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Glossary of Terms, Acronyms, and Abbreviations

GLOSSARY OF TERMS, ACRONYMS, AND ABBREVIATIONS

AFFF Aqueous Film Forming Foam

AOQI Areas of Interest

AST aboveground storage tank

bgs below ground surface

COoC (Non-Radioactive) Contaminant of Concern
CRs Condition Reports

DCE decommissioning cost estimate

DQO Data Quality Objective

DRO Diesel Range Organics

EPA (U.S.) Environmental Protection Agency
FCS Fort Calhoun Station

gpm gallons per minute

HSA Historical Site Assessment

MCL Maximum Contaminant Level

mg/kg milligram per kilogram

mg/L milligram per liter

mph miles per hour

MW megawatts

NDEQ Nebraska Department of Environmental Quality
NRC (U.S.) Nuclear Regulatory Commission
OPPD Omaha Public Power District

PA Protected Area

PAHs Polyaromatic Hydrocarbons

PCBs Polychlorinated Biphenyls

PFAs perfluoroalkyl surfactants

PID photoionization detector

ppm parts per million

PWR pressurized water reactor

RCRA Resource Conservation and Recovery Act
RGs Remedial Goals

RO Reverse Osmosis

RPDs relative percent differences

SDS safety data sheet

SOPs Standard Operating Procedures

SPLP Synthetic Precipitation Leaching Procedure
SVOCs Semi-Volatile Organic Compounds

TAL Target Analyte List

TCLP Toxicity Characteristic Leaching Procedure
TPH Total Petroleum Hydrocarbons

TSCA Toxic Substance Control Act

UST Underground Storage Tank

VCP Voluntary Cleanup Program

VOCs Volatile Organic Compounds



SECTIONONE Introduction

SECTION 1 INTRODUCTION

Haley & Aldrich, Inc. (Haley & Aldrich) has prepared this Limited Site Non-Radiological
Characterization Survey Report (Report) to support the characterization of non-radiological or chemical
constituents in environmental media at the Omaha Public Power District’s (OPPD) Fort Calhoun Station
(FCS).

Specifically, this Report focuses on characterizing the eight Areas of Interest (AOIs) identified in the
Limited Historical Site Assessment (HSA), where releases are most likely to have impacted soils,
sediments, or groundwater. These AOIs were selected during the preparation of the Limited Site
Characterization Work Plan (Work Plan) [1] because they are areas where remediation (if required) may
impact the decommissioning cost estimate (DCE), either due to the extent of impacted media or potential
impacts to the decommissioning schedule. It should be noted that the remaining AOIs not discussed in
this Report will most likely require additional investigations, but the impacts are likely to be restricted to
shallow soils, or involve compounds that would not have a long-term impact to soils and groundwater.

1.1 PURPOSE

The purpose of this Report is to summarize the findings of the limited site non-radiological
characterization investigation. The investigation was designed to identify significant environmental
impacts to soils, sediments, and groundwater to the extent that subsequent characterization and
remediation could impact the DCE and/or decommissioning schedule. The investigation efforts followed
the Nebraska Department of Environmental Quality (NDEQ) Voluntary Clean-up Program (VCP)
guidance as well as the regulations under the Environmental Protection Agency (EPA) Resource
Conservation and Recovery Act (RCRA) under 40 CFR 261 and Toxic Substance Control Act (TSCA)
under 40 CFR 761, as applicable.
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SECTIONTWO Site Description and Background

SECTION 2 SITE DESCRIPTION AND BACKGROUND
2.1 SITE DESCRIPTION

FCS Unit 1 was a Combustion Engineering 2-loop pressurized water reactor (PWR) rated at 479
megawatts (MW) electrical. Plant construction began in 1966. The first fuel assembly was loaded into
the reactor between May — June 1973. The Nuclear Regulatory Commission (NRC) issued an operating
license on August 9, 1973. The plant officially went online on September 1, 1973 with commercial
operation starting 25 days later. The plant went offline on October 24, 2016.

The site operated under the following:
NRC License No. DPR-40

Docket No. 50-285

EPA ID No. 110007129623

2.1.1 Location

The FCS site is located on the west bank of the Missouri River at river mile 646.0 on 660.46 acres,
approximately 19.4 miles north of Omaha, Nebraska. OPPD has a perpetual easement on 582.18 acres of
land on the east bank of the river directly opposite the plant buildings. About 85 percent of the site area is
on relatively level ground located in the alluvial plain of the river. On the Western part of the site the
ground rises sharply about 60 feet to a higher level area which is bounded on the west by United States
(U.S.). Highway 75, formerly U.S. Highway 73.

The area adjoining the site is farmland and sparsely populated. The minimum exclusion distance is 2,986
feet (910 meters). The nearest privately owned land is farmland and is approximately 0.5 miles from the
site. The nearest population center area of more than 25,000 is formed by adjacent cities of Omabha,
Nebraska and Council Bluffs, lowa. Figure 1 shows the location of the site along the Missouri River.

2.2 ENVIRONMENTAL SETTING
2.21 Topography

The FCS Plant is situated within parts of Section 20 and 21, Township 18 North, Range 12 East of
Washington County, Nebraska in the Modale quadrangle. The site is part of the Missouri River bottomland,
which is a nearly level plain about 15 miles wide at Blair, 8 miles wide at the site and narrowing to 3 miles
wide in the vicinity of Omaha-Council Bluffs. The elevation of this plain averages about 1,000 feet above
mean sea level at the Site.

The surface of the land, starting from the Missouri River at about elevation 997 feet above mean sea level,
falls to an old channel of the river before rising again to approximately 1,004 feet. Beyond this point, the
land then gradually falls off to about 1,000 feet, rises again to approximately 1,020 feet, and then rises
approximately 60 feet to a higher plateau at elevation 1,080 feet [2].

The Missouri River, which flows generally north to south, forms the northeast to southeast site boundary.
This part of the river is referred to by the Corps of Engineers as the Blair Bend. The river limits are under
control of the Corps who have established a structure azimuth line which acts as another site boundary.
The topography of the site is shown in Figure 2.
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SECTIONTWO Site Description and Background

The site drainage development program provides proper drainage of the plant site and upstream properties.
This system controls runoff of local precipitation; drainage empties into the Missouri River north of the
plant.

2.2.2 Geology

The soils below FCS included thick beds of limestone, dolomite, shale, and sandstone with some thin layers
of coal beds. The deeper formations were deposited in marine depositional environmental with the shallow
soils from the lateral migration of the paleo river channel. The major tectonic features of the mid-continent
region began to develop late in the Paleozoic Era, and probably most of the important structural features of
the Nebraska Iowa Missouri River Valley area. However, there is no record of movement of the fault in
historic times, or any indication of activity in recent geologic time.

At the beginning of the Pleistocene period, the Missouri River Valley and its main tributaries were
established in their approximate present positions. Subsequently under successive glacial movements, the
valleys were filled and re-opened several times. During this period, the Peorian loess was deposited on the
terraces and adjacent uplands. It is probable that only the upper part of the alluvium in the Missouri River
Valley is actually of recent age and that deeper deposits are mostly of Pleistocene age.

Unconsolidated sediments at the plant site generally range from 65 to 75 feet in thickness. The soils are
typically interstratified and cross-bedded [3]. These soils may be grouped generally into two units:

an upper fine-grained sandy clay with silt approximately 20 to 50 feet thick; and

an underlying fine to coarse sand with some gravel. This lower unit extends to the relatively flat-
lying carbonate bedrock surface at a depth of approximately 65 to 75 feet below ground surface

(bgs).

The upper units were representing former river deposits and are not likely continuous, but rather have
preferential channels formed by paleo-oxbow deposits.

Pennsylvanian-aged limestone and shale (bedrock) of the Kansas City Formation are encountered below
the overburden soils. The bedrock below the site consists of various types of limestone formations [4].

2.2.3 Hydrology

Groundwater at the site is in hydraulic communication with the adjacent Missouri River, with the water
table ranging from 2 to 20 feet below the surface depending on the river stage [5]. However, under typical
conditions, the depth to groundwater is approximately 15 to 20 feet bgs [4]. Both soil units identified in
Section 2.2.2 are water bearing with the deeper unit exhibiting a higher hydraulic conductivity. The
hydraulic gradients below the site are relatively flat with relatively slow ground water velocity [4].

Water levels taken at the site show that the groundwater gradients at the site are nearly flat, with only a
gentle slope toward the river, about ten feet below the ground surface. Water levels at the site varied from
elevations 993.7 to 992.4 feet, while the river levels recorded during this same period ranged from
elevations 993.2 to 992.4 feet. Groundwater levels vary with changes in the river level. The rate of
groundwater flow in the alluvial soils varies with the permeability, however, the groundwater flow rate, or
velocity is very slow due to the low gradients. The coefficient of permeability varied from about one-half
to three feet per day in the upper sandy silt and silty sand. In the lower fine-to-coarse sands and gravels,
coefficients of permeability as high as 20 feet per day were measured [4].
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SECTIONTWO Site Description and Background

According to site documents, groundwater flow directions have been reported to be both toward the
Missouri River (northeasterly) and away from the Missouri River (south-southwesterly) [6]. Flow
directions toward the river appear to represent times when Missouri River levels are relatively low, e.g.
during the spring, summer, and early fall, when most precipitation occurs and the river flow is relatively
high [4]. Flow directions away from the river appear to represent times when Missouri river levels are
relatively high causing bank storage effects, e.g. during late fall and winter when the river recedes [4, 5].

Locally, below the plant structures, the reverse osmosis water (RO) treatment plant withdraws groundwater,
to be used at the plant. This groundwater withdrawal causes a cone of depression and alters groundwater
flow. The extraction well is located at the northwest corner of the old warehouse. Testing during the well
installation documented that the aquifer may produce approximately 500 gallons per minute (gpm). The
production well was in service as of August 2007, continuously pumping about 200 gpm. Measurement of
groundwater flow indicated that within 600 feet of the RO well, groundwater flow is toward the RO well
(i.e. southwest) [4].

2.2.4 Surface Waters

The plant site is bounded on the northeast and southeast by a portion of the Blair Bend of the Missouri
River. The Corps of Engineers maintains river structures to prevent further meandering of the channel
within the alluvial flood plain; the structures take the form of pile dikes and bank revetments. Fish creek
is an intermittent drainage stream that runs along the [plant] north boundary of the Protected Area (PA).
This stream discharges into a larger wetland, before flowing in the Missouri River as shown on Figure 3.

There are six dams upstream of the plant site that control the river flow. The nearest structure to the site is
Gavin’s Point and the most distant structure is Fort Peck. There are no dams, locks, or similar structures
on the Missouri downstream of the plant site [6]. The Site has been flooded several times with the most
recent occurring in 2011, where the river overflowed its banks for several months. The flood stage from
that event and its impacts to the site are shown on Figure 4.

2.2.5 Meteorology

Nebraska is located midway between two distinctive climatic zones, the humid east and the dry west [7].
Cyclic weather conditions representative of either zone, or combinations of both occur. Changes in weather
result from the invasion of large masses of air with dissimilar properties. These air masses tend to get their
characteristics from either the warm and humid south-southeast, the warm and dry southwest, the cool and
dry north-northwest, or the cold continental polar air of the north. The region is also affected by many
storms or cyclones (areas of low pressure) which travel across the country, generally from west to east.
Periodic and rapid changes in the weather are normal, especially in the winter.

Annual average precipitation for the region is about 28.5 inches, but annual amounts vary widely from year
to year. About 75 percent of the precipitation occurs during showers and thunderstorms from April through
September. Snowfall amounts to about 30 inches of snow as the annual average, but total annual amounts
vary widely from year to year [7].

The surface wind direction and speed is quite varied during all seasons of the year. The prevailing wind
direction from May through December is from south-southeast; north-northwesterly winds prevail during
the remainder of the year. The mean annual wind speed is 10.6 miles per hour (mph).
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The mean annual temperature for the region is 51.1°F. The January monthly mean is 20.2°F, while that for
July is 77.7°F. Relative humidity ranges from an average of about 78 percent for the period midnight to
noon and about 59 percent from the period noon to midnight. The mean percentage of possible sunshine
over the area is about 50 percent in winter and about 75 percent in summer [7].
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SECTION 3 SCOPE OF WORK

During the HSA, a total of 17 AOIs were identified for non-radiological (chemical) use based on historical
use and operations (see Table 1). These included chemical and equipment storage areas, historic practices,
and areas where non-radiological materials could have been released to soils, groundwater, sediments, or
surface water. All work will be completed in compliance with NDEQ regulations, and if warranted,
remedial actions will be executed under their VCP program. Of the 17 AOIs identified, seven were
identified where environmental media impacts could require significant remediation. Data from each of
these seven areas was collected and evaluated with respect to the NDEQ VCP cleanup criteria presented in
Appendix A [8], in addition to the EPA Maximum Contaminant Levels (MCLs), where applicable. All
AOIs are listed below. The seven AOIs that were the focus of this limited characterization effort are
highlighted below in bold and italics. All AOIs are shown on Figure 5 and the italicized AOIs are presented
on Figures 6 through 12.

Table 1. Areas of Interest (AOIs)

AOI No. AOI Name

1 Water Treatment Plant

2 Chemical Storage Areas

3 Transformers

4 Switchyards

5 Spare Transformer

6 USTs

7 ASTs

8 Disposal Area / Landfill

9 Sewage Lagoons
10 Fire Training Area

11 Firing Range

12 Old Warehouse

13 6-Bay Building and Maintenance Shop
14 Fish Creek and Wetlands

15 Farmlands

16 Storm Water Outfalls

17 Site Wide Groundwater

3.1 SAMPLE METHODOLOGY

The sampling program was completed in accordance with Table 2 and the Work Plan [1]. Locations for
each of the explorations are shown on Figures 6 through 12.
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SECTIONTHREE Scope of Work

Samples were collected using the following methods:

Surface soil samples. Shallow soil was collected using a hand auger or direct push drilling methods
to sample soils at depths up to 5 feet bgs. If there was access the direct push was used in these
areas.

Subsurface samples. Direct Push drilling methods were implemented to collect soil and
groundwater grab samples. This method used hydraulics to press a cylinder through the soil to
retrieve a core. The core was then logged in the field for soil properties and documented for any
evidence of contamination. In areas where volatile or semi-volatile organic compounds (VOCs or
SVOCs) were a contaminant of concern (COC), soils were also screened using a photoionization
detector (PID).

Sediment Samples. Sediments were collected from the top 0 to 6 inches of sediment and the data
was used to evaluate potential impacts to the benthic receptors.

Groundwater Grab Samples. Groundwater samples were collected through the direct push
locations to identify if there are impacts to groundwater. These samples are considered screening
level samples as they will not be collected from groundwater monitoring wells, nor collected using
the low flow/low stress techniques.

All work was completed in accordance with the Standard Operating Procedures (SOPs) in Appendix B as
well as site safety requirements.

Samples were submitted to General Engineering Laboratories of Savannah, Georgia and TestAmerica
Laboratories of Earth City, Missouri. Samples were submitted under chain of custody and samples
collected from inside the PA were surveyed by the Health Physics department prior to shipment to the
laboratory. Samples were submitted for one or more of the following analyses:

VOCs, Method 8260C;

SVOCs, Method 8270D;

Polychlorinated biphenyls (PCBs), Method 8082A;

Target Analyte List (TAL) metals, Method 6010C/7471B;

Synthetic Precipitation Leaching Procedure (SPLP) metals, extraction method 1312 and analysis
method 6010C/7470A,;

Toxicity Characterization Leaching Procedure (TCLP) metals, extraction method 1311 and
analysis method 6010C/7470A;

Perchlorate, Method 314.0 Mod;

Perfluoroalkyl substances (PFAs), Method 537;
Benzene, toluene, ethylbenzene, xylene, Method 8260B;
Lead; Method 6010C;
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SECTIONTHREE Scope of Work

Naphthalene; Method 8260B;
Polyaromatic hydrocarbons (PAHs), Method 8270D; and
Total Petroleum Hydrocarbons — Diesel Range Organics (TPH-DRO), Method 8015C.
Then all sample locations were located using handheld Global Positioning System (GPS) with an accuracy

of +/- one foot.

Additional information on the investigation activities or procedures including investigation-derived waste,
decontamination, etc. can be found in the Work Plan [1].

3.2 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) were set in the early stages of the characterization effort to ensure that
defensible data was collected to satisfy the requirements of the different regulatory agencies, and their
different programs.

3.21 Quality Assurance/Quality Control

To meet NDEQ and EPA requirements, duplicate samples were collected at a frequency of 5%, or one
duplicate and matrix spike/matrix duplicate samples were collected for every 20 samples submitted for
laboratory analysis.

Temperature blanks were included in each shipment and trip blanks accompanied any shipment that
contains samples scheduled for analysis of VOCs. Equipment blanks were not required as dedicated
equipment was used.

3.2.2 Data Validation

All data was reviewed by a qualified chemist and validated in accordance with NDEQ regulations. At a
minimum, data was checked so that the reporting limits are below the NDEQ action levels, and to
evaluate that the relative percent differences (RPDs) are below acceptable limits. The data validation
reports are included in Appendix C.
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SECTION 4 CHEMICAL FINDINGS

This limited non-radiological characterization program focused on seven AOIs, as they had the most
potential to impact soils, sediments and groundwater and therefore impact decommissioning costs. This
section presents a brief description of each AOI, the COCs, a summary of the investigation and the results
compared to NDEQ criteria.

41 AOI1-WATER TREATMENT PLANT

The original Water Treatment Plant was installed during the initial construction of FCS to supply all the
facility’s demineralized and domestic water needs. The Water Treatment Plant used river water in its
treatment process and all equipment and piping throughout the process was classified as the “Demineralized
Water System” and equipment was defined with a “DW” prefix [5]. Little information is available but
historical knowledge indicates the system transferred water from the river to a settlement tank within the
chemical pump house and there used caustics, acids, and other water treatment chemicals. The water was
then sent to two ion exchange resin lagoons to remove other constituents such as metals. The lagoons were
unlined and system was connected via a pipe to the turbine building.

During the flood of 1993/94, the lagoons were flooded and washed out. In 2002, the east lagoon was
overflowed and the berm between the lagoons had to be cut. Other reports include an ammonia release and
an exothermic chemical explosion in the transfer lines going to the Turbine Building. The system was
abandoned (circa 1990) when a supply connection was made to the City of Blair’s municipal water supply
[5]. After abandonment, the ion exchange resin from the lagoons was placed in the landfill (AOI §).

Summary of Field Activities

COCs at AOI 1 include metals from the demineralization process. The limited site investigation included
the collection of two soil samples from directly below the lagoons and one soil sample downgradient of the
lagoons as identified on Table 2. The plant and lagoons along with the sampling locations are shown on
Figure 6 and the boring logs are provided in Appendix D.
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Data Evaluation

The analytical results from the soil sampling as shown below indicate elevated arsenic greater than the
NDEQ VCP Remedial soil criteria, however, the results are consistent or below background arsenic values
[9]. The results also indicated elevated cobalt, iron, and manganese greater than NDEQ VCP soil criteria,
but these too are consistent or below published background values [9]. No other values exceeded NDEQ
VCP soil criteria. A more comprehensive list of analytical data for this AOI including TAL metals is
provided in Table 3 and the laboratory results are provided in Appendix E.

Table 4. AOI 1 — Soil Analytical Regulatory Exceedance Summary

NDEQ EPA
VCP Residential
Location Name | Residential | Soil RSL | 15410 DP0102 DP0103
Soil (Sept May 2016
Sample Depth (bgs) 2012) HI=1 9-10 (ft) 16-17 (ft) 7-8 (ft)
Inorganic Compounds (mg/kg)
Arsenic 0.39 0.68 737 16.5J 5.83J
Cobalt 5.8 23 6.8 11.4 4.28
Iron 14000 55000 17600 27100 10500
Manganese 460 1800 692 ] 1050 J 2351)

NOTES:
J — estimated value
- Bold values indicate an exceedance of the EPA Residential RSL.

- Gray values indicate an exceedance of the NDEQ VCP
Residential Soil Criteria

The soil samples were also analyzed for SPLP analysis to evaluate the potential for metals in soils to impact
the groundwater below. Data results for SPLP analysis are below NDEQ VCP groundwater remedial goals
(RGs), except for arsenic.

Findings

Although several inorganics were reported at concentrations that exceeded both EPA and NQED criteria,
these are likely naturally occurring but may have been concentrated during the water treatment activities.
Additional evaluations may be warranted to evaluate the concentrations with respect to background
conditions.

42 AOIlI2-CHEMICAL STORAGE AREAS

The site contains two chemical storage buildings. The original chemical storage building and the current
chemical storage building. Both are shown on Figure 7. With the exception of the flood in 2010, the site
was a classified as a Low Quantity Generator, and therefore did not require a Greater than 90 Day RCRA
Storage Area.

The original storage building was located within the PA houses the hazardous waste. This building known
as the Hazardous Material Storage Building (also known as Hazmat Shed) is located adjacent to and west
of the Old Warehouse [5]. This building continues to store chemicals and hazardous waste. The building
floor lies directly on the soils (i.e. “’slab on grade”) and there are no floor drains. During interviews, it was
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SECTIONFOUR Chemical Findings

noted that during past operations, if the building was filled the hazardous materials would be placed outside
the building to await off-site disposal. There are also accounts of the area being flooded, offering the
potential for chemicals to be discharged to the soils outside the doorways.

The second chemical storage building is a more recent structure that is located outside of the PA to the
north of the Switchyard and northeast of the Old Warehouse. This building is known to store chemicals,
but not hazardous wastes. Additional information on the chemicals stored in this building were not
available, but it is anticipated that lubricants, degreasers, hydraulic fluids, etc. are stored here. There are
also accounts of numerous drums of materials being stored in this area, prior to offsite disposal.

Summary of Field Activities

COCs for AOI 2 include VOCs, SVOCs, TAL metals, and PCBs. The limited site investigation included
the collection of two soil samples from the former and current chemical storage building areas as identified
on Table 2. The sampling locations are shown on Figure 7 and the boring logs are provided in Appendix
D.

Data Evaluation

The analytical results from the soil sampling as shown below indicate elevated arsenic, cobalt, iron, and
manganese greater than the NDEQ VCP soil criteria, however, the results are consistent or below
background values [9]. No other values exceeded NDEQ VCP soil criteria. A more comprehensive
summary of the analytical data for this AOI including VOCs, SVOCs, SPLP Metals, and PCBs is provided
in Table 3 and the laboratory results are provided in Appendix E.

Table 5. AOI 2 — Soil Analytical Regulatory Exceedance Summary

NDEQ VCP EPA
Residential | Residential
Location Name | Soil (Sept | Soil RSL | ppg201 | DP0202 | DP0202 | DP0203 | DP0204
2012) May 2016
Sample Depth (bgs) Hi=1 14-15 (ft) | 7-8 (ft) 9-10 (ft) | 12-13 (ft) | 13-14 (ft)
Inorganic Compounds (mg/kg)
Arsenic 0.39 0.68 3.821J 13.9J 8.09J 9.96 J 9.22J
Cobalt 5.8 23 2.23 7.21 4.33 8.31 5.63
Iron 14000 55000 5510 19500 12200 23900 13900
Manganese 460 1800 115) 646 ] 348 ] 461J 396 ]

NOTES:
J — estimated value
- Bold values indicate an exceedance of the EPA Residential RSL.

- Gray values indicate an exceedance of the NDEQ VCP
Residential Soil Criteria

The soil samples were also analyzed for SPLP analysis to evaluate the potential for metals in soils to
impact the groundwater below (see Table 3). Data results for SPLP analysis are below NDEQ VCP
groundwater RGs, except for arsenic and selenium.
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Findings

Based on the materials stored at AOI 2, the inorganics detected at concentrations above the EPA and NDEQ
criteria are likely attributed to natural background conditions. These naturally elevated background
conditions also would account for the elevated SPLP results for arsenic. Additional evaluations may be
warranted to evaluate the concentrations with respect to background conditions.

4.3 AOIl5-SPARE TRANSFORMER

The spare transformer is located just off the main plant entrance road and south of the Switchyard.
Drawings indicate that two spare transformer pads were constructed in 2002 and 2005, respectively [12].
One is currently in use and houses a spare T1 transformer which was placed on the pad in approximately
2006. During the flood of 2011, the spare transformer was surrounded by an unlined earthen berm covered
with crushed rock. This area is shown on Figure 8.

During transportation of the spare transformer, it has been reported that the load was dropped, potentially
causing a minor release of non-PCB oils. The area was cleaned up and stained soils removed, but no
confirmation soil samples were collected.

During the site walk down in September 2016, it was noted that the spare transformer was visibly leaking
oil onto the pad/ground. This is supported by multiple condition reports (CRs) that report similar findings.
It is unknown how long this transformer has been leaking or if the non-PCB oil transformer oil contains
residual PCBs.

Summary of Field Activities

COCs for AOI 5 include SVOCs and PCBs. The limited site investigation included the collection of one
soil sample within the berm where the transformer was leaking, one soil sample around the berm, and one
soil sample from the location of the where the spare transformer was dropped as identified on Table 2. The
sampling locations are shown on Figure 8 and the boring logs are provided in Appendix D.

Data Evaluation

The analytical results from the soil sampling did not exceed NDEQ VCP soil criteria. A summary of the
analytical data is provided in Table 3 and the laboratory results are provided in Appendix E.

Findings

No further actions are warranted at this AOI.

44 AOI6-USTS

Based on Site documentation [10], three underground storage tanks (USTs) exist on the Site outside of
building structures. All three USTs are diesel generator fuel-oil tanks located within the PA. These are:

Tank FO-1 — 18,000-gallon diesel; single-walled steel tank; located south of the Auxiliary Building

Tank FO-10 — 18,000-gallon diesel; single-walled steel tank; located between the Intake Structure
and the Service Building.
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Tank FO-32 - 4,000-gallon diesel; double-walled steel tank with interstitial monitoring; located
south of the New Warehouse
Each of these tanks are shown on Figure 8 and listed on the table below.

Based on the Pollution Prevention Storm Water Management Plan [11], the tanks are installed within
compacted soil. Periodic surveillance testing is conducted on these tanks. This testing includes water
content and recording level readings.

Table 6. AOI 6 - USTs

Tank Size (Gallons) Type of Location

Fuel
FO-1 4/12/1949 Diesel South of Auxiliary Building
FO-10 4/12/1949 Diesel East of Service Building
FO-32 12/13/1910 Diesel South of New Warehouse

Summary of Field Activities

During the site walk down, it was reported that the none of the tanks had ever had a leak but it was possible
for them to be overfilled, with residual potentially impacting the adjacent soils. Groundwater wells installed
near the USTs have not been tested for non-radiological COCs, however the boring logs do not report
staining or odors.

COCs for AOI 6 include TPHDRO. The limited site investigation included the collection of one soil sample
from the downgradient edge of each UST as identified on Table 2. The sampling locations are shown on
Figure 9 and the boring logs are provided in Appendix D.

Data Evaluation

The analytical results from the soil sampling did not exceed NDEQ VCP soil criteria. A summary of the
analytical data is provided in Table 3 and the laboratory results are provided in Appendix E.

Findings

This investigation was designed to identify if there were historic releases that impact soils and groundwater
downgradient from USTs. Additional samples may be warranted once the USTs are removed. This work
should be completed in accordance with the Nebraska Administration Code, Title 159, Chapter 10.

4.5 AOI 10 - FIRE TRAINING AREA

The fire training area is located to the west of the equipment storage area in the Switchyard (See Figure
10). Currently the area consists of a concrete pad with a central drain that discharges directly to Fish Creek.
The area also contains two sealand containers, a propane tank, a cross pan, and other fire training equipment
(fire extinguishers, rest area, etc.). The sealand containers are used to start “live” fires using pallets and
straws as the fuel, water is used to extinguish the flames. The propane tank, which was installed
approximately 12 years ago, is used to start fires in the cross pan which is then put out with chemical fire
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suppressants. It was also reported that during fire training activities the central pad drain is covered,
preventing materials from draining to Fish Creek, allowing only rain water and water from the pallet and
straw fire suppression activities to drain from the pad.

Prior to use of propane, the cross pan fires were started using diesel fuel. Based on interviews, the fuels
were first stored in 55 gallon drums, and later transported in 5 gallon containers. These activities allowed
for potential releases of the fuel oils to the pad and soils in the area.

After the fires were extinguished, the extra fuel oil was collected from the cross pan for potential future use
and the embers were containerized for off-site disposal. The area was then cleaned by spraying the burn
pan and sealand containers with water, where the residual water was then drained to Fish Creek via a drain
in the burn pad. Additionally, although the cross pan was covered when not in use, it was possible for rain
water to fill or overfill the container, releasing residual oils to the pad, and then to Fish Creek.

The fire extinguishers used for fire prevention training are Aqueous Film Forming Foam (AFFF) dry A/B/C
type fire extinguishers. These fire extinguishers are known to contain PFAs or proprietary fluorosurfactants
based on the safety data sheets (SDSs). These PFAs are currently recognized by EPA as an emerging
compound in the environment.

Summary of Field Activities

COCs for AOI 10 include PAHs and TAL Metals due to the use of fuel oils and burning of pallets and an
additional COC is PFAs or other proprietary fluorosurfactants from fire suppressant use. The primary
migration path for these COCs is via the drain to Fish Creek, potentially impacting the sediments and
surface water, but there is also potential for COCs to impact the soils below the drain (if the seals leaked)
as well as the area where the fuel oils were stored. The limited site investigation included the collection of
three soil samples and one downgradient groundwater sample as identified on Table 2. The sampling
locations are shown on Figure 10 and the boring logs are provided in Appendix D.

Data Evaluation

The analytical results from the soil sampling as shown below indicate elevated arsenic, cobalt, and iron,
greater than the NDEQ VCP soil criteria, however, the results are consistent or below background values
[9]. No other values exceeded NDEQ VCP soil criteria. A more comprehensive summary of the analytical
data for this AOI including SVOCs is provided in Table 3 and the laboratory results are provided in
Appendix E.

Table 7. AOI 10 — Soil Analytical Regulatory Exceedance Summary

NDEQ VCP }.EPA .
; . Residential
Residential Soil RSL
Location Name Soil (Sept o1 DP1001 DP1002 DP1003
2012) May 2016
Sample Depth (bgs) HI=1 13-14 (ft) 12-13 (ft) 10-11 (ft)
Inorganic Compounds (mg/kg)
Arsenic 0.39 0.68 9.86J 5.82) 6.63)
Cobalt 5.8 23 6.8 9.87 5.83
Iron 14000 55000 15300 13700 12500
NOTES:

J — estimated value
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- Bold values indicate an exceedance of the EPA Residential RSL.

- Gray values indicate an exceedance of the NDEQ VCP Residential
Soil Criteria

The analytical results from the groundwater sampling did not exceed (MCLs and the VOC analysis was
completed outside of the holding time due to insufficient preservative within the sample and was qualified.
It should be noted that the combined detections of PFAs did exceed the EPA May 2016 Health Advisory.
A summary of the groundwater analytical data is provided in Table 7 and the laboratory results are provided
in Appendix E.

