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9.0 OBSERVATIONS AND RECOMMENDATIONS  

Radiological sampling and surveys were conducted at well sites, WWTPs, landfills, gas 

distribution facilities and facilities that use natural gas, and O&G brine-treated roads.  Various 

samples of solids, liquids, natural gas, and ambient air were collected and analyzed for 

radiological constituents and in some cases additional parameters. The data and various 

assessments are presented in Sections 3.0, 4.0, 5.0, 6.0, and 7.0.  The following observations 

were made based upon the data compiled from the samples collected and surveys conducted as 

part of this study. 

9.1 Observations 

9.1.1 Well Sites (Section 3.0) 

 

 There is little potential for internal radiation exposure to workers and members of the public 

from and  surface radioactivity from natural gas well site development drilling 

operations. 

 

Ten of the 491  measurements and 69 of the 491  measurements of total surface 

radioactivity exceeded the RG 1.86 criteria.  Only 1 of 493 removable surface activity 

measurements and 1 of 493  surface radioactivity measurements exceeded RG 1.86 criteria, 

indicating the total / surface radioactivity measured is fixed to the surface and not readily 

available for inhalation or ingestion.  (Section 3.5.2) 

 
 There is little potential for exceeding public dose limits from external gamma radiation 

during the drilling phase of natural gas wells. 
 

The gamma dose rates during the drilling phase ranged from background (measured at 

5 µR/hr) to a maximum of 38.5 µR/hr, and the highest average exposure rate at any of the 

well sites was 18.1 µR/hr.  (Section 3.5.1) 
 

 There is little potential for additional Rn exposure to workers and members of the public 

during the flowback phase of unconventional natural gas wells. 
 
The Rn in ambient air measurement results during the flowback phase are within the range of 

typical ambient background Rn concentrations (0.2 to 0.7 pCi/L in outdoor ambient air in the 

U.S.).   (Section 3.5.3) 
 

 There is little potential for radiological exposure to workers and members of the public from 

the handling, hauling, and temporary storage of vertical drill cuttings on natural gas well 

sites. 
 
Vertical drill cuttings contain U, average of 1.47 + 0.881 pCi/g, and Th, average 

1.64 + 0.403, slightly above typical background in surface soil.  Both the U natural decay 

series and the Th natural decay series are identified in equilibrium.  (Table 3-6) 
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 There is little potential for radiological exposure to workers and members of the public from 

handling, hauling, and temporary storage of horizontal drill cuttings on natural gas well 

sites. 

 

Horizontal drill cuttings contain U, average 8.40 + 6.70 pCi/g, and Th, average 1.42 + 0.331.  

The Th is slightly above typical background in surface soil.  The U activity is higher than 

typical surface soil background U activity and statistically higher than vertical drill cuttings 

U activity.  Both the U natural decay series and the Th natural decay series are identified in 

equilibrium.  (Table 3-8) 

 
 There is little potential for radiological exposure to workers and members of the public from 

hydraulic fracturing proppant sand. 
 
Nominal U and Th activity was identified in hydraulic fracturing proppant sand samples.  

The U and Th activity was less than typical background for surface soil.  (Section 3.2.4) 

 
 There is little potential for radiological exposure to workers and members of the public from 

drilling mud. 
 
Nominal U and Th activity was identified in liquid and solid drilling mud samples. The U 

and Th activity was less than typical background for surface soil.  (Section 3.2.3) 
 

 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of hydraulic fracturing fluid on natural gas well sites. 

  

However, there is a potential for radiological environmental impacts from spills of hydraulic 

fracturing fluid on natural gas well sites and from spills that could occur from the 

transportation and delivery of this fluid. 

 

Radium-226 was detected within the hydraulic fracturing fluid ranging from 64.0 – 

21,000 pCi/L.  Radium-228 was also detected ranging from 4.5 – 1,640 pCi/L.  The hydraulic 

fracturing fluid was made up of a combination of fresh water, produced water, and reuse 

flowback fluid.  (Section 3.3.2) 

 

 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of flowback fluid on natural gas well sites. 

