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* Executive Summary

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

were released to the Columbia River directly and others, including hexavalent chromium

* (Cr(VI)), were released to the soil at waste disposal facilities or as unplanned spills or

leaks. Some contaminants migrated from the soil into the groundwater and eventually

into the Columbia River. This discharge to the river takes place where groundwater seeps

up into the river bottom in spaces between rocks and sediment grains. This phenomenon

is known as upwelling, and the water in these sediments is termed pore water.

0 This report summarizes pore water sampling activities conducted during November 2010

S in support of DOE/RL-2009-44. 1 It also presents an evaluation of the recent data in

conjunction with previously collected pore water data.

0 In November 2010, workers sampled pore water at two upstream reference stations and at

ten stations near 100-BC that were previously sampled. The previous work was

* conducted during 2009 and early 2010 as part of the work for DOE/RL-2008-l 1.2 The

* purpose of the sampling work was to provide data to assess the Cr(VI) levels in the

Columbia River's bed near the 100-BC area. Bulk samples of pore water were collected

* from the river bed using the Trident3 probe and associated deployment techniques.

Samples were analyzed for total chromium and Cr(VI).

The sampling techniques used were similar to those used during previous studies for the

* DOE/RL-2008- 11 remedial investigation. Field quality control (QC) helped to minimize

the variation of the water quality caused by fluctuating river levels. Samples were

collected only during relatively low river stage periods, and field teams were allowed to

make several attempts around the established stations to locate pore water conductivity

* readings that were within 10 percent of previous sampling events. The conductivity of

* upwelling groundwater is higher than that of river water.

1DOE/RL-2009-44, 2010, Sampling and Analysis Plan for the 100-BC-I, 100-BC-2, and 100-BC-5 Operable Units
Remedial Investigation/Feasibility Study, Rev. 0, U.S. Department of Energy, Richland Operations Office,

* Richland, Washington. Available at: htti)://www2 .hanford .cov/arpir/?content=findlaqe&AKev= 1004211024.
2 DOE/RL-2008-1 1, 2008, Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River,

* Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
* http://www5. hanford .gov/arpir/?content=findpaqe&AKev=08 10240394.

3 Coastal Monitoring Associates (San Diego, California) Trident probe has a patent pending.
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Pore water samples were collected in the deep river channel area, near the 100-BC water0

intake structure, at several locations near the 100-BC outfall pipelines, and near a former

waste site during low river periods. Daily river fluctuations were typically

about 2mi(6 ft).

Overall, Cr(VI) levels were lower during the November 20 10 sampling event than during

the two previous sampling events. Only three of the eleven sample results from near

1 00-BC exceeded the Cr(VI) water quality limit (10 jig/L). The maximum Cr(VI) pore

water concentration measured was 13.6 p~g/L, compared with 112 and 46 gig/L maxima0

measured during the previous two sample events.

Some of the Cr(VI) concentrations measured in pore water in the fall of 2009 were higher

than those currently measured in 1 00-BC groundwater. The change in pore water

concentrations between the fall of 2009 and the fall of 20 10 may be due to one or more of

the following:

" Greater dilution with river water in later sampling events (related to river stage)0

" Variations in sampling depths in the river bed

* A source of Cr(VI) contamination other than 100-BC groundwater

* Passing of a pulse of high Cr(VI) water, which could have originated from unknown0

groundwater contamination (i.e., from areas vertically or horizontally not

characterized) or could have represented older groundwater contamination0

* A data quality problem (e.g., interference of suspended particles/turbidity)

Data were evaluated to determine whether changes in conductivity accounted for the0

changes in Cr(VI) concentrations in pore water. Because groundwater beneath 1 00-BC0

varies significantly in Cr(VI) concentration, even when conductivity is relatively

constant, there is not a definitive correlation between Cr(VI) concentration and

conductivity. The relationship of Cr(VI) and conductivity at individual stations varied:

some showed a positive correlation, others showed a negative correlation, and some had

no correlation.

In general, conductivity of samples increased with increasing depth in the river bed.

However, as previously noted, the conductivity alone could not explain the change in0

Cr(VI) concentrations among the three sampling events.

iv0
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Statistical evaluation of data concluded that Cr(VI) and conductivity measurements were

generally consistent with river dilution of groundwater migrating into the river from

beneath 100-BC. The major exception was in the fall of 2009, when several pore water

samples had high Cr(VI) concentrations that statistical tests classify as outliers. No

upstream sources of Cr(VI) have been identified, so it is reasonable to assume that the

pore water contamination originated in 1 00-BC groundwater.

QC data indicate that most of the data were representative. Data quality issues may have

affected individual samples but not overall conclusions.

* The only remaining explanation for the elevated Cr(VI) in the fall of 2009 and the

subsequent drop in concentrations is the passage of an actual pulse of high Cr(VI) water

* through the hydrogeologic system. Ten monitoring wells were installed after the fall of

2009 to improve characterization of groundwater contamination vertically and

* horizontally. The Cr(VI) plume was discovered to extend farther west than previously

* known, but concentrations were less than 50 .tg/L (lower than the fall 2009 pore water

concentrations). Historically, groundwater concentrations may have been higher, as

* evidenced by >100 [tg/L concentrations during 1998 and 1999, in what was then the only

* well in western 100-BC.

0V
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Terms

bgs below ground surface

DO dissolved oxygen

EPA U.S. Environmental Protection Agency

*MASS 1 Modular Aquatic Simulation System- ID

*MDL method detection limit

*NC not calculated

NTU Nephelometric Turbidity Units

ORP oxidation-reduction potential

*QC quality control

RPD relative percent difference

*SAP sampling and analysis plan
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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 eventually into the river. This discharge to the river takes place where the groundwater
percolates up through the river bottom and mixes with river water and sediment. These areas are known
as upwellings, and the intersecting waters are referred to as pore water.

The 100-BC study area is located on the south bank of the Columbia River, upstream from the rest of the
Hanford Site former reactor areas (Figure 1- 1). Groundwater in the unconfined aquifer beneath 1 00-BC is
contaminated with hexavalent chromium (Cr(VI)), tritium, and strontium-90 at concentrations above

* water quality standards (DOE/RL-20 10-il, Hanford Site Groundwater Monitoring and Performance
Report for 2009). Chromium concentrations in groundwater range from <10 to approximately 50 [tg/L.

Recent pore water characterization activities, performed under the Remedial Investigation Work Plan for
Hanford Site Releases to the Columbia River (DOE/RL-2008-1 1), indicated that Cr(VI) was entering the

* river at concentrations above the aquatic water quality standard at 100-BC (WCH-398, Data Summary
* Report for the Remedial Investigation of Hanford Site Releases to the Columbia River, Hanford Site,

Washington). In those studies, pore water samples collected in both deep and shallow river beds near the
1 00-BC study area had up to ten times the Cr(VI) water quality limit of 10 ftg/L (DOE/RL-2008- 1;

* WCH-3 80, Field Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia
* River, Hanford Site, Washington: Collection of Surface Water, Pore Water, and Sediment Samples for

Characterization of Groundwater Upwelling; and WCH-398).

The sampling stations selected for this study corresponded with areas where Cr(VI) concentrations above
aquatic cleanup levels had been detected in the earlier pore water sampling events (WCH-398).

* Two additional stations, BC-Near-shore 1 and BC-Near-shore 2, which had not been previously sampled
S for pore water and were thought to be out of the influence of 1 00-BC sources of Cr(VI), were sampled to

serve as upriver reference stations.

This report summarizes pore water sampling activities conducted during November 20 10 in support of the
sampling and analysis plan (SA-P), DOE/RL-2009-44, Sampling and Analysis Plan for the 100-BC- I,

* 1 00-BC-2, and I 00-BC-5 Operable Units Remedial Investigation/Feasibility Study. The results of these
0 sampling activities are evaluated in conjunction with previous results.



SGW-49368, REV. 0

7-717

MS
0 500 1,00
M M = ftI000

0 1,0 5 00 3,000

Legend

* Porewater Sample Site
Columbia River @ 80 kefs Flow

- Riparian Area (Between the0
Flows of 80 - 240 kefs) -
Operable Unitr

HanfordSite Boundary
Road 10 B
River Bathymetry (NAVD88)

Site5

Hanford

Figure 1-1. 100-BC Area, Hanford Site, Washington

1-2



* SGW-49368, REV. 0

2 Methods
Bulk samples of pore water were collected using the Trident probe4 and associated deployment

0 techniques, shown in Figure 2- 1. Trident is a liquid phase groundwater mapping and sampling tool,
designed for sustained use in complex offshore riverine environments. The probe is mounted on a driving

9 frame that allows samples to be collected in turbulent waters and rocky river beds while keeping the
probe stable.

* In general, the field sampling techniques and data collected during this sampling effort are similar to the
efforts described in WCH-380. The approach was used to detect groundwater upwellings and allowed

S field teams to collect pore water samples to be analyzed for the presence of specific groundwater
contaminants, such as Cr(VI).

S Once the offshore deployment vessel was located over a desired station, the driving frame and Trident
* probe were deployed to the river bed, and the probe was driven 20 to 30 cm (8 to 12 in.) below ground

surface (bgs) of the river bed. The sampling tube was then purged using a peristaltic pump on board the
vessel. Pore water samples were then drawn to a precleaned bulk sample container when in-situ

S conductivity readings of the pore water showed the presence of groundwater (greater than '-170 p S/cm) or
9 when the pore water conductivity was similar (generally within 10 percent) to the measurements
* previously taken during DOE/RL-2008-l1 sampling efforts.

* 2.1 Pore Water Sample Collection Guidelines
* A great deal of research on the Hanford Site has shown the important role that the Columbia River stage
5 (river level) has on groundwater discharge patterns and contaminant concentrations. Field sampling

guidelines developed during the DOE/RL-2008-l1 remedial investigation/feasibility study were used for
this investigation to help minimize variation of the results associated with river stage fluctuations

* (WCH-380). The field sampling guidelines were used to help field teams avoid sampling during non-ideal
conditions or to qualify the sample results that were collected. Implementation of these guidelines was
important for obtaining results that were relatively comparable across space and over time. The following

* field sampling guidelines were used during this event:

0 Collect samples when the river levels have been <0.8 mn (2.6 ft) above the low water mark for at least
one to two hours prior to sampling.

* Intermittently perform pore water conductivity checks at selected sample locations near the work site
to check for signs of significant dilution from bank recharge and/or surface water pressure.

0 Collect samples when a pore water conductivity reading is at least 90 percent of the conductivity
S measurements previously reported at the location during prior contaminant sampling events.

0 Monitor river levels before and after each sampling event.

4 osa oioigAscae SnDeo aiona rdn rb a aetpnig

2-
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* A river level gauge established near 1 00-BC during the previous pore water sampling work (WCH-3 80)
S was measured regularly during the November 2010 sampling event to help evaluate the river level before,
* during, and after sampling. Staff also used the Modular Aquatic Simulation System- ID (MASS 1), a

one-dimensional unsteady river flow model, developed to characterize river stages and discharges
* encountered during each sampling event (PNNL- 15226, Hydrodynamic Simulation of the Columbia
* River, Hanford Reach, 1940-2004). MASS 1 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 discharge and forebay data when pore water

0 conductivity readings were taken, and was used to calculate half-hour 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. Sampling guidelines called for flagging results
with a project-unique qualifier if the river level was >0.8 mn (2.6 ft) above the low water mark during the

0 sampling event, or if the sample was collected when pore water conductivity was <90 percent of previous
* contaminant sampling events (WCH-380 and WCH-398).

* 2.2 Pore Water Sample Collection and Handling
Pore water samples were collected from 20 to 30 cm (8 to 12 in.) bgs 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 measured, -500 mL of pore water was collected from each
station and placed into tamper-proof, glass, amber, precleaned containers.

Pore water conductivity was monitored in situ during each sample collection event to help verify that the
samples were not artificially diluted or short circuited with surface water as a result of over pumping from
a shallow point in the river bed. Staff also measured and recorded temperature, pH, dissolved oxygen

* (DO), oxidation-reduction potential (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 in Appendix A. Sample results were flagged with
* proj ect-unique qualifiers if the pore water conductivity changed by >1 0 percent during any given sample

event. Surface water quality data were also obtained at each sample site. The surface water reference
probes and opening of the surface water sampling tube were 30 cm (12 in.) above the river bed at

* all stations.

