
* 0097368

SGW-49575
Revision 0

Columbia River
Pore Water Sampling

0 in 1 00-F Area,
February 2011

0

* Prepared for the U.S. Department of Energy
* Assistant Secretary for Environmental Management

Contractor for the U.S. Department of Energy
0 under Contract DE-AC06-08RL14788

* CH2MVHILL
SPlateau Remedlation Company

* RO. Box 1600
Richland, Washington 99352

* Appved for Public Releawe
Further Dissination Unlimfted

0



0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



SGW-49575
* RevisionO0

* Columbia River
* Pore Water Sampling
* in100-F Area,

February 2011

B.L. Tiller
Environmental Assessment Services R. Paulsen

M.J. HrtmanCoastal Monitoring Associates

40 CH2M HILL Plateau Remediation Company
Date Published

* June 2011
0 Prepared for the U.S. Department of Energy
* Assistant Secretary for Environmental Management

0 Contractor for the U.S. Department of Energy
under Contract DE-AC06-08RL14788

*P.O. Box 1600
* Richland, Washington

0

______ _____ APProved for Public Release;
Release Approval Date Further Dissemination Unlimited



SGW-49575
Revision 0

TRADEMARK DISCLAIMER
Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or
subcontractors.

This report has been reproduced from the best available copy.

Printedi in the United States of America



0 SGW-49575, REV. 0

* Executive Summary

* During the Hanford Site weapons production mission (1943 to 1989), some contaminants

were released to the Columbia River and to the soil. Some contaminants, including

hexavalent chromium (Cr(VI)), eventually moved from the soil into the groundwater and

then into the Columbia River in places where groundwater seeps up into the river bottom

in spaces between rocks and sediment grains. The water in these spaces is termed pore

water. This report summarizes pore water sampling activities carried out near 100-F

* during the winter of 2011. The purpose of this sampling event was to evaluate whether

Cr(VI) was present, at detectable levels at each sampling station, and to assess the levels

* and extent of Cr(VI) and total chromium in the most biologically active region of the

* river bed near 100-F (upper 30 cm [12 in.] of substrate).

* During February 2011, 23 pore water samples were collected near 1 00-F. Bulk samples

* of pore water were collected between 28 and 30 cm (11I to 12 in.) below the surface of the

* river bed using the Trident1 probe and associated deployment techniques. Filtered

samples were analyzed for total chromium, and unfiltered samples were analyzed for

Cr(VI). The sampling techniques were similar to those used during previous pore water

* sampling events.

0 Pore water samples were collected from one station that was previously sampled during

2009 and 20 10. Pore water samples obtained previously from this station had Cr(VI)

concentrations between 8 and 20 gig/L. No Cr(VI) was detected at this station in 2011. In

addition, 19 stations were sampled along two nearshore transects running parallel to the

shoreline but at different distances from shore. Only one of these had detectable Cr(VI),

* reported at 2.7 gg/L, just slightly above the detection limit (2 pig/L).

* Results of this and previous studies indicate that 100-F pore water is not contaminated

* with Cr(VI) at levels above the ambient water quality standard (10 gig/L). During three

sampling events, only one sample had an analytical result above 10 jig/L, and that result

is of questionable quality.

1Coastal Monitoring Associates (San Diego, California) Trident probe has a patent pending.
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1 Introduction
Between 1943 and 1989, during the Hanford Site weapons production mission, some contaminated
materials were discharged to the Columbia River. In addition, waste disposal practices resulted in the
release of contaminants to the upland soil. Some of these contaminants migrated from the soil to the
groundwater and moved via the groundwater into the river where the groundwater percolates (seeps) up
through the river bottom and rmixes with river water and riverine sediments. These areas are known as
upwellings, and the intersecting waters are referred to as pore water.

This report summarizes pore water sampling activities carried out near 1 00-F during the winter of 201 1 in
support of DOE/RL-2009-43, Sampling and Analysis Plan for the 100-FR-i, 100-FR -2, 100-FR -3,

* 1 00-IU-2, and 1 00-IU-6 Operable Units Remedial Investigation/Feasibility Study, as revised by the
* Tn-Party Agreement Change Notice Form (TPA-CN-39 1). Pore water in 1 00-F was previously sampled

in the fall of 2009 and early 20 10 (DOE/R!L-2008- 1, Remedial Investigation Work Plan for Hanford Site
Re/eases to the Columbia River). The hexavalent chromium (Cr(VI)) concentration of one pore water

* sample was above the 10 gig/L ambient water quality standard (AWQS).

* Groundwater beneath a portion of 1 00-F is contaminated with Cr(VI) at concentrations above the AWQS
* (DOE/RL-20 10-11, Hanford Site Groundwater Monitoring and Performance Report for 2009: Volumes I

& 2). Strontium-90, nitrate, and trichioroethene also exceed water quality standards in 100-F
groundwater, but concentrations were below levels of concern in pore water samples during a previous

* sampling event (WCH-398, Data Summary Report for the Remedial Investigation of Hanford Site
* Releases to the Columbia River, Hanford Site, Washington).

The overall goal of the sampling summarized in this document was to provide additional information for
* estimating the impacts of the 100-F Cr(VI) plume on the Columbia River (Figure 1). These data provide

insight regarding Cr(VI) levels potentially entering the river through the hyporheic zone and
groundwater/river mixing ratios within the most biologically active zone of the river bed (upper

* approximately 30 cm [ 12 in.] of substrate). The pore water sampling scope involved the following work
* activities:

0 Pore water was collected from twenty locations along two nearshore transects, both approximately
parallel to the shoreline but at different distances from shore. The transects spanned the width of the

0 groundwater Cr(VI) plume.

* Pore water samples were analyzed for total chromium, Cr(VI), and additional water quality
0 parameters (conductivity, pH, dissolved oxygen [DO], temperature, oxidation-reduction potential
* [ORP], and turbidity) to define the extent of contamination and support a contaminant transport

evaluation.
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Figure 1. 100-F Pore Water Sample Area, Hanford Site, Washington
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2 Methods
Bulk samples of pore water were collected using the Trident2 probe and associated deployment
techniques, shown in Figure 2. Trident is a liquid phase groundwater mapping and sampling tool,

S designed for sustained use in complex offshore riverine environments. The probe is mounted on a driving
frame that allows samples to be collected in turbulent waters and rocky river beds while keeping the

* probe stable.
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monitored using a semipermanent Trident probe tip installed at a single sampling location while river
levels fluctuated throughout this sampling event. Sampling was permitted to continue as long as changes0
in the pore water conductivity at the semipermanent station did not appear to be substantially suppressed
during high river flow periods.

River levels encountered during this sampling event were also modeled using the Modular Aquatic
Simulation System- ID (MASS 1), a one-dimensional unsteady river flow model developed to characterize0
river stages and discharges encountered during each sampling event (PNNL- 15226, Hydrodynamic
Simulation of the Columbia River, Hanford Reach, 1940-2004). MASS I simulates unsteady discharge
and water surface elevations at each site by solving the one-dimensional equations of mass and
momentum conservation (also known as the St. Venant equations). MASS 1 was run with real discharge0
and forebay data when pore water conductivity readings were taken and was used to calculate half-hour0
river discharge and water surface elevations for transects nearest to the groundwater upwelling sample
locations. The river stage conditions encountered during the sampling events were summarized. Sample
results were flagged with a project unique qualifier if the river level was >0.8 mn (2.6 ft) during the
sampling event, or if the sample was collected when pore water conductivity was <90 percent of previousS
contaminant sampling events carried out there as part of the DOE/RL-2008-l 1 RI (WCH-380 and
WCH-398).

The area sampled was selected as being the most likely spot to detect Cr(VI). The two transects span the
portion of shoreline adjacent to the known Cr(VI) plume in groundwater. Groundwater upwelling patterns
were determined by measuring pore water conductivity. Higher conductivity indicates a greater
percentage of groundwater. The transects (FlI and F2 Transect) were then located along the contours
where the highest conductivity measurements were observed.

2.2 Pore Water Sample Collection and Handling0
Pore water samples were collected from 27 to 30 cm (11I to 12 in.) below ground surface at each sample
station. Before each sample was collected, 100 to 150 mL of water was purged and discarded. Once
relatively stable, high in situ pore water conductivity readings were detected, 650 mL of pore water was
collected from each station and placed into tamper-proof, amber glass, precleaned containers.

Pore water conductivity was monitored in situ during each sample collection event to help verifyr that the
samples were not artificially diluted or short circuited with surface water as a result of over pumping.
Staff also measured and recorded temperature, DO, ORP, and turbidity. Pore water samples were
immediately placed into a cooler containing ice until they could be transferred to sampling support staff.

The pore water sampling methods used are provided as Appendix A. All sample results were flagged with
project unique qualifiers if significant (>1 0 percent) changes occurred in the pore water conductivity
during any given sample event. Collocated surface water quality data were also obtained at each pore
water sample site. The surface water temperature and conductivity were measured using the reference
probe positioned 30 cm (12 in.) above the river bed at all stations. A surface water grab sample was taken
to measure pH, DO, ORP, and turbidity.

40
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3 Results
During this sampling event, twenty-three pore water samples and one equipment blank were collected
from the locations shown in Figure 3. Thirteen samples, including one duplicate sample and two split

0 samples, were collected along a transect near the river's low water mark. Ten samples were collected
* along a parallel transect in slightly deeper water (-I to 2 mn [3.3 to 6.6 ft] below the low water mark).

* Pore water sampling near 1 00-F began on February 7, 2011 and was completed on February 28, 2011
* (Table 1). Quality control (QC) samples consisted of one equipment blank (collected on

February 10, 2011), one duplicate sample, and two split samples (Table 1). Water depths at the sampling
* stations ranged from 1.5 to 3.5 mn (5 to 11.7 ft). The probe penetration depth ranged from 27 to 30 cm

(I Ito12 in.).

Figure 4 illustrates the river stage fluctuations that occurred during the pore water sampling event near
I 100-F. River levels typically fluctuated about 1.0 mn (3.3 ft) daily, but ranged up to 2.0 mn (6.6 ft) on some

* days (Figure 4). The highest river stages shown in Figure 4 correspond to river discharges of
5.7 million L/sec (200,000 ft3/sec) , and the lowest river stages correspond to river discharges of

*2.3 million L/sec (80,000 ft3 /sec). Samples were collected when the river stage was ranged between 2.0 mn
* (6.6 ft) and 3.0 mn (9.9 ft) above the low water mark and when river discharges ranged between 3.3 and

4.7 million L/sec (115,000 and 167,000 ft3 /sec) (Table 1 and Figure 4). The decision to continue sampling
0 while river stage was relatively high was based on findings at the 100-F semipermanent pore water

monitoring station, which showed only subtle changes in the conductivity while river levels were high or
* low, as allowed by the sampling and analysis plan. Section 3.3 provides further discussion of these

observations.

* 3.1 Water Quality Results
0 The water quality field parameter measurements may be related to the following variables: groundwater

41 gradients, river bottom elevation horizons, depth of penetration, river stage, and duration of high flow
conditions. These conditions all influence hydraulic heads, gradients and, ultimately, the magnitude and

0 extent of groundwater discharge into the river. To compare the river field parameters with pore water
parameters, the variable conditions need to be considered. Appendix B tabulates the water quality results.