  

However, there is a potential for radiological environmental impacts from spills of flowback 

fluid on natural gas well sites and from spills that could occur from the transportation and 

delivery of this fluid. 

 

Radium-226 concentrations were detected within flowback fluid samples ranging from 551 – 

25,500 pCi/L. Radium-228 was also detected ranging from 248 – 1,740 pCi/L.  

(Section 3.3.3) 

 
 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of produced water on natural gas well sites. 
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However, there is a potential for radiological environmental impacts from spills of produced 

water from unconventional natural gas well sites and from spills that could occur from the 

transportation and delivery of this fluid. 

 

Radium-226 concentrations were detected in produced water samples ranging from 40.5 – 

26,600 pCi/L. Radium-228 concentrations were also detected ranging from 26.0 – 

1,900 pCi/L. The Ra-226 activity in unconventional well site produced water is 

approximately 20 times greater than that observed in conventional well site produced water. 

The ratio of Ra-226 to Ra-228 in unconventional well site produced water is approximately 

eight times greater than that found in conventional well site produced water.  (Sections 3.3.4 

and 3.6.3) 
 

 There were no statistically significant differences observed between filtered and unfiltered 

liquid sample analytical results. 
 

Because the liquid samples were preserved by addition of acid prior to filtering, the 

radioactive particulates may have entered solution and were therefore not removed by 

filtering.  (Section 3.6.2) 
 

 The Rn concentrations in natural gas sampled at Pennsylvania well sites during this study 

are consistent with the Rn concentrations in natural gas reported by the U.S. Geological 

Survey (USGS) for Pennsylvania, which range from 1 to 79 pCi/L with an overall median of 

37 pCi/L. 
 

The Rn in natural gas measured ranged from 3.0 to 147.5 pCi/L, with a median Rn 

concentration of 40.8 pCi/L.  (Section 3.4.2) 

 

 There is little potential for additional Rn exposure to workers and members of the public on 

or near natural gas well sites. 
 
The Rn concentrations in ambient air sampled at well sites during this study are consistent 

with the typical ambient background Rn concentrations of 0.2 to 0.7 pCi/L.  (Section 3.4.1) 

9.1.2 Wastewater Treatment Plants (Section 4.0) 

9.1.2.1 Publicly Owned Treatment Works 

 

 There is little potential for internal radiation exposure to workers and members of the public 

from and  surface radioactivity at POTWs. 

 

Nine of the 566  measurements and 68 of the 566  measurements of total surface 

radioactivity exceeded the RG 1.86 criteria.  One of the 286 removable  measurements and 

none of the 286 removable  measurements exceeded the RG 1.86 criteria.  Fixed or 

removable  and  surface radioactivity may present a potential inhalation or ingestion 

hazard if disturbed in the future.  (Section 4.1.6.2) 
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 There is little potential for exceeding public dose limits from external gamma radiation for 

workers and members of the public at POTWs. 

 

The highest average gamma radiation exposure rate was 36.3 R/hr, and the maximum 

gamma radiation exposure rate measured was 257 R/hr.  Assuming the time period of 

exposure is a full occupational year of 2,000 hours, the maximum average POTW annual 

external gamma radiation exposure was estimated as 62.6 mrem/yr, which is less than the 

maximum public dose limit of 100 mrem/yr.  (Sections 4.1.2.1 and 4.1.6.1) 

 

 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of filter cake at POTW-I’s. 

  

However, there is a potential for radiological environmental impacts from spills and the 

long-term disposal of POTW-I filter cake. 

 

The filter cake analytical results for POTW-I plants show Ra-226 and Ra-228 are present 

above typical background concentrations in soil.  The average Ra-226 result was 20.1 pCi/g 

with a large variance in the distribution.  The maximum result was 55.6 pCi/g.  The average 

Ra-228 result was 8.32 pCi/g, and the maximum result was 32.0 pCi/g Ra-228.  

(Section 4.1.2.1) 

 

 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of filter cake at POTW-N’s. 

  

There is little potential for radiological environmental impacts from spills and the long-term 

disposal of POTW-N filter cake. 

