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E.1. DATA AND DOCUMENTS USED TO ESTABLISH
BACKGROUND CONCENTRATIONS

As early as the late 1950s, the U.S. Department of Energy (DOE) and its predecessor organization
determined the importance of identifying background concentrations for metals and radionuclides in the
environment. Routine monitoring programs were established for air and grass. In 1971, the monitoring
program was expanded to include surface soil samples taken at four locations at the plant perimeter, with
the only analyte being total uranium.

In 1973, the locations of sampling were changed from the perimeter locations mentioned herein to four
locations five miles from the plant perimeter. The only analyte was total uranium. From 1975 until 1985,
the environmental monitoring program for soils continued as described.

The environmental report for 1986 states that the analyte list for soil samples was expanded from only
uranium to thorium-230, neptunium-237, plutonium-239, and isotopic uranium. Starting in 1988, the
radionuclide analyte list for soil samples taken as part of the environmental monitoring programs was
expanded to include total uranium, uranium-238, cesium-237, potassium-40, neptunium-237,
plutonium-239, thorium-230, and technetium-99. Also, beginning in 1988, analyses were performed for
36 metals. Metals included in the analyte list were aluminum, antimony, arsenic, barium, beryllium,
bismuth, calcium, cadmium, chromium, cobalt, copper, iron, lead, lithium, magnesium, manganese,
mercury, molybdenum, nickel, niobium, phosphorus, potassium, ruthenium, silver, sodium, silicon,
strontium, tantalum, thallium, thorium, tin, titanium, tungsten, vanadium, zinc, and zirconium.

PHASE I AND II SITE INVESTIGATIONS REFERENCE SAMPLING

In 1988, DOE and the U.S. Environmental Protection Agency (EPA) entered into a Consent Order that
defined the mutual objectives of the EPA and DOE to study groundwater contamination and the threat of
releases from the Paducah Gaseous Diffusion Plant (PGDP). A copy of that Consent Order can be found
at the following link: http://www.paducaheic.com/media/32632/1-02004-0002-ARI52.PDF.

As part of the effort to address the Consent Order, a Site Investigation was performed in two phases. The
Results of the Site Investigation, Phase I, at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky,
(ER/KY-4) was completed in 1991; and Results of the Site Investigation, Phase Il, at the Paducah
Gaseous Diffusion Plant, Paducah, Kentucky, KY/SUB/13B-97777C P-03/1991/1, was completed in
1992. During the completion of Phase I and II Site Investigations, the need for background or reference
concentrations for inorganic analytes and reference activities radionuclides was recognized. To meet this
need, the Site Investigations included the collection of soil samples from areas outside known plant
influence. To establish reference activities for radionuclides, 33 surface soil samples (from 0 to 12 inches
in depth) were collected from areas at least 5 miles east and southeast of PGDP in May and June of 1990.
The analytes for this sampling effort included gross alpha and gross beta, neptunium-237, technetium-99,
plutonium-239, thorium-230, uranium-238, uranium-234, and uranium-235.

To establish reference concentrations for inorganic and metals, five surface samples (from 0 to 6 inches in
depth) were taken during the Phase II Site Investigation in areas near the PGDP, but outside areas
suspected to be influenced by the plant operations. The metals included aluminum, antimony, arsenic,
barium, beryllium, cadmium, calcium, chromium, cobalt, copper, cyanide, iron, lead, magnesium,
manganese, mercury, nickel, potassium, selenium, silver, sodium, thallium, vanadium and zinc. A report
entitled Inorganic Soil and Groundwater Chemistry Near Paducah Gaseous Diffusion Plant; Paducabh,
Kentucky, ORNL/TM-12897, was prepared and sent to the regulatory agencies for information purposes.
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While this report was not prepared to establish background groundwater and soil concentrations, it did
discuss potential background concentrations for soil and groundwater at PGDP.

In response to comments on Soil and Groundwater Chemistry Near Paducah Gaseous Diffusion Plant;
Paducah, Kentucky, ORNL/TM-12897 (1996), DOE prepared another internal report with a more
extensive evaluation of existing data (primarily data from the Phase I and II Site Investigations, entitled
Background Concentrations and Human Health Risk-based Screening Criteria for Metals in Soil at the
Paducah Gaseous Diffusion Plant, KY/EM-77&D1. The report contained data for 146 surface sampling
locations and 597 samples for subsurface soils for metals analysis. The metals included all of those
analyzed in the Phase II report with the exception of cyanide in surface and subsurface soils and thallium
in subsurface soils. A consensuses of reviewers believed that the data evaluation in this report was not
sufficient to establish background of metals in soil and requested that the document be revised.

In response, a revised report, Background Concentrations and Human Health Risk-based Screening
Criteria for Metals in Soil at the Paducah Gaseous Diffusion Plant, DOE/OR/07-1417&D2, was prepared
(DOE 1996). EPA conditionally approved this revised document. The conditions included the reanalysis
of four metals including antimony, beryllium, cadmium, and thallium. Also in 1996, the Commonwealth
of Kentucky accepted the revised report. The Commonwealth also called for additional sampling to verify
the background concentrations of antimony, beryllium, cadmium, and thallium.

DOE issued the final revision of a work plan entitled Project Plan for the Background Soils Project for
the Paducah Gaseous Diffusion Plant, Paducah, Kentucky, DOE/OR/07-1414&D2 (DOE 1996). As
described in this work plan, DOE was to verify with additional sampling the background concentrations
for the four metals listed in the conditional approval letters for DOE/OR/07-1417&D2 and to determine
the background concentrations of selected radionuclides.

DOE issued the final revision of the report for the background soils project entitled, Background Levels of
Selected Radionuclides and Metals in Soils and Geologic Media at the Paducah Gaseous Diffusion Plant,
Paducah, Kentucky, DOE/OR/07-1586&D2. In this report, the values selected by DOE as background
concentrations for soil in the DOE/OR/07-1417 report were combined with the background
concentrations analyzed for antimony, beryllium, cadmium, thallium, and selected radionuclides, and
final background concentration data sets were established. This report included 15 surface soil and 41
subsurface soil sampling locations for the four metals listed above. In addition the significant
radionuclides included cesium-137, neptunium-237, plutonium-239, plutonium-238, potassium-40,
radium-226, strontium-90, technetium-99, thorium-228, thorium-230, thorium-232, uranium-238,
uranium-234, and uranium-235. A variety of statistical methods as described in Background Levels of
Selected Radionuclides and Metals in Soils and Geologic Media at the Paducah Gaseous Diffusion Plant,
Paducah, Kentucky, DOE/OR/07-1586&D2, were used to evaluate the data and ultimately these data were
used with data from previous investigations to establish the background values for soils at PGDP. The
background values are presented in Appendix A.
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E.2. SITE-SPECIFIC EXPOSURE INFORMATION

This section of the appendix contains copies or excerpts of reports, memoranda, articles, and links to
reports that are useful in developing exposure assessments for PGDP and justifying various assumptions
made when completing risk assessments and analyses. These include the following:

o Site Investigation surface water and groundwater users survey to determine groundwater use near
PGDP (CH2M HILL 1991);

e Summary of agricultural practices in Ballard County, Kentucky;
e Summary agricultural practices in McCracken County, Kentucky;
e Area of crop land in Ballard and McCracken Counties, Kentucky;
e Recreational use of Bayou and Little Bayou Creeks near PGDP;

e Annual harvests of geese, ducks, turkeys, and deer in McCracken and Ballard Counties, Kentucky;
and

e Reports entitled, “Planning Issues for Superfund Site Remediation,” and “Quantitative Decision

Making in Superfund: A Data Quality Objectives Case Study,” from Hazardous Materials Control

regarding use of exposure units in risk calculations and remedial decisions.

E2.1PHASE 1 SITE INVESTIGATION RESULTS OF SURFACE WATER AND
GROUNDWATER USERS SURVEY TO DETERMINE GROUNDWATER USE NEAR
PGDP

A surface water and groundwater user’s survey was conducted as part of the Site Investigation Phase I,
and is included in the document’s Appendix 2B-15 (CH2M HILL 1991). The appendix in its entirety can
be found at the following link: http://www.paducaheic.com/media/45063/i-02300-0001f-ARI14.pdf.
Appendix 2B-15 begins on page 276 of the pdf.

