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1.0 INTRODUCTION 

This report presents the results of a field investigation to characterize hexavalent chromium 
contamination in the southwestern plume of the 100-D Area, shown in Figure 1-1 as it was 
understood at the onset of the project (PNNL-15670, Hanford Site Groundwater Monitoring for 
Fiscal Year 2005). The main objective of the investigation has been to locate or significantly 
narrow the probable location of the source of chromium to within a one-hectare area 
(DOE/RL-2006-74, Field Investigation Planfor the Southwestern Chromium Plume in the 100-D 
Area). The results of the investigation are intended to facilitate evaluation of remedial 
alternatives. 

Figure 1-1. Hexavalent Chromium in Groundwater in the 100-D Area 
(2005 data after PNNL-015670). 
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1.1 BACKGROUND AND SCOPE 

In fiscal year (FY) 2005, Congress allocated funding to the U. S. Department of Energy to 
analyze groundwater contamination sources at the Hanford Site, interject new technologies, and 
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accelerate active cleanup. A portion of this funding is being used to implement a "systems 
approach" for cleaning up chromium in the 100-D Area aquifer which will accelerate the current 
remediation efforts. The work involved with this new approach has included mending the In Situ 
Redox Manipulation (ISRM) Barrier, testing a new technology for removing chromium from 
groundwater, and refining the source area of the southwestern chromium plume. 

Hexavalent chromium as sodium dichromate was added to the cooling water in the Hanford Site 
100-D Area nuclear reactors to retard corrosion in the metal pipes of the reactor cooling system. 
The chemical feed stock was delivered to the reactor areas in bags, barrels or rail cars, and 
transferred to points of use through local underground pipelines in a stock solution that was up to 
25 wt. % hexavalent chromium. The solution was diluted so that the reactor coolant contained 
approximately 700 µg/L hexavalent chromium. 

Multiple sources ofhexavalent chromium were present in the 100-D Area during the reactor 
operations period of 1950 to 1964. Possible releases of sodium dichromate include spills during 
handling and/or leaks from pipelines used to deliver the chemical to water treatment plants in the 
area. The spilled or leaked sodium dichromate has migrated through the vadose zone to the 
groundwater. The resulting plume is currently being treated by the ISRM permeable reactive 
barrier which intercepts chromium before it reaches the river (Figure 1-1 ). However, chromium 
concentrations in the plume have not significantly diminished in wells upgradient of the ISRM 
barrier since the plume was discovered in 1999, and the source of the hexavalent chromium is 
assumed to be currently active. Hexavalent chromium is the only contaminant of concern in the 
local unconfined aquifer (DOE/RL-2006-74). 

Several likely source locations have been identified and investigated since 1999. The most 
intensely characterized area before the onset of the present project was the site of the 183-DR 
Head House, where water-conditioning chemicals including sodium dichromate were handled. 
This facility was part of the 183-DR Water Treatment Facility, which was demolished in 1978. 
In an attempt to find chromium in the vadose zone, two boreholes were drilled and sampled and 
several deep trenches were excavated and sampled in 2000. Samples were also obtained from 
surface soils and test pits excavated in 2004 near the suspected source. These efforts were not 
successful in finding elevated chromium in the vadose zone, although low levels ( < 4 mg/kg) 
were found in a few areas near the surface (BHI-017 4 7, Results of Hexava/ent Chromium 
Sampling Near 100-D Area Sodium Dichromate Transfer Station Railroad Tracks). 

The earlier drilling campaigns and reconnaissance sampling of surface and near-surface 
sediments did not lead to the discovery of the hexavalent chromium source. This is strongly 
suggestive of a localized source or sources within the vadose zone and/or the aquifer. 

The plume configuration shown in Figure 1-1 is based on groundwater data available in 2005, 
which suggest that the most likely location of the chromium source would be near the 183-DR 
Head House. This in turn indicated that a likely source of the hexavalent chromium was the 
highly concentrated solution of sodium dichromate delivered to the water treatment plant. 

Recognizing the small probability of directly intercepting a chromium source in the vadose zone 
by drilling, the project team designed the present project to focus on hydrogeologic and 
geochemical evidence from the aquifer in an attempt to backtrack the contamination to where it 
enters the aquifer from the vadose zone. Evidence from the saturated zone was supplemented by 
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examination and chemical analysis of drill cuttings collected during construction of new 
groundwater monitoring wells. 

The program of data collection comprised the following activities, each of which is summarized 
in Section 2.0: 

• Seven new groundwater monitoring wells drilled in FY2007, and four additional wells in 
FY2008, all completed in and fully penetrating the uppermost unconfined aquifer. 

• Measurement ofhexavalent chromium in vadose zone sediment samples collected during 
drilling. 

• Hourly water level measurements in the new wells (with additional data from other wells 
in the Hanford Site automated water level measurement network). 

• Twice-monthly collection of water samples from the new wells for determination of 
hexavalent chromium. 

• Depth-discrete groundwater sampling and hexavalent chromium measurement for 
selected wells to determine if the contaminant plume is stratified. 

1-3 
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2.0 FIELD ACTIVITIES AND ASSOCIATED DATA COLLECTION 

This section describes the program of well construction and of field and laboratory 
measurements performed for the purpose of characterizing the contaminant distribution and the 
local hydrogeology. 

2.1 DRILLING 

This field investigation was designed to characterize and define the magnitude and extent of the 
100-D Area southwestern contaminant plume upgradient of the ISRM barrier and to refine the 
location of the source of the chromium groundwater contamination. Seven new monitoring wells 
were constructed in FY2007 and a program of intensive groundwater sampling and analysis and 
automated hourly water level monitoring was initiated at the new wells (DOE/RL-2006-74). 

Four additional groundwater monitoring wells were constructed in FY2008 to supplement the 
data gathered from the first seven wells and to further focus the search for the chromium source 
by increasing sampling density in the vicinity of wells that have shown the highest chromium 
concentration (DOE/RL-2008-28, Drilling Four New chromium Source Investigation Wells in 
the 100-D Area). 

A site map with the locations of the 11 new wells is shown in Figure 2-1. Table 2-1 lists the 
wells along with the completion date and the rationale for their locations. 

The 11 wells were drilled using a cable-tool drill rig and drive barrel methods. The wells were 
constructed with 4-in. diameter polyvinyl chloride (PVC) casing and a 0.020-in. (20-slot) screen 
that fully penetrated the unconfined aquifer. Figure 2-2 shows the general well design and 
illustrates the construction details for the monitoring wells. The well summary sheets showing 
well completion information and lithologic descriptions for the new monitoring wells are 
presented in Appendix A. 

2.2 SAMPLING AND ANALYSIS 

2.2.1 Sediment Samples 

For the seven wells drilled in FY2007, sediment samples (drill cuttings) were collected at 5-ft 
intervals beginning 5 ft below ground surface, and at changes in lithology (SGW-33472, 
Borehole Summary Report for the Installation of Chromium Source Investigation Wells in the 
100-D Area, FY2007). Each sediment sample was photographed and described, two 
representative one-pint samples were taken, and a smaller chip tray sample was collected. One 
of the one-pint samples from each sampled depth was submitted to the Washington State 
Department of Ecology for analysis ofhexavalent chromium content. The remaining one-pint 
samples and the chip trays were retained by Fluor Hanford as archive samples. 



Figure 2-1. Location Map for Chromium Source Investigation Well Sites. 
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Table 2-1. Well Identification Numbers and Purpose. 

Well Well 
Construction Well Name Completion Rationale for Location 
ID Number Date 

This well was placed in an area of high historic Cr(Vl) 
C5390 199-D5-97 2/21/2007 concentration, downgradient of the railroad spur and upgradient of 

pipeline. 

C5391 199-D5-98 2/27/2007 
This well location was intended to define the upgradient extent of 
the chromium plume. 

This well was placed in an area of high historic Cr(VI) 
C5392 199-D5-99 2/28/2007 concentration and to investigate the transfer station and nearby 

segment of pipeline. 

C5394 199-D2-l 1 3/08/2007 
This location was intended to define the southern extent of the 
plume near its apparent head. 

C5398 199-D5-102 3/12/2007 
This well was placed to constrain the upgradient extent of the 
plume. 

C5399 199-D5-103 3/23/2007 
This well is located to help constrain the upgradient extent of the 
plume. 

C5400 199-D5-104 3/22/2007 
This well was placed in an area of assumed high concentration, 
downgradient of transfer station and pipeline. 

C5933 199-D-119 4/21/2008 
This well location was selected to further define chromium 
concentrations along the principal plume axis. 

This location was intended to confirm or eliminate Cr(Vl) in the 
vicinity of the "stained valve" as the primary source of chromium 

C5934 199-D-120 3/25/2008 contamination. The choice of this location was predicated on the 
assumption that well 199-D5-99 is very near to the chromium 
source. 

C5935 199-D-121 5/23/2008 
This location was intended to eliminate ( or confirm) a source 
further up gradient of the pipelines. 

This location is roughly equidistant from four existing wells and is 
over the railroad tracks that carried the sodium dichromate feed 

C5936 199-D-122 5/16/2008 
stock to the 100-D Area. The well will further define the southern 
extent of the plume and contribute needed water level data. It will 
also help to eliminate the southern length of the pipeline as a major 
primary source. 

Cr(VI) = hcxavalcnt chromium 

,_".\ 
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Figure 2-2. Well Completion Design for the 100-D Area Chromium Source Investigation Wells. 
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The yellow to greenish-yellow staining that can be caused by hexavalent chromium 
contamination is distinctive and intense. Therefore, it was decided that if stained sediments were 
observed during drilling, cuttings from the entire stained interval would, if possible, be collected 
and submitted to Pacific Northwest National Laboratory (PNNL) for analysis ofhexavalent 
chromium and additional characterization in conjunction with an ongoing PNNL project. 
However, no stained sediments were encountered during the drilling of any of the wells. 

For the four wells drilled during FY2008, the sediment analysis program was significantly 
expanded (SGW-xxxxx, Borehole Summary Report for the Installation of Chromium Source 
Investigation Wells in the 100-D Area, FY2008). At all four wells, two one-pint samples were 
collected at 5-ft intervals, and one of each sample pair was submitted to a laboratory for 
determination ofhexavalent chromium, total chromium, and heavy metals. One of the FY2008 
wells, 199-D5-120, was drilled near a valve that exhibited external staining believed to be 
hexavalent chromium. The well was placed at this location to help confirm or eliminate the 
valve as the original source of the chromium contamination, and the sampling plan was further 
expanded to include several split-spoon samples in the both the vadose and saturated zones. 
Small amounts of hexavalent chromium (~1.5 mg/kg) were detected in some sediment samples 
(see Section 3.1 and Appendix B), including samples from 199-D5-120, but there was no 
evidence of significant leakage from the suspect valve. The results of analysis of sediment 
samples are included in Appendix B. 

2.2.2 Periodic Groundwater Sampling 

Each of the 11 new wells was sampled upon successful well development. Subsequent purging 
and sampling was initially scheduled twice monthly. This schedule was relaxed to a schedule of 
monthly sampling in November 2007 to accommodate depth-discrete groundwater sampling of 
selected FY2007 wells, and in spring 2008 for depth-discrete sampling of FY2008 wells. For 
well 199-D5-120 additional groundwater samples were collected at 5-ft intervals during 
penetration of the saturated zone in a drill and test sequence. This was accomplished by 
installing a temporary well screen and purging at least three bore volumes of water at each 
sampling depth. Results of sample analysis are provided in Appendix B and discussed in 
Section 3.0. 

2.2.3 Depth-Discrete Groundwater Sampling 

In addition to the collection of pumped groundwater samples discussed above, nine of the wells 
in the project area were sampled at multiple depths to develop vertical profiles ofhexavalent 
chromium concentrations. The results of analysis are included in Appendix B and are discussed 
in Section 3.0. The precautions and procedures for depth-discrete sampling can be found in 
Appendix C. Also, during drilling ofwell 199-D5-120, groundwater samples were collected at 
5-ft intervals in a drill-and-test sequence. Results are also included in Appendix Band discussed 
in Section 3.0. 

Table 2-2 has been included to summarize the details of the sediment and periodic groundwater 
sampling program. 
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Table 2-2. Sampling and Analysis Requirements. 

Sample Interval 

Every 5 ft through the vadose and saturated zones, and 
at change in lithology, except where split spoon 
samples are collected. 

Chromium-stained sediments. 

For well 199-D5-120: Single 2-ft segment 
immediately above water table (i.e., in the capillary 
fringe). 

For well 199-D5-120: Top 2 ft of the saturated zone. 

For well 199-D5-120: Vadose zone samples at 15-17, 
20-22, 25-27, 40-42, 55-57, 65-67, 67--69, 69-71, and 
71-73 ft bgs. 

Additional saturated zone samples, to be collected at 
5-ft intervals. 

(a) For well 199-D5-120: During well construction, 
collect water samples at 5-ft intervals through the 
saturated zone (drill and test). 

(b) Bi-weekly samples from completed wells. 

bgs 
Cr(VQ 
Cr-total 
Ecology 

= below ground surface 
= hexavalent chromium 
= total chromium 
= Washington State Department of Ecology 

Sample Volume Sample Container 

Drill Cutting S11Mples 

Two pints per sample. 2 ea. one-pint jars, one 
jar to archive 
FY07 wells-one jar to 
Ecology 
FY08 wells - one jar to 
WCH 

Entire stained interval. Not specified. 

Split-Spoon Samples 

As recovered using Lexan® split-spoon 
2-ft split-spoon liners, capped and sealed. 
sampler. 

As recovered using Lexan® split-spoon 
2-ft split-spoon liners, capped and sealed. 
sampler. 

As recovered using Lexan® split-spoon 
2-ft split-spoon liners, capped and sealed. 
sampler. 

As recovered using Lexan® split-spoon 
2-ft split-spoon liners, capped and sealed. 
sampler. 

Groundwater Samples 

Minimum 1.0 L. Polyethylene or glass. 

FH = Fluor Hanford 
FY = fiscal year 
ICP = inductively coupled plasma 

Organization 
Analytical Meuurements Respomible for 

Analysis 

Cr(VI), Cr-total FY07 wells - Ecology 
FY08 wells - WCH 

Not specified. PNNL 

Cr(VI), Cr-total, ICP Metals, FH 
Hg, soil moisture 

Cr{VI), Cr-total FH 

Cr(VI), Cr-total, ICP Metals, Metals: WCH 
Hg, soil moisture Soil Moisture: WCH 

Cr(VI), Cr-total FH 

Field parameters plus analysis FH 
for hexavalent chromium 

PNNL 

WCH 

= Pacific Northwest National 
Laboratory 

= Washington Closure Hanford 
Lexan® is a registered trademark of General Electric, Fairfield, 
Connecticut. 
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2.3 WELL TESTING 

Drawdown data collected during development were used to estimate the aquifer hydraulic 
conductivity for each of the 11 new wells. Results are presented in Section 3.2. 

The seven FY2007 wells were developed using up to three cycles of pumping and recovery for a 
total pumping duration of approximately two hours. Surging the well in three cycles enhances 
well development, however, the use of short pumping periods hampers hydrologic interpretation 
of drawdown data. Therefore, well development of the FY2008 wells was done using a modified 
procedure. The modified development practice comprised two 10-minute pumping periods, each 
followed by a minimum of a 10-minute recovery period. These cycles were then followed by 
development pumping until (a) pumping was sustained for a minimum of two hours, and (b) the 
turbidity of the effluent was <5 nephelometric turbidity units in accordance with WAC 173-303 
("Dangerous Waste Regulations"). This procedure effectively removes fines from the upper part 
of the aquifer and increases the reliability of hydraulic conductivity estimates based on 
drawdown data, but it does not substantially increase the amount of groundwater to be removed 
from the well and collected as waste. In all cases, the pump was placed as deep as practical in 
the well. 

2.4 WATER LEVEL MEASUREMENTS 

Pressure transducers were installed in each of the seven FY2007 wells to monitor the fluctuation 
of water level on an hourly basis as part of the Hanford automated water level monitoring 
network. Water level monitoring of these wells was initiated in April 2007, and continues to the 
present day. The FY2008 wells were added to the automated network in summer 2008. 
Additional water level data are available from pre-existing wells in the project area that were 
already on the automated network. A list of these wells is presented in Table 2-3. The hydraulic 
head measurements were used for groundwater flow interpretation as discussed in Section 3.2.3. 
The 100-D Area river stage recorder supplied additional hydrologic information. 

Transducer data obtained from the automated water level network the D River Gauge are 
maintained in the project file. 

Table 2-3 . Wells on the Automated Water Level Network. (2 sheets) 

FY2007 Chromium Source Investigation Wells 

C5390 ( 199-D5-97) C5394 (199-D2-l l) C5399 (199-D5-103) 

C5391 (199-D5-98) C5398 (199-D5-102) C5400 (199-D5-104) 

C5392 (199-D5-99) -- --
FY2008 Chromium Source Investigation Wells* 

C5933 (199-D5-119) C5934 (199-D5-120) C5935 (199-D5-121) 

C5936 (199-D5-122) -- --

2-7 
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Table 2-3. Wells on the Automated Water Level Network. (2 sheets) 

Pre-Existing Wells in the Automated Network 

199-D4-13 

199-D4-19 

199-D4-20 

199-D4-21 

*To be included in network summer 2008. 
FY == fiscal year 

199-D4-38 

199-D4-84 

199-D4-85 

199-D5-33 

2-8 
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3.0 DATA INTERPRETATION 

The field program described in the previous section has provided a wealth of geochemical, 
geologic, and hydrologic data. As these data were acquired, it became increasingly clear that the 
distribution of hexavalent chromium in the groundwater is distinctly bimodal, where a high 
concentration zone is surrounded by a much larger low concentration zone. The difference in 
concentration between the two zones is more than an order of magnitude, and the concentration 
gradient between the zones is quite steep. In this section, the technical approaches used for data 
interpretation are described and are presented in a manner designed to support and illustrate the 
bimodal distribution ofhexavalent chromium in the groundwater. In addition, an analysis of 
water level measurements suggests that the high concentration zone is virtually stagnant, which 
helps to explain the hydraulic persistence of the high concentration zone. 