2-
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3 Results
During this sampling event, 13 pore water samples were collected: 11I samples, including one duplicate
sample, were collected from 10 previously established stations; and 2 samples were collected upstream of

0~ 100-BC and near the southern shoreline to serve as upstream reference pore water sample results
(Figure 3- 1). Upstream reference samples were collocated with three clusters of aquifer sampling tubes.

Pore water sampling near 1 00-BC began on November 4, 20 10, and was completed on November 16, 20 10
* (Table 3-1). Quality control (QC) samples consisted of one equipment blank (collected November 4,

2010), one split, and one duplicate sample (Table 3-1). Water depths at the sampling stations ranged from
* 0.5 to 5.8 m (1.6 to 19 ft). The probe penetration depth ranged from 20 to 31 cm (7.9 to 12.2 in.).

The stations farthest offshore had consistently less penetration than the near-shore stations.

* Figure 3-2 generally illustrates the river stage fluctuations that occurred during the November 20 10 pore
* water sampling event near 100-B3C. River levels typically fluctuated about 2 m (6 ft) daily. The highest

river stages shown in Figure 3-2 correspond to river discharges of -4.5 million L/sec (160,000 ft3 /sec), and
*the lowest river stages correspond to river discharges of - 1. 1 million L/sec (40,000 ft3 /sec). All samples
S were collected when the river stage was <0.8 m (2.6 ft) above the low water mark (i.e., the green line) and
*when river discharges ranged between '-1.08 and 1.7 million L/sec (38,000 and -60,000 ft3 /sec) (see

Table 3-1 and Figure 3-2).

* 3.1 Water Quality Results
The water quality field parameter measurements are related to the following variables: groundwater
gradients, river bottom elevation horizons, depth of penetration, river stage, and duration of high flows
conditions. These conditions all influence hydraulic heads, gradients and, ultimately, the magnitude and

5 extent of groundwater discharge into the river. To compare the river field parameters with pore water

0 parameters, the variable conditions need to be considered.

Table 3-2 includes conductivity measurements from the recent sampling, and Table 3-3 compares
minimum and maximum field measurements of pore water and surface water. Appendix B includes pore

5 water and surface water field measurements for each station. Conductivity of pore water ranged from 159
* to 355 ptS/cm, while surface water ranged from 138 to 152 RS/cm. In general, the greatest difference

0 between conductivity of pore water and surface water was observed in the near-shore stations. Stations

0 farther offshore had smaller, but measureable, conductivity differentials.

In November 20 10, the temperature and pH of the pore water were similar to the surface water
(Table 3-3). The ORP of a few pore water samples was lower than surface water but on average was not

* much different from surface water. Station TI001CIJ 1, located near the intake structure in a sand-silt
0 dominated substrate, was the only station exhibiting a low DO and a negative ORP (indicating an

0 ~oxygen-depleted environment). Turbidity of the surface water was consistently low (range I to
3 Nephelometric Turbidity Units [NTUs]). Turbidity of most pore water samples ranged between 5 and

* 60 NTU, but the three pore water samples collected from the two deep channel stations had turbidity
* measurements between 380 and 650 NTU (Appendix B).

S Figure 3-3 illustrates the pore water composite sample conductivity measurements. Conductivity
0 measured in the pore water samples confirmed the presence of groundwater upwelling at all stations

sampled. The lowest pore water conductivity measured was 159 gS/cm at station T100BC5C, near the
deep channel (thalweg) of the river. The highest pore water conductivity obtained was 355 iS/cm at the

0 station farthest downstream (JlIOOBC47). Figure 3-3 also identifies 4 of the 10 (40 percent) established
* pore water stations that exhibited substantially lower conductivity compared with previous sampling

events at those locations (<90 percent; Figure 3-2 and Table 3-2).

3-1
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* Table 3-1. Summary of Pore Water Samples Collected at 100-BC during November 2010

*2A-A Upstream of Intake 11/5/2010 silt/sand 6016 806B9J 1. .

*JIOOBC21 Moderate Depth 11/9/2010 Ig/med cobble 560 1.63 57 0.6 b~c 13296J6 115.2 3.542

J I1OOBC47 Near Shore (128-13-3) 11/10/2010 sand 800 SPLIT 1.64 40 0.5 -B296K2 118.6 0.W3

JIOOBC23 Near Shore 11/14/2010 medium cobble 600 - 1.838 -0.1 - B296KI 115.6 2.542

*T100BCIJ1 Intake Structure 11/8/2010 silt/sand 575 - 1.19 45 0.1 C 13296J2 114.5 4.1 3

*TlOOBClJ5 Intake Structure 11/9/2010 silt 600 - 1.65 42 0.7 13B296J3 113.8 5.0(3

0I~33 epCanl1/621 gmdbudr 5 .95 . 39J 1. .
T100B3C3C Deep Channel 11/16/2010 lg/med boulders 550 DULCT 1.69 58 0.7 C 13291384 113.6 5.8 2

T TIOOBC4A Near Shore 11/7/2010 med/sm cobble 600 - 1.09 58 -0.1 13B296J7 117.5 0.6(3

T100BC5C Deep Channel 11/14/2010 medlsm cobble 550 - 1.07 38 -0.1 C B3296J9 115.6 3.1 2

*T100BC6JLO Near Shore 11/8/2010 medlsm cobble 600 - 1.28 38 0.3 -B296KO 117.7 0.6(2

*Nearshore 1 Upstream Reference 11/4/2010 med/Ig cobble 700 - 1.63 60 0.7 13B296K3 119.4 1.3 25

Nearshore 2 Upstream Reference 11/7/2010 medium cobble 600 - 1.14 59 0.0 13B296K4 118.8 0.5 2

* a. NAVD88, 1988, North American Vertical Datumn of 1988, National Geodetic Survey, Federal Geodetic Control Committee, Silver Spring, Maryland.
b. Sample conductivity is <90% of WCH-380, Field Summary Report for Remedial Investigation of Hanford Site Releases to the Colombia River, Hanford Site, Washington: Collection of Sur~face Water, Pore Water, and Sediment Samples for Characterization of GroundwtrUwlig

conductivities.

* c. In situ readings increased >1 0% during sample collection event.

* Kfcs thousands of cubic feet per second

Ig = large

med =medium

0

0

0
0
0
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Table -3-2. Comparison of Cr(VI) Concentrations and Conductivity Measured in Pore Water Samples (2009 through 2010)

I~ereht C ane, e~t.S
'.Sei~er2009to rary

ust/v Jnga Se 010ni 201 er'20
p~m , A I

C S

T100BpstrmJo Intake Structure 334 23 309a <3a .7 1.2 304 <24 21.1 -9 -91 -27N

JIOOBC21 Mdepranel 240t 12 278 2223.6-174 2 8.99c -28 -98 -7-9-

JTIOBC23C DUNeep Chanel 160 91 230 <3. 3.1 232 6<9 5.2c 29 -98 -1706

JIOOBC47 Near Shore (181-)370 8 344 46 208 341 12.6 145-3 -84 -1-73

T100BC5 Detae Schnne33 279 5713 <3.7 1.29 159 <2 5.01 -43 -96 -2 N

TIOOBC6J1O { Near Shore 299 26 302' lba 10.2 a 330 12.6 14.3 10 -52 9 2

BC Nearshore 1I Upstream Reference -- -- -- ---- 204 <2 - -- --

BC Nearshore 2 Upstream Reference --- -- -281 <2 - -- --

Note: NC values near or below detection limit skew percentage.

a. Possible dilution of pore water sample is due to exceedance of river stage guidelines during sampling event.

b. Sample was not filtered.

c. Sample conductivity is <90% of prior pore water sample conductivity.5

d. Unknown if sample was filtered.5
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* Table 3-3. Comparison of Selected Water Quality Measurements between
Pore Water and Surface Water Samples

*Minimum MearnMaiu

Pore Surface Pore Surface Pore Surface
Paraeer Water Water Water Water Water Water

Conductivity (gS/cm) 159 138 264 143 355 152

Temperature (C0) 12.4 12.3 13.5 13.5 15.6 14.7

pH 7.07 7.32 7.48 7.67 7.82 8.02

ORP (mV) -25 160 258 267 323 312

DO (mg/L) 7.55 8.72 8.72 9.86 10.69 10.42

Turbidity (NTU) 5 1 136 1 650 3

1 00-BC (Transect 34)
122 200

121.5

5 160

121

120.5 120

.2 120 U,

I 20

t119 

L

118.

0 117.5~

11/3/2010 11/s/2010 11!7/2010 11/9/2010 11/11/2010 11/13/2010 11/15/2010 11117/2010 11/19/2010

Date

Figure 3-2. River Level Fluctuations during the November 2010 100-BC Pore Water Sampling Event

* During collection of the duplicate sample from station T1I00BC3C, conductivity increased from 174 to
232 g.S/cm (Figure 3-3). The duplicate sample was collected immediately after the parent sample, so the

* total volume at this site was two times the volume of all other sites, except the site where the split sample
* was taken (JlIOOBC47). This is noteworthy because some sites have illustrated increases in the

conductivity as the sample volume increased, whereas most had relatively stable conductivity during the
sample collection event. Staff attempted to collect a third sample to serve as a more representative (high

* conductivity) duplicate to the second sample, but the site did not yield enough water.

0 3-5
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Pore Water Conductivity (uSlem)0
El0

Near Shore Wells or Aquifer Tubes

FildQCQalfirs ) amlecllctd hn ivr tge OOr f owwae lve (renlie
b)Poe v* smpe onucivty<90 o WH-40Re.1codutiite

c)Insiu eains ropd 1% urngsapl clecio een C (0pb

d) In-situ readings dnrpped > 10% during sample collection event C 2pb

CHPUBS I 06-SGW49368RO03.03

Figure 3-3. Conductivity (pS/cm) of Pore Water Samples Collected near 100-BC during November 2010

During the sample collection event, three of the twelve stations exhibited >1 percent increase in
conductivity (Table 3-4). Excluding the duplicate station (JIOOBC47), only one station (JlOOBC21)
showed a conductivity increase of more than 10 percent during sampling. Possibly, the large volume of0
water sampled before it finally stabilized at these four sites may have resulted from the lag time from
recent high (nearly 2 mn [6 ft]) river stage cycles that were occurring each day during the current sampling
event. The decision to collect pore water samples at four of the ten stations where pore water conductivity
was <90 percent of the prior sampling events (TIOOBClJl, JlOOBC2l, TIOOBC5C, and T100BC3C) wasS
made after field crews made several attempts and were unable to locate higher conductivity readings in
the immediate vicinity (within -15 mn [50 ft] radius) of the established station.

3-6
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* Table 3-4. Sample Volumes and Change in Conductivity during Sample Collection
Noeme 201 Chng in oductivity

S1ttio Identiit Volume4 (mL during Sam~ple Collection (Pecet)

*2A-A 600 0.0

J I1OOBC21 560 12.1

*JIOOBC23 600 0.0

*JIOOBC47 800 0.8

*T100BCl1 575 0.3

TLOOBC1J5 600 -0.3

T100BC3C 550 3.9

T100BC3C DUP* 550 4.8

*T100BC4A 600 0.3

*TI00BC5C 550 -6.6

*TIOOBC6J1O 600 0.6

*NEARSHORE 1 700 5.3

0 NEARSHORE 2 600 -0.4

0 Conductivity increased 33 percent between parent sample and duplicate.

* 3.2 Hexavalent Chromium Concentrations
Hexavalent chromium was not detected in the upstream reference pore water samples but was detected at

* five of the ten established stations sampled near 100-BC during November 2010 (Figure 3-4; Table 3-2).
The highest Cr(VI) concentration (13.6 ptg/L) was measured in a pore water sample collected at station

* JlOOBC47, which is directly offshore from waste site 128-13-3. This waste site was not fully remediated
* because part of it is beyond the water line. The other two Cr(VI) concentrations above 10 pig/l- (both
* 12.6 gg/L) were generally proximal to the 1 00-BC outfall structure (Figure 3-4) remediation sites.