E.2.2 SUMMARY OF AGRICULTURAL PRACTICES IN BALLARD COUNTY, KENTUCKY

This section summarizes information obtained from a 2013 search of various public records to identify
the parameters of agricultural practices in Ballard County, Kentucky.

Population. Population information for Ballard County 1is taken from http:/www.city-
data.com/county/Ballard County-KY.html, accessed December 2013.

e 8,333 population (as of 2012)

o Size of family households: 1,179 2-persons; 552 3-persons; 405 4-persons; 157 5-persons;
52 6-persons; 27 7-or-more-persons
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Size of nonfamily households: 881 1-person; 131 2-persons; 5 3-persons; 6 4-persons; 1 S-persons;
1 6-persons

Agriculture in Ballard County. Agriculture information for Ballard County is taken from
http://www.city-data.com/county/Ballard County-KY.html, accessed December 2013.

Average size of farms: 233 acres
Average value of agricultural products sold per farm: $70,647
Average value of crops sold per acre for harvested cropland: $213.68

The value of nursery, greenhouse, floriculture, and sod as a percentage of the total market value of
agricultural products sold: 0.18%

The value of livestock, poultry, and their products as a percentage of the total market value of
agricultural products sold: 55.27%

Average total farm production expenses per farm: $60,366

Harvested cropland as a percentage of land in farms: 63.59%

Irrigated harvested cropland as a percentage of land in farms: 0.29%
Average market value of all machinery and equipment per farm: $50,268
The percentage of farms operated by a family or individual: 91.56%
Average age of principal farm operators: 55 years

Average number of cattle and calves per 100 acres of all land in farms: 8.31
Milk cows as a percentage of all cattle and calves: 5.09%

Corn for grain: 22,422 harvested acres

All wheat for grain: 10,372 harvested acres

Soybeans for beans: 39814 harvested acres

Vegetables: 15 harvested acres

Land in orchards: 5 acres

Gardening. Gardening information was updated from a 1994 interview with the Agricultural Extension
Agent of Ballard County. The current Ballard County Agricultural Extension Agent confirmed in
December 2013 that most of the information is feasible; however, the percentage of the population with a
garden has dropped considerably.

(1) Approximately 25-30% of the population have a garden

(2) Commonly grown garden vegetables are squash, corn, tomatoes, green beans, and peas

(3) The average garden site is one-fourth acre

(4) Approximately 0.1 to 0.2 pounds of garden grown vegetables are consumed per individual per day
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(5) Approximately 80% of gardeners can their produce
(6) Growing season is April 5 to October 12: 4,560 hours

E.2.3 SUMMARY OF AGRICULTURAL PRACTICES IN MCCRACKEN COUNTY,
KENTUCKY

This section summarizes information obtained from a 2013 search of various public records to identify
the parameters of agricultural practices in McCracken County, Kentucky.

Population. Population information for McCracken County is taken from http://www.city-
data.com/county/McCracken_County-KY.html, accessed December 2013.

e 65,549 population (as of 2012)

o Size of family households: 8,862 2-persons; 4,185 3-persons; 3,035 4-persons; 1,200 5-persons;
411 6-persons; 198 7-or-more-persons

e Size of nonfamily households: 8,993 1-person; 1,153 2-persons; 119 3-persons; 50 4-persons;
11 5-persons; 5 6-persons; 5 7-or-more-persons

Agriculture in McCracken County: Agriculture information for McCracken County is taken from
http://www.city-data.com/county/McCracken County-KY.html, accessed December 2013.

e Average size of farms: 161 acres
e Average value of agricultural products sold per farm: $29,777
e Average value of crops sold per acre for harvested cropland: $215.65

e The value of nursery, greenhouse, floriculture, and sod as a percentage of the total market value of
agricultural products sold: 11.92%

o The value of livestock, poultry, and their products as a percentage of the total market value of
agricultural products sold: 26.35%

e Average total farm production expenses per farm: $22,605

e Harvested cropland as a percentage of land in farms: 63.19%

o Irrigated harvested cropland as a percentage of land in farms: 0.21%

o  Average market value of all machinery and equipment per farm: $34,300

e The percentage of farms operated by a family or individual: 96.80%

e Average age of principal farm operators: 55 years

e Average number of cattle and calves per 100 acres of all land in farms: 3.63
e Corn for grain: 9160 harvested acres

o All wheat for grain: 3899 harvested acres
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e Soybeans for beans: 37579 harvested acres

e Vegetables: 85 harvested acres

e Land in orchards: 122 acres

Gardening. Gardening information was updated from a 1994 interview with the Agricultural Extension
Agent of McCracken County. The current McCracken County Agricultural Extension Agent confirmed in
January 2014, that most of the information still is feasible; however, the percentage of the population with
a garden has dropped considerably, as has the average garden size.

(1) Approximately 10% of the population have a garden.

(2) Common grown garden vegetables are squash, com, tomatoes, green beans, and lettuce.

(3) The average garden size is one-eighth acre.

(4) During harvest season (three months), approximately 2 pounds of garden grown vegetables are
consumed per individual per day.

(5) Approximately all gardeners can their produce.

E.2.4 AREA OF CROP LAND IN BALLARD AND MCCRACKEN COUNTY, KENTUCKY

The following information is taken from USDA’s National Agricultural Statistics Service in cooperation
with the Kentucky Department of Agriculture, published in June 2009. The information is available at the
following Web sites, accessed December 12, 2013:

e http://www.nass.usda.gov/Statistics_by State/Kentucky/Publications/State Census Summaries/Historical
_Ag Statistics/ BALLARD.pdf

e http://www.nass.usda.gov/Statistics_by State/Kentucky/Publications/State Census Summaries/Historical
_Ag Statisticsse MCCRACKEN.pdf

Harvested Acres
Year Ballard McCracken
1982 80,133 45,870
1987 62,583 40,444
1992 69,662 36,450
1997 74,158 46,291
2002 71,870 54,003
2007 70,700 43,272

E.2.5 RECREATIONAL USE OF BAYOU AND LITTLE BAYOU CREEKS NEAR PGDP

The usage information originally was provided by Charlie Logsdon, West Kentucky Wildlife
Management Area (WKWMA) Supervisor, in November 1995, in response to a questionnaire sent to him
by Fuller, Mossbarger, Scott, and May Engineers, Inc., of Lexington, Kentucky (see Attachment E1). The
information was used by the United States Army Corps of Engineers to support a preliminary risk
calculation for Bayou and Little Bayou Creeks that was completed in 1997. In response to a
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recommendation from the Paducah Risk Assessment Working Group in October 2013, the information
was provided to Tim Kreher, the current WKWMA Manager, for review and update. Mr. Kreher returned
the updated information to the Risk Assessment Working Group on January 21, 2014. Mr. Kreher’s
e-mail to LeAnne Garner, chair of the Risk Assessment Working Group, is included in Attachment
E2.The information below provides a summary of the updated information.

E.2.5.1 Bayou Creek
1. What is the average number of visitors per year to Bayou Creek?

The number of visits by people using Bayou Creek specifically is estimated to be 225 visits. This is for a
specific activity involving Bayou Creek, such as fishing. More people may be in the vicinity while using
the WKWMA, but their use of Bayou Creek maybe for only an instant (i.e., using a log to cross Bayou
Creek to hunt on the other side of the creek).

2. Of this number, how many are adults and how many are children?

Of the 225 visits of people using Bayou Creek, 150 are adults and 75 are children. This is an estimate
based on our observations of people using the area.

3. Are most of your visitors repeat or one-time visitors on a yearly basis?

Most of these people would be one-time users; however, 10% of the total number of users could be
classified as repeat users. The highest number of visits by one person specifically using Bayou Creek
would probably be < 15.

4. What is the average time (hours) spent in Bayou Creek? Is there a difference in average time
spent between adult and child usage?

The average time spent in Bayou Creek by users is unknown; however, the amount of time spent/trip
would be similar to other activities. An estimate of the average number of hours spent/trip for activities
were as follows: Quail hunting ~ 5, rabbit hunting ~ 5, bowhunting for deer ~ 5, duck hunting ~ 4, and
raccoon hunting ~ 4. Raccoon hunting and duck hunting would be the activities most likely associated
with Bayou Creek. There would be little, if any, difference between adult and child usage of the area.

Actual time spent in the creek may be cases where hunters cross one or both creeks by wading through
shallow spots; in most cases, these people are wearing rubber boots or waders. When hunters do wade
through the creeks, again it is a brief exposure of less than 30 seconds each time.

