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October 22,2015 

Daniel Newman 	 APPROVE  atIVIRh186qEljATI°N 
Kansas Department of Health and Environment 
Bureau of Environmental Remediation, Site Restoration Unit 
Charles Curtis State Office Building 
1000 SW Jackson Street 
Topeka, Kansas 66612-1367 

Re: 	 Interim Groundwater Pilot Test Implementation Report, NuStar Pipeline Release Site, 
Quail Crossing Neighborhood 
Response to KDHE Comments 
Consent Agreement and Final Order 12-E-36 BER 
Andover, Kansas 
1641-08 

Dear Mr. Newman: 

On behalf of NuStar Pipeline Operating Partnership L.P. (NuStar), Apex Companies, LLC (Apex) prepared this letter 
in response to the Kansas Department of Health and Environment (KDHE) comments provided in a 
September 11, 2015 letter to NuStar. The comments pertained to the Interim Groundwater Pilot Test Implementation 
Report, Quail Crossing Neighborhood (the Report), prepared by Apex and submitted to KDHE on August 27, 2015. 
The Report was revised in response to KDHE comments as described herein, and is transmitted with this letter. The 
Report was prepared as part of a continuing response to the release of gasoline from a pipeline in the Quail Crossing 
Neighborhood (the Neighborhood) in Andover, Kansas. KDHE comments are presented below in Italics, followed by 
NuStar's response to each comment. 

1. Section 4.5 ORC Advanced° Injection, page 9: The paragraph states that 'consistent with KDHE policy, 
the injection pressure was less than 50 pounds per square inch (psi)." The field notes and injection logs for 
18-7 indicate that the injection was at 100 psi, The field notes and injection logs indicate that the psi for other 
injection locations was reduced to be in accordance with KDHE policy. Please revise the paragraph 
accordingly. 

Response:  Section 4.5 of the Report was revised as follows: KDHE policy stipulates a maximum injection 
pressure of 50 pounds per square inch (psi); however, at the first injection point (IB-7), the ORC Advanced® 
slurry was inadvertently injected at a higher pressure (100 psi). Apex staff advised the subcontractor that 
the maximum injection pressure specified in the Work Plan was 50 psi. Consequently, the ORC Advanced® 
slurry injection pressure was 50 psi at the remaining injection points. 

2. Section 5.3.2 Groundwater Analytical Data, Dissolved-Phase Petroleum Concentrations, page 11: 
The paragraph states that "during the limited period between March and June, gasoline constituent 
concentrations ... (3) increased in monitoring wells MW-17 and MW-1." Upon review of the data for MW-3, 
concentrations increased to 21 mg/L. Please revise accordingly. 

Response:  In accordance with the Groundwater Pilot Test Work Plan, groundwater quality in the pilot test 
area was characterized using data collected from monitoring wells MW-1, MW-4, MW-5, and MW-17 
through MW-19 only; those wells were gauged and groundwater samples were collected in March, April and 
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June 2015. Monitoring well MW-3, which is located approximately 125 feet to the southeast of the pilot test 
area. As such, the well is too distant to be affected by the pilot testing during the reporting period and was 
not included as part of the pilot test; groundwater data collected from this well are included in quarterly 
groundwater monitoring reports. Accordingly, no revisions were made the Report. 

Figures: As stated on gage 12 of the report, NuStar continues to monitor groundwater in the pilot test area 
and elsewhere at the site. Please provide a figure including all of the June 2015 data in order to assess 
overall groundwater quality. 

Response:  As noted on page 11 of the Report, Site-wide groundwater data and trends are presented in 
quarterly groundwater monitoring reports. For your reference, figures from the Second Quarter 2015 
Groundwater Monitoring Report present the requested data, and are provided as an attachment to this 
letter. 

Please do not hesitate to contact me at  siacksonapexcos.com  or 503-924-4704 x1924 or Renee Robinson at 
reneesobinsonanustarenerqv.com  or 210-918-2975 with questions regarding these responses 

Sincerely, 

Sam Jackson 
Associate Engineer 

ATTACHMENTS 

A 	 Revised Interim Groundwater Pilot Test Implementation Report 
B 	 Figures, Second Quarter 2015 Groundwater Monitoring Report 

cc: 	 Renee Robinson, NuStar Energy L.P. (electronic deliverable) 
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1.0 Introduction 

This Interim Groundwater Pilot Test Implementation Report (Report) was prepared on behalf of NuStar 

Pipeline Operating Partnership L.P. (NuStar) as part of a continuing response to the release of gasoline 

from a pipeline in the Quail Crossing Neighborhood (the Neighborhood) in Andover, Kansas. The area in 

the vicinity of the release, the Site, is shown on Figures 1 and 2. This Report was prepared in accordance 

with the Consent Agreement and Final Order (CAFO) dated May 10, 2013 and joint NuStar and Kansas 

Department of Health and Environment (KDHE) project discussions. 

The purpose of the groundwater pilot test is to evaluate a groundwater remedial technology that may be 

appropriate for treating groundwater at the Site as part of NuStar's continuing response. Activities 

presented in this Report were performed in general accordance with the Revised Groundwater Pilot Test 
Work Plan (Work Plan; Apex, 2015a); the Work Plan was submitted to KDHE on January 16, 2015 and 

approved by KDHE on January 26, 2015. 

This Report documents the initial phase of the groundwater pilot test, which was performed during the 

period March — June 2015. Work performed during this period includes: (1) installation and development of 

three monitoring wells (MW-17 through MW-19); (2) injection of an oxygen releasing compound (ORC) 

through nine temporary injection borings; and (3) collection and analysis of groundwater samples from 

monitoring wells in the vicinity of the release in March, April, and June 2015. 

1.1 Work Plan Organization 

This Work Plan is organized as follows: 

Background (Section 2) — A summary of previous investigations and remedial measures implemented 

at the Site. 

Site Description (Section 3) — A description of the physical setting of the Site, local geology and 

hydrogeology, and a discussion of the nature and extent of gasoline in soil and groundwater. 

Pilot Test Implementation (Section 4)— A presentation of the monitoring well installation, ORC injection 

activities, and groundwater sampling activities. 

Pilot Test Preliminary Results (Section 5) — A presentation of soil and groundwater analytical results 

collected during the pilot test implementation during the period March through June 2015. 

Reporting and Schedule (Section 6) — A timeline for continued implementation of the pilot test and 

associated reporting. 
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2.0 Background 

The pipeline release was discovered in June 2012 after separate-phase hydrocarbons (SPH) were detected 

in the irrigation well at 2006 N Colt Court, Andover, Kansas. The NuStar pipeline release location is 

approximately 80 feet north of the affected irrigation well. Upon notification of the discovery of SPH in the 

irrigation well, NuStar immediately mobilized to the Site and implemented several initial response and 

abatement activities, including repairs to the pipeline, deactivation of the irrigation well at 2006 N Colt Court, 

and removal of SPH from the irrigation well. 

Following the initial response activities, NuStar: (1) performed a number of interim remedial measures 

(IRMs); (2) planned and implemented a Comprehensive Investigation [CI]); (3) performed additional 

investigation to refine the understanding of petroleum constituents in vadose-zone soil; (4) designed and 

implemented a soil vapor extraction pilot test; and (5) implemented an ongoing groundwater monitoring 

program. These activities are described in detail in reports previously prepared by Apex (2013; 2014a; 

2014b; 2014c; 2014d; 2014e; and 2015b). 

During the CI, 16 groundwater monitoring were installed at the Site, at the locations shown on Figure 2. 

Since installation through December 2014, the monitoring wells were gauged for the presence of SPH and 

to measure depth to water on a weekly basis; in 2015, this activity was performed monthly. In March 2015, 

monitoring wells MW-17 through MW-19 were installed as part of the groundwater pilot test. On a quarterly 

frequency, groundwater samples have been collected from the 19 monitoring wells and approximately 

17 Neighborhood irrigation wells and analyzed for dissolved-phase petroleum constituents. Based upon the 

data obtained during the CI, gasoline constituents remain in soil and groundwater in a limited area near the 

pipeline release location at concentrations that exceed KDHE drinking water screening criteria. 

Concurrent with preparation of this document, NuStar is developing a soil excavation work plan to address 

residual petroleum constituents in soil. The soil excavation work plan is scheduled for submittal to KDHE in 

August 2015. 

3.0 Site Description 

The Site is located in the northern portion of the City of Andover, in Butler County, Kansas (Figure 1), 

approximately 1/3 mile southeast of the intersection of North 159th Street East and West 21st Street. Land 

use at and surrounding the Site is residential. A stormwater pond is located approximately 250 feet south of 

the pipeline. The stormwater pond has not been affected by the release. 

Residents in the Neighborhood use municipal water for domestic purposes. In addition to the municipal water 

supply, some residents in the Neighborhood have irrigation water wells that are used for outdoor irrigation and 

landscape purposes. The irrigation wells range in total depth from approximately 80 to 116 feet below the 
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ground surface (bgs). In most irrigation wells, the screened interval extends from total well depth to 

approximately 40 feet bgs; gravel filter packs typically extend from the total well depth to approximately 

20 feet bgs. As part of NuStar's response, nine irrigation systems have been converted to municipal service; 

these converted wells/irrigation systems are shown on Figure 2 and 3. 

3.1 Geology 

The regional geology in Butler County consists of unconsolidated sediments, including Tertiary and Quaternary 

alluvium and Quaternary loess at the ground surface, overlying lower Permian limestone and shale of the 

Council Grove and Chase Groups (Aber, 1991). O'Connor et al. (1982) report that the uppermost bedrock unit 

at the Site is the Permian Wellington Formation, which reportedly consists of up to 100 feet of light gray and 

green silty shale, with some thin limestone and gypsum beds. The Wellington Formation is underlain by the 

Nolans Limestone formation, which is approximately 20 to 30 feet thick, and consists of a light-buff 

limestone and dolomite in the upper part. 

Geological conditions at the Site are generally consistent with regional conditions, based on information 

presented in irrigation well construction logs (surface to 116 feet bgs) and monitoring well and soil boring logs 

(surface to 65 feet bgs). At the Site, yellowish brown clay (loess) is generally encountered from the surface to 

depths of approximately 10 to 15 feet bgs. The clay is underlain by gray, yellow, and olive brown shale of the 

Wellington Formation. Based on observations in borings, shale of the Wellington formation is weathered at 

the surface, and underlying materials exhibit widely viable competency. 

3.2 Groundwater / Aquifer Characteristics 

This Section describes the regional and local groundwater conditions. 

3.2.1 Regional Groundwater Conditions 

The Site and surrounding area are generally flat, although regional topography slopes gently to the east, 

toward the Whitewater River, which is approximately 4 miles east of the Site. O'Connor et al. (1982) report 

that the uppermost water-bearing unit at the Site is the Wellington Formation. The productivity and quality of 

water from the Wellington Formation are limited. A regional groundwater elevation map prepared by O'Connor 

et al. (1982) indicates that groundwater in the Wellington formation exhibits an easterly gradient (0.005 foot per 

foot [ft/ft]) near the Site. 

O'Connor et al. also report that the shale units in southwest Butler County inhibit vertical groundwater flow 

below approximately 50 feet. 
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3.2.2 Groundwater Conditions at the Site 

During the most recent monitoring events, depths to groundwater in monitoring wells at the Site ranged from 

approximately 15 to 53 feet bgs (equivalent to approximately 1298 to 1334 feet above mean sea level 

[MSL]). Groundwater elevation data are presented in Table 1. Groundwater elevations are generally 

highest in the vicinity of the stormwater retention pond, resulting in radial groundwater flow away from the 

pond. Further from the pond, in the vicinity of groundwater monitoring wells MW-4, MW-11, MW-12, MW-14, 

MW-15, and MW-16, groundwater exhibits a more easterly flow component and shallower gradient, 

consistent with regional patterns (O'Connor et al., 1982). Figures 4 through 6 show March, April and June 

2015 groundwater elevations and the inferred groundwater flow directions. 

3.3 Nature and Extent of Gasoline in Soil and Groundwater 

3.3.1 Soil 

Data obtained from samples collected between 2012 and 2015 demonstrate that residual gasoline 

constituents are present in the vadose zone at depths of 7 to 18 feet bgs in the vicinity of the pipeline 

release location. A detailed description of the nature and extent of gasoline constituents in the vadose zone 

is provided in the Soil Investigation Report and Proposed Soil Excavation Work Plan (Apex, 2014e), which 

was approved by KDHE on August 8, 2014. The Soil Excavation Work Plan (Apex, 2015c), detailing the 

implementation aspects, was submitted to KDHE on August 19, 2015. On August 26, 2015, KDHE 

approved the Soil Excavation Work Plan; those excavation activities are currently being performed. 

Gasoline constituents have also been detected in material below the vadose zone; however, those 

observations are attributed to constituents in groundwater. 

3.3.2 Groundwater 

The nature and extent of gasoline constituents in groundwater at the Site have been characterized based on 

samples collected from a network of 19 groundwater monitoring wells and 17 Neighborhood irrigation wells. 

During the most recent monitoring event (June 2015), five groundwater monitoring wells (MW-1, MW-3, 

MW-17 through MW-19) exhibited gasoline constituents (gasoline-range organics [GRO], 

1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, benzene, naphthalene, and/or toluene) at concentrations 

that exceeded the corresponding KDHE Tier 2 Risk-Based Screening Values (RBSVs) for drinking water. 

All of these wells are located near the release location, as shown on Figure 2. The highest concentrations 

were detected in monitoring well MW-1, which is approximately 50 feet from the pipeline release location. 

3.3.3 Separate-Phase Hydrocarbons 

Groundwater data collected to date indicate that mobile SPH are limited to the area in the vicinity of the 

irrigation well at 2006 N Colt Court. SPH have not been observed on the water in any other irrigation wells 
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or monitoring wells at the Site, including several wells in the immediate vicinity of the release location (i.e. 

well MW-1, which is located 30 feet from the irrigation well at 2006 N Colt Court; and wells MW-17 through 

MW-19, which are located within 60 feet of the release location). 

3.4 Groundwater Constituents of Interest 

Between 2012 and June 2015, the following constituents have been detected in one or more groundwater 

samples at concentrations that exceed KDHE Tier 2 RBSVs: 

• GRO; 

• 1,2,4-trimethylbenzene; 

• 1,3,5-trimethylbenzene; 

• Benzene; 

• Ethylbenzene; 

• Isopropylbenzene; 

• Naphthalene; and 

• Toluene. 

During the most recent groundwater monitoring event in June 2015, constituents of interest were not 

detected or were detected at concentrations below the corresponding KDHE Tier 2 RBSVs in 14 of the 19 

monitoring wells on the Site. 

4.0 Groundwater Pilot Test Implementation - March 2015 

The groundwater pilot test was performed in accordance with the Revised Groundwater Pilot Test Work 
Plan (Apex, 2015a), which was approved by KDHE on January 26, 2015. A variety of oxygen releasing 

compounds were considered for pilot testing (e.g., Oxygen Release Compound [ORC0], Advanced Formula 

Oxygen Release Compound [ORC Advanced®], PermeOx Plus®, and 0-SOXTm). ORC Advanced®, a 

calcium oxy-hydroxide, which produces a controlled release of molecular oxygen into groundwater, was 

selected for the Site because it is a safe food-grade compound that has a long track record of success at 

sites throughout the U.S. and it is available in a number of forms (slurry, pellets, or "socks" that are deployed 

in wells), allowing flexibility in pilot test and remediation design. ORC Advanced®, like most substances 

intended to enhance aerobic bioremediation, normally must be injected two or more times to sufficiently 

stimulate aerobic biodegradation at a target location. ORC Advanced® specifications are included in 

Appendix A. The following sections describe the pilot test in detail. 
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4.1 Pilot Test Location 

The pilot test was performed in the vicinity of and hydraulically downgradient from the pipeline release 

location and planned soil excavation, as shown on Figure 3. The pilot test location was selected because: 

(1) the test area is representative of Site-wide geological conditions; (2) dissolved-phase gasoline 

constituents in groundwater are generally highest in the portion of test area in the immediate vicinity of the 

release location; (3) groundwater levels and gradient in the test area are relatively stable; (4) dissolved 

oxygen concentrations in the test area (e.g., well MW-1) are below the aerobic threshold; and (5) the pilot 

test boring locations are in the NuStar pipeline easement. 

4.2 Pilot Injection Boring and Monitoring Well Locations and Purpose 

The pilot test consisted of advancement of borings at 12 locations. ORC Advanced° was introduced in nine 

temporary borings (IB-1 through IB-9), and three of the borings were completed as monitoring wells (MW-17 

through MW-19). 

4.2.1 Injection Wells 

Nine temporary injection borings (IB-1 through IB-9) were advanced at the locations shown on 

Figure 2, and depicted in detail on Figure 3. The injection boring location and spacing are intended to 

introduce a sufficient quantity of ORC Advanced® into the target area to stimulate aerobic biodegradation of 

petroleum constituents in groundwater. The borings were used to inject ORC Advanced® into the saturated 

zone. Injection details are presented in Section 4.5. 

4.2.2 Monitoring Wells 

Monitoring wells MW-17 through MW-19 were installed at locations north and east of the injection wells to 

monitor groundwater quality and assess the effectiveness of ORC Advanced®  for stimulating biodegradation 

of petroleum constituents. The wells are in positions inferred to be hydraulically downgradient and possibly 

crossgradient of the injection area. Other, previously installed monitoring wells in the vicinity of the injection 

area (e.g., monitoring wells MW-1, MW-4, and MW-5) were also used to monitor groundwater conditions. 

4.3 Pilot Test Injection Boring and Monitoring Well Installation Procedures 

Using sonic drilling equipment, soil borings were advanced to approximately 40 feet bgs at injection boring 

locations (IB-1 through IB-9) and approximately 45 feet bgs at monitoring well locations MW-17 through 

MW-19. The following sections briefly describe the methods used for drilling, soil logging, injection of ORC 

Advanced®, and monitoring well construction. 
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4.3.1 Drilling 

The borings were completed using rotosonic drilling equipment. Sonic drilling equipment was used because 

it has the capability to penetrate the dense soil and bedrock at the Site and tooling is capable of pressurized 

injection of ORC Advanced®. Dual wall casing (4-inch inner casing and 6-inch outer casing) were used to 

obtain continuous soil cores and inject ORC Advanced®. 

4.3.2 Soil Screening and Logging 

Continuous soil samples were collected from the borings to evaluate hydrogeological conditions. Soil cores 

were extracted and soil lithology was logged in general accordance with ASTM 2487/2488. Soil samples 

were field screened at 2.5-foot intervals for VOCs and SPH using a photoionization detector (PID) and 

sheen tests. Soil lithology and field screening observations are discussed in Sections 5.1 and 5.2. Field 

notes are included in Appendix B and soil boring logs are included in Appendix C. 

4.3.3 Pilot Test Well Construction 

Pilot test monitoring wells MW-17 through MW-19 were installed in accordance with KDHE SOP BER-06 - 

Installation of Monitoring Wells. A 2-inch-diameter pilot test well, constructed using Schedule 40 polyvinyl 

chloride (PVC) casing and screen, was installed in each boring. The pilot test monitoring wells include 15- 

foot screen intervals that intersect the water table (27 - 42 feet bgs). Silica sand was placed in the screen 

interval annular space and two feet above the screen. Bentonite grout was emplaced in the annular space 

from the top of the sand pack to approximately one foot bgs. The pilot test wells were completed at the 

ground surface in flush-mount traffic-rated monuments. A well completion record (WWC-5) was completed 

for each well and submitted to KDHE (Appendix D). 

4.3.4 Pilot Test Well Development 

The pilot test wells were allowed to set for at least 24 hours prior to initiating well development. Wells were 

developed by over-pumping and surging to remove excess turbidity and improve hydraulic communication 

with the adjacent water-bearing zone. 

4.3.5 Well and Borehole Well Location Control 

The horizontal locations of the monitoring wells MW-17 through MW-19 were surveyed by Garber Land 

Surveying Service, P.A., a Kansas-licensed land surveyor. The top-of-well casing and cap elevations for 

monitoring wells were measured to the nearest hundredth of a foot, relative to mean sea level. The survey 

report in included in Appendix E. The location of each boring was recorded using a sub-meter grade Global 

Positioning System (GPS) instrument. 
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4.3.6 Investigation-Derived Waste 

Investigation-derived waste (IDW) consisted of soil cuttings, excavated soil from well monument 

construction, decontamination water, purge water, and personal protection equipment (PPE). Soil IDW 

containers were labeled with the project name, general contents, and date. Soil IDW was transported to the 

NuStar El Dorado landfarm in accordance with KDHE authorization. Water IDW was temporarily stored 

on-site in 55-gallon drums, prior to being removed via vacuum truck and disposed of appropriately. PPE 

was disposed of as unregulated solid waste. 

4.4 Groundwater Sampling and Analytical Program 

In March, April, and June 2015, groundwater samples were collected from wells MW-1, MW-4, MW-5, and 

MW-17 through MW-19. Groundwater samples were collected from monitoring wells using low-flow 

sampling techniques. Prior to sampling, each monitoring well was purged using a peristaltic pump while 

water quality parameters (pH, temperature, specific conductance, dissolved oxygen, and oxidation-reduction 

potential [ORP]) were recorded. The baseline sampling data (March 2015) were obtained to evaluate 

aquifer conditions prior to implementation of the pilot test, and to provide a basis for subsequent evaluation 

of pilot test data. 

Groundwater samples were submitted to an accredited analytical laboratory for the following analyses: 

• GRO by Iowa Method OA-1; 

• VOCs by EPA Method 8260B; 

• Methane by method RSK-175; 

• Potassium and iron by EPA Method SW6020; 

• Nitrogen as nitrate, sulfate, and dissolved orthophosphate by EPA Method E300.0; 

• Alkalinity by EPA Method 310.1; 

• Carbon dioxide by Standard Method (SM) 9060A; and 

• Ammonia by SM 4500. 

The GRO and VOC analyses are intended to assess constituent concentrations in groundwater. The other 

analyses are used to evaluate for aerobic and anaerobic biodegradation of petroleum constituents. 

4.5 ORC Advanced ®  Injection 

Following baseline sampling, ORC Advanced® was injected at locations IB-1 through IB-9 using 

direct-injection techniques. Application specifications for ORC Advanced® were developed based on 

site-specific conditions (i.e. concentrations of dissolved-phase petroleum constituents and hydrological 
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conditions), and manufacturer recommendations. The specifications were provided in a Design Summary 

Report prepared by Regenesis, the manufacturer of ORC Advanced® (Appendix A). ORC Advanced® was 

mixed with water to form an injectable slurry which was then pressure injected (using an above-ground 

pump) into the saturated zone, within 30 minutes after preparing the slurry. KDHE policy stipulates a 

maximum injection pressure of 50 pounds per square inch (psi); however, at the first injection point (IB-7), 

the ORC Advanced® slurry was inadvertently injected at a higher pressure (100 psi). Apex staff advised the 

subcontractor that the maximum injection pressure specified in the Work Plan was 50 psi. Consequently, 

the ORC Advanced® slurry injection pressure was 50 psi at the remaining injection points. At each injection 

point, approximately 80 gallons of 20 percent ORC Advanced® slurry was injected from ten feet above to 

ten feet below the approximate groundwater surface elevation; this vertical profile was selected to 

accommodate seasonal groundwater fluctuations at the Site. 

The injection radius at each location is dependent on the overall permeability of the surrounding formation 

and the effects of zones of higher and lower permeability. ORC Advanced® produces a controlled release of 

oxygen to groundwater; therefore, the radius of influence at each injection point is expected to significantly 

exceed the area affected by the initial injection. 

5.0 Interim Results - March to June 2015 

This section presents the analytical results for soil and groundwater collected during the Pilot Test 

implementation in the period March — June 2015. Laboratory data are listed in Tables 1 through 5. 

Laboratory reports and a laboratory data quality assurance/quality control (QA/QC) review are included in 

Appendix F. 

5.1 Lithology 

As previously discussed, borings completed during the groundwater pilot test were advanced using 

rotosonic drilling equipment. This technology allows the recovery of continuous soil cores under a range of 

challenging drilling conditions. Previous borings at the Site have been completed using direct-push, air 

rotary, hollow-stem auger, and solid stem auger drilling equipment, which provide less detail regarding 

subsurface conditions. 

Yellowish brown silt was encountered between the ground surface and approximately 13 to 17 feet bgs. 

The silt was underlain by shale that exhibited a range of weathering and competency. In most borings, the 

uppermost shale was light brown to greenish-brown, dry, and hard, and the uppermost shale was underlain 

by interbedded shale, clay, and limestone. Calcite and gypsum were observed in some borings. Overall, 

geological conditions observed during the pilot test were consistent with the regional conditions described 

by O'Connor et al. (1982), and with conditions observed during previous phases of the investigation. 
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5.2 Soil Analytical Data 

Petroleum constituents in soil in the Pilot Test area were evaluated during the groundwater pilot test using 

field screening methods and laboratory analytical data. Field screening was performed on continuous cores 

collected from each boring. Field indications of petroleum constituents in soil were generally absent in soil 

borings in the interval between from the ground surface to approximately 20 feet bgs. Field screening data 

(PID measurements) from some borings indicated the presence of petroleum constituents in the interval 

from approximately 20 to 32 feet bgs. Sheen tests indicated the presence of SPH in boring MW-17 at 22 

feet bgs and boring IB-4 at 31 feet bgs. Field screening data are shown on boring logs included in Appendix 

C. 

Based upon field screening observations, 15 soil samples were collected in the interval from 6 to 45 feet bgs 

from borings at locations IB-1, IB-4, IB-7, MW-17, and MW-19 and submitted for laboratory analysis. Soil 

data are presented in Table 2 and shown on Figure 7. 

Petroleum constituents were detected at concentrations that exceed KDHE Tier 2 RBSVs in five of the 15 soil 

samples submitted for analysis: (1) boring IB-4 at 19.5 and 31 feet bgs; (2) boring IB-7 at 24 feet bgs; 

(3) boring MW-17 at 22 feet bgs; and (4) boring MW-19 at 32 feet bgs. The highest GRO concentrations 

(1,600 milligrams per kilogram [mg/kg]) and benzene (4.0 mg/kg) were detected in boring IB-4 in soil collected 

at approximately 31 feet bgs, which is located within the seasonally saturated zone and is indicative of 

groundwater conditions. At each boring, the gasoline affected soil intervals were overlain and underlain by 

unaffected soil, indicating that gasoline impacts to soil are limited to a relatively limited interval (19.5 to 32 feet 

bgs) that approximately corresponds to the depth of the groundwater interface. Soil analytical data are listed in 

Table 2 and shown on Figure 7. 

5.3 Groundwater Elevations and Analytical Data 

Groundwater quality in the pilot test area was characterized using data collected from monitoring wells 

MW-1, MW-4, MW-5, and MW-17 through MW-19; those wells were gauged and groundwater samples were 

collected in March, April and June. Table 2 lists groundwater elevations, Table 3 lists groundwater quality 

parameters, Table 4 and Figure 8 present dissolved-phase petroleum analytical data, and Table 5 and 

Figure 9 present monitored natural attenuation (MNA) parameters. Laboratory analytical reports and the 

QA/QC review are included in Appendix F. 

5.3.1 Groundwater Elevations 

As shown in Table 1 and Figures 4 through 6, groundwater measurements indicate that the groundwater levels 

in the pilot test area (wells MW-1, MW-4, MW-5, and MW-17 through MW-19) ranged between approximately 

19 and 34 feet bgs (equivalent to approximately 1,317 to 1,333 feet MSL). In March 2015, groundwater 

elevations in wells MW-18 and MW-19 were significantly different compared to one another and nearby wells, 
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which is likely because groundwater in the newly installed wells had not reached an equilibrium state. In April 

and June, groundwater elevations in wells MW-18 and MW-19 were similar to groundwater elevations in 

surrounding wells. 

Water level measurements indicate that groundwater gradients at the Site are controlled by local and regional 

systems. Locally, leakage from the stormwater retention pond leads to groundwater recharge and elevated 

groundwater levels near the pond. As shown on Figures 4 through 6, this recharge effect results in radial 

outward flow of groundwater from the pond and relatively steep groundwater gradients near the retention pond. 

During the March — June 2015 monitoring events, for example, groundwater near the northeast corner of the 

pond exhibited a steep northerly gradient of approximately 0.1 ft/ft (represented by wells MW-6 and MW-9). In 

contrast, during the same monitoring events, wells further from the pilot test area (north of West Mountain) 

exhibited a gradient in the range of 0.01 to 0.001 ft/ft. 

5.3.2 Groundwater Analytical Data 

Groundwater samples were collected from monitoring wells in the pilot test area (wells MW-1, MW-4, MW-5, 

and MW-17 through MW-19) in March, April, and June 2015. Groundwater quality parameters, including 

dissolved oxygen and ORP, are listed in Table 3; dissolved-phase petroleum constituent concentrations are 

listed in Table 4; and MNA parameters are listed in Table 5. Figures 8 and 9 depict the groundwater 

dissolved-phase petroleum constituents and MNA parameters, respectively. 

Dissolved-Phase Petroleum Concentrations. During the March, April and June groundwater monitoring 

events, gasoline constituents were detected in pilot test area monitoring wells. In general, the observed 

concentrations of GRO, 1,2,4 trimethylbenzene, benzene, and naphthalene were above corresponding 

KDHE Tier 2 RBSVs. During the limited period between March and June, gasoline constituent 

concentrations: (1) were generally stable in monitoring well MW-19; (2) decreased in wells MW-4, MW-18 

and MW-5; and (3) increased in monitoring wells MW-17 and MW-1. The highest concentrations of GRO 

(140 ppm) and benzene (5.2 mg/L) were detected in monitoring well MW-1, which is approximately 50 feet 

from the release location. This well has consistently exhibited the highest GRO concentrations at the Site, 

since it was installed in 2013. Dissolved-phase petroleum constituent concentrations were within the 

historical and expected ranges in pilot test area monitoring wells. 

Outside the pilot test area, dissolved-phase constituent concentrations are significantly lower and exhibit a 

longer-term decreasing trend. Site-wide groundwater concentrations and trends are discussed in detail in 

quarterly groundwater monitoring reports (Apex, 2015b). 

MNA Parameters. The MNA data, presented in Table 5 and on Figure 9, demonstrate that both aerobic 

and anaerobic microbial degradation of petroleum hydrocarbons are occurring in groundwater beneath the 

Site. The MNA data are interpreted below. 
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• Aerobic microbial degradation of petroleum hydrocarbons is a process during which available 

dissolved oxygen is consumed, resulting in negative ORP measurements. The source area wells 

(MW-17 through MW-19 and MW-1) show consistently low ORP measurements as compared to 

wells farther from the release location (MW-5 and MW-4), indicating that aerobic processes are 

occurring within the source area. 

• Aerobic microbial degradation of petroleum hydrocarbons is a process during which carbon dioxide 

is produced. In general, the carbon dioxide concentrations in source area wells MW-1 and MW-17 

are elevated compared to other wells, which suggests aerobic activity. 

