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Introduction 

This report presents radioactivity issues associated with the Hakes C&D Landfill (Hakes 
Landfill or Landfill) and has been prepared by CoPhysics Corporation (CoPhysics) for Casella 
Waste Systems (Casella). Information concerning landfill construction has been provided by 
Casella, legal references by counsel, and oil/gas technical information by various engineering 
consultants. This report presents a brief discussion of oil/gas drilling technology, a history of 
oil/gas waste disposal, and responses to comments from the public regarding radioactivity issues 
associated with the disposal of drill cuttings in the Hakes Landfill. 

PART I 

PERTINENT BACKGROUND INFORMATIO 

A. DRILLING WASTE: WHAT IS, AND IS NOT, ALLOWABLE IN PART 360 
LANDFILLS 

a. Background 

Drilling operations have been conducted in New York and Pennsylvania since the late 
1800s. Approximately 14,000 wells are still active in New York, 1 and new wells are drilled each 
year. Thus, oil and gas drilling waste is not a new waste. The main difference between the 
historical oil and gas waste and the new waste coming into New York from Pennsylvania is that 
the recent wells are drilled not only vertically, but also horizontally, therefore, producing more 
tons of rock chips and/or "cuttings" per well, due to the increased total length of the boring. The 
technique of hydraulic fracturing, or "fracking," is a method involving the injection of 
pressurized water into the bore hole which is used to create cracks in the rock to allow the oil and 
gas to migrate into the well. Therefore, the waste waters from this process are also produced in 
larger volumes than with conventional vertical wells. The oil and gas exploration companies 
have developed many special techniques to handle these wastes. 

b. The Types of Waste Resulting from Oil and Gas Drilling Operations 

Oil and gas drilling operations produce a variety of wastes which have very different 
characteristics and, therefore, their management and disposal are governed by distinct regulatory 
requirements. As described below, the types of waste produced from oil and gas drilling include 

1 NYSDEC. http://www.dec.ny.gov/encrgy/205.htm l 
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drill cuttings, produced water (or production brine), flowback water, scale, sludge, used frack 
sand, filter cake, and discarded equipment.2 

Drill Cuttings: Drill cuttings are pulverized rock chips created by a drilling rig as it 
rotates and pushes a drill bit through many layers of rock, going down as far as two miles 
below the ground surface, then gradually turning and travelling horizontally through an 
extended distance in the gas-containing rock layer. Drill cuttings are often 
misrepresented as "fracking waste." They have nothing to do with hydraulic fracturing, 
but are merely rock chips and/or dust brought to the surface with some type of cooling 
and lubricating fluid termed "drilling mud." The cooling fluid is generally compressed 
air, a water-based mud, or an oil-based mud. The oil-based fluids used to lubricate the 
drill bit generally utilize a synthetic, food-quality oil. 

To transport and dispose of the cuttings and mud, a bulking agent, such as sawdust, 
cement kiln dust, or lime, is often mixed in to thicken the mixture and to reduce free 
liquids. Mixing occurs at the drill site or at the landfill. The free liquids that may be in 
the rock dust are either residual drilling mud or deep groundwater. 

Drill cuttings can contain slightly elevated concentrations of naturally occurring 
radioactive material (NORM), depending on which rock layer is being drilled. The main 
gas-producing layer of rock currently being drilled in Pennsylvania is the Marcellus 
shale, which in Pennsylvania occurs at depths of 5,000 to l 0,000 feet. As the Marcellus 
shale formation extends up into New York, it slopes upward so that it surfaces at ground 
level in the vicinity of Syracuse, New York. Marcellus shale contains slightly more 
radioactive minerals than normal soil, clay or rock and has about the same concentration 
of radioactivity as red brick and granite counter tops. However, it contains less 
radioactive minerals than does gypsum, refractory (yellow) brick, and fertilizer. (The 
land area near Syracuse where the Marcellus shale is at the surface is not particularly 
radioactive.) 

Sludge - Sludge from oil and gas drilling rigs accumulates at the bottom of fluid holding 
tanks. Sludge containing NORM from oil and gas operations is not disposed in New 
York landfills operating with Part 360 permits because the NORM is considered to be 
concentrated via settling to the bottom of the tank, resulting in higher levels of minerals, 

2 Another waste that can result during oil and gas operations, although it is unrelated to the 
drilling process, is spill cleanup waste. Spill cleanup waste originates from typical industrial 
spills unrelated to the actual drilling process, such as spills of hydraulic fluid or diesel fuel, and 
this waste may also contain soil, sand vermiculi te and absorbent c tton pads. Add itional oil or 
other bulking agents are added to the spill wasle to abso rb the fluids to al.low for transport and 
disposal. 
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some of which contain NORM. Therefore, this concentrated NORM in sludge is subject 
to regulation as a radioactive waste under 6 NYCRR Part 380. Ordinary sewage 
treatment plants can also generate sludge as a result of the sewage treatment process, 
which can be disposed of in a landfill, so long as it does not contain concentrated levels 
of radioactivity. 

Used Frack Sand - During the hydraulic fracturing process, sand is injected into oil and 

gas wells so that it can travel into the cracks in the rock surrounding the horizontal 
portion of the hole. The sand particles, termed a proppant, act as wedges to keep the 
cracks from resealing so the oil and gas can flow from the rock formation into the well. 
The sand that does not get lodged in cracks is flushed back out of the hole and becomes a 
waste product. This waste material usually is flushed out with flowback water. 

Flowback Water - Flowback water is the portion of water that is returned to the surface 
after being injected into a well during the hydraulic fracturing process. This waste is not 
a solid waste and is not accepted at Part 360 landfills; rather, it must be treated at the 
drilling site or at a nearby filtration or recycling plant. 6 NYCRR 363-7. I ( o )(9) prohibits 
the disposal of fluids from oil and gas production wells, including flowback water and 
production brine, in Part 360 facilities. 

Scale - As brine, oil, and/or gas proceed from underground to the surface, pressure and 
temperature change and certain dissolved salts can precipitate and adhere to the borehole 
interior as well as to ancillary piping in the rig facility as scale. Because scale is calcium­
based and radium is chemically similar to calcium, radium concentrations in scale are 
normally high and, thus, scale is not accepted for disposal at Part 360 landfills. 

Produced Water/Production Brine - Produced water is water that comes out of the rock 
formation during the lifetime of an oil or gas well. This waste is not accepted at Part 360 
landfills because it is not a solid waste and is not approved for solidification. 6 NYCRR 
363-7.1(0)(9) prohibits the disposal of fluids from oil and gas production wells, including 
flowback water and production brine, in Part 360 facilities. Produced water/production 
brine must be treated at a filtration or recycling plant. 

Filter Cake - Flowback water, production water or brine may be filtered or evaporated as 
part of the water treatment process, thus creating filter cakes and evaporator bottoms. 
Because such a process concentrates NORM, filter cakes and evaporator bottoms are not 

permitted in New York Part landfills. 

As noted above, fluids from an oil or gas production well, including flowback water and 
production brine, are prohibited in Part 360 facilities because they are not solid wastes. Also 
prohibited are any wastes where the NORM has been processed and concentrated (such as scale, 
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sludge, and filter cake). 6 NYCRR 380-l.2(e) & 380-2.l(a)(66). Thus, these types of wastes are 
not accepted at any of Casella's New York landfills. The wastes that contain processed or 
concentrated levels of radioactivity above background qualify as a regulated radioactive waste 
(which is prohibited in Part 360 MSW or C&D landfills). In marked contrast, drill cuttings 
contain relatively low levels of NORM similar to red bricks and granite (because there has been 
no processing or other activity that concentrates the NORM); thus, drill cuttings are not regulated 
as radioactive waste and are allowed to be disposed in Part 360 landfills as part of the industrial 
waste stream or as construction waste.3 That is, oil-based drill cuttings are allowed in MSW 
landfills as industrial waste and water- and air- based drill cuttings are allowed in C&D landfills 
as construction waste. These issues, including the distinction between NORM and 
"technologically enhanced naturally occurring radioactive material" (TENORM), are more fully 
discussed below. 

c. NORM and TENORM 

NORM is "naturally occurring radioactive material" that occurs in rock, clay, sand, soil, 
groundwater, or other natural materials. The principal radionuclide of concern in NORM is 
radium-226, which is present in soil in concentrations of about 1 pico Curie per gram (pCi/g).4 

Some types of NORM may have radium-226 concentrations that are much higher than 1 pCi/g, 
and may be as high as hundreds or thousands of pCi/g in different types of naturally occurring 
salts and ores. Such natural, non-concentrated materials are accepted at New York landfills, 
however, only if the concentration of radium does not exceed 25 pCi/g. 6 NYCRR 363-
7.1 ( o )(8). 

TENORM is "technologically enhanced naturally occurring radioactive material," which is 
NORM that has been modified by an industrial process that causes the radioactivity in the 
NORM to be concentrated (intentionally or unintentionally).5 Some industrial processes cause 
concentration of radioactivity during the extraction of minerals from rock via melting or 
chemical digestion. Filtration or evaporation of water also concentrates NORM into TENO RM 
as sludge, scale, salt or filter cake. TENORM is not produced by merely chopping or drilling 
rock or baking clay into ceramic, because the concentration or enhancement of radioactivity does 
not occur to any significant degree. TENORM is not accepted at New York landfills whether its 
radium concentration is less than, equal to, or greater than 25 pCi/g. 6 NYCRR 363-7.1(0)(7). 

The distinction between NORM and TENORM, including as these terms pertain to wastes 
from oil and gas drilling, is also explicitly set forth in amended 6 NYCRR Part 380 (effective 

3 Also in contrast to New York regulation, Pennsylvania landfills accept some of these other 
drilling wastes, which may explain more frequent positive detections of radioactivity at those 
landfills. 
4 U.S . Environmental Protection Agency (EPA), "About TENORM." 
http://www.epa.gov/rad iation/tenorm/about. htm I 
5 Ohio Department of Health NORM/TENO RM Fact Sheet. 
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May 10, 2018), which regulates radioactive waste disposal. Consistent with the predecessor 

regulations, "processed and concentrated" NORM is regulated as a radioactive waste under Part 

380. 6 NYCRR 380-l.2(e). As pertinent here, the recent amendments to Part 380 simply clarify 

that processed and concentrated NORM is the same thing as TENORM. And, because 

TENORM is regulated as a radioactive material under Part 380, it is not allowed to be disposed 

in Part 360/363 landfills. 

As for oil/gas industry wastes, in responses to public comment received on the proposed 

amendments to Part 380, the NYSDEC addressed the difference between drill cuttings versus 

completion/production wastes (such as flowback water, production brine, and wastes resulting 

from treatment of these fluids). NYSDEC, Assessment of Public Comment - Comments 
Received on Proposed Amendments to 6 NYCRR 380 (April 10, 2018) (Part 380 Public Comment 

Assessment), Responses 1-1, 4-1, 65-4( c ). In those responses, the NYSDEC rejected the 

contention that all waste from the oil and gas industry should be classified as TENORM, stating: 

(1) processed and concentrated NORM, i.e., TENORM, continues to be regulated under Part 

380; (2) waste with NORM in "natural isotopic abundance" is not regulated under Part 380; (3) 

drill cuttings have NORM in natural isotopic abundance because there has been no processing or 

concentrating, and, therefore, "[i]t would be inappropriate to re-classify [this waste] as 

TENORM;" ( 4) drill cuttings may be disposed in Part 360/363 landfills so long as there are no 

elevated radioactivity levels (as determined by radiation detector monitoring); and (5) in 

contrast, completion and production wastes are prohibited from disposal in landfills per Part 363. 

As discussed below, these regulations (Parts 360, 363, 380), govern what is, and is not, allowable 

in Casella's New York landfills. 

d. The Types of Drilling Waste Accepted at the Hakes Landfill and Other 
Casella New York Landfills 

Casella operates three New York landfills that currently accept drilling waste (Hakes 

C&D, Chemung, and Hyland). The waste accepted is limited to drill cuttings and pad 
deconstruction waste such as gravel, fiber mats, dirt, synthetic liner material, and discarded 

equipment. In addition to drill cuttings, the Hyland Landfill accepts contaminated soils from 

typical industrial spill and cleanup waste, such as hydraulic oil leaks and diesel fuel spills. This 

is similar to the wastes that are accepted from other industrial operations and has nothing to do 

with actual drilling operations. 

The Hakes Landfill, being a C&D debris landfill, accepts only air- and water- based drill 

cuttings and drill pad demolition waste.6 Any other oil and gas drilling wastes would be 

6 This is confirmed in, among other documents, the e-mail from G. Maslanka, NYSDEC, to J. 
Boyles, dated Jan. 21, 2010 (Exhibit A), which states: "cutting[ s] from wells utilizing oil based 
cutting fluids may be disposed on in the MSW landfill only. Cutting[s] generated from wells 
using water based cutting fluids may be disposed of in the MSW or C&D landfill." The 
Chemung Landfill, being a MSW landfill, accepts air-based, water-based, and oil-based drill 
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accepted at Casella's other New York landfills only following compliance with the Part 360 

permits approved for each facility, Casella's industrial waste acceptance protocol, and, where 

appropriate, approval from the NYSDEC. 

It is also important to note that the waste types authorized for disposal at Casella's New 

York landfills are based on characteristics of the waste stream itself and are independent of the 

location at which the waste is produced. Casella's New York landfills do not accept any 

materials where radioactivity has been concentrated or enhanced due to processing, and this is so 

regardless of whether the waste originates from New York or Pennsylvania. In contrast, 

Pennsylvania landfills accept a much wider variety of oil and gas drilling waste. For example, 

Casella's New York landfills do not accept scale, sludge, filter cake, produced water, or 

flowback water; whereas Pennsylvania landfills accept scale and sludge (subject to acceptable 

radiation readings). 

Consequently, any meaningful assessment of radiological risk associated with the Hakes 

Landfill (or other Casella New York landfills) must distinguish between the types of drilling 

wastes that are, and are not, authorized for disposal under New York's regulatory scheme (which 

is further discussed below). As a corollary, data sources cited by some of the commentators 

(such as studies conducted at Pennsylvania disposal facilities) do not provide meaningful 

comparisons to New York landfills, such as Hakes, Chemung and Hyland, which do not accept 

concentrated NORM waste types. 

Finally, as is noted above, because the Hakes Landfill is a C&D landfill, it may only 

accept drilling wastes that are produced when drilling with air or water. Typically, this type of 
drilling is utilized for the vertical section of the well to a point below the water bearing zone and 

cuttings, oil-contaminated soils from industrial spills, and drill pad demolition waste; and this is 
noted in the administrative decision, Matter of Application of Chemung County Landfill, 
Decision of Commissioner (Aug. 4, 2011), 2011 WL 6934245, at *6. This decision references 
Department Staffs Jan. 21, 2010 e-mail and notes that in approving waste streams for disposal at 
the Chemung Landfill, Staff directed that "cuttings from wells utilizing oil-based cutting fluids 
may be disposed in the MSW landfill only, but cuttings generated from wells using water-based 
cutting fluids may be disposed in the MSW landfill or Chemung County's on-site C&D debris 
landfill." The different disposal requirements for oil- versus air- and water- based drill cuttings 
are also noted in the NYSDEC's May 2015 Final Supplemental Generic Environmental Impact 
Statement for Horizontal Drilling and High-Volume Hydraulic Fracturing to Develop the 
Marcellus Shale and Other Low-Permeability Gas Reservoirs (HVHF FSGEIS), §§ 5.2.4 (which 
states that, as described in section 5 .13 .1, the proper disposal method for drill cuttings is 
determined by the composition of the fluid or fluids used during drilling) & 5 .13 .1 (which states 
that [ 1] on-site burial at the well site of cuttings generated during compressed air drilling or 
drilling with fresh water as a drilling fluid is allowable; but [2] cuttings generated during drilling 
with polymer or oil-based muds are considered industrial non-hazardous waste and therefore 
must be removed from the site by a permitted Part 364 waste transporter and properly disposed 
in a solid waste landfill). 
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prior to the kick-off point where the wellbore is turned horizontally into the Marcellus shale 
formation. This means that the drill cuttings that are received at the Hakes Landfill are not from 
the Marcellus formation, which, as is noted above, is suspected of having slightly higher 
concentrations of radioactivity. Stated another way, the drill cuttings received at the Hakes 

Landfill are not from any formation suspected of higher radioactivity. The following diagram 

illustrates this concept. 

B. HISTORICAL REGULATION OF CASELLA'S NEW YORK LANDFILLS 

a. General Background 

All landfills in New York are subject to regulations regarding the types of wastes that 

may be received. Disposal of solid waste (i.e., discarded material resulting from industrial, 
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municipal, commercial, institutional, mining, agricultural operations or residential activities) that 

does not qualify as "prohibited radioactive waste" is regulated differently from disposal of actual 

radioactive waste. 6 NYCRR Parts 360 & 363 (regulating solid waste disposal); 6 NYCRR 

Parts 380, 382 & 383 (regulating radioactive waste disposal); 6 NYCRR 360.2(b)(206) (defining 

prohibited radioactive material to mean radioactive material subject to Part 380). 

Under New York's regulatory scheme, for NORM to be classified as prohibited 

radioactive waste (i.e., waste not acceptable in Part 360/363 solid waste landfills, such as 

Casella's New York landfills), the NORM would have to be processed and concentrated (making 

it TENORM) or would have to be NORM exceeding 25 pCi/g ofradium. 6 NYCRR 382.l(c)(5); 

6 NYCRR 360.l(a)(l)(ii); 6 NYCRR 380-l.2(e); 6 NYCRR 363-7.1(0)(8); Part 380 Public 

Comment Assessment, Responses 1-1, 4-1, 14-1, 15-4, 15-5, 15-6, 15-17, & 65-4(c). For 

example, sludges and filter cakes are the result of concentrating liquids and, therefore, qualify as 

regulated radioactive materials under Part 380 (which materials are not allowed in Casella's New 

York landfills). Drill cuttings, spill cleanup soils and pad de-construction materials, however, 

are not "processed and concentrated" and, therefore, are not prohibited/regulated radioactive 

wastes; rather, they are classified as industrial waste (if oil-based) or construction waste (if air­

or water- based), and regulated under Part 360 (and Part 363). 

b. Historical Regulation at the Chemung, Hakes and Hyland Landfills 

As a general matter, the Department has procedures in place for landfills to gain approval 

to accept different waste types. Any industrial waste stream that is being considered for disposal 

at a New York landfill is tested in accordance with the facility's industrial waste acceptance 
protocol. The Department then has the ability to review the test results and either approve or 

reJect the waste as being authorized for disposal at the landfill. 

Relative to drilling waste, the first Casella landfill in New York to receive a specific 

approval to accept drilling waste was the Chemung Landfill. In 2009, working in cooperation 

with and under the oversight of the Department, Casella engaged in a study to determine both the 

short- and long- term risks associated with acceptance of Marcellus shale drill cuttings. As more 
fully described below, this impact study focused on evaluating the concentrations of radium-226, 

thorium-232 and potassium-40 in drill cuttings and modeling any potential long-term impacts of 

their disposal in landfills. 

The Radioactivity Impact Study 

To evaluate possible risks associated with acceptance of drill cuttings, the services of a 

hydrologist and a radioactivity consultant (CoPhysics) were engaged by Casella in 2010 to 

perform a risk assessment of a landfill being completely filled with 50 pCi/g of radium-bearing 

material (as a highly conservative starting point). Radium-226 is used as the main radionuclide 
of interest because it and its progeny cause the majority of the radiation dose to humans in the 

North American natural environment. While uranium-238 (and its immediate progeny), 
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thorium-232 (and progeny) and potassium-40 all exist in NORM, they account for a small 
fraction of the dose from exposure to NORM. Therefore, radium-226 and its progeny (radon-
222, polonium-218, lead-214, bismuth-214, polonium-214, lead-210, bismuth-210 and 

polonium-210) are specifically assessed. They include both alpha and beta/gamma radiation 
emitters. (An interesting side-note: In Brazil, high thorium-232 concentrations in the natural 

environment cause elevated radiation doses to beach-goers there. Radiation assessments in 
Brazil therefore concentrate on thorium-232 rather than radium-226.) 

The drill cuttings assessment for New York landfills used the RESRAD radiation dose 
modeling computer code, the industry standard for such analyses. The results of the assessment 
showed that a hypothetical future resident living on top of the landfill would not encounter any 

significant health risks due to the presence of underlying radium at 50 pCi/g. 

The next step in the assessment was to determine what the actual concentrations of 

radium were in the drill cuttings to see if such concentrations were less than or greater than 50 
pCi/g. For this step, Casella engaged the services of a geologist and radioactivity consultant 
(CoPhysics) to obtain and analyze representative samples of drill cuttings from the Marcellus 
shale formation in Pennsylvania, as well as samples from trucks arriving at the three New York 
landfills. Samples were collected from well sites during active drilling of the Marcellus shale. 

The geologist inspected the samples and reviewed the boring logs to ensure that the 
samples were from the Marcellus shale formation. CoPhysics performed on-site radiation 

readings of piles of cuttings and collected samples for laboratory analysis. On-site readings 
using portable instrumentation at the drill sites and the landfills showed no detectable radiation 
levels greater than background (which is the general level of radioactivity existing in the 

surrounding environment). 

In addition, drill cutting samples from the drilling sites (i.e., from the Marcellus shale 
fonnation) and from the landfills were collected for laboratory analysis. The samples were not 
dried before analysis but were analyzed by gamma spectroscopy in a wet, as-collected state to be 

most representative of the waste. The radium concentration in the cuttings ranged from 0.6 to 
4.3 pCi/g, with an average of 2.1 pCi/g (+/- 1.2). This level is just slightly over background 
(which was found to be 0.9 pCi/g +/- 0.1 in local soil), is also comparable to radium levels in 

other commonly encountered construction and natural materials, and is well under USEP A 
cleanup limits for Superfund sites. CoPhysics Corp., Radiological Survey Report Marcellus 
Shale Drilling Cuttings (April 2010) (CoPhysics 2010 Report) (Exhibit B).7 

7 The results for potassium-40 and thorium-232 revealed that levels in Pennsylvania drill cuttings 
are lower than New York site background, again demonstrating no radiological risk. CoPhysics 
2010 Report (Exhibit B), pp. 5 & 7 (Appendix A). 
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The following table presents the approximate radium concentrations found in various 
materials, which can be compared to the 5 pCi/g regulatory limit established by the USEPA for 
unrestricted use after radium cleanup ( 40 CFR 192). As shown by the following table, the 
radium concentrations detected in the drill cutting samples are lower than most of these 
commonly used materials and are also lower than the 5 pCi/g regulatory limit. 

Typical Radium Levels* for Comparison 

Approximate Radium Concentration 
Material or Guideline (pCi/g) 

Uranium ore 150- IO00's 

Mineral deposits at Saratoga 50-80 
Performing Arts Center 

Yell ow brick ( fire brick) 4-80 

Sand blast sand 2-20 

Phospho-gypsum 10-30 

Fertilizer 5-20 

Kitty litter 3 -10 

Granite Counter Tops 1-7 

Marcellus Shale 1-4 

Coal Ash 1-10 

Red brick 1-2 

Clay 1-3 

General soil or rock 0.5 - 1 

Topsoil 0.1-0.2 

* Material concentration estimates were obtained from prior sampling projects by 
CoPhysics. 

In summary, the extensive review and study regarding the acceptance of drill cuttings at 
Casella facilities showed that the drill cuttings contained very low levels of radioactivity (i.e., 
radium-226 just slightly above local background and less than USEPA cleanup guidelines for 
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unrestricted use) and would not pose a threat to public health, workers, or the environment. The 

NYSDEC comprehensively reviewed all of this material and fully evaluated the waste and any 

potential dangers. Based on the extensive review by the NYSDEC, drill cuttings were 

considered acceptable wastes at the three facilities in New York operated by Casella and several 

other municipal landfills in New York, with the notable caveat that only drill cuttings produced 

by drilling with air or water are allowed at the Hakes Landfill as construction waste (i.e., no oil 

permitted). 

Moreover, these findings by the NYSDEC - that drill cuttings (in contrast to other oil and 

gas production wastes) are acceptable for disposal in Part 360 landfills and do not pose an 

environmental or public health threat - have been revisited and extensively reviewed on a 

number of occasions and consistently reconfirmed. Legal counsel has listed such confirmations 

as follows: the Department's (1) HVHF FSGEIS; (2) Responsiveness Summary relative to the 

Chemung County Landfill Expansion, dated July 29, 2016 (2016 Chemung Responsiveness 

Summary); and (3) new Part 360 and Part 363 regulations. HVHF FSGEIS, Vol. 1, §§ 1.7.10, 

5.2.4.2, 5.13.1, 6.1.9.1, 6.7, 7.7.2 & Vol. 2, § 4, pp. RTC-100 - RTC-101 (Exhibit C); 2016 

Chemung Responsiveness Summary, at pp. 31-59 (Exhibit D); 6 NYCRR Parts 360 & 363 

(discussed below); Matter of Chemung County, 2011 WL 6934245, at *3 (Aug. 4, 2011). 

Note, too, that the analyses included in the 2010 CoPhysics Report (Exhibit B) were 

performed with samples from the Marcellus shale formation, i.e., the shale formation of concern 
due to radium levels just slightly above background. The Hakes Landfill, however, is not 

authorized to accept cuttings from the Marcellus shale formation because those cuttings include 

oil-based drilling fluid, thus further demonstrating that drill cutting disposal at Hakes is not an 
environmental or public safety threat. 

Monitoring Protoco ls at Casella s Landfi lls 

Regarding the acceptance of drill cuttings, highly conservative acceptance criteria and 

state-of-the art monitoring procedures were developed and implemented at all three Casella 

landfills (Chemung, Hakes and Hyland). 

As to acceptance protocols, the initial radium limits for incoming waste were 

conservatively set at 25 pCi/g as an annual average and 50 pCi/g for any one truckload. These 

limits (which were applied at all three Casella landfills) were derived from the extensive 

radiation dose/risk analysis ( discussed above) that assumed the landfill was filled to the 

permitted capacity with cuttings-type material containing 50 pCi/g of radium and a farmer built a 

home on the landfill and grew crops there. The results indicated that the resident would not 

receive a radiation dose in excess of prescribed limits. However, the NYSDEC wanted to add an 

additional safety factor for non-technical reasons and set the limit at 25 pCi/g as an annual 
average. (The acceptance of a single truckload up to 50 pCi/g was later eliminated by the 

NYSDEC, with the regulatory limit for incoming waste being set at 25 pCi/g). 
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As for monitoring protocols, to ensure that no processed and concentrated wastes were 
accepted and to ensure compliance with the established radiation limits, gamma radiation 
detectors were installed at Hyland, Hakes, and Chemung to monitor incoming waste loads for 
potential radioactivity. These detectors were added in 2010 to ensure that the three sites do not 
accept regulated radioactive waste; that is, the detectors were installed as a precautionary 
measure to protect public health and identify and preempt the disposal of potentially 
unacceptable wastes. The radiation alarms are calibrated to provide sufficient sensitivity to 
allow detection of unauthorized types of radioactive materials. The portal radiation detection 
system in operation at all three landfills was developed in coordination with, and was approved 
by, the NYSDEC. This system is similar to the many systems that are used throughout the solid 
waste industry to screen for wastes that contain radioactivity. In other words, these gamma 
radiation detectors are an accepted, widely used, state-of-the-art technology for screening 
incoming waste loads on trucks. 

All vehicles entering any of the landfills must pass through the radiation detectors 
mounted at the truck-weighing scales or scale house. As the truck enters the scale and stops at 
the scale house, it proceeds slowly through the detectors, at which time, if an exceedance occurs, 
unauthorized levels of radioactivity would be detected and an alarm would sound. The radiation 
alarms at the landfill entrances are set to sound at approximately 15 pCi/g as an "investigation" 
level. This investigation level allows landfill personnel to check the contents of such a load to 
ensure that it does not contain any unauthorized industrial radiation source. If a load of waste 
causes the investigation alarm to be triggered, then the Operation & Maintenance Manual (now 
called the Facility Manual) requires a sequence of procedures to determine whether the source 
that triggered the alarm is the driver (possible nuclear medicine patient) or the waste material. If 
it is determined that the source is the waste material, the material is analyzed, and the NYSDEC 
and other agencies are notified to assist in determining the proper course of action for the waste. 
The results of the analysis determine if the load meets the regulatory limit. 

The radiation detectors at each site are checked daily for proper operation using a small, 
radioactive check source, as well as a check of the natural background gamma radiation reading. 
The detectors also undergo a full calibration on an annual basis by a licensed third-party 
consultant. The NYSDEC performs one to two unannounced inspections of each landfill every 
week and has never found the detectors to be turned off or inoperable. 

The radiation detectors were installed according to the manufacturer's specifications. A 
manufacturer's drawing is provided below. Note that the instructions on the sign that is posted at 
the entry to the radiation detectors require vehicles to stop and then proceed slowly through the 
detectors. 
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Casella's three landfills in New York continue this monitoring protocol to ensure that no 
waste exceeds the established limits for radioactivity. This protocol is also included in the 
Facility Manual for each landfill, compliance with which is required under the permits governing 
these facilities. 

In addition, as noted above, the landfills use a NYSDEC-approved protocol for reporting 
all incidents of radiation alarm events. In the event that a load does trigger the alarm, a thorough 
examination of the truck is conducted and State and local officials are notified, including the 
police. Steps are taken to identify the type and strength of radioactivity, and the Department then 
determines the proper course of action for managing the material. 

The use of these protocols at Casella's and other New York, New Jersey and 
Pennsylvania landfills has been successfully demonstrated over the past 20 years in detecting and 
investigating many incidents of unknown radiation sources, including nuclear medicine sources, 
radium and thorium in ceramics, improperly handled industrial sources of radioactivity, NORM 
in sand-blast sands, radium-contaminated soil, radium in building material (C&D) waste from 
1920's era dial painting facilities, etc. We also know that this type of monitor easily detects 
filter cake because the system at the McKean County Pennsylvania filtration plant alarms when 

16 



filter cake is shipped for disposal at a radioactive material disposal site. The truck monitoring 
technique is highly proven and reliable. 

And, this is so, even though the system detects gamma radiation only. In this regard, a 
note about commentators' criticisms is warranted. For the past 5 years, numerous commentators 
have criticized gamma radiation detection systems for their inability to detect alpha and beta 
radiation, thinking that alpha- or beta-emitting radionuclides could get into the landfill 
undetected. These commentators fail to realize that naturally occurring radioactivity consists of 
all three types of emitters: alpha, beta and gamma. NORM consists of some combination of the 
uranium-238 I radium-226 decay series and the thorium-232 decay series, both of which emit 
alpha, beta and gamma radiation in abundance. If there are alpha- and beta- emitting 
radionuclides, then there are also gamma emissions. Even the third constituent of NORM, 
potassium-40 is a beta-emitter, but it, too, emits a strong gamma ray along with its beta emission. 
NORM in soil or rock never exists in a form that does not emit gamma radiation. Only with 
extremely involved and expensive purification can the alpha emitters in the decay series be 
separated from the gamma emitters. Such purification does not occur with rock drilling. 
Therefore, gamma detection is and remains a proven, reliable means for accurately detecting 
NORM. 

C. FORMALIZATION OF PROTOCOLS IN DEPARTMENT PROGRAM POLICY; 
EFFECTIVENESS OF GAMMA RADIATION DETECTION SYSTEM 

In September 2015, the Department officially incorporated the regulatory radium 
concentration limits and monitoring protocols into a Program Policy. Letter from R. Phaneuf, 
Acting Director, Div. of Materials Mgt., NYSDEC, to J. Leone, Hakes C&D Debris Landfill, 
dated Sept. 18, 2015 (Exhibit E). 

As to effectiveness of the radiation detectors, in addition to daily detector quality 
assurance tests, Casella records show direct proof that the monitors work. A review of the 
records of all three landfills shows that the alarms have sounded a total of six times since their 
installation in 2010. All six incidents were caused by wastes from nuclear medicine patients in 
trucks containing ordinary MSW or from medical treatment received by drivers. In the driver 
incidents, the truck drivers had undergone diagnostic medical procedures the day before coming 
to the landfill. The small amount of gamma radiation emitted by their bodies set off the landfill 
radiation alarm, thus demonstrating the sensitivity of the radiation detectors. 

As to the underlying premise that drill cuttings contain low levels of radioactivity, further 
review of Casella records shows that since January 1, 2011, more than 500,000 tons of waste 
from the oil and gas industry have been accepted collectively at the Hakes, Hyland and Chemung 
Landfills. None of these waste loads have triggered the alarms. This fact (1) is consistent with 
the findings in initial radioactivity studies that there are low radium levels in drill cuttings (i.e., at 

17 



worst, just slightly above background); and (2) further demonstrates that the industry has been 
effective in keeping unauthorized drilling wastes (e.g., sludges, scales, etc.) out of their drill 

cutting trucks. 

Leachate monitoring redundantly confirms that drill cuttings (including drill cuttings 
from Marcellus shale at Hyland and Chemung) do not result in significant radium levels in 

leachate and disposal of these materials in Part 360 landfills does not create any public health 

risk. Each of Casella's New York landfills is constructed to meet NYSDEC and USEPA 
standards to collect and manage leachate, which is the liquid passing through the waste contained 

within the landfill. 

Regarding engineering features at the Hakes Landfill, the following information has been 
provided by Casella. The Hakes Landfill is constructed with a groundwater collection system, as 

well as a leachate collection system. The leachate collection system is designed to prevent 

leachate from escaping and contaminating groundwater or surface water. The volume of liquid 
accumulated in the leachate collection system is monitored daily, and the liquid from the 
leachate collection system is sampled and analyzed for radioactivity semi-annually. In addition, 
the groundwater collection system is sampled and analyzed every quarter, as are the groundwater 
monitoring wells that are spaced along the perimeter of the Landfill. To date, the collection 
systems at all three landfills are performing in accordance with the NYSDEC Part 360 
regulations, which ensures that radioactivity in leachate is kept within environmentally safe 

levels. 

More specifically, on-going leachate monitoring demonstrates that levels of radioactivity 
in the leachate remain far below allowable Part 380 discharge limits (i.e., be it as effluent 
discharge or sewer discharge). For example, at Chemung, leachate sampling results for radium-
226 and radium-228, the radioactive isotopes most commonly linked to Marcellus shale drill 
cuttings, have ranged from non-detectable to 9.43 pCi/liter (pCi/L). The average radium 
concentration in Chemung leachate from 2012 to 2017 was 3 .4 pCi/L. These levels are well 
within the NYSDEC approved Part 380 discharge limit of 600 pCi/L for discharges to a sewer 
system and 60 pCi/L for effluent discharges. 6 NYCRR 380-11.7 (Tables II & III). 8 All of the 

leachate analysis results have been within the normal range of radium concentrations in natural 
New York State groundwater. Actually, the average radium level in Chemung leachate is even 

8 As for decay products of radium-226, Part 380-11.7 provides no limit for radon-222 in effluent 
discharge or sewer discharge. Limits for bismuth-214 are 300,000 pCi/L (effluent) and 
3,000,000 pCi/L (sewer). Limits for lead-214 are 100,000 pCi/L (effluent) and 1,000,000 pCi/L 
(sewer). Note that these limits apply to licensed radioactive materials facilities, but do not apply 
to Casella's New York Part 360 landfills. 6 NYCRR 380-1.2 (Part 380 applies to licensed 
radioactive materials and TENORM); Part 380 Public Comment Assessment, Response 15-17. 
The Department, however, has used these values as a guide in its review of radioactivity levels in 
leachate from Part 360 facilities to determine if sending the leachate to waste water treatment 
facilities is sufficiently protective. 
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less than the USEPA drinking water standard of 5 pCi/L even though such a comparison is not at 
issue (since leachate is not drinking water). 

Additionally, the NYSDEC has repeatedly recognized in other proceedings that landfill 

leachate contains very low levels of radium, with no increasing trend. Exhibit D (pages 32-35, 
37-38, 42, 44, 55-56, & 58 from the 2016 Chemung Responsiveness Summary, responding to at 

least 13 separate questions/comments alleging that radium in leachate from the Chemung landfill 

is increasing and poses environmental and health risks and rejecting same9
). Thus, the NYSDEC 

has asserted that "[t]he Department has reviewed leachate data and has not observed an upward 
trend ... as alleged by the commentator .. . Because the leachate values do not indicate increasing 

trends, and are one to two orders of magnitude lower than Part 380 discharge standards, it is 

considered protective of water quality to send the leachate to the WWTF." Exhibit D (Response 
#R4); Exhibit D (Response #RMR4, which states that the levels of radium from drill cuttings are 
close to or slightly higher than background and that leachate levels are one to two orders of 

magnitude lower than Part 380 discharge standards which were developed to be protective of 

biota). 

In short, the sampling data from all three facilities, as reviewed and analyzed by the 
Department, confirm that there has been no discernible impact from drill cutting disposal over 
the past years - that is, radium concentrations are low and without any type of increasing trend. 10 

Exhibit F (2012-2017 data from Hakes, Chemung and Hyland, showing radium-226 and radium-
228 levels in leachate); Exhibit G (2018 sampling data for Hakes, showing levels of, among 
other radionuclides, radium-226 and radium-228 in leachate); Exhibit D (excerpts from 2016 
Chemung Responsiveness Summary, discussed above). Note: Recent questions have been 
raised about radon concentrations in Hakes leachate, as opposed to radium. These issues are 
addressed in Part II of this report. 

9 The specific questions/responses are #R3, #R4, #R7, #RIO, #Rl 1, #RMRl, #RMR3, #RMR4, 
#RPl0, #RP16, #06, #D7, and #D14. Health-related and environmental concerns are further 
addressed in Exhibit Din responses #Hl-#H6 (which are pp. 62-64 of the 2016 Chemung 
Responsiveness Summary). 
1° Casella has indicated that leachate samples will continue to be collected to monitor levels of 

radioactivity at Casella's New York landfills . In addition, the leachate management facilities 
will continue to be cleaned and inspected annually, as required by the facilities' respective 
Facility Manuals. Casella has indicated that any sludge or sediment removed from the leachate 
storage lagoons will continue to be sampled, with samples sent to an approved laboratory for 
analysis, to verify that the sludge is appropriate for disposal within the landfill. 
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D. FINAL REGULATIONS/STANDARDS 

Ultimately, the Department issued: (1) revised landfill regulations, effective November 5, 

2017, formally adopting monitoring protocols for Part 360 landfills accepting drilling waste. 6 

NYCRR 363-7.l(a)(5); and (2) amended Part 380 regulations, effective May 10, 2018, clarifying 

that TENORM is NORM that has been "processed and concentrated" and is subject to regulation 

as a radioactive waste under Part 380. 

In addition to formalizing the monitoring protocols and clarifying the definition of 

TENORM, the revised regulations reconfirm that: 

• NORM is not a regulated radioactive waste (unless it has been processed and 

concentrated) and, thus, is allowable in Part 360 landfills, 6 NYCRR 382.l(c)(5), 

380-l.2(e), 360.2(b )(206), 360. l(a)(l)(ii); 

• NORM that has been processed and concentrated (i.e., TENORM) is a regulated 

radioactive waste (subject to regulation under Part 380) and is prohibited from 

disposal in Part 360 landfills, 6 NYCRR 363-7.1(0)(7), 6 NYCRR 380-1.2(e); 6 

NYCRR 380-1.2(a)(66); 

• Wastes allowable in Part 360 facilities can have no free liquid and must contain a 
minimum of20% solids, 6 NYCRR 363-7.l(i); 

• Wastes exhibiting a concentration of greater than 25 pCi/g of radium-226 are 

prohibited in Part 360 landfills, 6 NYCRR 363-7.1(0)(8); 

• Fluids produced from oil and gas production wells, including flowback liquid and 

production brine, are prohibited from disposal in Part 360 landfills, 6 NYCRR 363-

7. l ( o )(9); 

• Industrial waste or drilling and production waste, if accepted, must be included in the 
landfill's waste control plan, 6 NYCRR 363-7.l(p); and 

• Leachate will continue to be sampled, monitored and managed in accordance with 

regulatory requirements and the facility's approved environmental monitoring plan, 6 
NYCRR 363-7 .1 (f)( 4) & (g), 6 NYCRR 363-4.6(f)(8)(iii); and 

• Regarding radon, except as a decay product of source or special nuclear material 
(which is not at issue here), radon is NORM, and any resulting radiation is a 

component of background radiation which is not subject to regulation under Part 380. 
6 NYCRR 380-1.2(c) & (e); 6 NYCRR 380-2.l(a)(8). 
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PART II 

RESPONSE TO PUBLIC COMMENTS 

Part II of this report identifies and responds to key issues repeatedly raised in public 
comments. 

KEY ISSUES 

KEY ISSUE #1: Concerns Regarding the Type of Oil & Gas Drilling Waste Being 
Accepted at Hakes; Concerns about High Levels of Radioactivity Being Associated with 
"Fracking" Waste from Pennsylvania. 

Commentators assert that, based on reports from the Pennsylvania Department of 
Environmental Protection (PADEP), significant levels of radioactivity are associated with "shale 
gas drilling wastes" such as produced water/production brine, storage equipment, flowback 
water, filter cake, scale and sludge. In other words, commentators believe that this "fracking 
waste" has high levels of radioactivity and claim that acceptance of this waste at the Hakes 
Landfill creates a radiological risk. 

As a separate matter, commentators assert that there is significant radioactivity associated 

with drill cuttings and de-watered muds coming from fracking sites in Pennsylvania, and this is 
due to the drill cuttings being from the Marcellus shale formation. Commentators assert that, 
due to acceptance of these drill cuttings/muds from the Marcellus shale, there are high levels of 
radioactivity at the Hakes Landfill and, hence, a corresponding radiological risk. 

RESPONSE TO KEY ISSUE #1: 

Commentators' concerns regarding acceptance of "fracking waste" in Part 360 landfills 
reflect a misunderstanding of the types of waste that are, and are not, accepted at the Hakes 
Landfill and, for some of the wastes, at any other New York Part 360 landfill. As fully explained 
in Part I of this report, "fracking waste" (for example, flowback water, production waters/brine, 
sludge, pipe scale, filter cake, etc.) is not authorized for acceptance at any New York Part 360 
landfill, including the Hakes Landfill. This is so because these wastes are either not "solid 
waste" or are the result of processing that concentrates NORM into TENORM. A discussion of 
this issue and related issues is contained in Part I of this report. Solid waste containing NORM 
that is not processed and concentrated is allowed in Part 360 facilities (provided it does not 
exceed 25 pCi/g of radium-226); TENORM is not allowed in Part 360 facilities, and this is so 
even if it contains less than 25 pCi/g of radium-226. The "fracking wastes" cited by the 
commentators are either not solid wastes or qualify as TENORM. Because these waste types 
have never been, and are not, authorized for acceptance at Hakes (or any New York Part 360 
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landfill), the commentators' concerns in this regard are not pertinent to the Hakes Landfill ( or 

any other Part 360 facility). 

As also explained in Part I of this report, drill cuttings and associated muds (which are 

the cooling/lubricating fluids used during drilling) are not "fracking waste;" rather, drill cuttings 

are pulverized rock chips that result from the drilling process. These "cuttings" and associated 

"muds," however, have nothing to do with the "fracking" process, which is a completion 

technique that injects pressurized water and a proppant (e.g., sand) into the bore hole to open 

cracks to allow gas or oil to flow to the well. Therefore, to the extent commentators' concerns 

are premised on either the acceptance of "fracking waste" at Hakes or the characterization of 

drill cuttings as "fracking waste," these concerns are unfounded because the Hakes Landfill does 

not accept fracking waste; nor does any Part 360 landfill in New York State. 

Additionally, because New York Part 360 landfills (including Hakes) do not accept 

"fracking waste," commentators' concerns that are premised on reports from the PADEP relative 

to radiological issues at Pennsylvania landfills are equally unfounded. Pennsylvania landfills 

accept a broader array of oil and gas drilling wastes than do New York landfills, including some 

fracking wastes. New York landfills do not accept these waste types. Therefore, parallels cannot 

be drawn between Pennsylvania reports (or Pennsylvania landfills) and New York solid waste 

management facilities. 

Finally, while some commentators acknowledge the distinction between drill 

cuttings/muds versus fracking waste, they assert (albeit incorrectly) that there is a radiological 

risk associated with Hakes accepting drill cuttings/muds because these materials come from the 

Marcellus shale formation which is associated with having slightly higher radioactivity (i.e., 

radium-226) than natural background levels. Here, too, the commentators confuse the nature of 

the waste that is, and is not, authorized for acceptance at Hakes. 

As explained in Part I of this report, Hakes does not accept drill cuttings from the 

Marcellus formation because of the drill bit coolant used. Hakes is a C&D landfill, and, as such, 

may accept only cuttings that have been drilled with air- or water- based drilling fluids. This is 

reflected in the e-mail from G. Maslanka, NYSDEC, to J. Boyles, dated Jan. 21, 2010 (Exhibit 
A), which states: "cutting[s] from wells utilizing oil based cutting fluids may be disposed of in 

the MSW landfill only. Cutting[s] generated from wells using water based cutting fluids may be 

disposed of in the MSW or C&D landfill." This same fact is also noted in (1) Matter of 
Application of Chemung County Landfill, Decision of Commissioner (Aug. 4, 2011), 2011 WL 

6934245, at *6 (which states that "cuttings from wells utilizing oil-based cutting fluids may be 

disposed in the MSW landfill only, but cuttings generated from wells using water-based cutting 

fluids may be disposed in the MSW landfill or Chemung County's on-site C&D debris landfill); 

and (2) HVHF FSGEIS, §§ 5.2.4 & 5.13.1 (Exhibit C). Drilling into the Marcellus fonnation, 

however, utilizes oil-based drilling fluids. While air- or water-based fluids are used on the 

vertical portion of the well-bore proceeding through the water-bearing zones, Casella has 
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confirmed with drillers that, after the kick off point, where the well-bore turns horizontally to 
drill into the Marcellus formation, oil-based fluids are used because of the greater friction at that 
stage of the drilling process. 

Because Hakes is authorized to accept only air- and water- based drill cuttings, Hakes 
does not accept material containing rock fragments from the Marcellus shale formation. While 
certain commentators have noted various logs indicating that Hakes accepted from Pennsylvania 
drill cuttings from "Marcellus Operations," they have misinterpreted this to mean that the drill 
cuttings are actually from the Marcellus shale formation. That is not the case. Rather, the drill 
cuttings sent to Hakes were from the vertical portion of the well-bore, not the portion from the 
kick-off point and into the Marcellus. Therefore, commentators' concerns regarding radiological 
risk due to acceptance of Marcellus shale drill cuttings are also unfounded because Hakes is not 
authorized to accept these materials. 

KEY ISSUE #2: Concerns Regarding Radiological Effects From Drill Cuttings on the 
Environment and Those in Close Proximity to the Hakes Landfill 

Commentators assert that those who live in proximity to the Hakes Landfill or work at 
the Landfill are at heightened risk. Commentators assert generalized concerns regarding 
radiological contamination of groundwater, surface water, and the overall environment due to the 
disposal of drill cuttings at the Landfill. Commentators believe that this puts local residents and 
Landfill workers at heightened risk. 

RESPONSE TO KEY ISSUE #2: 

First, the levels of radioactivity that are allowable for acceptance at Hakes (and other 
New York landfills) are very low so that even close neighbors would not experience impacts 
above normal background levels. Part I of this report describes in detail the manner in which 
radioactivity-related acceptance protocols for the Hakes, Chemung and Hyland Landfills were 
very conservatively developed, made even more conservative by the NYSDEC and then 
officially promulgated into regulations. The 25 pCi/g (radium) threshold for incoming waste 
loads was developed using multiple highly conservative assumptions, including that a person 
would live and be farming on top of the landfill. 

Specifically, the initial radium limits for incoming waste at all three landfills were 
conservatively set at 25 pCi/g as an annual average and 50 pCi/g for any one truckload. These 
limits were derived from an extensive radiation dose/risk analysis that assumed the landfill was 
(1) filled to the permitted capacity, (2) with cutting-type material containing 50 pCi/g of radium 
(which is far higher than actuality), and (3) a farmer built a home on the landfill and grew crops 
there (which also would not actually occur). The results of this analysis demonstrated that the 
resident farmer under these circumstances would not receive a radiation dose in excess of 
prescribed limits, even assuming a full landfill with drill cuttings containing 50 pCi/g of radium. 
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However, the NYSDEC wanted to add an additional safety factor and, although allowing 
acceptance of individual truckloads containing 50 pCi/g, the Department set the limit for an 
annual average at 25 pCi/g. Subsequently, continuing along a path of extreme conservatism, the 
NYSDEC eliminated acceptance of single truckloads up to 50 pCi/g, setting the regulatory limit 
for incoming waste at 25 pCi/g. 

Therefore, the Hakes Landfill's acceptance of drill cuttings does not pose an enhanced 
radiological risk to local residents or Landfill workers. Significantly, the NYSDEC has 
considered and re-considered, on several occasions, allegations of potential health-related 
radiological impacts from the disposal of drill cuttings at New York landfills and has consistently 
found no quantifiable risk to the public, the environment or workers. This is reflected both in the 
NYSDEC's Responsiveness Summary in the SEQRA process for the Chemung Landfill 
expansion, as well as in the HVHF FSGEIS. HVHF FSGEIS, Vol. 2, pp. RTC-100 - RTC-101 
(Exhibit C); 2016 Chemung Responsiveness Summary (Responses #R4, #RMR4, #RP3, #RP15, 
#Hl) (Exhibit D). This is also implicitly reflected in the NYSDEC's amended Part 380 
regulations and supporting documentation which continue to distinguish between drilling 
cuttings (as NORM, not regulated under Part 380 and allowable in Part 360/363 facilities) versus 
TENORM and other types of production wastes (which are not allowable in Part 360/363 
facilities), 6 NYCRR 380-l.2(e); 6 NYCRR 380-2.l(a)(66); Part 380 Public Comment 
Assessment, Responses 1-1 & 4-1. 