0 Table 2 compares minimum, mean, and maximum water quality measurements within the pore water in
* the upper 30.5 cm (12 in.). Conductivity of pore water ranged from 143 to 180 9iS/cm, while surface

water ranged from 139 to 149 [tS/cm. Temperature and pH were similar to the surface water
measurements at this time of year and were not distinctly different at the sites sampled (Table 2). The

0 ORP of most pore water samples was not appreciably different than surface water, but the minimum pore
water ORP was 180 mV, compared to 160 mV for surface water. The DO of pore water was lower than
surface water at most stations (Table 2). Turbidity of the surface water was consistently low (range I to
3 Nephelometric Turbidity Units [NTU]), while turbidity of pore water samples ranged between 11I and

* 551 NTU.

05
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* Figure 4. River Level Fluctuations during the 100-F Pore Water Sampling Event

* Table 2. Comparison of Selected Water Quality Measurements between Pore Water and Surface Water
* Samples near 100-F

*Conductivity (piS/cm) 142.7 134.0 158.8 138.8 180.1 148.7

*Temperature (Degrees Celsius) 2.50 2.34 3.12 2.90 3.52 3.45

*pH 7.26 7.33 7.88 7.96 8.30 8.37

ORP (mV) 188 160 247 248 297 310

*DO (mg/L) 7.22 11.25 9.42 12.58 11.32 13.19

*Turbidity (NTU) 10 1 100 5 551 14

Figure 5 illustrates the pore water composite sample conductivity measurements. Except for Stations FlI
Transect 9 and F2 Transect 6, conductivity measured in the pore water samples was greater than
150 [tS/cm, indicating the presence of groundwater upwelling. However, most samples exhibited
relatively low conductivity (5200 [tS/cm) compared to other reactor areas (WCH-380; WCH-398). Only

* one station that was sampled previously was sampled again in 2011: previously established station
T I100172A (WCH-3 80) was within 4 mn (12 ft) of Stations FlI Transect 2 and F2 Transect 2.

0 9
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In February 2011, pore water conductivity at FlI Transect 2 and F2 Transect 2 was 162 and 175 [LS/cm,
respectively. These values were up to 36 percent lower than those measured at Station T100F 2A in 2009S
(254.3 hiS/cm) or 2010 (211.7 pS/cm). The lower conductivity was probably caused by higher river stages
in February 2011. Lower river stages were not anticipated until late summer, so waiting for better
sampling conditions was not an option. Despite the less than optimal sampling conditions, samples were0
collected because little to no suppression of the pore water conductivity was measured at the 1 00-F0
semipermanent pore water QC station.

3.2 Hexavalent Chromium Concentrations
Figure 6 illustrates the Cr(VI) levels from pore water samples collected near 1 00-F in February 2011.
Only 1 of 22 samples contained detectable Cr(VI) (Table 3): the split sample result from Station Fl I
Transect 4 (2.7 jgl) was reported just above the analytical detection limit (2 Jig/L). The parent sample at
this site had a result below the detection limit. Stations FlI Transect 1 and F2 Transect 2 were within 4 m
(12 ft) of a previously established sampling station, Station T100F2A (WCH-380), where Cr(VI) levels of
8 and 20 gig/L were reported in 2009 and 2010 (WCH-3 80; WCH-398). Neither station had detectable
Cr(VI) in February 2011.

3.3 Deviations from the Sampling and Analysis Plan0
The sampling and analysis plan (DOE/RL-2009-43, Appendix B) stated that pore water sampling will
take place when river levels were <0.8 mn (<2.6 ft) above low water level, and river flows are steady for
more than 1 hour prior to sampling, or when there are minimal signs of groundwater suppression. Low
river stage conditions did not occur during the sampling period and were not anticipated to occur until late
summer. However, little to no suppression of pore water conductivity was measured at the 100-F0
semipermanent pore water QC station, despite these relatively higher and more persistent river stages
(Figure 7). Field teams also found that the subtle but persistent groundwater upwellings were prominent
in the 1 00-F river bed areas sampled, despite the relatively high flows. All but two composite pore water
samples had conductivity values that exceeded the highest surface water reading (149 jiS/cm) measured
during this sampling event. These observations led to the decision to collect samples during higher flows.

Figure 7 provides a depiction of the changes in conductivity measured at an established field QC station
J(TlOOF2A) near 100-F, while the river levels fluctuated between 2.3 and 4.6 million L/sec (80,000 and
160,000 ft3 /sec) I to 2 mn (3 to 6 ft) above the low water mark during this sampling event. Conductivity
readings appeared to be stable, near 160 115/cm, despite relatively unstable and high flows encountered
during this sampling event (Figure 7).

100
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* Table 3. Conductivity and Chromium in 1 00-F Pore Water, February 2011

*River Depth Pore Water
Stto a~t Station Conutiity QC ~ Cr(VI) Total Cr

Idetifbition Date (m) (ltS/cm) Sape (gg/L) (pg/L)

17Fl Transect 1 2/28/2011 2.0 162 -2 U 1 U

Fl1 Transect 1 2/28/2011 2.0 162 Split -- 10 U

F Il Transect 2 2/7/2011 1.8 162 -2 U 2.13 B

F Fl Transect 3 2/27/2011 1.3 158 -2 U 1.03 B

F IlTransect 4 2/27/2011 2.2 168 -2 U 1 U

F FI Transect 4 2/27/20 11 2.2 168 Split 2.7 -

F FI Transect 5 2/10/2011 2.6 158 Duplicate 2 U I U

F Fl Transect 5 2/10/2011 2.6 165 Duplicate 2 U 1 U

FlI Transect 6 2/25/2011 2.0 158 - 2 U 1 U

FlI Transect 7 2/23/2011 2.0 161 - 2 U I U

Fl Transect 8 2/25/2011 1.5 156 - 2 U I U

FlI Transect 9 2/22/2011 2.1 143 - 2 U I U

*Fl Transect 10 2/18/2010 2.6 155 - 2 U 1 U

*F2 Transect 1 2/28/2011 3.1 163 - 2 U 1.21 B

*F2 Transect 2 2/7/2011 3.1 175 - 2 U 1.12 B

*F2 Transect 3 2/28/2011 3.0 180 - 2 U 1 U

*F2 Transect 4 2/27/2011 3.5 151 - 2 U 3.86 B

*F2 Transect 5 2/17/2010 3.4 163 - 2 U 1 U

0F2 Transect 6 2/25/2011 3.6 147 - 2 U I U

F2 Transect 7 2/23/2011 3.3 153 - 2 U 1 U

F2 Transect 8 2/23/2011 3.5 152 - 2 U 1 U

*F2 Transect 9 2/22/2011 3.1 152 - 2 U 1.6 B

*F2 Transectl10 2/18/2010 3.5 157 -2 U 1.22 B

B B=detected at avalue less than contract required detection limit but above method detection limit

U = undetected

01
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4 Discussion and Conclusions
* This chapter provides interpretation of the 1 00-F pore water sampling results. It compares the

February 2011 results to previous results and evaluates data quality.

Table 4 lists the results of pore water sampling conducted in fall 2009 and early 2010 (WCH-380 and
WCH-3 98). During the first round of sampling, 18 stations were sampled for Cr(VI). Only one station,

*T IlOOF2A, had a detectable result: 8 pg/L. This station and one other were sampled again in
February 20 10, and the samples were analyzed for Cr(VI), total chromium, and other contaminants.
Station T100F2A again had detectable Cr(VI), this time at 20 tg/L. However, that result includes a data
validation flag indicating it was an estimate; a batch duplicate sample exhibited high variability.

* In addition, the total chromium concentration was just 9.2 pg/L, which brings the Cr(VI) result
* into question.

* Table 4. Chromium Results from Previous Studies
*November 2010 February 2010

*Sampling Site Cr(VI) Cr(VI) Total Cr, Unfiltered Total (Cr, Filtered
*Sta~tion Number OWgL) (Qig/L) (pg/L) (jzg/L)

JlOOFi 3.7 U-
J0 J00F2 3.7 U-

J* J00F4 3.7 U -

*T100F2A* 8.0 20.0 1 9.18 4.01

*T100F2C 3.7 U -

*T100F2D 3.7 U -

* ITOFIO 3.7 U -

*T100F2E 3.7 U -

JIOOFlI1 3.7 U 7.4 U 34.40 4.81

J10OF14 3.7 U -

0J10OF16A 3.7 U-
T I OOF4J 1 3.7 U-

*J10OF18 3.7 U-

T* 100F4E 3.7 U

*T100F5J1 3.7 U-

*TIOOFE 3.7 U-

J J00F23 3.7 U-

J100F25 3.7 U-

Sources:
WCH-3 80, Field Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia River, Han~ford Site,
Washington: Collection of Sutface Water, Pore Water, and Sediment Samples for Characterization of Groundwater
Upwelling.
WCH-3 98, Data Summary Report for the Remedial Investigation of Hanford Site Releases to the Columbia River, Han~ford
Site, Washington.

0 * Approximately at same location as Station F2 Transect 2 (Table 3).
* J = estimated value; high relative percent difference (36.7 percent) on batch duplicate

U = undetected
* - = not sampled

* 15
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Unlike the previous 100-F pore water sampling efforts, the recent study focused solely on the area most0
likely to be impacted by the Cr(VI) groundwater plume. In February 2011, river stage was higher and0
pore water conductivity was lower than during previous sampling events. However, there was clear
indication of groundwater upwelling. Sampling results from February 2011 included only one detectable
Cr(VI) result (Table 3). This result was very close to the detection limit, and a split sample from the same0
site contained no detectable Cr(VI). Total chromium results ranged from below the 1 tg/L detection limit
up to 3.9 .ig/L.

Concentrations of Cr(VI) in the unconfined aquifer at 100-F are >20 jig/L in some wells near the
Columbia River. Hexavalent chromium is not detected in most 1 00-F aquifer sampling tubes, but has
been as high as 14.7 jig/L in one deep tube near the groundwater plume (DOE/RL-20 10-1 1). A shallower0
tube at that location had Cr(VI) concentrations < 10 gig/L. Groundwater upwellings have been identified in
the Columbia River adjacent to 100-F, but the pore water is not contaminated with Cr(VI) at levels
exceeding the 10 gg/L AWQS.

5 References
DOE/RL-2008-0l, 2008, Hanford Site Groundwater Monitoring for Fiscal Year 2007, Rev. 0, U.S.

Department of Energy, Richland Operations Office, Richland, Washington. Available at:0
littp://iwww5 .lhanford.,-,ov/arpir-/'?coiiteiitfiidpa~v-&AKey=00098 824.

DOE/RL -2008-11, 2008, Remedial Investigation Work Plan for Hanford Site Releases to the Columbia0
River, Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland,
Washington. Available at:
http ://www5 .hanford.gov/ampir/?conteiit=findpauge&AKev=08 10240394.

DOE/RL-2009-43, 2010, Sampling and Analysis Plan for the 100-FR-i, 100-FR -2, 100-FR -3, 100-IU-2,
and 100-IU-6 Operable Units Remedial Investigation/Feasibility Study, Rev. 0,0
U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
http://www2.hanford. gov/arpir/'?coiitent-fiindpage&AKey= 1006220803.