• After the oxygen is depleted as a result of aerobic processes, subsequent microbial activity occurs 

under anaerobic conditions. The anaerobic microbial degradation of petroleum hydrocarbons 

consumes sulfate and generates methane as a degradation byproduct. 

o Sulfate concentrations in source area wells (MW-17 through MW-19 and MW-1) are generally 

lower compared to wells farther from the release location (MW-5 and MW-4), indicating that 

anaerobic processes are occurring within the source area. 

o In general, the source area wells (MW-17 through MW-19, and MW-1) show higher methane 

concentrations compared to wells farther from the release location (MW-5 and MW-4), 

indicating that aerobic processes are occurring within the source area. 

• Indications of oxygen rich environment (positive ORP values or lower methane concentrations) 

were not observed in wells near the ORC Advanced® injection locations. 

While analytical data indicate that aerobic and anaerobic biodegradation of petroleum hydrocarbons in 

ongoing at the Site, the data set is currently insufficient to quantify the effects of the injection of ORC 

Advanced® on groundwater quality. The timeframe and area that are affected by ORC Advanced® are 

dependent on multiple factors, including the mass of ORC Advanced® injected into the subsurface, 

groundwater gradients, hydraulic conductivity, geological variability, and soil and groundwater geochemistry. 

Based upon the data collected through June 2015, it is likely that insufficient time has elapsed for oxygen 

amended groundwater to affect constituent concentrations at monitoring points. Accordingly, NuStar will 

continue to monitor the MNA parameters for the duration of the pilot test (through February 2016). 

In summary, based on data collected during the three groundwater sampling events in March, April and 

June 2015, both aerobic and anaerobic microbial degradation of petroleum hydrocarbons are occurring in 

groundwater beneath the Site. These processes reduce the mass of petroleum hydrocarbons in the 

subsurface. The effects of the March 2015 injections of ORC Advanced® are currently not distinguishable 

from ongoing biodegradation processes. It is likely that insufficient time has elapsed for ORC Advanced® to 

significantly affect the biogeochemical system at monitoring points. In accordance with the Pilot Test Work 

Plan, NuStar will continue to monitoring groundwater in the pilot test area and elsewhere at the Site to 

measure the effectiveness of the pilot test and to assess overall groundwater quality. 
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6.0 Reporting and Schedule 

In accordance with the Groundwater Pilot Test Work Plan, groundwater monitoring is schedule for August, 

October, December 2015 and February 2016. Groundwater data collected during these events will be used 

to further evaluate the effectiveness of ORC Advanced® as a groundwater remediation technology. 

The final Groundwater Pilot Test Implementation Report will be submitted to KDHE approximately 60 days 

after receipt of final analytical data from the February 2016 monitoring event. The final report will include a 

compilation and evaluation of analytical data, including levels of dissolved oxygen in groundwater, 

indications of microbial activity, and gasoline constituent concentration trends. These data will be used to 

draw conclusions about the effectiveness of ORC Advanced® at the Site. If ORC Advanced® is determined 

to be effective and suitable for full-scale application, the report will include general design criteria for full- 

scale application as an interim remedial measure, including ORC Advanced® introduction methodology, 

injection point locations and spacing, ORC Advanced® replacement interval, a proposed monitoring 

program, and schedule. In the event that full-scale implementation is proposed, NuStar will coordinate with 

KDHE regarding design, implementation, and schedule. If results of the pilot test are inconclusive, NuStar 

will coordinate with KDHE regarding alternative remediation approaches. 
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Table 1 

Groundwater Gauging Data 
Groundwater Pilot Test 
Andover Quail Crossing Release Site 
Andover, Kansas 

Well ID 
Measurement 

Date 
- 

Diameter 
(inches) 

Casing 
 Top of 

Casing 
Elevation 

(feet)I  

Total Depth 
(feet bgs) 

Interval 
(feet bgs) 

Depth to 
Groundwater 

(feet bgs) 

Depth to 
SPH 
(feet) 

SPH 
Thickness 

(feet) 

Groundwater 
Elevation 
(feet MSL) 

1/7/2015 31.75 1320.38 
1/14/2015 31.44 1320.69 
1/20/2015 31.45 1320.68 
1/28/2015 31.42 1320.71 
2/4/2015 31.44 1320.69 
2/9/2015 31.62 1320.51 
2/18/2015 NM NM 

MW-1 2/25/2015 4.0 1352.13 35.0 20-35 NM NM 
3/4/2015 NM NM 

3/11/2015 NM NM 
3/20/2015 31.38 -- 1320.75 
3/25/2015 NM NM 
4/20/2015 31.39 1320.74 
6/10/2015 31.23 1320.90 
6/15/2015 31.31 1320.82 

1/7/2015 NM NM 
1/14/2015 32.90 1320.27 
1/20/2015 32.93 1320.24 
1/28/2015 32.89 1320.28 
2/4/2015 32.92 1320.25 
2/9/2015 33.15 1320.02 

2/18/2015 NM NM 
MW-2 2/25/2015 2.0 1353.17 44.0 29-44 NM NM 

3/4/2015 NM NM 
3/11/2015 NM NM 
3/18/2015 32.87 1320.30 
3/25/2015 NM NM 
4/20/2015 36.43 - 1316.74 
6/10/2015 NM NM 
6/15/2015 34.83 1318.34 

1/7/2015 NM NM 
1/14/2015 41.35 - 1309.12 
1/20/2015 41.36 - 1309.11 
1/28/2015 42.22 1308.25 
2/4/2015 41.12 - 1309.35 
2/9/2015 40.60 - 1309.87 

2/18/2015 NM - NM 
MW-3 2/25/2015 2.0 1350.47 60.0 40-60 NM NM 

3/4/2015 NM NM 
3/11/2015 NM NM 
3/18/2015 41.02 1309.45 
3/25/2015 NM NM 
4/20/2015 45.61 1304.86 
6/10/2015 NM NM 
6/15/2015 38.21 1312.26 

Please refer to notes at end of table. 
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Table 1 

Groundwater Gauging Data 

Groundwater Pilot Test 

Andover Quail Crossing Release Site 

Andover, Kansas 

Well ID 
Measurement 

Date 

 - 
Diameter 
(inches) 

Casin g 
 Top of 

Casing  
Elevation 

(feet) l  

Total Depth 

(feet bgs) 
Interval 

(feet bgs) 

Depth to 
Groundwater 

(feet bgs) 

Depth to 
SPH 
(feet) 

SPH 
Thickness 

(feet) 

Groundwater 
Elevation 

(feet MSL) 

1/7/2015 NM NM 
1/14/2015 31.52 1319.21 
1/20/2015 31.55 - 1319.18 
1/28/2015 31.66 - 1319.07 
2/4/2015 31.70 - 1319.03 
2/9/2015 31.75 - 1318.98 

2/18/2015 NM - NM 

MW-4 2/25/2015 2.0 1350.73 41.0 26-41 NM - NM 
3/4/2015 NM NM 

3/11/2015 NM NM 
3/18/2015 31.22 1319.51 
3/25/2015 NM NM 
4/20/2015 34.10 1316.63 
6/10/2015 29.28 1321.45 
6/15/2015 29.02 1321.71 

1/7/2015 NM -- NM 
1/14/2015 20.56 -- 1332.21 
1/20/2015 20.55 1332.22 
1/28/2015 20.58 - 1332.19 
2/4/2015 20.69 - 1332.08 
2/9/2015 20.58 - 1332.19 
2/18/2015 NM - NM 

MW-5 2/25/2015 2.0 1352.77 30.0 15-30 NM - NM 
3/4/2015 NM NM 

3/11/2015 NM NM 
3/18/2015 20.80 1331.97 
3/25/2015 NM NM 
4/20/2015 21.01 -- -- 1331.76 
6/10/2015 19.44 1333.33 
6/15/2015 19.60 1333.17 

1/7/2015 NM - NM 
1/14/2015 22.59 - 1327.17 
1/20/2015 22.45 -- - 1327.31 
1/28/2015 22.54 - 1327.22 
2/4/2015 22.59 - 1327.17 
2/9/2015 22.77 - 1326.99 

2/18/2015 NM NM 

MW-6 2/25/2015 2.0 1349.76 41.0 26-41 NM - NM 
3/4/2015 NM NM 

3/11/2015 NM NM 
3/18/2015 22.62 1327.14 
3/25/2015 NM NM 
4/20/2015 23.05 1326.71 
6/10/2015 NM - NM 
6/15/2015 20.45 - 1329.31 

Please refer to notes at end of table. 
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Table 1 
Groundwater Gauging Data 
Groundwater Pilot Test 
Andover Quail Crossing Release Site 
Andover, Kansas 

Well ID 
Measurement 

Date 
- 

Diameter 
(inches) 

Casing  
Top of 
Casing 

Elevation 
(feet) 

Total Depth 
(feet bgs) 

Interval 
(feet bgs) 

Depth to 
Groundwater 

(feet bgs) 

Depth to 
SPH 
(feet) 

SPH 
Thickness 

(feet) 

Groundwater 
Elevation 
(feet MSL) 

1/7/2015 NM - NM 
1/14/2015 16.49 133249 
1/20/2015 16.55 1332.43 
1/28/2015 16.56 1332.42 
2/4/2015 16.56 1332.42 
2/9/2015 16.58 1332.40 

2/18/2015 NM NM 

MW-7 2/25/2015 2.0 1348.98 24.0 9-24 NM NM 
3/4/2015 NM NM 

3/11/2015 NM - NM 
3/18/2015 16.63 1332.35 
3/25/2015 NM NM 
4/20/2015 16.10 1332.88 
6/10/2015 NM NM 
6/15/2015 14.91 - 1334.07 

117/2015 NM - NM 
1/14/2015 21.64 1331.74 
1/20/2015 21.70 1331.68 
1/28/2015 21.72 1331.66 
2/4/2015 21.92 1331.46 
2/9/2015 21.88 1331.50 
2/18/2015 NM NM 

r"'N-8 2/25/2015 2.0 1353.38 30.0 15-30 NM - NM 
3/4/2015 NM - NM 
3/11/2015 NM - NM 
3/18/2015 21.96 - 1331.42 
3/25/2015 NM - NM 
4/20/2015 22.25 1331.13 
6/10/2015 NM -- NM 
6/15/2015 19.93 1333.45 

1/7/2015 NM NM 
1/14/2015 NM NM 
1/20/2015 NM NM 
1/28/2015 31.81 1317.67 
2/4/2015 31.90 1317.58 
2/9/2015 31.78 1317.70 

2/18/2015 NM NM 

MW-9 2/25/2015 2.0 1349.48 34.0 19-34 NM NM 
3/4/2015 NM NM 

3/11/2015 NM NM 
3/18/2015 31.59 1317.89 
3/25/2015 NM NM 
4/20/2015 33.25 1316.23 
6/10/2015 NM NM 
6/15/2015 29.83 1319.65 

Please refer to notes at end of table. 
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Table 1 

Groundwater Gauging Data 

Groundwater Pilot Test 

Andover Quail Crossing Release Site 

Andover, Kansas 

Well ID 
Measurement 

Date 

Casing 
 - 

Diameter 
(inches) 

Top of 

Casing 
Elevation 

(feet) t  

Elevation 
 Total Depth 

(feet bgs) 

Screen 

Interval 
bgs) 

Depth to 
Groundwater 

(feet bgs) 

Depth to 
SPH 
(feet) 

SPH 
Thickness 

(feet) 

Groundwater 

Elevation 
(feet MSL) 

1/7/2015 NM - NM 

1/14/2015 28A5 - 1320,34 

1/20/2015 28.42 - 1320.37 

1/28/2015 28.44 - 1320.35 

2/4/2015 28.49 - - 1320.30 

2/9/2015 28.54 -- - 1320.25 

2/18/2015 NM - NM 

MW-10 2/25/2015 2.0 1348,79 34.0 19-34 NM - NM 

3/4/2015 NM - NM 

3/11/2015 NM - NM 

3/18/2015 28.42 - 1320.37 

3/25/2015 NM - NM 

4/20/2015 28.53 - 1320.26 

6/10/2015 NM - NM 

6/15/2015 28.30 - 1320.49 

1/7/2015 NM - NM 

1/14/2015 28.88 - 1322.46 

1/20/2015 28.88 - 1322.46 

1/28/2015 28.97 - 1322.37 

2/4/2015 28.94 1322.40 

2/9/2015 29.26 -- 1322.08 

2/18/2015 NM - NM 

MW-11 2/25/2015 2.0 1351.34 42.0 22-42 NM -- NM 

3/4/2015 NM NM 

3/11/2015 NM -- - NM 

3/19/2015 29.84 - 1321.50 

3/25/2015 NM - NM 

4/20/2015 30.39 - 1320.95 

6/10/2015 NM - NM 

6/15/2015 28.31 - 1323.03 

1/7/2015 NM - NM 

1/14/2015 NM - NM 

1/20/2015 31.04 - - 1318.70 

1/28/2015 31.05 - 1318.69 

2/4/2015 31.07 - 1318.67 

2/9/2015 31.06 - 1318.68 

2/18/2015 NM - NM 

MW-12 2/25/2015 2.0 1349.74 43.0 23-43 NM -- - NM 

3/4/2015 NM - NM 

3/11/2015 NM - NM 

3/18/2015 30.95 - 1318.79 

3/25/2015 NM - NM 

4/20/2015 31.09 1318.65 

6/10/2015 NM -- 'NM 

6/15/2015 30.86 1318.88 

Please refer to notes at end of table. 
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Table 1 
Groundwater Gauging Data 
Groundwater Pilot Test 
Andover Quail Crossing Release Site 
Andover, Kansas 

Well ID 
Measurement 

Date 
- 

Diameter 
(inches) 

Casin g 
 Top of 

Casing 
Elevation 

(feet)1  

Total Depth 
(feet bgs) 

Interval 
(feet bgs) 

Depth to 
Groundwater 

(feet bgs) 

Depth to 
SPH 
(feet) 

SPH 
Thickness 

(feet) 

Groundwater 
Elevation 
(feet MSL) 

1f7/2015 NM NM 
1/14/2015 33.06 1321.52 
1/20/2015 32.93 - 1321.65 
1/28/2015 32.85 1321.73 
2/4/2015 33.07 1321.51 
2/9/2015 32.81 1321.77 

2/18/2015 NM NM 
MW-13 2/25/2015 2.0 1354.58 45.0 25-45 NM -- -- NM 

3/4/2015 NM NM 
3/11/2015 NM NM 
3/18/2015 33.16 1321.42 
3/25/2015 NM NM 
4/20/2015 33.34 1321.24 
6/10/2015 NM NM 
6/15/2015 31.94 1322.64 

1/7/2015 NM NM 
1/14/2015 33.51 1321.48 
1/20/2015 33.59 1321.40 
1/28/2015 33.65 1321.34 
2/4/2015 33.88 1321.11 
2/9/2015 34.00 1320.99 

2/18/2015 NM NM 

MW-14 2/25/2015 2.0 1354.99 45.0 25-45 NM NM 
3/4/2015 NM NM 

3/11/2015 NM NM 
3/18/2015 33.94 1321.05 
3/25/2015 NM -- - NM 
4/20/2015 34.93 . 	 1320.06 
6/10/2015 NM - NM 
6/15/2015 31.70 - 1323.29 

1/7/2015 NM NM 
1/14/2015 NM - NM 
1/20/2015 34.93 1316.86 
1/28/2015 34.98 1316.81 
2/4/2015 35.12 1316.67 
2/9/2015 35.02 1316.77 

2/18/2015 NM NM 

MW-15 2/25/2015 2.0 1351.79 45.0 25-45 NM NM 
3/4/2015 NM NM 

3/11/2015 NM NM 
3/18/2015 35.04 1316.75 
3/25/2015 NM NM 
4/20/2015 36.50 1315.29 
6/10/2015 NM -- 'NM 
6/15/2015 32.34 1319.45 

Please refer to notes at end of table. 
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Table 1 
Groundwater Gauging Data 
Groundwater Pilot Test 
Andover Quail Crossing Release Site 
Andover, Kansas 

Well ID 
Measurement 

Date 

Casing 
Diameter 
(inches) 

Top of 

Casing 
Elevation 

l  (feet) 

Total Depth 
(feet bgs) 

Screen 
Interval 

(feet bgs) 

Depth to 
Groundwater 

(feet bgs) 

Depth to 
SPH 
(feet) 

SPH 
Thickness 

(feet) 

Groundwater 
Elevation 
(feet MSL) 

1/7/2015 NM - NM 
1/14/2015 NM - NM 
1/20/2015 30.71 - 1321.42 
1/28/2015 20.13 - 1332.00 
2/4/2015 30.76 - 1321.37 
2/9/2015 31.09 1321.04 

2/18/2015 NM -- NM 

MW-16 2/25/2015 2 0 1352.13 45.0 25-45 NM -- NM 
3/4/2015 NM -- NM 

3/11/2015 NM NM 
3/18/2015 31.80 1320.33 
3/25/2015 NM -- -- NM 
4/20/2015 33.03 1319.10 
6/10/2015 NM NM 
6/15/2015 29.48 1322.65 

3/18/2015 NM -- -- NM 
4/20/2015 33.91 -- - 1317.78 

MW-17  6/10/2015 2.0 1351.69 43 27-43 31.15 - 1320.54 
6/15/2015 31.28 -- - 1320.41 

3/18/2015 27.93 - 1323.18 
4/20/2015 33.51 -- - 1317.60 

MW-18 6/10/2015 2.0 1351.11 43 27-43 30.50 - 1320.61 
6/15/2015 30.64 -- - 1320.47 

3/18/2015 35.19 - 1315.94 
4/20/2015 33.70 - 1317.43 

MW-19  6/10/2015 2.0 1351.13 43 27-43 30.24 - 1320.89 
6/15/2015 30.60 - 1320.53 

1/7/2015 NM 

1/14/2015 NM 

1/20/2015 1344.00 
1/28/2015 1343.80 
2/4/2015 1344.15 
2/9/2015 1344.10 

Stormwater 2/18/2015 NM 
Pond (Pond 2/25/2015 NA NA NA NA NA NA NA NM 
Stage [feet 3/4/2015 NM 

MSL]) 3/11/2015 NM 
3/18/2015 1343.60 
3/25/2015 NM 
4/20/2015 1344.75 
6/10/2015 1344.50 
6/15/2015 1344.75 

Notes: 
1. feet MSL = Feet above mean sea level (NAVD88). 
2. - = No SPH 
3. NM = Not measured. 
4. Pond elevation is measured directly from a staff gauge in the pond (in 0.25-foot increments). 

The top of the staff gauge is 1347.59 feet above mean sea level. 
5. NA = Not applicable. 
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Table 3 

Groundwater Quality Parameters 

Groundwater Pilot Test 

Andover Quail Crossing Release Site 

Andover, Kansas 

Sample 
Location 

Sample 
Date 

Temperature 
(°C) 

Dissolved 
Oxygen 
(mg1L) 

Specific 
 

Conductivity 
(uSlcm) 

pH ORP 

1/30/2014 15. 79 0.00 1,060 7.25 -52 
4/9/2014 19.22 5.52 979 6.98 -130 
7/23/2014 19.98 5.35 1,251 7.49 -110 
10/29/2014 15.81 3.21 1,369 6.97 -60 

MW-1 2/12/2015 11.33 1.43 1,250 6.77 -57 
3/20/2015 16.71 1.16 1,388 6.75 -46 
4/20/2015 16.67 1.16 1,203 6.67 -46 
6/16/2015 16.50 0.95 1,311 7.01 -52 

1/30/2014 15.50 0.00 843 6.22 99 
4/8/2014 15.29 4.05 752 6.77 7 
7/22/2014 21.74 4.79 852 4.79 55 

MW-2 10/30/2014 19.07 4.87 813 7.21 130 
2/10/2015 14.90 3.16 816 5.77 129 
6/16/2015 18.89 2.75 805 7.28 40 

1/3012014 11.91 0.00 853 4.05 18 
4/8/2014 17.25 8.41 740 6.96 -11 
7/24/2014 25.79 2.89 971 7.18 -95 

MW-3 10/30/2014 18.47 0.96 901 7.07 -236 
2/10/2015 16.27 0.93 940 6.68 -85 
6/17/2015 18.87 0.46 947 7.04 -83 

1/30/2014 14.01 2.78 1,130 5.46 158 
4/9/2014 14.99 2.54 968 6.95 132 
7/24/2014 20.53 0.57 1,135 7.24 -9 
10/30/2014 16.98 0.54 1,083 7.03 -146 

MW-4 2/10/2015 16.62 1.07 1,044 6.54 -48 
3/20/2015 15.77 0.86 1,050 6.52 -30 
4/20/2015 17.43 0.86 719 7.02 -30 
6/16/2015 19.74 3.82 1,101 7.24 26 

1/30/2014 15.57 0.00 1,300 6.96 57 
4/8/2014 15.99 1.09 1,190 6.92 189 
7/23/2014 20.70 2.28 1,458 7.17 64 
10/29/2014 19.39 0.49 1,453 6.98 127 

MW-5 2/10/2015 15.98 1.38 1,444 6.47 93 
3/20/2015 16.44 1.07 1,451 6.73 35 
4/20/2015 16.80 1.10 1,360 6.80 20 
6/16/2015 17.90 1.49 1,429 6.96 149 

1/30/2014 15.54 0.63 986 7.11 146 
4/9/2014 16.58 9.16 797 7.00 201 
7/24/2014 19.56 5.64 1,303 7.27 17 

MW- 6 10/29/2014 18.08 4.29 1,137 7.09 160 
2/11/2015 13.07 4.06 893 6.91 100 
6/17/2015 17.60 3.88 1,280 7.15 15 

1/30/2014 16.13 0.00 667 7.21 -37 
4/9/2014 15.78 9.43 566 7.08 23 
7/24/2014 18.24 0.66 740 7.38 -11 

VA-7 
10/29/2014 17.47 0.22 754 7.25 -33 
2/11/2015 15.25 aeo 662 6.93 18 
6/17/2015 17.16 0.60 868 7.27 -31 

Please refer to notes at end of table. 
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Table 3 
Groundwater Quality Parameters 
Groundwater Pilot Test 
Andover Quail Crossing Release Site 
Andover, Kansas 

Sample 
Location 

Sample 
Date 

Temperature 
(°C) 

Dissolved 
Oxygen 
(mWL) 

Specific 
 

Conductivity 
(pS/cm) 

pH ORP 

1130/2014 16.94 1.56 1,120 7.00 109 
4/8/2014 16.42 9.18 976 6.80 170 
7/22/2014 19.71 4.88 1,156 7.27 70 

MW-8 10/29/2014 20.01 3.92 1,051 7.19 138 
2/10/2015 16.90 2.66 1,178 6.44 100 
6/17/2015 1926.00 3.16 1,209 7.18 110 

1/30/2014 12.13 0.00 760 4.50 8 
4/812014 16.65 4.05 725 7.07 192 
7/24/2014 23.24 3.59 1,080 7.11 48 

MW-9 10/30/2014 16.72 5.61 977 7.08 98 
2/11/2015 15.06 3.13 884 7.05 91 
6/16/2015 19.40 0.67 1,247 7.16 61 

1/30/2014 14.31 0.00 1,340 4.90 -44 
4/8/2014 17.01 0.18 982 6.79 -105 
8/1/2014 21.23 9.61 1,236 7.59 77 

MW-10 10/29/2014 19.71 1.80 1,302 6.90 88 
2/11/2015 13.84 1.67 984 6.88 99 
6/16/2015 19.13 0.55 1,439 7.28 47 

1/30/2014 16.22 6.91 1,320 6.54 185 
4/8/2014 16.61 6.09 1,140 7.05 199 
7/23/2014 20.17 2.45 1,438 7.24 100 

MW-11 10/30/2014 18.55 4.02 1,404 7.11 91 
2/10/2015 16.66 4.01 1,314 6.61 72 
6/17/2015 18.94 1.78 1,463 7.12 120 

1/30/2014 14.13 0.00 927 5.44 66 
4/9/2014 19.96 8.58 774 7.01 30 
7/22/2014 24.34 0.85 1,067 7.11 -5 

MW-12 10/29/2014 18.73 0.63 967 7.13 -67 

2/12/2015 15.09 1.11 906 6.78 45 

6/16/2015 20.24 2.43 1,014 7.15 50 

1/30/2014 15.00 6.53 774 7.04 158 
4/8/2014 15.35 7.03 674 6.93 109 
7/22/2014 23.53 8.10 790 7.31 76 

MW-13 10/29/2014 19.97 6.70 767 7.19 135 
2/10/2015 15.74 4.85 759 6.25 110 
6/17/2015 1895.00 5.22 673 7.27 102 

1/30/2014 15.31 3.53 724 7.00 183 
4/9/2014 18.75 5.62 608 7.06 181 
7/22/2014 22.63 4.81 683 7.32 66 

MW-14 10/29/2014 17.09 5.49 703 7.29 101 

2/12/2015 14.50 4.17 687 6.73 94 
6/17/2015 18.90 3.42 698 7.20 97 

Please refer to notes at end of table. 
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Table 3 

Groundwater Quality Parameters 

Groundwater Pilot Test 

Andover Quail Crossing Release Site 

Andover. Kansas 

Sample 

Location 

Sample 

Date 
Temperature 

(°C) 

Dissolved 
Oxygen 
(mg/L) 

Specific 
 

Conductivity 
(pS/cm) 

pH ORP 

1/30/2014 12.24 0.00 732 5.65 218 

4/8/2014 15.84 9.96 653 6.93 180 
7/23/2014 18.11 4.78 734 7.31 92 

MW-15 10/29/2014 20.21 4.49 728 7.16 147 
2/10/2015 16.94 3.79 732 6.56 75 
6/17/2015 18.85 3.58 744 7.08 113 

1/30/2014 12.34 2.39 929 5.79 191 
4/8/2014 15.65 8.32 713 6.91 181 
7/23/2014 21.58 4.60 981 7.28 87 

MW-16 10/29/2014 20.13 4.36 972 7.09 156 
2/10/2015 16.70 3.25 924 6.73 97 
6/17/2015 20.30 3.66 889 7.16 120 

3/20/2015 18.15 0.61 1057 6.81 42 

MW-17 4/20/2015 16.87 0.83 1,012 6.70 -46 
6/16/2015 17.43 0.92 1,047 7.00 -10 

3/20/2015 17.43 0.68 990 6.89 -13 

MW-18 4/20/2015 17.38 0.79 880 6.17 62 
6/16/2015 18.90 0.93 899 7.12 -18 

3/20/2015 17.83 1.57 905 7.09 50 

MW-19 4/20/2015 17.11 1.36 841 6.62 -61 
6/16/2015 18.83 0.49 827 7.25 -82 

Notes: 
1. °C = Degrees Celsius. 

2. mg/L = Milligrams per liter. 

3. ORP = Oxidation-reduction potential. 

4. Specific Conductivity was documented as mS/cm (millisiemens per centimeter) on the field sampling sheets. 

The value is reported in this table as millisiemens/centimeter (mS/cm). 

Revised Groundwater Pilot Test Report 
Quail Crossing Neighborhood - Andover, Kansas 

1641-08 
Page 3 ol 3 



O
 

'0
 

o
o
 

O
 

-0
 

-
0
 
"
 

Sam ple Location 
'37

3.. 
	

0
 

-4
  
A

 
-
.
 
R

 
R

 
4
7
 

V
 	
0
 	

8
 	

31
13

 	
°
°
 	

C
o
 	

x,
, 
	

x.
,,,

 
no

 	
r..

, 	
,,--

. 	
no

 	
8
 	

i , 
, 	

, . ,
, 	

8
 

0
 
0
 
i
5
 
0
  
-
3
 
0
  
0
 
0
 
"
 

„
 
„
 

Cr
, 	

N
_.

. 	
,T

,. 	
.n

. 	
.3

. 
	

-.
. 	

co
 

	

A
 	

C
O

 C
J
 

0.
...

! 	
0
 	

0.
3.4

 	
7.

..'• 	
0
 	

C
o
 	

C
o
 

-.
• 	
"
 	

-'
• 	

4
3
 	
"
 	

C
O

 	
C

O
 

	- 
_
 	

3 .
 3 

. 	
3 

- 3
 

 
O

f
 
0
 
0
 
	

.-
- 

C
O

 '
.4
 

9L
' 

n
a
 n

o
 

N
J
 3

•:
: 

n
 a

 8
 

n
a
 ,
 
6,

  8
 

0
 
0
 
0
 
0
 
o
 _

, 
o
 

c
„ 

_,
, _

„ 
U

. 	
F.:

, r 	
z,.

', 	
-.it

 	
.31

. 	
.0.

 	
r.

 	
z.,

 	
.
 	

c.,
 

-3
. 

6
 

0
 
N

J
 
Q

 
 

l
•  1

 	
l'

• -3
 	

- 
- 	

- 
- 

  
cn

 	
N

J
 N

J
 

0
  C

D
 0

 N
J
 C

O
 

no
 
	

--
- 	

1̀.-
--' 

1•
:.3

 
°
3
  
0
 
"
 
N

J
 
0
 

o
 o

 o
 
o
 

,=
, 
o
 _

, 
b
 =

, 
_
,.
 

,p
; 	

N
,7,,

, 	
01

 	.
".. 	

3
 	

. a
. 	

.3
 	

,t
 	

co
  
1
0
 
r
 

c
. 

3
 

CS
.
 
0
  

ii:
- 

6
 	

7
0
 	

C
a
 	

A
I 	

1.
" 	

..
. 

--
. 

b
 

L
. 

b
 b

 i
e
 b

 L
.s

 "
 

O
A

 
A

0
A

 
A

 
A

 
A

 
0
, 
6
 A

 .
 	

6
 

6
 
C

7
 
0
 

to
 t
o
 

c
o
 A

 0
 -

-
•
 0

 
0
 
0
 
6
 

i4
 C

O
 

C
o
 	

0
1
 	

C
l 	

0
1
 	

0
1
 	

CJ
1 	

C
o
 

•-•
 	

-4
 	

!...
. 	

...1
1 	

.0
. 	

ar
e. 
	

h
a
 	

A
. 	

L
a
 	
r

.:
 

g
 
0
 

A
i 
c
o
 

0
1
 
0
  
C

.
 
A

 
<

0
 
;
6
•
•
 

G
R

0 

0
 
0
 
0
 
0
,
0
 

F
. 	

C
. 	

6
 	

6
 	

• 	
• 	

• 	
• 	

0
, 

t
 	

•L
,, 	

L,,
, 	

L,
, 	

2
 	
5
 	

...73
 	

51
 	

...,
, 

&
 

C
O

 C
7
 C

P
I 	

X
 

A
 	

A
 	

A
C

7
A

 	
A

 	
A

 	
A

 	
A

A
 

P
A

R
C

.
A

P
A

P
P

A
 

0
 
8
 8

 a
 8

 8
 8

 8
 8

 8
  

-
3 	

--
• 	

-
3 	

0
1
 	

-
3 	

-
3 	

-
3 	

-
3 	

0
1
 	

0
1
 

A
 

C
P

 '
6
  
0
 
0
 
0
 
0
 
0
 

. i
 	
b
.
.
 	
.
.
 	

. 	
-.