  

The radioactivity levels at POTW-N plants presented in Table 4-6 were above typical 

background concentrations in soil with Ra-226 average and maximum results of 8.89 pCi/g 

and 35.4 pCi/g.  The average and maximum Ra-228 results were 2.13 pCi/g and 7.26 pCi/g.  

(Section 4.1.2.1) 

 

 There is little potential for radiological exposure to workers and members of the public from 

sediment-impacted soil at POTW-I’s. 

  

However, there is a radiological environmental impact to soil from the sediments from 

POTW-I’s. 

 

The analytical results for POTW-I sediment-impacted soil samples indicate Ra-226 and 

Ra-228 are present at concentrations above typical background in soil.  The average Ra-226 

result was 9.00 pCi/g, and the maximum result was 18.2 pCi/g.  The average Ra-228 result 

was 3.52 pCi/g, and the maximum result was 6.25 pCi/g.  (Section 4.1.2.2) 

 

 There is little potential for additional Rn exposure to workers and the members of the public 

inside POTW-I’s. 
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Indoor Rn results from POTW-I results ranges from 0.2 to 8.7 pCi/L.  One result exceeds the 

EPA action level of 4.0 pCi/L.  The Rn measured in indoor air averaged 1.7 pCi/L.  The 

average is above the average indoor level of 1.3 pCi/L in the U.S. as reported by EPA.  

(Section 4.1.4) 

9.1.2.2 Centralized Wastewater Treatment Plants 

 
 There is potential for internal radiation exposure to workers and members of the public from 

and  surface radioactivity at CWTs that treat O&G wastewater.  Fixed  and  surface 

radioactivity may present a potential inhalation and ingestion hazard if disturbed during 

routine system maintenance. 

 

One hundred eighty-six of the 777  measurements and 461 of the 777  measurements of 

total surface radioactivity exceeded the RG 1.86 criteria.  Seven of the 805 removable  

measurements and 6 of the 805 removable  measurements exceeded the RG 1.86 criteria.  

The average of the  total surface radioactivity measurements exceeded the RG 1.86 criteria 

in 10 of the 11 CWT facilities surveyed.  The average of the total  surface radioactivity 

measurements exceeded the RG 1.86 criteria in four of the 11 CWT facilities surveyed.  The 

corresponding removable radioactivity measurements are mostly less than the RG 1.86 

criteria, indicating the total radioactive contamination measured is fixed to the surface and 

not immediately available for inhalation or ingestion.  (Section 4.2.6.2) 
 

 There is little potential for exceeding public dose limits from external gamma radiation for 

workers and members of the public at CWTs that treat O&G wastewater. 

 

Assuming the time period of exposure is a full occupational year of 2,000 hours, and the 

average maximum exposure rate of 19.1 R/hr, the maximum average CWT annual external 

gamma radiation exposure was estimated as 38 mrem/yr.  The maximum gamma radiation 

exposure rate measured was 502 R/hr on contact with the outside of a wastewater tank.  

(Section 4.2.6.1) 

 
 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of filter cake at CWTs that treat O&G wastewater. 

  

However, there is a potential for radiological environmental impacts from spills and the 

long-term disposal of CWT filter cake from CWTs that treat O&G wastewater. 

 

The analytical results indicate all the CWT filter cake samples contain elevated Ra-226 and 

Ra-228 above typical background levels for soil.  The maximum results were 307 pCi/g of 

Ra-226 and 177 pCi/g of Ra-228.  Five of 27 filter cake samples exceeded the DOT Ra 

threshold for labeling as radioactive material.  (Section 4.2.2.1) 
 
 There is little potential for radiological exposure to workers and members of the public from 

sediment-impacted surface soil at CWTs that treat O&G wastewater. 

  

However, there is a radiological environmental impact to soil from the sediments from CWTs 

that treat O&G wastewater. 
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Sediment-impacted soil was collected at the accessible effluent discharge points at the 

CWTs.  Radium above typical soil background levels to a maximum of 508 pCi/g of total Ra 

was identified in the sediment-impacted soil samples.  (Section 4.2.7) 
 

 There is little potential for radiological exposure to workers and members of the public from 

impacted soil at CWTs that treat O&G wastewater. 