Hexavalent chromium concentrations were measured above the analytical detection limit in the parent and
* duplicate sample collected at station T100BC3C at 2.3 and 6.9 ptg/L, respectively. The -5 gtg/L- increase
* in Cr(VI) concentration measured in the duplicate sample collected at station TIOOBC3C corresponded to
* a -60 p S/cm increase in conductivity change at that location (Figure 3-3). Station 2A-A was the only

other station where Cr(VI) (4.4 pg/L) was measured above the 2.0 pg/L detection limit (Figure 3-4)
* during November 20 10.

3.3 Quality Control

0 ~This section summarizes results of QC sampling in November 20 10.

0 3-7
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NoNetce.(D..S20 iI

MUM
.3, N.OS

10 6 -1 Rivp) flun pei

b) Pore water sample conductivity -C 90% OI WCHI-380 Rev. lconductlvlies
c) In-situ readings dropped > 10% during sample cofflection event Cr(2QiigIL)
d) In-situ readings Increased > 10% during sample collection event

Figure 3-4. Hexavalent Chromium Concentrations in Pore Water Samples
Collected near 100-B3C during November 2010

3.3.1 Field Duplicates
In duplicate samples from station Tl0OBC3C, Cr(VI) concentrations were reported at 2.3 and 6.9 jig/L.
For routine Hanford Site groundwater monitoring, the accepted QC protocol is to evaluate duplicate
results only when at least one of the sample results is greater than five times the method detection limit
(MDL), because analytical methods are less precise at the low end of their detection range. Both of the
results for the duplicate pair from station T1I00BC3C were less than five times the MDL (2 )ig/L).

Total chromium was reported at 15.8 and 8.99 jig/L in duplicate samples from station Tl0OBC3C in0
November 20 10. The MDL was 1 jig/L, so both results were greater than 5 times the MDL. The relative
percent difference (RPD) is 55 percent, which is greater than the 20 percent precision generally0
acceptable.

The difference in chromium concentrations may relate to the fact that when the duplicate was collected,
the conductivity had increased significantly. Thus, the samples were not true duplicates.

3.3.2 Split Sample
Two laboratories analyzed samples from station JI1OOBC47 for total chromium and Cr(VI). The Cr(VI)
concentrations were reported at 10 and 13.6 pig/L, yielding an RPD of 30.5 percent, which is greater than

3-8



0 SGW-49368, REV. 0

the 20 percent precision generally acceptable to the project. Total chromium was reported at 14.5 and
* 15.1 [tg/L, with an RPD of 4 percent, which is within acceptance criteria.

*3.3.3 Comparison of Total and Hexavalent Chromium
Although not intended as QC samples, comparison of total chromium and Cr(VI) results provides an extra
check on data. Dissolved chromium in Hanford Site groundwater is virtually all hexavalent

* (WHC-SD-EN-TI-302, Speciation and Transport Characteristics of Chromium in the 10O-D/H Areas of
the Hanford Site). Results of filtered total chromium analyses are analogous to Cr(VI) (Appendix C of

* DOE/RL-2008-0 1). Total chromium in unfiltered samples might be higher than Cr(VI) results because of
possible inclusion of particulate chromium. Total chromium results from November 2010 generally
confirmed the Cr(VI) results (Table 3-2).

* 3.3.4 Equipment Blank
* Equipment blank results were below detection limits for total chromium and Cr(VI).

* 3.4 Deviations from the Sampling and Analysis Plan
No deviations from the SAP (DOE/RL-2009-44) occurred during this sampling event. All pore water
samples were collected when river levels were <0.8 mn (2.6 ft) above the low water mark (i.e., the green

* line) as prescribed in DOE/RL-2009-44.

3-
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4 Discussion
This chapter provides interpretation of the 1 00-BC pore water sampling results. It compares the
November 20 10 sampling results to previous results and considers alternative explanations for changes in
Cr(VI) concentrations. Statistical comparisons of pore water and groundwater are consistent with Cr(VI)

* in 100-BC pore water originating from 100-BC groundwater. The most likely explanation for observed
decreases in pore water Cr(VI) concentrations is passage of a Cr(VI) pulse. Alternative explanations for
the apparent decrease include changes in river stage, changes in sampling penetration, differences in

0 sample volume, or QC problems. However, none of these explanations is supported by the data, as
* described in this chapter.

* 4.1 Comparisons to Previous Pore Water Sampling Events near 100-BC
0 The Cr(VI) concentrations in November 20 10 were lower than concentrations measured during previous
* sampling events (Table 3 -2; Figures 4-1 and 4-2). During November 20 10, five of the ten established pore
* water stations had detectable chromium levels, compared with ten of ten5 in the fall of 2009 and six of ten

in January/February 20 10. The three highest Cr(VI) concentrations measured during November 20 10
were between 12.6 and 13.6 pIg/L, whereas the highest Cr(VI) concentrations measured during 2009 were

* between 80 and 112 pig/L.

* Pore water Cr(VI) concentrations decreased at all ten established stations between the fall of 2009 and
* January/February 2010. Of the nine stations sampled in both January/February 20 10 and November 20 10,
* Cr(VI) concentrations decreased at four stations, remained virtually unchanged in four stations, and

increased in one station.

In areas of groundwater upwelling, pore water samples represent a mix of groundwater and river water.
Lower Cr(VI) concentrations would be expected if sample conductivity was low (i.e., if the sample
contained more river water than groundwater). Table 3-2 shows the conductivity values measured in the
pore water samples, and footnotes indicate which samples were collected when significantly lower
conductivity was measured compared with prior pore water sampling events. Section 4.3 discusses

* whether sample dilution (as reflected by conductivity) explains the apparent decrease in Cr(VI)
0 concentrations among the three sampling events.

Figure 4-3 illustrates river stage during the three sample events. Average river stage was highest (119.6 mn
* [392.4 ft]) during the middle sampling event (January/February 2010). Average river stage was lowest
* during fall 2009 (119.2 mn [391.1 ft]), and was higher in November 2010 (119.5 mn [392.1 ft]). Daily

fluctuations also were greater in November 20 10 (approximately 2 mn [6.5 ft]), compared to 1 mn (3.3 ft) in
* fall 2009.

4.2 Comparison of Chromium in Pore Water to Groundwater
One possible explanation for the anomalously high Cr(VI) concentrations in 1 00-BC pore water in
fall 2009 is that it derived from a source other than 1 00-BC groundwater. No upstream pore water

0 samples were collected in fall 2009, but there are no known sources of Cr(VI) contamination upstream of
or across the river from 100-B3C. An in-situ source of Cr(VI) (e.g., from sediment) is another potential,
but unlikely, source since Cr(VI) is highly soluble.

* 5 Not all of the data from the fall 2009 or February 2010 sampling events are evaluated here. Only data from stations
that were sampled again in November 2009 are considered.
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Figure 4-1. Hexavalent Chromium Concentrations from Three Pore Water Sampling Campaigns at 100-B3C,
with 2010 Groundwater Contaminant Plume Map0
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* Figure 4-2. Hexavalent Chromium Concentrations in 100-BC Pore Water,
* August/September 2009, January/February 2010, and November 2010
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Statistical analyses compared Cr(VI) in each of the three pore water sampling events to that in 100-BC
groundwater. Because migration rates for groundwater to pore water are unknown, comparing pore water0
samples to groundwater samples at any specific time may be unrealistic. Therefore, average Cr(VI)
concentrations over the previous five years (2006 through 2010) were used for the groundwater
comparisons. For most wells, Cr(VI) concentrations were relatively stable over that time period, so the0
five-year averages are representative. Table 4-1 lists the results of the statistical comparisons.

Table 4-1. Statistical Comparisons of Groundwater and Pore Water-
Param~eter Date T-Ts Mann-Whitney W Test

Chromium Aug/Sep 2009 0.00076544 0.00955 187

Conductivity Aug/Sep 2009 0.0643894 0.1431860

ChromiumiJan/Feb 2010 0.284813 0.102211

Conductivity Jan/Feb 2010 0.0238003 0.04446250

Chromium Nov 2010 0.00289479 0.0004856050

Conductivity Nov 2010 0.00 120575 0.003290090

In order to determine whether Cr(VI) concentrations and conductivity of groundwater and pore water
were drawn from the same population, the t-test and Mann-Whitney W test were applied. The t-test
assumes normality of the data and equality of variances, but the Mann-Whitney W test does not. Both
tests gave consistent results. Values in the table are the probabilities that pore water and groundwater
would be more different than observed if they were drawn from the same population. A value less than
0.05 indicates a significant difference in the data sets at the 5 percent level. Hexavalent chromium in
January/February 2010 and conductivity in August/September 2009 were not statistically different in pore
water and groundwater. The other sample sets were statistically different.

Statistical differences between pore water and groundwater were greatest in August/September 2009,
when Cr(VI) concentrations were significantly elevated in pore water relative to groundwater. A0
statistical difference was also observed in November 20 10, when both Cr(VI) and conductivity were
lower in pore water than in groundwater. Statistical differences were weaker or insignificant for the other
monitoring event, consistent with variable groundwater dilution.0

The spatial distributions of pore water and groundwater are easily seen in Figures 4-4 through 4-9. The
spatial distribution is consistent with pore water being river diluted groundwater. Hexavalent chromium
concentrations and conductivity decrease with increasing distance from shore. The major exception is the
August/September 2009 Cr(VI), which was significantly elevated in pore water relative to groundwater at
some locations.0

Except for Cr(VI) in August/September 2009, Cr(VI) and conductivity values in pore water are always0
lower than in groundwater. This is evidenced in the distributions of data in the box-and-whiskers plots
shown in Figures 4-10 through 4-12.

The box-and-whiskers plots indicate the distribution of results for the sampling events. Each box
represents the 50 percent range of a given data set. The vertical line in each box represents the median for
that data set. The red cross in the box represents the mean of the data set (on the right border of the box0
for Cr(VI) in January/February 20 10). The "whiskers" represent the minimum and maximum values
without considering outliers. Outliers within 1.5 box widths of the mean are represented by small squares0
beyond the extent of the whiskers. Outliers farther than 1.5 box widths from the mean are represented by

4-4 40
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red crosses within the distant small squares. The boxes labeled "CondAve" and "CrAve" represent
groundwater results.

* The box-and-whiskers plots clearly indicate that, except for August/September 2009, pore water is
* consistently lower in Cr(VI) and conductivity than 100-BC groundwater. This supports the view that the

pore water samples represent river-diluted 100-BC groundwater.
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0 Figure 4-4. Hexavalent Chromium (ptgIL) in 100-BC Pore Water (August/September 2009) and Groundwater
* (2006-2010 Average) Showing Elevated Cr(VI) Concentration in Pore Water
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* Figure 4-10. Hexavalent Chromium and Conductivity Box-and-Whiskers Plots
(August/September 2009)
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Figure 4-11. Hexavalent Chromium and Conductivity Box-and-Whiskers Plots
(January/February 2010)
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* Figure 4-12. Hexavalent Chromium and Conductivity Box-and-Whiskers Plots (November 2010)
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4.3 Relationship between Chromium and Conductivity
In concentrations typically seen in 100-BC groundwater or pore water, dissolved chromium has little
effect on conductivity. For example, an increase of 100 pig/L of chromium would only change the pore
water conductivity by -2 [uS/cm. Other dissolved ions (e.g., sodium, calcium, and bicarbonate) are
present in higher concentrations and have more effect on conductivity. Therefore, conductivity is not a
good indicator of chromium concentration in groundwater.

The conductivity of pore water is a good indication of the relative amount of groundwater present in pore
water. Groundwater in 100-BC has a conductivity ranging from 300 to 400 uiS/cm, while river water
typically is 150 jiS/cm. Thus, greater mixing with river water decreases both conductivity and Cr(VI)
concentrations in pore water. This section investigates whether mixing (dilution) can explain the change
in Cr(VI) in 1 00-BC pore water from August/September 2009 to November 20 10.

Table 3-2 compares conductivity and Cr(VI) from the three pore water sampling events. The greatest
decreases in Cr(VI) concentrations between 2009 and November 20 10 occurred at sampling stations
T100BC3C, J100BC23, T100BC2l, TlOOBC4A, and T100BC5C. Conductivity did not correspondingly
decrease from highs to lows at some of these stations but did at others (Figures 4-13 through 4-16).