0
6
 

-,
. 
o
 

A
 

4
3
 
A

 
i 	

"
 _

..
 _

. 
, 
. 
.0

 c
o
 	

s.
, 

8
  

^
'
 
A

 	
0
 

1,
2,

4 
Tr

im
et

hy
lb

en
ze

ne
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

6
 
o
 
A

 
A

 
A

 
A

 
g
 o

 o
 

c
, 

-.
 .
..

..
 .

.-
 

0
  o

 	
0
 0

 
4
 
0
 
0
 
0
 
C

l
 
-
.
3
.
 
_
3
 
_
.
 
4
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

6
 
A

 
6
 
0
 
6
 
A

 
0
 
6
 
A

 
A

 
0
 
0
 
c
,
 
c
,
 
o
 
o
 
o
 
0
 
0
 
o
 

A
 	

A
 
O

 
A

 	
A

 	
A

 	
A

 	
A

 	
A

 	
A

 
0
 
C

D
 
0
,
 
0
 
0
 
0
 
0
 
0
 
0
 

0
  

A
 
A

 
6
 
o
°
 
6
 
A

 
A

 
6
 
0
 

-+
 	

C
D

 -
3  
-

3  
-

3  
0
 
-

3  
N

J
  

0
 
-

3  
A

 
0
 
0
 
-

3  
0
 
C

O
 
0
 

C
°  

1,
2 

D
ic

hl
or

oe
th

an
e 

6
 
P

 
9
 
°
 
°
 
a
, 

-
 -

 -
 

L
. 

2
 
	

8 =
 . , 

C
7
3
 
-
0
 
0
 
=

 
0
 
1
0
 
0
 

A
 	

A
 	

A
C

7
A

 	
A

 	
A

 	
A

 	
A

 	
A

 

	

.
 
.
 
.
 
.
 	
.
 
.
 
.
 
.
 
.
 

e
n
 

 
 

. . .- 	
- 	

. . .- 	
; = . 	

- . . . . 	
: = , 	

6
 	
6
 

0
. 
8
 

.....
 
a
 
.
 
.
 
.
 
.
 
0
 
0
 

 
„
 
	
0
 
	
„
 
	

_
,,
 
6
 
0

, 

0
 

.6
 C

.  
0
 
0
 
0
 
0
 
0
 
0
 
0
 

L
o
 .

..°
 °

-
 	
A

 '
 	

L
. 
b
 
	

i.o
 

. 
-
 .

g
 8

  8
 a

 c
o
 .
 8

 
1
0
 

4
7
 

1,
3,

5-
 T

rim
et

hy
lb

en
ze

ne
 

A
 
8
8
 

A
 

A
  
o
p
p

0
  

8
  

P
 
6
 
6
 
6
 
	
8
  

8 
,.,

 ,8
 i
r2

 , 
0
 	
"
 	

33
,3

 	
C

7
 

-•
 C

I 
4
5
 

8
 -

• 
<

.0
 o

 -
4
 
°
 

8
8
8
 
8
  .

,.;
,, 

,s
, 

a
  8

 
8
8
  8 8

. 	
8
 8

 
g
 o

 
	6

 
0
 
0
 
0
 
C

O
 
C

O
 

N
J
 	

N
J
 N

J
 N

J
 1

0
 .
0
 .
0
 N

7
 

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
.
0
0
‘
,
.
.
 

A
 0

  
. 

U
. 	

A
 

b
 

	
6
 
6
 
	

A
 •

 	
°
 
°
 

0
 
0
 	

A
I 	

0
 
0
1
 

A
l 

A
L
  
"
 
1
0
 
A

l
 
0
  .

3
.7

 
6
 
0
  
-
3
 

0
 
C

7
 
C

7
 
<

0
 
0
 	

0
 

2.
B

ut
an

on
e 

b
,

-.
. 	

b
•

-
•
 	

L ,
.

- 
	

6-
 	
;
 
	

L ,
 .

-
 	

L 
.

-
 	

i
:
 

 
0
 

O
A

 	
A

C
1
A

 	
A

 	
A

 	
A

 

g
 g

 g
s.

, :
_.

 
g
 

A°
  
;
 

	

0
 

4
7
 
0
 	

0
 	

4
1
 

1.
1 

C
A

 	
-
. 
	

p
. 	

_
,.
 	

. 	
_
..
 	

. 

C
7
 0

 

"
"
 b

. . 
,, 

6°
 

Pn
 3

 "0 
, L

 ,."
 L

 . "
 -

+
 ."
 
6
. 
4
 P-_

. , 
V

 	
P

O
 	

Cr
.  

B
en

ze
ne

 

0
 

c
,
 
0
 

p
 
8
  
p

p
 
0
 
c
,
 

0
 •

_
,.
 	

2
 •

 	
°
 
°
 

—
 0

, 
o
s
 —

 g
 

V
 

-
-
4
 0

°
 -

.4
  

0
7
 	

C
n
 -

3
 
6
  
N

J
 
"
 
.
0
 
0
 

8
 8

 8
 p

a
a

,
8,

,s
,

c,
,,
 

6
 
6
 
A

 
8
 

0
 
C

.
 
C

P
 
4
.
3
 
0
 
0
 
0
 
0
+

 
•
•
•
•
•
 

 
0
 

 

c,
=,

,=
„
s
c

,
c,

 
A

 0
  0

 
0
 

0
 	

x
„_

• 	
,,

" 	
"
 

	

7
:7

 
V

  
°
 
=

'
•
 
°
.
°
 
°
 

6
  
4
 
0
3
-
 	

•-
-0

 
0
1
 
0
 
„
 
C

O
 
„
 

C
yc

lo
he

xa
ne

 
C

yc
lo

he
xa

ne
 

o
 o

 o
 o

 
0
 
0
1
 
0
 

i.n
 	

F
.  
1
2
 0

 0
 

0,
 	

K.
, 	

0,
 	

_.
 	

-.
 	

N
.7

 	
13

37
 

A
 
A

 
O

°
 
	

A
 
A

 	
A

 
A

 
A

 

;4
.. 	

1,
.> 	

%Z
. 	

_
.
°
 	

Z
.'. 	

i.;
. 	
;
 	

i'f
., 	
;
 	

;:.;
. 

G
P

 
0

 
C

D
 	

0
 
0
 	

0
 	

C
3
 

-3
 	

-3
 	

0
°
 
	

-3
 	

-3
 	
-

3 
	

C
O

 

0
 
0
 

:..
- 	

2
 	

A
. 	

-.
4

6
' 	

rP
". 	

0
1

P
 	

'=
.

k
, 	

b
,

-
' 	

1.:.'
„ 	

,„,--
 

"
 
-
3
 	

C
3
 
-

3  
C

O
 	

-1
 

E
th

yl
be

nz
en

e 

0
 

0
0

A
 
A

0
0
0
0
A

 
0
 
0
 
!
,
f
,
 

0
,  6  
8
  o

 
	
A

P
 

c
o
 -

. 	
6
 
6
 
6
 

o
 

cc
 

0
 	

-
.
-
.
0
 

A
I 
1
3
1
0
 -

3  0,0
l

o
 

4..
. 	

c,
 	

o
 	

—
 	

a
ll
 

A
 	

A
 	

A
 	

A
 	

A
A

 	
A

 	
A

 	
A

 	
A

 
0

6
P

A
0
0

A
0

A
P

 
6
 
A

 
A

 
A

 
A

 
A

 
A

 
b
 
A

 
0
 

0
0
0
0
0
c
,
o
0
o
o
  

0
 	

'6
 
A

 	
A

  
0
 
0
 
C

I
 
<

0
 
A

 
6
g
6
6

0
6
c
 

0
  _

, -
. 	

6
 
6
 
0
 

A
 6

 _
, 
_
,,
 

4„.
, 

6
  
0
 

_
. 

0
1
 	

0
 C

a
 	

-.
 0

, 
-.

 
-•

 —
 —

 	
0
, 

0
 

0
 

<-
1 

CD
 

A
 I

so
pr

op
yl

be
nz

en
e 

co ...
  

7
 

0
 
0
 
0
 
0
 

V
 	

6
 
0
 
O

°
 

1 	
<

0
  8

 g
 6

 A
 

A
l 	

-
3 	

.3
.7

 	
°
I 	

°
°
' 

0>
 

43
  N

  0
3

 

A
 5

S
, 

O
° 

,L
,,
 	

A
 
0
 
0
,
 

8
 
8
 b

  o
 

kz,
 

, 	
gA  
°

iM
O . 

4
 	

0
 	

. 	
C=

. 	
8 

[..
>

 	
-.

 
A

,
 
"
 
A

,
 
0
 
A

,
 	

1
0
 
.
3
.
1
 
-
3
 
"
  

	

-
F

°
 
5
-
,

- 	
-
 

, 	
L„
,„

,-
-
„ c"

 
t e

, 	
8,

 	
-
 

:r..
 	

r, 

N
 

es
a3
  m

,p
•X

yl
en

e 
o
  

C
P 

*0
 

	

0
 
0
 
0
 
8

p
. 	

0
0
0
  

°
 
°
 
°
 
A

 
8
 8

 o
 o

 
63

 	
zo

 	
-.

 	
0
  -0 1 	

C1
7 	

-L„
,
 	

--
.•

_
, 	

x,
,.

 
C

7
 	

-3
 

.8
8
8

p
8
8
8
8

0
,0

  
o
 o

 8
 o

 o
 
6
 
A

 
°
 
A

 
0
 
0
 

9.
 
8
  o

 o
 o

 o
 '
2
, 

no
 

8
0
8
0

,
0
 8

 c
, 

c z  
, 

0
 

A
 
°
 
A

 
ia

l 
°
 
A

 
°
 
°
 R

 °
 

 t
•,,

,3 	
-.

 	
6
 	

5.1
 	
8
 	

re,
 	

,1,-;
 	

tJ
 

C
I 
 

3
 

M
et

hy
lc

yc
lo

he
xa

ne
 

C
P

 
0
0
0
0

0
0

,
0
o
 

L
.
 
b
 

„ 	
,,

°
 °

 g
 
B

 b
 b

 
0
 	

je
 	

6„
„  a5 	

ki
, 	

r.
 	

co
 	

;;;
; 	

., 	
: 

A
 	

A
 	

A
O

A
 	

A
 	

A
 	

A
 	

A
A

 
0
 
C

7
 
0
 
0
,
 
0
 
C

7
 
0
 
0
 
0
 
0
 

6
 
6
 
A

 
b
 
A

 
o
 
0
 
0
 
0
 
6
 

c
3
 o

 0
 

.1,12
 

C
7
 
0
 
0
 
0
 

8
 

EA
 

0
 
0
 
0
 
C

.
 
C

.
 
0
 

C
P

 	
• 	

• 	
• 	

• 	
• 	

• 	
C

P
 	

C
a
 	

0
 

°
 
°
 
°
 

E
 E

 
<7 

 - •
 

..
. 	

ti
 	

.7: 	
N

 	
os

 	
M

 	
Ja

. 	
4
71.,
 

 
 

N
ap

ht
ha

le
ne

 

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
,
 
0
  
0
 
0
 
A

 

°
 
i 
c
 
6
0
 
6
 
A

 
°
 
°
 
A

 
°
 	

—
 o

 o
 

0
 
-
3
 

8
 

8
 c

r.
 0

, 	
_„

 
0
  0

,  

A 
	

.g
, 
A

 8
 

a
 	

A
 	

,,,,,
 

8
 	

A 
	

A 
6
 A

 A
 A

 0
. 

A
 0

. 
6
 0

 A
 

0
 
0
 
0
 
C

7
 
0
 
0
 
C

o
 
C

7
 
0
 
0
 

A
 	

A
 	

A
 

A 
	
=

, 
,,
 .
 

c,
 

e.
  ,

=
, ,

=
, 
0
^
 

A
 
i
3
 
°
 
o
°
 
o
°
 
°
 
°
 
P

 
-3

 	
0
 

C
o
 
0
 
0
 

C
C

 -
3
 -

3
. 

0
  -3 	

C
J
 
-

3  
0
 

0
 
	

C
O

 0
 	

4
  -

3  
n-

B
ut

yl
be

nz
en

e 

0
 
0
 
0
  
0
 
,
6
0
,
6
0
0
 

0
,
 
6
 	

0
 
6
 

, 	
0
 
0
,
 	

0
 

0
 

0
 

,,
 _

, 
” 

_
, 
0
  
	
.
 

c o
 	

n a
 	

c o
 	

c .
 . 	

- 
. 
Z

1
 	

0
 	

0
 	

71,-
2 

A
 	

A
 	

A
O

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

A
P

P
A

P
P

A
°
6
6
 

.
,
 
.
 
.
 
.
 
.
 
C

7
 
0
 
0
 
0
 
0
 

2
 
2
 
2
 
I
:
 
2
 
2
 
2
 
.
=

._ 
. 

',3°,
 e

., 
0

,
0

0
A

 
A

,
6
0
  

0
6
6
6
9
0
0
6
:
 

0
 

"
 
A

,
 
3
0
 
0
 
0
 
"
 
_

L  
-

3  
6
 

6
  

Po
 o

 i:
,-; 

8
 8

 
<0

 0
1
 	

•
°
. 

A
 C

o
 

n-
P

ro
py

lb
en

ze
ne

 

	

0
0
 
0
 
0
 	

,..1.
 
0
 
0
  
_
 

	

6
  _

.,
 

0
 	

1 	
i; 

- 9 
9 

!f.
, 

V
 	

1
0
 	
0
 	

-3
 	

C
P

 	
_
, 	

, 	
.3

3.7
 

A
 	

:t%
 

'-'
 ., 	

a
.  c

+
 	

8
 	

A
 	

A
 	

A
 	

A
 

o
 o

 o
 o

 
0
  
0
 
0
  8

 
0
  1

 
0
 
6
 

0
  
6
 

7
3
.
1
 
O

0
 
C

O
 
0
 	

0
 
0
 
0
 
0
 

0
1
 
-

3  
-
3
 

-
0

 
-3

 	
-
3
 
-

3  
4
 
4
 

"
 o

 o
 o

 "
 _

,.
 

6
 	

i.
. 	

io
 	

• 73
7 	

• .0
 	

I 	
C

D
 	

N
J
 	

C
o
 

. 	
"
 	
"
 

L
. 

"
 

L
.  
0
 
 

o-
X

yl
en

e 

0
 
0
 

0
 

-3
 

	
,z

, 	
0
, 	

.  
b
, 

	
0
 
"
 
	
,i
, 

F
0
  , ., 

W
 0

1
 	

C
O

 

O
A

 
A

O
A

 
A

 
A

 
A

0
0
,
 

6
 

C
D

 0
 	

A
 c

c
 	

. 	
. 

g 
g 

g 
..p

. 6  
6
 
A

 
0A

 
02
 
0
  
0
 

 
"
 

cl
lo

 	
0
 	

0
 
v
,
.
 

C
O

 
	

4
".
 	

3 	
-0

 

A
 A

 6
 

....
. 
	

• 	
...

. 	
en

 	
4
1
 	

1.
0 	

-3
 	

1
0
 

...
. 	

r..
. 	

...
. 	

A
 	

ro
 	

A
:,

..
 	

6
 	

6
 	

6
  

4
 	

-
3 	

<1
7 

To
lu

en
e 

_
L  
0
0
0
0
0
'
6
°

0
 

0
, 

	
<3

.3
 	
0
 	

5,
' 	

2
 	

'1.7
'., 	

"F.
', 	

is,
  

W
 °

 
C°

  4
3
 
-
3
 
4
 
3
.
4
 
-

3  

A
 
A

 
A

 
A

 
0
 
0
 

•,,C
›, 

O
 8

 	
o
 o

 o
 o

 
C

D
 °

 
6
 	

6
 
A

 
6
 
6
 
N

re, 
V

 
0
 
0
 	

0
 
0
 
C

I
 
0
 

6
  
„
 

C
o
 4

4
 C

o
 

 

C
O

 	
CC

 	
6

' 	
'6

 	
4
1
 	

C
O

 	
A

l 	
4
1
 	

--
.1

 	
C

O
 

_, 	
o 	

i.>
 	

b
 	

b,
 	

4,„
 	

b,
 	

i„
, 	

L
, 	

._
, 

0
 	

-3
1 

 
To

ta
l X

yl
en

es
 



a 0
 

0.
 

0
 
a
 

0
 

C
 	

§
 

C
 	

0
 

C
I 

C
 

C
 

°c 

Sam ple Location 
_
.,
-
-

n
-

n
 

9
, 	

Q
 

_
_

C
I 

-.
4  
A

'
 
.
.0

 	
_

C
P

 O
 

,
 
_
,
.
 
.
.
.
 
c
.
,
o
 
0
 
“

,..
..
?.
8 

R. 3
 	

- 
- 
R3
 "
 	

8
 

o
 
o

 
o

 
8
b
=

.b
 8

8
 -

. 
0
 
0
 
0
 
a
A

 
4
.  
A

 
,
.
.1
 
,
„
,

-
. 

C'
' 

-
'
V

V
 

57
2 

4.
',.

. 
C-C

3 	
R

 
v
 
v
 
A

 
A

 
Z

.
..
 
0
 
O

 
N

J 	
N

J 	
io.7

,- 	
c,

,, 	
C

a 	
K

,-
 

	

8
 
c'
14
 0
 I
S 
w 
w 
v 
--
 o
 	

....
 

is
i 	

i:
 3 	

is
i 	

i z3
 	

i:3
 	

n'.
3 

	L,
 
	

P..
1 	

,,
, 	

8
 

b
b
b
b

0
b
b
_
„
.
b

0
_
,
b
b
b
b

0
b
b
„
b

0
 

 
e
n
 e

n
 C

-
A

 C
IP

 .
1
 	
r
•
 
.
.
.
.
 
Z

,
,
 
C

.)
  

_
-
-
•
 

-;
.-

 	
t
i
 	

f.
.....;

 	
"
 	
8
 	

k
s

--
4 	

"-
'' 	

A
 	

0
 	

o
 

m
 0

 0
 8

 g
 .

D
. 

4
:.

 	
m13

  
"
 

 
r:. 3

 	
1,

a 	
i:4

 	
i-,_

,- 	
v,

1 
	

R 3
 	

r%
 	
8
 

0
 
0
 
e
ll
 
C

D
 
r
,
 

4
 .
1
. 
- 	

A
 
r
., 

. 

N
 

, 
m
B
 

a3
7 re

 

A
 	

A
 	

A
 	

A
 	

A
A

 	
A

 	
A

 	
A

 	
A

 
0
0
0
0
0
0
0
0
0
0
 

C
a
 b

 O
 6

 O
 O

 O
 O

 b
 O

 
 
0
 
0
 

0
 

0
 
C

D
 
0
 
C

D
 
0
 
0
 

a 	
.
 

,A
, 

cA
,
c
,A
 

e ,  p
_
 0

 
N

J
 
°
 

+
o
.
.
 	

4
,
,
.
,
_
.
o
.
.
.
.
 

b
 i
m

 I
V

 e
.3

 a
 i
;'
, 
,„

.,6
 	

K
i 	

=
 	

-
. 	

g
 

,S
 	

0
0
0
 
C

.
c
.
-
 

C
I 	

A
 

°
 
•
 	

A
 
-
.
 
A

 
°
 
0
 
n
a
o
-
L
P

 
N

i 
C

o 
	

O
f 	

O
P

 	
C

O
 ,
,,
 "

 	
'u

 
A

 	
-
4
 
-
'4

-
 	

C
a
b
&

 
W

 	
0
 

n 

G
R

O
 

C
a
6
o
g
 
O

g
 	

6
 

O
 	

0
0
0
O
n
p
g
o
c
o
 

0
 
	

o
b
 
0
0
0
+

c
a
w

e
b
  

°O 
°
O
 	

O
 

A
A

A
A

A
A

A
A

A
A

A
C

I
A

O
A

A
A

J
-
0
0
,
0
,
A

A
 

 
o
b
c

,
P

c
'
P

'
m

P
P

°
P

6
'
=

'
o
P

F
'
P

o
S

-
.
•
 

.
.
,
.
0
 

°
 

o
l
.
0
_
,
n
g
°
 
°
 	
a
l
o
o
 

+
 	

0
 	

..
..
 	

IV
 

e
 
e
 
e
 
A

p
o
 

P
P

P
P

P
.
-
.
°
o
O

 
o
0
+

,
0
5
2

4  
o „
, 

2
o
o

1
1
T
r
i
r
n
e
t
h
y
l
b
e
n
z
M
 

+ t
o
n
4
o
w
e
l
y
„
;
o
4
4
 
o
 

0
 C

O
 

1,
2,

+
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

6
O
0
  
60

 
0
  
O
O o
  
Oo

  
6o

  
60

  
O0
  
O0

  
0
 
 

A
A

A
A

A
A

A
A

A
O

A
A

 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C

P
 
6
 
o
 
o
 

b
b
 

..
.-  

0
  .

O o
 
O o

  
b0

 
O 0
,  
O0
  
Oo

  
6o

 
—

 
o
O o

  
Oo

  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
 
o
 
o
 
o
 
o
 
o
 
o
 
o
 
o
 
o
 
o
 

O o
  
O0
 

6 0
,  
b0

  
O0
 
0
  
O
O o
  
Oo

  
Oo

  
Oo

  
Oo

  
 

1,
2 

D
ic

hl
or

oe
th

an
e 

A
 	

A
 	

A
 	

A
 	

A
A

 	
A

 	
A

 	
A

 	
A

 
0
0
0
0
p
o
p
o
o
p
 

6o
 
o
  O 

O o
  
O
o
  
8
 
°
b

O
o
b
o
 

O o
b
 

A
0
A

0
A

 
A

 
A

6
 

C
7
0
 
0
0

, 
p
,

, 	
o
 

.„.
. 

p
o
p
p
o
_
_

c
  0,
„
_
,
_

. 
e
n
a
o
o
 

o
g
o
 
o
 
o
 
g
 	

+
 

"
y
, 

, 
„
 	

_
. 

_
. 
	

cn
 
W
  
w
 
+
 

is
l  c

o 
co

,  
c_

 

t„
s,

 „
_
„,

..
. 

a
 
o
 
0
 
0
 
o
 
o
 
E

, 
0  

p
 

 
.
,
_

.
6
b
.
 	

6
6
  

g
 
s
 
g
g
g

,_
„

o
 

_
, 	

_
, 	

co
 	

co
 	

o
 c

o
 	

-
4
 	

-
4 

8
  	

co
 	

7...
; 

1,
3,

5-
 
T

rim
et

hy
lb

en
ze

ne
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
O

 

g
 P

o
 

S
 
g
g
g
g
g
g
g

g
g
g
g
g
g
g
E

 
N

 N
J
 N

J
 N

J
 V

 V
 N

J
 -

, 
-J

,  
c
0
 

0
0
0
0
0
0
0
0
0
6
0
0
0
0
0
0
0
S

0
0
0
0
0
0
0
0
p
o

8
p

o
o
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
•
o
 

•o
 

A
 	

A
 	

A
 

V
 	

iv
 	

N
I 	

IN
P 	

N
3 	

N
a 
	

N
J 	

N
J 	

D
a 	

N
J 

N
`

`
 

 

o
  
t
i 
g
g
g
g
g
g
g
g
g
8
4
.
8
2
.
8
 

A
 
A

 
A

 
A

 
A

 
A

 
A

0
A

0
A

 

A
P

 	
IN

) 	
N

J 	
iv

 	
P

O
 	

N
) 	

N
J 	

C
O

 	
N

J 	
O

P
 	

N
J 

2•
13
1t
ha
ll
On
e 

A
 	

A
 	

A
 	

A
C

I
A

 	
A

 	
A

 	
A

 	
A

 
0
0
0
0
6
0
0
0
p
o
 

0
 	

0
 
0
 
C

.0
3 

0
 
0
  
0
 	

0
 

0
  g

  0
 

0
 	

0
 
	

8
  
0
  

A
0
0
0
0
A

 	
A

0
0
 	

,.
,

0
, 

o
,
_
 	

b
i=
,
p
p
b
 
0
 

p
 

FL
-  
r
_
 

. 
r„. 

r, 
.v

.;
 o

 
8
 b

 
	

ro
 r

.;  
0
 
,
,
 
,
,
 	

0
 	

0
 
=

 
c
p

 
l
x
_
t
_
 

A
A

 	
A

0
0
 

p
p
 
0
 
p
 
p
p
 
p
 
o
p
 

6
  
6
 

. 
. 

	1
., 

O
n

„ 
0
 	
0
 	

O
f 	

..
4
 	

C
P

 	
-
. 	

-
. 	

C
a 	

0
 	

,:.
--,
 	

E,1
 

_.
._

. 
B

en
ze

ne
 

O
C

=
6
g
 

°o
 
°o

 
O o
  
bo

  
bo

  O
o
  O

o
  O
o
  O
o
 
6
0
0
"
o
 

8
,
8
8
8
8
A

A
a
a
6
8
=

'
,
S

c
'
a
a
a
a
a
b
b
b
o
o
c
o
8
=

'
,=

 
b

; 	
6
 

”
 	

o
 
o
 
6o

  O
o
 

6 0
0
  =

 
.C

o
 

a
 

=
'

6
b
O

6
i

6
O

''
''
iz

' 

A
A

 

0
 
0
  
C

I
 
0
 

<
0
 

na
 

N
a
 -

4
 0

 C
P

I 
-

n
 

"
—

 4
..
.1

.3
.-

1
o
r
a
o
_
o
N

D
 

C
yc

lo
he

xa
ne

 

A
A

A
A

O
A

A
A

A
A

A
0
0
0
A

 

1,3
 
.
.
.
.
.
 

O
b
O

=
'
O

e
'
P

P
b
P

P
o
b
6
P

5
,3

P
2
,
8
g
k

cf
,
i
°
,
6
O

O
P

P
6
,

-
P

P
o
O

 
8
g
8
g
a
g
8
8
g
8
8
w

R
-
9
8
8
8

,
a
a
"
Z

g
c

b
_
.b

 
A

A
P

P
 

 
,
0
 	

o.
  

	
(L,

 	
f
 	

.1
. 	

c.
, 	

n4
 

C
D

C
7
 	

0
0
 	

A
0
c
7
 

,
„
,
„
,
o
 	

"
°

-
4

i.,-
; 

Et
hy

lb
en

ze
ne

 

0
 

A
 	

A
A

 	
A

 	
A

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
0
0
  

c
,
c
3
e
,
,

P
6
b
o
O

P
P

o
S

O
O

O
 

O
b
C

a
b
O

b
b
O

O
O

o
o
O

a
.

0
0
0
0

i,,
0
0
  

—
0
 

A
 
0
 
A

 
0
 
A

 	
A

 	
A

,
-
-
•
 	

0
0
0
 

o
c
n
o
n
a ca

  
0
0
0
 

cc
,  
-.

 r
s
.,
 0

1
 

co
  --• 

na
 

	
n
4
+

 
,_

. 

A
 
A

0
0

0
0
0
0
A

0
4
;
 

b
 

P
P

O
o
O

O
C

a
P

6
=

 
0
0
0
 	

c
a
o
c
a
o
 

b
  o

+
le

n
p
rO

p
y
lb

e
n
Z

e
n
e
 

0
 	

0
 	
"
 	

N
.3

 
-.

 	
.c

. 	
'''

'' 	
W

 	
IC

 	
0
 

-,
 	

co
o
 	

,,
, 	

,,
, 	

0
 	

c
o
 

_
. 

-
a
-
.
 	

-
4
 
0
 

O
 

kg
 

a
 

J.
. 

7
 

A
 	

A
 	

A
 

c
o

 0
 	

A
 	

A
 	

A
 	

A
 

C
I
o
o
 
,
,
,
,
 	

O
P

P
P

b
 

b
b
b
p
.3

1
.>

 
V

I
V

I
V

C
O

V
 

 
i
=

o
b
o
 	

8
8
8
2
1
g
2
8

8
g
1
1

9
 

	

A
0

A
0
0
A

 
A

 	
0
 

	

b
O

P
'
=

'
 	

. 	
o
o
 

N
J 	

''
''
 	

N
J 	

C
o 
	

C
o 
	

N
J 	

N
a 

0
0
 	

A
0
0
,
 

0
0
0
2
 

o
o
 	

o
o
.
3
 

6
  i
s
3

6
,
2
 

I 	
0
°

°
 

N
'=

.8
 	

b
-
4
,--

r--
 

0
1
 	

N
J 	

N
J
-
..
 

0
 

12
7 

n
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
0
0
  

=
'

,D
c
:

P
o
P

o
P

P
9
8
8
O

O
O

P
P

b
o
b
o
o
l
o
e
i
n
o
 

C
a
6
O

6
6
6
b
O

o
6
6
S

o
.
o
.
0
0
0
+

_
,
0
0
0
0
0
 

A
0
A

0
A

 
A

 
A

 	
- 	

0
0
0
 

o
 
i
t
 
o
 

C
6
,
 
0
 
0
 
0
 
0
,
 
u
p
 

.7
.;

 ,
-
-
,1

 t
 

-*
 

A
 
A

0
0
0
0
0
0
A

0
0
 

S
O
 

 
.
7
 
0
 

a
' 
2

,
c
.
“4

-4
 b

 
2,o

 
r_.,
  .. 1 

3
 

P
a
e
t
*
y
e
l
i
t
h
e
X
a
n
e
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
O

 

O
 	
0
0
0
0
0
 	

N
 

=
'
P

b
b
b
°
b
P

O
b
'
=

'
6
P

b
5

3
b
b
C

a
p
b
o
b
6
6
6
6
,
b
b
6
P

C
_
a
g
 

C
a
8
O

O
O

O
O

8
8
o
b

m
s
g
g
e
o

w
c
e
o

h,
0
0
0
„
,
„
_
,

6
2
 

C
P

 
A

o
A

C
P

A
0
0

0
;0

0
0
,
0
 

o
i

s ,
 
-
.
 

c
o

 -
, 
2
 r

t
. 	

'-,̂
 
a
 .

 r
 
A

0
0
0
0
,
0
0
0
A

0
0
 

o
b
 

E,  
z,-

 4
N

C
O

P
P

O
M

 S
a
%

0
0
0
N

J
 

D
O

 	
C

D
V

 

N
a
p
h
t
h
a
l
e
n
e
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
A

 	
A

 	
A

 	
A

 
0
0
0
0
0
0
0
0
0
0
 

6
6
0
.
O

8
6
o
O

6
O

C
a
o
s
o
O

O
6
 

0
0
0
0
 	

o
e
0
0
0
0
+

 

A
 
0
 
A

 
0
 
A

 
A

 
A

 
O
  
A

 
A

C
P

A
 

0
0
0
0
0
0
0
 	

0
0
6
0
 

0
 

_.
 
o
  —

 
o
 
	

—
 -

-•
 	

—
 _

.. 
o
  _

. 
+

0
0
0
 	

0
0
0
b
6
0
0
0
0
O

o
o
 

A
 
A

 
0
 
0
 
0
 
0
 
A

 
0
 
A

 
A

 
A

 
0
0
0
6
6
6
0
 
b
o
o
b
 

C
a 	

O
 O

 
c
4
1
 
-
4
+

o
n
a
o
c
a
o
 

_
. 