Findings

Data from this AOI indicate groundwater impacts from the historic fire training activities. As PFAs are
now recognized as an emerging compound and may require remediation (depending on the extent and
concentrations). Additional investigations to determine the lateral and vertical extent of these compounds
in the environment may be warranted.

4.6 AOIl 11 -FIRING RANGE

The firing range is located north of the PA (Figure 11). The firing range consists of three berms and a
shelter area. On the south corner of the firing range is a tower used for rifle practice, and there is a simulated
indoor or obstructed view scenario practice area in the northeast corner. This area has formed ‘hallways’
out of soil filled stacked tires. The target line for hand gun firing is plant south to plant north and the target
line for rifle firing is plant southwest to plant north east.

When the plant was originally constructed the firing range was reported to consist of one berm, identified
as a “hill” running plant east-west. Then in the late 1980’s the current firing range was built. Interviews
conducted indicated that after its completion, law enforcement agencies also used the facility for weapons
training. Reportedly, they used to take care in picking up the spent casings, but over time this practice was
discontinued with reports of spent casings on the ground. Currently the area is well maintained, with only
with some shells remaining.

The bullets used at the firing range are indicated to be “normal” bullets. Bullets are known to contain lead
and lesser concentrations of other metals. Other COCs include perchlorate, as it is commonly used as a
stabilizer in the smokeless powder.

A recent lead assessment completed by B2 Engineering in August of 2014 on the exterior sides of the plant
north and plant east berms indicate levels of high lead in the exterior of the north berm. The levels range
from 42.2 to 5335.7 parts per million (ppm) which is equivalent to milligrams per kilogram (mg/kg)
(exceeding the industrial soil criteria of 750 mg/kg [7] and reported TCLP values up to 150 milligrams per
liter (mg/L), exceeding the Hazardous Waste Criteria of 5 mg/L [40 CFR 261.24]). These elevated samples
were collected from the outside and norther side of the berm, suggesting that during the last construction
(to create the three berms) soils were likely reworks. No samples were collected from the inside of the
berms, or from the shooting range floor.

The shelter at the firing range is used for cleaning guns in addition to acting as an office. The shelter stores
small containers of gun cleaners and most of the cleaning is conducted on tables places under the overhangs
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along both side of the shelter. There is also a transformer located at the southwest corner outside the range
and shelter. This transformer was flooded in 2010, potentially releasing oils and residual PCBs to the soils.

Summary of Field Activities

COCs for AOI 11 include lead and other metals impacts in the berms (and soils within the rubber tires for
the indoor/obstructed view training area) as well as metal and perchlorate in the shallow soils on the floor
of the range. The limited site investigation included the collection of soil samples at two locations every
two feet (up to 8 feet below ground surface) and at the water table. We also collected two surface soil
samples and one downgradient groundwater sample as identified on Table 2. The sampling locations are
shown on Figure 11 and the boring logs are provided in Appendix D.

Data Evaluation

The analytical results from some of the soil sampling as shown below indicate elevated arsenic, cobalt,
iron, greater than the NDEQ VCP soil criteria, however, the results are consistent or below background
values [9]. Additionally, the surface soil sample from within the firing range indicates elevated lead greater
than the NDEQ VCP soil criteria. No other values exceeded NDEQ VCP soil criteria. A more
comprehensive summary of the analytical data is provided in Table 3 and the laboratory results are provided
in Appendix E.

Table 8. AOI 11 — Soil Analytical Regulatory Exceedance Summary

NDEQ VCP | EPA Residential
Residential Soil RSL
Location Name Soil (Sept May 2016 DP1101 SS1101 $S1102
Sample Depth (bgs) 2012) HI=1 0-1 (ft) 0-0.5 (ft) 0-0.5 (ft)
Inorganic Compounds (mg/kg)
Arsenic 0.39 0.68 -- 4.5) 11.9)
Cobalt 5.8 23 -- 3.72 10.4
Iron 14000 55000 -- -- 18300
Lead 400 400 2230) - -
Manganese 1800 460 -- 294 ) 853

NOTES:
J — estimated value
- Bold values indicate an exceedance of the EPA Residential RSL.

- Gray values indicate an exceedance of the NDEQ VCP Residential Soil
Criteria

The analytical results from the groundwater sampling as shown below indicated elevated arsenic, barium,
chromium, and lead greater than the MCLs and these four compounds plus aluminum, cobalt, iron,
manganese, and vanadium are greater than the NDEQ VCP Groundwater Remedial Goals (RGs). A
summary of the groundwater analytical data is provided in Table 10 and the laboratory results are provided
in Appendix E.
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Table 9. AOI 11 - Groundwater Analytical Regulatory Exceedance

Summary
NDEQ VCP
MCL Groundwater RGs

Location Name Sept 2012 GW1101
Inorganic Compounds (ug/L)
Aluminum, Total NA 50 360000 J-
Arsenic, Total 10 50 550 J-
Barium, Total 2000 2000 19000 J-
Chromium, Total 100 100 1700 J-
Cobalt, Total NA 2.7 600 J-
Iron, Total NA 300 1100000 J-
Lead, Total 15 15 730 J-
Manganese, Total NA 50 27000 J-
Vanadium, Total NA 38 1400 J-

NOTES:

- Gray indicates an exceedance of the NDEQ VCP Groundwater RGs

- Bold values indicate an exceedance of the MCL.

Findings

The inorganics detected at concentrations above the EPA and NDEQ criteria (other than lead) are likely
attributed to natural background conditions and are consistent with inorganics on other portions of the site.
These naturally elevated background conditions also would account for some of the elevated constituent
concentrations of inorganics in water. Additional evaluations may be warranted to evaluate the
concentrations in both soil and groundwater with respect to background conditions.

For the lead detections in soil, data from this AOI coupled with past investigations on the concentrations of
lead and historical and current use of the area as a firing range, indicate soil impacts are present with
concentration of lead that exceed the Hazardous Waste Criteria of 5 mg/L [40 CFR 261.24]). Due to these
levels of lead, additional evaluations are warranted to confirm the nature and extent of lead. Additionally,
a risk assessment to confirm that no exposure pathways for human health exist, as well as an ecological
evaluation should be considered. Note that only slightly increases levels of lead, when compared to other
areas of the site, were seen in the wetlands (see AOI 14).

The site controls access to the public, however, in addition to these additional characterization efforts, an
industrial hygienist should be consulted regarding site personal who may come in direct contact with soils
as regulatory requirement for lead workers may need to be implemented.

Finally, lead was also detected in groundwater. However, the extent of groundwater impacted by lead
should be investigated to better understand the lateral and vertical distribution within the aquifer.

TSSD Services, Inc. | Fort Calhoun Station Limited Site Non-Radiological Characterization Survey Report 4-9



SECTIONFOUR Chemical Findings

4.7 AOIl 14 - FISH CREEK AND WETLANDS

Fish Creek runs along the north side of the PA from the hills towards the Missouri River. Prior to
discharging to the Missouri River, Fish Creek lets out into a wetlands area located north of the plant. The
topography of the site is such that runoff from the farmland runs into Fish Creek (see Figure 12).
Additionally, Fish Creek receives storm water runoff from the fire training area, Switchyard, firing range,
and the plant.

Summary of Field Activities

COCs for AOI 14 PAHs, PFAs, TAL Metals, and VOCs including perchlorate from the runoff and direct
discharges from several other AOIs. The limited site investigation included the collection of three sediment
samples along the creek bed. The sampling locations are shown on Figure 12 and the boring logs are
provided in Appendix D.

Data Evaluation

The analytical results from the sediment sampling as shown below indicate elevated arsenic, cobalt, iron
and manganese greater than the NDEQ VCP soil criteria; however, the results are consistent or below
background values [9]. PAHs and PFAS were also detected in sediments, but at concentrations below
NDEQ VCP soil criteria. It should be noted that since PFAs are recently considered an emerging
contaminant, no NDEQ VCP soil criteria has been established. No other values exceeded NDEQ VCP soil
criteria. A summary of the sediment analytical data is provided in Table 11 and the laboratory results are
provided in Appendix E.

Table 12. AOI 14 - Sediment Analytical Regulatory Exceedance Summary

NDEQ VCP EPA
. . Residential
Residential Soil RS
Location Name |  Soil (Sept M°1 501L6 SD1401 SD1401 SD1402 SD1403
ay
Sample Depth (bgs) | 2012 HI=1 0-05(ft) | 0-05(ft) | 0-0.5(f) | 0-0.5(f)

Inorganic Compounds (mg/kg)
Arsenic 0.39 0.68 10.9) 11.4) 9.95J 12.3)
Cobalt 5.8 23 9.26 9.36 9.96 9.08
Iron 14000 55000 19800 19500 21100 19800
Manganese 460 1800 706 ) 668 J 784 ) 663 J

NOTES:

J — estimated value

- Bold values indicate an exceedance of the EPA Residential RSL.
- Gray values indicate an exceedance of the NDEQ VCP
Residential Soil Criteria

Findings
Although several inorganics were reported at concentrations that exceeded both EPA and NQED criteria,
these are likely attributed to natural background conditions. Additionally, the other analytical data to not
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exceed soil screening criteria and to not pose a risk to the public, however, organics should be evaluated in
the context of ecological receptors to identify if they could be bioaccumulated.

4.8 AOI15-FARMLANDS

Farmlands surround the plant to the north and south. These farmlands are leased to local farmers for use.
Typical farming practices include the use of pesticides, herbicides, arsenic, and fertilization to assist in crop
production. It is unknown what chemicals or practices were used on the surrounding farmlands.

Additionally, farming uses tractors and other equipment. It was reported that there was a diesel aboveground
storage tank (AST) installed to refuel his equipment. When observed, there were also containers stored in
this area. OPPD had the tank and containers removed, however it is not documented how long the area was
in use or if any releases associated with this AST occurred. The location is shown on Figure 13.

Potential source area and migration pathway to impact soils, sediments, or groundwater

Due to the common practice of releasing small quantities of materials when fueling, shallow soils and
groundwater may be impacted by the diesel. As numerous containers were also stored there, additional
COCs could include VOCs, SVOCs, metals as well as pesticides.

Summary of Field Activities

COCs for AOI 15 included diesel, VOCs, SVOCs, metals as well as pesticides. The limited site
investigation intended to collect one soil sample from this location. However, because personnel at FCS
where not able to identify an approximate location of this tank, the sample was not completed at the request
of the facility.

Findings

No further actions are warranted at this time.
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SECTION S CONCLUSIONS

Based on the findings of this investigation, there are only two AOIs were chemical or non-radiological
constituents have impacted environmental media.

AOI 10 - Fire Training Area has PFAOs in excess of the EPA Health Advisory standard of 0.07
micrograms per liter. PFAs do not have a NDEQ criteria, but have been identified recently by EPA
as an emerging compound, with a Health Advisory number for drinking water already in effect.

AOI 11 - Firing Range has lead in the berm and in groundwater. Previous soils data, collected from
the north side of the berm, indicated elevated concentrations of lead, that were above the EPA
hazardous threshold of 5 mg/L, as analyzed by TCLP. These data were consistent on the southern
site of the berm with impacts soils extending to 2 feet bgs. Groundwater grab samples, collected
from GW1101 on the downgradient site of the Firing Range also reported lead. It should be noted
that the impacted media has not been fully delineated, and will most likely require mitigation and
remediation to meet site closure requirements.

Other constituents including arsenic, cobalt, iron, and manganese were noted to have exceedances in soil
that exceeded NDEQ criteria. These exceedances occurred in most of the metal samples, but based on a
review of published background data [9], these results are consistent with the published values and the
samples fall within the same range. Therefore, we do not believe that these elevated levels are due to site
conditions, but background levels for the area should be confirmed.
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SECTION 6 RECOMMENDATIONS

Based on the limited non-radiological characterization effort, AOIs 10 and 11 show site-related
contaminants impacting soils and/or groundwater. It should be noted that the purpose of this
investigation was to identify if COCs were released to the environment, and now additional efforts should
be completed to delineate the horizontal and vertical extents of these contaminant, and if warranted,
remediate impacted areas in accordance with the NDEQ VCP requirements.

It is also recommended that site background levels be established to confirm the data collected to date is
consistent with site background values. Additionally, the remaining AOIs should be characterized to
support site closure, although based on these findings as well as the current groundwater data set, impacts
(if present) are likely to be minimal.
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TABLE 3

SUMMARY OF SOIL DATA
OPPD FORT CALHOUN STATION
BLAIR, NEBRASKA

Location Name| Residential Soil NDEQ VCP NDEQ VCP DP0101 DP0102 DP0103 DP0201 DP0202 DP0202 DP0203 DP0203 DP0204 DP0501 DP0502 $50501 DP0601 DP0602 DP0602 DP0603 DP1001 DP1002 DP1003
Sample Name RSL Residential Soil Groundwater | DP010109 DP010216 DP010307 DP020114 DP020207 DP020209 DP020312 | DP020312DUP | DP020413 | DP050113 | DP050213 | SS050100 | DP060113 | DP060212 | DP060212DUP | DP060321 | DP100113 | DP100212 | DP100310
Sample Date| May 2016 Sept 2012 RGs 10/25/2016 | 10/25/2016 | 10/25/2016 | 10/26/2016 | 10/26/2016 | 10/26/2016 | 10/25/2016 10/25/2016 | 10/25/2016 | 10/25/2016 | 10/25/2016 | 10/25/2016 | 10/26/2016 | 10/26/2016| 10/26/2016 | 10/26/2016 | 10/24/2016 | 10/25/2016 | 10/25/2016
Sample Depth (bgs) Hi=1 Sept 2012 9-10(ft) | 16-17 (ft) 7-8(ft) 14 - 15 (ft) 7-8(ft) 9-10(ft) | 12-13(ft) 12-13 (ft) 13-14 (ft) | 13-14(ft) | 13-14(ft) | 0-0.5(ft) | 13-143 (ft)| 12-13 (ft) 12-13 (ft) 21-22(ft) | 13-14(ft) | 12-13(ft) | 10-11 (f)
Volatile Organic Compounds (mg/kg)
2-Butanone (Methyl Ethyl Ketone) 27000 7500 - - - - <0.0016 0.00763 <0.00195 <0.00171 - 0.00416J - - - - - - - - - -
Acetone 61000 16000 - - - - <0.0016 0.0412 <0.00195 0.00245) - 0.0298 - - - - - - - - - -
Methyl Tert Butyl Ether 47 51 - - - - <0.000321 | <0.000326 | <0.000389 | <0.000341 - < 0.000285 - - - - - - - - - -
Semi-Volatile Organic Compounds (SIM) (mg/kg)
Benzo(b)fluoranthene 0.16 0.15 - - - - - - - - - - 0.00329J 0.00322) <0.523 - - - - <0.00229 | <0.00221 0.00356J
Chrysene 16 15 - - - - - - - - - - <0.00205 | <0.0023 <0.523 - - - - <0.00229 | <0.00221 | 0.00222)
Fluoranthene 2400 570 - - - - - - - - - - <0.00205 0.00322) <0.523 - - - - <0.00229 | <0.00221 0.00356J
Naphthalene 3.8 4.3 - - - - - - - - - - <0.00123 0.00552 <0.314 - - - - <0.00138 | <0.00133 | <0.00133
Phenanthrene NA NA - - - - - - - - - - 0.00247 ) 0.00552 <0.523 - - - - 0.00229 ) 0.0031) 0.00311)
Pyrene 1800 430 - - - - - - - - - - <0.00205 | 0.00276) <0.523 - - - - <0.00229 | <0.00221 | 0.00311J
Total Petroleum Hydrocarbons (mg/kg)
Total Petroleum Hydrocarbons (>C10-C20) DRO NA NA - - - - - - - - - - - - - <2.34 <2.61 9.1)+ <2.55 - - -
Inorganic Compounds (mg/kg)
Aluminum 77000 19000 - 8980 14500 4380 1390 9270) 4850 13800 - 6420) - - - - - - - 6650 ) 9700 5650
Antimony 31 7.8 - 0.454) <4.39) 0.547) 0.384) 0.67) 0.416) 0.556 ) - 0.5) - - - - - - - <0.388) <0.436) <0.386J
Arsenic 0.68 0.39 - 7.3) 16.5) 5.83)J 3.82) 13.9) 8.09J 9.96) - 9.22) - - - - - - - 9.86J 5.82) 6.63)
Barium 15000 3800 - 278) 427 )+ 155 J+ 71.6 J+ 265 J+ 217 )+ 252 )+ - 205 J+ - - - - - - - 254 )+ 239 J+ 224 )+
Beryllium 160 39 - 0.685 <2.66 0.402) 0.142) 0.784 0.422) 1.03 - 0.568 - - - - - - - <1.18 <1.32 <117
Cadmium 71 18 - 0.289) 0.859 0.201) <0.1 0.193) <0.103 0.127) - 0.208) - - - - - - - 0.328) 0.434) 0.399)
Calcium NA NA - 14700 15500 30700 5420 19000 16100 8360 - 16700 - - - - - - - 22400 19900 19300
Chromium NA NA - 12.7 19.7 15.1 3.12 14 8.59 18 - 10 - - - - - - - 11.8 15.2 10.1
Cobalt 23 5.8 - 6.8 11.4 4.28 2.23 7.21 4.33 8.31 - 5.63 - - - - - - - 6.8 9.87 5.83
Copper 3100 780 - 17.4) 30.6J 8.871) 1.31J 24.9) 7.71) 25.3) - 16.2J - - - - - - - 13.3J 23.9) 14.9)
Iron 55000 14000 - 17600 27100 10500 5510 19500 12200 23900 - 13900 - - - - - - - 15300 13700 12500
Lead 400 400 - 11.2) 20.2) 6.03) 2.36) 12.5) 6.75) 17.8) - 8.98) - - - - - - - 9.5) 13.8) 8.86J
Magnesium NA NA - 6440 6730 5840 1690 7430 6390 6290 - 6520 - - - - - - - 8790 7840 7460
Manganese 1800 460 - 692 1050) 235) 115) 646 3481 461 - 3961 - - - - - - - 336) 433) 2551
Mercury 11 31 - 0.0296 0.0514 0.024 <0.00394 0.0293 0.013 0.0434 - 0.017 - - - - - - - 0.0302 0.0313 0.0219
Nickel 1500 390 - 19.8 30.1 15.4 5.24 203 11.9 26.3 - 16.3 - - - - - - - 17.7 24.7 14.9
Potassium NA NA B 1670 J+ 2660 J+ 900 J+ 346 J+ 1990 J+ 1030 J+ 2670 J+ - 1430 J+ - - - - - - - 1470 J+ 1980 J+ 1270 J+
Selenium 390 98 - 2.3 2.47) 1.64) 0.611) 2.23) 1.88J 2.73) - 1.91J - - - - - - - <0.588 0.948) 2.01)
Silver 390 98 - 0.753) 0.725) <0.11J 0.241) 0.759) 0.433) 1.02) - 0.522) - - - - - - - 0.127) 0.25) 0.142)
Sodium NA NA - 680 2080 213 133 J+ 211 )+ 207 )+ 251 - 179 J+ - - - - - - - 264 234 248
Thallium 0.78 NA - <0.56 <6.65 <0.551 <0.502 <0.572 <0.513 <0.61 - <0.532 - - - - - - - <5.88 <6.61 <5.84
Vanadium 390 97 - 29.4 44.9 14.9 5.9 315 17.7 41.7 - 22.6 - - - - - - - 23 30.6 20.2
Zinc 23000 5900 - 56 95.1) 32.1) 11.3) 63.8J 34) 80.2) - 443) - - - - - - - 49.1) 64.8) 43.5)
Inorganic Compounds (ug/L)
Arsenic NA NA 50 <50 94.1) 74.9) <50 55.2) <50 61 - 61.2) - - - - - - - - - -
Barium NA NA 2000 83.5 61.6 63.1 50.3 64.2 49.8) 93.4 - 32.2) - - - - - - - - - -
Cadmium NA NA 5 <10 <10 <10 <10 <10 <10 <10 - <10 - - - - - - - - - -
Chromium NA NA 100 12 <10 <10 <10 <10 <10 <10 - <10 - - - - - - - - - -
Lead NA NA 15 <33 <33 <33 <33 <33 <33 <33 - <33 - - - - - - - - - -
Mercury NA NA 2 <0.67) <0.67) <0.67) <0.67) <0.67) <0.67) <0.67) - <0.67) - - - - - - - - - -
Selenium NA NA 50 <60 <60 <60 <60 <60 79.9) <60 - <60 - - - - - - - - - -
Silver NA NA 100 <10 <10 16.4) <10 <10 <10 <10 - <10 - - - - - - - - - -
PCBs (mg/kg)
Aroclor-1016 (PCB-1016) 4.1 0.98 - - - - <0.00113 <0.00139 <0.00124 <0.0015 <0.00148 <0.00134 <0.00137 | <0.00153 <0.0124 - - - - - - -
Aroclor-1221 (PCB-1221) 0.2 0.19 - - - - <0.00113 | <0.00139 | <0.00124 <0.0015 <0.00148 <0.00134 | <0.00137 | <0.00153 | <0.0124 - - - - - - -
Aroclor-1232 (PCB-1232) 0.17 0.19 - - - - <0.00113 <0.00139 <0.00124 <0.0015 <0.00148 <0.00134 <0.00137 | <0.00153 <0.0124 - - - - - - -
Aroclor-1242 (PCB-1242) 0.23 0.22 - - - - <0.00113 | <0.00139 | <0.00124 <0.0015 <0.00148 <0.00134 | <0.00137 | <0.00153 | <0.0124 - - - - - - -
Aroclor-1248 (PCB-1248) 0.23 0.22 - - - - <0.00113 <0.00139 <0.00124 <0.0015 <0.00148 <0.00134 <0.00137 | <0.00153 <0.0124 - - - - - - -
Aroclor-1254 (PCB-1254) 0.24 0.22 - - - - <0.00113 | <0.00139 | <0.00124 <0.0015 <0.00148 <0.00134 | <0.00137 | <0.00153 | <0.0124 - - - - - - -
Aroclor-1260 (PCB-1260) 0.24 0.22 - - - - <0.00113 <0.00139 <0.00124 <0.0015 <0.00148 <0.00134 <0.00137 | <0.00153 0.049 - - - - - - -
Other
Perchlorate (mg/kg) 55 14 - - - - - - - - - - - - - - - - - - - -
ABBREVIATIONS AND NOTES: QUALIFIERS:

-: Not Analyzed

bgs: below ground surface

ft: feet

HI: Hazard Index

mg/kg: milligram per kilogram
mg/L: milligram per liter

NA: Not Applicable

NDEQ: Nebraska Department of Environmental Quality
RGs: Remedial Goals

RSL: Regional Screening Level
VCP: Voluntary Cleanup Program

- Volatile and Semi-Volatile Organic analytes detected in at least one sample are
reported herein. For a complete list of analytes see the laboratory data sheets.

- Bold values indicate an exceedance of the Residential RSL.

- Shaded values indicate an exceedance of the NE VCP Residential Soil Criteria or Groundwater RGs.

Haley & Aldrich, Inc.

< 2.5: Not detected, value is the laboratory reporting limit
J: value is estimated.

J-: value is estimated with a potential low bias

J+: value is estimated with a potential high bias
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TABLE 3

SUMMARY OF SOIL DATA
OPPD FORT CALHOUN STATION
BLAIR, NEBRASKA

Location Name| Residential Soil NDEQ VCP NDEQ VCP DP1101 DP1101 DP1101 DP1101 DP1101 DP1102 DP1102 DP1102 DP1102 DP1102 551101 551102
Sample Name RSL Residential Soil Groundwater | DP110100 | DP110102 | DP110104 | DP110106 | DP110113 | DP110200 | DP110202 | DP110204 | DP110206 | DP110214 $5110100 $5110200
Sample Date| May 2016 Sept 2012 RGs 10/24/2016 | 10/24/2016 | 10/24/2016 | 10/24/2016 | 10/24/2016 | 10/24/2016 | 10/24/2016 | 10/24/2016 | 10/24/2016 | 10/24/2016| 10/24/2016 | 10/24/2016
Sample Depth (bgs) HI=1 Sept 2012 0-1(ft) 2-3(ft) 4-5(ft) 6-76(ft) | 13-14(ft) | 0-1(ft) 2-32(ft) 4-54 (ft) 6-76(ft) | 14 -54 (ft) 0-0.5(ft) 0-0.5(ft)
Volatile Organic Compounds (mg/kg)
2-Butanone (Methyl Ethyl Ketone) 27000 7500 - - - - - - - - - - - <0.00155 <0.00151)
Acetone 61000 16000 - - - - - - - - - - - <0.00155) <0.00151)J
Methyl Tert Butyl Ether 47 51 - - - - - - - - - - - 0.000336J- | <0.000301J
Semi-Volatile Organic Compounds (SIM) (mg/kg)
Benzo(b)fluoranthene 0.16 0.15 - - - - - - - - - - - - -
Chrysene 16 15 - - - - - - - - - - - - -
Fluoranthene 2400 570 - - - - - - - - - - - - -
Naphthalene 3.8 4.3 - - - - - - - - - - - - -
Phenanthrene NA NA - - - - - - - - - - - - -
Pyrene 1800 430 N - - - - - - - - - - - -
Total Petroleum Hydrocarbons (mg/kg)
Total Petroleum Hydrocarbons (>C10-C20) DRO NA NA - - - - - - - - - - - - -
Inorganic Compounds (mg/kg)
Aluminum 77000 19000 - - - - - - - - - - - 2950 8030
Antimony 31 7.8 - - - - - - - - - - - 2.11) <0.389)
Arsenic 0.68 0.39 - - - - - - - - - - - 45) 11.9J
Barium 15000 3800 - - - - - - - - - - - 89.2 J+ 265 J+
Beryllium 160 39 - - - - - - - - - - - <1 <1.18
Cadmium 71 18 - - - - - - - - - - - 0.36) 0.703
Calcium NA NA - - - - - - - - - - - 183000 19100
Chromium NA NA - - - - - - - - - - - 7.89 13.3
Cobalt 23 5.8 - - - - - - - - - - - 3.72 10.4
Copper 3100 780 - - - - - - - - - - - 21) 23.4)
Iron 55000 14000 - - - - - - - - - - - 10600 18300
Lead 400 400 - 2230) 11.9) 10.1J 4.82) 6.69 ) 9.17) 10.8J 5] 6.57) 4.8) 105 32.2)
Magnesium NA NA - - - - - - - - - - - 4820 9960
Manganese 1800 460 - - - - - - - - - - - 294) 853
Mercury 11 3.1 - - - - - - - - - - - 0.0115 0.0306
Nickel 1500 390 - - - - - - - - - - - 12.4 24.2
Potassium NA NA B N N - - - - - - N N 678 J+ 1520 J+
Selenium 390 98 - - - - - - - - - - - 1.2) <0.59
Silver 390 98 - - - - - - - - - - - <1) 0.341)
Sodium NA NA - - - - - - - - - - - 399 835
Thallium 0.78 NA - - - - - - - - - - - <0.501 <5.9
Vanadium 390 97 - - - - - - - - - - - 10.8 29.3
Zinc 23000 5900 - - - - - - - - - - - 56.6J 75.5)
Inorganic Compounds (ug/L)
Arsenic NA NA 50 - - N N N N N N - - B B
Barium NA NA 2000 - - - - - - - - - - - -
Cadmium NA NA 5 - - - - - - - - - - - -
Chromium NA NA 100 - - - - - - - - - - - -
Lead NA NA 15 - B B N N N - - - - - -
Mercury NA NA 2 - - - - - - - - - - - -
Selenium NA NA 50 - - - - - - - - - - - -
Silver NA NA 100 - - - - - - - - - - - -
PCBs (mg/kg)
Aroclor-1016 (PCB-1016) 4.1 0.98 - - - - - - - - - - - - -
Aroclor-1221 (PCB-1221) 0.2 0.19 - - - - - - - - - - - - -
Aroclor-1232 (PCB-1232) 0.17 0.19 - - - - - - - - - - - - -
Aroclor-1242 (PCB-1242) 0.23 0.22 - - - - - - - - - - - - -
Aroclor-1248 (PCB-1248) 0.23 0.22 - - - - - - - - - - - - -
Aroclor-1254 (PCB-1254) 0.24 0.22 - - - - - - - - - - - - -
Aroclor-1260 (PCB-1260) 0.24 0.22 - - - - - - - - - - - - -
Other
Perchlorate (mg/kg) 55 14 - - - - - - - - - - - <0.014 <0.0161
ABBREVIATIONS AND NOTES: QUALIFIERS:

-: Not Analyzed

bgs: below ground surface

ft: feet

HI: Hazard Index

mg/kg: milligram per kilogram
mg/L: milligram per liter

NA: Not Applicable

NDEQ: Nebraska Department of Environmental Quality
RGs: Remedial Goals

RSL: Regional Screening Level
VCP: Voluntary Cleanup Program

- Volatile and Semi-Volatile Organic analytes detected in at least one sample are
reported herein. For a complete list of analytes see the laboratory data sheets.

- Bold values indicate an exceedance of the Residential RSL.

- Shaded values indicate an exceedance of the NE VCP Residential Soil Criteria or Groundwater RGs.

Haley & Aldrich, Inc.

< 2.5: Not detected, value is the laboratory reporting limit
J: value is estimated.

J-: value is estimated with a potential low bias

J+: value is estimated with a potential high bias
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Page 1 of 1

TABLE 10

SUMMARY OF GROUNDWATER DATA
OPPD FORT CALHOUN STATION
BLAIR, NEBRASKA

Location EPA Health NDEQ VCP GW1004 GW1101

Sample Date MCL Advisory Groundwater |10/24/2016|10/24/2016

Sample Type (May 2016) Sept 2012 N N
Volatile Organic Compounds (ug/L)
Benzene 5 NA 5 R -
Ethylbenzene 700 NA 700 R -
Naphthalene NA NA 0.14 R -
Toluene 1000 NA 1000 R -
Xylene (total) 10000 NA 10000 R -
Inorganic Compounds (ug/L)
Aluminum, Total NA NA 50 - 360000 J-
Antimony, Total 6 NA 6 - <60)J
Arsenic, Total 10 NA 50 - 550 J-
Barium, Total 2000 NA 2000 - 19000 J-
Beryllium, Total 4 NA 4 - <30J
Cadmium, Total 5 NA 5 - <30)J
Calcium, Total NA NA NA - 960000 J-
Chromium, Total 100 NA 100 - 1700 J-
Cobalt, Total NA NA 2.7 - 600 J-
Copper, Total 1300 NA 1300 - 590 J-
Iron, Total NA NA 300 - 1100000 J-
Lead, Total 15 NA 15 - 730J-
Magnesium, Total NA NA NA - 300000 J-
Manganese, Total NA NA 50 - 27000 J-
Mercury, Total 2 NA 2 - 0.64)
Nickel, Total NA NA 180 - 1500 J-
Potassium, Total NA NA NA - 66000 J-
Selenium, Total 50 NA 50 - <160)J
Silver, Total NA NA 100 - <60)
Sodium, Total NA NA NA - 63000 J-
Thallium, Total 2 NA 2 - <100J
Vanadium, Total NA NA 38 - 1400 J-
Zinc, Total NA NA 5000 - 3100 J-
PFAOs (ng/L) 0.07 3150*
Perfluorobutane Sulfonate NA NA NA 270 -
Perfluoroheptanoic acid (PFHpA) NA NA NA 380 -
Perfluorohexanesulfonic acid (PFHxS) NA NA NA 1600 -
Perfluorononanoic Acid (PFNA) NA NA NA 100 -
Perfluorooctanesulfonic acid (PFOS) NA NA NA 520 -
Perfluorooctanoic Acid (PFOA, C8) NA NA NA 280 -
Other
Perchlorate (ug/L) 15 6.4 - <4
ABBREVIATIONS AND NOTES: QUALIFIERS:
-: Not Analyzed < 2.5: Not detected, value is the laboratory reporting limit
ug/L: microgram per liter J: value is estimated.
ng/L: nanogram per liter J-: value is estimated with a potential low bias
NA: Not Applicable J+: value is estimated with a potential high bias
NDEQ: Nebraska Department of Environmental Quality R: Value is rejected

MCL: Maximum Contaminant Level
VCP: Voluntary Cleanup Program
* Value obtained by summing all the PFAOs detections

- Bold values indicate an exceedance of the MCL.
- Gray indicates an exceedance of the NDEQ VCP Groundwater Remedial Goal.
- Red bold value indicates an exceedance of the EPA Health Advisory.