DOE/RL-2010-1 1, 20 10, Hanford Site Groundwater Monitoring and Performance Report for 2009:
Volumes 1 & 2, Rev. 1, U.S. Department of Energy, Richland Operations Office, Richland,
Washington. Available at:
http://www5.lianford. gov/aipir/?content=findpa~ge&AKey=008423 7.

NAVD88, 1988, North American Vertical Datum of 1988, National Geodetic Survey, Federal Geodetic
Control Committee, Silver Spring, Maryland.5

PNNL- 15226, 2005, Hydrodynamic Simulation of the Columbia River, Hanford Reach, 1940-2004,
Pacific Northwest National Laboratory, Richland, Washington. Available at:
http://www.pnl.,iov/main/poublications/extemnal/technical reports/PNNL- 15 226.pdf.

TPA-CN-3 91, 20 10, Tni-Party Agreement Change Notice Form: Sampling and Analysis Plan for the
1 00-FR-3, I100-IU-2, and I100-I U-6 Operable Units Remedial Investigation/Feasibility Study,
DOE/RL-2009-43, Rev. 0, dated November 8, U.S. Department of Energy, Richland
Operations Office, and U.S. Environmental Protection Agency, Richland, Washington.
Available at: http://www5.hanford.g~ov/ampir/?content=findpage&AKey= 10 1209050 1.
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* Columbia River, Hanford Site, Washington: Collection of Surface Water, Pore Water, and
* Sediment Samples for Characterization of Groundwater Upwelling, Rev. 1, Washington

Closure Hanford, Richland, Washington.
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Al Introduction
This appendix describes the methods used for pore water sample collection. These activities were
performed near or in Hanford Site contaminated groundwater discharge areas within the Columbia River.

* Pore water sampling activities were required to evaluate contaminated groundwater discharge zones
within the Columbia River adjacent to the 100-B3C, 100-F, and 100-N areas of the Hanford Site.

* A portable conductivity and temperature probe (Trident1 probe) was inserted into the Columbia River bed
to measure the pore water parameters in situ. The probe also had the capability to collect pore water
samples, which were analyzed for specific groundwater contaminants. Pore water sampling was
performed to support the following sampling and analysis plans (SAPs):

* Sampling and Analysis Plan for the 100-BC-i, 100-B C-2, and 100-BC-S Operable Units Remedial
0 Investigation/Feasibility Study, DOE/RL-2009-44

0 Sampling and Analysis Plan for the 100-FR-i, iOO-FR-2, 100-FR -3, 100-IU-2, and 100-I U-6
* Operable Units Remedial Investigation/Feasibility Study, DOE/RL-2009-43

0 Sampling and Analysis Plan for the IO00-NR-2 Operable Unit River Pore Water Investigation,*O/L2006
0 Sampling activities included collection of pore water using the Trident probe or Trident probe/frame.

These activities were conducted using a boat as an operation platform. Sampling methods were analogous
* to those described in DOE/RL-2008- 11, Remedial Investigation Work Plan for Hanford Site Releases to

the Columbia River.

Through previous pore water sampling work, field sampling guidelines were developed to guide decisions
on sampling. The guidelines represent the best conditions for sampling. Pore water sample collection

0 should take place when there are minimal signs of dilution from bank recharge from surface water and/or
0 when river levels are <0.8 mn (<2.6 ft) above low water level, and the river flow has been relatively stable
* for more than 1 hour prior to sampling.

* A2 Equipment and Materials
The following equipment and materials were used during sample collection:

0 Communication devices (e.g., cell phones, two-way radio, and very high frequency)

0 Tape measure/river staff gauge

0 Davit/Capstan system (mounted on vessel)

* Trident docking station (cradle on vessel)

0 Specialized anchoring equipment (as necessary)

* Trident probe deck unit (with push pole assembly, as necessary)

* Trident driving frame

0 Trident probe communication cables

* 1 Coastal Monitoring Associates (San Diego, California) Trident probe has a patent pending.

* A-i
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* Trident and secondary field global positioning system units

" Trident probe armored tips (with backups, as necessary)

" Field computer (with software installed and operational)

" Peristaltic pump and Masterfiex® tubing

" A 12 volt deep cycle battery with 750 watt power inverter

" Water quality measuring equipment capable of measuring the following parameters: pH, temperature,
conductivity, dissolved oxygen (DO), and oxidation reduction potential (ORP)

" Polyethylene tubing (18+ mn [60+ ft])

" Trident tool box and associated spare parts

" Underwater Aqua-Vu camera (one mounted to the frame and one for recon surveys)

" Digital camera

* A 500 L+ (132+ gal) graduated cylinder

* Field logbook and associated field record forms

* Sample bottle sets and associated sampling form-rs (including all necessary sample bottles, sample
labels, sampling data sheets, and sample chain of custody forms)

* Nitrile gloves

* Deionized (131) water (typically, 4 to 8 L [1 to 2 gal] is sufficient for one field day)

* One percent Liqui-nox® solution (typically, 1 L [0.25 gal] is sufficient for one field day)0

* Decontamination tools (e.g., brushes and towels)

* A 19 L (5 gal) bucket (for capturing decontamination rinsate fluids)

* Precleaned 9.5 L (2.5 gal) cubitainers (one per station)

A3 Methods
The following methods were used for sample collection:

" Sampling activities included boating to location, collecting pore water using the Trident probe or
Trident probe/frame, and collecting surface water using a peristaltic pump and tubing.

* Measurements of pore water and surface water were made concurrently at each sample location.

* Chain of custody documentation was maintained for all samples.

* Field decontamination was performed on sampling equipment as needed.

®Masterflex is a registered trademark of Cole-Parmer, Vernon Hills, Illinois.
®Liqui-nox is a registered trademark of Alconox, Inc., White Plains, New York.

A-2
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0 Water quality parameter measurements (i.e., pH, temperature, conductivity, DO, and ORP) were
S recorded on field paperwork.

0 Activities associated with this field work were documented in controlled field logbooks.

AM. Pore Water Sampling
* Staff performed the following tasks during pore water sampling:

00 At the laboratory, all field instruments were calibrated and results were recorded in the field logbook.
Trident probe temperature calibration checks were performed monthly. Certificates of analyses and
record calibration solution lot numbers and expiration dates were retained in the field logbook.

* At the selected sampling site, decontamination of field sampling equipment was performed by
pumping three tube volumes with Liqui-nox solution followed by six volumes of DI water.

0 Decontamination rinsate was discarded in accordance with the applicable operable unit's waste
0 control plan.

0 River level, time, and river staff station identification were measured and recorded at the beginning
and end of each sampling event. (Note: if river stages were near 0.8 mn above the green line or flows
were unstable, pore water conductivity was checked and recorded at a nearby pore water baseline
sampling station.)

0 The Trident pole assembly was pushed or the Trident driving frame was deployed, approximately
6 to 12 in. below the riverbed or until it resisted further insertion. The depth of the unit into the

0 sediment was measured and recorded.

0 After the peristaltic pump was turned on according to manufacturer's instructions, the system was
* slowly purged (6 tol1O mE/mmn) until stable readings were achieved. Typically, approximately 100 mL

of fluid purging was needed to remove nonrepresentative water from the tubing. Purge water was
discarded in accordance with the applicable waste control plan prior to leaving the sampling location

5 or after that area's sampling event was completed.

Conductivity readings were recorded intermittently while drawing the sample, and sampling was
stopped or slowed temporarily if the conductivity dropped substantially from the initial reading to

0 allow the conductivity to restore to near the starting value. Because of the variability of each location,
the time varied from site to site and with river level. A number of observations such as the probe's
position/depth, pump rate, river flow cycles, substrate types, and water depth were made to ensure a

S consistent measurement of the pore water.

* Once stable readings were attained, the pore water and surface water conductivity and temperature
* were logged using the Trident computer logging feature.

* Volatile organic analyte samples were collected first (where required by the applicable SAP).

* The desired volume of pore water was collected in precleaned containers, and enough water was
collected so that minimum sample volumes were attained and final composite sample water quality

* readings (conductivity, DO, ORP, and pH) could be obtained.

9 Sample labels and custody seals were attached, and samples were immediately placed into a chilled
S cooler. Remaining composite pore water was emptied into a clean, wide-mouth container to allow for

measurement of the selected water quality measurements (pH, conductivity, DO, and ORP). (Note:
the composite sample temperature was not recorded because this was not representative of the sample

A-3
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temperature. The temperature logged on the Trident unit was used to represent the sample
temperature. These parameters were recorded on field paperwork.)0

* Time and river level were recorded at the end of sampling, using the nearby river staff gauge,
denoting the river staff identification.

" Riverbed conditions were documented with a digital photograph, using an underwater camera or
video recorder.

" A full set of quality control (QC) samples of pore water were collected and one duplicate for every
20 samples was collected, or at least one QC set and one duplicate were collected for fewer than
20 samples.

* The sample tubing was decontaminated by pumping three tubing volumes of Liqui-nox solution,
followed by six volumes of DI water, through the sample tubing.

* All decontamination fluids were collected and disposed in accordance with the applicable waste
control plan.

A3.2 Waste Disposal
Staff disposed of all waste in accordance with DOE/RL-2004-30, Waste Control Plan for the
1 00-BC-5 Operable Unit; DOE/RL-200-3 1, Waste Control Plan for the I100-FR-3 Operable Unit; or
DOE/RL-2000-4 1, Interim Action Waste Management Plan for the I100-NR-2 Operable Unit.

A4 References
DOE/RL-2000-41, 2000, Interim Action Waste Management Plan for the 100-NR-2 Operable Unit,

Rev. 1, U.S. Department of Energy, Richland Operations Office, Richland, Washington.
Available at: http://www5.hanford. gov/arir/?content=findpage&AKey=D8479569.

DOE/RL-2004-30, 2005, Waste Control Plan for the 100-BC-S Operable Unit, Rev. 1, U.S. Department
of Energy, Richland Operations Office, Richland, Washington. Available at:
http://www5.hanford. gov/arpir/?content=findlpage&AKey=DA45 1655.

DOE/RL-2004-31, 2005, Waste Control Plan for the I100-FR-3 Operable Unit, Rev. 1, U.S. Department
of Energy, Richland Operations Office, Richland, Washington. Available at:
http://www5.hanford. gov/arpir/?content=findpage&AKey=DA780642.

DOE/RL-2008- 11, 2008, Remedial Investigation Work Plan for Hanford Site Releases to the Columbia
River, Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland,0
Washington. Available at:
http://www5.hanford. gov/arnir/?content=findpage&AKey=08 10240394.

