance wells responded to injections that were initiated in
March 2007 at adjacent injection wells. The most significant change in *°Sr concentrations was at
compliance well 199-N-146, where a maximum *’Sr concentration of 5200 pCi/L was measured during
the March 20, 2007, injection at well 199-N-141 (Figure 8.33). Significantly less change in *°Sr
concentration was measured for samples collected during the June and July 2007 injections at adjacent
injection wells.

The compliance well performance monitoring plots for calcium, phosphate, and SpC are shown in
Figures 8.35 through 8.38. Plots show that phosphate and SpC responded with spikes during injections at
most of the adjacent injection wells. The maximum phosphate concentration was 888 mg/L in compli-
ance well 199-N-122 during the June 5, 2007, injection at well 199-N-144 (Figure 8.35). The maximum
SpC level was 2570 uS/cm in compliance well 199-N-122 during the February 28, 2007 injection at well
199-N-144 (Figure 8.35). Calcium concentrations changed very little in the compliance wells in response
to injections in the adjacent wells.
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Figure 8.23. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-136
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Figure 8.24. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-139
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Figure 8.25. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-140
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Figure 8.26. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-141
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Figure 8.27. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-142
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Figure 8.28. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-143
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Figure 8.29. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-144
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Figure 8.30. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Injection
Well 199-N-145

8.29



199-N-122 Samples

10,000
¢ Sr-90
| —=&— Sr-89/90
8.000 Inj. Start, N-144
’ Inj. Start, N-143
- H Min and Max Baseline Range
3
£ 6,000 |
o
@
o)) L
® =
%)
o 4000 F
@
& |
*e
2,000 r
A N PY ¥ M ¢ ) A A ' P
M o dmlig Be "
0 | 1 | |
Nov- Jan- Mar- May- Jul-06 Sep- Nov- Jan- Mar- May- Jul-07 Sep- Nov- Jan-
05 06 06 06 06 06 07 07 07 07 07 08
Date
Figure 8.31. °°Sr Performance Monitoring Plots for Compliance Well 199-N-122
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Figure 8.32. *°Sr Performance Monitoring Plots for Compliance Well 199-N-123
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Figure 8.33. *°Sr Performance Monitoring Plots for Compliance Well 199-N-146
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Figure 8.34. *°Sr Performance Monitoring Plots for Compliance Well 199-N-147
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Figure 8.35. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for
Compliance Well 199-N-122
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Figure 8.36. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for
Compliance Well 199-N-123
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Figure 8.37. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for
Compliance Well 199-N-146
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Figure 8.38. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for
Compliance Well 199-N-147
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8.5 Field Test Performance — Aquifer Tubes

Figure 8.39 shows the gross beta and SpC for selected aquifer tubes near the apatite treatability test
site (see Figures 8.1 and 1.3 for locations). These aquifer tubes were used for establishing baseline *’Sr
concentration ranges as described in Section 8.1. Aqueous *’Sr concentrations can be estimated from
gross beta measurements by dividing by 2 (see Mendoza et al. 2007). As shown in Figure 8.39, increases
in SpC and gross beta in the aquifer tubes have occurred following Ca-citrate-PO, treatability test
injections in 2006 and 2007. However, concentrations have decreased in some of the aquifer tubes in the
latest available sampling data (later in 2007). Some of these aquifer tubes were removed prior to the field
injections so they cannot be used for performance monitoring but are shown because they were used for
the baseline range analysis. Performance monitoring results for two aquifer tubes that are part of the pilot
test site monitoring (APT-1 and APT-5) are provided in Appendix B.
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Figure 8.39. Gross Beta and Specific Conductance for Aquifer Tubes (data from HEIS dated February
2008). See Figures 8.1 and 1.3 for locations. Last data points (November 27, 2007, and
December 11, 2007) were not shown for N116m Array-4A due to tube failure.
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9.0 Summary, Conclusions, and Path Forward

9.1 Summary and Conclusions

The objective of the low-concentration Ca-citrate-PO, solution injections is to stabilize the **Sr in the
aquifer at the treatability test site in advance of the high-concentration injections that will provide for
long-term *°Sr treatment. Initially, two characterization wells were installed at the 100-N Area apatite
treatability test site in 2005 for detailed aquifer and sediment analysis. The characterization included
depth-discrete *’Sr measurements of the sediment (see Figure 1.9). Following the characterization, two
pilot test sites were installed at the east and west ends of the barrier (see Figures 1.10, 4.2, and 4.3). The
test sites were equipped with extensive monitoring well networks, and were used for the initial injections
to develop the injection design for the remaining portions of the barrier. During 2006, the following were
installed at the 100-N apatite treatability test site: 10 injection wells for installation of the 91-m (300-ft)
barrier; 8 monitoring wells around the first pilot test site; 9 monitoring wells around the second pilot test
site; and 2 additional compliance monitoring wells.

A tracer injection test and the first pilot low-concentration Ca-citrate-PO, injection test (well N-138)
were conducted in the spring 2006 during high-river stage conditions. A second pilot test at a different
well (199-N-137) at the downstream end of the barrier was conducted in September 2006 during low-
river stage conditions. The injection formula was revised for the second pilot test based on the moni-
toring of the results of the first pilot test and additional laboratory work. The injection formula was
revised again following the second pilot-test for the remaining barrier well injections. The final low-
concentration formulation consisted of 2.5 mM citrate, 1 mM calcium, and 10 mM phosphate. Low-
concentration Ca-citrate-PO, injections were conducted in nine wells in March 2007, during both
high- and low-river stage conditions. Six additional injections occurred in June and July of 2007, during
high-river stage conditions, for wells that had injections during low-river stage in March. Performance
monitoring is underway.

Based on a comparison of hydraulic and transport response data at the two pilot test sites, researchers
determined the apparent permeability contrast between the Hanford and Ringold Formations was signifi-
cantly less over the upstream portion of the barrier (between injection wells 199-N-138 and 199-N-141),
allowing for treatment of the entire Hanford and Ringold Formations screened interval with a single-
injection operation at high-river stage. Because of a larger contrast over the downstream portion of the
barrier (between injection wells 199-N-142 and 199-N-137), researchers recommend that wells screened
only across the contaminated portion of the Ringold Formation be installed before future injections to
provide for better treatment efficiency and coverage.

River stage during the barrier injection was an important parameter in the depth interval treated and
efficiency of treatment. River stage along this section of the river is controlled by the rate of discharge at
PRD, located approximately 29 km (18 mi) upstream of the 100-N Area. Initially, it was theorized that
conducting injections during low-river stage would provide treatment for the Ringold Formation, while
injections during high-river stage target Hanford formation treatment. For the upstream portion of the
barrier, the contrast between permeability in the Hanford and Ringold Formations was sufficiently small
that injections at high-river stage alone were successful in treating both the Hanford and Ringold
Formations. However, for the downstream portion of the barrier, multiple injections did not provide
complete treatment. High-river stage conditions provided a hydraulic barrier that contained the injection
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solution in the Hanford formation, allowing adequate treatment. Unfortunately, it appeared that injections
conducted during low-river stage were of limited success in providing adequate extent of treatment in the
Ringold Formation. The large contrast in permeability between the Hanford and Ringold Formations
along the downstream portion of the barrier resulted in the loss of a significant portion of the injection
volume due to the relatively thin saturated Hanford formation interval, associated shoreline seeps, and
limited treatment of the Ringold Formation.