Haley & Aldrich, Inc.
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TABLE 11

SUMMARY OF SEDIMENT DATA
OPPD FORT CALHOUN STATION
BLAIR, NEBRASKA

Location Name| Residential Soil NDEQ VCP SD1401 SD1401 SD1402 SD1403
Sample Name RSL Residential Soil SD140100 SD140100 DUP SD140200 SD140300
May 2016 Sept 2012 10/24/2016 10/24/2016 10/24/2016 10/24/2016
Sample Depth (bgs) Hi=1 0-0.5 (ft) 0-0.5 (ft) 0-0.5 (ft) 0-0.5 (ft)
Volatile Organic Compounds (mg/kg)
2-Butanone (Methyl Ethyl Ketone) 27000 7500 0.00448 J- <0.00286J 0.00644 J- 0.00316 J-
Acetone 61000 16000 0.0155 J- 0.00728 J- 0.0255 J- 0.0148 J-
Methyl acetate 78000 20000 <0.00243J <0.00286 J <0.00319)J 0.0107 J-
Semi-Volatile Organic Compounds (SIM) (mg/kg)
Anthracene 18000 5900 <0.00267 0.0042) <0.00299 <0.00263
Benzo(b)fluoranthene 0.16 0.15 0.00321 0.00367J 0.004791J <0.00263
Benzo(k)fluoranthene 1.6 1.5 <0.00267 <0.00262 0.003591J <0.00263
Chrysene 16 15 <0.00267 0.00262 ) 0.003591J <0.00263
Fluoranthene 2400 570 0.00374) 0.0063 0.00598 0.003151J
Phenanthrene NA NA 0.00374) <0.00262 0.004191J 0.00368 J
Pyrene 1800 430 0.0032) 0.0042) 0.00419J 0.00263 J
Inorganic Compounds (mg/kg)
Aluminum 77000 19000 103001 10000 J 111001 96301J
Antimony 31 7.8 <0.48) <0.506J <0.553) <0.477)
Arsenic 0.68 0.39 10.9) 11.4) 9.95) 12.3)
Barium 15000 3800 244 )+ 243 J+ 263 J+ 222 J+
Beryllium 160 39 <1.46 <1.53 <1.67 <144
Cadmium 71 18 0.74 0.708 1) 0.7881) 0.5851)
Calcium NA NA 32900 26700 29700 23100
Chromium NA NA 16.1 15.6 17 14.5
Cobalt 23 5.8 9.26 9.36 9.96 9.08
Copper 3100 780 24.3) 23.4) 26.6J 23.8)
Iron 55000 14000 19800 19500 21100 19800
Lead 400 400 1491 151 16.6J 14.51)
Magnesium NA NA 10300 9400 9470 7010
Manganese 1800 460 706 ] 668 J 784 ) 663 ]
Mercury 11 3.1 0.0355 0.0365 0.0422 0.0342
Nickel 1500 390 231 23 24.7 21.9
Potassium NA NA 2060 J+ 1960 J+ 2370 )+ 2050 J+
Selenium 390 98 1.95] 2.361J 2.21) 1.38)
Silver 390 98 0.217) 0.328) 0.348) 0.311)
Sodium NA NA 263 248 221 195
Thallium 0.78 NA <0.728 <0.766 <0.837 <0.722
Vanadium 390 97 333 33.2 35.7 30.7
Zinc 23000 5900 106J 108J 1121 87.5)
PFAs (mg/Kg)
Perfluorobutane Sulfonate 1600 NA <0.00017 <0.00016 <0.00017 <0.00021
Perfluoroheptanoic acid (PFHpA) NA NA 0.00036 0.00026J 0.00014J <0.00018
Perfluorohexanesulfonic acid (PFHxS) NA NA <0.00019 <0.00019 <0.00019 <0.00024
Perfluorononanoic Acid (PFNA) NA NA 0.0006 0.00046 0.00062 0.00025J
Perfluorooctanesulfonic acid (PFOS) NA NA 0.00023J <0.0002 0.00029J 0.0005
Perfluorooctanoic Acid (PFOA, C8) NA NA 0.00063 0.00039 0.00039 0.00027J
Other (mg/Kg)
Perchlorate 55 14 <0.0216 <0.0211 <0.0242 <0.0213
ABBREVIATIONS AND NOTES: QUALIFIERS:

-: Not Analyzed

bgs: below ground surface

ft: feet

HI: Hazard Index

mg/kg: milligram per kilogram
mg/L: milligram per liter

NA: Not Applicable

NDEQ: Nebraska Department of Environmental Quality

RSL: Regional Screening Level
VCP: Voluntary Cleanup Program

- Volatile and Semi-Volatile Organic analytes detected in at least one sample are
reported herein. For a complete list of analytes see the laboratory data sheets.
- Bold values indicate an exceedance of the Residential RSL.

- Shaded values indicate an exceedance of the Nebraska VCP Residential Soil Criteria.

Haley & Aldrich, Inc.
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< 2.5: Not detected, value is the laboratory reporting limit
J: value is estimated.

J-: value is estimated with a potential low bias
J+: value is estimated with a potential high bias

Page 1 of 1

December 2016



TSSD Services, Inc. | Fort Calhoun Station Limited Site Characterization Report



GIS FILE PATH: C:\ajospe\projects\127960\GIS\Maps\2016_10\127960_002_0001_LOCUS.mxd — USER: ajospe — LAST SAVED: 12/13/2016 4:18:34 PM

—41°34'0"N

~41°33'0"N

—41°32'0"N

~41°31'0"N

—41°30'0"N

~41°29'0"N

I
96°7'0"W

NE

I I
96°6'0"W 96°5'0"W

I
96°4'0"W

I
96°3'0"W

®

MAP SOURCE: ESRI
SITE COORDINATES: 41°31'13"N, 96°4'33"

I
96°2'0"W

—
I I I
HALEY FORT CALHOUN NUCLEAR PLANT
DRICH POWER LANE
AL BLAIR, NEBRASKA

PROJECT LOCUS
APPROXIMATE SCALE: 1 IN = 4000 FT
DECEMBER 2016 FIGURE 1




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_000X_SITE_MAP_10_1.mxd - USER: ajospe - LAST SAVED: 12/6/2016 5:25:54 PM

e

CHEMICA

CHEMICAL
~STQRAGE.

P
¥
4
p
o il

RO
GUIPMENT

MAINTENANCE SHOP

QN

TRAINING
CENTER

EQURITY:BULDING™

SECURITY
BYILDING

~

/

By

\ 2,

a N

S/ REATMERTEAGRONS >~
= h >~

FORMER ™™~ |
SANITARY LAGOONS

/l'l/,g

S

. OU/?/ Q/I/E
R

CHEMICAIJ’_' PUMP HOUSE

~

~

<

S .
N ~

EQRNER CHEMICAS, _

N AGRICULTURAL
LAND

LEGEND

EXISTING BUILDING
—————— UTILITY
—— -- — STREAM OR BODY OF WATER

— = = PROPERTY BOUNDARY

MAJOR TOPOGRAPHIC CONTOUR, 5' CONTOUR

INTERVAL

MINOR TOPOGRAPHIC CONTOUR, 1' CONTOUR

INTERVAL

NOTES
1. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
2. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

3. AERIAL IMAGERY SOURCE: ESRI 2015

%
oy %s,

TRUE NORTH

0 150 300 600

SCALE IN FEET

TOPOGRAPHY

FORT CALHOUN NUCLEAR PLANT

POWER LANE, BLAIR, NEBRASKA FIGURE 2

DECEMBER 2016

HatBkicH




D: 12/6/2016 5:25:54 PM

_10_1.mxd - USER: ajospe - LAST SAVE|

EXISTING BUILDING

—————— UTILITY
—— -- — STREAM OR BODY OF WATER

PROPERTY BOUNDARY

/ WETLAND
4

) |

NOTES

1. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
2. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

3. AERIAL IMAGERY SOURCE: ESRI 2015

& 4/‘/7/‘/
O,
/?777

TRUE NORTH

0 350 700 1,400

SCALE IN FEET

CO RD P37

C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_000X_SITE_MAP.

SURFACE WATER FEATURES

FORT CALHOUN NUCLEAR PLANT

POWER LANE, BLAIR, NEBRASKA FIGURE 3
DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_000X_SITE_MAP_10_1.mxd - USER: ajospe - LAST SAVED: 12/6/2016 5:25:54 PM

* LEGEND
N

~ —— AQUA DAM OR SANDBAGGED AREA

* N — EXISTING BUILDING
> ~
\ —————— UTILITY
~ N )
‘~ N — -~ — STREAM OR BODY OF WATER
. /
N . - = PROPERTY BOUNDARY
N }
. ,
- . MAINTENANCE SHOP - APPROXIMATE AREA OF FLOODING IN 2011
\ .. " . —
INTAKE STRUCTURE
FIRING RAN

TURBINE BUILDING
® \\ o
\vx 3N~ SECURITY SSo
~ BUILDING “Riry,
4 7 S "
W o e T CHEMICAL PUMP HOUSE
v/ o

ST
i \ Q\ ~

AUXILIARY BUILDING b .
. ® FORNER CHEMICATS .
\ o~ TREATMENT EAGQONS ™~
M ! ~._ ~ ~
V/ /BUILDING X / S N Y
/,/ \~-\ \\ \~ NOTES
9/' CHEMICAL “\ . < 1. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
"/' \~ Ss
STORAGE e T~ S~ 2. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY
- ~. - 3. AERIAL IMAGERY SOURCE: ESRI 2015
/ e T
'// LANDFILL H
//!7 ADMINISTRATION BUILDING k\\
’f STORAGE AR . ® -
¢ PROTECTION .
. ! EQUIPMENT “. ¢
. o
7« & FORMER
FIRE TRAINING AREA ~:\ SANITARY LAGOONS
’ "@ o
J > ‘ FUEL AST Ly,
. /’I & Lo
'/ (w) Q7‘/7
| . __FISHCREEK __>—,
T re——ra—T—"
TRAINING » TRUE NORTH
CENTER
0 150 300 600
' " SCALE IN FEET '
N .
N o
IS
) AGRICULTURAL SITE CONDITIONS DURING THE 2011 FLOOD
. . LAND
FORT CALHOUN NUCLEAR PLANT
) POWER LANE, BLAIR, NEBRASKA FIGURE 4
OSGS BUILDING DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GI1S\Maps\2016_12\127960_002_000X_SITE_MAP_10_1.mxd - USER: ajospe - LAST SAVED: 12/6/2016 5:25:54 PM

TOWER

CO RD P37

--—--—_.___FISH CREEK

S

~
S NEW WAREHOUSI‘f N
CHEMICAL &RADIATION 8

.

/

PROTECTION FASILITY S5 Q/

FIRNG ZﬁNGé /Vbj

RO TREATED WATER %
TANK/EXTRACTION WELLZ

; (SO
y AT RN
A, ~ T~
VAN RAD WASTE BULDING. -
J/ X / RAD WASTE BUILDI 6 .
7/ . .
/,« & /—NEW SECURITY BOIDING ~~—.._ S~
EQUIPMENT % AR - ) ..
STORAGE AREA ™ AN o
4 ADMINISTRATION BULDING - S0y,
PR Sto
, Jf A o
FIRE TRAINING AREA
TRAINING
CENTER
AGRICULTURAL
LAND
0SGS BUILDING ——— &)
/>
'l \\
‘ Y SANITARY
/" WASTEWATER LAND
' <" APPLICATION AREA
A /
L4 'l
e e———— . .
R - — - ~\~
S13h et ! T N
HsT ~ —_— ~7
o - — - S
5’ S Hwy 75 S————— .
. ~
~
Q
O
%

/
MAINTENANCE SHOP
AUXILIARY BUILDING
INTAKE STRUCTURE
Y
I ‘ TURBINE BUILDING

SECURITY
BUILDING
CHEMICAL PUMP HOUSE

_SANITARY s
LAGOON \

LEGEND

EXISTING BUILDING

—————— UTILITY

——--— STREAM OR BODY OF WATER

— = = PROPERTY BOUNDARY

NOTES

1. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
2. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

3. AERIAL IMAGERY SOURCE: ESRI 2015

o
(4/\/
rWO@,

TRUE NORTH

0 350 700 1,400

SCALE IN FEET

CURRENT SITE CONDITIONS

FORT CALHOUN NUCLEAR PLANT
POWER LANE, BLAIR, NEBRASKA FIGURE 5

DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_0006_EXCEEDANCES.mxd - USER: ajospe - LAST SAVED: 12/14/2016 4:38:50 PM

DIATION
ACILITY

AUXILIARY BUILDING

RAD WASTE BU@ING

(2]

W,
CkSWQ
/4
¢

TURBINE BUILDING

&

@

[¢]

O

0

@

0

0

O

0

(W]

W]

cl

SECURITY
BUILDING o

[s]

0

DP0102

\

o5
O

0

]

a
<

ADMINISTRATION BUILDING

- ~.. :
\\ \~ |
L,,;v \R:JT
NS
L .
RS N [N
~.
N\,
N\
DP0101 N
\~
FORMER CHEMICAL
,//////////TREATMENTLAGOONS
/N
; ~.
/ ~..
/' \‘~
/ BN
/ \\
.
\-
SWO02
———
L SW03
(i —
ol ~\~
~—_
—
]
o
o
o
o
LANDFILL
fe) ]
K4
FORMER
SANITARY LAGOONS

£

LEGEND

2016 SAMPLING

SOIL SAMPLING LOCATION (DIRECT PUSH AND SOIL
SAMPLE)

GROUNDWATER SAMPLING LOCATION

SEDIMENT SAMPLING LOCATION

EXCEEDANCE OF OTHER CONSTITUENTS

EXCEEDANCE FOR ARSENIC

TRANSFORMER

NPDES OUTFALL

STORMWATER OUTFALL

STORMWATER INLET

ACID TANK

ABOVEGROUND STORAGE TANK

UNDERGROUND STORAGE TANK

ORCHERRCNONONON < I R I

EXISTING BUILDING
—————— UTILITY

——--— STREAM OR BODY OF WATER
NOTES

TTocA TONSRAEE HEQYNROBE ADJUSTED BASE ON SITE

CONDITIONS.
2. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
3. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

4. AERIAL IMAGERY SOURCE: ESRI 2015

A,
L
4/V7.A/
OQr
%,
TRUE NORTH
0 50 100 200

SCALE IN FEET

AOIl 1: WATER TREATMENT PLANT,
LIMITED INVESTIGATION FINDINGS

FORT CALHOUN NUCLEAR PLANT

POWER LANE, BLAIR, NEBRASKA FIGURE 6

DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_0006_EXCEEDANCES.mxd - USER: ajospe - LAST SAVED: 12/14/2016 4:38:50 PM

DP0204

CHEMICAL
STORAGE

DP0203

DRUMS REPORTED
TO BE OUTSIDE

©

DP0201

~

S

HAZARD

N/

/ STORAGE BUILDIN

DP0202

©
\CHEMICAL

STORAGE

IMATERIAL

CHEMICAL & RADIATION
PROTECTION FAGILITY

DP0501

FIRE
PROTECTION M
EQUIPMENT

LEGEND

2016 SAMPLING

SOIL SAMPLING LOCATION (DIRECT PUSH AND SOIL
SAMPLE)

GROUNDWATER SAMPLING LOCATION

SEDIMENT SAMPLING LOCATION

EXCEEDANCE OF OTHER CONSTITUENTS

EXCEEDANCE FOR ARSENIC

TRANSFORMER

NPDES OUTFALL

STORMWATER OUTFALL

STORMWATER INLET

ACID TANK

ABOVEGROUND STORAGE TANK

ORCHERRCNONONON < I R I

UNDERGROUND STORAGE TANK
EXISTING BUILDING
—————— UTILITY

——--— STREAM OR BODY OF WATER
NOTES

TTocA TONSRAEE HEQYNROBE ADJUSTED BASE ON SITE

CONDITIONS.
2. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
3. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

4. AERIAL IMAGERY SOURCE: ESRI 2015

)
L
4/V7./VO
f?rH
TRUE NORTH

0 50 100 200

SCALE IN FEET

AOI 2: CHEMICAL STORAGE AREAS,
LIMITED INVESTIGATION FINDINGS

FORT CALHOUN NUCLEAR PLANT

POWER LANE, BLAIR, NEBRASKA FIGURE 7

DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_0006_EXCEEDANCES.mxd - USER: ajospe - LAST SAVED: 12/14/2016 4:38:50 PM

| A ”
AL /4
/
///
¥
e}DP0501
SPARE TRANSFORMER
/ N
A o
fé /N 1/V1
/ SS0501 ~~_ —-
L\\ /, \\
a NCIERN
(\ VAR So
b NS /Ny
VAN / 7
~ / /
7/ NS4 /
/mNY /
'\\/ \\\//

DP0502

&

6-BAY MAINTENANCE GARAGE

—

- — -
L4
L4

LEGEND
2016 SAMPLING

SOIL SAMPLING LOCATION (DIRECT PUSH AND SOIL
SAMPLE)

GROUNDWATER SAMPLING LOCATION

SEDIMENT SAMPLING LOCATION

EXCEEDANCE OF OTHER CONSTITUENTS

EXCEEDANCE FOR ARSENIC

TRANSFORMER

NPDES OUTFALL

STORMWATER OUTFALL

STORMWATER INLET

®O 00D e o

EXISTING BUILDING

—————— UTILITY

——--— STREAM OR BODY OF WATER

— = = PROPERTY BOUNDARY

NOTES

1. LOCATIONS IN THE FIELD MAY BE ADJUSTED BASE ON SITE
CONDITIONS.

2. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
3. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

4. AERIAL IMAGERY SOURCE: ESRI 2015

2 ‘erv
O,
Q2

TRUE NORTH

0 15 30 60
| — ; ]
SCALE IN FEET

AOI 5: SPARE TRANSFORMER,
LIMITED INVESTIGATION FINDINGS

FORT CALHOUN NUCLEAR PLANT
POWER LANE, BLAIR, NEBRASKA FIGURE 8
DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_0006_EXCEEDANCES.mxd - USER: ajospe - LAST SAVED: 12/14/2016 4:38:50 PM

QO

]

DP0602

Q@

FO-43A/B

MAINTENANCE SHOP

CHEMICAL & RADIATION
PROTECTION FACILITY

AUXILIARY BUILDING

RAD WASTE BUILDING

o]

TURBINE BUILDING

0-1

@ DP0603

[8)

&

hC)

Q)

FO-10 Q}

DP0601

®

/"

—

i

SECURITY
BUILDING O

LEGEND

2016 SAMPLING

SOIL SAMPLING LOCATION (DIRECT PUSH AND SOIL
SAMPLE)

GROUNDWATER SAMPLING LOCATION

SEDIMENT SAMPLING LOCATION

EXCEEDANCE OF OTHER CONSTITUENTS

EXCEEDANCE FOR ARSENIC

UNDERGROUND STORAGE TANK

ABOVE-GROUND STORAGE TANK

Deoem @ oo

ACID TANK

EXISTING BUILDING

—————— UTILITY

——--— STREAM OR BODY OF WATER

— = = PROPERTY BOUNDARY

NOTES

1. LOCATIONS IN THE FIELD MAY BE ADJUSTED BASE ON SITE
CONDITIONS.

2. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET

3. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

4. AERIAL IMAGERY SOURCE: ESRI 2015

A
L
‘Wr/l/o
Q2
TRUE NORTH

0 40 80 160

SCALE IN FEET

AOI 6: UNDERGROUND STORAGE TANKS,
LIMITED INVESTIGATION FINDINGS

FORT CALHOUN NUCLEAR PLANT
POWER LANE, BLAIR, NEBRASKA FIGURE 9
DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_0006_EXCEEDANCES.mxd - USER: ajospe - LAST SAVED: 12/14/2016 4:38:50 PM

@ GW1004

v

CROSSPAN

DP1001

©

DRAIN TO FISH CREEK

FIRE TRAINING AREA

®

SEALAND CONTAINER
USED FOR FIRE TRAINING

DP1003

DP1002

BLOCK HOUSE/
STORAGE AREA

NN
2N
AV

LEGEND

2016 SAMPLING

SOIL SAMPLING LOCATION (DIRECT PUSH AND SOIL
SAMPLE)

GROUNDWATER SAMPLING LOCATION

SEDIMENT SAMPLING LOCATION

EXCEEDANCE OF OTHER CONSTITUENTS

EXCEEDANCE FOR ARSENIC

TRANSFORMER

NPDES OUTFALL

STORMWATER OUTFALL

®O 00D e o

STORMWATER INLET

EXISTING BUILDING

—————— UTILITY

——--— STREAM OR BODY OF WATER

— = = PROPERTY BOUNDARY

NOTES

1. LOCATIONS IN THE FIELD MAY BE ADJUSTED BASE ON SITE
CONDITIONS.

2. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
3. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY

4. AERIAL IMAGERY SOURCE: ESRI 2015

2 "/Vr,v
O,
Q2

TRUE NORTH

0 15 30 60
—

SCALE IN FEET

AOI 10: FIRE TRAINING AREA,
LIMITED INVESTIGATION FINDINGS

FORT CALHOUN NUCLEAR PLANT

POWER LANE, BLAIR, NEBRASKA FIGURE 10

DECEMBER 2016

HatBkicH




C:\ajospe\projects\127960\GIS\Maps\2016_12\127960_002_0006_EXCEEDANCES.mxd - USER: ajospe - LAST SAVED: 12/14/2016 4:38:50 PM

OBSTRUCTED VIEW/
URBAN TRAINING

NORTHERN BERM

©

GW1101

DP1101

@

@ ssuo

FIRING RANGE

UTILITY BUILDING

\
SS1101 e

LEGEND
2016 SAMPLING

SOIL SAMPLING LOCATION (DIRECT PUSH AND SOIL
SAMPLE)

GROUNDWATER SAMPLING LOCATION

SEDIMENT SAMPLING LOCATION

EXCEEDANCE OF OTHER CONSTITUENTS

EXCEEDANCE FOR ARSENIC

TRANSFORMER

NPDES OUTFALL

STORMWATER OUTFALL

STORMWATER INLET

®O 00D e o

EXISTING BUILDING

—————— UTILITY

——--— STREAM OR BODY OF WATER

— = = PROPERTY BOUNDARY

NOTES

1. LOCATIONS IN THE FIELD MAY BE ADJUSTED BASE ON SITE
CONDITIONS.

2. STREAM DATA SOURCE: NATIONAL HYDROGRAPHY DATASET
3. WETLAND DATA SOURCE: NATIONAL WETLAND INVENTORY
4. ADDITIONAL LOCATIONS MAY BE ADDED, AS SCHEDULE PERMITS.

5. AERIAL IMAGERY SOURCE: ESRI 2015

2 ‘erv
O,
Q2

TRUE NORTH

0 15 30 60
| — ; ]
SCALE IN FEET

AOI 11: FIRING RANGE,
LIMITED INVESTIGATION FINDINGS

FORT CALHOUN NUCLEAR PLANT
POWER LANE, BLAIR, NEBRASKA FIGURE 11
DECEMBER 2016

HatBkicH




EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

EEEEEEEEEEEEEEEEEEEE

\
AL TN
J ) .
- /

:
’I
Vi

2

[

'I

;

;

SD1402 //

7
’

AOI 14: FISH CREEK AND WETLANDS,
LIMITED INVESTIGATION FINDINGS

AAAAAAAAAAAAAAAAAAAAAAAA

EEEEEEEEEEEE

Tt e——— e

—_—
e e




Appendix A NDEQ VCP Regulations

TSSD Services, Inc. | Fort Calhoun Station Limited Site Characterization Report



NDEQ VCP REMEDIATION GOALS

TABLE 1 - DIRECT CONTACT EXPOSURE PATHWAYS

Acephate 30560-19-1 i | 4.0E-03 0 1 5.6E+01 2.0E+03 7.7E+00 3.4E-02
Acetaldehyde 75-07-0 2.2E-06 i| 90E-03 |i |1 1 1.2E+01 | ca |4.4E+02| nc | 2.2E+00 | ca | 8.9E-03 | ca
Acetochlor 34256-82-1 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 2.9E+00 | nc
Acetone 67-64-1 9.0E-01 | i 31E+01 (a1 1 1.6E+04 | nc | 1.0E+05 | max| 5.4E+03 | nc | 2.2E+01 | nc
Acetone cyanohydrin 75-86-5 3.0E-03 | p 6.0E-02 |p| 1 1 5.2E+01 | nc | 2.2E+03| nc | 1.5E+01 | nc | 5.9E-02 | nc
Acetonitrile 75-05-8 6.0E-02 | i |1 1 2.7E+02 | nc |4.5E+03| nc | 3.1E+01 | nc | 1.3E-01 | nc
Acrolein 107-02-8 5.0E-04 | i 20E-05 | i |1 1 4.8E-02 | nc | 8.0E-01 | nc | 1.0E-02 | nc | 4.2E-05 | nc
Acrylamide 79-06-1 5.0E-01 i| 2.0E-03 |i 1.0E-04 i| 6.0E-03 |i|O 0.10 1 2.3E-01 | ca |3.4E+01| ca | 4.3E-02 | ca | 1.8E-04 | ca
Acrylic acid 79-10-7 5.0E-01 | i 1.0E-03 |i| O 0.10 1 7.5E+03 | nc | 1.0E+05 max| 4.6E+03 | nc | 1.9E+01 | nc
Acrylonitrile 107-13-1 5.4E-01 i| 40E-02 | a 6.8E-05 i| 20E-03 |i |1 1 2.7E-01 | ca |1.3E+01| ca | 45E-02 | ca | 1.9E-04 | ca
Alachlor 15972-60-8 5.6E-02 |c| 1.0E-02 | i 0| s 0.10 1 8.7E+00| ca |3.1E+02 | ca | 2.0E+00  m | 3.3E-02 | m
Alar 1596-84-5 1.8E-02 c| 15E-01 | i 5.1E-06 c 0 0.10 1 2.7E+01 | ca |9.6E+02| ca | 3.7E+00 | ca | 1.6E-02 | ca
Aldicarb 116-06-3 1.0E-03 | i 0 S 0.10 1 1.5E+01 | nc |6.2E+02 | nc | 9.1E+00 | nc | 4.6E-02 | nc
Aldicarb sulfone 1646-88-4 1.0E-03 | i 0 S 0.10 1 1.5E+01 | nc |6.2E+02 | nc | 9.1E+00 | nc | 4.0E-02 | nc
Aldrin 309-00-2 1.7E+01 i| 3.0E-05 | i 4.9E-03 i 0| s 0.10 1 2.9E-02 | ca |1.0E+00| ca | 4.0E-03 | ca | 1.3E-02 | ca
Ally 74223-64-6 2.5E-01 | i 0 0.10 1 3.8E+03 | nc | 1.0E+05 | max| 2.3E+03 | nc | 1.8E+01 | nc
Allyl alcohol 107-18-6 5.0E-03 | i 1.0E-04 | x| O 0.10 1 7.6E+01 | nc |3.1E+03| nc | 4.6E+01 | nc | 1.9E-01 | nc
Allyl chloride 107-05-1 2.1E-02 c 6.0E-06 c| 1.0E-03 |i 1 1 5.3E-01 | nc |89E+00| nc | 5.2E-01 | nc | 3.3E-03 | nc
Aluminum 7429-90-5 1.0E+00 | p 5.0E-03 |p| O 1 1.9E+04 | nc | 1.0E+05 max| 5.0E+01 | m

Aluminum phosphide 20859-73-8 4.0E-04 | i 0 1 7.8E+00 | nc |4.1E+02 | nc | 3.7E+00 | nc

Amdro 67485-29-4 3.0E-04 | i 0 0.10 1 4.6E+00| nc | 1.8E+02 | nc | 2.7E+00 | nc | 2.0E+04 | nc
Ametryn 834-12-8 9.0E-03 | i 0 0.10 1 1.4E+02 | nc |5.5E+03 | nc | 8.2E+01 | nc | 1.7E+00 | nc
m-Aminophenol 591-27-5 8.0E-02 | p 0 0.10 1 1.2E+03 | nc |4.9E+04| nc | 7.3E+02 | nc | 5.3E+00 | nc
Amitraz 33089-61-1 25E-03 | i 0 0.10 1 3.8E+01| nc | 1.5E+03 | nc | 2.3E+01 | nc | 2.3E+02 | nc
Ammonia (total ammonia, nitrite & nitrate as N)** 7664-41-7 1.0E-01 | i |n/a 1 1.0E+04 | ** | 4.0E+01 | **
Ammonium sulfamate 7773-06-0 2.0E-01 | i 0 1 3.9E+03 | nc | 1.0E+05 | max| 1.8E+03 | nc

Aniline 62-53-3 5.7E-03 i| 7.0E-03 | p 16E-06 |c| 10E-03 |i O 0.10 1 8.5E+01 | ca |3.0E+03 | ca | 1.2E+01 | ca | 8.0E-02 | ca
Antimony and compounds 7440-36-0 4.0E-04 | i 0 0.15 7.8E+00 | nc |4.1E+02 | nc | 6.0E+00 | m

Antimony pentoxide 1314-60-9 5.0E-04 | h 0 0.15 9.8E+00 | nc |5.1E+02 | nc | 6.0E+00 | m

Antimony potassium tartrate 11071-15-1 9.0E-04 | h 0 0.15 1.8E+01 | nc |9.2E+02 | nc | 6.0E+00 | m

Antimony tetroxide 1332-81-6 4.0E-04 | h 0 0.15 7.8E+00| nc |4.1E+02| nc | 6.0E+00 | m