The top panel of Figure 4-15 shows an apparently strong correlation between Cr(VI) and conductivity,0
with an r 2 value of 0.966. The center panel, showing Cr(VI) and conductivity trends, appears to
corroborate this interpretation. However, when the conductivity is plotted on a scale more representative
of many of the pore water measurements (bottom panel), the correlation is not as apparent. The change in
conductivity was only 9 jiS/cm (decrease of 2.5 percent) between fall 2009 and November 2010. The
change in Cr(VI) concentrations was much greater (decrease of 67 gig/L or 84 percent). Statistical0
correlation based on just three data points may not represent practical correlation.

If we assume a conductivity change of <10 percent between sampling events can be considered stable,
then six of the ten stations repeatedly sampled had conductivities that were stable or increased between
fall 2009 and November 2010. Despite the conductivity stability, Cr(VI) concentrations decreased
significantly at all ten stations. Vhile some stations exhibited similar Cr(VI) and conductivity0
relationships, others did not; therefore, a definitive relationship between Cr(VI) and conductivity is not
apparent across all sites sampled.

The first plot in Figure 4-17 shows Cr(VI) plotted against conductivity for all pore water samples. There
is no correlation between Cr(VI) and conductivity when all the data are considered. Application of the
Maximum Normed Residual test determined that the six largest Cr(VI) values (>28 g~g/L) were outliers at
<2 percent. Removing those values resulted in the weak correlation of higher Cr(VI) with higher0
conductivity shown in the second plot in that figure.

Plotting the relationship of Cr(VI) and conductivity at each sampling event shows negative correlation in
2009, but weak positive correlations in both 20 10 sampling events (Figure 4-18). This lack of a
correlation may indicate nonhomogeneous distribution of pore water conductivity. Such nonhomogeneity
would be expected, given the nonhomogeneous distribution of Cr(VI) in groundwater. Other variables,
such as type of river substrate, may also play a role.
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T3C Cr(VI) vs. Sp. Conductance
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0 4-15



SGW-49368, REV. 0

J23 Cr(VI) vs. Sp. Conductance

*0 Y~ -1.3426x + 299.41

R 8R 2 0.8857

> 40

20

20

150 200 250

Specific Conductance (pS/cm)
*J23 Cr(0I) Linear (J23 Cr(VI))

Cr(VI) and Conductance at J230
100 250

90 240 E
S80 230 "

0) 70 220 w
=LU

E 60 210
4-,

.~50 200 U

2 40 190
30 180 UUU0
20 170

10 160 W)
V)~

0 150 ~

Jul-09 Oct-09 Jan-10 Apr-10 Jul-10 Sep-10

Date 0

--- J23 COOVI N J23 Cond. CHPUBS I 0SW438O41

Figure 4-14. Hexavalent Chromium Relative to Conductivity, Station J10OBC23
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* T4A Cr(VI) vs. Sp, Conductance
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T5C Cr(VI) vs. Sp. Conductance
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* All Cr(VI) vs. Sp. Conductance
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All Cr(Vl) vs. Sp. Cond. Aug./Sep. 2009
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Although some sampling stations showed Cr(VI)/conductivity correlation (Figure 4-16), others did not
* (Figure 4-19). The change in Cr(VI) concentration at stations TlIOOBC6JI10 and 2A-A (Figure 4-19) could

not be explained by decreasing conductivity. At both of these stations, Cr(VI) concentrations decreased
from -25 to -10 g~g/L or less between fall 2009 and November 2010. Similar trends were observed at
many of the stations. The consistency in the patterns of decrease in Cr(VI), and the common occurrence

* of elevated Cr(VI) concentrations in fall 2009, suggest that an actual change occurred.

* T6J 10 Cr(VI) vs. Sp. Conductance
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Figure 4-19. Chromium and Conductivity at Stations TIOOBC6JIO and 2A-A

* 4.4 Effects of River Stage
All pore water samples collected during this sampling event (November 20 10) were taken when river

*discharges were minimal (<1.7 million L/sec [60,000 ft3 /sec], see Figure 3-2) and when the river stage
* was less than 0.8 mn (2.6 ft) above the low water mark, as prescribed in the SAP (DOE/RL-2009-44).

Despite these efforts and some additional time spent repositioning the probe in the general vicinity of the
0 station, lower pore water conductivity measurements were found at seven of the ten established stations

during this sampling event. At three of these stations, conductivity was more than 10 percent lower than
previously measured at those locations (Table 3-2).
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One plausible cause may have been the higher daily river fluctuations that occurred during the
November 2010 event compared with the fall 2009 sampling event, when the daily river level fluctuations
were typically <1 m (3 ft) and consistently higher concentrations of Cr(VI) were measured (Appendix G
of WCH-3 80). Long-term suppression of relatively high pore water conductivity was also observed in
some deep channel regions of the Columbia River during the previous remedial investigation sampling
effort (DOE/RL-2008- 11). The long-term suppression ceased after more than 48 hours of stable flows
during upwelling mapping studies conducted in August 2008 (WCH-380).

4.5 Effects of Sampling Depth (Penetration)
Sample depth may affect Cr(VI) and conductivity by altering dilution effects. As the probe penetrates
more deeply and the intake is farther away from the river water, less river water is present to dilute the
groundwater, and conductivity would be higher. If the groundwater contains Cr(VI ), then Cr(VI)
concentrations in the deeper pore water would be higher.

Sample depths varied between 20 and 31 cm (8 to 12 in.). Conductivity tended to be a little higher with
sample depth, but the effect was weak (Figures 4-20 through 4-22). In November 2010, Cr(VI)
concentrations showed a slight increase with sample depth, but there was little change in Cr(VI) with
sample depth during the previous sampling events. Chromium concentrations may not increase with
sample depth because not all locations in the river bed lie in the path of Cr(VI) contaminated
groundwater. The difference in sample depths (11I cm [4 in.]) may have been insufficient to have a
significant impact on Cr(VI) and conductivity levels in the pore samples.

4.6 Effects of Sample Volume
Conductivity increased >1 percent during the November 2010 sampling event for three of the twelve
stations (Table 3-4). Prolonged pumping to collect relatively large sample volumes may have affected the
overall conductivity. However, the greatest increase in conductivity (12.1 percent) was at site JIOOBC2l,0
with one of the lower sample volumes (560 mE). The split sample site (JlOOBC47), with a higher volume
of 800 inL, had <1 percent change in conductivity. Conductivity increased modestly during collection of
the parent sample at site T IOOBC3C, and also during collection of the duplicate. However, it increased
sharply (33 percent) between the parent and duplicate; as previously stated, Cr(VI) did not increase
significantly between the parent and the duplicate.

4.7 Micro-Site Differences between Sampling Events
Samplers attempted to place the Trident probe in the same locations during each sampling event.
However, measurement error and field conditions may not allow for exactly the same locations.
In addition, locations of upwellings likely are not completely constant. The samplers attempted to locate
the upwelling by its conductivity signal in a general region to account for this.

4.8 Data Quality
The possibility that data from one or more of the sampling events are grossly unrepresentative is unlikely.0
QC sampling (e.g., duplicates and blanks) did not indicate systemic problems with data. The fact that
elevated Cr(VI) was observed in multiple samples in the fall of 2009 seems to rule out an isolated
sampling or laboratory error. Subsequent sampling events had Cr(VI) results generally confirmed by total
chromium. The possibility of a sample mixup is remote, since only 100-BC stations were being sampled
at the time. 

4
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* Chromium vs. Sample Depth, Aug/Sep 2009
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* Figure 4-20. Hexavalent Chromium and Conductivity as a Function of Sample Depth
(Penetration), Fall 2009
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Chromium vs. Sample Depth, Jan/Feb 2010
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Figure 4-21. Hexavalent Chromium and Conductivity as a Function of
Sample Depth (Penetration), January/February 2010

Samples from all three sampling events were analyzed for Cr(VI) using a colorimetric method,
U.S. Environmental Protection Agency (EPA) Method 71 96A (SW-846, Test Methods for Evaluating
Solid Waste: Physical/Chemical Methods, Third Edition; Final Update IV-B). Turbidity in the samples
can interfere with the analysis, resulting in a high bias. The laboratory corrects for this effect by
subtracting the absorbance of a blank carried through the method. However, turbidity effects may still be0
evident. Turbidity measurements are not available from the WCH-3 80 sampling events (fall 2009 and
January/February 20 10). Samples collected for Cr(VI) analyses in November 20 10 were filtered in the
field; therefore, turbidity is not an issue.
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* Chromium vs. Sample Depth, November 2010
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* Figure 4-22. Hexavalent Chromium and Conductivity as a Function of
* Sampling Depth (Penetration), November 2010

* During the January/February 20 10 and November 20 10 sampling events, the samples were analyzed for
* total chromium by EPA Method 200.8 (SW-846). As discussed in Section 3.3, total chromium in filtered

samples should equate to Cr(VI). In the November 20 10 event, total chromium and Cr(VI) were in
agreement; some total chromium results in unfiltered samples were slightly higher than Cr(VI) results,

* which can be explained by the presence of trivalent chromium. During January/February 20 10, total
* chromium and Cr(VI) results were in agreement with one exception: T1I00BC4A had significantly higher

Cr(VI) than total chromium (46 tg/L compared to 20 g/l. This suggests a potential high bias in the
Cr(VI) results, since the analytical method for Cr(VI) is less accurate than EPA Method 200.8 (SW-846).

* Total chromium results are not available for the fall 2009 sampling event.

0 In conclusion, with few exceptions, data quality appears to be acceptable. Data quality problems cannot
* explain Cr(VI) changes in 1 00-BC pore water.
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0 5 Conclusions
* Analysis of data from three rounds of Columbia River pore water sampling at 1 00-BC supports the

following conclusions:

1 . Groundwater flows from the aquifer into the Columbia River. Contaminants such as Cr(VI) present in
the pore water were likely derived from 100-BC groundwater. Spatial and statistical evaluation of

0 data concluded that Cr(VI) and conductivity measurements were generally consistent with river
* dilution of groundwater migrating into the river from beneath 100-B3C. The major exception was in

fall 2009, when five pore water samples had anomalously high concentrations of Cr(VI). No upstream
sources of Cr(VI) have been identified, so it is reasonable to assume that pore water contamination

* originated in 100-BC groundwater.

*2. Pore water Cr(VI) concentrations decreased at all ten stations sampled in both the fall of 2009 and the
* fall of 2010. Declines ranged from 51 to 98 percent. The maximum concentration in the fall of 2009
* was 112 ig/L; in the fall of 2010, it was 13.6 pig/L. The most likely explanation for the decline in

pore water Cr(VI) is the passing of a "pulse" of high Cr(VI) water. This water could have originated
0 from unknown groundwater contamination (i.e., from areas vertically or horizontally not

characterized), or could have represented older groundwater contamination.

03. Data were evaluated to determine whether changes in conductivity accounted for the changes in
Cr(VI) concentrations in pore water. In concentrations typically seen in 100-BC groundwater or pore
water, dissolved chromium has little effect on conductivity. Because groundwater beneath 100-BC
varies significantly in Cr(VI) concentration even when conductivity is relatively constant, there is no

* definitive correlation between Cr(VI) concentration and conductivity. The relationship of Cr(VI) and
conductivity at individual stations varied: some showed a positive correlation, others a negative
correlation, and some no correlation.

4. In general, conductivity of samples increased with increasing depth in the river bed. However, as
noted above, the conductivity alone could not explain the change in Cr(VI) concentrations among the

0 three sampling events. Sample volume and differences in microenvironment also did not provide
explanation for the changes in Cr(VI) concentration.

*5. No systematic problems with data quality were found that would explain apparent changes in Cr(VI)
concentrations with time.

* Five Cr(VI) outliers in fall 2009 could not be repeated in two subsequent sampling campaigns, despite
* efforts to duplicate sampling conditions and rule out other effects. The only known, remaining

explanation is that a pulse of Cr(VI) contamination passed through the pore water at 100-BC between the
* fall of 2009 and the fall of 20 10.