3.1 HEXA VALENT CHROMIUM DISTRIBUTION 

The investigation of the distribution ofhexavalent chromium contamination within the project 
area has involved surface and near-surface observation and sampling, analysis of drill cuttings 
and split-spoon samples collected during the construction of groundwater monitoring wells, and 
collection and analysis of groundwater samples. 

Surface and near surface soil sampling has revealed localized spots of residual hexavalent 
chromium contamination but there has been no such contamination that appears to indicate an 
extensive spill of sodium dichromate. Recent excavations for environmental restoration by 
Washington Closure Hanford in the 100-D Area have revealed that a concentrated solution of 
sodium dichromate remained in some sections of buried pipeline (the pipeline has since been 
removed) and that a valve elsewhere in the line apparently leaked into the surrounding fill. 

As discussed earlier, drill cuttings and split-spoon samples from wells constructed in FY2008 
were analyzed for total and hexavalent chromium as well as for other metals that may be 
indicative of contamination. The total chromium concentrations were consistent with the 
Hanford background mineralogy range of2.9 to 30.6 mg/kg based on 104 random samples 
collected from typical geologic media. However, additional samples from less common media 
contained as much as 320 mg/kg (DOE/RL-92-24, Hanford Site Background: Part 1, Soil 
Background/or NonradioactiveAnalytes). One sample from well 199-D5-120 (55 to 57 ftbgs) 
contained 54.4 mg/kg total chromium, but this occurrence may be natural. In most of the 
samples, hexavalent chromium concentrations were below the 0.2 mg/kg detection limit, 
although a total of twelve samples (from wells 199-D5-120, 199-D5-121, and 199-D5-122) 
exhibited traces ofhexavalent chromium in concentrations ranging from 0.3 to 1.5 mg/kg. These 
three wells are within or near the area of greatest hexavalent chromium groundwater 
contamination, but the traces ofhexavalent chromium found in overlying sediments clearly do 
not represent a significant reservoir of vadose zone contamination. Chemical data from the 
vadose zone samples are presented in Appendix B. 

3.1.1 Groundwater Sampling and Analysis 

In the year before this project began, the highest concentrations of hexavalent chromium 
measured in the project area groundwater were slightly less than 2 mg/L (e.g., see Figure 1-1). 
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However, results from the analysis of groundwater samples collected in March 2007, from newly 
constructed wells 199-D5-99 and 199-D5-104 showed concentrations of 12.56 and 6.84 mg/L, 
respectively. Groundwater samples from two wells constructed in FY2008, 199-D5-119 and 
199-D5-122, showed similarly elevated concentrations of 5.01 and 22.4 mg/L, respectively. 
Hexavalent chromium concentrations in these four wells have remained significantly higher than 
in any other wells in this area. 

Figure 3-1 depicts chromium concentrations measured in groundwater samples collected from 
the four high concentration wells since sampling began in February 2007. Note that the highest 
concentration measured to date is 39.9 mg/L from well 199-D5-99, but seven months earlier in 
that well, the concentration was less than 1 mg/L. Comparing Figure 3-1 to Figure 2-1, it is seen 
that during the calendar year June 2007 to June 2008, the peak observed concentration appears to 
have migrated from 199-D5-104 to 199-D5-99 to 199-D5-122. 

Figure 3-1. Hexavalent Chromium in High-Concentration Wells. 

Cr(VI} vs Time [High Concentration Wells] 
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Figure 3-2 illustrates chromium concentrations measured in the seven low concentration wells 
not included in Figure 3-1. 

Figure 3-2. Hexavalent Chromium in Low-Concentration Wells. 

Cr(VI) vs Time [Low Concentration Wells) 
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Figure 3-3 illustrates contoured hexavalent chromium concentrations for groundwater in mid­
May, 2008. For added perspective, Figure 3-4 is a wireframe diagram representing the same 
mid-May chromium data. The contours and wireframe were created by kriging using an 
isotropic, linear variogram. Figures 3-3 and 3-4 clearly indicate a distinct bimodal distribution of 
hexavalent chromium, where a high concentration zone of contamination is differentiated from a 
widespread, surrounding zone of much lower concentration extending from the high 
concentration zone to the river. 
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Figure 3-3. Hexavalent Chromium Concentrations (May 16, 2008). 
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Figure 3-4. Wireframe Version of Figure 3-3. 
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3.1.2 Depth-Discrete Sampling 

The qualitative hydrogeologic site model that was initially developed as a working hypothesis 
for the chromiwn source investigation was based on the facts that highly concentrated sodiwn 
dichromate solutions were routinely transported and handled within the project area, that the 
hexavalent chromiwn groundwater contaminant plwne has been persistent since its discovery in 
1999, and that an ensuing program of drilling and surface sampling has been unable to discover 
the source of the contamination. 

The basis of the qualitative model that evolved is described as follows: 

• The hexavalent chromium comes from a continuing vadose zone source. 

• The source is highly concentrated. 

• The source is localized, with a narrow wetted path from the surface to the water table, 
thus making it difficult to locate. 

• It enters the aquifer at the top of the water column, is continually flushed downgradient 
by horizontal advection, and disperses horizontally and vertically. 

With this simplified model, it was envisioned that near the point where the contamination enters 
the aquifer, the chromiwn would be found near the top of the water column. As the 
contamination migrates downgradient, vertical dispersion would spread the chromiwn 
downward, which would eventually become evenly distributed vertically. 

Thus, a limited program of depth-discrete groundwater sampling and analysis was designed and 
executed to test the model and to determine if the vertical distribution ofhexavalent chromium 
might be used to estimate how near the wells might be to the asswned vadose zone source. 
Depth-discrete sampling was conducted in April 2007 and March and June 2008. 

The April 2007 sampling was performed at 2-ft intervals using a Kabis sampler. The results of 
hexavalent chromiwn analysis revealed even vertical contaminant distribution. However, the 
representativeness of results was questioned because the volwne of water displaced by the 
sampler and the volwne of water collected from each depth interval was deemed significant in a 
four-inch diameter well bore. 

The sampling performed in 2008 used a low-volwne sampler designed to minimize errors caused 
by water volwne displacement and removal. Results of the 2008 depth-discrete sampling events 
are presented in Figures 3-5 and 3-6. Appendix C describes the low-volume apparatus and 
procedures used for the 2008 sampling campaign and presents the field logs. 

During the construction ofwell 199-D5-120 in March 2008, groundwater samples were collected 
in a drill-and-test sequence as drilling progressed through the saturated zone (SGW-xxxxx). 
Results were similar to those obtained for this well in June 2008 (Figure 3-6). 

Analytical results for depth-discrete groundwater sampling in both 2007 and 2008 are included 
in Appendix B. 
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Figure 3-5. Concentration Profiles ofHexavalent Chromium for Wells Sampled in March 2008. 
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Figure 3-6. Concentration Profiles of Hexavalent Chromium for Wells Sampled in June 2008. 
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It is apparent from Figures 3-5 and 3-6 that the hexavalent chromium is not significantly more 
concentrated near the top of the water column in high concentration wells that are presumably 
near the vadose zone source. To the contrary, the data indicate substantially complete vertical 
dispersion regardless of location, and the June 2008 data from wells 199-DS-99 and 199-DS-120 
actually show increased concentration with depth. These observations are not consistent with the 
original qualitative model described above. 

In the earlier April 2007 program of depth-discrete sampling, analysis included measurement of 
nitrate as well as of hexavalent chromium. Nitrate is widespread in the unconfined aquifer in the 
northern Hanford site, and it was measured in depth-discrete samples to help determine if any 
observed geochemical stratification of the chromium might be due to admixture with a separate 
fresh water source, rather than to vertical dispersion. Nitrate measurement was discontinued for 
the depth-discrete sampling conducted in 2008 because results from the 2007 sampling showed 
no evidence of significant vertical chromium stratification and because the apparent precision of 
the nitrate measurement was poor compared to that of the chromiwn. 

3.1.3 Statistical Method for Chrome Source Location 

Original project planning provided for statistical analysis ofhexavalent chromium concentrations 
in the groundwater to extrapolate the most probable location for the highest hexavalent 
chromium concentrations in the groundwater, i.e., for the head of the contaminant plume. The 
statistical method was chosen because of the significant seasonal variability of the plume 
configuration (DOE/RL-2006-74). However, given the discovery of the high concentrations of 
hexavalent chromium in closely spaced wells (e.g., see Figure 3-3) it was recognized that the 
results of statistical analysis would only reflect the results already achieved through direct 
observation. Therefore, the statistical approach was abandoned. 

3.2 QUALITY ASSURANCE/QUALITY 
CONTROL 

Data quality was evaluated based on the requirements listed in the Sampling and Analysis Plan 
(Appendix A, DOE/RL 2006-74). Soil and groundwater data were reviewed to confirm that 
sampling and chain-of-custody documentation were complete, sample numbers correlated to the 
correct sampling location, and that holding times were met. 

The quality of the soil and groundwater analyses were verified by evaluating laboratory data for 
accuracy and precision, and split samples of groundwater were periodically analyzed at separate 
laboratories as a check on the primary laboratory. The QNQC data for all the samples is 
summarized below. 

3.2.1 Soil Analyses 

Hexavalent and total chromium in soil samples were analyzed in fixed laboratories according to 
EPA protocol. Hexavalent chromium was detected in only eleven of the 109 soil samples 
collected. Thirty-four matrix spikes (a measure of accuracy) were performed for hexavalent 
chromium samples, with an average recovery of 91.0% and a standard deviation of 9 .2. For total 
chromium, the average matrix spike recovery was 85.0%, with standard deviation of 30.0. The 
average relative percent difference (RPD; a measure of precision) for hexavalent chromium 
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matrix spike duplicates was 10.4, with a standard deviation of9.9. For total chromium, the RPD 
averaged 21.4, with a standard deviation of 28.5. These values fall within the required precision 
of 70 - 130% precision and 30% accuracy, as stated in the Sampling and Analysis Plan 
(Appendix A, DOE/RL 2006-74). 

3.2.2 Groundwater Analyses 

Groundwater samples were analyzed at Hanford's onsite laboratory, the Waste Sampling and 
Characterization Facility. A total of 333 samples were analyzed during the period discussed in 
this report. The average matrix spike recovery was 98.7%, with an RPD of 5.3. The average 
RPD for matrix spike duplicates was 5.3. 

Splits of seventeen of the groundwater samples were submitted to an offsite laboratory. 
Evaluation of these data shows that, for the 14 samples containing hexavalent chromium 
significantly above the detection limit (approximately 5 ug/L), the relative percent difference 
(RPO) is 4.5. This is well within the required 30% precision (Appendix A, DOE/RL 2006-74). 
The standard deviation for this subset of split samples was 6.28. 

3.3 HYDROGEOLOGY 

Hydraulic data collected during the project include hourly water level measurements and 
drawdown measurements made during the development of new wells drilled in FY2007 and 
FY2008. 

In addition, it was originally envisioned that geochemical tracer tests, using bromide as a tracer 
and in situ measurement of the bromide as a function of both depth and time, would be used to 
interrogate the distribution of hydraulic conductivity with depth in the unconfined aquifer and to 
provide a reliable estimate of mass groundwater flux at selected wells. However, the 
unexpectedly high hexavalent chromium concentrations measured in the wells of greatest interest 
would have presented a direct chemical interference to the bromide-sensing probe. Therefore, 
the tracer tests were not performed. 

3.3.1 Hydraulic Conductivity 

Drawdown data from well development were used to estimate local aquifer hydraulic 
conductivity, k, from well transmissivities, T, calculated using the following relationships 
(Cooper and Jacob 1946): 

T = 264Q/lls 

and 

k = T/7.48b 

Where T = transmissivity in gpd/ft, Q = pumping rate in gpm, /ls is the slope of the straight-line 
portion of a plot of drawdown versus log10(time) expressed as the change in drawdown (ft) from 
time t to time I Ot, k = hydraulic conductivity in ft/d, and b = aquifer thickness (ft). 
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Table 3-1 lists the hydraulic conductivity estimates for the wells constructed under this project. 
The mean of the estimated hydraulic conductivities is 157 ft/d. 

Note that the drawdown data collected during well development represent individual short-term, 
single-well pumping tests. The results of such tests are often difficult to evaluate, and in any 
case are representative of the aquifer only in the immediate vicinity of the pumped well. The 
time-drawdown data are expected to have been affected by borehole storage and/or delayed 
yield, so the As terms were evaluated based on best available late-time data, and the hydraulic 
conductivities shown in Table 3-1 are best interpreted as upper bounding values. Nevertheless, 
the results are useful for estimating groundwater flow and for evaluating remedial alternatives 
such as pump-and-treat. 

3.3.2 Hydraulic Gradients 

The water levels in 100-D Area wells are strongly affected by river stage. By way of example, 
Figure 3-7 illustrates river stage and water levels for the period from March 2007 to May 2008 at 
three wells located in the immediate vicinity of the high concentration hexavalent chromium 
plume. Inspection of the figure shows that water levels at the wells, which are approximately 
700 m inland from the river, are affected by seasonal variations in river stage, but with a 
response that lags river levels by several weeks. Also, the relative separation of the well 
hydro graphs shown in the figure clearly shows that hydraulic gradient in the vicinity of the wells 
was greater following low river stage than following high river stage. For example, in mid-July 
2007, the well water levels are seen to be relatively high in response to high river stage. The 
well water levels are also virtually identical so the local gradient is extremely shallow ( calculated 
local gradient on July 9 was 0.00006). In contrast, water levels in the river and the wells were 
significantly lower from about September 2007 to May 2008, and the calculated gradient ranged 
during this period from 0.0012 to 0.0019, with flow towards the Columbia River. 
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Well 

199-D2-l l 

199-D5-97 

199-D5-98 

199-D5-99 

199-D5-102 

199-D5-103 

199-D5-104 

199-D5-119 

199-D5-120 

199-D5-121 

199-D5-122 

Date 
Developed 

3/8/07 

2/21/07 

2/27/07 

2/28/08 

3/12/07 

3/23/07 

3/22/07 

4/21/08 

3/21/08 

5/23/08 

5/15/08 

Table 3-1. Single-Well Estimates ofHydraulic Conductivity. 

Saturated Pumping 
As Pumping 

Maximum 
As 

Transmissivity T Estimated 
Thickness (ft) Rate (gpm) 

(ft/log Duration 
Drawdown (ft) 

(ft/log 
(fr/d) k (ftld) 

cycle) (min) cycle) 

27.8 9.7 0.060 60 1.82 0.060 5700 205 

25.82 12.5 0.108 75 1.34 0.108 4080 158 

27.44 9.0 0.0685 56 1.92 0.0685 4640 169 

25.85 9.6 0.142 94 1.03 0.142 2380 92 

23.19 IO.I 0.065 47 1.90 0.065 5500 237 

27.97 9.7 0.121 57 1.41 0.121 2820 101 

25.92 9.9 0.057 50 1.82 0.057 6120 236 

27.46 13 0.107 71 2.02 0.107 4280 156 

25.25 23 0.1815 119 2.77 0.1815 4470 177 

24.47 13 0.674 156 6.03 0.674 685 28 

23.63 12.5 0.112 141 1.70 0.112 3950 167 
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Figure 3-7. River Stage Versus Water Table Elevation for Three Wells. 
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3.3.3 Groundwater Flow 

A comprehensive analysis of water level data and resultant flow vectors used mean daily water 
levels from 100-D Area wells of the Hanford Site automated water level network, the 100-D 
Area river stage recorder, and injection and extraction data for wells used in 100-D Area pump­
and-treat and the electrocoagulation pilot plant (see Figure 2-1 for location of injection wells 
199-D5-33 and 199-D5-42 and extraction wells 199-D5-39 and 199-D5-41). The analysis used 
universal kriging combined with analytical elements to approximate the effect of river stage and 
of injection and extraction at wells. A water level map was prepared for each day from April 17, 
2007 to March 10, 2008. Further description of this analysis is included as Appendix D. The 
water level data are available in the project files. 

The analysis presented in Appendix D highlights two important points. The first of these points 
is that the predominant direction of groundwater transport is generally northwest towards the 
river from the area of highest chromium contamination, which is consistent with the observed 
attitude of the extended hexavalent chromium plume. However, during high river stage the flow 
direction is temporarily reversed. 

The second important point involves the results of a particle-tracking simulation set at the high 
concentration plume. In the simulation, a hypothetical particle was inserted in the aquifer near 
199-D5-104. The drift period was from April 12, 2007 to March 10, 2008 (333 days). The 
resulting track was a skewed loop whose flow vector moved through approximately 360°, with a 
net movement of approximately 40 ft toward the river. An illustration of the particle track can be 
seen in Appendix D, Figure D4-1. 

The inference that may be drawn from the particle track simulation is that flow vectors 
calculated over the "test year'' using gradients calculated from observed water levels and 
assumed porosity and conductivity reflect little net movement of the groundwater towards the 
nver. 

3.4 GEOLOGY 

The investigation has focused on the uppermost unconfined aquifer, which in the area of interest 
lies wholly within the Ringold Formation (Unit E). The aquifer is less than 30 ft thick, and its 
base is the Ringold Upper Mud. 