DOE/RIL-2009-43, 20 10, Sampling and Analysis Plan for the 1 00-FR-I1, 1 00-FR -2, 1 00-FR -3, I100-IU-2,
and I100-I U-6 Operable Units Remedial Investigation/Feasibility Study, Rev. 0,
U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
http://www2.hanford. gov/arpir/?content=findpage&AKey= 1006220803.
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Terms

ags above ground surface0

bgs below ground surface

DO dissolved oxygen

EAS Environmental Assessment Services

HEIS Hanford Environmental Information System

N/A not available

NTU Nephelometric Turbidity Units0

ORP oxidation reduction potential

QC quality control

B-i0



* Table B-IA. Site Coordinates, Sample Metadata, and Water Quality Data for 100-F Pore Water Sampling, February 2011

F Fl Transect 1 2/28/2011 10:45 12:20 1 46.66177 -119.44256 580921.51 148198.22 med/Ig cobble B2BDB3 1,000 Split B2C6J91,02

F IlTransect 2 2/7/2011 13:20 14:07 46.66161 -119.44219 580950.06 148180.81 med cobble B2BDB4 600

F Fl Transect 3 2/27/2011 14:50 15:30 46.66139 -1 19.44181 580979.47 148156.75 medism cobble B2BDB5 600---

F IlTransect 4 2/27/2011 11:11 12:35 46.66128 -119.44162 580994.17 148144.72 medlsm cobble B2BDB6 650 split B2BDC9652

F Fl Transect 5 2/10/2011 10:50 11:53 46.66112 -1 19.44128 581020.43 148127.29 med/sm cobble B2BDB8 600 Duplicate B2BDB9601

FlI Transect 5 2/10/2011 12:05 13:05 46.66112 -119.44128 581020.43 148127.29 med/sm cobble B2BDB9 600 Duplicate B2BDB8601

FlITransect 6 2/25/2011 11:50 12:40 46.66102 -119.44112 581032.82 148116.34 med/sm cobble B2BDCO 600 - -- 1

FlITransect 7 2/23/2011 11:00 11:50 46.66092 -119.44090 581049.80 148105.45 med cobble B2BDC 1 600 - --

F Fl Transect 8 2/25/2011 10:20 11:00 46.66075 -119.44068 581066.89 148086.78 med/sm cobble B2BDC2 600 - --

F Il Transect 9 2/22/2011 15:25 16:15 46.66053 -119.44020 581103.95 148062.82 med cobble B2BDC3 600 - --

F Fl Transect 10 2/18/2010 11:45 12:45 46.66041 -119.43990 581127.09 148049.79 med/sm cobble B2BDC4 600 - -- 1

*F2 Transect 1 2/28/2011 16:10 16:50 46.66182 -119.44256 580921.43 148203.77 med/Ig cobble B2BDC5 620 - -

*F2 Transect 2 2/7/2011 11:35 12:18 46.66165 -119.44220 580949.24 148185.25 med/sm cobble B2BDC6 600 - --

*F2 Transect 3 2/28/2011 13:15 15:05 46.66145 -119.44176 580983.20 148163.47 med cobble B2BDC7 620 - --

F2 Transect 4 2/27/2011 13:30 14:05 46.66136 -119.44156 580998.64 148153.67 med/sm cobble B2BDC8 600 - --

F2 Transect 5 2/17/2010 14:30 15:45 46.66116 -119,44128 581020.37 148131.73 med cobble B2BDDO 600 - -- 1

F2 Transect 6 2/25/2011 14:07 15:40 46.66103 -119.44108 581035.86 148117.49 med cobble B2BDD1 600 - -- 1

*F2 Transect 7 2/23/2011 12:45 13:30 46.66094 -119.44083 581055.13 148107.74 med cobble B2BDD2 600 - -- 1

*F2 Transect 8 2/23/2011 14:30 15:25 46.66080 -119.44058 581074.47 148092.44 med cobble B2BDD3 600 - --

*F2 Transect 9 2/22/2011 12:04 13:25 46.66055 -119.44016 581106.98 148065.09 med cobble B2BDD4 600 - --

*F2 Transect 10 2/18/2010 j14:45 j16:30 j 46.66041 -119.43986 581130.15 148049.83 med/sm cobble B2BDD5 600 - -- 1
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Table B-lB. Site Coordinates, Sample Metadlata, and Water Quality Data for 1 00-F Pore Water Sampling, February 2011

Surfte 4 K St ad0

"':Stae~ive0

F 1 Transect 4 . . . 12 12 112.78 167.4 115.06 76 112.19 2.9 F1ITRANSECT4_02272011.JPG 8

FlI Transect 5 8.6 1.4 1.7 12 12 111.62 150.3 114.79 76 112.19 2.6 Fi1TRANSECT2_02102011I.jpg 5

FlI TransectS 8 .6 1.7 1.7 12 12 111.6 150.5 114.79 76 112.19 2.6 FITRANSECT3_02102011.JPG 5

FlI Transect 6 6.5 0.7 0.8 12 12 111.75 147.1 114.74 76 112.19 2.5 F1TRANSECT6_02252011.JPG 7

F1 Transect 7 86 0.4 0.6 12 12 111.48 150.8 114.39 77 112.03 2.4 F1ITRANSECT7_02232011I.JPG 7
F1 Transect 8 5.0 0.7 0.7 12 12 112.77 150.7 114.579 77 112.03 2.6 F1ITRANSECT8_02252011I.JPG 7

FlI Transect 9 6.9 1.3 1.4 12 12 111.35 129.0 114.274 77 112.03 2.2 F1ITRANSECT9_02202010.JPG 6

F1 Transect 10 8.6 1.7 1.6 12 12 111.13 135.3 114.439 77 112.03 2.4 F1ITRANSECTO_02182011I.JPG 6

F2ITransect 1 1.02. 0.7/ 12 12 110.71 145.2 114.7 76 112.19 2.5 F2ITRANSECT1_02282011.JPG 9

F2ITransect2 106.2 1.1 0.9 12 12 111.5 122.5 114.33 76 112.19 2.1 F2TRANSECT1_02282011.JPG 5

F2ITransect3 1 .0 0.8 0.8 12 12 111.29 151.7 114.83 76 112.19 2.6 F2ITRANSECT31002182011I.JPG 9

F2 Transect4 10.42. 0.8 NA 12 12 110.61 154.3 114.88 76 112.19 2.7 F2TRAN SECT4102282011.JPG 8

F2 Transect52 11.2 2.0 2.2 12 12 110.68 159.9 114.94 76 112.19 2.7 F2TRANSECT5102282011.JPG 5
F2 Transect63 11.7 0.9 1.0 12 12 111.37 158.7 114.89 76 112.19 2.7 F2TRANSECT6_02252011.JPG 8

F2 Transect74 10.9 0.6 0.6 12 12 110.1 139.6 114.45 77 112.03 2.4 F2TRANSECT7_02232011.JPG 7

F2 Transect 8 11.5 0.6 0.6 12 12 110.37 140.8 114.47 77 112.03 2.4 F2TRANSECT8_02232011I.JPG 7

F2 Transect 9 10.1 1.1 1.2 11.5 12 111.12 119.5 114.13 77 112.03 2.1 F2TRANSECT9_02222011I.JPG 6

F2 Transect 10 11.5 1.4 1.8 12 12 110.97 136.0 114.40 1 77 1 112.03 2.4 1F2TRANSECT 1O02182011I.JPG 6
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Table B-IC. Site Coordinates, Sample Metadata, and Water Quality Data for 100-F Pore Water Sampling, February 2011

F Il Transect 4 168 2.5 7.67 232 9.51 42 136 2.3 7.80 275 12.8 61 16820.

*F1 Transect 5 158 3.4 7.26 228 9.06 82 143 3.0 7.33 206 12.28 4 1580.g

*F1 Transect 5 165 3.2 7.85 199 8.58 31 141 3.1 7.62 222 12.36 6 1650.g

F FI Transect 6 158 2.9 8.04 280 10.57 85 134 2.6 8.25 229 13.19 6 1582.g

F1 FTransect 7 161 3.1 7.51 188 9.10 25 140 3.0 8.25 289 12.35 3 1610.g

FlI Transect 8 156 2.8 8.04 255 9.60 89 149 2.5 7.84 277 12.94 3 1560.g

FEI Transect 9 143 3.4 7.27 226 10.99 31 136 3.4 8.22 220 12.78 10 1432.g

FlI Transect 10 155 3.4 7.98 297 9.23 34 137 3.2 8.02 257 12.40 11 155 -.

*F2 Transect 1 163 3.0 8.11 269 8.91 99 136 2.7 8.25 247 12.4 6 1634.g

*F2 Transect 2 175 3.4 7.95 240 7.22 95 141 3.0 7.42 226 11.25 1 1750.gh

*F2 Transect 3 180 2.7 8.3 235 7.94 189 139 2.6 7.95 277 12.87 7 180 -.

*F2 Transect 4 151 2.8 8.05 260 9.93 195 138 2.5 8.07 262 12.7 5 1510.g

*F2 Transect 5 163 3.5 8.19 211 9.96 52 136 3.2 8.24 160 12.57 1 163 -.

*F2 Transect 6 147 2.9 8.21 241 11.32 83 137 2.7 8.37 241 13.14 6 147 -.

F2 Transect 7 153 3.3 8.09 249 10.68 72 139 3.1 8.01 242 12.68 2 1530.g

F2 Transect 8 152 3.4 8.20 232 10.54 77 138 3.2 8.12 243 12.57 3 1520.g

F2 Transect 9 152 3.3 7.88 268 9.40 551 137 3.2 8.06 2612.35 4 1521.g

*F2 Transect 10 157 3.4 8.04 278 10.03 144 137 3.4 8.12 270 12.31 2 1572.g
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Table B-I.C. Site Coordinates,, Sample Metadata, and Water Quality Data for 100-F Pore Water Sampling, February 2011
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0
* References
0
* NAD83, 1991, North American Datum of 1983, National Geodetic Survey, Federal Geodetic Control

Committee, Silver Spring, Maryland, as revised.

NAVD88, 1988, North American Vertical Datum of 1988, National Geodetic Survey, Federal Geodetic
Control Committee, Silver Spring, Maryland.
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f ~ Stndad fr, Lo xiato ae Actual Reading

OAKTON Turbitit Meter Calibration Check: SN 623329j
Standard Mr. Lot # ExiainDate Actual Reading

TurbidityNTU) 0.02 OAKTON 470/1 90/201 WA _Turtbidk(NTh) 20 OAKTON 470/1 90/20 1 AJIjh
Turbid t(NWU) 100 OAKTON 470/1 9/302 1 jA J
Turbldity(NTU) 800 OAKTON 470/1 93101 Aj

I DlWaterfromApelL ab151/153 1
1Pro rtyof Mfr. - FModel megohm-cn
Applied Process Engineering Laboratory B1amatead IE-PureJ

_7 -D 7,0
0

E-6
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a~a t

fo)i, oll 5'AS ~ y5 5 1 f24,q17(2,Y

Ale O~e 1, 2A Yeqe I.jjCr5(n. ~ 4k

_HR _01 T00 rident Probe Conductivity Calibration Check Dae

7/ke-Standard Mfr. Lot ~ xiration Date jPorewater Probe Sufc robe
0/00 9 99.9 us JCole Parrner CC8596 09/03/11

447 Oakton 1205259 051S3111 1Y 1 1e -:

0300 1 ____ Myron L Ultrameter Calibration Check: SN

SStandard Mfr. Lot #Expiration Date Actual Reading0
PH' 7 Mron L Company 1001397 ES 0910911

105:____ 4 _Myron LCompany 2003077 JM 08/0311
Cond. (uS) 99.9 Cole Prmer CC8596 09/03/11 /~

