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Summary

In light of its concern about the potential risks to human health and the environment due to natural gas development and production from the Marcellus shale formation, the West Virginia Legislature enacted the Natural Gas Horizontal Well Control Act.  The Act directs the West Virginia Department of Environmental Protection (WVDEP) to prepare a report that addresses the human health issues related to air emissions and water and waste streams and other matters due to hydraulic fracturing.  WVDEP commissioned the West Virginia Water Research Institute (WVWRI) to prepare the report.  In our opinion, as we discuss the radioactive aspects of the report in great detail, Phase 1 of the WVDEP report fails to address horizontal wells, and fails to address the potential risks to human health.  In short, the report has not addressed the primary concerns of the Legislature.
Introduction 

It has been known since the 1960’s that the Marcellus shale formation is radioactive
.  Drillers locate the Marcellus shale horizon by its radioactivity and carbon content.  Drill logs and USGS reports
, which the WVDEP report did not investigate, are clear.  Drill logs and measurements by the USGS have shown radium-226 radioactivity in the Marcellus shale to be 30 times background radioactivity
, and recent measurements by New York State have shown rock cuttings from Susquehanna County to be over 200 times background Ra-226 radioactive concentrations.
  The same radioactivity that drillers use to locate natural gas deposits, such as within the Marcellus and Utica shales, is also found in hydraulic fracturing waste in the form of drill cuttings, flowback water, produced water, radon gas and radium scale. When gases, liquids, sludges and solids are brought to the surface, they must be properly monitored and managed.  The radioactivity does not disappear; it will appear in the air, as radon gas in homes, in surface streams, and in livestock.  The solids, the rock cuttings from horizontal drilling will go to solid waste landfills.  For landfills and water treatment facilities in particular, the wastes that are brought from hydraulic fracturing sites will be radioactive and will be so for thousands of years. West Virginia landfills are in danger of radioactive contamination. These wastes, when not properly treated, may leach out of the landfills and into local communities and environments. Radioactive leachate may expose a large number of people to increased radioactivity levels and thereby increase the likelihood of cancer.  In addition to human health, they represent a potential financial liability to landfill operators.  

RWMA commends the West Virginia Water Research Institute (WVWRI), commissioned by the WVDEP, for reviewing the literature, sampling waste water and solids, and writing a report that includes a discussion of radioactivity in hydraulic fracturing waste. Radioactivity is often overlooked by the natural gas industry. That being said, the title of the report by WVWRI, “Assessing Environmental Impacts of Horizontal Gas Well Drilling Operations,” is misleading in that the report does not contain monitoring data from a single West Virginia horizontal well.  In order to truly investigate the environmental impact of West Virginia horizontal wells, one must test the drill cuttings, flowback water, impoundments of horizontal wells, scale in production pipes and radon gas.  The radioactivity in Marcellus shale does not just disappear when brought to the surface.  The report also fails to discuss the health risks, as requested by the legislature.  In addition to the lack of horizontal well testing, RWMA has some reservations with the number of samples and the time period in which samples were taken.  Hopefully Phase 2 of the WVWRI report will remedy these shortcomings.

This report will discuss the WVWRI paper and West Virginia landfill regulations. RWMA is of the opinion that waste from hydraulic fracturing needs to be tested for radioactivity and sent to a treatment facility that is licensed to remove and properly dispose of radioactive waste. 