Second, as to the drill cuttings themselves, even those from the Marcellus shale formation 
have radium concentrations that are relatively low, just slightly above background levels, and 
similar to items encountered on a daily basis (such as granite counter tops, red brick, or gypsum 
that is used in sheetrock, fertilizer and kitty litter, etc.). 2010 CoPhysics Report (Exhibit B). 

Third, commentators' concerns about environmental contamination also do not account 
for the engineering features of the Landfill. The Hakes Landfill is lined with an impervious 
membrane (liner) over a clay layer and has a leachate collection system above the liner system to 
protect groundwater. Note that the liner and leachate collection systems were installed long 
before any thought of radionuclide protection. These systems were installed as required by 
NYSDEC regulations to protect groundwater from the miscellaneous contaminants possible from 
construction and demolition waste. The low levels of radium in both the drill cuttings and the 
leachate system demonstrate ample protection of local drinking water wells, as is also confirmed 
by the low analytical results from monitoring wells surrounding the site. Exhibits F & G ( data 
from Hakes from, respectively, 2012-2017 and 2018, showing low levels of radium-226 and 
radium-228 in leachate). 

24 



KEY ISSUE #3: Efficacy of the Gamma Ray Detection Radiation Monitoring System for 
Incoming Waste Loads 

Commentators believe radiation monitoring at the Hakes Landfill of truck loads entering 
the facility (via gamma ray detection and use of the CoPhysics Truck Monitor Correlation Study 
conversion factor) is inadequate in that it does not provide a reliable measure of radium-226. 

Specifically, commentators assert that in a truckload of drill cuttings, the lack of secular 
equilibrium between radium-226 and its gamma-ray emitting progeny (due to radon release/loss 
from the cuttings in the truck) renders the gamma radiation detectors at the Landfill entrance 
unreliable at detecting radium concentrations. In other words, commentators assert that, due to 
the escape of radon from the load, there will be a loss of radon's progeny, bismuth-214 and lead-
214, which are strong gamma emitters; and this, in turn, could result in truckloads of drill 
cuttings carrying the same amount of radium to have a 60-fold difference in radium-226 
measurements at the Landfill gate. 

RESPONSE TO KEY ISSUE #3: 

The commentators' conclusion - that gamma ray detectors cannot accurately screen for 
radium - is incorrect because it is based on an incorrect assumption. The commentators' 
position assumes that the gaseous decay product (progeny) of radium, namely radon-222, 
emanates in vast amounts out of open-top truckloads and, therefore, due to this assumed loss of 
radon, its gamma-ray emitting progeny (lead-214 and bismuth-214) would not be in the truck as 
it arrives at the Landfill. 

In actuality, however, only a small amount of radon is lost from soil (or rock cuttings) 
when exposed to air. I am highly experienced in performing gamma radiation measurements of 
radium-bearing soil at radium-contaminated sites. Based on that extensive experience, I can 
assert with a high degree of professional confidence that there are easily detectable and 
quantifiable gamma rays emitted from soil even while it has been exposed to air over a long 
time. In short, the full release of all radon does not occur as the commentators contend. 

The commentators' misapprehension arises from confusing the analysis of a small 100-
gram soil sample with the measurement of a truckload of rock cuttings. In other words, the 
commentators are assuming that small soil samples are prepared and handled in the same manner 
as placing drill cuttings on a truck, and such is not the case. 

When soil samples are collected and processed in a laboratory, they are dried in an oven 
and are homogenized (mixed) in a grinder, which also aerates the soil. In that process, generally 
more than 50% of the radon trapped in soil particles is driven off. Therefore, to obtain accurate 
activity measurements, typically, the sample must be sealed in a jar for at least 21 days to allow 
the radon (and its gamma-emitting progeny, lead-214 and bismuth-214) to build up again from 
decay of the radium in the sample. (Note that the radium in the sample is unaffected, meaning it 
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is not driven off, by grinding and heating because radium occurs as an inorganic compound [e.g., 
salt] and is not volatile.) 

In contrast, the mixing, grinding and oven heating used in the preparation of soil samples 
do not occur with the collection/transport of drill cuttings. And, there is no basis to believe that 
any appreciable amount of radon will be lost from drill cuttings placed in trucks (in contrast to 
the case when small soil samples are prepared for analysis). In fact, given the nature of radon 
and the process by which drill cuttings are collected and transported to the Landfill, only an 
insignificant loss of radon occurs. More specifically, drill cuttings are obtained by pumping out 
of the well hole chips of chopped rock (along with the cooling medium) and then slowly pouring 
this material into a container where the chips are piled up for a period of time. When full, the 
container is moved aside. If there is some free liquid in the container which is too much for 
transport, wood chips or similar materials are mixed in with a backhoe. There is no grinding or 
heating to drive radon out of the rock chips. Surely, some radon emanation occurs from the 
surface of rock chips exposed to air, but such loss is minor. The containers are then taken to the 
landfill. 

While it is true that 50% or more of the radon and its gamma-emitting decay products can 
be released from a ground-up, well-aerated and oven-dried soil sample, as described above, 
truckloads of drilled rock certainly are not aerated and oven dried. Both I and other USEPA 
contractors have tested the effect of collecting a sample of dry soil, spreading it out and mixing it 
in a flat pan, then analyzing the gamma emission from the remaining radium progeny in the soil 
after an hour or so after collection. We have tested this numerous times in order to ensure that a 
quick analysis of soil without a 21-day radon buildup period could be used to assess a soil 
sample's radium concentration. We have found that nominally 75% of the radium progeny in a 
soil sample remains in the sample immediately after at is collected. A correction factor 
(approximately 1.33) is then applied to the laboratory result to account for the lost 25%, meaning 
the full amount in the sample ultimately is reported. (We find this procedure is necessary when 
an excavation crew is waiting for a rapid analysis of a soil sample. This is standard practice at 
USEPA and US Army Corp of Engineers cleanup sites that have on-site laboratories. Actual 
correction factors vary from site to site and also vary with moisture content of the soil.) 

Considering that a truckload of drill cuttings is not spread out and mixed, I estimate that 
greater than 90% of the gamma-emitting progeny of radium is present in a load (that is, less than 
10% of the radon in a load is lost to the atmosphere). If there is radium in a load, it certainly 
would be emitting easily detectable gamma radiation. This is a simple, logical and scientifically 
valid conclusion that would be made by anyone experienced in performing radiation surveys of 
open land areas at radium-contaminated sites. Ifthere is radium present in soil, whether open to 
the air or sealed by some cover, it can be easily and accurately assessed using an in-field gamma 
radiation detector. Whether the soil is in the ground or in a truck, if there is radium present, the 
soil will be emitting an abundance of gamma rays. 
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In addition, the radium concentration conversion factor derived in the CoPhysics Truck 
Monitor Correlation Study (Exhibit H) is valid and its application results in properly accounting 
for all the radium in the load. This study was conducted using an open top load of radium­
bearing, dried sludge cake as the calibration source. The calibration material was loosely packed 
chunks of broken I-inch thick plates. I estimate a loss of radon from this open top container on 
the order of 10%, similar to that of loads of drill cuttings or soil. Therefore, any loss of radon 
occurring by both types of loads is woven into the determination of the radium concentration 
conversion factor for the type of radiation monitor used at all of the landfills under discussion. 
That is, both the calibration source (the truck loaded with radium-bearing material) and the 
unknown samples (the trucks entering the landfill) are very similar, i.e., both are open top 
containers. Therefore, the radium concentration conversion factor determined in the correlation 
study is valid and includes the consideration of the small amount of radon loss out of the top of 
the load. In other words, the ultimate measurements (which employ the conversion factor) 
account for all of the radium in the incoming load. 

Based on my extensive degree of professional experience in these matters, I find the 
commentators' contentions to be unfounded. In my professional opinion, ( 1) the use of gamma 
radiation detectors is an entirely appropriate method to screen incoming waste loads (and, in fact, 
is the state-of-the-art industry standard that has worked in practice at numerous landfills, 
including Casella's facilities), and (2) application of the conversion factor in the CoPhysics 
Truck Monitor Correlation Study is valid and results in fully accounting for the amount of 
radium in the incoming truckload. 

KEY ISSUE #4: Concerns that there is More Radium-226 (or Radon-222) in the Hakes 
Landfill than is Being Measured 

Commentators assert that, in leachate from the Hakes and Chemung Landfills, there is a 
disequilibrium between radium-226 measurements (obtained by employing EPA Method 903.1) 
and levels of progeny bismuth-214 and lead-214 (obtained by employing EPA Method 901.1). 
Based on this, commentators believe that there is much more radium-226 or radon-222 than is 
being measured. Some commentators assert that there is more radium-226; others assert that the 
disequilibrium means there is more radon-222. In either case, commentators attribute the 
enhanced levels to the disposal of drill cuttings. 

RESPONSE TO KEY ISSUE #4: 

In my professional opinion, the radium-226 values obtained from employing EPA 
Method 903.1 are accurate. The radon-222 concentrations in leachate appear to be much higher 
than the radium values due to the physical characteristics of these radionuclides (as well as the 
unreliability of EPA Method 901.1 in accurately measuring bismuth/lead-214 and, therefore, 
radon-222 in leachate). In other words, the disequilibrium between radium-226 levels and radon 
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progeny bismuth-214 and lead-214 in leachate does not mean that radium-226 is under-measured 
in the samples. The concentration of radon in groundwater is much more dependent on the 
porosity of the ground and the solubility of radon than it is by the amount of radium in the 

ground. 

Higher levels of radon do not necessarily indicate high levels of radium. The literature is 
replete with examples (from throughout the country) where groundwater is found to contain 

thousands of times greater radon levels than that of radium. This phenomenon occurs whether 
the groundwater is sampled from drinking water wells, natural springs, or leachate collection 

systems. The reason for this natural effect is that radon is thousands of times more soluble and 
migratory in water than is radium, and, therefore, radon leaches out of soil thousands of times 

faster than radium. This is reflected in USEP A regulatory limits for drinking water: 5 pCi/L for 
radium-226 and 4000 pCi/L for radon-222. (These well-known USEPA limits demonstrate both 
that radon is much less hazardous than radium and that, in groundwater, radon normally occurs 
at much higher concentrations than radium.) Of course, the leachate at the Hakes Landfill is not 

drinking water. 

Even with these naturally-occurring-higher levels of radon in leachate, radon in discharge 
water (as effluent or sewer) is not a public health or regulatory control problem because radon-
222's half-life is so short (~3.8 days) that it decays away before reaching any water supply; and, 
notably, Part 380-11.7 does not contain a regulatory standard for release ofradon-222 in effluent 
or sewer discharge. In fact, Part 380 (as amended) confirms that radon (except as a decay 
product of source or special nuclear material, which is not at issue here) is NORM, part of 
background radiation, and not subject to regulation. 6 NYCRR 380-l.2(c) & (e); 6 NYCRR 380-

2.l(a)(8). In any event, based on this widespread, well-known phenomenon, it is reasonable to 
conclude - without additional testing - that the reason for the disparity between radon and 
radium concentrations in Hakes leachate is due to radon's solubility. 

Finally, it cannot be over-stated that the higher ratios of radon-to-radium in the leachate 
are not attributable solely to the Landfill (let alone drill cuttings)- this effect occurs naturally in 
nearly all groundwater samples across the country. This, EPA Method 901.1, and the issue of 
how much radon-222 is actually in Hakes leachate are further discussed below. 

KEY ISSUE #5: Concerns Regarding High Levels of RadonM222 (or its Progeny) in 

Leachate or Air. 

Commentators assert that there is a "trend" of increasing radioactivity in leachate from 
the Hakes (and Chemung) Landfills, with particular concern being high levels of radon-222. 
They point to a sample from cell #5 taken in 2014 and another sample from cell #8 taken in 
2017, which measured approximately 6000 pCi/L of bismuth-214 and lead-214 (which are 
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progeny of radon-222). Since, after collection, the samples had been sealed for 21 days to reach 
equilibrium, commentators assert that given the short half-life of parent radon-222 (3.8 days), 
there had to be levels of radon-222 much higher than 6000+ pCi/L when the samples were 
collected. Back-calculating to account for the decay of radon-222 (from the time of sample 
collection to 21 days thereafter), commentators assert that the radon level at the time of sampling 
was 275,000 pCi/L. They also assert that this means that radon in the air/landfill gas mixture 
could have been as high as 1.05 million pCi/L. 

With respect to radon, commentators express environmental/health concerns regarding 
the effects of high levels of radon in leachate and airborne emissions (flaring, vents, downwind 
effects, "nuclear fallout"). Specifically, they assert that radon-222 associated with the disposal 
of drill cuttings at the Hakes and Chemung Landfills (airborne and in leachate) presents an 
increased environmental risk and enhanced cancer risk to the public, as well as an increased risk 
of birth defects and a shortened life span (for example, due to inhalation, migration through 
groundwater, drinking water wells, taking hot showers, migration into basements, and dust 
particles). 

In addition, some commentators express concern that the longer-lived progeny of radon-
222, lead-210 and polonium-210, in leachate from the Hakes and Chemung Landfills present 
health concerns and should be characterized to prevent adverse environmental impacts. 

And, commentators attribute the asserted elevated levels of radioactivity to the disposal 
of drill cuttings. 

RESPONSE TO KEY ISSUE #5: 

It is true that two leachate samples collected from Hakes Cell #5 on 11/11/14 and Hakes 
Cell #8 on 6/6/17, measuring approximately 6000 pCi/L of bismuth-214 and lead-214 (radon 
progeny), are unusually high relative to other leachate samples. Taking the higher cell #5 values 
and back-calculating (decay-correcting) from the analysis time to the time of collection results in 
an approximate bismuth-214, lead-214 and radon-222 concentration of 275,000 pCi/L, which 
sounds like a very high value to a layman. However, these discrete values need to be put in 
perspective. In this regard, there are three points to make: 

1. Past leachate sampling and analysis methods were never designed to be used for 
radon assessment. I have discussed these unusual results with the manager of the 
analysis laboratory. He believes there is so much uncertainty in this type of analysis 
that, to make a decay correction of several orders of magnitude would result in a 
multiplication of the uncertainties to unreliable levels. So, the 275,000 pCi/L 
calculation cannot be relied upon as an accurate estimation of radon and progeny in 
the original on-site samples. 

2. Even if the 275,000 pCi/L calculation were accurate, however, it would not present 
health or regulatory problems since this level would be only 9% of the bismuth-214 
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limit and only 28% of the lead-214 limit for discharges to sewers. 
3. The unusual results are certainly reason to conduct further investigation of the issue, 

including analysis for lead-210 which is the longer-lived decay product of radon-222. 
As discussed below, however, that investigation has been performed and reveals very 
low levels of lead-210, further demonstrating that the back-calculated radon result 
(275,000 pCi/L) is unreliable. 

These points are further discussed as follows: 

The analysis method (EPA 901.1) used for leachate analysis in the past (and for the lead-
214 and bismuth-214 values that are at issue here) is a soil analysis method and, when used to 
analyze a water sample, produces very inconsistent and possibly erroneous results. In fact, the 
NYSDEC has recognized the problems with the EPA 901.1 method for water analysis as 
reflected by their removal of the requirement for its use in the recent (September, 2017) 
modification of its landfill regulation (6 NYCRR Parts 360 & 363). The radiochemical and 
emanation methods for radium analysis (EPA 903.1 and 904.0) are far more sensitive and 
accurate and will continue to be used. If the NYSDEC wishes radon in water to be analyzed, 
then a radon-specific test method should be used, such as ASTM D5072. In other words, the 
6000 pCi/L values for bismuth-214 and lead-214 obtained utilizing EPA 901.1 are unreliable and 
do not provide an accurate measure of actual activity levels. 

In addition, if one applies a quantitative decay correction factor using collection and 
analysis data not intended for such purpose, that greatly compounds the errors. Therefore, the 
back-calculated value of 275,000 pCi/L of radon in the leachate cannot be used to make any 
quantitative, regulatory, or health effects judgments. The result only can be used as an indicator 
that higher radon levels may exist in the leachate, which may be cause for further or different 
types of sampling. (And, as discussed below, additional sampling was performed, with the 
results demonstrating that the back-calculated bismuth/lead/radon value is inaccurate.) 

For the sake of discussion, even if we assume the apparently high value is relatively 
correct, we can at least compare this magnitude to the regulatory limits: 3,000,000 pCi/L 
bismuth-214 and 1,000,000 pCi/L lead-214 for monthly release to sewers. Therefore, this 
apparently high, back-calculated radioactivity level in leachate (275,000 pCi/L), if correct, would 
be actually only 9% of the bismuth-214 limit and only 28% of the lead-214 limit if that sampling 
point was the only point released to the sewer. When averaged over all of the other leachate 
collection points contributing to the sewer discharge, the average bismuth-214 and lead-214 
release levels would be at an even smaller fraction of the monthly sewer release limits. 

While some of these radon progeny results in leachate appear to be high to the layman, 
they are actually within the range of natural background, albeit probably at the higher end of the 
range. This is to be expected since the Steuben County geology has been known to have higher 
levels of radon in soil gas than most other areas of the State. In the radon map below, published 
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by the NYS Department of Health, note that the natural radon exposure of the Steuben County 
public is quite elevated compared to the rest of the State in that 63% of the homes have natural 
radon concentrations exceeding the USEPA guideline. Also note that the map displays radon in 
air while we are discussing radon in water; however, the two are related to the same geologic 
properties of the region. 

MIies -- I 
0 10 20 JO 40 

NEW YORK STATE: INDOOR RADON BY COUNTY 

BASEMENT SHORT-TERM ESTIMATES FOR TOWNS AND CITIES 

PERCENT OF HOMES GREATER THAN 4 pClfL 

Basement Percentages 

□ 2% to 17% 

□ 17% to 300/o 

□ 300/o lo 39% 

39% to 51% 

51% to 86% 

Even with apparently-elevated naturally occurring levels of radon in leachate, radon in 
sewer water is not a public health or regulatory control problem because radon-222's half-life is 
so short (3.8 days) that it decays away before reaching any water supply. Note that there is no 
federal or NYS regulatory limit for radon in effluent discharge or sewer discharge, e.g., 6 
NYCRR 380-11.7 (no effluent or sewer discharge limit for radon is listed). And, Part 380 
further confirms that the radon at issue here is NORM, part of natural background and not 
subject to regulation. 6 NYCRR 380-l.2(c) & (e); 6 NYCRR 380-2.l(a)(8). 

As for commentators' concerns regarding airborne releases of radon from the Landfill, 
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allegations of downwind "nuclear fallout" effects, and claims of radon migration and infiltration 
into people's homes from the Landfill, the physical properties of radon and controls/procedures 
in place at the Landfill belie any such impacts. Regarding dust-related and other airborne 
emissions of radon, landfills (including the Hakes Landfill) are not significant sources of 
downwind airborne radon. Soil cover used at the Landfill is clean soil and also has nothing to do 
with the drill cuttings, muds, and C&D waste being accepted for disposal. Airborne emission of 
radon-222 from the Landfill is simply a natural occurrence from the native, local soils used as a 
cap, just as would happen in an open field. However, there is a confounding feature of landfills 
that does not exist in open fields: namely, landfill gas vents and flares. While there certainly 
would be higher concentrations of radon in the gas released from vents and flares, the volume of 
gas released is very small. These small but concentrated discharge points when averaged over 
the area of the Landfill do not pose a downwind hazard due to rapid mixing and dilution in the 
atmosphere. This point source dilution is the same technique used for residential radon 
mitigation systems where high levels of radon from the sub-foundation are discharged through a 
pipe above the home's roof line. Relative to the radon exposure occurring in homes with or 
without mitigation systems, downwind radon exposures from landfills are extremely minor. 
Indeed, given radon's physical properties (for example, short half-life, rapid mixing/dilution in 
the atmosphere), to the extent local residents' homes were found to have enhanced levels of 
radon, such would result from radon emanating from soils on the homeowner's own property, 
and not the migration of radon from the Landfill hundreds of yards away. And, as already noted, 
per Part 380, radon is NORM, part of natural background, and not subject to regulation as a 
radioactive material under Part 380. 6 NYCRR 380-l.2(c) & (e); 6 NYCRR 380-2.l(a)(8); Part 
380 Public Comment Assessment, Response 17-5 (which states that "[t]he constraint on 
radioactive emissions in Part 380 [radiation dose constraint for airborne emissions] does not 
include NORM, such as radon"); Responses 14-1, 15-4, 15-5, 15-6, 15-17 (all of which state that 
Part 380 regulates TENORM, not NORM). 

As for potential groundwater-related impacts from radon, the Landfill's liner, leachate 
collection system, and monitoring protocols protect groundwater resources. This is discussed in 
Response to Key Issue #2, above. In addition, to the extent that the two cited leachate samples 
( one from 2014 and one from 2017) appear to contain elevated radon, it bears repeating that 
there is no regulatory limit for radon in discharge water (sewer or effluent); and, leachate in 
discharge water is certainly not used for drinking water. 

Certain commentators have claimed potential impacts from radon's longer lived progeny, 
lead-210 and polonium-210. If the radon concentration in leachate were at a steady-state level of 
275,000 pCi/L, then the lead-210 concentration should be at an equilibrium value of 130 pCi/L, 
which would exceed the monthly discharge limit of 100 pCi/L. To investigate this issue, Casella 
performed additional sampling and analyses. Sample results of leachate from 6 cells collected in 
February of 2018 show levels of lead-210 ranging from 0.11 to 0.62 pCi/L (Exhibit G). 
(Polonium-210 levels would be less than or equal to the lead-210 levels since they are normally 
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in equilibrium.) These relatively low lead-210 results serve to prove that the actual radon levels 
in the leachate are far less than the very rough calculational level of 275,000 pCi/L, and the 
results of EPA 901.1 should be rejected. There are certainly elevated levels of radon in leachate 
as there are in any groundwater sample, but not to the extent suggested by the commentators. 

Finally, in my professional opinion, which I can assert to a reasonable degree of scientific 
certainty, there is "no cause and effect" between the disposal of drill cuttings and radon-222 
levels in leachate. Rather, radon is a natural occurrence and not the result of drill cuttings being 
disposed there. The drill cuttings in the Hakes Landfill account for less than 11 percent of the 
waste and overburden deposited to date at the facility and, at worst, have only slightly higher 
radium levels than background; thus, drill cuttings are only a small portion of the source of the 
radon. To the extent that radon-222 exists in the leachate, this is a natural occurrence due to both 
the native, local soils, clay and gravel that are used to construct the Landfill and the C&D 
materials deposited in the Landfill (such as brick, sheetrock, concrete block, wood ash, coal ash, 
etc.), which are also sources of radon. The radon in leachate comes from all of these Landfill 
constituents which have radium concentrations on the order of 1 to 10 pCi/g. And, we know 
from the NYS Department of Health's published data, this whole region is prone to elevated 
radon levels. Also relative to the Hakes Landfill, the concentration of radon in leachate may be 
further enhanced by the fact that the Landfill materials have more air spaces than does 
undisturbed soil. Natural radon would build up in these spaces, and this is so whether the 
surrounding material is drill cuttings, C&D waste, gravel or fluffed native soil. As rainwater 
infiltrates through these spaces, radon dissolves into the water more so than rainwater infiltrating 
through native, settled undisturbed soil. Therefore, some level of radon concentration in Landfill 
leachate should be expected. 

In the end, it is important to reiterate that the naturally-occurring levels of radioactivity in 
the leachate are due to all of the materials in the Landfill, including the indigenous soil and rock 
from the Steuben County area and C&D materials such as brick, sheetrock, concrete block, ash, 
drill cuttings, etc. These are all sources of radium and radon contributing to that found in the 
leachate, and there is no scientific basis to conclude that the measured levels are a result of solely 
drill cutting disposal. 

KEY ISSUE #6: Concerns that any level of exposure to ionizing radiation has negative 
health consequences (aka, the linear-no-threshold model, or linear-dose relationship 
between exposure and health impacts) 

Commentators believe that any level of exposure to ionizing radiation enhances health 
risk and, therefore, should not be permitted. More specifically, commentators assert that there is 
a linear-dose relationship between exposure and health impacts; in other words, there is no 
threshold at which exposure to radiation, even at very low doses, will fail to negatively affect 
health. 
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RESPONSE TO KEY ISSUE #6: 

It is true that government policy assumes a linear no threshold dose-response relationship 
between exposure and cancer. This policy, however, is merely a very conservative assumption 

adopted for the purpose of developing extraordinarily safe regulations. Importantly, in a variety 
of contexts (including relative to medical imaging), the linear no threshold dos~response 

relationship for low dose radiation has been severely criticized as lacking any statistically sound 

supporting data and being premised on a flawed scientific foundation. Exhibit I is a report by 
Edward J. Calabrese and Michael K. O'Connor (2014), Estimating Risk of Low Radiation Doses 

- A Critical Review of the BEIR VII Report and its Use of the Linear No-Threshold (LNT) 
Hypothesis. Radiation Research: November 2014, Vol. 182, No. 5. In this report, at pp. 463-474, 
the authors provide a historical review of the BEIR VII Report, explain the underlying bases for 
the LNT relationship, and also explain the many defects, flaws, limitations and criticisms 
regarding application of the LNT relationship to low dose exposure. 

It is important to recognize that the linear dose-response relationship at low levels of 
radiation exposure has never been observed in fact. For example, the background radiation 

exposure of people living on the east coast is about 100 millirem/year, whereas the exposure of 
people in Colorado is about 250 millirem per year due to the reduced shielding of the atmosphere 
to cosmic radiation (i.e., "mile-high city") and due to the higher, levels of radium, uranium and 
thorium in the Rocky Mountain area geology. Therefore, Coloradans receive 250% more of a 
radiation dose than we receive on the east coast; yet, Coloradans' cancer rates are less than or 

equal to ours. Centers for Disease Control Data (2014), 
https://www.cdc.gov/cancer/dcpc/data/state.htm. If there were truly a linear relationship 
between radiation exposure and cancer, Colorado residents would have a higher incidence of 
cancer than east coast residents, but that is not the case. 

While present science does not tell us exactly the effect of low doses of radiation, 
numerous scientific organizations have (1) soundly rejected the LNT relationship for low dose 
exposure, and (2) concluded that the low dose effect is very small or zero and is not detectable 
even in studies of large groups of individuals. As is noted above, the report by Edward J. 
Calabrese and Michael K. O'Connor (2014), Estimating Risk of Low Radiation Doses - A 

Critical Review of the BEIR VII Report and its Use of the Linear No-Threshold (LNT) 
Hypothesis. Radiation Research: November 2014, Vol. 182, No. 5 (Exhibit I) disputes the 
hypothesis of the commentators and concludes that "the [LNT] model ... should not be used for 
estimating risks from low doses of radiation." 
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EXHIBIT A 



Guevara, Yasmin X (l;)EC) 

From: 
Sent 
To: 
Cc: 
Subject: 
Atta~hments: 

Joe, 

Maslanka, ·Gary M (DEC) 

Thur~day, January 21, 2010 1:28 PM 
Joe Boyles 
Carla Canjar; Domagala, Mark (DEC); Amann, Mark (DEC); Foti, Scott J (DEC) 
Re: Fw: Ignitability 
TEXT:htm; IMAGE.git; IMAGE.git; IMAGE.git; IMAGE.gif; IMAGE.git; IMAGE.gif, IMAGE.gif; 
lMAGE.gif . 

I've reviewed.the information you provided on the .gas well drill cutting from Fortuna. Based on the analytical data 
provided, and the letter provided by Benchmark Analytics, Inc addressing the ignitability yalue initially reported, the drill 
cuttings from Fortuna may be dispose of in the Chemung MSW landfill. · 

Be aware, cutting from wells 1,.1tili21ng oil based cutting fluids may be disposed of in the MSW lc;1ndfill only. 

Cutting generated from wells using water based cutting fluids may be disposed of in the MSW or C&D landfill. 

Please remember these materials are not consider BUD waste. As such all cuttings will count toward the C&D or MSW 
tonnage limits. 

Please call me if you have any questions. 

:>.>> Joe Boyles <Joe.Boyles@CASELLA.COM> 1/20/201011:21 AM>>> 

Gary: I believe that we have this covered. 

Larry said that Chemung is not interested in using this as a BUD. Do we have your approval to being this in as a waste? 

(See attached file: KMBT35020100120083048.pdf) 

-- Forwarded by Joe Boyles/CASELLA WASTE SYSTEMS INC/US on 01/20/2010 11:18 AM----

"c,young" 
<c;young@benchmarkanalyticslabs.com> 

01/20/2010 11:08 AM 

Please Tespond to 
<c.young@benchmarkanalyticslabs.com> 

To"'Joe Boyles'" 
<J()e.Boyles@CASELLA.COM> 

cc<geowetlands@aol.com> 

SubjectRE: lgnitability 

I checked with QC Laboratories about 1heir temperatures and they use and they use a propane torch which can achieve 
a temperature of about 190cF or higher. 

I looked back at all past samples sent in for ignitability from United Environmental Group and found only two additional 
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EXHIBITB 



Radiological Survey Report 

Marcellus Shale Drilling Cuttings 

from Tioga and Bradford Counties, Pa. 
and 

New England Waste Services ofN.Y., Inc. Landfill Sites in 
Chemung,NY 
Campbell,NY 
Angelica, NY 

April 2010 

Perfonned by: 

CoPhysics Corporation 
1242 Route 208 

Monroe, NY 10950 

Theodore E. Rabon, Ph.D. 
Certified Health Physicist 

Date: 4/26/2010 



Introduction 

Confidential - Prepared at the request of counsel 
Attorney-Client Privileged 

New England Waste Services of N.Y., Inc. (NEWSNY) operates 3 landfills in the southern tier 
area of New York State. In the last several years, these landfills have accepted natural gas­
related drill cuttings from several wells in New York and Pennsylvania. (Drill cuttings are the 
ground rock resulting from the drill bit's penetration into the earth.) More recently, deeper 
Marcellus shale cuttings have been accepted from drilling operations in northern Pennsylvania. 
Oil and gas companies have been disposing of approximately 1000 to 2000 tons per week of 
cuttings in the nearby NEWSNY landfills as well as significant quantities in other landfills in 
Pennsylvania. 

Recent advancement in horizontal drilling technology has led to increased interest by the oil and 
gas industry in Marcellus shale development, both in Pennsylvania and New York State. 
Possible radioactivity in the drilling process waste streams is receiving public and regulatory 
scrutiny. Most studies to date have focused on the liquid discharges, termed "produced water", 
from the gas wells rather than on the drill cuttings. NEWSNY has confirmed that their landfills 
do not accept liquid waste, produced water, or sludge. Because of the lack of radioactivity data 
on the rock itself, NEWSNY has contracted CoPhysics Corporation to conduct a radiological 
investigation of the rock to determine the appropriateness of accepting the drill cutting waste 
from Marcellus shale for disposal in its New York, non-hazardous, solid waste landfills. 

CoPhysics Corporation is a radiological science consulting firm located in Orange County, NY. 
It is licensed to handle radioactive materials and provide radiological services by the NYS 
Department of Health. It conducts specialized radiological assessments for government, 
academia, and business .. The owner is Theodore E. Rahon, Ph.D., a Certified Health Physicist 
with over 30 years of experience in radiation protection, especially decommissioning and 
assessment of radium- and thorium-contaminated sites. He has consulted for the USEPA, the 
Army Corp. of Engineers, several state and local governmental authorities, and numerous 
university and industrial clients. 

Natural Radioactivity 
There are 3 main groups of radioactive elements making up the natural radioactivity background 
in the earth's crust: the uranium-238/radium-226 radionuclide series, the thorium-232 
radionuclide series, and potassium-40. These exist in all soil and rock in varying concentrations. 
There are also minor levels of other radionuclides in soil but these are not important from an 
environmental health standpoint and will not be discussed here. 

The unit of measure for the concentration of radioactivity in soil is picocuries per gram (pCi/g). 
Typical natural background concentrations of uranium, radium, and thorium in soil and rock in 
the eastern US are 0.5 to 1 pCi/g each. Some clays are in the range of 1 to 3 pCi/g. Certain 
commercial minerals, such as gypsum (used for fertilizer and drywall), zirconium and titanium 
(used in paint), zircon sand & carborundum (used in grinding wheels, sandblasting, and 
ceramics), are in the range of 5 to 50 pCi/g. 
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If the concentration of uranium, radium or thorium is much higher than background, the material 
is termed "NORM", naturally-occurring radioactive material. 1 

The third predominate, naturally-occurring radioactive material is radiopotassium (K-40) which 
typically ranges from 10 to 30 pCi/g in soil. Potassium-40 is ubiquitous in all potassium­
containing materials, including our bodies. It is not commonly regulated. 

The accepted safe level for radium and thorium in soil on which homes, schools, and businesses 
could be built is 5 pCi/g above local background for surface soil and 15 pCi/g for soil greater 
than 6" deep. This guideline was originally specified for radium-226 in soil around uranium mill 
sites by the USEPA in 40CFR192. This guideline has been adopted for most cleanup sites across 
the US for radium and thorium whether or not the site is associated with a uranium mill. 
Restrictive limits for NORM in landfills have ranged up to 50 pCi/g depending on the state and 
municipality. In New York, NORM is exempted from regulation under 6 NYCRR Part 380. 

Therefore, the purpose of this study is to determine if the gas drilling cuttings have radioactivity 
in the normal, natural background range or would be considered to be NORM. And, if the 
cuttings are NORM, at what level would the elevated radioactivity concentrations affect the local 
environment in and around the landfills. 

Methodology 
To begin the project, NEWSNY management requested that an initial, early-stage round of 
sampling be scheduled so that information could be obtained quickly. Such an initial survey is 
usually termed a "scoping" survey. This would give NEWSNY the ability to modify or limit its 
acceptance of the drill cuttings as appropriate if high levels of NORM were found. Based on the 
initial sampling results, additional measurements later could be specified to better characterize 
any areas of interest that require more in-depth evaluation or a "no further action" designation 
could be applied to the situation if scoping measurements did not show elevated levels of 
radioactivity. 

To assess the drill cutting waste relative to local background radioactivity, CoPhysics collected 
three (3) types of samples: 

• On-site soils (Collected to establish background radioactivity levels in natural soil and 
rock in the local landfill area. Both surface samples and subsurface samples from 
existing monitoring wells were collected.) 

• Drill cuttings as delivered to the disposal facility (These were collected to investigate 
radioactivity levels in material as received. The sample from the pile exhibiting the 
highest on-site gamma reading was chosen for laboratory analysis.) 

This report does not address the extent to which NORM is regulated as a radioactive waste, but rather the extent 
to which Marcellus shale drill cuttings present a public health concern based upon USEPA cleanup levels for 
NORM to achieve unrestricted use of property for homes, schools and businesses. A discussion of regulatory 
standards and exemptions for NORM is beyond the scope of this report. 
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• Confirmed Marcellus shale samples collected at rig sites in nearby Pennsylvania (The rig 
sites were geographically separate locations and operated by more than one drilling 
company. Additional information about the rig site sample was also obtained such as 
depth of drilling at the time of collection, the geologic formation, the lateral distance into 
the formation, type of fluid used, etc.) 

Samples were analyzed via gamma spectroscopy for the 3 main radionuclides in the naturally­
occurring groups: radium-226, thorium-232, and potassium-40. During sample collection, in situ 
gamma radiation measurements were also performed using a hand-held Ludlum Model 12S 
instrument so that a wider indication of shale-associated radiation levels could be obtained. 

Description of Measurements Performed 

On March 2, 2010, personnel from CoPhysics Corporation visited the 3 NEWS NY landfills to 
collect indigenous soil and rock samples and to perform ambient gamma radiation 
measurements. The field data collected are shown in Appendix B. The data sheets show the 
locations of sample collection on an aerial photo of each landfill. The CoPhysics field technician 
collected three types of samples from the landfills; 1) previously collected soil samples from 
monitoring well drilling, archived by NEWSNY, were obtained as background radioactivity 
samples, 2) native soil and rock samples from the borrow area, also obtained as background 
samples, and 3) samples from drill cutting loads recently deposited in the landfill. The local 
background samples and the cuttings sample that showed the highest field gamma reading were 
later analyzed via gamma spectroscopy to determine radionuclide concentrations (pCVg). 

On March 11, 20 I 0, personnel from Co Physics Corporation visited 3 drilling rigs in Bradford 
County, Pa. and on March 19, 2010, visited a fourth rig in Tioga County, Pa. The four oil and 
gas company drilling sites visited use sensory technology linked to a computer system to monitor 
and record drilling activity. The rig operator was able to provide information, pertinent to this 
assessment, such as depth, lateral distance, etc. from the computerized, real time data acquisition 
system at the site. Rock cuttings were sampled at the point of discharge from the rigs. Fresh 
piles of the cuttings were scanned with the Ludlum model 12S gamma radiation detector. As a 
relative comparison, local background readings were also recorded. 

Analysis 
The samples collected were analyzed via gamma spectroscopy at the CoPhysics laboratory. 
Analysis instrumentation consisted of a Princeton GammaTech HPGe detector and Ortec PC­
based Trump multichannel analyzer. Instrument calibrations are maintained using NIST­
traceable radioactivity standards and laboratory intercomparison samples from the International 
Atomic Energy Agency (IAEA) and the former US Department of Energy's Environmental 
Measurements Laboratory. 
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Samples were analyzed in their "as collected" or in situ state, i.e., samples were not dried or 
concentrated before analysis. However, they were ground into a more homogenous mixture for 
placement into an analysis geometry that matched calibration standard geometry. The 
determination of in situ concentrations allows the results to be used more appropriately in 
environmental transport analysis and dose assessments. 

Drill cutting sample consistency ranged from a fine mixture (cement-like) to larger particle sizes 
(up to 0.5 cm) which were slightly moist with cutting fluid. Background soil samples appeared 
to be of a dry clay-like consistency. Background rock samples collected consisted of pieces of 
surface shale. 

Results and Discussion: 
Results from sample analysis, local gamma readings, depth of collection, and other data are 
shown in Appendix A. The results are separated into 2 groups: drill cuttings and background 
soil/rock. Also shown for comparison purposes are radionuclide concentrations in common 
building and industrial materials. The results shown in Appendix A are summarized below in 
Table 1: 

Table 1 - Summary of Radionuclide Analysis Results 

Avaraae Radionuclide Concentration + 1 SE 
Material Type 

Gas Orin Rig Cuttings 
Landfill Local Background Soil and Rcx:k 

EPA recommended cleanup level (40CFR192): 
Typical landfill limits for NORM: 

Radium-226 
(pCi/g) 

2.1 ± 1.2 
0.9 ± 0.1 

5 overbkg 
5to50 

I I 
I I 

Thorium-232 
(pCi'g) 

0.7 ± 0.3 
1.2 ± 0.2 

5 overbkg 
StoSO 

I 
I 

I · Potassium-40 
I (pCi/a) 

14.2 ± 4.8 
24.1 ± 4.8 

not regulated 
not regulated 

Table 1 shows that the Pennsylvania drill cuttings sampled during this project have radium-226 
concentrations that are slightly greater than the local background at the New York NEWSNY 
sites. Conversely, the thorium-232 and radiopotassium levels in the Pennsylvania cuttings are 
less than New York site background. While the radium levels are slightly greater than 
background, they do not necessitate the classification of the cuttings as NORM. The radium 
levels observed are less than the EPA cleanup guideline for unrestrictive use ( < 5 pCi/g above 
background). The EPA uses this guideline for cleanups of sites contaminated with radium or 
thorium so that they may be used by the general public for homes, schools, businesses, etc. 

The rock cuttings from the gas drilling operations, as sampled during this project, have 
radionuclide levels that do not pose any environmental health problem even if they were 
deposited in areas accessible by the general public. Therefore they are certainly acceptable for 
landfill disposal. 
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However, pipe scale, brine filtrates and associated sludges, not considered in this study, have 
been known to contain elevated levels of NORM. It was not the purpose of this study to evaluate 
those materials. To prevent disposal of such materials at its landfills, NEWSNY has ordered the 
installation of the most sensitive gamma radiation detection system available (Ludlum 
Measurements, Inc. Model 375-1000) at its truck scales. The puxpose of the detection system is 
to ensure that only the acceptable drill cutting rock is received and no pipe scale, filtrates or 
sludges containing NORM are inadvertently disposed. After installation, CoPhysics will perform 
calibration of the monitors' alarms so that any levels of radioactivity exceeding regulatory limits 
are appropriately detected. CoPhysics will also assist in procedure development and training as 
necessary to ensure proper use of the monitors. 

Given the very low levels of radioactivity found in the Marcellus drill cuttings during this 
investigation and the landfill' s installation of portal radiation monitors as additional assurance 
against acceptance of NORM, no further study by NEWSNY is warranted. 
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::0 Appendix A. Radioactivity Measurement Results - Marcellus Shale Drlll Rig Cuttings -March, 2010 
~ 
0.. .... 
e. Radlonucllde Concenlratlon1 .t. 1 SD 
0 

Thorlum-232 Potasslum-40 (IQ LAB Sam le# Date Sam le Location Radlum-226 .... 
0 ID# Collected Cl/ ( Cl/ ( CM 
~ 
Cl'.l Oas Drill Rig Cuttings 
i:: 738-1 31110A 311112010 Bradford Co., Pa. Marcellus shale 5942 8 I 10 2.4 ± 0.2 0,5 ± 0.1 12.9 ± 1.0 
'.;;! 738·2 31110B 3/11/2010 Bradrord Co., Pa. Hamilton Limestone 6562 5 /5'l 1.1 :t. 0.1 0.9 ± 0.1 17.8 ± 1.0 
(1) 

738-3 31110C 3/1112010 Bradford Co., Pa. Marcellus shale 6687 11 I 8 4.3 :!: 0.2 0,9 ± 0,1 16.8 t 0.9 '< 
::0 738·6 31910A 3/19/2010 Tioga County, Pa. Marcellus shale 6101 6 I 10 2.8 t 0.2 0,9 .:t. 0,1 17.4 t 1.0 
.g 738·6 31910B 3/19/2010 Tioga County, Pa. Marc. 1hala with Bayrlle 6101 5 I 10 0.6 .:t. 0,1 0.2 t 0.0 3.4 :t. 0,2 
0 738-13 1•M1 312/2010 Landfill, Lowman, NY transported gaa rig cu!Ungs unk. 12 I 6 2,3 t 0.1 0,7 i 0.1 17.2 t 1.1 
::i. 738·11 2•M2 312/2010 L1mdnll, Painted Post, NY transported gas rig cutUngs unk. 12 /8 0.9 ± 0.1 1.2 t 0.1 16.7 t 1,1 

738-12 3·M1 312/2010 Landfill, Angellca, NY transported gas rig culUngs unk. 12 /8 2.7 t 0.2 0,8 i 0.1 12,6 :I: 0,8 

AVERAGE! 1 SE: 2.1 ± 1.2 0,7 :!: 0.3 14.2 t 4.8 

Landrlll Local Background Soll end Rock 
738-16 1·LS1 31212010 Landnll, Lowman, NY local son 0·1 16 1.0 ± 0.1 1.5 t 0.2 20.2 :t. 1.4 
738-7 1•LR1 3/212010 Landfill, Lowman, NY local rock 1 17 1.0 .:t. 0.1 1.6 i 0.2 16.9 :I: 1.1 

738•17 1•W1 31212010 Landfill, Lowman, NY local well cutting MW23 22-70 7/5 0,9 ±. 0,1 1,6 i 0.2 20,1 t 1,4 
738-18 1•W2 3/212010 Landnll, Lowman, NY local well cutting EB04 37 7.8/6 0.5 ± 0.1 0.9 .:t. 0;1 8.2 :t. 0.6 
738-15 2-LS1 31212010 Landfill, Painted Post, NY local soil 0 • 1 22 1.1 ± 0,1 1.6 .± 0,2 18,2 ± 1.2 
738-14 2·LR1 312/2010 Landfill, Painted Post, NY local rock 8 22 0.8 ± 0.1 1.1 .:t. 0.1 16.4 t 0.8 
738-19 2-W1 312/2010 Landnll, Painted Post, NY local well cutting MW03 10-12 6.5/8 0.9 ± 0.1 1.1 t 0.1 24.4 .± 1.7 () 
738-20 2-W2 31212010 Landnll, Painted Post, NY local well cutting MWO 28-30 6,5 / 8 1.1 ± 0.1 1.4 ± 0.1 26.1 ± 1.4 0 

::, 
738•10 3·LS1 312/2010 Landflll, Angelica, NY local son 6 22 0.8 t 0.1 1.0 t 0.1 24.9 ± 1.3 ::ti 
738-4 3-LR1 31212010 Landfill, Angelica, NY local rock 6 22 0.8 ± 0.1 1,0 i 0,1 30.2 ± 1.5 0.. 

(1) 
738-8 3-W1 3/2/2010 Landfill, Angellca, NY local wen cuUlng MW47A 18-20 5,5/8 1.0 ± 0.1 1.2 1 0.1 29,3 ± 1.6 ::, 

,-+ 

738-9 3-W2 3/2/2010 Landnll, Angelica, NY local wall cutting MW42A 30-32 M/8 a.a :I: 0,1 1. 1 .:I: 0.1 23.1 t 1.2 
.... 
~ 

AVERAOE! 1 SE : 0.9 ± 0.1 1,2 :t. 0,2 24.1 :t. 4,8 I 

>-o 
Comparisons 

.., 
.g 

yellow brick purchased Orange Co, NY yellow brick (fire brick) 4.3 ± 0.5 5.4 :!: 0.6 31.9 ± 3,1 
~ red brick purchased orange Co, NY red brick 1.1 ± 0.1 1.1 :!: 0.1 25.8 ± 1.3 

705·5 steel working ractory grinding Wheal 2.3 t 0.1 2.8 ± 0.2 nla ± ~ 0.. 
,-+ ~ 

705-9 steel working factory 800 Grit sand blast media 19.1 ± 1.0 27.2 :!: 1.5 nla ± 0 ,-+ 

8 ,... 
(1) ::i-' 

EPA recommended cleanup level (40CFR192): 5 over bkg 5 over bkg not regulated '< (1) 

Typical landflll llmlts for NORM: 51060 5to 50 not regulated I ci1 
O..a 

"O -· i:: Footnotes: (1) (1) 
p.) ::, .,, 

OCI Method: gamma spectroscopy, EPA 901.1 modified 1 - In s/lu Gamma Exposure Rate ,-+ ,... 
("0 >-o 0 --..I Instrument: Princeton Gamma-Tech Model NIGC•RG15 HPGe detector; Ortec Trump MCA (1-foot from sample collectlon I local bkg) 
0 Uncertainties are based on 1-slgma counUng errors and standardization uncertainty. ~- ;;, ...., 

Standards are traceable to the NaUoni1I Institute or Standards and Technology. 2 • per gram as collected (no drying or sample concentration performed) .... 0 ..... .... i:: ..... Radioactive Materials License: NYS 2691-3949 (1) ::::, 
{JQ .,, 

Ra-226 via B1·214: Th-232 via Ac-228 gamma-ray lines 3 • measurement for 31110B was hlAh up on drill rlA, at the cutllnAs shak, (1) (1) 
0.. .... 
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Appendix B - Soil Sampling Field Data Sheets 
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Date: 03/02/2010 

Time Arrlvetf: 10:30AM 

Soil Sampling - Field Data Sheet 

CoPhysics Corporation 

Location: CR-so; Lowman, NY,14861 

Time Departed: 12:30 PM 

Larry Shllnng, Landfill Distri~Maiiaier \ Karen Flarid9f!; EH&s 
Office# (585)466-7271 
Cell# (716) 560-7915 8 tDtal sampl~ 

Manufacturer I Model I Serial I Pm.be Model/ Serial I cat.t>ate 
Ludrum I 1i I 83334 I 44-2 / 83334A l 1/19/2.0lIJ 
Sample No. Type uR/hr Depth 

1-L.S1 Local Soil 1 15 SURFACE TO 4' 
1-Wl W:~D~ngsl 7 MW23 22-70' 
1-W2 Well Cuttings 2 7.5 EB-04 37' 
1-LRl Local Rock Sample 1 17 SURFACE TO 6' 
1-Ml MarceUus Shale sample 1 10 cell3A.black 

1-:M2 Marcellus Shale sample 1 10 grey 

1-M3 Marcellus Shale sample 1 10 grey 

1-M4 Marcellus Shale sample 1 10 black 
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Date: '13/02/2010 

Time Arrived: 1:20. PM 

Soil Sampling - Field Data Sheet 

CoPhysics Corporation 

Location: 4376 Manning Ridge Rd, Pa.inted Post. NY 14870 

Time Departed: 3:00 PM 

Larry Sllil~nr, Landfill' District Manager \ Karen FlandefS, EH&s 
Officer# {585) 466-7271 
Cell # (716) 560-7915 7total Al'rlples 

B~. 8 uR/hr' •~•Surface.; ~ri!liiates, Longitude 77" 06' 46" Latitude 42° 12' fJ7" 

Manufacturer I Model I serial l Probe Model / serial I cal. Date 
Ludlum I 12 I .83334 I 44-2 I 83334A I 1/19/2010 

Sample No. Type UR/hr Depth 
2~LS1 LacafSolll 22 Surface to l' 
:2~w1 Well Cuttings 1 6;5 MWH-03 IN ORGI~ JAR 

2-W2 Well CUttings 2 6~5 MW--OIN ORIGI_NAUAR 

2-LRl Local Rock Sample 22 3' 
2-Ml MarcellusShale sample l 9 BLAOC, AMERl9\ff WASTE 

2-M2 r1,far:cellus Shale sample 2 12 BROWNISH;TAUSMAN 
ENERGY 

2-M3 Marcellus Shale sample 3 5 GREY,OfESAPEAKE ENERGY 
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Soil Sampling - Field Data Sheet 

CoPhysics Corporation 

Location: Herdman Road, Angelica, NY 14709 

11me Armted: 4:04 PM 11me Departed: 5:15 PM 

Larry ShUllng, la~dfill !)istri~·Manapr \ Karen Flanders, EH&s Office# (585) !466-7271 Cell _# {716) 560-7915 
s total .-mples 

Radiation 8kg: s uR/hr Surface, Coordfnat~, Longitude 78° 17' 29"' Latitude 42° 17' 29" 

Manufacturer I Model I Serial I Probe Model / Serial I cal. Date 
Ludlum I 12 I 83334 I 44-2 / 83334A I 1/19/2010 

Sample No. Type uR/hr Depth 
3-LSl Local Soll i 22 SURFACE TO fl 
3-Wl Well Cuttings 1 s.s MW47A 
3-W2 Well Cuttings 2 5.5 MW42A 
3-LRl Local Rock Sample 1 22 SURFACE TO 6' 
3-Ml Martellus Shale-sample 1 12 BlACIC OILY, UNKOWN 

ORIGIN 
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1. 7.8 Flowback Water Handling On-Site 

The Department proposes to require that operators storing flowback water on-site would be 

required to use watertight tanks located within secondary containment, and remove the fluid 

from the wellpad within specified time frames. 