_
. 

o
 o

 o
 

-
4
 -

+
 N

, 
 

n-
B

ut
yl

be
nz

en
e 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

c
'b

c
D

c
,

c
,

O
'
=

'
O

b
b
°
S

P
O

b
O

P
P

O
O

O
O

O
P

O
O

 
O

O
o
l
o
b
O

b
b
6
O

.
O

o
6
o
O

6
b
_
,
b
0
0
0
0
n
.
l
o
w

 
0

0
0
0
0
0
0
b
0
0
0
0
0
r
s
)
0
0
0
.
p
.
o
s
.
_
“
o
r
4
-
.
.
J

o
o
-
r
o
o
-
1
,
 

A
O

A
C

P
A

 
A

 
A

°
 
 
A

0
,
0
0
 

o
  
.
.
.
.
.
 	

—
 O

) 	
C

a 

A
 
A

0
0
,
0
0
0
0
A

0
0
 

o
  
0
0
0
0
0
0
 

-
n

 
-
.
 
0
 
-
4
 	

0
 
0
 
A

 
-
,
 
C

o
 
O

p
 

n-
P

ro
py

lb
en

ze
ne

 

A
 	

A
 	

A
0
 	

A
 	

A
 	

A
 	

A
 

0
0
0
 	

0
 

0
6
 	

0
0
0
0
0
 

0
 

C
P

 0
 	

-
. 

C
o
 	

0
 
0
 
0
 
0
 

--
n

-
•
-
P

A
-
.
 

 

6
4
b
o
o
l
6
o
6
6
6
o
_
,
s
o
o
l
l
8
8

;8
8

4a
l
o
C

a
p
 

A
O

A
 	

p
 

A
 
A

 	
o
o
P

o
P

0
0
0
0
0
 

0
  
p

 
.
 	
o
p
p
 

	

0
 
V

 
0
 
_
.
.
,
.
 
N

I
 
0
 
0
 	

V
 

v
 
-

n
 	

v
 
-

n
 

-
. 	

C
o 
	

C
o 

,,
c
a
 	

o
 

C.
' 	

0
 	

=
4"
.

1•
J

''
' 

	
C

O
 	

O
W

_
_
,
 

o-
Xy

le
ne

 

A
 
A

 
"
O

A
 
A

 
A

 
A

 
A

 

0
0
0
l
l
1
C
0
0
0
0
0
0
 

_
. 	

..
..
 	

N
J 	

to
 

c
'
c
'
b
O

O
b
9
°
=

'
9
.
,
-
O

6
o
P

P
-
6
P

e
o
e

P
O

9
P

  CaloboobOOOP-ocaO_4.
4M

O
M

n
4
8
+

2
b
a
+

n
4
R

w
u
l
 

0
0
 

0
0
0
0
A

 
A

0
:
-
.
0
 

0
 
,
,
,
 

8
 

,.43
 
o
  C

I
 
0
 
	

a
. 

0
, 

C
I 

C
P

I 

0
0
 

o
O

 
a
.
.
 

C
a
6
 

cC
S

 	
a

., 	
C

o 	
N
, 	

C
O

 	
..

, 	
,.
„ 	

'-
' 	

4,
 	

c
o
 

T
o
l
u
e
n
e
 

A
 
A

 
"
O

A
 
A

 
A

 
A

 
A

 

6
0
0
 

c
,  
.
 

c.
 	

jo
g
g
g
 

g
 

8
 

C
O

 C
a
 C

o
 N

J
 C

O
 C

O
 O

P
 C

O
 C

O
 C

O
 

c"
,=

'
o
b
o
P

o
P

P
P

P
0
0
0
0
r
:
I
P

o
o
P

o
g
g
2
0
0
0
0
0
0
l
„
o
 

A
0
,
A

0
C

P
A

 
A

p
0
0
 

8
 

0,
8
_
,b

 b
C

7
0,

 	
C

o
-
.
 

-
4
0
0
 	

--
. 	

-.
4
 	

na
 	

-4
 

c.
) 	

-•
 G

.,
 c

° 
c
o
m
a
w
b
b
 

C
r.

  

0
0
 

 

-
-
P

0
 	

..
c
o
  

-4
.t
o
 	

c.
, 	

t
 
°
 	

-4
  

0
 

-
4
-
4
 	

L
a
c
7
A

0
_
,
c
„
,
 

C
O

 

To
ta

l X
yl

en
es

 



O
 	

0
 

C
 	

C
 

-
Cn

 	
13

 	
m
 

0
 	

0
 

C
 	

C
 

-
0 	

-0
 

K
 

Sam pl e Locat ion 
Ci

? 	
2
 
2
 
A

 
"
 
-
.
.
.-.
. 

a
 o

 
O

 	

_
..
..
..
.,
. 

N
s 	

-
. 	

..i -o
- 	

A3
 	

i : 3
 	

;7
3 

0
--

- 	
--

 	
C

. 	
co

 	
c..

. 	
--

 
- -

 -, 
, 	

66
 	
66

 	
N

 	
';,

-. 	
r":•

3 	
,I6

.2  
0
 
0
 

co
, 	

0
 
0
 
0
 
-
3
 

_
. 
_
. 

to
 c

o
 -

'•
 I

':
 A

 
r. 

- 
- 

- 
A

 	
4
, 

4
3
 

e
 	

0
 	

0
 	

--4
 	

.o
. 	

-a
. 	

—
 	

-.
. 	

4 	
2..., 

- 
` 	

- 
` 	

Zs.
 .., 	

4
,- 	

K
3

3,
.. 	

2.
3 	

Er
n 	

,. .
 ..

I''
. 	

-cc:
 3 	

N
J 	

a
• 

e
 -

 0
 

R
 	

--
 r

.•
,-

 -
,-

- 	
F.

3 
r..

, 
tr.

.3
 	

N
 	
"
 	

na
 	
"
 	

.-
 

°
 
0
 
0
 	

...
,1
°
 

'=
' 
°
 	

0
 	
"
 

0
 	

_.
, 	

-.
 	

-1
. 	

_
, 	

p
 	

....
. 

F.;, 	
6: 	

7,... 	
.,-

;..
.. 	

•••
•• 	

4:
••

 	
A

 	
E-.1

 	
E,'

, 	
c.

) 

..c2
 E..

-_,  
.
.
 Z

4
 
A

"
 

 
-
-
.
 
C

i 
2
 

.„
,

-
'
,
,
1

-0
.  
i:
3
 

,„"
 c

o
 

8
 

'8
 

1
0
2
 

-.
..
: 
6
. 

6
 
6
 
6
 	

-
-
 -

-
 	

N
 

N
 	

N
 	

:.
: 

z.
-.

: 	
N

 	
,,,

, 	
N

I 	
N

 	
"
 	

0
, 

0
 

0
 	

0
 

-
• 

;3
 
6
 0

 	
0
 0

 
co

 	
to

 	
7,-,

,̀ 	
:,,

,t 	
.r

. 	
Z

''' 	
.r

. 	
.r

. 	
Z.

", 	
C.

.3
  

9.
2 	

0
 7

:"
.  
A

'
 
0
 

<6
  
N

 
C

o 
.'4

 	
n3

 	
"
 	

co
 	

ire
-  

_
. 	

,0
 
	

,.
. 	

0
 	

,,.
. 	

-,-
,. 

i'C
i 	

--
 	

Pa
 	

,- . 
3 	

, r
  , 

0
, 
0
 a

. 
0
 _

,.
 0

 ,
„ 

„
. 	

_
,.
 	

_
,.
 

co
 	

co
 	

-,4
 	

.o
. 	

46
 	

;T
. 
z,

1
 	
"
 

0
1
 

cz
, c

c 
o,

  3
 

F
ir

 a
 

in-
  

	

A
 

p
 
p
 	

• 	
A

 
O
 	

,
,
 	

C
O

 	
•••

•• 	
C

O
 	

1
0
 	
0
 

	

8
 a

. 
b
 	

L
..
 
in

 
6
 

	

t
o
 

co
 —

 	
0.

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
0

c
, 

p
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
i
c
,
 
.
 	

c
, 
c
o
 

b
 
6
 
6
 
o
 
C

o
 
6
 
6
 
c
o
 
"
 
t
o
 
o
 

c
o
 c

o
 	

co
 	

c
o
 c

o
 	

co
 	

c.
n 	

co
 	

"4
.3

 

A
 
A

 
A

 
A

 
A

 
A

p
p
A

 
A

 
0
 
0
 
0
 
0
 
0
 
0
 
.
 	

. 	
0
 
0
 

6
 
6
 
6
 
6
 
6
 
6
 
-
•
•
 
-
•
 
6
 
6
 

0
1
 0

1
 C

l 
0
1
 C

O
 0

 
co

 
1
3
 C

A
 0

 

O
A

 
A

 	
A

 	
A

 	
A

 	
A

 	
A

 
 
0
 
0
 
0
 
0
 
0
 
0
 
0
,
 

c
o
 
6
 
6
 
6
 
6
 
6
 

0
  O

 
C

O
 
0
 
0
 
0
 
0
 
0
 
0
 

co
 

G
R

O
 

A
 	

A
 	

A
 	

A
 	

,
,
A

 
6
6

6
6
P

o
P

6
I
6
  

0
 
c
,.

.0.
2.

0
k..,

N
„,

R.
 

.0
 .
0
 

G
P

 
_
 	

_
 	

_.
 	

•_-_
,,, 
	

—
 	

...>
 	

..,.
.- 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
p
A

 
O

P
P

O
P

P
O

P
6
P

F
6
  

8
8
8
8
8
8

8
8

rs
8
 

b
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
C

1
0
A

 
6
6
5
'
6
6
6
6
6
P

P
 

g
 
g
 
8
8
8
8
8
2
8
8
 

 
	

03
 	

_.
. 	

—
 
	

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

P
O

P
P

O
P

P
O

 
8

8
8
8
8
8
8
  8

 
1,

2,
4 

Tr
im

et
hy

lb
en

ze
ne

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
0
 

0
 
6
 
O

 
0
 

0o
  o

f 
	
6
 
b
 
6
 

o
 
0
 
0
 
0
 a

. 
0
 
0
 
0
 
0
 

—
 —

 _
. 
..
.,
, 
—

 _
. 
—

 —
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
0
 
o
p
 

b
 
6
 

.0.
8
8
8
8
.
R

.
o
.
R

g
.
 

0
 	

o
 	

„..
.. 	

—
 	
0
 	

=-.
.- 	

=
 
	

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
p
p
0
0
0
0
p
p
o
 

8
8
8
8
8
8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

R
5

4
$4

.2
5

4.
:2

.9
.:
Q

 
=

 	
=

 	
- - 	

=
 	

. %-.-
; 	

0
 	
0
 .- - 	

....-i
. 

1,
2 

D
ic

hl
or

oe
th

an
e 

A
 	

A
 	

A
 	

A
 	

,
,
,
,
A

 
P

O
6

F
r

6
g
G

6
 

8
  
o
 
6
 
6
 
N

 
c
o
 

..
..
..
 o

 o
 f
..
. 
8
 

i-,
4.,
 
0
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
p
A

 
P

O
P

P
O

P
P

O
b
g
r
 

6
 c

7
 a

o
 

8
 .
..
 o

 .
0
 8

 
6
  o

 c
, 
8
 ,
 c

,  
t
.
.
 

A
 	

A
 	

A
 	

A
 	

A
 	
A

,
,
,
,
A

 	
A

 
P

O
I
g
g
P

f.
g
0
,
io

f
g
6
 

8
 
8
 
c
,
 
o
 
8
 
0
  2

 
F

i 
. 

8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

P
O

g
I
6

g
6
6
1
;
'
 

8
 
8
 
c
,
 
8
 

co
 
8
 
8
 
o
 

1,
3,

5-
 T

rim
et

hy
lb

en
ze

ne
 

o
n
 
n
o

A
p

A
 

C
 1

 °
 

C
 s

  
0
 
0
 	

,6
  
,
,
 

C
O

 p
 
0
,
6
 

c
o
 0

O
 
O

p
 

-o
 	

6
 

0
 
0
 

0cn
 

_
..

 N
-,
8
7
,-
, 

2
 

1.
3 	

C
o 

co
 	

o
a
 	

N
J 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

6
6
6

6
6
6
 	

0
 c

o
 

5
6
F

6
 

0
 
0
 
0
.
 
0
 
0
1
 
0
 
0
 
0
 	

6
 

1
0
 

;3
3 

2
 	

.rts
 	
2
 

it.
 3 	

2
. 	
2
 2

 	
<...

, 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
c
o
 
0
 
c
o
 
0
 
0
 
c
o
 
0
 
0
 

0
0
0
 
0
 0

, 
6
 0

 C
o
 6

 O
 

0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 
N

 N
1
0
 1

0
 N

J
 1

0
 1

0
 1

0
 N

J
 N

O
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
c
o
 
0
 
t
o
 
0
 
0
 
0
 
0
 

o
 C

o
 i
o
 O

 6
 C

o
 0

 O
 

0
 0

 0
 0

 0
 0

 
0
 

0
 

1
0
 	

N
) 	

N
) 	

1
0
 	

N
 	

N
./ 	

1
0
 	

N
J 

2-
B

ut
an

on
e 

0
A

0
A

 	
0
0
0
A

 
,=
,
0
 
0
c
o
o
.
 	

. 	
. 	

p
 

N
0
 o

 c
o
.. 	

o
• 	

o
 
o
 

N
 o

 	
I . c.

 . , 	
O

. 	
r
 .) 	

0
3
 	

3
 	

C
1
1
8
 

A
 	

_
. 	

_
..
 	

_
. 	

0
) 	

C
O

 	
• 	

-.
. 

A
 
A

 	
A

 
A

O
A

 
A

0
c
,
0
 

o
c
c
o
p
i
,
c
,
5
5
0
.
 	

i
,
 
p
 

8
8
8
 
8
 2

 g
 8

 	
.:
:.
 0

 
cc

? 
1 

0 	
o
 a
 

...
.. 	

-.
. 	

-3
 	

-
•
 	

-.
1
 	

-.
. 	

-
•
 	

c
o
 	

0
 

A
 
A

 
0
 
0
 
A

 
A

C
1
0
 
A

 
A

 
6
 

c
c
 ,
6
0
, 
0
0
 
0
,
6
p
o
 

b
 
b
 
6
 
6
 
6
 
8
 C

o
Q

. 
c
, 

0
 
0
 
-
 
•
 
-
 
•
 
0
 	

C
 o

 C
 o

 u
 v

. 
0
 

-.
. 	

-.
. 	

c
o
 	

A
 

	
c
o
 	

0
 	

...
I. 	

-
•
 

A
 	

A
 A

 	
A

 	
A

 	
A

 	
A

O
 

c
o
o
p
o
p
o
p
0
 

0
 
0
 
0
 
0
 
0
 
0
 

4
.
•
-
•
 

0
$
 
8
$
 
 

B
en

ze
ne

 

O
A

 	
A

 	
A

 	
A

0
,
,
,
,
A

 
0

0
0
0
0

0
•
 	

• 	
0
 

6
 

C
3
 E

c•
  
	

6
 

c
o
 6

 6
 C

o
 
0
 
_
3
la

mp
 

(...
, 	

0
 	
0
 	
o
 	

o
 	

C
o 	

..
.,
 
	

_n=
, 

N
J
-
•
 	

-.
..

 	
...

.3
 

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
0
,
=

,
 
p
 

6
 

0
  
6
6
6
6
5
6
6
0
.
0
 

0
1
0
 

0
 O

 t
o
. 
O

 O
 .
0
. 
6
 o

 _
, 

0
 
0
  
0
 
0
 
0
 
0
 
0
  O

 

-
•
-
1
=

 
0
1
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

P
O

P
P

O
P

P
F

6
2
F

6
  g g g g g g g 

8
8
8
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

P
R

P
5

6
6
6
6
6
 

8
8
8
8
8
8
8
 
8
  

C
yc

lo
he

xa
ne

 

A
 	

A
 	

A
 	

A
 	

c
,
O

A
 

0
 
0
 
0
 
0
 
0
 
.
.
.
_
 
.
.
_
 

6
 
0
 

6
 6

 C
o
 O

 '
-

n• 
6
 
6
  
o
 
O

 
o
 c

s
 o

 o
 
-
 	

.."...1
 

C
O

O
 

_
. 	

_
. 	

_
. 	

_
. 	

-
. 

A
 
A

 	
A

 	
A

 	
A

 	
A

 	
A

 	
A

0
A

 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
c
,
 
C

D
 
0
 

g
 o

 
0
 
6
 
ic

  
0
  
6
 
O

 
o
 
6
 
O

 
0
 
0
  
0
 
0
 
0
 
0
 
0
 
-
•
 
0
 

co
 

0
-
•
 

A
 
A

 
A

 	
A

 
A

 
A

O
0
A

 	
A

 
0
 
0
 
0
 
0
 
0
 
0
 
p
 
,
=

,
 
0
 
0
 

6
 
6
 
6
 
b
 
O

 
6
 
o
 
.
0
 
6
 
6
 

o
 
o
 
o
 
o
 
o
 
o
 
c
o
 

a
  
o
 
o
 

4
7
, 	

C
O

 	
-
.
 	

-
..

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

to
 p

 c
o
 o

 t
o
 p

 t
o
 t

o
 

6
 
o
 
0
 
O

 
6
 
o
 
6
 
6
 

o
 
o
 
o
 
o
 
o
 
o
 
o
 
c
o
 

E
th

yl
be

nz
en

e 

0
 

A
 
A

 
A

 
A

 
0
  
0
0
A

 
A

 
0
0
0
0
 	

0
  
,
,•
0
0
 

6
 O

 O
 O

 	
o
 0

 C
o
 

0
 0

 0
 0

 	
0
1
 0

 0
 

_.
 	

_..
 	

_.
 	

_.
 	

C
O

 	
C

o 	
-.

. 	
_
..
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
,
,
 

0
0
0
0
0
0
0
0
0
0
 

0
 
0
 
0
 
0
 
0
 
x
"
 
o
 
c
:
,
 
.
0
 
o
 
,
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
O

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
0
0
 

0
 
0
 
0
 
o
 
o
 
0
 
—

 
0
 
0
 
0
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
,
 

0
0
0
0
0
0
0
0
=

 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

0
 

4
1
  . 0
1
 

0
 

3
 

	

0
A

0
A

 	
A

 
o
 
0
 
0
 
0
 

0
 
0
 
p
 

0
0
.
0
1
 	

E
S, 

N
 

iv
 O

P
 

0
 	

0,
 	
o
 	

• 	
. 	

.  
C

A
 V

 C
D

 

	

0
1
0
C

o
K

3
 	

C
O

 	
C

o 

A
 	

A
 	

A
 	

A
 	

A
 	

6
, 	

,=
, 
6
 

0
 
0
 
0
 
0
 
r
o
 

O
 
o

 
O

 
O

 
O

 
I
 	

1 	
6
 _

. 
c
5
 6

, 
0
 
0
 
0
 
0
 
0
 	

0
,
=

0
 

K.
1 	

N
J 	

N
I 	

N
J 	

N
J 	

1
0
 	

N
J 

A
 	

A
O

0
 	

,
,
,
,
,
 	

A
 	

A
 

e,
 e

, 
0
  0

 
e,

 
A

 
. 	

0
0
 

8
 8

 2
 2

 8
 	

_
.
.
„
8
8
 

N
J 	

N
.1

 	
-
•
 	

-
•
 	

N
.1

 	
'.1

.
‘•

3 	
N

I 	
N

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
 	

0
0
0
 

8
8
8
8
 	

. 	
8
 

8
8
:

m
,p

-X
yl

en
e 

to
 	

N
I 	

N
J 	

c..
.) 	

N
J
N

) 
	

N
., 

co
 

F
 

3
 

I-
 

	

O
A

 
A

 
A

 	
o
 	

A
 

•
C

S
C

S
O

 
0
0
0
 

	

E 
6
 
0
 
6
 	

_
,,
, 
, 

	

o
 c

o
 o

 	
6
 
6
  
O

 

	

_
..

 _
. 	

S
 

o
  _

, 
0
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	
A

0
0
c
,
 

0
0
0
0
0
0
0
0
'
 	

• 	
. 

O
 O

 
g
 
6
 
6
 
O

 
6
 
6
 
8
 8

 
E 

0
 
0
 	

0
 
0
 
0
 
0
 
0
  N

J
 

CO
 

co
 	

C.
. 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
0
0
 

i..
..,

 6
 
6
 
0
 
0
 
O

 
C

o
 
0
 
6
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

0
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
 

O
 
0
 
6
 
0
 
0
 
6
 
6
 
0
 

o
 
o
 
o
 

o
 
o
 
o
 
0
 
0
 

M
et

hy
lc

yc
lo

he
xa

ne
 

A
 	

A
 	

A
 	

A
 	

c
,
,
,
,
,
 
O

A
 

0
0
0
0
•
 	

• 	
. 	

6
p
 

6
6

8
g

5
 5
=

2
°
 8

 
. 
. 

_, 	
_, 	

_, 	
__ 	

0, 	
A

 	
C

O
 	

,
,
 	

..
.,

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	
A

0
0
c
,
 

0
0
0
p
o
t
o
p

o
o

. 	
o
 

o
 L

.„
 

6
 
6
 
6
  
8
 
b
 
6
  s

E
E

  -
 -

, 
0
0
0
 	

0
0
 
 

A
 
A

 
A

 
A

 
A

 
A

0
0
A

 
A

 
o
o
p
p
o
p
 	

6
0
0
 

• 
o
  . 8

s
s
g
s
Z

2
s
g
 

.
.
.
.
.
.
 	

..
,.
._

,_
,.
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
o
p
o
p
o
p
o
 

g
8
s
g
s
g
s
g
  

N
ap

ht
ha

le
ne

 

A
 
A

 
A

 
A

 
A

0
A

0
A

 
0
0
0
0
 
6

O
6

O
5

6
  

o
o
 
C

c
 

c
o
 
0
1
0
 

O crx
 
o
 
6
 

 

a
 
-
.
.
 

o
 c

o
 

.0
 .
0
 	

-
•
0
 

-
•
 	

-3
. 	

-.
3
 	

.o
. 	

-3
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
p
 

P
O

P
P

9
6
6
6
6
6
0
 

o
 c

o
 

0
  
o0

  o
 

0
. 

0
0
0
0
  
0 0

  
00

  
00

  
00

  
a
 

0
 

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

6
5

6
16

6
6
P

6
6
6
6
 

0 0
  
00

  
00

  0
0
 
0
  0

 0 0
  
00

  
00

  
00

  
00

  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

6
6
6
6
6
6
6
9
 

0 0
  
00

  C
D

 
0
  
00

  
00

  
00

  
00

  
0
,
 

0
 

n-
B

ut
yl

be
nz

en
e 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
.
0
 
2
 
0
 
0
 

O
 
6
 
O

 
0
 
0
 
y
,
 
iv

,g
8
  

0
 x

, 
o
 

C
3
0
3
 

-
..
 	

-
..
 	

-
.
 	
-

n 	
cn

 	
6

' 	
6

' 	
-,

 	
-•

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
c
,
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
.
 

0
,0

,o
 
6
 
O

 
0
 
6
 
6
 
0
 
6
 
'3

.
1
 

0
0
0
0
0
0
0
0
0
0
p
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
o
p
p
o
p
c
,
.
p
c
.
 

0
 
0
 
O

 
8
 
8
8
8
 
8
 
8
 

0
 

0
0
0
 	

0
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
o
p
o
o
c
,

0
0
 

0
0
0
0
0
0
 
.
0
0
 

0
0
 

%
D

o
 
0
 
0
 
0
 
C

P
,  
0
 

n-
P

ro
py

lb
en

ze
ne

 

0
 
A

0
 
A

 	
A

 
p
O

p
 

0
 	

0
 
c
o
 
0
 
o
 

o
 i
o
 O

 
0
.
1
 	

0
.-
•
-
•
 
6
 

....
, 	

0
 	

c..
) 	

0
 	

0
 	

N
.1

 	
CP

I 	
0
 

_.
 	

_.
 	

.,...
. 	

_.
 	

_.
. 
	

 

A
 
A

O
0
A

 	
0
0
*
 
A

 
o
 
o
 
0
 

0
  
o
 	

o
 
0
 
c
o
 
o
 

6
 
	
o
 
o
 
6
 
I
 
o
 
o
 
6
 
O

 
0
0
1
0
N

.
1
0
 	

s
n
 ,
 o

 0
 

_.
 	

_.
 	

_.
 	

.p.
. 	

—
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
 
o
 
o
 
c
o
 	

o
 
o
 
0
 

0
 
0
 
6
 
6
 
	

0
 
6
 

0
 

0
 0

 0
 

0
 o

 	
o
 
0
 

0
  

—
 	

_..
. 	

—
 

o•
X

yl
en

e 

0
A

,
,
A

 	
A

 
0
0
 

o
 
8
 

P
o
P

P
P

P
 

Fo
 

8
 

.7
t 	

i..
. 4

. 	
t
 
8
 

9
 2

  
C

o
C

0
 

c
o
_
.
.
o
•
 	

-
•
 

0
A

0
0
0
 
A

 
A

 
A

p
 
A

 
0
P

8
8
 	

8
 8

 8
 

8
P

P
P

 
0
P

a
n
 

8
 	

8
 	

1".
.. 	

K
J 	

c...
, 	

.=
 	

8
 

. 	
4..

 
t
o
 
-
•
 
C

O
 
C

n
 
A

.
-
•
-
•
-
•
 
a
 

0
 
A

C
/
0
 
A

 	
A

 p
, 
	

A
 	

A
 

g
O

 
e
o
P

i
g
i
g
O

g
0
:
f
.
 

6
 
8
 

P
. 
8
 0

, 
c
. 
8
 c

, 
..
.'
 

no
 

n
.1 	

-
•
 	

-
•
 	

N
J 	

-
•
 	

-1
. 	

0
 	

-I
. 	

-3
 

A
 
A

O
0
A

 
A

 
A

O
 

6
6
.
1
g
i
g
g
P

g
i
g
 

8
 8

 
1
0
 -

•
 	

-
, 

-
3
 .

..
•
 A

 
0
) 

0
 
8
 
p
 

-
3
 
-
•
 
-
•
 
a
 

To
lu

en
e 

0
A

 
0
A

 	
A

 
•„
.
0
p
0
 	

0
0
0
0
 

O
 6

 O
. 	

6
 -

_
, 

-
n

 
tc

a
 I

n
• 

C
o
 

0
 
0
 
0
 
0
 	

1
0
0
1

,3
0
 

C
O

 	
C

o
N

.3
4
, 	

C
o 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 
A

 	
A

p
A

 
0
0
0
0
 

p
 
0
 
0
 
o
 
.
 
o
 
a
  6 6 6 6 40 0 

C
D

 0
 
	

6
 .
_
, 

0
0
0
0
0
0
0
0
,
0
 

4
3
4
.
1
4
.
1
4
,
0
4
3
4
)
 	

C
O

 	
4
/ 

A
 
A

O
0
A

 
A

p
p
A

 
A

 
c
o
 
o
 
0
 
0
 
o
 
0
 

. 	
. 	

o
 
0
 

6
 
0
 
	
o
 
6
 
O

 
R

. 
2
 

o
 

b
 

0
0
 
a
 
a
 
0

 
0

 
=

 
c
„
,
 
0

 
0

 
C

O
 	

C
.J

. 	
w

 	
c..

 	
c.

, 	
.c...

, 	
c...

, 	
c.

, 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
 
0
 
0
 

o
 c

o
 
0
 
0
 

o
 

0
 
0
 
0
 
0
 
6
 
io

 
6
 
O

 
0

 
0

 
0
 
0
 
0
 
0
 
0
 
0
 

c...
, 	

4
.1

4
3
4
3
4
3

,
4
1
4
3
4
3
 

T
ot

al
 X

yl
en

es
 



MW-1 5  

MW-14 

MW-1 3  

MW-12 

=,..
..'' 	

O 	
;.. ....

.1
 	

. c
e 	

i7.-
; 	

.8
 

.-.
.1

 	
0
 	

IS
 	

la
.1

 	
0
0
 	
"
 

1n
7
 	

F
V.
 	

- •
 . •

 	
"
 

o
 
o
 

8
 0

 <
=

. 
.0

 8
 

0,
 	

01
 	

7
;4

. 	
.iz

.,.
. ..
c
, 

g.
 . 

. 	
8
 

	. .;k
 n 	

. p . .
 	

-a•
 	

R
 

•••
•1

 	
IS

 	
..
..
 	
0
 	
"
 

.I.' 
. . 7-

 	
ha

 	
--

 	
he

 	
"
 	

h3
 

0
. 

0
 8

 
0
,0

, 	
.0

. 0
 <

7,  .
0.

 
r g

 

a
 

	
4.

..p
..v

.z
,-

 

P4
 	

c?„
.

-
' 

Z
1
 
0
 
1
2
 

 

-e
 	

h.-
3 	

•-
- 	

"
 	

h•S
3 

o
 	

c 
e 	

', '•
,,J 

 
0
1
 0

•
 7

4
 

 

h-e
 	

ha
 	

--
- 	

he
 	

h
-e 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
0
0
.
 

0
 
0
 
O

O
O

O
O

 
C

T
 	

0
1
 	

0
1
 	

C
T

 	
0
1
 	

0
1
 	

C
T

 

A
 	

A
0
A

 	
A

 	
A

 	
A

 
0
0
0
7
0
 

6
6
 

g 
n=. 

0
 
0
 
0
 

0
1
 	

0
1
 	

C
T

 	
0
1
 	

C
.T

C
T

 

0A
 	

A
 	

0
 	

A
 	

2:
1.

0
,
A

 

C
'
P

o
c
'
c
'
 

 
S

S
"
C

O
S

S
 

 

'*
 	
6
 

0
 
A

 	
A

O
A

 
A

 

0 ce 

<0.05 

<0.05  

<0.05 

<0.05 

0 .25 

<0.05  

<0 .050  

<0.050  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

8
8

8
8
8
8
8
 

A
 	

A
C

7
A

 	
A

C
7
A

 
0
0

0
0
0
0
0
 

0
.:
0
0
0
. 

Q
 2

  6
 

c
, 	

co
 	

co
 	

, .
 	

c =,
 

A
 	

A
 	

A
 	

A
 	

A
O

A
 

0
0

0
o
o
6
p
 

O
i
o
g
g
8
o
8
 

c m
 , 	

c ,
 	

. uu..
 

A
 	

A
C

7
A

 	
A

 	
A

 	
A

 
o
c
e
b
0
0
0
p
 

,,s
g
o
i
s
g
i
s
s
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
 
0
 
0
 
0
 
0
 
0
 

S
  8

8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
C

7
 
C

I
 
0
 
0
 
0
 
C

7
 

8
8
8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
c
o
 
p
 
o
 
o
 
o
 

8
8
8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

p
 

c
o
, 

o
 
0
 
0
 
C

7
 
0
 

8
8
8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

8
8
8
8
8
8
8
  

A
 	

A
O

A
 	

A
 	

A
 	

A
 

0
0

•  
P

P
 
o
P

P
5

0
50

  
8
8
?
-
8
8
8
8
 

-
 -

 
C

u
 
-
a
.
 
-
.
 