5. What are the common recreational usages in the area? What is the percentage breakdown of
usages by the visitors (i.e., what percentage of visitors fish, hunt, hike, swim. etc.)?

WKWMA is used heavily by a wide variety of users. Annually, the estimated number of visits for the
following activities are the following: fishing ~ 7,500 visits/year; hunting and dog training ~ 6,000-9,000;
field trials ~ 2,250; hiking ~ 150; berry and nut picking ~ 300; driving through for a variety of reasons
~ 75,000.

There are brief exposures to both Bayou and Little Bayou Creeks by dog trainers riding horses where they
cross the creek via the method of the horse and dog wading through the creek while the rider is mounted
(i.e., the riders does not have contact with the water for the most part). Such crossings are brief, less than
10 seconds at a time. For activities involving Bayou Creek alone: fishing—225 (see Question 1).



6. What is the number of repeat visits per year by anyone individual or group of individuals? What
is the average time spent (hours) in the area by the higher frequency visitors?

Refer to Questions 3 and 4.

7. For individuals who are fishing in the area, are they mostly bank fishing or wade fishing? Can
you estimate the percentage breakdown between the two? What is the average time spent in the
area by a fisherman?

Most, if not all, would be bank fishermen. Most of the fishing would occur at three points: (1) where the
iron bridge in Tract 4 crosses Bayou Creek, (2) where the collapsed bridge in Tract 4 crosses Bayou
Creek (by weir constructed by PGDP), and (3) where the concrete crossing bridges Bayou Creek in
Tract 6. While it may occur, no wade fishing has been observed. No actual data are available, but should
be similar to the length of visits noted in Question 4.

8. Is there a harvestable fish population in Bayou Creek? If there is, is there enough to support
subsistence fishing (i.e., 0.284 kg of meat flesh/meal) for one person to eat 128 meals a year? If not,
how much fish, and how often could a person best expect to harvest a meal for consumption?

There is a harvestable fish population in Bayou Creek. A person potentially could expect to catch
0.284 kg of fish on a regular basis; however, this is assuming that the person is not culling (throwing back
extremely small fish). The frequency of being able to catch 0.248 kg of fish would increase as one
approaches the mouth of Bayou Creek. Also, the only way the creek could support 128 meals a year is if
there were a major influx of fish from the Ohio River. This does occur when there is a backwater. During
the backwater periods, catches of 50 to several hundred pounds of catfish can be taken (this has been
observed) on trotlines. This would not be indicative of risks associated with the plant.

Fishing activity in the creeks rarely is observed outside of the portion that crosses through TV A-owned
property near where the creeks join and meet the Ohio River (referred to as Tract 6 of the WKWMA).

E.2.5.2 Little Bayou Creek

1. What is the average number of visitors per year to Little Bayou Creek?

The number of people visiting Little Bayou Creek essentially is zero, with the exception of PGDP
personnel and a few fishermen (maybe 30 visits annually) who fish a large beaver pond above the outfalls
of the plant. A few people (bowhunters and dog trainers) may cross the creek occasionally, but these
visits would be brief (the majority would be measured in seconds or minutes). Field trial galleries do
cross the creek (over a large dirt-covered culvert) north of McCaw Road; however, they do not enter the
creek, and the whole process takes seconds.

2. Of this number, how many are adults and how many are children?

The visitors would be adults.

3. Are most of your visitors repeat or one-time visitors on a yearly basis?

Refer to Bayou Creek Question 3 (Section E.2.5.1). Visitors to Little Bayou Creek would be repeat users,
probably less than 15 visits per year, and most of them fall into the brief encounter scenario described in
Question 1.
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4. What is the average time (hours) spent in Little Bayou? Is there a difference in average time
spent between adult and child usage?

Most encounters with Little Bayou Creek would be measured in seconds. Fishermen who use the beaver
pond above the outfalls may fish on average 3 hours.

5. What are the common recreational usages in the area? What is the percentage breakdown of
usages by the visitors (i.e. what percentage of visitors fish, hunt, hike, swim, etc.)?

See Bayou Creek Question 5 (Section E.2.5.1).

6. What is the number of repeat visits per year by anyone individual or group of individuals? What
is the average time spent (hours) in the area by the higher frequency visitors?

Field trials that cross the creek may occur 12—15 weekends of the year. Most of the participants would be
repeat users. The sum of all the encounters with Little Bayou Creek would be measured in minutes for the
most frequent user, and most would cross the creek only on the culvert and dirt crossings.

7. For individuals who are fishing in the area, are they mostly bank fishing or wade fishing? Can
you estimate the percentage breakdown between the two? What is the average time spent in the
area by a fisherman?

All fishermen in the beaver pond would be bank fishermen because the pond is too deep to wade.

8. Is there a harvestable fish population in Little Bayou? If there is, is there enough to support
subsistence fishing (i.e., 0.284 kilograms of meat flesh/meal) for one person to eat 128 meals a year?
If not, how much fish, and how often could a person best expect to harvest a meal for consumption?

Other than the beaver pond above the outfalls, it would be nearly impossible to catch 0.284 kgs of fish
from Little Bayou Creek. There is a fish population, but most would fall in the minnow category and are
not desirable by fishermen. In the beaver pond, it would be possible to catch this amount, but it would not
support subsistence fishing (128 meals/year).

E.2.5.3 Annual Harvests of Turkeys, Deer, Geese, and Ducks in McCracken and Ballard Counties,
Kentucky

PGDP is surrounded by the WKWMA (Figure E.1). Additionally, several solid waste management units
(SWMUs) (currently listed as no further action) are located in the Ballard Wildlife Management Area
(Figure E.2). Figure E.3 provides a legend for features in the wildlife management areas. Both of these
areas are home to hunting and fishing. Huntable populations of turkey, deer, dove, squirrel, rabbits, and
quail exist in the area. Migratory geese and ducks also are abundant in the area. Table E.1 and Figure E.4
and Table E.2 and Figure E.5 show the hunting statistics for turkey and deer in western Kentucky.

The figures and tables within this subsection include additional information regarding wildlife harvests of
turkey and deer recorded by Kentucky’s telecheck program. Additionally, the reported inventories of
ducks and geese found in the Ballard Wildlife Management Area during the 2010/2011 and 2011/2012
hunting seasons are presented in Table E.3. Maps and information regarding game were taken from the
Kentucky Department of Fish and Wildlife Resources Web site, http://fw.ky.gov accessed in
October 2013.
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Figure E.1. Map of West Kentucky Wildlife Management Area
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Figure E.2. Map of Ballard Wildlife Management Area
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Figure E.3. Wildlife Management Area Map Legend
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Table E.1 Turkey Harvested on Public Land in Western Kentucky in 2013*

Public Land Male | Female Total Archery | Firearm | Muzzleloader | Crossbow
Ballard WMA 15 0 15 0 15 0 0
Beechy Creek WMA 2 0 2 0 2 0 0
Boatwright WMA 2 0 2 0 2 0 0
Clarks River NWR 19 2 21 0 20 1 0
Coil Estate WMA 3 0 3 0 3 0 0
Doug Travis WMA 9 0 9 0 9 0 0
Jones-Keeney WMA 2 0 2 0 2 0 0
Kaler Bottoms WMA 3 0 3 0 3 0 0
Kentucky Lake WMA 4 0 4 1 2 1 0
Lake Barkley WMA 16 0 16 1 15 0 0
Land Between The Lakes NRA 56 2 58 3 55 0 0
Livingston County WMA and SNA 2 1 3 0 3 0 0
Obion Creek WMA 1 0 1 0 1 0 0
Ohio River Islands WMA 0 0 0 0 0 0 0
Pennyrile State Forest 31 1 32 0 32 0 0
Reelfoot NWR 3 0 3 0 3 0 0
Tradewater WMA 2 0 2 0 2 0 0
West Kentucky WMA 18 2 20 2 18 0 0
Winford WMA 0 0 0 0 0 0 0
Totals 188 8 196 7 187 2 0

* Numbers are indicative of telechecked game (http://app.fw.ky.gov/harvestweb/TurkeyPublicLandRegion.aspx accessed 5/23/2014). Both spring and fall hunting
seasons are included.
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Figure E.4. Total Turkey Harvest in Ballard and McCracken Counties 2000-2013
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Table E.2 Deer Harvested on Public Land in Western Kentucky in 2013*