1. 7.9 Flowback Water Disposal 

Under existing regulations, before a pennit is issued, the operator must disclose plans for 

disposal offlowback water and production brine. Further, in the SGEIS the Department 

proposes to use a new "Drilling and Production Waste Tracking" process, similar to the process 

applicable to medical waste, to monitor disposal. Under existing regulations, full analysis and 

approvals under state water laws and regulations are required before a water treatment facility 

can accept flowback from high-volume hydraulic fracturing operations. Appendix: 22 includes a 

description and flow chart of the required approval process for discharge of flowback water or 

production brine from high-volume hydraulic fracturing to a Publicly-Owned Treatment Works 

(POTW). An applicant proposing discharge to a POTW would be required to submit a treatment 

capacity analysis for the receiving POTW, and, in the event that the POTW is the primary fluid 

disposal plan, a contingency plan. Additionally, limits would be established for NORM in 

POTW influent. 

1. 7.10 Management of Drill Cuttings 

The Department has detennined that drill cuttings are solid wastes, specifically construction and 

demolition debris, under the State's regulatory system. Therefore, the Department would allow 

disposal of cuttings from drilling processes which utilize only air and/or water on-site, at 

construction and demolition (C&D) debris landfills, or at municipal solid waste (MSW) landfills, 

while cuttings from processes which utilize any oil-based or polymer-based products could only 

be disposed of at MSW landfills. The revised draft SGEIS proposes to require, pursuant to 

pennit conditions and/or regulation, that a closed-loop tank system be used instead of a reserve 

pit to manage drilling fluids and cuttings for: 

• Horizontal drilling in the Marcellus Shale without an acceptable acid rock drainage 
(ARD) mitigation plan for on-site cuttings burial; and 
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• Cuttings that, because of the drilling fluid composition used must be disposed off-site, 
including at a landfill. 

Only ARD mitigation plans that do not require long-term monitoring would be acceptable. 

Examples are provided in Chapter 7. 

1. 7.11 Emissions and Air Quality 

The need to re-evaluate air quality impacts and the applicability of various regulations was raised 

during the scoping process, with emphasis on the duration of activities at a multi-well pad and 

the number of internal combustion engines used for high-volume hydraulic fracturing. 

1.7.11.1 2009 Draft SGEIS 

The following conclusions and requirements were set forth: 

• Per United States Environmental Protection Agency (EPA) NESHAPS subpart ZZZZ, the 
compressor station would have an oxidation catalyst for formaldehyde. This also reduces 
carbon monoxide (CO) by 90% and Volatile Organic Compounds (VOCs) by 70%; 

• Per EPA subpart HH, the glycol dehydrator would have a condenser to achieve a benzene 
emission of <1 ton per year (Tpy) (if "wet" gas is detected); 

• Use of Ultra Low Sulfur Fuel (ULSF) of 15 parts per million (ppm) in all engines would 
be required; 

• Small stack height increases on compressor, vent and dehydrator would be required (if 
"sour" and ''wet" gas encountered for the latter two, respectively); 

• All annual and short-term ambient standards (National Ambient Air Quality Standards, or 
NAAQS) and the Department's toxics thresholds (Annual and Short-Term Guideline 
Concentrations, or AGCs and SGCs) would be met, except 24-hour PM10/PM2.5 
NAAQS due to drilling and hydraulic fracturing engines; and 

• Impacts from a nearby pad modeled and indicated no overlap in the calculated 
"cumulative" impacts on local scale. 

The facility definition for permitting was based on Clean Air Act (CAA) 112(n)(4) per EPA 

guidance at the time, which limits it to "surface area" (i.e., per pad). Annual emissions from all 

sources were calculated assuming ten wells per pad and resulted in a classification of the 

emissions as "minor" sources. No final determination was made as to whether non-road engines 
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shale shakers, desanders, desilters and centrifuges which separate the mud from the rock 

cuttings. The mud is then re-circulated back into the mud tanks where it is withdrawn by the 

mud pump for continued use in the well. As described in the 1992 GEIS, used drilling mud is 

typically reconditioned for use at a subsequent well. The subsequent well may be located on the 

same well pad or at another location. 

Photo 5.16 • Drilling rig mud system (blue tanks) 

5.2.4 Cuttings 

The rock chips and very fine-grained rock fragments removed by the drilling process and 

returned to the surface in the drilling fluid are known as "cuttings" and are contained and 

managed either in a lined on-site reserve pit or in a closed-loop tank system. 149 As described in 

Section 5.13.1, the proper disposal method for cuttings is determined by the composition of the 

fluid or fluids used during drilling. The proper disposal method will also dictate how the 

CtJttings must be contained on.;site prior to disposal, as described by Section 7 .1.9. 

149 Adapted from Alpha, 2009, p. 133. 

Final SGEIS 2015, Page 5-28 





5.2.4.1 Cuttings Volume 

Horizontal drilling penetrates a greater linear distance of rock and therefore produces a larger 

volume of drill cuttings than does a well drilled vertically to the same depth below the ground 

surface. For example, a vertical well with surface, intermediate and production casing drilled to 

a total depth of 7,000 feet produces approximately 154 cubic yards of cuttings, while a 

horizontally drilled well with the same casing program to the same target depth with an example 

4,000-foot lateral section produces a total volume of approximately 217 cubic yards of cuttings 

(i.e., about 40% more). A multi-well site would produce approximately that volume of cuttings 

from each well. 

5.2.4.2 NORM in Marcellus Cuttings 

To determine NORM concentrations and the potential for exposure to NORM contamination in 

Marcellus rock cuttings and cores (i.e., continuous rock samples, typically cylindrical, recovered 

during specialized drilling operations), the Department conducted field and sample surveys using 

portable Geiger counter and gamma ray spectroscopy methods. Gamma ray spectroscopy 

analyses were performed on composited Marcellus samples collected from two vertical wells 

drilled through the Marcellus, one in Lebanon (Madison County), and one in Bath (Steuben 

County). The results of these analyses are presented in Table 5.2a. Department staff also used a 

Geiger counter to screen three types of Marcellus samples: cores from the New York State 

Museum's collection in Albany; regional outcrops of the unit; and various Marcellus well sites 

from the west-central part of the state, where most of the vertical Marcellus wells in NYS are 

currently located. These screening data are presented in Table 5.2b. Additional radiological 

analytical data for Marcellus Shale drill cuttings has been reported from Marcellus wells in 

Pennsylvania. Samples were collected from loads of drill cuttings being transported for disposal, 

as well as directly from the drilling rigs during drilling of the horizontal legs of the wells. The 

materials sampled were screened in-situ with a micro R meter, and analyzed by gamma ray 

spectroscopy. These data are provided in Table 5.3. As discussed further in Chapter 6, the 

results, which indicate levels of radioactivity that are essentially equal to background values, do , 

not indicate an exposure concern for workers or the general public associated with Marcellus 

cuttings. 

Final SGEIS 2015, Page 5-29 



Table 5.2 - 2009 Marcellus Radiological Data 

Table 5.2a Marcellus Radiological Data from Gamma R ay Spectroscopy Analyses 
Well 

API# 
Date 

Town (County) Parameter Result+/-
(Deoth) Collected Uncertainty 

K-40 14.438 +/- I.727 pCi/g 
Tl-208 0.197 +/- 0.069 pCi/g 
Pb-210 2.358 +/- 1.062 pCi/g 
Bi-212 0.853 +/- 0.114 oCi/g 

Crouch C4H Bi-214 I.743 +/- 0.208 pCi/g 
(1040 feet- 31-053-26305-00-00 3/17/09 Lebanon (Madison) 

Pb-214 1.879 +/- 0.170 oCi/g 
1115 feet) 

Ra-226 1.843 +/- 0.573 pCi/g 
Ac-228 0.850 +/- 0.169 oCi/g 
Th-234 1.021 +/- 0.412 pCi/g 
U-235 0.185 +/- 0.083 oCi/g 
K-40 22.845 +I- 2.248 pCi/g 

Tl-208 0.381 +I- 0.065 oCi/g 
Pb-210 0.535 +/- 0.712 pCi/g 

Blair2A 
Bi-212 1.174 +/- 0.130 oCi/g 
Bi-214 0.779 +/- 0.120 pCi/g 

(2550' - 3 l-101-02698-01-00 3/26109 Bath (Steuben) 
Pb-214 0.868 +/- 0.114 oCilg 

2610') 
Ra-226 0.872 +I- 0.330 pCilg 
Ac-228 1.087 +/- 0.161 pCi/g 
Th-234 0.567 +/- 0.316 oCi/g 
U-235 0.079 +/- 0.058 pCilg 

Table 5.2b Marcellus Radiological Data from Geiger Counter Screening 

Media Well Date Location (County) Results 
Screened 

Cores Beaver Meadow 1 3112109 NYS Museum (Albany) 0.005 - 0.080 mR/hr 
Oxford 1 3/12/09 NYS Museum (Albany) 0.005 - 0.065 mR/hr 
75 NY-14 3/12109 NYS Museum (Albany) 0.Ql5 - 0.065 mR/hr 
EGSP#4 3112109 NYS Museum (Albany) 0.005 - 0.045 mR/hr 
Jim Tiede 3112109 NYS Museum (Albany) 0.005 - 0.025 mR/hr 
75 NY-18 3/12109 NYS Museum (Albany) 0.005 - 0.045 rnR/hr 
75 NY-12 3/12109 NYS Museum (Albany) 0.015 - 0.045 mR/hr 
75 NY-21 3112109 NYS Museum (Albany) 0.005 - 0.040 mR/hr 
75 NY-15 3/12/09 NYS Museum (Albany) 0.005 - 0.045 mR/hr 
Matejka 3/12/09 NYS Museum (Albany) 0.005 - 0.090 mR/hr 

Outcrops NIA 3/24/2009 Onesauethaw Creek (Albany) 0.02 - 0.04 mR/hr 
NIA 3/24/2009 DOT Garage, CR 2 (Albany) 0.01 - 0.04 mR/hr 
NIA 3124/2009 SR 20, near SR 166 (Otsego) 0.01 - 0.04 mR/hr 
NIA 3/2412009 Richfield Springs (Otsego) 0.Ql - 0.06 mR/hr 
NIA 3/2412009 SR 20 (Otsego) 0.01 - 0.03 mR/hr 
NIA 312412009 Gulf Rd (Herkimer) 0.ot - 0.04 mR/hr 

Well Sites Beagell 2B 4/7/2009 Kirkwood (Broome) 0.04 mR/hr * 
Hulsebosch 1 412/2009 Elmira City (Chemung) 0.03 mR/hr* 

Bush SI 412/2009 Elmira (Chemung) 0.Q3 mR/hr* 
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Parker 1 4/7/2009 Oxford (Chenango) 0.05 mR/hr * 

Well Sites Donovan Farms 2 3/30/2009 West Soarta (Livingston) 0.03 mR/hr * 
Fee 1 3/30/2009 Sparta (Livingston) 0.02 mR/hr * 

Meter 1 3/30/2009 West Sparta (Livingston) 0.03 mR/hr * 
Schiavone 2 4/6/2009 Reading (Schuyler) 0.05 mR/hr * 

WGI 10 4/6/2009 Dix (Schuyler) 0.07 mR/hr * 
WGI 11 4/6/2009 Dix (Schuyler) 0.07 mR/hr * 

Calabro Tl 3/26/2009 Orange (Schuvler) 0.03 mR/hr * 
Calabro T2 3/26/2009 Orange (Schuyler) 0.05 mR/hr* 
Frost 2A 3/26/2009 Orange (Schuyler) 0.05 mR/hr * 

Webster Tl 3/26/2009 Orange (Schuyler) 0.05 mR/hr* 
Haines I 4/1/2009 Avoca (Steuben) 0.03 mR/hr* 
Haines2 4/1/2009 Avoca (Steuben) 0.03 mR/hr * 

McDaniels lA 4/1/2009 Urbana (Steuben) 0.03 mR/hr* 
DrummG2 4/1/2009 Bradford (Steuben) 0.07mR/hr * 
HemleyG2 3/26/2009 Homby (Steuben) 0.03 mR/hr • 

Lancaster Ml 3/26/2009 Homby (Steuben) 0.03 mR/hr * 
Maxwell IC 4/2/2009 Caton (Steuben) 0.07 mR/hr * 

Scudder 1 3/26/2009 Bath (Steuben) 0.03 mR/hr * 
Blair2A 3/26/2009 Bath (Steuben) 0.03 mR/hr * 

Retherford 1 4/1/2009 Troupsburg (Steuben) 0.05 mR/hr * 
Carpenter 1 4/1/2009 Trouosburg(Steuben) 0.05 mR/hr * 

Cook 1 4/1/2009 Troupsburg (Steuben) 0.05 mR/hr * 
Zinck I 4/1/2009 Woodhull (Steuben) 0.07 mR/hr * 

Tiffany I 4/7/2009 Owego (Tioga) 0.03 mR/hr* 
*maximum values detected 

Table 5.3 - Gamma Ray Spectroscopy 

LA9 l!Oll' Caln S!lr'Tt o l:OC lVGn Mrt,,"al 
IO~ ~tDClcO 

au D~n Rig Cutt!01J• 
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738-2 311108 1/11/2010 erodfmd ca.; p._ Hamlllan Llmatlano 5!112 !18~ 1.1 t 0.1 0.9 .t 0.1 17.5 .t 1.0 
738-3 3111DC 1/11/2D1D Bradfotd Co .• Pl. M•,.•llul- 8687 1118 4.3 ± 0.2 D.9 ± 0.1 16,B .t. D.9 
738-6 31910A 1/19/201D Tlago County. Pa. Man:Glllalhale 8101 511D 2.1 t D.2 D.9 .!: D.1 17.4 ! , .0 
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Table 5.27 - Summary of Characteristics of On-Site Flowback Water 
Treatment Technologies (Updated July 2011) 261 

Ion Reverse Thermal 
Characteristic Filtration Exchange Osmosis EDR 

Distillation 

Energy Cost Low Low Moderate High High 

Energy Usage NIA Low Increase 
High 

Independent 
vs. TDS Increase 

Applicable to 
All Water All Water Moderate 

High TDS High TDS 
types types TDS 

Plant I Unit size 
Small I Small I Modular Modular Large 

Modular Modular 

Microbiological 
Possible Possible Possible Low NIA 

Fouling 

Complexity of 
Moderate I 

Regular 
Low Low High Complex 

Technology Maintenance 
Maintenance 

Scaling 
Low Low High Low Low 

Potential 

Theoretical 
TDS Feed Limit NIA NIA 32,000 40,000 100,000+ 
(mg/L) 

Pretreatment NIA Filtration Extensive Filtration Minimal 
Requirement 

Final Water 
No impact 200-500 ppm 200-500 ppm 

200-1000 
< 10 mg/L 

TDS ppm 

Recovery Rate 
(Feed TDS NIA NIA 30-50% 60-80% 75-85% 
>20,000 mg/L) 

5.13 Waste Disposal 

5.13.1 Cuttings from Mud Drilling 

Ozone/ 
Ultrasonic I 
Ultraviolet 

Low 

Increase 

All Water 
types 

Small I 
Modular 

Possible 

Low 

Low 

Depends on 
turbidity 

Filtration 

Variable 

Variable 

The 1992 GEIS discusses on-site burial of cuttings generated during compressed air drilling. 

This option is also viable for cuttings generated during drilling with fresh water as the drilling 

fluid. However, cuttings that are generated during drilling with polymer- or oil-based muds are 

considered industrial non-hazardous waste and therefore must be removed from the site by a 

permitted Part 364 Waste Transporter and properly disposed in a solid waste landfill. In New 

Yark State the NORM in cuttings is not precluded by regulation from disposal in a solid waste 

261 URS, 2011, p. 5-9 
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landfill, though well operators should consult with the operators of any landfills they are 

considering using for disposal regarding the acceptance of Marcellus Shale drill cuttings by that 

facility. 

5.13.2 Reserve Pit Liner from Mud Drilling 

The 1992 GEIS discusses on-site burial, with the landowner's permission, of the plastic liner 

used for the reserve pit for air-drilled wells. This option is also viable for wells where fresh­

water is the drilling fluid. However, pit liners for reserve pits where polymer- or oil-based 

drilling muds are used must be removed from the site by a permitted Part 364 Waste Transporter 

and properly disposed in a solid waste landfill. 

5.13.3 Flowback Water 

As discussed in Section 5.12, options exist or are being developed for treatment, recycling and 

reuse offlowback water. Nevertheless, proper disposal is required for flowback water that is not 

reused. Factors which could result in a need for disposal instead of reuse include lack of reuse 

opportunity (i.e., no other wells being fractured within reasonable time frames or a reasonable 

distance), prohibitively high contaminant concentrations which render the water untreatable to 

usable quality, or unavailability or infeasibility of treatment options for other reasons. 

Flowback water requiring disposal is considered industrial wastewater, like many other water­

use byproducts. The Department has an EPA-approved program for the control of wastewater 

discharges. Under New York State law, the program is called the State Pollutant Discharge 

Elimination System (SPDES). The program controls point source discharges to ground waters 

and surface waters. SPDES permits are issued to wastewater dischargers, including POTWs, and 

include specific discharge limitations and monitoring requirements. The effluent limitations are 

the maximum allowable concentrations or ranges for various physical, chemical, and/or 

biological parameters to ensure that there are no impacts to the receiving water body. 
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6.1.9 Solids Disposal 

Most waste generated at a well site is in liquid form. Rock cuttings and the reserve pit liner are 

the significant exception. The 1992 GEIS describes potential adverse impacts to agricultural 

operations if materials are buried at too shallow a depth or work their way back up to the surface. 

Concerns unique to Marcellus development and multi-well pad drilling are discussed below. 

6.1.9.1 NORM Considerations- Cuttings 

Gamma ray logs from deep wells drilled in New York over the past several decades show the 

Marcellus Shale to be higher in radioactivity than other bedrock formations including other 

potential reservoirs that could be developed by high-volume hydraulic fracturing. However, 

based on the analytical results from field-screening and gamma ray spectroscopy performed on 

samples of Marcellus Shale, NORM levels in cuttings are not likely to pose a problem because -

as set forth in Section 5.2.4.2-the levels are similar to those naturally encountered in the 

surrounding environment. 

6.1.9.2 Cuttings Volume 

As explained in Chapter 5, the total volume of drill cuttings produced from drilling a horizontal 

well may be about 40% greater than that for a conventional, vertical well to the same target 

depth. For multi-well pads, cuttings volume would be multiplied by the number of wells on the 

pad. The potential water resources impact associated with the greater volume of drill cuttings 

from multiple horizontal well drilling operations would arise from the retention of cuttings 

during drilling, necessitating a larger reserve pit that may be present for a longer period of time, 

unless the cuttings are directed into tanks as part of a closed-loop tank system. The geotechnical 

stability and bearing capacity of buried cuttings, if left in a common pit, may need to be 

reviewed prior to pit closure. 304 

6.1.9.3 Cuttings and Liner Associated With Mud-Drilling 

Operators have not proposed on-site burial of mud-drilled cuttings, which would be equivalent to 

burial or direct ground discharge of the drilling mud itself. Contaminants in the mud or in 

contact with the liner if buried on-site could adversely impact soil or leach into shallow 

groundwater. 

304 Alpha, 2009, p. 6-7. 
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6.7 Naturally Occurring Radioactive Materials in the Marcellus Shale 

Chapter 4 explains that the Marcellus Shale is known to contain NORM concentrations at higher 

levels than surrounding rock formations, and Chapter 5 provides some sample data from 

Marcellus Shale cuttings. Activities that have the potential to concentrate these constituents 

through surface handling and disposal may need regulatory oversight to ensure adequate 

protection of workers, the general public, and the environment. Gas wells can bring NORM to 

the surface in the cuttings, flowback fluid and production brine, and NORM can accumulate in 

pipes and tanks (pipe scale and sludge.) Based upon currently available information it is 

anticipated that flowback water will not contain levels of NORM of significance, whereas 

production brine is known to contain elevated NORM levels. Radium-226 is the primary 

radionuclide of concern from the Marcellus. 

Elevated levels of NORM in production brine (measured in picocuries/liter or pCi/L) may result 

in the buildup of pipe scale containing elevated levels ofradium (measured in pCi/g). The 

amount and concentration of radium in the pipe scale would depend on many conditions, 

including pressures and temperatures of operation, amount of available radium in the formation, 

chemical properties, etc. Because the concentration of radium in the pipe scale cannot be 

measured without removing or disconnecting the pipe, a surrogate method is employed, 

conducting a radiation survey of the pipe exterior. A high concentration ofradium in the scale 

would result in an elevated radiation exposure level at the pipe's exterior surface (measured in 

mR/hr) and can be detected with a commonly used survey instrument. The Department of 

Health would require a radioactive materials license when the radiation exposure levels of 

accessible piping and equipment are greater than 50 microR/hr (µR/hr). Equipment that exhibits 

dose rates in excess of this level will be considered to contain processed and concentrated 

NORM for the purpose of waste determinations. 

Oil and gas NORM occurs in both liquid (production brine), solid (pipe scale, cuttings, tank and 

pit sludges), and gaseous states (produced gas). Although the highest concentrations of NORM 

are in production brine, it does not present a risk to workers because the external radiation levels 

are very low. However, the build-up of NORM in pipes and equipment (pipe scale and sludge) 

has the potential to expose workers handling ( cleaning or maintenance) the pipe to increased 

radiation levels. Also wastes from the treatment of production brines may contain concentrated 
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NORM and therefore may require controls to limit radiation exposure to workers handling this 

material as well as to ensure that this material is disposed of in accordance with 6 NYCRR § 

380.4. 

Radium is the most significant radionuclide contributing to oil and gas NORM. It is fairly 

soluble in saline water and has a long radioactive half life - about 1,600 years (Table 6.30). 

Radon gas, which under most circumstances is the main human health concern from NORM, is 

produced by the decay ofradium-226, which occurs in the uranium-238 decay chain. Uranium 

and thorium, which are naturally occurring parent materials for radium, are contained in mineral 

phases in the reservoir rock cuttings, but have very low solubility. The very low concentrations 

and poor water solubility are such that uranium and thorium pose little potential health threat. 

Table 6.30 - Radionuclide Half-Lives 

Radionuclide Half-life Mode of Decay 

Ra-226 1,600 years alpha 

Rn-222 3.824 days alpha 

Pb-210 22.30 years beta 

Po-210 138.40 days alpha 

Ra-228 5.75 years beta 

Th-228 1.92 years alpha 

Ra-224 3.66 days alpha 

In addition to exploration and production (E&P) worker protection from NORM exposure, the 

disposal ofNORM-contaminated E&P wastes is a major component of the oil and gas NORM 

issue. This has attracted considerable attention because of the large volumes of production brine 

(>109 billion bbl/yr; API estimate) and the high costs and regulatory burden of the main disposal 

options, which are underground injection in Class II UIC wells and offsite treatment. The 

Environmental Sciences Division of Argonne National Laboratory has addressed E&P NORM 

disposal options in detail and maintains a Drilling Waste Management Information System 

website that links to regulatory agencies in all oil and gas producing states, as well as providing 

detailed technical information. 
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In NYS the disposal of processed and concentrated NORM in the form of pipe scale or water 

treatment waste is subject to regulation under Part 380. Because disposal of Part 380 regulated 

waste is prohibited in Part 360 regulated solid waste landfills, this waste would require disposal 

in out-of-state facilities approved to accept NORM wastes. Disposal facilities that can accept 

this type of waste include select RCRA C facilities and low-level radioactive waste disposal 

sites. 

6 8 S . . I t 401 . oc1oeconom1c m pac s 

This section provides a discussion of the potential socioeconomic impacts on the Economy, 

Employment, and Income (Section 6.8.1); Population (Section 6.8.2); Housing (Section 6.8.3); 

Government Revenues and Expenditures (Section 6.8.4); and Environmental Justice (Section 

6.8.5). A more detailed discussion of the potential impacts, as well as the assumptions used to 

estimate the impacts, is provjded in the Economic Assessment Report, which is available as an 

addendum to this SGEIS. 

To estimate the socioeconomic impacts associated with the use of high-volume hydraulic 

fracturing techniques for extracting natural gas, several assumptions must be made about the 

amount of natural gas development that would occur, the expected rate of development, the 

length of time over which that development would occur, and the distribution of this 

development throughout the state. 

For the purposes of this SGEIS, the expected rate of development is measured by the number of 

wells constructed annually. Two different levels of development are analyzed- a low 

development scenario, and an average development scenario. These development scenarios were 

developed by the Department based on information the Department had requested from the 

Independent Oil & Gas Association of New York (IOGA-NY). IOGA-NY started with an 

estimated average rate of development based on the following assumptions: 

401 Section 6.8, in its entirety, was provided by Ecology and Environment Engineering, P.C., August 2011, and was adapted by 
the Department. 
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The Department proposes to require, via permit condition, the following additional requirements: 

• Gas vented through the flare stack would be ignited whenever possible. The stack would 
be equipped with a self-ignition device; and 

• A reduced emissions completion, with minimal flaring (if any), would be performed 
whenever a sales line is available during completion at any individual well or the multi­
well pad. 

7.7 Mitigating NORM Impacts 

7. 7.1 State and Federal Responses to Oil and Gas NORM5°2 

Discovery of elevated concentrations of NORM levels in other areas outside of New York in the 

1980s led to a series of state and private investigations of the issue. State responses to the 

potential of elevated oil and gas NORM range from no action (barring self-reported problems) to 

decisions for further study, to implementation of new formal regulations and guidance 

documents. NORM is not subject to direct federal regulation (except its transport) under either 

the AEA or LLR WPA, and exploration and production (E&P) wastes are specifically exempt 

from regulation under Subtitles D and C ofRCRA (LA Office of Conservation, 2009); however, 

NORM is regulated indirectly at the federal level through potential environmental impacts to 

drinking water (SDW A) and cleanup of abandoned hazardous waste sites (CERCLA and NCP). 

7.7.2 Regulation of NORM in New York State 

In New York State, the handling of radioactive material and waste is regulated. Requirements 

for radioactive materials licensing, excluding medical and educational uses in New York City 

and entities under exclusive federal jurisdiction, are in the State Sanitary Code, Chapter 1, Part 

16 (10 NYCRR 16) and Industrial Code Rule 3 8 (12 NYCRR 3 8). The NYSDOH is the 

licensing agency, and it enforces both Part 16 and Code Rule 38. Requirements for 

environmental discharges, waste shipment and disposal, or environmental cleanup are regulated 

by the Department under its 6 NYCRR Part 3 80 series of regulations. Additionally, the 

Department's solid waste disposal regulations, Part 360, precludes disposal of wastes regulated 

under Part 380 in a Part 360 solid waste landfill. 

I ~Alpha, 2009, p. 2-44 et seq. 

Final SGEIS 2015, Page 7-116 



Disposal of flowback waster or brine through a POTW is addressed in section 7 .1.8.1 . 

The overall licensing requirement for radioactive material, § 16.100 of the State Sanitary code 

states, in part, that "no person shall transfer, receive, possess or use any radioactive material 

except pursuant to a specific or general license issued under this Part." Exemptions to the 

overall requirement are listed in Part 16, Appendix 16-A. In summary, any person is exempt 

from the requirements to the extent that such person transfers, receives, possesses or uses 

products or materials containing radioactive material in concentrations and quantities not in 

excess of those listed in the accompanying tables. Where multiple radionuclides are present, the 

sum of the ratios shall not exceed unity (one). 

The discharge of licensed radioactive material and processed and concentrated NORM (such as 

waste filters, sludges, or backwash from the treatment of flowback water or production brine) 

into the environment is regulated by the Department. NORM contained in flowback water or 

production brine may be subject to applicable SPDES permit conditions. 

Analytical results from initial sampling of production brine from vertical gas production wells in 

the Marcellus formation have been reviewed and suggest that the potential for NORM scale 

buildup in pipes and equipment may require licensing of a facility. The results also indicate that 

production brine may be subject to discharge limitations to ensure compliance with Part 380. 

Existing data from drilling in the Marcellus Formation in other States, and from within New 

York for wells that were not hydraulically fractured, shows significant variability in NORM 

content. This variability appears to occur both between wells in different portions of the 

formation and at a given well over time. This makes it important that samples from wells in 

different locations within New York State are used to assess the extent of this variability. During 

the initial Marcellus development efforts, sampling and analysis would be undertaken in order to 

assess this variability. These data would be used to determine whether additional mitigation is 

necessary to adequately protect workers, the general public, and environment of the State of New 

York. 

In order to determine which gas production facilities may be subject to the licensing and 

environmental discharge requirements, radiological surveys and measurements are necessary 
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including radiation exposure rate measurements of areas of potential NORM contamination, 

accessible piping, tanks or other equipment that could contain NORM pipe scale buildup. 

Facilities that possess NORM wastes or piping, tanks or other equipment with elevated radiation 

levels may need a radioactive materials license. Further, any discharge of effluents into the 

environment would need to be tested for NORM concentrations in order to ensure compliance 

with regulatory requirements. 

The Department proposes to require, via permit condition and/or regulation, that radiation 

surveys be conducted at specified time intervals for Marcellus wells developed by high-volume 

hydraulic fracturing completion methods on all accessible well piping, tanks, or other equipment 

that could contain NORM scale buildup. The surveys would be required to be conducted for as 

long as the facility remains in active use. Once taken out of use no increases in dose rate are to 

be expected. Therefore, surveys may stop until either the site again becomes active or equipment 

is planned to be removed from the site. If equipment is to be removed, radiation surveys would 

be performed to ensure appropriate disposal of the pipes and equipment. All surveys would be 

conducted in accordance with NYSDOH protocols. The NYSDOH's Radiation Survey 

Guidelines and a sample Radioactive Materials Handling License are presented in Appendix 27. 

The Department finds that existing regulations, in conjunction with the proposed requirements 

for radiation surveys, would reduce any potential significant impacts from NORM. 

S . . M"ti t· M 503 7.8 oc10econom1c 1 ga 10n easures 

High-volume hydraulic fracturing operations would have many positive socioeconomic results in 

the local areas where development is expected to occur. These operations would likely result in 

a substantial increase in economic activity in the affected areas, as well as a substantial increase 

in tax revenues to the state and localities. However, as described in previous sections, this 

increased economic activity would also have the potential to result in adverse impacts in regions 

with high drilling activity, particularly acute in the short term, including localized impacts on the 

housing market caused by the in-migration of construction and production workforces and an 

503 Section 7.8, in its entirety, was provided by Ecology end Environment Engineering, P.C., August 2011 and was adapted by 
the Department. 

Final SGEIS 2015, Page 7-118 





by NYSDOH-licensed operators, or the impacted equipment and pipes could be sent out-of-state 

for cleaning or disposal at facilities regulated for those purposes. 

The Department also recognizes that the literature on the subject of expected dose rates is not in 

full agreement. Although NYSDOH does not expect that all wells will exhibit significant 

TENO RM scale buildup, if data were to show that the majority of wells exhibited evidence of 

such buildup, NYSDOH would consider the appropriateness of a blanket licensing system. The 

SGEIS provides a description of the proposed licensing criteria, and also contains an explanation 

with respect to NYSDOH's requirements and implementation process. 

As described in the Response to Comment on Health Risks, natural gas can also contain radon, a 

potential indoor air contaminant. A screening analysis presented in the NYSDOH Public Health 

Review suggests that radon exposure levels from Marcellus Shale natural gas could contribute a 

small fraction to the overall indoor radon levels. There is substantial uncertainty regarding radon 

levels in shale gas from various geographic locations and formations because of limited 

monitoring data, especially from the Appalachian Basin, which includes the Marcellus Shale. 

However, the NYSDOH Public Health Review used EPA data that bounded the highest levels 

seen in the Marcellus Shale to date, and based on that data, the Department does not expect that 

there would be any significant radon impacts to end users. 

With respect to radon in cuttings and attendant potential risks to workers, or others, from 

landfills accepting cuttings, the Department does not believe that radon emanation from a landfill 

would pose a significant risk for the following reasons: (1) the relatively low concentrations of 

radium in cuttings; (2) concentration limits already incorporated into Part 360 permits for New 

York landfills accepting Marcellus Shale cuttings; (3) the robust design of solid waste landfills in 

New York; and ( 4) the rapid dispersal of any Rn gas reaching the surface of a landfill. In 

addition, studies completed by the U.S. Department of Energy's (DOE) Argonne National 

Laboratory support this assessment. Limiting a landfill waste mass to an average concentration 

of 50 picocuries/gram would keep worker exposure below the regulatory limit of 100 mrem/year. 

As a conservative measure, New York landfill permits are more stringent by halving this average 

concentration limit to 25 picocuries/gram. In addition, New York's solid waste landfills are 

required to be more robust in design than those modeled by DOE. These landfills must install a 
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radiation portal monitor at their weigh stations, maintain a Department approved training 

program, have an equipment calibration procedure, establish a relationship between radiation 

monitor readings and radium concentrations in loads of cuttings, set their monitor alarm level 

well below the allowed concentration, and notify the Department whenever the alarm is set off to 

ensure adequate evaluation of the cause of that alarm. 

Similarly, impacts to POTW operators and their workers from the potential buildup of NORM in 

sludge produced at these plants would be reduced by the influent concentration limit proposed 

the SGEIS for facility SPDES permits of 15 picocuries/liter ofradium, which is one quarter of 

the 6 NYCRR Part 380 discharge criteria for radium. The criteria in Part 380 were developed 

based on several factors, including possible downstream impacts to drinking water sources. By 

severely limiting the potential for radium buildup in plant sludge, risks to workers due to the 

generation of radon would be significantly reduced. 

The Department acknowledges the commenters concerns for the proposed generation of 

preferential pathway for Rn infiltration into structures by the fracturing of the Marcellus 

formation and the failure of casings for wells located near structures. However, due to the short 

half-life of Rn (3.8 days) and relatively slow transmission rate of gasses through rock and soil, 

gas migration into a building through postulated preferential pathways would generate no 

measurable increase in Rn levels above background levels. Radon infiltrates basements from 

rock and soils in the vicinity of a structure. Even if such pathways for Rn transmission were 

present, risks of infiltration from the much higher concentration of natural gas would pose a 

much more significant and immediate risk than the relatively low concentrations ofradon. 

The Department has also considered and evaluated potential risks posed by the NORM content 

of Marcellus Shale brine and recognizes the need to require adequate management and control 

measures, including discharge and disposal criteria to protect public health and the environment. 

Production brine and much of the flowback could contain NORM in excess of drinking water 

standards and therefore would need to be properly regulated to protect water supplies. To reduce 

these impacts the Department considered requiring tanks for on-site storage for all flowback and 

brine. There would also be time limits for on-site storage, which would limit the accumulation 

of waste at a given site. The Department further considered imposing testing requirements prior 
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EXHIBITD 



Chemung Co. Landfill Expansion - Responsiveness Summary 
July 29, 2016 
Page 31 of77 

From a regulatory perspective, there are no Part 360 requirements that benches need to be used 
to help ensure stability, facilitate construction, control erosion, or other related issues. 

These issues are regulated by requiring that the engineer consider the slope's effect on the 
subgrade and overlying double-liner system as well as the landfills final cover system to ensure 
that they are stable. This has been done in this case. 

The aforementioned engineering calculations demonstrate overall stability of the subgrade, liner, 
and final cover system. They appropriately used the actual slopes and topography depicted on 
drawing sheets 6 and 8 and demonstrate that there is no need for benches in these slopes to 
ensure stability. The designs exceed the applicable required minimum factors of safety using the 
standard practice for evaluating slope stability. 

Radiation Section I - Comments from the Residents for the Protection of Lowman and 
Chemung (Rl-R13) 

Please note: most of the questions related to radiation can be answered by review of the udraft 
generic EIS and final supplemental generic EIS on the Oil, Gas and Solution Mining Regulatory 
Program for Horizontal Fracturing to Develop the Marcellus Shale and Other Low-Permeability 
Gas Reservoirs" (.http:llwww.dec.ny.gov/enerqyll5370.html#2015}. 

Comment #R1: 1. Introduction: It is unlikely the applicant can obtain a variance because, as 
discussed below, it will be unable to show that Increased volumes of radioactive leachate the 
landfill generates can be managed without significant adverse Impacts on the groundwater 
beneath onsite leachate storage ones to the Chemung River. The river is hydrologically connect 
to the principal aquifer beneath the expansion area. In addition, the river receives all of the 
landfill's leachate without removing any of its radioactivity. 

Response #R1. This and other introductory statements are addressed in the responses to 
radiation related comments, aquifer related comments, and hydrogeological comments. 

Comment #R2: Several of the concerns outlined above regarding the risky hydrogeological 
setting of the expansion site and the deficiencies in design from the standpoint of safety are 
relevant to assessing the nature of the risk of accepting low-level radioactive waste from 
Pennsylvania oil and gas shale drilling-related sources. These risks have not been adequately 
considered. 

Response #R2: Low-level radioactive waste is not accepted at the landfill. The commenter 
incorrectly characterizes drill cuttings as low-level radioactrve waste. Drill cuttings are rock and 
soil residue from the boring of a well. These materials can contain small amounts of naturally­
occurring radioactive material (NORM). Waste containing NORM, however, is not considered 
regulated radioactive waste and may be clisposed of in municipal solid waste landfills such as the 
Chemung County Landfill. In the Matter of Chemung County. 201 1 WL 6934245, at ,. 3 (Aug. 4, 
2011). Other wastes from gas drilling operations (such as equipment and piping which contains 
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pipe scale; residues from the treatment or processing offlowback water, production brine, or other 
drilling or production wastes; and bulk liquids of any kind) are not accepted at the Chemung 
County Landfill or any other landfill in the State. 

Comment #R3: However, a basis for considering such risks is available now that was not 
available at the time of the applicant's 2010 application for a permit modification. As Dr. Resnikoff 
notes, in the time that has elapsed since the 2010 review, radium concentrations in the landfill's 
leachate have exceeded 14 pCi per liter, substantially higher than background for the region-and 
substantially higher than the concentration of radioactivity in rock cuttings reported by the 
applicant; 

Response #R3: First, the commenter has improperly compared radium concentrations in 
shale/rock cuttings to those in leachate. They are two distinctly different matrices. Second, 
Department staff performed confirmatory analyses of NORM in drill cuttings and determined that 
these values were similar to those reported by the applicant. Lastly, it appears that Dr. Resnikoff, 
to obtain his 14.18 pCi per liter value, improperly added the concentrations of radium 226 and 
228. In this case, concentrations of these isotopes are not additive. They should be reviewed as 
stand-alone numbers. 

Comment #R4: The leachate is stored onsite in surface impoundments, or open air ponds; and 
the leachate is periodically pumped from the ponds and transported to the Elmira publicly-owned 
treatment works (POTW), which is unable to remove any radioactivity from the leachate before 
treating it and discharging it directly to the Chemung River. Because the landfill's leachate has 
become contaminated with elevated radioactivity, it cannot be accurate, as the County states in 
the FEIS, that "the portal radiation monitoring system is sufficiently sensitive to detect waste loads 
containing [radiologically] elevated concentration waste materials and prevent their disposal in 
the landfill." 

As reflected in public comments on the expansion proposal, the prospect of long-term, 
bioaccumulative pollution of both groundwater and the river is a substantial public concern. 
Accordingly, the Department should consider the basis for these concerns on their merits. 

In 2014 alone, the landfill sent over 4 million gallons of radiologically contaminated leachate to 
the Elmira POTW. Because of its bioaccumulative properties, and its tendency to bind to 
sediments in water bodies, continued discharge of such volumes of leachate can be anticipated 
to degrade the quality of the river and its biota, including fish caught for consumption. 

Response #R4: Using Part 380 sewer and surface water discharge standards for radium as a 
reference point, Department staff have determined that leachate from the Chemung County 
Landfill, which is all sent to the Elmira Wastewater Treatment Facilities, does not present a 
significant threat to human health or the environment. According to values in the tables in 6 
NYCRR Subpart 380-11. 7, concentrations of radium that may be discharged without having to 
perform additional calculations or modeling to show compliance with public exposure standards 
are: 60 pCi/L for surface waters and 600 pCVL for sewers. Part 380 table values were developed 
with consideration for potential of accumulation of radioactivity concentrations in biota. Please 
note, as stated above, these standards are only used a reference point. They do not apply to 
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leachate from the Chemung County Landfill. That said, this leachate is tested semi-annually for 
radioactive constituents by a third-party El-AP-certified laboratory. These tests indicate that the 
concentration of radium 226 in leachate from the Chemung County Landfill ranges from 0. 7 to 9.4 
pCi/L. These concentrations are significantly lower than both Part 380 values described above. 

The Department has reviewed leachate data to date and has not observed any upward trend in 
leachate as alleged by the commenter. Fluctuations in activity-concentrations have been 
observed and are to be expected. The Department will continue to monitor all analytical results. 

Because the leachate values do not indicate increasing trends, and are one to two orders of 
magnitude lower than Part 380 discharge standards, it is considered protective of water quality to 
send the leachate to the WWTF'. 

Comment #R5: In addition, the low level of Radium in the landfill's leachate, in conjunction with 
the large volume of leachate sent to the Elmira publicly owned treatment works (POTW), presents 
a risk of harmful exposure to workers in the confined spaces inside the POTW. 

Response #R5: Please see the response to #R4. 

Comment #RS: In addition, the landfill's current permit provides that "industrial wastes" may not 
disposed in the landfill "which are incompatible with municipal waste, as determined by the 
Department." This provision authorizes the Department to direct the applicant to stop accepting 
such wastes upon a finding that they are incompatible with the proper treatment of the landfill's 
leachate. Because radioactive components found in the leachate are not treated before being 
discharged to the Chemung River like other components of the leachate, the Department may 
determine that disposal of deep shale drilling waste is incompatible with municipal waste because 
it renders the leachate generated by such waste unmanageable. That is, the radioactivity found 
in deep shale drilling waste is contaminating the leachate of the entire landfill, making its 
management through a POTW untenable. 

Response #R6: Please see the response to #R2 and #R4 above. 

Comment #R7: In addition, the storage of radioactive landfill leachate onsite for long periods of 
time threatens the principle aquifer beneath portions of the expansion area and in close proximity 
to the aquifer in other portions of the expansion area. The Department has designated principle 
aquifers as sensitive environments. 6 NYCRR § 360-1.2(a)(150). As noted above, the 
concentration of radium in leachate stored on the ground on site has exceeded the groundwater 
standard for releases to groundwater of radium. See 6 NYCRR § 703.5 (Ra-226, 3 pCi/L; total 
radium, 5 pCi/L). 

Response #R7: The Chemung County Landfill, including its leachate storage locations, is not 
over a primary aquifer. For further discussion of this topic, please refer to the aquifer response 
section. 
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The regulation (6 NYCRR § 703.5) the commenter cites is not applicable as it is not a discharge 
standard. As stated above, leachate from the landfill is sent to the Elmira wastewater treatment 
facility (WWTF) . It is not discharged directly to surface water or groundwater. Also, the levels of 
radium in leachate from the landfill are well below both the sewer and surface water discharge 
values for radium presented in 6 NYCRR Subpart 380-11. 5, which again are only used here as a 
reference point. 

Prior to being sent to the WWTF, leachate is stored in a double lined leachate impoundment which 
was specifically designed in conformance with Part 360 regulations to prevent leachate from 
entering the groundwater or surface water. The secondary liner of the impoundment acts as a 
leak detection system so that any potential leaks in the primary liner can be identified. 
Furthermore, there are groundwater monitoring wells down gradient of the impoundment. 

Please refer to the responses to Resnickoff s comments below for more details. 

Comment #RS: (intentionally left blank due to renumbering) 

Comment #R9~ Since the significance of such threats was not considered in the FEIS, (see 
below), the Department should obtain the information necessary to address this concern. To do 
so, the Department may direct the applicant to prepare a supplemental EIS on the subject. See 6 
NYCRR 624.4{c)(6)(ii){b). 

Response #R9: Chemung County prepared the SEQR record. The County's SEQR review is 
not within the purview of this Department action. 

Comment #R10: Even without an SEIS, the applicant should be required to submit an 
antidegradation analysis showing how water quality in the Chemung River will not be degraded 
by the discharge of millions of gallons of radium-contaminated leachate into the river. According 
to the Department's Antidegradation Policy, O&D Memo 85-40 (September 9, 1985), at 2: 

Water quality based effluent limitations derived for SPDES permits provide for the protection and 
maintenance of attained higher uses above those included in standards currently assigned to 
waters receiving the effluent discharge. Variations in numerical water quality criteria that are not 
significant and do not interfere with the attained higher use are permitted. 

Discharges of large volumes of wastewater contaminated with low levels of Radium "interfere with 
the attained higher use" of the reach of Chemung River immediately downstream from the Elmira 
POTW, which is fish propagation. The most recent biological assessment (macroinvertebrate) of 
the reach of the river downstream from the Elmira POTW was conducted in 2002. Without 
additional information, therefore, the Department has no basis for assessing the consequences 
of additional periodic discharges of low levels of radioactivity to the river. 

Chemung County, acting as SEQRA lead agency, omitted from its SEQRA review consideration 
of the significance of impacts of low levels of radioactivity in the large volume of drilling wastes 
disposed in the landfill, despite acknowledging that these wastes are characterized by 
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radioactivity levels several times higher than background concentrations, and radioactivity 
detected in landfill's leachate has exceeded the level of radioactivity detected in drilling wastes 
disposed in the landfill. 

Response #R10: An anti-degradation analysis is not required. Department staff, after using Part 
380 discharge standards as a reference point, detennined that discharge limits, monitoring, and 
modelling (such as an anti-degradation analysis) were not necessary. 

Again, the Department was not the lead agency for the SEQR review and, as a result, SEQR 
comments are not applicable to this permitting action. 

Comment#R11: In addition to waste accepted for immediate disposal, the landfill utilizes several 
waste streams as landfill cover material, under a beneficial use determination (BUD), from 
Pennsylvania. These materials should be presumed to be generated from drilling sites or their 
ancillary facilities, including contaminated soil, de-watered sludge, filter cake, and solidification pit 
remnants. In 2014, these four waste streams amounted to over 11,000 tons of materials 
stockpiled and ultimately disposed in the landfill. The Department should ask the applicant to 
identify all BUD materials associated with the oil and gas drilling industry. See 6 NYCRR § 360-
1.15(d)(1)(iv)(a)(1 ). "Periodic testing" of such waste is required, (6 NYCRR §360-
1.15(d)(1 )(iv)(a)(2)), as is acceptable "procedures for run-on and run-off control of the storage 
areas for the solid waste". 6 NYCRR § 360-1.15(d)(1)(iv)(a)(S). If analysis of any BUD materials 
show there is more than a "little potential" for adverse impacts not found at the time of the initial 
BUD determination, the Department should revoke the determination for that waste stream. 6 
NYCRR §§ 360-1.15(d)(3), (4). Since, as contended below, it is the mass of landfilled drilling 
wastes rather than their radioactive concentration that likely accounts for the elevated radioactivity 
level in the landfill's leachate, increasing the volume of such wastes represents a change in permit 
conditions than can be expected to result in specific significant adverse environmental impacts, 
discussed below. Since the elevated concentration of radioactivity in the landfill's leachate is new 
information, not available during the Department's 2010 review of the consequences of accepting 
deep shale drilling waste streams, the significance of the threats posed by managing the leachate 
and its potential effects to sensitive environments, (6 NYCRR § 360-1 .2(a)(150)), has not 
previously been addressed. 

Response #R11: The Department has not approved materials related to the oil and gas industry 
to be used at the Chemung County Landfill as BUD. Nevertheless, all waste loads, including BUD 
materials, pass through the radiation detectors to ensure no materials above acceptable limits are 
placed in the landfill. 

Comment #R12: Despite rejecting the public's urging that it take a hard look at the consequences 
of continued acceptance of radioactive drilling-related waste streams, as Dr. Resnikoff notes in 
his memorandum, without any evidence the County in its FEIS asserts that Ra-226 is not soluble 
in water and thus should not be expected to be found in elevated concentrations in wet shale 
drilling-related wastes. The contrary is true: based on relevant research, the potentially substantial 
liquid component in the wastes has concentrations of radioactivity thousands of time higher than 
background, much higher than Marcellus Shale rock cuttings, desiccated and analyzed in a 
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laboratory. The landfill's current Part 360 permit allows wastes with as much as 80% liquid 
component to be deemed "solid waste" and thus disposed in the landfill. 

Response #R12: The commenter appears to have confused drill cuttings with other waste 
streams which have the potential to contain significantly elevated NORM concentrations such as 
brine from high-volume fracturing. Although the landfill is allowed to accept wastes which can be 
as much as 80% liquid, this component will not consist of brine or similar wastes. Drill cuttings 
and municipal solid waste do not contain liquids with high concentrations of radioactivity. Any 
loads, whether they contain liquids or not, that trigger the radiation detectors must be investigated 
to detennine their characteristics and whether they are acceptable for disposal. 