-
,
 
-

n 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

P
P

P
P

F
"
P

P
 

8
8

8
8

8
8

8
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

P
P

P
P

P
P

P
 

8
8

8
8

8
8

8
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

S 
8

8
8
8
8
8
 

N
7
 N

.1
 N

7
 N

 N
I 

N
I 

N
 

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

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

8
8

8
8
8
8
8
 

1.
7 	

N
7
 	

N
 	

IV
 	

IV
 	

N
I 	

1,
7 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

8
8
8
8
8
8
.8

 
N

7
 N

J
 I

V
 N

I 
N

I 
N

I 
N

J
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

8
8
8
8
8
8
8
 

N
 	

IV
 	

N
7
 	

N
.7

 	
N

.1
 	

IV
 	

N
.7

 

A
 	

A
 
O

 
A

 	
A

 	
A

 	
A

 
0
 
0
 
0
,
 
0
 
O

pp
 
0
 
0
 

0
 

0
 

R.-
, 
0
 0

 
0
 

..-
 

b
 
g
 

o
 

A
 	

A
0
A

 	
A

 	
A

 	
A

 
0
 
0
 
.
 
0
 
0
 
0
 
0
 

0
 0

 _
. 

6
6
2
  
0
 
0
 0

 
-.,

... 
0
 
..

6
g
 

A
 	

A
C

7
A

 	
A

C
I
A

 
0
 
C

7
 
0
,
 
0
 
0
 
0
,
 
o
 

O
6
 
o
 
O

 
O

o
 

6
6
 
o
 

r,..
14  
0
 

0
 	

0
 

0
 
A

 
0
 
A

 
A

 
A

 
A

 
6
o
 
b
o
p
 
o
p
 

o
 

o
 

O
 
o
6
g
O

8
 

.4
. 	

s
 	

o
 	

...,
 	

.0
 

A
 	

A
 
A

p
A

 	
A

 	
A

 	
A

 
p
 
c
o
 
o
 
,
.
.
.
o
p
 
P

o
 

.=
.0

 
Q

 0
.0

0
0
  
"
o
 

.0
r:

.=
.s

  0
 .
0
 

..,.. 
B

en
ze

ne
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0

6
6
O

0
 

0
 3 
o

 
0

 
0

  
0
 
0
 

0
 

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

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
6
0
0
O

O
 

0
 
0
 
0
 
0

  
0
 

0
 
0
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

6
i
0
0
O

6
b
i
o
 

o
 
o
 o

  c
c
)
 
0
 
0
 
o

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

0
O

O
O

6
O

O
 

0
 
0
 
0
 

0
  
0
 
0
 
0
 

A
 	

A
 	

A
C

7
A

 	
A

 	
A

 	
A

 
0
0
0
0
0
0
0
0
 

6
6
O

o
O

6
O

i
o
 

o
 0

 o
 -

c.4
4
 0

. 
o
 o

 o
 

C
y

cl
o

h
ex

an
e 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

8
8

8
8

8
8
8
 

A
 
A

 
O

 
A

 
A

O
A

 
0
0
0
0
0
0
 

0
 

8
8
.:

iz
 8

8
,3

8
 

 
	

-
 -

 t
o
 -

-
 -

 0
1
 -

 
	

 

A
 	

A
O

A
 	

A
C

D
A

 
o
 
p
 
b
 
p
 
0
 
6
 
t
o
 

8
8
9
.8

8
2
8
 

x.
- 	
-
 

O
A

C
7
A

 	
A

 	
A

 	
A

 
6
 
0
0
0
0
0
0
 

°
 a

, 
9
..
 8

8
8
8
 

..
, 	

_
. 	

...
.4

 	
_
..
 	

-a
 	

-
.
 	

-1
. 

A
 
A

O
0

A
 
A

 
A

 
A

 
0
0
0
_
_
0
0
0
0
 

8
8

.a
.e.,

8
8
8
8
 

-.
. 

	
0
 	

C
O

 	
_
. 	

_
. 	

_
,.

 	
_
‘ 

E
th

y
lb

en
ze

n
e 

0
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
C

7
 
0
 
C

I
 
0
 

i,i
,e
g
i
a
g
g
i,i

,,,
,s

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 

,s
,
s
e
k
a
g
3
I
s
e
ig

g
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 

<
r
e
 p

 o
 o

 
g
e
g
is

e
g

,
8

.cs
ia

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
C

.
 
0
 
0
 
0
 

g
e
g
e
,s

L
cs
ia

 
's

iz
e
 

A
 	

A
 	

A
 
O

 
A

 	
A

 	
A

 	
A

2
,
 

0
 
0
 
0
p

.
 
o
 
p
 
p
 
p
 

8
8
.8

s
8

8
8
8
F

,  0
 

0
 

=
 

Is
o
p
ro

p
y
lb

en
ze

n
e 

0
 

=
 

A
 	

A
C

7
A

 	
A

 	
A

 
0
0
6
o

 	
o
p
 

8
8

8
8
 1

 8
8
  

I
V

N
I
O

N
7
 	

N
I
I
V

I
V

I
V

 

A
 
A

0
A

 	
O

A
 

0
 
C

7
 
.
 	

0
 	

6
p
 

8
8
5

,
g,

 
, 	

R
s
  

N
.7

 	
C

.7
 	

N
.7

 

A
 
A

 
O

 
A

 	
O

A
 

ce
 

0
 
;
0
,
 
0
 	

. 	
50

  
8
8
8
8
 
	

§
8
 

N
7
 	

N
7
 	

0
1
 	

IV
 	

C
.I

N
7
 

0
0
0
,
A

 	
A po

 
A

 
O

e
:e

•
 	

c
' 	

p
 
0
 

p.n
8

3
8
 1

 	
8
  

C
O

A
 	

N
I 	

N
7
 N

 

• 
A

 	
A

 	
A

A
 	

A
 	

A
 

p
o
o
.
 	

o
 	

o
C

7
3
 

8
8
,8

2
8
1
 	

8
8
,,

a
m

,p
•x

yle
ne

 
IV

 	
N

7
 I
V

 	
IV

 	
he

 	
h
e
r-

  

o
 

O
 

A
 
A

 
A

 
A

 
A

0
0
 

'=
,

c
,,

c,
',.
°
0
8
 

8
8
8
8
8
2
,,

, 
	

 
01

 
	

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

P
P

P
P

P
5

0
50

  
8
8

8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
O

 
P

P
P

P
P

P
O

 
8
8
8
8

8
8
8
 

 
	

IV
 
	

 

A
 	

A
L
s

.
A

 	
A

 	
z1

5
0
 

P
P

.
.
,"

 
P

P
 
P

 
c
e

. 
8
8

8
8
8
8
2
 
a
t

n
A

o
t
x
_
a
p
c

,  .0
 

	

 
P

P
 
c
e
P

 
.
 	

8
 0

 
8
8
8
a
8
8

,,,
 

-
..
-
a
..
.a

. 
	

.11.
 	

-...
 	

-...
 	

.0.
 	

A
 

3
 

M
et

hy
lc

yc
lo

he
xa

ne
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 

8
8

8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 

8
8
8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 
O

 
A

 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

8
8
8
0 0

8
E

8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 

8
8
8
8
8
8
8
 

A
 
A

O
0
A

 
A

 
A

 	
A

 
0
 
C

O
 
0
 
;
=

,
 
0
 
0
 
0
 

c,
 

0
 

Q.
0
,0

0
.0

.Q
 	

0
 

..
..

.0
 w

 
8

.0
 	

.,..
.0

0
 

N
ap

ht
ha

le
ne

 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0

0
0
0
0
0
 

8
8
8
8
g
8
g
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

8
8
8

8
8
8
8
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

8
8
8
8
8
8
8
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
p
p
o
o
p
o
 

8
8
8
8
8
8
8
  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

c
e
0
0
0
p
0
0
0
 

8
8
8

8
8

8
8

8
  

n-
B

ut
yl

be
nz

en
e 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
o
p
0
0
0
0
 

8
8

8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

c
o
 
c
o
 
o
 
0
 
0
 
o
p
 

8
8
8
8
8
8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
o
p
o
o
p
p
 

8
8
8
8
;8

8
8
 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

c
e
0
0
0
0
0
0
 

8
8
8
8
8
8
8
 

A
 	

A
 	

A
O

A
 	

A
 	

A
 	

A
 

o
o
p
6
c
e
o
o
p
 

8
8

8
2
8
8
8
8
 

 .1
.. 

 
n

•P
ro

p
y

lb
en

ze
n

e 

A
 
A

O
A

 	
A

 
A

 

O
O

 	
o
 
.
 	

o
c
e
 

O
 .
 -

. 
c,

 	
. 

. 
-
•
-
.
.
0
3
-
.
.
 	

_.
. 

0
0
0
0
.
 

A
 
A

0
A

 	
O

A
 

o
o
,
:
6
 
I
 	

o
 
6
 

o 
cr

. _
 
N

I
 
O

-
 
o
 

0
 	

0
,
0
0
0
p

o
 

-
.
4
-
.
•
-
•
-
•
.
0
.
-
a
.
 

A
 
A

 
0
 
A

 	
0
A

 
, 	

O
P

 
O

b
•
O

•
 c

o
 .
 	

o
8
 

o
 o

 
AO

 
	

'0
.3

 	
- I

• •
 

0
0
0
A

 	
A

 
A

 
O

6
6
P

 	
to

 o
 

2
0
.8

.0
 

I 	
6
O

 
0
 
0
 

0 
0 
	

C
o

 
a
 	

- 
- 

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

o
c
e
o
 	

o
o
 

O
6
6
 	

' 	
I 	

6
6
 

0
 
C

I
 
0
 	

C
7
0
 

_.
 -

 _
. 	

_. 	
- 

- 
o-

X
yl

en
e 

C
I
A

0
A

 	
A

 	
A

 	
A

 
6
P

6
9
'

,0
P

P
 

8
.p.,,

8
8
,8

8
 

(..
. 	

_
. 	

he
 

 

O
A

 	
A

 
A

 
O

A
 

g
P

P
P

P
O

P
 

8
8
8
2

,5
;

8
 

- 
-.

 .
0
 -

 

O
A

 
0
 
A

 
A

 
0
 
A

 
O

f
0

6
3
P

P
6
P

 
a
 g

  _
, 

8
8
8
8
 

 
C

"
 

0
0
0
 
A

.L
... 

8
  6

, 
6
O

6
P

.
 
 

_
,8

,„
,8

8
8
8
 

"
 	

A
-.

4
..
.n

-
•
-

n
-•

• 

0
 
	

6
, 	

8
  ,

 .,_ 
a
  

 
c
o
o
.
 	

6
.
 	

. 	
P

.
 

.C.0
,8

_
,8

,„
8
8
8
8
 

C
T

 	
he

 	
_
. 	

LJ
 	

-.
  

	
-.

. 
T

o
lu

en
e 

A
 
A

O
A

 
A

 
A

 
A

 
p
 
4
0
6
 

0
 
0
 
0
 
C

7
 

8
 g

2:
 	

i.it
 

g
 

'co,
  k

a.
 

x.
, 	

to
 	

dx
. 	

C
.7

 	
C

O
 	

0
7
 	

w
 

A
 	

A
0

A
 	

A
C

7
A

 
0
 
0
 
.
 	

0
 
0
 
0
 
0
 

ia
.,i
3
,T

, 
g,

  i
.s

, 
g

 
gs.

  
C

O
 	

C
al

 	
°
' 	

C
a
 	

C
.4

 	
-a

• 	
w

 

A
 
A

0
A

 
A

O
A

 
0
 
0
 
•
 	

0
 
C

7
 
0
 
0
 

g
 

g,,
S.'
g

, 
g

; 
F,c

.  g
, 

4
1
 	

C
.3

 	
w

 	
w

 	
C

.0
 	

4.
1 

0
0
,

0
A

,S
A

A
 

p
, 	

p
• 	

„_
_ 	

o
 	

. 	
. 	

!..u.
 

.p.-
 p

.;  
t
;
 s

 F
ig

s
 

C
D

 	
C

O
 	

C.
.1

 	
G

O
 	

C.
.7

 	
C

a
 

a
a

,s
,s
8
8

,
8
  

g
 '
2,

  i
8
g

: 
ia

 
a
, 

ia
., 
is

 
w

 	
w

 	
w

-.
..
C

.7
 	

co
 	

ca
 	

c.,
 

T
ot

al
 X

yl
en

es
 



MW-19 

DUP 

KDHE Tier 2 Va 

MW-18 

MW-17 

3/20/2015 

4/20/2015 

6116/201 5  

3/20/201 5  

4/20/2015 

611 6/2015 

O
 

0
 

ro
 	

P
 	

-.
 	

I.,
, 

o
 	

S
 	

i./
1 	

1•
0 

40 

4.4 

6.3  

8.9  

5 .1  

95 

C
P

 

b
  CP E 

0
  
0
 
C

 
0
 

0
 
•
 	

6
 •

 
0
 

0
  
0
 

- 
!t

: 
w

 %
 

0.45  

0 .016  

0 .021 

0.14 

0.020 

0.19  

N 

.o 
S. 

E  

<4, 

<0.001  

<0.001 

<0.001  

<0 .001  

<0.001 

<0.001 

<0.001 

<0.001 

.?
 

O
 

6
 

A
 	

A
 	

A
 	

A
 

0
 
0
 
0
 
 0

 

6
 	

6
 

D
 

b
  
g
 
b
  

<0.001 

<0 .001 

<0 .001 

<0.001  

<0 .001 

<0 .001 

O
 

6
 
t
 

6
 
6
  
P

 
6
 

;8,
 

;8
  8

 °
 

0
3
 

 
P

J 	
.1,
 	

4
.•

 

0.13  

0 .01 6  

0 .021 

0 .043  

0 .022  

0 .31 

.1
1,

 
6
 

1..
., 

A
 	

A
 
A

 
0
 

0
 
0
 
0
 

6
 

6
 
6
 
6
 
6
 

o
 
o
 
o
 

0
 

IV
 1

0
 1

0
 0

 

<0.002  

<0.002 

<0.002 

<0 .002 

<0.002 

0 .04400  

C
.  

0o
1 

0
 
0
 

C
.  
0
 

..
. 

_
. 	

_
. 	

<
0
 	

.,
, 

O
f 

2.0 

0.20 

0.26 

0 .80 

0.36 

2.0  

V
 

C
 

1
0
 

0
 
C

D
 
0
 
0
 

6
 
6
 
6
 

8
 

K
J 	

C.
..,
 	
0
 	

C
a 

0.23  

0 .032 

0.036  

0 .11 

0.075 

0 .37  

o 
0
 
0
 
0
 
0
 

b
 
b
 
6
 
6
  

s
. 
s
. 

PA
P 

a
 

0
) 	

CP
I 	

V
 	

..,
,, 

0.56 

0 ,091 

0 .12  

014  

0 .084 

1 .5  

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 	

A
 

C
D

 
0
 
0
 
0
 
0
 
C

.
 
0
 
C

a
 

8
8

8
8
8
8
8
8
  

E
th

yl
be

nz
en

e 

0
 

o
 

0
 
0
 

0
,
 
A

 
6 ,o

 
o
 

6
 
6
 
o
 

P
 

,.,
 

a
 
0
 

—
, 

a 

0.02 

0.094  

0 .0041 

0.006 	 I  

0 .098  

0 .044  

0
 

A
 
A

 
0
 
0
 

A
 
A

 
0
 

A
  0  
A

 
C

s  
A

  0 
A

  0 
O

 
6
 
6
 
6
 
6
 
b
 
6
 
6
 

0
0
0
0
0
o
o
c
,
  

0
 

=
 

0
 

d
, c=
 r 

Is
 o

p 
ro

 p
yl

be
 n

ze
ne

 
.,

  
0
 

=
 

• 

9
 O

=
, 
,,
, 

--
. 	

--
.•

 	
6
 	

'_
. 

Co
 
8
  ,

8
  
,
 

2.3  

0 .24 

0 .24 

0 .5  

0 .23  

3 .4 

A
 	

A
 
0
 
A

 	
A

 	
A

 	
A

 
,=

, 
9
 i
r,

 	
cm

 	
9
 t

r,
 	

C
a 

6
 
6
 
:
 	

6
 
6
 

in
 

8
 0

, 
I
V

 
0
 

 
1
0
 	

1
0
 	

C
I 	

1
0
 	

1
0
 	

n.
, 	

n>
 

N
 

3
 

M
,p

•x
yi

en
e 

r-
 

S
 

• 

A
 
A

 
0
 
0
 

6
 
6
 
	
8
 

0
 0

 "
 „

 
8
  
8
  0

 —
 

0.031 

0.0039 

0 .0035 

0.0099 

0 .0087 

0.038 

O
 

b
 

.;"
 

_
 

—
 

0
. 
0
 0

, 
0
 

0,
 	

0,
 	

0.
 	

0,
 

0
 0

, 
0
 0

 
0
1
 N

 u
 C

o
 

-4
 

0.097 

0.0087  

0 .01 5 

0.020 

0.0072 

0.14 

N 

-0  

ra 

<0.001  

<0 .001  

<0 .001  

<0 .001  

<0 .001  

<0 .001  

<0 .001  

<0 .001  

0
 

a
 

8
, 
8
 

6
  o 6 

b
 

	
6
 

6
 	

6
 

0.0077 

<0 .001 

0.0016  

0 .0022  

<0 .001 

0.01 5  

6
 

a
 	
2
,
  

O
 o

 6
 

A
 

6
 
6
 
o
 
6
  

co,
  2

 8
, 

V
 	
-

1. 	
1
0
 	

-
1. 

0.027 

0 .0061 

0.0089  

0 .007 

0.0052  

0 .10 

I  
0
 
0
 
0
0
 

8
 8

 8
 8

 
'0

 
0
 
V

 
O

a
 

1.2 

0.13 

0.17 

0.30  

0 .13  

1 .8 

6.2 

0.52 

0.59  

0 .79  

0 .29  

6 .8 

0
 

	
A

 	
A

 	
A

 	
A

 
0
 
0
 
0
 
0
 
l
b
 
0
 
0
 

0
 
b
 
0
 
.
0
 
b
 
6
 
6
 
6
 

1
0
 
0
 
0
,
 
0
 
0
 
0
 
0
 
0
 

0
 
-
.
 
0
 
.
.
.
.
.
 

To
lu

en
e 

0.27  

0 .098 

0.23  

0 .1 9  

10  

1 

3.4 

0.37 

0 .41 

1  

' 

0.80 

0.36  

5 .2  

A
 	

A
O

A
 	

A
 	

A
 	

A
 	

A
 

0
0
0
0
0
0
0
 

b
 
C

D
 
b
 
6
 
o
 
6
 
o
 

, 
8
 8

 8
 8

 8
 8

 8
 o

0
 

To
ta

l X
yl

en
es

 



Table 5 

Monitored Natural Attenuation Parameters 

Groundwater Pilot Test 

Andover Quail Crossing Release Site 

Andover, Kansas 

Well ID Sample Date 

Results (mg/L( 

Total Alkalinity 
(As CaCO3) 

__...-- 

Dissolved Iron Methane Potassium 
Nitrogen as 

Nitrate 
Sulfate Orthophosphate 

Nitrogen/ 
Ammonia 

-- 

Carbon 
Dioxide 

Dissolved 
Oxygen 

ORP (mV) 

3/20/2015 537.00 <0.20 0.097 1.57 0.161 8.08 0.16 <0.20 86 1.16 -46 

MW-1 4/20/2015 465.00 <0.20 0.132 5.87 0.288 6.17 0.48 <0.20 81 0.75 -78 

6/16/2015 503.00 <0.20 0.008 0.935 0.257 36 <0.10 <0.20 81 0.95 -52 

3/20/2015 467.00 <0.20 0.039 1.30 0.468 41.4 <0.10 <0.20 62 0.86 -30 

MW-4 4/20/2015 319.00 <0.20 0.042 2.44 1.12 45.1 <0.10 <0.20 20 2.71 -25 

6/16/2015 419.00 <0.20 <0.0005 1.72 1.96 117 <0.10 <0.20 30 3.82 26 

3/20/2015 446.00 <0.20 0.002 0.67 5.78 167 <0.10 <0.20 48 1.07 35 

MW-5 4/20/2015 434.00 <0.20 0.003 0.66 3.55 176 <0.10 <0.20 23 1.10 20 

6/16/2015 491.00 <0.20 0.002 0.68 5.18 162 <0.10 <0.20 60 1.49 149 

3/20/2015 430.00 <0.20 0.005 18.40 0.175 39.5 <0.10 <0.20 63 0.61 42 

MW-17 4/20/2015 455.00 <0.20 0.003 15.70 0.280 36.0 <0.10 <0.20 40 0.83 -46 

6/16/2015 471.00 <0.20 0.011 2.21 0.258 32.8 <0.10 <0.20 72 0.92 -10 

3/20/2015 394.00 <0.20 0.006 7.63 0.175 27.8 <0.10 <0.20 44 0.68 -13 

MW-18 4/20/2015 343.00 <0.20 0.008 21.60 0.415 38.0 <0.10 <0.20 35 0.79 62 

6/16/2015 406.00 <0.20 0.004 9.15 0.387 27.0 <0.10 <0.20 42 0.93 -18 

3/20/2015 361.00 <0.20 0.002 8.95 0.466 60.7 <0.10 <0.20 23 1.57 50 

MW-19 4/20/2015 332.00 <0.20 0.003 10.70 0.258 53.5 <0.10 <0.20 18 1.36 -61 

6/16/2015 349.00 <0.20 0.005 7.75 0.222 40.6 <0.10 <0.20 22 0.49 -82 

DUP 6/16/2015 351.00 <0.20 0.007 8.17 0.216 40.0 <0.10 <0.20 21 NM NM 

Notes: 

1. mg/L = Milligrams per liter . 

2. mV = Millivolts. 

3. < = Analyte not detected at the reporting limit shown. 

4. NM = Not measured. 
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Appendix A 
ORC Advanced® Specifications and Design Report 



L-4 
REGENESIS 

ADVANCED ORC 
OXYGEN RELEASE 

COMPOUND 

Design Summary Output 
Page 1 of 2 

Regenesis Technical Support: USA (949) 366-8000 

www.reoenesis.com       

Date: 

Site Name: 

Location: 

Consultant (Firm/Name):  

3/4/2015  

NuStar Andover Quail Crossing  
Dissolved Plume  

Apex Companies, LLC      

ORC Advanced Grid Design Specifications 

NuStar Andover Quail Crossing 

Dissolved Plume 

Design Specifications 	 Quantity 	 Units 

Treatment Area Size 900 ft2  

Depth to Top Treatment Interval 20 ft 

Depth to Bottom Treatment Interval 40 ft 

Vertical Treatment Thickness 20 ft 

Number of Injection Points 9 

Injection Point Spacing (within rows) 10 ft on center 

Injection Point Spacing (between rows) 10 ft on center 

Total Linear Drilling 360 ft 

Product Quantities 	 Quantity 	 Units 

ORC Advanced per Foot 7.555555556 lbs 

ORC Advanced per Point 151 lbs 
Total ORC Advanced 1,360 lbs 

Product Cost 

ORC Advanced Cost 	 $12,172 	 not including tax/freight 

Field Mixing/Injection Ratios 	 Units 

ORC Advanced Slurry % 20% % 

Mixing Water per Foot 3.6 gallons 

Mixing Water per Point 72 gallons 

Total Water for Mixing 652 gallons 

Injection Slurry (Water + ORC-A) per Foot 4.0 gallons 

Injection Slurry (Water + ORC-A) per Point 79 gallons 

Total Injection Slurry (all Points) 713 gallons 



761i-&-ADVANCED  

REGENESIS OXYGEN RELEASE 
COMPOUND 

Design Summary Output 
Page 2 of 2 

SITE DATA - INPUT PARAMETERS 

Hydraulic Parameters Value Units 

Soil Type (sand, silt, gravel, clay, etc.) shale 

Porosity 0.33 cm'/cm' 

Effective Porosity 0.2 cm3/crn3  

Hydraulic Conductivity 25 ft/day 

Hydraulic Gradient 0.005 ft/ft 

Seepage Velocity 228.3 filyr 

Saturated Soil Concentrations (sorbed mass) Concentration Units 

Benzene 0.2 mg/kg 

Toluene 1.6 mg/kg 

Ethylbenzene 0.1 mg/kg 

Xylenes 1.5 mg/kg 

MTBE 0.0 mg/kg 

cis-1,2-DCE 0.0 mg/kg 

Vinyl Chloride 0.0 mg/kg 

Naphthalenes 0.1 mg/kg 

TMBs 0.2 mg/kg 

Groundwater Concentrations (dissolved mass) Concentration Units 

Benzene 1.0 mg/L 

Toluene 3.0 mg/L 

Ethylbenzene 0.2 mg/L 

Xylenes 2.5 mg/L 

MTBE 0.0 mg/L 

cis-1,2-DCE 0.0 mg/L 

Vinyl Chloride 0.0 mg/L 

Naphthalenes 0.0 mg/L 

TMBs 0.1 mg/L 

Reduced metals: Fe+2 and Mn+2 10.0 mg/L 

Alternative Measures of Oxidant Demand Concentration Units 

Total Petroleum Hydrocarbons (see pull-down for Kc 20.0 mg/L 

Dissolved Phase Contaminant Mass 21.1 lbs 

Additional Assumptions/Qualifications 

1) Data Used for Modeling - GW - MW-1 (sample #) 

2) 

3) 



Li?  
REGENESIS 

Oxygen Release Compound (ORC ®) 
Installation Instructions 

(Direct-Injection Slurry Application) 

SAFETY: 
Pure ORC is shipped to you as a fine powder rated at -325 mesh (passes through a 44 
micron screen). It is considered to be a mild oxidizer and as such should be handled 
with care while in the field. Field personnel should take precautions while applying the 
pure ORC. Typically, the operator should work upwind of the product as well as use 
appropriate safety equipment. These would include eye and respiratory protection, 
and gloves as deemed appropriate by exposure duration and field conditions. 

Personnel operating the field equipment utilized during the installation process should 
have appropriate training, supervision and experience. 

GENERAL GUIDELINES: 
ORC may be installed in the contaminated saturated zone in the ground utilizing hand 
augered holes, Geoprobe®  type hydraulic punch equipment, or hollow stem augers. 
This set of instructions is specific for Geoprobe equipment. Alternate instructions may 
be obtained from the Regenesis Technical Support Department. 

For optimum results the ORC slurry installation should span the entire vertical 
contaminated saturated thickness, including the capillary fringe and "smear zone". 

Two general installation approaches are available. The first is to backfill only the 
probe hole with slurry. This is a simple approach, in that it is easy, straightforward, 
and the location of the ORC slurry is precisely known after installation. However, this 
method requires significantly more probe holes than the alternative, and may take 
more time for the completion of the remediation process. A separate set of 
instructions for this method utilizing Geoprobe equipment is available from Regenesis. 

The second method is to inject the slurry through the probe holes into the 
contaminated saturated zone. This method requires fewer probe holes, is less 
disruptive to the site, and aids the spread of oxygen by spreading the ORC source 
material. However, it may be difficult to know the exact, final disposition of the ORC 
installed with this method. This is the method described in these instructions. 

Note: It is important that the installation method and specific ORC slurry point location 
be established prior to field installation. It is also important that the ORC slurry volume 
and solids content for each drive point be predetermined. The Regenesis Technical 
Service Department is available to discuss these issues, and Helpful Hints at the end 
of these instructions offers relevant information. Regenesis also has available 
Technical Bulletins covering source treatments with ORC. 



SPECIFIC INSTALLATION PROCEDURES 
1. Identify the location of all underground structures, including utilities, tanks, 

distribution piping, sewers, drains, and landscape irrigation systems. 
2. Identify surface and aerial impediments. 
3. Adjust planned installation locations for all impediments and obstacles. 
4. Pre-mark the installation grid point locations, noting any that have special depth 

requirements. 
5. Set up the Geoprobe unit over each specific point, following manufacturer 

recommended procedures. Care should be taken to assure approximate 
vertical probe holes. 

6. Penetrate surface pavement, if necessary, following standard Geoprobe 
procedures. 

7. Drive the 1 1/2" (one-and-one-half inch) pre-probe (part #AT-148B) with the 
expendable tip (part #AT142B) to the desired maximum depth. Standard 1" 
(one inch) drive rods (part AT104B) should be used, after the pre-probe. (Hint: 
Pre-counted drive rods should be positioned prior to the installation driving 
procedure to assure the desired depth is reached.) 

8. Disconnect the drive rods from the expendable tip, following standard Geoprobe 
procedures. 

9. Mix the appropriate quantity of ORC slurry for the current drive point. (See 
separate "Directions for ORC®  Slurry Mixing" and Helpful Hints). Note: Do not  
mix more slurry than will be used within a 30 minute period.  

10. Set up and operate an appropriate slurry pump according to manufacturer's 
directions. Based on our experience, a Geoprobe model GS-1000 pump is 
recommended. Connect the pump to the probe grout pull cap (GS-1054) via a 
1 inch diameter delivery hose. The hose is then attached to the 1" drive rod 
with its quick connector fitting. Upon confirmation of all connections add the 
ORC slurry to the pump hopper/tank. 

11.Withdraw the pre-probe and drive stem 4' (four feet). (Also note Helpful Hints - 
Operations at end of instructions.) 

12.0ptional pretreatment step. (See Helpful Hints - Operations at end of 
instructions). Pump one to two gallons of tap water into the aquifer to enhance 
dispersion pathways from the probe hole. 

13. Pump the predetermined quantity of ORC slurry for the depth interval being 
injected. Observe pump pressure levels for indications of slurry dispersion or 
refusal into the aquifer. (Increasing pressure indicates reduced acceptance of 
material by the aquifer). 

14. Remove one 4' section of the 1" drive rod. The drive rod will contain slurry. 
This slurry should be returned to the ORC bucket for reuse. 

15. Repeat steps 11, 13, and 14 until treatment of the entire affected thickness has 
been achieved. It is generally recommended that the procedure extend to the 
top of the capillary fringe/smear zone. 

16. Install an appropriate seal, such as bentonite, above the ORC slurry through the 
entire vadose zone. This helps assure that the slurry stays in place and 
prevents contaminant migration from the surface. Depending on soil conditions 
and local regulations, a bentonite seal can be pumped through the slurry pump 
or added via chips or pellets after probe removal. 

17. Remove and decontaminate the drive rods and pre-probe. 
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18. Finish the probe hole at surface as appropriate (concrete or asphalt cap, if 
necessary). 

19. Move to the next probe point, repeating steps 5 through 18. 

HELPFUL HINTS: 

A. 	 Physical characteristics 

Al. 	 Slurry  

The ORC slurry is made using the dry ORC powder (rated at -325 mesh). It makes a 
smooth slurry, with a consistency that depends on the amount of water used. 

A thick, but pumpable, slurry that approaches a paste can be made by using 65-67% 
solids. This material would normally be used for back-filling a bore or probe hole. It is 
especially useful where maximum density is desired such as where ground water is 
present in the hole or there are heaving sands. 

Thinner slurries can be made by using more water. Typical solids for the thinner 
slurries content will range from 35% to 62%. Such slurries are useful for injecting 
through a probe or bore hole into the saturated aquifer. 