Public Land Male | Female Quota Total Archery | Firearm | Muzzleloader | Crossbow
Ballard WMA 21 30 35° 86 16 30 5 0
Beechy Creek WMA 6 11 not available 17 3 11 3 0
Boatwright WMA 24 36 not available 60 7 43 8 2
Clarks River NWR 62 65 not available 127 16 105 5 1
Coil Estate WMA 1 1 not available 2 0 1 1 0
Doug Travis WMA 18 17 not available 35 3 26 6 0
Jones-Keeney WMA 7 4 not available 11 1 7 3 0
Kaler Bottoms WMA 19 17 not available 36 7 29 0 0
Kentucky Lake WMA 27 23 not available 50 4 39 4 3
Lake Barkley WMA 41 39 not available 80 21 57 1 1
Land Between The Lakes 129 102 not available 231 183 27 4 17
NRA

Livingston County WMA 30 21 not available 51 7 7 37 0
and SNA

Obion Creek WMA 24 16 not available 40 4 36 0 0
Ohio River Islands WMA 3 0 not available 3 0 3 0 0
Pennyrile State Forest 23 22 not available 45 26 15 0 4
Reelfoot NWR 0 0 not available 0 0 0 0 0
Tradewater WMA 3 2 not available 5 2 1 2 0
West Kentucky WMA 18 28 28P 74 36 2 0 8
Winford WMA 4 3 not available 7 2 3 2 0
Totals 460 437 63° 897 338 442 81 36

“Numbers are indicative of telechecked game (http://app.fw.ky.gov/harvestweb/deerpubliclandregion.aspx accessed 5/23/2014).
®Quota deer hunt numbers from Kentucky Department of Fish and Wildlife Resources (KDWFR) 5/23/2014.
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Table E.3 Waterfowl Counts in Ballard Wildlife Management Area

Date Population Count Harvest Date Population Count Harvest
Ducks Geese |Ducks Canadas Other Ducks Geese |Ducks Canadas Other
12/8/2010f 57,000 3000 34 0 12/7/2011f 21,000 100|Ballard closed due to flooding
12/9/2010f 57,000 3000 19 0 12/8/2011f 21,000 100|Ballard closed due to flooding
12/10/2010ff 57,000 3000} 36 0 0O 12/9/2011) 21,000 100|Ballard closed due to flooding
12/11/2010f 57,000 3000 139 1 12/10/2011} 21,000 100|Ballard closed due to flooding
12/12/2010f 57,000 3000 172 4 12/11/2011} 21,000 100|Ballard closed due to flooding
12/15/2010f 57,000 3000 67 0 12/14/2011} 16,000 100|Ballard closed due to flooding
12/16/2010 57,000 3000 105 1 12/15/2011} 16,000 100|Ballard closed due to flooding
12/17/2010[ff 57,000 3000} 33 0 Qf | 12/16/2011)) 16,000 100|Ballard closed due to flooding
12/18/2010|f 107,700 4300) 31 3 1ff ) 12/17/2011)) 16,000 100|Ballard closed due to flooding
12/19/2010|f 107,700 4800} 23 5 2 1 12/18/2011)) 16,000 100|Ballard closed due to flooding
12/22/2010|f 107,700 4300) 96 2 1ff ) 12/21/2011)) 52,000 1,000 112 0
12/23/2010|f 107,700 4300) 68 12/22/2011} 52,000 1,000 72 0
12/24/2010( 107,700 4800 63 3 1)) || 12/23/2011| 52,000 1,000 56 0 0f
12/25/2010ff NA NA NA NA NA 12/24/2011} 52,000 1,000 56 0
12/26/2010] 54,000  14000] 234 5 16| || 12/25/2011) 52,000 1,000|Ballard closed for Christmas
12/29/2010f 54,000 14,000 68 0 3| [[12/28/2011] 20,000 500 58 0
12/30/2010|f 54,000 14,000) 71 0 1| {f12/29/2011} 20,000 500 38 0 1
12/31/2010f 54,000 14,000) 49 1 Qlf | 12/29/2011) 43,000 200 44 0 0]
1/1/2011 58,000 52,000 12/30/2011ff 23,000 500 59 0
1/2/2011 58,000 52,000 54 7 3| [[12/31/2011] 23,000 5,000 20 0
1/5/2011 58,000 52,000 88 5 53 1/1/2012|Closed Closed
1/6/2011 58,000 52,000 62 4 2 1/4/2012) 23,000 100j 58 0 1
1/7/2011 58,000 52,000 32 3 4 1/5/2012) 23,000 100j 32 0 0]
1/8/2011 58,000 52,000 75 3 3 1/6/2012)| 23,000 100 7 0
1/9/2011 81,000 11,000 19 1 3 1/7/2012)| 32,000 200 33 0
1/12/2011 81,000 11,000 46 2 2 1/8/2012] 32,000 200 8 0 1
1/13/2011 81,000 11,000 4 0 0O 1/11/20121 32,000 100j 77 0 3
1/14/2011 81,000 11,000 11 4 12 1/12/2012] 32,000 100} 123 0 2)
1/15/2011 81,000 11,000 16 0 2 1/13/20121 32,000 100 26 1 2]
1/16/2011 58,000 12,500 13 0 0| 1/14/2012] 79,000 300 31 2 3
1/19/2011 58,000 12,500 97 0 1 1/15/20121 79,000 300 10 0 1
1/20/2011 58,000 12,500 112 2 9 1/18/20121 79,000 1,000] 81 1 3
1/21/2011 58,000 12,500) 14 0 2 1/19/2012) 79,000 1,000] 52 0
1/22/2011 58,000 12,500 34 1 5 1/20/2012 79,000 1,000 47 0 1
1/23/2011 65,155 3,105 32 3 1/21/2012) 79,000 1,000) 65 0
1/26/2011 65,155 3105 122 4 5 1/22/2012 41,000 500 59 0 2]
1/27/2011 65,155 3105 108 2 4 1/25/2012) 41,000 500 78 0 1
1/28/2011 65,155 3105 98 0 1 1/26/2012) 41,000 500 71 0 3
1/29/2011 65,155 3105 88 4 3 1/27/2012] 41,000 500 50 0 1
1/30/2011 44,500  3,000] 113 2 1 1/28/2012] 43,000 200 75 0 1

E.2.5.4 Use of Exposure Units in Risk Calculations and Remedial Decisions

According to two reports (“Planning Issues for Superfund Site Remediation” and “Quantitative Decision
Making in Superfund: A Data Quality Objectives Case Study,” from Hazardous Materials Control)
received by the risk analysis section, industrial workers range 0.5 acres per day. This area is where the
worker may be exposed to contamination. This area is called an exposure unit. For risk assessment
purposes, it is reasoned that an exposure unit of 0.5 acres is consistent with the activities at PGDP.
Exposure was weighted based on the size of the SWMU and the 0.5-acre exposure units. If the size of the
SWMU was smaller than the 0.5-acre exposure unit, then the fraction was introduced into the chronic
daily intake equation. The fraction, however, cannot exceed 1. Copies of the two reports are provided as

references.
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E.3. KENTUCKY REGULATORY GUIDANCE

The following copies of regulatory guidance are presented in this chapter.

Kentucky Risk Assessment Guidance, Risk Assessment Branch, Department of Environmental
Protection, Commonwealth of Kentucky, June 8, 2002.

Kentucky Guidance for Ambient Background Assessment, Risk Assessment Branch, Department of
Environmental Protection, Commonwealth of Kentucky, January 8, 2004.

Kentucky Guidance for Groundwater Assessment Screening, Risk Assessment Branch, Department of
Environmental Protection, Commonwealth of Kentucky, January 15 2004.

Trichloroethylene Environmental Levels of Concern, Risk Assessment Branch, Department of
Environmental Protection, Commonwealth of Kentucky, April 2004.
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Kentucky Risk Assessment Guidance

June 8, 2002

Natural Resources and
Environmental Protection Cabinet
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Section 1. Introduction

Risk assessment is a formalized process for evaluating the potential human health and
ecological impacts based on the concentration of, exposure to, and toxicity of environmental
contaminants. Risk assessment has been used in environmental decision-making since the
process was outlined in a publication by the National Research Council — National Academy of
Sciences (1983) Red Book. The United States Environmental Protection Agency (U.S. EPA)

produced several guidance documents to assist in assessing risks (U.S. EPA, 1989; 1991).