  

However, there is a radiological environmental impact to surface soil at CWTs that treat 

O&G wastewater. 

 

Gamma radiation walkover surveys identified areas with radioactivity above local 

background.  At three of these locations, a biased soil sample was collected to determine the 

amount of activity at or near the surface.  Radium above soil typical background levels to a 

maximum of 117 pCi/g Ra-226 and 83.1 pCi/g Ra-228 was identified in biased soil samples.  

(Section 4.2.2.3) 
 

 There is little potential for additional Rn exposure to workers and the members of the public 

inside CWTs that treat O&G wastewater. 
 
Indoor air was sampled and analyzed for Rn concentration at various CWT indoor locations 

such as break rooms, laboratories, offices, etc.  The results ranged from 0.9 to 5.0 pCi/L.  

One result exceeded the EPA action level.  The Rn measured in indoor air averaged 

2.0 pCi/L.  The average is above the average indoor level of 1.3 pCi/L in the U.S. as reported 

by EPA.  (Sections 4.2.4 and 4.2.6.3) 

9.1.2.3 Zero Liquid Discharge Plants  

 
 There is potential for internal and  surface radioactivity exposure to workers and 

members of the public at ZLDs that treat O&G wastewater.  Fixed  and  surface 

radioactivity may present a potential inhalation and ingestion hazard if disturbed during 

future routine system maintenance. 
 
One hundred fifty-nine of the 566  measurements and 175 of the 566  measurements of 

total surface radioactivity exceeded the RG 1.86 criteria.  Fourteen of the 589 removable  

measurements and 2 of the 589 removable  measurements exceeded the RG 1.86 criteria.  

The highest average total  and  surface radioactivity levels were 239 dpm/100 cm
2
 and 

4,740 dpm/100 cm
2
.  The maximum total  and  surface radioactivity levels were 

1,410 dpm/100 cm
2
 and 49,700 dpm/100 cm

2
. The corresponding removable surface 

radioactivity measurements are mostly less than the RG 1.86 criteria, only 14 of 589 

measurements exceeded the applicable criteria, indicating the total surface radioactivity 

measured is fixed to the surface and not immediately available for inhalation or ingestion.  

Fixed  and  surface radioactivity may present a potential inhalation or ingestion hazard if 

disturbed during routine system maintenance.  (Section 4.3.6.2) 
 

 There is little potential for exceeding public dose limits from external gamma radiation for 

workers and members of the public at ZLDs that treat O&G wastewater. 
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The maximum average gamma radiation exposure rate measured at any of the ZLD plants 

was 43.1 R/hr.  The lowest background gamma radiation exposure rate measured at any of 

the sites was 5 R/hr.  Assuming the time period of exposure is a full occupational year of 

2,000 hours, the maximum average ZLD annual external gamma radiation exposure was 

estimated as 76 mrem/yr.  The maximum gamma radiation exposure rate measured was 

445 R/hr.  (Sections 4.3.1.4 and 4.3.6.1) 
 

 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of filter cake at ZLDs that treat O&G wastewater. 

 

However, there is a potential for radiological environmental impacts from spills and the 

long-term disposal of filter cake from ZLDs that treat O&G wastewater. 

 

Radium-226 and Ra-228 were measured in ZLD filter cake samples at concentrations above 

typical background levels for surface soils.  Radium-226 concentrations ranged from 3.08 to 

480 pCi/g and Ra-228 concentrations ranged from 0.58 to 67.3 pCi/g.  (Section 4.3.2.1) 
 

 There is little potential for radiological exposure to workers and members of the public from 

influent and effluent water at ZLDs that treat O&G wastewater. 

  

However, there is a potential for radiological environmental impacts from spills of influent 

and effluent water at ZLDs that treat O&G wastewater. 

 

Radium (Ra-226 and Ra-228) was routinely detected in all liquid influent and effluent 

sample types with an approximate 50 percent difference between influent and effluent, but 

little difference between filtered and unfiltered results. Results ranged from 29.0 to 

20,900 pCi/L.  (Section 4.3.5) 
 

 There is little potential for additional Rn exposure to workers and the members of the public 

at ZLDs that treat O&G wastewater. 
 