As a rule, it is best to mix the first batch of slurry at the maximum solids content one 
would expect to use. It can then be thinned by adding additional water in small 
increments. By monitoring this process, the appropriate quantities of water for 
subsequent batches can be determined. 

The slurry should be mixed at about the time it is expected to be used. It is best to not 
hold it for more than 30 minutes. Thinner slurries, especially, can experience a 
separation upon standing. All ORC slurries have a tendency to form cements when 
left standing. If a slurry begins to thicken too much, it should be mixed again and 
additional water added if necessary. 

Care should be taken with slurry that may be left standing in a grout pump or hose. 
Problems can generally be avoided by periodically re-circulating the slurry through the 
pump and hose back into the pump's mixing or holding tank. 

A2. Equipment 

Most geotechnical grout pumping equipment has a holding tank with a capacity 
sufficient for injection. 

When applying measured volumes of ORC slurry to probe holes, it is sometimes useful 
to know the volumes and content of the delivery system lines. The following 
information may be useful in this regard. 

Geoprobe pump: At the end of a pump stroke virtually no deliverable slurry remains in 
the pump. 

r5/8" O.D. connecting hose (10 feet long): 
	

0.2 gallons (26 fluid ounces). 

!Four foot (4') length of 1" drive rod: 	 .04 gallons (5 fluid ounces). 

Three foot (3') length of 1 1/2" pre-probe: 	 .03 gallons (4 fluid ounces). 
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(Gallons/Fluid Ounces/Cubic Inches) 

Per 10' (Ten Foot) Length 

Theoretical 	 Operating Volume 

(Gallons/Fluid Ounces) 

11"Diameter 

Fl 1/2" Diameter 

12"Diameter 

[2 1/4" Diameter 

P 
	

Sand 

1.61 gal/78 fl. oz. 

11.38 gal/176 fl. oz. 

12.44 gal/313 fl. oz. 

gal/396 fl. oz. 

I 	 Silts & Clay 

1-.51 gal/65 fl. oz. 

11.15 gal/146 fl. oz. 

[2.04 gal/261 fl. oz. 

12. -67 gal/330 fl. oz. 

Sand, Silts & Clay 

.41 gal/52 fl. oz./94.2 cu. in. 

.92 gal/117 fl oz./212.0 cu. in. 

1.63 gal/209 fl. oz./376.8 cu. in. 

2.06 gal/264 fl oz./476 9 cu. in 

Cleaning and maintenance: 

Pumping equipment and drive rods can be lightly cleaned by circulating clear water 
through them. Further cleaning and decontamination (if necessary due to subsurface 
conditions) should be performed according to the equipment supplier's standard 
procedures and local regulatory requirements. 

B. 	 Operating characteristics 

B1. Operations - General 

Judgment will be needed in the field when injecting ORC slurries. In general, it is 
relatively easy to inject ORC slurries into sandy soils, and this can usually be 
accomplished at very moderate pressures. Silts and clays require more pressure, and 
may accept less slurry. 

Careful observation of pressure during slurry pumping is the best indication of the 
effectiveness of the slurry injection. To test the soil's ability to accept the slurry and to 
"precondition" the injection point for the slurry, it is sometimes useful to inject a small 
volume of plain water prior to the slurry. Normally, one-half (0.5) gallons to two (2) 
gallons would be appropriate. 

During injection, increasing pressure and decreasing flow rate are signs of refusal by 
the soil matrix to accept the slurry. The site geologist should determine whether to 
increase pressure, and possibly fracture ("frac") the soil matrix to achieve ORC slurry 
installation in a tight site that has refused the slurry at lower pressures. 

B2. Fill Volumes 

Probe hole back-filling 

Probe hole capacities: 

Note that the operating volumes include a 50% excess above the theoretical volume in 
sands and 25% in clays and silts. This is important to successful treatment. The 
additional material allows for a small degree of infiltration of the slurry into the 
surrounding soil and fractures, as well as hole diameter variability. It is important to 
assure that the entire contaminated saturated zone is treated (including the capillary 
fringe), since this is often the area of highest pollution concentration. Failure to treat 
this area due to improper installation can undermine an otherwise successful 
remediation effort. 
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For direct assistance or answers to any questions you may have regarding 
these instructions, contact Regenesis Technical Services at 949-366-8000. 

REGENESIS, 2002 
www.regenesis.com  
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Oxygen Release Compound — Advanced Pellets (ORC Advanced ®  Pellets) 
MATERIAL SAFETY DATA SHEET (MSDS) 

Last Revised: March 22, 2012 

Section 1 - Material Identification 

Supplier: 

REGENESIS 
1011 Calle Sombra 
San Clemente, CA 92673 

Phone: 	 949.366.8000 

Fax: 	 949.366.8090 

E-mail: 	 infoAregenesis.com  

Chemical 
	

A mixture of Calcium Hydroxide Oxide [CaO(OH)2] and 
Description: 
	

Calcium Hydroxide [Ca(OH) 2; ]. 

Chemical Family: 	 Inorganic Chemical 

Trade Name: 

Chemical 
Synonyms 

Product 
Use: 

Advanced Formula Oxygen Release Compound 

(ORC Advanced' Pellets) 

Calcium OxyHydroxide; Calcium Oxide Peroxide 

Used to remediate contaminated soil and groundwater 
(environmental applications) 

Section 2 — Composition 

CAS No. 	 Chemical  

682334-66-3 	 Calcium Hydroxide Oxide [CaO(OH)2] 

1305-62-0 	 Calcium Hydroxide [Ca(OH)2] 

7758-11-4 	 Dipotassium Phosphate (HK204P) 

7783-28-0 
	

Ammonium Phosphate Dibasic 
[(NH4)2HPO4] 



Regenesis - ORC Advanced ®  Pellets MSDS 

Section 3 — Physical Data 

Form: 	 tablets 

Color: 	 White to Pale Yellow 

Odor: 	 Odorless 

Melting Point: 	 527 °F (275 °C) — Decomposes 

Boiling Point: 	 Not Applicable (NA) 

Flammability/Flash 
NA 

Point: 

Auto- 
Flammability: 

NA 

Vapor Pressure: 	 NA 

Self-Ignition 
NA 

Temperature: 

Thermal 
527 °F (275 °C) — Decomposes 

Decomposition: 

Bulk Density: 	 0.5 — 0.65 g/ml (Loose Method) 

Solubility: 	 1.65 g/L @ 68° F (20° C) for calcium hydroxide. 

Viscosity: 	 NA 

pH: 	 11-13 (saturated solution) 

Explosion Limits % 
by Volume: 

Non-explosive 

Hazardous 
Decomposition 	 Oxygen, Hydrogen Peroxide, Steam, and Heat 
Products: 

Hazardous 
Reactions: 

None 



Regenesis - ORC Advanced Pellets MSDS 

Section 4 — Reactivity Data 

Stability: 	 Stable under certain conditions (see below). 

Conditions 	 to 
Heat and moisture. 

Avoid: 

Incompatibility: 	
Acids, bases, salts of heavy metals, reducing agents, 
and flammable substances. 

Hazardous 
Does not occur. 

Polymerization: 

Section 5 — Regulations 

TSCA 	 Inventory 
Listed 

List: 

CERCLA Hazardous Substance (40 CFR Part 302) 

Listed Substance: No 

Unlisted 
Substance: 

Yes 

Reportable 
100 pounds 

Quantity (RQ): 

Characteristic(s): 	 Ignitibility 

RCRA 	 Waste 
D001 

Number: 

SARA, Title III, Sections 302/303 (40 CFR Part 355 — Emergency Planning 
and Notification) 

Extremely 
Hazardous 
	

No 
Substance: 

SARA, Title 111, Sections 311/312 (40 CFR Part 370 — Hazardous Chemical 
Reporting: Community Right-To-Know 

Immediate Health Hazard 
Hazard Category: 	

Fire Hazard 



Regenesis - ORC Advanced Pellets MSDS 

Threshold 
Planning Quantity: 

10 , 000 pounds 

Section 5 — Regulations (cont) 

SARA, Title III, Section 313 (40 CFR Part 372 — Toxic Chemical Release 
Reporting: Community Right-To-Know 

Extremely Hazardous No  
Substance: 

WHMIS 
Classification: 

Canadian Domestic 
Substance List: 

C 

D 

Not Listed 

Oxidizing Material 

Poisonous and Infectious 
Material 

Material 	 Causing 	 Other 
Toxic Effects — 

Eye and Skin Irritant 

Section 6 — Protective Measures, Storage and Handling 

Technical Protective 
Measures 

Storage: 

Handling: 

Keep in tightly closed container. Store in dry area, 
protected from heat sources and direct sunlight. 

Clean and dry processing pipes and equipment before 
operation. Never return unused product to the storage 
container. Keep away from incompatible products. 
Containers and equipment used to handle this product 
should be used exclusively for this material. Avoid 
contact with water or humidity. 



Regenesis - ORC Advanced .  Pellets MSDS 

Section 6 — Protective Measures, Storage and Handling (cont) 

Personal Protective Equipment (PPE) 

Protection 	 Against 
Fire & Explosion: 

Calcium Hydroxide  

ACGIH *  TLV1  (2000) 

5 mg/m3  TWA 

OSHA PEL 

Total dust-15 mg/m3  TWA 

Respirable fraction- 

5 mg/m3  TWA 

NIOSH REL (1994) 

5 mg/m 3  

For many conditions, no respiratory protection may be 
needed; however, in dusty or unknown atmospheres 
use a NIOSH approved dust respirator. 

Impervious protective gloves made of nitrile, natural 
rubbber or neoprene. 

Use chemical safety goggles (dust proof). 

For brief contact, few precautions other than clean 
clothing are needed. Full body clothing impervious to 
this material should be used during prolonged 
exposure. 

Safety shower and eyewash stations should be 
present. Consultation with an industrial hygienist or 
safety manager for the selection of PPE suitable for 
working conditions is suggested. 

Avoid contact with skin and eyes. 

NA 

Engineering 
Controls: 

Respiratory 
Protection: 

Hand Protection: 

Eye Protection: 

Skin Protection: 

Other: 

Industrial Hygiene: 

Section 7 — Hazards Identification 

Emergency 
Overview: 

Oxidizer — Contact with combustibles may cause a fire. 
This material decomposes and releases oxygen in a 
fire. The additional oxygen may intensify the fire. 



Regenesis - ORC Advanced ®  Pellets MSDS 

Potential 	 Health 
Effects: 

Inhalation: 

Eye Contact: 

Skin Contact: 

Ingestion: 

Irritating to the mucous membrane and eyes. If the 
product splashes in ones face and eyes, treat the eyes 
first. Do not dry soiled clothing close to an open flame 
or heat source. Any clothing that has been 
contaminated with this product should be submerged 
in water prior to drying. 

High concentrations may cause slight nose and throat 
irritation with a cough. There is risk of sore throat and 
nose bleeds if one is exposed to this material for an 
extended period of time. 

Severe eye irritation with watering and redness. There 
is also the risk of serious and/or permanent eye 
lesions. 

Irritation may occur if one is exposed to this material 
for extended periods. 

Irritation of the mouth and throat with nausea and 
vomiting. 

Section 8 — Measures in Case of Accidents and Fire 

Suitable: 

Further Information: 

First Aid: 

Collect in suitable containers. Wash remainder with 
copious quantities of water. 

See next. 

Large quantities of water or water spray. In case of 
fire in close proximity, all means of extinguishing are 
acceptable. 

Self contained breathing apparatus or approved gas 
mask should be worn due to small particle size. Use 
extinguishing media appropriate for surrounding fire. 
Apply cooling water to sides of transport or storage 
vessels that are exposed to flames until the fire is 
extinguished. Do not approach hot vessels that 
contain this product. 

After contact with skin, wash immediately with plenty of 
water and soap. In case of contact with eyes, rinse 
immediately with plenty of water and seek medical 
attention. Consult an opthalmologist in all cases. 

After 
Spillage/Leakage/Gas 
Leakage: 

Extinguishing Media: 



Flush eyes with running water for 15 minutes, while 
keeping the eyelids wide open. Consult with an 
ophthalmologist in all cases. 

Remove subject from dusty environment. Consult with 
a physician in case of respiratory symptoms. 

If the victim is conscious, rinse mouth and admnister 
fresh water. DO NOT induce vomiting. Consult a 
physician in all cases. 

Wash affected skin with running water. Remove and 
clean clothing. Consult with a physician in case of 
persistent pain or redness. 

Eye Contact: 

Inhalation: 

Ingestion: 

Skin Contact: 

Regenesis  - ORC Advanced Pellets MSDS 

Section 8 — Measures in Case of Accidents and Fire 

Evacuate all non-essential personnel. 	 Intervention 
should only be done by capable personnel that are 

Special Precautions: trained and aware of the hazards associated with this 
product. When it is safe, unaffected product should be 
moved to safe area. 

Specific Hazards: 

Oxidizing substance. Oxygen released on exothermic 
decomposition may support combustion. Confined 
spaces and/or containers may be subject to increased 
pressure. If product comes into contact with 
flammables, fire or explosion may occur. 

Section 9 — Accidental Release Measures 

Precautions: 

Cleanup Methods: 

Observe the protection methods cited in Section 3. 
Avoid materials and products that are incompatible 
with product. Immediately notify the appropriate 
authorities in case of reportable discharge (> 100 Ibs). 

Collect the product with a suitable means of avoiding 
dust formation. All receiving equipment should be 
clean, vented, dry, labeled and made of material that 
this product is compatible with. Because of the 
contamination risk, the collected material should be 
kept in a safe isolated place. Use large quantities of 
water to clean the impacted area. See Section 12 for 
disposal methods. 



Regenesis - ORC Advanced ®  Pellets MSDS 

Section 10 — Information on Toxicology 

Toxicity Data 

Oral Route, LD50, rat, > 2,000 mg/kg (powder 50%) 

Acute Toxicity: 	 Dermal Route, LD50, rat, > 2,000 mg/kg (powder 50%) 

Inhalation, LD50, rat, > 5,000 mg/m 3  (powder 35%) 

Irritation: 	 Rabbit (eyes), severe irritant 

Sensitization: 	 No data 

Chronic Toxicity: 	 In vitro, no mutagenic effect (Powder 50%) 

Target Organ Effects: Eyes and respiratory passages. 

Section 11 — Information on Ecology 

Ecology Data 

10 mg Ca(OH)2/L: pH = 9.0 

100 mg Ca(OH)2/L: pH = 10.6 

Acute Exotoxicity: 	 Fishes, Cyprinus carpio, LC50, 48 hrs, 160 mg/L 

Crustaceans, Daphnia sp., EC50, 24 hours, 25.6 mg/L 

(Powder 16%) 

Mobility: 	 Low Solubility and Mobility 

Water — Slow Hydrolysis. 

Degradation Products: Calcium Hydroxide 

Water/soil — complexation/precipitation. 
Abiotic Degradation: Carbonates/sulfates present at environmental 

concentrations. 

Degradation products: carbonates/sulfates sparingly 
soluble 

Biotic Degradation: 	 NA (inorganic compound) 

Potential for 
Bioaccumulation: 

NA (ionizable inorganic compound) 



Regenesis  - ORC Advanced ®  Pellets MSDS 

HMIS®  Rating 

NFPA®  Rating 

Section 11 — Information on Ecology (cont) 

Observed effects are related to alkaline properties of 
the product. Hazard for the environment is limited due 
to the product properties of: 

• No bioaccumulation 
Comments: 

• Weak solubility and precipitation as carbonate 
or sulfate in an aquatic environment. 

Diluted product is rapidly neutralized at environmental 
pH.  

Further Information: 	 NA 

Section 12 — Disposal Considerations 

Waste 	 Disposal Consult current federal, state and local regulations regarding 

Method: 	 the proper disposal of this material and its emptied 

Section 13 — Shipping/Transport Information 

D.O.T Shipping Name: Oxidizing Solid, N.O.S [A mixture of Calcium Hydroxide 
Oxide [CaO(OH)2] and Calcium Hydroxide [Ca(OH)2]. 

UN Number: 	 1479 

Hazard Class: 	 5.1 

Label(s): 	 5.1 (Oxidizer) 

Packaging Group: 	 II 

STCC Number: 	 4918717 

Section 14 — Other Information 

containers. 

Health — 2 	 Reactivity — 1 
Flammability — 0 	 PPE - Required 

HMIS®  is a registered trademark of the National Painting and Coating Association. 

Health — 2 	 Reactivity — 1 
Flammability — 0 	 OX 

NFPA®  is a registered trademark of the National Fire Protection Association. 



Regenesis - ORC Advanced ®  Pellets MSDS 

Reason for Issue: Update toxicological and ecological 
data 

Section 15 — Further Information 

The information contained in this document is the best available to the supplier at 
the time of writing, but is provided without warranty of any kind. Some possible 
hazards have been determined by analogy to similar classes of material. The items 
in this document are subject to change and clarification as more information 
become available. 



FIGURE 1: 
FILLING A PUMP WITH 
ORC ADVANCED SLURRY 

ENHANCED AEROBIC BIOREMEDIATION 
REGENESIS 

Highest amount of active oxygen in a 
controlled-release, oxygen producing compound 

ORC ADVANCED  
OXYGEN RELEASE 

COMPOUND 

PR
OD

U
CT

  O
V

E
R

V
IE

W
 

W
W

W
.R

EG
EN

ES
IS

.C
O

M
  

ORC Advanced® is the state-of-the-art technology for stimulating aerobic bioremediation. It offers unparalleled, maximum oxygen 
release for periods up to 12 months on a single injection and is specifically designed to minimize oxygen waste while maximizing 
contaminated site remediation. 

ORC Advanced is a formulation of calcium 
oxyhydroxide which, upon hydration, releases oxygen 
and forms simple calcium hydroxide and water. 

PRODUCT BENEFITS 

HIGHEST AVAILABLE OXYGEN CONTENT 

More active oxygen (17%) plus Regenesis' patented controlled-release technology (CRT") saves time and money by increasing 
degradation rates and improving remediation performance by providing more oxygen on a single injection. It is particularly effective 
at higher demand sites where oxygen may be limited and scavenged by competing carbon sources. 
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PATENTED CONTROLLED-RELEASE TECHNOLOGY (CRTTm) 

Based on the same proven technology employed in the industry standard Oxygen Release Compound (ORC®), CRT allows for an 
efficient, long-term release of oxygen providing the optimal conditions for sustained aerobic biodegradation. This can save time 
and money by reducing the potential need for multiple applications. Also, oxygen release "lock-up" is avoided — an unfortunate 
problem experienced with commodity chemicals. 

IN SITU APPLICATION 

Remediation with ORC Advanced is typically more cost-effective than ex situ treatments. With the use of ORC Advanced there is 
minimal site disturbance with no above-ground piping or mechanical equipment, no operations and maintenance costs and no 
hazardous materials handling or disposal.            

DEFINING THE SCIENCE BEHIND CONTROLLED-RELEASE TECHNOLOGY (CRT') 
Early on, Regenesis researchers noted that in order to optimally stimulate the natural 

attenuation of aerobically degradable contaminants, biologically usable oxygen was best 
supplied in low but constant concentrations. Big bursts of oxygen are wasteful and simply 
"bubble off", often generating undesirable foaming and producing unwanted preferential flow 
paths in the subsurface. Regenesis sought to solve this problem by controlling the rate of 
oxygen release from solid oxygen sources. 

The answer was provided by the development of CRT. The CRT process involves intercalating 
(embedding) phosphates into the crystal structure of solid peroxygen molecules. This patented 
feature, now available in the ORC Advanced® formulation, slows the reaction that yields oxygen 
within the crystal, minimizing "bubble off" which can waste the majority of oxygen available in 
common solid peroxygen chemicals. 

CRT provides "balance" — it slows down the rate of oxygen release while at the same time 
preventing "lock-up". Commodity solid peroxygen chemicals, when in contact with water, will 
produce an initial rapid and uncontrolled-release of oxygen. Then, as hydroxides form, a significant portion of the oxygen deeper in the 
crystal is made unavailable or becomes"locked-up." This undesirable effect is inefficient and costly. CRT prevents lock up and controls 
the rate of oxygen release, representing the state-of-the-art technology in passive oxygen delivery. 

1011 Calle Sombre San Clemente California 92673-6244 Telephone: 949.366.8000 Fax: 949.366.8090 www.regenesis.com  
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REGENESIS 

The original controlled-release oxygen 
compound, since 1994 

ORC 
OXYGEN RELEASE 

COMPOUND 

The original Oxygen Release Compound (ORC®) is a fine, powdery material comprised of a patented formulation 
of phosphate-intercalated magnesium peroxide. The intercalation or embedding of phosphates within the magnesium 
peroxide is Regenesis' patented, controlled-release mechanism. 

Upon hydration, ORC is designed to produce a controlled-release 
of oxygen (10% by weight) into the subsurface in accordance with 
the following reaction: 

This process can proceed for periods of up to one year depending on site conditions. In the presence of this long-lasting 
oxygen source, aerobic microbes flourish - accelerating the naturally slow rates of aerobic biodegradation. 

V) 

1.61 
CO 

PRODUCT BENEFITS 

By enhancing bioremediation using ORC, in situ treatment of contaminants can result in an efficient, simple and cost- 
effective alternative to traditional technologies. With low capital costs, no operations and maintenance, minimal site disturbance 
and proven effectiveness, ORC can restore water quality and property values at a reasonable cost. 
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MATERIAL APPLICATION 

Most contaminated sites are treated using ORC slurry which is a prescribed 
and easily injectable water and ORC mixture (Figure 2). The direct - injection of 
ORC slurry maximizes ORC and oxygen distribution in the subsurface increasing 
the range of enhanced biodegradation. ORC is dosed in pounds per vertical 
foot of material treated. The amount of ORC recommended depends greatly on 
various factors such as contaminant concentrations, oxygen sinks, groundwater 
flow rates and subsurface geology. It is recommended that a Regenesis Technical 
Services Representative be contacted for detailed design information. 

ORC treatment approaches or designs may consist of one, or 
combinations of the following: Source Area Grids, Plume Area Grids or Barriers, 
Excavations and Biopiles. 

TREATABLE CONTAMINANTS 

ORC can treat a wide range of contaminants and most any aerobically 
degradable compound including: gasoline and fuel additives (BTEX and 
MTBE), diesel, kerosene, jet fuel, gas condensates, fuel oils, lubricants, 
bunker oil, PAHs, certain metals (arsenic), certain pesticides/herbicides 
and certain industrial solvents (alcohols and ketones). 

SUBSURFACE EMPLACEMENT 

• Direct — Push Injection 

• Hollow Stem Augers 

• Existing Wells 

• Recirculating Wells 

• Replaceable Filter Socks 

(existing wells) 

• Excavations 

• Trenches 

SIS '— HE  
FIGURE 2: ORC SLURRY 
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65% Solids Slurry 

60% Solids Slurry 

,Mix .63 gallons of water per 10 pounds of ORC powder. 

!Example: 	
Mix 20 pounds of ORC with 1.26 gallons of water. 

Mix 30 pounds of ORC with 1.89 gallons of water. 

Mix .79 gallons of water per 10 pounds of ORC powder. 

Example: 	 !
Mix 20 pounds of ORC with 1.58 gallons of water. 

'Mix 30 pounds of ORC with 2.37 gallons of water. 

50% Solids Slurry 
(Example : 	

Mix 20 pounds of ORC with 2.38 gallons of water. 

!Mix 30 pounds of ORC with 3.57 gallons of water. 

!Mix 1.19 gallons of water per 10 pounds of ORC powder. 

REGENESIS 
Oxygen Release Compound (ORC ®) 

Installation Instructions 
(Slurry Mixing) 

1. OPEN 5 GALLON BUCKET, AND 
REMOVE PRE-MEASURED BAG 
OF ORC. 

2. MEASURE AND POUR WATER 
INTO THE 5-GALLON BUCKET 
ACCORDING TO THE FOLLOWING 
DESIRED CONSISTENCY: AILA 

25% Solids Slurry  
!Mix 3.57 gallons of water per 10 pounds of ORC powder.  

!Example: 	 Mix 10 pounds of ORC with 3.57gallons of water.    

3. ADD THE APPROPRIATE ORC QUANTITY TO THE WATER. Check weight of 
each bucket (see label). The 5 gallon shipping bucket weighs 2 pounds. An 
additional 4 pounds of ORC would require one additional quart of water, at the 65% 
solids level. 

4. USE AN APPROPRIATE MIXING DEVICE TO THOROUGHLY MIX ORC AND 
WATER. A hand held drill with a "jiffy mixer" or a stucco mixer on it may be used in 
conjunction with a small paddle to scrape the bottom and sides of the container. 
Standard environmental slurry mixers may also be used, following the equipment 
instructions for operation. For small quantities a usable slurry can be mixed by 
hand, if care is taken to blend all lumps into the mixture thoroughly. 



CAUTION:  ORC MAY SETTLE OUT OF SLURRY IF LEFT STANDING. ALSO, ORC 
EVENTUALLY HARDENS INTO A CEMENT-LIKE COMPOUND, AND CANNOT BE RE-
MIXED AFTER THAT HAS HAPPENED. THEREFORE: 

Mix immediately before using. Do not let stand more than 30 minutes, and re-mix 
immediately before use, to be sure the mixture has not settled out. If a mechanical slurry 
mixer attached to a pump is being used, the material may be cycled back through the 
mixer to maintain slurry suspension and consistency. 

5. CHECK SLURRY CONSISTENCY FOR POURABILITY. ADD WATER IF 
NECESSARY (IN 1 CUP INCREMENTS) TO ACHIEVE THE CORRECT 
CONSISTENCY. 

For direct assistance or answers to any questions you may have regarding these 
instructions, contact Regenesis Technical Services at 949-366-8000. 

REGENESIS, 2002 
www.regenesis.com  
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REVIEWED BY 

APEX PROJECT MANAGER 

APEX 
3015 SW First Avenue 
Portland, Oregon 97201-4707 
(503) 924-4704 Phone 
(503) 943-6357 Fax 

PROJECT NUMBER 	 32-0001 V1 1- 07/DS 
FIELD REPORT NUMBER   

PAGE 	 OF  I  
DATE            

PROJECT 	 QUAIL- caze-INi Pit-di TIT--. 	 ARRIVAL TIME 	 0815  
LOCATION  Ktql2ovg_ i 	 p./6/k6 	 DEPARTURE TIME 	 /6,30  
CLIENT 	 tgngpi-A IL 	 WEATHER 	 Fo41 (t-10 15) AM/0-154/2- (70) PM .  
PURPOSE OF OBSERVATIONS 	 w -1.4,... i NitoTA0..A.VoNVP 11.01-  re57-  
APEX REPRESENTATIVE  M, WHIT-10A 	 APEX PROJECT MANAGER S, jp,6401\j  

CONTRACTOR 	 1.-Al NO P12-1144Ni 	 PERMIT NO. 	 — 
CONTRACTOR REP. 	 CHAP AND MAW 	 H&S REVIEW 	 ./ 

Our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 

opinions to our client. The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or condusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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APEX REP SENTATIVE 

APEX PROJECT NUMBER 	 ' --/-0001(0111 -OS  
FIELD REPORT NUMBER        

3015 SW First Avenue 

Portland, Oregon 97201-4707 

(503) 924 - 4704 Phone 

(503) 943-6357 Fax 

PAGE 	 I 	 OF I  

DATE 	 D12-11-'105-         

PROJECT  0.011- C,k55 IN PINT-  -1-6-1— 	 ARRIVAL TIME 	 1 0 1(7  
LOCATION  AN pc? Vel2 , ►c-.5 	 DEPARTURE TIME 	 /g30  
CLIENT 	 NuS7-6e_. 	 WEATHER 	 Cal.-Afl- (0 --lo's") riu-tvl  
PURPOSE OF OBSERVATIONS 	 W -1w 1 NTPtI.A..-ADDIV /P I I-0T rtf- r  
APEX REPRESENTATIVE 	 MANN fror\I 	 AP X PROJECT MANAGER 5.  J pcic-soN  
CONTRACTOR 	 1,k-I NE-  V12-1 t-t-t t,41 	 PERMIT NO. 	 — 

CONTRACTOR REP. 	 CA-I OP 4/17 iV104-1.< 	 H&S REVIEW 	 3 

Our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client. The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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APEX 
PROJECT NUMBER 	 -POC,  0 	 -D3/07   

FIELD REPORT NUMBER     
3015 SW First Avenue 

Portland, Oregon 97201-4707 

(503) 924-4704 Phone 

(503) 943-6357 Fax     

PAGE 	 1 	 OF   

DATE 	 03-11---72? 15         

PROJECT  CZAR, CP.oe-Ait.lei pi 1.--OF 1-15521-  	 ARRIVAL TIME 	 0'600  
LOCATION  ptOovo.... 6 	 DEPARTURE TIME 	 )1515  
CLIENT 	 WorvTAP- 	 WEATHER 	 Ci-&-AP- (sio'5-7o') CA1411  
PURPOSE OF OBSERVATIONS 	 v1/415-i,t, 1N6-nAk.45,7-ioNVP 'Lot-  "r --S-1-  
APEX REPRESENTATIVE  fit. voi tre-Apt4 	 APEX PROJECT MANAGER 	 S. JA.C.-60N  
CONTRACTOR 	 1AVINE 024W1N 41  	 PERMIT NO. 	 - 

CONTRACTOR REP. 	 UFO AND AAR-K 	 H&S REVIEW 	 3 

Our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client. The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations andior conclusions andlor recommendations conveyed In the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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}1. 
APEX 
3015 SW First Avenue 
Portland, Oregon 97201-4707 
(503) 924-4704 Phone 
(503) 943-6357 Fax 

PROJECT NUMBER 	 -- 24por) 1 	 I -177 
FIELD REPORT NUMBER   

PAGE 	 t 	 OF  

DATE 	 CY3-11)-7,0)          

PROJECT 	 Mi- 	 AvvITIOIst ARRIVAL TIME 	 08 4-15-  
LOCATION  A ovo vee_ i .s 	 DEPARTURE TIME 	 1°115  
CLIENT 	 tit.)11.102.._ 	 WEATHER 	 C-WAit (410 15 -70 15) CA l-40 
PURPOSE OF OBSERVATIONS 	 \AJVAA.,- INt2T)AktATION /911-.(21-  1-57-71  
APEX REPRESENTATIVE  M.  vOi  \Tr-A7t\ 	 APEX PROJECT MANAGER 	 /2.3 ACKSol  
CONTRACTOR 	 LAVIN 	 9P-A1,{Ari(1   PERMIT NO. 