Human health risk assessment, as outlined, is a four-part process. The first step, Data
Collection and Evaluation, assesses the available data and identifies chemicals of potential
concern (COPCs). The next part, Exposure Assessment, identifies potential receptors and
calculates their exposure to the COPCs. Toxicity Assessment, the third process, quantifies the
toxicity of the COPCs for carcinogenic and noncarcinogenic effects. The final step, Risk
Characterization, is the calculation of the potential effects on the receptors identified in the
Exposure Assessment, based on the toxicity of the chemicals identified in the Data Collection

and Evaluation step.

Risk assessment procedures are used in several stages of site assessment and closure.
During site scoping Preliminary Remediation Goals may be used to determine preferred
detection limits and to screen initial data to focus on areas of concern. Data from Site
Characterization are often screened against target risk-based concentrations (Preliminary
Remediation Goals) to identify whether a baseline risk assessment or further evaluation is
needed and, if so, which chemicals should be further assessed. Risk assessment is also used in
setting remedial goals, and as an exit criterion for closure of remediation activities. Risk
assessment is used as part of activities related to the Resource Conservation and Recovery Act
(RCRA), Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA), Clean Water Act, and Clean Air Act.

This document details the application of risk assessment to environmental remediation.
The document can be used to determine if site conditions are protective of human health and the
environment, or that risks are reduced to acceptable levels through removal of contaminants or
management. The risk-based procedures for the program are based on a tiered approach
allowing for screening against default risk-based screening values in lower tiers and

incorporating more site-related data in the higher tiers.

1
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This document outlines the procedures for:
1. Comparing site data against risk-based screening values.

2. Preparing a baseline risk assessment to determine protectiveness of human health and

the environment.
3. Evaluating when an ecological assessment is necessary

4. Evaluating when to compare site soil data to Soil Screening Levels for protection of

groundwater.
5. Selecting remedial cleanup goals.

The following sections describe the process of evaluating the site data that were collected
during the site characterization. The data must be representative and complete. If statistical
procedures are used, a sufficient number of samples should be collected to meet the needs of
those statistical tests. Human health risk assessment is described in Section 2.0. The subsections
within Section 2.0 describe the application of risk assessment to the processes of environmental
assessment and remediation including: tiered risk assessment, groundwater evaluation, risk
management, selection of remedial goals, and presenting the results of the two tiers of risk

assessment. Section 3.0 details the ecological risk assessment procedures.

Section 2. Human Health Risk Assessment

This section provides methods for screening environmental data to identify Contaminants
of Concern, performing screening and baseline risk assessment, evaluating groundwater,
managing risks, and selecting remedial goals. Figures 1 and 2 outline the process for risk-based
procedures for residential and commercial/industrial scenarios in environmental remediation.

The remedial options listed in Figures 1 and 2 are those listed in KRS 224.01-400 (18)-(21).
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Figure 1. Flowchart for Residential Cleanup Options

Tier I - Screening Risk Assessment
Analytical Data (Separated by Media
Calculate mean and Exposure Concentration for
each chemical
. Yes .
Is Exposure Concentration less than 1/10th of the . | Remove chemical from
residential screening value? further consideration
L No i
Yes
Is contaminant level less than applicable standards? No
L No Yes Is any detected value
Is chemical detected in less than 10% of samples? —P greater th?“ 10.t1mes
the residential
¢ No screening value?
Is mean concentration less than 95% UCL of Yes
arithmetic mean of background, 1/2 of values below Yes
60th percentile, and no detection about 95th
percentile?
¢ No
Chemical a Contaminant of Concern (COC) <
Compute carcinogenic and noncarcinogenic
screening indices for identified COCs
i - Yes ; -
SI (carcinogen) lesZtII\}%l or equal to 1.0E-6 Option A: No Action Necessary.
SI (noncarcinogen) less than or equal to 1.0 Property approved for residential use
No
- Yes ; -
SI can be brought below target risk through removal Option C: Restoration. Property
of hazardous substances or petroleum approved for residential use
No
4 Yes Option B: Management. Property
Reduction or elimination of pathway? approved for r§51d.ent}al use with
appropriate institutional and
engineering controls
No
Tier II - Risk Assessment
Develop baseline or site-specific risk assessment and Options A, B, C or combination
cleanup goals
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Figure 2. Flowchart for Commerical/Industrial Cleanup Options

Tier I - Screening Risk Assessment
Analytical Data (Separated by Media
Calculate mean and Exposure Concentration for
each chemical
Y
Is Exposure Concentration less than 1/10th of the e Remove chemical from
commercial/industrial screening value? further consideration
¢ No i
Yes
Is contaminant level less than applicable standards? No
L No Yes Is any detected value
Is chemical detected in less than 10% of samples? g greater thap 19 tlmes. the
commercial/industrial
¢ No screening value?
Is mean concentration less than 95% UCL of Yes
arithmetic mean of background, 1/2 of values below Yes
60th percentile, and no detection about 95th
percentile?
¢ No
Chemical a Contaminant of Concern (COC) <
Compute carcinogenic and noncarcinogenic
screening indices for identified COCs
SI (carcinogen) less than or equal to 1.0E-6 Yes Option B: Management in Plac.e.
AND Property approved for commercial/
SI (noncarcinogen) less than or equal to 1.0 1ndus.tr1a} use with appropriate
institutional controls
No
SI can be brought below target risk through removal Yes Option B: Managen}ent" Prop.erty
of hazardous substances or petroleum or N r(?ved for commercgl/md.ustrlal use
management of exposure pathways with appropriate engineering and
institutional and controls
No
Tier II - Risk Assessment
Develop baseline or site-specific risk assessment and Options will vary
cleanup goals
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Section 2.1. Tier I. Human Health Risk-Based Screening

This initial tier identifies which contaminants contribute significantly to the risks associated
with the property and calculates the cumulative risk for all Contaminants of Concern (COCs).
For this guidance, hazardous substance or petroleum shall have the meaning as defined in KRS
224.01-512. The screening-level risk assessment should be completed for residential land use as
a baseline, and commercial or industrial land use if commercial or industrial use is part of the
management plan. The following steps should be followed when completing a screening-level

risk assessment for human health.

1. Segregate analytical data by medium. Further segregate soil data into surface (0-1 foot

depth) and subsurface (greater than one foot depth).

2. Calculate 95% Upper Confidence Limit (UCL) of the arithmetic mean as described in U.S.
EPA, 1992 (Supplemental Guidance to RAGS: Calculating the Concentration Term). Use all
samples of the property and site(s). Use one-half of the detection limit for non-detect sample
results. The Exposure Concentration shall be the lower of the 95% UCL of the arithmetic
mean and the maximum detected value for that medium (and horizon, for soil). Calculate the

mean of the site data for inorganic compounds in addition to the 95% UCL.

3. Compare the Exposure Concentration to 1/10™ of the residential or commercial/industrial
screening value, as appropriate. When screening, use the Total Chromium value for
chromium, use carcinogenic effects for arsenic, and use Toxicity Equivalency Factors (TEFs)
to calculate a Toxicity Equivalency Quotient (TEQ) for dioxins. Instead of 1/10" of the
screening value for lead, use the Kentucky Lead Action Level of 50 mg/kg for soils for
residential, and 400 mg/kg for commercial/industrial soils. Appendix E contains the KY
Radiological Risk-Based Preliminary Remediation Goals, if applicable. Compare the
Exposure Concentration to the following standards when applicable: Maximum Contaminant
Levels (MCLs) for surface and ground water (401 KAR 8:250, 401 KAR 8:300, 401 KAR
8:400, 401 KAR 8:420), National Ambient Air Quality Standards (NAAQS) for air, and
Surface Water Standards (401 KAR 5:031) for surface water.

4. Calculate the frequency of detection of the hazardous substance or petroleum constituent.
Identify those compounds that are detected in at least 10 percent of the samples. If there is

any detection above ten times the residential or commercial/industrial screening value, as
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appropriate, then the hazardous substance or petroleum should remain a Contaminant of

Concern (COC) regardless of the frequency of detection.

Compare the mean of the site data to the 95% UCL of background for inorganics. The
background value shall be the generic statewide background number listed on Table G-2 in
Appendix G, or site-specific background may be determined using the methods described in
401 KAR 100:100 Section 7 (6). In addition to the site mean being less that the 95% UCL of
background, at least half of the samples should fall below the 60™ percentile on Table G-2 or
site-specific background, and no sample should exceed the 95" percentile listed on Table G-2

or site-specific background. The cabinet may approve other statistical methods proposed by

the VERP applicant or party.