Well construction and lithologic information is included in the well summary sheets shown in 
Appendix A. The stratigraphic interpretation based on field lithologic observations and water 
level measurements is reflected in the following cross sections. Figure 3-8 is the location map 
for the cross sections shown in Figures 3-9, 3-10, and 3-11. The cross-section C-C' shows 
conductive sand strata in the saturated zone both north and south ofwell 199-D5-121, which has 
low hydraulic conductivity compared to the other wells in the project area (see Table 3-1). Net 
annual groundwater flow is from the east towards the river, so well 199-D5-121 is considered 
upgradient, from the high concentration zone. Thus, the cross-section is consistent with possible 
preferential flow around the high concentration zone, because the path(s) of least flow resistance 
appear to be the sands to the north and south of 199-D5-121. 
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Figure 3-8. Location Map for Fence Diagrams. 
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Figure 3-9. Cross-section A-A'. 
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Figure 3-1 0. Cross-section B-B' . 
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4.0 CONCLUSIONS 

The principal objective of this investigation has been to locate the source ofhexavalent 
chromium in the southwestern contaminant plume of the 100-D Area. Surface sampling, 
excavations, and drilling have been, and have remained, ineffective for locating any reservoir 
within, or contaminated pathway through, the vadose zone. While evidence of minor leaks or 
spills has been discovered within a few meters of ground surface, no evidence of a major release 
has persisted. Thus, the surface origin of the hexavalent chromium remains unknown. 

Because of the difficulty in locating a chromium source above the water table, the initial 
qualitative site model of the contamination assumed an active, highly localized and highly 
concentrated vadose zone source. Contamination entering the unconfined aquifer was assumed 
to continually migrate downgradient and disperse via horizontal advection. 

Instead, field data gleaned from 11 new wells reveals a distinctly bimodal distribution of 
hexavalent chromium in the unconfined aquifer, where a sharply defined and relatively 
concentrated zone of contamination lies at the head of an extended zone of lower concentration 
in the form of a plume migrating towards the Columbia River. Note that the peak measured 
concentration in the high concentration zone is on the order of 20 times higher than peak 
concentrations observed in the extended low concentration zone. The high concentration zone 
displays several important characteristics: 

• Analysis of groundwater samples shows that the peak measured concentration has 
moved, and has been found at various times in wells 199-D5-104, 199-D5-99, and 
199-D5-122. This repetitive pattern is consistent with the particle-tracking simulation 
which indicated circular movement driven by seasonal variation and reversal of hydraulic 
gradients, but with very little net downgradient movement (see Appendix D). 

• The repetitive circulation of the high concentration zone, over time, is consistent with the 
movement required to fully develop vertical dispersion and with the observed nearly 
homogeneous vertical distribution of chromium in the water column of the peak 
concentration wells. That is, dispersion, vertical as well as horizontal, requires that the 
groundwater move. If the high concentration zone were completely stagnant, dispersion 
could not occur. 

• The low hydraulic conductivity (28 ft/d) estimated for well 199-D5-121, which is east of 
the source plume, suggests that there may be zones of low conductivity causing 
preferential flow that bypasses the high concentration zone. This may be a contributing 
factor to the apparent stagnation of the high concentration zone. 

• The highest concentration measured to date (nearly 40 mg/L) was found in 199-D5-99. 

The above plume characteristics have been considered in developing a revised hydrogeologic site 
model having the following characteristics. 

• The annual hydraulic cycle and probable preferential flow paths combine to restrict the 
mobility of the groundwater within the zone of highest hexavalent chromium 
concentration. The extended downgradient low concentration zone is envisioned as being 
fed by solute dispersion at the margins of the relatively immobile high concentration 
zone. 
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• An order-of-magnitude estimate of the mass of hexavalent chromium within the source 
plume has been made by approximating the dimensions of the plume as a cylinder within 
the aquifer 25 ft deep, and having the wells 199-D5-104, 199-D5-99, and 199-D5-122 on 
the circumference. Porosity within the cylinder is taken as 8%, and the mean 
concentration of the chromium in the water is assumed to be 40 mg/L. The result is an 
estimate of 170 kg ofhexavalent chromium in 4 million liters of groundwater. 

• The field data collected to date do not reveal if there is still a significant or active 
contaminant reservoir in the vadose zone, nor do the data reveal the surface or near­
surface location of an original leak or spill of sodium dichromate. Concentration data 
suggest that the three wells noted above, along with well 199-D5-119, represent the 
margins of the high concentration zone. It is reasonable to conclude that these four wells 
effectively constrain the location where hexavalent chromium entered or continues to 
enter the aquifer at the water table. The three wells are easily circumscribed by a one­
hectare circle. 
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APPENDIX A 

WELL SUMMARY SHEETS 

199-D2-ll 

199-D5-97 

199-D5-98 

199-D5-99 

199-D5-102 

199-D5-103 

199-D5-104 

199-D5-119 

199-D5-120 

199-D5-121 

199-D5-122 
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WELL SUMMARY SHEET 

"Well ID: C539' 

6-inlD.~~L 
~--"-Pav._."' 

c..tnr;+a0a.-

. 4-in LO. Nyvin]i Clllod&t. (PVC} 
c.tng: -+2.0 -80.1.tt---+-• 

Primuy Pilter :Pack 
l0-20 .,.._ (:Qlorado Silica Sand: 

74..7-llUft 
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,------------------ --- - --,.----------------, 
WELL SUMMARY SHEET 

Wen ID: C5394 

Start Date: (11/1B/07 

-· .•. Date: 03/08/UI 
Well Name: 199-02-11 

Page2.of 2. 

· . ~. 525 IIM'lltnJSouthwest of UIS-DR Project CSI Wells at 100-0 Area 

rnparedBy. BribRmmi ln.te: 3/21/CfT bvi~By. L, JJ ./lla_/,f,. F b.te: '~"~ 
Signature: b.1~:i'. _"-.." ~ Sipmn,: 

I _L. ~ __ ,,,,,,,,, 

- - -
CON1111tJC'l10N DATA 

"Deaaiptian Di• gr,WJI 

~Plltarpack 
10-20MalihColondoSillalSand: 

74-:/-114.0ft 

4-tl\,ln~7~ 

110.1 -113.7 ft 

YO 

-

GIOLOGICJllm.OLOGICDATA 

.. 
....... r -,tOB!ll.;,. - · Crawl; miG 
II~,~ i>t---------------1 ... .... 
Ii:•.., 1 . 

100- l"""'I ~J.---------------1 
Ii - • 

If 

- , •• ~ • 10'/Water- HP.IS I 11MCP2 

110 i
. ~ w.r- . HBIS #81MIS 

-1 :JOB.110Sandv,.._-1·11G 
- ~. il:U).112.- -- .J ... 

-~'t'.'• .... .,.1•• -- .2.-.£! •.,.a...-·: ..,.,,..~ ... --- DS2 

- , . lll.4 'Jbblllll!nth Ddlled- -- -~ --
120-

--
---
-
- !:----------------
---
-
-
--

-
--
-
-

-
-
-
-
--
-
-
-
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WELL SUMMARY SHElIT 

6-,mtn'fypa~ 
Stam),-.9im .Probdi~ 

~..a.a:zft-,pa 

lwdaldo..a&'l)pel/Il: 
0-10.0ft 

f-cl.U Nyvmyl 0,lodm(P\C) 
~ +2.0-80.0ft---+t 

PrlmarfPJIMThck 
l<J-20 Mah Colondo SiJica Sand: 

73.0 - 113.6 ft 

St.ttic'Watet~--...... ""'~ 
811& It bp (2-21-2007) 

Well Name: 199-05-97 

A-4 
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WBJ.iSU.MMARYSHHET 

Well ID: C5390 

Start Date: CJ'l/09/07 
Finim Dat~ 02/21/07 

Well Name: 199-05-97 

Page .l. of .2. 

Location: Approidmaldy 550 melen West ol. lOS-OR Project: CSI Wells at 100-0 Area 

Prepared By: EmnBincoa !Date: 3/21/rJ'I ~awed.By: L ,/J. /~Ike..,-. Dm:fi"/47 
: Sipatme: ~__.,; \y- d ~ Sipatum: _ ~ ~ 

CONSTllUCTIOH DATA GIOLOGJCIIIYDaOL~ DATA 1------------------------1 Da'6• 1------.----------------f 
.... Cnipllll: Ulhalogic~ 

Bcmihole ddUed wflh 7 111 X 8 •-iach 
casing. 

i:.., - • - - a tm> 
90-~~:~~;-IR'i.' .38-100·- -

. ~[; 
• aS 

-
120-

-
-
-
---
-
---
-
-
- . 
-

- --
--

-
-
-
-
·---
-.__ ____________________________ __._ _____________ _ 
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WELL SUMMARY SHEET 
Start Date; 0 

CON&"IIWCTION DATA 

'-I.D.'11J»~ 
Shio\w SIMI Pwillfldive 

~+2A9ftags 

Pmnuy Pllter hclt 
10-:1> Meih CoJorado Silica Sand: 

70.S-l1"ft 

StalicWar l..ewl: -...--illllP't'. 

80.51 It bgs (m-21-200'1) 

Finish Date: 

A-6 
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·-
WILL SUMMARY SHEET L~artDate: 02/08/07 

Finish Date: 02/'J.7/07 
Page.2..of l 

Well ID: c:5391 Well Name; 1~05--98 
1 . 

· -~ W-t of 105-DR - . 
CSI Wells at 100-0 Area ... , . 

~ _. By: F.ribRincon ~-....-- . ln.e: JJ02101 Reviewed By. L,iJ. W./kLr bate: ,,J.J,,., 
Si~~,~~ Sipatun: ~-"-. ---

CONsraucnoN DATA GBOLOOlCIIIYDROI.OGIC DATA 
DepAta 

Cnplilc IJtbologk~ Dmcdpllan lhgrn 
,_ .... - " •. - <ft•) '&'•l,'f 85-lm.5 -.--i. G I 1},' \ ~" 90 ti ~\'1,i f.4n In Jlbly,,tnJ,1 Chlodde (PVC). ~ I~" 'It. 

JO Slat (0.020-la) Soem: r~ ~ 
'9.2 • 109.2 ft .a;:::--- i~~ lt N ~ ,,,, ,,i 

~,t~~~t :a . ~w-~---~ -A] 
'','ifl ,,~❖" 100 

i.'I 
PrimaryPilll!r pack ~ti~ "!~, 

'~~ ··-., 102.KABlS w .. - - HBISl11Ui1CN4 
1~20Mah Oilondo Slllca Simd: ~ .,,, ', "\ 

10.5 - 1.12.1 ft .-
~ ~ ~ ~•, 'm.15-108 - ~- ":--.,· ..c; < 
7. i. i"-• if t!r . ~~~ - .. 

"'i:·.:..:- UR.7Wds- . - HBBlllMl.!6 '1/ I~~• 110-~~ 11'\~ l ~ ~ 108-llOMDd,;M ~l/ l ~~~(< 
.,-u~-.., 
~~ tlO-tuA~Sllletd /' -

1~ 1btal Dlalh. DdJecl m.is-l007) 
4-&lD.~Ollcmde~ -

-
i0Sl2-U2.7ft 120-'--

-
l'lttff4-M I &u;/cF,'//: -

-
I ' i.. '1 , -,. II J. " I -

-
cw fl,/,1. -----

-
-
--- ---
-

-.,\llct.pthaaietttfeelbelowgmund -mrfllce. -
-

Borehole ddlled with 7 l~ X 8 ... JN:h -
casing. -

-
-All tanpormy dnll ~ WM -removed &om llw! ground. 
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WBLLSUMMAKYSHBET 

Well Name: 199-Ds-99 
: CSI Wells at 100-0 Area 

a>NffllUCllON DAl'A G-.01.0GICIHYD:aDl.OGlC DATA. 1--------------.--------fo.pdiial------.---------------

6-inl.D.'l)pe3CN/30&L 
SIAM SW lwtediw 

Calnf;+23'/A·· 

~Cmmlt"tw-1111: 
o~ ta.tit 

6-in.LD. ~ OiJorkle (P\Q 
Oiail1lf -t-2.0 - '9.3A---+i• 

Gninum BcMontte °'2Dlllua: 
10.1 ~ 11.1 ft 

PrtnwyPllltt Padt 
10-20 Mc111. Co&onclD Silica Sand: 

7$.8 • US.3 ft 

-,:..t GnpWc 
t.a 

BtMCN1 
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WBLL SUMMARY SHEET 

Location: SOO meters Northwat of l~OR 

Prepaaecl By: .Erika Rincan Dale: 3/21107 

CONS1'1WCTION DATA C3010GIC4D'ID.OLOGIC DATA i-------------.....--------ro.,.111at-----.-----------------t 
hit 

4--in lD. fbl;rtnyl Clllodde (PVC), 
20 !lot (0.020-m) Saem: ~1:17.«1 

7'3•1<9Aft 

htmary Piber pack 
'10.20 Mah ColaradoSilica Sand: 

,a.a • 113.3 ft ---"i"1:mi 

4-in; lD. fbly«b'7i Clllcidde 
~ 

109A • 113..0 ft 
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WELL SUMMARY SHOT 

CONfflWCl'lON DAl"A 

64nLD.'l)pe30&l3(ML 
Ste!_NeNSlellPMledfye · 

Calm5 +2:1'/fl • 

._LD.FalyvinylOalde (PVQ 
c.ng:n.~-78.lft----~ 

ScA. 'fo · w.l/ +4ld(1tur 
LN f/•'f •O 1 

PmnaryPllterPadr: 
10..20Mesh Calorado StlicaSand: 

13.0- 1135ft 

'-mLD. PalyviP.yl Oloride (PVC), 
~ Sot (0.020-ln) 5cnen: 

?&.1 - IOIU ft 

Sbtic'Watm'LeYe:I: ----IIIIHI~~ 
&'U4 ftbp{CB-09-2007) 

A-10 
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WELL SUMMARY SHEET 

Well ID: C5398 

CONST&l1CTIIOH DATA 

4-mLn~01odde(PVC), 
20 Slot (0 IDCMD) SIClem: 

71.1-1'11.1.ft . 

PriamyFiJIIWpuk 
10-20 Melli Calmado Silica Sand: 

710 -113.5 ft: 

'-bt,,lD.NJv.la,ta.lmide 
s... 

108.1 - 111.6 ft 

~chilled~ 71'2 ,c 8 ii'&_ind\ 
cung. 

120 

A-11 

IJ"I 



- - - - -------------- - ------- - - ----------

SGW-38757 DRAFT A 

WELL SUMMARY SBBIT 

Date: 4/0'1/07 

CONSDDCl'ION DATA t-------------r---------10cp~------------------

t.clD,'l)pe~ 
Stehit-. 9liee Pwladlw 

~+U'/A• 

4-IDLO. ~:,t Ododdt(PYQ 
Calng: ~ - 19.2 tt-----+-• 

sc~.'lo ""''' H1t!Ote.ss 
i,., f-¥~7 

4-lnLD. Nyv1n)'t Cldodae(.PVC), 
20SGI {O.mD-tn) Saeen: 

80.3 • 110.1 ft 

Stalicw.ter 1.-d: --~~" 
82-'3 .. bp (03-~2001') 

Jl..t 

·.c; 

aG 
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WELL SUMMARY SHEET 

Well Name: 19'J-D5-103 
Pl'.oject: CSI Wells at 100-D Aiea 

CONSTJlUCftON DATA i-----------........ --r----------1 'Dlpa.111 ..,_ _ __, ____________ ___ 

"-LD. JlblJ"('inJIO\lodde(l'YQ, 
~ Slot (ll.C121Mn) Screm: . 

8D.3 • 110.l A 

Primalylltlterpack 
10-20 Melh Calondo Silica Saad: 

75.l -113.7 ft 

4-a',lD.fbly-,la.ladde 
&nnp: 

110.1-118.1ft 

Na-k.c.1T1 I BQ , /<.f,' / I 
11 l."7 '......,. 11'7 ' 

Ped 
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WELL SUMMARY sumr I -. C - - • -, - ·• -

Finish Date: - -- - I Pagel. of l. 

. Well ID: C5fOO Well Name: 199-05-104 

I Gl!OLOGlCIBYD-.OLOGICDATA 
~~ . . 1 ,_ ar.,Ncl 

Los 

COW&TRIJCTION DATA 

Dwzlplion I .tJusrmn 

6-in.Cancme 

PbrtbmCanma 1)pe JIii: 
O•JD.St 

l"nmaty Fl.liar .Pack 
10-20 Meah ColondoSlliaSand: 

'3.8 -116.0 ft 

9allc Water UMll: life ~~t~it-.c;S).tj 
88.95 ft bgs (03.-16-2001) 
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WILL SUMMAllY SH.ltn' Start Date: OOn.3/fYJ 
Finish Dall:: 03/21.J07 

Page.2.ofZ 

CONSTJWCTl()H DATA 

+in lD. Nywlnyl Chlorlc:IP(P'UQ, 
28 S1at (D.020-tll) Screm: 

M.0 - tlJl.Oft 

"4n,ID.Palyvtn,ICbJodd« 
Sump: 

110.0 -113.5 a 

Borehole ddUed with '7 1/l X 8 1/:& •fndl 
caal.ng. 

All lemj>uc.-y drill CMlng WM 

1'111109'11!Q fillffl the ground. 

Well Name: 199-0S-16' 
Pro. . CSI Wells at 100-0 Area 

Dae: 4102/01 ReviewedBy: t.. A. 