Design specifications for the barrier installation stipulated that the chemical concentrations should be
at least 50% of injection concentration 6.1 m (20 ft) from each injection well. This is considered a
sufficient radial extent of treatment to provide overlap of treatment between injection wells. While
monitoring points were not installed between injection wells outside of the pilot test sites, monitoring was
conducted in adjacent injection wells during treatment operations. Because no monitoring wells were
available at a 6.1-m (20-ft) radial distance to assess the extent of treatment, arrival data from adjacent
injection wells (9.1-m [30-ft] spacing) were used as an indicator. To account for the increase in radial
distance to this monitoring point, the phosphate concentration metric for arrival at adjacent injection wells
was reduced to 20% to 30% of the injection concentration (from 50% at a 6.1-m [20-ft] distance). Based
on this injection performance metric, phosphate concentrations measured in adjacent fully screened
injection wells indicated generally satisfactory treatment. However, data from available Ringold
Formation monitoring wells indicated treatment of the Ringold Formation over the downstream portion of
the barrier (where Hanford/Ringold formation permeability contrast is larger) was not as effective.

Temporary increases in Sr and *’Sr were expected during field-scale low-concentration Ca-citrate-
POy injection tests, which were designed based on bench-scale laboratory studies with the low-
concentration formulation and sediments from 100-N Area (see Sections 2 and 3). The observed
increases in *’Sr concentration are due to the higher ionic strength of the solution and increases in calcium
concentration resulting from this process. Concentrations are expected to decline over time (months,
years) as the *Sr is incorporated through initial precipitation and adsorption/slow incorporation into the
apatite, and as the reagent plume dissipates.

“Sr concentrations in monitoring wells at the first pilot test site, conducted in the spring of 2006,
showed an average increase in peak *’Sr concentrations of 8.4 times the average baseline measurements at
the site measured earlier in the year (see Table 5.8). Based on these results and additional laboratory
measurements, the Ca-citrate-PO, injection concentrations were revised with lower calcium and citrate
concentrations (2.5 times) for the second pilot test, conducted in the fall of 2006. Average peak *’Sr
concentrations following the second pilot test injection were significantly lower than first pilot test
(3.8 times the average baseline *°Sr concentrations; see Table 5.15) while still targeting the same level of
apatite formation. The injection formulation was revised again following the second pilot test with
further decreases in calcium and citrate concentrations and a ~4 times increase in the phosphate
concentration to maximize the apatite precipitate mass and minimize the initial *°Sr increase. This final,
low-concentration formulation was used for the barrier well injections conducted in 2007. Monitoring of
“Sr concentrations at the two pilot test sites in 2007 using the final low-concentration formulation
showed average peak increases of 2.8 times the baseline average *’Sr concentration at the first pilot test
site, and 2.3 times the baseline average *’Sr concentration at the second pilot test site (see Tables 5.8 and
5.15).

Strontium-90 concentrations in groundwater along the Columbia River at the 100-N Area show
significant temporal variability based on measurements from aquifer tubes and long-term monitoring
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wells installed prior to the apatite treatability test. Additionally, there is a general spatial trend in *°Sr
concentrations in the aquifer along the river as shown in Figure 1.8 with the highest concentrations
existing over the central/downstream portion of the barrier (between injection wells 199-N-142 and
199-N-136), and high concentrations decreasing in both the upstream and downstream directions. Due to
the short time between the installation of compliance, injection, and pilot test monitoring wells at the
100-N Area apatite treatability test site and the Ca-citrate-PO, injections (started at the site in the spring
of 2006), there were insufficient data from these wells alone to establish baseline *Sr ranges at the site.
Therefore, baseline *Sr ranges were established for the injection and compliance wells at the treatability
test site based on gross beta analysis from the aquifer tube monitoring and the limited preinjection
monitoring from the treatability test wells. This analysis is discussed in Section 8.1 with the *Sr ranges
determined for these wells shown in Table 8.5.

Strontium-90, gross beta, and SpC monitoring data available for inclusion in this interim report (up to
and including samples collected on November 14, 2007) showed post-treatment increases in these values
at the injection wells, compliance wells, and aquifer tubes (see Figures 8.11 through 8.39). However, this
initial spike in *’Sr concentration was followed by a generally decreasing trend at all injection well
locations. Longer-term, post-treatment *°Sr concentrations at most injection well locations showed that
levels were maintained near or below the low end of the estimated range in baseline *°Sr concentration,
indicating that the low-concentration treatments likely did have an impact on aqueous *’Sr concentrations
within the treatment zone. Additional monitoring that encompasses the full extent of seasonal variability
in Columbia River stage would be required to fully assess the effectiveness of the low-concentration
treatments. It should also be noted that wells screened only in the Hanford Formation at the pilot test
sites have been dry since shortly after the 2007 injections. Monitoring in these Hanford-screened wells
will resume after the river stage increases in the spring of 2008. Because high-concentration injections
will be conducted during the upcoming spring/summer high-river stage period, continued assessment of
the effectiveness of the low-concentration treatments cannot be continued once these injections
commence. Attention will shift instead to performance assessment of the high-concentration treatments,
which is the primary objective of the apatite treatability studies.

Longer-term, post-treatment *’Sr concentrations in the compliance monitoring wells and river tubes
have generally remained high relative to baseline ranges, although values had started to drop by the end of
the monitoring period. Elevated *°Sr concentrations were well correlated with elevated SpC values,
indicating that the elevated *°Sr concentrations are likely associated with impacts from residual high-ionic
strength injection solutions. Compliance monitoring wells and river tubes are located outside the primary
treatment zone and therefore are expected to take additional time for *’Sr concentrations to decline to
treatment zone levels.

Longer-term monitoring of other water quality parameters (i.e., field parameters and trace metals)
were not in HEIS or compiled for inclusion in this interim report. Shorter-term monitoring of field
parameters and trace metals following the two pilot tests conducted in 2006 showed significant decreases
in DO concentrations and ORP due to citrate biodegradation (see Tables 5.5 and 5.12). Redox-sensitive
trace metals (e.g., iron, manganese, and aluminum) concentrations were increased above baseline values
after the injections at the pilot test sites due to these reducing conditions (see Tables 5.7 and 5.14).
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9.2 Path Forward

The objective of the field treatability testing, as stated in the test plan (DOE/RL 2006), is to address
the following questions:

o Will apatite precipitate in the target zone?
e Does the apatite result in reducing *’Sr in groundwater?

e Given a fixed well spacing of 9.1 m (30 ft), what is the optimal injection volume per well for
installation of a 91-m (300-ft) barrier wall?

The first two questions listed above are not addressed in this interim report for the low Ca-citrate-PO,
injections, but will be addressed from analysis of sediment samples collected from coreholes within the
treatment zone and performance groundwater monitoring following the high-concentration Ca-citrate-PO4
injections scheduled to begin in 2008. Injection volumes for the fixed 9.1 m (30-ft) spacing injection
wells to create the barrier were determined based on the field sampling results of the low-concentration
Ca-citrate-PO, injections described in this report. In addition to the injection volumes, researchers
recommend installing injection wells that target only the lower portion of the contaminated zone, which
would provide better and more efficient reagent coverage for the downstream section of the barrier.

These additional wells are planned to be installed in the winter/spring of 2008.

Following the high concentration Ca-citrate-PO, injections planned to begin in 2008, sediment
samples will be collected from boreholes in the treatment zone (focused on the two pilot test sites) for
laboratory analysis. These studies will be used to determine the quantity of apatite in the sediments
achieved by the field injections and to estimate the treatment longevity.