Antimony trioxide 1309-64-4 20E-04 |i|O 0.15 6.2E+04 | nc | 1.0E+05 | max| 6.0E+00 | m

Apollo 74115-24-5 1.3E-02 | i 0 0.10 1 2.0E+02 | nc |8.0E+03| nc | 1.2E+02 | nc | 1.4E+02 | nc
Aramite 140-57-8 2.5E-02 i| 5.0E-02 | h 7.1E-06 i 0 0.10 1 1.9E+01 | ca |6.9E+02| ca | 2.7E+00 | ca | 6.1E-01 | ca
Arsenic (inorganic) 7440-38-2 1.5E+00 i| 3.0E-04 | i 4.3E-03 i| 15605 |c| O 0.03 1 3.9E-01 | ca |1.6E+01| ca | 5.0E+01 | m | 2.9E+01 | m
Arsine 7784-42-1 3.5E-06 | c 5.0E-05 | i |n/a 1 6.8E-02 | nc |3.6E+00| nc | 3.2E-02 | nc

Assure 76578-14-8 9.0E-03 | i 0 0.10 1 1.4E+02 | nc |5.5E+03 | nc | 8.2E+01 | nc | 2.6E+01 | nc
Asulam 3337-71-1 5.0E-02 | i 0 0.10 1 7.6E+02 | nc |3.1E+04 | nc | 4.6E+02 | nc | 2.3E+00 | nc
Atrazine 1912-24-9 2.3E-01 c| 3.5E-02 | i 0 S 0.10 1 2.1E+00 | ca |7.5E+01| ca | 3.0E+00 | m | 3.9E-02 | m
Avermectin B1 65195-55-3 4.0E-04 | i 0 0.10 1 6.1E+00 | nc |2.5E+02 | nc | 3.7E+00 | nc | 1.3E+02 | nc
Azobenzene 103-33-3 1.1E-01 i 3.1E-05 i 1 1 5.2E+00 | ca |2.4E+02| ca | 1.2E-01 | ca | 1.9E-02 | ca
Barium and compounds 7440-39-3 2.0E-01 | i 5.0E-04 | h|O 0.07 3.8E+03 | nc | 1.0E+05 max| 2.0E+03 | m | 1.6E+03 | m
Baygon 114-26-1 4.0E-03 | i 0 0.10 1 6.1E+01 | nc |2.5E+03| nc | 3.7E+01 | nc | 1.5E-01 | nc
Bayleton 43121-43-3 3.0E-02 | i 0 0.10 1 4.6E+02| nc | 1.8E+04 | nc | 2.7E+02 | nc | 4.4E+00 | nc
Baythroid 68359-37-5 2.5E-02 | i 0 0.10 1 3.8E+02| nc |1.5E+04 | nc | 3.0E+00 | s 1.2E+03 | nc
Benefin 1861-40-1 3.0E-01 | i 0 0.10 1 4.6E+03 | nc | 1.0E+05 | max| 1.0E+02 | s 1.8E+03 | nc
Benomyl 17804-35-2 5.0E-02 | i 0 0.10 1 7.6E+02 | nc |3.1E+04 | nc | 4.6E+02 | nc | 8.0E+00 | nc
Bentazon 25057-89-0 3.0E-02 | i 0 0.10 1 4.6E+02| nc | 1.8E+04 | nc | 2.7E+02 | nc | 1.2E+00 | nc
Benzaldehyde 100-52-7 1.0E-01 | i 1 1 2.0E+03 | nc | 1.0E+05 max| 9.1E+02 | nc | 4.1E+00 | nc
Benzene 71-43-2 5.5E-02 i| 40E-03 |i 7.8E-06 i| 30E-02 |i|1 1 1.3E+00 | ca |6.3E+01| ca | 5.0E+00 | m | 5.1E-02 | m
Benzidine 92-87-5 2.3E+02 i| 3.0E-03 |i 6.7E-02 i 0 0.10 1 5.0E-04 | ca | 7.5E-02 | ca | 9.4E-05 | ca | 4.8E-06 | ca
Benzoic acid 65-85-0 4.0E+00 | i 0 S 0.10 1 6.1E+04 | nc | 1.0E+05 |max| 3.7E+04 | nc | 1.7E+02 | nc
Benzotrichloride 98-07-7 1.3E+01 i 1 1 4.9E-02 | ca |2.2E+00| ca | 4.9E-03 | ca | 2.2E-04 | ca
Benzyl alcohol 100-51-6 1.0E-01 | p 0 0.10 1 1.5E+03 | nc | 6.2E+04 | nc | 9.1E+02 | nc | 4.4E+00 | nc
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NDEQ VCP REMEDIATION GOALS

TABLE 1 - DIRECT CONTACT EXPOSURE PATHWAYS

Benzyl chloride 100-44-7 i| 2.0E-03 | p pl1 1 1.1E+00 5.5E+01 7.9E-02 1.7E-03
Beryllium and compounds 7440-41-7 2.0E-03 | i 2.4E-03 i| 20E-05 | i|O 0.007 3.9E+01| nc | 2.0E+03| nc | 4.0E+00 | m | 5.9E+01 | m
Bidrin 141-66-2 1.0E-04 | i 0 0.10 1 1.5E+00 | nc | 6.2E+01 | nc | 9.1E-01 | nc | 4.3E-03 | nc
Biphenthrin (Talstar) 82657-04-3 1.5E-02 | i 0 0.10 1 2.3E+02 | nc |9.2E+03 | nc | 1.0E+02 | s | 1.2E+04 | nc
1,1-Biphenyl 92-52-4 5.0E-02 | i 1] S 1 9.8E+02 | nc | 5.1E+04 | nc | 4.6E+02 | nc | 9.5E+01 | nc
Bis(2-chloroethyl)ether 111-44-4 1.1E+00 i 3.3E-04 i 1 1 2.4E-01 | ca |1.1E+01| ca | 1.2E-02 | ca | 6.3E-05 | ca
Bis(chloromethyl)ether 542-88-1 2.2E+02 i 6.2E-02 i 1 1 9.2E-05 | ca | 4.6E-03 | ca | 6.2E-05 | ca | 2.9E-07 | ca
Bis(2-chloro-1-methylethyl)ether 108-60-1 7.0E-02 h| 4.0E-02 | i 1.0E-05 h 1 1 5.0E+00| ca |2.3E+02| ca | 3.2E-01 | ca | 2.4E-03 | ca
Bis(2-ethylhexyl)phthalate (DEHP) 117-81-7 1.4E-02 i| 2.0E-02 | i 24E-06 | c 0 0.10 1 3.5E+01 | ca | 1.2E+03 | ca | 6.0E+00 | m | 2.9E+01 | m
Bisphenol A 80-05-7 5.0E-02 | i 0 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc | 6.9E+02 | nc
Boron 7440-42-8 2.0E-01 |i 20E-02 |h|O 1 3.9E+03 | nc | 1.0E+05 max| 1.8E+03 | nc

Boron trifluoride 7637-07-2 4.0E-02 | c 1.3E-02 | ¢ |n/a 1 7.8E+02 | nc |4.1E+04 | nc | 3.7E+02 | nc

Bromate 15541-45-4 7.0E-01 i| 4.0E-03 | i n/a 1 9.1E-01 | ca |4.1E+01| ca | 1.0E+01 | m

Bromobenzene 108-86-1 8.0E-03 | i 6.0E-02 | i |1 1 8.1E+01| nc | 2.1E+03 | nc | 2.2E+01 | nc | 3.0E-01 | nc
Bromodichloromethane 75-27-4 6.2E-02 i| 20E-02 | i 3.7E-05 |c 1 1 3.3E-01 | ca |1.6E+01| ca | 8.0E+01 | m | 4.3E-01 | m
Bromoform (tribromomethane) 75-25-2 7.9E-03 i| 2.0E-02 |i 1.1E-06 i 0 0.10 1 6.1E+01 | ca |2.2E+03| ca | 8.0E+01 | m | 42E-01 | m
Bromomethane 74-83-9 1.4E-03 | i 5.0E-03 |i|1 1 2.2E+00 | nc |3.8E+01| nc | 2.2E+00 | nc | 1.1E-02 | nc
Bromophos 2104-96-3 5.0E-03 | h 0 0.10 1 7.6E+01| nc | 3.1E+03 | nc | 4.6E+01 | nc | 3.9E+00 | nc
Bromoxynil 1689-84-5 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 3.1E+00 | nc
Bromoxynil octanoate 1689-99-2 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 8.0E+01 | s | 3.2E+01 | nc
1,3-Butadiene 106-99-0 3.4E+00 | c 3.0E-05 i| 20E-03 |i|1 1 6.1E-02 | ca |3.0E+00 ca | 1.7E-02 | ca | 1.9E-04 | ca
1-Butanol 71-36-3 1.0E-01 | i 0 0.10 1 1.5E+03 | nc | 6.2E+04 | nc | 9.1E+02 | nc | 3.8E+00 | nc
Butylate 2008-41-5 5.0E-02 | i 0 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc | 8.9E+00 | nc
Butyl benzyl phthalate 85-68-7 1.9E-03 p| 2.0E-01 | i 0 0.10 1 2.6E+02 | ca |9.1E+03 | ca | 6.0E+00 | m | 1.7E+00 | m
Butylphthalyl butylglycolate 85-70-1 1.0E+00 | i 0 0.10 1 1.5E+04 | nc | 1.0E+05 max| 8.5E+03 | s | 4.1E+03 | nc
Cacodylic acid 75-60-5 2.0E-02 | a 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc

Cadmium and compounds+++ 7440-43-9 1.0E-03 | i 1.8E-03 i| 1.0E-05 (a| 0 0.00 0.05 1.8E+01 | nc |8.9E+02 | nc | 5.0E+00 | m | 7.5E+00 | m
Caprolactam 105-60-2 5.0E-01 | i 0 0.10 1 7.6E+03| nc | 1.0E+05 | max| 4.6E+03 | nc | 2.3E+01 | nc
Captafol 2425-06-1 15E-01 |c| 2.0E-03 |i 4.3E-05 |c 0 0.10 1 3.2E+00 | ca | 1.1E+02 | ca | 4.5E-01 | ca | 1.6E-02 | ca
Captan 133-06-2 23E-03 | c| 1.3E-01 | i 6.6E-07 | c 0| S 0.10 1 2.1E+02 | ca | 7.5E+03 | ca | 2.9E+01 | ca | 4.1E-01 | ca
Carbaryl 63-25-2 1.0E-01 | i 0| s 0.10 1 1.5E+03 | nc | 6.2E+04 | nc | 9.1E+02 | nc | 1.7E+01 | nc
Carbofuran 1563-66-2 5.0E-03 | i 0| S 0.10 1 7.6E+01 | nc |3.1E+03 | nc | 40E+01 | m | 3.1E-01 | m
Carbon disulfide 75-15-0 1.0E-01 | i 70E-01 |i| 1 1 2.4E+02 | nc |4.5E+03 | nc | 2.5E+02 | nc | 1.5E+00 | nc
Carbon tetrachloride 56-23-5 7.0E-02 i| 4.0E-03 | i 6.0E-06 i| 1.0E-01 |a|1 1 7.2E-01 | ca |3.6E+01 | ca | 5.0E+00 | m | 3.9E-02 | m
Carbosulfan 55285-14-8 1.0E-02 | i 0 0.10 1 1.5E+02 | nc | 6.2E+03 | nc | 9.1E+01 | nc | 4.4E+01 | nc
Carboxin 5234-68-4 1.0E-01 | i 0 0.10 1 1.5E+03 | nc | 6.2E+04 | nc | 9.1E+02 | nc | 9.8E+00 | nc
Chloramben 133-90-4 15E-02 | i 0 0.10 1 2.3E+02 | nc | 9.2E+03 | nc | 1.4E+02 | nc | 6.6E-01 | nc
Chloranil 118-75-2 4.0E-01 | h 0 0.10 1 1.2E+00 | ca |4.3E+01| ca | 1.7E-01 | ca | 2.7E-03 | ca
Chlordane 12789-03-6 3.5E-01 i| 5.0E-04 | i 1.0E-04 i| 70E-04 |i | 0| S 0.04 1 1.6E+00 | ca |6.5E+01 | ca | 2.0E+00 | m | 2.7E+00 | m
Chlorimuron-ethyl 90982-32-4 2.0E-02 | i 0 0.10 1 3.1E+02| nc | 1.2E+04 | nc | 1.8E+02 | nc | 1.3E+00 | nc
Chlorine 7782-50-5 1.0E-01 | i 1.5E-04 | a n/a 1 2.0E+03 | nc | 1.0E+05 | max| 2.5E+05 | m

Chlorine dioxide 10049-04-4 3.0E-02 | i 2.0E-04 | i |nla 1 5.9E+02 | nc | 3.1E+04 | nc | 2.7E+02 | nc

Chloroacetic acid 79-11-8 2.0E-03 | h 0 0.10 1 3.1E+01| nc |1.2E+03| nc | 6.0E+01 | m | 2.4E-01 m
2-Chloroacetophenone 532-27-4 3.0E-05 | i|O 0.10 1 9.3E+03 | nc | 1.0E+05 | max

4-Chloroaniline 106-47-8 2.0E-01 | p| 4.0E-03 | i 0| s 0.10 1 2.4E+00| ca |8.6E+01| ca | 3.4E-01 | ca | 2.9E-03 | ca
Chlorobenzene 108-90-7 2.0E-02 | i 5.0E-02 |p| 1 1 85E+01| nc |1.7E+03| nc | 1.0E+02 | m | 1.4E+00 | m
Chlorobenzilate 510-15-6 1.1E-01 |c| 2.0E-02 |i 3.2E-05 |c 0| S 0.10 1 4.4E+00 | ca | 1.6E+02 | ca | 6.1E-01 | ca | 4.0E-02 | ca
p-Chlorobenzoic acid 74-11-3 3.0E-02 | x 0 0.10 1 4.6E+02| nc | 1.8E+04 | nc | 2.7E+02 | nc | 1.4E+00 | nc
4-Chlorobenzotrifluoride 98-56-6 3.0E-03 | p 3.0E-01 |p|1 1 5.4E+01 | nc |2.4E+03| nc | 2.3E+01 | nc | 1.7E+00 | nc
2-Chloro-1,3-butadiene 126-99-8 2.0E-02 | h 7.0E-03 | h|1 1 2.5E+00 | nc |4.3E+01 | nc | 3.6E+00 | nc | 3.8E-02 | nc
1-Chlorobutane 109-69-3 4.0E-02 | p 1 1 7.8E+02 | nc |4.1E+04 | nc | 3.7E+02 | nc | 3.0E+00 | nc
1-Chloro-1,1-difluoroethane 75-68-3 5.0E+01 | i |1 1 1.7E+04 | nc | 1.0E+05 | max| 2.6E+04 | nc | 2.6E+02 | nc
Chlorodifluoromethane 75-45-6 50E+01 | i |1 1 1.6E+04 | nc | 1.0E+05 | max| 2.6E+04 | nc | 2.1E+02 | nc
Chloroethane 75-00-3 10E+01 | i |1 1 4.4E+03 | nc | 7.4E+04 | nc | 5.2E+03 | nc | 3.0E+01 | nc
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Chloroform 67-66-3 1.0E-02 1 1 3.5E-01 1.8E+01 8.0E+01 4.4E-01
Chloromethane 74-87-3 9.0E-02 |i|1 1 3.6E+01| nc | 6.1E+02 | nc | 4.7E+01 | nc | 2.4E-01 | nc
4-Chloro-2-methylaniline hydrochloride 3165-93-3 4.6E-01 h 0 0.10 1 1.1E+00 | ca |3.7E+01| ca | 1.5E-01 | ca | 1.7E-03 | ca
beta-Chloronaphthalene 91-58-7 8.0E-02 | i 1| S 1 1.6E+03 | nc |8.2E+04 | nc | 7.3E+02 | nc | 7.5E+01 | nc
o-Chloronitrobenzene 88-73-3 3.0E-01 p| 3.0E-03 | p 1.0E-05 | x| O 0.10 1 1.6E+00 | ca |5.7E+01| ca | 2.2E-01 | ca | 4.2E-03 | ca
p-Chloronitrobenzene 100-00-5 6.3E-03 p| 1.0E-03 | p 6.0E-04 |p| O 0.10 1 1.5E+01 | nc |6.2E+02 | nc | 9.1E+00 | nc | 1.8E-01 | nc
2-Chlorophenol 95-57-8 5.0E-03 | i 1 1 9.8E+01 | nc |5.1E+03| nc | 4.1E+01 | nc | 6.7E-01 | nc
Chlorothalonil 1897-45-6 3.1E-03 | c| 1.5E-02 | i 8.9E-07 |c 0 0.10 1 1.6E+02 | ca |5.6E+03 | ca | 1.9E+01 | ca | 8.8E-01 | ca
o-Chlorotoluene 95-49-8 2.0E-02 | i 1 1 3.9E+02 | nc | 2.0E+04 | nc | 1.8E+02 | nc | 3.6E+00 | nc
Chlorpropham 101-21-3 2.0E-01 | i 0 0.10 1 3.1E+03 | nc | 1.0E+05 |max| 1.8E+03 | nc | 3.3E+01 | nc
Chlorpyrifos 2921-88-2 3.0E-03 | i 0| s 0.10 1 4.6E+01 | nc | 1.8E+03 | nc | 2.7E+01 | nc | 8.1E+00 | nc
Chlorpyrifos-methyl 5598-13-0 1.0E-02 | h 0 0.10 1 1.5E+02 | nc |6.2E+03 | nc | 9.1E+01 | nc | 8.4E+00 | nc
Chlorsulfuron 64902-72-3 5.0E-02 | i 0 0.10 1 7.6E+02 | nc |3.1E+04 | nc | 4.6E+02 | nc | 7.7E+00 | nc
Chlorthiophos 60238-56-4 8.0E-04 | h 0 0.10 1 1.2E+01| nc | 4.9E+02 | nc | 7.3E+00 | nc | 3.8E+00 | nc
Total Chromium (1:6 ratio Cr VI:Cr Ill)+++ 0 0.013 1.0E+02 | m | 1.0E+05 | m
Chromium 11l 16065-83-1 1.5E+00 | i 0 0.013 2.9E+04 | nc | 1.0E+05 max| 1.0E+02 | m | 1.0E+05 | m
Chromium VI+++ 18540-29-9 5.0E-01 | j | 3.0E-03 | i 8.4E-02 i| 1.0E-04 |i|O 0.025 2.9E-01 | ca |55E+01 | ca | 1.0E+02 | m | 3.8E+01 | m
Cobalt 7440-48-4 3.0E-04 | p| 9.0E-03 |p| 6.0E-06 |p| O 1 5.8E+00 | nc | 3.0E+02 | nc | 2.7E+00 | nc

Copper and compounds 7440-50-8 4.0E-02 | h 0 1 7.8E+02 | nc |4.1E+04 | nc | 1.3E+03 | m

Crotonaldehyde 123-73-9 1.9E+00 | h 1 1 3.4E-01 | ca |1.5E+01| ca | 3.5E-02 | ca | 1.4E-04 | ca
Cumene (isopropylbenzene) 98-82-8 1.0E-01 | i 40E-01 | i|1 1 5.9E+02 | nc |1.2E+04 | nc | 1.7E+02 | nc | 5.6E+00 | nc
Cyanazine 21725-46-2 84E-01 | h| 2.0E-03 | h 0 0.10 1 5.8E-01 | ca |2.1E+01 | ca | 8.0E-02 | ca | 7.5E-04 | ca
Cyanide (free) 57-12-5 2.0E-02 | i 1 1 3.9E+02 | nc | 2.0E+04 | nc | 2.0E+02 | m | 8.2E-01 | m
Cyanide (hydrogen) 74-90-8 2.0E-02 | i 30E-03 |i|1 1 5.6E+00 | nc |9.5E+01| nc | 1.6E+00 | nc | 6.4E-03 | nc
Cyanogen 460-19-5 4.0E-02 | i 1 1 7.8E+02| nc |4.1E+04 | nc | 3.7E+02 | nc | 1.6E+00 | nc
Cyanogen bromide 506-68-3 9.0E-02 | i 1 1 1.8E+03 | nc |9.2E+04 | nc | 8.2E+02 | nc | 4.9E+00 | nc
Cyanogen chloride 506-77-4 5.0E-02 | i 1 1 9.8E+02 | nc |5.1E+04 | nc | 4.6E+02 | nc | 2.0E+00 | nc
Cyclohexane 110-82-7 6.0E+00 | i | 1 1 2.1E+03 | nc |3.5E+04 | nc | 3.1E+03 | nc | 6.5E+01 | nc
Cyclohexanone 108-94-1 5.0E+00 | i 0 0.10 1 7.6E+04 | nc | 1.0E+05 | max| 4.6E+04 | nc | 2.1E+02 | nc
Cyclohexylamine 108-91-8 2.0E-01 | i 0 0.10 1 3.1E+03 | nc | 1.0E+05 |max| 1.8E+03 | nc | 9.7E+00 | nc
Cyhalothrin/Karate 68085-85-8 5.0E-03 | i 0 0.10 1 7.6E+01| nc |3.1E+03 | nc | 5.0E+00 | s | 6.2E+02 | nc
Cypermethrin 52315-07-8 1.0E-02 | i 0 0.10 1 1.5E+02 | nc | 6.2E+03 | nc | 4.0E+00 | s | 2.9E+02 | nc
Cyromazine 66215-27-8 7.5E-03 | i 0 0.10 1 1.1E+02 | nc | 4.6E+03 | nc | 6.8E+01 | nc | 3.5E-01 | nc
Dacthal 1861-32-1 1.0E-02 | i 0 0.10 1 1.5E+02 | nc | 6.2E+03 | nc | 9.1E+01 | nc | 2.2E+00 | nc
Dalapon 75-99-0 3.0E-02 | i 0 0.10 1 4.6E+02 | nc | 1.8E+04 | nc | 2.0E+02 | m | 8.3E-01 | m
Danitol 39515-41-8 2.5E-02 | i 0 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.3E+02 | nc | 2.1E+02 | nc
DDD 72-54-8 2.4E-01 i 6.9E-05 |c 0| S 0.10 1 2.0E+00| ca |7.2E+01 | ca | 1.1E-01 | ca | 5.3E-01 | ca
DDE 72-55-9 3.4E-01 i 9.7E-05 |c 0| S 0.10 1 1.4E+00| ca |5.1E+01| ca | 8.6E-02 | ca | 4.1E-01 | ca
DDT 50-29-3 3.4E-01 i| 5.0E-04 | i 9.7E-05 i 0| S 0.03 1 1.7E+00| ca |7.0E+01 | ca | 5.7E-02 | ca | 3.8E-01 | ca
Decabromodipheny! ether 1163-19-5 7.0E-04 i| 7.0E-03 |i 0 0.10 1 1.1E+02 | nc |4.3E+03| nc | 1.0E-01 | s | 7.1E+02 | nc
Demeton 8065-48-3 4.0E-05 | i 0 0.10 1 6.1E-01 | nc | 2.5E+01| nc | 3.7E-01 | nc

Diallate 2303-16-4 6.1E-02 | h 0 0.10 1 8.0E+00 | ca | 2.8E+02 | ca | 1.1E+00 | ca | 3.3E-02 | ca
Diazinon 333-41-5 7.0E-04 | a 0 0.10 1 1.1E+01| nc | 4.3E+02 | nc | 6.4E+00 | nc | 7.9E-01 | nc
Dibenzofuran 132-64-9 1.0E-03 | x 1| S 1 2.0E+01 | nc |1.0E+03| nc | 9.1E+00 | nc | 3.4E+00 | nc
1,4-Dibromobenzene 106-37-6 1.0E-02 | i 0 0.10 1 1.5E+02 | nc | 6.2E+03 | nc | 9.1E+01 | nc | 1.7E+00 | nc
Dibromochloromethane 124-48-1 8.4E-02 i| 20E-02 | i 27E-05 |c 0 0.10 1 5.8E+00| ca |2.1E+02| ca | 8.0E+01 | m | 43E-01 m
1,2-Dibromo-3-chloropropane 96-12-8 8.0E-01 p| 2.0E-04 |p| 6.0E-03 |p| 20E-04 |i|O 0.10 1 14E-01 | ca |[2.2E+01| ca | 20E-01 | m | 1.7E-03 | m
1,2-Dibromoethane 106-93-4 2.0E+00 | i | 9.0E-03 | i 6.0E-04 i| 9.0E-03 |i|1 1 4.0E-02 | ca |2.0E+00 | ca | 5.0E-02 | m | 2.8E-04 | m
Dibutyl phthalate 84-74-2 1.0E-01 | i 0 0.10 1 1.5E+03| nc | 6.2E+04 | nc | 6.0E+00 | m | 3.0E-01 | m
Dicamba 1918-00-9 3.0E-02 | i 0| S 0.10 1 4.6E+02 | nc | 1.8E+04 | nc | 2.7E+02 | nc | 1.4E+00 | nc
1,2-Dichlorobenzene 95-50-1 9.0E-02 | i 20E-01  h|1 1 54E+02 | nc |1.2E+04| nc | 6.0E+02 | m | 1.2E+01 | m
1,4-Dichlorobenzene 106-46-7 54E-03 | c| 7.0E-02 |a| 1.1E-05 | c| 80E-0L |i 1 S 1 2.9E+00| ca |1.5E+02 | ca | 7.5E+01 | m | 1.4E+00 | m
3,3-Dichlorobenzidine 91-94-1 4.5E-01 i 34E-04 |c 0| S 0.10 1 1.1E+00 | ca |3.8E+01| ca | 1.4E-01 | ca | 1.8E-02 | ca
4,4'-Dichlorobenzophenone 90-98-2 9.0E-03 | x 0 0.10 1 1.4E+02 | nc |5.5E+03 | nc | 8.2E+01 | nc | 1.0E+01 | nc
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1,4-Dichloro-2-butene 764-41-0 p 1 1 7.8E-03 3.9E-01 1.2E-03 1.1E-05
Dichlorodifluoromethane 75-71-8 2.0E-01 | i 20E01L h| 1 1 5.5E+01 | nc |9.3E+02 | nc | 9.8E+01 | nc | 3.0E+00 | nc
1,1-Dichloroethane 75-34-3 5.7E-03 | c| 2.0E-01 |p 16E-06 |c 1 1 3.9E+00| ca |2.0E+02 | ca | 2.4E+00 | ca | 1.4E-02 | ca
1,2-Dichloroethane 107-06-2 9.1E-02 i| 20E-02 | p| 2.6E-05 i| 24E+00 |a | 1 1 5.1E-01 | ca |2.5E+01 | ca | 5.0E+00 | m | 2.8E-02 | m
1,1-Dichloroethylene 75-35-4 5.0E-02 | i 20E-01 |i |1 1 7.2E+01| nc |1.3E+03 | nc | 7.0E+00 | m | 5.0E-02 | m
1,2-Dichloroethylene (cis) 156-59-2 1.0E-02 | p 1 1 2.0E+02 | nc |1.0E+04 | nc | 7.0E+01 | m | 4.1E-01 | m
1,2-Dichloroethylene (trans) 156-60-5 2.0E-02 | i 6.0E-02 |p| 1 1 45E+01| nc |8.1E+02| nc | 1.0E+02 | m | 5.9E-01 | m
2,4-Dichlorophenol 120-83-2 3.0E-03 | i 0| S 0.10 1 4.6E+01| nc | 1.8E+03| nc | 2.0E+01 | nc | 4.7E-01 | nc
4-(2,4-Dichlorophenoxy)butyric Acid (2,4-DB) 94-82-6 8.0E-03 | i 0 0.10 1 1.2E+02 | nc |4.9E+03 | nc | 7.3E+01 | nc | 5.8E-01 | nc
2,4-Dichlorophenoxyacetic Acid (2,4-D) 94-75-7 1.0E-02 | i 0| S 0.05 1 1.7E+02 | nc |7.7E+03| nc | 7.0E+01 | m | 3.6E-01 | m
1,2-Dichloropropane 78-87-5 3.6E-02 |c| 9.0E-02 |a| 1.0E-05 |c| 4.0E-03 |i|1 1 1.1E+00 | ca |5.3E+01| ca | 5.0E+00 | m | 3.3E-02 | m
1,3-Dichloropropene 542-75-6 1.0E-01 i| 3.0E-02 | i 4.0E-06 i| 20E-02 |i|1 1 2.0E+00| ca |9.5E+01| ca | 4.3E-01 | ca | 3.1E-03 | ca
2,3-Dichloropropanol 616-23-9 3.0E-03 | i 0 0.10 1 4.6E+01| nc | 1.8E+03| nc | 2.7E+01 | nc | 1.2E-01 | nc
Dichlorvos 62-73-7 2.9E-01 i| 5.0E-04 | i 8.3E-05 |##| 5.0E-04 | i |0 0.10 1 1.7E+00 | ca |5.9E+01 | ca | 2.3E-01 | ca | 1.4E-03 | ca
Dicyclopentadiene 77-73-6 8.0E-03 | p 7.0E-03 |p|1 1 8.0E+00| nc | 1.4E+02 | nc | 3.5E+00 | nc | 2.4E-01 | nc
Dieldrin 60-57-1 1.6E+01 | i | 5.0E-05 | i 4.6E-03 i 0| S 0.10 1 3.0E-02 | ca |1.1E+00 ca | 3.6E-03 | ca | 2.9E-03 | ca
Diethylene glycol, monobutyl ether 112-34-5 3.0E-02 | p 1.0E-04 |p| O 0.10 1 4.5E+02 | nc | 1.8E+04 | nc | 2.7E+02 | nc | 1.2E+00 | nc
Diethylene glycol, monoethyl ether 111-90-0 6.0E-02 | p 3.0E-04 p|O 0.10 1 9.1E+02 | nc |3.6E+04 | nc | 5.5E+02 | nc | 2.2E+00 | nc
Diethylformamide 617-84-5 1.0E-03 | p 0 0.10 1 1.5E+01 | nc |6.2E+02 | nc | 9.1E+00 | nc | 3.7E-02 | nc
Di(2-ethylhexyl)adipate 103-23-1 1.2E-03 i| 6.0E-01 | i 0 0.10 1 4.0E+02 | ca | 1.4E+04 | ca | 40E+02 | m | 5.8E+02 | m
Diethyl phthalate 84-66-2 8.0E-01 | i 0 0.10 1 1.2E+04 | nc | 1.0E+05 max| 6.0E+00 | m | 4.9E-02 | m
Diethylstilbestrol 56-53-1 35E+02 | c 1.0E-01 |c 0| S 0.10 1 1.4E-03 | ca | 49E-02 | ca | 1.9E-04 | ca | 2.1E-03 | ca
Difenzoquat (Avenge) 43222-48-6 8.0E-02 | i 0 0.10 1 1.2E+03 | nc |4.9E+04 | nc | 7.3E+02 | nc