HIUS I BlYl.65 

120 

A-15 
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WltLL SUMMARY SIDET 

Well 1D: C593.1 
Location: 100 D Area 

~Cnnmite~ 

6,u.,LD.1)pe30f/3ML 
Sl>d: Im aeelProlec:Uw 

C'anp; 235ft mow, Ground 5urfaa: 

~ Clamd;l)pe TJI[: 
8-7.Sft 

Ctaula Bamiita-Crmrti.-=--+llal~ 
7..5-73.6,it 

4--LD. 'l)'pePVC 
Schedule«> 1wnm,eni --+-I~ 

~•·us-mo• _ 

All depths .. ini.Wow ~ 
maface.. 

Bnnhole.ldJMwllll 10-«liJaaded 
' cuing OJ)..:tlQ3 ft bgs 

Al tanpuuwydrill cuing waa 
ft!lilowecllmm tbe sroond-

3/8-tn Bearonlte NJebc 
7.U- 75.0A 

Pda\ary .Pll18padt 
1~20 MMl Cokmdo Silica Sand: 

75.0 -tt,-'~ 
inl.D.PVC, Slatl0(.020-in) Screen:"Nl::'~11:: 

l&J..O - llo.58 t bg,t 

Slatic W.ter Lewi: 85.28 It bgs 
(4.-21-08) 

Start Data 3/18/08 
Finish Date; 4/'ll . 

Well Name: 19'J-OS-119 
ed: 100-D CSI 

A-16 
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WELL SUMMARY SHEET Page .2.. of 2. 

Wdl ID: CS933 Well Name: 19'J-D5-119 

4-inl.O. PVC, 9ot 2D (.Q20.m) Screan:Hirii.91iit.E 
11).G -110.58 A 'II 

4--taID PW:Sllq> W/l!nd Cap -+-,IAQIIM 

tJ0.51- l'l!UOtl bp ~......,.__......_-....:-

All dlplhs arc In fed below JP'O'U"1 ~ -
Bu.:elda ddlled wilb 10-m thl'Nded 

CMm3 0.0-Uo..3 ft bp 

All ~pcnry drill casing was 
sanowd &QI\ the ground. 

140 

150 

16D 

170 

A-17 

110-113.6 SitJ(lay (JLU.M) (M) 

T.D. • 113.6 ft bp 
2HJ8 
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WELL SUMMARY SHEET 

Locatkn 105 ft. East of 199-05-99 

I CONIDilCTJON DATA 

6-mc.oncmc J>adl----11 ..... !,~i;;I 
6-LD. 'lypa~ /"' c ~ $ 

Slaib1MSSlcclPmlcctift / le: ~ 
e--,;2- +a.o& 

4-m.W.~Pvc;. :::: 
Sc1Ndl~e40~--~AIIIAI 
~+12'1- 18.X* 

ADdephsarein-Sbelowg,ound ..... ._...cldW wfth lCMnthreadad 
cair1g 0.0-112.4ftbp 

~ .. • 
t:1== 

iH 
~ ~ ~ 

~? 

Start Date! 2/}D/08 
PinishDate 3/25/08 

Page.lof.2 

Well Name: 199-05-120 
!Protect: 100-D CSI (4 wells) 

Si 
GIOl.OGICIJIYDJtOLOGIC DATA 

... 

lO---li;l-;r:~'a..'111•1-------------~ ..,, 

laB-X.OSlndvGtawllv.tlG - . . - ·---- ... -· 20-t:Sii!!C.l-----------1 -,·~ 
...... 

.... _ ... -
.. . ,._ 

40 
-.- il:rss nin...d\ 

- ha ...... ---------------t ~ -
,y"" 

- --- -, -, 

50 ~ 1( 
. -

Yl'C 

-

-

A-18 
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WELL SUNMAllY SHEET 

Well JI>. C5934 
-I«ation: 105 ft. last of 199-D5-99 

'-mW. PVCswnp: 
1JIU6,,lll.38 I 

A1lc11p1t. .. 1n.ffllll Wow g:mod ---~ ddlled with ltMnthmamd 
~ Q.G-112.4 ft bga 

AD•••1M>t.d)4lill<:amgwu 
mnowid!ram lhegmand. . 

~.=. Date: 3/25I08 
Page .2. of .2. 

Well Name: 199-05-120' 
IProJect 100-D CSI (4-wells\ 

, 

CIK>LOGICJBYDJIOU>GIC DATA 

-.., •: I[ 

100- '• 

110-~~-S!-~.;.:,=1=•:...-112.A=:..=.=SlltYLClaY=::::iL.:.M:=,l<R::;,;:;'U.=.=.il.M)~---,I 
~-~ -~--'-~--------------~ 

-
-
-

120-
----

130-
---
-

140---
--

150~ 
-
-
-
-

WJ-
-
--
-

170-

-
-

A-19 



SGW-38757 DRAFT A 

WBLL SUMMARY SHEET 

Si111tnre: 

6-mlD.TJP8~ 
9Wlw SliallPNlact.iw 

a.lag: Uflabnl! Omcnte Pad 

PallwlC.....,.tGmut'fypeI/.II: 
0-8.28 

GnmurBenlonUeCrambbs--+-11~~ 
8.2-69.liA 

."4n LD. l)pe PVC, 

SchacWe401umllllllnt --,----· Caiftg: +1.4- 7'1.0 ft 

M-a Be:ntiouite l"eIW5: 
9).5 -11.8 ft 

Primary PUt. rck 
10-20 M.h Colondo Silica Sand:-1~ 

71.1-111.8 ft 

U> .. PVC#~ :zo (.Q20.in}.xr1mc.HN~ 
7"7 .0-1.W.O fl bt, 

Slallc:Waam;r.wl; 83.4 ftbp 
(5--:Q-os) 

Well N~ 199-05-121 

A-20 
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WBLL SUMMARY SHEET 

Well.lD:C595.S Well Name: 199-D5-121 
Location: 100-0 Area 

l>ate:S/l7"1t 
. Sipturc: 

PmnaryPlllapadc 
18-20 U.. CalondoSllsca S.d:-+,_ii!f; "-"'-"'~ 

11.1-111.1 ft 

4-ila LO. PVC, Slot 20 (.8»4n) &nm: 
'11.0 - tal .O ft bp 

f-,jn J.0. l"YC Samp W/ltrvl Cap --+-t~l!H 

lWJJ -110.3 fd,p 

Al defdw ueill feet belowgrvund 
li1ldac2. 

~ '1dlled with 10.75-in tlm!ad­
ccl CMlag0.0-10'/D ft bg,i 

All ll!IDpOnry drill caring was 
tan0.ed from the ground. 

120 

130 

160 

170 

A-21 
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WELL SUMMARY SHEET Start Date: 4/4/08 
Finish Date: 5n.6J08 

Page .1. of .l 

wenn>. C5936 wen Name: 199-05-122 
Location: 1-.50 ~- SW ol 199-D5-122 ;' u,i-.i-100-DCSl (4 Wl!lls) 

I 'f 

CONsnfdcnoN DATA ,Gl!OLOGICIIIYD~LOGlc DATA 1--------------..---------i~--------------------t .,_ <:.,Jilt: ~~ 
n.rlplbl Dilpaal tog - • & (a 1:1111) 

'"-~=-~...:ii-· ~-""1;ii~ ii;il~ 
Nn.LD. 'In»~ ,.,, ..... ~~= 

SbdriMIISINlF'mlledtW:/ _ •='" 

~=~Ii· 
0-8.5ft 

Cnru,J,r ·•ClldtaOumlile:1--H 
&!i-~lt 

4-inU>. l)'JaePYC . 

~ 

= -= ::: ~ 

:: 
Srhedale4IOl'enmrun ---;-ti_l!ii 
Caing: Tl:, -+2Dft:. 

All deptN ueift feet below ground .,,,__ 
Bmmcle ddllad witla 10-:in tbnaded 

&Wllllg0.0.1ll.3ft .. 

+.in LO. 20 aloe Slotted PVC: 
71."i-tcrt.9 ft 

~ ~ 
::: 

... ~ ~ 

~ s\ 

10 
.>-,,Ii. ~it-------------~ .... ._'.~ 

... -20-~·~~~~--------------1 ~ 

-;:: ' 

ra: ~ ~ 
:::; 

- ::~~-------------t 
-:-~ 
- ,~.-... -9.11! • 

30 --t;J·1~,Vf~!':_:i~Q.~=-:~:;:::-;~:;::::-=- :;--:::-S-.._d_.•16...._. _____ -t 
_ '\ ~ -»a:tGmftlG 

~ 3.1,.YSaftlhQrstftl,G -...__ 
~ s '"' 

: 
== 
~ 

'I 

~ 

,. 
!O-~.rl--,--~--------1 lo. 

..... 

::~-.: ':,. 

,. 

-,. ..... __ JJ!'!,.,,,, 
f'U- "V. 

-
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WELL St1MMAllY SHHET 

CONSftUCl'JON DATA 

Primary Pllter pact 
10-20 Mett\Colondo S1bca S..d:--fflw 

72.5-108 

~tn1D. PVC--P: 
10'7.~ll0..92. ft 

Sloqgb: 
tllB-1123 

Aldepti..e~lath!lawpiand. 
amfa&:ie. 

llanl,oae..tdll.ed~ J.0-intmMded 
CMlllgG.~U.2.3 A bgs 

AlllmlpWy.tdllma,gw 
remo..t ma the ground. 

120 

130 

150 

160 

110 

A-23 
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APPENDIXB 

SUMMARY OF GROUNDWATER AND SEDIMENT ANALYSIS 

B1.0 QUALITY ASSURANCE 

The following types of analytical measurements were performed for the purpose of 
reconnaissance characterization of the distribution of hexavalent chromium within and near the 
southwestern hexavalent chromium plume in the 100-D Area: 

• Hexavalent chromium in groundwater samples. 

• Nitrate in groundwater samples. 

• Hexavalent chromium in sediment samples (drill cuttings and split-spoon samples). 

• Total chromium in sediment samples (drill cuttings and split-spoon samples). 

Specific requirements for analytical methods, field and laboratory quality control samples and 
quality control procedures, and data validation and verification in accordance with EPA QA/R-5 
are shown in DOFJRL-2006-74. 

Results of analysis are listed in Table B-1 through Table B-6. 

B2.0 REFERENCES 

DOE/RL-2006-74, 2007, Field Investigation Plan/or the Southwestern Chromium Plume in the 
100-D Area, Rev. 0, U. S. Department of Energy, Richland Operations Office, Richland, 
Washington 

EPA/240/B-01/003, 2001, EPA Requirements for Quality Assurance Project Plans, EPA QA/R-5, 
Quality Assurance Division, U.S. Environmental Protection Agency, Washington, D.C. 

B-1 



Table B-1. PERIODIC GROUNDWATER SAMPLES 

Well HEIS# Date Cr6+ (ug/L) Well HEIS# Date Cr6+ (ug/L) Well HEIS# Date Cr6+ (ug/L) 
199-D2-11 81ML59 8-Mar-07 16 199-D5-97 BlMLSS 21-Feb-07 758 199-D5-98 81ML56 27-Feb-07 465 

BlMCPl 1-Mar-07 5 B1MCN5 13-Feb-07 5 81MCN3 12-Feb-07 6 
B1MCP2 2-Mar-07 5 B1MCN6 14-Feb-07 5 81MCN4 12-Feb-07 7 
B1NP17 25-Jun-07 9 81NP35 25-Jun-07 615 B1NP37 25-Jun-07 271 
81N7C6 29-May-07 5 B1N7F4 31-May-07 642 B1NP38 25-Jun-07 271 
B1N759 26-Apr-07 7 B1N7F5 31-May-07 675 81N780 24-Apr-07 327 
B1N787 11-May-07 5 BlN778 26-Apr-07 855 B1N7F7 29-May-07 338 
B1N788 ll-May-07 5.5 B1N786 11-May-07 784 B1N7B8 ll-May-07 312 
B1P069 9-Jul-07 5 B1P088 9-Jul-07 562 81P090 9-Jul-07 237 en 

0 B1POD7 24-Jul-07 5 BlPODl 24-Jul-07 563 B1P003 24-Jul-07 329 ~ B1POD9 9-Aug-07 5 B1POH8 9-Aug-07 545 BlPOJO 9-Aug-07 325 I 
I,,;.) 

81NP42 ll-Jun-07 6 81NP60 ll-Jun-07 614 81NP62 11-Jun-07 327 00 
-....J tti B1P7P2 5-Sep-07 5 B1P7Tl 5-Sep-07 542 B1P7T3 5-Sep-07 367 Vl 

I -....J N B1P805 22-Aug-07 5 B1MW70 4-Apr-07 797 B1MW71 4-Apr-07 343 0 B1PFC9 19-Sep-07 5 B1P824 22-Aug-07 580 BlP826 22-Aug-07 348 

~ B1RC66 27-Dec-07 4 B1PFF8 19-Sep-07 470 BlPFHO 19-Sep-07 403 
BlRC67 27-Dec-07 6.7 B1RC80 27-Dec-07 562 BlRCBS 13-0ec-07 437 ~ 
BlRC84 13-Dec-07 7.2 B1RCB3 13-Dec-07 635 B1PYB8 15-Nov-07 405 > 
81PY89 15-Nov-07 4.2 81PY85 17-0ct-07 490 81PYB9 15-Nov-07 418 
B1PY31 4-0ct-07 6 BlPY86 17-0ct-07 486 B1PY52 4-0ct-07 431 
BlPPRl 18-0ct-07 5.2 B1PYB7 15-Nov-07 522 BlPPVl 17-0ct-07 413 
B1R516 29-Nov-07 5 B1PY50 4-0ct-07 480 B1RS46 1-Nov-07 429 
B1RS24 1-Nov-07 12 B1RS44 1-Nov-07 500 B1RB26 27-Dec-07 470 
BlR525 1-Nov-07 s BlR1V7 29-Nov-07 550 B1RB27 27-Dec-07 464 
B1T2H4 12-Feb-08 8.5 B1T277 19-Feb-08 710 B1RlV9 29-Nov-07 419 
81RR27 7-Jan-08 8.7 B1THX7 10-Mar-08 715 B1T279 29-Feb-08 448 
B1TVR7 21-Apr-08 6 B1RR54 7-Jan-08 490 
B1TJ26 10-Mar-08 8.7 B1THX8 26-Mar-08 327 
81TJ27 10-Mar-08 8.7 



Table 8-1. PERIODIC GROUNDWATER SAMPLES (CONTINUED) 

Well HEIS# Date Cr6+ (ug/L) Well HEIS# Date Cr6+ (ug/L) Well HEIS# Date Cr6+ (ug/L) 
199-05-99 B1ML57 28-Feb-07 10580 199-05-102 B1ML63 12-Mar-07 540 199-05-103 B1ML64 23-Mar-07 393 

B1MCN7 16-Feb-07 187 B1MCP9 5-Mar-07 5 B1MCR1 16-Mar-07 5 
B1MCN8 20-Feb-07 6 BlMCR0 6-Mar-07 6 81MCR2 19-Mar-07 5 
BlMWYl 19-Mar-07 12560 B1NP21 25-Jun-07 414 81NP23 25-Jun-07 240 
BlNP40 25-Jun-07 1370 B1N7DO 30-May-07 347 B1N7D2 30-May-07 286 
B1N782 26-Apr-07 2370 B1N764 24-Apr-07 231 B1N766 24-Apr-07 250 
B1N7F9 29-May-07 1740 B1N792 11-May-07 287 B1N794 10-May-07 254 
B1N7C0 11-May-07 1800 B1P073 9-Jul-07 321 B1P076 9-Jul-07 221 
B1P092 9-Jul-07 1260 B1P074 9-Jul-07 314 B1P0B8 24-Jul-07 221 en 
B1P0D5 24-Jul-07 1110 B1P0B6 24-Jul-07 300 B1P0B9 24-Jul-07 220 C) 
B1P0J2 9-Aug-07 1020 B1P0F3 9-Aug-07 353 81P0F5 9-Aug-07 185 ~ 
B1NP64 11-Jun-07 1580 B1NP46 11-Jun-07 393 B1NP48 11-Jun-07 275 

I w 
81NP65 11-Jun-07 1480 B1P7P6 S-Sep-07 379 B1P7P8 S-Sep-07 180 

CX> 
-l 

tt, B1P7T5 5-Sep-07 1180 B1P809 22-Aug-07 352 B1P811 22-Aug-07 185 
Vi 

I -l 
vJ B1MW72 5-Apr-07 8160 B1PFD3 19-Sep-07 529 B1PFD5 19-Sep-07 176 0 

B1P828 22-Aug-07 960 B1RC89 13-Dec-07 475 B1RC70 27-Dec-07 155 ~ B1PFH2 19-Sep-07 2250 B1PY93 15-Nov-07 465 B1RC91 13-Dec-07 154 
B1RC82 27-0ec-07 7900 81PY35 4-0ct-07 431 B1PY95 15-Nov-07 148 

...., 
B1RCB7 13-Dec-07 5990 B1PPR7 18-0ct-07 470 B1PY37 4-Oct-07 157 > 
B1PYC2 15-Nov-07 4300 B1RS30 l-Nov-07 453 B1PPR9 17-Oct-07 149 
B1PYS4 4-Oct-07 3130 B1R182 29-Nov-07 502 B1R532 l-Nov-07 144 
B1PPV2 17-Oct-07 3410 81RB16 27-Dec-07 386 B1R1B4 29-Nov-07 158 
B1R522 29-Nov-07 5410 B1RB17 27-Dec-07 446 B1T2J9 12-Feb-08 172 
B1R523 29-Nov-07 6740 B1T2J7 12-Feb-08 266 B1RR33 7-Jan-08 164 
B1RS48 1-Nov-07 4460 B1RR32 7-Jan-08 345 B1RR34 7-Jan-08 161 
B1T280 22-Feb-08 16000 B1TVT1 21-Apr-08 453 BlTVTS 21-Apr-08 147 
B1THY2 26-Mar-08 39900 B1TVT2 21-Apr-08 449 B1TJ34 10-Mar-08 149 