Produce a summary table that lists each hazardous substance or petroleum, site mean,
Exposure Concentration, 1/10™ of the screening value, frequency of detection (as a fraction),
and, for inorganics, 95% UCL of the arithmetic mean of background. Include MCLs,
Surface Water Standards, and NAAQS, if applicable. Identify those compounds as
Contaminants of Concern (COCs) that exceeds the values in all applicable screens (i.e., is not
eliminated by any screen). Highlight or denote with bold text the screen that eliminates the
COPC from further evaluation, if applicable. Table 1 is an example of the summary table for

soil.

Table 1. Summary of Results of Tier I Screening

Hazardous Mean Exposure 1/10" Screening Frequency of | 95% UCL of | COC?
Substance Concentration Value Detection Background

Benzene -- 0.8 mg/kg 0.03 mg/kg (8/30) -—- Yes
Arsenic 7.9 mg/kg 9.3 mg/kg 0.019 mg/kg (24/30) 94 No

7. Segregate the COCs into carcinogens and noncarcinogens as described in the Preliminary

Remediation Goals table in Appendix C. Radionuclides should be evaluated in the Tier I
Screen using the screening values in Appendix E, if applicable. Calculate a Screening Index
for all COCs by dividing the Exposure Concentration by the chemical-specific Preliminary

Remediation Goal from Appendix C and summing the carcinogens and noncarcinogens:

Exposure Concentration x ~ Exposure Concentration y N Exposure Concentration z

Screening Index (SI) = z + €tc.

Screening Value x Screening Value y Screening Value z
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For noncarcinogens, a Screening Index of less than 1.0 indicates that exposure to all
noncarcinogenic contaminants, when summed, do not exceed a HQ of 1.0. Likewise the
carcinogenic constituents should also use the SI approach and multiply the result by 10 to
determine the additive risk in the media. This approach should be used for all applicable
media at a site and then summing the indices of the individual media. The VERP applicant

or party may calculate a site-specific PRG for a Tier I risk assessment screen.
Present the results of the Screening Index in the risk assessment report (Section 2.6).

If the cumulative Screening Index (SI) exceeds 1.0 for noncarcinogens or 1 x 10 for
carcinogens, a VERP Applicant or party should select the next course of action. They may
select to complete a risk management plan (Section 2.4), initiate remedial action(s) (Section

2.5), or evaluate the risks further through a baseline risk assessment (Section 2.2).

Section 2.2. Tier II. Baseline Human Health Risk Assessment.

1.

Based on the COCs that were identified in Tier I (Risk-Based Screening), conduct a baseline

risk assessment.

Risk assessment guidance documents from the United States Environmental Protection
Agency should be used in preparing the risk assessment. Primary guidance is the “Risk
Assessment Guidance for Superfund. Volume I. Human Health Evaluation Manual. (Part
A)” (RAGS Part A) and RAGS Part B (U.S. EPA, 1989; 1991), the “Soil Screening
Guidance: Technical Background Document” (U.S. EPA, 1996a), the “Soil Screening
Guidance: Users Guide” (U.S. EPA, 1996b), the  “Soil Screening Guidance for
Radionuclides: Users Guide” (U.S. EPA, 2000), and the Supplemental Guidance to RAGS:
Region 4 Bulletins (U.S. EPA, 2001c¢). Other supporting guidance documents should be used

as needed.

. Describe the collection of sampling data and the procedures used to evaluate the data that are

included in the risk assessment. Evaluation is completed as described in RAGS Part A (U.S.
EPA, 1989) and involves evaluating analytical methods, quality of data, quantitation limits,

data qualifiers, and blanks.

Identify and calculate exposure to current and future receptors. Potential land uses should be

identified including, but not limited to: residential, industrial, recreational, commercial, or
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agricultural. The baseline risk assessment should address all current and potential future
receptors including trespassers and residents. Exposure factors for common receptors are
listed in Appendix A. Site-specific factors may be used, subject to cabinet approval. The

factors and the rationale for their use should be documented in the risk assessment report.

5. Describe the toxicity of the COCs that were identified in Section 2.1. List the toxicity values
that are associated with the COCs. The hierarchy for sources of toxicity values is: (1) U.S.
EPA’s Integrated Risk Information System (IRIS), (2) U.S. EPA’s Health Effects
Assessment Summary Tables (HEAST), (3) provisional values from U.S. EPA’s National
Center for Environmental Assessment (NCEA), and (4) Other sources. Other sources may
include Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological Profiles,
World Health Organization (WHO) documents, publications in the primary toxicological

literature, or values withdrawn from IRIS or HEAST, with cabinet approval.
6. Calculate the risks associated with the receptors that were identified in Step 4.

7. Identify and describe the uncertainties associated with the risk assessment. Potential sources
of uncertainty include COC selection, range of values for exposure parameters,
characterization of the site, and interaction between chemicals (additivity, synergism).

Uncertainty analysis is further discussed in RAGS Part A (U.S. EPA, 1989).

Section 2.3. Groundwater Evaluation.

Groundwater data from monitoring wells are evaluated in Tier I and II risk evaluations.
Recoverable water from soil borings can also be evaluated with groundwater numbers
(Preliminary Remediation Goals, MCLs) as described in Section 2.1 and 2.2. If no groundwater
monitoring data are available, or data are not adequate, then compare Exposure Concentration(s)
for soil to the Soil Screening Level(s) from the Preliminary Remediation Goals table in
Appendix C as described in 401 KAR 100:100 Section 5 (5). Radionuclides should be evaluated
using the Soil Screening Levels in Appendix E, if applicable.

If the bottom two sampling intervals in the soil boring do not exceed the SSL, modified
SSL, site-specific SSL, or subsurface background, then further groundwater evaluation of soil as
a potential source for groundwater contamination is not necessary. If soil concentrations in the
bottom two sampling intervals of the soil boring do exceed the Soil Screening Level, Modified
SSLs, or site-specific SSLs for protection of groundwater resources, and subsurface background,

then this indicates a need to manage for migration of contaminants to groundwater or for a
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groundwater investigation. Submit a plan to assess and protect groundwater or provide site-

specific information that contamination doesn’t pose a threat to groundwater.

Identify if the site is in an area where contamination of a karst aquifer is possible, or the

contaminant(s) could result in a dense non-aqueous phase liquid (DNAPL) layer, or any other

circumstances exist that would indicate a higher potential for contamination of groundwater. If

such conditions exist, submit a plan for groundwater assessment and protection.

Section 2.4. Management of Risks.

1.

Property Use. Management of risks can be accomplished by ensuring that a property is only
used by a certain receptor. For example, a property that meets criteria for commercial or
industrial use, but not residential, must remain commercial or industrial. Alternate land uses
can be evaluated by using commercial/industrial screening values in place of the residential

screening values that were used in Section 2.1, or in a baseline risk assessment.

Physical and Institutional Controls. Management of risks can be accomplished if exposure to
contaminated media is controlled using a combination of soil cover, restrictive covenants, dig

restrictions, fencing, or other approved methods.

Submit Corrective Action Plan for approval as described in 401 KAR 100:100 Section 8.

Section 2.5. Selection of Remedial Goals.

1.

The primary goals of remediation is protection of human health at the hazard index of 1.0
and the carcinogenic risk of 1 x 10 at the point of exposure, and protection of ecological

health. Ecological risks are addressed in Section 3.0.

The primary goals of remediation do not excuse compliance with other applicable standards,

such as the National Ambient Air Quality Standards and the surface water standards.

The intended use must be ensured through physical and institutional controls and described
in the Corrective Action Plan. The risk-based Preliminary Remediation Goals are found in

the Appendix C table or derived based on approved receptor-specific values. Remedial goals

9
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for radionuclides will be developed on a site-specific basis in consultation with the Kentucky
Cabinet for Health Services. Generic inorganic background values are listed in Appendix G

or may be derived using the guidance in 401 KAR 100:100 Section 7 (6).