______447 Oakton 205259 05r31,1115~,
*ORP Is calibrated using results of pH cal. Check

______ S I Dissolved 0xyen Meter Calibration Check: SN

I DO.ndard jMir. Liot# jExpiration Date Ata edn

OAKTON Turbit Meter Calibration Check: SN 6233291

____Standard Mfr. ~ Lot# Expiration Date Actual Reading

Trbidfty(NTU) 20 OAKTON 4701 9/30/2011 ?v/
Tubid~ty(NTU) 100 OAKTON [470/1 9/30/2011 Zk
T rbidity(INTU) 800 OAKTON 470(1 9/30/2011j

I Dl Water from Apell Lab 1511153
Propert of Mr. [Model m ohm-cm
Applied Process Engineering Laboratory larnatead JE-Pure[

Di5c,,v, X ,a'] it mewh-j~ selhl,1e aA've 1;ac&-1e,/ f/4i13 .7t0

±ffc ,C :2;por-hi'c cf CC'vbALOLA C'o,~,,Wc~,p beh,+w eii Ve,Y~eiJ
~~ ~~Ae u e Aca,,d lietS r 4 lo5,0

II I' 1 ) &I ' I NPI k 1 -t ti~ It% 1)~ 11
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* 48 V -10/ Zft

L)5) -/, S, J /?,7SeD 66/? / - -

* 4br, ttltn kSlrr iljIY 3  d J 4 d'x/A)01 1

Add- S 70W (fi) Te el~~Wl> /Pbe,& /~

Riper~ Date: Q-*7- M -2v.'
CHPRC 2011 10OF

77b7& ~Trident Probe Conductivity, Calibration Check

Standard Mfr. Lot 0 Expiration Date PoreWater Prob surface Probe

99.9 us Cole Parmer CC8596 09103111 /0

t~~i~2O /5.5 447 Oakton 20590111

Myron L Ultrameter Calibration Check: SN

0 030126 31 Standard Mr. LoWEprto ae Ata edn

/2~/Q H/ M roniLCompany 1001397 EB 0/91

4 Myron L Company 2003077 JM 08/03/11 Q ; 3

Cond. (uS) 99.9 Cole Parmer CC596 09/3/1 CNI :

O~O~ !~ 447 Oakton 205259 05131il f -

ORP ia calibrated using results of pH cal. Check

i YSI Dissolved Oxy ien Meter Calibration Ceck:, SN

Standard Mfr. 1 M t lExpiration Date Actual Reading

D.O. Zero Hanna 1427 IMarchO ofV01

0 OAKTON Tubt Meer Callbratin Check: SN 62329

Standard Mfr. Lot #f Expiratipn Date Actual Reading

Turbidit NTU) 0.02 aAKTON 70- /30/2011 , 5
TurbldiKY(NT) 20 oAKTON 470/1 9130/2011

0 urbidity(NTU) 100 KTON 4701 9/21

Turbidity(NTU) 800 OAKTON 47193021

01 Water from APel Lab 5115

0 ~~~Property of Bt.Moemgomc
Applied Process Engineering Laboratory Barnstead E-Pure

E*1
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05

S -INITIAL Porewater Readings Date: 4;&4,z~j

C .onductv 3.','), Water qualit results (after purge water)

I'l Temp (AlIR IH

_________Turbidity' 012 L)TL _____________________________

_________________________Surfacewatereadings

_______ _________Water quality results_(after purge water)

Ip/m, Tamp (C')' ORP' EPH'1.

_______Turbidity' 
14 -P 

_ _

__________COMPOSITE Porewater Sample
.09prdinates ,.qf

Station ID: SAF# iStaff Guage (mm-) :Sample Time. -iteg.deg)NADS3

* f~~~7~r,-~tveb Fj-0/-Aijwbefore:/./ after:,g [Start: n:.. ?.l4 / ~N~.6'~
Probe Tip . //.3! End /UIJa i),qqq IN y/. 61

I( IC'na.1ifivt) W ater quality results (Composite) . 1 ~ /
(W r T am p (C') , ORP I __PH ___D.C___

HES Turbldity BT To) s-,g ______ ____

'ESSample No.(s) Volume (m!l) Duplicate? Tied To: 1# BottesNots;

_____________________FINAL Porewater Readings

Codctvt Water quality results

(pjSlcm) Temp (C'" ORP 'pH'D.

*Turbidity' 0, f49 5).q

a) Myron /.T )?,

b) Thcent rsit h)r-s ~ ?~ & ~ (1 e h /
C) YSI

d) Hamq atle

E-
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INITIAL Porewater Readings -Date: ~//
ConducivityWater quality results (after purge Wter)

(Ps/-P 1 1 a Tep (C) 1OP*0

SurfacewaterReadings

ICnuctv Water qualit results (altr purne water) ------

I Turbidty Temp(C~b 0OPOSITE Porawater Samp le p * 2

Station ID: SAF# Staff G age f...) Sam I. Time ~ ~ d)dnat 3 .7/ f/ az I,/, ~
____8 

Dp/70'OFl -Ah~ p~ 2. efoeafter., Start: ? 2Ed 7 -I /: N %f~
Probe Tip End:4Vf

Depth (inches) /1 4

Conductivit Water quail! results Composite)
(Pw~c tiv* Temp (Cp R 0 p 'I..

HEIS Sample No.(a) Volu-me (ml-) Duplicate? Tied To: 01 otesNts

FINAL Porewater ReadIng.

Codutiit Water quality results _ _

a) Myron1.

b)Tient 7,&4 k-~~ ~2~' I22 y

ILt/Ls TI O~ 00 L '%zh
be-atl n #ie/d Per- , A-T.I(0(2 Pe 0 a4,ge 1PR: e?

&rr- 14z 17011n~5

/VA
9-7/ 1

-- I I',Ij ~LNIR~eIEuh16
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525

p)- ile -ls el J-lz -e h ? I
* ~ ~ ~ ~ l p-'It//zKL& If n-J-

13/ e9 t9

03c9 Per7173

CRC2011 100F Date: ~-'~
Trident Probe Conucivity, albration Check

Standard M ;.Lot EpiainDt Poe tePrb SufcPoe
99.9 us lCole Parmer [CC8596 091/03/il /07 7 T447 1Oakton 1205259 o5-/3111

Myo L_ _ _ _ _ _ U_ _ _ _ __Cairaio hek:_

0Standard Mfr. Lot # EpaonDate Actual Reading

4 Myron L Company 2003077 JM 08/031110

U447 WOakton 205259 05/31/11--F Y '7
*ORP is calibrated using reaulta of pH cal. Check

YSI Dissolved Oxygen Meter Calibration Check: SN

FDO. Zero Henna 1427 March of 2014 el f"

OAKTON Turbitity Meter Calibration Check: SN 623329

TubdTytu) dw 0.02 r - -Cot# 470iatio 9/30/2011Re~-I
Turbidlty(NTU) 2 OAKTON 4701 9/30/201147
Turbidity(NTU) 100 0;0 TON 401 9/30/2011 1l, 7Turbidfty(NTU) 00 TATN 47( /30/20119

* Dl Water from Apel Lab 151163Property of Mfr. Model megohm-mApplied Process Engineering Laboratory Barnstead E-ue55

0 E-1 7
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7 h~ .2 re0
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54 R "Vi6~ -Pf~u AJ& ?

S ~~CtHPRC 201 1 OOFDte.- 
,'

I Trident Probe Conductivity Calibration Check
I~tendrd f~r. I~o # jpiration Date Poreae PoeSrace Probe999us Cole Parmer CC859E 0/3/11 p,j447E Oakton 205259 05/31/"1

Myron L Ultrameter Calibration Check: SN
Standard Mir. Lo Exp!1 iratio n Date ActualReading6p-' 7 Myron I Company 1001397 S 09/09/11 7 -

Myron LCompany 2003077 JM 08/03/11
Cod u) 99.9 Cole Partner CC8596 03/11 /4>.7

447 Oakton 205259 05/31/11
*ORP Is calibrated using results of pH cal. Check

YSI Dissolved Oxy.en Meter Calibration Check: SNI Standard IMfr --- Lot # Expiration Date Actual Reading0.0. Zero Hnna 1427 Mrho 04 ,~

OAKTON TurbItl Meter Calibration Check: SN 623329
Standard Mfr. Lo xiainDae Ata edn

Turbi (NTU) 0.02 OAKTON 470/1 9/30/2011o Date ua edn
Turbdit(NrU 20 OAKTN 40/19/130/20115 urbidity(NTtj) 10 OAKTON 4701 9/30/2011

Turbidity(NTU) 00 OAKTON 4701 9/30/2011

DI Water from Apel Lab 1511153
iProperty of - Mr. Model megohmcmq
Applied Process Engineering Laboratory Bamatead E-Pure E i j-)t

* f'L - ~ 4 ~ .4up

It e;,+- V c+o 10
6 ~ ~ ~ ~ ~ ~ ~ ~ ~~) I)02),4)~- pOLCiP {Kf*~

O/

E-
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F 4 k/TF- -ik-701 55~
POR~E WiATRR- : AP'/U06 q r7q /IH) E7!S-

4 -Iech v7 ,e- ict Uej ISA4j.1j £v-i,- (EAurv ®'-' 4is 9'frii~kNC

Pne- dm h nv 69 PQ - e) - t n4 4,e~&~ 61h1 pt Pio

1-7/ JIMt2 De,&zn per SAI DZ

jCHPRC 2011 OF Date:I ~Trident Probe Conductivity Calibration Check S
j5tandardI Mfr. Lo / Expiation Date Porewater Probe Surface Pro-be

u Cole Parrner icass09011
47 Oakton 205259 05311.

pH- 7 MonLoan1001397 EB 09109/lI DI

*Cond. WuS) 99.9 Coie Parmer - CC8596 09/03/11

"ORP is calibrated using results of pH cal. Check

YSI Dissolved 0xyen Meter Calibration Check: SN
I IStanard . Mfr. Lo Expiration Date Actual Reding

0.0. Zeo Hann~a 12 ac 104~,

OATNTurt eter Calibration Check: SN 623329S
Standard Mfir Lot # Expiration Date Actual Reading

Turbidity(NTU) 0.02 OAKTON - 470/1 19A/01 #

jT-(~T2~ AKON 4701 9/30/2011 _Lu 10 AKTON 4701 9/30/2011-0
TuOAKT(TU iOON 470/1 9/30/2011

I~ropety ofDI Water from Ap I Lab 1 odel1153

Aplied Process Engine ein Laoatr k-rsedI-Pr mc

7S

E-20
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5 G U F7 --7,01 2-

*PO9 aE9-5 Lh&, 04 13Q6-r ql'- t9/I 4) / 4;7

* ~ ~ ~ ~ ~ Y1 T6ndlru/1U3e,. 60/-~)?'1
* Se~J?1 /C

INITIAL Porewator Readin3 s ate:/

*(IJS/cm)b fr~Temp (C' q 3 ORP' H D

* Turbidity- a17, l'7~

S SurfacewaterReadings

ConducivityWater quality resuits (after purge water)

(PSlcm), Temp (C*)b ~ORP' fPH DO

__ _ _Turbidity L,03- A.Y)1 TJ) '16 ;,'--7I ~ 2.b33 OMPET Porewaer Sample '73
Coordinates / 4 e

Station ID: SAF# IStaff Guage (m.m SapeT e (deg.deg)NAD83 e /1 )'
F -) - &. Pj/1- 07 - Ob jbefore:/, after ,/ jStar. 50 End: / ,5 E -1, ' 11 *.. 7/,J N