Drilling Horizontal Wells and Water
Differing from older gas and oil wells, wells in the Marcellus shale formation are drilled down a mile or more to the shale formation and then drilled a mile or so horizontally through the shale formation.  After casing the well bore, holes are punched in the casing and fluid is pumped under high pressure, fracturing the tight shale geologic formation.  Ten to forty percent of the drilling fluid is returned within a few days; this is called flowback water and is released to lined holding ponds near the drill site.  Over time, particles settle out in the pond and form a sludge at the lined pit bottom.  When the gas well is in production, additional water is brought up with natural gas and is separated at the well site and moved into condensate tanks.  This water is called brine and has high concentrations of Ra-226 and its decay products.
The WVWRI report draws its conclusions from 51 samples taken from vertical drilling wells, and from impoundments at eight drilling locations. This is an excellent start to the testing of hydraulic fracturing waste but in order for the study to accurately represent the composition of hydraulic fracturing waste and to satisfy the legislative intent, a much larger sample size, and specifically data from the horizontal fracture segment of a well, is needed. That is, in order to draw conclusions about horizontal wells, sample need to be taken from horizontal wells in the horizontal stage of drilling. In Phase 2, RWMA recommends that additional samples from the Marcellus shale section of gas wells be taken and tested for radioactivity so that a better defined image of radioactivity in hydraulic fracturing wastes can be documented. 
In addition to testing wastes from vertical wells only, the WVWRI report tested water impoundments and holding tanks for their susceptibility to leakage and found no reports of leakage of tanks into local drinking supplies. RWMA agrees with the need for testing these holding areas for leakage. The leakage of hydraulic fracturing fluid or waste into a public drinking supply would have negative health impacts on the exposed population due to radium’s ability to act like calcium and be taken up in the bone. This uptake would increase the person’s likelihood of developing leukemia. The legislative directive is to discuss public health risks, but this was not done in the WVDEP report.  It is important that all holding pits and tanks be equipped with leak detection so that, operators are notified when a leak forms and can immediately remedy the situation. Recent events such as the January 10th Freedom Industries leak, that caused 10,000 gallons of MCHM to enter a West Virginia drinking supply, leaving 300,000 residents unable to use their tap water
 illustrates to the State the impact of tanks that leak into water supplies.  Tanks holding hydraulic fracturing waste need to be tested for leaks to help ensure that residents are not exposed to radioactivity.  RWMA also recommends that testing of these pits occurs over a longer period of time than was conducted in the WVWRI report. As holding tanks and pits age they begin to deteriorate. Fracking waste water contains radionuclides, such as Bi-214, that emit gamma rays. Soil and water are able to safely block gamma radiation however gamma emitters within the radioactive fluids (such as Ra-226 and Bi-214) may leach out of improperly lined pits and contaminate nearby waterways. RWMA recommends that hydraulic fracture holding vessels be examined over a longer time period so that an accurate understanding of tank degradation can be developed. A study of this length would help develop industry standards for timely inspections, repairs and removals of hydraulic fracturing impoundments, tanks and pits.  
On page 85 of the WVWRI report it states that “Nearly all drilling mud and drill cutting samples were higher than background with regard to radioactivity […] alpha beta and gamma radiation were included in backgrounds determinations since readings were taken in the open air. However, readings from the samples in containers would most likely only represent gamma radiation since alpha and beta typically can not escape the sample containers”
 This means that the samples used in the report do not include a full spectrum of radioactivity testing.  RWMA recommends that the sites be re-sampled and tested for alpha and beta and gamma radiation. The addition of alpha and beta testing will show additional radionuclides are present and likely show that fracking waste is above EPA drinking water standards and needs to be disposed of in deep wells.
Waste from fracking operations consists of liquids, such as flowback water and production water (brine) and sludges.  The WVWRI report points to several treatment methods for flowback and brine: reverse osmosis, distillation and chemical removal.  All components of waste water are radioactively contaminated.  Brine generally has the highest concentrations, up to 15,000 pCi/L, according to New York State DEC
. The standard disposal method is deep well disposal, though treatment methods are operating or being proposed.  Treatment methods are more expensive than deep well disposal.  Distillation leaves a sludge which must be disposed, but may be too radioactive for solid waste landfills.  Treatment at centralized waste treatment facilities or publicly owned treatment works is partly effective on particles, but not on liquids.  Chemically removing radium from waste water is not a new process; it has been used for years at uranium mills where the radium-226 concentrations are quite high.  Generally, barium sulfate converts dissolved radium to a solid, where it can then be filtered.  Filters would have to be sent to a licensed disposal facility.  Central treatment facilities and public treatment works are not effective in removing radium.  Higher radium concentrations downstream of treatment plants have been detected in Pennsylvania. 
We should note that the WVWRI report also shows a misunderstanding of the EPA’s Safe Drinking Water Act’s (SDWA) maximum contaminant level requirements. Table 15 of the reports is a summary of the different radioactivity levels of groundwater monitoring wells. The report breaks the levels of Ra-226 and Ra-228 into separate categories and only considers either to be above the EPA’s MCL if it (alone) is above 5 pCi/L. The EPA standard clearly states that the 5pCi/L limit is for the combined levels of Ra-226 and Ra-228
. This means that the ground water monitoring well titled “SH-3 MW-4” exceeds the SDWA’s Ra-226/Ra-228 maximum contaminant levels and that the flowback water sample entitled “FS2, Noble Pits (SHL-3)” also exceeds the Ra-226/Ra-228 maximum contaminant levels. Additionally, the EPA maximum concentration for total alpha radiation is 30 pCi/L, this limit is exceeded in the deep monitoring well entitled “SHL-2-MW-4” but it is not highlighted. This misunderstanding means that there were additional samples that were above the EPA’s safe drinking water limits that were not accounted for in the analysis of the report. The hydraulic fracturing waste will be more radioactive than the discussion indicates and should be further investigated and tested before it is sent to a treatment plant.  Under proposed New York State regulations, before a well can be hydraulically fractured, the driller must have a waste plan for liquids and solids
Implications for Solid Waste Landfills