Comment #R13: New York is alone among jurisdictions in failing to recognize deep shale drilling 
waste as "technologically enhanced naturally occurring radioactive materials" (TENORM), 
recognizing its potential health and environment impacts, and regulating it accordingly. Instead, 
under the Department's Parts 380 and 382 regulations, NORM is not regulated unless it is 
"processed and concentrated," regardless of its potential for harm. 

The matter of the Chemung County Landfill expansion proposal is not the forum for urging the 
Department to change its regulations. However, the Department's Part 360 regulations require 
the landfill proposal to demonstrate that even "a small contaminant release" of radioactive 
materials, and specifically Radium-226, because it is a bioaccumulative chemical of concern, 
would not be threatened "due to proximity to ... primary water supply aquifers" or to the Chemung 
River and the Chesapeake watershed. 6 NYCRR § 360-1.2{a)(150). 

Even though the concentrations of Radium in the landfill's leachate are below applicable 
discharge limits, because the landfill discharges a large volume of leachate, a substantial mass 
of radionuclides is being released to the Chemung River and stored and managed in close 
proximity to a principle aquifer. Even "a small contaminant release" of radioactive materials to 
sensitive environments should be considered "a significant adverse impact on public health, 
safety, or welfare, the environment or natural resources." 6 NYCRR § 360-1.4(a)(1 )(iv). However, 
given the volume of leachate generated by the landfill, and the larger volume expected under the 
expansion proposal, it is unreasonable to conclude that the risk of significant adverse impacts 
posed by the expansion would be insignificant. As USEPA has said, regarding the discharge of 
BCCs into the sensitive environment of the Great Lakes Basin, because BCCs "accumulate in 
organisms living in the water and become more concentrated as they move up the food chain­
from biota to fish and wildlife to humans," and "[b]ecause the effects of these chemicals are not 
mitigated by dilution, ... it is the mass of BCCs that poses a problem, not just the concentration." 

Response #R13: 6 NYCRR § 360-1.2(a)(150) states, "(150) Sensitive environment means a site 
where a solid waste management facility poses a specific threat to the environment or to the 
public health because a small contaminant release could have a significant impact. This may be 
due to proximity to other sensitive environments which include, but are not limited to: principal or 
primary water supply aquifers and public water supply wellhead areas; areas requiring special 
protection (such as regulated wetlands or the critical habitat of an endangered species); areas 
containing highly permeable soils or bedrock formations (such as karst carbonate formations or 
bedrock formations that are serving as major public water supply aquifers and which can readily 
be contaminated from the surface); or other special circumstances." 
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The landfill is not sited over a primary aquifer. For addition information, please refer to the aquifer 
response section. It is also not in proximity to other sensitive environments such as wetlands, 
endangered species habitats, or highly permeable soils or bedrock that are serving major public 
water supplies. The applicant has demonstrated that the potential for release of radioactive 
materials, specffical/y Radium-226, are not threatening any asensitive environments" such as the 
Chemung River or other environments. Although the Part 380 discharge standards do not apply, 
Deparlment staff used them as a reference and determined that because the radioactivity levels 
are well below these discharge standards which were developed with consideration for potential 
accumulation of radioactivity concentrations in biota there is no significant potential for impact to 
the environment. 

Marvin Resnikoff, PHD- Radiological Comments (RMRl-RMRlO) 

Comment #RMR1: Marvin Resnikoff, PHD - Radiological Comments 

We previously commented on the issue of radioactivity in leachate in May 2010. Our concern was 
that radium-226 in the landfill would lead to an increased radium concentration in the leachate. 
This Is exactly what has transpired. We note that the measured concentrations from the year 201 O 
to the year 2013 of radium 226+ 228 in cell IV have steadily increased from 1.44 pCi per liter to 
14.18 pCi per liter. Now the County wants to increase the acceptance rate over two times what 
it previously was, I expect the leachate concentrations to increase accordingly. This means that 
the lagoon concentrations will also increase and the leachate that passes to the Elmira P01W 
and the Chemung River will also increase. 

Response #RMR1: Please refer to responses #R2, #R3, and #R4 above. 

Comment #RMR2: Wastewater, in the form of brine and flowback water, is highly radioactive, 
with concentrations that range up to 26,600 pCi/L. Rock cuttings delivered for disposal at the 
landfill are accompanied by some volume of these liquid components of the waste stream. 
Residents have obseived truck loads arriving at the landfill gate dripping. 

Response #RMR2: The commenter has made an erroneous assumption that drill cuttings 
contain significant amounts of brine and flowback. Brine and f/owback are unacceptable for 
disposal in an MSW landfill, including the Chemung County Landfill, because they can contain 
significant levels of radium. Drill cuttings contain almost no brine. What they contain is residual 
drilling fluid and only what brine may have been present in the rock in the path of the drill bit. 
Horizontal fracturing involves "tight formations" in which gas, or brine, move very slowly. 
Therefore, when drilling, very minimal amounts of brine may be present in the cuttings and drilling 
muds. 

Only after a well is drilled and drilling muds are removed is a well hydraulically "fractured". The 
fracturing fluid comes back as flowback and, eventually, the recovered fluids are mostly brine. 

--------------------------
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The f/owback and brine are collected for appropriate treatment, reuse, or disposal. They are not 
disposed of at the landfill. 

Permitted waste haulers are required to prevent dripping and leakage and are subject to the 
requirements of 6 NYCRR Part 364. We acknowledge that during periods of rain events, there 
may be instances of incidental dripping but this would not contain any flowback or significant 
amount of brine as noted above. 

Comment #RMR3: In addition, the annual reports submitted to NYSDEC by the landfill indicate 
"industrial process sludges" from Pennsylvania are disposed in the landfill which could be 
radioactive oil and gas drilling-related waste. As rock cuttings and other oil and gas drilling-related 
wastes accumulate in the Chemung landfill, we expect the leachate concentrations will continue 
to increase, above 14.18 pCi/L Ra-226. 

Response #RMR3: All vehicles delivering waste to the landfill for disposal must pass through 
the radiation detectors before they proceed to the working face to tip the waste. Any waste load 
that causes the detectors to alarm must be investigated and a determination must be made as to 
the proper handling of the waste. Regarding the potential for leachate to increase in Ra-226 levels, 
see responses to #R3 and #R4 above. 

Comment #RMR4: In the FEIS, DEC found that "Ra-226 is relatively insoluble and has a high 
affinity to be adsorbed to organic matter. As such, it is unlikely that it would be discharged in the 
effluent from the wastewater treatment plant." Id., 16. This has not been by found by the PA DEP 
contractor PESI. PESl found radium-226 concentrations from 40.5 to 26,600 pCi/L in unfiltered 
samples, and almost the same in filtered samples; 87 .0 to 24, 100 pCi/L. Clearly filtering was not 
removing the radium, which was in solution, not in particle form. Conventional water treatment 
plants which remove solids are not be able to effectively remove radium from wastewater unless 
radium is converted to a solid." 

We remain concerned about the potential for bioaccumulation of Radium-226. Radium chemically 
behaves like calcium and concentrates in bone. The FEIS states," ... the potential for 
bioaccumulation are highly speculative, given the low levels of radioactivity present... ". In 
contrast, if radium is present in water, it can be taken up by fish. Ground up fish (gefilte fish) 
contains fish bone that can be taken up by humans. In addition, the downstream portion of the 
Chemung River, below the Elmira water treatment plant that accepts the landfill's leachate, is an 
important fishing resource. 

Response #RMR4: As stated previously, the levels of radioactivity from drill cuttings are close 
to or slightly higher than background. The leachate levels are 1 to 2 orders of magnitude lower 
than Part 380 discharge standards which were developed to be protective of biota including fish 
to be taken for consumption. For additional information, please refer to response #R10 above. 
The levels mentioned above are likely from brine sources which are not accepted at the Chemung 
County landfill. 

_, _______________________ _ 
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Comment #RMR5: Further, if humans intake radium, the radium that is not taken in by human 
bone, will appear as fecal matter in a POTW, and be released to the Chemung River. 

Response #RMR5: This comment is not related to the Chemung County Landfill expansion. 

Comment #RMR6: "If alpha radiation is present, beta-gamma radiation always would be present 
and easily detected [by gate portal monitors]." Id., 26. We disagree. Portal monitors are not 
sufficiently sensitive to detect radium-226 as low as 5 pCi/L. We ran the standard health physics 
program, Microshield, to calculate whether portal monitors could detect 5 pCi/L Ra-226, and 
concluded it could not. The FEIS states otherwise: " ... the portal radiation monitoring system is 
sufficiently sensitive to detect waste loads containing such elevated concentration waste materials 
and prevent their disposal in the landfill." On the other hand, higher concentrations could be 
detected and have set off alarms at PA landfills. According to the DEP study, "in 2008, TENORM 
triggered 423 alarms; by 2011, this number had risen to 798 alerts." In one such instance, the 
MAX Environmental Technologies landfill in South Huntingdon, PA reported direct gamma 
readings of 96 µR/hr; almost 10 times background levels and 10 times the acceptable level at that 
particular landfill. In light of the elevated radioactivity in leachate, why there have been no such 
detections at Chemung County Landfill despite the large volume of rock cuttings disposed (one 
third to one-half the total waste disposed) raises a concern about the effectiveness of the 
monitoring system or the alarm setting. 

Response #RMR6: The commenter is referencing a drinking water standard (5 pCi/L) which is 
not relevant to drill cuttings or NORM coming into a landfill. 

Pennsylvania accepts a wider variety of waste types, including processed and concentrated 
NORM (commonly known as TENORM) wastes, which New York landfills are not pennitted to 
accept. This is likely why more alanns are triggered in Pennsylvania. 

While Naturally Occurring Radioactive Materials (NORM), such as Radium-226, Uranium, and 
Thorium isotopes, decay via the emission of an alpha particle, Radium-226 also emits a gamma 
ray at an energy of approximately 186.2 keV. Additionally, in shale drill cuttings, soils and other 
media, the short-lived decay products of NORM isotopes are also present at equal activities. Many 
of these decay products emit gamma radiation at a variety of energies that are easily detected by 
portal detectors. 

Comment #RMR7: At the time of the 2010 modification application we raised questions about 
the use of Co-Physics laboratory. This laboratory was not qualified to examine alpha emitters. I 
note that the State of New York in investigating rock cuttings to the Allied landfill in Niagara County 
used TestAmerica lab in Earth City, MO. I feel strongly that samples from the rock cuttings should 
be sent to the TestAmerica lab in Earth City, MO laboratory for analysis, not only for radium 226 
but uranium-238 as well. Co-physics is not qualified to sample alpha emitters. 

Response #RMR7: Alpha emitters are not required to be examined in drill cuttings. Also, 
laboratories utilized for sample analysis in the State of New York must be ELAP certified. The Co­
Physics laboratory is ELAP-certified. 
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Comment #RMR8: To quote from a paragraph in our filing in 201 O: "Several problems exist 
concerning contaminated liquid in the landfill. First, municipal waste landfills are lined with a layer 
of clay and plastic and are not designed to contain low level radioactive wastes. The leachate 
could mobilize radionuclides and distribute them in other locations throughout the landfill or 
potentially transport the radium. According to DEP, in 2008, TENORM triggered 423 alarms; by 
2011, this number had risen to 798 alerts. In one such instance, the MAX Environmental 
Technologies landfill in South Huntingdon, PA reported direct gamma readings of 96 µR/hr; 
almost 10 times background levels and 10 times the acceptable level at that particular landfill. 
Radionuclides to groundwater sources outside the landfill in the event of a breach in the landfill 
lining could also occur. Second, the fluid will mix with leachate collected in the Chemung County 
landfill. This leachate with residues of radionuclides will be sent to the Elmira wastewater 
treatment plant, which, like the landfill itself, is also not designed to deal with radioactive waste. 
Radium-226 has a 16OO-year half-life, so this is a long-term problem." 

Response #RMRB: 
Pennsylvania accepts a wider variety of waste types, including TENORM wastes, which are not 
acceptable at New York landfills. 

Drill cuttings and drilling related wastes accepted at the Chemung County Landfill contain 
Naturally Occurring Radioactive Materials (NORM). They do not contain low-level radioactive 
waste or naturally occurring materials that have been processed or concentrated (otherwise 
known as TENORM) . To date, no drill cuttings from well development have triggered the radiation 
detector at the landfill. There are protocols in place to investigate any and all materials that cause 
an alarm at the landfill. The long-term dose of radium has been modeled and determined to be 
below levels of concern by the Argonne National Laboratory. For leachate questions, please see 
Response #R4. 

Comment #RMR9: In the FEIS, the County contends, "Ra-226 is relatively insoluble and has a 
high affinity to be adsorbed to organic matter. As such, it is unlikely that it would be discharged in 
the effluent from the wastewater treatment plant." FEIS, p.16. This has not been the case in 
Pennsylvania. Flowback and brine submitted to POlWs show no distinction between filtered and 
unfiltered leachate. The landfill will accept rock cuttings mixed with flowback water. 

Response #RMR9: The Chemung landfill is not authorized to accept f/owback water or brine. 
Please refer to previous responses regarding the drill cuttings. 

Comment #RMR1 O: As noted above, because the radionuclide of concern Ra-226 is long lived, 
increased volumes of drilling-related waste streams will be a long-term problem. This is a problem 
that will exceed the lifetime of the gas companies and perhaps Chemung County itself. I feel 
strongly that the State should do a compressive study of the long-term implications of adding this 
much radium to the Chemung County Landfill. This type of study has not been done. 

Response #RMR10: Because the landfill does not accept drill cuttings above pre-determined 
activity threshold limits a long term study is not required. However, independent modeling 
performed by Argonne National Laboratory indicates that the dose at 50 pCilg (twice the landfill's 
acceptance limit of 25 pCilg) still meets allowable dose levels. 
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Section II - Public Comments 

Air Related Comments 

Please see attached Title V Responsiveness Summary for questions and responses. 

Radiation-Related Comments (RP1-RP34) 

Comment #RP1: While there is an exemption for Naturally Occurring Radioactive Material, 
wastes from gas drilling are not "naturally occurring". Radioactive leachate from the landfill also 
raises concerns. 

Response#RP1: Seeresponses#R2, #R3, #R5, #R10, #R13, #RMR1, and#RMR8. 

Comment#RP2: Appendix 13 of the DEC's Revised Draft SGEIS on Hydraulic Fracturing shows 
that gross alpha and beta in produced brine from vertical Marcellus wells drilled in New York have 
been as high as 123,000-123,480 pCi/l. Such levels of radioactivity mandate proper handling and 
tracking of these wastes. 

Response #RP2: Production brine and flowback from gas well development processes are not 
accepted at the Chemung landfill or any landfill in New York State. See also response #RMR2. 

Comment #RP3: Radioactive materials can cause irreversible damage to human and animal 
health, and can contaminate water, air, land, soil and food supplies. 

Response #RP3: This is true depending on the isotope(s), activity of said isotope(s), and the 
volume of material. However, in the case of the drill cuttings accepted by the Chemung Landfill, 
the level of radioactivity pose no significant risk to workers and members of the public. Allowable 
activity/concentrations of these naturally occurring radioactive materials (NORM) have been 
modeled by various entities, including the federal government, and calculated doses are well 
below acceptable values to members of the public. See responses #R1-R14 and #RMR1-10 for 
more detailed responses. 

Comment #RP4: DEC's classification of gas drilling waste as Naturally Occurring Radioactive 
Material (NORM), thereby exempting such wastes from the stringent requirements of New York's 
low level radioactive waste disposal laws and regulations, is improper. 
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Response #RP4: Low-level radioactive waste (LLRW) is a class of waste generated from the 
nuclear fuel cycle or other licensed uses of radioactive material. The radionuc/ides in shale are 
naturally occurring. As such, it is NORM and not LLRW. See also responses #R2. 

Comment #RPS: According to pulmonary physician Earl Robinson who works in Chemung 
County, the county has the highest death rate from lung cancer in NY State. 

Response #RP5: See the response to comment H1. 

Comment #RP6: Drill cuttings from hydraulic fracturing ("fracking") can contain radium which 
produces radon gas which is harmful to humans; what testing is done for radon? 

Response #RP6: The average concentration of radium in drill cuttings accepted into the landfill 
has been within normal background ranges. For a discussion on radon gas, see response to 
comment #Air 2d. 

Comment #RP7: Drill cuttings from tracking can contain heavy metals such as arsenic, barium, 
cadmium, lead and mercury which are toxic to humans; what testing is done for heavy metals? 

Response #RP7: Drifl cuttings have been characterized by prior analytical testing, including 
metals, and determined to meet the requirements for municipal solid waste (MSW) landfills. 

Comment #RPS: Trucks entering landfill are tested for gamma radiation, but alpha radiation is 
more dangerous; why are they only testing for gamma? 

Response #RPB: See response #RMR6 above. 

Comment #RPS: There are known cases of cancer among people living near the landfill; why 
isn't the NYS Health Department investigating? 

Response #RP9: See the response to comment H1. 

Comment #RP10: Radioactivity in the leachate is increasing; what is the DEC doing about this? 

Response #RP10: See response #R4. 

Comment #RP11: Leachate is processed but radioactivity is not removed; then it goes into the 
Chemung River and can be taken up by fish. 
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Response #RP11: See responses #R4, #R10, and #RMR4. 

Comment #RP12: The landfill is over a major aquifer and should not be accepting radioactive 
materials and heavy metals. 

Response #RP12: The landfill is not over a primary water supply aquifer or a principal aquifer. 
See response #R13 and the aquifer comment section. 

Comment #RP13: From personal experience we know that the drill cuttings from the Horizontal 
Shale Gas Fracking process have concentrated Radium 226 in the fluid present in the cuttings. 

Response #RP13: Cuttings accepted by the landfill contain only minimal amounts of liquid from 
the rock fonnation. See also responses #R12 and #RMR2. 

Comment #RP14: It is also common knowledge that Radium 226 is lethal to all human, animal 
and plant life. There is evidence that alpha emitting radioisotopes such as from Radium 226 is a 
serious health threat with cancers showing up 30 years after exposure. 

Response #RP14: Please see response #RMRB. 

Comment #RP15: I am a health professional who works on environmental health policy. The 
proposal to expand the landfill is, as I understand it, based on a DEC provision that classifies 
fracking waste and drill cuttings as NORM and so this means such waste materials can be 
disposed of in a county landfill. Given the volume of this waste, the proposal to double the size 
of the landfill, and the proven hazards to human health of exposure to these toxic materials, this 
classification under NORM ignores real public health and environmental health harms. The 
classification is out of date - based on the false concept that naturally occurring is a lesser hazard. 
That is no longer the case. A number of other NY counties have updated their approach and 
refused to accept fracking waste. This is wise. I urge the DEC to reconsider this proposal. I 
understand that Chemung County wants to go ahead, but this position is not based on considering 
the likely costs to human health, and the risks to county citizens and employees and truckers of 
possible exposure. To protect human health, this proposal should be denied. Please consult 
further with the NY Department of Health and at a minimum extend the comment period and 
conduct further study. 

Response #RP15: The Department has in fact worked closely with the Department of Health 
Radiation program on this issue. Modeling by Argonne National Laboratory of acceptable limits 
of radium in drill cuttings has indicated that the dose and risk from allowing cuttings into the landfill 
is well below allowable values. The landfill does not accept (racking waste such as production 
brine or f/owback from gas well development. 
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Comment #RP16: The Marcellus shale deposit is one of the most radioactive deposits in the 
United States, and the unnatural ("unconventional") process of extraction of this radioactive shale 
is certainly not appropriately exempted under the language used by the state in its decision that 
such waste is exempt from regulation under the low-level radioactive waste laws because it's 
"naturally-occurring radiation." Indeed, thanks to enhanced monitoring at the landfill, the level of 
radioactivity is increasing, and the leachate is even more radioactive than the shale itself, but as 
it's in liquid form it is again protected from oversight. 

Response #RP16: See responses #R2, #R3, #R4, and #RP4. 

Comment #RP17: Leachate is taken from the Lowman Landfill in Chemung County is taken to a 
water treatment plant, and that water from the dump goes into the Chemung River containing 
heavy metals, and isotopes. My wife has ovarian cancer. My sister had an acute form of 
Leukemia. The policy of bringing in wastes from drilling in PA and having hundreds of thousands 
of tons dumped in NY is a scandal. 

Response #RP17: Please see the responses R4 and H1. 

Comment #RP18: Classify gas drill cuttings waste as TENORM, rather than continuing to 
dishonestly and unlawfully put New Yorkers at terrible health risks by allowing it in our dumps as 
Naturally Occurring Radioactive Material 

Response #RP18: See also responses #R2, #RMR2, and #RMRB. 

Comment #RP19: NY does not need PA frack waste. Appendix 13 of the DEC's Revised Draft 
SGEIS on Hydraulic Fracturing shows that gross alpha and beta in produced brine from vertical 
Marcellus wells drilled in New York have been as high as 123,000 - 123,480 pCi/L. Such levels 
of radioactivity mandate proper handling and tracking of these wastes. 

Response #RP19: No brine or nowback water from gas well production are allowed in NY state 
landfills. See responses #R2 and #RMR2. 

Comment #RP20: If the shale-gas drilling waste is "safe," the operators should be able to find a 
home for it in Pennsylvania, where it is being produced. It is absurd to truck it across the border 
into New York State. 

Response #RP20: While much, if not most, of the cuttings generated in PA are also disposed of 
there, the decision to ship cuttings to the landfill in NY from PA may be based on close proximity 
to the Chemung landfi/f. The Chemung Landfill is permitted to receive drill cuttings. Please also 
see response #R2. 
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Comment #RP21: I've heard that the radiation detection equipment currently in use has picked 
up no radioactivity from the trucks entering our dump, implying that the trucks contain no 
radioactive materials. However, I've also heard that the equipment being used cannot detect 
alpha radiation, which is the most dangerous. We need to screen for all kinds of lethal or disease­
producing materials, not just what's easy to measure. 

Response #RP21: See response #RMR6. 

Comment #RP22a: I urge DEC to deny the permit for the Chemung landfill expansion. Allowing 
radioactive drilling wastes to be deposited in MSW landfills violates the prohibitions and 
requirements of NY's low-level radioactive waste laws and regulations. 

Response #RP22a: See response #R2. 

Comment #RP22b: I am grateful that consideration of health risks has led DEC to ban tracking 
in NY, but many of the same risks are presented when shale drilling wastes from PA are allowed 
to enter NY municipal landfills. 

DEC's treatment of radioactivity risks in the revised draft SGEIS has been criticized by Ivan White, 
scientist for the National Council on Radiation Protection, as displaying a "cavalier attitude 
towards human exposure to radioactive material." He stated that the SGEIS's "superficial 
characterization of radiation risks has prompted warnings from ... the EPA whose public comments 
on the SGEIS reflect deep concerns about DEC's understanding and appreciation of the actual 
risks posed by radiation." DEC's lack of understanding of these risks is on display in this 
proceeding. 

The Final EIS for the Chemung landfill expansion states that, the gamma detectors at the entrance 
to the landfill will "mitigate any potential significant adverse environmental impacts to the 
maximum extent practicable." However, the difficulties of measuring gamma radiation from 
radium in waste samples are well known. An Earthworks report in April 2015 states, "Gamma 
radiation is used to measure Ra-226 and Ra-228 in waste samples, but it can take 21 days in the 
laboratory for [gamma] to emerge ... As a result, if waste samples ... are not correctly analyzed, 
radiation concentrations in both waste and landfill leachate-and in turn the potential risks posed 
to health and the environment-may be underestimated." For this reason, the gamma detectors 
currently installed at the landfill are not adequate to detect alpha and beta radiation from the 
radium isotopes in the shale drilling wastes being brought into the Chemung landfill. 

Response #RP22b: See response #RMR6. 

Comment #RP22c: DEC's classification of gas drilling waste as Naturally Occurring Radioactive 
Material (NORM), thereby exempting such wastes from the stringent requirements of NY's low 

----~--~-----~--,-------- - - ----
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level radioactive waste disposal laws and regulations is improper. Drilling wastes are not naturally 
occurring, but are processed by hydrofracturing and drilling and are processed and concentrated 
as they are brought to the surface, separated into waste types and gathered into large volumes 
for deposit in landfills and wastewater treatment plants. 

DEC needs to stop categorizing gas drilling wastes as NORM and start subjecting them to the 
same regulatory requirements that apply to other processed and concentrated radioactive wastes. 
This means that the radioactivity of the wastes must be carefully monitored by adequate testing 
procedures. Radioactive gas drilling wastes cannot be disposed of in NY because we have no 
low-level radioactive waste landfills in NY. 

I urge DEC not to issue the permit for the Chemung Landfill expansion. Thank you! 

Response #RP22c: Please the responses #R2 and #RMR2. 

Comment #RP23: Remember, "Ingestion of radium, which is soluble in water, can cause 
lymphoma, bone cancer, and leukemia," .... "Radium does not simply go away; radium-226 (a 
derivative of uranium) remains in the environment for 1,600 years." 

If the public doesn't want Hydrofracturing in shale here due to the environmental concerns, why 
would we want the "concerns" part of that equation here? It makes no sense. 

Come on already! Enough! This is farmland right next to great lakes. How is this sane in any way? 
Are we trying to give New York cancer? Do we have a death wish? Is this what we want for our 
children? This simply boggles the mind! 

We must put a stop to putting hazardous and radioactive waste into our landfills--Not expand what 
we put into them! 

The DEC along with FERC are acting rogue agencies not listening to science and disregarding 
the health of residents. I'm sure they are in the pockets of the gas industry like the rest of these 
so- called monitoring agencies. This is pathetic. 

There is no good reason to take on highly toxic waste from other states which were foolish enough 
to allow fracking and there are hugely important reasons not to. We should not risk our ground 
water quality because other states were so foolish! 

We don't need the wastes from these environmental disasters stored in NY. 

The law is clear and the shale waste is not a naturally occurring piece of waste. Come to the 
defense of our state land. It is not even supporting NY based workers! It's PA for God's sake. 

Response #RP23: The shale/drill cuttings are in fact naturally occurring. Doses from levels 
allowed to be disposed of in the landfill are well below limits that would cause any concern or 
increased risk of cancer. As stated in response to other comments, the waste streams from 
development of the Marcellus that do contain significant levels of NORM such as flow back, brine, 
and any treatment wastes from those waste streams, are not accepted at the landf111. The landfill 
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does not accept radioactive wastes, toxic wastes, or hazardous wastes. See also responses #R2, 
#R3, #RMRB, #RMR10, and #H1. 

Comment #RP24: DEC's treatment of radioactivity risks in the revised draft SGEIS has been 
criticized by Ivan White, scientist for the National Council on Radiation Protection, as displaying 
a "cavalier attitude towards human exposure to radioactive material." He stated that the SGEIS's 
"superficial characterization of radiation risks has prompted warnings from. The EPA whose public 
comments on the SGEIS reflect deep concerns about DEC's understanding and appreciation of 
the actual risks posed by radiation." DEC's lack of understanding of these risks is on display in 
this proceeding." Why hasn't the DEC done the necessary research to understand these risks? 

Response #RP24: The scope of this responsiveness summary does not include responses to 
comments on the SGEIS. 

Comment #RP25: The Final EIS for the Chemung landfill expansion states that, the gamma 
detectors at the entrance to the landfill will "mitigate any potential significant adverse 
environmental impacts to the maximum extent practicable." However, the difficulties of measuring 
gamma radiation from radium in waste samples are well known. An Earthworks report in April 
2015 states, "Gamma radiation is used to measure Ra-226 and Ra-228 in waste samples, but it 
can take 21 days in the laboratory for [gamma] to emerge ... As a result, if waste samples ... are 
not correctly analyzed, radiation concentrations in both waste and landfill leachate-and in turn the 
potential risks posed to health and the environment-may be underestimated." For this reason, the 
gamma detectors currently installed at the landfill are not adequate to detect alpha and beta 
radiation from the radium isotopes in the shale drilling wastes being brought into the Chemung 
landfill. 

Response #RP25: The "21 days" referred to by Earthworks is for one of several techniques to 
accurately analyze laboratory samples for a specffic component of NORM. However, it is not 
relevant to the continuous presence of gamma radiation emitted by radium and its decay products 
in drill cuttings. See also response #RMR6. 

Comment #RP26: The mandated truck-side detectors are powered on and off at will by the landfill 
operators at their convenience and judgment. This of course allows them to wave through any 
truck that might request absolution from radiation monitoring. Although, as noted above, the 
radiation monitoring is inadequate, what monitoring exits should fulfill at least the following 
requirements? 

1. All monitors to be hardwired with DEC seals in series with the main power line of the facility, 
so that any interruption would bring all facility operations to a halt. 
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2. To prevent tampering or jury-rigging of a bypass of the specified serial circuitry, the seal and 
lockbox containing the radiation monitors should send by radio a constant signal to the local DEC 
regional office. 

3. At the DEC regional office a constant recording of signals from the radiation monitors of all 
facilities receiving cuttings and fluids from Marcellus shale operations. 

4. These would be kept in a manner that distinguishes them according to radiation monitor ID, 
location at facility, facility ID, and continuous date/time correlation. 

5. Such signals should be coded to detect: a) Radiation detected, by strength and radiation source 
(elemental characteristic) and type (alpha, gamma, beta, etc.); b) Any physical disturbance, 
motion or contact within the monitors and/or their sealed enclosure; c) EZ-Pass ID and License 
plate photo of each and every truck or other vehicle passing through the radiation detection area; 
d) To guard against trucks bypassing the radiation monitored gates altogether, each gate of the 
facility will be equipped with a constant-duty license plate camera and EZ-pass ID. These data 
would also be radioed to the regional DEC office, and a continuous record be kept; e) Signal 
interruption, power on and power off events and other physical events. 

6. The records specified above be kept at the regional office, with uninhibited public review during 
regular office hours. 

7. Bi-weekly publication of assessments of all extraordinary events of each facility's radiation and 
gate traffic monitors. After publication, interested public may request and receive, at DEC 
expense, copies of the two-week period's recordings of any or all facility's radiation and gate traffic 
monitors. 

8. Monthly purges of the previous month's recordings will be permitted after 15 days grace period 
for receipt and response to public requests for data, in order to retrieve data storage space. 

9. Each regional DEC office will forward copies of the recordings to DEC headquarters, where 
they will be available for review by subscription to a page on the DEC's website. 

Response #RP26: Detectors present at the facility can readily detect the sources of concern 
(naturally occurring Uranium and Thorium decay chain isotopes and other gamma emitting 
radionuclides). They run continuously during landfill operating hours. See also response 
#RMR6. 

Comment #RP27a: The Marcellus Shale and associated products are radioactive and are being 
transported from PA to Chemung County landfill. The proposed expansion of the landfill would 
allow up to 700 tons of waste per day. There is a grave paucity of well-executed research on the 
radioactivity emitted from fracking waste and the consequent environmental and human health 
effects, and the Internet is rife with conflicting information. Reports from two consulting firms (one 
commissioned by the Applicant, one commissioned by the Residents for the Preservation of 
Lowman and Chemung), and from the USGS, each present different information regarding the 

_, _____________ . __________________ _ 
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radioactivity of the Marcellus shale and the safety of the transport and waste storage. The 
reasons for the lack of research and conflicting information are many. 

To start, the scientific community is scrambling to keep up with the rapid expansion of tracking 
activities. Several studies have come out in the past few years on environmental and human 
health impacts of Marcellus shale tracking and associated processes, like waste transport and 
storage, but peer reviewed research is a slow process. More studies are in the works and a full 
evaluation of potential impacts is crucial to make a responsible management decision. 

Another challenge offinding good information on the effects of receiving waste from PA surrounds 
the radioactivity of the waste, the monitoring methods used and the public disclosure of that 
information. Radioactivity can be difficult to measure. There are two 375P-1000 gamma ray 
detectors placed at the entrance to the Chemung County landfill. However, a model simulation 
indicated that these sensors may not detect the anticipated concentrations of radioactivity 
entering the landfill because they are set to trigger an alarm only when detected radioactivity is 
above 400 times the background levels (5pCi/g). 

Response #RP27a: This is inaccurate. The "background" value used by the radiation detector is 
the ambient background value in which the detector is set up. Alarm levels follow strict 
recommendations by the Conference of Radiation Control Program Directors (CRCPD), a national 
consortium of radiation programs. 

Comment #RP27b: In addition to issues with methods used to monitor incoming waste, the 
original reports of radioactivity of incoming waste were not conducted properly. The radioactivity 
measurement protocol used by CoPhysics, a corporation hired to conduct a study assessing 
radioactivity in NY landfills that accept tracking waste and Marcellus Shale from PA, is designed 
for detection of radioactivity in water, not solids, which is primarily what the Chemung County 
landfill receive1 (although the waste still contains up to 80% residual waste water, which tends to 
be concentrated with radioactivity due to repeated use and the fact that Radium is soluble in 
water). In order to properly measure radioactivity in solids, it would first need to be digested in 
acid. 

Response #RP27b: The methods utilized by CoPhysics are accepted modifications (for solid 
matrices) to the EPA procedures. See also response #R12. 

Comment #RP27c: The CoPhysics report concluded that the radium levels in landfills across 
New York were slightly greater than background and less than the EPA cleanup guideline for 
unrestrictive use (<5 pCi/g), and therefore no further inquiries or mitigation efforts are necessary. 
There are several oversights in this conclusion. As addressed above, the methods used to 
measure radium were insufficient. Second, even if their results were correct, it is impossible to 
predict how much the increased waste intake at the Chemung County landfill will increase 
radioactivity in the landfill area. Also, the landfill is not isolated but is surrounded by homes. 
Furthermore, a recent USGS report found that the landfill is close to an aquifer that provides 50 
to 170 gallons per minute freshwater to residents across New York. Leachates from the landfill, 
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which is not equipped to deal with radioactive waste, can make their way into the aquifers and 
contaminate the drinking water. 

Response #RP27c: As previously discussed, the analytical methods are accepted and allowable 
for drill cuttings and other solid matrices. Allowable upper limits of accepted activity­
concentrations in cuttings have been modeled by a nationally accepted DOE laboratory and 
deemed to be well below acceptable limits. See also response #RMRB and responses to M&A 
comments. 

Comment #RP27d: In addition to using insufficient equipment and protocols to measure 
radioactivity, the CoPhysics report "proving" low levels of radioactivity in NY landfills and incoming 
PA shale did not directly measure radium, which is one of the main concerns. They detect a 
surrogate element, bismuth-214. Measurement of surrogate elements is suitable in cases where 
the two elements are in secular equilibrium, but that is not the case with radium-226 and bismuth-
214 unless they are allowed to equilibrate for 30 days. While the elements should be in 
equilibrium prior to extraction, removal can upset their equilibrium due to differing solubilities. 
Therefore, it is likely that the radium measurement was inaccurate. 

Response #RP27d: The laboratory protocols for radium analysis via ingrowth of progeny (Bi-
214) are well documented and accepted practice. Once sealed, Radium/Radon progeny in a 
sample will attain secular equilibrium in approximately 21 days. This is standard practice. Shorter 
ingrowth times are allowed with pre-determined correction curves. This is allowed as a 
modification to accepted EPA methodologies. 

Comment #RP27e: While it is true that the issues above are not relevant to the permit application 
in that they regard more than the amount of waste the facility can receive, they raise an already 
existing problem with the type of waste the landfill receives, the classification of the waste as 
naturally occurring radioactive material (NORM) in spite of the fact that it is not in its naturally 
occurring state or location, and the potential to increase human and environmental health effects. 
The classification of the Marcellus Shale waste as naturally occurring is inappropriate because it 
is extracted from the ground and processed on the surface in a way that can concentrate 
radioactivity. The waste's origin as a natural material does not mean that it is safe, particularly 
when brought up from 5000 to 9000 feet underground and placed into close proximity with 
humans. On the contrary, it should be treated as a potentially hazardous material. 

Response #RP27e: The drill cuttings do not exhibit any of the properties of a hazardous material. 
In the event that a load of drill cuttings trigger a radiation alarm, they will be investigated and 
handled accordingly. See previous comments and responses for additional details on this topic. 

Comment #RP28: Allowing radioactive drilling wastes to be deposited in MSW landfills violates 
the prohibitions and requirements of NY's low-level radioactive waste laws and regulations. 
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I am grateful that consideration of health risks has led DEC to ban fracking in NY, but many of the 
same risks are presented when shale drilling wastes from PA are allowed to enter NY municipal 
landfills. 

DEC's treatment of radioactivity risks in the revised draft SGEIS has been criticized by Ivan White, 
scientist for the National Council on Radiation Protection, as displaying a "cavalier attitude 
towards human exposure to radioactive material." He stated that the SGEIS's "superficial 
characterization of radiation risks has prompted warnings from ... the EPA whose public comments 
on the SGEIS reflect deep concerns about DEC's understanding and appreciation of the actual 
risks posed by radiation." DEC's lack of understanding of these risks is on display in this 
proceeding. 

The Final EIS for the Chemung landfill expansion states that, the gamma detectors at the entrance 
to the landfill will "mitigate any potential significant adverse environmental impacts to the 
maximum extent practicable." However, the difficulties of measuring gamma radiation from radium 
in waste samples are well known. An Earthworks report in April 2015 states, "Gamma radiation is 
used to measure Ra-226 and Ra-228 in waste samples, but it can take 21 days in the laboratory 
for [gamma] to emerge ... As a result, if waste samples ... are not correctly analyzed, radiation 
concentrations in both waste and landfill leachate-and in turn the potential risks posed to health 
and the environment may be underestimated." For this reason, the gamma detectors currently 
installed at the landfill are not adequate to detect alpha and beta radiation from the radium 
isotopes in the shale drilling wastes being brought into the Chemung landfill. 

Response #RP28: See the response to #RMR6 and #RP27d. 

Comment #RP29: DEC's classification of gas drilling waste as Naturally Occurring Radioactive 
Material (NORM), thereby exempting such wastes from the stringent requirements of NY's low 
level radioactive waste disposal laws and regulations is improper. Drilling wastes are not naturally 
occurring, but are processed by hydrofracturing and drilling and are processed and concentrated 
as they are brought to the surface, separated into waste types and gathered into large volumes 
for deposit in landfills and wastewater treatment plants. 

DEC needs to stop categorizing gas drilling wastes as NORM and start subjecting them to the 
same regulatory requirements that apply to other processed and concentrated radioactive wastes. 
This means that the radioactivity of the wastes must be carefully monitored by adequate testing 
procedures. Radioactive gas drilling wastes cannot be disposed of in NY because we have no 
low-level radioactive waste landfills in NY. 

Response #RP29: See response #R2. 

Comment #RP30: The failure of the environmental impact analysis in this proceeding to include 
any meaningful analysis of radiation risks is further evidence of this disregard. The final scoping 
document states that radioactivity issues "are not environmentally significant based on the 
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composition of Marcellus shale waste materials that are currently being deposited at the landfill," 
without examining the radioactivity of the wastes that are being deposited. 

Response #RP30: The landfill has radiation detectors in place used to evaluate whether drilling 
wastes can be accepted by the landfill. See previous comments and responses. 

Comment #RP31: The Pennsylvania DEP study of radioactivity in gas drilling wastes released in 
January of this year concludes that "There is little potential for radiation exposure to workers and 
the public" from the wastes. This conclusion is not supported by the data contained in the report. 
The data in the report shows significant levels of radioactivity associated with gas field drilling 
wastes. The PADEP report is deficient in adequately evaluating the health risks presented by the 
radioactivity brought to the surface in the gas drilling wastes, giving no consideration to 
radioactivity from the wastes entering soils and water supplies where it can be ingested and lead 
to years of exposure. The PA study evaluates health exposures as if those exposures were 
limited to brief periods of time. 

Response #RP31: The subject of this responsiveness summary is the Chemung County Landfill 
expansion and not the PA DEP report. 

Comment #RP32: There are too many unknown factors, especially regarding radiation. We can 
develop alternatives for energy and not become a dumping site. Please listen to your 
constituents, who want clean air, water, and soil, to grow a healthy (economic) future for our 
families. 

Response #RP32: Radiation factors are known and the required monitoring at the facility will 
protect human health and the environment. See responses #R4 and #RMR8. 

Comment #RP33: I'd just like to mention I worked in a laboratory with radioactive tracers, and 
we had to account for every single trace of radioactivity that came in and that was disposed of in 
that lab. And it just boggles my mind that you're dealing with tons of radioactive material in a very 
cavalier matter. And so I would just like to implore that this waste should be subject to the low­
level radioactive waste laws and not be deposited in Chemung County. 

Response #RP33: See response #R2. 

Comment #RP34: Fracking Material contains radioactive waste: Uranium, Strontium, Radium. 
Radium produces Radon Gas: Radon 222 decays producing alpha, beta and gamma radiation. 
The two Radon decay products Polonium 218 and Polonium 214 are the most hazardous. The 
Alpha radiation produced in the lung can damage the lung's DNA and cause the cell to become 
mutated which causes lung cancer by hitting and damaging the cancer suppressant gene or by 
ionization of material surrounding the DNA. The probability of developing lung cancer is related 
to the concentration of Radon and the Amount of time the person is exposed to Radon. 
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Approximately 22,000 Radon-induced lung cancer deaths in the United States each year - 11 % 
of the total lung cancer deaths. Radon causes Lung Cancer in both smokers and non-smokers. 
A Picocurie is 2 nuclear disintegrations/minute. The amount of Radon in ambient air is about 0.4 
pCi/L. The average person inhales 8 liters of air a minute, 480 liters an hour, 11,520 liters a day 
and 4,204,800 liters a year. Because even ambient air contains Radon, this increases the risk of 
lung cancer in smokers breathing outside air to 3 more people per thousand over a lifetime. Indoor 
air averages 1.3 pCi/L which equates to 20 more smokers per thousand developing lung cancer. 
At 2 pCi/L expect 32 smokers per thousand to get lung cancer in a lifetime. The risk increases 
with the level of Radon exposure. At 20 pCi/L, 260 smokers per thousand would get lung cancer 
- 25% of the total group. At 20 pCi/L, 36 non-smokers per thousand would get lung cancer. 
Radon is the number 1 cause of lung cancer in non-smokers. There are areas in Colorado where 
ambient air in areas that overlie Uranium rock have been measured at 20 pCi/L. 

Chemung County has the highest death rate from lung cancer in New York State. Chemung 
County has high levels of measured Radon. The average indoor Radon Level in the US is 1.13 
picocuries/liter of air. 

In Chemung County the average Radon level in indoor air is 9.8 picocuries/liter of air which is one 
of the reasons that Chemung County has such a high cancer rate Radium 226 is present in 
fracking waste with a higher concentration of Radium found in the Marcellus formation. Radium 
226 has a half-life of 1,601 years. Between July of 2013 and December of 2013, 521,852 tons of 
drilling waste were produced in Pennsylvania and shipped for landfill disposal. New York State 
received 39,000 tons of that material. There are 4 naturally occurring isotopes of radium, including 
Radium 228, Radium 226, Radium 224 and Radium 223. Radium 224, 226, and 228 and their 
decay products are classified as Group 1 carcinogens (known carcinogens to humans). 

Two studies of adverse health impacts related to ingested Ra226 date back to Radium Dial 
painters in the early 1900's. The primary cancer was that of bone with osteosarcoma. The US 
EPA also notes that in addition to bone cancer, protracted exposure to inhaled or ingested Ra226 
can cause lymphoma, leukemia and aplastic anemia. Dust and dirt from mining activity can be 
inhaled and if the material contains radioactive carcinogens it can be absorbed and deposited in 
the body where it can damage cells. If Radon is gassing from a Radium source and there is dust, 
as occurs when running a bulldozer over a multi acre landfill, the Radon tends to attach itself to 
the dust and is not as easily dispersed. The current acceptable level of risk from residual 
radioactive materials is 15 mrem/year. In perspective, the average person receives approximately 
360 mrem/year from all sources. No mrem/year samples been taken at the landfills receiving 
Drilling waste from Pennsylvania to my knowledge, nor has there been any testing of Radon gas. 

Response #RP34: To date, no drill cuttings with natural radioactive materials beyond normal 
values have been disposed of in the landfill. The landfill is not permitted to accept radioactive 
waste and a strict protocol, including the use of calibrated radiation detectors for each arriving 
load, is in place to ensure that no radioactive wastes are accepted. 

Modeling performed by Argonne National Laboratory indicates that even at average waste mass 
concentrations double upper acceptance limits, radiation doses are well below acceptable 
limits. Radon migration is retarded by landfill design and values of radon at and around the landfill 
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are and will be expected to remain indistinguishable from natural background. Again, this was 
modeled by Argonne National Laboratory and results indicated no detectable increase in radon 
beyond natural background values. 

Regarding Health issues, please see "Health Ref ated Comments". 

Drilling Waste Comments (Dl-D18) 

Comment #D1: Please deny all permits to accept radioactive drilling waste from fracked gas 
wells. Please honor completely our NYS ban on Fracking by rejecting this end-of-the-line 
component of Frack Infrastructure. New York is not a dump for other state's short sighted 
involvement with gas and oil extraction industries. To grant permits means the DEC is deliberately 
ignoring NYS law regarding proper handling, and classification, of radioactive waste. Once 
radioactive material is extracted from the Earth, it is no longer "naturally-occurring". It is then 
processed and concentrated and should be subject to proper NYS law. There is no facility In NYS 
adequately equipped to handle this type of waste. As an under-funded and under-staffed state 
agency, I do not have faith that the DEC can adequately conserve wild game, healthy forests, and 
clean water and clean air while simultaneously regulating rogue energy companies that have no 
interest in conserving NYS natural resources. Will you sacrifice the common good for the "greater" 
corporate good? I am a father, a teacher, and, along with thousands of others, a fierce Finger 
Lakes Defender. What we love, we must protect. Do not foul our own nest. 

Response #D1: The Chemung County Landfill is a permitted, double-lined municipal solid waste 
I andfill which is authorized to accept various types of non-hazardous solid wastes including drill 
cuttings. The new Cell V will be constructed in accordance with the requirements of the Part 360 
Solid Waste Regulations. 

The Chemung County Landfill has only applied for an increase in annual waste disposal for waste 
types which it is currently permitted to receive for disposal. The proposed expansion does not 
change the waste streams already accepted at the I andfill. 

See al so response #R2. 

Comment #D2: Plans for the landfill to accept more drill cuttings from PA fracking operations 
recklessly exposes NY residents and waterways to radioactive materials and heavy metals. What 
testing for radioactivity and heavy metals in landfill input and leachate will be in place to protect 
Chemung residents and water supplies from the tracking detritus generated in PA? 

Response #D2: See responses #D1, #R2, #R4, #R7, #RMR3, #RMRB, #RMR10, and #RP7. 

Comment #D3: I am against the proposed expansion of the Chemung County Landfill and 
acceptance of tracking waste from Pennsylvania or any other source. I believe this poses an 
environmental risk that we in New York State do not need. Let Pennsylvania keep their own 
waste in their own state. 
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Response #D3: See responses #R2, #RMR2, #R13, #RMR10, and #RP20. 

Comment #D4: Fracking waste is harmful to children and all of humanity and the environment. 
Common sense dictates that this should be illegal. This affects all New Yorkers. Ban the disposal 
of fracking waste! 

Response #D4: See responses #R2, #R3, #R4, #R13, #RMRB, #RMR10, and #RP20. 

Comment #D5: ... the conclusions are clear that both the chemicals used in tracking, as well as 
potential contaminants picked up from deep in the ground are all dangerous and not worth the 
risk. That's in addition to the fact that Governor Cuomo, under the guidance of the DEC and the 
DOH has already banned tracking in New York State because of the many dangers and health 
risks associated with drilling. Dumping radioactive fracking waste in New York State will expose 
New Yorkers to the same dangers and health risks this ban was intended to protect us from. 

Response #D5: See responses #R2, #R3, #R4, #R13, #RMRB, #RMR10, and #RP20 

Comment #D6: This action would bring additional amounts of radioactive gas drilling wastes into 
that public site, a site and a community that is already being subjected to three times more solid 
drilling waste than any other NYS landfill. The primary responsibility of the people's governing 
institutions is to protect the health, safety and welfare of the people within their jurisdictions. In 
light of such facts as: (1) your own data reveals significant levels of radioactivity associated with 
gas field drilling wastes; (2) the radioactivity of the landfill leachate is on the increase; (3) such 
waste is shown to be well beyond the radioactive concentrations rightly deemed as NORM; (4) 
such waste disposal, given its toxic brine levels of alpha and beta radioactivity, demands strict 
handling and tracking procedures; (5) the evidence and well-recognized truth that radioactive 
materials cause irreversible damage to human and animal health, to the natural world and to food 
production; and (6) that the extensive 2600 square-mile Chemung River Watershed flows into the 
Susquehanna River and the Chesapeake Bay; I find it unacceptable, in violation of both life and 
your authority, that DEC regulators would approve the doubling in size of the Chemung County 
Landfill, subjecting the surrounding people, flora and fauna to these cell-altering, life threatening 
assaults. 

Response #D6: See responses #R2, #R3, #R4, #R13, #RMRB, #RMR10, and #RP20. 

Comment #D7: Doubling the size of the Chemung County landfill so that it can continue to accept 
radioactive shale gas drilling wastes from out state, when New York State has banned high 
volume hydraulic fracturing out of concern for its adverse impacts on human health and the 
environment would be a terribly hypocrisy. The Chemung County landfill already accepts more 
solid gas drilling waste from Pennsylvania than any other landfill in New York, and it should be 
accepting none. Unconventional gas drilling is a dangerous, poisonous industry. And without 
places to dump its waste products, it is an industry that would fail to exist, and should fail to exist. 
Radioactive materials can cause irreversible damage to health. They can contaminate water, air, 



Chemung Co. Landfill Expansion - Responsiveness Summary 
July 29, 2016 
Page 56 of77 

land, soil and food. Leachate from Chemung County landfill already shows increasing levels of 
radioactivity. The DEC and the County are ignoring this public health threat. At least 15 New York 
counties already ban the disposal of tracking waste. Chemung County should join them. 
Governor Cuomo, under the guidance of the DEC and the DOH banned tracking in New York 
State because of the many dangers and health risks associated with drilling. Dumping radioactive 
tracking waste in New York State will expose New Yorkers to the same dangers and health risks 
this ban was intended to protect us from. 