Concentrations in 100-BC groundwater currently are less than approximately 60 pg/L. However, there is
* evidence of higher concentrations in the past (e.g., Well 199-135-1 had concentrations above 100 jig/L in
* the late 1990s). Until 2010, only Well 199-B35-1 monitored northwestern 100-B3C, and no wells monitored

at depth in the unconfined aquifer. Thus, the presence of higher concentration plumes in certain areas or
depths could have gone undetected. Installation of wells in 2009 and 2010, including characterization

0 sampling of the entire aquifer thickness, confirmned that Cr(VI) concentrations in groundwater currently
* are less than about 60 pig/L.
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Terms
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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 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 1 00-B3C, 1 00-F, and 1 00-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
Investigation/Feasibility Study, DOE/RL-2009-44

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

* Sampling and Analysis Plan for the 100-NR-2 Operable Unit River Pore Water Investigation,DO/L2006
Sampling activities included collection of pore water using the Trident probe or Trident probe/frame.

0 These activities were conducted using a boat as an operation platform. Sampling methods were analogous
* to those described in DOE/RL-2008- 1, 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
should take place when there are minimal signs of dilution from bank recharge from surface water and/or
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)

0 Trident docking station (cradle on vessel)

00 Specialized anchoring equipment (as necessary)

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

0 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 1 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 forms (including all necessary sample bottles, sample
labels, sampling data sheets, and sample chain of custody forms)

" Nitrile gloves

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

" One percent Liqui-nox@ solution (typically, I L [0.25 gal] is sufficient for one field day)

* 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-noXTM is a registered trademark of Alconox, Inc., White Plains, New York.
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0 Water quality parameter measurements (i.e., pH, temperature, conductivity, DO, and ORP) were
0 recorded on field paperwork.

00 Activities associated with this fieldwork were documented in controlled field logbooks.

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

0* 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.

0 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.

Decontamination rinsate was discarded in accordance with the applicable operable unit's waste
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 m above the green line or flows
were unstable, pore water conductivity was checked and recorded at a nearby pore water baseline
sampling station.)

* The Trident pole assembly was pushed or the Trident driving frame was deployed, approximately
6 to 12 in. below the river bed or until it resisted further insertion. The depth of the unit into the
sediment was measured and recorded.

* After the peristaltic pump was turned on according to manufacturer's instructions, the system was
* slowly purged (6 tol1O mL/min) until stable readings were achieved. Typically, approximately 100 mL
0 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
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
posit ion/depth, pump rate, river flow cycles, substrate types, and water depth were made to ensure a
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, OR-P, and pH) could be obtained.

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

0 measurement of the selected water quality measurements (pH, conductivity, DO, and ORP). (Note:

* A-3
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the composite sample temperature was not recorded because this was not representative of the sample
temperature. The temperature logged on the Trident unit was used to represent the sample
temperature. These parameters were recorded on field paperwork.)

* Time and river level were recorded at the end of sampling, using the nearby river staff gauge,0
denoting the river staff identification.

" River bed 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 every0
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
100-BC-S Operable Unit; DOE/RL-200-3 1, Waste Control Plan for the 1 00-FR-3 Operable Unit; or
DOE/RL-2000-4 1, Interim Action Waste Management Plan for the 100-NR-2 Operable Unit.
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40 Terms

ags above ground surface

bgs below ground surface

DO dissolved oxygen

*NA not available

*NTU Nephelometric Turbidity Units

*ORP oxidation reduction potential

0PRC Plateau Remediation Company

QC quality control

*USCOB U.S. Army Corps of Engineers
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0 Table B3-I1A. Site Coordinates, Sample Metadata, and Water Quality Data for 100-BC Pore Water Sampling, November 2010

JIOB2 Moderate Depth 11/9/2010 15:00 17:55 46.63913 -119.64728 565283.02 145492.13 Ig/med cobble B29888 560--

*J10OBC23 Near Shore 11/14/2010 13:17 14:37 46.63980 -119.64260 565640.49 145570.48 medium cobble B29893 600---1

*JIOOBC47 Near Shore (128-13-3) 11/10/2010 13:02 16:13 46.64084 -119.63597 566146.43 145691.29 sand B29894 800 SPLIT B29895 10

0TlOOBC1JI Intake Structure 11/8/2010 13:55 15:13 46.63728 -119.65335 564820.54 145281.50 silt/sand B29884 575---1

T10013CIJ5 Intake Structure 11/9/2010 12:00 13:20 46.63778 -119.65350 564808.63 145336.95 silt B29885 600---1

T100BC3C Deep Channel 11/16/2010 11:21 12:18 46.63993 -119.65025 565054.69 145578.59 lg/med boulders B29886 550---1

*T100BC3C Deep Channel 11/16/2010 12:21 13:51 46.63993 -119.65025 565054.69 145578.59 lg/med boulders 13291383 550 DUP B29886501

*T100BC4A Near Shore 11/7/2010 15:40 16:54 46.63897 -119.64545 565423.31 145475.86 med/sm cobble B29889 600 - -- 1

*TI00BC5C Deep Channel 11/14/2010 15:45 16:40 46.64098 -119.64438 565502.80 145700.15 med/sm cobble B29891 550 - --

*T100BC6JIO Near Shore 11/8/2010 11:08 12:24 46.63938 -119.64330 565587.06 145523.21 medlsm cobble B29892 600 - -- 1

*NEARSHORE 1 Upstream Reference 11/4/2010 13:20 14:53 46.64453 -119.68078 562712.17 146065.15 med/Ig cobble B29896 700 - -- 1

0NEARSHORE 2 Upstream Reference 11/7/2010 11:56 13:23 46.64003 -119.66445 563967.50 145578.00 medium cobble B29897 600 - -- 1

Table B-1lB. Site Coordinates, Sample Metadata, and Water Quality Data for 100-BC Pore Water Sampling, November 2010

River bedI River River Nearest USCOE 40 Kefs Steady State' Heighe (mn) Staff Gage Staff Gage River D~epth at Pore Water Surface Wae
Station Elevation' per Discharge' Level"' Battiynetry River Elevation' at above Reading Before Reading After Station Sensor Depth Sensor H~i~tFedQ

*Identification NAVD88 (mn) (Ke(fs) (mn) Transect Nearest Transect Low Water (mn) (mn) (t) (ini. bjgs) (in~. ags)Qilfe

*2A-A 118.8 56.7 118.74 34 118.12 0.6 0.7 N/Ad 1.9 12 12

J I OOBC21 115.2 57.6 118.61 35 117.98 0.6 0.8 N/A d11.4 8 12hk

J1I0OBC23 115.6 38.2 117.73 36 117.80 -0.1 0.2 0.2 8.2 10 12

JlIOOBC47 118.6 58.0 118.03 137 117.49 0.5 0.8 0.8 2.9 12 12

T100BC1J1 114.5 42.2 118.20 34 118.12 0.1 0.3 0.5 13.3 12 12h

*T100BC1J5 113.8 58.4 118.80 34 118.12 0.7 0.8 0.8 16.5 12 12

*T10013C3C 113.1 59.6 118.71 135 117.98 0.7 0.7 0.7 19.0 8 12hj

*T100B3C3C 113.1 58.5 118.66 35 117.98 0.7 0.7 0.7 19.0 8 12j

T ILOOBC4A 117.6 38.4 117.90 35 117.98 -0.1 0.2 0.2 1.9 12 12

*TI00BC5C 114.9 37.9 117.88 35 117.98 -0.1 0.2 N/A d10.2 9 12h

TIOOBC6JLO 117.9 45.3 118.25 35 117.98 0.3 0.3 0.3 2.1 11 12
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Table 13-11B. Site Coordinates, Sample Metadata, and Water Quality Data for 100-BC Pore Water Sampling, November 2010

Aive bedRive: 'lve N a't S

TaleB-C. Site Cordnae ,Kmpleeadata an Water, Qultaafr10B4oeWae apig oebr21Staton j0 Rierepth4, tr Sufa0
1.119

2AA H RE I BCA 11951.4 P 175 305.14.3 1 7131 1 .38 0. 146 13.7748 29 1 10.2 3152. 29 .

J100C47J100C47 118. P 28. 35 14.22 7.7 232 . 1 0.2 6. 10. 147 0.82 29 1.42 2 211.2B9K 1.

TablCeJ TIOCJ 1801.P 12513. 7.07 Cor25aes 6.34l 60 151 14.6r 7.47it 160a 9.81 10-B 145e 0.3e B296J2ng <2.0br01

T100BC1J5~~~~~~~~~~~~~~~~ ~0 TIOBeJ_ 109200P 24341. .3 8 .21 381. .7 21 02 6 0. 263 <.

T100BC3C 41 232i 1247863 .54 0191. .02 692 348B 9 8 .

TIOOBC4A ,'ReCading010JP 18311. .5339.31 4 4480 841.521703B9J7 1.

Committee, Silve Spigoayan.r ape codtivity is <90 of Phase 'ib conucivty

c 'Sroetalfton ed nog redn wasutiit recorded Poer P. Sampl cnutivit is <90 ofy PhseIcndctviy
0. nstu reading incra>0%ui ng sample colleo event.C 6ocio Smd.t Dat ar not recoded

Idniicto Hegh was calculatede) el) Wte K R:(V D L with) Moularn Aquti Siuato SytmV) (PNN L ) 2, 2005, Hyroy aicmulto ofeethe ClmiRveNfo r
e.- Reore withAA probe10P hel at5 surace Reach 1 940-004 Pai5 Nothes Natona Labratry 2ih 91d Wahigtn.2 0 5.0B9

fJ NA8 State1 Pln WI ngo South1020 FIP 46 2 5 eters.823 06 7 4 3. .3 28017212121B9

JIOOC23J IOOB 2311421 OJPG32 07 2.97.6 2619.6 4514213. 7.2 24 998 650.0B29
JIOOC47J IOOB 4711021 O.PG 8 35 1.2 .72232 0.2 6 40 4.7 7.8 259 10.2 22150.8B29
TIOBCII TI 013CI 1 110201O.JG 2 25 1.6 .07-256.4 6 15 146 747 609.8 1 45 .3 29
Tl0BCI5 TI 013CI J 110201O.JG 2 30 142 7232898.6 1913812. 7.7 2 1 1.211 15 -.3 29

TB-2 C 0I0CCI1600JG 4 7 2477 3 .960191. .0 23 87 5 1 39B9

TIOOC3C41 32 2.47.8 2317.5 45 13 123 750 26 921 934.8B29
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logbook. When the book is completed or no longer needed, contact your Records Management Specialist for a
Retention Schedule. Complete Section 11 of this form and return the notebook/logbook to Controlled Document
Management, A3-95. DO NOT DESTROY.0
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Custodian's__ __ __ __ __ __ NaeCsoinsSgaueadDt
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* ~ ~ ~ 9vel, WtaAt(er 11 cAI -xv c~. 54&Cl j4+

07

00(
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6 /7W-I- -7o /

iei / before:O afte Stati,'V, End: E, 9-r-eV N 0

Voue LDuplicate? Tied T.o: # Bo siemNotor

see CMA Insitu Recor (from Trid-ent at be mni of eanWl

C;oj 4. .Srere,,ce Prot e,

Oiz? 16rrJ /

990
Do qo

.2 51, -Y3S

;m C,14 t 1(P~q!- pe

Peco~ ;~ ~ ~~ r S D-8
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0aFW7-I 94?-7V

Stndr IIIu . ~ o # -~prto Dat I_________ Prob ________ Prb

10. s I C onrlC. IC89 0/0111191/2

44 /"/Z/z ton 1205259 10(5/31/) 1 q-i 1/, 5u/, 714(
*~yo L~, Ulrmee Cal+ , vq i b & rati Ch c S

____ _ Trien Prlirbee Cosuctvit Calbraio Cofk_______________________

______issolve M xyro n L lr Meter Calibration Check: SN

__-_-_-_-_- S-tndard I fr. ILot # lExpiration Da_,te: Actual Reading

pH'. 7r 'Myron Lma n 1137 EB 09/09/ 1

447biit jAin2029 5311

_________ f~yon Copan 200077JM 8/0311 3 ~ N

Cond 1005 CotroiCo. C859 04/0/1
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8 //V

faieWrEX SA/AIfV6

CHPRC 2010 12ADate: /0/ j2 iO

F ttonI: SF#- jStaff Gua're (m.nj JSamPle Time Coordinates (dog do ) NA8
Sta n D: S LMe Iaser S t. ! j En -d 1:2 0Q T N N F ' 3 7 J T