Diflubenzuron 35367-38-5 2.0E-02 | i 0 0.10 1 3.1E+02 | nc |1.2E+04 | nc | 8.0E+01 | s | 4.1E+00 | nc
1,1-Difluoroethane 75-37-6 4.0E+01 | i | 1 1 1.6E+04 | nc | 1.0E+05 | max| 2.1E+04 | nc | 1.4E+02 | nc
Diisopropyl methylphosphonate 1445-75-6 8.0E-02 | i 1 1 1.6E+03 | nc |8.2E+04 | nc | 7.3E+02 | nc | 4.2E+00 | nc
Dimethipin 55290-64-7 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 8.0E-01 | nc
Dimethoate 60-51-5 2.0E-04 |i 0 0.10 1 3.1E+00 | nc | 1.2E+02 | nc | 1.8E+00 | nc | 8.2E-03 | nc
3,3'-Dimethoxybenzidine 119-90-4 1.4E-02 h 0 0.10 1 3.5E+01| ca |1.2E+03 | ca | 4.8E+00 | ca | 1.2E-01 | ca
N-N-Dimethylaniline 121-69-7 2.0E-03 | i 1 1 3.9E+01 | nc |2.0E+03| nc | 1.8E+01 | nc | 1.3E-01 | nc
2,4-Dimethylaniline 95-68-1 75E-01 | h 0 0.10 1 6.5E-01 | ca |2.3E+01 | ca | 9.0E-02 | ca | 1.0E-03 | ca
2,4-Dimethylaniline hydrochloride 21436-96-4 5.8E-01 h 0 0.10 1 8.4E-01 | ca |3.0E+01| ca | 1.2E-01 | ca | 1.3E-03 | ca
3,3-Dimethylbenzidine 119-93-7 1.1E+01 | p 0| S 0.10 1 4.4E-02 | ca | 1.6E+00| ca | 6.1E-03 | ca | 8.0E-04 | ca
N,N-Dimethylformamide 68-12-2 1.0E-01 | h 3.0E-02 | i |0 0.10 1 1.5E+03 | nc | 6.2E+04 | nc | 9.1E+02 | nc | 3.7E+00 | nc
2,4-Dimethylphenol 105-67-9 2.0E-02 | i 0| S 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.6E+02 | nc | 3.8E+00 | nc
2,6-Dimethylphenol 576-26-1 6.0E-04 | i 0 0.10 1 9.2E+00 | nc |3.7E+02 | nc | 5.5E+00 | nc | 1.3E-01 | nc
3,4-Dimethylphenol 95-65-8 1.0E-03 | i 0 0.10 1 1.5E+01| nc | 6.2E+02 | nc | 8.1E+00 | nc | 1.9E-01 | nc
Dimethyl terephthalate 120-61-6 1.0E-01 | i 1 1 2.0E+03 | nc | 1.0E+05 max| 6.0E+00 | m | 3.1E-02 | m
4,6-Dinitro-o-cyclohexyl phenol 131-89-5 2.0E-03 | i 0 0.10 1 3.1E+01| nc | 1.2E+03| nc | 1.8E+01 | nc | 1.2E+01 | nc
1,2-Dinitrobenzene 528-29-0 1.0E-04 | p 0 0.10 1 1.5E+00| nc |6.2E+01| nc | 9.1E-01 | nc | 1.7E-02 | nc
1,3-Dinitrobenzene 99-65-0 1.0E-04 | i 0| S 0.10 1 1.5E+00 | nc |6.2E+01| nc | 9.1E-01 | nc | 1.6E-02 | nc
1,4-Dinitrobenzene 100-25-4 1.0E-04 | p 0 S 0.10 1 1.5E+00| nc |6.2E+01| nc | 9.1E-01 | nc | 1.6E-02 | nc
2,4-Dinitrophenol 51-28-5 2.0E-03 | i 0| S 0.10 1 3.1E+01 | nc | 1.2E+03 | nc | 1.8E+01 | nc | 4.1E-01 | nc
Dinitrotoluene mixture 25321-14-6 6.8E-01 i 0 0.10 1 7.1E-01 | ca |2.5E+01 | ca | 9.9E-02 | ca | 2.7E-03 | ca
2,4-Dinitrotoluene 121-14-2 3.1E-01 | c| 2.0E-03 | i 89E-05 |c 0| S 0.10 1 1.6E+00| ca |5.6E+01| ca | 2.2E-01 | ca | 5.9E-03 | ca
2,6-Dinitrotoluene 606-20-2 1.0E-03 | p 0 S 0.10 1 1.5E+01| nc |6.2E+02 | nc | 9.1E+00 | nc | 2.5E-01 | nc
Dinoseb 88-85-7 1.0E-03 | i 0 0.10 1 1.5E+01| nc | 6.2E+02 | nc | 7.0E+00 | m | 1.2E+00 | m
1,4-Dioxane 123-91-1 1.1E-02 i| 1.0E-01 |a| 7.7E-06 |c| 3.6E+00 |a | O 0.10 1 4.4E+01 | ca | 1.6E+03 | ca | 6.1E+00 | ca | 2.5E-02 | ca
Dioxin (2,3,7,8-TCDD) 1746-01-6 1.3E+05 ' h| 1.0E-09 |a| 38E+01 |c| 40E-08 [c 0 S 0.03 1 4.5E-06 | ca | 1.8E-04 | ca | 3.0E-05 | m | 3.0E-04 | m
Diphenamid 957-51-7 3.0E-02 | i 0 0.10 1 4.6E+02 | nc | 1.8E+04 | nc | 2.7E+02 | nc | 5.4E+01 | nc
Diphenylamine 122-39-4 2.5E-02 | i 0 0.10 1 3.8E+02| nc | 1.5E+04 | nc | 2.3E+02 | nc | 8.4E+00 | nc
N,N-Diphenyl-1,4 benzenediamine (DPPD) 74-31-7 3.0E-04 | x 0 0.10 1 4.6E+00| nc | 1.8E+02 | nc | 2.7E+00 | nc | 5.7E+00 | nc
1,2-Diphenylhydrazine 122-66-7 8.0E-01 i 2.2E-04 i 0 0.10 1 6.1E-01 | ca |2.2E+01| ca | 8.0E-02 | ca | 5.1E-03 | ca
Diphenyl sulfone 127-63-9 8.0E-04 | x 0 0.10 1 1.2E+01 | nc |4.9E+02 | nc | 7.3E+00 | nc | 3.5E-01 | nc
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Diquat 85-00-7 0 1 3.4E+01 1.4E+03 2.0E+01 7.5E+00
Direct black 38 1937-37-7 7.4E+00 | c 2.1E-03 | c 0 0.10 1 6.6E-02 | ca |2.3E+00 | ca | 9.1E-03 | ca | 8.8E+01 | ca
Direct blue 6 2602-46-2 7.4E+00 | c 2.1E-03 | c 0 0.10 1 6.6E-02 | ca |2.3E+00 | ca | 8.2E-04 | s | 2.9E+02 | ca
Direct brown 95 16071-86-6 6.7E+00 | c 1.9E-03 |c 0 0.10 1 7.2E-02 | ca |2.6E+00| ca | 9.7E-04 | s

Disulfoton 298-04-4 4.0E-05 | i 0 0.10 1 6.1E-01 | nc |25E+01 | nc | 3.7E-01 | nc | 1.4E-02 | nc
1,4-Dithiane 505-29-3 1.0E-02 | i 1 1 2.0E+02 | nc |1.0E+04  nc | 9.1E+01 | nc | 9.0E-01 | nc
Diuron 330-54-1 2.0E-03 | i 0 0.10 1 3.1E+01 | nc | 1.2E+03 | nc | 1.8E+01 | nc | 1.5E-01 | nc
Dodine 2439-10-3 4.0E-03 | i 0 0.10 1 6.1E+01 | nc | 2.5E+03 | nc | 3.7E+01 | nc | 3.8E+00 | nc
Endosulfan 115-29-7 6.0E-03 | i 0| S 0.10 1 9.2E+01| nc | 3.7E+03 | nc | 5.5E+01 | nc | 1.5E+01 | nc
Endothall 145-73-3 2.0E-02 | i 0| s 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.0E+02 | m | 4.8E-01 | m
Endrin 72-20-8 3.0E-04 | i 0| s 0.10 1 4.6E+00 | nc | 1.8E+02 | nc | 2.0E+00 | m | 1.6E+00 | m
Epichlorohydrin 106-89-8 9.9E-03 i| 6.0E-03 | p| 1.2E-06 i| 1.0E-03 |i|1 1 6.0E+00 | nc | 1.0E+02 | nc | 5.2E-01 | nc | 2.3E-03 | nc
1,2-Epoxybutane 106-88-7 20E-02 |i|1 1 5.1E+01| nc |8.6E+02 | nc | 1.0E+01 | nc | 4.6E-02 | nc
EPTC (S-Ethyl dipropylthiocarbamate) 759-94-4 2.5E-02 | i 1 1 4.9E+02 | nc | 2.6E+04 | nc | 2.3E+02 | nc | 2.4E+00 | nc
Ethephon (2-chloroethyl phosphonic acid) 16672-87-0 5.0E-03 | i 0 0.10 1 7.6E+01 | nc |3.1E+03| nc | 4.6E+01 | nc | 1.9E-01 | nc
Ethion 563-12-2 5.0E-04 | i 0 0.10 1 7.6E+00 | nc | 3.1E+02 | nc | 4.6E+00 | nc | 1.8E-01 | nc
2-Ethoxyethanol 110-80-5 4.0E-01 | h 20E-01 |i| O 0.10 1 6.1E+03 | nc | 1.0E+05 max| 3.7E+03 | nc | 1.5E+01 | nc
2-Ethoxyethanol acetate 111-15-9 3.0E-01 | h 3.0E-01 [ c|O 0.10 1 4.6E+03 | nc | 1.0E+05 |max| 2.7E+03 | nc | 1.1E+01 | nc
Ethyl acetate 141-78-6 9.0E-01 | i 1 1 1.8E+04 | nc | 1.0E+05  max| 8.2E+03 | nc | 3.5E+01 | nc
Ethyl acrylate 140-88-5 4.8E-02 h 1 1 1.3E+01 | ca |6.0E+02| ca | 1.4E+00 | ca | 6.2E-03 | ca
Ethylbenzene 100-41-4 1.1E-02 |c| 1.0E-01 |i 25E-06 | c| 1.OE+00 | i |1 1 6.3E+00 | ca |3.2E+02 | ca | 7.0E+02 | m | 1.6E+01 | m
Ethyl chloride 75-00-3 1.0E+01 | i |1 1 4.4E+03 | nc | 7.4E+04 | nc | 5.2E+03 | nc | 3.0E+01 | nc
Ethylene cyanohydrin 109-78-4 3.0E-02 | p 0 0.10 1 4.6E+02| nc | 1.8E+04 | nc | 2.7E+02 | nc | 1.1E+00 | nc
Ethylene diamine 107-15-3 9.0E-02 | p 0 0.10 1 1.4E+03 | nc |5.5E+04 | nc | 8.2E+02 | nc | 3.8E+00 | nc
Ethylene glycol 107-21-1 2.0E+00 | i 40E-01 | c| O 0.10 1 3.1E+04 | nc | 1.0E+05 |max| 1.8E+04 | nc | 7.4E+01 | nc
Ethylene glycol, monobutyl ether 111-76-2 1.0E-01 | i 16E+00 | i | O 0.10 1 1.5E+03 | nc |6.2E+04 | nc | 9.1E+02 | nc | 3.8E+00 | nc
Ethylene oxide 75-21-8 3.1E-01 |c 8.8E-05 |c| 3.0E-02 |c|1 1 2.0E-01 | ca |9.9E+00| ca | 4.4E-02 | ca | 1.8E-04 | ca
Ethylene thiourea (ETU) 96-45-7 4.5E-02 | c| 8.0E-05 | i 1.3E-05 |c 0| s 0.10 1 1.2E+00 | nc |4.9E+01 | nc | 7.3E-01 | nc | 3.3E-03 | nc
Ethyl ether 60-29-7 2.0E-01 |i 1 1 3.9E+03 | nc | 1.0E+05 max| 1.8E+03 | nc | 8.2E+00 | nc
Ethyl methacrylate 97-63-2 9.0E-02 | h 1 1 1.8E+03 | nc |9.2E+04 | nc | 8.2E+02 | nc | 3.9E+00 | nc
Ethyl p-nitrophenyl phenylphosphorothioate 2104-64-5 1.0E-05 | i 0 0.10 1 1.5E-01 | nc | 6.2E+00 | nc | 9.1E-02 | nc | 5.7E-02 | nc
Ethylphthalyl ethyl glycolate 84-72-0 3.0E+00 | i 0 0.10 1 4.6E+04 | nc | 1.0E+05 |max| 2.7E+04 | nc | 1.2E+03 | nc
Express 101200-48-0 8.0E-03 | i 0 0.10 1 1.2E+02 | nc |4.9E+03 | nc | 7.3E+01 | nc | 5.7E-01 | nc
Fenamiphos 22224-92-6 25E-04 | i 0 0.10 1 3.8E+00 | nc | 1.5E+02 | nc | 2.3E+00 | nc | 4.5E-02 | nc
Fluometuron 2164-17-2 1.3E-02 | i 0 0.10 1 2.0E+02 | nc |8.0E+03 | nc | 1.2E+02 | nc | 1.8E+00 | nc
Fluoride 16984-48-8 4.0E-02 | ¢ 13E-02 |[c| O 1 7.8E+02 | nc |4.1E+04 | nc | 1.7E+03 | s

Fluoridone 59756-60-4 8.0E-02 | i 0 0.10 1 1.2E+03 | nc | 4.9E+04 | nc | 7.3E+02 | nc | 1.7E+03 | nc
Flurprimidol 56425-91-3 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 1.7E+01 | nc
Flutolanil 66332-96-5 6.0E-02 | i 0 0.10 1 9.2E+02 | nc | 3.7E+04 | nc | 5.5E+02 | nc | 5.8E+01 | nc
Fluvalinate 69409-94-5 1.0E-02 | i 0 0.10 1 1.5E+02 | nc | 6.2E+03 | nc | 5.0E+00 | s | 2.7E+03 | nc
Folpet 133-07-3 3.5E-03 i| 1.0E-01 | i 0 0.10 1 1.4E+02 | ca |4.9E+03 | ca | 1.9E+01 | ca | 9.0E-02 | ca
Fomesafen 72178-02-0 1.9E-01 i 0 0.10 1 2.6E+00 | ca |9.1E+01 | ca | 3.5E-01 | ca | 2.3E-02 | ca
Fonofos 944-22-9 2.0E-03 | i 0 0.10 1 3.1E+01 | nc | 1.2E+03 | nc | 1.8E+01 | nc | 7.0E-01 | nc
Formaldehyde 50-00-0 2.0E-01 |i 1.3E-05 i| 98E-03 |a| 0 0.10 1 3.1E+03 | nc | 1.0E+05 max| 1.8E+03 | nc | 7.4E+00 | nc
Formic acid 64-18-6 2.0E+00 | h 3.0E-03 |p| O 0.10 1 3.0E+04 | nc | 1.0E+05 max| 1.8E+04 | nc | 7.4E+01 | nc
Fosetyl-al 39148-24-8 3.0E+00 | i 0 0.10 1 4.6E+04 | nc | 1.0E+05 max| 2.7E+04 | nc

Freon 113 76-13-1 3.0E+01 | i 3.0E+01 | h| 1 1 1.3E+04 | nc | 1.0E+05 max| 1.5E+04 | nc | 7.5E+02 | nc
Furan 110-00-9 1.0E-03 | i 1 1 2.0E+01| nc |1.0E+03 | nc | 9.1E+00 | nc | 6.9E-02 | nc
Furazolidone 67-45-8 3.8E+00 | h 0 0.10 1 1.3E-01 | ca |45E+00| ca | 1.8E-02 | ca | 6.8E-04 | ca
Furfural 98-01-1 3.0E-03 | i 5.0E-02 |h| O 0.10 1 4.6E+01 | nc | 1.8E+03 | nc | 2.7E+01 | nc | 1.2E-01 | nc
Furium 531-82-8 15E+00 | c 4.3E-04 | c 0 0.10 1 3.2E-01 | ca |1.1E+01 | ca | 45E-02 | ca | 1.2E-03 | ca
Furmecyclox 60568-05-0 3.0E-02 i 8.6E-06 c 0 0.10 1 1.6E+01| ca |5.7E+02 | ca | 2.2E+00 | ca | 4.7E-02 | ca
Glufosinate-ammonium 77182-82-2 4.0E-04 | i 0 0.10 1 6.1E+00 | nc | 2.5E+02| nc | 3.7E+00 | nc | 1.6E-02 | nc
Glycidaldehyde 765-34-4 4.0E-04 | i 10E-03 |h| O 0.10 1 6.1E+00 | nc | 2.5E+02 | nc | 3.7E+00 | nc | 1.5E-02 | nc
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Glyphosate 1071-83-6 i 0 1 1.5E+03 6.2E+04 7.0E+02 2.8E+00
Haloxyfop-methyl 69806-40-2 5.0E-05 | i 0 0.10 1 7.6E-01 | nc |3.1E+01| nc | 4.6E-01 | nc | 1.0E-01 | nc
Harmony 79277-27-3 1.3E-02 | i 0 0.10 1 2.0E+02 | nc |8.0E+03 | nc | 1.2E+02 | nc | 7.2E-01 | nc
Heptachlor 76-44-8 4.5E+00 | i | 5.0E-04 | i 1.3E-03 i 0| S 0.10 1 1.1E-01 | ca |3.8E+00 | ca | 40E-01 | m | 6.6E-01 | m
Heptachlor epoxide 1024-57-3 9.1E+00 | i | 1.3E-05 | i 2.6E-03 i 0| S 0.10 1 5.3E-02 | ca |1.9E+00 | ca | 2.0E-01 | m | 82E-02 | m
Hexabromobenzene 87-82-1 2.0E-03 | i 0 0.10 1 3.1E+01| nc |1.2E+03| nc | 1.6E-01 | s | 2.1E+00 | nc
Hexachlorobenzene 118-74-1 1.6E+00 | i | 8.0E-04 | i 4.6E-04 i 0| S 0.10 1 3.0E-01 | ca |1.1E+01 | ca | 1.0E+00 | m | 25E-01 | m
Hexachlorobutadiene 87-68-3 7.8E-02 i| 1.0E-03 |p| 2.2E-05 i 0 0.10 1 6.2E+00 | ca |2.2E+02 | ca | 5.7E-01 | ca | 2.2E-02 | ca
HCH (alpha) 319-84-6 6.3E+00 | i | 8.0E-03 | a| 1.8E-03 i 0| s 0.10 1 7.7E-02 | ca |2.7E+00 | ca | 1.1E-02 | ca | 1.2E-03 | ca
HCH (beta) 319-85-7 1.8E+00 | i 5.3E-04 i 0| S 0.10 1 2.7E-01 | ca |9.6E+00 | ca | 3.7E-02 | ca | 4.3E-03 | ca
HCH (gamma) Lindane 58-89-9 1.1E+00 | c | 3.0E-04 | i 3.1E-04 |c 0| S 0.04 1 5.2E-01 | ca |2.1E+01 | ca | 20E-01 | m | 2.3E-02 | m
HCH-technical 608-73-1 1.8E+00 | i 5.1E-04 i 0 0.04 1 3.2E-01 | ca |1.3E+01 | ca | 3.7E-02 | ca | 4.3E-03 | ca
Hexachlorocyclopentadiene 77-47-4 6.0E-03 | i 20E-04 |i|O 0.10 1 9.2E+01| nc |3.7E+03 | nc | 5.0E+01 | m | 3.1E+00 | m
Hexachloroethane 67-72-1 1.4E-02 i| 1.0E-03 | i 4.0E-06 i 0, S 0.10 1 1.5E+01 | nc | 6.2E+02 | nc | 4.1E+00 | ca | 4.9E-02 | ca
Hexachlorophene 70-30-4 3.0E-04 | i 0 0.10 1 4.6E+00| nc | 1.8E+02 | nc | 2.7E+00 | nc | 7.3E+01 | nc
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 1.1E-01 i| 3.0E-03 |i 0 0.10 1 4.4E+00| ca | 1.6E+02| ca | 6.1E-01 | ca | 4.6E-03 | ca
1,6-Hexamethylene diisocyanate 822-06-0 1.0E-05 | i |1 1 1.0E+00 | nc |1.7E+01| nc | 5.2E-03 | nc | 1.0E-03 | nc
n-Hexane 110-54-3 6.0E-02 | h 7.0E-01 v 1 1 1.7E+02 | nc | 3.1E+03 | nc | 2.2E+02 | nc | 3.1E+01 | nc
Hexazinone 51235-04-2 3.3E-02 | i 0 0.10 1 5.0E+02 | nc | 2.0E+04 | nc | 3.0E+02 | nc | 2.8E+00 | nc
Hydrazine, hydrazine sulfate 302-01-2 3.0E+00 i 4.9E-03 i| 30E-05 [ p|O 1 2.1E-01 | ca |9.5E+00| ca | 2.2E-02 | ca

Hydrazine, dimethyl 57-14-7 1.0E-04 | x 2.0E-06 | x| O 0.10 1 1.5E+00 | nc |6.1E+01| nc | 9.1E-01 | nc | 4.1E-03 | nc
Hydrogen chloride 7647-01-0 2.0E-02 | i |[n/a 1

Hydrogen cyanide 74-90-8 2.0E-02 | i 30E-03 |i|1 1 7.2E+00 | nc |1.2E+02| nc | 1.6E+00 | nc | 7.3E-03 | nc
Hydrogen sulfide 7783-06-4 2.0E-03 | i |n/a 1

p-Hydroquinone 123-31-9 6.0E-02 p| 4.0E-02 | p 0 0.10 1 8.1E+00| ca | 2.9E+02| ca | 1.1E+00 | ca | 1.5E-02 | ca
Imazalil 35554-44-0 1.3E-02 | i 0 0.10 1 2.0E+02 | nc |8.0E+03 | nc | 1.2E+02 | nc | 4.1E+01 | nc
Imazaquin 81335-37-7 2.5E-01 | i 0 0.10 1 3.8E+03 | nc | 1.0E+05 max| 2.3E+03 | nc | 2.3E+02 | nc
Iprodione 36734-19-7 4.0E-02 | i 0 0.10 1 6.1E+02 | nc | 2.5E+04 | nc | 3.7E+02 | nc | 2.2E+00 | nc
Iron 7439-89-6 7.0E-01 | p 0 1 1.4E+04 | nc | 1.0E+05 | max| 3.0E+02 | m

Isobutanol 78-83-1 3.0E-01 | i 0 0.10 1 4.6E+03 | nc | 1.0E+05 max| 2.7E+03 | nc | 1.1E+01 | nc
Isophorone 78-59-1 9.5E-04 i| 2.0E-01 |i 2.0E+00 | c | O 0.10 1 5.1E+02 | ca | 1.8E+04 | ca | 7.1E+01 | ca | 4.7E-01 | ca
Isopropalin 33820-53-0 15E-02 | i 0 0.10 1 2.3E+02 | nc |9.2E+03 | nc | 1.1E+02 | s | 6.3E+01 | nc
Isopropyl methyl phosphonic acid 1832-54-8 1.0E-01 | i 0 0.10 1 1.5E+03 | nc |6.2E+04 | nc | 9.1E+02 | nc | 3.9E+00 | nc
Isoxaben 82558-50-7 5.0E-02 | i 0 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc | 2.5E+01 | nc
Kepone 143-50-0 1.0E+01 | i | 3.0E-04 | i 4.6E-03 | c 0| S 0.10 1 4.9E-02 | ca |1.7E+00 | ca | 6.7E-03 | ca | 4.7E-03 | ca
Lactofen 77501-63-4 2.0E-03 | i 0 0.10 1 3.1E+01 | nc | 1.2E+03 | nc | 1.8E+01 | nc | 1.7E+01 | nc
Lead+++ 7439-92-1 n/a 1 4.0E+02 | nc | 7.5E+02 | nc | 1.5E+01 | m

Lead (tetraethyl) 78-00-2 1.0E-07 | i 0 1 2.0E-03 | nc | 1.0E-01 | nc | 9.1E-04 | nc | 6.5E-05 | nc
Linuron 330-55-2 2.0E-03 | i 0 0.10 1 3.1E+01 | nc | 1.2E+03 | nc | 1.8E+01 | nc | 3.2E-01 | nc
Lithium 7439-93-2 2.0E-03 | p 0 1 3.9E+01 | nc | 2.0E+03| nc | 1.8E+01 | nc

Londax 83055-99-6 2.0E-01 |i 0 0.10 1 3.1E+03 | nc | 1.0E+05 max| 1.8E+03 | nc | 9.3E+00 | nc
Malathion 121-75-5 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 9.6E-01 | nc
Maleic anhydride 108-31-6 1.0E-01 | i 70E-04 |[c| 0| S 0.10 1 1.5E+03| nc | 6.1E+04 | nc | 9.1E+02 | nc | 3.7E+00 | nc
Maleic hydrazide 123-33-1 5.0E-01 | i 0 0.10 1 7.6E+03 | nc | 1.0E+05 | max| 4.6E+03 | nc | 1.9E+01 | nc
Malononitrile 109-77-3 1.0E-04 | p 0 0.10 1 1.5E+00 | nc |6.2E+01| nc | 9.1E-01 | nc | 3.8E-03 | nc
Mancozeb 8018-01-7 3.0E-02 | h 0 0.10 1 4.6E+02 | nc | 1.8E+04 | nc | 2.7E+02 | nc | 7.8E+00 | nc
Maneb 12427-38-2 5.0E-03 | i 0 0.10 1 7.6E+01| nc | 3.1E+03 | nc | 4.6E+01 | nc | 1.3E+00 | nc
Manganese (non-food)+++ 7439-96-5 2.4E-02 | i 5.0E-05 | i |0 0.04 4.6E+02 | nc | 2.2E+04 | nc | 5.0E+01 | m

Mephosfolan 950-10-7 9.0E-05 | h 0 0.10 1 1.4E+00 | nc |5.5E+01| nc | 8.2E-01 | nc | 2.4E-02 | nc
Mepiquat 24307-26-4 3.0E-02 | i 0 0.10 1 4.6E+02 | nc | 1.8E+04 | nc | 2.7E+02 | nc | 1.8E+00 | nc
Mercury and compounds 7487-94-7 3.0E-04 | i 3.0E-05 | c |n/a 0.07 5.9E+00 | nc |3.1E+02 | nc | 2.0E+00 | m

Mercury (elemental) 7439-97-6 1.6E-04 | c 3.0E-04 | i |n/a 1 3.1E+00| nc | 1.6E+02 | nc | 2.0E+00 | m

Mercury (methyl) 22967-92-6 1.0E-04 | i 0 0.10 1 1.5E+00 | nc |6.2E+01| nc | 9.1E-01 | nc

Merphos 150-50-5 3.0E-05 | i 0 0.10 1 4.6E-01 | nc |1.8E+01 | nc | 2.7E-01 | nc | 5.4E-01 | nc
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Merphos oxide 78-48-8 3.0E-05 | i 0 1 4.6E-01 1.8E+01 2.7E-01 2.7E-02
Metalaxyl 57837-19-1 6.0E-02 | i 0 0.10 1 9.2E+02 | nc | 3.7E+04 | nc | 5.5E+02 | nc | 3.0E+00 | nc
Methacrylonitrile 126-98-7 1.0E-04 | i 7.0E-04 |h|1 1 8.8E-01 | nc |2.1E+01| nc | 2.6E-01 | nc | 1.2E-03 | nc
Methamidophos 10265-92-6 5.0E-05 | i 0 0.10 1 7.6E-01 | nc |3.1E+01 | nc | 4.6E-01 | nc | 1.9E-03 | nc
Methanol 67-56-1 5.0E-01 | i 4.0E+00 | c | O 0.10 1 7.6E+03 | nc | 1.0E+05 max| 4.6E+03 | nc | 1.8E+01 | nc
Methidathion 950-37-8 1.0E-03 | i 0 0.10 1 1.5E+01| nc | 6.2E+02 | nc | 9.1E+00 | nc | 4.4E-02 | nc
Methomyl 16752-77-5 2.5E-02 | i 0 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.3E+02 | nc | 1.0E+00 | nc
Methoxychlor 72-43-5 5.0E-03 | i 0| S 0.10 1 7.6E+01| nc |3.1E+03 | nc | 4.0E+01 | m | 43E+01 | m
2-Methoxyethanol 109-86-4 3.0E-03 | h 20E-02 |i |0 0.10 1 4.6E+01 | nc | 1.8E+03 | nc | 2.7E+01 | nc | 1.1E-01 | nc
2-Methoxyethanol acetate 110-49-6 2.0E-03 | h 9.0E-02 |c| O 0.10 1 3.1E+01| nc | 1.2E+03| nc | 1.8E+01 | nc | 7.5E-02 | nc
2-Methoxy-5-nitroaniline 99-59-2 49E-02 |c 14E-05 |c 0 0.10 1 9.9E+00 | ca |3.5E+02 | ca | 1.4E+00 | ca | 9.4E-03 | ca
Methyl acetate 79-20-9 1.0E+00 | h 1 1 2.0E+04 | nc | 1.0E+05 max| 9.1E+03 | nc | 3.8E+01 | nc
Methyl acrylate 96-33-3 3.0E-02 | h 1 1 5.9E+02 | nc |3.1E+04 | nc | 2.7E+02 | nc | 1.2E+00 | nc
2-Methylaniline hydrochloride 636-21-5 13E-01 |c 3.7E-05 |c 0 0.10 1 3.7E+00| ca |1.3E+02| ca | 5.2E-01 | ca | 44E-03 | ca
2-Methyl-4-chlorophenoxyacetic acid (MCPA) 94-74-6 5.0E-04 | i 0 0.10 1 7.6E+00 | nc |3.1E+02| nc | 4.6E+00 | nc | 2.4E-02 | nc
4-(2-Methyl-4-chlorophenoxy) butyric acid (MCPB) 94-81-5 1.0E-02 | i 0 0.10 1 1.5E+02 | nc |6.2E+03 | nc | 9.1E+01 | nc | 7.2E-01 | nc
2-(2-Methyl-4-chlorophenoxy) propionic acid 93-65-2 1.0E-03 | i 0 0.10 1 1.5E+01 | nc |6.2E+02 | nc | 9.1E+00 | nc | 5.4E-02 | nc
4,4'-Methylenebisbenzeneamine 101-77-9 1.6E+00 | c 46E-04 | c| 20E-02 |[c|O 0.10 1 3.0E-01 | ca |1.1E+01| ca | 4.2E-02 | ca | 3.7E-03 | ca
4,4'-Methylene bis(2-chloroaniline) 101-14-4 1.0E-01 p| 2.0E-03 |p| 43E-04 |c 0 0.10 1 1.2E+00 | ca |1.7E+02| ca | 2.1E-01 | ca | 4.8E-02 | ca
4,4'-Methylene bis(N,N'-dimethyl)aniline 101-61-1 4.6E-02 i 1.3E-05 |c 0 0.10 1 1.1E+01| ca |3.7E+02| ca | 9.3E-01 | ca | 1.0E-01 | ca
Methylene bromide 74-95-3 1.0E-02 | h 40E-03 | x| 1 1 7.3E+00 | nc |1.3E+02| nc | 2.0E+00 | nc | 1.0E-02 | nc
Methylene chloride 75-09-2 7.5E-03 i| 6.0E-02 | i 4.7E-07 i| 1.0E+00 |a| 1 1 1.2E+01| ca |6.2E+02 | ca | 5.0E+00 | m | 2.6E-02 | m
4,4'-Methylenediphenyl isocyanate 101-68-8 6.0E-04 |i| O 0.10 1 1.0E+05 | max | 1.0E+05 | max