Strontium-90 performance monitoring of the treatability test site will begin after the final high
concentration Ca-citrate-PO, injections are completed. Groundwater monitoring following these
injections will also assess overall impacts on the water quality (e.g., field parameters, anions, and trace
metals). Changes in aquifer permeability from this process will also be assessed as part of the treatability
test. Pressures and tracer arrivals monitored during the initial pilot injection tests will be compared to
monitored values at the ending high-concentration injections at the pilot test sites, which are planned to
begin in 2008. Numerical models developed for the pilot test sites will be used to estimate the hydraulic
properties of these sites based on fitting the monitoring data collected during these tests.
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March and June 2007

Design specifications for the barrier installation stipulated that chemical concentrations would be
50% of injection concentration 6.1 m (20 ft) from each injection well. This is considered sufficient to
provide overlap of barrier chemicals in between injection wells. While monitoring points were not
installed between injection wells, monitoring was conducted in barrier wells adjacent to active injection
wells. Periodic monitoring of the SpC in the monitoring wells adjacent to an injection well provided an
indication of treatment effectiveness. This appendix provides plots for the SpC arrival at wells adjacent
to injection wells. The actual phosphate concentrations over time were not measured over the course of
the injection, but the timing and relative magnitude of the phosphate arrival could be expected to be
similar to the increase in SpC, although somewhat dampened in magnitude and lagged in time.

March Injections

N-139 Injection Ringold Wells

- Ing. Start
§ 2000 - —e—N-138
4 | —=N-140
g /‘/./t/‘/‘ —aP3R
6 1000 — —sP5R
::‘;' M % P7R
0 T T T T T
3/22/07 3/23/07 3/23/07 3/24/07 3/24/07 3/25/07 3/25/07
12:00 0:00 12:00 0:00 12:00 0:00 12:00
N-139 Injection Hanford Wells
_ Ing. Start
§ 2000 —e—N-138
2 i —= N-140
3 I T e B T
g 1% W —%—P6H
g X —%—P8H
a W
O T T T T T

3/22/07 3/23/07 3/23/07 3/24/07 3/24/07 3/25/07 3/25/07
12:00 0:00 12:00 0:00 12:00 0:00 12:00

Figure A.1. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-139

Al



2500

g 2000 - Inj. Start

n

= 1500 -

o

g 100 N30

. | o

c% 500 —=— N-141-

—a— N-146
0 I I I I I

3/2/07 3/3/07 3/3/07 3/4/07 3/4/07 3/5/07 3/5/07
12.00 0:00 12:.00 0:00 12:00 0:00 12:00

Figure A.2. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-140

2500
—_ Inj. Start
E 2000 B
; e el
2 1500
2 / ——N-140
S 1000 4
o —= N-142
[«X
» 500 —aN-146

0 T T T T T

3/20/07 3/20/07 3/21/07 3/21/07 3/22/07 3/22/07 3/23/07
0:00 12:00 0:00 12:00 0:00 12:00 0:00

Figure A.3. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-141

A2



2500
Inj. Start
E 2000
9O
2
2 1500 —=—N-143] |
2 —e—N-141
o 1000
° |
S /-HO‘/\
o» 900 ij‘//‘" A W
0 T T T T

2/28/07 2/28/07 3/1/07 3/1/07 3/2/07 3/2/07 3/3/07 3/3/07
0:00 12200 0:00 12:00 0:00 12:00 0:00 12:00

Figure A.4. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-142

2500
Ing. Start
E 2000 -
o
n
= 1500 +
'g' —o—N-142
8 1000 r‘/ —=—N-144
a —a—N-122
& 500
O T T T T T

3/22/07  3/22/07  3/23/07  3/23/07  3/24/07  3/24/07  3/25/07
0:00 12:00 0:00 12:00 0:00 12:00 0:00

Figure A.5. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-143

A3



Inj. Start

—~ 2500 - W

g .

o 2000 -

=

< 1500 -

5 —— N-143

© 1000 —=—N-145

[«X

) 500 —— N-122
0 T T T T T
3/2/07 3/3/07 3/3/07 3/4/07 3/4/07 3/5/07 3/5/07
12:00 0:00 12:00 0:00 12:00 0:00 12:00

Figure A.6. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-144

Inj. Start
’§3000 s N-136
P T ——N-144
= 2000 -+
©
o i
(@]
© 1000 +
a i
(/5]
0 I I I I
2/28/07 3107 31007 302007 3207  3/3/07
1200 000 1200 000 1200  0:00

Figure A.7. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-145

A4



N-137 Injection Ringold Wells

2000 A |

T Ing. Start —e—N-136

L 1500 P2-1R

(2]

=2 —a—P2-3R

g 1000 % P2:5R

O 500 - % P27R

o

(/9] —e— P2-9R
0 T T T T T f
3/20/07 3/20/07 3/21/07 3/21/07 3/22/07 3/22/07 3/23/07

0:00 12:00 0:00 12:00 0:00 12:00 0:00
3000 N-137 Injection Hanford Wells ‘

— | Ing. Start —e—N-136

E P2-2H

3 2000 7 —aP2-4H

-g ) ——P2-6H

8 1000 - * —x— P2-8H

UQJ- ] % —e—APT-5S
O I I I I I l
3/20/07 3/20/07 3/21/07 3/21/07 3/22/07 3/22/07 3/23/07

0:00 12:00 0:00 12:00 0:00 12:00 0:00

Figure A.8. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-137

A5



June Injections

2500
,g 2000 Inj. Start Hanford Wells
Q - A ——2H
B »
Z 1500 /A\Q —a—4H
o —a—6H
€ 1000 —*
o
w O - T T T T T T T 1
6/8/07 6/8/07 6/8/07 6/9/07 6/9/07 6/9/07 6/9/07 6/10/0 6/10/0
6:00 12:00 1800 000 6:00 12:00 18:00 70:00 76:00
2500 :
Inj. Start Ringold Wells |
’g 2000 - ——1R
B 1500 - " =R
= el —a—5R
'g 1000 P 7R
S 500 A — —%—N-123
J.,- O g§ I I I I I I T
6/8/07 6/8/07 6/8/07 6/9/07 6/9/07 6/9/07 6/9/07 6/10/0 6/10/0

6:00

12:00 18:00 0:00

6:00

12:00 18:00 7 0:00 76:00

Figure A.9. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-138

A6



2500
Inj. Start

—~ 2000 -

£

K

% 1500 =

2

o 1000 -

(&) .4

o —e—N-139

@ 500 —=—N-141] |
—a—N-146

O T T T

7/10/07 12:00  7/11/07 0:00  7/11/07 12:00 7/12/07 0:00  7/12/07 12:00

Figure A.10. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-140

2500

Injection Start

= 2000
% —— N-141
2 19007 o Noag
E / /
S 1000
&
& e S

500

S B—
0 I I I I I

6/5/07 6/5/07 6/5/07 6/6/07 6/6/07 6/6/07 6/6/07
6:00 12:00 18:00 0:00 6:00 12:00 18:00

Figure A.11. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-142

A7



2500

Injection Start
—e—N-143
2000

A/’\’\.