Probe Tip ke eliP6 4Depth (Inches) feedp-h .4.L

0 odciiy340i Water quality results (Composite) 7 .
WS Temp (C~b~42p ORI' I PH'D

b; Trliy .- L T U TDS - q_ _

IHEI~aple o.(s) ] Volume (ml-) IDuplicate? Tied To: #BottlesiNotes:

Ne s 1 D 87)

FINAL Porewater Readings

Conductivity 1 ~ ~ r Water qualit results_______

fPS~cmr Temp (Cp '~1ORP* IpHi 10.0.'
Tubdiy zY iq zi zzzz zr Tzzz z ____

S a) Myron
b) Trident ti h61,~ ~ ~ £ /54A 1,
0) YSI LL+st

* d) Uaf-MW Q 0 1) 1

2* /

E-2 1
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Turb~dit urTL) S-r)

Watertiit qult eults (after purgeiwtr

)P .. Jc t emp (C)b O R2P1bRPD JPH

rbdity a A T_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Coordinates / r~ adings

GodclWater quli results (frn ugiter)

Jpk) I ~m C)'C 44,b .pH. 1D.O.C 0-

- . F IN Por water Speang

Water qCoordireaulttaio I oD: SAF# t Irempf GCag trt: En:(o-egD3 1pH~l ./
/55tn 3.Di: am [a7m-yP Turbldlt 141W I9', IN7 TDS, - /,&//

a)obMyron

D~bepth(inhe ) 0

2W,411) 09',09- 1 1-

-- ~Ad O~urbeF9Rdy,?. I00L- 03-A oIC
EISSamle o~s I Volme ml. Rplae? no T:1 0 Bottl/Notes:

'i\/Los
FINA Porwate Reain0

vonductvityWatr qalit reult
(P Wm? emp C~pOW - p' 1.O.

3,110 qqE72-
]1eq, 4377
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58RF /4'F-& A)- -70)

QA2R LL) 11-71)) p/AD

le- ql)s i5)lob/;, t' -ptn!drzt i d~ E

*~~~c 141-Ar 1q~I~ (

03 13 HPC 01 101 Trident Probe Conductivity Calibration Check Dt; g/

130I Standard ]Mfr- Lot # I Expiration Date I Porewater ProeIufc rb
V'L V 447 jOakton 1205259 105/31/11__ 1Wl //7
10 0 p 1__ L6_ _ __ _ _ _ __ _ _

__________ Myron L Ultrameter Calibration Check: SN

_______Standard IMfr. Lot # Expiration Date Actual Reading
J;H* 7 Mron L Company 1001397 EB 09109/11 7 z

/ Mron L Company 2003077 .IM 08/03/111-
Cond. (US) 99.9 Cole Parmer CC8595 09/03/11

6v447 Oakton 205259 05/311 J/6
*ORP is calibrated using results of pH cal. Check

* I _______YSI Dissolved Oxygen Meter Calibration Check: SN
_______Standard IMfr. Lo: xiainDte jActual Reading

[Zero 7 1wa... 147 Mrho04 £

OAKTON Turbitity Meter Calibration Check: SN 623329
(Standad Mfr. Lot # Expiration Date Actual Reading0Turbidity(NTU) 0.02 OAKTON 470/1 9/30/2010,0

Turbidity(NTU) 120 IOAKTON I470/1 9/30/2011 20
Turbidity(NTtJ) 100 OATN 470/1 9/302011

Tubdt(T)800 LOKTON 4J70/1 9/3012011 Z

I Dl Water from Apel Lab 151ill53
Property of IMfr. Model meohm-cm
Applied Process Engineering Laboratory IBamstead IE-Pure 7 Z

* E-23
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SA--U --61-7 ./11%-

INITAL Porewater Readings Date: 0. 77/I0

Wa~quality results (affer purge wter)

fiiscrn) Temp (* -, RP' PH' D.O.*

______ W Tamp/~.

_____________________ SurfacewaterReadings

~uc Water quality results (after purge water)

[___Turbidity' /, 07 -T I1
______COMPOSITE Porewater SampleA i

[Statin ID: SAF# IStaff Guage (m.m) ]Sample Time 1411?.g)NAD83
l.2Transa j1j-pj7-V'jbeforea, 0 after;( -Start: End: 11q7 I/ N /1,6, 401156

Probe Tip
Depth (inches) /

a li12 49 -J-1&-+ 96 n 1 Water quality results (CompO os)

/2 La u I?

fi4ES Sample No.(s) VolUMOe(ML) J u licaed o 1# Bottlee/otes:

FINAL Porawater Readings

M CoductvityWater quality results

(PzSICU)' Temp (C*)b ORPO IpH / 0

a) Myon _ _ _ _ _

C) YSI Sit~ Lr r~ cs S-e

"I VII1 I NII f'- 141 ) w0

E-24
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* 60 /#/4 -V-1'~( a
* ?op~W,~ii9- ~APeJo&-

* 0
0
* ~ )~tWTlVDF)4w- /7~id~

0
* (I~L2 -eIi'rj4~cJ S~hzpk~f -~ d/Y~*6~

* ~ -$VeId per S~IE.
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0
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P /~ WAtP-~AMP//I p/F-AJ-70/ 2- 6

A

IV e, I S?.,IlI" W'LYN (CA) -6syic~'A 1K'~ faue.t, eA~4) -Lead, Gen .
Po Setii' (cm1. 4 - to be. E £5 Ve5;J, 2.

0130~ Ae.- " T190&-de rxe.,O (top) Ae.&Id a ,4jod, & .5ejs plA,,s
i o Cv4Ie(C.A.2 A)V 5a-p 16 comIVI rTAp/rcT I. Dl'-svsea re -
-foCqve. of baL)j tiL4? 0, 4-lie 1 movn ' P Ford F-z-sr.0

7rltne. KCF D ,oti forC 5A+1- a±4 c-7qt brs,

1O7,0 /lLR M AAle 4e. il £ ine. WsA very 5JA1- brc.f-
0?300 /541o feieg.-tie ,x o. Ad~s. qo'- F"

C0&, C0 1 C7RC201607 Trident Probe Conductivity Calibration Check

Stand ard ~ I f .Io Expiration D ate I o e a er Probe -Isurface Pr b

447 Joakton 1205259 _J05/31/il

Myron L Ultrameter Calibration Check: SN
_______Standard Mfr. ILot # Ex piration Date Actual Reading

PH' 7 Myron L Company 1001397 EB 09/09/111
4 Myron L Company 2003077 JM 08/03/110

Cond. (uS) 99.9 Cole Parner CC8596 09/03/11

447 Oakton 205259 0531/11

*ORP Is calibrated using results of pH cal. Check

Y is ved jMfr. ILot # Eiration Date lActualRedn
0.0. [Zero lHanna 11427 1March of 2014 1 0,

- OAKTON Turltity Meter Calibration Check: SN 623329

Standard Mfr. Lo Expiration Date Actual ReadingTurbId tyNTu) 0.0 OAKTON 470M1 930/2011 a
Turbidfty(NTU) 20 OAKTON 470/1 9/30/2011 Z2 z
Turbid t(NTU) 100 OAKTON 47011 930/2011 1
iTubidfty(NTU) 800 OAKTON 470/1 9/30/20119

Dl Water from Apel Lab I111153I0
Property of Mr. IModel Imeohm-cm
Applied Process Engineering Laboratory [Bamstead JE-Pure I~ Ii;

l !0 ll \ 1 1 
i kt 

;
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0

K1' 0

__IA Date:tee atrf~I

SWater qu malt a uts(after rg

-STr ~ ~ O ~ ~ E~wtr iAmpl joori
Statlof ID:"SA Acrv1i'ezf 024SttinID AF tafGuag (m.m) Sample Time (deg.dag)NADB3t

iI1-01i lbefore1,lafte ,(pStart//. i5 End: /2.-* $S - // 5
Probe Tip E- I]%i it -5 0- 5 p N

AS& Depthr (Inches (C) OW PW'

(A6I1r")

HEIS Sample No.(*) Volume (mL)IuiatTeTo itlsm es

041
T T-P. (C, 7

a) Myron
b) Trident
C) YSI
d) H&--iMat/""04Tf

cg-lf Anaa.. &J/oPT(CMOkC) CaC-4(,i,'iv, 5he io

3 34 6-rS el eh~i c 4, c go~f S . srv4AJ mie, 4v u A~o .
1 6-4i1I6 (L-ot N.C"43007L A~S We, ?7',o1iey1 SWee cUmpleS /'jjv 1/A6,
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*~ ;4 A - -7/1 2.-

6* /~ /3 Ath~s. & i Af,.~ 17lll 1 'j I/L., I Ap -ii/fi)
F~ 2-'1ra,6A. x-- 10 Mtte~r deftA cJ!Wt Ljheoi fl,

Co'g& U/11 4J (v2 - 4I:1 5l-yc-

10 /13 .,3

,; )IMA P15fwater Readings Date: 0211IIS/2Q1/

Cnu t empity Water quality results (after purge water)

d, .Qjs/cmp Tem (C*)b ORP" 1pHl - =D0,
*~q 9~q, iu 3.311 -2-L 1 7'571.,j

' Tur b-idi4- 3C, ' A ? c, I________________________________

Surfacewatereadings

S f Water quality results (after purge water)

(PiSlcm) Temp (Clb ORP' IpHs .________3____ 271215
______Turbidity f, 7-(,/_________________________________

COMPOSITE Porewater Sample
__________ I I~ample Coordinates 4-~ 2~lt

Station ID: SAP# IStaff Guage (mm) IapeTime (deg.deg)NADB3

E2rf.,! g.10 F"11-1-1 beforei-w4 afterw.4 Start: //;.Ir End: 3v E,~P Z'N ilk, j
Probe Tip 93&2

Depth (inches)/ t,,4( I-'O- Mr.~ Lc9

(6"-12) on ucvV (C) i~ . Water quality results (Composite)

~SC- (plm), Temp (C
0  ORP' a

__ _ _ _Turbidity' ___ __ __ __ __ ___IV_

HFIS ample No.(a) j Volume (ml-) [ulicate? Tied To. 1# Bottles/Notes:
_________________ 1_ A-Ac 01 1 4

__________FINAL Porewater Readings

____________i 
Water quality results

(IiS~cm) 'Temp (C) 0  ORP T..