H&S REVIEW    CONTRACTOR REP. 	 N1P(-K ANIV CA11A2       

Our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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APEX 
PROJECT NUMBER 	 200011,11-07/0  

FIELD REPORT NUMBER     
3015 SW First Avenue 

Portland, Oregon 97201-4707 

(503) 924-4704 Phone 

(503) 943-6357 Fax 

PAGE 	 j 	 OF   

DATE            

PROJECT n41275/2_ AvpiTioNA2Wil I- Cgo%irici   ARRIVAL TIME 	 0$ or,  
LOCATION  At,v0v6-19_,  Ks 	 DEPARTURE TIME 	 17  
CLIENT 	 ► vG-T-A.p_ 	 WEATHER 	 lb'S 	 NI  
PURPOSE OF OBSERVATIONS 	 w.k.... p.EPLA-bery1FIVrANSPI-LAA-rioNI p11-01-  1E7--)1-  
APEX REPRESENTATIVE M . 0„,H risoN1 	 APEX PROJECT MANAGER 	 .,.jilt,0N  
CONTRACTOR 	 144% f7f---i tAd N/ 	 PERMIT NO. 	 - 

CONTRACTOR REP. 	 IA 1=1-19-  ANC,  at rt-p 	 H&S REVIEW 	 Z  

our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client The presence and activities of our field representative do not relieve any contractor from Its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Greek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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APEX 
3015 SW First Avenue 
Portland, Oregon 97201-4707 
(503) 924-4704 Phone 
(503) 943-6357 Fax 

PROJECT NUMBER 	 37.-0001 (01 I -05 

FIELD REPORT NUMBER 

PAGE 
	

OF 

DATE 
	

0-15 - 2-015 

PROJECT  (VAR. 	 14i 
LOCATION  fNpp 	 r K-6  
CLIENT 	 Nvyill a- 
PURPOSE OF OBSERVATIONS 	 vve-rA,.. 

APEX REPRESENTATIVE  M. ott no NI  
CONTRACTOR }`  
CONTRACTOR REP. 	 IVLA-12-/0-4  

D IND  
IS 00  

Cr.*--Pg- /620 	 4411  

S. JAcKSON 

ARRIVAL TIME 

DEPARTURE TIME 

WEATHER 

(.61 (,/,/ tO 1 1.,OT T 
APEX PROJECT MANAGER 

PERMIT NO.  

H&S REVIEW 

Our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client. The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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.4 /I1, 
APEX RE'r'ESENTA IV 

APEX 

3015 SW First Avenue 
Portland, Oregon 97201-4707 
(503) 924-4704 Phone 
(503) 943-6357 Fax 

PROJECT NUMBER 	 3ZOGUI (P11/ -09  
FIELD REPORT NUMBER 	  

PAGE 	 J 	 OF 

DATE 	 OS -1 lo- 15    

PROJECT  Nt)51-A-12_. QUAIL C-(23,1 Nfi 	 ARRIVAL TIME 	 0 830  
LOCATION  tt\t\120\19.- 1  K-6 	 DEPARTURE TIME 	 -71 449--  me' o3•rk'15  /WO  
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APEX REPRESENTATIVE  M, 0111ar200 	 APEX PROJECT MANAGER 	 5. JACKSON  
CONTRACTOR 	 1-kiN1 	 PR-ii-WK141 	 PERMIT NO. 	 — 

CONTRACTOR REP. 	 NI AILIC A*(4 17.  c-tift12 	 H&S REVIEW 	 n/ 

Our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client. The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for she safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those Included In a preliminary report 
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APEX 

3015 SW First Avenue 
Portland, Oregon 97201 - 4707 

(503) 924 - 4704 Phone 

(503) 943 - 6357 Fax 

PROJECT NUMBER 	 -127-ot,0 ((// -OS           
FIELD REPORT NUMBER      

PAGE 	 OF  I  
DATE 	 03-1 2015           
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CONTRACTOR REP. 	 MARS AtJp  CI1AV 	 H&S REVIEW 	 .7 

Our firm's professionals are represented on site solely to observe operations of the contractor Identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client. The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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APEX 
3015 SW First Avenue 

Portland, Oregon 97201-4707 

(503) 924-4704 Phone 

(503) 943-6357 Fax 

PROJECT NUMBER 	 37-ioo0 I Vi 1-0S 
FIELD REPORT NUMBER 

PAGE 	 I 	 OF 
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LOCATION  ANDoWit.. 1  KS 	 DEPARTURE TIME 	 moo  

CLIENT 	 N.tt/T4g--, 	 WEATHER 	 OWQ-03(-,1" ktarn-  4241-10 0.-{(71;)  
PURPOSE OF OBSERVATIONS 	 ii,j --(4, I f \ i  .11114.,  1 p 1 1,0T -sr- 
APEX REPRESENTATIVE  M .  vvti 11;01n1 	 APEX PROJECT MANAGER 	 ,,)At-cK1  
CONTRACTOR 	 lAYN 	 PERMIT NO. 	 — 

CONTRACTOR REP. 	 MRS/ 0-1 A r 	 H&S REVIEW 	 .7  

Our firm's professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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APEX 

3015 SW First Avenue 

Portland, Oregon 97201 - 4707 

(503) 924-4704 Phone 

(503) 943-6357 Fax 

PROJECT NUMBER 	 LOC)CDIV-il-OS  
FIELD REPORT NUMBER 

PAGE 	 z. 	 OF 	 2-  
DATE 	 01?-18-20/5        



BY 

APEX REPRESEN A V 

PROJECT NUMBER APEX 3'2-00010 -D3 
FIELD REPORT NUMBER 

3015 SW First Avenue 	 PAGE OF 
Portland, Oregon 97201-4707 	 DATE -2-0/5 
(503) 924 - 4704 Phone 

(503) 943-6357 Fax 

PROJECT 	 avAii., cp.„,its.361 	 ARRIVAL TIME 08 / 5 
LOCATION 	 f\NvoilM2-1K6 	 DEPARTURE TIME /2./5--  

CLIENT 	 Isi v5-11‘12.. 	 WEATHER 1,r Am./ (4-e5-.5-0 
PURPOSE OF OBSERVATIONS 	 Wes- IN6111L-4-4117eN/P1 147T 	 '17--  
APEX REPRESENTATIVE  Oil . VVtill-50N1 	 APEX PROJECT MANAGER 	 . jitIG-Soul 
CONTRACTOR 	 fAsi i\J 	 PERMIT NO. 

CONTRACTOR REP. 	 6Illiii24c NN7 c-Ii A-19) 	 H&S REVIEW 	 s/-  

Our fires professionals are represented on site solely to observe operations of the contractor identified, to form opinions about the adequacy of those operations, and to report those 
opinions to our client. The presence and activities of our field representative do not relieve any contractor from its obligation to meet contractual requirements. The contractor retains 
sole responsibility for site safety and the methods, operations, send sequence of construction. Unless signed by the Ash Creek Associates Project Manager, this report is preliminary. 
A preliminary report is provided solely as evidence that field observation was performed. Observations and/or conclusions and/or recommendations conveyed in the final report may 
vary from and shall take precedence over those included in a preliminary report. 
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WELL GAGING DATA SHEET 

v4k 
Ilv 

APEX Project: 

Job Number: itel I 

Client: hisi51-Ag— Date: C3, -- 12 -  2.015 

Q (#111.--C/47551r1 Sampler: M. Vitil l.5 0t4  

Weather: (,(e40-(705) ('11-(41.( Time In/Out: 

WATER LEVEL DATA 

Well I.D. Time 
Depth to 

Free Product 
(feet) 

Depth to 
Water 
(feet) 

Depth to 
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(feet) 

Product 
Thickness 

(feet) 
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Height 
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Notes/Other Remarks 
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t  

— 5 
mAJ-17 /olio — in-.15 lig.° ' — I 
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WELL GAGING DATA SHEET 
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Project: QUA 	 C-042%11../4 L Sampler: M. Wi-1 1720.) 
Weather: C.-400P`( (41015) Time In/Out: 
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WELL GAGING DATA SHEET 
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Job Number 

kent Dale 03- LI - 

Sampler. M 1AJ 14  ilOt 

Weather Time IrdOtrt 
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Cincinnatl, OH 	 Fort Collins, CO 
+1 513 733 5336 	 +1 970 990 1511 

Everett, WA 
	

Holland, MI 
+1 425 356 2600 	 +1 616 399 6070 

Chain of Custody Form 
Page  I   of  2-  
COC ID: "I R554 

uston, TX 
+1 281 530 5656 

Middletown, PA 
+1 717 944 5541 

Spring City, PA 	 South Charleston, WV 
+1 610 948 4903 	 +1 304 356 3168 

Salt Lake City, UT 	 York, PA 
+1 801 266 7700 	 +1 717 505 5280 

C.1111.1111 LJI IIIICI ILCIII 	 ALS Proje:Aanager: ALS Work Order 8: 
Customer Information Project Information 	 lir  ., Parameter/Method Request for Analysis 

Purchase Order 
. 	 , 
t 	 alftit-'.,, 1 	 Andover Release Site , VOCs (8280) 14 compound Select List 

Company Name 

Send Report To 
-- 	 -- 

Address 

City/State/Zip 

Work Order lbt s DC E-0085 GRO - VPH 04-1 

Apex Companies  itill*P°1,#.... . 	 . 1 	 Apex Companies .0.. 

Samuel Jackson 

.. 	 . 	 . 	 . 	 .. 	 . 
+1415:040!.._ Samuel Jackson b 

3015 SW First Avenue 
• f!-,,4-V-iiir..7V-1 

 - 
t 	 ''.". 3015 SW First Avenue 

Adaifia 
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PI 	 ((Vol 	 A 14- 	 e:-.01rnft t s. 	 1.4 114 	 i.fr 	 RON 	 ii.,/ /wig/ '/<i• 

G 
Portland, OR 97201 	

City/State/Zip Portland, OR 97201 

Phone j Phone (503)924-4704 
H 

(503)924-4704  924-4704 	 I   
Fax 

e-Mail Address 

Fax 1 	 II 

siacksco@apexcos corn e-Mail Address 	 I J I 

No. 	 Sample Oestrogen Date Time : 	 Matrbt 	 i. 	 Pros. 	 8 Baffles 	 A H Hold 
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Sampler(s) Please Print & Sign 	 / 

	

Pi\ I( rl OE k.- Wili 'T.7.011 	 A  fil1,00  
Shipment Method 

FE D x 
' Required TUrnaround Time. (Check Box) 

El (.4W 
Results Due Date: 

IT ,..1.' 1r1244 	 ' 	 '' 	 ^.." 	 El ?..44,.r. 

	

Rellnnuistie 	 by: 

/ 	 / 	
tz 	 t," , Date: 

i ./8ji 
Time: 

i 	 -'17 0 
Received by:  

1;14;AA.  

' 	 - ^•:`""*/ 4."'' ''" 	 it R 
Relinquied by: Date: 	 , Time: Received by (Laboratory): Coder ID Cooler Temp. 

g 
GC Package: (Check One Boy Reim) 

d. ® Level 2 Std C P: 	 IPRP CKL 1st 
3 Std OC:iRow de el 	 H T 

 TRU' Owe: 4 p Level 4 SVV345P:LP 

Logged by (LaboratorY) , 	 , Date 	 Time! Checked by (Laboratety): 
- 	 ----- -- 

Preservative Key: 	 1-14CI 	 2 - 1-iNG,.. ...3•H,504 	 4-NaOH 	 5-Na2S:0, • 	 0-NaHSO, 	 7-Other 	 8-4°C 	 9-5035 

Note: 1. Any changes must he made in writing once samples and COC Form have been submitted to ALS Environmental. 
2. Unless otherwise agreed in a formal contract, services provided by ALS Environmental are expressly limited to the terms and conditions stated on the reverse. 
3. The Chain of Custody is a legal document. All information must he completed accurately. 

Copyright 2011 by ALS Environmental. 



Page tot Middletown, PA 
+1 717 944 5541 

COC ID: 118555 

Cincinnati, OH 	 Fort Collins, CO 
+1 513 733 5336 	 +1 970 490 1511 

Everett, WA 
	

Holland, MI 
+1 425 356 2600 	 +I 616 399 6070 

Chain of Custody Form C----  ;'2811.30 5656 
Spring City, PA 	 South Charleston, WV 
+1 610 948 4903 	 +1 304 356 3168 

Salt Lake City, UT 	 York, PA 
+1 801 266 7700 	 +1 717 505 5280 

Is.....• 11 n•••• ••• •••111G11111.1171111 
. 	 ALS Project Manager: I, ALS Work Order Ihl 

Customer Information 	 Project Information Parameter/Method Request for Analysis 

Purchase Order 't 	 Project Name Andover Release Site VOCs (8280) 14 compound Select List 
Work Ordor 1 Project Number E3CE-0065 GRO - VPH OA-1 

Company 51arne  Apex Companies 	 1 Bill To Company Apex Companies C 

Send Repottlb 
I 

Samuel Jackson 	 . 	 Invoice Attn 	 Samuel Jackson 
---I 

A  - 
. 	 . 

3015 SW First Avenue Address 	 3015 SW First Avenue 

Fr 

in/ = 11121-12 	 FCIL Im--rPlicncos rezio pm 
/. ,. 	 A n 	 A AA 
(N V1 	 1% 14 -

n 	
St.  Mal 5 	 pviii 	 rvIL_ Al Ai, zlt.y10 

OftY/StatP/24) 
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Portland. OR 97201 	
j 	 City/State/Zip 	

Portland, OR 97201 	
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Phone  
i 

(5031924-4704 	 [ 	 Phone 	 (503) 924-4704 	
H 

Prot 1 	 Fax 1 

e-Mall Address sjacksoneapexcos.corn 	 I 	 e-Mail Address J 

sample toesetiptIon 	 Date 	 Time Matrix 	 ' 	 Pres. fl Bottles A B 	 C D E 	 F 0 	 H 	 I 	 l 	 J 	 Hotd 
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Shipment Method 

a-17 t r X 

Required Turnaround Time: (Check Box) 
0 ()Met 

Results Due Date  

A 1 on 01 0 	 ' 
Relinquished by 

( ' 
te:14.--7  

0-17 
Time: 

1 	 / 530 
Time: 

,95, 
Received by: 

clol:" t Ofete 	 0 2 Wi . ri,„ 	 0 .1411. ,,r 

Relinquished by: 	 Date: Received by (Laboratory): Cooler ID Cooler Temp. QC Rack ge: (Check One Box Below) 

Level 2 Std ()C 	 1 RA P ChkLIst (J Level 3 Sid OC/Row de 	 A TRRP Level 4 
Level 4 SVY84n/CLP 

Logged by (Laboratory): 	 00;0: 	 Time: 

.._1. 	 _ 
Preservative Key: 	 1 - HCI 	 2-HNO3 	 3-H2SO4 	 4-NaOH 	 5-Na2S30, 

Checked by (Lebonslory): 

13-NaHS0 3 	 7.Other 	 8-4-C 	 9-5035 

— -- --- - 

Note: 1. Any changes must be made in writing once samples and COC Form have been submitted to ALS Environmental. 
2. Unless otherwise agreed in a formal contract, services provided by ALS Environmental are expressly limited to the terms and conditions stated on the reverse. 
3. The Chain of Custody is a legal document. All information must be completed accurately. 

Copyright 2011 by ALS Environmental 



Apex Companies, LLC- Portland, OR 

3015 SW First Avenue 
Portland, OR 972014707 

Billing Information: 

Accounts Payable- Rachelle 
Vanderzanden 
3015 SW First Avenue 
Portland, OR 97201-4707 
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Report to: 

Ian-Maguire./ Sam Jackson 
Email To: IMagulse@apereos.corn; 
Slackson@apexcos.com  

12065 Lebanon Rd 	 0 	 -'1*  0  
Mounune, TN 3i122  t l 
Phone: 615-758-51358 
Phone: 800-767-5859 

Project 

Description: Andover Andover Release Site 
City/State 
Collected: PINvvvEt, K'. 	 - 

Far 815-758-5859 	 0 

L # 

Phone:503-924-4704 

Fax: 	 503-943-6357 

Client Project P 

E3CE-0065 
Lab Project ti 

ASHCREPOR-NUSTAR 
Tah;e II 

Collected by (print): 

(NCI-% At 1- WNI-1),74 
Site/Facility ID s 

E AbTP.a APviii (14 
P.O. St 

Acanum: ASHCREPOR 

Template 7100693 

Prelogim P500936 
TSR: MB. Jarred'  Acillis 

PB: / : i : 

Coll cted by 	 ignatu 	 ): 

24 	 i  4 044  
i 	 e late 	 r 
Packed on Ice N 	 Y L 
No 

Rush? (Lab MUST Be Notified) 

	

_ Same Day 	 200% 

	

Next Day 	 100% 

	

Two D y 	 50% 

	

_ Three Day 	 25% 

Date Results Needed 	 - 

Email? _No X_Yes 

FAX? 	 No 	 Yes 
of 

'bus 
- 

Shipp Via: FediX Ground 
Sample ID Comp/Grab Matrix • Depth Date Time 

Rem /Cnrta-nrnant SA71r, ,  i,  Olt-  '9 d 
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Remarks: 	 pH 	 Temp 
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1 = Hoy/;, Fog- 11•1511-Or1 -  i 01,,, 	 row pm 
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Relinquisfie 	 by : ( ignature) 

,

.--,,,, 

ilini f  \ 

Date: lime: Received by: (Sign 	 ure) Samples returned via: 	 q UPS 
.--,/

edEx 	 q Courier 	 q t.,d F 

Condition: 	 (lab use only) 

COC Seal Intact: 	 Y _N _NA 

Relinclui 	 erd by : 	 •  1.: ,- 	 1,-. Date: lime: Received by: (Sig n Temp: 	 °C 	 Bottles Received: 

Relinquished by : 	
- 

Date: Time: Received for lab by: (Signature) Date: 	 lime: pH Checked: NCP• 



Cincinnati, OH 	 Fort Collins, CO 
+1 513 733 5336 	 +1 970 490 1511 

Everett, WA 
	

Holland, MI 
+1 425 356 2600 
	

+1 616 399 6070 

Chain of Custody Form 
Page I of  2.  

COC ID: 118557 

.---- 
ooston, TX 

+1 281 530 5656 

Middletown, PA 
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Spring City, PA 	 South Charleston, WV 
+I 610 948 4903 	 +1 304 356 3168 

Salt Lake City, UT 	 York, PA 
+1 801 266 7700 	 +1 717 505 5280 

ICIF1‘0111-101-11111U1111Call ALS.Projeot Manager- [ ALS'Work Order #:1 
Customer Information Project Information Parameter/Method Request for Analysis 
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I Project Number 	 E3CE-0065 8  GRO - VPH OA-1 
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City/State/Zip 

Phone 
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e-Mail Address 
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F H;-, 0 0 142 	 Foe-. 	 i NI57-40-vt 17 121J S Fi0.17)14 	 tom 
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(503) 924-4704 	
Phone ! 	 (503) 924-4704 

14 . itiNA Ly .,1 5) 
x  f 

Fax 
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- I i li 15-  S 0 3  -12 - / 5-  le7 - II 	 (59 ) 	 - 

Sampler(s) Please Print & Sign 

tsAm 	 vit1111-)cti / 	 7h4 	 _ 
Shipment Method 

l'i-r2F'si Ovt-49--06K 
Required Ttnnerounce: (Check Box) 

0 r>t44' 

Results Due Date: 

0 .-,, 9 ..,4 1 	 e, 	 rwl,  t., 	 21 12:;.-, 	 0 	 it 
Relinquish 	 ly: 

Relinquis 	 d 	 ''y: 
 4 5.. 19 

Rine: 

7oo 
Received by: 

Date: 
Time,  

Received by (Laboratory): Cooler ID -6:;;)11.*r Temp. o' 6 FTWer39;-. (check One Box Below) 

 Level 2 Std viC 	 IMP ChkList 

Level 3 Std OC/P -ive de 	 9 TPRF Level 4 

p 	 oval 4 SVV145/CLID 

Logged by (Laboratory). 	 Date. 	 Time; 	 Checked by (Laboratory): 

Preservative Key: 	 1-HCl 	 2-HNO3 	 3-112S0, 	 4-NaOH 	 5-Ne3S,O, 	 6-NaHSO4 	 7-Other 	 8-4"C 	 9.5035 

Note: I. Any changes must he made in writing once samples and COC Form have been submitted to ALS Environmental. 	 Copyright 2011 by ALS Environmental 
2. Unless otherwise agreed in a formal contract. services provided by ALS Environmental are expressly limited to the terms and conditions stated on the reverse. 
3. The Chain of Custody is a legal document. All information must he completed accurately. 



Note: 1. Any changes must be made in writing once samples and COC Form have been submitted to ALS Environmental. 
2. Unless otherwise agreed in a formal contract, services provided by ALS Environmental are expressly limited to the terms and conditions stated on the reverse. 
3. The Chain of Custody is a legal document. All information must be completed accurately. 

Copyright 2011 by ALS Environmental. 

Houston, TX 
+1 281 530 5656 

Cincinnati, OH 	 Fort Collins, CO 
+I 513 733 5336 	 +1 970 490 1511 

Spring City, PA 	 South Charleston, WV 
+1 610 948 4903 	 +1 304 356 3168 Chain of Custody Form 

Everett, WA Holland, MI 
+1 925 356 2600 	 +1 616 399 6070 

COC ID: 11R556 
1-116111- 117111111111U1FlEal ALS Project Manager: ALS Work Order ii: 

Customer Information 	 Project Information Parameter/Method Request for Analysis 

Purchase Order 

Work Order 

Company Name 

I 	 Protect Name Andover Release Site 1+ 	 VOCs (8260) 14 compound Select List 
. 	 ,, 

Project Numbet:/ E3CE-0065 sx 
—I 
	

GRO - VPH 0A-1 

Apex 	 ompanies Bill To Company. Apex Companies C  

Send Report To 

Address 

City/State/Zip 

Phone 

Fax 
. 	 . 	 . 

e-Mail Address 

..._ 

Samuel Jackson 	 Invoice Attn .:. Samuel Jackson 0 

3015 SW First Avenue 3015 SW First Avenue E 
Address 

F 

Portland, OR 97201 
City/Staterlip 	 Portland, OR 97201 

G 

03)924-4704 Phone 	 (503)924-4704 
H 

Fax 	 1 1 

s a ckson@ape cos corn e-Mail Address J 

No. 	 Sample Description 	 Date Time Matrix pros, *Bottles J Hold 

I., WI 	 17., 	 Aiki) L -- -- tAl X 

2 

3 

4 

5 

6 

- 7 
 

8 

9 

10 

...._ 

Sampler(s) Please Print & Sign 

M1t4c 	 1 °  01•n ... 

Shipment Method 

Fri  fY 0 Lt-023-1 ciHr 
Required Turnaround Time! (Check Box) 

 Other 
Results Due Date: 

.-..., . tr, nAW da.,‘ 	 9.... 	 0.3 Nnst. nay,- 	 2. /Ay... 

Rellnquishe i 
1810.1.  4 

ate: 	 Time: 

I .7 00  

Received by 
1;1%7, 

Cooler ID Cooler Temp. OC PaOitepe: (Cheek One Box Below) Relinquisha 	 y: 	 "  	 — 	 Date:  Time: Received by (Laboratory): 

® Level 2 Ski (X; Logged by (Laboratory): 	 ); 	 ,Fi.iktet 	 Time: 

+44— 

Cheated by gebaratortrk 
Level 3 Sid OC Row da 

111  tRRP ChkList 
i  TRRPLAYal 4 

Preservative Kay ----1-Aci 	 i-14N0, 	 3-H 280., 	 4-NaOH 	 5-Na28303 	 6-1),MHS0-1 	 7.Other 	 8-4 -C 	 9-5035 
p L6V9I 4 svveactuy 

-‘4,,,prIn 

ALS 
• 

Page 2 of  2—  Middletown. PA 
+1 717 944 5541 

Salt Lake City, UT 	 York, PA 
+1 801 266 7700 	 +1 717 505 5280 



D3'11 

3-7 

WELL GAGING DATA SHEET 

n 
APEX 

Job Number: -7, Zzoi.4441" 

Client: Date: 70/ ri9eke 

Project: 

14,----11  
OW 	 eattot Sampler. 

Weather: git• bft i'y Time In/Out: 

WATER LEVEL DATA 

Well I.D.. lime 
Depth to 

Free Product 
(feet) 

Depth to 
Water 
(feet) 

Depth to 
Well Bottom 

(feet) 

Product 
Thickness 

Water 
olumn 

‘.., 	 ; 	 ht  

(feet) 
(feet) 

 Notes/Other Remarks 

7.0k4  i °:  Yq ---- yla< ____ ____ 
op:oc. -- 27.4 5 (),0 0t — I— !col 	 14,fit& I.FAhl,(410".  

A 14 .  ' 0 lb; 0 )6:ze,  vl 1 
tAW41 16% 1/-0  — 3(.1i (17.0-  -- 119', 3 2- 11  ftin m,. 14604  
MA016  \V.-33 il.)•*4,  6420k-- - tb:Tillbot4--ri. tUfAvk Aril  Air it;', 3s-  

13:qc, 2-4,07 — M ,3 , 11 
M - 14 i'l :CO 3' 1v _..- - 

4,10 45 14:1q -- nil. - ___ 

/owl iii:(-1 2/,  ,t _ 
ro -5 l'i;i1 — 2a0 --- -- — 
iMw-iv ictz,7. --- 32.87 -- -- — 

mio3 /107s — 9102 - 
41,449-(9 /t 2' - 22..62  - - 

-'1  _0 11:11 "-- IL,., -- 

14 et:37 n P..-- 13C. t 
AI VA et; gb — ;?1611 '-' ---- 
0►4/44►  / (1:-P9 --- ca. VI" --- 
/AV* 1 4; 11V --- 317 . 6i5 "'" .------ ,...- 

0/At 14 .,4 7/. Z --- 

Aiv-14- IY:ilY ---- A P 
AdAfrK' eirif --- •Fr'oY -- .....- 

44W- I 1055 --- -11.31 - - - 



WELL MONITORING DATA SHEET 

1, 	 . 

APEX Project: 

Well I.D, AI 1/4/- y Job Number: 7z-A,.;%bik2ei a - (Z.3 

Client: .44/ 5 ri.it Date: 3-  20 - e',)/5 - 
Avg/.1k- A.,5(,)—  pmer Sampler: J-34,  

Weather: (06-e , , 24,,,,,,,..„, Time In/Out: ) 4/ To) .1 d /5--  
WELL DATA 

Well Depth: Well Diameter: 2. Water Height 

Depth to Water: 31.11- Screened Interval: x Multiplier --- 

Water Column Length: 
,-------- 

Depth to Free Product: ....---- x Casing Volumes 

Purge Volume: .------ Free Product Thickness: ..------- = Purge Volume ,— 

Water Height Multipliers (gal) 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters ----- 

PURGING DATA 

Purge Method: Ply Pump Intake Depth: 35- Comments 

Sampling Method: ellf Tubing Type: 

Time 
Vol
Purged 

ume 

(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(I.JmIn) 
PH 

Temp 

(°C) 

Con 

(Aim) 

DO 
(ppm) 

ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.1 +/-0.5' C +/-5% +1- 0.5 ppm +/-20mV +/-10% 4-StebilizsbonCritsia 

0 CI qc '). 3 u, 1 31.1B  c, 3 (7 , Li 1 1 t.i. 1 ) 1. vµ0 1 I. H .....--- 6 L 
De!  (413 a , 13 1.Z 71,5-5 c), 3 („ 	 i 'clic 1,05-1 1,0 61 -1C, 7 
tig 5-1  2. 1  I.`,.32 0,  / (:. CO /4-- 	 I 1, ()IT I. ? LI -29.Y — SC 

ock Cif ?. 0 32,0? 0  i 3  (SI /9-.4ti 1,04C 0.q C( -N 3 — Ac 
(A/5- 7 0, 61 3.ct R.33 0, 3 C,4-  Z i c. 77 1,00 (2,56 -31), -L — 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: Ail 14/  - q Sampling Flow Rate O. 3 Analytical Laboratory: A 5  
Sample Time: c g cq Final Depth to Water: 3 ,i),q1, Did Well Dewater? /VC) 

# Containers/Type Preservative Analysis/Method Field Filtere Filter Size MS/MSD Duplicate ID 

yes no J 
yes 	 no 

 I 

yes no 

yes no 

yes no 

yes  

COMMENTS C 

...ic, 



WELL MONITORING DATA SHEET 

„ k , 
APE>: 

Well I.D. NA Ill” 5 Job Number: -3.2cOviblirte- 0O1 

Client: Ni)5mr Date: -5 - 20  - ?O/c 
Project: iirvictse 1--  /1,017—  et40-1—  Sampler: P12/ 
Weather.  jr,6.0. 	 /2,4iiwni Time In/Out: i 0 20 	 i 0 5'77 

WELL DATA 

Well Depth: 
__.— 

Well Diameter: 2 1  Water Height 

Depth to Water: ?0,'30 Screened Interval: X Multiplier "-- e."--- 

Water Column Length: Depth to Free Product: x Casing Volumes — 

Purge Volume: Free Product Thickness: ,--- = Purge Volume ,___ 

Water Height Multipliers (gal) I 	 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters ,- 

PURGING DATA 

Purge Method: PA/ Pump Intake Depth: .t224, Comments 

Sampling Method: Pil/ 
Tubing Type 

Time 
Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(Limin) 
pH 

Temp 

(°C) 

1'91-, 
Cond 

(µS/cm) 
DO 

(ppm) 
ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.1 +1-0.5' C +/-5% +/- 0.5 ppm +/-20mV +/-10% <- Stabilization Cited.] 

1 0 ? 6 U. 3 U. 3 2106 5..3 C,Li 42,37 1.40-11( 7. t►  
____ C._ 

t bzei 0,c1 1. Z -21.2q v. 3 G.7(6 /6/Lic i il'il 1 .0-7  
,,.... 