—_ —=N-122
E —a—N-145 / /
g; 1500
3 \ A //

a = a4 ———A
(o]
S 1000
&

500 / —
O I I I I I
6/5/2007 6/5/2007 6/5/2007 6/6/2007 6/6/2007 6/6/2007 6/6/2007
6:00 12:00 18:00 0:00 6:00 12:00 18:00

Figure A.12. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-144

2500
Injection Start /
__ 2000 "///*’//““*\\\«
5
~ ’\
% 1500 /
o
S 1000
(&)
by S —o—N-136
500 —=— N-144
O I I I

7/10/07 12:00  7/11/07 0:00  7/11/07 12:00 7/12/07 0:00  7/12/07 12:00

Figure A.13. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-145

A8



2500

Injection
—o—N-137 Start

—~ 2000 -+ —=—N-147

E —a— P-2-6H

‘g_ 1500 1| —m—P-2-5R

E

S 1000 - —

© —

o

® 500 - %

O I I I I I

6/5/07 6/5/07 6/5/07 6/6/07 6/6/07 6/6/07 6/6/07
6:00 12:00 18:00 0:00 6:00 12:00 18:00

Figure A.14. Arrival Curves in Available Monitoring Wells During Treatment of 199-N-136

A9






Appendix B

Pilot Test Performance Monitoring Figures






Appendix B

Pilot Test Performance Monitoring Figures

B.1 Pilot Test Site #1 Performance Monitoring Figures

The pilot test #1 performance monitoring plots for *’Sr are shown in Figures B.1 through B.10. The
pilot test #1 performance monitoring plots for calcium, phosphate, and SpC are shown in Figures B.11
through B.20. See Section 8.2.1 for additional discussion.

B.2 Pilot Test Site #2 Performance Monitoring Figures

The pilot test #2 performance monitoring plots for *’Sr are shown in Figures B.21 through B.27. The
pilot test #2 performance monitoring plots for calcium, phosphate, and SpC are shown in Figures B.28
through B.34. See Section 8.2.2 for discussion.
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Figure B.1. *°Sr Performance Monitoring Plots for Pilot Test #1 Well 199-N-126
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Figure B.2. *°Sr Performance Monitoring Plots for Pilot Test #1 Well 199-N-127
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Figure B.3. *°Sr Performance Monitoring Plots for Pilot Test #1 Well 199-N-128
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Figure B.4. *°Sr Performance Monitoring Plots for Pilot Test #1 Well 199-N-129
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Figure B.5. *°Sr Performance Monitoring Plots for Pilot Test #1 Well 199-N-130
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Figure B.7. *°Sr Performance Monitoring Plots for Pilot Test #1 Well 199-N-132
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Figure B.8. *Sr Performance Monitoring Plots for Pilot Test #1 Well 199-N-133
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Figure B.9. *°Sr Performance Monitoring Plots for Pilot Test #1 Aquifer Tube APT-1
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Figure B.10. *°Sr Performance Monitoring Plots for Pilot Test #1 Injection Well 199-N-138
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Figure B.11. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot

Test #1 Well 199-N-126
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Figure B.12. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #1 Well 199-N-127
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Figure B.13. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #1 Well 199-N-128
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Figure B.14. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #1 Well 199-N-129
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Figure B.15. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot

Test #1 Well 199-N-130
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Figure B.16. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #1 Well 199-N-131
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Figure B.17. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #1 Well 199-N-132
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Figure B.18. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #1 Well 199-N-133
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Figure B.19. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #1 Aquifer Tube APT-1
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Figure B.20. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot

Test #1 Injection Well 199-N-138
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Figure B.21. *°Sr Performance Monitoring Plots for Pilot Test #2 Injection Well 199-N-137
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Figure B.22. °°Sr Performance Monitoring Plots for Pilot Test #2 Well 199-N-148
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Figure B.23. *°Sr Performance Monitoring Plots for Pilot Test #2 Well 199-N-151
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Figure B.24. *°Sr Performance Monitoring Plots for Pilot Test #2 Well 199-N-152
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Figure B.25. *°Sr Performance Monitoring Plots for Pilot Test #2 Well 199-N-154
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Figure B.26. *°Sr Performance Monitoring Plots for Pilot Test #2 Well 199-N-156
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Figure B.27. *°Sr Performance Monitoring Plots for Pilot Test #2 Aquifer Tube APT-5
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Figure B.28. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #2 Injection Well 199-N-137
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Figure B.29. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot

Test #2 Well 199-N-148
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Figure B.30. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #2 Well 199-N-151
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Figure B.31. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #2 Well 199-N-152
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Figure B.32. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot

Test #2 Well 199-N-154
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Figure B.33. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot

Test #2 Well 199-N-156
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Figure B.34. Calcium, Phosphate, and Specific Conductance Performance Monitoring Plots for Pilot
Test #2 Aquifer Tube APT-5
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Appendix C

Well Information for Pilot Test #2 Site

This section contains well information for the monitoring wells at pilot test site #2 that were installed
in September 2006. A plan-view diagram of these wells is shown in Figure 4.3. The injection well for
pilot test site #2, 199-N-137, is described in the 2006 100-NR-2 Borehole Completion Report (FH 2006).
Table C.1 shows the horizontal coordinates for the monitoring wells (a vertical survey was not conducted
on these wells). Figures C.1 to C.18 contain the well construction sheets and the well summary diagrams.
Additional details are provided in Section 4.1.3.

Table C.1. Survey Coordinates for 100-N Apatite Pilot Test #2 Monitoring Wells (to center of casing).
Monitoring wells were surveyed on 11/28/2006 (data from Hanford Well Information System

[HWIS]).
Well_ID Well Name | NORTHING | EASTING
(m) (m)

C5043 199-N-137 149946.3 571344.43
C5316 199-N-148 149949.44 | 571341.01
C5317 199-N-149 149949.86 571341.48
C5318 199-N-150 149948.66 571342.87
C5319 199-N-151 149949.17 571343.21
C5320 199-N-152 149949.54 | 571343.62
C5321 199-N-153 149949.92 571347.41
C5322 199-N-154 149949 45 571347.82
C5323 199-N-155 149943.78 571340.68
C5324 199-N-156 149943.07 571341.00
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WELL CONSTRUCTION SUMMARY REPORT
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Drilling Fluid:  r\ofL.
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Figure C.1. Well Construction Summary Report for Well 199-N-148

C.2



WELL SUMMARY SHEET Start Date: 91906 {1, a1 0f 1
Finish Date: 9-19-06
Well ID: C5316 Well Name: 199-N-148
Location: 100-NR-2 OU N-Springs Project: NR-2 OU Small Diameter Wells
Prepared By: Erika Rincon IDatc: 11/21/06 [ReviewedBy: L. D, tb/fop IDate: Ie/r/,
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Figure C.2. Well Summary Sheet for Well 199-N-148
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Drilling Fluld:  Y}dN\L
Total Drilled Depth: \1 I Hole Dia @ TD: § N Total Amt. Of Water Added During Driling: N 8 Ng,
Well Straightness Test Results: pat rrauwed Do SSUD Static Water Levet: Y. 2 'TOLLDate: ?' 21-d &
i ' GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) interval Date
N%
l\_T 1 _— L
COMPLETED WELL
Siza Wt/ Material Depth,, o | Thigad Siot Laptbe  Type rteral | volume | e
7' sch 4o DVC 0 IS /2 sile Snef | tTo - (G0 16~20
29 PUC Screcq A0 - _fe.0’ 8.020°4  Crowefir Beudufe| t00 - 30
2¢ _pC cuqu'P 6.0 - (635 L7 Portlund Cemenf |30 -_O
OTHER ACTIVITIES
Agquifer Test: N—h I Date: Well Decommission: NA I Yes: | No: IDate:
Description: Description:
WELL SURVEY DATA (if applicable) At toft me
Protectiva Casing Elevation: ,ll.;-bf,‘) £l
Washington State Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS

o/

udo:ﬁ el Yare: BUF- %07

Reponeg By: . Tite: = Signature: Date:
Erio Rinegn qealonish eala 22— 9-2)-0b
’ ’ A-6003-658 (04/03)