/5'3.(. 3,312 IL (0 (

a) Myron 
Triiy

b) Trident

di) Hanna-Moee . r2A/
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A iiu.Wxo~.caL~~ -Teit)-irl I./4
A p* I ,k I i v I4 -M ) 6t e/i rtY7 V (e~I -

* ~~'bf P'&bU ,2- LtMPOh~)- 16, Vi6J't±r+; AA)4. i3Ke-J' Zd/4 Pr5 -

Mi 71t6yQ. ?er'r LUAS ; rjI)-r EA) - 64 pic aI'ir V&5 / 4i1~

T, me -T&II r 1L~'~

S ~ ~ O OP I~~kT~61

[CHPRC 2011 lOOF Date: 2-2?2 -20/,
I [ Trident Probe Conductivity Calibration CNeckI

Standard IMr. ILot# F~xiratinDate IPorewater Probe ISurface Probe

S 99.9 us Cole Parrner ICC8596 109103111 10'7 102-
7 joakton 205259 105/31/11 14j(5

[ Myron L Ultrametor Calibration Check: SN

0 Standard mf.Lot # Expiration Date Actual Reading
pjH' 7 Mron L Cornpany 1001397 ES 09/09/11i

0 4 Myron L Company 2003077 Jt 0&/03/11

tCond. (uS) 99.9 Cole Parrner CCO596 09103111
I447 Oakton 205259 05/31/11 4175

*ORP is calibrated using results of pH cal. Check/

0YSI Oiaaove Oxygen Mator Calibration Check: SN

-- Standard Mr. Lot # IExpiration Date jActual Reading

0ID.O. jZero lHenna 1427 IMardi of 2014 -.0

0OAKTON Turblitlty Meter Calibration Check: SN 623329 DaejdaRain
~Standard Mfr. Lot # ExpirationDae AtlRadn

TurbidtyCNTU) 0.02 OAKTON 470/1 ~ 9/3012011
Turbldky(NTU) 20 OAJCTON 470/1 9/30/2011 20/
Turbidty NTU 8oo OAI(TON 470/1 9130/011

0 ubd.fyNU) 100 OAKTON 470/1 9)30/2011 7 j

0 D__ _ _ _ _ _ _ _ _ _ __Lab 15115

Propet of Mr. IModel :m ohm-cm

0 ppie roes EgnerigLaboratory B8amatead JE-Pure

0 1__ _ _ _ _ _ _ _ _ _ _

0 E-31
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l4V~V7o( ? 67
PR WATFP- Agpyn)L0& 4//Z11 W .&7s~

6q A Wf/T0-a-C 010V H-170, o

101) &+ &fl -oz~ 0

-o~ Am )Oe, re-4a dqe~d (-. tsf d"(oW<, cc/,)

pp + v ,~e#t~1
,? 777

'~ater&
L70

co~cvmlit vs~rqwiymsft~ftwj~tr er

CM "JTrnpC) W PWD.O
Turbldfty

At.b Ti.pnv qanpeTm

Staton I: SAO I agQdr )AD0Z2 !Uq,;:: Itart 1 ?,?&tEnd
15LTBAIS t Sa P No 1s Voum (mL Du22b Ilcate? Tied To: # IN olm

Probe Ti
Np~h (nches

Water uall-0
vqre zk/ z 4**I/~.

Tom (C*' OiF' .O.
I)ANE ml os Vlm m)13piaeTidT: 1 ote ots

3'1-, - , ' Ii A& r0
t;0

a) Myron

14 la0
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INITIAL Porewatar Readings Date: O-2?T'"

tConductv Wator quality results (after purge atr)

*I6. (PwScm)" Temp (C~p OWP IPH. :T0D.-
* _____ ~~~~Turbidwity r A-970 _______________

C o d ct v W ater q u a lity re u lta (a fter p u rg e w ater) D .* IC~n Temp JCp ORPOIW 1..

* ~~~~~Turbidit -7,3 PTO_____________

__tainD: SP#____ uae(mm COMPOSITE Porewater Sampl Cord-ata : -. 2. Z, e4-(,1-

Staton I: SA# Saff ua emm)Sample TimeSII,11 J r~-11 -~ - before:/ .3 after) Start:/5 -7 End: =N

* ~~Depth (inchies) bL4M rJ p 1 9/
(V-12")

CodciiyWater qu ality res ults (Composite) -

* _________ ~~~Turbidity' 1 ~I3.-~* _________ ):Ell__

HEIS Sample No.(s) Volume (mL) Dulcate? Tied To: 1# Bottleslotes:

r _________ ~~~~FINAL Po rewvata Readings _________ ______

I __________ ~Watier quality resultsf<9_______
I ~ conductivity

* _____(izSlcm) Temp (C.)b ORP A ~ pH Q ~ 4 0

a) Myron
* ~b Trient Ak 6)I,- d

1) OAKTON

00
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1NP- ,o 1 69

Pal i 15/sW 691/) Sd &-e/l 7 /4 IlrLi&6' p Ad )

Pi~e 1 P/p 1I94'b' &VA41f~ 11

113~~~C A41esl7 4pdle-

CIIPRC 2011 100F Data: -- _g-2011/
Trident Probe Conductivity Calibration Chock ______

Standr lw._ Lot #- Expiration Date IPorewater Probe Surface Probe

Myron L Ultrameter Calibration Check: SN _________

Standard mit. Lot 9 Expiration Date Actual Reading
4 pH. 7 Mrn LCompany 1001397 EB 0910911 I7L

4 _ Myron L Company 2003077 JM 08/03/111 y

* Cond. (uS) 99.9 Cole Parnier CC8596 09/031117(~J447 Oakton 205259 0513111
*ORP is calibrated using results of pH1 cal. Check

[DO. YS1 Dissolved Oxygen Meter Callbration Check: SN f 0

[_____OAKTON Turbitl~ Mater Calibaton Check: SN 623329
Standard Mfr. Lot # Expiration Date Actual Reading

Turbldfty(NTU) 0.02 OAKTON 470(1 9/30/2011 00
Turbidity(NTU) 20 OAI(TON 470/1 9/30/2011ZoZ

Turbidity(NTU) 100 OAKTflN 470/1 9/30/2011

Turbidity(NTU) 800 OAKTON 470/1-- 9/30/2011

lie Process Engineering Laboratory leamstead JE-Pure fA.1
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*70 Hl f)F-l Z//2
* ~~PORC WAVA ~n~tA&

*2

*~~~INTA Poewte Redig Dae 4pU il? ~4}~K*74Jr'7

0 INITIA PoSrfa ewater ReadingsDae 0 /]
Codc~7:j::Water quality results (after purge water) *

*ISC) $q - ORP' PH4 .00

* ~~~~Turbidity ' ~ -/T __ _ _ __ _ _ _ _70_ _ _ __ _ _ _

COPST Surfa ewaterd mpg e

Stto IDuA# Itf u (C ) I~ml ieLdqj )A
r/ ______ _____ F1___17-&VIefre___ftr:__Str__Ed:I

(P/m* Temp 10*b RP Ip D.O.

COMPIT Porewater angs
1~Wae 46It Crrdnaeslts~'~

ProbeyTip

b ) T t ubdt Ti

CEI YSaml o()[ Vlm nl. ulia idT: 1 ote1tsd)AKO

FIAW oeatrRaig

F Wat~~~E-35iyreut
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0

INITIAL Porewater Readings Dae0_/27

Condutii1ty _____ Water Iquallty results (after puid: atr) ~
/4 9 I(pS/CM)b ~TeMp (C.)b 1 iORP oO 0.

- urbldlty"/,2 4/A IT0

SurfacewaterReadfngsr ____________ Water quality results (after purge wtr)

'(IIcm)
3  

Temp (C6b jORPW10

- Turbidity V,2.)/ 72

______ _______ ________COMPOSITE Porewvateir Samiiil

Station ID0 SAF# Staff Guage (m.m) jSam I~ Tim Coiate ) A e--- , I P

before: 0a(gafterb,b IStart 24'F End:u
Probe Tip u ci 1L

Depth (inche)UJq f.l 71h~ 1/ T>1-

HEIS SameI. No.(a)Vue(L) IDulilcate? Tied T fBottas/Notee

~FINAL PorewaterfReadinga

(cm), .JTeUp (C*)h ORP PH'~

a) Myrn

b) Trident bs ;aY )

I) OAI(TON

33§ be *4 b-ri/d Pe,- ,SVL
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*72 /i'VE- Z) 7P/

h INITIAL Porewater Readings Date: pw /

.1Vt4Jfl7, Water quality results (aiter purge Water)

* ~- 7 (p1cm), jTemp (Ct jORP' 1
pH'. - ID.~

SurfacewaterReadlngs]

CondctiityWater quality, results (after purge r)swt

(P/m, Tamp (Cp IORP' JID.O."

Turbidity o:,73 OT _____________

COMPOSITE Porewater Sample

Station ID: SAFI jS=!taffGu!!(.m) JSample Time End:JglNA8

Probe Tip 101,Str:23)-
Depth (inches) Vz/t j-el

C onductivity 'W te qult reslt (Cn to

0jHEIS ampl .(s Volume (ml) Duplicate? Tied To: 1 sotlates:

I - -~ -~ - '~ Water qm results

-, (PSfcmr . Te<(C RWp' ..

a) Myron ~2

b),c Triden

/53ev beQMh ip )/fr-
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A14

I Ale4t' !; Al' (4%IN of , , Avlicsej, (cMIA) - Le.-d 144rK-<.
- ec'&u-. 4 be, or, rfis' lle,5/ -- 'pjeah_i' ,-

0,1 0 AQ 5- . e 1117cee-e I- 6 he/c) af4 I. 0s~e}e0
t115 _ o o /t{., A &-n,le.-S. D, 6 .,$SeJ Ih& w'-defer

VeA-Ter ctc1v:S's r~~-k 5 ,tL
3c2~k,~ /j -/"oj 10L 11 -5,re //op'5 P-ec

fc^/c~&c 4b Loeg A4  r it'icludeJ i ,y -arLda 1 5.' ' 045, r,

)?Ive - F/ot) PecoA per Qji o~ 1jq5 A

e-w~ /w+ e,5
0/3900 1.5V 2011 +Ae 100F: Daft:-I c/2d k4 7 ,V'Z S

0300 /10*7 IHR 01lO Trident Probe Conductivity Clibratio CheckDt: -Z/Z/
jc l3 tandardt0l~pisto Date 11owtar Probe jSurface Probe

99*9 US Co_ Parer ICC8596 109/0311 1 C/ 91 iIIZ
4470i I JOakton 1205259 10531111 js I< 1

0-0 5VMyron L Ultrameter Calibration Check: SN
______Standard Mr Lot # Expiration Date Actual Reading

P' 7 MrnLCmpany 11001397 EB 09/09/Il '0[ yo Company 2003077 JM 0810311 q, 0?
Cod U) 99.9 Cole Parmner CC8596 0910-311 & I

44 Oakton 205259 05131/11111S
*ORP 11brted singresults of pH cal. Check

_____YSI Dissolved Oxygen Meter Calibration Check: SNRedn

_____ Standard jMfr. ILot # Expiration Date AcualRedn

[ ________OAKON Turbif Meter Calibration Check: SN 623329 .
IStandard 'Mfr Lot 0 Expiration Date Actual Reading

TubdMT)0.02 OAKTON 47011 9/30r20 - 2.
TubdMT)2 ~ (O 470/1 9/30/2011z

Turbidtty(NTU) 100 OAKrON 470/1 9/30/20i 9
Turbidlty(NTU) 800 OAKTON 470/1 9/302011 -9

01 DWater from Ape Lob 1511153I
PoetofM. joe neohm-cm

Applied Process Engineerin Lortry Samastead JE-Pure I/I-4

Propeof Mr. Moel m
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1; Rtc WArved rJ-l4t/O F/c7YrrV ~

Ire 5 U f fe29F --- Y -'I9 1e-

4A da~y. 0-&e/5 0,PA/ o crvtve
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1se-C (cwv()- -re c , " I +o b6. a,,% 6,45 4Se-J :2-.Il