Response #D7: See responses #R2, #R3, #R4, #R13, #RMRB, #RMR10, and #RP20. 

Comment #D8: Drill cuttings from tracking can contain heavy metals such as arsenic, barium, 
cadmium, lead and mercury which are toxic to humans; what testing is done for heavy metals? 
There are so many things in our world that we can't readily control or change but this is something 
that our local government can take a stand on and move in a direction to protect our local 
environment and thereby protect members of this community. 

Response #DB: See response #RP7. 

Comment #D9: We suggest that Chemung County follow the lead of 15 other counties in New 
York State that have banned the improper disposal of tracking wastes. The reasons given by the 
Onondaga County ban make it clear that the toxins and radioactive materials found in tracking 
waste are "detrimental to the public health". Should not Chemung County lawmakers be just as 
concerned about Chemung County residents, present and future? Further, we suggest that the 
Chemung County Landfill be used exclusively as a Chemung County Municipal Solid Waste 
Facility. This would exclude wastes of any kind from sources other than Chemung County. If this 
were the case, less rather than more space would be needed to service the needs of the county. 
The health and well-being of the residents of Chemung County ought to be the primary concern 
of Chemung County lawmakers. Expansion of the landfill and the continued acceptance of 
radioactive drill waste from PA does not meet this requirement. 

Response #D9: Drill cuttings may be disposed of in landfills authorized by NYSDEC under permit. 
The decision whether to accept drill cuttings or other out of county waste is up to the owner and/or 
operator of the landfill. See responses #R2 and #RP20. 

Comment #D10: Generally, accepting tracking waste in our State after the Governor's decision 
to ban tracking itself because of its apparently negative consequences for public health, is 
contrary to findings of both our DEC and Department of Health. To be consistent with these 
findings, such waste cannot be accepted. 

Response #D10: See responses #D3, #R2, and#RMR2. 

Comment #D11: The Chemung landfill expansion is due in large part to Casella's plan to accept 
2-4 times the current level of tracking waste coming in from Pennsylvania gas drilling operations. 
The Chemung landfill is a top destination in New York for Pennsylvania drilling waste. 
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Despite widespread concerns, the DEC claims that drilling wastes are exempt from New York's 
low-level radioactive waste laws, not because they are not radioactive, but because they are 
"naturally-occurring". Shale gas drilling wastes are processed and concentrated and are being 
allowed onto roads and into waterways and should be subject to the laws. Radioactive waste 
expert Dr. Marvin Resnikoff states that Marcellus drill cuttings are unusually radioactive - about 
25 times more radioactive than background radioactivity - and they are water soluble. 

New York and the DEC, which do not allow tracking due to environmental and health concerns, 
are allowing the import from PA of radioactive drill cuttings. Casella claims the landfill is not 
accepting dirt contaminated with chemically-laden tracking waste water, but there are questions 
in the community about the veracity of this claim. Incoming trucks to the landfill are tested for 
radioactivity, but are they tested for chemicals? 

The Chemung landfill sits near aquifers and water sources. Its liners will leak well before the 
radioactive waste decays. In addition, Casella's landfill expansion will include the addition of 
several new leachate lagoons. Leachate is a liquid that drains from the landfill and is stored in 
lagoons prior to transport to the County Sewer District wastewater treatment facility in Elmira, 
which is a permitted treatment and disposal plant for leachate. Radioactive dirt coming into the 
landfill is tested, fills are lined, but leachate is taken directly into our sewer district. Treatment and 
testing for radioactivity and tracking chemicals is not done at the sewage facility. How is this safe 
disposal? What good are liners if excessive water is directed into our sewage system? How will 
the public know what is coming into our landfill and moving out into our water systems? 

Response #D11: As indicated in other responses, Marcellus drill cuttings contain small amounts 
of naturally-occurring radioactive materials (NORM), they are not considered regulated 
radioactive waste. Their radioactivity levels are slightly above background and no load has ever 
approached the 25 times background levels cited in the comment. Furthermore no waste fluids 
generated during gas well development in the Marcellus are allowed to be applied to roads in 
NYS. 

Drill cuttings have been characterized by prior analytical testing, including metals, and determined 
to meet the criteria for disposal in a municipal solid waste (MSW) landfills. All regulated waste is 
evaluated prior to its acceptance by the landfill. The landfill is designed with a double-composite 
liner system and leak detection monitoring along with groundwater monitoring. Leachate is and 
will continue to be monitored via routine sampling, and will be handled in accordance with all 
regulations. Routine sampling of the leachate allows the department to monitor the composition 
of the leachate and to react to .any changes that might occur overtime. 
See also responses #R2, #R3, #R4, #R7, #R13, #RMR2, #RMRB, #RMR10, and#RP20. 

Comment #D12: Gas-drilling wastes should hardly be considered "natural" and left out in the 
open with regular garbage to someday become a home development. 

Response #D12: Drill cuttings, like all wastes disposed of at the landfill, are not left in the "open." 
AH waste disposed of at the landfill must be covered at the end of each day. Areas of the landfill 
that will receive additional waste within 30 days must be covered with daily cover, which is 6 
inches of soi/ or a Department approved substitute. All outside slopes and areas of the landfill that 
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will not receive additional waste within 30 day must be covered with intennediate cover, which is 
12 inches of clean soil. Each day cover is stripped from a small part of the landfill to establish a 
working face when waste is deposited that day. The working face must be kept to the minimum 
size possible during waste placement operation and must be covered with daily or intermediate 
cover at the end of the working day. The landfill is also subject to a closure plan which will include 
development and use restrictions. See also response #R2. 

Comment #D13: I can't help but think that after what has been revealed thus far in the Skelos 
trial, there aren't some politicians who are benefitting from this arrangement at the expense of 
the people who live in the Southern Tier. If accepting drilling waste was safe--even beneficial 
to the health and well-being of their constituents-- if it helped the local economy through 
increased jobs and tourism, the politicians in Albany and the New York City area would be 
fighting each other to accept it near their own homes, their constituents' homes and workplaces. 
But since they're not, you know it's bad news. 

Response #D13: This comment is not related to the permit modification. 

Comment #D14: I am concerned that the CCL is accepting radioactive waste from Fracking sites 
for many reasons; 1. Why are we still accepting waste from a process that has been banned in 
NYS for many reasons including health concerns? 2. The DEC's own revised draft SGEIS 
states that the produced brine from the Marcellus wells has had alpha and beta radiation at levels 
high enough to mandate proper handling and tracking of the waste. 3. These radioactive materials 
can cause irreversible health damage to both humans and animals, can contaminate our precious 
water, soils, and food and air and the long term cumulative exposure has not been evaluated by 
health experts. 4. The fact that this material is wrongly classified as NORM and therefore exempt 
from stricter regulations is a crime I think. 5. The landfill relies on testing of radioactivity in the 
waste that are not efficient enough to accurately test the waste materials. New testing standards 
are imperative and the thought of increasing capacity when the testing is insufficient is 
unconscionable. 6. I understand that the levels of radiation detected currently from the landfill 
are increasing ... why compound the issue by accepting more radioactive waste? 

Response #D14: See responses #D3, #R2, #R3, #R4, #R7, #R13, #RMR2, #RMR6, #RMR8, 
and#RMR10. 

Comment #D15: Radioactive waste can cause irreversible damage to water, air, land, soil and 
food supplies, and we urge DEC to recognize that gas drilling wastes are not NORM and should 
be subject to the same regulatory requirements that apply to other processed and concentrated 
radioactive wastes. For these reasons, we respectfully request that you deny the permits needed 
to allow Chemung County's expansion plans, and that you make a careful study of the radiation 
issues presented by shale gas drilling wastes. 

Response #D15: See response #R2. 
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Comment #D16: While much of the focus on tracking wastes has rightly focused on the potential 
of POTWs to release radionuclides into or near drinking water sources, the risk posed by landfill 
disposal are less well studied. However, so-called "sanitary" landfills are designed to accept 
common forms of trash, not industrial wastes that are potentially radioactive. The «solid" tracking 
waste can by regulation be up to 80% liquid, making containment a challenge. The liners uses to 
create a protective barrier under these landfills are subject to tears and breaches. Moreover, the 
leachate collected in the landfill drainage systems must be processed, which poses the 
problematic issue of treating this wastewater at POTWs .. .. The policy of allowing toxic and 
hazardous waste to be disposed in sanitary landfills designed to accept municipal and commercial 
trash or in POTWs designed to provide basic treatment of residential, commercial and pre-treated 
wastewaters, is a de facto subsidy for the oil and gas industry. By avoiding the appropriate 
handling and disposal practices-permissible due to regulatory and enforcement gaps-the oil 
and gas industry is externalizing its costs. Unfortunately in this case New York-a state that has 
rejected tracking based on a thorough review of the health and environmental risks-ultimately 
picks up the tab in the form of environmental damage, increased threats to public health and, 
potentially, down-the-road clean- up costs. 

Response #D16: See responses #R2, #R4, #R7, #R12, #R13, #RMR2, #RMRB, and #RMR10. 

Comment #D17: In the Chemung County Landfill Commissioner Decision, Commissioner 
Martens states that "The provisions of each Part 360 permit must assure, 'to the extent 
practicable, that the permitted activity will pose no significant adverse impact on public health, 
safety or welfare, the environment or natural resources, and that the activity will comply with the 
[Part 360] requirements' (6 NYCRR 360-1.11[a][1])." 

Holdway (2002) provides a comprehensive review of the effects of produced water on marine 
ecosystems. Similar effects can be anticipated in inland aquatic ecosystems, but to my 
knowledge, no such review exists. Radium has long been known as a human health hazard and 
is a potent carcinogen. The combined effects of produced water and radioactivity and their effects 
on the ecosystem surrounding landfills are not yet understood. Expanding the landfill prior to 
ensuring there will be "no significant adverse impact on public health, safety or welfare, the 
environment or natural resources" is negligent. 

Response #D17: Production brine and ffowback from the hydraulic fracturing process are not 
accepted at NYS landfills. See responses #R2, #R4, #R13, #RMRB, and #RMR10. 

Comment #D18: At least 15 New York counties have passed bans on the improper re-use and/or 
disposal of tracking waste. As the Onondaga County law states, ''The toxins and radioactive 
materials found in hydraulic fracturing waste are detrimental to the public health." 

Response #D18: See responses #R2 and #RP20. 
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Comment #T2: I write to express my opposition to ... the Expansion of Tonnage at the Chemung 
County Landfill ... First- Our population is dwindling, so our garbage and waste should decrease, 
not increase. According to the US Census, our county in the year 2000 had just over 91,000 
residents. Our projected population for 2020 is about 85,500, a substantial decrease. We're 
getting smaller; we don't need our tonnage to get bigger. Also, there is nothing attractive about 
increased tonnage at our dump. Our children will not want to return to live in Chemung County 
because we have increased tonnage. Nor will people seeking a fresh start in a small, safe, lovely 
community. However, people have been attracted to our county by our city of beautiful Victorian 
homes surrounded by green or snow-covered hills. In May of 2014, my husband and I took a 
tour of Victorian homes, many of them lovingly restored by people new to Chemung County. Now, 
there's an attraction far weightier than Increased tonnage. Let's build our population by providing 
incentives to refurbish our historic homes and to make our houses and buildings more energy­
efficient. This would also, of course, produce jobs. Charleston, South Carolina capitalized on its 
historic buildings, creating both a preservation industry and a tourist magnet. Should we 
incentivize such an industry here, and, thus, increase our population, we would still not need to 
increase tonnage at the dump. Raised awareness of energy efficiency would yield less waste, 
not more. 

Response #T2: The Department strongly encourages the reduction, reuse, recycling and 
composting of waste. The County has determined that, there is a need for additional landfill 
capacity. 

Comment #T3: The proposed increase in capacity would result in an increase in emissions from 
the use of waste and leachate hauling vehicles as well as landfill equipment. The landfill will 
generate additional traffic and pollution such as dust and vehicle emissions; both will negatively 
impact local air quality and human health. 

Response #T3: Please refer to the Title V Responsiveness Summary regarding impacts to dust 
and vehicle emissions. 

Health-Related Comments (Hl-H6) 

Comment #H1: As mentioned, there's a cancer cluster in Lowman near the landfill, according to 
people who live there. I heard that there were nine households affected. Many tracking chemicals 
cause cancer. I'm concerned that their aquifers, plural, under the proposed expansion that will 
receive contaminated waste that will go into the Chemung River eventually. Even treated water 
doesn't lose its radioactivity. The county spends a lot of money touting the recreational 
opportunities on the Chemung River. Yet scientists say that fish are one thing who accumulate 
radioactivity and will be unsafe to eal So I'm asking the DEC, don't grant - to not grant the permit 
for the Chemung County landfill expansion. 

Response #H1: In response to this comment, the Department contacted the Chemung County 
Health Department and the NYS Department of Health and received the following response: 
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"NYSDOH has reviewed data that is routinely collected and tabulated by the NYSDOH for evidence 
of cancer "clusters" in the area of the Chemung County landfill. These data come from the New 
York State Cancer Registry, which, by law, collects information on all cancer cases diagnosed or 
treated in New York State. In 2013, the NYSDOH completed the Environmental Facilities and 
Cancer Mapping project 
(http://www.health.ny.gov/statfsticslcancer/environmental facilities/mapping!) which, among other 
things, shows highlighted areas where the incidence of 23 different types of cancer is higher or 
lower than expected. The area in which the landfill is located is in an area where Jung cancer is 
significantly higher than expected. This area includes Elmira and most of central and eastern 
Chemung County, except for the southern portion of Chemung Town, and parts of neighboring 
counties. It is one of over 20 such areas found in upstate New York. No other types of cancer were 
elevated in the area containing the landfill, although both liver and stomach cancers were 
significantly low there. As reflected in the mapping data, lung cancer rates in Chemung County are 
higher than the average for New York State. Chemung County is in the second highest fifth of all 
counties in New York when ranked by lung cancer incidence rate, or the rate of newly diagnosed 
cases (htfp:llwww.health.ny.qovlstatisticslcancerlregist,y/cntymapslcntymaps.pdf ). (Due to the 
generally poor survival from this disease, lung cancer death rates generally follow the incidence 
rates.) It should also be pointed out that the proportion of Chemung County adults who currently 
smoke, 26.4%, is well above the proportion for New York State as a whole (14.4%), and New York 
State outside of New York City (15.4%). 

These readily accessible data do not indicate the presence of any cancer "clusters" in the area of 
concern. Of course, there could be an unusual occurrence of cancer in a small area such as one 
particular street that is not reflected in these data. Without information on the specific area or cases 
of concern, however, it is not possible to assess whether the cancers occuning in that one small 
area may be unusual, or may be typical of cancers that unfortunately occur in all communities. We 
therefore invite anyone with specific information to contact the Cancer Surveillance Program of the 
NYSDOH at canmap@health.state.ny.us or (518) 473-7817 so that we may look into the matter 
more closely." 

Comment #H2: People who live near landfills have been found to have higher rates of certain 
health problems than the general population. These include low birth weights and cancer. There 
is strong evidence of a cancer cluster in Lowman near the landfill. Chemung County has the 
highest death rate from lung cancer in New York State. Existing health problems that may be 
related to the materials which have been accepted, increase as a landfill's size increases. 
At one of the monthly meetings of the Chemung County Legislature last year a thin woman came 
to the microphone wearing a baseball cap. She commented that those who knew her might not 
recognize her because she now has cancer, and that she lives very near the landfill. Later in her 
comments she said that her local mailman wanted to come speak that night too, "but he died of 
cancer on Friday." It was reported that nine people who live along that road have cancer. I have 
no documentation to provide, but I urge you to give this letter to the NYS Department of Health 
and request that they look into the health of folks living in Lowman and the Town of Chemung as 
well as those who used to live near the landfill but have moved away. 

Response #H2: Please see the answer to question H1 above. The DEIS contains an evaluation 
of the potential impacts to public health that could result from the Project. Further, NYSDEC and 
EPA have promulgated landfill development and operation regulations to mitigate public health 
hazards associated with landfills. By complying with these regulations, the landfill will be 

____________ , _______________________________ _ 
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constrocted and operated in such a way that any health risks associated with these health issues 
will be minimized. 

Comment #H3: The Chemung County landfill is now, without hyperbole, a toxic waste dump, an 
extremely toxic waste dump. It has caused cancer and other ill health maladies to people living 
nearby. It is destructive to wildlife, water (critical to ALL life), and soil. It is sites like the Chemung 
County Landfill that will cause the bald eagles to disappear once again from NYS. To permit this 
landfill to receive more toxins is counter to life, and this must not be allowed to happen. 

Response #H3: The proposed area of landfill expansion does not include any endangered or 
threatened species, such as the bald eagle, or habitat supporting endangered or threatened 
species. The landfill expansion will be designed and operated to be protective of the environment. 
See also response #H1 

Comment #H4: The Chemung County MSW Landfill is located over an aquifer, and additional 
radioactive materials and metals Isn't not protecting the public's drinking water. 

Response #H4: Please see the Aquifer Related comments and the responses to Mr. Abrahams 
and Mr. Resnikoffs comments that discusses the aquifer issues (#GAA 1-#GAA5, and #M&A 1-
#M&A29) .. 

Comment #HS: Health risks will be increased. The danger to public health in our region is far 
too great to ailow this ill-considered proposal to go forward. 

Response #H5: See response #H1. 

Comment #H6: Even if drill cuttings were not the key issue, living close to landfills has been 
documented as causing serious health hazards. (See the work of David 0. Carpenter, PhD, 
Director for the Institute for Health and the Environment at SUNY Albany and others.) The county's 
plan to double the size of the Chemung County Landfill and more than double the annual tonnage 
of waste accepted there shows indifference to county residents living near the landfill. The 
number of residents in that vicinity who have contracted cancer certainly warrants serious 
investigation. 

Response #H6: See response #H1. 

Waters and Flooding Comments (Wl-WS) 

Comment #W1: The Chemung River (which is near the landfill) flows from Painted Post in NY to 
Sayre, PA where it joins the Susquehanna River that eventually goes to the Chesapeake Bay. In 
1972 Hurricane Agnes caused record flooding of the Chemung River. The disasters from Corning 
to Elmira are well documented. Given more recent additional "hundred-year" flooding in the 
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NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION 

Division of Materials Management 
, 625 Broadway, Albany, New York 12233-7250 

P: (518) 402-8651 IF: (518) 402-9024 
www.dec.ny.gov 

Mr. Jerry Leone 
Hakes C&D Debris Landfill 
4376 Manning Ridge Road 
Painted Post, NY 14870 

Dear Mr. Leone: 

September 18, 2015 

You are receiving this letter because the landfill you operate has reported 
disposal of Marcellus Shale drill cuttings within the last three years. Though your 
facility's operating documents already include criteria for the proper acceptance and 
disposal of these wastes, the New York State Department of Environmental 
Conservation wishes to ensure that all facilities operate under consistent requirements. 
To this end, please review your operating documents and revise them as necessary to 
ensure that the following criteria below are adhered to: 

- Radiation detectors shall be installed, operated, and maintained in accordance 
with the procedures described in the landfill's operation and maintenance manual 
for as long as the facility accepts Marcellus Drilling Waste. 

- The detector's investigation setpoint is recommended to be set at two times site 
background radioactivity but under no circumstances should it be set at greater 
than five times site background radioactivity. 

- The radiation detector system should be calibrated at least annually and field 
checked at least weekly. A log of daily background radiation readings should be 
maintained at the facility. Documentation related to these activities should be 
maintained at the facility. 

- Landfill staff should be trained annually in detector operating procedures, alam, 
response procedures, and drilling waste acceptance and handling procedures. 

- No regulated radioactive wastes may be accepted. 

- No drilling waste may be accepted if the concentration of radium-226 is greater 
than 25 pCi/g. 

- Filter and unfiltered leachate samples from cells that receive drilling waste should 
be analyzed on a semi-annual basis for the following: radium-226, radium-228, 
total uranium, and gamma spectrum. 

4 %r>RK I Departmentof 
.. muNr!V Environmental 

Conservation 



2 . 

In order to minimize sediment infiltration, drilling waste should not be placed 
within six feet of the leachate collection and removal system. In addition, drilling 
waste should not be placed within ten ·feet of the exterior of any final cover. 

- Immediately notify the Department of any load which triggers the radiation 
detector. 

If you have any questions or need further guidance, please contact your Regional 
Materials Management Engineer or e-mail us at SWMFprogram@dec.ny.gov. 

Sincerely, 

tf!:::1~1/ 
Acting Director 
Division of M_aterials Management 
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Exhibit F - Hakes C&O Landfill Leachate Sample Analysls 2012-2017 
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Noles: 

1.) Act+ Unc (MDC)= Activity± Uncertainty (Minimum Detectab{e Concentration) 

2.) µgll ,:; mit1ograms per liter 

3 J Eadl ol EPA 901.1, EPA 903.1, EPA 904.0, EPA 908.0, ASTM 05174--97, and 
HASL-300 are laboratory analysis methods. 
4.) Dissolved - Indicate, sample filtered with 0.45 micron filter prior to analysis. 

5.) pCi/l = picoo.Jries per liter 

6,) The EPA 901 ~1 method results are for non--quanlitalive purposes only due lo the 
method's high degree of uncertainty. 
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-24,700 i 105 11271 
34.1±67.1 1114) 

., .. ·' ... , .. ::-:&. 
6.94 6.45 
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0.848 ± 1.37 12.891 0.281 ± 0.667 11 .481 

-· .,. 
5.15 _. 7.66 (15.01 -C.058 :le 10 .7 120.8) 

-6.120 ± 276 118.4\ -2.640 :t 16.8 120.01 
-5.440 • Z.510 (ST.SJ 17.0: 36.4 163.4) 

20.5 ± • 1.5 171.6\ -"'\.SSO ± 18'3 143.51 
6.57 .t 3.71 ~8.31 0.992 ± 18.5 134.21 
6.21 .t.4.50 138.8) 7.15±-!!l.6 (34.71 
0.148±4.00 18.801 -0.775 ± 2.a& 14.991 
2. 14 ± 2.23 15.831 -0.641 ± 3.38 15.8S) 
2.49 ± 2.21 13:50) 0 ,0580 .±.2.74- (4 .95) 

-D.955 ± 2.89 15,021 D.2l!9 ± 2.65 (4 ,751 
4.04 ± 6.37 17.921 0.520± 5.33 (Q.701 
9.01 • 13, 1 (10.5) 8,76·;:11.2 19,991 
12,7 t 7.35 18..!!61 -2.500~11 3 112.1} 
17A ± 7.14 19.611 7.30 ± 9.32 112.41 
125 ±41.0 146,01 129 ±44.3 151 .3\ 
138 .~2.1 152.0\ 17 ,9! 36,2 169,31 

-13.0!lO:± 656 11041 19.4 -'. 63,0 1109) 
24.0: 69.5 1119) 52.2-±56.1 C79.0l 
5. 15 t 7.68 115.0! -0.056 ± 10.7 120.81 

-0.120 ± 21s r1e_41 -2.640 ± 16.8 120.0l 
1.8~ :t:2.04 (4.85) 0.332 ± 0.526 {6.40) 

-0.888 • 5.39 15.67) -1l.167 ± 3.43 15.SJl 

5.15 ± 7.ES 115,01 --0,056 ± 10.7 120,81 
-G. 120±276 118Al -2.640 ± 16.8 (20 .01 
-9.590 .t 404 1691 ) -303.000 t 601 (1 ,020) 
·12.600•541 1936) -345.000i 699 11 1701 
0.692 :t 07811 142.51 9.42 ± 17.5 140-6) 

30.3 r21.7 !27.7) 0.101 119.0 133.51 
66A st 60.9 183.3) •11 .600± 465 11471 
29.e ± 66,2 M 121 22.6 r 14..5 11301 

Page 1 of 17 

~2_ lffcliafit smt.lOiZ I -Cell S 1.Ucll11U/2W)Z Cd 3 Lacb•~617120:t5 

6.89 6.84 6.9 
135.4 60.• 18.7 

4771 7253 2858 

21 .62 21.5 21.2 
49.1 50.2 v.s· 

- -
. -_ :··. -

1.63 i 0.738 i0.7121 0.731 <: 0.545 I0.7ll7l 0.678 ±0.778 10,461 
1.12-±0.551 10.47◄ 1 1.23 • o.551 m ,145l 3 .42.t 2.1S 10.9261 
1.94 ± 0.636 '0.8581 1.27 t 0.536 /O.e20) 0.669 ± OA66 10.895) 
2.46 ± 0.759 10.9251 1.20 ± 0.6'17 IO.!l-061 2,1-:t l.0111 .78' 
-1.24 .± 0.917· M.001 -1.91 -t .35 IJ.!161 0.49H 0..354 10.5591 

,0.21!9 ± 0.530 ' 1.48' 0.982 ± 0.792 11 ,401 0.453 ± 0.390 (D.l>-J&) 

-8.610 ± 18.2 131. 11 12.5 ±6.37 112.01 3.133 a 16.452117.651 
-7.120 ± 526 (12.9) ·1 ,580 ± 15.5 119.21 0 ± 7.767 124.951 
-8.130 t 60,6 11051 -19.700 ± 175 165.11 30.575•41.!197171 .Ei)I 
24.8 ± 2&.8 147.01 -5.250-,; l 320 171.81 59,&11 ± 61.695 ltiS.041 
• 28 t ~3. I 154_31 3.30 .t 3.70 iJJ..2l 0±- 8.2S,, 113.481 

0.471 ± 0.761 129.41 1.88 ±210 151.-11 391.34 • 48.673115.31 I 
1.57 ±A.78 17,361 - 1.970 ± 3.23 14.981 0: 1.159 (6.007) 
1.41 + 2.44 13.5•1\ 0.426 ! 0.700 15.391 4.086 ± S.2D9 18.051 
1.45 ± 5.36 18.201 0.0350± 2.24 14.021 1.498 ± '.J.e63 14.2461 
1.62 ± 2.06 13 !381 -0, 198 • 2.70 (4.851 0: 1.553 11.209) 

-1 .310 ± 7.89 113.11 36.1 t 21 ,4 17.331 0 = 4.276 18.7•3\ 
24.8 ± 14_9 17 ,261 -4,200 ±. 181 112.91 75.819 + 27.500 '14,721 
410 • 39.2 (15.31 42-4 ± 24,0 /1D..3) Of S.1Ga 112.61) 
25.5 t 20.6 18.S71 11.1 <7.58 111 .11 ±48.31116..39\ 
35.6±62.3 1111,1 179 ±SU 147.IJI 65.824 + JJ.329 141 ,241 
75.2 ± 35.2 157.11 101 : 45.5 169.Sl 48.42 ± 67.315 (69.571 

-65.400 ± 113 11911 4'1 .5 :t 62,1 ·11041 0 ± 60.574 l1~9.91 
1.10 ... s8.1 -199.0, G.37 • 70.3 11231 0±89.757•195.11 

-8.610± 18.2 "'1.11 12.5 t 6..37 112.01 3_133 i 16.~52117.65) 
-7.120 t 526 112.91 -1 .580 ± 15.5 119.21 0 ± 7.767 {24.951 
-1 .81 □.• 5. 10 -,8.44) 2,80 t 3 .31 (4.31) 1. 1•8; 3.81014.521) 
1.08± 1,06 14.401 -1 ,450 • 8.41 16,681 4.588 ± 4,703 f7 .9161 

-8.610 ± 18.2 131. 11 12.S:± 6.37 1 1:M) 0 ± 4602.AOO f0295\ 
-7.120 ± 526 112.91 -1.550 ± 15.5 119.21 3092A ± 9641.600 ft 15001 

102 .:t 122 (2111 •131 .000±638 (1 ,0701 97.813±371.5<01474. l) 
-162.000 ± 518 1869' -21 9.000.t620 ll 0501 0 ± 174.ll'JO 1667.AI 
•2.120 ± 19.G 133,41 -2.580 ±24.1141.81 0 ± 25,904 165.251 
5.34 :t-32.1 '"8.91 0. 112 ± 21.4 136.81 0 ± 18.781 140.221 
-4.880• 195 11151 58.9 i 78.0 11291 0 ± 90;!28 1192.51 
34.7 • 825 (1 .4301 -1,830 ± 105 11191 0 • 52.151 [131.1 I 



Exhibit F - Hakes C&O Landfill Leachate Sample Analysis 2012-2017 
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Notea: 

1.) Aet + Unc (MDC)= Adivity :!:. Uncertainty (Minimum Detect.able Concentration) 

2.) ~g/l = micrograms per liter 

3.) Each o1 EPA 901.1, EPA 903.1, EPA 904.0, EPA 908.0. ASTh105174-97. and 
HASL•JOO are laboratory analysis methods.. 

4.) Olssolved - Indicates sampJe filtered with 0.45 mlaon filter prior to analysis. 

5,) pCi/L = picoauies per liter 

6.) The EPA 901.1 melhod resu1ls are for non-quenlitalive purposes only due lo lhe 
method's high degree of uncertainty. 
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Notas: 

1.) Act+ Unc (MDC)= Activity± Uncertainty (Minimum Detectable Concentration) 

2.} µg/L = micrograms per liter 

3~) Each of EPA 901.1, EPA 903.1, EPA904 0, EPA 908.0, ASTM D5174-97, and 
HASL-300 are laboratory analysis melhods. 

4 ,) Dissol'ved - Indicates sample fillered wtth 0.45 micron filter prior to analysis. 

5.) pCi/L = picocuries per liter 

6) The EPA 901.1 method results are for non-quantitative purposes only due to lhe 
method's high degree of uncertainty. 
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1.) Act ♦ Unc (MOC)= Activity± Uncertainty (Minimum Detectable Concentration) 
2.) ~g/L = micrograms per liter 

3.) Each ol EPA 901.1, EPA 903,1, EPA 904.0. EPA 908.0, ASTM D5174-97. and 
HASL-300 are laboratory analysis methods. 
4.) Dlssolved - Indicates samp,le filtered with 0.45 mlaon filter prior lo analysis. 
5.) pCi/l = pioocuries per liter 

6.) The EPA 901.1 method results are for noo-quantitaUve purposes onty due to the 
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1A8± 10.5 -1.SSB ± 52.055 -S,283 ± 52.416143.251 -8.630± •11 .176132.311 
-5.7◄ ±848 •10.799 ± 245.780 -1 .516 ± 31.550 144.23) -1.608 ~ 2.2.395 11 6.881 

-0.065 ± 3.70 -3.223 ± 128.930 •2.025 :t 20.895 (10.71 -1:1.886 .,_ 6,943 18,56S l 
·:Z.03'·22.9 ·1.618 ct 15. 179 -0.294 • 7.841110.2n 2 ,063: 2.103 15.3681 

us, 10,s -21&1 :> s104s:ooa 2.67 .070 • 2!18~. 200 ISJ2Bl 591 ,JGO i 2528.SOO !dl 721 
-5.74 ± 648 461.14 % 2681 .000 423.750 ± 3507.-300 18138\ 1780.700: 4250.200 172961 
334 t 831 -2n.2: 12~.•oo -14.922± 218..470 (308.71 -19.457 • 184.230 1252,71 

18.71: 1037 -7.505 • 175.730 1.122 ± 196,58013-C8.21 33.367 i 270.470 IH5l 
-7.47:e91 ,0 ·8.593•137.160 12.eo1., •0.22• 168.as1 -9.6\la ± 167.950 <~. 181 
t.27 • 29.4 s1.•08 ± 111 .9ao 21.278 ±35. 176159.57) •1, 1!!6 1 34.6J2151.231 
26± 90,4 43.as2 • a0.842 63,2 11 ± 109.74 0 1188.11 57 .183 ± 78.272 '1 30 .51 

-5.15± 375 -BC.062 ± 1270.300 SS.808 ± 96.080 1160.11 31 .515 f 81 .183 (145.21 
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Pa~r 

- ._ -Fltld~ -
Flold nH l•td. unlt.sl 

ORPrniv) 
S.....,T., C<lllductMtv /u,/cml 

Ton,oerahsro !doc, Cl 
Turbidltv /N'TUI 

·11a'81onu....,_ llt1• U~twMfl,:iilll.111 . -
T.,.ta_l I lrar:l[ui-n f&~TU Di;; l 7.d._A7,t-l l 

To!ol l!ronlum 0 1••-'vo,l''I fA<ITM 05174-971 
R:&dlon··'cic.i:' •=-... : ... -,.--,,,.,.111.1 

-ltotflun\-226 DluOlvetl <EPA 003.11 
Rodlum-226 Toto.I IEPA 903.11 

R."1um-228, Oluolvnd IEPA 904,0l 
Rai!lum-228, Tola! /EPA ~ll-l .01 

Tolal U"1J>lum IEPA 908.01 
Totnl Uranium. Ois.sot'Yed IEPASOS_QI 
To!ol Uran[um. Dissolved 11-1/Ji.i;;.L=lO0l 

Tolal Uranium T01Bl IHASL-3001 
l:lranlum-23'1 , Oi5.SO!iled IHASL-300\ 

Uranlum-2311 Tol•I IHASL-300) 
Ur.mlum-235, lll5SO/vod /HASL.JOO\ 

Uranlun-c2~ · Total 11-\ASL.JOO.I 
Uranium-238 Dlosolvod IHASL-3001 

Uraniu!Tl...!38. Tou,J IHASL-3001 
-Rad.~..iia".,._.i. ~a ..-.• , .. _ iu tv-\ -"lfl •il ea a 11.!M...a n ........ -14.;RIJl'""' 

Ar::1lnlum-22B OiS!olved IEPA 501.11 
Actlnium-228.. falnl IEP/1901 .11 

Siomuro-212. o;..otvod IEP/1901.11 
Blamutli-212 Tolal ll:PA,~01.11 

BOlmoih~14. Dissolved IE.PA 901.11 
B~mulli-~14, Totul IEPA 901.1 I 

Ceilum--134. Dlssol,ed IEP/1901 . 11 
C...lum-1:14, To\ru IEPA 901.1 \ 

Ceoium-137. Dls.5ol,oo IEPA!llJl.11 
C...lumC137. Taral'(EPA 901.11 

load-212 Olssclved IEPI\ 901 . 11 
Load-212, TCID.I IEPA 901, 11 

le&<l-2 l4, Oi$so:VE<l (EPA 901 .11 
Lead-2M Tn!J!l IEP/1901.11 

Powslum-40. Oi,;wl,od IEPA 90U I 
PoteMlum.-40 Tota l IEPA 901.1) 

Rodium-226, Dlosolved !EPA 901.1\ 
Rl>dhlm-226. Total IEPA 901 .11 

Raoium-228, O;..olved lFPA 90 I. 1 I 
Rndlum-228. Toto.Ir EPA 901.1\ 

TholUurn-208, Oo,;,.,lved IEPll 90UJ 
Tuoi!lsm--208, Tot.ol lEJ>A 901.1\ 

Thorium-227 Dissolved /EPA 001. II 
Thorlum-227, TO!allEP/1901 .11 

Thorlum-2.32, [l;osohled IEPA901.11 
Thorlum-2J2 Tolal IEPA 901.11 

Tho!ium-234 Diuowed fEPA.901.11 
Thorium-234, Tc,jru IEPA 901.11 

Uran01rq.2:l5 (EPA SOI, I \ 
Umnlum-235 0'5$0IVG<l /EPA 901,1 l 

Uran!urn-238 (EPA 901. I\ 
Uranlurn-238. Otssol•ed (EPA 901 .11 

Notes: 

1,) Act+ Unc (MDC)= Activity± Uncertainty (Minimum Detectable Concentration) 
2.) µg/L = micrograms per liter 

3.) Each of EPA 901.1, EPA 903.1, EPA904.0, EPA 908.0, ASTM D5174-97, and 
HASL-300 are laboratOf)' analysis methods, 

-4.) Dlssolved - Indicates sample fillered with 0.45 micron filter prior lo analysis. 

5.) pCi/L = picocuries per liter 

6.) The EPA 901, 1 method resulls are for non-quantitative purposes only due lo lhe 
method's high degree or uncertainty. 

',, -: ... .-... -- ·· 

6.83 6.9 
7.6 89.4 

5468 6045 
18.65 212 
1152 171 

-- -

3.1, ±-1.57 ,a.sin 2.67 ±1..20 [0.9641 
2:611,c 1.88 ID.9081 ·3 __ 14 ±-2.08 10.945] 
1.01 +0.51310,91 0.681 ~ 0.4lli IO.e33! 

3.14±0ll42f1 .19) 1.43 ± 0.925 (1.7Sl 
ll.334 ± 1U8 7 10.451 0.!65-± 0.360 IM'l2! 

0:778 ± 0..592 I0.9181 0..636 ± 0.348 10,s 12) 

_, 

-26.581 ~.91 .1301102.7' 0 o 11.397127.861 
-li:837,_120.320130.SSI 1.0l!J± 12.233 !13.63) 
-25.026 ± 237.650 (3251 14.8>7 ± 82.718 190.45-1 
-20.414 ! 78.455 1107.51 31.826 ± 3!l.SS4 1"4,131 
6221.7 • 670,09Q 157.081 512.4 • ll0.038 116.65\ 

-0,2211± 9.2.!ll 11 5.451 7 ,OB-I! 12.612114.53! 
1a.ssJ: 122.550'(202 .51 0: 2.73518.4471 

0.018:3.795 /8.951 1,316_:t,4 ,2&4 14,6°3) 
-23.293;, 211140 135.491 1.25 ± 6.218 (6.728) 

0 ±- 4.798 18-131 0..228 ± 4.267 (4,759} 
1205.7 1 187,920 1162..11 97,904 ±.29.~9 [16.921 
•1 ,043 !. ·16.385 (12,77) 0: 3.S50 (9.4 731 

fi818.9o7.33.230173.231 581 ,9 !.69.0 12 f18.43l 
11,765 'fl .949110.42l J.255 • 9.484 111.431 

49.679: 149.2901255.1) 39..745 ± 91.876 (91 .06} 
22.019 i 50.31l9 (!18 .6!l) 78,459 ± 54.759 (l,7.361 
37 .208 : 657 .3'10 1947 .81 0± 110.680 1218,81 
2:2,673 • 97.21191180.21 •11.063 • 70.il24 11 □0.61 
-28 .. 561±91.1301107.7) o• 11 ,391 121.881 
-6.237 • 12.0.320130.6111 U)83= 12.233 f l3.83l 
-12.905 ±21.692 (30.68) 0.4!!9 i 6.336 (7.2131 
·1.255 ±SB.779 {7.6491 0 ~ 2.277 14.5181 

-!0170 ¼ 41412.000 1568301 0•6:584.5001142001 
-.!i81 .J!4 ± Je274.000 i14230J 2723.6"' 6705.300 1821141 

1225.5 ± 1604.500 12572.1 94.097H02·.6801757.11 
124,82 1 13-'IA 10 1638.61 167 .6 •3S7.650 1452.21 
-12..208-.: 87.172148.61) 12.604 *27.105133.661 

-97.448±2 19,76013'16.61 24,699 t 55.12.!i 165.921 
64.72» • !!O.J!Cl1 M59.41 Ot57,B69 /12!1.ll 

~2 .. 38 ± 650.120 1649. 11 0±99.555 ms! 
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·~)..:..,r.,:i. 11i111~0\f 

- - , . - j 

6.93 6,87 7.02 6.7~ 
-1 26A 54.2 -21.1 .20.5.9 

6704 6818 6101 6221 
16.03 17.5 211_99 21 .9 
96.3 118.7 2-3.4 1;4.3 

- . - --- -- - -·• - -
0.00052: 0.032 /0.3851 D.Q!l07:13 • 0.034 10.365) 

0.000518 ± 0'.03'1 I0.3B51 ll..000797 .!. 0.036 [0.:J.S5) 
.. -

2.06 ± 1.15 r,_211 2.!!&±.0.988 f0,507) 2.19 11 .30 ,,_241 0.898 ± 0,933 M,J91 
0.!!58 ± 0. 712 {0.800) 1.27:1.1811.55! 1.2 • 0.724 fQ,7.931 1. 35 ~ 1.Jo rum 
1.24 ct 0.54'! 10.872) o.OOJOG • o:aoa ro.1181 2.Jo • 0.710 10.8961 2A2 • 0.699 (0,71151 
1.6!5 ± 0,629 (0,956) 2.7 ± 0.11010 <iii4i 1.94 ± 0,64B /0.89]1 1.32±0.94611 ,641 
2.23 ~ 0.1,1 10.8751 0~9 .t. 0 .207 fO~SSS-1 

2.14 ± 0.1153 ro.8181 0..536 ± 0.3',0 (0.529] 

- I 

5.J!h 2a.105134.51 I 11 .700 o 14.674/15.24' 0-496 e 36.150'-lB.551 1 l.14B • 16.45B 116.64) 
2.0U 13,7S2 !16.16! 0" 14.673 146:·:141 o-- 12.276158.751 o. 1.662 r20.a1 1 

1Lt 46.2551 !33.31 17,4Tl ± 55.120161 .641 35.101 ± 108. 130111 6.3 \ 2.3'.217 :62.770 161>,7Sl 
Q .!c 13.f.61 17~.22) 0 ! 40.028 f 142.4' 31 .06~106.0601 122.11 Q ! 30.517 •67.J•I 

22.554±13,425116,821 75.4li9 !c14.7-IB r<l.9111 595.81 ct 71 ,0391,.5.891 15,9•8 ~ 9.••9 18J!051 
49A36! 12,938110.:111 O! 10.77D1>8.0"' 347.44: 53.241123.931 40,087: 11 .091 <B,7631 

0.194-± 8.158 {9.51;2) -0.043 ~ 4.4&3 15.o79} 4.-488 z 7.1151 (12.69l 2.276: 4.5-19 (4 ,221 l 
1.66<-i JJ120 r◄ .2141 -0.21!4 _± 7.800 19.166) o i S.376 r12.fi8\ U67 ±3,817 (4 .0831 
2.304 i 6. 721 fl' ,732 I 0 ± 0.!6217.6~} 0 H.131 111.41l 0.274 ±-4.2M (4 .579) 
-1.27 ct-5.36' 15.BJ51 -3.126±-10..186 (11.6'31 0.457 = 10.815 (12.48) JJ. 102 ±-4.476 (4,9ll31 

0!.7,831 119.9\ 10.932 ± 18.133 {11 ,311 195.89-.: 56.662 12J.861 1.1U :5.691 (8.0i>Sl 
0 •2.824 [!0,1) 2.944,: 15.71511ll,37\ 73.833: 33.325127.921 7.976 • 14 .760 110.291 

14.9!6ct 17.7:JO 121.63\ 75.2.15.± 14.31!1l /9,45!11 713.27 ct 85-748/?5,991 8.42•;:: S.763 19.581! 
37.50h 11.916 (9.108) 11 .8!/S i 17.95112.2.211 345-25 ± 51 .096 (24-261 3'1.!l>lS~ 11.578110. 131 
181U3 ± 109.53□ /1241 150.28±55.673153.171 82.309: 100.210 11081 110.43 r 53.66< <50.04\ 
5&.529-± 75.814 175.~8) 0 ±-69..751 118\.8' 4BJ!82 ~159.4401181.51 132,78 ±- •9.874 t•6.f.6) 
10.972 t 141.870 1183..'.ll 97.244-J: 109.150.(!28.91 0± 192..880 1201.81 12.579± 103,5201119.111 
39,43: 91.210 1113,31 o • n9.04D r2s31 133 98 • 195,650 ,.,,.,A ,6 \ 18.509 :.-98.76.!I 1124. 11 
5 ,82 ± :w. 105 ((14.511 I 1.706 i 14 .674/15.241 0-496 ! 36., so /38.581 11, 1<8 ± 16.458 ' 16.641 
2.06 ± 13.792 f1B.16) 0 ± 14.673146.24' 0 ct 12.276 ISl!.751 0 ± 7,66'2 120.1!11 

0± 5.SSl! 112.521 2.TT,t. 3.703 (S.!!611 3.648• 11..15919JIOIII 1-525" <.S28 14.652) 
0 ± 1. !02 {5.292) 0 ± 1.887 112.821 O U .2571131 0 ± 2.190 16.381' 

1164 ±·1262..300 (526!0 6190 ± 7584.7cOrii'iiim 686U ± 16647,000119 !501 4675. 1 ! 4365 -•oo •101a1 
0 ct 3686.200 197:171 2.N I HB16-100l56Q7' -162.19: 6157.400 f75a5l -2397 • !009.700 l!!!l50l 
o • 142.2001348.Jl 47.!14 • 441 .450 1580.81 3,<5,91-t-860.08/l (10701 9il.497 ± 139-2JO (414.41 
0 ±2 12,310 (S.59.1) 4.114 • 269.03()-i94-fi;i 15.067 ±-335.6-10 14-18.41 0 ± 212.310 IS0!,_7I 



Exhibit F • Hakes C&D Landfill Leachate Sample Analysis 2012-2017 

l'aratlllltf' 

~ ,i.1c1-p,_ 
Fkld nH f•ld. unlf.sl 

ORP<mVI 
Soecilic CondudMt,/ fut/em\ 

Tcimr.'l!era.tura ld"e.n. C\ 
Turbidihl INTVI 

~_. ~IMQCllll 119,'1.PI 
Tnfol Un,nlum fASTM 05174.9nPl 

Totnl ""'nlu- Dt.··•-d1' 1 •ASTM 05n4.g71 
~ '• • ...... ♦; '"- .-OUA- ..... !!I 

RadJum-226, Dis,;ohloo fEPA 903.11 
Rndlum-226. Tolal IEPA 903.11 

Radlum-228. O!s,iolved "'"A 904.01 
fli>dfum.228 Total rEPA 904,01 

Tomi Uronitlm 1EPA90<1,0l 
Total Urunlum OlssolvQd rePA 908.01 
Total Unmlum Dluolvod fHAS L-3001 

Total Uranium. Total IHASL-3001 
Uranlurn-234. 01,,solved IHASL-3001 

Uranlum-234 Tomi IHASL•JDO\ 
Ut,mlum-235. 0"5ofvod (HASL-3001 

Uranlur!\-235 Tolal IHASL-300\ 
Uranlum-:ne. Dl'-"'llvod IHASL-JDO\ 

Uranlum-238, Total IHASL-3001 
--~-nu--~ • .,.,._.;une .. --. _,.. ... - ...... ----1~nu,&1fq 

l\clinlum-228 Dissolved !EPA 901,11 
Aotlnlum-2211, Total <EPA !!01.1 I 

Bl,mulh-212. Oluolved IEPA 901.11 
Bismulli-212 TotalfEPA901 .11 

8 1smul~-214, 0.nohlod =A 901 .11 
Bf,mulh-:Z-14 Tollll 1EPA901.11 

Ceslurn-13-4, OJssol•,od /EPA 901. 11 
Crulum- lS4, To!ol IEPA.!!01 .11 

c..,Jum-137 Dlsalvod IEPA 901.1\ 
C..lum-137, Tot. I /EPA 901.11 

Laad-2 12, 01s5c,-,od fFPA 901.11 
Lood-212 TOU>l<EPA 901,11 

lad-214. Oisa<>lvod IEPAOOMI 
Lcod,214, TolBI rEPA 901,11 

Pol"5Slum-AO Dissolvl!d fEPA901.1\ 
Potassium-AO. To:alfEPA 901 .1) 

Rad-,m-226 Of,.solvl!d rEPA 901.11 
Radlum•Z26, Total IEPA901 .11 

R•dOJm-229 ~od IEPA901 .ll 
Rarllum--22.a TotalfEPA 901. 11 

Ttiomum,208, Dl•solved [EPA !!01.11 
Thnllium,208, Total rFPA 901. 11 

Tharium-227 Dissolved IEPA.901.11 
Tiu,rtum-221 Totol [EPA 901 .11 

Thorium-232, Dissolved •EPA 901. II 
Thorlllm-232 Total IEPA 901.11 

Thorium-23'. Oi»ohled fE PA 901.1) 
TI-.o~um-234 Toto! fEPA901 .1 l 

Uninlum-235 <EPA 901. 11 
Uranlum-235 Dlssohl•d IEPA 901.11 

Ur.mlum-238 rEPA 901 . 11 
UmJl!um-238. Dlsoo.'vecl IE?A 90·1.1 I 

Notes: 
1.) Act+ Unc (MOC)= AclrYity ± Uncertainty {Minimum Detectable Concentration) 
2.) 1,19/L = microgr.iims per liler 
3.) Each or EPA 901.1, EPA 903.1, EPA904.0, EPA908.0, ASTM D5174-97, and 
HASL-300 are laboratory analysis methods. 
4.) Dlssolved • Indicates sampfe filtered with 0.45 micron filler prior lo analysis. 
5,) pCVL = piCOOJries per liter 

6.) The EPA 901.1 method resulls &NI for non-quanlillllive purposes onty due to lhe 
method's high degree of uncertainty. 

• i . ... •-
6.8a 7.02 

-102.1 146.7 
6278 7202 
16.2 :z-2.06 
41 ,6 · 32.J; 

' - - . 