Methyl ethyl ketone 78-93-3 6.0E-01 | i 5.0E+00 | i |1 1 7.5E+03 | nc | 1.0E+05 max| 1.8E+03 | nc | 7.4E+00 | nc
Methyl isobutyl ketone 108-10-1 8.0E-02 | h 3.0E+00 | i |1 1 1.4E+03 | nc |5.6E+04 | nc | 5.0E+02 | nc | 2.2E+00 | nc
Methyl methacrylate 80-62-6 1.4E+00 | i 7.0E-01 |i|1 1 1.4E+03 | nc |2.5E+04 | nc | 3.5E+02 | nc | 1.6E+00 | nc
2-Methyl-5-nitroaniline 99-55-8 33E-02 | h 0 0.10 1 1.5E+01 | ca |5.2E+02| ca | 2.0E+00 | ca | 2.3E-02 | ca
Methyl parathion 298-00-0 2.5E-04 | i 0 0.10 1 3.8E+00| nc | 1.5E+02 | nc | 2.3E+00 | nc | 7.6E-02 | nc
2-Methylphenol 95-48-7 5.0E-02 | i 6.0E-01 |[c| 0| S 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc | 7.4E+00 | nc
3-Methylphenol 108-39-4 5.0E-02 | i 6.0E-01 |c| O 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc | 7.3E+00 | nc
4-Methylphenol 106-44-5 5.0E-03 | h 6.0E-01 |c| O 0.10 1 7.6E+01| nc | 3.1E+03 | nc | 4.6E+01 | nc | 7.3E-01 | nc
Methyl phosphonic acid 993-13-5 6.0E-02 | x 0 0.10 1 9.2E+02 | nc |3.7E+04 | nc | 5.5E+02 | nc | 2.2E+00 | nc
Methyl styrene (mixture) 25013-15-4 6.0E-03 | h 40E-02 h|1 1 6.6E+01 | nc |1.8E+03| nc | 1.56E+01 | nc | 4.8E-01 | nc
Methyl styrene (alpha) 98-83-9 7.0E-02 | h 1 1 1.4E+03 | nc |7.2E+04 | nc | 6.4E+02 | nc | 2.1E+01 | nc
Methy! tertbutyl ether (MTBE) 1634-04-4 1.8E-03 | c 26E-07 | c| 3.0E+00 | i |1 1 5.1E+01| ca |2.5E+03 | ca | 1.2E+01 | ca | 5.6E-02 | ca
Metolaclor (Dual) 51218-45-2 1.5E-01 | i 0 0.10 1 2.3E+03 | nc |9.2E+04 | nc | 1.4E+03 | nc | 3.2E+01 | nc
Metribuzin 21087-64-9 2.5E-02 | i 0 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.3E+02 | nc | 1.4E+00 | nc
Mirex 2385-85-5 1.8E+01 | c | 2.0E-04 | i 5.1E-03 | c 0 0.10 1 2.7E-02 | ca | 9.6E-01 | ca | 3.7E-03 | ca | 5.3E-02 | ca
Molinate 2212-67-1 2.0E-03 | i 0 0.10 1 3.1E+01| nc |1.2E+03 | nc | 1.8E+01 | nc | 2.1E-01 | nc
Molybdenum 7439-98-7 5.0E-03 | i 0 0.10 1 7.6E+01| nc | 3.1E+03| nc | 4.6E+01 | nc
Monochloramine 10599-90-3 1.0E-01 | i 0 0.10 1 1.5E+03 | nc |6.2E+04 | nc | 9.1E+02 | nc

Naled 300-76-5 2.0E-03 | i 0 0.10 1 3.1E+01 | nc | 1.2E+03 | nc | 1.8E+01 | nc | 1.7E-01 | nc
Napropamide 15299-99-7 1.0E-01 | i 0 0.10 1 1.5E+03| nc |6.2E+04 | nc | 9.1E+02 | nc | 1.2E+02 | nc
Nickel and compounds 7440-02-0 2.0E-02 | i 26E-04 | c| 9.0E-05 |a| O 0.04 3.9E+02 | nc | 2.0E+04 | nc | 1.8E+02 | nc | 2.4E+02 | nc
Nickel refinery dust 5.0E-02 | c | 2.4E-04 i| 5.0E-05 |[c| O 0.04 9.2E+02 | nc |4.3E+04 | nc | 4.6E+02 | nc

Nickel subsulfide 12035-72-2 1.7E+00 | c | 5.0E-02 | c| 4.8E-04 i 0 0.04 3.8E-01 | ca |1.7E+01| ca | 4.0E-02 | ca

Nitrate 14797-55-8 1.6E+00 | i n/a 1 3.1E+04 | nc | 1.0E+05 max| 1.0E+04 | m

Nitrite 14797-65-0 1.0E-01 | i n/a 1 2.0E+03 | nc | 1.0E+05 | max| 1.0E+03 | m

2-Nitroaniline 88-74-4 1.0E-02 | x 50E-05 |[x 0| S 0.10 1 1.5E+02 | nc | 6.0E+03 | nc | 9.1E+01 | nc | 7.7E-01 | nc
Nitrobenzene 98-95-3 2.0E-03 | i 4.0E-05 i| 9.0E-03 |i|1 1 5.7E+00 | ca |2.9E+02 | ca | 1.2E-01 | ca | 1.6E-03 | ca
Nitrofurantoin 67-20-9 7.0E-02 | h 0 0.10 1 1.1E+03 | nc |4.3E+04 | nc | 6.4E+02 | nc | 5.5E+00 | nc
Nitrofurazone 59-87-0 1.3E+00 | c 3.7E-04 c 0 0.10 1 3.7E-01 | ca |1.3E+01| ca | 5.2E-02 | ca | 9.3E-04 | ca
Nitroglycerin 55-63-0 1.7E-02 p| 1.0E-04 | p 0 0.10 1 1.5E+00| nc |6.2E+01| nc | 9.1E-01 | nc | 7.9E-03 | nc
Nitroguanidine 556-88-7 1.0E-01 | i 0 0.10 1 1.5E+03 | nc | 6.2E+04 | nc | 9.1E+02 | nc | 4.4E+00 | nc
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2-Nitropropane 79-46-9 h 1 1 1.5E-02 7.7E-01 1.8E-03 9.4E-06
N-Nitrosodi-n-butylamine 924-16-3 5.4E+00 i 1.6E-03 i 1 1 9.1E-02 | ca |4.2E+00| ca | 2.4E-03 | ca | 9.9E-05 | ca
N-Nitrosodiethanolamine 1116-54-7 2.8E+00 i 8.0E-04 |c 0 0.10 1 1.7E-01 | ca | 6.2E+00 | ca | 2.4E-02 | ca | 9.7E-05 | ca
N-Nitrosodiethylamine 55-18-5 1.5E+02 i 4.3E-02 i 0 0.10 1 7.7E-04 | ca | 1.1E-01 | ca | 1.4E-04 | ca | 1.1E-06 | ca
N-Nitrosodimethylamine 62-75-9 5.1E+01 i| 8.0E-06 |p 1.4E-02 i| 40E-05 x| O 0.10 1 2.3E-03 | ca | 34E-01 | ca | 4.2E-04 | ca | 2.1E-06 | ca
N-Nitrosodiphenylamine 86-30-6 4.9E-03 i 2.6E-06 |c 0| S 0.10 1 9.9E+01| ca |3.5E+03| ca | 1.3E+01 | ca | 1.4E+00 | ca
N-Nitroso di-n-propylamine 621-64-7 7.0E+00 i 2.0E-03 |c 0| S 0.10 1 6.9E-02 | ca |2.5E+00| ca | 9.6E-03 | ca | 1.4E-04 | ca
N-Nitroso-N-methylethylamine 10595-95-6 2.2E+01 i 6.3E-03 | c 0 0.10 1 2.2E-02 | ca | 7.8E-01 | ca | 3.1E-03 | ca | 1.8E-05 | ca
N-Nitrosopyrrolidine 930-55-2 2.1E+00 i 6.1E-04 i 0 0.10 1 2.3E-01 | ca |8.2E+00| ca | 3.2E-02 | ca | 2.5E-04 | ca
m-Nitrotoluene 99-08-1 1.0E-04 | x 0 0.10 1 1.5E+00 | nc |6.2E+01| nc | 9.1E-01 | nc | 1.7E-02 | nc
o-Nitrotoluene 88-72-2 2.2E-01 p| 9.0E-04 | p 1 1 2.9E+00| ca |1.3E+02| ca | 3.1E-01 | ca | 5.8E-03 | ca
p-Nitrotoluene 99-99-0 1.6E-02 p| 4.0E-03 | p 0 S 0.10 1 3.0E+01 | ca |1.1E+03| ca | 4.2E+00 | ca | 7.8E-02 | ca
Norflurazon 27314-13-2 4.0E-02 | i 0 0.10 1 6.1E+02 | nc | 2.5E+04 | nc | 3.7E+02 | nc | 4.7E+01 | nc
NuStar 85509-19-9 7.0E-04 | i 0 0.10 1 1.1E+01| nc | 4.3E+02 | nc | 6.4E+00 | nc | 2.1E+01 | nc
Octabromaodiphenyl ether 32536-52-0 3.0E-03 | i 0 0.10 1 4.6E+01| nc |1.8E+03| nc | 7.4E-02 | s | 1.1E+02 | nc
Octahydro-1357-tetranitro-1357- tetrazocine (HMX) 2691-41-0 5.0E-02 | i 0 0.10 1 7.6E+02 | nc |3.1E+04 | nc | 4.6E+02 | nc | 1.2E+01 | nc
Octamethylpyrophosphoramide 152-16-9 2.0E-03 | h 0 0.10 1 3.1E+01| nc | 1.2E+03| nc | 1.8E+01 | nc | 8.8E-02 | nc
Oryzalin 19044-88-3 5.0E-02 | i 0 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc | 1.7E+01 | nc
Oxadiazon 19666-30-9 5.0E-03 | i 0 0.10 1 7.6E+01| nc | 3.1E+03 | nc | 4.6E+01 | nc | 9.3E+00 | nc
Oxamy! 23135-22-0 2.5E-02 | i 0| s 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.0E+02 | m | 8.8E-01 | m
Oxyfluorfen 42874-03-3 3.0E-03 | i 0 0.10 1 4.6E+01 | nc | 1.8E+03 | nc | 2.7E+01 | nc | 4.4E+01 | nc
Paclobutrazol 76738-62-0 1.3E-02 | i 0 0.10 1 2.0E+02 | nc | 8.0E+03 | nc | 1.2E+02 | nc | 4.9E+00 | nc
Paraquat 4685-14-7 4.5E-03 | i 0 0.10 1 6.9E+01 | nc | 2.8E+03 | nc | 4.1E+01 | nc | 1.1E+01 | nc
Parathion 56-38-2 6.0E-03 | h 0| S 0.10 1 9.2E+01 | nc |3.7E+03 | nc | 3.7E+01 | nc | 3.8E+00 | nc
Pebulate 1114-71-2 5.0E-02 | h 0 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc | 7.3E+00 | nc
Pendimethalin 40487-42-1 4.0E-02 | i 0 0.10 1 6.1E+02 | nc | 2.5E+04 | nc | 3.0E+02 | s | 8.4E+01 | nc
Pentabromo-6-chloro cyclohexane 87-84-3 2.3E-02 h 0 0.10 1 2.1E+01| ca |7.5E+02| ca | 2.9E+00 | ca | 2.7E-01 | ca
Pentabromodiphenyl ether 32534-81-9 2.0E-03 | i 0 0.10 1 3.1E+01| nc |1.2E+03| nc | 9.0E-04 | s | 1.6E+01 | nc
Pentachlorobenzene 608-93-5 8.0E-04 | i 0 0.10 1 1.2E+01 | nc |4.9E+02| nc | 7.3E+00 | nc | 1.1E+00 | nc
Pentachloronitrobenzene 82-68-8 2.6E-01 h| 3.0E-03 | i 0 0.10 1 1.9E+00 | ca |6.6E+01| ca | 1.9E-01 | ca | 4.7E-02 | ca
Pentachlorophenol 87-86-5 1.2E-01 i| 3.0E-02 | i 5.1E-06 | c 0| S 0.25 1 3.0E+00 | ca |9.0E+01 | ca | 1.0E+00 | m | 2.0E-01 | m
Perchlorate 14797-73-0 7.0E-04 | i 0 1 1.4E+01 | nc |7.2E+02 | nc | 6.4E+00 | nc
Permethrin 52645-53-1 5.0E-02 | i 0 0.10 1 7.6E+02 | nc |3.1E+04 | nc | 6.0E+00 | s | 2.2E+03 | nc
Phenmedipham 13684-63-4 25E-01 | i 0 0.10 1 3.8E+03 | nc | 1.0E+05 max| 2.3E+03 | nc | 2.5E+02 | nc
Phenol 108-95-2 3.0E-01 | i 20E-01 |[c| 0| S 0.10 1 4.6E+03 | nc | 1.0E+05 max| 2.7E+03 | nc | 3.1E+01 | nc
m-Phenylenediamine 108-45-2 6.0E-03 | i 0 0.10 1 9.2E+01 | nc |3.7E+03| nc | 5.,5E+01 | nc | 2.9E-01 | nc
p-Phenylenediamine 106-50-3 1.9E-01 | h 0 0.10 1 2.9E+03 | nc | 1.0E+05 max| 1.7E+03 | nc | 9.3E+00 | nc
Phenylmercuric acetate 62-38-4 8.0E-05 | i 0 0.10 1 1.2E+00 | nc |4.9E+01| nc | 7.3E-01 | nc | 4.6E-03 | nc
2-Phenylphenol 90-43-7 1.9E-03 h 0 0.10 1 2.6E+02 | ca |9.1E+03| ca | 3.5E+01 | ca | 9.7E+00 | ca
Phorate 298-02-2 2.0E-04 | h 0 0.10 1 3.1E+00 | nc | 1.2E+02 | nc | 1.8E+00 | nc | 4.1E-02 | nc
Phosmet 732-11-6 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 8.0E-01 | nc
Phosphine 7803-51-2 3.0E-04 | i 3.0E-04 |i|O 1 5.9E+00 | nc | 3.1E+02| nc | 2.7E+00 | nc
Phosphoric acid 7664-38-2 1.0E-02 | i |n/a 1
Phosphorus (white) 7723-14-0 2.0E-05 | i 0 1 3.9E-01 | nc |2.0E+01| nc | 1.8E-01 | nc
p-Phthalic acid 100-21-0 1.0E+00 | h 0 0.10 1 1.5E+04 | nc | 1.0E+05 max| 9.1E+03 | nc | 6.5E+01 | nc
Phthalic anhydride 85-44-9 2.0E+00 | i 2.0E-02 |[c| O 0.10 1 3.0E+04 | nc | 1.0E+05 max| 1.8E+04 | nc | 8.0E+01 | nc
Picloram 1918-02-1 7.0E-02 | i 0 0.10 1 1.1E+03 | nc |4.3E+04 | nc | 5.0E+02 | m | 2.8E+00 | m
Pirimiphos-methyl 29232-93-7 1.0E-02 | i 0 0.10 1 1.5E+02 | nc |6.2E+03 | nc | 9.1E+01 | nc | 1.7E+00 | nc
Polybrominated biphenyls 59536-65-1 3.0E+01 |c| 7.0E-06 h| 86E-03 |c 0| S 0.10 1 1.6E-02 | ca | 5.7E-01 | ca | 2.2E-03 | ca
Polychlorinated biphenyls (PCBs) 1336-36-3 2.0E+00 i 5.7E-04 | c 0 0.14 1 2.2E-01 | ca |7.4E+00| ca | 5.0E-01 | m
Aroclor 1016 12674-11-2 7.0E-02 i| 7.0E-05 | i 2.0E-05 i 0 0.14 1 9.8E-01 | nc |3.7E+01 | nc | 6.4E-01 | nc | 1.2E+00 | nc
Aroclor 1221 11104-28-2 2.0E+00 | i 5.7E-04 i 1 1 1.9E-01 | ca |8.9E+00| ca | 6.8E-03 | ca | 2.3E-03 | ca
Aroclor 1232 11141-16-5 2.0E+00 | i 5.7E-04 i 1 1 1.9E-01 | ca |8.9E+00| ca | 6.8E-03 | ca | 2.3E-03 | ca
Aroclor 1242 53469-21-9 2.0E+00 | i 5.7E-04 i 0 0.14 1 2.2E-01 | ca |7.4E+00 | ca | 3.4E-02 | ca | 1.1E-01 |ca
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Aroclor 1248 12672-29-6 2.0E+00 0 1 2.2E-01 7.4E+00 3.4E-02 1.0E-01
Aroclor 1254 11097-69-1 2.0E+00 | i | 2.0E-05 | i 5.7E-04 i 0 0.14 1 2.2E-01 | ca |7.4E+00 | ca | 3.4E-02 | ca | 1.8E-01 |ca
Aroclor 1260 11096-82-5 2.0E+00 | i 5.7E-04 i 0 0.14 1 2.2E-01 | ca |7.4E+00 | ca | 3.4E-02 | ca | 4.7E-01 |ca
Polynuclear aromatic hydrocarbons n/a 1
Acenaphthene 83-32-9 6.0E-02 | i 1| S 1 1.2E+03 | nc |6.1E+04 | nc | 5.5E+02 | nc | 1.1E+02 | nc
Anthracene 120-12-7 3.0E-01 | i 1 S 1 5.9E+03 | nc | 1.0E+05 |max| 4.3E+01 | s 1.8E+03 | nc
Benz[a]anthracene 56-55-3 7.3E-01 n 1.1E-04 c 0 S 0.13 1 1.5E-01 | ca |2.1E+01| ca | 1.6E-02 | ca | 1.1E-01 | ca
Benzo[b]fluoranthene 205-99-2 7.3E-01 n 1.1E-04 | c 0, S 0.13 1 1.5E-01 | ca |2.1E+01| ca | 1.2E-02 | ca | 2.8E-01 |ca
Benzo[K]fluoranthene 207-08-9 7.3E-02 n 1.1E-04 | c 0, S 0.13 1 1.5E+00 | ca |2.1E+02| ca | 2.9E-01 | ca | 6.9E+00 | ca
Benzo[a]pyrene 50-32-8 7.3E+00 i 1.1E-03 c 0 S 0.13 1 1.5E-02 | ca |2.1E+00| ca | 2.0E-01 | m | 47E+00 | m
Chrysene 218-01-9 7.3E-03 | n 1.1E-05 |c 0| S 0.13 1 1.5E+01| ca | 2.1E+03 | ca | 1.6E+00 | ca | 1.1E+01 | ca
Dibenz[ah]anthracene 53-70-3 7.3E+00 | n 1.2E-03 |c 0| S 0.13 1 1.5E-02 | ca |2.1E+00| ca | 8.9E-04 | ca | 6.8E-02 | ca
Fluoranthene 206-44-0 4.0E-02 | i 0| S 0.13 1 5.7E+02 | nc | 2.2E+04 | nc | 6.0E+01 | nc | 1.3E+02 | nc
Fluorene 86-73-7 4.0E-02 | i 1 S 1 7.8E+02 | nc |4.1E+04 | nc | 3.7E+02 | nc | 1.4E+02 | nc
Indeno[1,2,3-cd]pyrene 193-39-5 7.3E-01 n 1.1E-04 |c 0| S 0.13 1 15E-01 | ca |2.1E+01| ca | 1.1E-02 | ca | 8.9E-01 | ca
Naphthalene 91-20-3 2.0E-02 | i 34E-05 |c| 30E-03 |i |1 S 1 4.3E+00 | ca |2.2E+02 | ca | 1.4E-01 | ca | 9.4E-03 | ca
Pyrene 129-00-0 3.0E-02 | i 0| S 0.13 1 4.3E+02 | nc |1.7E+04 | nc | 1.4E+02 | s | 6.0E+02 | nc
Prochloraz 67747-09-5 1.5E-01 i| 9.0E-03 | i 0 0.10 1 3.2E+00 | ca | 1.1E+02 | ca | 4.5E-01 | ca | 4.5E-02 | ca
Profluralin 26399-36-0 6.0E-03 | h 0 0.10 1 9.2E+01 | nc |3.7E+03 | nc | 5.,5E+01 | nc | 6.7E+01 | nc
Prometon 1610-18-0 15E-02 | i 0 0.10 1 2.3E+02 | nc | 9.2E+03 | nc | 1.4E+02 | nc | 1.3E+00 | nc
Prometryn 7287-19-6 4.0E-03 | i 0 0.10 1 6.1E+01 | nc | 2.5E+03 | nc | 3.7E+01 | nc | 1.1E+00 | nc
Pronamide 23950-58-5 7.5E-02 | i 0 0.10 1 1.1E+03 | nc | 4.6E+04 | nc | 6.8E+02 | nc | 1.4E+01 | nc
Propachlor 1918-16-7 1.3E-02 | i 0 0.10 1 2.0E+02 | nc |8.0E+03 | nc | 1.2E+02 | nc | 1.4E+00 | nc
Propanil 709-98-8 5.0E-03 | i 0 0.10 1 7.6E+01| nc | 3.1E+03 | nc | 4.6E+01 | nc | 5.0E-01 | nc
Propargite 2312-35-8 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 2.7E+02 | nc
Propargyl alcohol 107-19-7 2.0E-03 | i 0 0.10 1 3.1E+01| nc | 1.2E+03| nc | 1.8E+01 | nc | 7.4E-02 | nc
Propazine 139-40-2 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 3.2E+00 | nc
Propham 122-42-9 2.0E-02 | i 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 2.3E+00 | nc
Propiconazole 60207-90-1 1.3E-02 | i 0 0.10 1 2.0E+02| nc |8.0E+03| nc | 1.2E+02 | nc | 7.9E+00 | nc
n-Propylbenzene 103-65-1 1.0E-01 | x 1.0E+00 | x | 1 1 1.1E+03| nc |2.8E+04 | nc | 3.3E+02 | nc | 1.2E+01 | nc
Propylene glycol 57-55-6 2.0E+01 | p 0 0.10 1 1.0E+05 | max | 1.0E+05 | max | 1.8E+05 | nc | 7.4E+02 | nc
Propylene glycol, monoethyl ether 1569-02-4 7.0E-01 | h 0 0.10 1 1.1E+04 | nc | 1.0E+05 | max| 6.4E+03 | nc | 2.6E+01 | nc
Propylene glycol, monomethyl ether 107-98-2 7.0E-01 | h 2.0E+00 | i | O 0.10 1 1.1E+04 | nc | 1.0E+05  max| 6.4E+03 | nc | 2.6E+01 | nc
Propylene oxide 75-56-9 2.4E-01 i 3.7E-06 i| 30E-02 |i|1 1 2.0E+00 | ca |9.2E+01| ca | 2.3E-01 | ca | 9.7E-04 | ca
Pursuit 81335-77-5 2.5E-01 | i 0 0.10 1 3.8E+03 | nc | 1.0E+05 max| 2.3E+03 | nc | 4.0E+01 | nc
Pydrin 51630-58-1 2.5E-02 | i 0 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.4E+01 | s | 2.9E+03 | nc
Pyridine 110-86-1 1.0E-03 | i 1 1 2.0E+01| nc |1.0E+03 | nc | 9.1E+00 | nc | 6.3E-02 | nc
Quinalphos 13593-03-8 5.0E-04 | i 0 0.10 1 7.6E+00 | nc | 3.1E+02 | nc | 4.6E+00 | nc | 7.8E-01 | nc
Quinoline 91-22-5 3.0E+00 | i 0 0.10 1 1.6E-01 | ca |5.7E+00| ca | 2.2E-02 | ca | 1.5E-03 | ca
Resmethrin 10453-86-8 3.0E-02 | i 0 0.10 1 4.6E+02 | nc | 1.8E+04 | nc | 3.8E+01 | s | 3.4E+03 | nc
Ronnel 299-84-3 5.0E-02 | h 0 0.10 1 7.6E+02 | nc |3.1E+04 | nc | 4.6E+02 | nc | 8.3E+01 | nc
Rotenone 83-79-4 4.0E-03 | i 0 0.10 1 6.1E+01 | nc |2.5E+03 | nc | 3.7E+01 | nc | 3.8E+02 | nc
Savey 78587-05-0 2.5E-02 | i 0 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.3E+02 | nc | 2.0E+01 | nc
Selenious Acid 7783-00-8 5.0E-03 | i 0 1 9.8E+01 | nc | 5.1E+03 | nc | 4.6E+01 | nc
Selenium 7782-49-2 5.0E-03 | i 2.0E-02 |[c| O 1 9.8E+01 | nc |5.1E+03 | nc | 5.0E+01 | m | 5.2E+00 | m
Sethoxydim 74051-80-2 9.0E-02 | i 0 0.10 1 1.4E+03 | nc |5.5E+04 | nc | 8.2E+02 | nc | 1.5E+02 | nc
Silver and compounds 7440-22-4 5.0E-03 | i 0 0.04 9.8E+01 | nc |5.1E+03 | nc | 1.0E+02 | m | 1.7E+01 | m
Simazine 122-34-9 1.2E-01 | h| 5.0E-03 | i 0 0.10 1 4.0E+00 | ca | 1.4E+02 | ca | 4.0E+00 | m | 4.0E-02 | m
Sodium azide 26628-22-8 4.0E-03 | i 0 1 7.8E+01 | nc |4.1E+03 | nc | 3.7E+01 | nc
Sodium diethyldithiocarbamate 148-18-5 2.7E-01 h| 3.0E-02 | i 0 0.10 1 1.8E+00 | ca |6.4E+01| ca | 2.5E-01 | ca
Sodium fluoroacetate 62-74-8 2.0E-05 | i 0 0.10 1 3.1E-01 | nc |1.2E+01| nc | 1.8E-01 | nc | 7.4E-04 | nc
Sodium metavanadate 13718-26-8 1.0E-03 | h 0 1 2.0E+01 | nc |1.0E+03 | nc | 9.1E+00 | nc
Strontium, stable 7440-24-6 6.0E-01 | i 0 1 1.2E+04 | nc | 1.0E+05 | max| 5.5E+03 | nc
Strychnine 57-24-9 3.0E-04 | i 0 0.10 1 4.6E+00 | nc | 1.8E+02 | nc | 2.7E+00 | nc | 6.0E-01 | nc
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Styrene 100-42-5 2.0E-01 |i 1.0E+00 1 1 1.7E+03 4.2E+04 1.0E+02 2.2E+00
1,1'-Sulfonylbis (4-chlorobenzene) 80-07-9 8.0E-04 | p 0 0.10 1 1.2E+01 | nc |4.9E+02 | nc | 7.3E+00 | nc | 8.6E-01 | nc
Systhane 88671-89-0 2.5E-02 | i 0 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.3E+02 | nc | 5.6E+01 | nc
2,3,7,8-TCDD (dioxin) 1746-01-6 1.3E+05 | c| 1.0E-09 |a| 3.8E+01 | c| 40E-08 |[c| O 0.10 1 3.7E-06 | ca | 1.3E-04 | ca | 9.8E-08 | ca | 9.7E-07 | ca
Tebuthiuron 34014-18-1 7.0E-02 | i 0 0.10 1 1.1E+03 | nc | 4.3E+04 | nc | 6.4E+02 | nc | 3.6E+00 | nc
Temephos 3383-96-8 2.0E-02 | h 0 0.10 1 3.1E+02 | nc | 1.2E+04 | nc | 1.8E+02 | nc | 6.9E+02 | nc
Terbacil 5902-51-2 1.3E-02 | i 0 0.10 1 2.0E+02 | nc |8.0E+03 | nc | 1.2E+02 | nc | 7.1E-01 | nc
Terbufos 13071-79-9 2.5E-05 | h 0 0.10 1 3.8E-01 | nc |1.5E+01 | nc | 2.3E-01 | nc | 1.0E-02 | nc
Terbutryn 886-50-0 1.0E-03 | i 0 0.10 1 1.5E+01| nc | 6.2E+02 | nc | 9.1E+00 | nc | 2.6E-01 | nc
1,2,4,5-Tetrachlorobenzene 95-94-3 3.0E-04 | i 0 0.10 1 4.6E+00 | nc | 1.8E+02 | nc | 2.7E+00 | nc | 2.5E-01 | nc
1,1,1,2-Tetrachloroethane 630-20-6 2.6E-02 i| 3.0E-02 | i 7.4E-06 i 1] S 1 2.2E+00 | ca |1.1E+02 | ca | 5.2E-01 | ca | 4.0E-03 | ca
1,1,2,2-Tetrachloroethane 79-34-5 2.0E-01 i| 40E-03 |p| b5.8E-05 i 1 1 6.5E-01 | ca |3.2E+01| ca | 6.7E-02 | ca | 5.2E-04 | ca
Tetrachloroethylene (PCE) 127-18-4 2.1E-03 i| 6.0E-03 | i 2.6E-07 i| 40E-02 |i|1 1 2.5E+01| nc |4.9E+02 | nc | 5.0E+00 | m | 4.5E-02 | m
2,3,4,6-Tetrachlorophenol 58-90-2 3.0E-02 | i 0| S 0.10 1 4.6E+02| nc | 1.8E+04 | nc | 2.7E+02 | nc | 3.4E+01 | nc
p,a,a,a-Tetrachlorotoluene 5216-25-1 2.0E+01 | h 0 0.10 1 2.4E-02 | ca | 8.6E-01 | ca | 3.4E-03 | ca | 2.3E-04 | ca
Tetrachlorovinphos 961-11-5 2.4E-02 h| 3.0E-02 | i 0 0.10 1 2.0E+01| ca |7.2E+02| ca | 2.8E+00 | ca | 1.7E-01 | ca
Tetraethyldithiopyrophosphate 3689-24-5 5.0E-04 | i 0 0.10 1 7.6E+00 | nc |3.1E+02| nc | 4.6E+00 | nc | 6.7E-02 | nc
Thallium and compounds+++ 7440-28-0 0 1 2.0E+00 | m | 2.8E+00 | m
Thiobencarb 28249-77-6 1.0E-02 | i 0 0.10 1 1.5E+02 | nc | 6.2E+03 | nc | 9.1E+01 | nc | 6.3E+00 | nc
Thiofanox 39196-18-4 3.0E-04 | h 0 0.10 1 4.6E+00 | nc | 1.8E+02 | nc | 2.7E+00 | nc | 1.9E-02 | nc
Thiophanate-methyl 23564-05-8 8.0E-02 | i 0 0.10 1 1.2E+03 | nc |4.9E+04 | nc | 7.3E+02 | nc | 1.2E+01 | nc
Thiram 137-26-8 5.0E-03 | i 0 0.10 1 7.6E+01| nc | 3.1E+03 | nc | 4.6E+01 | nc | 1.3E+00 | nc
Tin and compounds 7440-31-5 6.0E-01 | h 0 1 1.2E+04 | nc | 1.0E+05 | max| 5.5E+03 | nc