IQ215C IiCs '. h,'(9afe- wmeefvitj (eoi0 A61d a+ ?e, js vsfel/, A~S~~~ S.
4 c, ccdlert 3 W'i 5c'n-ple5 r5Afey 4 oi: ~'L bi.Ao~-t

'Ae Kc S Dec-o*-% -,er 5 .! A(,t o-73S -5.

oqoo I1

0(voo 1,1
Q~oO ~ CHPRC 2011 IGOF Date: -6Ol

Trident Probe Conductivity Calibration Chock
Sdad ImiZ Lot # l~prto~t ~rwtrrb Surface Probe
99W9 us ICole Farmner 1CC8596 109/0311 i i
47 J 0aton 1205259 105/31/11

Myron L Ultrameter Calibration Chock: SN
Standard Mfr. Lot 8 Expiration Date Actual Reading

4' Myron L Company. 100397?J E8 W 001
E- 7 Myron L Company I 0137 EM 08/03/II ____

Cn.u) 999 Cole Parmer CCB596 09/03/11

47 Oakton 205259 05/31/11

calibraterdo Datag Actuals Reading.hoc

TurbDissoveOyg Mtor Calibration Chock: SN 32
JStandard IMfr. Lol Expiration Date [Actual Reading

Tubd 00 OAKTON 470MoorC l onCoc:/N631201

TrdlyNU0.20 OAICTON 4DI 9/3D/2011/

Turbldty(NTU) 80 OAKTON 47011 9/30/2011z(,

I DlIWaterfr I peLabl 15 M53

lApplied Process Engineering Laboratory [Bamatead IE-Pure .- 7o
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2- 77
POP& UA2 -eg §Yaf&,Aj.&- - - __

INITIAL Porwatar Reading$ Date: 0 2_ 75 2 o I

/(00 ~ ~ ~ wo "*aerqal results Iate purge wtr)

Con 2. Terp (C-, jOwP P ooW
[lIo ]J ZA32a3- 2%'77
Lurbldity. I,3 A'W

- B~~~~~~~~urFacawaterReadflg _______________

C~onuctlltywater quality result (after purge. war)

j17)l.t ]Temp (C*)b ORP' jpI11

Station ID, S7II IIIlff Guag mm 1 Sml im dg.deg)NAD83I

ProbeaTip /tA6 Lo-t AI/v 40 q -4
Depth (inches)

(6-42")
Water quality results (Composite) ~. -

f5  (liWcm)' Trnp (C')' oRP 
1 pH'47? -..

JHEIS Sample No.(s) Volume (ml) jDuplicate? Tied To: 1#BottlesiNotes.

FINAL Poreweter Readings -

ItS~ MO.
_M__, Ten {C) ORp, IP

P c

a) Myron . .-
5

c) YSi
d) OAKTON /: ~ . ~ ,1Jc~~;S C

ii'! 5 hrS: (C4( f)~ ,,,'c 1  w1 -. A i ~ if S~5kf4'

SIG~N Vl1 RI DA I F NI\ SSI 1) & 1\ID'RS' 10011 13% l)A-1. L

E-42



SGW-49575, REV. 0

78 IYA' bU 7i 2-

0 7-7Z

67 /5 2,7v 12

200

Codctvt ((p0 purge Z.)

* i-7 ZK2

SurfacewaterReadlngs

C~ndcavWater a 'ity results (after Purae water)
*P/m, ep(.b OP IPH. OO

Tubidity'r 25 fR

COMPOSITE Porewater Sample

SttoID AN tf ug m Coordinates e ~j ?/
S t o n ID S ~ J t f u g m ) ] S a m p le im e ( d e g .d e g ) N A D 8 3

'P s,1 F'ij l1befOre*.7 afterob~ [Starfl ,,5" End:I.Z9q E/,, 12I o/ZProbe ip ELA -119,41 2la 6,, l 2..-7SDepth (inches) 6 v 1.0420

0 UndutlvtyWater qualit results (Composite
'n,~chelS (PS/cm), Temp (C'? ORP* P.I..

* Turbidity" '0'1,- NTJ*
iIEIS Sample No.(s) I Volume (ml-ul)t? idT: #Bote~ts

FINAL Porewater Readings

condutiviWater quality results

* (Picrrn) Temp (C' fORP. 1
H.ID.

a) Myron Triiy. :-L v

b) Trident5 c))YSI
d) OAKTON

40
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P~JP ~ 79

7b'
/;1: 3(2 Ar4. : CeI pbcare c441 ph i m Po q'y., (ctHePQ~ - 5f+Lupdujde, ff Ae,

/ ~ ( .Cell fh iR~ cZ I - rPf he, ex 1 (K A) c- pl s b ~ ,i : o d ,
12. q.5~ hr5: Cei phc11ne. Ca4l -C) v A (4yYke)n C'.

4.

)hOL'CS Of cf6rte4io., +Ai35~e e

/2S J(56e( hoie- CcAI rro, A1 gad/o if, 5$) i ;,I~vd eJ- 4kcL+ w~e 0

f.L Cmd,4IS/zn) -relpcd')
0 / , 5 , ) c

(P 53 2,"g 0
1 2 Z'?/o"o (1

ti~x4- A~ Ml Clew,- S. Co5 4eechieSvAe. ,lrd :2aO-

0

0
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-i t~~~~NnTIL I'orewater Reading Date: '. .2 .oI
/19r~Water qualitio resut faftei purge water)

Co (I iSjcm)'7 Temp (Cp IORW PW

* ,Turbidity -7 ( A,6

- SurfacewaterReadingsS Water qualit results (after purgewater)
Lan U- Temp (CYt - ORW I'

Tyurbidity 7~

0 COMPOSITE Porewater Sampl

*Station ID: SIF#IIIII alff Guage (.mi Isa Time I (deg.deg)NADS3
F21&5e P /0- bf te r ~jl .//;7  End: 15s q -11144 oE- -j-q10 Ll N,/,1&&3z-

* Depth (inches)

/2. ,~.ks-' < Water qalit re~ut(Com o)~

i5p56- Wa) Tem iva OR ZI'I2VIDO

NEIS Sample No.(a) Volume (ml-) Dplicate? Tied To: I BottsfNotea:

1*0 5; C7Z,//4W , - td, e A;,.- wer kic To j~A.

FINAL Porewiaterfteedlnga

- 1- - -7 I I- - -

)MyronQ
b) Trident

d) OAKTON

i oe /4:"F/ Pft-i (Afizd pper 5otA .

S~~~~~~~10k1 I/010f, r ia,, bL./(e

* SIff tu&~, 1. ,a CoaJw~i~46'~E-45 .
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5,,,jA~S- (g,,As) 7Zet e - 711~i~

AVed I IvcLJ' (rA'* -Ca- JiJ g On &( ALI ed ( MA) -'f re4 KAr\

~c~c'1 )- Te11m ii'cu' to be, o 6AS L'e5set 20

Q13D 7-&'1 r',e-e 4i s',z(C,.0) heAl a4 .4 D1.!5c u se /I-r S 4-v
Ca(/ec- 3 Ai (e-n 5 4e. cfh cL,5 'ed Ay( w iq afJ,-o,-Vjr~ke

RXe' Flo V!f: Pe-",-, pe r S,4' z& o 73 5Ar 0

0

Q500 LS
(? i( CHPRC 2011 '10'DaeOOP 7-ZI

04100 tlI Trident Probe Conductivity calibration Check

Standard IMir. ILot # lExpiration Date l~rwtrPoe ufc rb

99.9 us ICole Paminer ICC8596 109/03/11 77Z77IIIII 0
4.47 O0akton 1205259 105/31/11 1

I Myron L Ultrameter Calibration Check. SN1
______Standard Mfr. Lot # Expiration Date Actual Reading

p~l- 7 MroniLCompany 1001397 EB 09109/11
______4 Myron L Company 2003077 JM 08/03/11 Q /

Cnd. u 9. CoePre CC56 0/31

1 ( 47S)do 205259 05/31/111
*OPia calibrated using resufts of pH cal. Check

2 _____YSI Dissolved Oxygen Meter Calibration Check: SN
0.0nar Mrnn 1427 # Expiration Date Actual Reading

_________ Ieo 11an142 March of 2014 1L7 L

_____ AI(TON Turbit Metor Calibration Check: SN S23329
______Standard -'MR. Lot# Epration Date Actual Reading

Trtbidfty(NTU) 0.2 AKTON 470/1 W0120111

j8bdtyNU 0 OKTN 471 9/3012011
'ubdt(T)lo OAKTON 470/1 9/0/20112 /

TurbidtyMM 800 OAKTON 470/1 9/30/0117

DI DWater from ApollLab 1511163
Prpryof Mr. IModel m ohm-cm

IApplied Proceas Engineering Laboratory Bamantead JE-Pure /0' 5E
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* B'~~~POE I9A19- Rit~r~~

* Lliv.. o.-4,e-g ~if (4~~) 1-70, 2

*~~ ~ 4&e /!17CI- 4A4T/ oiac~.s

4160q 2.'-

Sqc 2, zqzz7

* S~~~f tl: S'AMPiLE A-r o,/cc4c;IH7sej-j

30-iTW Tym ((A4-1

a,4 I1-l ,v~ -,K 1q

NOA Lv4(1>ro/6 e

* Sa, a a rthee ( -&ve 4P he, !5

.112< 0(i4 Clet 4hor ,,r Alrrn Ac +A 490r, X6,u cr'g.)

61S
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WNTIAL PoreateWReadings Data: p/7.oi
4 /ril W aft'n f after pug waterI
(pISftni, Temp OWC)

Turbidity' qCo7'A7r

SurfaeWatereaadiniga

Water quSae ti (after watat r
Conduciity ,4 .-.

(pImTe mp CI ORO ~ P _ W

2. -3 q -3
Turbidiy q (, k-rt J
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CHPRC 2011 IOOF Date: 2?-Z-Z4'/I ~ ~Tdent Probe Conductivity Calibration Check_____

Standard IMfr. I1-ot # lExpiration Date (Porewater Probe I[Surface Probe

99.9 us Cole Parrner ICC8596 109/03/11 1 6? 1 I S1447 Oakton 1205259 105/31/11 1V 1 1( 4
Myron L Ultramotor Calibration Check: SN

IStandard Mfr. Lot # lExpration Date Atal Reading

pH* ___ 7___ Myron L Company 2001377 JM 010/3i1 1
- 4 Myron L Cornpany 1003977 E 08/03/11

Cond. (uS) 199.9 Cole Parmner CC0596 09/03/1l

447? Oakton 205259 05/31/11
*ORP Is calibrated using results of pH cal. Check
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_______Standard MWk. Lt#Expiration Date IActual Readin

D .0 Zero, IHnna 147March of 2014 1 .a I
[____ OAKTONT iully Meter Calibration Check: SN 623329

______Stard adjk. Lot # Expiration Date Actual Reading
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Tuwbldlty(NTU) 10 OATN 470/1 9/30/2011 2?) 9 S
~Turbidity(NTU) 8GO AKON 9407011 910 1I 0?

I DD Water*= nApalLab 1163 I
Propert of IMfr. IModell megohm-cm
Applied Process Engineeuing Laborator 16amatead JE-Pure 103

36-f' / A Co 117-
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