B1TJ32 10-Mar-08 304 



Table B-1. PERIODIC GROUNDWATER SAMPLES (CONTINUED) 

Well HEIS# Date Cr6+ (ul/L) Well HEIS# Date Cr6+ (ul/L) 
199-DS-104 B1ML65 22-Mar-07 6840 199-DS-119 B1V254 21-Apr-08 5050 

B1MCR3 15-Mar-07 523 
B1MCR4 16-Mar-07 5 199-DS-120 B1V255 25-Mar-08 521 
B1NP25 25-Jun-07 7260 
B1N704 31-May-07 7040 199-DS-121 • 23-May-08 60 
B1N768 24-Apr-.07 6720 
B1N796 17-May-07 7290 199-DS-122 • 16-May-08 22400 
B1P078 9-Jul-07 6570 Cl) 

BlP0Cl 24-Jul-07 5610 •Entries in the HEIS database for these sample 0 
~ B1P0F7 9-Aug-07 5270 ID numbers are incorrect. I 

B1POF8 9-Aug-07 5520 w 
00 

to B1NP50 ll-Jun-07 6670 ---.J 
VI I 

B1P7R0 5-Sep-07 4840 -.J ~ 

0 BlP813 22-Aug-07 6090 

§ B1PFD7 19-Sep-07 5330 
81RC72 27-Dec-07 12200 
B1RC93 13-Dec-07 11400 

> BlPY97 15-Nov-07 10900 
B1PY39 4-0ct-07 6690 
BlPPTl 18-Oct-07 8560 
B1R534 1-Nov-07 9940 
B1R186 29-Nov-07 10900 
B1T2Kl 19-Feb-08 9550 
B1RR37 11-Jan-08 1110 

B1TVT7 21-Apr-08 6310 



Table B-Z. APRIL 2007 DEPTH-DISCRm GROUNDWATER SAMPLING 

Well Date Sampled HEIS# Samplr11 depth (fl) Cr6+(ma/L) NO3 (ml/1.) Well Date Sampled HEISI Sampfr11 depth (ft) Cr6+(mc/l) NO3(ma/L) 

199-05-97 4/4/2007 B1MLT4 85.9 0.794 47 199-05-99 4/5/2007 81MLX4 86.6 8.72 42 

B1MW70 85.9 0.797 so BlMLXS 88.6 8.74 39 

81MLT5 87.9 0.793 so B1MLX6 90.6 4.86 40 

81MLT6 89.9 0.792 so B1MLX7 92.6 7.4 40 

81MLT7 91.9 0.793 53 81MLX8 94.6 8.7 34 

81MLT8 93.9 0.791 53 B1MLX9 96.6 8.56 34 

81MLT9 95.9 0.784 56 BlMLY0 98.6 7.22 49 

BlMLVO 97.9 0.793 53 B1MW72 98.6 8.16 43 

BlMLVl 99.9 0.788 54 81MLY1 100.6 8.42 41 

81MLV2 101.9 0.79 52 B1MLY2 102.6 8.S 63 

B1MLV3 103.9 0.799 54 81MLY3 104.6 8.74 41 en 
81MLV4 105.9 0.816 53 81MLY4 106.6 8.48 41 C) 
BlMLVS 107.7 0.787 so BlMLYS 108.6 6.26 52 ~ B1MLV6 109.9 0.78S 50 81MLY6 112.6 9.1 47 w 
81MLV7 111.9 0.786 S3 B1MLY7 112.6 6.72 43 00 

tp B1MLV8 113.2 0.5S 52 
-..J 
VI 

I 199-D2-11 4/S/2007 B1MW89 84.7 0.011 24 -..J 
VI 

199-D5-98 4/4/2007 B1MLV9 83.4 0.3S 57 81MW90 86.7 0.008 25 0 
BlMLW0 85.4 0.343 58 B1MW91 88.7 0.007 21 ~ B1MW71 87.4 0.343 57 B1MW92 88.7 0.008 22 

B1MLW1 87.4 0.355 58 B1MW93 90.7 0.008 21 ~ 

B1MLW2 89.4 0.347 58 B1MW94 92.7 0.011 22 > 
B1MLW3 91.4 0.353 64 B1MW95 94.7 0.009 22 

B1MLW4 93.4 0.363 57 81MW96 96.7 0.01 22 

B1MLW5 95.4 0.35 60 B1MW97 98.7 0.009 20 

81MLW6 97.4 0.344 58 81MW98 100.7 0.01 23 

B1MLW7 99.4 0.344 56 81MW99 102.7 0.013 21 

B1MLW8 101.4 0.346 53 BlMWBO 104.7 0.014 22 

81MLW9 103.4 0.345 57 BlMWBl 106.7 0.015 22 

BlMLX0 105.4 0.347 60 81MWB2 108.7 0.016 20 

BlMLXl 107.4 0.346 58 B1MWB3 110.7 0.024 22 

B1MLX2 109.4 0.35 55 81MW84 112.7 0.005 21 

B1MLX3 111.4 0.343 59 



Table B-2. APRIL 2007 DEPTH-DISCRETE GROUNDWATER SAMPLING (CONTINUED) 

Well Date Sampled HEIS# Samplng depth (ft) Cr6+(mg/L) N03(mg/L) Well Date Sampled HEIS# Samplnc depth (ft) Cr6+ (mg/L) NO3 (mg/L) 
199-05-103 4/10/2007 BlMWOl 87.8 0.17 S8 199-05-104 4/9/2007 B1MWF7 84.8 S.1 75 

B1MWD2 89.8 0.17 52 B1MWF8 86.8 5.36 75 
81MW03 91.8 0.18 5S B1MWF9 88.8 5.1 77 
81MWD4 93.8 0.18 54 BlMWH0 90.8 5.1 74 
B1MWD5 95.8 0.18 52 B1MWH1 92.8 5.12 80 en 81MWD6 95.8 0.18 53 81MWH2 94.8 5.36 75 Cl 
81MWD7 97.8 0.18 55 B1MWH3 96.8 5.3 74 ~ B1MWD8 99.B 0.18 S3 B1MWH4 98.8 5.06 76 I 

w 
B1MWD9 101.8 0.19 53 BlMWH5 100.8 5.36 79 00 
BlMWFO 103.8 0.19 57 B1MWH6 100.8 5.1 82 -....J 0:, Vt 

I 81MWF1 105.8 0.19 52 B1MWH7 102.8 4.88 74 -....J 0\ c:, B1MWF2 107.8 0.19 55 B1MWH8 106.8 5.06 81 
B1MWF3 109.8 0.19 52 81MWH9 106.8 5.44 85 ~ B1MWF4 111.8 0.19 55 BlMWJO 108.8 4.76 77 
B1MWF5 113.8 0.19 55 BlMWJl 110.8 5 83 ~ 
B1MWF6 114.8 0.08 52 81MWJ2 111.8 4.4 81 > 



SGW-38757 ORA.Ff A 

Table B-3. MARCH 2008 DEPTH-DISCRETE GROUNDWATER SAMPLING 

Well Sample depth (ft bgs) Elevation (ft msl) Cr(Vl)mg/L HEIS# Static water level (ft bgs) 
plus sampling time/date 

199-04-15 86.1 384.99 1.45 BllV52 84.1(12:153/11) 

88.1 382.99 1.45 B11V53 

90.1 380.99 1.45 B11V54 

92.1 378.99 1.45 B11V55 

94.1 376.99 1.45 811V56 

199-Ds-98 83 385.76 0.235 B11V67 81.0 (08:55 3/12) 

85 383.76 0.252 811V68 

87 381.76 0.261 B11V69 

89 379.76 0.263 B11V70 

91 377.76 0.273 B11V71 

93 37S.76 0.267 811V72 

95 373.76 0.29 B11V73 

97 371.76 0.28 B11V74 

99 369.76 0.28 B11V75 

101 367.76 0.276 B11V76 

103 365.76 0.278 B11V77 

105 363.76 0.278 B11V78 

107 361.76 0.272 B11V79 

199-DS-99 86.7 385.54 29.4 B11V37 84.6 (13:00 3/12) 

88.7 383.54 31.1963 B11V38 

90.7 381.54 31.6719 B11V39 

92.7 379.54 32.1476 B11V40 

94.7 377.54 30.7206 B11V41 

96.7 375.54 31.1963 B11V42 

98.7 373.54 30.2449 B11V43 

100.7 371.54 29.2936 BllV44 

102.7 369.54 30.2449 BllV45 

104.7 367.54 28.818 B11V46 

106.7 365.54 27.8666 B11V47 

199-05-104 86.8 385.38 7.97 B11V22 84.8 (09:44 3/11) 

88.8 383.38 7.74 Bl1V23 

90.8 381.38 7.51 BlTV24 

92.8 379.38 7.74 B11V25 

94.8 377.38 8.89 BllV26 

96.8 375.38 8.43 BllV27 

98.8 373.38 8.2 B11V28 

100.8 371.38 8.66 B11V29 

102.8 369.38 8.66 B11V30 

104.8 367.38 8.43 811V31 

106.8 365.38 8.66 B11V32 

199-DS-120• 87.5-88.4 271 B1TC79 13:053/3 .. 

92.5-93.5 114 81TC80 11:14 3/5 .. 

97.8-98.5 189 BlTC81 11:353/6 .. 

102.0- 103.2 226 B1TC82 14:003/10 .. 

106.5 -107.5 544 BllVJ0 11:003/12•• 

•oata for this well obtained through a drill-and-test sequence during well construction. 

• •static water level not recorded. 

B-7 



SGW-38757 DRAFT A 

Table 8-4. JUNE 2008 DEPTH-DISCRETE GROUNDWATER SAMPLING 

Well Sample depth (ft bgs) Elevation (ft msl) Cr(VI) ml/L HEIS# Static water level (ft bis) 

199-DS-99 85.5 386.9 2.99 B1W0S3 84.0 (11:30 6/11) 

88.S 383.9 2.99 BlW054 

91.S 380.9 2.61 BlW0SS 

94.S 377.9 2.61 B1W056 

97.S 374.9 2.36 B1W057 
100.5 371.9 2.86 B1W058 
103.5 368.9 4.48 B1W059 
106.5 365.9 10 BlW060 

199-DS-104 85.7 386.8 6.23 B1W037 84.2 (09:35 6/11) 
88.7 383.8 6.61 B1W038 
91.7 380.8 6.51 B1W039 
94.7 377.8 6.51 B1W040 
97.7 374.8 6.26 B1W041 

100.7 371.8 6.26 B1W042 
103.7 368.8 6.51 B1W043 

106.7 365.8 6.26 B1W044 

199-DS-119 85.7 386.8 2.18 B1VYX9 84.2 (08:05 6/11) 

88.7 383.8 2.23 BlVYY0 

91.7 380.8 2.25 BlVYYl 
94.7 377.8 2.25 B1VYY2 
97.7 374.8 2.23 B1VYY3 

100.7 371.8 2.27 B1VYY4 

103.7 368.8 2.26 BlVYYS 
106.7 365.8 2.2 B1VYY6 

199-D5-120 84.4 386.9 0.138 B1VYW3 82.9 (09:22 6/9) 
87.4 383.9 0.129 B1VYW4 
90.4 380.9 0.123 B1VYW5 
93.4 377.9 0.149 B1VYW6 
96.4 374.9 0.333 BlVYW7 
99.4 371.9 0.544 BlVYW8 

102.4 368.9 0.552 BlVYW9 
105.3 366 0.578 BlVYX0 

EQUIP BLANK <0.002 B1W079(EB) 

199-DS-122 84.6 386.8 20.8 BlW021 83.1 (11:40 6/9) 

87.6 383.8 22.6 B1W022 
90.6 380.8 22.6 B1W023 
93.6 377.8 22.6 B1W024 
97.4 374 22.3 BlW025 
99.6 371.8 22.6 BlW026 
102.6 368.8 22.8 B1W027 
105.6 365.8 22.3 BlW028 

B-8 



Table B-5, FY2007 SEDIMENT SAMPLES 

Well Date Depth (ft) cr6+ (mg/kg) Total Cr (me/kg) Well Date Depth (ft) Cr6+ (mg/kg) Total Cr (mg/kg) 

199-05-97 9-Feb-07 5 <2 199-D5-99 2/14/2007 5 <2 

9-Feb-07 10 <2 2/14/2007 15-17 <2 9.7 

9-Feb-07 15 <2 2/14/2007 17-21 <2 

9-Feb-07 20 <2 2/14/2007 28-31 <2 8.5 

9-Feb-07 26 <2 2/14/2007 34-35 <2 4.4 

9-Feb-07 30 <2 2/15/2007 40 <2 

9-Feb-07 35 <2 2/15/2007 45 <2 5.6 

9-Feb-07 40 <2 2/15/2007 50 <2 

12-Feb-07 45 <2 2/15/2007 55 <2 5.2 

12-Feb-07 so <2 2/15/2007 60 <2 

12-Feb-07 55 <2 2/15/2007 65 <2 4.2 

12-Feb-07 60 <2 2/15/2007 70 <2 

12-Feb-07 65 <2 2/15/2007 - 75 <2 6 
Cf.) 

C) 
12-Feb-07 70 <2 2/15/2007 80 <2 ~ 
12-Feb-07 75 <2 2/15/2007 81 <2 9.2 I 

l>,) 

· 13-Feb-07 80 <2 2/15/2007 85 <2 9.4 00 
--..J 

t:c 13-Feb-07 85 <2 Vi 
I --..J 
\0 0 

Well Date Depth (ft) Cr6+ (mg/kg) Total Cr (mg/kg) Well Date Depth (ft) cr6+ (mg/kg) Total Cr (mi/kg) 

~ 199-DS-98 2/8/2007 5 <2 199-D2-11 2/28/2007 5 <2 

2/8/2007 10 <2 2/28/2007 10 <2 ~ 
2/8/2007 15 <2 2/28/2007 15 <2 > 
2/8/2007 20 <2 2/28/2007 20 <2 

2/8/2007 25 <2 2/28/2007 25 <2 

2/8/2007 30 <2 2/28/2007 30 <2 

2/8/2007 35 <2 2/28/2007 35 <2 

2/9/2007 40 <2 2/28/2007 40 <2 

2/9/2007 45 <2 2/28/2007 45 <2 

2/9/2007 50 <2 3/1/2007 so <2 

2/9/2007 55 <2 3/1/2007 55 <2 

2/9/2007 60 <2 3/1/2007 60 <2 

2/9/2007 65 <2 3/1/2007 65 <2 

2/9/2007 70 <2 3/1/2007 70 <2 

2/9/2007 75 <2 3/1/2007 75 <2 

2/9/2007 77 <2 3/1/2007 80 <2 

2/9/2007 80 <2 3/1/2007 85 <2 

2/9/2007 85 <2 



Table 8-5. FY2007 SEDIMENT SAMPLES (CONTINUED) 

Well Date Depth (ft) Cr6+ (mg/kg) Total Cr (mg/kg) Well Date Depth (ft) Cr6+ (mg/kg) Total Cr (mg/kg) 
199-05-102 3/1/2007 5 <2 199-DS-104 3/13/2007 5 <2 

3/1/2007 10 <2 3/14/2007 15 <2 
3/2/2007 15 <2 3/14/2007 20 <2 
3/2/2007 20 <2 3/14/2007 25 <2 
3/2/2007 25 <2 3/14/2007 30 <2 
3/2/2007 30 <2 3/14/2007 35 <2 
3/2/2007 35 <2 3/14/2007 40 <2 
3/2/2007 40 <2 . 3/14/2007 45 <2 
3/2/2007 45 <2 3/14/2007 55 <2 
3/2/2007 50 <2 3/14/2007 60 <2 
3/2/2007 55 <2 3/14/2007 65 <2 
3/2/2007 60 <2 3/14/2007 70 <2 en 
3/5/2007 65 <2 3/15/2007 75 <2 0 
3/5/2007 70 <2 3/15/2007 80 <2 ~ 

I 

3/5/2007 75 <2 w 
00 

t:c 3/5/2007 80 <2 --.J 
V. 

I --.J -0 
Well Depth (ft) Cr6+ (mg/kg) Total Cr (mg/kg) 0 Date 

~ 199-05-103 3/12/2007 5 <2 
3/12/2007 10 <2 ~ 
3/12/2007 15 <2 > 
3/12/2007 20 <2 
3/12/2007 2S <2 
3/12/2007 30 <2 
3/12/2007 35 <2 
3/12/2007 40 <2 
3/12/2007 45 <2 
3/13/2007 50 <2 
3/13/2007 55 <2 
3/13/2007 60 <2 
3/13/2007 65 <2 
3/14/2007 70 <2 
3/15/2007 75 <2 
3/15/2007 80 <2 
3/16/2007 84 <2 



Table B-'. FY2008 SEDIMENT SAMPLES 

Well HEIS# Depth (ft) . Cr-+6 (m&iks) Total Cr (mg/kl) Well HEIS# Depth (ft) Cr+6 (ma/kl) Total Cr ( ms/kg) 
199-D5-119 B1TJ64 5 <0.2 13.4 199-DS-121 B1TJ96 5 <0.2. 9.5 

B1TJ65 10 <0.2 6.9 B1TJ97 10 <0.2 7.1 
B1TJ66 15 <0.2 5.9 B1TJ98 15 <0.2. 5.5 

B1TJ67 20 <0.2 5.7 B1TJ99 20 <0.2 6.4 
B1TJ68 25 <0.2 6.0 B1TJBO .25 <0.2 6.4 
B1TJ69 30 <0.2 5.2 B1TJB1 30 0.21 5.7 
B1TJ70 35 <0.2 4.0 B1TJB2 35 0.31 5.6 
B1TJ71 40 <0.2 7.0 B1TJB3 40 <0.2 6.9 

B1TJ72 45 <0.2 3.6 B1TJB4 45 <0.2. 6.7 
C/.) 

