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Purpose and Scope 

 

This report, The 2015 Salty Brine State Beach Incident, presents the findings of the scientific 

investigation into the events that occurred at Salty Brine State Beach in Rhode Island on July 11, 

2015.  The purpose of the report is to provide a factual account of the incident, response, 

scientific investigation and findings, and to draw conclusions. 
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Executive Summary 

 

At approximately 11:15 a.m. on July 11, 2015 officials began to receive reports of a small 

explosion at the waterline near the stone jetty at Salty Brine State Beach. State and local 

officials, including the Rhode Island (RI) Department of Environmental Management (DEM) 

Division of Law Enforcement (DLE), Rhode Island State Police (RISP), and Narragansett Police 

Department, responded immediately.  The area around the incident was secured, and the beach 

and adjacent waters closed to the public.  Witnesses reported that there was a “loud bang” and 

immediately following one beach patron’s chair began to sink into the sand.  The sand then 

“erupted” beneath her, and she was propelled forward approximately five to eight feet away from 

the jetty.  The incident left an area of sand approximately six feet in diameter cracked and 

disturbed. Emergency medical workers assisted the beach patron who was later transported to 

South County Hospital with non-life-threatening injuries. 

 

The DLE – in coordination with the RISP; Rhode Island Division of the State Fire Marshal (RI 

SFM); United States Federal Alcohol, Tobacco and Firearms (US ATF); DEM Emergency 

Response (ER); and other officials – conducted the initial investigation to determine what caused 

the incident.  Members of the RI SFM Bomb Squad searched the site for evidence of explosive 

materials (e.g., explosive residues from a bomb, relict military ordnance, or other explosive 

device). All tests were negative, and there was no evidence to suggest explosives were involved 

in the incident.  Given this lack of evidence and the conclusion by law enforcement of no present 

threat to public safety, DEM reopened the beach on July 12, 2015.  

 

State officials continued to explore potential alternative causes of the incident. These included a 

shifting or movement of stones within the adjacent jetty, a seismic event, and an electrical 

explosion in an abandoned power cable.  The latter had been used previously to power 

navigation aids in the Point Judith Harbor of Refuge.  It remained buried under the sand in the 

general vicinity of the incident.   

 

On Monday July 13, 2015, DLE, RI SFM, RISP, National Grid, the United States Coast Guard 

(USCG), and the United States Army Corps of Engineers (US ACOE) were at the site and 
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investigated these alternative potential causes. The US ACOE, owner of the jetty, examined the 

condition of the jetty and found no evidence that stones had recently moved or shifted.  No 

damage to the jetty was observed.  Also, there were no confirmed seismic events registered in 

Rhode Island on July 11, 2015.  Collectively, these results suggested the stone jetty did not cause 

the incident. National Grid officials tested the four-conductor power cable (disconnected in the 

1980s) that ran from the parking lot under the sand near the site of the incident and out towards 

the navigation aids in the Harbor of Refuge.  No electrical power was detected, and the cable was 

left buried under the sand. 

 

On Tuesday, July 14, 2015, the USCG worked onsite with DLE, RI DEM Division of Parks and 

Recreation (DPR), RI SFM, and the Rhode Island State Electric Inspector to remove the four-

conductor power cable from under the beach area.  Using heavy equipment, workers excavated 

the cable from the beach sand and cut it below the waterline. During the excavation, workers 

discovered an older piece of three-conductor cable in the immediate vicinity of the incident.  RI 

SFM and DLE officials observed that one end of the cable, located within feet of the incident, 

had several shiny, bright copper and steel wires; these wires showed remarkably little sign of 

corrosion despite being buried in sand saturated with seawater from more than 30 years. 

 

Based on USCG records, it appears the older three-conductor cable powered the navigation aids 

in the Harbor of Refuge from the 1950s until the early 1980s when it became unreliable.  The 

USCG removed the submarine portion of the cable and laid the newer four-conductor cable in 

the former’s path.  Records indicate the USCG could not remove a section of the older three-

conductor cable at the water line, as it was either stuck or entangled (USCG official, personal 

communication, July 23, 2016). As a result, the cable was cut and abandoned in place at the 

waterline.   

 

The newer four-conductor cable powered the navigation aids from the early 1980s until they 

were transferred to solar power in 2007.  At that time, USCG disconnected the four-conductor 

cable from the power source (a utility pole), capped it, and abandoned it in place.  On July 14, 

2015, the USCG, DEM, RI SFM, and RISP removed the two abandoned cables – the older three-

conductor cable piece, and the entirety of a four-conductor cable. The State Electric Inspector 
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later confirmed that there was no power connection to the cables and thus no likelihood of an 

electrical explosion.  