Figure C.3. Well Construction Summary Report for Well 199-N-149
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WELL SUMMARY SHEET Start Date: 9-1906 _} , ce1of1
Finish Date: 9-19-06
Well ID: C5317 Well Name: 199-N-149
Location: 100-NR-2 OU N-Springs Project: NR-2 OU Small Diameter Wells
Prepared By: Erika Rincon lDatc: 11/21/06 |ReviewedBy: £, N Uia/ipn |Date: /2/7[;
Signature: AN N2 — Signature: 5% i me,
CONSTRUCTION DATA Depthi GEOLOGIC/HYDROLOGIC DATA
n
. . Fo Graphic|  Lithologic Description/Groundwater
Description Diagram ot Log Sample Depths (ft bgs)
e — 00—
Flush-Mount Concrete —" | r —l :
Surface Seal A==\ A=t ]
Iortland Cement: ]
0-301t 5 —
2-in LD. Schedule 40 PVC: —
Casing: 0-11.0 1t —
Granular Bentonite: /
3.0-1001t

Static Water Levcl:

14.52 ft bgs (9-21-2006)

2-in LD. Schedule 40 l’VC/

20 Slot (020-in) Screen: 17.0 Total Depth Drilled (9-19-2006)

11.0-16.01t / —
Primary Filter Pack 20 —

BOREHOLE NOT LOGGED

10-20 Mesh Colorado Silica Sand:

10.0-17.0ft

25 —

30 —

All depths are in feet below ground —

surface, —

35 —

Borchole drilled with 5-in O.D. :
wall casing.

All temporary casing removed from 120 7]

ground.

PVC » Polyvinyl Chloride

Figure C.4. Well Summary Sheet for Well 199-N-149
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Start Dats: G=20-Olp
WELL CONSTRUCTION SUMMARY REPORT Finish Date: 4~ 28 ~0lp
Page_Y _of_}
7 wenio: LR3I et Name: /99~ N - 1€ Appre Locaton: (&' VE- of /59-M-137
\Choject 08 -NR-2_ 0V §mall digm crer cuglls Other comparg:: Trettapne EAilon mantad Serpee
Drilling Com . 3 Gedlogist{s): A
ling Company:_ Praesriic, £ (Wm "
[oiter, Posrsn Rlowns License #: 3§ 3)T
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/lbs, Per Ft. Interval Shoe Q.DAD. . Auger: Diameler From to
s _Q - J.L < Y ah Cabile Tool: Diameter From to
PR — Alr Rotary: Diameter From to
— AR. w/Sonic: Diameter From to
[ . <anie. Oiameter_S&" _From_©O _ w}f
- Diameter From to
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fluid: {\0 "L
[0
Total Dritled Depth: 19 IHole Dz@TD: S Total Amt. Of Water Added During Drifing: ——===
Well Straightness Test Results: Md\qd are S0L) Static Water Level: [2.92" TO¢ l Date: 4-21-0(,,
GEQPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
AEFS : S
/ ' - Al
L" - - / - r | ——
e C COMPLETED WELL
SizeWt/Material Depth ;' Thread | 51t d,,‘lv Type merval o | votume | {0
2" st 46 DVC, O _ 35| V [ 28|  Seixe Sagp |130- 00 o-20)
2 PYC Sorcen |10 - _lb.D 5.625- ol o0 - 30
2" WC cnlegy |10 - 635 7 Portlond) Gogend |-S0 -
OTHER ACTIVITIES
Aquifer Test: N b« iDate: ‘Well Decommission: N A | Yes: | No: l Date:
Descnption: Description:
WELL SURVEY DATA (if applicable)
Protective Casing Elevation:
Washington State Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
ee'onu Wil kan’ B BIS-R0ob
\/ i J o
Reported By: | - Title: . Signatuge; Date:
Enka Rirvon ocalotyit ¢ Atk ([&— q-21-9L
v J A-6003-658 (04/03)

Figure C.5. Well Construction Sﬁmmary Report for Well 199-N-150
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WELL SUMMARY SHEET

Start Date:  9-20-06

Finish Date: 9-20-06

Page 1 of 1

Well ID: C5318

Well Name: 199-N-150

Location: 100-NR-2 QU N-Springs

Project: NR-2 QU Small Diameter Wells

Prepared By: Erika Rincon

[Date: 11/21/06

Reviewed By: 2. . /e +~

[Date: lz/zé(

Signature: £ Voo N2 _——

Signature: 529 A4

CONSTRUCTION DATA

Desaription

Diagram

GEOLOGIC/HYDROLOGIC DATA

Depthin
Fect Graphic

Lithologic Description/Groundwater
Log Sample Depths (ft bgs)

Flush-Mount Conerete —|
Surface Seal

SN SRS

Porttand Cement:
0-3.01t

2-in L.D. Schedule 40 PVC:

Casing:0-11.0ft

Granular Bentonite: / ;

3.0-1001t

Static Water Level:

14.47 ft bgs (9-21-2006)

2-in 1.D. Schedule 40 PVC,
20 Slot (.020-in) Screen:

p
11.0-16.0ft /
Primary Filter 'ack

10-20 Mesh Colorado Silica Sand:
10.0-18.01t

All depths are in feet below ground
surface.

Borehole drilled with 5-in O.D.
wall casing.

All temporary casing removed from
ground.

PVC = Polyvinyl Chloride

18.0 Total Depth Drilled (9-20-2006)

BOREHOLE NOT LOGGED

Figure C.6. Well Summary Sheet for Well 199-N-150

C.7




.

\/

WELL CONSTRUCTION SUMMARY REPORT

Start Date: =20 ~0O

Finish Date: =20 ~0

Page _\_ of _\

Wwell ID: CE) l‘l ]Well Name: qu hd N‘jsl Approximate Location: 5’ ME a{ /W'M'/37
et NR=2 00 small damiter wells Other Oompani(—e;s:‘:(&S\ém Eionmped Servvge
i ' Geologisisy. Cutsy KaGn
Driing Company: _ Y &0 S
oiter Porsa Pdome license #: .33 T
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/Lbs. Por Ft. Interval Shoe 0.DN.D. | ayger Diameter From to
gr _0 .26 $'ad Cable Toot: Diameter From to
— ' Alr Rotary: Diameter Fom_____to
e AR, wiSonic: Diameter From o
e < oNnIC. Diameter_G"_From_O 1025
- Diamet From o
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fiuid: NSV
Tota! Drilled Depth: 2535 lHole Dia @ TO: s’ Totat Amt. Of Water Added During Driliing: =————
Well Straightness Test Results: f vepu,redd  por S0W) Static Water Lovel: B4 TaC. |oae:_ 9241 90
GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes {type) Interval Date
NA L ——==<]
: S NA |
_— . / 4 -
COMPLETED WELL
Size/WtMaterial Depth Thread | Siot Typs e oac | Volume Mesh
2 <clh Yo PV _0 -283% \/ %‘ 5,'/["@ Sand 2535 .- _{¢.0 1b-20
2% PvC Scpeen |-25.0 - 200 2-020-4 Cmnulap_ﬂ_nﬁ#‘—q‘—{'—o—
2% PUC endewp |-25.0-25.35 NA | Portlanld Coumeqd |50 - O
OTHER ACTIVITIES
Aquifer Test N#\ Date: Well Decommission: N A | Yes: | No: lDa!e:
Description: Description:
WELL SURVEY DATA (if applicable)
Protective Casing Elevation:
Washington Stata Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
&ca\oo.\’ul PETAN \'a;ar. ALY -%oS~
Reported By: - Tite: - Signature: Date:
ErikaRwnon qealoqiat coule 2 9-13l-2000
7 v A-6003-658 (04/03)