B1TJ73 50 <0.2 4.7 B1TJBS so <0.2 4.7 C) 

B1TJ74 55 <0.2 4.5 B1TJB6 55 <0.2 7.1 ~ 
I 

B1TJ75 60 <0.2 5.6 B1TJB7 60 <0.2 7.1 v,) 
00 

tx, B1TJ76 65 <0.2 4.8 B1TJB8 65 <0.2 4.3 --.J 
VI 

I --.J .... B1TJ77 70 <0.2 8.3 B1TJB9 70 <0.2 6.3 .... t, 
B1TJ78 75 <0.2 7.5 B1TJC0 75 <0.2 5.9 

~ B1TJ79 80 <0.2 8.8 B1TJCl 80 <0.2 8.1 
i-:i 

Well HEIS# Depth (ft) Cr+6. ( mg/lrg) Total Cr (mg/ks) Well HEIS# Depth (ft•) Cr+6 (mg/lrg) Total Cr ( mg/kg) > 
199-D5-120 B1TC57 15-17 0.22 8.4 199-Ds-122 BlTJBO 5 <0.2 12.8 

B1TC58 20-22 0.85 9.9 B1TJ81 10 <0.2 5.9 

B1TC59 25-27 0.34 9.3 B1TJ83 20 <0.2 7.5 

B1TC60 30 <0.2 9.1 B1TJ84 25 <0.2 20.9 

B1TC61 35 <0.2 6.9 B1TJ85 30 <0.2 5.1 

B1TC62 40-42 1.5 4.5 B1TJ86 35 <0.2 6.0 

B1TC63 45 <0.2 8.5 B1TJ87 40 <0.2 4.4 

B1TC64 50 <0.2 5.4 B1TJ88 45 <0.2 3.9 

B1TC65 55-57 0.25 54.4 B1TJ89 so <0.2 6.3 

B1TC66 60 <0.2 8.1 B1TJ90 55 <0.2 8.3 

B1TC67 65-67 <0.2 9.5 B1TJ91 60 <0.2 5.1 

BlTC68 67-69 <0.2 7.4 B1TJ92 65 <0.2 5.9 
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APPENDIXC 

DEPTH-DISCRETE GROUNDWATER SAMPLING 

FIELD LOGS - MARCH 2008 

199-D4-15 

199-D5-98 

199-D5-99 

199-D5-104 

FIELD LOGS - JUNE 2008 

199-D5-99 

199-D5-104 

199-D5-119 

199-D5-120 

199-D5-122 

LETTER REPORT Demonstration of Depth-Discrete Sampling using the So/inst® Model 425 
Discrete Interval Sampler•, S. H. Hall, 2008. 

Planning for Depth-Discrete Groundwater Sampling in the 100-D Area, S. H. Hall , 2008. 

* Appendices to the original letter report omitted. 
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~.~, ..... 
I ,- . 

Page ..L of_#_ -BOREROCE LOG ,,," Date: ·MAR Cl OS 
Well ID: 1J fs'O?J I Well Name: l C\ 'f ... b 1-f - I _r- location(n1/ ~~/.a_ 100-H/l.-3 

.iz:;-,t;l\$t t)e~ / J/~rf. ~AI/AJJ/,•,., 
, 

AJ!b t-.il o ,t Ccc},,~~ Project: Reference Measuring Point 

Sample 
, 

Sample Description ,f, 1/("' comments 
Dep~ Graphic 
{Ft.) ·yr Blows Log Group Name, Grain Size Distribution, Soil Classification, De~ of CasJng, DrilU~Method, 

Color, Moisture Content. Sorting, A,:igulfoWcMlneralogy, ·Me od of Driving Samp ng Tool, ~~ ··· o. Recovery Max Particle Size, Reaction to I Sainoler Size Water Level · 
'JJ\~£T ,_ 

-,,.L~97,l bas 1r.:_ J&.~ 
])TR I-A.£./ "•''I "' - IA,f~,,. e.._..._, ...... ,. .... A, -
f'~.l - t!J • .;, - '~ 'Tnt:. ~ ~. 2 '> "'"""',,_,L C4'r~,i -..,._ SW\. T'7. 2.4r TdC ,e ,r,,~ 

-
T.O.l0i£'1'~ ~te.-, 1<'l:.:;:: '""•~1,c;..., -

'I.•\ .... , '"c. - '- ... ,,...,.,:J,# h-- "SA .... .I:.-'<- +;,... -
c;,q :t -~- -;,q '-1. u., I :t 11"7 - -- - •i.. - -

11:r- q I.~ q 1.1 ,r~J f "l <"l. 

- ,s.~ q '3.1 q,0, I ('3 0'7 - <)..(', "I q s-., Qf,I l ?IC:-- t-7.~ 'i 7. I 'Ill.I l'!;tS° ---
fi ' ~ 

Id - • 
~ ----

--15'-
-
-
-
-

100-

-
-
-
-,,s-
-
-
-
-

'"'--
-
- -

Reported By: <$. H. Hedi Reviewed By: ~ c..v/,. ~~ 
Title: /4~c,c/c~#Jsf- Title: /"flflfA,,,-. qe,/ . .fi-74... ~. I T-e'°"' 
Signature: ~ // I Date: 3/.•/p"d' Slgna'rure~ ~,# _ .J. I· oate: t:t/,~/4, 

., 
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r,c, r, 
' ' - . .. 

Page ....1.. of _I -SOREi 101£ LOG 
/'\ Date: H~ t'l 'o'l' 

Well ID: /: 5jCJ J I Well Name: {t:f<t,D-; ~ 9 i' Location: ,Aj/~ /:.; /()0-f/A-J 
Project: SoU.-.1i ~IJ\., /1)~.,,t. ~,,,.,., I/ --. iiAil •/ Reference Measuring Point: 'J;; ,, C•S-~ 

Sample 
, , 

Sample Description l.c,ib' L~ tGmments -
Depth Graphic -7'7V~ 

(FL) Jlc! Blows Log Group Name, Grain Size Distribution, Soil Classification, ~ of-Drill~ Method, 
Color, Moisture Content. Sorting; Angula~CMineralogy, e od of Samp ing Tool, 

1?(:,~ Recovery Max Particle Size, Reaction to I Samoler Size Water Level 

"75-
1~~ \'1Mlcd..,,_ ... .,u~\ - -f> 0"'1"1 r.1>,,,l.,,J B ,,. ,,..,-, <:. .. re ... 79 . .,_ .. ,e,t1,-:,. b.s 
Cc5-S ,I . 

~"rW I 1-:Z., 7 1 J.~ ,r 
... 

-
•,t ,t.,. CAS••- :l~S 1 

-
0 ... ..1 (),3 1 

-
'Ti>C 3, TI')>• NcJ.J 1111,t#IC.< -

1"0- ·~ n'T"t., n-. 1rr ;-,, B> /'> w s s-

- _v._ --- ti---'-:" 
Fl~.., -roe.:;; I ct-3 , 7 ~ Z ..,. -

"TA-lti"~: -- "11..-'- Tor - ;Qi. L .. - -· :.l.., \.,.-~ -< .. - _, ·-- -1-;ft\-t.. - -'11~.e. ~~-,, -Aile=?> 15.f'- '9:.'<, f" - 27.Y ~., ·" ~~.I\ IP~> -
1r,.1 ~,. t'r'7n Jp1t/ -- ,,. a- q I,(. 1S'.o lt>:1 > -
'1'1 . ., "t.L. 'f I .l!J 101'---

fl)- ,~~ 4~l. '?J.A ft)I/' 

<11. a 47J_ <;~_,, I I II --
9.9.~ Q9,/_ 9?.1' ,, .,,., . 

-
1/>I Jlo' ,~1.l. 'IQ,/) I I 21$ --

- . O'JJ.~ , ... ~.~ ,,. ' J'.I ,, -tS 

9{- ~ IAC:Jt l(!)h° /,. /Lt?A. 
,, ,,..,. - t 1~·x1r ID,,,9 ,~~ ~ II t:"I - I /01.11' IA'7~ 

. 
I A'I./> I ~II() -- Ill . 

-
--

IN?-

---
----

'"," -
---
-,,,_ 
-
-
-

Reported By: ~ ./l.)/,AL.t.. Reviewed By: >. w ./) _I_ 

• , roe;.,r-, """ 

Title: G.h..~~~/0' Title:)"'trr . ., /}A~ I Toe 
Signature: 5,-:,!, ~ I Date: 7./,,/, fr Signature~!!/ 2 I Date1/to µ,f . 
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£::1~1 'f""\ 
I • ... .,_ -

Page _L of _I_ --BOREi IOLE LOG 
,I Date: 11.4t /3 ~ 

Well ID: C5;$f;J-. I Well Name: /ft,l'J> ,..99. Locatlon:,{f;~ /~t,-fl~-:J 
Project: ~t>lh.st De-"'" /if.Ht ~~ I }.A C 

.. , . ~ 
Reference Measuring Point: ~ , £ e-1r-....~ 

Sample 
, ., 

-~ ~ 'comments 
Depth Graphic 

Sample Description l,,/41' 
(Fl) J/1 Blows Log Group Name, Grain Size Distribution; Soil Classification, De{hth of Casing, Orilli~ Method(. 

St..S 
Recovery Color, Moistur.e Content, Sarti~. Angula~tMineralogy, Me od of Driving Samp Ing Too , 

· Max Partida Size, Reaction to I Samoler Size, Watsr Level 
1HG&'r TN..M!l:.J.....,. • .r kltlll~,}/,;;J,. J'Jt>S-t;n $/l_A7,,., ... <-r..- ?'f, ~ ,,,,,,'I' 4,.., 7f°- -.a.~ 

t1_ ... J renfAt.-J J:it /1/._,7 Tl"l"R ,,-r.,/ '--., 
-:- I ().Jt~ ,,.,,., __ 2."~ 1 -

O ... J t:>. ! ,· -
7"C a_.r'>.efrwr&J a11;(AL~ -

~ 
1-o-n., :lt.7,-'t.' 1-rp~'\ /,i;> t'3h 

-
E"\e.,z roe.; {If '1,(.,q "" -

-
-_g_ --- - -6S'- ~--·- R.J-, 'Tilt:. Af I~·- ,__,,,J1J &.....c- <•-,./:- - ,J...,,l'I,,\_ - - <Q.'-,., 1"~1 9c;:J), . 1-r,11 -- 91, I "·" ~-7 · I '2 ..,_ "!. -,,_ ~? I ~']' 0 Q~.7 /~'VI 

- 9!T. I 9c'.A 91,..7 /3T7 -
97 I 17.l'J . Q'I. 7 12. c.Jq. ----- 'i9. I '19.a 9,.-, I 7.Sff -
Mr. I I/JI.() ~tf. '] JI.lb~ -,r-i-- /1J'2,I ,,,1.0 /lo.-, I '1'11/ 

- I ltJ<:. I JIJ<:.O /11!,"-.7 II/~ - IIJ? I lt'1 o (0'1.7 1,J :I!/ - ,,.,~ ,,.,9 I 111c; .IJ ,,,,1., 7 ---
✓,,----

-
I---

-,,r--
-

I-----
-
- ~ 

1111-

-
-
-

Reported By: S.r/.llALL Reviewed By: >. c✓, ;. w~>-d-
ntle: llE!'l?Cr-f€>1'11aT Title: .Hit~, iJA~ .Tc~ 
Signature: -- .u .J"/A /), I Date: ~/,,/p, Signawr; c,S;s'. ( t,:' ✓ I Date;1p,e,,/4f 
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c::, c, 1"'""\ 
' ' ..... Page _J_ of _I_ !OPt!l'IOL! tOG 

A Date: HM. 11 ~S( 

Well ID: CS'/M I Well Name: IC\ct--b6"-- ID"f Location: ~,,.,J/1+ 1~-HJt-;7 
Project: s~fhui 'Delt'o /1 ~f. c--~/,•,.,_• ~.r•, 

Reference easuring Point A.~ _/IHfl ,/' t"t6,r-./ 

Sample 
, I 

'"iample Dascrlptlon 
~ ·e,-z~'°mmanta 

Depth Graphic ,, 'CY: 

{Ft.) )r Blows Log Group Name; Grain Size Distribution, Soll Classification, ~th of =DriHin~ Method, 
~G., Recovery Color, Moisture Content. Sorting, Al)gulamcMineralogy, od of ~ !no Tool, 

· Max Partlcle Size, Reaction to I . Samoler Size, Water Level 

'1(-
"'1\~ T<'il,. • .J - - - f'-r.._.J~J.. di"!. O#f .r-1 ..C,. ,._,. __ J,,,.,. . ~c-rr- s,-,.~- 1111.,' bd' 
'Sa.'S 

f"c.- .. ,',u~..._11 .. .J (A) 1/:,j-, ' -, ,;'7,(' J,., 1 DTJI' -
t:'>,,"-"c•&.i .. ._ i. ~ -
~ .. .t O,&.f' - -ro ~ •. ti I > 11 H»""'- &llt'f..t~ -

&,- t>-r"1 .in ~ I/~ 1f 7 · 701 -rN.-

.... 
. ~If" TIC.:= l't~ -~o~- ... -

-
- _\]__ 

11-r- -- -- .... - - T.A21:.0'l 

· 11 .. \~· 7,x;,_ . .4-4 1 ...... ___ ,J_ .....~ ...: <~--': ... , 1-,""~ -
- "-- 1'q,7 -,,,q. I ;;. ·" ,,,,,< 

917 q I,,;- ,r~.1' II>~ c--- '1'1. 7 ~T.. > ~A 1l It>~(" -
10- 9S.1 91j,f' 0'1, l' 'f)/f} 

-- q-,,, <17.~ 5''1. ~ ,~r-r-
t!/9, 7 ,, . .;- CL.~ 11•~ -

-- liJf .7 te>l,5" qt',9 · 111-z.. 

liH,7 lt>.'-5" 1L1,.~ - I l:ZO 
. -

fS"- - IDS.7 IP~,;- IL> '1..1( ,, '111' 

~ 
JO?. "1 IA'J ~ IP'I.~ )I 'C'" - . 

-- . .. . ln .91 J,>9< JJ')L. q t/'f'7 
Cjj 

- j --,.,.__ 
--
-
--

' -,~c-----
-
- " ,,,_ 
-
-
-

Reported By: S, H. HALL- Reviewed By: C 4/. j/~- - . ., . , . 
Title: <Seoc.,.Ao.a ;s-f- Title: M~r .. l)A-.~-:i i~ 
Signature: b,";,~ I Date: ~/, ,/, y Signatu~ !!t~ ·.._;;,;z I Oat.: 1 Jt>h>I . . 
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eoR'e'tfo"t::E LOG Page _l_ of~ ,__ ______ . .J'/.d/ /. Date: t., /1,f ov 

Well ID. ~--C5$¢f z I Well Name: , q 9~.A<'., 99 location: ~·, - r ~ '7 -H/< -J 
. : - - ~-.. //erf, .S-4~'"' c; Reference Measuring Point: ~ ,7;£1,-~ e-5,...._,, 

Sa,;le , Sample Description ~, M' ;[, ~mments 
Depth 1------------1 Graphic 1------------------..:!..,,,~~~-------~ 
(Ft.) ;r. Blows Log Group Name, Grain Size Distribution, Soil Classification, Oeoth of Casin,g, Drilling Method, 

Recovery Color, Moisture Content. Sorting, AooularitvJ...Mineralogy, Melhod of Driving SampMng Tool, 
_ Max Partlcle Size, Reaction to AL.I Sampler Size, Water level 

- PA,J o. '.\' - ' 
- .. 
-
-

.. 
- - I- - -r------------------t-----------; 

-
-

-r.... ~ 
I 'f-..4"o1 .,,- . ,_ . ;: ... - ~ibc. ~ ...... 

""--
'I~- . 

-
4B"~. I;' 'i~.0 , .~-.J'-S 

~4il.s- cu.o ,~:Jo - - 9 I .S' - q..,,~ ,~ :'111 

- t:J'-1. ~ q'"7,D 1.2. ·. 'lk 

- q,s &'t:J(). /J ( ~: ,:i 
'15--

-
\t>o,< l d'J.O ,~ ·. f7 
tn-t S I o,.tJ , /) :d:5 
ID,.{ '"q,, I~-. 01' ---

-,~ --
-
--·-

/ff-
-

·-
-

Ill-
-
-
-

/' 

Reported By: ~~~ f J/ Reviewed By: 5. cJ. fl,de;µ,... 
Tltle: Ge,Jcle~/~t-
Signature: ~ tfJ I Date:JJ,/4r Signature:~. d I Date:f}.-,_,/43 
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..,,. r:-, -
• ·--u 

~/,~~ 
I Page _t_ of _i 'BOREt 181:E-LOG 
I Date: L h \ I()~ 

C6"'/d0 I Well Name:/f/9,!J.f', /~( 1,LA 
, 

/()o-H~-,l 
. 