Indoor air was sampled and analyzed for Rn concentration at various indoor locations such as 

break rooms, laboratories, offices, etc.  The results ranged from 0.5 to 4.9 pCi/L.  Two results 

exceeded the EPA action level.  The Rn measured in indoor air averaged 2.3 pCi/L.  The 

average is above the average indoor level of 1.3 pCi/L in the U.S. as reported by EPA.  

(Sections 4.3.4 and 4.3.6.3) 
 

 There is little potential for exceeding public dose limits from external gamma radiation for 

truck drivers from hauling O&G wastewater or sludge/filter cake from facilities that treated 

O&G wastewater. 

 
It was assumed a truck driver hauled full containers with either wastewater or sludge/filter 

cake for four hours per day and made return trips with empty containers for four hours per 

day.  The driver was assumed to work 40 hours per week for 10 weeks per year hauling O&G 

wastewater or sludge. The total estimated dose to the wastewater truck driver was 

0.35 mrem/yr.  The total estimated dose to the sludge truck driver was 52 mrem/yr.  

(Section 4.3.6.4) 
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9.1.3 Landfills (Section 5.0) 

 
 There is little potential for radiological exposure to workers and members of the public from 

leachate at landfills. 

  

 There is little difference in the radium detected in the leachate from the nine landfills 

selected based on the volume of O&G industry waste accepted and from the 42 other 

landfills. 

 

Samples of leachate were collected from the nine landfills selected based on the volume of 

O&G industry waste received and from the 42 other landfills not selected based on the 

volume of O&G industry waste received and analyzed using gamma spectroscopy for Ra-226 

and Ra-228.  Radium was detected above the MDC value in 34 of 51 samples.  Radium-226 

results ranged from 26.5 to 416 pCi/L with an average of 112 pCi/L in the 42 unselected 

landfills and 106 pCi/L in the nine selected landfills.  Radium-228 results ranged from 2.50 

to 84.0 pCi/L with an average of 12.6 pCi/L in the 42 unselected landfills and 16.5 pCi/L in 

the nine selected landfills.  (Section 5.1) 

 

 There is limited potential for radiological environmental impacts from spills or discharges of 

effluent or influent leachate at landfills that accept O&G waste for disposal. 

 
Nine influent and seven effluent leachate samples were collected at the nine selected 

landfills.  Radium was detected in all of the leachate samples.  Radium-226 results ranged 

from 26.5 to 378 pCi/L with an average of 127 pCi/L for effluent samples and 64.7 pCi/L for 

influent samples.  Radium-228 results ranged from 3.00 to 84.0 pCi/L with an average of 

19.9 pCi/L for effluent samples and 6.17 pCi/L for influent samples.  The influent and 

effluent samples from the same facility do not represent the same leachate at different times 

in treatment.  (Section 5.2.1) 

 
 There is little potential for radiological exposure to workers and members of the public from 

handling and temporary storage of filter cake at landfills that accept O&G waste for 

disposal. 

  

However, there is a potential for radiological environmental impacts from spills and the 

long-term disposal of landfill filter cake from landfills that accept O&G waste for disposal. 

 
Filter cake from three of the nine selected landfills was sampled and analyzed using gamma 

spectroscopy.  Radium was detected in all of the filter cake samples.  Radium-226 results 

ranged from 8.73 to 53.0 pCi/g, with an average of 24.3 pCi/g.  Radium-228 results ranged 

from 1.50 to 4.93 pCi/g, with an average of 3.77 pCi/g.  (Section 5.2.2) 

 
 There is little potential for radiological exposure to workers and members of the public from 

sediment-impacted soil at landfills that accepted O&G waste for disposal. 