Rock cuttings from the Marcellus shale formation are the solids that go to solid waste landfills.  Following hydraulic fracturing, rock cuttings are separated from drill fluids at a shaker at the drill site.  Drillers follow the least expensive choice for sludges and solid waste, such as rock cuttings, by transporting these materials to a solid waste landfill, rather than a licensed radioactive waste landfill.  Since WVWRI only sampled vertical drillings, they did not analyze rock cuttings from the horizontal Marcellus formation.  Hopefully rock cuttings from the Marcellus formation will be sampled at an EPA-certified laboratory in Phase 2.
The WVWRI chose to sample radioactivity with handheld monitors, and also chose one of the least sensitive meters, the Rad Alert, rather than a standard 2x2 NaI detector. The Rad Alert meter is satisfactory for a crude scoping survey.  However, for solid waste landfills, RWMA recommends portal monitors which are hundreds of times more sensitive for shipments of rock cuttings.  The portal monitors should be benchmarked with lab tested samples. 

The measurement of gamma emitting radionuclides at landfills is customarily done with portal monitors or hand held detectors.  Ra-226 decays to radon gas, Rn-222, and subsequently to bismuth-214, whose gamma emission can be more easily detected.  Hand held detectors generally measure total gamma, which includes potassium-40 and other radionuclides.  But portal monitors can detect different energy gamma emissions and thereby distinguish Bi-214 (a decay product of Ra-226) and therefore Ra-226 from other radionuclides.  Because of the larger detector area, portal monitors are much more sensitive than hand-held detectors.  To determine whether portal monitors would be sufficiently sensitive to detect the radioactivity in a portal monitor, we ran the standard software Microshield
 to determine the dose rate 3 inches from the side of a truck carrying contaminated soil.  To read 5 pCi/g in rock cuttings, assuming truck walls 1/8 inch thick, one would need to read a dose rate of 10 microR/hr above background (generally 10 microR/hr), which portal detectors can easily do, according to our calculations.  The manufacturer of one portal monitor model claims it can detect gamma radiation at 10% of background.
  In addition to these theoretical calculations, it is important to calibrate the portal monitor with at least one actual truck Ra-226 content.  To do this, a representative sample of rock cuttings should be sent to an EPA-certified laboratory for specific analysis of Ra-226, using EPA protocols
.  This EPA protocol requires a detailed chemical separation of Ra-226 from the rock matrix, followed by the standard method for detecting Ra-226 in a liquid, EPA testing protocol 903.1.

EPA protocol 903.1 generally takes about 21 days in a laboratory, from acceptance of a sample to quality assurance and the final report.  Without going into greater detail, radium is chemically separated from other elements and placed in a closed system.  In four days, total alpha emissions build up to 4 times the alpha emissions from radium-226 and can be measured in a photomultiplier tube, where light emissions from alpha production can be measured.  Though four days is the minimum, generally the holding period is longer, about 14 days.  

While liquids aren’t expected at a landfill, we note that for the measurement of Bi-214 in water, assuming that Bi-214 and Radium are in equilibrium: 1 pCi/L of Bi-214 would give rise to a dose rate of 0.0011 microR/hour. Therefore, considering a load of brine water, with radioactive concentration of 10,000 pCi/L, Microshield estimates a dose rate of 10.91 microR/hr- which could be detected in the field from a portal monitor.  However, Ra-226 concentrations of 1,000 pCi/L yielding a dose rate of 1.1 microR/hr would not be detected in a background dose rate of 10 microR/hr.

The addition of portal monitors to the sampling regime will help to ensure that the same levels of radioactivity that are being detected onsite will be equal to the levels of radioactivity that are actually being disposed of in landfills. If the waste is detected to be more radioactive than is acceptable by EPA standards, RWMA recommends sending the waste to a licensed disposal facility in Utah or Texas. 

Solid waste landfills in many States employ portal monitors to detect radioactivity.  In Pennsylvania and New York, portal monitors have been effective in alerting landfill operators to high concentrations of Bi-214, as a surrogate for Ra-226.  In Niagara County, New York State, shipments of rock cuttings from Susquehanna County, Pennsylvania to Allied Landfill had Ra-226 concentrations as high as 204 pCi/g.  Several trainloads were returned to the natural gas company, Cabot Energy, for proper disposal.
Several solid waste landfills we have examined (Hyland (Allegany, NY), Chemung (Elmira, NY)) have provisions for piping leachate from the landfill to a waste treatment facility before being released to surface waters. It is unclear whether such a practice actually removes radium or simply dilutes the leachate to “acceptable” concentrations.