-- .. . ' 
1.07 ± 0.3610.16\ 1.1B ± 0 ,582 10.5011 
1.01 "0.38 ro. 191 1.97 ±0.767 10.1621 
1.85: 0..57 ro.61 l 0.810 ± 0,515 (0.958) 
1.07-±0.4610.751 1-56 ± 0.604 ·10.9Z5) 

0.0510±0.793 f1 .B8I 
-0.2:13± o.739 r1 .871 

0.10±0.210.n 
0.82 = 0.20 ra. 1 s, 
0,45±0.16[0.1\ 

0.47 >c0. 19 f0.13\ 
0 ,038 ± 0.0<8 10.0JSI 
0.023±0.087 (0.121) 

0.26±0.1110 .031 
0.33: 0.1.5 10.04) 

17 • 14 1221 .J0.200 .t 39.3 15l.6\ 
37c± 171251 5,36 ±42.7 l•B.8) 
68 ± 48 175) 105±115 12001 
31 t5!H!l!ll 1 .46: 101 1176\ 
-3.t 12 (20) 1.870 ,c 108 [103) 

14.1 ~8.9 Ill.SJ 43.2 t 36.4 195.41 
-2.9 • 3 . 115.51 6.92 U .92 113.31 
. \.6± 4.2 17.31 -3.310 ± 7.74 (12.tj) 
0.6 ± 2.9 14.91 -2.220 ± 9.76 113.91 
0.3 ± 4.317,31 -6.710 t 7.62 (12,81 

-0.1 , 6.9r1 1.61 -1.910ct 18,9 124.7) 
0!10[171 6.~6 ! 1&.3 122.S\ 

8.8 ± 6.1 '9,81 I 910 ± 144 (28.9) 
-4 ± 121211 24.H 1s.2 127.4! 

67 ~7511231 61.0 ± 135 11951 
80 t 100 11701 -35,900-;t 139 (213) 
-1 r 71 f11 81 -93.300 :t 247 13S0) 

.10: ,oo 11701 -55, 100 • 214 r2811 
17--x 14 (221 -30."200 ± 39.3 153.61 
37 t 171251 5.JH 42.7 (48..81 

-0.1 H.818.1 1 -6,450 t 11.5 115.1) 
6.8 t 4.216.61 -0.295 ± 12.2 114.51 
-2 • :Z-0 1331 
10 .t 301491 
17 ± 14 l:z-21 -JD.200 • 39,3 153.61 
37±17 f251 5.36 ±42.7 f48 .81 
38±401761 196 ± 234 13801 

69 • 8111381 399 • 471 17591 
27.2 t -17.2 173.71 
i.TT tc53.9 (87.0l 

269 ± 1 210 12 0101 
-1 OG0.000 ± 1.730 12.3901 
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Celt I~ S/1e/ZOi3 I CtlB I~ .. 1.1M013 I 'J:eJ & LHC!lala !/15/201A 

' ~~-. • • • •. • . . -
6.94 6.8 6.5 6,45 

:Z-.6 -2-24.9 -109.7 -97.7 

14553 13320 1078.d 9.5V 
23.09 :z-2.31 17.52 23.JJ 
93.8 32.9 51.1 21i 

. 

. , . 
S:74 ±.1.66 4.18 ~ 1,81 1.24 ± 0.999 '1.2~1 2.47±1.1811.2) 
5.6±2.68 3a31 ± 1.10 1.28 ± 1,4710,8?1 1.30 ± 1.20 11 .511 

3,87 ± 0,991 1,97±0,602 2.71 ± 1.0211.51 1.64 ! 0.590 10.8581 
5.64 ±2.51 2.73,t 1.4-5 1.72• 1,3012,2,11 0.960 ± D.5l-l <0.9591 

0.0671 • 0.140 1.27 • 1.33 o.866 ±0.531 • o.n31 -0.0546 : 0.262 10.48111 
0.178±0.154 1.l4 ± 1.42 0.693 l: 0.216 10.2051 0 .196 "ll,30610.5181 

6.35-.lV -4.078 ,t 32.6C6 -a.11◄ • ss.04f•so.2•1 -0,333 • 1B.778 r>J .971 
9.2± 16.6 -6.921 ;c 7-3,925 3.73 1 • 23.437144.291 -4.436 • 10.110 118.061 
15.9;t48,9 1.482 .t 62.670 -7.9 19 ± 316.740-1163.81 J ,5117!57.0'l71104.21 
22-t5M -0.63.: 85.341 -38.698 o 188.1901163.91 .2.5l3: 101.'300112.91 

-8.78: 118 -s.aa2 • 42.477 537.350c: 70.69' 119.97\ 2.005 ± 10.221 1)8.361 
·23.9 t 144 166.5 ± 29.290 450.210 t 53.878127.6.91 •16a389 1 12.358 110, 11 
-1 .22±4.93 -1 .TT9 ± 5.252 1 .3<9, 41.714169.611 0.057 o •. 522 '7.9021 
-1.28±4.12 2.351 :-3.694 -2.014 t 35.919 lll0.041 ·2.557 ! 4.1.:3 16 .901 l 
1.8:t 3.67 -0.209 ± 20.920 •2.554 ± 1JA79i14.741 -0.026 • 4.187 '7.4251 

-0,943 <c6.21 -2.479 .t 8.102 0.27! :c6.598 111 .921 -0.088 , 10.7l3 /5. 121 
-4.41 ±233 -6.601 1 93.396 75.475 t 22.154 1 23.091 4.0 18± 10.403 <N ,081 
-1 .113± 19.3 20:725 :- 15.570 :IT,948± 18.576 127.51 0 .329 ± S.J73 {9.8391 
8.53~9..80 8.682 ±8,606 563.230 t 72.309 (24.691 1,701 ,:09.521 <17.381 
3.52 ± 10.2 189.33 ± 28.610 432.-ISO± 59.577125.031 27.287 t 14.016112.681 
67.4,: 69.7 185.06 ± 102.490 2-99.730 ± 96.482 1106.71 41.61a • 62.4111124.81 
25-1 :!!2.1 92.937 ± 83,848 59 664 :!: 86.2181159.31 102.0'20 x 45.390 ,s-z.-z11 
37,7±79.• 29.39G t 1os.aso 1.854 ± 181L260 '32111 -10.793 ± 107.8 10 (162..Sl 
·2.36 • !!4.2 40.08 • 122.330 61.980: 161.570 1284.111 81 .405 • 59.399 I 1 1 &.91 
ll.:!5±14.4 -4.078 ±32.61)(1 -s.n• ! e8,04ii50.24l -0.333 ± 18.778 <ll.971 
9.2 ± 16.6 -o.921 ± 73.925 3.731 ± 23.4-3714~_291 4.43S i 10.110118.061 

0.98 t 4.22 -0.741 ± 6.759 -1.Slil t 16.329 111 .651 •2.27J-,c9.513 (8.781) 
•2,61 ¼ 129 ·2.693,: 46.305 1.912t6.620111.871 1,768 ± 1.840 15a3271 

6.35±-14.4 695..51 t 2727.700 511.000 ± ~&1s.ooo ,e0s11 998.600 ± 26'12.300 147061 
9.2 ± 16.0 34-9.91 t 3328.000 

. _ .. r:i; ..... , .... 
157.210 ± 5971 .500 1103201 

247 ± 667 -54.779 :1:449.200 -16.941 >355.100141>3.61 145 .120-1211.140 1196.7) 
2n±1sa Ul'99± 198.230 -68.843 ± 1176.300 <439) ll.911!333.570 15791 

0,502:31 .1 --211.946 :t 59,449 ·22.747"' 79.99611!6.53\ -1 J.969 • 95.260 '41.561 
-2.73-±307 8.328± 31 .~46 -24.889.:93.268 •BB.561 -4.231 i-<6.21G IS8.43l 
0.382± 85.1 85,842±95".919 38.315±-13S.950 1233.31 55.681 : 75.356 1125.71 

-30 :t 129 54.16 ~ 82.463 -41 ,734 ~ 2030.0001259.700) 36.295 ~ 89.703 '159.5) 



Exhibit F - Hakes C&D Landfill Leachate Sample Analysls 2012-2017 

PIRfflllel 

- -•Fltld P,"'""'"ora ., ... . 
Fleld DH rstd. unlls) 

ORP!mVl 
Soecili~ Co"ductlvllv ru.,cml 

T omooratun, Idea, Cl 
TurbidfN INTUI 

•. 
Rlldlonu..- ,klit UncillfflCl~I u,n/L P,I -

Total Umnfum 'ASTM D517-4-QnPJ 
To!al Uranium ~ •--·•-dl'I "'"'Inc, ,4. gn 

- ra-.,~ .. ; 

Radium0226, Dis..alved IEPA 903.11 
Riidlum-'228 To!.allEPA 903.1 I 

R4dlum-2.2B Dl!llolvnd /EPA 904.01 
Radlum-228, Total IEPA !i0-1.01 

To~lUrnnrumCEPA"""-01 
Total Uranium Ois$olved ll'PA 908,01 
To~I Ur.inlum Ol=>lvl!<I ~•SL-3001 

Tolil.l llronlum j ot,,I IH/\SL-3001 
Urnnlum-234 Diu.0H1od tHASL~OO• 

Uranlum-234 Totol -lHASL~OOI 
Uronlum-235. Oluolvf!<! <HASL-300 ' 

Uranlum-215, Tola l !HASL-3001 
Llramum-239 Oi..otved IHASL-3001 

lirnnlum-238, To>.al lHASL-300\ 
- - --- . , Mt ♦ tli,c:_1Mbcl""'" =•-""• • ..,...,;,.,._,1Q 

Adinium-228 Db>olvesl 11:PA 901.11 
Adlnlum-22R. To!lll IEPA 901.11 

8lunuth-Zt2. Oinolvad IEPA 901, I \ 
Bi>IT)\llh-212 TolallEPA 901 . 11 

BiimuU,-214, Disso"'od IEPA 901.ll 
Blamulh-214, To1al IEPA901 .11 

Cfflum-134. Dbsor.od JEPA 901.1\ 
c...ium-13'1 Tau,llEPASO l .11 

Cernum-137, Dissolved IEPA901 ,1I 
Cesl9ri,-137, Tota11EPA 901.11 

Load-212. Dissolved rF~A !!01,11 
lead-212 Total CEPA 901 .1\ 

Laod-214 Dissolved <EPA901 .11 
lond-2 14,Toll>J IEPA 901,11 

Pt>t=lum-40 Dinolvod IEPA 901.11 
Potaulum-40 To:allEPA901 ,11 

R.l<lium-226, Oissalvod 1EPA901 ,11 
RO<llum-220 T<,ta11EPA901.11 

Radium-228, Dls,_.,,.,e<I (EPA 901 .1} 
Radlum-22ll- Totol lEPA &01.11 

Th.onlum-208, Dfs50lvod =0 A 901.1' 
Tholi um-2111! Toll!! iEP,1. 901. 1 \ 

Thor!um-227, DIHolvo<I IEPA 90 1, 11 
Thorlum-227 Tolol1EPA901 .11 

Th0fium-23l!, Diosolvod •EPA 901.11 
Thorwm-232. TolollEPA 901. ll 

Thorium-234 Dina1""dlEPA901 , II 
Thonum-2~ Total IEPA 901.11 

Umnhlm,235 IEPA 901.11 
urnn,um-235 OiuoCviKI l'EPA 901.1 I 

Uranlum-238 /EPA !!Ol.11 
U,anlum.z38, Dioool\/ed IEPA 901, 11 

Nolea: 

1.) Act+ Unc (MDC)= Activity±. Uncertainty (Minimum Delectable Concentration) 
2.) µgJL = micrograms per liter 

3.) Eadl of EPA 901.1, EPA 903,1, EPA 904,0, EPA 90ll.O, ASTM 05174-97, and 
HASL•JOO are laboratory analysis methods. 

4,) Oissolved - lndlcalM sample filtered with 0.45 miaon filler prfor lo analysis. 
5.) pCi/L = picocuries per liter 

6.) The EPA 901, 1 melhod resulls are for non-quantitative purposes only due to lhe 
method's high degree or uncertainty .. 

-- . -- •1 -."" 

6 .61 6J!2 
-163.6 -154.8 
11981 11856 
22.17 26.5 
185 65.2 

. 
:. ' - - .-~ . 

·-•.-. .. .. .. 

1.71 ct 0.95510,96&1 2.22± 1.12!0.9781 
1.4: 1.68 m.9451 JS± 2.21 t0.948) 

2.0 I ± 0_674 C0.9121 1.40 :e0.5Z4 C0.7381 
3.57-± 1.2911.1141 1,49 • O.IM711.49l 

o .0554-: o.aeo ,o.6691 0.918 ± O.J83 (0.512) 
-0,0114 i 0.267 !D.4981 1.59 a0 0.515 (0.5951 

9.886 = 30.618159.541 2.209 • 26.309 135,641 
10.409 • 24.61 1 fd8. 161 Oi 17.356 {J9,31) 

• 11 .62 i 464.llOO {94,071 21 .182±101.9201121.1\ 
•l0.518±420.6401185.<I 20.'-02 ± 1!11.7611106.91 
-10,736 ± 429.<30 (35Jl6l 0 i 9:455 {24,41) 

-4.:!61 ± 29.908 127,921 17.718 i 16.357120.1.!11 
-1.931: 9.353" 116.931 0±.2 .15919.73-4\ 
-1,<61 ± 6,67• 112.341 3.9.2?± 5,602 (6.3 141 
--0.221 t 8_829113.71 12.23 •~ .64613,0051 
..0.2 ± 7.920 16,0091 0 ± 4.314 110.22) 

-l;,937 ±2i4.•60 /24.041 0 ± 7.231 (19,231 
2.106± 11.720122.551 0 i l!.957119.511 
8.47 ± 15.521 (28,1151 3.229 • 15.•So (20,61) 
-0.08.8 i 11.656124,31 0.371 ± 18,012 (23.641 

79.214 ± t27.9JO r~491 133. 1 ~ 122.a.60 C143. 1 I 
109.74 r 112.200 1200.11 87.842~ 118,150 043.1 1 
146.1i 127.7501212,11 31-131:: 147,760 1193.91 

116.87 • 148.630 (264.71 1S2_6\ ±117.3001148.71 
9,886"' 30.538 (59,541 2.209 :_ 26.309 (35.641 
10,409 ! 24.lll 1 148.161 O ! 17.356 IJg,J1l 
-6.66 x 63.906 (18.4 71 0 t ~.991 (12.651 
..0.017-± 7,625115.81 0 2'4.<87111.521 

-311.!14± 11917.000173991 535.22 ± 4D:11 .!!0D 150311 
927,75 t 4090. 100 l73451 1297 .5' • 401-9.500 149691 
-59.642 t 772.250 1421 ,91 0 t 12.5.090 !298.11 
31.213 ± 234.D30 C425.2l 72.665 ± 219.270 (277.71 
0.945 ± 29-212157.04\ 0 ± 1'1.819 (58.33) 

•19,512 ± 147 .!'80 19.9,n 16, 181! ±41 .176150,54-l 
so.n1 ± 132. 1eo •=• ,s1 84.974 t 126.500 11611 
75.716 = 137.740 1242.31 0 ,c 84.71411&4.41 
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- ... ~ .. - ·-
6.97 G.96 7 .13 6.84 

-107.2 -166.5 -222. l -291.7 

10151 10908 90B7 12178 

17.73 21 .1 24.05 24.ii 

ao.s 41.8 60.2 67.4 

' ~ 
0 ,0006'2 t 0.016 10-3851 0.00112 i-0.03910,3851 

0.000732 • 0.032 (0.3851 0 .00105 ± 0-047 /0_3851 . ..... 
2.7± 0 ,965 I0.228\ 0.1168 ± 0.642 10.8951 0.762 ± 0.633 10.6431 2.:!4-± 1.21 (1 .01l 

o.984 ± o_ rns 10.985) 1.83 = 1.02 10. 9771 0.67S • 0.53810.6961 2.75 • 1,80 1,.e41 
1.64 ± 0 ,596 (0.1!57) 0.957 _, 0,482 f0.861 1.44: 0.5!i9 10.8971 2.07: 0.6<9 I0.807l 
2.09 ± 0,652 CQ.781 a.21 t o.e66 ·•o.a191 0.631 • 0.40!l l0.767l 2,4 ± Ul.¢ 11 ,771 

2.59 ! 0 .805 10.7361 0.262 i 0 ,:125 10.5'"' 
0.536-: 0 ,602-11.011 0.742 ± 0.450 I0.7!61 

9. 101 ± 26,524 134.511 8 . 192± 14.364 /15.241 0 t 8AG9148.021 o • 1s.s2a ·na.21 
11 . 14 :9.835(11.81 17.4 128.767136.331 0 ,39 ± 14.166 117, I t 3,444 ! IS.759118.8<1 

22.897 • 94.!!57 {1131 0 i 33.494 171,721 -4.7!ll-,.137.76011~21 0 ± 39.340 t1 26.71 
38,73h52.B51157.12l 0 132.683 1142.41 20.55.2 i 57.358162.981 28.15 ± 56-478 fG0.371 
36.899 ± 16.895 r1 e,.21 107.4 5 t 17.70119.7591 \7.385 i 25,432127.261 411 .44-± 51 ,267 118,JSI 
17.557 ± 11.768 (12.091 74Js1 ± 23 sefi22 .S21 5.86 ~ 10,!ill~l1 l.961 &.261 ±9.579 '12,721 

1.105 % 7.107 18,3531 0.325 ± 0.41tl CS,76" 4.806:4.715111.281 0 : l .379 19.991 
-2.506 ± 5.363 15.8!i!ll 2.219 ± 8..!i9D 110.271 0,627 i 4,805 15,2751 0 1 0.965 15.2 l I 
2.236 ± 5.72218.8491 0± 1.927 15.68"1 -5,.004 ± 1 1.852 11 2.681 .0 ± UT.l9 llQ47l 
-1,0,l I .e 5.8.84 {6.38n 3.1~ ± 8.180 19.4221 1.168 ± 4,088 14.511 I 1.~l o 3_824 {4.2451 

0 ,t 8 ,756 rt5.991 18.584 ± 16.533 111 .541 4 .077 ± 15.882119_131 10.ss1 t 9 .656 i14,a1 
5.1 ± 6.860 18.351 o.,, 9.o:ia 122.42, 0 ± 4.170 110.731 3.325 :-7,019 ll!,6081 

32,9119-± 14.911 (19.871 112.21 r 18.663 l!C.91 34.0!!B t 19,097 (21.0 1) ••2.99 :-$3.175 11 9,811 
22,52 1 i 8,520 18 ,$41 99,876 t 25.108 121.:m1 11 .224 i 10.300110.3.51 1.957 • 8,8.50 110.71 

134.97 • 121 ,320 1139.41 194, 11 ± 50,952 C43.071 204 ,3-1: 100.750 1109. 11 265,49 • 95.aa9 f9l.961 
179.64: 47.476 139.0Bl 209.21 ::!lil,525 111<1 133,77. 52,_go153_521 216.58 ~5,!.596 l•o.1•1 

O ± 96.4821224.0I 112.13• 124.210 '142.81 56.923 ± 204.080 r.!57) Oi 110. 1401'207,11 
25.29t 101.4301125.4) 0 ±70.7!!8 1237.61 36.26 ±99.458 li-24 ,11 B.4G2• 102.2301128.41 
9.101 t 26.524 134.511 8.192 t 14.36'1115.241 o, B.469C,4a_o21 o • 15,i;ia "'6.2l 

11.14 i 9.8l5111.8l 17.4 • 28.767 136.331 0,39 =- 14.156117. ll 3,444 • 16.759 118.841 
0 n ,9JO {10.11) 3.686 ± 0.273 (5.8611 0=4.a221l2.9] 0 ± 6.558 111,151 

2.563-:13.895 (4,4&91 0-=- 2.882112.281 4 .871 t 4.89814,4Dlll 0.412 ±-4 ,<9115.2281 

8.59.6 t 4-436. 100 f5497 ) 921.92.: 7522.700 194531 12m ± 15'184,0001185401 2714 ~ 4543 ,300 IS44SI 
0: <-097.000 (92281 2.605.9 = 4794.100 1sa211 2355.3, 0995.900 1!1,)J1 3529.5 , 660J,800 180701 
0± 112.960 (319.21 0 ± 187.510 1551-71 198.05 H09.930 111581 11 .694 .1. 258: soo •~14.3\ 

87,586 ± 160.400 1486,8) 0 ± 190.680 (363.41 88.555 :-378.21014881 0 i 238.7601515.51 



Exhibit F -Hakes C&D Landfill Leachate Sample Anafysls 2012-2017 

~! 

: . l'Tfldp-,.,. ... .-,;.;-
Field •H totd. unl!sl 

ORP (mVl 
S"""'•• ConducUvit11 (us/cm) 

Tempoe,illlre fdoo. Cl 
Tu,t,k/llv INTUI 

• Jl9dio,ui,:(lde Ad ♦ Uno'n.tnC11'11191l-ll' 
Totnl Umnlum u,c-:n.J nc: 17A aT\'Pl 

T01of Umnlum. Dl-"1vorll'l 14"™ □5174-971 
~ a-,..1, ..... turvn...r111P-1 

Radium-226. o ;ssolva<I /EPA 903 11 
Radium-226 Total (EPA 903, 1) 

Rad/um-228 Dissolved IEPA-.01 
Radium'228. Tola! (EPA 904.0) 

Total Uranlum /EPA 908.01 
Tola! Ur.,nlum. Oio&oJvod !EPA 908.0l 
Total Uranltrm. 01.solvnd (HASL·:3001 

T<>lill Uranium To!AI (HASL-300) 
U,_,,lum-234 Oiuolvnd IHASL-3001 

Urariium-23'1. Total IHASL-3001 
Uranlum-235 , Di-lvod fHASL-3001 

Uranium-235. Tomi fHASL-lOO) 
Unmlum-2lB Dlnolwd rHASL-3001 

Ur~nlum-238,,olal {HASL-lOOI 
u~u.:,;:.,.,IY. £l!'t .,_ .. _ IMQC\ ...rm 'EPA.11411-.t R•i.uffllil'I"' 

Aclinlum-228. Dl,sclved !EPA 901.1 I 
Actlnlum-228, Tobi (EPA 901 . \) 

B!<mulh-212 o , .. otved !EPA 90\ . 11 
Blsmls'Ji-21 2, Toti,/ IEPA 901. 11 

Bismutl>-214, Diumvod (EPA 901 . 1) 
Bl•mulh-214, Tolal IEPA 901.11 

c:.,..,,,,_134. Dls,ol""d (EPA 901.1) 
Ceslum-1:14 , Total (EPA 901,11 

ee.,um-137, □iss-olfftl lEPA 50·1. ll 
c .,.Jum-1 37, Tolill (EPA 901,1 1 

leod-212. Oi<solved (EPA 901.11 
wd-212. Tomi IEPA 901,11 

L~Od-ll<, Dssolvnd 11:PA 901.1\ 
Load-214. Total (EPA 901.11 

Potauivrn-40. 0 1..,,,,,,ed !EPA 901.1 I 
Polruslum_. 0 T o1'!l (EPA 901 .1) 

F!:lldlum-226, o;sso1,.,d !EPA 901.1) 
Radlun,-226 Total (EPA 901.11 

Radium-229. Dissolved /EPA 901.11 
Radi\Jm-228. Tolnl IEPA 901.1 l 

Thalllum-208, Qi,;1<Jlved (EP/\ 60 1. 11 
Ttullllum-201!, Tolnl /EPA 901 . 11 

Thorium-227 Disootved (EPA901.\I 
Thorltrm-227. Tolal(EPA901.1l 

Tttorium-232. □luoJved !EPA 901.1\ 
Thorium~2. Total IEP/\ 901 .11 

Thorium-234, (l;uolved IEPA 901, IJ 
Tho~um-234, Total (EPA 901, 1) 

Urnnium-2/15 (EPA 901 .11 
Un,nlum-235. Q;HOJved /EPA 901.1) 

u,.m;um-238 {EPA 901.ll 
Uranlum-2l8 O,nolved IEPA 001. 0 

Notes: 

1.) Act+ Unc (MDC)= Activity.:!:. Uncertainty {Minimum Delectable Concenlration) 
2.) 1,1g/L-= micrograms per liter 

3.I Each of EPA 901.1, EPA 903.1, EPA 904.0, EPA 908.0, ASTM D5174-97, and 
HASL-300 are laboralory analysis methods, 
4,) Olsso4ved - Indicates sample filtered with 0.45 micron filter prior to analysls. 
5,) pCi/l = picocuries per liter 

6,) The EPA 901.1 method results are for non-quanlit.ative purpos.e.s onfy due to lhe 
method's high d&grff of uncertainty. 

-· -- - > · • 

6.97 
-2:19.1 
10151 
19.2 
107 

. -.. 

•. 

2.n;, o.78 m.f9l 
1.81 ±0.53 (0.121 
3. 1 ± 0.34 I0.621 
1.18 t 0.4610.71 

0.32 • 0.13 10.091 
0.25 ~ 0.19 (0.231 

0.192:t-0.09710.071 
0.2 ± 0.1~ 10. 151 

0.012 ± 0.045 ro.o:i:n 
-0.017 ±0.087 10.1571 
0.118 :..0.076 10.071 
0.0e4-. 0.096 10.179) 

4.8 t. 9.1119.51 
IS± 19130) 
.7 :t 49182) 

38-9H1571 
-7.6 ·±9.5115.81 
9.3±9.7 115.81 

-1.7 • 213.51 
-3 ,9 ±4.9 (8.81 
-2,: 1.813.21 
1.D ! 4.818. \J 
-OA±S.519. l l 
12.9 ±6.2 19.41 
.J). l ± 8.4 /\3 .91 
12,9 t 8,6 (1 3 .5) 

55;; 46 1781 
1,0 • 140 {2201 

17±6711101 
-30 ± 120 12101 
4.8±9.1119.5) 

15± 19 130) 
• 1 t 3.3 15,51 

-3.3 t 7.4 (12.7) 
1'% 151251 

-29l:2i l3&1 
4.8±9.1119.51 

15 ± 19 (30) 
49 ~631105) 

-10 ± 10011701 

,11 · f C.ULNcliale11H8l20li I - C.l!Lffc!imeis/2017 I C.ftl.a•C1!•19 H/1.J/2017 

·~ .:-· -:.,:.. - . .. - . 
6.45 8,55 6.74 6.62 

-153.5 73Jl -257.< -13.S 

2785 1220 5:106 221!6 

17.8 6.08 22 14 

17·5 35.4 38.• 140 

.. 
o.oooa12 ± 0.026 !0.385! 0.00085a • 0.1146 (0 ,385) 
0 .000649 : 0.024 /0:3851 0.000911 ,c 0 ,047 I0.385) 

. - ... 
1 .1~ 1: 0.622 /0.554) 0.2.33;t0.35510.21\ 1.51 • 1.00 10.455) 0.88 ±0.31 (0.181 
0.21 1 ,e 0,7H {1.271 0.0769 ± 0,351 10.2081 2.43 ±c2.24 {1.321 1 .. 38 ±0.45 /0. 18\ 
0.6&.I: 0.465 (0.8S7J 0.585±0.461 (0.918} 1.65 f 0.61'1 (0.89) 1.38±0.51 (0.72) 
0.732 f 0.475 (0.905) 0.27: 0.378 10.8011 1.77-.t 1.3'112.7) 1.46 ±0.54-/0.79) 

O.a56 • 0-◄~S I0.6621 
1.48•0.51810.588} 

0,59 ±0.21 /0.161 
0.65±0.1910. 121 
0.3 :t 0. 15 (0.131 

0.39: 0,14 {0.091 
0 .022 :0.06410.1 151 
0.021 = 0.04 \ fO.Oitll 

0.27t.0.1410.081 
0.24 ± 0.1 1 (0.07) 

·- .. I 

0.4.<I! ~ J4.301 (4J.22) 47,093 t. 73.!180 176,541 12.267 • 9,673 119.~51 4•26[4>1 
0 :t 15 .389 (54.22) 4 .586 t. 1 ~-7~j) 118.22) 5.953 > 102.350 (110 SJ -3: 11 (1 91 

23.229 • 129.950 (152.91 0:t142.110 121!lll 0 • 26.514 175.19) 5•491841 
0 = 73.084 1171 .81 31 .518 ±54.776 159.23\ Oc: 81.230 1391. 11 · 16± 49 1821 
o ct.9.an rza.s91 3779..3 • 407.970 (48.82i 113.23 :t 18.794 (12.431 .3 o 14 (241 
0 ± 12.206 126..31 10.19 t 11 ,736112.56) ~7.2 :653.720 (70.33) -10.8 ± 9.6116.91 

0.569 ± 9.337 (10.78) 0 c> 7.265 (22,76) 1.167 ± 5.520 15.33•1 -0.5 i 5 .8 (9.8) 
-3.01 6 ± 10.794 {12.161 0 ¼ 1.553 15.413) 2.72: 24.!i!IS t27.3l ·2,6 • 2.1 (3,6) 
-1 .427±10.640112.261 0 • 5.201 12!!.211 .3.479: 5.642 tS.7831 1.1 ±3.6161 
7.067 • 5.059 (6.l651 0.863s.4.064 (4.511\ 0 • 15.721 {32,751 · 1,7 t 1.8 (3,21 
10.6 ± 14. 194 117.141, I 00:i.6 ± 123.520 (q 1. TT) 37-763~ 15.140 IS.644) 0± 10 1171 

2.013 ± 18.195 119.96) 0 ±4.16819.5411 1621.7± 196.040166.021 3 ~ 5.7 (9.4} 

0 ± 11.9<7 {22.78) 3900. 1 ±429.570 (59.09) 113.2 • 16.304 {11 . 1 !l 3.6±7.1 (11 .71 
0 • 9.7551211 11 ,6'l 1 ± 9.172110.6\ 611!J.9 ± 661,.770 183.0 11 -1 • 8,4 11 3.91 

0 ± 73.330 (1 92.2) 0: 12 1.870 !'261.71 153.67 ± 56.967 n 1.0.2} .. a± 9811661 
0 t 90.52 1 (192.21 17.429;, 44.542 153,761 W4. 12,;J07.190 305.21 -96 ± ~61781 

0 ± 110.980 (240. 11 254.23± 451.840 1540.61 44.007 ± 103.9~0 128.61 10: 110 (180) 
0•102 .2501256.4) 0 £ 38.887 (1 22.7) 32 .• 93 ± 635.900 (770) 5:661110) 

0.448± 34..301 (43'22) 47.093 ± 73,980 (76.54) 12,267±9.673 119.95) 4±25(43) 
0 ± 15.389 /54.221 4.586 i 15.790 118.221 6,953 ±102.350 1110.61 .J ! 11 (19) 
0: 4.219 (10.49] a= 4.529 rzs.231 4.204 ±4,513 (5 ,453) 4.6: 3,9 16,3) 
0 i 5.580 (1 2.821 o t 2.2n !5.75l 0 t 11.6 13137.35) -0,7 ± 3.3 15.6) 

4 ± 29 {48) 
- 10 t 15 (26) 

1621.9 ±4696, 100 157681 •2891 .G ± 1281 1.000 l153Ml -4078.5 H549.500 !102901 4 t 25 143 1 
-2043.6 t 529\.000 {64651 0 ±·4624.000 1103301 19'1.63 • 17777.000 f2 1420) -3~ 11 (1~) 
10,514 t 271.710 t344 .3i 0 ± 451 .110 (882.21 0 ± 153,520 {569.2) 1•8 ±92 (146) 

0 o 110,600 (360.7) 161 .38±394.SOO {501,31 a ~ 607.490 112141 62 ~ 64 110·1\ 
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Exhibit F - Hyland Facility Associates Leachate Sample Analysis 2013-2017 

Pmmetar 

- - Fl'1d PararrH1le111 ---
Fleld pH (std. Units\ 

ORP(mV) 
Specific Conductivitv (us/cm) 

Temperature (deQ. C) 
Turblditv CNTU) 

Radionuclide Act ♦ Uno,CMDCi"11111/L 121• 

Total Uranium. Dissohlc,rf11 IASTM 05174-971t'l 
Total Uranium CASTM D5174-97l 

-· - ,Radlon••cllda. A ... ♦.Onc.iMOCI ..;,.,n.jfJ ' 
Radlum-226 IEPA 903.1! 

Radium-226. Dissolved (EPA 903.1) 
Radium-228 (EPA 904.0l 

Radium-228, Dissolved /EPA 904.0) 
Total Uranium (EPA 908.0l 

Total Uranium, Dissolved (EPA 908.0) 
Radfonucllcfe:. A ... + l/,i;,,/MO~I Ar,n 'EPA'!IQ11 1Usulf1111'1 

Actinium-228 (EPA 901.1 l 
Actinium-228. Dissolved /EPA 901.1\ 

Bismuth-212 (EPA 901.1) 
Bismulh-212, Dissolved /EPA 901 .1 l 

Bismuth-214 (EPA 901.1) 
Bismuth-214. Dissolved /EPA 901.1) 

Cesium-134 (EPA 901.1) 
Cesium-134, Dissolved /EPA 901.1) 

Cesium-137 (EPA 901.1) 
Cesium-137. Dissolved /EPA 901.1) 

Lead-212 (EPA 901.1) 
Lead-212. Dissolved /EPA 901.11 

Lead-214 (EPA 901.1 l 
Lead-214. Dissolved (EPA 901.1) 

Potassium-40 /EPA 901.1) 
Potassium-40. Dissolved /EPA 901.1) 

Radium-226 (EPA 901 .1 l 
Radium-226. Dissolved /EPA 901.1) 

Radium-228 (EPA 901 .1 l 
Radium-228 Dissolved (EPA 901.11 

Thallium-208 /EPA 901 .1l 
Tha!Jlum-208, Dissolved /EPA 901.1) 

Thorium-232 /EPA 901 .1) 
Thorium-232. Dissolved (EPA 901.1) 

Thorium-234 /EPA 901 .1) 
Thorium-234, Dissolved /EPA 901.11 

Notes: 

1.) Act+ Unc (MDC) a Ac~sily ±. Uncertainty (Minimum Detectable Concentration) 
2.) µg/L a micrograms per liter 
3.) Dissolved - Indicates sample filtered with 0.45 micron filter prior to analysis. 

~ 

4.) Each of EPA 901.1, EPA 903.1, EPA 904.0, EPA 908.0, and ASTM D5174-97 are 
laboratory analysis methods. 

5.) pCi/L = pieoc:uries per liter 

-- --

.. 

6.) The EPA 901 .1 method results are for non-quantitative purposes only due to the method's 
high degree of uncertainty. 

7,) B/16/2017 sample results for Bismuth-214, Cesium-137 and Lead-214 are anomalously 
elevated and a resample was collected on 12/26/2017. 

- -- - ·-

.. 
" 

6.12 ± 3.54 (1.38) 
3.67 ± 1.59 (0.452) 
3.47 ± 6.92 [12.8) 
3.11 ±1.31 (2.01) 

-0.0944 ± 0.820 11 .47) 
0.463 ± 0.762 (1.29) 

5.515 ± 22.017 (42.32) 
-0.338 ± 15.114 128.69) 
-7.904 + 316.170 (144.6) 
18.981 + 44.302 (78.13) 
43.991 ± 16.179 {17.44) 
67.138 ± 18.503 (17.23) 

0 ± 12.249 121.1) 
-0.543 ± 9.699 {16.33) 
0.95 ± 4.724 {8.785) 

0.497 ± 3.939 {6.999) 
-0.005 + 9.025 116.76) 

-2.351 ± 13.129 {14.29) 
60.095 ± 18.014 (19.39) 
56.966 ± 14.340 (15.28) 
190.97 + 101.430 (154.2) 

342 ± 81 .582 188.58) 
24.563 + 103.870 (196.6) 
-50.575 + 148.230 {171.2) 

5.515 ± 22.017 (42.32) 
-0.338 + 15.114 128.69) 
-0.861 ± 8.845 (10.59) 
-0.88 ± 5. 732 17 .937) 

191.31 ± 3048.900 (5441) 
-911.44±3403.10013149) 
-16.829 ± 229.480 (313.4) 
-78.906 :t 331 .990 (248.6) 

PLCS 825,',2014 PLCS 1~0/201'5 PL-¢.S 11/312015 

. -- ... .. ..:..•. - -- -
7.46 7.59 8.34 8 
79.5 49.4 125.5 14.2 

11850 18137 13102 14305 
16.5 29.92 26 17.34 
91.2 54.1 130 47.2 

' .·• . ~ ~ -- - -- -

lei" - ---
' 

4.12 ± 2,33 (2.25) 4.1 ± 1.95 {0.617) 2.8 ± 1.50 (0.5421 1.67± 1.19 (1 .5) 
3.24 ± 1.39 (1.25) 5.82 ± 2.29 (0.584) 2.78 ± 1.71 (1.96) 2.37 ± 1.23 /0.428) 
10.9 ± 5.50 (9.49) 3.47 ± 1.12 (1 .48) 2.53 ± 0.90711.31) 4.77 + 1.14 (0.885) 
2.33 ± 1.10 (1.74) 3.55 + 1.24 [1 .71) 2.01 ± 0.662 (0.899) 2.96 ± 0.842 (0.882) 

1.73 ± 0.983 (1.36) 0.112 ± 0.515 /0.919) 0.0561 ± 0.32810.6481 0.703 ± 0.411 (0.616) 
2.54 ± 0.932 (0.943) 0.458 ± 0.552 /0.9141 0,551 ± 0.387 10.625) 0.489 ± 0.429 (0.735) 

2,045 ± 8.465 (15.86) 3.993 ± 5.605 (17.08) 20.59 ± 23.511 130.23) 
-3.456 ± 596.730 (18.21) 0 ± 10.705(48.11 ) 8.262 + 21.656 (23.18) 

0.7 ± 31.300 (58.37) 46.651 + 42.470 (44.97) + 107.34 (129.3) 
-5.805 + 232.200 179.56) 38.373 ± 125.210 (139.5) 17.061 ± 61.957 171) 

3.701 + 6.226 {10.8) 37.473 + 11.117(9.653) 147.95 ± 29.708 {20.34) 
3.979 ± 5.691 (9.848) 454.79 ± 59.211 (21.55) 67.392 ± 17.235 {13,06) 
-0.859 ± 3.164 (5.442) -1.651 ± 4.067 (4.465) 3.454 + 8.043 {9.121) 
-0.429 ± 2.463 (4.331) 1.802 ± 7. 703 (8.464) 2.345 ± 3.696 (7.138) 

0 ± 3.576 (6.304) 0 + 0.556 (4.503) 0 ± 4.611 19.658) 
1.36 ± 2.543 (4.318) 1.407 ± 7.014 (7.88) 4.144 + 5.349 (5.642) 

8.182 ± 11 .019 {9.428) 12,357 ± 11.523 (8.309) 35.286 ± 16.083 (15.37) 
8.639 ± 9.887 (9.224) 108.2 ± 25.947 (19.77) 3.364 ± 8.324 (10.17) 
10.73 ± 14.450 (10.46) 43.048 ± 11.308 (9.196) + 28.83 (22.09) 
14.123 ± 16.161 (10.5) 419.77 ± 53.289 (18.76) 55.287 + 13.132 (10.79) 

372.63 + 68.344 (41.62) 462.51 ± 78.200 (43.9) 419.75+134.7801126.6) 
402.6 ± 78.197 (49.2) 456.59 ± 112-540 (92-55) 431 .27 + 77.856 128.921 

120.17 + 99.079 (115.3) 0 ± 65.1251116.1) 144.56 + 177.340 (213.3) 
-7.471 + 67.488 (94.55) 9.698 ± 191.860 (240) 25.579 + 100.980 1127.9) 
2.045.± 8.465 (15.86) 3.993 + 5.605(17.08) 20.59 ± 23.511 /30.23) 

-3.456 ± 596.730 (18.21) 0 ± 10.705148.111 8.262 + 21.656 (23.18) 
-1 .618 ± 64.703 (5.703) 0 ± 2.212 14.705) 0.93 + 7.435 19.519) 
-0.915 + 9.408 15.161) 1.652 ± 9.519 (10.64) 1.73 ± 4.735 (5.515) 

-1113.8 ± 65920.000 (10390) 2123.2 ± 6417 .000 (7842) 908.25 + 4575.300 (5661 \ 
1054.6 ± 6015.000 110360) 2800.4 ± 5121.400 (6175) 0 + 5271.800 (10580) 
15.669 ± 299.010 (524.1) 42.353 + 56.431 (464.4) 0 ± 140.500 (353.9) 

-81.945 + 25269.000 (562.6) 0 + 143.330 (369.7) + 437.04 (555.5) 
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Exhibit F • Hyland Facility Associates Leachate Sample Analysis 2013-2017 

Pvam,ltr 

~ ~ .. ~ 
.. FliiJd P11:mnet.B . - ~ . -

Field pH (std. units\ 
ORP(mVl 

Specific Conductivity (us/cm) 
Temperature Idea. Cl 

Turbiditv /NTUl 

- -. Aidlonil~llcfe ,AcJ + Uno (l'.(oc)l'l 11911.111 - -.-
Tolal Uranium OISSQlvedtll IASTM D5174-9711' ' 

Toi.el Uranium (ASTM 05174-97) 
Ra7flonuelldi Act+ Unc IMOm . ..,.,n~!l -. .. 

Radluqi-226 (EPA 903.1) 
Radium-226 , Dissolved (EPA 903.1 l 

Radium-228 (EPA 904.0) 
Radium-228, Dissolved (EPA 904.0l 

Total Uranium (EPA 908.0) 
Tata) Uranium, Dissolved (EPA 908.0) 

RadrolluclfdJI A,,°1 '+ UnclMDciJ,o1:UL rEP-A901.f Ruultsl1'1 

Acfinium-228 (EPA 901.1) 
Actinium-228. Dissolved (EPA 901.1) 

Bismulh-212 (EPA 901.1) 
Bismuth-212. Dissolved (EPA 901.1) 

Blsmul:h-214 (EPA 901 .1) 
Bismuth-214, Dissolved (EPA 901.1) 

Cesium-134 (EPA 901.1) 
Cesium-134, Dissolved (EPA 901.1) 

Cesl um-1 37 (EPA.901.1) 
Cesium-137, Dissolved (EPA 901.1) 

Lead·212 (EPA 901 .1) 
Lead-212, Dissolved (EPA 901.1) 

Lead-214 {EPA 901,1) 
Lead-214, Dissolved (EPA 901.1) 

Potassium-40 (EPA 901.1 ) 
Potassium-40,. Dissolved (EPA 901.1} 

Radium-226 (EPA 901.1 ) 
Radium-226, Dissolved (EPA 901.1) 

Radium-228 (EPA 901.1) 
Radium-228, Dissolved (EPA 901.1) 

Thallium-208 (EPA 901.1 ) 
Thallium-208, Dissolved (EPA 901.1 l 

Thorium-232 (EPA 901.1) 
Thorium-232, Dissolved (EPA 901 .1) 

Thorium-234 (EPA 901.1) 
Thorium-234, Dissolved (EPA 901.1) 

Notes: 

1.) Acl + Unc (MDC) =Activity:!: Uncertainly (Minimum Delectable Concentration) 
2.) µg/L = micrograms per liter 

3.) Dissolved - Indicates sample filtered with 0.45 micron filter prior to analysis. 

4.) Each of EPA 901 .1, EPA 903.1. EPA 904.0, EPA 908.0, and ASTM D5174-97 are 
laboratory analysis methods. 

5.) pCi/L = picocuries per liter 

6.) The EPA 901.1 melhod resutts are for non-quantitative purposes only due to the method's 
high degree of uncertainly. 

7.) 8/16/2017 sample results for Bismuth-214, Cesium-137 and Lead-214 are anomalously 
elevated and a resample was collected on 12/26/2017. 

- - ~., ,. 

8.01 
25.6 

17526 
7.8 

55.6 

- -

4.62 ± 1.89 (1.93) 
4.36 ± 2.08 (0.657) 

5.7 ± 1.42 (1.17) 
3.91 ± 0.954 (0.888) 

0.516 ± 0.406 (0.681) 
0.35 ± 0.365 (0.644) 

0 ± 12.207 (39.68) 
13.661 + 28.445 (30.72) 
19.159 + 80.934 (97.51) 
37.735 + 87.708 (98.71) 
47.939 + 21.084 (21.88) 
24.135 ± 15.909 (17.65) 
2.345±9211 (10.44) 

0 ± 2.329 (7,988} 
-129 ± 7.973 (9.412) 
0.039 ± 7.270 (8.336) 

0 ± 7.531 (19.73) 
0 t 8.012 (15.24) 

39.67 ± 16.682 (17.42) 
29.84 ± 14.679 (15.02) 

505.44 ± 133.400 (109.1) 
459.49 ± 112.050 (96.74) 
-11.987 + 183.420 (229.1} 
202.63 + 117.150 (133.1) 

0 ± 12.207 (39.68} 
13.661 t 28.445 (30. 72) 
4.241 ± 8.289 (9.449) 

0 ± 2.457 (10.37) 
3341.1 t 4418.700 (5327) 
-652.48 ± 3669.800 (4494) 
120.21 t 247.440 (308.7) 
31.547 t 188.950 (233.8) 

PLCS~t/1~.f9 Pl.~~'21117 Pl:CS Riump\o 1212~~'1-7 

.. \._\•_. .. • . C ·"" ,~ - _..,.. ~- I 

8.19 8.08 8.1 7.01 

15.8 39.4 -36.6 72.6 

21439 16413 19593 18954 

22.5 6.4 28.3 2.8 

52.8 49.6 51.3 64.2 

0.000566 ± 0.037 (1.927) 0.000119 + 0.007 (0.385} 0.000575 ± 0.032 (0.385) 

0 ,000563 ± 0.038 (1 .927) 0.000099 ± 0.008 (0.385) 0.000654 ± 0.036 (0.385) 
-;-: 

•-· . -
4.24 ± 1.50 (1.16) 2.38 ± 1.52 (1.83) 16.4 ± 8 .07. (3.3) 
4.92 ± 1.58 (0.952) 2.65 ± 1.74 (2.33) 9.76 ± 4.42 (1.32) 
11 .. 6 :t..3.12 (3.36) 10.3 ± 2.24 (1.54) 4.46 ± 1.49 (1.94) 
8.75 ± 4.95 (8.8) 4.98 ± 1.31 (1.5) 6.84 ± 1.82 (1.69) 

- .. -. 
9.319 ± 13.696 (14.78) 5.923 ± 9.060 (22.45} 0 ± 39.124 (51.53) 

0 + 13.906 (38.66) 44.748 + 21.746 (20.16) 7.712 + 82.070 (82.86) 
27.836 ± 46.506 (49.79) 29.621 ± 49.575 (62.66) 0 ± 88.422 (169.1) 
18.905 + 93.113 (106.5) 16.223 + 74.421 (81.05) 0 + 136.280 (288.4) 
16226 + 13.359 (10.23) 24.85 + 8.717 (6,939) 8936.4 ± 946.510 131.ssif' ' 29 ± 12 (17) 

o ± 10.215 (23.91 l 276.89 ± 36.510 (12.58) 13163 ± 1384200 /48.85)()) 3 ± 13 (21) 
o ± 1,775 /4.986\ 0.457 ± 4.127 (4.701) 0 ± 7.079 (13.89) 

1.203 ± 7 .255 (8.255) 0 ± 1.032 (8.387) 3.065 ± 22.692 (22.41) 
1.069 t 3.886 (4.042) 2.383 ± 3.597 (3.768} 13.499 ± 13.009 c12 .12)11J 0.5 ± 4.9 (8.3) 

1.96 t 6.178 (6.82) 0.098 ± 5.954 (6.449) 21.627 ± 19.055 (18.551{7) -0.6 ± 3.1 (5.5) 
5.678 ± 5.590 (6.872) 0 t 3.543 (9. 704) 34.983 ± 19.096 (29.07) 

0 ± 7.464 (14.92) 84.215 t 39.352 (13.15) 3415.5 t 365.240 (45.2) 
5.231 ± 7.404 (8.555) 2.008 t 10.232 (11.68) 9398.7 ± 1002.000 (39.84)17) 13.3 ± 9.3 (14.7) 

2.969 .± 12,481 (15 .. 97) 280.19 ± 35.994 (17.14) 13736 ± 1443.5□□ (60.041{7) -5.6 ± 9.9 (16.7) 
571.64 + 98.917 (57 .65) 330.27 + 102.130 (83.9) 591.1 + 178.300 (140.9) 

667.21 + 136.520 (96.85) 478.85 + 93.506 (58.83) 501.49 + 166.210 (212.6) 
30.834 ± 77.633 (99.78) 36.81 + 102.950 (126.7) 288.9 + 350.520 (408.3) 

80.803 + 140.410 (170.7) 281.67 + 146.250 (160.3) 0 + 280.800 (578.1) 
9.319 t 13.696 (14.78) 5.923 ± 9.060 (22.45) o t 39.124 C51.53l 

o ± 13.906 (38.66) 44.748 ± 21.746 (20.16) 7.712 t 82.070 (82.86) 
1.16 t 3.737 (4.105) 0 t 21.246 (6.239) 10.775 t 9.788 (12.72) 

0 t 5.586 (11.84) 0 t 2.714 (7.224) 12.059 t 20.889 (21.77) 
251.33 t 6727.300 (8292) 1389.5 ± 8351.400 (10290) 0 + 11510.000 (28450) 
1 044 ± 3585.500 ( 4403) 1047.1 t 9720.000 (11940) -514.2 ± 7161.300 (10980) 
273.3 ± 335.340 (411.9) 98.696 t 65.192 (566.9) 0 t 530.520 (1565) 

0 ± 116.660 (262.5) o t 112.280 (679.2) 54.036 t 764.750 (899.1) 
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Exhibit F - Chemung County Landfill Leachate Sample Analysis 2012·2017 

,- ~ ,.-. -
Reid pH l sb:i. unUs'\ 

ORPtmVI 
S"""""' Con<uclivltv lua/cml 

Tomoora1uro ldoa. Cl 
Twllldllv INTI/I 

,. ~ ,. -.~udldo ,.-ci,,-i,.;.,'tun,,\~I ~all.'111 _ 

Total Uronlum •ASTM 05174-ll""l 
Tarol Ura•lum rn.M>lvodl'l '"=M 05174-971 . ...,.4•·•:. _ .. -..., ___ III . 