Toluene 108-88-3 8.0E-02 | i 5.0E+00 | i | 1 1 1.3E+03 | nc |4.9E+04 | nc | 1.0E+03 | m | 1.4E+01 | m
p-Toluidine 106-49-0 1.9E-01 | h 0| S 0.10 1 2.6E+00 | ca |9.1E+01 | ca | 3.5E-01 | ca | 3.0E-03 | ca
Toxaphene 8001-35-2 1.1E+00 | i 3.2E-04 i 0| s 0.10 1 4.4E-01 | ca | 1.6E+01 | ca | 3.0E+00 | m | 9.3E+00 | m
Tralomethrin 66841-25-6 7.5E-03 | i 0 0.10 1 1.1E+02 | nc | 4.6E+03 | nc | 6.8E+01 | nc | 5.2E+02 | nc
Triallate 2303-17-5 1.3E-02 | i 0 0.10 1 2.0E+02 | nc |8.0E+03 | nc | 1.2E+02 | nc | 5.3E+00 | nc
Triasulfuron 82097-50-5 1.0E-02 | i 0 0.10 1 1.5E+02 | nc | 6.2E+03 | nc | 9.1E+01 | nc | 1.9E+00 | nc
1,2,4-Tribromobenzene 615-54-3 5.0E-03 | i 0 0.10 1 7.6E+01 | nc |3.1E+03| nc | 4.6E+01 | nc | 1.3E+00 | nc
Tributyltin oxide (TBTO) 56-35-9 3.0E-04 | i 0 0.10 1 4.6E+00 | nc | 1.8E+02 | nc | 2.7E+00 | nc | 2.8E+03 | nc
2,4,6-Trichloroaniline 634-93-5 3.4E-02 h 0 0.10 1 1.4E+01| ca |5.1E+02| ca | 2.0E+00 | ca | 3.6E-01 | ca
2,4,6-Trichloroaniline hydrochloride 33663-50-2 2.9E-02 h 0 0.10 1 1.7E+01 | ca |5.9E+02| ca | 2.3E+00 | ca | 1.3E-01 | ca
1,2,4-Trichlorobenzene 120-82-1 2.9E-02 p| 1.0E-02 | i 2.0E-03 |p|1 1 1.8E+01 | nc |3.3E+02| nc | 7.0E+01 | m | 4.1E+00 | m
1,1,1-Trichloroethane 71-55-6 2.0E+00 | i 5.0E+00 | i | 1 1 2.6E+03 | nc |4.5E+04 | nc | 2.0E+02 | m | 1.4E+00 | m
1,1,2-Trichloroethane 79-00-5 5.7E-02 i| 4.0E-03 | i 1.6E-05 i 1 1 1.3E+00 | ca |6.2E+01 | ca | 5.0E+00 | m | 3.2E-02 | m
Trichloroethylene (TCE) 79-01-6 4.6E-02 i| 5.0E-04 | i 4.1E-06 i| 20E-03 |i|1 1 1.3E+00 | nc |2.4E+01 | nc | 5.0E+00 | m | 3.6E-02 | m
Trichlorofluoromethane 75-69-4 3.0E-01 | i 70E-01 | h|1 1 2.3E+02 | nc |4.0E+03 | nc | 3.1E+02 | nc | 4.1E+00 | nc
2,4,5-Trichlorophenol 95-95-4 1.0E-01 | i 0| S 0.10 1 1.5E+03 | nc |6.2E+04 | nc | 9.1E+02 | nc | 6.9E+01 | nc
2,4,6-Trichlorophenol 88-06-2 1.1E-02 i| 1.0E-03 | p| 3.1E-06 i 0| s 0.10 1 1.5E+01| nc | 6.2E+02 | nc | 5.2E+00 | nc | 3.9E-01 | nc
2,4,5-Trichlorophenoxyacetic acid 93-76-5 1.0E-02 | i 0 0.10 1 1.5E+02 | nc |6.2E+03 | nc | 9.1E+01 | nc | 7.6E-01 | nc
2-(2,4,5-Trichlorophenoxy) propionic acid 93-72-1 8.0E-03 | i 0 0.10 1 1.2E+02 | nc |4.9E+03 | nc | 5.0E+01 | m | 55E-01 | m
1,1,2-Trichloropropane 598-77-6 5.0E-03 | i 1 1 9.8E+01 | nc |5.1E+03| nc | 4.6E+01 | nc | 3.6E-01 | nc
1,2,3-Trichloropropane 96-18-4 3.0E+01 i| 40E-03 |i 30E-04 | i|1 1 5.0E-03 | ca | 9.5E-01 | ca | 7.2E-04 | ca | 6.2E-06 | ca
1,2,3-Trichloropropene 96-19-5 3.0E-03 | x 3.0E-04 | p| 1 1 2.3E-01 | nc |4.0E+00| nc | 1.6E-01 | nc | 1.5E-03 | nc
Tridiphane 58138-08-2 3.0E-03 | i 0 0.10 1 4.6E+01 | nc | 1.8E+03 | nc | 2.7E+01 | nc | 3.9E+00 | nc
Triethylamine 121-44-8 7.0E-03 |i|1 1 3.7E+01| nc | 6.3E+02 | nc | 3.7E+00 | nc | 2.2E-02 | nc
Trifluralin 1582-09-8 7.7E-03 i| 7.5E-03 | i 0 0.10 1 6.3E+01 | ca | 2.2E+03 | ca | 8.7E+00 | ca | 5.8E+00 | ca
1,2,4-Trimethylbenzene 95-63-6 7.0E-03 |p|1]| S 1 1.9E+01 | nc |3.1E+02| nc | 3.7E+00 | nc | 1.1E-01 | nc
1,3,5-Trimethylbenzene 108-67-8 1.0E-02 | x 1 1 2.0E+02 | nc |1.0E+04 | nc | 9.1E+01 | nc | 2.6E+00 | nc
Trimethyl phosphate 512-56-1 3.7E-02 h 0 0.10 1 1.3E+01 | ca |4.7E+02| ca | 1.8E+00 | ca | 8.0E-03 | ca
1,3,5-Trinitrobenzene 99-35-4 3.0E-02 | i 0, S 0.10 1 4.6E+02 | nc | 1.8E+04 | nc | 2.7E+02 | nc | 1.9E+01 | nc
Trinitrophenylmethylnitramine 479-45-8 4.0E-03 | p 0 0.10 1 6.1E+01 | nc |2.5E+03 | nc | 3.7E+01 | nc | 6.9E+00 | nc
2,4,6-Trinitrotoluene 118-96-7 3.0E-02 i| 5.0E-04 | i 0 0.10 1 7.6E+00 | nc | 3.1E+02 | nc | 2.2E+00 | ca | 2.6E-01 | ca

September 2012 10 0f 11



TABLE 1 - DIRECT CONTACT EXPOSURE PATHWAYS

NDEQ VCP REMEDIATION GOALS

Triphenylphosphine oxide 791-28-6 2.0E-02 | p 0 1 3.1E+02 1.2E+04 1.8E+02 1.5E+01
Tris(2-chloroethyl) phosphate 115-96-8 2.0E-02 p| 7.0E-03 | p 0 0.10 1 24E+01| ca |8.6E+02| ca | 3.4E+00 | ca | 6.6E-02 | ca
Uranium (chemical toxicity only) 7440-61-0 3.0E-03 | i 3.0E-04  a| 0 1 5.9E+01 | nc |3.1E+03| nc | 2.7E+01 | nc

Vanadium and compounds 7440-62-2 5.0E-03 | s 1.0E-04 |a| O 0.026 9.7E+01| nc |5.1E+03| nc | 3.8E+01 | nc

Vernam 1929-77-7 1.0E-03 | i 0 0.10 1 1.5E+01| nc | 6.2E+02 | nc | 9.1E+00 | nc | 1.5E-01 | nc
Vinclozolin 50471-44-8 2.5E-02 | i 0 0.10 1 3.8E+02 | nc | 1.5E+04 | nc | 2.3E+02 | nc | 3.5E+00 | nc
Vinyl acetate 108-05-4 1.0E+00 | h 20E-01 | i 1 1 2.9E+02 | nc |4.9E+03 | nc | 1.0E+02 | nc | 4.4E-01 | nc
Vinyl bromide 593-60-2 32E-05 | h| 30E-03 |i |1 1 1.3E-01 | ca |6.8E+00| ca | 1.5E-01 | ca | 8.8E-04 | ca
Vinyl chloride 75-01-4 7.2E-01 i| 3.0E-03 | i 4.4E-06 i| 1.0E-01 |i|1 1 6.3E-02 | ca |1.8E+01| ca | 2.0E+00 | m | 1.4E-02 | m
Warfarin 81-81-2 3.0E-04 | i 0 0.10 1 4.6E+00 | nc | 1.8E+02 | nc | 2.7E+00 | nc | 5.8E-02 | nc
Xylenes 1330-20-7 2.0E-01 |i 1.0E-01 |i |1 1 1.9E+02 | nc |3.2E+03 | nc | 1.0E+04 | m | 2.0E+02 | m
Zinc 7440-66-6 3.0E-01 | i 0 1 5.9E+03 | nc | 1.0E+05 | max| 5.0E+03 | m

Zinc phosphide 1314-84-7 3.0E-04 | i 0 1 5.9E+00 | nc |3.1E+02 | nc | 2.7E+00 | nc

Zineb 12122-67-7 5.0E-02 | i 0 0.10 1 7.6E+02 | nc | 3.1E+04 | nc | 4.6E+02 | nc

Notes

“Toxicity factors selected based on the hierarchy described in EPA's "Memorandum Regarding Human Health Toxicity Values in Superfund Risk Assessments.” From Michael B. Cook, Director, EPA Office of Superfund

Remediation and Technology Innovation. To EPA Superfund National Policy Managers, Regions 1 - 10. OSWER Directive 9285.7-53. December 5, 2003. On-Line Address:

http://www.epa.gov/oerrpage/superfund/programs/risk/hhmemo.pdf |

EPA Region 3 Risk-Based Concentrations (RBC) Table. Last update: April 14, 2004. On-Line Address: http:/epa.gov/reg3hwmd/risk/human/index.htm |

\ \
EPA Region 6 Human Health Medium-Specific Screening Levels (MSSL) Table. Last update: Janary 13, 2004. On-Line Address: http://www.epa.gov/earthlr6/6pd/rcra_c/pd-n/screen.htm
EPA Region 9 Preliminary Remediation Goals (PRG) Table. Last update: October 1, 2002. On-Line Address: http://epa.gov/region09/waste/sfund/prg/index.htm

**  RGs for ammonia were established by NDEQ policy decision based on the ready conversion of ammonia to nittite and nitrate via chemical nitification, the lack of an MCL for ammonia, and the

established MCL for nitrate.

+++ Designations (see Appendix A, Protocol for VCP Remediation Goal Lookup Tables, Nebraska Voluntary Cleanup Program for more information):

Cadmium and compounds: RfDo is value for water. |

Total Chromium (1:6 ratio Cr VI:Cr Il1): IRIS IUR for Chromium VI used (since IRIS IUR is based on a 1:6 ratio of chromium VI:chromium II1).

Chromium VI: IUR is IRIS value for Chromium VI multiplied by 7 (since IRIS IUR is based on a 1:6 ratio of chromium VI:chromium II1). |

Lead: VCP RGs calculated using EPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model ] [ ] [

Manganese (non-food): RfDo reflects IRIS RfDo for manganese divided by 3, which reflects subtraction of dietary sources of manganese.

Thallium and compounds: RfDo is IRIS RfDo for thallium sulfate adjusted for the molecular weight of thallium [ ] ]

Vinyl chloride (residential): SFo and IUR are IRIS values based on continuous lifetime exposure from birth, derived using the linearized multistage (LMS) method.

Vinyl chloride (industrial): SFo and IUR are IRIS values based on continuous lifetime exposure during adulthood, derived using the linearized multistage (LMS) method.

September 2012
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Appendix B Standard Operating Procedures

TSSD Services, Inc. | Fort Calhoun Station Limited Site Characterization Report



1.1 UTILITY CLEARANCE

INTRODUCTION

Invasive field investigation activities such as drilling, soil gas surveys, test excavation or
remedial construction activities require location of underground utilities prior to initiating
work. Such clearance is sound practice in that it minimizes the potential for damage to
underground facilities and more importantly, is protective of the health and safety of
personnel. Under no circumstances will invasive activities be allowed to proceed without
obtaining proper utility clearance by the appropriate public agencies and/or private
entities. This clearance requirement applies to all work on both public and private
property, whether located in a dense urban area or a seemingly out-of-the-way rural
location.

The responsibility of obtaining this clearance lies with the Consultant or Contractor
performing the work.

In most states such utility clearance is required by law, and obtaining clearance includes
contacting a public or private central clearance agency via a “one-call” telephone service
and providing them with proposed exploration location information. This is discussed in
more detail herein. It is important to note that public utility agencies may not, and usually
don’t have information regarding utility locations on private property. As such, utility
clearance at the Zion Nuclear Power Station must be cleared using available site
drawings, and written approval must be obtained from plant personnel with appropriate
knowledge of existing utilities.

PROCEDURES REFERENCED

o 2.2 Soil Borings

PROCEDURE

J Before marking any proposed exploration or underground construction locations,
it is critical that all readily-available information on underground utilities and
structures be obtained. This includes publicly-available information as well as
information in the possession of private landowners. Any drawings obtained must
be reviewed in detail for information pertaining to underground utilities.

o Using the information obtained, the site should be viewed in detail for physical
evidence of buried lines or structures, including pavement cuts and patches,
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variation in or lack of vegetation, variations in grading, etc. (Care must also be
taken to avoid overhead utilities as well). Presence of surface elements of buried
utilities should be documented, such as manholes, gas or water service valves,
catch basins, monuments or other evidence.

o Overhead utility lines must be taken into account when choosing exploration and
excavation locations. Most states require a minimum of 10 ft. of clearance
between equipment and energized wires. Such separation requirements may also
be voltage-based and may vary depending on state or municipality regulations.

In evaluating clearance from overhead lines, the same restrictions may apply to
“drops”, or wires on a utility pole connecting overhead and underground lines.

J Using the information obtained and observations made, proposed exploration or
construction locations should be marked in the field. Marking locations can be
accomplished using spray paint on the ground, stakes, or other means. All
markings of proposed locations should be made in white, in accordance with
the generally-accepted universal color code for facilities identification (AWMA

4/99):
- White: Proposed Excavation or Drilling location
- Pink: Temporary Survey Markings
- Red: Electrical Power Lines, Cables, Conduit and Lighting Cables
- Yellow: Gas, Oil, Steam, Petroleum or Gaseous Materials
- Orange: Communication, Alarm or Signal Lines, Cables or Conduits
- Blue: Potable Water
- Purple: Reclaimed Water, Irrigation and Slurry Lines
- Green: Sewers and Drain Lines
o In order to effectively evaluate the proposed locations with these entities, detailed,

accurate measurements between the proposed locations and existing surface
features should be obtained. Such features can be buildings, street intersections,
utility poles, guardrails, etc.

o Obtaining the utility clearance generally involves two entities:
- The designated “One-Call” underground facilities protection organization for the
area; and
- The landowner.

Both entities must be contacted and the proposed locations evaluated in light of
information available for existing underground facilities. The detailed
measurement information described above will be required by the “one call”
agency. The owners of the applicable, participating underground utilities are
obligated to mark their respective facilities at the site in the colors described
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above. Utility stake-out activities will typically not commence for approximately
72 hours after the initial request is made.

The public and private utility entities generally only mark the locations of their
respective underground facilities within public rights-of-way. Determination of
the locations of these facilities on private property will be the responsibility of the
project Consultant or Contractor. If available information does not contain
sufficient detail to locate underground facilities with a reasonable amount of
confidence, alternate measures may be appropriate, as described below. In some
cases, the memory of a long-time employee of a facility on private property may
be the best or only source of information. It is incumbent on the Consultant or
Contractor to exercise caution and use good judgement when faced with
uncertainty.

Notes: It is important to note that not all utilities are participants in the “one-
call” agency or process. As such, inquiries must be made with the “one-call”
agency to determine which entities do not participate, so they can be
contacted independently.

Most utility Stake-outs have a limited time period for which they remain
valid, typically two to three weeks. It is critical that this time period be taken
into account to prevent expiration of clearance prior to completion of the
invasive activities, and the need to repeat the stake-out process.

Care must be exercised to document receipt of notice from the involved agencies
of the presence or absence of utilities in the vicinity of the proposed locations.

Most agencies will generally provide a telephone or fax communication indicating
the lack of facilities in the project area. If contact is not made by all of the
agencies identified by the “one-call”” process, do not assume that such utilities
are not present. Re-contact the “one-call” agency to determine the status.

For complicated sites with multiple proposed locations and multiple utilities, it is
advisable to arrange an on-site meeting with utility representatives. This will
minimize the potential for miscommunication amongst the involved parties.

Completion of the utility stake out process is not a guarantee that underground
facilities will not be encountered in excavations or boreholes; in fact, most “one-
call” agencies and individual utilities do not offer guarantees, nor do they accept
liability for damage that might occur. Accordingly, it is advisable that any
invasive activities proceed with extreme caution in the upper four to five feet in
the event the clearance has failed to identified an existing facility. This may
necessitate hand-excavation or probing to confirm potential presence of shallow
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utilities. If uncertainty exists for any given utility, extra activities can be initiated
to solve utility clearance concerns. These options include:

> Hand digging, augering or probing to expose or reveal shallow utilities and
confirm presence and location. In northern climates this may require
advancing to below frost line, typically at least four feet.

> Screening the proposed work areas with utility locating devices, and/or
hiring a utility locating service to perform this task. The private utility
locating service is a growing industry that has formed a national
organization. The National Utility Locate Contractors Association
(NULCA) can be reached at 715-635-6004.

EQUIPMENT

. White Spray paint

. Wooden stakes, painted white or containing white flagging
. Color-code key
. Available drawings

REFERENCE

o American Public Works Association, April 1999, Uniform Color Code
(http://www.apwa.net/)
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1.2 FIELD DATA RECORDING - FIELD BOOKS, LOG FORMS
AND ELECTRONIC DATA

INTRODUCTION

This procedure describes protocol for documenting standard investigation activities in
the field. Field data serves as the cornerstone for an environmental project, not only
for site characterization but also for additional phases of investigation or remedial
design. Inaccurate or incomplete field data may create significant problems and
additional project costs. In addition, recorded field data becomes a legal record of
project work, and should be approached with that in mind. Producing legally
defensible data includes proper and appropriate recording of field data as it is obtained
in a manner that will preserve it for future use.

This procedure provides guidelines for accurate, thorough collection and preservation
of written and electronic field data.

PROCEDURES REFERENCED

° 6.0 Field Instruments - Use And Calibration

PROCEDURE

Typical field data to be recorded generally includes, but is not limited to, the
following:

o general field observations;

o numeric field measurements and instrument readings;

o quantity estimates;

o sample locations and corresponding sample numbers;

o relevant comments and details pertaining to the samples collected;

o documentation of activities, procedures and progress achieved;

o contractor pay item quantities;

° weather conditions;

o a listing of personnel involved in site-related activities;

o a log of conversations, site meetings and other communications; and
o field decisions made and pertinent information associated with the decisions.

Written Field Data
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Written field data is generally recorded on one of two media: A standardized, pre-
printed field log form, or a bound field log book. In general, use of a field log form is
preferable as it prompts field personnel to make appropriate observations and record
data in a standardized format. This promotes completeness and consistency from one
person to the next.

In the absence of an appropriate pre-printed form, the data should be recorded in an
organized and structured manner in a dedicated project field log book. Log books
must be hard-cover, bound so that pages cannot be added or removed, and should be
made from high-grade 50% rag paper with a water-resistant surface.

The following are guidelines for use of field log forms and log books:

1. Information must be factual and complete. Do not abbreviate.

2. All entries will be made in black indelible ink with a ballpoint pen and will be
written legibly. Do not use “rollerball” or felt tip-style pens, since the water-

soluble ink can run or smear in the presence of moisture.

3. All pages in a log book must be consecutively numbered. Field log forms
should also be consecutively numbered.

4. Each day’s work must start a new log book page.

5. At the end of each day, the current log book page must be signed and dated by
the field personnel making the entries.

6. When using field log forms, they must also be signed and dated.

7. Make data entries immediately upon obtaining the data. Do not make
temporary notes in other locations for later transfer to log forms or log books;
this only increases the potential for error or loss of data.

8. Entry errors are to be crossed out with a single line, dated and initialed by the
person making the correction.

9. Do not leave blanks on log forms, if no entry is applicable for a given data
field, indicate so with “NA” or a dash (*“--°).

10. At the earliest practical time, photocopies of log forms and log book pages
should be made and placed in the project file as a backup in the event the book
or forms are lost are damaged.

11.  Log books should be dedicated to one project only, i.e., do not record data from
multiple projects in one log book.
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Electronic Data

Electronic data recording is widely used in environmental investigation and
remediation projects. In general, it involves electronic measurement of field
information through the use of monitoring instruments, sensors, gauges, and
equipment controls. The following is a list of guidelines for proper recording and
management of electronic field data:

1. Field data management should follow requirements of a project-specific data
management plan (DMP), if one exists.

2. Use only instruments that have been calibrated in accordance with
manufacturer’s recommendations.

3. Personnel properly trained and experienced in the use of the equipment and
software should only perform usage of instruments, controls and computers for
the purpose of obtaining field data.

4. Use only fully licensed software on PCs and laptops.

5. Loss of electronic files may mean loss of irreplaceable data. Every effort
should be made to back up electronic files obtained in the field as soon as
practical. A backup file placed on a disk and kept in a separate location from
the original will minimize the potential for loss.

6. Electronic files, once transferred from field instruments or laptops to office
computers, should be protected if possible to prevent unwanted or inadvertent
manipulation or modification of data. Several levels of protection are usually
available for spreadsheets, including making a file “read-only” or assigning a
password to access the file.

7. Protect floppy disks from exposure to moisture, excessive heat or cold,
magnetic fields, or other potentially damaging conditions.

8. Remote monitoring is often used to obtain stored electronic data from site
environmental systems. A thorough discussion of this type of electronic field
data recording is beyond the scope of this SOP. Such on-site systems are
generally capable of storing a limited amount of data as a comma-delimited or
spreadsheet file. Users must remotely access the monitoring equipment files
via modem or other access, and download the data. In order to minimize the
potential for loss of data, access and downloading of data should be performed
frequently enough to insure the data storage capacity of the remote equipment
is not exceeded.
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. 5” by 7” National 407 Field Book, with high-grade 50% rag paper with water-
resistant surface, hard-cover, or equivalent;

Appropriate field log forms;

Indelible ball point pen (do not use “rollerball” or felt-tip style pens);

Straight edge;

Pocket calculator;

Laptop computer (if required).
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2.1 DRILLING TECHNIQUES/BACKGROUND INFORMATION

INTRODUCTION

This section will provide a brief description of common methods for conducting
subsurface investigations. It should be noted that every drilling technology has its
limitations.

PROCEDURES REFERENCED

. 2.2 Soil Borings
. 3.2 Overburden Wells
. 34  Well Development

DRILLING METHODS

It is important that the drilling method or methods used minimize disturbance of
subsurface materials and not contaminate the subsurface and groundwater. The actual
drilling method would be dependent upon site-specific geologic conditions. It is
important to note that the drilling equipment selected be decontaminated before and
between borehole locations to prevent cross contamination (see SOP 7.0). Where
possible drilling methods that minimize waste generation (soil cuttings), and waste water
generation (decon water), should be selected for investigation/remedial tasks.

In other settings it may be desirable to dictate drilling procedures that minimize
turbidity/maximize the ability to achieve sediment-free groundwater.  Generally,
rotosonic techniques or rotary spun casing techniques achieve these objectives, or
oversizing the borehole/sand pack may be considered, as well.

Rotosonic Drilling

This method consists of a combination of rotation with high frequency vibration to
advance a core barrel to a desired depth. Once the vibration is stopped, the core barrel is
retrieved, and the sample is vibrated or hydraulically extracted into plastic sleeves or
sample trays. Monitoring wells shall be installed through the outer casing with minimal
formation disturbance and mixing of formation materials. Rotosonic drilling generally
requires less time than more traditional methods and minimizes soil mixing and soil
disturbance (preferred for well locations where low turbidity is an important objective).
Continuous, relatively undisturbed samples can be obtained through virtually any
formation. Conventional sampling tools can be employed as attachments
(i.e., hydropunch, split spoon, shelby tube, etc.). No mud, air, water, or other circulating
medium is required. The rotosonic method can drill easily through formations such as
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rock, sand, clay, or glacial till. The main limitation of this method is the availability of
equipment, the large area required (i.e., drill units are quite large), and costs.

Direct Push (Geoprobe™)

Direct push refers to the sampler being “pushed” into the soil material without the use of
drilling to remove the soil. This method relies on the amount of the drill weight combined
with percussion for advancement of the tool string. Discrete soil samples are continuously
obtained as well groundwater and vapor samples can also be collected utilizing this
method. Subsurface investigations typically probe to depths of 30 feet or more, although
depths will vary based on site-specific geology. This method is used extensively for initial
Site screening activities to delineate vertical and horizontal plume presence and can
significantly reduce investigative costs. This method is becoming more popular due to
the limited cuttings that are produced during the sampling process and the sampling
process speed. The use of the Geoprobe™ 6600 also allows for the installation of 2-inch
diameter monitoring wells.

Rotary Method

This method consists of a drill rod attached to a drill bit (soils: tricone, drag; rock:
button studded, diamond studded) that rotates and cuts through the soils and rock. The
cuttings produced are forced to the surface between the borehole wall and the drill rod by
drilling fluids that generally consist of water, drilling mud, or air. The drilling fluids not
only force the cuttings to the surface but also keep the drilling bit cool. Using rotary
methods for well installations can be difficult, as it usually requires several steps to
complete the installation. First, the borehole is drilled; then temporarily cased; then the
well is installed; and then the temporary casing is removed. In some cases, the borehole
may remain open without installing a casing but this will only occur in limited instances
(i.e., cohesive soils).

1) Water Rotary

When using water rotary, the potable water supply shall be analyzed for contaminants
of concern. Water rotary is the preferred rotary method since the potable water is the
only fluid introduced into the borehole during drilling. However, the use of water as a
fluid is generally only successful when drilling in cohesive soils. The use of potable
water (only) also reduces well development time, when compared to mud rotary.

i1) Air Rotary (typically used in rock)

When using air rotary, the air compressor must have an in-line oil filter system
assembly to filter the oil mixed with the air coming from the compressor. This will
help eliminate contaminant introduction into the formation. The oil filter system shall
be regularly inspected. Air compressors not having an in-line oil filter system are not
acceptable for air rotary drilling. A cyclone velocity dissipater or similar air
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containment system shall also be used to funnel the cuttings to one location rather
than letting the cuttings blow uncontrolled out of the borehole. Air rotary may not be
an acceptable method for well installation where certain contaminants are present in
the formation. Alternatively, it may be necessary to provide treatment for the air
being exhausted from the borehole during the installation process.

ii1) Mud Rotary

Mud rotary is the least preferred rotary method because contamination can be
introduced into the borehole from the constituents in the drilling mud (i.e., Ohio,
Michigan). The drilling muds are generally non-toxic and do not introduce
contaminants into the borehole, however, it is possible for mud to commonly infiltrate
and affect water quality by sorbing metals and polar organic compounds. Chemical
composition and priority pollutants analysis may be obtained from the manufacturer.
Mud rotary shall utilize only potable water and pure (no additives) bentonite drilling
muds. The viscosity of the drilling mud shall be kept as low as possible in order to
expedite well development. Proper well development is essential to ensure the
removal of all the drilling mud and to return the formation to its previously
undisturbed state.

Hollow-Stem Auger

The hollow-stem continuous-flight auger (HSA) is among the most frequently used in the
drilling of monitoring wells (overburden wells) or for placement of overburden casings
for bedrock wells.

The primary advantages of hollow-stem augering are that:

» generally, no additional drilling fluids are introduced into the formation;

» representative geologic soil samples can be easily obtained using split-spoon samples
in conjunction with the hollow-stem augers; and

* monitoring wells can be installed through the augers eliminating the need for
temporary borehole casings.

Disadvantages of hollow-stem augering are:

e creates problems for select parameters;

e large volumes of cuttings are typically generated;

e decon is fairly time consuming/labor intensive; and

e relatively slow when compared to direct-push methods (soil sampling tasks).

Installing monitoring wells through hollow-stem augers is a relatively simple process

although precautions need to be taken to ensure that the well is properly backfilled. This
can be particularly problematic in cases where flowing sand is present.
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Hollow-stem augers are available with inside diameters of 2.5, 3.25, 4.0, 4.25, 6.25, 8.25,
and 10.25 inches. The most commonly used are 4.25 inches for 2-inch (5 cm) monitoring
wells and 6.25 inches for 4-inch (10 cm) monitoring wells. Boreholes can usually be
drilled with hollow-stem augers to depths up to 100 feet (30 m) in unconsolidated clays,
silts, and sands. Removing augers in flowing sand conditions while installing monitoring
wells may be difficult since the augers have to be removed without being rotated. A
bottom plug or pilot bit assembly should be utilized to keep out soils and/or water that
have a tendency to plug the bottom of the augers during drilling. If flowing sands are
encountered, potable water (analyzed once for contaminants of concern) may be poured
into the augers to equalize the pressure to keep the formation materials and water from
coming up into the auger once the bottom plug is removed.

Dual-Wall Reverse Circulation Air Method of Drilling

This method consists of two concentric strings of drill pipe (an outer casing and a slightly
smaller inner casing). The outer drill pipe is advanced using rotary drilling with a
donut-shaped bit attached to the dual casing string cuts an area only the width of the two
casings and annulus between. Compressed air is continually forced down the annulus
between the inner casing carrying the drill cuttings and groundwater. At the surface, the
inner casing is connected to a cyclone hopper where the drill cuttings and groundwater
fall out the bottom of the hopper, and air is disbursed out the top. The dual wall provides
a fully cased borehole in which to install a monitoring well. The only soil or groundwater
materials exposed at any time are those at the drill bit. Therefore, the potential for
carrying contamination from one stratum to another is minimal. Depth-specific
groundwater samples can be collected during drilling; however, since the groundwater is
aerated, analysis for volatile compounds may not be valid.