The applicable risk-based remedial goals for surface soils are the residential and
commercial/industrial soil numbers in the Appendix C Preliminary Remediation Goals table
or those calculated based on approved receptor-specific values. Appendix E contains the
risk-based concentrations for radionuclides, if applicable. The remedial goal for certain
organic chemicals may be based on site-specific concentrations if it can be demonstrated to
the cabinet that concentrations are the result of natural sources or are a by-product of
combustion of fuels and not the result of activities on the property or site. For subsurface
soils, a VERP applicant or party may select ten times the surface soil risk-based
concentrations as an initial remedial goal with implementation of the institutional and
physical controls and should not be a source of groundwater contamination. If contaminants
are in the surface soil horizon, this can be attained through the use of cover (6 inches of
pavement (e.g., asphalt or concrete), 12 inches of soil, or other approved method). For
example, if the commercial/industrial soil number is 1.3 mg/kg on the risk-based PRGs table
in Appendix C, and the contamination is more than a foot below the surface or is covered
with a foot of clean soil, then the concentration that is left in place can be 13 mg/kg and the
use of the site would need to be restricted to commercial or industrial use with the soil cover

maintained in place.

Section 2.6. Human Health Risk Assessment Report Format.

The risk assessment results should be presented as part of the environmental remediation process

wherever risk assessment is used for environmental decision-making. This may be included as

part of the site characterization report, corrective action completion report, in an appendix to

those reports, or as a separate document.

1.

Screening. The screening report should consist of a brief description of the property, site
characterization activities, a summary of the analytical data along with the statistical
calculations of the 95% UCL, the summary table as described in Section 2.1 6., and results of

the Screening Index.
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2. Baseline Risk Assessment. The baseline risk assessment report should follow the general
outline shown in Appendix B. A copy of the screening risk assessment may be included with
the baseline risk assessment to provide information that was used in the baseline risk

assessment (selection of COCs, calculation of 95% UCL).

Section 3.0 Ecological Risk Assessment

If it has been determined that an Ecological Risk Assessment (ERA) needs to be conducted (401
KAR 100:100 Section 5 (8)), this document provides the outline for that process. The flowchart
in Figure 3 is the process for determining if an ERA needs to be conducted. The checklist in
Appendix F can be used to identify features of the environmental setting that are related to

ecological receptors.

The phrase “ecological risk assessment” refers to a qualitative and/or quantitative
appraisal of the actual or potential impacts from a hazardous compound or physical stressor on
plants and animals. Documents from various federal programs (Simini et. al., 2000; USEPA
1993; USEPA 1997a; USEPA 1998) were consulted in the process of developing this document
and the procedures used in calculating risk-based concentrations. Figure 4 outlines the process

of the ERA.
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Figure 3. Flowchart For Determining An Ecological Risk Assessment

A. There is a known, suspected, or potential impact
of chemicals of concern on surface water or to
associated sediments, or aquatic habitat by way of
surface water runoff, air deposition, groundwater
seepage, or other mechanism.

TRUE FALSE (GO TO B)

\ 4

B. The entire property is characterized by pavement,
buildings, a functioning cap, roadways, equipment
storage areas, manufacturing or process area, other
surface coverings or structures, disturbed ground, or
any combination of these which would characterize
the entire property as undesirable for plants and
wildlife, including threatened or endangered species.

FALSE (GO TO C) TRUE

CONDUCT
ECOLOGICAL RISK
ASSESSMENT

'

C.  Contaminants of concern are present in the soil
above the ecological screening values within five (5)
feet of the ground surface and there is no physical
barrier in place to prevent exposure of an ecological
receptor to the contaminants of concern; and

NO ECOLOGICAL
RISK ASSESSMENT
REQUIRED

TRUE (GO TO D) FALSE

A 4

D. If any of the following are true:

a. The affected property serves as a habitat, foraging area, or
refuge to threatened, endangered, or protected species; or

b. The affected property is located within one-half mile of a
sensitive environmental area; or

c. The total area of all releases at the property, as determined
by residential human health preliminary remediation goals, is
greater than one (1) acre, or if there is reason to suspect that the
contaminants of concern associated with the areas of releases
will migrate such that the extent of the releases will become
greater than one (1) acre.
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The ERA process is based on two major elements: characterization of effects and

characterization of exposure. These provide the focus for conducting the phases of risk

assessment: planning, problem formulation, analysis, risk characterization, and risk management.

a)

b)

d)

Planning — The Planning phase involves the determination of level-of-effort necessary for the
ERA. ERA management goals and objectives are determined (i.e., what plant, animal, or
ecosystem is at risk and might need protection), the focus of the ERA is laid out, and the time

frame for the assessment is set.

Problem Formulation — The overall strategy for estimating risk at a site is developed in
Problem Formulation. During this phase, the Conceptual Site Model (CSM) is created, the
receptors potentially at risk are defined, and a plan is written that describes the data to be

analyzed and the process to be used to calculate risk.

Analysis — This component of the ERA consists of data collection, the technical evaluation of
the data, the calculation of the existing and potential exposures, and corresponding ecological

effects.

Risk Characterization — The likelihood and severity of the risk is evaluated for the
assessment endpoints, and the ERA’s uncertainty is described in the Risk Characterization.
A good description of the risk, including the level of adverse effects, is important for

interpreting the risk results.

Risk Management — In this component, the results of the ERA are integrated with other
considerations to make and justify remedial decisions. In a screening level ERA, the risk

management decision is whether a baseline ERA is needed.

Section 3.1. Tier 1. Screening-Level Ecological Risk Assessment.

The purpose of the screening-level risk assessment is to evaluate whether existing data

justify a decision that site contaminants do not pose a risk to ecological receptors or whether

additional evaluation is necessary. If no potential for risk is identified in a screening-level risk

assessment, then risk managers can confidently conclude that no further action is required at the

site. Tier 1 of ERA consists of two steps:

Step 1. Screening-Level Problem Formulation and Ecological Effects Evaluation.

Step 2. Screening-Level Preliminary Exposure Estimate and Risk Calculation.
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Steps 1 and 2 of the ERA process contain the following elements:

b)

e Site visit

e Screening-level problem formulation (preliminary Conceptual Site Model)
e Exposure pathways and endpoints

e Screening-level effects evaluation (toxicity threshold benchmarks)

e Screening-level exposure estimate (site concentration data)

e Screening-level risk calculation (site concentration data screens)

e Documentation

Preliminary Conceptual Site Model (CSM). As part of Tier 1, Step 1 of the ERA, use
available information to develop a preliminary CSM. Available information may include
observations made during site visits, historical documents, existing data, and professional
judgement of technical experts who are familiar with the site. The preliminary CSM should
describe the environmental setting of the individual site, the site’s immediate surroundings,
and the contaminants known to exist at the site. The preliminary CSM should identify fate
and transport mechanisms of contaminants potentially moving off-site, and briefly discuss

the ways that site contaminants act on likely receptors.

Exposure Pathways and Endpoints. Based on the preliminary CSM, the ecological risk
assessor should identify the potentially complete exposure pathways and endpoints for the
screening assessment. The exposure pathways and endpoints for the site specify which
ecological effects data are required. The screening-level effects data are screening-level
benchmarks and concentrations of substances in the abiotic media (e.g., soil, air or water). If
groundwater potentially discharges to surface water, groundwater concentrations are

compared to surface water screening benchmarks.

Identify Chemicals of Potential Concern. As part of Tier 1, Step 2, determine (COPCs) by

eliminating COPCs from further evaluation:

e Background Comparisons. Compare the mean concentration for inorganic constituents

on-site against the 95% UCL of the mean concentrations of background for inorganic
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constituents. At least ' of the data points should be less than the 60™ percentile, and no
data point above the 95" percentile. Generic inorganic background values are listed in

Appendix G or may be derived in accordance with 401 KAR 100:100 Section 7 (6).

Screening Table Comparison. Compare the lesser of the maximum concentration or 95%
UCL on site for substances in a given exposure medium to the screening-level
benchmarks (Appendix D) for those substances. Compare site concentrations to
screening-level benchmarks for surface soil, sediment, surface water, and groundwater (if

site conditions will potentially result in exposure to ecological receptors).

d) Retaining Chemicals of Concern. If any constituent in an abiotic medium to which

organisms are potentially exposed is present at a concentration exceeding screening-level

benchmark and ambient background or if there is not a screening-level benchmark, then

further evaluation of the potential risk will be required. Chemicals with known synergistic

effects or that bioaccumulate will be retained as COPCs. If existing data does not have

adequate detection limits (i.e., detection limits above screening benchmarks) new data must

be collected to replace it.

e) Documentation. The documentation of Steps 1 and 2 should include the following:

Brief habitat description, and map;

Preliminary CSM;

Tables of screening results;

List of wildlife species actually or potentially occurring at the site, including threatened
and endangered plant and animal species;

Discussion of uncertainties. The discussion of the uncertainties should identify
constituents for which there are no screening-level benchmarks or analytical chemistry

data.