Well ID: Location: n<-7-,-, 

Project: VL,r+. 6 Q,,,.,.~/,',- C Reference Measuring Point: ~ r,...J ~ c.~~ 
Sample / Sample Descrlptlon 1-r-T-/4~m•nts 

-
Depth Graphic 
(Ft.) 1,z. Blows Log Group Name, Grain Size Distribution, SoR Classification, · Dera of~~ Drill~ Method, 

Recovery Color, Moisture Content. Sorting, Angulari~CMineralogy, Me od of O Samp Ing Tool, 
. Max Particle Size. Reaction to I Samoler Size, Water Level 

?)-~ 
~--- -- - • lt'A , .... r iiJ;: oq~~ 1- . ---11d

1 
l, .. 4 

~ o.,,.o .. ·- _I ~ /(}~2- » ..... ...... r'J...; - ' "-·"'- ,.-.a ,'111., :;_ S' , -
O~ 1 0 . .-' -

IT.v- ~.9> - j ~urhc~ -
"e"- OT..i - --.-.~-~-,. 1-' i,,.., 

- .~ tje:b. c:;.,7. ,.,, b _v ~ '..,j 

r.:;;;> ()9'3.s- v_,,..,J,V -
- <~-L"' 3.,- ~ l,AJ pg 
_\7-_ 7o---¼ J•-r---f- ~ .... -• h.-• ~o-~l '\" .s I I 

-. -- ~~ - \.a..V ~ \i-fi>~ +:~4. 'Tt>c. ~.o' > ctN""Js,&e1 !,- ,,~ . ..., ~qs-1 
-

~ ~~, -
«~.? q, .1 ~/l.r'I -

to
0

06' q,,, 'I~ ,7 -- qa1,1 'l7.") ,,, ,'l - ir;.r-r fO- '#7.7 I~· ."7 
I 0~.'7 /t,~."'r JO !:r"t. -- ln3,7 I o,.7 Ir,~~ -
, o&.. ,-, lbc.' 7 ,.,,....,., 

-
-,r__.:. -

! -
-- ~ 

-
-

/Id---
-
---

r~f-
-.,__ 
-
-
- '' ii 

IJO-

-
-
-

Reported By: -6. ~. HeJ.I Reviewed By: $. w. 7/A,t,;-s.-,-
Tide: f- e,, .-::.1 C .,,_: 6 'I Tide: )1,,, r. . /)/J-~-~ r-e---;;t, 
Signature: ;!£; ,,{//_/ I) I Date: 6 /11k1 

lJ,' t~/d "i7 1gna ur . .- ~v,1 ~ I Oate:1p#fo$ 
,, 
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s::, l:'1 r"') 

I I -- - Page_Lof_t 88REHOtE LOG 
f~lf/ /_ Date: ~/l\/~ 

Well ID: ('~~1.> I Welt Name) 19-1)!,'-JI 9 Location: ~ ,, - ft,(>-;-;~ -J 
Project: u~, t-. SAi"' p I: t& ~ Reference Measuring Point ~,J ,t e-'41,"'-# - fF /4 /ar Co~mants 

-
Depth 

Sample 
Graphic 

Sample Description 

(Ft.) ;t. Blows Log Group Name, Grain Size Distribution, Soil Classification, De{hlh of Casln~, DriUi~ Method, 
Recovery Color, Moisture Content, Sorting, M.gulari~CMineralogy, Me od

1
~~ Driv g Sam ing Tool, 

Max Particle Size, Reaction to I Sam er Size. Water Level 

?~- ~I\U ~C~n 1/,1.'fY,lfl.~
1 

J,,et' 
e,6~ 

fl'fF 111., I & _'fS 
-- ,£.,,,,f. IJAf,r 9,s•. ;1r C, "\ C - w .. 1-., Ii) s.,. ,~ \:.,~ -

/QO'tt'l)S---
11>- 1,..? t s-J..•-1. .. .o 

<',JI t \"\a.J I - :-. -roe- ;t,(') ')t ---&& j • .,,,-,.,., - --
-_'l._ - - - I- - -,,.._ 

rA~/::"-T "\1\~i:;, -r,,-..e . -- "\1..G,l'S 'TOC. -
- ~ .;-. -, <g~.1 1)"71J.S - q-r< 7 ~ 1,7 /)~'3 _; -

1,- QI , '11L "1 . t>,r SD 

- q a.I., q7 .7 0 T\" S"~ - ~"'1-, - \ bO.i r-.007 
\ /Hl (!?</f,/ :7 - 1 101."7 

- JI')~ ... le>'-.7 tJ'IA..O 

'I!-~ ~ 11\'6,? 10 <l ,i 0,,1.") 

! -
---
-,_,_ --
-
---

//))-

---
-
-

110-- ' , . -
-
-

Reported By: s. I/. HAt-'- Reviewed By: 5. t,/. Avf-~ 
TIUe: G ~.#L"--~- :,t- nue: M"' ,,._., /J H:/'11. I -re~ 
Signature: ~ Jl,,{t,j{ I Date:b /J, ~~ SignabJre~~ _/_ I Date: 1 J.,f,t 
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SGW-38757 DRAFT A 

,:-1;:'1 Tl 
I ·-· ., Page ..L. of _f_ .g(3R!t=IOtE LOG 

,:?/~ / Date: f, I 'f I o,r, 
Well ID: C-.5~3'1 I Well Name: 1 'I 9 _ IJJ""',,. 1 :z 0 

--~·7,, Location: le>t:J ·-H~ -J 
Project: V..t.r-1. So....11:>I ,,.,,.. Reference Measuring Point ~ ;;,~ ,if C.J.>r--, . ... 

~ /·-~ ,£.,,, cfomments 
Depth 

Sample 
Graphic 

Sample Descrlptlon C> 
(Ft.) -r;t. Blows Log Group Name, Grain Size Diatrtbutlon, Soll Classiftcation, Def of CasinPn• Drill~ Method, 

Recovery Color, Moisture Content. Sorting, Angularnc Mineralogy, Me od of Drlv ng Samp !ng Tool, 
. Max Partida Size, Reaction to I Samoler Size, Water Level 

- '\,..~; ("t..1 £...,,,,, i"'t-..Jcc Th.,.,..-",~ <,M_ 71'.'1t/- 1or.r1''-• ?r- ,,.._.. 
1~1 u, .. ""-DSt.•••l l.'. wL.. i J,, .... .J.l . 1. I CI) ~ 1'.K J /!2 • ., , J, 1 .$ 

.., 
- "'° ~-", '-',.N'"C.f."i-t-..t. ~.o-l 

. 
Dr1. I r "t _, Z ~ • I I I, 4, - I 
'-~•- L -1 - - 'Tb C:. 2-i.J.1"> I -

- •"' 
ta H~l... 

410- Ir ...... ; .... ..:. -..J.•,kt-t~ ,,,,, 

- i\...t .:tl.~cf.tH':<Lr A.~I 

-_'({_ 
We~.-...,,~ b.. .. 

V - i-- - -
.... --

-~,:_ 
...... -r ....... -r--r ..,,_lt-,1' -r, ... 

1ifk -roe. -
-
-

i-- "'gfo/ ~ ~,.l ~: ~/) -
'i7,~ tia,.\ ;,,. ,,, -

c;e.,_ (I /J ·" q? .l I~ :,n - ; s ·" 9~., ,~ ·.,o - ~":-\ ,..,_ U):'i~ - f 
q9, l 

- t 
~,.~u..u I A~L I LI'\.<~ - ~ ' 0 -i."t I ",f', \ ,~ •, 0 ,_ -

,s-- Jl},S".t,/ I bl .J lt•.tt-
&:1 It : 11 ---

-
--'" ()_ -
-

i,-, ~ 

-
-A~ 

i--

-
-

'It ' -
-

1,0-
-
-
-

Reported By: -5'. H. lfALL Reviewed By: ~ w. /lvl-e..,-u,.. 
Title: C::..e.Al'.. l ... ,ltt..-f Title: Mir . ., LJA.,~I r~~ 
Signature: ~~Jj I Date:i/9/4~ Signatur:'~ .t7 /-...d¥ --~ 

-, __ _,,· .... ;,1 - - I Date: '7,l~r , 
~ / .. 
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SGW-38757 DRAFT A 

-r::1 JC/ ,-.. ,. , -
Page~of_L 'BOREi IOLE-t..OG ~;;.M Date: l,/q /tJ &-' 

Well ID: 1"'___'(9 :I~ I Well Name: I 'l'l,()~-IJ.1.. Location: '1'WI l"o -H//-J 
Project ile,. 1. ~ a.,i,.t1JJ,,IIA ~ . Reference Measuring Point . AVA To/ e:, /' ,,.c,' .. ,, 

Sample 
I 

Sample Description 'comments r 

Depth Graphic 
(Ft.) l;r. Blows Log Group Name. Grain Size Distribution, Soil Classification. D~f Casi119, Drllfi~Method, 

Recovery Color, Moisture Content, Sorting, Angula~CMlneralogy, M of Orivmg Samp ng Tool, 
Max Particle Size, Reaction to I Sampler Size, Wat.er Level 

1>- '1!11C,fl A,_' - ..l • - I' A C"ttG {.! .:Iv\ - - \ A I ( ,,,., I i'l- ,.,.llQ) ~r,,- 7?. 7-1()1. ct' 4,,u· 

~ \ h"1l ""•'fZ. I 1,.C' -
r:,-n,.J .t.~-t - ? ~. i, 'i,4 s -

- ·~ IA16-\?(' ~1,. 11' b~c -
(i:) 1t ·.'-lt1 - ~..1.-~1.~~ -;,,2 _.,,:(' 

~0-
~OP'\ 0: '/' I -

T<}c, 3-0
1 '> i..,,,. - __ g_ ..,, 

- i-----------
-,,_ -

!Akl=T '1'A9-.u£7 1l1,1t,.<.. -
- "tt4S ~ 10C--- - ---

~II C. <iS7 .t. I 2, •,J/) -
90- ~., " 'ti).'" ,1 :I( .. 

- q(I ·" q~,, ,1..~~o -
it~ '" 416., I 1:1 3 - ct, .l.-t ,2 9q, h - JS: I l E----<~ ti Jl(J.'I -- qq,'-, l01,,(, ,~ •,Z, l~ ttt..l • p 19. '• \, \ ,,_ :i IO 2," I o.i,I. ,~. Jd 
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Introduction 

In March, 2008, Freestone Environmental Services, Inc. ("Freestone"), demonstrated the use of a 
Solinst® Model 425 Discrete Interval Sampler at four 4-inch ID groundwater monitoring wells 
located in the 100-D Area of the Hanford Site. The demonstration had two goals, the first of 
which was to evaluate the practicality and ease of use of the Model 425 sampler for the purpose 
of obtaining depth-discrete groundwater samples from Hanford monitoring wells, which in some 
cases may be as narrow as two inches ID. The second goal was to determine the vertical 
distribution ofhexavalent chromium contamination in each of the four wells, and to examine the 
results as possible clues to the proximity of the source of chromium contamination. The 
demonstration was sponsored by Fluor Hanford's 100-D Chromium Source Investigation, and 
the field work was conducted March 11 - 12, 2008. Results and discussion relating to each of 
these goals are presented below. 

Depth-Discrete Sampler Description 

The Solinst® Model 425 sampler, shown in Figure 1, is a 
manually operated, reel-deployed, pressure-activated 
device that is available in a wide range of sizes and 
materials of construction, as described in the Solinst 
literature shown in Appendix A. The sampler used in this 
demonstration is the smallest standard size (nominally 1 
inch in diameter by 24 inches long), is made of stainless 
steel, and is attached to 200 feet of 0.25-inch OD 
polyethylene tubing. The tubing is marked in 5-foot 
intervals. Using this configuration (sampler size and 
tubing length) the tubing can safely support the weight of 
the deployed sampler. According to the manufacturer's 
representative, a separate stainless steel suspension cable 

Figure C-1. Solinst sampler, hose, 
and reel. 

is required for deploying a larger-size sampler, or for deployment to greater than 200 ft. A 
suitable cable is available from the manufacturer. 

Sources of Sampling Error 

Sampling depth uncertainty. Depth-discrete sampling using any type of apparatus is subject to 
uncertainty caused by water displacement, the volume of water removed, and induced vertical 
mixing. The I-inch OD x 24 inch sampler used in the present project collects approximately 175 
mL of sample volume (when fully submerged) at each sampling depth. However, the fully 
submerged sampler displaces approximately 350 mL of water and an additional 10 mL is 
displaced for each foot of submerged tubing. The sampler's displacement necessarily moves 
water in the well bore and aquifer, thus causing some uncertainty in the effective sampling depth. 
For example, if the sampler's intake is lowered to precisely 6 feet below static water table in a 2-
inch ID well, the sampler displaces water equivalent to the contained volume of 8 inches of the 
well bore. In a 4-inch ID well, the displacement is equivalent to 2 inches of well bore. The 
displacement will be partially compensated when groundwater flows into the sampler body. The 
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actual magnitude and direction of net sampling depth error depends upon well hydraulics, but it 
is clear that the narrower well presents the greater potential for offset error. 

Similarly, the cumulative volume of water samples removed from the well forces movement of 
water in the well bore and aquifer, and the magnitude of the possible error increases as the 
number of collected samples increases. 

Finally, the physical act of repetitively lowering and retrieving the sampler will cause some 
mixing within the well bore, so it is important to collect samples beginning with the shallowest 
and working downward. 

These sources of error can be mitigated by collecting samples and using sampling apparatus that 
are as small as practical, and by minimizing the number of sampling intervals in a well. The net 
error is extremely difficult to predict, but the author's experience in conducting tracer 
experiments using a submersible sensor comparable in dimensions to the lx24-inch Solinst 
sampler suggests that net sampling depth error in a 4-inch ID well, sampled at 2 to 3-foot 
intervals, is likely to have little or no practical effect on the representativeness of a vertical 
profile of chemical distribution. 

Water column representativeness. For depth-discrete sampling to be meaningful, it is necessary 
that the composition of the water in the well bore at any given depth be representative of the 
groundwater in the adjacent aquifer. An activity such as pumping the well or the installation or 
removal of the pump itself, which is usually a sizeable object, will clearly mix the water and 
disrupt compositional equilibrium between the well bore and the aquifer. Based on a review of 
the hydrogeology at the 100-D project site, it was estimated that a period of not less than two 
weeks should suffice to allow horizontal advection to flush a disturbed water column from the 
well bore and re-establish compositional equilibrium between the aquifer and the well. 

Field Campaign 

The pumps were removed from the four test wells in late January. Because of schedule 
constraints, however, the sampling was delayed until March 11 - 12. It was learned after the fact 
that one of the wells (199-D5-104, see below) had been sampled by purging and pumpingjust 
the day before the depth discrete sampling was performed. The data for that well are presented 
here for completeness, but cannot be viewed as representative of the adjacent aquifer. 

A detailed procedure for deploying the Solinst sampler was prepared by Freestone and is 
included in Appendix B. For this demonstration, the wells were sampled at 2-foot intervals, 
from 2 feet below static water level to approximately 1.5 to 2 feet above the bottom of the 
screened interval. Depth to water was measured at each well using an electric tape just prior to 
sampling. Depth to bottom and screened interval were obtained from the Hanford Well 
Information System during the sampling planning process. Appendix C contains the field logs 
for each of the tested wells. 
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Maximum well depth in this demonstration was 
approximately 110 feet below the top-of-casing, and 
maximum submergence (i.e., sampling depth) was 
approximately 30 feet. The internal pressure of the 
sampler was raised to 40 psig for lowering and retrieving 
the sampler for all sample depths (see Appendix B). This 
pressure is nearly double that required pressure for the 
maximum submergence, and was chosen for convenience 
(no field calculations required). 

For each sampling depth, after retrieving the sampler, the 
polyethylene tube was disconnected, the sampler was 
wiped dry, and the sample was drained directly into the 
sample container (see Figure 2). Then, the sampler was 
disassembled, rinsed with DI water, wiped dry, and 
reassembled. With two people working at a steady pace, 
samples were easily retrieved from a well at the rate of 
one sample every 7 to 10 minutes. 

A red dry-erase marker and measuring tape were used to 

Figure C-2. Draining a sample 
from the Solinst Model 425. 

temporarily mark target depths on the polyethylene tube. The use of the black plastic hose guide, 
which is supplied with the sampler, is required to prevent chafing of the tubing by the top edge 
of the well casing. The hose guide is shown in Figure 3. Note that a lanyard was used to ensure 
that the hose guide did not inadvertently drop into the 
well. 

Samples were submitted to the Waste Sampling and 
Characterization Facility (WSCF) for determination of 
hexavalent chromium. (Note that on-site field analysis 
can be both practical and inexpensive and should be 
considered for future field work.) 

Chromium Data Interpretation 

For the Chromium Source Investigation, depth-discrete 
sampling and analysis were used to construct vertical 
profiles ofhexavalent chromium contamination in four 
wells within the study area. Each of the four wells fully 
penetrates the unconfined aquifer. The concept being 

Figure C-3. Hose guide with 
lanyard on outer well casing. 

tested is that the nearer a well is to a vadose zone source of concentrated hexavalent chromium, 
the more likely it is that chromium concentrations near the top of the water column will be 
significantly greater than near the bottom. 

The reasoning for this is straightforward: 

• Chromium from a vadose zone source necessarily enters the aquifer at the water table. 
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• hl an aquifer dominated by horizontal advection, contamination entering the aquifer from the 
vadose zone source begins immediately to be transported downgradient. 

• Downward spread of contamination in the aquifer is dominated by the vertical component of 
dispersion as the plume moves downgradient. 