Figure C.7. Well Construction Summary Report for Well 199-N-151
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WELL SUMMARY SHEET

Start Date:  9-20-06
Finish Date: 9-20-06

Page 1 of 1

Well 1D: C5319

Well Name: 199-N-151

Location: 100-NR-2 OU N-Springs

Project: NR-2 OU Small Diameter Wells

Prepared By: Erika Rincon |Date: 11/21/06

Reviewed By: £.0. lh ffer [Date: l%/zﬁ

Signature: & (W)~ —— Signature: 0 s,
CONSTRUCTION DATA Depth GEOLOGIC/HYDROLOGIC DATA
thin
L | Fea | Graphuc|  Lithologic Description/Groundwater
Description Diagram Log Sample Depths (ft bgs)
— 00—
Flush-Mount Concrete —] | —| E ]
Surface Seal == R ]
Portland Cement: ]
0-30ft S e
-]
- Aa
2-in 1.D. Schedule 40 PVC: | ?_'JJ
Casing: 0-20.0 1t 10 )
-1 Q
1 d
I — b=
Granular Bentonite: / 7 -4 2
30-1801 o 15 Z
[52]
/ 13
Static Water Level: -4 QO
14.49 ft bys (9-21-2006) 5
&4
o
=2 ]

2-in 1.D. Schedule 40 PVC,
20 Slot (.020-in) Screen: — |
200-250ft

Primary Filter Pack

10-20 Mesh Colorado Silica Sand: -]
18.0-2535 ft

All depths are in feet below ground
surface.

Borehole drilled with 5-in O.D.
wall casing.

All temporary casing removed from
ground.

PVC « Polyvinyl Chlonde

25.35 Total Depth Drilled (9-20-2006)

Figure C.8. Well Summary Sheet for Well 199-N-151

C9




StartDate: G ~20-04
WELL CONSTRUCTION SUMMARY REPORT Finish Date: 2 =23 -06%
Page __[_ of L,
{ 'wenip: C..SS?D |Wel| Name: [99-N ~- iB52 Approximate Location: S/ NEE /99-N-137 .
L/ Project: \g0 ~-NR~2 Sma\\d\.c\ more, LWl Other Companies: Flee $tan e EﬂUJfG’WﬂW Sesvke
Drilling Company: ?ro QOT\'lL Geologisi(s): C'(fCS rageo
Diter: Do Rdams License #: 2¢ 31T Eri¥a Rincann
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/Lbs. Per Ft. Interval Shoe O.DAD. Auger: Diameter From to
<! [N _Q - 333 s" J Cable Tool: Diameter From 1o
i _— — Air Rotary: Diameter From to
—— AR, w/Sonic: Diameter From 10
—_— Sanic Diameter_ SV _From__ O 10 33.55]
- Diameter From )
*Indicate Welded (W)} - Flush Joint (FJ) Coupled (C) & Thread Design Di. t From to
Drilling Fluid; YO
Total Drilled Depth: 3355 ] Hole Dia @TD: S Total Amt. Of Water Added During Drilling:  ———
| Wei Straightness Test Resutts: g rea vired per SOLY Static Water Lever: J$.80°T3C, | pate: G- 21 -0 (o

GEOPHYSICAL LOGGING

Sondes (type) Interval Date Sondes (type) Interval Date
NA
(9 - —_
] I P
__.o¢ COMPLETED WELL
hd interval Mesh
Siza/Wt/Material Depth zt:.’z Thread ::: :JP Patadd Type Anvuler s::lvnnu pacy | Yolume ST:.
2sno®yC |0 - BAS[V [ B [ Sificq Sangf | 33.55. 37.0 1o-20
2"' P\IL Scret.h _‘?,XLZ_ -33.2 0.020-; Grqnufqt 8C|l+' _.2l.9. - 3'—0
2° WC endoqy | 352 - 3335 WA | Portland Comeaf | 3:0_-_O
1]
OTHER ACTIVITIES
Aquifer Test: N-\Dt ’ Date; Well Decommission: N¥l |Yes: INo: lDate:
Description: Description:
WELL SURVEY DATA (if applicable) Net Yet Meociired
Protective Casing Elevation: d+ H 3 -pL,'M I3
Washington Stats Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
ecdogy will xag: BUY- YO
o/
Reported By: . Title: . Signature: Date:
Enka. Rincon azoloaiat Sl R 9-21-06
N v A-6003-658 (04/03)

Figure C.9. Well Construction Summary Report for Well 199-N-152
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WELL SUMMARY SHEET

Start Date:  9-20-06

Finish Date: 9-20-06

Pagel of 1

Well ID: C5320

Well Name: 199-N-152

Location: 100-NR-2 OU N-Springs

Project: NR-2 QU Small Diameter Wells

Prepared By: Erika Rincon lDatc: 11/21/06

Reviewed By: Z.d. 4k /fe »

|Date: Izﬁ/n

Signature: Sz oA 2o ————

Signature:

ES i,

CONSTRUCTION DATA

Desaription

Diagram

GEOLOGIC/HYDROLOGIC DATA

Depthin
Teat
Log

Graphic

Lithologic Description/Groundwater
Sample Depths (ft bgs)

Flush-Mount Concrete — |
Surface Seal

N

IPortland Cement:
0-3.01t

2-in L.D. Schedule 40 PVC:

Casing: 0-28.21t

Granular Bentonite: /

30-27.0f1t P

Static Water Level:
14.40 ft bgs (9-21-2006)

2-in LD. Schedule 40 PVC,
20 Slot (.020-in) Screen: = |
2823321t

Primary Filter Pack
10-20 Mesh Colorado Silica Sand:
27.0-3355 1t

All depths are in feet below ground
surface.

Borehole dnilled with 5-in O.D.
wall casing,

All temporary casing removed from
ground.