Probe ip ______ .Water quality results from Sample composits -

Depth (Inches) Conductivity --

HiElS Sample No.(s) Volume (ml-) Duplicate? Tied TO: 9 BottleslNotes:

Surfacewater Readlngs OZ-

SI/SiJConductivity R(laS/cm) Temp (CT Rm ; IpH DO

1. Mt- A- - 4
*see CMA Insitu Record (from Trident at beginning.savK

-SIOO

CHPRC 2010Date: /0 ,2,61; 14,

:rwnM -1 JA before-0 ater 0o 1 Start 3-.o End j1-C E -11 27 IN q&, al-

Probe Tip Wtr eulsfroisa cm Itsol c~ifip

Depth (inches) conduc-;tlyt '

(B1") (pjSIjiiM lTern (C IORP pH0.0

HEI Sapl No(s Voum (m-)Duplicate? Tied To: # Bottles/Notes:

-r, -S5 ~ ,i.-r

7 "ite

see CMA Insitu Record (from Trident at beginning of sam le),

D-10
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*l t,313

CAP~ 21S

* 100 / o /3i7A000

CHpRC 2010 5 o
2 - 9 Porwtr6l~d ~ Mrr

0Station ID: SAF# IStaff Guag" (m.m) Sample T1Me Coordinates (do .d ) NA083

boforebet aftero,p M nA/4$O Start 13oEd / E -/16 0 INZ1

Probe Tip ~ -Water qUality results frOM, "ampecm sl6____

Depth (inches) Conductvlty

W6-12") (iSlcm[ Temp (CT -7________0 _

Turbidity:A D '17 -

HEIS Sample No.(s) Volume (ml-) Duplicate? Tied TO: J# Bottles/Notes:A /A0A-.( 

e)q A 8

Surfecewater Readings

I -Waterqu~aity resultsafter 3x~ pu water)

LConductivity(liSIcm) ITemp (C' IORP C iP D.O.

AI I /+NA-f,11.2

* see CMA lnsitu Record (from Trident at beginning of sam I2L

*03 -rjoMii ; 'lOi
*4jZ SA,~tb14 ixd glkln 3-5 LeP -

2 2

0 4

D-0
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10#A$,V 7//

CHPRC 2010 IC, Date: o j2 0

porater Unwls Tridenlt &

Sttin D:Staf Gus a m Sam * Time Coordinates (deg deq) NAD83
Ratioen ID:r~ Sqtat 1403t End: fE- q

I probe Tip - Water qUPl results %inm sample etimpbsite ______

Depth (Inches) Conductivity
(6"-12") (PSlcm)t Tom (C- .0

I, Tu-rldfty, _________0&

i EIS Sample N-es Volume (ML) Duplicate? Tied T: xBtlso"

Conductivity Tei ( t eO~b.0

C e MA InluRcr from Tnen nnin, of 0a~e-

00 140

P~O 3 .1- 0

LOe, CODI i' IP-,cI a- fI o per L5,;

ff*~ej ~ okthc~i ,4+ 1-1 30 ~A ,-YeJ 'Lt ~r(Aei

.22, o L I% VL ~ AO

:[CPA J&e-Corn ise- /

01: w'der ptAeJ/-pi1c 4r' #,e A 10

mlodel a~rd~

Prpd 1 C 4, o'S iitat-iI

D-12
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0 ~~I N F /Al/~/-7lot

Oq ,4rEKe me6irA1 POD)/-

Triden ProbiJ Conuctvit Calibraton chec

Lo #~k~ 1;,oe-, 1tjh Prlwe---IerfceP-b
1*. use~ Contrl. CC86P 04/01 Z0 z
C447 2010 055 15311

r ~~~~~Myron L Ultrameter 11 Calibration Check: SN 6227090 __________

Standard Mfr. Lot # Expiration Date Actual Readn

7Myron L Company 1001397 EB 09109/11

4 MyroniLCompany 2003077 JM 08/03/il

Cond. _ 100.5 Control Co. CC8596 04/30/11

447 Oakton 205259 05131111

*ORP is calibrated using results of pH cal. Check

YSI Dissolved Oxygen Meter Calibration Check: SN 09F100411

-- -Standard Mf.Lt#Expiration Date ]Actual Reading

D.O I Zero Iaa 17IMarchl of 2014 c53

o- . 'g~ HANNA Turbidimeter Calibration Check: SN 08292360

0Standard ]Mfr. ' Lot # lsxpiration Date Actual Riead g

Turbidity /00 4.b,&ga Z aZI~

* 2A-A 0&c 5?ai'cs 5'tart 1-,- 1'e-

n"cilzo to
001

* D-1 3
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Fogg-V "' Ir~

~~ygoe. a1 rv 5uk(rA -rejiv, 0f t~r~e 13h

C oneba'i &eA4 &(p.ec P~O .., C, t . g //0 ff (C /eC) 7 4 ,/ "A

on4 Coiecf~ SAm PO%. 0 '4-mr

watere

pt I

before0.after~ S arft resudj 3 E I/tol N

(6n" 12'), PH D.O."i

Turbidt o5?

N~~~~~~~tS~~~~A Sam/ le7.( NotiVlm L Dpiae idTo #Btiqt

Watero quD:t SAFul Iataff G~ pug aaer g e mm apl ie

W42) Ycc'i"

d) Hanr a n Mete /

100 00-

0-14m 0I IC
A0

FI0
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* f/IF-AL ro~l 13

*Ibege~re- 0-'~ a-Pfe'.c &Cv/ 7-;e- Is'4 (-

1& 5a-5p - W4~ 2 hl& aogr i

651 5"1pe- /(, -9Z'100-7

* 5~' .4 KYeJ )q P/lu'MeJi -poc C~v.)o' SeJ5~ a!5&NG, rpo- iAe

45pouise, e ilvul/ AeC/# A-Av~-,A 5,,jo0i-gk

0 ~f~ we /;/b'+ he'/ vpei/5 --he rZPf/aeJ M,;&ee
a nh,/tv+~l5J We-~n. 4-'/ ge y a Saf .,d $'1 -i
4he -J& Ap A

* ~ f/wi K±# fr~A.4S cc,~'o~ 9aJ54(W45P, ~ -/VO

D-1
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14

A/M

/0:00 -t"f~afe. ~41,73 (POD) Addh at'f 4-/
fA;Ver Flov: 5&' gcps at 09-'00 A,-;

azoo i -/ &F5,
03 Vo (1 Kc&P -
01:00 -,3 Ie, F5

ol-,oo 5& ct5
CHPRC 2010 Trident Probe Conductivity CalibrationChcDae

Standard lMr. I~o #Expiration Date Prwt Probe uraeProbe

100.5 us [control Co. C 596 104/30/11__________________

447 [Oakton 1205259 105/31/11

Myron L Ullrameter 11 Calibration Check: SN 6227090

_______Standard Mfr. [Lot #- Expiration Date Actual Reading

p.p7 Myron L Company 1001l397 EB 09/09/111

I ____4_ Myron L Company 2003077 JM 08/03/11 Y
Cod 10. 1otrlC. CC8596 D4/3011'72

I ORP Is calibrated using resulta of pH cal. Check

IStandard IMfr. ILot # IExpiration Date lActual Reading

D.O. IZero lHanna 1427 March of 20141

4 0.0 94N. HNATtidimeter Calibration Cek N0B292360 S OOr

Stnad Mfr. t.ot # -:7 - Ji~lftlon Dite '-Actual Reading

.!A-A cPC 5 ,&Hoo sfUA h'i'.a I3 j3 5 fIA P.40

Co-V(kb/j: 30(o, Ij

1'

D-16
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*AF IV-7pI 15

*?,991' WArEX~ 5,4mP1A16-& I /A 7- /7 & 5 s

Wler a'e1,+ o'J- S&-fies'~ /0~ -'A
%%e keLoc (6400~c pr-5i oi iAxe.- Z~+~ A-4~ 13:11 A,-5

*5 Stef, va.L'-v #ooK /AotoS ,Tr #kL- opera4 i'Vi, 4'v 5ko 5re.

* rTtA AIPrii"r Readings ///Ci170I0
I I 'Watrqutalftij results (after purge wtr)

Conductivity fol3
fjfm)b~ - m 16 - - -. 1uH 10..'*P/ TeI 130 I 1%~ ORP

L _________Turbidity'________________

SurfacewaterReadlngs

Condutivit Water quality results (after purge water)

(p/m, Temp (&)b- ORP% CL o IIo70

jTurbiditY /3, __91____q$_I_ ______

S~;pe 4- a, -1j
4 o f,, rf COMPOSITE Poreawater Sample _________________

0Station 10: SAF# 1Staff Guage (m.m) ISample Time [(dag.deg)AD83 Li
F44_ 0.. & before oer IStart:/ :2 End: 11,11&p1,01 / N o351212.

Probe Tip .. ,

Depth (inches)0 ~ ~ ~ (" (12') - *;-r

Water qualUt results (Compos to)~
C~5 onductivity U 5I~/ 00
(PSI-)* Temp (C.)b ORPI Ok pHC L IDO.

jHEIS Sample No.(s) I Volme (mL) I~p icae iedi To: 1#BotesNotes:

1 2M01 wA I AluPI 1at4?

0 ~~~FINAL Porewatar Readings_______

Water qualiresult )-As__________/
*Conductivity AoR if/_______

(isen I~m (C/n 20% O0 J4_
* ~d) Hanna Meter c.

* $L5atvp e, V (L,.4 -~ /W~

* 50+He gile Gi. A1 GC,55 (A&)

0

* D-17
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0

10 0/6 ~

00:Q 30 0 a,0, ei' (t)lej

CR200 Date 0 AI

100 S CnrlC. C80 43/15

MrnLUTrmetoe Codctvt Calibration Check:S62091

______Sadr f. Lot # Expiration Date Actwt rbeIual ren

Stadar I___ 1 0
Cn. 100.5 Control Co. CC8596 10

4 /30/11 106P
447_____ 10akto 44725 [1ko 05259/1 0CI11

MyrIt~onve Oxyge Meter Calibration Check: SN 2090 001

Stadar lMfr. Lot # Expiration Date Actual Reading

14 ato n29 Mco214 0

HANN Tusolebidyen Mot r Calibration Check: SN 0 9 360

IStandard IMfr. Lot # IExpiration Date lActual Reading

15O Izr Hanna 1027 [Mrc 1 0/1

S0

Turbidity(NTU) <a 0.10 anna j0279 09/30/12/C ' '

Turbldlty(NTU) 750 Hanna 0285 10/31112 01 t

24-f6 a &po^ -5&-rt lime, //"I00 6n,-ff,-e //- 0
5+aFf ct~je ' befo, 0,20 t&(e-r 0.2,0 VCKY I-t

till11 V'. 011

0

0-18

0



SGW-49368, REV. 0

* ,~'[ ~ AMPLV6 ~17

* c~~-si~~ 2 (cvZ2 S5.I-co.#&e MeI Cobble-
* ko-de r de K ak 9tca+hox (,9 P

INITIAL Pormater Reedlnoe Date: /0 -f71 /A) 0
Water quait results (aftewr pu~rge wter)

*PIC) Tem (C, IORPR IPW ~ 10.O.0___JTurbd 3 , 0 1117
f ____________________ Surfacewatereadlnga

I _______________________ Water quality results (after purge water)

'I (PSI-m)* Temp (CJRpa JpH' 10.0.'
*;? 3[ J. I-4IZ ZZ

______________COMPOSITE Porewater Sample
Sttin D: SA# VERV Lot'-' Coordinates C j/

Station__ IDJA staff Guage (m.m) ISample, Time (deg.dg)NAD83
-Of& lbeforeoj~ftero, dStart:// ,5rp End: 1122 JE.-il &S't I NV& /L20 Probe Tip

*Depth (inches)

S Water quality rsults (Comp0slte)
L? onuciv /1107/1(

CjSlcm), Temp (C)' ORP' ..