  

However, there may be a radiological environmental impact to soil from the sediments from 

landfill leachate treatment facilities that treat leachate from landfills that accept O&G waste 

for disposal. 
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The three landfills that had filter cake sampled also discharged effluent water to the 

environment.  At each of the three effluent outfalls, a sediment-impacted soil sample was 

collected.  Radium was detected in all of the samples.  Radium-226 results ranged from 2.82 

to 4.46 pCi/g with an average of 3.57 pCi/g.  Radium-228 results ranged from 0.979 to 

2.53 pCi/g with an average of 1.65 pCi/g.  (Section 5.2.3) 
 

 There is little potential for additional Rn exposure to workers and the members of the public 

at or from landfills that accept O&G waste for disposal. 

 

Ambient air was sampled at the fence line of each of the nine selected landfills and analyzed 

for Rn concentration.  The Rn in ambient air at the fence line of the landfills ranged from 

0.2 to 0.9 pCi/L consistent with U.S. background levels of 0.2 to 0.7 pCi/L in outdoor 

ambient air.  (Section 5.2.4) 

  
 There is little potential for internal and  surface radioactivity exposure to workers and 

members of the public at landfills that accept O&G waste for disposal. 
 

None of the 195  measurements and 17 of the 195  measurements of total surface 

radioactivity exceeded the RG 1.86 criteria.  All average total  and  surface radioactivity 

levels were below the RG 1.86 criteria.  The maximum total  and  concentrations were 

84.6 dpm/100 cm
2
 and 3,630 dpm/100 cm

2
.  The average removable  and  levels at each 

landfill were below the RG 1.86 criteria.  The maximum removable  and  levels were also 

below the RG 1.86 criteria.  None of the 205 removable  or  surface radioactivity 

measurements exceeded the RG 1.86 criteria.  (Section 5.4.1.1) 

 
 There is little potential for exceeding public dose limits from external gamma radiation for 

workers and members of the public at landfills that accept O&G waste for disposal. 

 
The highest average exposure rate was 13.5 R/hr, and the maximum gamma exposure rate 

measured was 93.7 R/hr.  The minimum, limiting local background measured was 5 R/hr.  

Assuming the duration of exposure is a full occupational year of 2,000 hours, the external 

gamma radiation exposure at the landfill was estimated as 17 mrem/yr, which is much less 

than the 100 mrem/yr dose equivalent limit for a member of the public.  (Sections 5.3 and 

5.4.1) 

9.1.4 Gas Distribution and End Use (Section 6.0) 

9.1.4.1 Natural Gas in Underground Storage 

 
 Radon concentrations in natural gas are lower after underground storage. 

 
Natural gas samples were collected at four underground storage sites in Pennsylvania.  

Duplicate samples were collected at each site during injection into the storage formation, and 

also during withdrawal from the storage formation.  (Section 6.1) 
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9.1.4.2 Natural Gas-Fired Power Plants  

 
 Radon concentrations in the natural gas sampled entering power plants are consistent with 

the Rn in natural gas concentrations in samples collected at well sites. 

 

The two natural gas sample results from natural gas-fired power plants were 33.7 ± 1.8 pCi/L 

and 35.7 ± 11.0 pCi/L.  (Section 6.2 and Table 6.3) 
 

 There is little potential for exceeding public dose limits from external gamma radiation for 

workers and members of the public at natural gas-fired power plants. 

 

The gamma radiation exposure rate survey results at the PP-02 power plant were within the 

range of natural background of gamma radiation for PA.  The exception occurred on the 

external surface of a pipe elbow where the range of measurement results observed was 15 to 

17 µR/hr.  (Section 6.2) 
 

 There is little potential for additional Rn exposure to workers and the members of the public 

at or from natural gas-fired power plants. 
 
Ambient air was sampled at the PP-02 power plant site fence line.  The fence line Rn monitor 

results were all at or below the MDC value for the analysis.  (Section 6.2) 

9.1.4.3 Compressor Stations  

 
 Radon concentrations in the natural gas sampled at compressor stations are consistent with 

the Rn in natural gas concentrations in samples collected at well sites. 

 

All compressor stations were receiving predominately Marcellus Shale unconventional 

natural gas at the time of sample collection.  The range of compressor station natural gas Rn 

results is 28.8 ± 1.4 to 58.1 ± 1.1 pCi/L, which is consistent with the production site Rn 

sample results.  (Section 6.3 and Table 6.5) 

 

 There is little potential for additional Rn exposure to workers and the members of the public 

at or from natural gas compressor stations. 
 