PVC = Polyvinyl Chloride

I
BOREHOLE NOT LOGGED

33.55 Total Depth Drilled (9-20-2006)

Figure C.10. Well Summary Sheet for Well 199-N-152




Start Date: §~ lG\ -0k
WELL CONSTRUCTION SUMMARY REPORT Finish Date: 4~14 -0k
Page | of | _
e (H3721 [ wenname: |99~ M =183 Approximats Location: 18’ ME of 199~ M =137
_ oroject 108 WR=2 OO sl well digmuters Other Companies: Yreestsne Env vonmutte G Socoies
Driing Company: P (AoN1C. Geologisi(s): c“:‘?o“?ﬁi‘\
orier: Paran Pdoms Licensa# o285 21T En anean
TEMPORARY CASING AND DRILL PEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/Lbs. Per Ft. Interval $hoa 0.DAD. .| 5 qer Diameter From to
S . o _-_17 | s" o Cable Took: Diameter From to
— Alr Rotary: Diameter From to
_— A.R. w/iSonic: Diameter ______ From to
T 5Qn‘\g Diameter S'" From_Q w_17
- Diameter From to
‘Indicate Welded (W) - Rush Joint (FJ} Coupled (C) & Thread Design Di From to
Drilling Fluid: __(\QN&_
Total Deited Depth: | 7] lhcepa@m: <" Total Amt. Of Water Added During Driling: ™———
Wekt Straightness Test Results: no¥ reqpired pe- S0W) Static Water Level: [ 3.6/’ TO( I Date: @-21-Cp
) GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
NA -
! v e
7~ )
COMPLETED WELL
Size/Wt./Material . Dep'i: [:].l;_ﬁ ‘Thread :ll:: do 9 /SQIL; Type m‘h:r:::::' pack | Yolume "s':::
2 el Yo PVE _O0_.-HmE| v |72 S¢lica Sewd _IJ-_E,-_L!-_Q_: 18-20
25 bl Screen _lo.q - 15.9_ 8.02041% gmnu_,g- BC1+» 100 - 3.0
21 PUC cufeqp 1159 - lou25 w4 Posr o (emesf|-3.0 - _O
OTHER ACTIVITIES
Aquifer Test; V A Joatez Well Decommission: M# lYes: l No: IDate:
Description: Descripticn:
WELL SURVEY DATA (if applicable) K[Q* %f- Req dy e (/
Protective Casing Elevation: af S Lime
Washington State Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
e£o\ogy Latll tae TRELES
\
~ Si Date:
Reporied B : B Tite: . ignature: 4
E?‘LK‘L le\CM @ologet nt«?’-\—a 1-21-06
) L A-6003-658 (04/03)

Figure C.11. Well Construction

Summary Report for Well 199-N-153
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WELL SUMMARY SHEET

Start Date: 9-19-06

Finish Date: 9-19-06

Page Lof 1

Well ID: C5321

Well Name: 199-N-153

Location: 100-NR-2 QU N-Springs

Project: NR-2 QU Small Diameter Wells

Prepared By: Erika Rincon

|Date:1/21/06

Reviewed By: £.d. Ule [

]Date: 12/7/;

Signature: E-AW/

Signature: AZ9 A e

CONSTRUCTION DATA

Desaiption

Diagram

Depthiin

GEOLOGIC/HYDROLOGIC DATA

Teet Graphie

Lithologic Description/Groundwater
Log Sample Depths (ft bgs)

Flush-Mount Concrete —" |
Surface Scal

Tortland Cement:
0-30f1t

2-in LD. Schedule 40 PVC:

Casing: 0-1091t

Granular Bentonite: /

3.0-10.0ft

Static Water Level:
13.91 ft bgs (9-21-2006) »

2-in LD. Schedule 40 PVC,
20 Slot (.020-in) Scree ~
10.9-159 1t

n:
Primary Filter Padc/

10-20 Mesh Colorado Silica Sand:
100-17.01t

All depths are in feet below ground
surface.

Borchole drilled with 5-in O.D.
wall casing.

All temporary casing removed from
ground.

PVC = Polyvinyl Chloride

17.0 Total Depth Drilled (9-19-2006)

BOREHOLE NOT LOGGED

Figure C.12. Well Summary Sheet for Well 199-N-153
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Start Date: 3= 4= o

WELL CONSTRUCTION SUMMARY REPORT Finish Date: 4~ 13- 3
Page \__of_\_
/‘- Well ID: C_S% lWell Name: l qq -~ N' [5‘4 Approximate Location: lO'M? d{ /47‘A/"}37
\Project 100-NR=2 O avall diowmater wells Other Companiea?rmﬂ’mm Envvonmuntal Sorvifes
o . Geologist(s): LA KasTo
Dritling Company: ?ﬂﬁdf\!{.— Efﬂ:ﬂ e vm
Driter ‘Plovan Rdane : License # A Y31 T
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.} / INTERVAL (ft)
*Size/Grade/Lbs. Per FL Interval Shos O.DAD. | ayger Diametar From 1o
s* 0 _-21 | §"on Cable Tool: Diameter From to
_— | arRotay: Diameter_____From "
— A.R. w/Sonic: Diameter From o
e Sane Diameter S __From_© __ta 3]
- Diameter From to
*Indicate Welded (W) - Fush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fluid: NG YL
Total Dilled Depth: o] __|HoleDia @ TD: S " Total Amt.Of Water Added During Driing: _~——
Well Straightness Test Results: pat (RAVed 5oy SOLI static water tevel: 13.48 “Tat| oate: 9-2/-0l
N GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
) N&
i
o/ _
ol COMPLETED WELL
X224 Sk al Mesh
Siza/Wt/Material Depth ) | ¢| Thread St J_, efafee Type st s pace | VO | 'S |
. 7
" <k Yo PV [ O 45| V |26 Sifita Sand |2To’- KO lo-20)
2 PuC Sereen | AL - 240 0.020-4n_ Cranefas Lenfouste] 12:0 - —3-'-%
21 P CWCQ.D _"‘_‘fL'M NA Pan’-/qmﬂ Caqeap/ 30 ._0o
OTHER ACTIVITIES
Aquifer Test_ T B | bate: Well Docommission: N Lves:  INo:  |Date:
Description: Description:
WELL SURVEY DATA (if applicable)
Protective Casing Elevaton:
Washington State Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
gcolony well hﬂbf'- ALS -02
\
Reported By: . Tite: - Signature: Date:
Enko Rivieon quslogqiet- Sal 2 9-21-0b
5 A-6003-658 (04/03)

Figure C.13. Well Construction Summary Report for Well 199-N-154
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WELL SUMMARY SHEET

Start Date:  9-19-06
Finish Date: 9-19-06

Pagelofl

Well 1D: C5322

Well Name: 199-N-154

Location: 100-NR-2 QU N-Springs

Project: NR-2 OU Small Diameter Wells

Prepared By: Erika Rincon lDate: 11/21/06

ReviewedBy: £.48, Ubiep IDate: 12/7 b

Signature: Q‘u‘a..l_._,—

S ze e,

Signature:

CONSTRUCTION DATA

GEOLOGIC/HYDROLOGIC DATA

Descaription Diagram

Depthin - - —
Fect | Graphic|  Lithologic Description/Groundwater

Log Sample Depths (ft bgs)

Flush-Mount Concrete —| | ‘
Surface Seal =XX R

Portland Cement:
0-30n

2-in LD. Schedule 40 PVC:
Casing: 0-19.1 1t

Granular Bentonite: /

3.0-180f1t

/1
Static Water Level:

13.68 ft bgs (9-21-2006)

2-in 1.D. Schedule 40 PVC,
20 Slot (020-in) Screen: — |
19.1-24.1¢t

Primary Filter Pack
10-20 Mesh Colorado Silica Sand: -
180-2701t

All depths are in fect below ground
surface,

Borchole drilled with 5-in O.D.
wall casing.

All temporary casing removed from
ground.