Ra<fium-226 •EPA90J.11 
Rodlum•.226. Oiss<>lved fEPA 903.11 

F!a<f,um-223 tEPA !!C!-1.0l 
R;,dlum-228. rn<sol\led !EPA 004.01 

T olal Uranium IEPA !108.0l 
Total Unnum, c .._.oh·od rEPA 90&.ID 

n,.,,fum-22B IHSL-3001 
Thotfum-228. l)ls501\/od IHSl.JOOI 

Thoriwn-230 !HSL.JOQI 
Tho<lum-230, Ois>olv.ed ftjSL-3001 

Thonurn-2J2 {HSL.30(11 
Thorium-231, Dl...,1\/U<I IRSL.JOOI 

Uranium-234 IHSL-300\ 

llra•lum-234 °"""'IV<ld IHSL..JDOI 
U<>nlum-US IHSL-300\ 

Uru,Jum-2.35. DI:- IHSL.JOOI 
Umnlum-2l8 IHSL.JOOl 

Ur>nr.Jin-23!. Oitso1"e<J IHSl -3001 
' J &,-1 ...... - .. . . ·-· II! 

Acfmilmt-228 IEPA !l<l1, 11 
AcHnium-228, [)juo/vo.tl •EPA 90 1.11 

Bi,mulh-212 (EPA1i01.11 
tl~ muth-212. Dissolved fl'Pl\ 901 .11 

Bismuth-214 IEPA 901 . l \ 
B!smuth-214 D!ssdwd tEPA901 .1l 

Ceslum-13-I IEPA 901.11 
Cew m-1 3-1 Omolved rEPA eo1.11 

Ceslum-1 37 IEPA 901.11 
Cnium-137 O!ssoived IEP/\901 ,11 

Laad-212 IEPA 901. 11 
Loa<!-2 12. D!s.,or,od ffiPA 90 1.11 

leod-21◄ l'EPA 901.11 
L03d-2 J4 , D;ssolvod tEPA 901 ,11 

Potawum-40 IEPA 901.11 
Potasslum~0. OinOlvod [EPA 901.11 

Radlum-226 IEPA 901. 11 
~tum-226. Df.&crMd <EPA 901. 1l 

Radillm-228 IEPA 901, 11 
Rlld!um-228. Di..,.1\/ed fEPA 901.11 

Thallium-208 IEPA 901.11 
TMJ!h.Jm-2D!I. Dissolved iePA 901 , 1l 

Thorlum-232.fEPA D01 .1l 
Tt10<klm-232, Dissolved •EPA 501'11 

Thor!um--234 rePA 901.11 
Thwwm-234. lliU<>lvod •EPA 901, ll 

Umnlum-2:iS •EPA901 ,1l 
Uronlum-235, Oluolvod IEPA 901.11 

Uranium-238 tEPA 901 ,1 1 
Umnlum-238, Oiuot,od IEPA901.1l 

Notes: 

1.) Act+ Unc (MDC)"' AciMty :!: Uncertainty (Minimum Oe!Kiable ConcentraHon) 
Z.) µg/l = micrograms per l~er 

-

3.} Each of EPA 901.1, HSL·JOO, EPA 903.1, EPA 904.0, ASTM os174.g1, and EPA 908,0 
are laboratory analysis methods 

4.) Dissolved - Indicates sample fitered with 0,45 micron filer prior lo analy,b;. 
5 ,) pCi/l = picocuries per l~er 

6 ,) The EPA 9011 method results are for non-quantitative purposes only due lo the method's 
high degree or uncertainty 

.. .-_,_ :I-_::·~: ;i --·· : ~ 

~ - .. .· .. : 

- ~-· - ::.~ -
0,74 .0.21 
0.39.z.0,16 

0.39 U ±0.46 
0 .77-.0.5 
1..3-1 ,3.08 
2.75 ±3.47 

. - - " 

1 U tJ;0 

-1 .6 U ±7.0 
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14 ~ l'ondWl201!1 

....... -.... -- L 

7.12 
51 ,2 
5288 
5,2 

Ill!,;) 

- --~ . -

.. -
3.63%1.4 ZS7 i2.9l 2.67 ct 1.77 10.8031 
\.12 %0.83 4 .. 41 ±3.28 1.80 ± 1.14 11.271 
1.77 ±0.852 6.20 ±2.62 1,59 ± 0.698 1,081 
0.799 10.6 1 tl9 11,e8 1,47 ± 0.532 I 0.7911 
1 ±0.4lla 0,451 .0.215 1.1&, ,.n 2,91 

0.1 58 ..0.393 0,451 ±0.215 -0:323 ± 1.64 3 .15) 

" - - - .,. 
0.000 t 8,005 130.(131 
7.288 t 7A18 '18721 

0,000 ± 16.147 1146,51 
0.0001: 27.240170.271 
8.033 1 16.322119.961 
IG.623 ± 8.D'.11 15.716 
1.376 ± 6.326 17. 193 
1.308 . 1.51614.941 

0.74~~-123 0.0511 ±2.592 -2.376-± 9.<88 r10.94 
-0.631 i 3.5 -0.123 .t:2.369 -0.203 ,U ,011 14.508 

0.1)00 • 7.85) (18.]4,l 
14,777: 12.86 1110,271 
0.000 ± \0.970 122,0&1 
16.166 ± /1.924 110.91 

66.721 ± 101 .690 1139.61 
80.958 ± 85.070 1!3,351 
0.000 t 98.681 1196.81 
J.974.±94.0141120.11 
0 .000 ± 8.005 139.031 
7.268 • 7A 14l1a.72l 
6 .0~1 ±. 6,336 17.~191 
0 .667 ct 4,38B rS.25l 

3227.500 ± 40T,l,400 149071 
3723.200± 6725.500 1&2031 

69.0oB ± 235,3-10 tJOOI 
0.000 ± 130. 700 •s-i 1,&l 

-3..295 ±5.2117 3,564 -±21.715 D 000 1 28.2119 t&tJiSI 
2. Hl4 !<1.167 a3.144 ±247.07 32.8"C9 ± 25.4 19 131.361 

84.035 + 117 530 f 146.41 
0.000 ± 62./21 1138.11 



Exhibit F - Chemung County Landfill Leachate Sample Analysis 2012-2017 

~ 

. - - - Fleld Panmet. ... · ~ 

Rold oH <aid. ul1itaJ 
ORP<mVI 

S"""'oc COn<fuctivltv luo/cml 
Temoerlllur,, (de,. Cl 

T urt>idilv IN'TU\ 

- ~ .Ad°iVnc(Mog'l uaii.111 

Ti::i:ill Ur.o.n.lum 111 ~M n §174-97)131 
Total Uranium DillO!Yed1'1 tASTM 05!'74-971 

- - ., _ _.., .. _ ,~ _. .. (Q -
Radlum-226 <EPA 903,1 I 

R.>dium-226. Oiuo,'vod (EPA 903.1) 
Radium,228 (EPA 9()<1 .0l 

Rodlum-228. Dissolved !EPA !!04.0l 
Total Ur:,nlum !EPA 908.0l 

Total Uronlllm Diuo1'ooo /EPA 903.0) 
Thorium-228 lHSL..3001 

Thonwn,228, Olnolvod fHSL-3001 
Tharlum-"23D IHSl.-ao01 

Thorium-230 Oilaoiv1>d (HSL-JOO) 
Thorlum-232 l'HSL..JOD) 

Thorium-232. Diuolvoo [HSL-300) 
1/rnnMJ>-Zl" (HSL-300) 

Uranlum-234. Oluolvod fHSL-300) 
Umnlum-·235 [HSL..JOOl 

Uranium-235, OMolved IHSL-JOOl 
Uranlum•2J8 IHSL..JOOl 

Urnnlum•2ll!li,-~notve4 rHSL-3001 
Art+,.11.;..:' n.a.-vn' -nrn irai• liA4 .4 a ...... ,.;. 191 

Actinium-228 IEPJ\ 901 , 11 
A<Unium-228. 0 1'aolvod <EPA oo;.n 

Blamulh-212 IEPA 001.1) 
Bl,rmiJth-212 Dba01"8d IEPA 901 .11 

Bi>mutn-214 IEPA 901.1) 
B/1m""1•214 Dissotved rEPA 901.11 

Ce,;um-134 (EPA 901 ,1) 
CMlurn-134, Diuolved(EPJ\901 .11 

Ce!lfurn-137 IEPA 901.11 
Ce<ium-137 Disso!""" /EPA 901 .11 

L.ead-212 IEPA 901. ll 
Le~-212, Olssnived !EPA 901, I\ 

LOild-2'14.IEPA 901.11 
Laod-214. Olualved <EPA 901.1) 

Pota .. lum-40 IEPA !1111.11 
Potosslum-40, o;uolvcd (EPA 901.1} 

Rluf<um-228 IEPA 901.1 I 
Radlum-226. Dissolved IEPA 901. 1) 

R,idium-228 <EPA 901 .1 l 
Radlurn-2211 01 .. o!Yed (EPA 001. 1) 

ThGJUum-208 IEPA 90i .1) 
ThollMn-208. Oiuolvod !EPA 901.11 

Tl,ooum-232 !EPA 901, 1) 
Tharwm-232. O!ssol,•..i rEPA 901.1! 

Tho,1um-234 (EPA 901, 1l 
Thorium-234 . Oluofved /EPA 901.1 l 

Ur,mn,m-235 IEPA 901. ll 
iJ,..nlurn-235, Olssolved rEPA !!01 ,11 

Uranium-23a IEPA 901. ll 
Uronlum-238, Ol..otvoo rEPA901 .1) 

Notes: 

1.) Act+ Unc (MOC)= AciMfy !:. Uncertanry (Minimum Detectable Concentration) 
2.) µg/L = micrograms per liter 

3) Each ot EPA 9011, HSL·300, EPA903,1, EPA.904.0, ASTM 05174-97, and EPA 908,0 
are laboratory analysis methods 

4.) DissaY9d - Indicates sample filered with 0.45 micron filer prior to ana1ysi5. 
5 ) pCill = pic:x>(::uries per liter 

6 ) The EPA 901.1 method ruult& are far non-quantitative pufPOSM only due to the method's 
high degree of uocer1ainty, 

. , ~ .~· c•, : 

s.o~ 
54.4 
~o 
5.2 
JB.3 

' -

l.◄ 7 ± Ul4 f0.5l 
2,1),1 ± 1.28 C0.552\ 
1.6 ± 0.644 C0.99) 
1.28 ± 0.662 (1.17) 

0.865 ± 0.416 (0.58) 
0.524 ,: 0.367 (0.603) 

0 .t.2.333119.851 
19.544 ± 16.100 (17.821 

0 ± 33.291 181.02) 
o ± se.s77 On81 

47,m, 14.893 r11.61 
0.642 ± 17.903 123,24) 
4.527 ± 5.523 (5,718) 

1.7 ± 7,333 18.5221 
0 ± 1.827 15.6521 

-2.038 ± 8.788 (1Q21l 
13.975 ± 17.265 19.7831 

o ± 10.061 r1s.41 
41.483 ± 11.210 (9.96) 
4,355 ± 13.613 (18.06) 

279.14 ± 72.088 (55.12) 
213.02± 106.560(125.11 

0 ± 66.834 (133.5} 
60.685 ± 171.350 1209.3\ 

0-" 2.338 (19.861 
19.544 ± 16.100 (17.82) 
2.835 ± 4.07615.9721 

0,: 2.426 n1 ,08l 
n•.04 ± 11464.300 ,103901 

0 ± 2873.700 (61411 
141 .15 ± <35.470 1548.8) 
21. 174 ±25-4.flEO 1322.8) 

eo1.;14·1'111i'\Myu~amm,10 I Cella 1..i~~1e1rs,~~ 

- :::-
7.85 
100,4 
8135 
5,65 
23.3 

' 
. ~ . . ~ ,. -

' - . -
Q000213± 0.004 CO.US) 
o.ao0349 t o.oor co::i.,s1 

-- -
1.23 :> 0.974 11.3!?\ 3.3~1.8 1.72±0.55 
1.o.2 ,c0,565 <0.503) 1.59 .!0.46 
1.57-: 1.02 (1.92) 12.3 ±7.2 1.4 ±1.3 

oAJ2 ± 0.51s r1,091 1.76 ±0.99 
-1.34 xl.73 
3.65 J ;S2 

0.18 U ±0.41 

0.68 U ±0.7 

0 U ±0.12 

l.6U..<1.3 

-0.22U ±0.22 

0.33 U +0.67 

.. ,_ ~ ~- -
0.000 ± 19,832 (47.11 

7.329 ± 17.168 118.07) 
-35.196 ± 142.4-10 (150.6) 
16.137 ± 65,062 (70.47) 
95.057 ±.23,152 (17.7] 
161.35 ± 24.393 (12.781 
0.000 ± 2.772 (8.4191 
0.000 ± 1.605 ISJIS-41 
0.000 ± 4.598 110.28) 20 U ±4.9 
0.000 ± 1.962 (6.327) 20 U ±2.4 

27.294 ± 21.496 (17.85) 
35.583 ± 31.545 (11.99} 
90.S08 ± 20.736 (16.48) 
174.73 ±24.750 (11 .8) I 

139.4.5 ± 91.152 (83.74) 
207.09 ± 59.111 47.94} 
0.000 ± 103.770 197,71 

0,000 ± 87 .971 1651 
0.000 ± 19.832 47.1} 

7.329± 17.168 18.071 
3.551 ± 5. 7.JO (9,951) 
1.&H • 4.944 rs .mi 

1472.1 ± 10570.000 (12960) 
0.000 ± 4864.800 (11080) 
24•.04 ± 558.100 r692,9l 
0.000 ± 280.190 (602.51 
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Exhibit F. Chemung County Landfill Leachate Sample Analy1ls 2012-2017 

-~-Rold oH !std. Ullitsl 
ORP!mVl 

s,_,nc Ccndt.Jc.tiviht tui!lcml 
To.....,........,,,.111ld&a. C\ 

Turbldl!v INT\JI 

, llllclionlldlde '.-;:t •Unc"!ii,,;oi,,...,,.,._ - .. ~. 
Tntal Uranium IASTM 05'174-971" 1 

Total llr.ml(nn Oi<<o,'vo,l<11 !AST.., ns174.971 
&>oA+_1-... •,~..-n-11r 

R"'fium-226 IEPA.903.ll 
Radlum-22'.l, O!=>lved 1FPA903.1l 

R!ld!um-22ll lEPAm.t.01 
Ra<!lum-228, Dissmvod IEPA 90-l.01 

Totnl Ura n)um IE:f>A 908.0l 
Totnl Urani\an, tl;ssDMld !EPA908.01 

Thorium-2215 IHSL-3001 
Thctlum-2211. DIMC!vod IHSL.JOOl 

Tt_..aum-2..'IO IHSL--3001 
Thorium-230. ll\=>IYod IHSL-3001 

Thoriurn-?32 IHSL-3001 
Thoriurr~:l.:!2, Diffi,jye(I IHSL-3001 

Uranium-234 (HSL-3001 
Uranlum-2:)4 01...,lvod IHSL-!lODI 

li,a,iium-'ZJS IHSL.;JOOl 
U"11\lum-225, IJi!-·IHSl,.;JOOI 

Uran,um-238 (HS L-300) 
U,anlum-238, lljnolvod IHSL.;JOO\ 
~ + 11.:.._ni:t'W"- -0. ff:'D•--• t D .... .a ... (ltt' 

Acllnlum-22.B IEPA 001.11 
Acilnlum-228 lllssolvod (EPA901.1l 

Bismulh-212 {EPA 901. 1 l 
Blsmutll-212. Dissolved IEPA 501.11 

Bism<ilh•214 IEPA 901. 1l 
Bi>mutn-214, Diut>lvO<I IEPA 901.11 

Coslum•13'1 rEPA 901.1) 
Ce,• - 134 Di .. olvod (Ef'A 901 .11 

Ceslum-137 [EPA 901.11 
Co>ium-137. Dtu- /EPA 901.11 

Load-212 CEPA 901. ll 
U>a<!·212. OinOM!II fEPA !lll1. 1l 

l•ad.21• IEPA 901 . ll 
Laa<!-214 Or.,oOYud IEPA901 ,11 

PulaS>him-40 IEPA 901 .1 i 
Potamum-40. Dissolved IEPA 901 .1' 

Radium-226 IEPA 901.1' 
Rildluma226, Dinalvod n.uA 901.1\ 

Radium-228 IEPA 901 , 11 
R.ldlum-228. Dissolved IEPA 90!. 11 

Thallium-208 IEPA 901.11 
ll1-allium.'208. Oisso(ved fF PA 901.1 l 

Thorium-2321Ef'A901 .1I 
T110rtum-232, Dwolved IEPA 901.11 

Thorium-234 IEPA901 .11 
Thariu.m-~. Dissolved IEPA 901-. i' 

Uranlum-215 IEPA 901. 11 
Utanlum-235. Dtt&olvnd tEPA 901 . 1' 

Uranium-238 tEPA 901.1 \ 
Uronillm-2.'.18. lll$solvod IEPA 901.1! 

Not•.a: 

1.) Acl + Unc (MDC) = ActMly .:!:. Uncertainty (Minimum Detectable Concentration} 
2.) µg/L = micrograms per liter 

- . -... 

. ·• 

' 

3) Each of EPA 901 .1, HSL-300, EPA 903 ,1, EPA904 0, ASTM D5174-97, and EPA 908 0 
are labon11tory arntlysis methods 
4) Dissolved• Indicates sample fillered with 0.45 micron filler prior lo analysis, 
5) pC'1.= pirocurie,Jpe,lle, 

6 ) The EPA 901.1 method results are for non-quantita!N9 pu,poses onfy due to lhe method's 
high degree of uncertainty. 

: ~. - ::r.. -..:.. ~--- -:-... ,;~-- . - ..... -

.. _=-:_',..,_- ~:.~' ... -

·- .. 
7 ±2.01 

1.91*0.975 
-0.388 '2. 18 
1.43 <0.652 

0.742 !c0.449 
0.393 Jc0.602 

.. 

-3.1.93 ;;6.0.i; 
0.781%2.1547 

-1.049 .t23.2 
-0.303 i2d.36 

•' ·.--f:-',•cc:,. .-.··- ... -:...:.·.--: - ~--~ ~ - . 
8.33 7.72 
203 51.6 

111689 13641 
8.8 11 .4 
14.7 29.9 

--- . ~ - -
-• 

.,. 
' l . . ' . 

"' --- .. .1.·. 

4.18 13.02 6.49 ± 3.75 run 1.7 • 1.00 /Ol!.!!71 
4.4-5 ic6.03 1_9a~ 1.12 11.191 3.49 ± 1,3510.llltll 
1.11 ±1.73 -0,531 ,2.os1._041 3.31 ± 0.951 11 .081 

0.466 ,,, .as 2.00 !c0.68910,951\ 2.09 ± 0 73111 .001 
1.12 :0.855 0.511 ± 1.95 (3.61 0.25l ± 0.340 10.6191 
1.52. !:1.28 1.2!;• 2. 1~ tS.691 o.875" 0.• -i.s 10.&1e1 

0,000 ± 2.858 118.721 13,343 ± H.7!:-6116,631 
0:000 ± 15.328 {45.4.3\ 0 i 11 .461 122.611 
55.140 :t 70.76-1156.ii 0 ± 13.350 (~0'95) 

28.964 ,c B0.088 11-1 ,9"' 4.413 t 65.204 (72.621 
19.175½7.940 7.01' 59.412-! 14,384 110. ,51 

22.926½12.!"12 121.151 2B.J88 ! 11 .819110.411 
1.85!1 ± 3.313 9.538) 0 ± 1.092 {5.027) 
0 .19.S :!; 7.985 9.1 54 0 i 0.966 15.0S\ 

0.3&5 t2.8"2 0 .17H4.69" r<,215 0 ± 1. 362 16.221 I 
-0.il 12±3.054 1.562± 8.004 9.415 1.571 • 4, 11s r~.s;21 

0.000± •.016 9.876 10.745 ± 16.834 110,17) 
3 ,1!92±12.656 16,1• 6.077 ± 7,249 18.6471 
18,4~ t 7,556 18.21!9 SS,331 : 12.737110 551 

11.024 ± 10.9:ll {14.041 30,93& ± 11 .916 (10.991 
342.650 • 67.32.· ,•2. m 458.98 ± ~ 254 ISJ.47) 

287.360; 127.250 11:19.6\ 503-46 i 88.841143.091 
0.000 • 58.sa5'1 14 56.055 ± 92.353 1116.il 

25.329~ 151.6901>02."' 0 ,c 74. 181 1143.81 
0.000 .t 2 .854 118.72 13.343 ~ 14.766 {16.!,J) 

0.000 ± 15.328 145.43 0% 11 .451 122.611 
4.400 ; 4.752 14,~62 3.599 • 4. 14-8 15.806) 
0.060 ;t 7.22.1 16.931 o • o. !126 1s. 1411 

1510.600 t-6610.600 182031 1302.8 i 71134.200 195901 
875.820 ± 38.93.600 1411.;41 2198.4 , 7300.400 18.'!93! 

0.000; 205.970 '4-87.71 o" 2-09,B&l 1582.31 
0.0001119.160 1300.4' 0 : 133. 780 /5781 

:iJ.m rn .11 3.591±~0,449107~1 
6.549 •<21.08 0.000 ± 32.:Jd6 le/ .351 

42,150± 98.110 112-1 .41 
97.251Jc113.~501140.6) 
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Exhibit F - Chemung County Landfill Leachate Sample Analysis 2012-2017 

,__. 
~ l'lilld·P-

Rold •H (old. units\ 
ORP<mVI 

S°""llc C<Jnduci<vltv 1u.rcrn1 
T---.. lute fdN'!. c, 

Turbldliv lt,ITUl 

.. - Ra,ffonuclklt Act. t Unc Ill"""'! ;,..,. Ill _ 
.. 

TM4l Um-L·- u.c-~,, ni;i174.97fJJ 

TolDI Ur.inium. o.,,.o:-,,,,it•• !AS'TM n517• 0
" 

D .... _ ...... ; .. ,, . .. _ iltnM..,,,,, Pl 

fladiu,,..:m; !EPA 903.11 
Radium-226 o;..,,tvod !EPA903.1) 

Rlldium-128 (EPA 90,1.0l 
Radhun-228, Dissolved !EPA 904.0l 

Tomi Uranium {EPA.908.0l 
Tcr.ol Ul'Mlum, Diualved !EPA 908.01 

Thorium-228 !HSL.;)001 
niooum-225. Dl"3GIVod IHSL~I 

T1i<ln=230 (HSL-JOOl 
Thorium-230. Dlunlvod (HSl-300) 

Thonum-232 IHSL-3001 
Tt,qrium-2J2. ~o!vo...i IHSL-3001 

(Jr.,.nlum-2.34 (HSL-3001 
Urat!iUm-234, Dissolved IHSL·300l 

Uranlum-23.S IHSL-3001 
Ur.uilurn-2-3.5 Oissolvod IHSL.;JOOI 

Ur.mtu.,,..:ull IHSL-300) 
Uninlum-2J8. Oi550IV<>d !HSL-300) - .. '/ht• 1•--~--ll' le'ft& ,-.. ,a ·n-•••-,t'f 

Adinlum-228 IEPA II0! .1) 
AcUnM!>-"" O!<•olvod (EPA 901 1l 

Bi>mulh·212 [EPA 901.ll 
Bl!muif>.212, D!uolv"1l (EPA 901.11 

Bi>mulh-214 (EPA 901.1] 
Blitmuln-214 Dlssol•l!d IEPA901.1) 

C!3slum-134 IE/>A 901.11 
Cesium-134, Dissolved IEPA 901.1, 

Coslum-137 IEPA 901.11 
Cesium- I 37 Dissolved !EPA 90 1.11 

L••d-212 IEPA 90 ! . 11 
Leed-212, ilisoolvoo (EPA 901 . 1) 

L"""·214 CEPA ~01 .1) 
leod,214, Dluolvoo !EPA 901 , 1l 

Po!ru.slum-4ll {EPA 901. 11 
PD!Msl<lm-<O lllssolvod rEPA 901.1\ 

RD<fium-22<! !EPA 901.11 
Roo'l'Jm•2W, Dlssalved !EPA 5IOl.1l 

Radium-228 {EPA 901. 11 
R,idlU(ll-22!1, o ;.,,.,,- !EPA 901 ,ll 

Th11Uum-208 IEPA901.1) 
Thollium-208. o,uolved IEPA 901.11 

Thctlum-232 (EPA 901, 1) 
Thcrlu.,,..n2 llissGlvo<I !EPA 901.1 \ 

Thorium-234-IEPA 901.1) 
Thorium-234. Dis!IOlvcd IEPA 901.11 

Urnnlum-235 lcPA 901. 11 
Uranium-235. Dissolved IEPA 901.1 ! 

Ur.inlum•z:18 fEPA 901.1\ 
Uranlum-2:18. 01 .. olvo,j !EPA 901 .11 

Notes: 

1,) Act+ Unc (MOC)= Activity .:t Uncertainty (Minimum Detectable Conc::entration) 
2,) µg/L = micrograms per liter 

3) Each or EPA 901.1, HSL-300, EPA903.1, EPA904 O,ASTM D5174-97, and EPA 908,0 
are laboratory analysis me1hods 

4 ) Dissolved - lndlcales sample mered with O 45 micrnn filer prior lo analys.15. 
5 ) pCilt. = picoc:uries per liter 

6} The EPA 901.1 melhod resvfls are tor non-quantitatNB purposes only due lo the method's 
high degree of uncertainty. 

c.ill14H!II 

- .. 
7.89 
67.8 

18010 
14.5 
ID.I 

.. -
0.000157.,lO.OOl 10.:1851 
0.000Hl4-¼ 0.003 10.385\ 

3.37 ± 1. 71 lj .651 
2.71 : 1.07 10.9111 
7.6± 2.49 !3.411 

6.49 ± 3.M (8.23) 

0.000 ~=, 151.27) 
10, 1a±c21,sn 121.68> 

75.318± 111.4101122.2) 
28.2&9 t 82.623 187. 7l 
181.15 • 33.129 (19.:zfi) 

903.39± 100.400114.67) 
0,000 ±3.184 (11.33) 
0.000 • 1.344 19.661 
D.000 • 1.153 110.31 
0.000 ± 3.015 18.107) 

35.56'7 ± 16.631122.38) 
2.10.73 :04021 117.14) 
201 .72t35.3)0121.74) 

~9.84±104.490118.041 
S81.7J • 156.4801112.21 
71◄ .7 i- 130.300 {75.971 
7.32 t 191,700 1249,11 

70.104 t 171.590 1208.21 
0.000 t 22.207 151.27) 
10.18 t 27.577127.681 
D.000 t 5.192114 .18) 
0.000 ± 5,903 IS.908) 

1751.6 ± 5279. 100 16455) 
0.000 t ll&lfl.!!00 115090\ 
30.408 ± 295.820 {370,41 
0.000 ± 225.390 1538.:l) 

~u Ptlmafy Wchela',1i:nno12 Cell~ Ptfma,yl.tachlti,;~12 

-·· - ~- -- ----. 

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

-- . - , 
·-

0.7 J ±0.22 2.4J •D.68 1.04 tll.71 
1.a z0.•8 0.811 .0.654 

ll.74J±0.42 I.SU±\.:, 7.01 !4.92 
'\.91 :tO.!W 4.91 tl.02 
1,65 ±3.03 0.403 "2.75 

-1 .44 •J.43 3.88 t3.09 
-0.008 U ±0.012 1.012. ±1.02 

2.88 ±2.08 
0.081 J 0.GeS 1.0!13 +0,669 

0.605:0.92J 
0 U ±0.019 -0.199 zO.!~ 

0. 242 10.672 
0.73 J ±0.28 15.7 il81 

2.25 !1~76 
D.042U.f!l.085 O.O!ll!ll.424 

OA9 ±1 .. 12 
O.<BJ±0.22 0 .0.325 

0.5-36 •0.661 

- - -

1.1 Ut7.2 -0.435 tl.35 
2.a u ~.o 0 ,085±2.52 

·l.2 :-17 
-4,!>l :1Sd 
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Exhibit F - Chemung County Landfill Leachate Sample Analysls 2012-2017 

fltklp.....,._. _ 
Flold oH <.:d. unfts) 

ORPlmVI 
Si,ecffic Co(,d,Jclhilt•lus/cml 

Teni....,.,...,.!u~ ldfH"l. C\ 
Tu!bldll• •NTUI 

- ~uc11de ~l+.UIIC flfflffl"►-;..,n-PIC . 
To~' · •- -111m IA~TM 05174-97\111 

T<Hll l Uran!um O'i$.'!i~•J (ASTM 05174-971 
R•,.Aftl-•A• "'"•_,. • .. _ .._ __ ....-11 m 

f';odlum-226 IEPA 903. 1 I 
R.tdh!m-226. Dissolved CEPA1l0.9.1l 

lla<f;um-228 (EPA 904.0) 
Rlldlum-22ll Dil.S.olved !EPA 904.01 

Total Uranium /EPA 908.01 
Total Unmlum. DiuCM!d rEPA 9Clll.Ol 

To<>rium-228 /HSL-3001 
Thorl'u.m-228. OisS<>lved IHSl-3001 

Thorium-2'.!-0 tHSL.:3001 
Thorium-230. Olnolved (HSL-3001 

Thortum-232 IHSl-300) 
Thorium-U2. Di.,_olved IHSL-'300) 

U!Onlum-234 IHSL-311111 
Umnlum-234. Dloaolved (HSL-300) 

u,ar,um-235 lr!Sl--3001 
Uranium-235, Dfssclvild CHSlsJOOl 

Ullllli!lm-238 rHsl-3001 
Uranlum-238, DisS<>lved (HSL-300) 

' .• . ~ . ... -- ,.._,. ...,_,.., ,_ .. -· 4 n....1.1~11 .. ,fq 

A<Onrum-228 IEPA 901.1) 
Actlnium-:128. Dwo(vod [EPA 9D 1.1) 

Bl>mulh-2.12 (E;PA 901 .1) 
B!omu\h-212. Diuclved fEPA 901 .1! 

llismuUi-214 IEPA 901 ,1) 
Bli muth-2.14. Ols'"llved (EPA 901 . n 

Ceslum-19◄ !EPA901 .11 
Ceslurr,-13'1 DiuoWod rEPA 901.11 

c .. lwn•t37 IEPA 901.11 
Ceolum-137. Oiuolved IEPA 901 .11 

Lead-212 fEPA 901.1\ 
Ln.od-21 2 Olui)lia>d IEPA901 .1) 

Ln.od-214 IEP-A M1.1l 
LOBd·214 , Oissolv1'<f !EPA 901.11 

Powslum-◄O IEP/1 901. 11 
Pol1mlU?T1-40, OlnoiVed IEPA 901, ll 

Raa;um-225 fEPA 901.1! 
Rodium-226. Diflclvl,cl ""'A 901.11 

Radlum-228 (EPA 901 .11 
Radiurn-228. Dllsolvod (EPA 901.11 

Thallurn-208 IEPA 901 .1 l 
Tholllum-208. Dlssal.od IEPA.901.11 

Thonum-Zl2 IEPA 901.1 I 
Th<>rlum-2.32. 0/uolvod IEP/1901 .11 

Th<>rfum-234 IEPA S01 .1 l 
Thoriurn-234. OlslOlvo.d IEPA 901. 1l 

Uranfurn-235 IEPA 901.11 
UranliJm.235 Olssolvod IEPA 901.11 

Uranlum-238 tEPA 901.11 
Uranlurn-238. Diffelvod IEPA 901.11 

Note!I: 

1 ) Act+ Unc (MOC)= ActMty :! Uncertainty (Minimum DelBdable Concentra.Hon} 

2.) 11gtL = micrograms per liter 

,· 

-• 

3) Each of EPA 901 ,1, HSL-300, EPA903.1, EPA 904.0.ASTM 05174-97, and EPA 908 .0 
are laboratory analysis melhods 

4_) Diuolved - lndicalGS sample mered with OAS mlcton filte-r poor lo analyse. 
5 ) pCi/L "' picocuries per liter 

6) The EPA901 ,1 method results are fornon-quantitatMI purposes only due lO lhe method's 
high d09ree of uncertainty, 

- . - _, .. 

C'"_- .. --

.. .. 
2.51 ± I.lie 

0.e871!l.794 
4.43 ±2.2.4 

0.387 .t0.342 
0.0226 ±0.363 
0.378 ±0.342 

-

1).!173 ±2.803 
-0.1)97 :J, 1 ,. 

2.521 :4.534 
-0. 106 ~.l!29 
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C.14 PifllWyLMc- ,iwzo,. C:.U 4 Ptlmary l.Ncho8 fl7f10f4 

- ->,- • -
7.4 

-140.2 
22!i00 
25. 2 
2f7 

. ~~-. - . . • - . - ' --. 

.. 

9.43 t4.18 9.4J ±4.18 1.69 ~ ,.ss (1.96) 

3.7 ±3.48 -4.44L2.92 S. 18 ±- 1.55 (0.998) 

4.75•5.511 4.7s ,s.sa 3.12 • 2.15 fU71 
-6.51 ±7.3 4,35 .!!1.&8 3.76 ± 0-96911.021 

0.11 ±0.516 0.11 ±0,516 o.423 ~ o.~09 ro.66n 
--0..554 ±0. 626 0.805 ±0.7◄6 0 .376±0.575 (Q.9&81 

.. -- .. 
~-- ~ - --

2.2•5• 19.123 137.03) 
13.887: 8.056 114.081 
21.124;, 70.608 (127.81 
15.074 135.537 (59. 61 

112_007±21.231117.:391 
20.635 ~ 11 .6S0 l9.2USI 
-10.812 ± 9.641 115.41) 
·2.08S t J.0&6 15,0351 

--0,22 ±6.717 --0.22 .S.717 1 372 t 5.295 19.4118) 
--0.013~.85 -0.6711 •J.084 0,091 • 2.215 <J.nn 

-6.93: 3869.100119.51} 
-2.269 ± 7,822 17.•Sl'I 

81.909 ± 18 933 /20,641 
3.055 ± 5.82519 .. ll941 

62&.23-: 1•2.5201115. 11 
536.74 ± 84.699 155.58) 
92.06 ± 12e.•10 11an 

3.9,478 • 81.427 1106.4 ) 
2.245 t 19.1n lJ7.03l 
\J,"7 ,08.05611<.0BJ 

--0.71iJ ± 10.SS] 11 2.,181 
s .21•3.5561• .sss1 

1375.6 ± 3044.700 (5310) 
-1945.4 ± 274500.000 18.2581 

55.707t177.240131 1.2) 
89.068 ± 94,521 13*.21 

-7.697 ±1508 ·7.697 ±1508 2216 ± 32.114156,781 
-19,799 '1123.2 5.806~ .• , •27.90S±275.010137..841 

-17.364: 129. 130 !181.SI 
120.6; 70,052 (•86.91 



Exhibit F - Chemung County Landfill Leachate Sample Analysls 2012-2017 

p ........... 

.,_ FJ.ild- .. 
Reid oH ' • Id. units\ 

ORPlmVl 
s~ CandudN'ltv tuslaril 

TamDl'lratun, ,A-. c, 
Tutt,ldlte INTU-1 

~ - Ad,♦ IJnc_lllnM!ll.,..nlll _ . 
T•- • '•r•n' - 1ASTM 05174-071"1 

T'ot:!J Umnfum c;.~1 IASTM 05174-971 
a-...,it-11.n\11'1.\~III -

RAaium,226 tePA BOJ.11 
Raalum-225, Dissolved rePA 903,1\ 

Rlidium-228 IEPA 904.0l 
F!adium-2:!8. OluDMld rBPA 904.01 

Tobit Uranium IEPA 908,01 
Tollll Unmium, OlUohled -tEPA9U8.0l 

Tho<ium-228 (HSL-300) 
Thoiium-228. Din<>IVl!d (HSL-JOOl 

l'honum-230 IHSL.;JOOl 
Tharium-Z30, 0 1$10!vod <HSL-3001 

Thorium-232 IHSL-3001 
Tocrium-232 Ditt<>lvlld <HSL-3001 

Uranlum-2:14 IHSL-300) 
Urar,lum-234 ~•8<l IKSL-31JOI 

Unmium-235 IHSL-3001 
Uranium-235, Dll •ot-1 IHSL-3001 

Unmlum-238 tHSL..3001 
Uranlum-238, 'Oi...,lvod (HSL-JOO\ 

,. 
• .I ~ ,1;;. ♦ oo.::... '-•- ..J • H • ■- I. A&,ol ◄ .. ~.._• . ."L•...-ll'I,. 

Acllnfum--228 /EPA 901. 11 
Acuni,,m,228 Di• ~ lvod !EPA 901 , 11 

BfJmulh-2 12 IEPA 901.11 
Bismuth-212. Oiuol111,<1 (epA 901.11 

Bl>mulh,21~ !EPA 901. 1l 
Bmmulh-214. Dissoleod 1EPA501 .11 

Ceslum-134 -/EPA 901, 11 
Cealum-134 Ois.o!ved /EPA 901.1) 

C..lum-1-37 IEPA 201.1) 
Cesiurn-137, D!s>olved /EPA 901. 11 

Load-2i2 repA 901. ll 
LOJM!-212. Dfuolvod lEPi>. 901.1) 

l.ud-214 IEPA SOUi 
Leod-214, DissolV1!d /EPA 901. 11 

Potauo,m-40 tepA 901.11 
Polaulum-40, OiHolw>d !EPA 001 .11 

Rrldlum-226 IEP/190 1 .1l 
Raolum-220. Oisui.oa 1EPASD1.11 

Ra<lium-228 IEPA 901 ,11 
!Gdlum-228, Ois>olvvd <EPA 901.1 I 

Thallium-208 IEPA 901.1 1 
Thalffum-20&. Dissolved IEPA 901.11 

Thodum-232 <EPA901.11 
Thotiurn-232, Dissolved IEPA 901.1, 

Thoriurn-234 IEPA 901.11 
ThoriiJm.234, Dissolved IEPA 901.11 

Uranium-235 /EPA 901.11 
Ur.:anlum•235. Dissolved !EPA 901 , 1 \ 

Uranium-236 IEPA 901.t I 
Uronlum-238. C.saolvod IE PA 001 .11 

Notes: 

1.) Aci. • Unc (MOC) = ActMty !: Uncertainty (Minimum Doted.able Concentration) 
2.) ~g/l = micrograms per liter 

3) Each of EPA901 .1, HSL-300, EPA 9031, EPA904,0,ASTM 05174-97, and EPA 908 0 
are labonitory analysis methods 

4 .) Dissolved - Indicates sample rntered with 0.45 micrnn filter prior lo analysls. 
5 ) pCi/1.. = picoc:uries pet Iii.er 

6) The EPA 9011 method result& are for non-quantitatM! purposes only due lo the method's 
high degree of uncertainty. 

~•~:. .:.- . . 1'·~··· - ... -
7.65 7. 611 
90.4 49 

2<819 9152 
12.8 24.7 
54,1 2!11 

-- ,: ... -· ~ .. . - . 