Ambient air was sampled at the CS-01 compressor station fence line for the measurement of 

Rn concentrations.  The fence line Rn monitors results ranged from 0.1 to 0.8 pCi/L.  The 

average concentration at each fence line location was within the range of typical ambient 

background Rn concentrations in outdoor ambient air in the U.S.  (Section 6.3)  

9.1.4.4 Natural Gas Processing Plant  

 
 Radon concentrations in natural gas entering the natural gas processing plant are consistent 

with levels measured at well sites. 
 

Radon in natural gas sampled entering the plant measured 67.7 pCi/L.  The Rn in natural gas 

sampled at the processing plant outflow measured 9.3 pCi/L.  (Section 6.4 and Table 6.7) 
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 There is potential for exceeding public dose limits from external gamma radiation for 

workers at the natural gas processing plant. 
 
Contact readings measured with filter housings ranged from background to 75 R/hr, with 

two exceptions; one measured 350 R/hr and the other measured 900 R/hr.  Radiation 

exposure rates with values ranging from 20 to 400 R/hr were measured on additional 

system components.  (Section 6.4) 
 

 There is potential for internal and  surface radioactivity exposure to workers at the 

natural gas processing plant when a filter housing is opened. 
 

The filter housing on the facility propenizer equipment was opened during a filter change-out 

and a sample of the cardboard filter media was collected. The filter media sample was 

smeared for removable  and  surface radioactivity. The average  and  surface 

radioactivity levels are below the RG 1.86  and  removable surface radioactivity criterion.  

The results of samples collected from the facility propenizer equipment filter had a Pb-210 

activity result of 3,580 pCi/g, but no other gamma-emitting NORM radionuclide results were 

above 1 pCi/g.  The gross  and  removable surface radioactivity results for the filter media 

sample are elevated relative to the RG 1.86 gross  and  removable surface radioactivity 

criterion.  (Section 6.5) 

9.1.4.5 Radon Dosimetry 

 
 There is little potential for additional Rn exposure to members of the public in homes using 

natural gas from Marcellus Shale wells. 
 
 The potential radiation dose received by home residents is a small fraction of the allowable 

general public dose limit of 100 mrem/yr. 
 
Radon is transported with natural gas into structures (homes, apartments, and buildings) that 

use natural gas for purposes such as heating and cooking.  The incremental increase of 

potential dose from Rn-222 to occupants of a typical home from use of natural gas was 

conservatively estimated as 5.2 mrem/yr for the median dose and 17.8 mrem/yr for the 

maximum dose.  Based on the Rn and natural gas data collected as part of this study and the 

conservative assumptions made, the incremental Rn increase in a home using natural gas 

appliances is estimated to be very small, and would not be detectable by commercially 

available Rn testing devices.  The average and maximum calculated Rn concentration in 

homes were 0.04 and 0.13 pCi/L, consistent with the EPA estimated indoor average of 

0.13 pCi/L.  (Section 6.6) 

9.1.5 Oil and Gas Brine-Treated Roads (Section 7.0) 

 
 Radium activity measured in O&G brine-treated road samples is greater than typical surface 

soil concentrations. 
 

Biased surface soil samples were collected based on the audio response of the gamma scan 

survey instrument ratemeter on 31 of the 32 O&G brine-treated roads.  When an area with 



PA DEP TENORM Study Report – Section 9.0 Rev. 0 

 
January 2015  9-12 

elevated radioactivity was detected, surface soil samples were collected at that area.  After 

correcting the reported Ra-226 activity by 0.992 pCi/g of natural background activity and 

0.741 pCi/g of U-235 bias, 18 of 31 samples have excess Ra ranging from 0.020 to 

5.23 pCi/g above natural background.  (Sections 7.0 and 7.2.1) 
 

 Radium activity measured in reference background road samples is greater than typical 

surface soil concentrations.  The reference background roads were selected by geographical 

location to O&G brine-treated roads selected for the study. 
 