I'VC = Polyvinyl Chloride

|
BOREHOLE NOT LOGGED

27.0 Total Depth Drilled (9-19-2006)

Figure C.14. Well Summary Sheet for Well 199-N-154
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\/

D

Start Date: 4 -1 -0 1e

WELL CONSTRUCTION SUMMARY REPORT Finish Date: -1 =0 b
Page_ | of )
well 1D: C.‘SE-Q?) ]Well Name: \‘1‘\ i N -5 Approximate Lowﬁon:/d' MUJ 06 IW‘N ~/3 7
r.’rojed: 100-NR=Z 6V spnsi\ Aok pel\s Other Companies:-F f(,lﬁ'\m\l. Enwm (OY]I‘VWJ‘{’O-Q QBN S
Driting Company: Pro<s WiC. Geologistisk (B3¢0, XASZA
|oditer Prorsny Pdarwe License # A ¥ DI T Envo-Bncon
TEMPORARY CASING AND DRILL DEPTH DRILUING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/Lbs. Per FL Interval Shoe O.DA.D. | ayger: Diameter From 0
G emtiy _o - I <Y abd Cabla Toal: Diameter From o
J —_— ——— ) Alr Rotary: Diameter From 0
—_— AR. wiSonic: Diameter From o
—e SoNic. Diameter_S " From_O o |1
- Diameter From <]
*Indicate Weilded (W) - Fush Joint (F.J) Coupled (C) & Thread Design Diameter From o
Dnlling Fluid: NS
TowtDredDept:  L]° |HoeDa@vD: S Total Amt. Of Waler Added During Driling: ==
Wel Straightness Test Results: AWk veauced ptr SO0 static Water Levet: 3.8 Tod Date: 9-4.1-0 b
GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
NA -
/ - - —_
. COMPLETED WELL
Size/WiiMaterial nepm":‘l"_ ;f“ Thread oo T/ e o ok | Volume Mesh
2" <¢h 46 PV o foo | J [ 257 Silica Janf | 120°- D0 19-20
2“pC Screen | Ao - 6.0 8,020~ fer Bewtidp | 102 - 3.0
3" PVC cacdfeap | Le© - _lb.3 7! Portlaed (emedf |30 -0
OTHER ACTIVITIES
Aquifer Test: Nﬂ ’ Date: Well Decommission: N‘A . lYes:- ‘ No: IDate:
Description: Description: ‘
WELL SURVEY DATA (if applicable)
Protective Casing Elevation:
Washington State Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
4 Cn\ogu‘ el *‘ala/' ALY - A9
Reported By: _. Titte: nature: Date:
En\u&mm\ aoloet fq ML 9-2l 0
gV A-6003-658 (04/03)

Figure C.15. Well Construction Summary Report for Well 199-N-155
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WELL SUMMARY SHEET Start Date: 91906 | b ool ofl
Finish Date: 9-19-06
Well ID: C5323 Well Name: 199-N-155
Location: 100-NR-2 OU N-Springs Project: NR-2 OU Small Diameter Wells
Prepared By: Erika Rincon 1Datc: 11/21/06 |Reviewed By: L.D.uat ke |Date: llﬁﬁ‘
Signature: & L\ ——— Signature: A0 5 Lk "
CONSTRUCTION DATA Depthin GEOII.OGIC{HYDRC‘)L-OGIC DATA
Description Diagram Feet Gr&;;hm L"hologi;m;z:ﬁrz;;d water

Flush-Mount Concrete /, I |
Surface Seal b R |

Portland Cement:

0-301t 5 —

2-in 1.D. Schedule 40 PVC: —

Casing: 0-11.01t —

Granular Bentonite: / 5

3.0-1001t

Static Water Level:

14.28 ft bgs (9-21-2006)

2-in 1.D. Schedule 40 'VC,

20 Slot (.020-in) Sarec 17.0 Total Depth Drilled (9-19-2006)

n:
11.0-16.01t / —
Primary Filter Pack 20 —

BOREHOLE NOT LOGGED

10-20 Mesh Colorado Silica Sand:

10.0-17.0ft

All depths are in feet below ground —
surface. —

Borchole drilled with 5-in O.D.

wall casing.

All temporary casing removed from

ground.

PVC = Polyvinyl Chloride

Figure C.16. Well Summary Sheet for Well 199-N-155
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WELL CONSTRUCTION SUMMARY REPORT

Start Date: 7=/8- 04
Finish Date: ¥~ /8- o0&
Page_/ _of [ _

weio: C §32 ¥ lWeII Name: |99~N=150 Approximate Location: /0 ' M4 of 08 t)orm>

L/ Project A2 2 OV Swysec Digaeren (Jeees Other Companies: A ¢g377 /5 w
Drilling Company: P/?o Sonrrc Geologisl(s): f, A #{34 y, éft-, Y ‘?,Jow
Driller: ﬁma ) ﬂﬂdﬁf S License #: )

TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/Lbs. Per Ft. Interval Shoe 0.01.D. Auger: Diameter From o_
$v . O ._27 825 | Cable Teol: Diameter____ From o_____

_— Alr Rotary: Diameter From to
——— A.R. wiSonic: Diameter From to
— Sodee Dameter 5" _Fom_0 0 27
- Diamet, From ©
“Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fluid: }/ow"'
Total Diilled Depth:_ 2 7= |HoleDia@7D: 3 *' Total Amt, Of Water Added During Driling: =
Well Straightness Test Resufts: A7 Roavmem Am SO | static water Lover: £3.21° To¢ |pate: 9-2/-0C

GEOPHYSICAL LOGGING

Sondes (type) Interval Date Sondes {type) Interval Date
{1/) -
@ [l - _
COMPLETED WELL
Int 1 Mesh
Size/WtMaterial Depth Thread | 53 Type Arrutr sestrie pace | VOisme | '
Z% Sart 40 PYC © - 1300 «” | wa | Silixa Sand |27 - i8:0 10-20
27 pyc Cerecey | 120 - 29.0 0,020 -3y r be J| tee’. 3.0°
2" PVC endiap |2%0. - 21.3 NA | Porfloud Coumeyt | Si0'- _OF
OTHER ACTIVITIES
uifer Test: A/ /4’ lDale: Well Decommission: [/ A /I Yes: ° INo: IDate:
Description: Description: /
WELL SURVEY DATA (if applicable) Aok Ued Megerpnd?
Protective Casing Elevation: a Al ;42,, »
Washington State Plana Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
ersloay wel Yos', RIY - Y10
L)
Reported By: Tifle: Signature: Data:
d./zdﬁl [ /%5?4 (’ﬂm‘/jr"' /M R 6. kasze 1-29.06
A-6003-658 (04/03)

Figure C.17. Well Construction Summary Report for Well 199-N-156
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WELL SUMMARY SHEET

Start Date:

9-20-06

Finish Date: 9-20-06

Page Lof1

Well 1D: C5324

Well Name: 199-N-156

Location: 100-NR-2 OU N-Springs

Project: NR-2 OU Small Diameter Wells

Prepared By: Erika Rincon

[Date: 11/21/06

Reviewed By: £, d.4hk (ke ~

IDatezl%;

Signature: & o Nm—— Signature: 520 L,
CONSTRUCTION DATA oot GEOLOGIC/HYDROLOGIC DATA
cpthin - - —
. | Tet |Graphic| Lithologic Description/Groundwater
Desaription Diagram Log Sample Depths (ft bgs)

— 00—
Flush-Mount Conerete — | r l :
Surface Seal 4 R |
'ortland Cement: .
0-301t 5 —

-4 a

2-in L.D. Schedule 40 PVC: _ l(-g

Casing:0-19.0 ft 10 o

-1 Q

— -

- b=

Granular Bentonite: / V4 I %

30-180ft e - <

/ 713

Static Water Level: — O

14.01 ft bys (9-21-2006) E

~

@]

==

2-in 1.D. Schedule 40 PVC,
20 Slot (.020-in) Scareen: — |
190-240ft

Primary Filter Pack
10-20 Mesh Colorado Silica Sand: -]
180-270 1t

All depths are in feet below ground
surface,

Borehole dnlled with 5-in O.D.
wall casing.

All temporary casing removed from
ground.

PVC = Polyvinyl Chloride

27.0 Total Depth Drilled (9-18-2006)

Figure C.18. Well Summary Sheet for Well 199-N-156
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