-- "6 r 
103 2 U. ?. 	 I 2(.4-3 a 3 L .75" 1 (0, 114 1,145-2. L 13 31s 3  ----- C- 
I b -3s—  0.01 3, o 21.0 0.) (>73 I 10,, ti4 ;m51 1,07 35—. Z ,.._, 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: M Of--  6-  Sampling Flow Rate 0, 3 Analytical Laboratory: ALS 
Sample Time: 1 037 Final Depth to Water: )_I • 1-61 Did Well Dewater? 4/77 

MSIMSD Duplicate ID # Containers/Type Preservative Analysis/Method Field Filtered Filter Size 

yes 	 lrbs \ 

yes 	 no 

yes 	 no 

yes 	 no 

yes 	 no) 

yes 	 n 

COMMENTS 



WELL  MONITORING DATA SHEET 

NA 
AP EX 

Well I.D. MallEMOIMI Job Number: zraa?,  /6 	 / --zip.u.3 
Client: RIMBNIMIIIII Date: -  20-2013-  

Project:  AI 	 .4— 	 /I—  64eMil-t —  Sampler: PO/ 
Weather: IMINIMPRWIT.  1 to t 4 	 Time n 	 u . /1 0  

WELL DATA 

Well Death: ,--- Well Diameter: ID  4  Water Hei•ht 

Death to Water: Screened Interval: , x Multi•lier ....---- 

Water Column Len•th: 
____-_ 

Death to Free Product: x Casin• Volumes ‘----- 

Pu •e Volume: Free Product Thickness: = Pure Volume 

Water Height Multipliers (•al) 1-inch = 0.041 2-inch = 0162 4-inch = 0.653 1 gallon = 3.785 liters 

PURGING DATA 

Pure Method: Puma Intake Death: Comments 

Sam•lin• Method: P47 Tubin• T • - p• 	 0 

Time 
Volume 
Pu ed rg 
(liters) 

Cumulative 
Volume 
Purged 

liters 

DTW 
(btc) 

Purge 
Rate 

(L/min) 
pH 

Temp 

(CC) 

Cond 
(µS/cm) 

DO 
(ppm) 

ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.1 +/-0.5° C +/-5% +1.0.5 	 m +/-20mV +/-10% .- StabtlIzaton Cracia 

II 0.3 0 , 3 E MI 7 IN" i G cb -7 113q i ( 7.0 -7 — C L 
1 	 1 0/ 1 . 2 3/-k, (2,i 1C,C2 IA .  '2 ,O' ‘-ze ...._ 

2.7, 0/ WINEMINI i C,,S 1,) i. 1-1 	 1 liM C Z, 

( 73 
WWI= 

0,' 3.c 
-7)i.41 , 3 b, 7 (0  1 IG 70 I 35(3 I, Z ---- c L 
3Z.02 Of Ci7  - i 	 7? ) )'6  Lico —460 — C 4.- 

Clad 	 VC = very cloudy, CI = Cloud  , SC  =  sli htly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sam•le ID: AA 	 .." Sam•lin• Flow Rate O t'5 Anal 	 'cal Laborato :. LS 

Sam•le Time: Final Death to Water: 3 Did Well Dewater? i 	 fp 

# Containers/T •e Preservative Anal sis/Method Field Filtered Filter Size  MS/MSD Du• icate ID 

yes 	 CEI 

Yes 	 no 	 1 

yes 	 no 	 1 

Yes 	 no 	 1 

yes 	 no 	 1 

yes 	 Vri 
CO 	 E 	 S 



WELL MONITORING DATA SHEET 

A 
APEX Project: 

Well I.D. 
1 	r NI ev ..- 1 Job Number: 3Z.' 14-)01F62) t1-7 ' 

Client: .4/1.1 	 ::' 74.7-  Date: 3-7r --2_ts ic 
4/40441.'  ftk ( 1—  a: ar Sampler: P14/ 

Weather: /11, 6 e//1,a-9, 
WELL DATA 

 Time In/Out: IL 

Well Depth: 1 	 '— Well Diameter: 
71 n 

Water Height 
r---- 

Depth to Water: 31. q 5" Screened Interval: .--- x Multiplier --- 

Water Column Length: — Depth to Free Product: ---- x Casing Volumes — 

Purge Volume: ---- Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters ..- 

PURGING DATA 

Purge Method: PA/ Pump Intake Depth: lif 	 Li,--) (--- Comments 

Sampling Method: PA/ Tubing Type: 
j  

Time Purged 
(liters) 

Cumulative 
 

Volume 
Purged 
(liters)  

DTW 
(btc) 

Purge 
Rate 

(Umin) 
pH 

Temp 
(°C) 

Cond 
(µS/cm) 

DO 
(ppm) 

ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+1-0.1 +/-0.5° C +/-5% +/- 0.5 ppm +/-20mV +/-10% <-- Stabilizallon Diterla 

i 65 0,3 5.3 35.q5" 0.3 6,44" i'3,01 11)61  3.b 3 Vi 
, Vc. 

1 /613 0,q 1.7 -3V%-" 0 3 6, ii)  jib .2 066 1,25 3a& tic 
ael 0/1 2,1 3Vt1 0,3 C- 43(1 1`73,05 I,DC3 G/V7 43 3 ve_: 
1/.b 0, Ci 3 , 0 7,7,?c,-  0.3 (0. 53 -C 1 66 ,b7 ----- ),OS j  --) C,70 4.7 2 1 1/L- 
17,0 act 7,9 37.5; Of 12 (2,5 i le-.3,/ i 06-2 i 0. () I (12, o vc - 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: .4/10/-/7 Sampling Flow Rate (7 ,  3 Analytical Laboratory: A 1..1 
Sample Time: 1 Z.0 61 Final Depth to Water: q 0. 3 -47.. Did Well Dewater? 11/1-2 

# Containers/Type Preservative Analysis/Method Field Filtere. Filter Size MS/MSD Duplicate ID 

l yes 	 no 

yes no 

yes no 

yes no 

yes no 

yes 	 no 

COMMENTS 

n 



WELL MONITORING DATA SHEET 

lirkk 

APEX 

Well I.D. klir-A Job Number: 3Z -or4k,  W-CR , tity3-  

3 .- 20 -g05-  Client: 

.V 

f) 5  VI r Date: 

Project: AAJN -W.k-f- 11,, Ayer  tlyer Sampler: p 1,1,/ 

Weather: Time In/Out: /Z : l'5.--- /),LA,fp ).N.(Z/91,----' 
WELL DATA 

Well Depth: Well Diameter: 
7 	 i/ 

Water Height , 

Depth to Water: 44411421r2 7, 01 3 Screened Interval: 
r--- 

x Multiplier 
__- 

Water Column Length: Depth to Free Product: 
,....__. 

x Casing Volumes 

Purge Volume: Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) I 	 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters 
...a--  

PURGING DATA 

Purge Method: PA/ Pump Intake Depth: 10 	 3 fc Comments 

Sampling Method: Pi/ Tubing Type: 
//) ,---- 

 

Time 
Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(IJmin) 
pH 

Temp 
(°C) 

Cond 
(µS/cm) 

DO 
(ppm) 

ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.1 +/-0.5*C +/-5% +/- 0.5 ppm +/-20mV +1-10% <- Stabilization Criteria 

i Z cis 0,3 G.3  i3O0  O, ) 7,65*-  17, ,ei D,qg 3 Z. 03 1217-25"./s  /./ C..._ 

)2S1 U. q / . 2 V.51, 61 7 1 7 76 Load 1,03 — ictOi 1/6' 
125 q 0.‘1 2 	 / 3U1t (2. 3 „C ./c), 17,52 ()Reici 0, 7 --1q. 2_ VC 
1257 0,ci 3,o .32,/ 6, vt )7.4.3 o,ciqo b v6 —124 / V C._ 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: All 1/1/”' A Sampling Flow Rate 0/ 3 Analytical Laboratory: ALS 
Sample Time: 1 zs-ot Final Depth to Water: 3?:i 7 Did Well Dewater? A/C) 

# Containers/Type Preservative Analysis/Method Field Filt red Filter Size MS/MSD Duplicate ID 

yes o ) n 

yes no 

yes no 

yes no 

yes no 

yes no 

COMMENTS  



WELL MONITORING DATA SHEET 

A 
A P E X 

Wet I.D. M W--  lei Job Number: --/Z-QzZ5Adt1)13.t:-.,‘ 4 1' 

5. 'c-7()--  2tir Client: 4/1.1 ,57ri f--  Date: 

Project: 
1 	 i--- 	 / . .k.17,,ii--4----  4/40.EVIi 3 

Sampler: Pi'.2.."-  
Weather: rt, i - i... e )  za?A,,,,tri 	 ........- me In/Out: Time / 3 	 }4  

WELL DATA 

Well Depth: ,---- Well Diameter: 2 	 ' Water Height 

Depth to Water: 3s. . ict Screened Interval: x Multiplier -- 

Water Column Length: 
..--- 

Depth to Free Product: ,--- x Casing Volumes  

Purge Volume: 
_ 

Free Product Thickness: 
---  

= Purge Volume 

Water Height Multipliers (gal) 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3 785 liters ,...---- 

PURGING DATA 

Puree Method: PA/ Pump Intake Depth: 3? Comments 

Sampling Method: FA/ Tubing Type: .erffir 

Time 
Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(L/min)  
pH 

Temp 

(`C) 
pond 

(uS/cm) 
DO 

(ppm) 
ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.1 +/-0.5° C +/-5% +1- 0.5 ppm +/-20mV +/-10% 4- Stabliizstion Cnterio 

) 3 1$ 6. 3 34.2fa D.3 7.? 1-1 1'3.1 46 0-cicti 659 531c1 
13Z1 O. °I 1. e 3'tt-s:"0.3 7, 13 ) .2 1 c( 0-eto I ,§ a 43.73 / z--. 
1 3 2(1 (.2.e1 2,1 34.0 U.3  7 .0cr 17.81 6 ,q0 1.5 5" 4 7 C i-- 
1 3 2 7 a. ct  3.O 3QZ 0.3 Tat ra30 (105 1- 	 7 VI 7 i / C Z" 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: 41 1,1/- I Sampling Flow Rate 0. 3 Analytical Laboratory: 4 Ls 
Sample Time: 1 3 251 Final Depth to Water: 50",9 Y5,3c. Did Well Dewater? 

# Containers/Type Preservative Analysis/Method Field Filtered  ilter S ) ize MS/ SD Duplicate ID 

yes 	 not 

yes 	 no 

yes 	 no 

yes 
r 

no 

yes rcol 

yes 	 o 
\,. 

COMMENTS 



Cincinnati, OH 	 Fort Collins, CO 
+I 513 733 5336 	 +1 970 490 1511 

Everett, WA 
	

Holland, MI 
+1 425 356 2600 	 +1 616 399 6070 

Chain of Custody Form 

Page  --/—of 
 --I—  

COC ID: 1 1  3 P 5 

Houston, TX 
+1 281 530 5656 

Middletown, PA 
+1 717 944 5S41 

Spring City, PA 	 South Charleston, WV 
+I 610 948 4903 	 +1 304 356 3168 

Salt Lake City, UT 	 York, PA 
+1 801 266 7700 	 +1 717 505 5280 

CI Mall ILJI IIIICI 11.6211 
I ALS Project Manager: ALS Work Order #:I 

Customer Information Project Information Parameter/Method Request for Analysis 

Purchase Order Project Name E30P-00•35 Andover Release Site 

i
s
  3002Al (Sulfate. oltrate O-Pho51 

Work Order 

Company Name 

Project Number 8260_11 V/ (Colt Court GW LiSh 

Apex Companies Bill To Company Alley Companies C ALK in 23208 _ 

Send Report To 

Address 

Samuel Jackson Invoice Attn Sanitiel Jackson tcP_DISS (Dissolved !ror) 

3015 SW First Avenue 
Address 

3015 SW First Avenue E tCP_TW (Potassium only) 

u.  

NIT_AtAM_W ISE 

City/State/Zip 
Portland. OR 97201 City/State/Zip Portland, OR 97201 

0
 

RSK175 (Methane) 

Phone (503) 924-4704 Phone (5031024 	 7C1 VPH 0A-1W (HY0-5) 

Fax Fax I 
XXX SUB (SUB 002 / Simi Valley.; 

e-Mail Address e-Mall Address J 

No. 	 Sample Description Data Time Matrix Pres. 4 Bottles A B C 13 E F d H I J Hold 

i M 11/. Li , ,, 1(,;'`' .  . / 
..., 14"/ , ....,.. I/ '4 x. .>, -1( 

A: 

I 	 1... ) / . ... 	 ; 4/ - / 1 . 	 •  -  t 5-  

) 
""; /Xs- 

In I- 

I ?.. 

Ai IV -. I 41, osi t---_-[6r 
6 Alit`   	 / 6( i -3 ? 6LA  / / /' Ntf n 

7 

8 

9 

10 

jI 

Sainpler(s) Pease Print & Sign  Shipment Method Required Turnaround Time: (Check Box) Results Due Date: 

Relinquished hr 	 , Date: Time: 	 . Received by: Notes: 

Relinquished by: Date: Time: Received by (Laboratory): Cooler ID Cooler Temp. GC Package; (Check One Box Below) 

CC Level 	 STD Logged by (Laboratory): Date: 	 Time: Checked by [Laboratory): 

Other 
Preservative Key: 	 1-HCI 	 2-HNO, 	 3-H2S0.1 	 4-NaOH 	 5-Na 	 203 	 6-NaHSO., 	 7-Other 	 8-4°C 	 9-5035 

Note: I. Any changes must be made in writing once samples and COC Form have been submitted to ALS Environmental. 
2. Unless otherwise agreed in a formal contract, services provided by ALS Environmental are expressly limited to the terms and conditions stated on the reverse. 
3. The Chain of Custody is a legal document. All information must he completed accurately. 

Copyright 2011 by ALS Environmental. 



FIELD OBSERVATION FORM 

SITE: 	 Ando1,44, 	 (..41.4 , ( 	 Cras s iw DATE: 	 Y720  4 ,s— 
WEATHER: co ,..,,,t 	 $-s--p ESTIMATED DURATION OF EVENT: 1 d„,,, 

EVENT TYPE: Go i,t, 	 4 	 Sec AtilLe 	 (I) but.iis #TW #: / 

FIELD STAFF / COMPANY NAME: ,3-4 cc. 	 g„,,,,,,,s 	 -re,/ 1414.„4 

OBJECTIVE OF FIELD WORK: 	 C.74us. 	 e,-, // 	 ells 	 4 	 Su.. yvel,_ YU2.- ( ,•,c. liS 

'M./ 	 pr, r Wvillr 

LIST APPLICABLE SOPs: 	 Ciavt  0 	 we as 	 d 	 So nef 

WERE SOPs FOLLOWED? 

ARE THE WELLS IN GOOD CONDITION? 

WERE WATER LEVELS CONSISTENT WITH PREVIOUS EVENTS? 

WERE NAPL LEVELS CONSISTENT WITH PREVIOUS EVENTS (if applicable)? 

ARE OFF-SITE ACTIVITIES/RECEPTORS NEAR SITE THE SAME AS 

DURING PREVIOUS EVENTS? 

NUMBER OF DRUMS ONSITE UPON ARRIVAL: 	 ARE DRUMS LABELED: 

ES 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

N/A 

N/A 

N/A 

N/A 

N/A 

/A 

(PROVIDE EXPLANATION BELOW FOR ALL "NO" ANSWERS. ATTACH ADDITIONAL DOCUMENTATION TO FORM IF NECESSARY) 

NOTES/COMMENTS: 

Revised: 11/09/2010 
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WELL GAGING DATA SHEET 

16. - 
APEX 

Job Number: nVia 

Client: Nu Sh24,  Date: /20/, 5.-  

Project: 4vidausix-  amarl 	 .;„..,g ampler: j-  14 4- TA 

Weather: to r,j 	 S" 5 	 In/Out: 

WATER LEVEL DATA 

Well I.D. Time 
Depth to 

Free Product 
(feet) 

Depth to 
Water 
(feet) 

Depth to 
Well Bottom 

(feet) 

Product 
Thickness 

(feet) 

Water 
Column 
Height 
(feet) 

Notes/Other Remarks 

Atit-li 10:'-11 — 3 I .3/ 

Mw-1 _ 
3e ,"13 

nm.a-3 IT- aci — 95. 61 

okig-g II : 13 — 3(-1.10 
iwtAP-5" to : 6 i - 21. 0/ 

,ww-& le:39 - ).3.o5 

law-7 las 3a – /(, I 0 

Kw,  S- I0 :950 _ ),2:5 
w _9 to: V4 — 3 ?. '5 

',kw  -10 10: 2-'1 - 4.5, 

raw - II L( 	 :1 — 30.3q 

buip— 1 a lo:lt, – 31.0q 
MW-l3 lo 18 -" 33  . 3L( 
rtui -ILI 10 : cli‘ - 3q. q_3 

ntv-s- ts.  li '. 06 - 36,50 
mw-Ile  1( : o_ — 33. 03 

Mw -1 / to -.31 --- 
33.9/ 
14,11-1- 

mw- IS II'. f$ - 3151  
nog- II if! /4 - 33.76 

I,Pn 	 d ,,,, le : 31 — 
1 

13 149.75 



WELL MONITORING DATA SHEET 

A5/1 GICC/: A550CiLlICS, Inc. 
.../ . d •:...., 	 ...4 .7., 	 . .1 	 , G . ... 	 i 

Well I.D. A^ .,J -- A Job Number: 

Client: Ala 	 .4.-../.  Date: ii/V)0 /1 5 
Project: 47,54n 4,,/,‘,./ am£.;1( Sampler: - %H 
Weather: 4 „ ,,,), 	 /6/6,,4 Time In/Out: 

' i 	 , 
jy 5- s iis 3 S 

WELL DATA 	 / 

Well Depth: Well Diameter: tt. 	 l' Water Height 

Depth to Water: 31.31 Screened Interval: x Multiplier 

Water Column Length: Depth to Free Product: x Casing Volumes 

Purge Volume: Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) I 	 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters 

PURGING DATA 

Purge Method: blid167 Pump Intake Depth: afe5- t  0 4, p Comments 

Sampling Method: 1714/kr Tubing Type: ()di/ 

Time 
Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(1../min) 
pH 

Temp 

(° C) 

Cond 
MS/cm) 

DO 
(ppm) 

ORP 

(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.2 +/-0.5° C +/-5% +/- 0.5 ppm +/-20mV +/-10% — Stabilmahan critena 

i .5 : 0 6 31,45 .1 6.91 16.W- I , (£4‘ I , g3 - -72.. z 5‘ 

IS . ° 1  3 1 , Li 1 .a 6.1-3 11,42- I. 0.59 - 1-5, 6 56e 

IS : II 31.53 .. •-4- 1 ) 	 I LI I.2-\ o.8 -- -r 54 

► 5 , )5 31. ‘t) '';- C, 61 I 6, 67 I , )03 0, -6 —Act 56 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sampte ID: AV' I Sampling Flow Rate • 49iiii Analytical Laboratory: A 1-5 
Sample Time: I 4' Final Depth to Water: 31. 8 . Did Well Dewater? Ak 

# Containers/Type Preservative Analysis/Method Field Filtered Filter Size MS/MSD Duplicate ID 

fa klaiS 1 1111 /311(tA yes 	 C3 

I 	 ?-9 	 Pe,t;7 14 ) 	 i),-/ 
-ICC yes 	 no 

i)-C° 	 ilisiti6 RN(); (0 (..„ yes 	 no 

3 	 Pli..stm Nevi- yes 	 no 

yes 	 no 

yes 	 no 

COMMENTS 

Vri41+4•1‘, 	 6 	 ( (iliA4 	 i Li ...4!"1 	 )4C 0 	 P 	 In 	 ..p.„? 	
' - "j 	

/crew'( 	 due 4-4 	 < un eyiaiSvfe .1],rer 	 .1.'.64i 
i 	 i 	 -1  

(Y51 	 lt<44(1 	 + 	 -1-64;4,t; 



WELL MONITORING DATA SHEET 

Ash Cm* Associntcs:  Inc. 4
L • .....1...1.:,u, kJ •:. ..1. , 

Well I.D. At W - 4 Job Number: 

Client: /VIA 91-kr Date: 11//45 

Project: Andelmf 	 0,,,,.1 (00,;,, A Sampler: fA 	 il 
Weather: 

'Ll 
5,...44y /(1..,""), Time In/Out: 

, / 
is  I/ ar,/) i ,) 'S 

WELL DATA 

Well Depth: Well Diameter: 
-?. 6 

Water Height 

Depth to Water: 3 9, lo Screened Interval: x Multiplier 

Water Column Length: Depth to Free Product: x Casing Volumes 

Purge Volume: Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) I 	 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3 785 liters 

PURGING DATA 

Purge Method: 4 lahr Pump Intake Depth: t 	 'ien.,- kist,,,.. Comments 

Sampling Method: ble, of de r Tubing Type' 
Pq1Y 

Time 
Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

 Purg 
Rate

e  

(Umin) 
pH 

Temp 

(°C) 
Cond 

(viS/cm) 
DO 

(ppm) 
ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.2 +/-0.5° C +/-5% +/- 0.5 ppm +/-20mV +/-10% <-StabiizationChlena 

(C:(15 39.11 •1 5  —4, d/ 10, Cl  0..../- 3,10 -A5•,3 .5C 

)S:q0 3.3q Ll 7.dq 1 .7.'ll 0 :1)4 7.g3  -31.0 sc.. 

1 5:5(  3L1,5; .16 (,1 6/ i - .07' 0.MA .‘1 --3./ 56 

15:, 29.14 
. i6  

i, —7.00 17-,31 6,"}f/ ?... S5 -25.3 3c 

K:56 34.6q ,1)-5 ""--,0 19.q3 0:1-1/ . .. -7-I - Li.q s c 

Clang: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: At I.i - Li Sampling Flow Rate , I --J- S Analytical Laboratory: A / s 
Sample Time: WOLI Final Depth to Water: ?'• i . ea Did Well Dewater? Na 

# Containers/Type Preservative Analysis/Method Field Filtered Filter Size MS/MSD Duplicate ID 

)2, Voits 7/(6(/3Atat. cee yes 	 6, 

I 	 . .LS) 	 Pt 16<oci I .v • 4 yes 	 no 

/ .)_50 	 D/ 96/0$ yes 	 no 

3 go 	 dt).  /1/4- yes 	 no 

yes 	 no 

yes 	 no 

COMMENTS 

A G t•Invil‘trni 	 ;^ 	 e 1 4 Ud 	 Wei. 	 r AuSr..." 	 -frenreiNtv re 	 of rChner,  s 	 A, e 	 -ro 	 54 ri 



WELL MONITORING DATA SHEET 

Ash Creek Associates, Inc. # L .... J . •1.5.s. :,1.:. ..... ... 

Well I.D. M ix, ' 5  Job Number: 

Client: MA C7(-4A/ Date: tIld4  //5  

Project: AnolmLI l',4:( bib 'a) Sampler: it

/ 

 tin 

Weather: 51407 AlAd7  16 	 / Time  In/Out: 

WELL DATA 

Well Depth: Well Diameter: ) II 
Water Height 

Depth to Water: )A.O ( Screened Interval: x Multiplier 

Water Column Length: Depth to Free Product: x Casing Volumes 

Purge Volume: Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) 	 I  1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters 

PURGING DATA 

Purge Method: VAC Pump Intake Depth: Comments 

Sampling Method: tkttild Tubing Type: Pdy 
Time 

Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(Umin) 
pH 

Temp 

CC) 
Cond 

tpS/cm) 
DO 

(ppm) 
ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.2 +/-0.5* C +/-5% +/- 0.5 ppm +/-20mV +1-10% —sixbilaabon cntera 

I 6 	 `(-( )4.12- 1 a 4.19 ( -- -.63 1•33 -9-  I. "7- I 3j ,  t‘ /-I -C 

/Kr+ at .• '. AS P-.1'a 1,358 f.a. --+ 14s Ac 

1636 D(-3 ,( (1 ,8y /1,ott 1, -2,s‘ 1,2'3 Pi. '.,. c 

1(3) a 1. 5-6 (0.82. 17. 01  (.357 1.30 2o. ( C. 

1(0 3 Gp )0( .2 (D. so (co.o 1.365 Ho 20.2 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: 
/00)- 

Sampling Flow Rate , ; Analytical Laboratory: 14 1  5 
Sample Time:  el Final Depth to Water: -4.e-3-  Did Well Dewater7 N  /(/0 

# Containers/Type Preservative Analysis/Method Field Filtered Filter Size MS/MSD Duplicate ID 

1)- VcrAg q Htl 	 /3 PK-44 yes 	 0 

1 	 /AO 	 Qk t-i?..cay yes 	 no 

1 	 -60 	 c)( NO3 LE /5, G yes 	 no 

-go 	 91 titan-t- yes 	 no 

yes 	 no 

yes 	 no 

COMMENTS 



3 

WELL MONITORING DATA SHEET 

01/ 
 

Ash Crcck A5sociutcs, Inc. 
L ...a.. A. Il ...-1.1, 	 iu.i ..• ... I. . 

Well I.D. Ai (Ai- i -4 Job Number: 

Client: AA, 	 -r-'4 r Date: Y /4? - a// " 5 
Project: /-3.1 04,,,f- 	 au „,;( 	 0)5s-  I' 0 Sampler: x.1/4 

Weather: 4,4 n rIV / dridy Time In/Out: pi/ A 

WELL DATA 	 / ' 

Well Depth: Well Diameter: ir Water Height 

Depth to Water: ;4711 	 -43. I i Screened Interval: x Multiplier 

Water Column Length: Depth to Free Product: x Casing Volumes 

Purge Volume: Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) 1 	 1-inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters 

PURGING DATA 

Purge Method: 1:,14e/eirr Pump Intake Depth: 2. 5-1  Awl 	 irtr.or, I 	 Comments 

Sampling Method: )2 idt/Cr Tubing Type: 
1/ 

Time 
Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(Umin) 
pH 

Temp 

(°C) 
Cond 

01S/cm) 

rd  
DO 

(ppm) 
ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+1-0.2 +/-0.5° C +/-5% +/- 0.5 ppm +/-20mV +1-10% .- StabRaation Criteria 

Pi 	 1 31.10 . 2 -7, o9 l?, Yo two a. ‘o _0, 5  SC- 

Pi 2(j .3(1 .31 , 2. 6. g 1 r?-, I‘ 1.mq IA -.2. / SG 

l'i 	 )-? 3'.1• (4 -1" .IS ( , Iii 1419 1,6IY 145 -94,1 Se- 

Pi 3 0 31i . ‘1 , IS 4 , 6g x',63 Laid 0,67-  "[Gt. I 5c 

Pi B 3q.85 .1 c 6 ,1-6 4,87- ),ot- 0.83 -'15, 6 5 4  

Clarity: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: /KW - 11" Sampling Flow Rate • IS Analytical Laboratory: 
/46 

Sample Time: /CI . 4 0 Final Depth to Water: S5.3( Did Well Dewater7 /la 
# Containers/Type Preservative Analysis/Method Field Filtered Filter Size MS/MSD Duplicate ID 

11 VORS 61 I4C ( 	 / 3 p.+1-r ‘ea 
yes (432  

VA...i 	 Rigvz 14)soti yes 	 no 

`,-50,.1.`,-50,.1. 	 )1.441,-s, 1-l- No 1 Ge t yes 	 no 

'?-50 *1 ' 	 litktfal it/(A-(- 
yes 	 no 

yes 	 no 

yes 	 no 

COMMENTS 



I C 

WELL MONITORING DATA SHEET 

Ash Crcc!; Associutcs:  Inc. ik 	
:A •:. . 	 . :. 

	

.... 	 .4 	 .1 .:”..., 	 ... 1 

	

c. 	 ... 

Well I.D. /14 V.) - / .8 Job Number: 

Client: Nu Sic, Date: V/2 0 // < 

Project: /(114t b, v-c-- 	 12‘,/#44(4.- Sampler: fH 
Weather: Suns/  In/Out: 1.) 0 /17-3C 

WELL DATA 	 ' 

Well Depth: Well Diameter. 2" Water Height 

Depth to Water: -. 	 . 51 Screened Interval: x Multiplier 

Water Column Length: Depth to Free Product: x Casing Volumes 

Purge Volume: Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) 	 I 1-inch = 0.041 2-inch +- 0.162 4-inch i+- 0.653 1 gallon = 3 785 liters 

PURGING DATA 

Purge Method: ielic41-8, 1,/-  Pump Intake Depth: 51-0,-, 6,ttw, Comments 

Sampling Method: at4,../06.-1--- Tubing Type: pc) 1 y'  
Time 

Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTVV 
(btc) 

Purge 
Rate 

(Umin) 
pH 

Temp 

eC) 

Cond 

tp,S/cm) 
DO 

(ppm) 
ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.2 +/-0.5° C +/-5% +1- 0.5 ppm +/-20mV +/-10% <-StabilantionCritena 

12:•13 33.1( .1 S' S. 	 S  17.0? - 151  IDS 62,. 4/ — LI 

I 2  qc2 z.1.07 , 1c-  (0 .03 17,18 ,qi6" 0.1 — C 1 

12% t 9 3y.90 • Is (0. 1 0 ii.  , 7  . s80 0.XY (07 . ti – CI 

la: 29. 3((,“ , 1 0 ( i li 1 -3-38 . HO 0 ,  "9-1 al ..._ 61 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC +- almost clear, C = clear 
SAMPLING DATA 

Sample ID: M V.) 48 Sampling Flow Rate , 100 Analytical Laboratory: A LC 
Sample Time: 'i 2 -3-  .1.) Final Depth to Water: 3 'I , cri-  Did Well Dewater? Ai° 

# Containers/Type Preservative Analysis/Method Field Filtered Filter Size MS/MSD Duplicate ID 

12 uo4.5 14C ( .t(. 
yes 	 ,c9 

) 	 0 	 (-i1 toy , z--0 C . yes 	 no 

I 	 1 t 	 it .Av- yes 	 no 

7 	 Nek* yes 	 no 

yes 	 no 

yes 	 no 

COMMENTS 



WELL MONITORING DATA SHEET 

Ash Crcek Assoc:lows:  Inc. ik 
Well I.D. klt41 ,-/q Job Number: 

Client: AZ4 	 --f4.1• Date: 9/Aapc 

777/.-/// 

la: L to /1 -52- 
Project: Achy a44.1 X :,. Sampler: 

Weather: San A.. Time In/Out: 

WELL DATA / 

Well Depth: Well Diameter: a (' Water Height 

Depth to Water: 33. 7-0 Screened Interval: x Multiplier 

Water Column Length: Depth to Free Product: x Casing Volumes 

Purge Volume: Free Product Thickness: = Purge Volume 

Water Height Multipliers (gal) 1 	 1-Inch = 0.041 2-inch = 0.162 4-inch = 0.653 1 gallon = 3.785 liters 

PURGING DATA 

Purge Method: SAW,/ Pump Intake Depth: Comments 

Sampling Method: 1.2, (4 d.ole r Tubing Type' PI), 
Time 

Volume 
Purged 
(liters) 

Cumulative 
Volume 
Purged 
(liters) 

DTW 
(btc) 

Purge 
Rate 

(Umin) 
pH 

Temp 

(°C) 
Cond 

MS/cm) 
DO 

(ppm) 
ORP 
(mV) 

Turbidity 
(NTUs) 

Clarity/Color 
Other Remarks 

+/-0.2 +/-0.5° C +1-5% +/- 0.5 ppm +/-20mV +/-10% <-swaizawncritetio 

1a:53 33 •4d ,5 (. 41/ I -7,14 .W 7,Y9 "1'1.3 Akt 5G 

O.:56 33.N ,/5 6, -M I7.7Y .86 3  3,01 15.1 5c 

12: 5y 3 ti. 61 , IS G43  17,16 .sci 1,61 -51.5 56 

13•,0?.. 34,13 . 15  6.62 1 --+I ( 6  .? 15  1 ," - K1.6 5c 

/3 ', o 5 	 • 3v,a5 35 6,62 1 -4,1( ,PI( t. 3‘ -.0.'7- SC 

Clar ty: VC = very cloudy, CI = Cloudy, SC = slightly cloudy, AC = almost clear, C = clear 
SAMPLING DATA 

Sample ID: Mar- I' Sampling Flow Rate . 15-  Analytical Laboratory: A L S.  
Sample lime: 13 ' 17 Final Depth to Water: .... 5.03 Did Well Dewater? /1/ 

# Containers/Type Preservative Analysis/Method Field Filtered Filler Size MS/MSD Duplicate ID 

I; 	 VOA 'f 7 tul/3N6k-P ke yes 	 0 

D-4-0  mt 	 f145-tic 1“Lgi 
yes 	 no 

C'')  t" L 	 ?1,647 NNO3 
Cdr, yes 	 no 

2CA).-r ( 	 I)  114-0. Ate•cf yes 	 no 

yes 	 no 

yes 	 no 

COMMENTS 