As a point of reference and for comparison, 18 roads in the geographic vicinity of the subject 

roads that have not been identified as O&G brine-treated were selected for surveying, and 14 

biased soil samples were collected.  After correcting the reported Ra-226 activity by 

0.819 pCi/g of natural background activity and 0.71 pCi/g of U-235 bias, 11 of 14 samples 

have excess Ra ranging from 0.021 to 61.5 pCi/g above natural background.  Three of the 

Ra-228 results are greater than 2.98 pCi/g, which is approximately three times natural 

background for the Th series.  (Section 7.2.2) 

 

 The excess Ra measured in reference background samples is higher than for the identified 

O&G brine-treated roads. 
 
The average excess Ra-226 for roads identified as having been brine-treated is 1.13 pCi/g 

compared to an average of 8.23 pCi/g on the background reference roads.  One possible 

explanation is that all of the roads have been treated with brine.  After the 32 roads had been 

identified as brine-treated, the reference background roads were selected by proximity to the 

32 roads.  (Section 7.2.2) 

 
 There is little potential for members of the public exceeding the public dose limit from 

exposure to Ra in O&G brine-treated roads. 
 

To evaluate potential exposure to the public from the brine-treated roads, a source term of 

1 pCi/g of Ra-226 and 0.5 pCi/g of Ra-228 was assumed within a 6-inch layer of surface 

material (treated road surface).  The estimated total dose from 1 pCi/g of Ra-226 and 

0.5 pCi/g of Ra-228 above natural background in surface soil, to a recreationist, in the year of 

maximum exposure (year 1) is 0.441 mrem/yr, which is below the 100 mrem/yr public 

exposure criteria based on assumed activity concentrations.  The actual dose received is 

dependent upon both the excess Ra radioactivity in surface soil and the time spent exposed to 

the soil surface.  (Section 7.3) 

9.2 Recommendations for Future Actions 

9.2.1 Well Sites  

 

 Conduct research and investigation of vertical and horizontal drill cuttings for beneficial use, 

onsite disposal, and future landfill disposal protocols. 

 

 Add sampling and analyses for Ra-226, Ra-228, and additional man-made radionuclides such 

as tracers used in the O&G industry to Pennsylvania spill response protocol for spills of 
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flowback fluid, hydraulic fracturing fluid, or produced water.  Field survey instrumentation 

should also be available for surveys of areas impacted by the spill. 

9.2.2 Wastewater Treatment Plants 

 

 Perform routine survey and assessment of areas impacted with surface radioactivity to 

determine personnel protective equipment (PPE) use and monitoring during future activity 

that may cause surface  and  radioactivity to become airborne. 

 

 Conduct additional radiological sampling and analyses and radiological surveys at all 

WWTPs accepting wastewater from O&G operations to determine if there are areas of 

contamination that require remediation; if it is necessary to establish radiological effluent 

discharge limitations; and if the development and implementation of a spill policy is 

necessary. 

9.2.3 Landfills 

 
• Evaluate and, if necessary, modify the landfill disposal protocol for sludges/filter cakes and 

other solid waste-containing TENORM. 
 

 Conduct additional radiological sampling and analyses and radiological surveys at all 

facilities that treat leachate from landfills that accept waste from O&G operations to 

determine if there are areas of contamination that require remediation; if it is necessary to 

establish radiological effluent discharge limitations; and if the development and 

implementation of a spill policy is necessary. 

 

 Add total Ra (Ra-226 and Ra-228) to the annual suite of contaminants of concern in leachate 

sample analyses. 

9.2.4 Gas Distribution and End Use 

 
 Survey and sample internal surfaces of natural gas plant piping and filter housings for 

radiological contamination.  This effort should include evaluation of worker exposure and 

buildup of radioactivity in systems from natural gas processing and transmission.  Evaluate 

monitoring and recommendation of PPE and other controls to be used during pipe clean-out 

and other activities when internal surfaces are exposed. 

9.2.5 Oil and Gas Brine-Treated Roads 

 
 Perform further study of O&G brine-treated roads.  This study should evaluate produced 

water radionuclide concentrations prior to treatment, resultant surface activity and 

radionuclide concentration of road surfaces and future Ra migration. 