HEIS Sample No.(s) Volume (miL) IDuplicate? Tied To: 1Bote/Notes:

f FINAL Porewater Readings

Iodu~ Water qualty results

(Iisfcm)*~ Temp (C')b ORPa IPil Ib.O.
I _________Turbidity-________________________________

d)HnaMeter

13,0 OCe, e ;
*5ft, -

D-1 9
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WcoJ&r depll' - -54kfiv q1 P
INITIAL Pojewater Readings Date: 11/0~j

I ~~Water Quality results (after purge..br
C~onducUtty II
q,,icmt. femp (C,)b ORP. Ipl4 gDO.'

Turbidity L, p A/771 /

SurfbeewaterRoadIflgs _______________

Water quality results (after purge water)

Tom ORW pH* ~

Tubdt .oCOMPOSITE Porewater Simple Coriae0c, L,

Station ID: SAF Stf uge [)ISample Time .(deg~deg)NAD83

FLAZ of&- beforep2v~after~o,2D Start i 0,f End:a Ej bq'1I8N,,,o
Probe Tip -

IDepth (inches) -

water quality results (Composlt

~S- (LIS/cm), Temp (C-4t IplOioP

HEIS Sampie No(s) Voue(l)Du lcate? Tied TO: # Botties/Notes.

FINAL Porewater Readings

(ijtilm), Temp (Cglta JORP .H U I.O.'

a) Myron
b)Trident

d) Hanna Meter

I10 i&Cor. per~ 5A41

ofe, I LAG
~~1?6*3 Ce ~ cCrA &3r* &ob~eA4n k 5 fA f or hmle

D-200
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4A/0A-X

0~a 6)7:30 1"; q~i ~OW) heil o-4- AW/,

79e

0(000

01/:4V1 l~41  L1  iox 5dv" S4 dekr4Jon /Age ,t4. /0,

CHR 2010A D~- ~ ate: //p/ v1

1100.5 ~ ~ ~ Tidn uSrLot Conductivity Calibration Check ___________

10. jS Con
tro Co CC594_______________

447 10ktn 205259 10513111!SI
Myron L Ultrameter 11 Calibration Check: SN 6227090 ______

Standard Mir. Lot U Expiration Data Actual Reading

pH. MrnLCmany 1001397 EB 09/09/11

4 MronL Company 2003077 JM 08/03/11 .g

Cn. 100.5 Control Co. CC8596 04130/11 q-4, Z 7
447 Oakton 205259 05/31/11

*ORP is calibrated uaing results of pH cal. Check

YSI Dissolved Oxygen Meter Calibration Check: SN 09F1 00411

Stnd I Mfr. ] Lot # lExpiration Date Actual Reading

D.O. IZero IHanna.__ 11427 IMardi of 2014 i

HANNA TurbUdimeter Calibration Check: SN 08292360

Standard Mfr. }Lot U Expiration Date Actual Reading

Turbidity(NTtJ) < 0.10 Hanna ~ 0279 09130/12 cis

Turbidity(NTU) 15 IHanna 10266 10/31112

Turbidity(NTU) 100 Hanna 0277 09/30/12

Turbidity(NTU) 750 Hanna 0285 10/31/1275

D-2 1
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20 /4f4-O

/ofoo De~cojj perc
2 A-A- Oc- Shfa~bo-' fN*~ed L~~/

157j5-frc~ I- / IeJ/ -mal/ &bil/e-
pjt,.e4- cJefi a+- gj-j-a 2, P1.

INITIAL Porewater Reading Date: f1 9Ac-t

Water qual Ityr st (after purge ater)

________ {.ernp ID.O.R' pH

Turbidity' 7210_____________________________

SurfacewaterReadingsI
Water quality results (after purge water)I

(lisl), ITemp (C*) ~ ORW IDH: =D.O'

____Turbidity' 0,t3(2 yd ____________________

_____COMPOSITE Porewater Sample r- MA-~ 1-Jmh

C oordinates -Z,0r q~
Station ID: SAF# IStaff Guage (m.m) S5ample Time I (deg deg)NADS3 az /-
r 1,& rt -C f jfeore,3 after:o7,3 Jstartlhl,,,0 End: 11(v I I~y&,I;oq&/ N * 9

Probe Tip
Depth (Inches)

(B".12) ~Water quality results (Compos to) ".0

QiSIcm)* Temp (C,) R'pH ..
31 I IFP I 7

Turbidity'~

HEIS Sample No.(s) Volume (mL) 1Duplicate? lied To: 1# BottleslINotes:-

FINAL Porewater Readings

- Water quality results

(11S IVI iTemp (C*)" owR IPHSj..
3 ,q113,0?-301 I 1,2 5-.&~

ITurbidity'

a) Myron

b) Trident
ic) Y5I1,c
d) Henna Meter

D-22
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*~AC Vid -/l 21

* p..q0 De~or i'A Pif(cI Pcr 5AS

* ~'dca.erC c16fk ak4 sfaJ12ov_ '13.5 R2.

INITIAL Porewater Reading Data. / 0 2.OI1~ water qualty result (after purg. water)

(PJS/cm)b Temp (WC" ORP*pH ..

0 ~surftoewaterReadlnils
~ 3 S 1~5 Water quality results (after purg water)

I (S~m~a J~mpORP pi3P D.O.'

________________COMPOSITE Porewvatetr Saminple1 Co~Cordinates I, Pf,/'
Station ID: SAF# Staff Guage (m.m) ISample Time (deg.deg)NAD83 ac:cvr(-

_[eoeo: afe , Istart -ld~@oI5AS I

Probe Tip
Depth (Inches)

(W-42") Water quality results (Co mposite)

(iiS~cm)* Tamp (C)b ORP. II
6' Ij , M e6-2 1O 10

0 ~TurbIdit &Oe IM

* ~ ~ M S~ai~.5 Volume (mL) Dupicate? Tied TO: JesBote

FINAL Porewater Readings

I Water quality results

* Ion uclvit ___
TubdtygScm) Tmp (C*)b ORW

Fd) Hanna Meter

3 I 3o D c- v e SA-

D-23
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30 0,%i p1Acie ' 5CLII ZA1 Ais~c Z7 Y/2uI~C A&t (3 7

hom I0
;M-A Q,- / IS Y'3

5v~e. Ov'- O-P'P-
A0

1 '0 ~lWiv c +cAw. 140,46i (Jlv"le oiq,0

D-24
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* IAF-A- 7"' 23

013:00 lfa-; ae mIee+IA 3 (ft ) held ctJ 4fefI.
h/Ieitieer ', 1'$4 Sihn,,,/ riYd- Few- cl,,IS 7"' ?A& Am,1 Ads

* KiVe, F c, u. j KcP S a oi - '1oo &-.S,

* MIWez er P.1 Adl- Ove~rc.a, ezy ae4 .y

0 z e)c0 15- rai

* 'O~v0 59q

I CIIPRC 20 10 Date: 75 W5 .00P
Trident Probe Conductivity Calibration Check

Sandard Mfr. ILot # - [Expiration Date ] Porewater Probe ISurface Probe
10.5 us Control Co. ICC8596 104/30/11 Y5IZZ 1 IZ Z

44 0ko 1205259 105/31/11 It

______Myron L t.ltrameter 11 Calibration Check: SN 6227090
______Standard Mir. Lot # Expiration Date Actual Reading

pH' 7 Myron L Company 100 1397 EB 09/09111_____

______4 Myron L Company 2003077 JMV 08/03/11 3-7i6
Cnd. 100.5 Control Co. 008596 04/30/11 3,Fq03

______447 Oakton _ 205259 05/31/11 '1113,
*ORP is calibrated using results of pH cal. Check

YSI Dissolved Oxygen eter Calibration Check: SN 09F1 00411
1_____ Standard I Mfr. [Lot # IExpiration Date jActual Reading

D.O. IZero Itianna 1427 IMarch of 2014 7>, 1

0 _________ HANNA Turbidimeter Calibration Check: SN 08292360
______Standard (Mfr. Lot # Expiration Date Actual Reading

Turbidity(NTU) < 0.10 IHanna 0279 09/30/12 -oil )5
Turbidity(NTU) 15 H -anna 0286 10/31/12 1 5'
Turbidity(NTU) 100 Hianna 0277 09/30/12 o
Turbidity(NTU) 750 Hanna 0285 10/31/12 53

[ DI Water from Apel Lab 1511153

Prpryof Mfr. IModel Imegohm-cm j
LApplied Process Engineering Laboratory IBamstead JE-pure /,

* D-25
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24 1AFA--0
PvgE iv4r,-g SA/1PI-1vA&I 4"Z l7/'

Water rult reauft atte purgeia water -

IN7ALurfacWateReadngs ___________________ II0 11

NW CodciiyWater quality results (after purge wear)

Turbidity ___________________ Il~

COMPOSITE Porewater Sample kPI -r4i X,-

Station ID: SAFO # tf Guage (m. Sample Tie(deg.deg)NAD83 -f
7S-f (em -Itrime Cordnte I

V,/, beforeV,1after,1 tar o Eind E-jl qqi' 3

Depth (inchea)' D I
(6-422')

Water quality results (Composite)

(paSlcm) : Temp, (C'b ORP* jpH'

Tuidity ,

HEIS Sample No.( Volume (ml) IDuplicate? Tied To: #Bottiea)Notea:

FINAL Porewater Readings

1 conductivlty Water quality results HtD O

a)Myron

b) TridentA}

d) Hanna Meter

7/zO~q 0

D-26
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goS2

P j'Q tvciE 5Ael6 qz~p ,-5

1-3, 3c Pe-c f Pi pe -941 1, ?km~t (4,W9~ C .ourif3 5'-ple./

:1100 06-20I5~t~e eJLre o~
*WCie r ck4f t e i /1.4- al

INITIAL Porewater Readings Date: 1 j1091,010
Water quality result. (after purge ater)

* C. S. CbV Temp (C,)b OP H ..

V'3 2 13Y,2-, 2g 17131 140ITurbidity' Y- 1-

S Surfacewatreadings

[ Water quality results (after purge water)

*(1151cm) Tm (C*)b ORP'pH

______Turbidity6-

_______COMPOSITE Porewiatar Sample C/-IA, 7j
Station ID: SAF# Staff Guage (miii' Sample Time Coo~dies AciDc.r 43

infreqf~tr., Fp -degdeg)ADB

vv~owjzi Fil-h beoeofe. IStart:/ r-Oe End:~ :' -kij19

Depth (Inches)-

(6"-12') Water quality results (Composite) -

Concivit Temp (C,)b o..-
1p4

(l&- 'mp 0RP -,H

___Turbidity-IS gAZITV~ _____________ __

HEIS Sample No.(s) I Volume (mL) IDupilcate? Tied To: 1# BottleslNotes:

5 FINAL Porewater Readings
Water quality results_______

5 a) Myron

b) Trident* C) YSI
d) Hanna Meter

* /~'~/O D&Co~iparC$'4
* ,~:'iI C(WI ?hoAe, (All 14IAf 'SIM 4Vio&% (cvf4 sto,

I e, 0

* D-27
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26 . II4 1 L

CJIcas 5am,'+6(- A) larK Siser (CuM"A) I1

c'10, r loL

0:200 A.//

0500 1

CHPRC 2010.
Trident Probe Conductivity Calibration Check

Standard Mfr. 1-t#EprioDate ]Porewater Probe jrice Probe
100.5 us Control Co. ICC8596 04130/i1 1 Y5 1 17/
447 Oakton 1205259 05/31/11 1~ -/ t75

Myron L Ultrameter 11 Calibration Check: SN 6227090-
IStandard Mfr, Lot # Expiration Date Actual Reading

PH' 7 Myron LICompany 1001397 EB 09/09/Il 7,0e7
4 Myron L Company L2003077 JM [08/03/11 '~0

Cond. 100.5 tControl Co. CC8596 [04/30/11

- 447 jOakton; 205259 L05131111
-ORP Is calibrated using results of pH cal. Check

YSI Dissolved Ownn Meter Calibration Check: SN 09FI 00411

IStandr Mr ot # lExpiration Date jActual Reading
D.O. IZer iHa 112 ac f21 (,

________ ANNA Turbidimeter Calibration Check: SN 08292350
______Standard Mfr. Lot* Expiration Date Actual Reading

Turbidity(NTtJ) < 0.10 Hanna 0279 09/30112 .,o
Turbidty(NTJ) 15 Hanna 0286 10/31/12 /

Turbldity(NTJ) 100 Hanna 0277 09/30/12
Turbldty(NTU) 750 Henna 0285 10/31/12 7 C

I Dl1Waterfrm eLab 1511153
Property of MfIModel Imeohm-cm
Applied Process Engineering Laboratory 1arneteed JE-pure

I ONI /I
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INITIAL Porewaiter Reaiding Date: Z

W&Ws quality rsls(after purge waer
onu-cfvW

(PSICM)"I Tamp (C* IORP, 1PH =O.0.