At the end of Tier 1, the decision whether to collect additional data for screening, to proceed

with the ERA, or to take no further action can be documented in the report.

15
E-53



Section 3.2. Tier 2 Baseline Ecological Risk Assessment

The baseline ecological risk assessment is a continuation of the screening ERA. It

consists of 6 steps:

Step 3. Baseline Risk Assessment Problem Formulation

Step 4. Study Design and Data Quality Objectives

Step 5. Field Verification of Sampling Design

Step 6. Site Investigation and Analysis of Exposure and Effects
Step 7. Risk Characterization

Step 8. Risk Management

a) Step 3. Baseline Risk Assessment Problem Formulation. The Baseline Risk Assessment

Problem Formulation should provide sufficient information to support a risk management

decision concerning the need for additional evaluation of ecological risk. Further evaluation

may mean site-specific ecological investigation at the site. This will require a work plan,

documenting Step 4 of the process, and describing how the data will be used in Step 7 to

make a remedial decision for the site. Important inputs to this decision are:

Site concentration data;
Conceptual Site Model;
Habitat Description;
Preliminary Hazard Quotients. The Hazard Quotient should be calculated for COPCs
using toxicity values from current literature and intake factors from the Wildlife
Exposure Factors Handbook (USEPA 1993) for the species listed below. A Hazard
Quotient is calculated by dividing the site concentration (the lessor of the 95% UCL of
the mean or maximum) by the No-Observed Adverse Effect Level (NOAEL). If the
Hazard Quotient is above 1.0, that compound continues through the baseline ERA.

For terrestrial habitats, receptors must include (1) earthworm (Lumbricus

terrestris), (2) short-tailed shrew (Blarina brevicauda), (3) long-tailed weasel (Mustela

frenata), (4) meadow vole (Microtus pennsylvanicus) or prairie vole (Microtus

ochrogaster), and (5) American woodcock (Scolopax minor). For aquatic habitats,

receptors must include; mink (Mustela vison) little brown bat (Myotis lucifugus), and

belted kingfisher (Cerlye alcyon). The above list of species should not be considered

exclusive. If there are other species on site that exposure factors, intake rates, and
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toxicity values are known, those species should be included in the ERA. Species that are
on the Federal and/or State Threatened or Endangered Species List and either known to
have been on or in the vicinity of the site or if the site contains habitat known to support
those species, then they should also be included in the ERA.

e The identification of COPCs that warrant further evaluation.

e An understanding of the effects of COPCs on ecological receptors (including toxicity
reference values).

e The identification of complete exposure pathways by which COPCs are brought into
contact with ecological receptors (include bioaccumulation factors and ingestion rates for
wildlife receptors).

e The identification of assessment endpoints (e.g., protection of fish eating birds from
eggshell thinning due to DDT exposure) and measurement endpoints (e.g., natural
population structure, feeding, resting, and reproductive cycles).

¢ Discussion of uncertainties should include the lack of site concentration or toxicity data

for COPC:s.

b) In Step 4, the process identifies the study design and data quality objectives (DQOs) for the
site investigation. The work plan (WP) and the sampling and analysis plan (SAP) are the
primary products of Step 4. The WP and SAP must specify the study design in sufficient

detail to evaluate its adequacy for collecting the data necessary to answer the risk questions.

The WP or SAP should include the following:

e The number and location of samples of each medium for each purpose

e The comparison of analytical detection limits and threshold concentrations

e The full description of toxicity tests and population/community study designs

e A description of how the results of site investigations will be used in the risk

characterization (Step 7) to answer risk questions.

c) In Step 5, the Verification of Field Sampling Design process evaluates the probability of
successfully completing the study as designed. The WP or SAP should describe the methods

for verifying the study design. The verification process and any remaining uncertainties
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d)

about the study design should be discussed when the results of the site investigation are

reported.

Step 6, the Site Investigation and Data Analysis, is the implementation of the site
investigation designed in Step 4 and verified in Step 5. Approved alterations in the work
plan should be documented in the report containing the risk characterization (i.e., the baseline

risk report).

Risk Characterization (Step 7) is conducted after data collected during the site investigation
have been analyzed. The risk characterization evaluates the exposure and effects data to
assess the risk to the assessment endpoints (risk estimation). The risk characterization also
presents information necessary to interpret the risk assessment and to decide upon adverse
effect thresholds for the assessment endpoints (risk description). This presentation should
include a qualitative and quantitative summary of risk results and uncertainties.

In risk estimation, the lines of evidence, for which data were collected in the site
investigation, are integrated in the risk characterization to support a conclusion about the
significance of ecological risk. The different possible lines of evidence could be tissue
concentration data, toxicity test results, and/or population/community data.

If site-specific tissue concentration data are available from the site investigation, HQs for
wildlife receptors preying on those tissues are calculated. These HQs are calculated using
appropriate exposure estimates and toxicity reference values.

In the ERA, the risk characterization should put the level of risk at the site in context. The
risk description should identify threshold concentrations in source or exposure media for
effects on the assessment endpoint. All site-specific parameter values used to calculate HQs
must be described and the source of the values identified.

At Step 7, the uncertainty about the risk posed by a substance should have been reduced to a
level that allows risk managers to make a technically defensible remedial decision. The risk
characterization provides information to judge the ecological significance of the estimated

risk to assessment endpoints in the absence of any remedial action.

Step 8 of the ERA is Risk Management. The role of ecological risk assessors is to advise the

risk managers during the final actions. If the risk characterization concludes there is a risk to
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ecological receptors, the risk management decision is whether to remediate the site or to

leave the constituents of concern in place with controls on exposure and monitoring.
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Figure 4. Ecological Risk Assessment Flow Chart

Tier 1. Screening-L evel ERA (SERA): Identify
pathways and compare exposure point
concentrations to benchmarks.

Step 1: Site visit; Pathway Identification/Problem
Formulation; Toxicity Evaluation.

Step 2: Screening for COPCs, Exposure Estimate.
Proceed to Exit Criteriafor SERA

1

Exit Criteria for the Screening Level ERA: Decision for exiting or
continuing the ecological risk assessment.

D

2)

Site passes screening risk assessment: A determination is made that
the site poses acceptable risk and shall be closed out for ecological
concerns.

Site fails screening risk assessment: The site must have both
complete pathways and unacceptable risk. As a result the site will
either have an interim cleanup or the investigation moves to Tier 2.

Tier 2. Baseline Ecological Risk Assessment (BERA):

Detailed assessment of exposure and hazard to “assessment

Exit Criteria Step 3a Refinement

endpoints” (ecological qualities to be protected). Develop site
specific values that are protective of the environment.

1) If re-evaluation of the conservative

Step 3a: Refinement of Conservative Exposure Assumptions
from SERA, Hazard Quotient Calculations.

Step 3b: Problem Formulation — Toxicity Evaluation;
Assessment Endpoints; Conceptual Model; Risk Hypotheses.

A 4

Proceed to Exit Criteria for Step 3.

d
<

exposure assumptions (SERA) support
an acceptable risk determination then
the site exits the ecological risk
assessment process.

2) If re-evaluation of the conservative
exposure assumptions (SERA) do not
support an acceptable risk
determination then the site continues in

Step 4: Study Design/DQO — Lines of Evidence: Measurement
Endpoints; Work Plan and Sampling & Analysis Plan.

Step 5: Verification of Field Sampling Design.
Step 6: Site Investigation and Data Analysis.

Step 7: Risk Characterization.

Proceed to Exit Criteriafor BERA

Proceed to Step 3b.

the Baseline Risk Assessment Process.

Exit Criteria Baseline Risk Assessment

ecological perspective is warranted.

1)  If site poses acceptable risk then no further evaluation and no remediation from an

2) Ifthe site poses unacceptable ecological risk and additional evaluation in the form of
remedy development and evaluation is appropriate, proceed to Risk Management.

Step 8: Risk Management — Qualitatively evaluate risk posed to the environment by implementation

A

of each alternative (short term impacts) and estimate risk reduction provided by each (long-term
impacts); pr