Well Points

In some limited cases, well points (sand points) are driven into place without the use of
augers. This method provides no information on the geologic condition (other than the
difficulty of driving which may be related to formation density). Well points are most
often used simply to provide dewatering of a geologic unit prior to excavation in the area.
Well points are also used in monitoring shallow hydrogeologic conditions such as in
stream beds.

REFERENCE

Numerous publications are available describing current monitoring well design and
construction procedures.

1. Driscoll, F.G., 1986. Groundwater and Wells, 2nd Edition. Johnson Division.

2. Freeze, R.A. and Cherry, J.A., 1979. Groundwater. Prentice Hall, Inc.
3. EPA/625/6-90/0166 (July 1991), Handbook Ground Water Volume Il:Methodology
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4. National Water Well Association, 1989. Handbook of Suggested Practices for the
Design and Installation of Groundwater Monitoring Wells

5. Environmental Protection Agency (1986), RCRA Groundwater Monitoring Technical
Enforcement Guidance Document, OSWER-9950.1

In addition, the following ASTM publications apply:

1. ASTM D5474 Guide for Selection of Data Elements for Ground-Water
Investigations

2. ASTM D5787 Practice for Monitoring Well Protection

3. ASTM D5521 Guide for Development of Ground-Water Monitoring Wells in
Granular Aquifers

4. ASTM D5978 Guide for Maintenance and Rehabilitation of Ground-Water
Monitoring Wells

5. ASTM D5299 Guide for Decommissioning of Ground Water Wells, Vadose Zone
Monitoring Devices, Boreholes and Other Devices for
Environmental Activities

6. ASTM D5092 Standard Practice for Design and Installation of Ground Water
Monitoring Wells in an Aquifer.
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2.2 SOIL BORINGS

INTRODUCTION

The following presents a description of the methods generally employed for the
installation of boreholes and the collection of subsurface soil samples. Boreholes are
typically installed to define geologic conditions for hydrogeologic and geotechnical
evaluation; to allow the installation of monitoring wells and piezometers; and to allow the
collection of subsurface soil samples (generally above the water table) for chemical
analysis.

Several manual methods are available for the collection of shallow subsurface soil
samples (e.g., hand augers, post-hole augers, vibratory hammers). However, the most
common methods to advance boreholes are rotosonic drilling techniques, hollow-stem
augers (HSA), or the wuse of a direct-push equipment. SOP 2.1 Dirilling
Techniques/Background, provides insight into the advantages/disadvantages of these
drilling methods.

PROCEDURES REFERENCED

. 1.1 Utility Clearance
. 2.1 Drilling Techniques/Background Information
. 5.1 Soil Sample Collection

BOREHOLE REQUIREMENTS

The following activities must be undertaken prior to installing a borehole.

1) Obtain a site plan and any previous stratigraphic logs. Determine the exact
number and location of boreholes to be installed and the depths of samples for
chemical analysis.

i1) Coordinate lab services including:
+ glassware/sample jars;
e cooler;

 shipping details;
» start date; and
+ expected duration.
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i) Establish borehole locations in field using available landmark or by surveying
methods if necessary.

v) Arrange for utility clearance of franchised utilities and site utilities.

V) Determine notification needs with the Project Manager. Notify the regulatory
groups, landowner, facility personnel, and laboratory of the sampling event.

vi) Determine the methods for handling and disposal of drill cuttings, wash waters,
and spent decontamination fluids.

Once the prior planning and preparation activities are completed, the borehole installation
and subsurface soil sampling program can proceed. The typical work sequence is as
follows:

* locating and marking of borehole locations (if not already completed);

* equipment decontamination;

+ final visual examination of proposed drilling area for utility conflicts/final hand
auger or post-hole check to verify utility absence;

» advancement of borehole and collection of the soil sample;

 field screening of soil sample;

+ description of soil sample;

» sample preparation and packaging;

» abandonment of boreholes;

» surveying of borehole locations and elevations; and

+ field note completion and review.

1) Location and Marking of Boreholes/Final Visual Check

The proposed borehole locations marked on the site plan are located in the field and
staked. On most sites, this will likely be done several days in advance of the drill rig
arriving on site. Unless boreholes are to be installed on a fixed grid, the proposed
locations are usually placed at biased locations.

Once the final location for the proposed boring has been selected and utility clearances
are complete, one last visual check of the immediate area should be performed before
drilling proceeds. This last visual check should confirm the locations of any adjacent
utilities (subsurface or overhead) and verification of adequate clearance. If gravity sewers
or conduits exist in the area, any access manholes or chambers should be opened and the
conduit/sewer alignments confirmed. Do not enter manholes unless confined space
procedures are followed.

i1) Borehole Advancement
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If possible, it is prudent to use a hand auger or post-hole digging equipment to a sufficient
depth to verify the absence of buried utilities and pipelines. This procedure should clear
the area to the full diameter of the drilling equipment that will follow. (Only if
underground utilities are suspected in the area, or requested by client.)

If it is necessary to relocate any proposed borehole due to terrain, utilities, access, etc., the
Field Coordinator/Task Manager must be notified and an alternate location will be
selected. If moved, details of new location should be recorded in field log book.

Prior to use and between each borehole location at an environmental site, the drilling and
sampling equipment must be decontaminated. All decontamination must be conducted in
accordance with the project-specific plans or the methods presented in SOP 7.0

The clean augers/tooling are covered with clean plastic sheeting to prevent contact with
foreign materials.  For geotechnical, geologic, or hydrogeologic studies where
contaminants will not be present, it is sufficient to clean the drilling equipment simply by
removing the excess soils.

. Collection of soil samples is one of the most important considerations in selecting
drilling methods. Therefore, the need for reviewing drilling techniques (SOP 2.1)
and the Site objectives must first be considered. Sections iii) and iv) describe
borehole soil sampling procedures using direct-push tooling and hollow stem
augering/split spoon sampling (Standard Penetration Testing - SPT), respectively.

1i1) Direct-Push/Macro-Core™ Soil Sampler

The operation of the direct-push/Macro-Core™ Soil Sampler (or equivalent) consists of
“pushing” the sampler into the subsurface and then retrieved using a direct-push soil
probing machine. The collected soil core is contained within an internal soil liner
(acetate, polyethylene or Teflon) and removed from the sampler once returned to the
ground surface. Sampler length is variable depending on equipment available (2 ft., 4 ft.,
5 ft.). Once the soil liner has been removed and the outer sampler de-coned, a new liner
is inserted and the sampler reassembled. The clean sampler is then driven back down the
same hole to collect the next soil sample.

The Macro-Core™ sampler can be used in either the open-tube or closed-point sampling
mode. The open-core sample mode is most commonly used in stable soil conditions. In
unstable soils, the piston rod point system prevents collapsed soil from entering the
sampler as it is advanced back down the hole. Once at the sample depth, the piston rod is
unthreaded and released. The sampler is then driven into the subsurface to fill the
sampler with soil, the piston point rides on top of the soil, as it enters the sampler.

Once recovered the soil liner with collected soils is opened (cut lengthwise) and
examined to collected soil screening information, soil logging information, and soils for
chemical analysis.

Page 3 of 8



iv) Standard Penetration Testing (SPT) Sampling and Testing Procedure

This method is used to obtain representative samples of subsurface soil materials and to
determine a measure of the in situ relative density of the subsurface soils. The test
methods described below must be followed to obtain accurate SPT values. The split
spoon is typically driven in advance of a hollow stem auger string which allows collection
of the disturbed but representative sample.

SPT sampling is performed by using a split barrel sampler in accordance with
ASTM D1586. The split barrel sampler, or split spoon, consists of an 18- or 24-inch
long, 2-inch outside diameter tube, which comes apart length-wise into two halves. The
split spoon is typically driven in advance of a hollow stem auger string which allows
collection of the disturbed but representative soil sample.

Once the borehole is advanced to the target depth and the borehole cleaned of cuttings,
representative soil samples are collected in the following manner:

e the split-spoon sampler should be inspected to ensure it is properly cleaned and
decontaminated. The driving shoe (tip) should be relatively sharp and free of severe
dents and distortions;

e the cleaned split-spoon sampler is attached to the drill rods and lowered into the
borehole. Do not allow the sampler to drop onto the soil;

e after the sampler has been lowered to the bottom of the hole, it is given a single blow
to seat it and make sure that it is in undisturbed soil. If there still appear to be
excessive cuttings in the bottom of the borehole, remove the sampler from the
borehole and remove the cuttings; and

e mark the drill rods in three or four successive 6-inch (0.15 m) increments, depending
on sampler length, so that the advance of the sampler under the impact of the hammer
can be easily observed for each 6-inch (0.15 m) increment.

The sampler is then driven continuously for either 18 or 24 inches (0.45 or 0.60 m) by use
of a 140-pound (63.5 kg) hammer. The hammer may be lifted and dropped by either the
cathead and rope method, or by using a trip, automatic, or semi-automatic drop system.
The hammer should free-fall a distance of 30 inches (1 inches) (760 mm, +25 mm) per
blow. Measure the drop at least daily to ensure that the drop is correct. To ensure a
free-falling hammer, no more than 2 1/4 turns of the rope may be wound around the
cathead (see ASTM D1586). The number of blows applied in each 6-inch (0.15 m)
increment is counted until one of the following occurs:

e a total of 50 blows have been applied during any one of the 6-inch (0.15 m)
increments described above;

e atotal of 100 blows have been applied;

e there is no advancement of the sampler during the application of ten successive blows
of the hammer (i.e., the spoon is "bouncing" on a stone or bedrock); or
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e the sampler has advanced the complete 18 or 24 inches (0.45 or 0.60 m) without the
limiting blow counts occurring as described above.

In some cases where the limiting number of blow counts has been exceeded, the
Consultant may direct the driller to attempt to drive the sampler more if collection of a
greater sample length is essential.

On the field form, record the number of blows required to drive each 6-inch (0.15 m)
increment of penetration. The first 6 inches is considered to be a seating drive. The sum
of the number of blows required for the second and third 6 inches (0.15 m) of penetration
is termed the "standard penetration resistance" or the "N-value".

Note: If the borehole has sloughed and there is caved material in the bottom, the split
spoon may push through this under its own weight, but now the spoon is partially
"pre-filled". When the spoon is driven the 18 or 24 inches representing its
supposedly empty length, the spoon fills completely before the end of the drive
interval. Two problems arise:

1. the top part of the sample is not representative of the in-place soil at that
depth,

2. the SPT value will be artificially higher toward the bottom of the drive
interval since the spoon was packed full. These conditions should be noted on
the field log.

The sampler is then removed from the borehole and unthreaded from the drill rods. The
open shoe (cutting end) and head of the sampler are partially unthreaded by the drill crew
and the sampler is transferred to the geologist/engineer work surface.

Note: A table made out of two sawhorses and a piece of plywood is appropriate, or a
drum, both covered with plastic sheeting.

The open shoe and head are removed by hand, and the sampler is tapped so that the tube
separates.

Note: Handle each split spoon with clean disposable gloves if environmental issues are
being investigated.

Measure and record the length of sample recovered making sure to discount any sloughed
material that is present on top of the sample core.

Caution must be used when conducting SPT sampling below the groundwater table,
particularly in sand or silt soils. These soils tend to heave or "blow back" up the borehole
due to the difference in hydraulic pressures between the inside of the HSA and the
undisturbed soil. To equalize the hydraulic pressure, the inside of the HSA must be filled
with water or drilling mud. The drilling fluid level within the boring or hollow-stem
augers needs to be maintained at or above the in situ groundwater level at all times during
drilling, removal of drill rods, and sampling. Since heave or blow back is not always

Page 5 of 8




obvious to the driller, it is essential that the water level in the borehole always be
maintained at or above the groundwater level. Heaving conditions and the use of water or
mud should be noted on the field logs.

SPT sampling below the water table in sands and silt occasionally results in low SPT
values being obtained due to the heaving effect disturbing the soil especially if the water
level in the hole has not been maintained at the in situ water level. Suspect low N values
should be noted on the field logs. If it is critical to have accurate N values below the
water table, other methods can be employed, such as conducting a dynamic cone
penetration test. This quick and easy test involves attaching a cone shaped tip to the end
of the drill rods, and driving the tip into the ground similar to the SPT method, except
that the borehole is not pre-augered. Cones may be driven 20 to 40 feet through a
formation without augering. Blow counts are recorded for each foot (0.3 m) of
advancement.

A variation of split barrel sampling involves the use of a longer barrel in conjunction with
hollow stem augers. The sampling barrel is installed inside the auger with a swivel
attachment to limit rotation of the barrel. After completion of a 5-foot auger penetration,
the auger is left in place and the barrel retrieved from the borehole. The sampler should
be handled and the sample retrieved in the same way as described above for SPT
sampling. This method is quicker than SPT split spoon sampling and the sample is
virtually undisturbed because the cutting shoe sits ahead of the auger. No SPT
information is collected due to soil sample collection during auger run.

Thin-Walled Samplers (Shelby Tubes)

Thin-walled samplers are used to collect relatively undisturbed samples (as compared to
split-spoon samples) of soft to stiff clayey soils. Shelby tubes are commonly used. The
Shelby Tube has an outside diameter of 2 or 3 inches and is 3 feet long. These
undisturbed samples are used for certain laboratory tests of structural properties
(consolidation, hydraulic conductivity, shear strength) or other tests that might be
influenced by sample disturbance. Procedures for conducting thin-walled tube sampling
are provided in ASTM D1587, and are briefly described below.

e the soil deposit being sampled must be cohesive in nature, and relatively free of sand,
gravel, and cobble materials, as contact with these materials will damage the sampler;

e clean out the borehole to the sampling elevation using whatever method is preferred
that will ensure the material to be sampled is not disturbed. If groundwater is
encountered, maintain the liquid level in the borehole at or above groundwater level
during the sampling operation;

e Dbottom discharge bits are not permitted. Side discharge bits may be used, with
caution. Jetting through an open-tube sampler to clean out the borehole to sampling
elevation is not permitted. Remove loose material from the center of a casing or
hollow-stem auger as carefully as possible to avoid disturbance of the material to be
sampled;
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place the sample tube so that its bottom rests on the bottom of the hole. Advance the
sampler into the formation without rotation by a continuous and relatively rapid
motion; usually hydraulic pressure is applied to the top of the drill rods;

determine the length of advance by the resistance and condition of the formation, but
the length shall never exceed 5 to 10 diameters of the tube in sands and 10 to
15 diameters of the tube in clays;

in no case should the length of advance be greater than the sample-tube length minus
an allowance for the sampler head and a minimum of 3 inches for cuttings.

the tube may be rotated to shear the bottom of the sample 2 to 3 minutes after pressing
in, and prior to retrieval to ensure the sample does not slide out of the tube. Lift the
weight of the rods off of the tube prior to rotating.

withdraw the sampler from the formation as carefully as possible in order to minimize
disturbance of the sample;

package and transport the sample in accordance with Paragraph ix).

On occasion it maybe required to extract the sample from the tube in the field.

v)

a sample extruder, which consists of a clamp arrangement to hold the tube and a
hydraulic ram to push the sample through the tube, is usually mounted on the side of
the rig. To prevent cross-contamination, be certain that the extruder is field cleaned
between each sample;

the sample is then extruded into a carrying tray; these are often made from a piece of
4-inch or 6-inch diameter PVC pipe cut lengthwise. Be certain that the carrying tray
is field cleaned between each sample. The sample is carried to the work station to
describe the sample, trim the potentially cross contaminated exterior, and place it in
the appropriate container; and

the Shelby tube may then be thoroughly field cleaned and decontaminated for reuse.
Since they are thin-walled, the tubes are easily damaged, crimped, or otherwise
distorted during handling or pushing. The Shelby Tube should be inspected before
use and any which are significantly damaged should be rejected.

Borehole Completion

At the completion of the soil boring, once the soil/groundwater samples have been
collected, the borehole annulus is then abandoned. Each boring will be surveyed to
establish vertical/horizontal information; field ties (i.e., swing ties) will also be collected
to document the boring location. Once completed, a stratigraphic log will be prepared for
reporting purposes.

EQUIPMENT

Drilling Equipment
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Tape Measure

REFERENCE

ASTM D420-93

ASTM D1452-80

ASTM D1586-84

ASTM D1587-94

ASTM D2488-93

Guide to Site Characterization for Engineering, Design, and
Construction Purposes

Practice for Soil Investigation and Sampling by Auger
Borings

Test Method for Penetration Test and Split-Barrel Sampling
of Soils

Practice for Thin-Walled Tube Geotechnical Sampling of
Soils

Practice for Description and Identification of Soils (Visual-
Manual Procedure)

National Water Well Association, Handbook of Suggested Practices for the
Design and Installation of Ground-Water Monitoring Wells.1989

EPA OSWER-9950.1,1986. RCRA Ground-Water Monitoring Technical
Enforcement Guidance Document
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2.4 BOREHOLE ABANDONMENT/SEALING

INTRODUCTION

The following procedure describes common techniques for the abandonment/sealing of
overburden boreholes. Borehole completion may have been performed by hollow stem
augering/split spoon sampling, direct push sampling device, solid stem augering or other
soil sample collection techniques. The method of borehole abandonment selected for a
program will be dependent on a number of factors such as: depth to groundwater,
presence of contamination (and degree of contamination i.e., light or dense non-agueous
phase liquids - NAPL), confining layer presence and/or physical setting (i.e., open
field/vacant land, vs. facility setting). The Work Plan guiding these activities (soil
boring/boring closure) will dictate which method of borehole abandonment/sealing is
required. The borehole abandonment/sealing techniques reviewed in the following
consist of:

e soil cutting backfill,
e Dbentonite chip backfill; or
e cement/bentonite grout backfill using tremie techniques.

Boreholes need to be abandoned and sealed properly to prevent surface water entry to the
groundwater regime, to eliminate any physical hazard, and to prevent/protect groundwater
movement from one aquifer to another.

PROCEDURES REFERENCED

. 2.2 Soil Borings

BOREHOLE ABANDONMENT/SEALING PROCEDURE

A. Soil Cutting Backfill

Typically employed when working above groundwater table and at shallow depths.

o The final depth of borehole will be measured and recorded.

o Cuttings are dropped into borehole after augering/sample equipment is removed.

o Drill rod and/or probe rodding is used to compact/compress cuttings to allow
return of all cuttings back into borehole.

o Mound final surface of cuttings above ground surface to allow settlements and
promote surface water runoff away from boring.

. Borehole abandonment will be documented in field records/notes.
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B. Bentonite Chip Backfill

Typically employed when working above or just into the groundwater table

o Excess cuttings have been drummed for disposal or excess cuttings have been
spread at ground surface.

J The depth of the borehole will be measured and recorded.

J Bentonite chips will be dropped into borehole as hollow stem augers are removed,

or after the boring equipment has been removed from the borehole (solid stem
auger, probing tools, split spoon samplers).

o The bentonite chip backfill will be extended to within 1 foot of ground surface,
the final borehole space will be backfilled with native soil and mounded slightly
to allow settlement and promote surface water runoff away from the boring.
Alternatively, the borehole cuttings may be mixed with bentonite to complete the
abandonment/sealing task.

J Borehole abandonment will be documented in field records/notes.

C. Cement/Bentonite Grout Backfill

Typically employed when working below the groundwater table, or in an area where a
confining layer exists and the potential for groundwater/NAPL movement along a
preferential pathway (i.e., former borehole) must be eliminated.

J The final depth of borehole will be measured and recorded.

J The volume of grout required will be calculated from the above measurements.

o A grout mix of one bag (94 Ibs.) of Portland Cement and three pounds of
bentonite with approximately 7.5 gallons of clean water will be prepared.

o Using a tremie tube placed at the base of the borehole the grout will be pumped

until observed at the required elevation. The tremie tube will be raised as the
grout level rises (positive displacement technique).

. The bentonite/grout backfill will be extended to within 1 foot of ground surface,
the final borehole space will be backfilled with native soil and mounded slightly
to allow settlement and promote surface water runoff away from boring.

o Borehole abandonment will be documented, noting depth of borehole; volume of
grout used and mix ratio.
o Groundwater displaced from the borehole may or may not required containment

depending on borehole setting and/or water quality.

NOTE: AT THE COMPLETION OF BOREHOLE ABANDONMENT/SEALING
ACTIVITIES (REGARDLESS OF METHODOLOGY EMPLOYED) IT IS
NECESSARY TO CHECK FOR SURFACE SETTLEMENT A FEW DAYS AFTER
WORK COMPLETION TO DETERMINE IF THE BOREHOLE AREA REQUIRES
"TOPPING OFF".
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Restoration

The area around the borehole shall be restored as directed by the plant representative
(e.g., asphalt, concrete, vegetation).

Cleanup

The area around the borehole shall be completely cleaned up of any investigation related
materials (litter, etc.).

EQUIPMENT/MATERIALS

Grout pump/mixing equipment
. Test Boring Report

REFERENCE

1. United States Environmental Protection Agency (1992) "Guide to Management of
Investigation-Derived Wastes", Quick Reference Fact Sheet

2. ASTM D5299 "Guide for Decommissioning of Ground Water Wells, Vadose Zone
Monitoring Devices, Boreholes and Other Devices for Environmental Activities
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3.1 WELL CONSTRUCTION MATERIALS

INTRODUCTION

In environmental subsurface investigations, the information used to evaluate subsurface
conditions often relies on the installation of appropriate groundwater monitoring wells.
The application and use of the proper well construction materials to the specific well
installation is crucial to obtaining representative and reliable groundwater samples.

The two general types of wells are groundwater monitoring wells and pumping (also
referred to as recovery, extraction, or withdrawal) wells. The specific use of a
groundwater well dictates the types of materials with which it is constructed.

This SOP outlines the general types and use of well construction materials and
considerations involved in selecting appropriate materials for specific well installation
applications. Installation of these materials is described in detail in the specific well-
installation SOPs listed below.

PROCEDURES REFERENCED

. 3.2 Overburden Monitoring Well Installation

MATERIAL DESCRIPTIONS

A. Well Screen

The screen is the portion of the well that contains appropriately sized openings and allows
groundwater to enter the well. The screen materials used in groundwater monitoring
wells are crucial to ensuring the installation of an efficient, productive, and durable
groundwater well.

The diameter of the well screen is generally dependent upon the application of the well.
For monitoring wells used in groundwater level measurements and groundwater
sampling, screen diameter will generally be 2.0-inch inner-diameter (I.D.) flush-threaded
screen segments (piezometers are typically 1.0-inch inner diameter but may also be 2-
inch). These screen segments are typically available in 10-foot lengths. Four-inch
diameter or larger well screens are usually used for recovery or production well
applications where larger diameters permit greater groundwater withdrawal rates. Larger
diameter wells also allow a well to serve additional functions such as housing extraction
oil recovery systems.
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Screen material will be either thermoplastic Schedule 40 PVC (PolyVinylChloride)
(ASTM D1785, ASTM D2665, ASTM F480) or Schedule 5 Type 316 stainless steel,
depending primarily on the depth of the well and the groundwater quality (degree and
nature of contamination). Shallower depths and generally low levels of contaminants in
groundwater allow for PVC applications, whereas greater depths and severely degraded
groundwater quality, or the presence of free-phase oils or solvents, may necessitate
stainless steel due to its greater strength and resistance to chemical degradation. It should
be noted that PVC and stainless steel are appropriate for the vast majority of
environmental applications, and are generally accepted by regulatory agencies. Well
materials other than PVC or stainless steel should be used only in certain instances, to be
determined and approved by the Consultant Project Manager on a case-by-case basis.

Certain applications such as investigation of inorganic (metals) concentrations in
groundwater, or the presence of low pH (acidic) conditions may preclude the use of
stainless steel wells. Stainless steel, which contains molybdenum in addition to its iron
content, may leach out metal compounds which could cause to misleading groundwater
analysis results.

PVC may likewise leach out or degrade specific thermoplastic elements of its
composition which may compromise the well integrity or groundwater analyses. PVC
generally performs well in acidic groundwater conditions; however, it may degrade in the
presence of certain organic compounds such as ketones, aldehydes or chlorinated
compounds in high concentrations. Certain additives to the PVC may also affect
groundwater quality.

Well screen slot sizes and well screen type will also be consistent for groundwater
monitoring wells. Screen slot size is typically 0.010 inches; 0.020-inch slot size may be
more appropriate for coarser formation materials or where the well may serve as a
recovery well for free-phase oils. For monitoring applications, slot type should be either
factory machine-slotted or continuous-wrap slotted. Perforated, bridge-slotted or louver-
slotted well screens are generally not acceptable for most environmental applications and
should be avoided.

Screen slot sizes may vary from these two sizes when used in production or recovery
(pumping) well applications where the need to maximize groundwater withdrawal is
essential. In such cases, screen slot sizes can be manufactured to exact specifications for
a particular well based on particle size analysis results and formation transmissivity or
permeability.

B. Well Riser Pipes and Casings

Well riser pipe is a solid extension of the well that extends from the screen up to the
surface. The riser pipe protects the well screen, prevents outside groundwater from
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entering the well, and allows groundwater pumped from down in the open interval to be
routed up through the well to the surface.

Well riser pipe should be of the same material and size as the well screen described
above. In instances to be determined and approved by the project manager on a case-by-
case basis only, differing materials may be approved for use in the same well (e.g.
stainless steel well screen connected to PVC riser). Well risers should extend to the
surface and should either be cut at grade in flush-mount completions or as an
approximately 3-foot stickup to be covered with a steel protective casing.

Well riser pipe sections shall be flush-threaded and fitted with neoprene, rubber, or other
appropriately constructed, durable o-rings to properly seal the threaded pipe joints. Glues
or cements are not to be used in well construction.

In installations of bedrock monitoring wells, which have an open rock monitoring interval
and a permanent well casing that extends from bedrock to the surface, the permanent
casing (or casings in telescoping wells) shall be made of carbon steel, low-carbon steel (>
0.8% carbon and < 0.8% carbon, respectively), or PVC. The well casing should be a
minimum of 4 inches in diameter (at least 4-inch diameter for the innermost casing).

C. Sand Packs

The filter pack, or sand pack, installed in a well replaces formation material immediately
around a well with a more permeable material (sand). The sand pack separates the well
screen from the formation, increases the hydraulic diameter of the well, and prevents
fines (silt or clay) from entering or clogging the well screen.

Sand pack of an appropriate size shall be utilized based on the well screen slot size being
used. Sand pack size should be chosen so that the majority of the sand (sand pack has
inherent variation in its particle grain size distribution) is larger than the screen slot size
while sized small enough to prevent deleterious amounts of formation fines from entering
the well through the sand pack. Screen slot sizes of 0.010-inch and 0.020-inch typically
use a sand pack such as Morie or U.S. Silica #1, #0, #00N, or equivalent.

Sand pack shall be washed silica sand with a silica content of at least 95%. Sands should
meet one or more of the following requirements: NSF Standard 61, AWWA B-100,
ANSI, or equivalent standards for uniformity and chemical inertness. In cases to be
determined and approved by the project manager on a case-by-case basis only, differing
sand pack materials may be approved for use in a well. Sand packs used for production
and recovery wells with larger screen slot sizes will use larger-particle-sized sand packs
of the same type and quality. The slot size and sand pack size for recovery wells should
be chosen based on results of formation grain size distribution analysis.

D. Seals
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Bentonite and grout seals are installed above the sand pack to isolate the monitoring
interval and prevent groundwater from infiltrating into the well screen from other water-
bearing zones. Seals also prevent migration of backfill or formation materials downward
into the sand pack.

Bentonite is the generic name for a group of a naturally-occurring clay minerals
(montmorillonites) that come in a variety of forms: pellets, chips, granulated, or
powdered. This material is commercially available as “Wyoming Bentonite”. When
hydrated it swells to many times its original volume and forms an ultra-low-permeability
clay seal.

Bentonite chips or pellets are generally used to create a seal immediately above the sand
pack. The chips/pellets are dropped inside the augers or well casing by hand down
through the water column onto the top of the sand pack. Care must be taken to prevent
“bridging” of the bentonite particles in the casing above the target zone. Measurements
of the depth to the top of the seal must be obtained during installation of the seal to
ensure its proper position and thickness. In the absence of significant water in a casing or
borehole, potable water must be added to hydrate the bentonite. The bentonite seal will
be allowed to set for a minimum of one-half hour, in order to hydrate properly, before
additional seals (grout) are applied. Once the bentonite has set for one-half hour the grout
seal may be placed, as described below.

In saline groundwater environments, such as where ocean water may infiltrate the
monitoring interval, a zeolite-based seal material may be used, as saline conditions may
hamper the performance of bentonite pellets.

Portland cement grout (grout) forms a concrete-like seal that can be more manageable
than bentonite (e.g. able to be pumped through a water pump). Grout is generally placed
on top of the hydrated bentonite seal to form a solid cement seal around the well riser up
to the surface.

The grout mixture will consist of one 94-pound bag of Portland Cement and 3 to 5
pounds of powdered bentonite added per sack of cement. Two (2) pounds of calcium
chloride may also be added (under certain conditions, e.g. very cold days) to accelerate
the setting time of the grout, as well as to increase the dry strength of the grout. The
grout will be thoroughly mixed with 6.5 gallons of potable water per sack of cement.
Grout is generally placed using either the tremie or Halliburton grouting methods. These
are described in the specific well installation SOPs.

E. Protective Casings and Surface Seals

Once the well screen, riser, and all seals have been placed to ground surface, the well
riser must be protected. This includes protection from vehicles, damage, surface water
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infiltration, and weather. This is typically accomplished using either a flush-mount
roadbox or a stickup casing.

Flush-mount roadboxes are circular steel casing segments with a heavy-duty steel lid with
locking bolts. These units are widely available and come in a number of diameters and
lengths, depending on the well diameter. A stickup protective casing is generally a length
of carbon or stainless steel pipe with a locking top.

For a typical 2-inch monitoring well, the roadbox should be at least 6 inches in diameter;
a stickup casing should be at least 4 inches in diameter. A roadbox should be at least 12
inches in length (they are typically 16 to18 inches long) and is installed flush with the
ground surface. A stickup casing should be at least 5 to 6 feet long such that
approximately 2.5-3 feet is below ground surface and 2.5-3 feet is protruding above
grade. In wells where a permanent steel casing is installed (serves as the well riser pipe)
and brought to the ground surface, it may be used as the protective casing provided it is
equipped with a semi-permanent, metal, locking cap or cover that can be affixed to the
steel casing.

Flush-mount installations should have at least the last 18-inches of the open borehole
filled with coarse sand, placed up to ground surface to allow drainage of surface water
infiltration down through and out of the roadbox. This also prevents infiltrating surface
water from accumulating up over the top of the well riser and draining down into the
well. This sand drain is not necessary in the locking-cap stickup casings.

Both roadbox and stick-up casings must be secured in the ground with concrete, which
also serves as a surface seal.

In areas of high vehicle traffic activity, protective steel bollards should be installed. This
is typically a vertically-oriented, concrete-filled, steel pipe (min. 4-in diameter) cemented
at least 3 ft. into the ground, acting as a “guard rail” for the well casing and preventing it
from being damaged by vehicles. Three bollards should be placed around a well to
provide adequate pr