- Water quality result (after purge iater)

fgjSlcm), Temp (&Pb ORP'> PH' on.,~

TurbidIty ISO '(

COMPOSITE Porewater Sample0

Dept (Iche) oordiNne CLCh" T.C51;,J

Station ID: SAF# IStaff Guage (m.m) Sapie Time (deg deg)NADS3

& j~I beforejigfteqq0 So Start: 13 OZ n.

(6~12(Water quity results (Composite)

(Wernm), Temnp(C')' - OR

TurbIdity' 5, (p 2

HEIS Sample No.(a) Volume (ml-) Duplicate? Tied To. #f Bottles/Notes:

KY9 II 0 o e# L-WI /1,0/

FINAL Porewater Readings]
Water quality results1

(liiScm), Temnp (C*)b OW H 1..

a)uc Myron -5-

c) YSI
d) Hanna meter 1

:1JvirAL Fiwi -R~;,
mL Coad.(ZaScm) -renih. A A o ~ Oc1

30
30 I oO

120 3c3,5
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300

i(0*00 Ccmd 1,60v, CCII/i11"9CAA; ee "(PIOD) wkVA &ZAtb irj'Ierj47fS)
D'Srs6J Aco'%i 5qfe-y chkci< I'll WitP &i+ 0;- cefII p Avi'e, -

~W~r ~oV'Myo L UItm.tr 11 Calibration Chc:SN 6227090 ,
I ~ ~Standard MfR Lot 0 Expiration Date Actual Reading

pH. 7 Z Myron L Company 1001397 ES 09/09/11 -402-
- 4Mron L Company 2003077 JM 05/03/11 :31,18

Cn. 100.5 Control Co. CC8596 04/30/171YI 1

447 Oaktan 2029 05/31/11 /5,0
*ORP as calibrated using results of pH cal. Check

Se7(p

Cal Jn Auid Sx tkt chc,11- sfsu4le

/0::1 3L
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Date: /-'

olOO ~Trident Probe Conductivity Calibration Check
StnVr Mf. Lt # Expiration Date UPorewajter Probe surface Probe

100.5 us Cnrlo CC 9 04/30/111

447 atn 202905131/111

- My s ai ratd osngL Uraeu t f p1 Calbat Check :S 279

Standard Mr. Lot # Expiration Date Actual Reading

TurHi NTU) ~ 1039 Hann 0281093112

Turoli (TI)C10apa n 202377 0912E30112

447 Wa t er fro 2 0plLa 513/11
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-T 100 3 Susfrxte& Hc4;,, cab W&4W doikJ ct-f 5-diei 9,2 -ft

F INITIL Porewater ReadIlr*.S Date:, l 11/2o10

___ (WCM TeMp (C,)b IORP*,p 10..
Turbidl e22ZO A] 0,

F Surfacewatereadings I
II Water quality results (afta~r purge water)

on uctlyII

(uS/cm), ITamp (C 11P' H, '.3 0D.

_____COMPOSITE Po'reiaiter Sample corIdiae

Station ID: SF Stf Guage rnmm [Sample lime (deg.deg)NADS3 ('/ 4vru

Probe Tip jfeg Lt,3, En J25 N 0

Depth (inches)

(6"12" -Water qualit reaults (Corn itse

/0 /IndieS r--~- - --

Temp (C')' pf .0.

Wate quqt C/si68

a)~0 Myrn *I

WS qu)Y*reslt

z, 0~o-,1 f

Turbl d-Itq/ 2d 0  0
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(6"42")

b)Tndent~t

157,9991 1~~M(~( Al C4-Y0 Ij~~ 1 0
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44 10k tn 1205259j 105/31/)1

Myo Ulrmee 11~keA Calibratio Chck: A~~/ SN,622

44 rCHPRC 20105 Dae:WII6--e

*S Trolv d %enMtrb Cirontvt C lrtonk Chec 0F041

[ ~ I st!ndar Mr.L ot 0 1 Expiration Date reatrPrbe Iuace Ren

5O Conrol Co an CC 6001147 1 Mac of 201

Myr N N Utrameter Calibration Chck: SN 292 8 0 _____

Standard Mir. Lot # Expiration Date Actual Reading

4 yrn L Comp Han a n 2007 1M0/031/112______

Curbdty 100. CotrlC77C89 09130/112_____
Osktot 70 an 0259 10/31/11294 -

Pri irated usf n reut ofr [Md calChek I IL

Appie roc ssole nin ern Meortr C lbatCeck: SN -u /7,1045
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CI4PRC 2010 a:y/A -e
Trident Probe Conductivity Calibration Check ______

Stadad I~r Lo aExpiration Date [Porewater Probe Surface Probe

100.5 us joto oC89 04/30/111 J/~.
447 Oa ktoni [2055 05/31/11 j '5

MrnLUltrameter 11 Calibration Check: SN 6227090 _____

Stndr _ Mfr. Lot#0 Expiration Date Actual Reading

PH' 7 Mron L Company 1001397 EB 09/09/11 61.517

4 MXionL22mpaf_ 2003077 JM 1503/11 __T_____,_

Cond. 1100.5 ontol Co. CC8596 j04/3011

44 OCakton 205259 05/31/11 'iI

.ORP as calibrated using reaulta of pH cal. Check

YSI Dissolved Oxyen Meter Calibration Check: SN 09F1 00411

_____Standard I f.Lot # (~xpran Date ActlReding9

HANNA Turbidimeter Calibration Check: SN 08292360

Standard Mfr. ILot # [Expiration Date Actual Reading

Tutidt(NU 0.10 Hanna 10279 09/30/0

Tubdt(T)15 Hanna 10286 I103112 1

'ubdt(T)100 Hanna J0277 0/01

Tubdt~'T)750 Hanna 0285 10131112

ApidPoesEgneigLaboratory Barnatead E-pure .. 9
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rINITIAL Porewater Reading$ Date: r-

~ water quality reaulta; (after purge wter)

Turbidity I I__________
SurfaciwaterReadlflga _______________

Water quality results (after purge ritr).

aSlcm) Temp (COfP' PH.,'~ ID.O

jTurbidity"___2-

COMPOSITE PoreWater Sample

1 I ~Coordinates ~ /4

Station ID-: S=AFO = uag-ft m nSaple Time (deg.dog)NAD83 I' &a 5
Probe TipEn:2/ E/ g N

Depth (inches)

Water2' quait reut Smo s
Wae Cuaonductivityoposta

' pslcm), Temp (C-y jOwP PH.

__ __ urbidity 
S

1HEIS Sample No.(a) Volume (ml-) [Duplicate?'nTo: # iA otesNos

- FINAL Porewater Rea4dIng.

a) Myron

b) Trident
C) YSI
d) Henna Meter
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I INITAL PorewaWeRfeadinis Wi.. 1111W//
[Cnd Water quality results (after purge water)

(; c jem (pC*), ORP4 JH-. -
1

[ Surfaewateresdings

I Water quality results (after purge ter

*I(PScm) Temp (C')'P

0 I. _______Turbidity~ 3"VI--

COMPOSITE Porewter Sampi
* tCoordinates 4

Station ID: SA# SafGuage (r.m) Imie Tme (deg.deg)NADS3 Wlg
Vp F t l beoe 7afe4IStart/*Z;Z/ End: /EZ,/ 2, -14L IN

Probe Tip
Depth (inches)

( B " - 1 2 " )iv it W a t e r q u a l it y r e s u lt s ( C o m p o s t )_ _ _ _ _ _ _

* (pkm) Temp (G')' OR H0..

[EIS Sampie No(s) Volume (ml-) Dulcae ]idTo # 13ottles/Notes:

FINAL Porewater Readings

Conductivity_ Water quality results'

0(pSlcm)' Temp (C*) oRp' pH'

_____Turbidity- 10q__ __ __ _ ___7_

a)Myron
0 b)Tddent

C) YSi

d) Hanna Meter
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Coastal Monitoring Assosciates Porewater Sampling Sheet pag 02
operale Uit IC'MP-Hanford Site

ISitelD JCfi6 IStart Time / )2t

*Porewater Sampina Data Porewater Sampling Data
Time IVolume Cond Temp Time Volume Cond Temp
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0Coastal Monitoring Assosciates Porewater Sampling Sheet age 2
IHanford SieAM0Operable Unit D ICTate 11 - -I

Site ID -Af - Start Timne 43

*Porewater Samplina Data Porewater Samlingi Data
Time Volume Cond Temp Time Volume Cond Temp
0 0 

__f 
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30f )2ot 5i ___ ___ _

&0 ___
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01Coastal Monitoring Assosciates Porewater Sampling Sheet Iag .2

* J~~Operable Unit 14 Hanford Site Dt /7~eZ

*ISite ID /I~Start Time 9SVI

*Porewater Sampling Data Porewater Sampling Data
Time Volume Cond Temp Time Volume Cond Temp
0_ q __-0/,

3t' -?,qv 353 'dy__ ____

(a& W66 $ 54 q /i__ _
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Coastal Monitoring Assosciates Porewater Sampling Sheet page 2

Oerable Unit IM T37 HnodSt Date
Site ID BCI,; Start Time 71/S

*Porewater Sampling Data Porewater Sampling Data
Time Volume Cond Temp Time Volume Cond Temp

0~~~~ 03 20 g /65 ,__ ____

* ~3 0101 /IA .____

*15N m
0~R ________
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Coastal Monitoring Assosciates Porewater Sampling Sheet page 2 Ia

SOperable Unit 16 e afodSt Datej/ -5-
~Site ID -r/d0CrT/e' IStart Time 11,:!4

*Porewater Sampling Data Porewater Sampling Data
Time Volume Cond Tern Time Volume Cond Temp
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Coastal Monitoring Assosciates Porewater Sampling Sheet pag 62 _

I Hanford Sit.e
* ~~Site ID 7CP9 JYStart Time erbeUi ae - - (C

*Porewater Sampling Data Porewater Samplina Data
ip/'Tme Volume Cond Temp Time Volume Cond Temp
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0Coastal Monitoring Assosciates Porewater sampling Sheet Iage 2

*IOperable Unit ICV73ZC' HnodSt [Date //- 74z

*ISI 2~ Sta; j - -- irt -Time J G

* Porewater SamplingJ Data Porewater SamplincI Data
Time Volume Cond Temp Time Volume Cond Tern
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0Coastal Monitoring Assosciates Pomewater Samplin Sheet pag .2

0perable Unit D,2:e- afr ie Tate /,- 90
*Site ID -, I/75 Start Time T2e-

* Porewater Samplingi Data Porewater Sampling Data
*Time Volume Cond Temp Time Volume Cond Temp
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Coastal Monitoring Assosciates Porewater Sampling Sheet page 2
Hanford Site0 Opeable Unit IsP JDate II)~.'

SItelID GIW VC 7 IStart Time /; e'

* Porewater Sampling Data Porewater Samp~ling Data
* Time Volume Cond Temp Time Volume Cond Ternp
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SCoastal Monitoring Assosciates Porewater sampling Sheet [age 2
I Hanford SiteS 0Operable Unit [Date// -

S ite I D -rp ,2g Start Time

*Porewater Sampling Data Porewater Sampingi Data
Time Volume Cond Temp Time Volume Cond Temp
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Coastal Monitoring Assosciates Porewater Sampling Sheet page 2

IOperabUnit IW AL Hanford Site [Date
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