Landfill Regulations 

Greater regulatory guidance from West Virginia DEP is needed.  As recent as July 2013 a DEP memo advised West Virginia Solids Waste Landfill owners and operators that as much “drilling waste” could be accepted as long as a separate cell was set up for drilling waste. This advisory means that an unlimited amount of radioactive waste can be dumped by the natural gas industry into West Virginia landfills.  It is not clear rock cuttings or sludges have to be tested for radioactive content. The benefits of this plan include the recommendation that the leachate that is generated in the separate cell must be separated from other leachate generated at the landfill and treated by the NPDES permit requirement standards; additionally the liner of this separate waste site has to ensure that leakage is within NPDES permit limits.  These NPDES permits are unique for each facility so the standard for leachate treatment and pit linings is not set. As explained above, the drill cuttings that will be deposited in the landfill are radioactive and often exceed the standard set by the NRC
 for the concentration of radium in the surface (5pCi/g_ and subsurface (15 pCi/g).  The concern for waste site operators is that Ra-226 has a half-life of 1600 years.  This sets up a potential long-term hazard and potential liability for landfill operators.  So while State DEP allows landfill operators to accept unlimited quantities of rock cuttings and sludges, it is the landfill operator that accepts the liability.
Without proper testing, landfills will be discharging radioactive leachate into local waterways which could severely and negatively impact local communities. RWMA appreciates the DEP’s choice to separate the drill cutting leachate from leaching produced elsewhere at the landfill however we strongly recommend that landfills be required to test for radioactivity and that landfills be limited to the 5/15 standard used nationally for radwaste cleanup.  Natural gas drillers should be required to dispose of their radioactive waste in a facility that is licensed to safely dispose of radioactive materials so that the smallest risk of exposure is placed on local communities. 
Additional Comments 

In addition to the testing of solid and liquid waste from the drilling operation, radioactivity testing should also be done on production waste before it is released to the public.  The WVWRI Report does not discuss production waste, such as scale-contaminated pipes and brine.  In our experience, it is not unusual to remove production pipes after 5 years of well production and to have these pipes internally coated with radium-contaminated scale.  The New York State generic GEIS
 states that “NYSDOH will require the well operator to obtain a radioactive materials license when exposure rate measurements on the outside of contaminated equipment exceed 50 microR/hr.”    In our experience with gas pipes in Texas, after 5 years production, more than 50% of the pipes have had direct gamma dose rates greater than 50 microR/hr.  According to our calculations using Microshield, and a standard 3 to 1 ratio of radium-226 to radium-228, pipes that emit gamma equal to 50 microR/hr will have radium-226 and radium-228 concentrations in scale that exceed 1300 pCi/g and 400 pCi/g, respectively.  If these pipes are released for general unrestricted use, they can be used for corrals, playground equipment, etc.  If radium at these concentrations is released to the environment, the respective radiation doses to children and the general public could be high.  Pennsylvania, West Virginia and Ohio have not produced an EIS that evaluates the impact to individuals and the general population of releasing contaminated pipes for general use.
Radium-226 decays to radon gas, an inert, but radioactive gas that can give rise to lung cancer.  Radon gas can be carried with natural gas into homes and be released from kitchen stoves.  While radon has a half-life of only 3.8 days, the close proximity of the Marcellus formation to metropolitan areas means that residents will be exposed to increased concentrations of radon.

Specific Comments on the WVWRI Report

As well as we can determine, the authors of the WVWRI Report have had little experience dealing with radioactive materials, and little health physics background to discuss the health impacts of radioactive leakage to the environment.  The WVWRI Report should list the qualifications of the authors.  In contrast, one of us (MR) has been evaluating the health impacts of NORM materials since 1992, and has been an expert witness in court proceedings involving personal injury to workers who have handled NORM.

p. 3  WVRWI discusses the benefits of recycling drill fluids.  While recycling is beneficial, only 10% to 40% of drilling fluid is returned, implying up to 90% of drilling fluid water must be replaced.
p. 4  While WVWRI has monitored holding ponds, rock cuttings and flowback water, this is all from vertical wells.  The most radioactive waste streams are from producing wells, such as brine, rock cuttings from horizontal drilling of Marcellus shale, radon gas and scale contaminated production pipes.