Because there is not necessarily a direct correlation between source proximity and contaminant 
concentration (i.e., a well near the source may be cross-gradient or upgradient from source) the 
examination of vertical contaminant distribution complements conventional plume visualization 
based on contouring mean concentrations. 

Results of analysis. Figure 4 is a map of the area of interest that shows the location of the four 
wells sampled with the Solinst sampler, which are 199-D4-15, 199-D5-98, 199-D5-99, and 199-
DS-104. Figure 5 sho:ws the vertical hexavalent chromium concentration profile for each of the 
wells. 

Results from well 199-D5-99 generally support the notion that a well near a vadose zone 
contaminant source ought to show higher concentrations near the top of the water column than 
near the bottom. However, profiling of additional wells in the vicinity of 199-D5-99 will be 
needed before the utility of concentration profiling for estimating source proximity can be 
evaluated. 

The general direction of groundwater flow and contaminant plume migration is westerly towards 
the Columbia River. To date, the highest hexavalent chromium concentrations have been 
measured in samples from well 199-D5-99, which is presumed to be near the source, i.e., near 
the head of the plume. The vertical concentration profile for this well shows a small but distinct 
decrease of concentration with depth. Wells 199-D4-15 and 199-D5-104 are generally 
downgradient from 199-D5-99, while 199-D5-98 is cross-gradient. In both of the wells 199-D4-
15 and 199-D5-98 the chromium concentration is uniform within the water column. As noted 
above, measured concentrations in well 199-D5-104 cannot be considered representative. 

Conclusions 

Performance of the Solinst sampler used in this field demonstration proved satisfactory in all 
respects although practical application requires two pairs of hands. There's one cautionary note: 
It's important to use the hose guide to prevent damage to the polyethylene tube, which is fragile 
compared to the deployment cable of an e-tape, pressure transducer, or similar field equipment. 
Achieving a rate of 7 to 10 minutes per sampling interval became routine with a bit of practice. 
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Figure C-4. Well locations for the chrome source investigation. 
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Figure C-5. Vertical distribution of Cr VI in selected 100-D wells. 
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Planning for Depth-Discrete Groundwater Sampling in the 100-D Area 

If depth-discrete sampling of the water column in a well is to be meaningful, the contents of the 
well bore at any given depth needs to be representative of the adjacent aquifer. If the water 
column has been disturbed, such as by purging and sampling or even by removing a pump and 
pipe string to allow sampling access, it is necessary to delay depth-discrete sampling until 
horizontal advection has effectively swept non-representative water from the well bore. For the 
I 00-D Chrome Source Investigation, the period of time necessary to flush non-representative 
water from the well bore was estimated as presented here. 

The period of delay is calculated using a form of the mathematical expression used to evaluate 
point-dilution tests (Hall 1993). The required input parameters are hydraulic conductivity, local 
hydraulic gradient, and an estimate of a flow distortion factor (in the absence of field data, the 
value of the flow distortion factor is commonly taken as equal to 2). The mathematical 
expression is: 

V 
t = --lnC 

r 

Where t = time in days, V = the volume of a 1-ft section of well bore (0.087 ft3 for 4-in ID 
screen), and r = the advective rate of flux (ft3/d) of groundwater through a 1-ft section of the well 
bore as calculated below. The variable C is the remaining volume fraction of the non­
representative water in the well bore. For example, when C = 0.1 (i.e., 10%) 90% of the non­
representative water has been replaced by groundwater from the adjacent aquifer. 

The variable r is calculated as follows: 

r = aAkl 

Where a = flow distortion factor (i.e., 2), A = maximum vertical cross-sectional area of a I-ft 
length of the well screen (0.333 ft2 for 4-in ID wells), k = hydraulic conductivity (ft/d), and/= 
local hydraulic gradient. 

Given a mean hydraulic conductivity of 157 ft/d and a local hydraulic gradient of0.0016 (mid­
March 2008), the value for r is 0.17 in the vicinity of the high concentration plume, and: 

t = -.51/nC 

Given these values, flushing of the non-representative water is 90% complete in approximately 
1.2 days. However, the variable r is directly proportional to hydraulic conductivity which in turn 
varies signjficantly from well to well, and is likely to vary with depth within each well. 
Therefore, a delay of at least one week was recommended, thus allowing 90% water replacement 
in zones having hydraulic conductivity as small as 26 ft/d (17% of the mean hydraulic 
conductivity of the 11 wells drilled for the project). 
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APPENDIXD 
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APPENDIXD 

FLOW MODELING REPORT 

Dl.0 INTRODUCTION 

This appendix describes the analysis of groundwater elevation data to evaluate the likely 
directions and rates of groundwater flow and contaminant migration in the vicinity of the area of 
high chromium contamination. The analysis focuses on mapping of groundwater elevation data 
obtained from a series of dataloggers recording continuous water levels in monitoring wells 
throughout 100-D (Figure D1-1). 

This appendix summarizes: 

• The data that were obtained 
• The data preparations that were undertaken to make the data amenable to analysis 
• The water level mapping analyses 
• A particle tracking analysis 
• Results and preliminary interpretation of the analysis 
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D2.0 DATA PREPARATION 

Table D2-1 lists date ranges and measurement interval for water level and injection/extraction 
data used in this water level mapping/particle tracking analysis. 

The method used to prepare data for use in the water level mapping and particle tracking 
analyses for the various data were the following: 

1. Water Levels from Monitoring Wells: Daily average water levels were calculated from 
hourly datalogger measurements for each well. A few anomalous points were deleted or 
corrected based on the well hydrographs. 

2. River Gauge: Daily average gauge elevation was calculated from hourly datalogger 
measurements at the 100-D river gauge. For some cases in the water level 
mapping/particle tracking analyses, several control points were added along the shoreline 
of the river. In these cases, daily average water elevation for all control points was set to 
equal the daily average at River Gauge D. 

3. DR-5 Pump and Treat System: Daily average extraction (GPM) was calculated from 
hourly datalogger measurements for the four extraction wells in the DR-5 system. Daily 
average injection rate (GPM) was set to equal the sum of the daily average extraction of 
all wells. All injection was through well 199-DS-42. 

4. Electrocoagulation Treatability Test (5/17/2007 to 10/25/2007): Daily total gallons 
processed data (GPM) were provided. Total injection rate was set to equal total 
extraction rate. All injection was through well 199-DS-106, except for the 1 7 days 
between 8/21/2007 and 9/6/2007. During this time, well 199-DS-l 06 was being 
refurbished and all water was injected through 199-DS-33. Extraction was divided 
between well 199-D5-13 and 199-DS-41 at a ratio of 1:4 for all days. 
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Table D2-1. Summary of Data Provided for Use in Water Level Mapping and Particle 
Tracking Analysis. 
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D3.0 WATER LEVEL MAPS 

Using data prepared as described above, water level maps were generated for each day between 
April 17, 2007 and March 10, 2008. Water level mapping was accomplished using a method that 
combines universal kriging (UK) (Deutsch and Journal, 1992) with analytical elements 
representing the approximate effect of groundwater extraction/injection, and losses to/gains from 
rivers to aquifers (Rouse, 1949; Tonkin and Larson, 2002; Tonkin and Muffels, 2004) (see 
Attachment A). 

The choice of drift tenns used in kriging may influence the resulting water level maps. In order 
to insure the most appropriate drift tenns were selected, seven cases were considered. Each case 
represents a different combination of drift tenns (Table D3- l ). Drift tenns described in Case 4 
and Case 7 result in maps that appear to illustrate features expected at the site, plus previous 
knowledge of the site. Representative (seasonal) maps from Case 4 are shown in Figure D3-l. 
All daily maps for each case are provided as part of the electronic data transmittal. 
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Table D3-1. Summary of Drift Terms Used in Kriging Scenarios. 
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Figure D3-1. Water elevation maps showing seasonal fluctuation in flow direction. Surfaces 
were kriged using the parameters listed in Table D3-1, Case 4. Contour interval is 0.2 feet. 

D4.0 PARTICLE TRACKING 

Water level maps generated using drift parameters from Table D3-1, Case 4 were used for 
transient tracking using the fourth-order Runge-Kutta scheme (Press et al, 1996). One particle 
was released near well 199-D5-104 on April 17, 2007 and tracked along the daily water level 
surfaces until March 10, 2008 (328 days). Hydraulic conductivity was set to 100 ft/day and 
porosity was set to 0.2: note that equivalent results would be obtained using a hydraulic 
conductivity of 50 ft/d and a porosity of 0.1. 
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After about 11 months of simulated migration, the net travel distance of the particle from the 
well towards the river was about 40 ft. Principal changes in the flow direction and rate are 
expected to have occurred in response to changes in river stage; local changes in the flow 
direction and rate may have occurred in response to changes in groundwater extraction/injection, 
perhaps coinciding with the commencement of the EC test and/or changes in pumping rate at 
199-D5-39 (Figure D4-1). 
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Figure D4-1. Results of transient tracking, using water level maps generated according 
to Case 4, Table D3-1. Particle track is shown in violet. Aquifer parameters used for 
tracking are: hydraulic conductivity = 100 ft/day, porosity= 0.2. Inset shows area 
inside red dotted line. 

DS.0 DISCUSSION 

Inspection ofhydrographs for selected wells (Figure D5-1) suggests that some of the monitoring 
wells may be grouped by their responses as follows: 

1. Wells D5-99, D5-104 and D5-34 show very similar and very detailed (nuanced) 
responses, similar response times, patterns, and frequencies/wavelengths 
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2. Wells D5-102 and D5-103 show similar but quite muted responses, where the detail is 
smoothed. 

3. Well D5-97 shows a yet more muted and smoothed response. 
4. Well D5-43 shows a variable response that has features of the above, plus its own very 

distinct characteristics. 

Though it is presently upclear what leads to these groups, it is likely that it is due to the wells 
that show similar responses lying within similar - and laterally contiguous - aquifer materials. 
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Figure D5-1. Hydrographs of selected wells in OUl00D. 

D6.0 GROUNDWATER ELEVATION CONTOURING METHODS 

The following discussion outlines a method for interpolating from measured groundwater 
elevations to produce contour maps of approximate groundwater elevations. Since the method is 
based on automated gridding, it can be more consistent between data sets and between analysts 
than methods based on hand contouring. Since the method is based on Universal Kriging, it can 
support the inclusion of information about stresses and boundaries that can affect groundwater 
elevations, such as pumping wells. A brief overview of Universal Kriging is provided first. 
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D6.1 UNIVERSAL KRIGING 

Kriging is employed in the hydrologic disciplines for interpolating measured data to regular grids 
suitable for contouring. One advantage of kriging over other interpolation methods is that, in the 
absence of measurement error or replicates ( co-located data), it is an exact interpolator. Chiles 
and Delfiner (1999) provide a detailed summary ofkriging. 

Two popular forms ofkriging employed for interpolating real-valued data are (1) simple kriging 
and (2) ordinary kriging. In simple kriging, the mean of the data, m, is assumed to be constant 
everywhere and its value known a-priori. In ordinary kriging the mean is assumed to be 
unknown a-priori, and is estimated using either all or some local (moving) neighborhood of the 
measured data. The methods described in this discussion are based upon ordinary kriging. In the 
most common implementation of ordinary kriging, the mean is assumed to be constant and 
equivalent to the mean of the data - that is, m = m(x). However, ordinary kriging can support a 
spatially varying mean which is commonly described as a smoothly-varying mean or "drift." 
When a spatially varying mean is incorporated, the kriging estimate can be illustrated as the sum 
of two components, the mean and a zero-mean residual: 

H(x) = m(x) + e(x) (D-1 ) 

where: 

H(x) = the kriging estimate 

m(x) = the smoothly-varying trend or drift 

e(x) = the zero-mean random residual from the drift 

This approach is commonly referred to as Universal Kriging (UK), and the spatially varying 
mean or drift is commonly determined or provided in one of two distinct ways (see Deutsch and 
Journel, 1992; Volpi and Gambolati, 1978, for further details): 

• A linear combination of known functions, the coefficients of which are estimated as part 
of the kriging process on the basis of the data. This approach to UK is often referred to 
as kriging with a drift or trend model. The drift is often a low-order linear function of the 
coordinates. 

• Through the incorporation of a smoothly-varying mean that was calculated on the basis 
of other information. This is usually referred to as a "secondary variable" since the 
"primary variable" is the water level. Because the secondary variable is used to provide 
an estimate of the smoothly-varying mean of the primary variable, it should be correlated 
with the primary variable. This variant of the UK approach is often referred to as kriging 
with an external drift. 
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Kriging with a linear trend model or drift is available through popular programs such as Surfer® 
and TecPlot®. A linear drift is suitable in situations where unidirectional regional groundwater 
flow exists, a condition often encountered. Use of the linear drift equates to fitting a plane to the 
water level data. The UK estimator for gridding water level data using this approach can be 
illustrated as: 

H(x,y) = A + BX + CY + &(x,y) 

where: 

H(x,y) = the estimated elevation at location (X,Y) 

X = the easting or X ordinate 

Y = the northing or Y ordinate 

A, B, C = coefficients for the plane fitting the groundwater heads 

& (x,y) = the residual from the drift 

(D-2) 

The linear drift described by (D-2) may not be suitable in areas (a) where singularities occur 
within the data field such as created by pumping wells, (b) where lateral hydrologic boundaries 
such as the lateral termination of aquifer materials are present, ( c) where there is a significant 
vertical component of flow, and/or· (d) where there are substantial changes in aquifer properties 
or preferential pathways. If these effects can be represented in the trend using appropriate 
functions with linear coefficients, these difficulties can be resolved and kriging can produce 
suitable maps. Tonkin and Larson (2002) and Brochu and Marcotte (2003) describe the 
incorporation of analytic elements within the kriging method to account for effects due to 
pumped wells and boundaries. A brief discussion of relevant aspects of this topic follows. 

D6.1.1 Pumped Well Drift Term 

For a single well, the Thiem equation states that, for consistent units: 

where: 

r = radial distance from the pumped well 

R = radius of influence 

Sr = drawdown due to pumping 

Q = pumping rate 

T = aquifer transmissivity 
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Examination of (D-3) indicates that pumping at a single well produces a logarithmic pattern of 
drawdown centered on the pumping well. Under certain assumptions, superposition can be used 
to sum the effect of multiple extracting or injecting wells. This essential information can be 
distilled and combined with the linear drift shown in (D-2) to give: 

n 

H(x,y) = A + BX+ CY + DI: Qilog1o(ri) + & (x,y) 
l 

(D-4) 

where: 

Qilog10(ri) = drawdown factor due to pumping at the ith well 

D = the linear regression coefficient for the drawdown factors 

n 

I: = the summation from 1 to n where n = the number of pumped wells 
1 

A full derivation of (D-4) is given in Tonkin and Larson (2002). They illustrate that, for 
synthetic and real-world applications where assumptions of the Thiem equation are reasonably 
adhered to, (D-4) provides an improved interpolation of measured water level data that can 
extend inferences about groundwater levels. The drift described by (D-4) is implemented in a 
version of the popular kriging program KT3D (Deutsch and Journel, 1992) that is freely 
available at www.sspa.com. This drift term can be used in combination with any of the standard 
two-dimensional drifts included with KT3D. 

D6.1.2 The Inclusion of Line Sinks/Sources 

Mounding or drawdown of groundwater elevations in response to horizontal linear features, such 
as interception trenches, infiltration galleries, or rivers, can under some circumstances be 
represented using the analytic element solution for line sinks/sources of known strength. The 
approach is based on the Analytic Element Method (AEM) described by Strack (1989) and 
further documented and incorporated into the AEM program TWODAN (Fitts, 2004). The 
complex potential representing a line sink is: 

aL n = -((Z + l)Ln(Z + 1) - (Z - l)Ln(Z -1)) 
41C 

(D-5) 

where L is the length of the line sink/source and Z is a dimensionless complex variable defined 
as (Strack, 1989; Fitts, 2004): 

z = 2z - (zl + z2) 
(z2-zl) 
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where: 

z 1 = complex ordinate of one end of the line 

z2 = complex ordinate of the other end of the line 

z = x + iy is the point where Z and n are evaluated. 

Since aL, the discharge-per-unit-length is considered known out the outset the solution for O is a 
linear problem that can be included in the linear kriging system of equations. This drift can be 
used in combination with the drift term describing mounding or drawdown in response to 
pumping, and with any of the standard two-dimensional drifts included with the program KT3D. 
This essential information can be distilled and combined with the linear and logarithmic drifts 
shown in (D-4) to give: 

n "' 
H(x,y) = A + BX + CY + D}: Qilog1o(ri) + Er L(ri) + e(x,y) 

I I 
(A-7) 

where: 

L(ri) = drawdown factor due to effects of the ith line sink 

E = the linear regression coefficient for the line sink factors 

"' l: = the summation from 1 to n where n = the number of pumped wells 
I 

D6.2 PARTICLE TRACKING 

When the groundwater elevation data have been used to generate a map of groundwater levels, 
whether through kriging or another method, the resulting surface may be suitable for particle 
tracking to estimate groundwater flow directions and the approximate extent of hydraulic 
capture. In this particle tracking method massless, inert particles are considered to be placed at 
user-specified starting points in the aquifer. At any point in the aquifer, the slope of the 
estimated groundwater head surface can be determined using finite differences, for example, and 
the estimated slope can be combined with estimated hydraulic conductivity Kand effective 
porosity to estimate the average velocity of any particle: 

V (x,y) = Ki I Ile (D-8) 

where: 
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= groundwater velocity 

= hydraulic conductivity. 

= hydraulic gradient 

= effective porosity 

Then, the particle's movement in the velocity field can be integrated using a Runge-Kutta or 
other integration scheme (Press et al., 1996). 
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