. - --

5.28 ± 2.74 (0.955\ 2.01 ± 1.33 11 .57) 
8.18 ± 2.99 (0,693} 2.18 ±1.5310.739) 
4.56 ± 9 ,54 (17 ,7) 1.77 ± 1.07 (1.79) 
5.89 ± 2.07 (2.91 l 2.44 ± 0,757 (0.975) 
0.193 ± 1.5612.961 0.814 ±Q343 (0.4261 
1.53 t 2.02 13.541 0.591 ± 0.585 (0.957) 

~~~J;,j :C\. - ·. • ·"<.; ,;..:-----·~~;~-T.:"(:S.t:·::•~~ac.~~-.,~---p...,$,~ 
17.541 t 17.493 (17.65) 0 ± 8.573 (26.41 l 
5,463 t 32.949 139.0JJ 5.495 t 33.532 (40.65) 
38.582 ± 42.687 (64.23} 30.168 ± 59.459 !63.33} 
47.042 ± 96.215 1110.51 -11 .417 ± 121.460 (143) 
13.416 ± 10.258 (10,251 187.6 ± 25,829 (14 ,03) 
2.076 ± 14.454118.681 186.6 ± 33.274 118,341 

QOOO ± 0.810 (4.941 3.434 ± 2,866 (4,404) 
1.095 ± 6.935 17.9081 0 ± 3.167 18.765) 
-1.395 i 5,17815.633) -0.228 ± 5.483 (6.02) 
0.611 t 6.156 (7.542) 5,015 _. 7.079 (7,867) 
3.737 ± 7.58219.191 61.562 + 30.991 (12.31) 

0,000 ± 10.106 (21.561 37,399 ± 19.614 (19.281 
19.924 ± 8.571 18.9031 217.34 • 30.060 (13,671 
6.687 ± 16.000 (20.231 207.44 ± 34.340 (18,031 

647,540 ± 105.840 152.181 548.59 ± 108.050 162.441 
639.070 ± 153.790 (124.21 490.62 ± 134.080 [115) 

0.000 ± 100.770 1132.9\ 130.46 t 144.770 (166.1) 
0 ,000± 97.219 /216.51 0 ± 122.620 /261.2) 
17.541 t 17.493 (17.65\ 0 ± 8.573 (26.41) 
5,463 ± 32.949 139.031 5.495 ± 33.532 (40.65) 
0.000 t 1.424 (5.25) 0 ± 2.534 f7 .32l 

6 .782 ± U,436 n .2101 0 ± 2.153 (\2.61 
456,960 ± 7629.000 (94821 t694.6 ± 8765.400 (108801 
1200.200 ± 4311 .000 153271 779.8 _. 5154.500 163311 

0.000 t 262.560 (546.2) 59.243 ± 95.154 (659.1 l 
0.000±112.9601342..3) 124J l5 ± 273.210 (339.5) 
2.588 ± 29.Stia (36.341 7.227 ±4Q848150.331 
0.000 ± 27.134 (65.771 a ± 39.697 11e.211 
36.811 ± 96.460 (119.81 85.989 ±-129.590 (160..31 
15,997 ± 1:lll.620 (166.1) 0 ± 94.3481196.41 
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welidi 1111/2011 Coj 4 Prin!PYi..l!Chato 711~1: 

.--
7.tia 7.62 
59.8 33.2 

12529 17o51 
20.8 2.3.2 

> 1000 24. 1 

,· 
' . 

0.000504 ± 0.025 10.3851 
0.00134 ± 0 ,049 (1 ,927) 

~ . :~.i:Jo~,f"t' .. :.i:;}t:'::if.i,~,., .... :.;:,;:..;.• 

5.2.3±2.72 5.53 ± 1.77 (1) 
32 t 1,78 5.86 ± 1.9311,41) 
5.91 ± 2.09 14.3 t 2,93 11.35) 

1.39 ± 0.599 5.06 ± 1,28 (1.24} 
0.116 t 0.316 
0.48 ± 0.302 

~}~"!:❖:•:::3:;~-e..::i-;:'7s-~•t·~· • ' 10.776 ± 34.6113 0 -.c 17 .1!!,119,5,081 
3.804 t 17,596 14 ,281i46.498153.51 
58.102 ± 97.57-2 0 t 53.6011122.71 
43.731 ± 57.135 0 ! 48..840 1222.51 
15427 ± :lll.831 1100.9 ± 123.850 (20. 77 • 
14 5.00 ± 23.3°'9 7g9_53 ± 99,a99 128.09l 

8.259 ± 7, 104 2.595±3.763 11 1.051 
0 ± 0.959 o ± s210 11•.a~1 

2.377 ± 8.089 • 1.183 • 11.40518.91131 
0 • 1.055 ,J.804 :c14.2fl0 i1S,981 

29.119~16.:162 309.97: 87.!J,lO l225S\ 
31.287±Z!.355 178.78±39.964128.81) 
147,6!- 32.111-5 1216 ,5' + 136.370 124,361 

177.92± 26.174 788..62 ± 96.671130.4) 
637,7i ± 148.1[-0 739.EG ± 132.9301TT.04l 
321.96 ± 81 ,245 826.0J ±-184,780 {120.81 

0 • 136,530 81 .1164 • 235.760 1?75,8\ 
0 ± 102.610 0±. 179. 110 I'll<'! 

10.776 ± 34.883 0 ± 17, 194 tJS.081 
3,804 ± 17.596 l◄ .281 ~ 46.498 {53.51 

1.83 ±6.993 0t4.42519,71131 
0.027 • 5.687 0 • 5.426120.19\ 

2951 .8 • 4927.800 0 ± 4402.600 118270) 
3451!, 1 :8470.400 29 \.94 + 7377.000 f9Q.34l 
60.122 ±- 291.050 Ot419.120(1009I 
78,099 !$.070 0 + 259,160 (524,7\ 



Exhibit F -Chemung County Landfill Leachate Sample Analysis 2012-2017 ~· 
- -- ... FWifhnnltlffll --

Field oH l•!d. unltsl 
ORPlmVl 

S,..._ific Conaudlvltv (u:s/cml 
,omneratura-ld"". Cl 

TtJJbl<lllV INTUI 

- . ~ift ~+llf!clMM\<:'~IZI 
. , 

Total Uranium tA.,TL1 D5174-971~' 
Total Urnnlun\ ~•I IASTM 05174-971 

... T:._ ♦ , ,_- iMTv-•"•' ___,, llf .. 
Radium-226 (EPA 903.11 

Radwm-226. D!nOM>d !EPA 903.ll 
Rodiurn-228 !EPA 904.0l 

R.o,uum-228 o....c1,•<!tl 11:PA 904. 0l 
Totll Uranium /EPA 908.01 

T Olal u,.,,;um, Dlssot,od !EPA 008.Dl 
•-lum-22.!l (HSL-300) 

Tho<ium-228. Oi<sol,ed CHSL-JOOl 
Thcrium-230 CHSL-3001 

Thcrlum-230 DISS<>lved IHSL-300l 
Tho'1um-Zl2 IHSL-l001 

Toorium-2:!2 Ol~oel !HSL-3001 
Uri!nl"m-234 IHSL.JOO\ 

Unmium-7.34. Dissolved IJ-!SL-~001 
Uranium-235 (HSL-300'! 

Uranlwn,:ns. CliuolVO<l lHSL..JOOl 
Uranlum-238 (HSL-300) 

Uw,lum-7,38 o;sS<lfve<I (HSL.JOO) 

=•·-· ,--·--
Ac1ieium-228 CEPA.901.1) 

Aet;nium•226, DLu<,;vad [EPA 901. 1) 
8l1mulh-212 O:PA 801.1) 

Bi■mulh-212 Ol1tcl•O!I CEPA 901 . ll 
Bbimulh-2.14 iEPA 901.11 

BlsmUlh-2H 01..,olv«I !EPA 901.11 
Cosium-134 IEPA.901.11 

Cnlum-134, 0;5&0fvt>d /EPA1101 .11 
Cordum-1 37 IEPA 901.11 

Ca,lwn-137 Di<so►,ed (EPA 901 . ll 
L0'1<!-212 (EPA001.11 

l.oad-212, Dl"'olved [EPA 901 .1) 
Lood,214 (EPA !!01 .11 

Lead-214. D.lnc!ve<I IEPA901.11 
Pctaulum-40 <EPA 901. n 

Pol.a.asiu.m--40, o""~ ... ed rEPA 901. 1) 
Radlum,226 !EPA 901.11 

R.>dlum-226 Oi<sol,'l!d (EPA 901 ,11 
Radlum-228 (EPA 901.11 

Ralfrum-22B. O!s,olved O:PA 901 . 1l 
Tha ll lum-208 !EPA 901 .11 

Thafl(.,m-208 Owclvo<I /EPA 901.11 
Thorlum-232 IEPA 901.ll 

Thorium-232. DISOdved !EPA 90t, tl 
Thol!um-234 IEPA 901. ll 

Thcrium-234. Oiuctvcd IEPA 901.11 
Utan!um-235 CEPA 90 1.11 

Urimlum-235, ll!uol••d (EPA 901. 1 ! 
Uraolum-238 !EPA 901, 11 

u,anlum-238 O!stcived IEPA901.1I 

Notes: 

1,) Act+ Unc (MDC)= Ae'lMty :!: Uncertainly {Minimum Oetecla~e Concentration) 

2.) µgl1... = micrograms per liter 

-

J _)Each of EPA 901.1, HSL-300, EPA 903.1, EPA 904.0, ASTM 05174-97. and EPA 906.0 
are laboratory analysis methods 

◄ ) Dis.solved - Indicates sample ratared with 0.◄ 5 micron filler prior to analysis, 

5.) pCiJl. = picocuries per liter 

S,) The EPA 9011 method results are ror non-quantitative purposes only due to lhe melhocl's 
high degree or uncertainty, 

--- ...... ~ ~ .... 
7.75 
82.4 

21467 
)l.25 
l6.2 

. - -- -- --
O.ooo274 • 0.005 (0.385) 
0.000162 ± 0.003 (0,3115) 

··--· - .~ 
2.05 ± 2.03 (3.0!I! 
4.4 ± 1.20 ro."99) 
8.59 ± 2.26 12 .~8l 
5.17±1,3411.31) 

7 1122 ± 24.467 (25.4) 
47,601 1 22.389 121.2\ 
-6.695 t 71 .1391.78.24) 
0.000 Hl4A71 (156.9l 
m .as ± :is.01s 114.54J 
• 19.24 ± 54.878 120.611 

0,000 .± 2.381 (8.428) 
0 .000 ± 5.0'.15 (10.81) 
0.000 ± 2.066 (6]87) 
0.000: 2.JM (12.581 

61 .5!!8 ± 34.6'23' 114.06) 
11l.03 ± 29,478121 .93) 
327.89,: 42.738116.341 
453.51 !-57.749121.9.!ll 
657.68±119.830166.281 
583,311146.910 (126.31 
0.000 ± 79,632 (1!12.JI 
0.000-t. t62.7ao m1.J1 

7.922 ± 24.467 (25.4) 

47,601 ± 22,389121 .21 
0,000 i 1.940 [7 .754) 

3.302 ± 10.705 (12.38) 

0.000 ± 4993.400 ( 11 830) 
3836.6 ± 5752.100 [6903) 
85.348± 103.9 10 (689.3) 
.3A81 • 331,010 (405.n 
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&II sf>M.ary i..ae11ac. .,'ffliio17 

. . ·-7.93 6.29 5.Sl; 
./!9.2 78.6 -201.8 

20518 2107 12108 

16.3 6.29 16.5 
12.8 12.3 152 

- • .. ·, 
0.000672 ± 0.033 I0.385l 0.00142 t-0.02810.J85l O.Oil0079 :c0.016 (0.3851 

0.-3'!. 0.045 f0.385) 0.00209 ! 0.04.2 (O.J8SJ 0.000235 ± 0.011 !O.JBS) 
. .. 

4.89 ± 1,88 fl .421 o.509 1 o.399 ro.4691 2.25± 1.1811.161 
2.41 ± 1.53 (1 ,9J) 0.626 ± 0.497 10.6461 1..93 t 1.4 111 ,941 
4.8411.23 (1 .1) 1.43 t 0.708 (1.191 8.25 • 1.!l0 ll.J7l 

3.11 ±0.933 (1 .02) 0.502 ± 0.555 (1.16) Ui911.45 (2.811 

-
7.815 ± 17.949118.82) 0.000 ± 15.416137.911 0±.5.75012.1.721 

0 ± 21.306 151 .93) 36.128 ± 41.448 144 41 S.ON ! :36,768 !43,4S1 
0 ±.37,305 (81 ,94) -37,313 ± 115.720 [122.9! 0 • 24.950 (66.84) 
0 ± 16.440 (158.7) 0.000 ± 78.817 (1741 0t49.31811113..81 

121.09±21.147 (12.31l 1121.8±125.350119.2! 87.142± 1.5.329 112.6 11 
411.12 ± 58.873 [24.921 822.27 ± 99.895 126.511 417 56 ± 59 612 12,,g,1 

0,395 ± 5.883 16,305) 0.000 ± 2.244 111.51 2.12 ± 4.262 14,5441 
0 ± 2.326 114.841 1.864 ± 11.105 (12.461 6.405ct 8 ,665 (9. 113) 
0 t 1.S5416.6111 0.000 1 3.445 (9,266) 0 • 1.056 (5.0611 

0.952 ± 10.009 (11.631 0,000 ± 4.127 (13.15) O + 2.826 (t3,<Sl 
48,618 ± 19.646 (10.461 271.25 ± 56.691 121 .8l 16.678 t 18,661 111.111 
131.22 ± 34.318 (22.951 206.72 144,087 (26.52) 82.1~~ 23.S:lll 122,181 
134,57 ± 20.297111.34! 1178.1 ± 131.730122.721 112.2,1 ! 19.tnS' (11 371 
365.96 ± 54.341 (29. 181 836.52 ± 99,625 127.441 378.25 i53.TTO 12• .3&1 

626.38 ± 107.160 153.83) 52.752; 89.716 186.7) 361, 14 •-84Jio"'3158.73) 
707.3 ± 160.040 1113.9) 0.000 ± 73.963 (180) 1611.84±190.950119Z.1l 

0 ± 70.040 1159.3) 0.000 ± 73.104 1286.91 0 • 86.:!09 1142..8! 
71.926 ± 218.940 1268.5) 0,000 • 206.960 (342.1 l 145.79t213.3901257.61 

7.815 ± 17,!149 (18.82) 0.000 ± 15.416 (J7.91) 0 ± 5.750 (21,721 
0:21 .305 151 .93) 36.128 ± 41.448 (44,4) 5 .074± 36.768143.451 
0 ±. 1.509 17 .255) 0.000 • 8.2M (10.49) 3.054 t J,8-17 17 .,551 
0 ± 5.694 112.21) 0.000 ¼ 6.1158 (16.29) 3.781 > 10.708112.211 

3303.lr± 8324.400 (10090) 0.000 !!3 15.10D (18160! 0 ± 3659.000 111430) 
1297.5: 5564 ,800 (68301 4694.6,: 7038.500 (8446! 2432,8 • 6364.500 117431 
llS. 747 ±4o3.390 isa!l.9) 46,817 ! 778.480 ran. 1 I 0•210.7401577.11 
52.204 :312:580 (389.21 0.000± 184.240 (S2ti.61 54 !147 + 364.780 1450.2! 
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Exhibit G • Hakes C&D Landflll February 2018 Leachate Sample Analysis 

Parameter 

"!-~ ~ FJtld Paramtttra - ,•- ... ,=- ~ •: 

Ffeld oH rstd. unltsl 
ORP(mV\ 

S"""illc Conduc1Nilv {us/cml 
Tarnaerature lde!l , Cl 

Tutbidilv CNTUl 

lhdlonucllde. A,,t;.~Un~ IUD(li111 "Clll Pl .. ..... -~ 
Radlum-226 Dl .. 0!11edl>l 1EPA 903. n<•I 

Redium-228 Total {EPA 903.1\ 
Rrullum-228, Dissolved IEPA 904_0) 

Radlum-228, Toi.Bl (EPA 904.0l 
Total Uranium, Dissolved CHASL-3001 

Total Uranium, Total {HASL-300) 
Ursnium-234, Dls.solellfl (HASL-3001 

Uran,um-234, T otal (HASL-300) 
Uranlum-235, Dissolved rHASL-3001 

Uranlum-235. Totel (HASL-300) 
Uranlum-238, Dissolved (HASL-300) 
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1 Introduction 

Gamma radiation detectors are routinely used at landfill weighing scales to determine if 
entering trucks contain unauthorized radioactive materials. However, readings on the 
monitors cannot easily be related to the quantity of radioactive materials in loads. 
Computer algorithms to estimate radioactivity concentrations from gamma emissions 
from trucks have numerous uncertain input variables such as load density, truck wall 
thickness, container to detector geometry, and radionuclide series equilibrium. 
Therefore, an actual in-field correlation test was performed to more accurately relate 
gamma count rate to radionuclide concentration in a load. 

The specific situation studied during this test is the estimation of the radium-226 
concentration in relatively uniform material. 

2 Methods 

2.1 General Method 
A Ludlum Model 375P-1000 gamma radiation monitor at the McKean County, Pa. 
landfill was used to measure gamma emissions from a roll-off filled with radium-bearing 
sludge cake. The sludge cake was very uniform, having been de-watered and pressed 
into 1" thick plates which were broken into chunks that filled the 30-cubic yard roll-off. 
The brown material had a moderately dry, clay-like consistency. Both visual observation 
and a perimeter scan with a hand-held uR meter indicated that the material was relatively 
uniform. The load contained 27,680 lbs of sludge cake. 

First, the radiation monitor background was recorded (3.5 KCPS) then the roll-off was 
moved in between the detectors. The resultant reading was recorded (36.8 KCPS). 
Gamma exposure rates at the two detectors were also checked with a hand held uR meter. 
An empty roll-off was then used to record an "empty truck" background reading on the 
monitor (2.4 KCPS). 

A composite sample of the sludge cake was collected from 4 spots near the center of the 
load (approximately where the detectors were positioned) and was sent to Pace 
Laboratories (NELAP-certified) for gamma spectroscopic analysis after 21-day radon 
progeny ingrowth. 
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3 Results 
The gamma readings at the surface of the roll-off and at the Model I 000 detectors are 
shown in the figure below: 
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Readings were performed with the following instrument: 

Manufacturer Meter Model Serial# Detector or Meter Type Calib. Date 
Ludlum Measurements 12S 77640 Nal-based uR meter 8/28/14 

Observations: 

The front of the roll-off exhibited far less gamma emission than the middle of load 
because the front was only partially filled. The middle and rear of the roll-off were 
completely full. The rear exhibited slightly less than the middle due to the difference in 
source geometry. 

The detectors were positioned at the center (maximum gamma reading) of the roll-off. 
The truck was not quite centered, being 1.5 feet from the left detector and 4 feet from the 
right detector. This should not affect the test since the count rate from the detectors are 
summed. 

Readings: 

The readings on the Model 375-1000 follow: 

Background (no truck present): 3.5 KCPS 

Background (empty truck present): 2.5 KCPS 

Hot Load Reading (detectors at middle of truck side walls): 36.8 KCPS 

Laboratory Results (complete lab report shown in Attachment A): 

The pertinent radionuclide concentrations from the sample analysis are also shown below 
(rounded): 

Ra-226 (186 line): 112 +- 15 pCi/g 
Bi-214 (609 line): 106 +- 14 pCi/g 
Ra-228 (Ac-228 911 line): 15.5 +- 2.7 pCi/g 
K-40 : 0.5 +- 5.5 pCi/g 

Note: the above concentrations are based on in situ mass (sample not dried in the 
laboratory). 

Calculation of Conversion Factor: 

= (36.8 KCPS - 2.5 KCPS) / 112 pCi/g = 0.306 KCPS/(pCi/g) over background 
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4 Conclusion 

The result of this test of a 30-yard roll-off, filled to near capacity, resulted in a gamma 
count rate to radium concentration conversion factor of 0.306 KCPS/(pCi/g) over 
background. 

For a monitor with a background of 3.6 KCPS (the background occurring during the most 
recent calibration of the Chemung County Landfill monitor), the count rate corresponding 
to a 25 pCi/g radium-226 investigation level would be (0.306 x 25) + 3.6 = 11.25 KCPS. 

Presently the Chemung County monitor's alarm levels are 10 KCPS sum alarm (sum of 
both detectors) and a sigma alarm of 110 which equates to approximately 7 KCPS 
depending on truck speed entering the detection area. (The sigma alarm sounds if it 
detects a rapid increase in count rate even if the sum alarm is not reached.) These alarm 
settings are well within the 11.25 KCPS level corresponding to 25 pCi/g of radium. 
Therefore, the present alarm settings at the Chemung County Landfill are sufficient to 
detect a roll-off containing 25 pCi/g or more of radium-226. 
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Estimating Risk of Low Radiation Doses -A Critical Review of the BEIR VII 
Report and its Use of the Linear No-Threshold (LNT) Hypothesis 

Edward J_ Calabrese•·' and Michael K. O'Connot" 
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Calabrese, E. J. and O'Connor, M. K. Estimating Risk of 
Low Radiation Doses - A Critical Review of the BEIR VII 
Report and its Use of the Linear No-Threshold (LNT) 
Hypothesis. Radial. Res. 182, 463-474 (2014). 

This article explores the origin of the linear no-threshold 
(LNT) dose-response model and how it came to be used in 
cancer risk assessment worldwide. Following this historical 
appraisal is an evaluation of the LNT model, within the 
framework of the BEIR VII report of the National Academy 
of Sciences, on the health effects of ionizing radiation. The 
final section of this article provides an assessment of the LNT 
model's capacity to make accurate predictions of risk in the 
low-dose zone based on recent molecular mechanistic findings 
and epidemiological methods, with particular emphasis on 
the limitations of epidemiological studies to estimate risks in 
the low-dose zone. c 2014 by Radiation Research Society 

INTRODUCTION 

In the U.S., it is well recognized that the increasing use of 
diagnostic imaging procedures over the last two decades has 
led to a significant increase in the collective radiation dose 
to the public (]). This increased dose has generated concern 
among the public and regulatory authorities and has been 
fueled in no small part by numerous scientific articles 
claiming that this increase will result in tens of thousands of 
excess cancer occurrences per year (2-4). These estimates 
of excess cancers are underpinned by one key document, the 
BEIR VII report (5) (or one of its predecessors), which itself 
has as its foundation the use of the linear no-threshold 
(LNT) dose-response model. The LNT model is used to 
estimate cancer risks from exposures to low doses of 
ionizing radiation and chemical carcinogens. Thus, in 
examining how estimates of cancer fatalities are obtained 

I Address for correspondence: Department of Public Health, 
Environmental Health Sciences, University of Massachusetts, Am­
herst, Massachusetts 01003; e-mail: edwardc@schoolph.umass.edu. 
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it is important to understand the ongms, strengths and 
limitations of both the BEIR VII report and the LNT model 
on which it is based. Around the time that the BEIR VII 
report was published, the French Academy of Sciences also 
published a comparable evaluation of carcinogenic risks of 
ionizing radiation. The French Academy report emphasized 
the significance of low-dose induced adaptive responses and 
came to a very different conclusion than the BEIR VII 
report, and suggested that extrapolation from high to low 
doses could not be reliably done, thereby challenging an 
LNT model use in cancer risk assessment (6). 

LNT MODEL AND BEIR.: HISTORICAL 
FOUNDATIONS 

About a year after Muller's 1927 report (7) that X rays 
could induce mutations in the germ cells of male fruit flies, 
two University of California physical chemists, Olson and 
Lewis, proposed the LNT model (8) to account for genetic 
changes in the genome from background ionizing radiation, 
thereby offering a mechanistic explanation of Darwin's 
theory of evolution. This LNT mutational explanation from 
cosmic/background radiation as the driver of evolutionary 
change was soon widely rejected (9) and remains so to this 
day since mutational changes in multiple experimental 
models were not effectively produced even at radiation 
doses several orders of magnitude greater than background 
radiation (10). 

Despite the inability of background ionizing radiation to 
induce ostensible mutational changes in these studies, the 
LNT model was adopted by Hermann J. Muller and the 
radiation genetics community in an attempt to predict the 
effects of ionizing radiation on the genome (11, 12). They 
theorized various hit scenarios, developed mathematical 
equations to describe theoretical mutational responses and 
then matched their predictions to the mutation data of 
Muller and other researchers. Linear dose responses at very 
high doses, several hundred thousand-fold greater than 
background, visually matched their single hit model. As a 

________ ,.,..._.,...,. ___ .._. _______________________ ~ 
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result of this convergence of the LNT model and high-dose 
data, these researchers linked the single-hit concept with the 
earlier LNT model, and gave the LNT a mechanism, even if 
ill-defined (13). Thus, the LNT model was reintroduced 
even though the original reason for its rejection (i.e., failure 
to detect mutations at low doses) was still valid. 

Muller and his radiation geneticist colleagues worked 
over the next two decades to get major national and 
international committees to drop their historical reliance on 
a threshold dose-response model and to adopt the LNT 
single-hit model for risk assessment (14, 15). Even though 
they repeatedly failed in this effort, they finally achieved a 
long desired success when in 1955 the National Academy of 
Sciences (NAS) established the first committee on the 
Biological Effects of Atomic Radiation (BEAR), comprised 
of 12 radiation geneticists, including Muller, who persuaded 
the committee to adopt the LNT model for risk estimation 
(16). After the first two BEAR reports, in 1956 and 1960, 
the committee was essentially reformulated as the Biolog­
ical Effects of Ionizing Radiation (BEIR) Committee. 
Subsequent BEIR reports up to and including the BEIR 
VII report continued to use the LNT model or variations 
thereof as the cornerstone for risk assessment. Given the 
prestige of the National Academy of Sciences, the 
recommendation to use the LNT model was adopted 
quickly in the U.S. and elsewhere, and generalized from 
the narrow area of genome risk to those involving somatic 
cells, with application to cancer risk assessment. When the 
U.S. Environmental Protection Agency (EPA) cancer risk 
policy was first developed in 1976, the EPA turned to the 
NAS for a suitable model for risk assessment and 
subsequently adopted the LNT model as its centerpiece 
for its cancer risk policy, providing the key foundation for 
cancer risk assessment guidelines starting in 1977, and 
continuing to the present day. Furthermore, the LNT model 
provides a fundamental underpinning for the Precautionary 
Principle that has captured regulatory agencies worldwide, 
which states that if an agent has a suspected risk of causing 
harm to the public, in the absence of scientific consensus 
that the agent is harmful, the burden of proof that it is not 
harmful falls on those overseeing the agent. In some legal 
systems, such as that of the European Union, the application 
of the precautionary principle has been made a statutory 
requirement in some areas of law. 

THE CASE FOR AND AGAINST THE LNT MODEL 

A quick Google search of "radiation risks from medical 
procedures" returns approximately 22 million entries. A 
similar search on the risks of dying in an automobile 
accident (9 million hits) and smoking (23 million hits) are 
lower or comparable despite the daily reminder of deaths 
from auto accidents and volumes of scientific studies 
documenting the actual fatalities from smoking. By 
comparison, deaths from low doses of ionizing radiation 

associated with medical imaging procedures are for the 
greater part hypothetical and unproven. So how as a society 
have we ended up in a position where the fear of ionizing 
radiation exceeds that of activities that cause measurable 
fatalities? David Ropeik contributed an interesting Op-Ed 
article in the New York Times (Oct 21, 2013) entitled "Fear 
vs. Radiation: The Mismatch".? In it he discussed our fear 
of radiation, which stems from our understandable fear of 
the power of nuclear weapons. He added that "in the 68 
years" since Hiroshima and Nagasaki, epidemiological and 
scientific studies have shown that at doses of less than 100 
mSv, radiation causes no detectable elevations in normal 
rates of illness and disease. Yet, Ropeik states, ''The robust 
evidence that ionizing radiation is a relatively low health 
risk dramatically contradicts common fears". 

In his historical review of the quarrels and arguments that 
consumed the members of the first BEAR Committee 
Professor James Crow from the University of Wiscons~ 
(l'T) concluded that while Muller did not have his way with 
much of the wording of the Committee report, his major 
practical recommendation nevertheless prevailed, which 
was that the standard be set low, in the vicinity of the 
natural background level. In the years immediately 
following the BEAR report there were numerous discus­
sions among individuals and in committees, as well as 
Congressional hearings. Radiation protection became a 
major concern, resulting in an end to above-ground bomb 
testing, among other consequences. In the view of Professor 
Crow, Muller and the radiation geneticists certainly won the 
day. In retrospect many of the committee members, 
including Crow, oversold the dangers of radiation, and thus 
shoulder some of the blame for what now seems to be an 
irrational emphasis by some scientists, the press, the general 
public and the regulatory agencies on low-level radiation in 
comparison to other greater risks. Calabrese has argued that 
Muller misled the scientific community during his highly 
influential 1946 Nobel Prize lecture on the nature of the 
dose response in the low-dose zone, demanding a change to 
the LNT model while claiming there was no longer any 
justification to continue to use the threshold (JJ, 12, 15, 18, 
19). He appears to have made these remarks with detailed 
knowledge that the most recent and convincing data (though 
still unpublished at that time) on the nature of the dose 
response supported a threshold model. These were data 
from a Manhattan Project funded study at the University of 
Rochester under the direction of Curt Stem, a project on 
which Muller was a consultant. Muller and Stem's 
insistence that the LNT model was valid led to the data 
from this project being reinterpreted and constrained to fit 
the theory (18, 20-22). Calabrese (12, 18, 23) has shown 
that Muller and Stem went to considerable lengths to ensure 
the establishment of the LNT, providing a classic example 

2 Ropeik D. Fear vs. Radiation: The Mismatch. The New York 
Times. 2013 Oct 21. (www.nytimes.com/2013/10/22/opinion/ 
fear-vs-radiation-the-mismatch.html) 
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of where the ends (i.e., reduction in exposure) justified the 
means (i.e., data obfuscation and selective interpretation). 
Stern further promoted the LNT through key articles in the 
journal Genetics for which he was editor (21, 22). Stern also 
coauthored a key technical note in Science supporting the 
LNT model, but which was devoid of all methods and 
supporting data [detailed analyses in refs. (12, 17, 23)]. 
Although the missing data was to be presented in a later 
manuscript, which as it turned out, never happened. 
Muller's actions have also been recently reviewed by 
Kesavan (24) who found that he made selective citations in 
his Nobel Prize lecture to buttress the LNT model. For 
example, Muller cited several studies (13, 25, 26) that all 
used high doses and dose rates and found linearity. 
However, he did not cite or discuss other articles (27-30) 
that did not support linearity at lower doses and dose rates. 
From the above brief historical assessment, it can be 
appreciated that the scientific rigor associated with the 
validation of LNT was abandoned in the drive to protect the 
public from what the radiation genetics community saw as 
the dangers of ionizing radiation. 

In recent years societal fears of ionizing radiation have been 
redirected from events such as Chernobyl and Fukushima 
(that while headline-grabbing, have little impact on our daily 
lives), to now focus instead on medical imaging procedures 
such as CT scans (3, 4). Our failure to help the public 
understand the relatively low health risks associated with 
radiation is now impacting our daily lives and the decisions 
that people make on whether or not to undergo recommended 
vital imaging procedures that can impact their well being. The 
precautionary principle works well only if the action 
associated with reducing or eliminating the agent has no 
harmful effects. The negative consequences of the precau­
tionary principle (i.e., fear of radiation and the consequential 
failure to use medical imaging to enable early diagnosis of 
serious medical conditions) seem to have been lost in the rush 
to eliminate sources of radiation from our lives. 

Several articles in the medical literature over the past few 
years have predicted thousands of cancers and cancer deaths 
annually in the U.S. population caused by radiation 
exposures from medical imaging (3, 4). These predictions 
are derived from risk estimates, published in the BEJR. VII 
report (5). These risk estimates are speculative with wide 
confidence intervals, and are based on risk models 
generated from studies on subjects exposed to high levels 
of radiation, and then extrapolated to low doses using the 
LNT model for radiation risk. The weak scientific 
foundation for these estimates is rarely understood and 
appreciated by the medical or scientific community, and has 
not been adequately explained by the BEJR. VII Committee. 
Despite the limitations and uncertainties of cancer estimates 
in the report, the committee chair, Richard R. Monson, 
associate dean for professional education and professor of 
epidemiology, Harvard School of Public Health, comment­
ing at the time of its release, stated unequivocally, "The 
scientific research base shows that there is no threshold of 

exposure below which low levels of ionizing radiation can 
be demonstrated to be harmless or beneficial". The news 
report from the National Academy of Sciences further stated 
that the preponderance of evidence supported the LNT 
model and dismissed any possibility that the LNT model 
exaggerates adverse health effects. It further stated, "Living 
at low altitudes, where there is less cosmic radiation, and 
living and working on the upper floors of buildings, where 
there is less radon gas - a primary source of natural ionizing 
radiation - are factors that could decrease exposure" and 
presumably, the associated risks (31). With such dogmatic 
statements, it should be no surprise that the general public 
continues to have an irrational fear of ionizing radiation. 

It should be noted that the decisions made by the various 
BEJR. Committees are often at odds with those from prior 
BEJR. Committees and may well change with the next 
iteration of the BEJR. process. For example, a review of 
earlier BEJR. reports shows that modest changes in some of 
the hypotheses used to generate risk estimates can have 
dramatic consequences. Lifetime excess cancer risks 
estimated from BEJR. III (32) and BEJR. V (33) increased 
by an order of magnitude as a result of a decision to switch 
from a linear-quadratic risk model to a linear risk model. 
For example, instantaneous exposure to 100 mGy in males 
was estimated to result in 42 deaths per 100,000 in the 
BEJR. III report using the additive risk model. This estimate 
increased to 660 deaths per 100,000 in the BEIR V report 
[p. 176, Table 4-4 (33)]. Furthermore, while the BEJR. III 
report utilized both an additive risk model and a relative risk 
model, the BEJR. V concluded that only the relative risk 
model was valid. By the time BEJR. VII came out, the 
committee had reversed direction and was now using a 
combination of the two models. While the underlying 
scientific data reviewed by these committees had obviously 
been updated, there was and is nothing in the published 
literature indicating that the risks from ionizing radiation are 
an order of magnitude greater than previously thought. 

The next section briefly presents the key studies 
considered by the most recent BEJR. VII Committee in its 
consideration of the risks associated with low doses of 
ionizing radiation, and its use of this data in estimating 
cancer risk from low levels of ionizing radiation. These are 
balanced against position statements from scientific organi­
zations involved in the use of ionizing radiation, which 
comment on the dangers to society when hypothetical 
predictions are made about cancer risks. 

SOURCES OF DATA OF STOCHASTIC EFFECTS OF 
IONIZING RADIATION 

The BEJR. VII Committee considered four primary 
sources of data on the stochastic effects of ionizing 
radiation. These were environmental radiation studies, 
occupational radiation studies, medical radiation studies 
and studies on the atomic bomb survivors. Below is a brief 
review of some of the key studies in each of these areas. 
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Environmental Studies 

Environmental studies included studies of populations 
living in areas of high natural background radiation, studies 
of populations exposed to fallout from nuclear accidents 
(Chernobyl) and populations living near nuclear power 
facilities. The largest study of populations living near 
nuclear facilities was that of Jablon et al. (34) and involved 
1,800,000 cancer deaths between 1950-1984 in 107 
counties in the U.S. The incidence of death due to leukemia 
or other cancers was found to be no more frequent in the 
study counties than in the control counties. In fact, the 
relative risk of leukemia dropped after the startup of the 
nuclear facilities. However, because the study was limited 
by the correlational approach and the large size of the 
geographic areas (counties) used, it could not prove the 
absence of a small effect and was considered unsuitable for 
risk estimation. 

There were four studies of populations exposed to high 
natural background radiation. In all cases, no increased 
cancer risk was associated with any of the studies. On the 
contrary, some showed a radioprotective effect at higher 
background levels. Tao et al. (35) performed a 20 year 
study of over 125,000 subjects living in an area of high 
natural background radiation in Y angjiang, China. Risk 
estimates were negative (i.e., radioprotective effect), 
although this did not reach statistical significance. Studies 
from Chernobyl have focused primarily on thyroid cancer 
where there was a high radiation dose to many adults and 
children. Apart from the increased incidence of thyroid 
cancer, the BEIR VII report concluded that " ... there is no 
evidence of an increase in any solid cancer type to date" [p. 
228 (5)]. Because most environmental studies are descrip­
tive in nature and ecologic in design, they were considered 
of limited use by the BEIR VII Committee in defining risk 
of disease in relationship to radiation exposure or dose and 
largely dismissed from further consideration. 

One of the most interesting areas of research on 
environmental radiation has been radon exposure. A 
controversial study by Cohen in the late 1990s (36, 37) 
showed a beneficial effect of low levels of radon. The BEIR 
VI report (38) reviewed these and other ecologic studies and 
issued a strong judgment: They are not "informative" 
because of "inherent limitations of the ecologic method" 
and the latest BEIR VII report does not review or discuss 
radon exposure. A more recent report by Thompson et al. 
(39) describes a rigorous case-control study of lung cancer 
incidence versus residential radon exposure in Worcester 
County, Massachusetts, carried out between 1990-1999 
with both cases and controls from a single health 
maintenance organization. Each case was matched individ­
ually by age and sex to two controls. Figure 1 shows the 
adjusted odds ratio of lung cancer as a function of radon 
concentration in the home. The authors concluded that the 
possibility of a hormetic effect on lung cancer at low 
radiation doses cannot be excluded. This would run contrary 
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FIG. 1. The odds ratio (95% confidence interval) of lung cancer as 
a function of radon concentration in the home. Adapted from Table 2, 
Thompson et al. (39). Note that the EPA remediation standard of 
4pCi/L (i.e., 148 Bq m-3) is in the radio protection (i.e., hormetic) 
zone. 

to the recommendation from the National Academy of 
Science news report of BEIR VII to consider "living and 
working on the upper floors of buildings, where there is less 
radon gas" (31). 

Occupational Radiation Studies 

The largest and most studied group of occupationally 
exposed workers is that in the nuclear power industry. Most 
of these workers receive low levels of external radiation (X 
rays and gamma rays). The most prominent report was from 
the 15-country collaborative study of over 400,000 nuclear 
industry workers in 154 facilities (40). The study showed a 
statistically significant increase in the risk of mortality from 
all cancers excluding leukemia in relationship to radiation 
exposure, with data from the Canadian sites being the chief 
driving force behind the worldwide results. Exclusion of the 
Canadian data resulted in a decrease in the risk of mortality 
from all cancers including leukemia. This led to a reanalysis 
of the Canadian data, which showed significant errors in 
dose reporting at one of their sites. After exclusion of data 
from that site, reanalysis of the data showed no increased 
cancer risk among any Canadian nuclear power plant 
workers and further showed lower rates of all causes of 
death and cancer mortality for this group than for the 
general Canadian population (41). As the BEIR VII report 
indicated, in most of the nuclear industry worker studies, 
rates for all causes and all cancer mortality in the workers 
were substantially lower than the reference population. The 
BEIR VII Committee did not attempt to ascertain why, but 
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FIG. 2. Standardized incidence ratio for breast cancer as a function 
of absorbed breast dose. Mean follow-up years was 45. Adapted from 
Table 4, Lundell et al. (46). 

speculated that it may be due to a "healthy worker effect 
and unlmown differences between nuclear industry workers 
and the general public". Consequently the BEIR VII 
Committee concluded that occupational studies were not 
suitable for the projection of population-based risks and 
eliminated them from further consideration in its risk 
estimates. 

Medical Radiation Studies 

Perhaps one of the most interesting study groups are the 
medical radiation study groups, since they are comprised of 
many subjects who are closest in ethnicity, lifestyle and diet 
to the general U.S. population, and therefore one would 
expect that cancer risk estimate from these studies would be 
most appropriate for use in risk estimates. The BEIR VII 
Committee looked at radiation risk for five types of 
malignancies (lung cancer, female breast cancer, thyroid 
cancer, leukemia and stomach cancer). The largest studies 
were those of Howe and Lundell (42-46). Lundell et al. 
(46) reported on the risk of breast cancer over a 45 year 
follow-up period after radiotherapy for skin hemangioma in 
over 17,000 infants. Howe and McLaughlin ( 42, 43) 
reported on the incidence of lung and breast cancer over a 
40 year follow-up period after fluoroscopy in over 30,000 
females aged 10-40 who were treated for tuberculosis. For 
most cancers observed after high doses, a linear model 
adequately described the relationship between dose and 
cancer incidence, however at low doses a very different 
pattern emerged. As shown here in Fig. 2 from Lundell et 
al. (46), no increased risk is observed out to exposures up to 
500 mGy mean absorbed dose to the breast. Because of 
doses to the lungs and other organs, this is equivalent to an 
effective dose of > 100 mSv. Figure 3 shows similar low 
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FIG. 3. Standardized mortality ratio for lung cancer as a function of 
absorbed dose to the lungs. Mean follow-up years was 30. Adapted 
from Table 3, Howe (42). 

dose data on the relative risk of lung cancer from the studies 
of Howe (42). In both studies, there is no evidence of 
increased cancer risk at doses below 100 mSv. 

Atomic Bomb Survivor Studies 

The Life Span Study (LSS) cohort consists of approxi­
mately 120,000 survivors of the atomic bombings in 
Hiroshima and Nagasaki in 1945. This population has been 
extensively monitored since 1947 by the Radiation Effects 
Research Foundation (RERF) and its predecessor, the 
Atomic Bomb Casualty Commission, and continues to be 
monitored to this day. Published analysis of data on this 
cohort forms the basis for almost all risk estimates by the 
BEIR VII Committee. Unfortunately the BEIR VII report 
does not present the raw data from the LSS cohort, but 
instead relies on the risk estimates produced by researchers 
from the RERF. Indeed many of the published reports from 
the RERF do not provide the raw data, focusing instead on 
the various models used for risk estimates. The two most 
recent publications that provided useful raw data are Preston 
et al. (47) with analysis of 40 years of data from 1958-1998 
and Ozasa et al. (48) with analysis of over 50 years of data 
from 1950-2003. Figure 4 plots the number of solid cancers 
at each radiation dose taken from Table 4 of Preston et al. 
(47) and adjusted to cancers per 100,000 people, with the 
weighted dose to the colon serving as a surrogate for 
effective whole-body dose. We have plotted the data on a 
semi-logarithmic scale to better show the results at low 
doses. The open circle in Fig. 4 represents the results for 
inhabitants of Hiroshima and Nagasaki who were not in the 
cities at the time of the bombings and hence can be assumed 
to have received none of the blast radiation. It can be seen in 
Fig. 4 that at doses up to ~ 100 mGy, no increase in the 
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FIG. 4. Number of solid cancers per 100,000 person years as a 
function of radiation dose to the colon. Adapted from Table 4, Preston 
et al. (47). In this study, the weighted dose to the colon serving as a 
surrogate for effeotivc whole body dose. Dara point (0) = cancer 
incidence in inhabitants of H iroshima aand Nagasaki who were not in 
the city at the time of the bombing. 

number of cancers is observed, and only at doses above that 
is a significant increase observed. In their analysis, Preston 
et al. (47) stated that "based on fitting a series of models 
with thresholds at the dose cut points .... , the best estimate 
of a threshold was 0.04 Gy with an upper 90% confidence 
bound of about 0.085 Gy. However this model did not fit 
significantly better than a linear model". A formal dose­
threshold analysis performed on the more recent data 
reported by Ozasa et al. ( 48) indicated that a zero-dose 
threshold was the best estimate of a threshold dose, 
However Ozasa et al. found that the slope of the dose­
response fit was higher at doses below 0.1 Gy than at higher 
doses, a finding that cannot be explained by the LNT model. 
Their analysis has been criticized for using a very restrictive 
model to fit the data (49). An analysis by Doss (50) using a 
more flexible model showed that the LSS data does not 
support a zero dose threshold and concluded that there was 
too much variability in the data to draw any conclusion as to 
the existence or absence of a threshold. 

RISK MODELS 

Even if we ignore the limitations of and arguments against 
the use of the LNT model and the lack of statistically sound 
data on the effects at low doses, there still remains the 
question of how to generate the appropriate risk models and 
factors to be used in estimating cancer risks at low doses. 
The BEIR VII Committee had at its disposal two competing 
risk models: the excess relative risk (ERR) model and the 
excess absolute risk (EAR) model. The ERR is the rate of 
disease in an exposed population divided by the rate of 
disease in an unexposed population, minus 1.0. This is a 
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BEIR VII (5). 

useful model if the population under investigation is similar 
to the population on which the model was based, so this 
would be an excellent model to predict cancer from ionizing 
radiation in a Japanese population living in wartime 
conditions. The EAR is the rate of disease in an exposed 
population minus the rate of disease in an unexposed 
population. This model is more suitable when there are 
significant differences (ethnicity, diet, etc.) between the 
population under investigation and that on which the model 
was based, and therefore would be better suited when 
extrapolating risk factors from the Japanese population at 
the time of the bombings to a U.S. population today. Thus, 
critical decisions to be made by the BEIR VII Committee 
included estimation of the values of ERR and EAR for each 
type of cancer and deciding which model to use and why. 
These models allow calculation of the risk of cancer at a 
given time after exposure and their value depends on the age 
and sex of the subject at the time of exposure. To calculate 
the lifetime risk of cancer from that exposure, a third model 
is employed called the lifetime attributable risk (LAR). The 
LAR is the difference in rate of a condition between the 
exposed population and an unexposed population. The LAR 
is an estimate of the probability of developing a premature 
cancer from radiation exposure over the life of the subject. 
Thus, it depends on the subject's age at the time of exposure 
and incorporates several additional factors such as latency 
period from exposure to first risk of cancer, and the dose 
and dose rate effectiveness factor, which is discussed in 
more detail below. 

To illustrate the difficulty in calculating the ERR or EAR, 
consider Fig. 5, which shows values of ERR for lung cancer 
and is redrawn from Fig. 7-1 in the BEIR VII report [p. 175 
(5)]. Each point on the graph represents one of nine studies 
of lung cancer evaluated by the BEIR Committee and 
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considered acceptable for use in risk estimation. The graph 
plots the average dose to patients in each of the nine studies 
against the estimated value of ERR from each study. Ideally 
all estimates should be identical and should all lie within 
one or two standard deviations of each other. The estimates 
range from ERR = 0.0/Gy (i.e., no risk associated with 
ionizing radiation) to 1.4/Gy. A weighted mean, based on 
number of cancers in each study, yielded a risk coefficient 
of ERR= 0.05/Gy. Demonstrating its strong reliance on the 
RERF studies, the BEIR VII Committee chose a value of 
ERR= 0.86/Gy, which is 17 times larger than the weighted 
mean from all nine medical studies. A similar scenario 
played out in calculating the ERR for other cancers. 

This factor of 17 difference in risk coefficient between the 
atomic bomb survivor studies and the medical radiation 
studies illustrates the tremendous uncertainties in estimating 
the risk factor for a single organ and the dangers in making 
any risk estimate based on this data. One can now repeat 
this process and model the data using the EAR model. 
Given that both models are essentially based on the RERF 
studies, one would expect reasonable agreement between 
the models for most cancers. Unfortunately that is not the 
case. Figure 6 shows the correlation ( or lack thereof) 
between the LAR calculated using the EAR and ERR 
models based on data presented in Table 12-5A of the BEIR 
VII report [p. 279 (5)]. Each data point represents a different 
cancer for males and females. For some organs there is good 
agreement. For example, the LAR for bladder cancer in 
males is 160 based on the ERR model and 120 based on the 
EAR model. By comparison, the LAR for stomach cancer in 
females is 32 based on the ERR model and 330 based on the 
EAR model, a risk estimate 10 times greater. Given the lack 
of any significant correlation between the ERR and EAR 

models, the committee opted to create a final risk model in 
the form: 

Final Risk model = x.ERR + (1 - x).EAR, where the 
factor x was determined subjectively by the committee. In 
the BEIR VII report this range of plausible values for LAR 
for each type of cancer was labeled a "subjective 
confidence interval" to emphasize its dependence on 
opinions in addition to direct numerical observation [p. 
278 (5)]. Furthermore, the BEIR VII Committee went on to 
state that "because of the various sources of uncertainty it is 
important to regard specific estimates ofLAR with a healthy 
skepticism, placing more faith in a range of possible 
values" [p. 278 (5)]. 

One additional factor that is built into the estimation of 
radiation risk in the BEIR VII report is the dose and dose 
rate effectiveness factor (DDREF). The DDREF is a factor 
applied to the LNT model that modifies (reduces) the dose­
risk relationship estimated by the model to account for the 
level of the dose and the rate at which the dose is delivered 
(i.e., the value for the LAR is divided by the DDREF). The 
BEIR VII Committee chose a value of 2 for the DDREF. 
However, use of any value of the DDREF greater than 1 
essentially converts the LNT into a linear-quadratic or 
biphasic model, and provides a means of modifying the 
linear model without officially abandoning the LNT 
hypothesis. The BEIR VII Committee did not define low 
dose and low dose rate, although this is generally accepted 
to mean cumulative doses less than 200 mGy, which would 
encompass all medical imaging procedures and background 
radiation (51). Values of the DDREF derived from a wide 
range of biological end points range from 1-35 (52) but are 
more generally accepted to be in the range from 2-10 (33) 
and suggest the need to have a larger DDREF for adequate 
and appropriate radiation protection after exposure to low­
dose-rate radiation exposures. However, any value of 
DDREF greater than 5-10 would essentially negate the 
validity of the LNT and move closer to a threshold model. 
Since the publication of the BEIR VII report, extensive 
research in low-dose radiation has shown that the LNT 
model most likely overestimates the real risk of ionizing 
radiation at low doses and dose rates (53). 

AAPM/HPS/UNSCEAR/ICRP/IOMP POLICY 
STATEMENTS 

Many of the limitations of the BEIR VII report are buried 
deep within this 400-page document. As a consequence, 
many investigators, clinicians and scientists resort to the 
summary information presented in the Chapter 12 annexes 
rather than delve through the main document, and hence fail 
to appreciate the scientific weakness of the risk estimates 
generated therein. In particular, Annex 12D of the report 
provides users with a simple and easy-to-use chart that 
enables one to calculate the lifetime risk of cancer incidence 
and mortality for a given amount of radiation and for a 
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given age of exposure. This chart contains neither 
confidence intervals nor any message about the myriad of 
assumptions that went into the creation of these tables. It is 
partly because of the inappropriate use of these tables that 
many national and international organizations have issued 
statements denouncing the practice of multiplying small 
hypothetical risk estimates by large populations leading to 
highly speculative claims of the numbers of cancer deaths 
resulting from medical imaging. In 2011, both the Health 
Physics Society and the American Association of Physicists 
in Medicine issued the following position statements (54). 

"The Health Physics Society recommends against 
quantitative estimation of health risks below an individual 
dose of 5 rem (50 mSv) in one year, or a lifetime dose of 
10 rem (100 mSv), above that received from natural 
sources. For doses below 5-10 rem (50-100 mSv) risks of 
health effects are either too small to be observed or are 
nonexistent." 

The AAPM statement included the following: "Risks 
of medical imaging at patient doses below 50 mSv for 
single procedures or 100 mSv for multiple procedures 
over short time periods are too low to be detectable and 
may be nonexistent. Predictions of hypothetical cancer 
incidence and deaths in patient populations exposed to 
such low doses are highly speculative and should be 
discouraged. These predictions are harmful because they 
lead to sensationalistic articles in the public media that 
cause some patients and parents to refuse medical 
imaging procedures, placing them at substantial risk by 
not receiving the clinical benefits of the prescribed 
procedures." 
In addition, most recently UNSCEAR issued the 

following statement: "In general, increases in the incidence 
of health effects in populations cannot be attributed reliably 
to chronic exposure to radiation at levels that are typical of 
the global average background levels of radiation. This is 
because of the uncertainties associated with the assessment 
of risks at low doses, the current absence of radiation­
specific biomarkers for health effects and the insufficient 
statistical power of epidemiological studies. Therefore, the 
Scientific Committee does not recommend multiplying very 
low doses by large numbers of individuals to estimate 
numbers of radiation-induced health effects within a 
population exposed to incremental doses at levels equiva­
lent to or lower than natural background levels." For 
reference, UNSCEAR has defined worldwide background 
as between 2-13 mSv/year (55). 

LNT MODEL IN PERSPECTIVE 

Mechanistic Challenges to LNT-Hit Model 

Of significance, is that in the decades following the 
creation of the LNT single-hit dose response model based 
on radiation target theory, a series of progressive scientific 
discoveries have challenged its foundations (6). First, it 

became recognized early on that multiple biological 
processes could produce linear relationships that did not 
involve a single-hit process (56-58). Second, many adverse 
effects of ionizing radiation were found to be mediated by 
hydroxyl radicals that were formed through the hydrolysis 
of water. Such chemical entities would need to migrate to 
biological targets and be subject to thermodynamic reaction 
principles requiring large numbers of molecules to affect a 
mutational event (59-61). Third, numerous cell types were 
observed to efficiently repair DNA that had been mutated 
(62). Fourth, prior low doses of mutagens, including 
ionizing radiation and chemicals, were subsequently 
reported to induce adaptive responses that markedly 
reduced the mutagenic effects of subsequent more massive 
exposures (63, 64), however, radiation target theory 
assumed that each dose was additive. Furthermore, 
hormetic-like biphasic dose responses have been widely 
reported for numerous end points, including mutations, cell 
transformation and cancer incidence for ionizing radiation 
and chemical carcinogens. In fact, many thousands of 
hormetic studies have been reported in the peer-reviewed 
literature, challenging not only the generality of the LNT 
concept but also its application to low-dose settings (65-
67). Finally, apoptosis was discovered and then viewed 
within a mutational and cancer framework. It is not 
uncommon for damaged cells to be selected for destruction, 
again affecting predictions of the LNT model (68-70). In 
addition to the above, many other dose-dependent adaptive 
responses have emerged, further challenging the LNT 
model. For example, large scale toxicology studies often 
display hormetic dose responses for both ionizing radiation 
and chemical carcinogens. These studies included the 
massive FDA-funded mega-mouse study with 24,000 
animals (71), as well as detailed reinvestigations of the 
effects of DDT on the rat model upon which regulatory­
based risk assessments were made (72, 73). Multiple animal 
studies also revealed that low doses of ionizing radiation 
can significantly extend the lifespan of various mammalian 
models (74, 75). Reactive oxygen species, initially seen as a 
vehicle that mediated chemical and ionizing radiation 
adverse effects, are now viewed as also having critical 
cellular messaging functions involved in mechanisms by 
which low doses of ionizing radiation appear to extend life 
in a number of experimental animal models (76). 

The LNT single-hit concept has also been challenged by 
proposals of other cancer risk models such as the multistage 
model. The LNT model predicted that a single alteration of 
DNA could initiate the process of carcinogenesis, and that 
once initiated, this process was irreversible. However, this 
assumption has been consistently shown to be false (77). In 
one such study Driver et al. (78) demonstrated that a single 
administration of the mutagen/carcinogen dimethylnitrosa­
mine (DMN) induced a linear dose response for renal 
mesenchymal DNA adducts (early cancer process stage), as 
well as for mesenchymal foci (later cancer process stage), 
observations consistent with the LNT model. However, the 
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linear transition to the occurrence of tumor formation was 
not observed because the foci at the lower doses failed to 
proceed to the tumor stage, yielding a threshold, rather than 
a linear dose-response relationship (Fig. 7). Such dose-time 
response findings are more consistent with the concept of 
cancer being a multistage process with repair activities 
occurring at the lower dose. 

Regulatory Issues and LNT 

An evaluation of all EPA drinking water standards, 
including those for carcinogens and noncarcinogens, reveals 
that acceptable levels of exposure are in the range of 1012

-

lo:20 molecules/liter. The EPA assumes that adult humans 
ingest two liters per day for a lifetime. This translates into 
> 1024 molecules ingested per lifetime without noticeable 
effect. Since carcinogens at these "acceptable yet numer­
ically massive" doses are expected to have negligible 
consequences, it reveals an LNT perspective without 
conceivable theoretical clinical and public health impact. 

The adoption of the LNT for generalized use by 
regulatory agencies such as the EPA was linked with the 
belief that most human cancer was due to environmental 
agents. In his historical review of carcinogen regulation, 
Roy Albert (79), chair of the EPA' s Carcinogen Assessment 
Group (CAG), stated that carcinogen risk assessment effort 
was no less than an attempt by the Federal Government to 
prevent or greatly reduce cancer in the U.S., with its burden 
of some half-million deaths per year, by the regulatory 
control of carcinogens in the general environment. 

Despite the fact that most industrialized countries such as 
the U.S. would be immensely impacted by the social, 
political and economic implications of the LNT and nagging 
"reality checks" that challenged the LNT that were ignored 
by the legislative, regulatory and scientific communities. 
For example, the number of liver cancers in the U.S. 
reported in 1980 was about 7,500 per year. Yet, the LNT 
model estimated that the number of liver cancer cases 
should have been in excess of 150,000 per year just from 
normal exposure to only three chemical carcinogens, not 
including the effects of ethanol, viruses and genetic 
predispositions (80). However, even with this and numerous 
other such inconsistencies the regulatory community has 
refused to confront the possibility that their decisions were 
grossly in error. 

Lack of Epidemiological Validation of LNT 

Numerous epidemiological studies have been used to 
support LNT, threshold and hormetic dose responses. 
However, there are often many limitations with epidemio­
logical studies that preclude obtaining reproducible findings 
in the low-dose zone, a point that is emphasized in the 
article "The Limits of Epidemiology" by Taubes and Mann 
(8/) and in the published article of Professor John Ioannidis 
(82) at Stanford School of Medicine. Human variability can 
be extensive, and exposure assessment is often limited and 
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FIG. 7. Dose response for DMN: panel A: renal adducts; panel B: 
renal foci; panel C: renal tumors. Source: Driver et al. (78). 

partially inaccurate. In addition, there is the complicating 
issue of competing causes of death, which can lead to 
invalid conclusions. Much greater clarity emerges when 
epidemiological odds ratios exceed two- to threefold. In 
fact, in the U.S. legal system one cannot usually claim 
causality until the risks from epidemiological studies have at 
least doubled (83). Yet, in the case of environmental 
regulation one talks about risks that may be indistinguish­
able from background or nearly so, as is often seen in 
epidemiological studies of particulate matter. Thus, as 
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valuable as human population studies are, there is little 
likelihood that epidemiological studies have the capacity to 
validate and/or test LNT predictions in the low-dose/risk 
zone. To better understand the nature of the dose response 
in the low-dose zone it is necessary to use biological models 
with low variability, high reproducibility and where 
mechanistic follow-up is practical. This is why the emphasis 
on assessing the occurrence of hormetic dose responses in 
the Hormesis Database involves cell model and whole 
animal studies (84, 85). 

Individual Versus Population-Based Thresholds 

It has been argued that while there may be thresholds for 
individuals there are no thresholds for populations, since 
humans display such widespread genetic, social, behavioral 
and cultural heterogenicity. While there can be significant 
inter-individual variability in response to toxic substances 
suggesting support for a population-based LNT model 
perspective, this argument fails to be useful in the LNT 
debate. Since people are typically exposed to greater than 
1024 molecules of individual regulated carcinogens at de 
minimus risk levels (<10-6 lifetime cancer risk), even 
adding a 100-1,000 greater response sensitivity in a group 
at high risk would mean that such dose levels are still 
without notable effect (86). That is, even populations have 
thresholds. 

CONCLUSION 

We contend that the decision to accept the LNT model 
was based on a flawed scientific foundation. It was 
promoted through a series of highly biased representations 
of the data by leading radiation geneticists in the 1940s and 
1950s. These geneticists convinced their colleagues on key 
committees such as the United States National Academy of 
Sciences BEAR I Genetics Panel in 1956 to switch from the 
threshold to the LNT for genomic risk assessment. 

The main source of data for the BEIR. VII risk estimates 
was obtained from the survivors of the Japanese A-bomb 
explosions, a population greatly different from the U.S. 
population that was exposed to radiation conditions greatly 
different from those of medical imaging. Even so, data from 
the Japanese studies frequently reveal a threshold dose for 
increased cancers in the irradiated populations. Collectively, 
the uncertainties in the derivation of the BEIR VII risk 
estimates, and the intrinsic speculative nature of the risk 
estimates themselves, cause predictions of cancers and 
cancer deaths to be more hypothetical than real in 
populations exposed to medical imaging. Several scientific 
organizations, including the Health Physics Society, 
American Association of Physicists in Medicine, the 
International Organization of Medical Physicists, the United 
Nations Scientific Committee on the Effects of Atomic 
Radiation and the International Commission on Radiolog­
ical Protection, have warned against making such predic-

tions because of their speculative nature, supporting the 
conclusion that the risk projection model recommended in 
BEIR. VII report should not be used for estimating cancer 
risks from low doses of radiation. 
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