p. 5  WVRWI employs Rad Alert meters out in the field.  This instrument is not a very sensitive gamma detector. A Bicron detector (which we use in the field) or 2x2 NaI detector would have been preferable.

p. 10  WVRWI did not investigate the health impacts of horizontal drilling, as the Legislature requested.
p. 27  Yes, uranium, thorium and radon gas are natural constituents of soil, but the Marcellus shale has much higher concentrations of these elements.  We have seen concentrations over 200 times greater than occur naturally in surface soils.

p. 27  Yes, the public will be exposed to radiation when materials from natural gas development and production are “mishandled,” but also during normal natural gas production, such as radon gas through kitchen stoves.

p. 27  Yes, isotopes decay with time, but not for up to several hundred years.  Radium-226 has a half-life of 1600 years, and its precursor, uranium-238, has a half-life of billions of years.  When brought to the earth’s surface, these radioactive materials present a hazard that remains essentially forever, and presents a long-term potential financial liability to landfill operators.

p. 28  The WVWRI report does not honestly report the results of its literature review.  Production water or brine has been tested by NYSDEC, with radium-226 concentrations up to 15,000 pCi/L.  Rock cuttings 30 times background radium-226 concenttrations, and occasionally up to 200 times radium-226 concentrations have been measured.  Radon concentrations at the well head, over a thousand times what is found in the home, have been measured.  Production pipes containing radium-226 scale thousands of times greater than background have been sampled.

p. 31  The WVWRI report discusses drill pit liners, but does not discuss what occurs to the pond sludge after a well has been hydraulically fractured.  This sludge must be sampled and, if radioactive, sent to a licensed landfill for disposal.  Similarly for filters at treatment plants.
p. 35  Distillation is a method of reusing drill fluids, but the sludge must be sampled for radioactivity and sent to a licensed disposal facility.

p. 35  The WVWRI discusses the use of brine as a de-icer on roadways as a means of disposal.  WVWRI does not mention that this practice has been banned in many States.  During dry times, these radium-contaminated salts will be suspended in the air and be inhaled by residents.  These salts will also be washed into fields and be taken in by plants and animals.  In short, as a means of maximizing radiation exposure, spreading brine on roadways is he most effective.

p. 39  Similar to brine on roadways, landfarming dilutes solid waste and distributes the radioactivity to a larger population.  Dilution is not the solution.

p. 40  The WVWRI Report states that flowback water has not been extensively studied.  We encourage WVWRI to examine the GEIS by NYSDEC, where radium-226 concentrations have been measured at up to 15,000 pCi/L. There are numerous reports written by speakers at the annual meeting of the Water Environment Federation in 2013.
p. 47  WVWRI used Rad Alert radiation detectors.  These detectors are for gamma and are not very sensitive.  Technicians should have used 2x2 NaI detectors or scintillation devices, such as a Bicron meter.

p. 50  WVWRI correctly points out that the drinking water standard for radium is the combined radium-226 and 228 concentration below 5 pCi/L.  However, this was not followed in a later table.

Page 79  WVWRI report states, “For most of the flowback samples, benzene exceeded the primary drinking water standard”
. While benzene does not directly relate to our primary concern, radioactivity, it is a cancer causing compound that is of concern for residents whose drinking water is contaminated because of benzene potentially leaching into their water source from a landfill. 
p. 97  Table 14 shades measurements that individually, rather than collectively, exceed 5 pCi/L.

p. 102  The flowback water from monitoring wells listed in Table 16 are from vertical, not horizontal, wells, and therefore does not illustrate the seriousness of the radioactivity problem.
Conclusion
In conclusion, while the WVWRI report is a good start to documenting the radioactivity in drill fluids, flowback water and rock cutting from vertical wells in exploring for natural gas, much more needs to be done. Additional samples must be taken from horizontal hydraulic fractured wells in the Marcellus formation.  The report must also address radon gas at the wellhead, and direct gamma from productions pipes, feeder lines and condensate tanks.  RWMA strongly recommends that WVDEP require a comprehensive plan for the disposition of hydraulic fractured wastes, such as rock cuttings, flowback waters and brine, and scale-contaminated equipment before hydraulical fracturing is permitted, as New York State has recommended in its proposed regulations.  We also recommend that West Virginia landfills install portal monitors to test for radioactivity and that solids with total radium concentrations greater than 15 pCi/g be sent to a licensed disposal facility. Brine spreading on roads, and landfarming of radioactive solids should not be permitted.  We encourage WVDEP to review proposed regulations in New York State for the natural gas industry. 
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