 

With all obvious potential causes (e.g., bomb, military ordnance, electrical explosion, movement 

of the breakwater, and earthquake) excluded, DEM Director Janet Coit contacted Dr. Bruce 

Corliss, Dean of the University of Rhode Island Graduate School of Oceanography (GSO), to 

request assistance with the investigation.  A team of DEM and GSO scientists was assembled. 

GSO scientists hypothesized that the combustion of sub-surface methane or hydrogen gas was 

possible explanations for the event.  The DEM-GSO team – assisted by scientists from the US 

Department of Agriculture, Natural Resources Conservation Service (NRCS), and others – 

collected beach sand core samples for hydrogen and methane analyses. GSO scientists then 

analyzed samples to test these hypotheses.   

 

The GSO team measured methane in 21 individual samples from 13 sediment cores. Results 

from one sample (No. M-2.2) at only one depth, 51.5 cm from the surface, showed levels above 

background (partial pressure equivalent to 0.03% methane in air). A replicate sample from this 

depth had partial pressures of 0.31% methane in air.  The low levels of methane observed did not 

support the hypothesis that the incident was the result of methane combustion. 

 

The GSO team measured hydrogen in 101 individual samples from 13 sediment cores.  Sixty-

seven samples had no detectable hydrogen.  Twenty-seven samples were between the detection 

limit (0.04% hydrogen in air) and 1% hydrogen in air, while seven samples were above 1%.  The 

two highest values, 9.60% and 10.49%, were the deepest samples (No. H-3.5 and H-3.6), 207.5 

cm below the surface, taken in close proximity to both the site of the incident and where the 

terminal end of the older three-conductor cable was located. These high values are in great 

excess  ̶  20,000 times higher  ̶  of natural beach sediment levels (i.e., 0.0005%), and within the 

partial pressure range of both burning (4% hydrogen in air) and detonation (11% hydrogen in 

air). 

 

Scientists from NRCS and DEM conducted additional field sampling on July 20, 2015 to 

determine if there were any other USCG cables or foreign objects remaining in the sand. Using 
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ground-penetrating radar (GPR) and heavy equipment, they found another portion of the older 

three-conductor power cable (approximately 80 feet in length) buried in the sand. USCG, DEM, 

RI SFM, and RISP removed the cable and transferred it to the RISP headquarters in Scituate, 

Rhode Island.  In addition to the GPR work, DEM conducted air quality sampling for hydrogen 

gas at 10 locations near the jetty, extending approximately 60 feet up the beach away from the 

waterline. None of the samples registered hydrogen concentrations above detection.  DEM 

continued air quality sampling for hydrogen and additional sampling for other volatile organic 

compounds (VOCs) for the remainder of the beach season.  All results were negative.   

 

After the incident Rhode Island Governor Gina Raimondo wrote to the USCG requesting that the 

“…USCG remove any remaining abandoned cables buried in the vicinity of our [RI] state 

beaches and in the Point Judith Harbor of Refuge”.  In response to the Governor’s request and to 

avoid potential public safety concerns, the USCG removed the remaining portion of the 

abandoned four-conductor power cable during February and March of 2016. This cable extended 

from the waterline at Salty Brine State Beach along the sea bottom out to an USCG Navigation 

Aid at the end of the West Breakwater (Point Judith Harbor of Refuge West Entrance Light 3, 

LLNR 19505).  This cable was cut below the water line on July 14, 2015 as part of the 

investigation into the Salty Brine State Beach incident.  With this piece removed and based on 

records review, DEM believes no abandoned, buried cables remain at Salty Brine State Beach. 

 

Ultimately, multiple lines of evidence are consistent with the conclusion that the Salty Brine 

State Beach incident was the result of hydrogen detonation.  It is likely that the hydrogen was 

produced as a product of the anaerobic corrosion of an abandoned cable. The evidence 

supporting this conclusion includes:  high levels of hydrogen in the water-saturated sand near the 

incident site; a shiny, uncorroded end of an old steel and copper cable found within feet of the 

incident indicating a cathodic hydrogen-producing metal surface; and observations consistent 

with a hydrogen detonation, including a loud report, no visible flames, and no observed radiated 

heat.  

 

The scientists involved with this investigation believe the likelihood of another incident 

involving hydrogen is extremely low considering 1) the lack of other known hydrogen 
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combustion incidents at beaches or in other coastal environments, 2) hydrogen is not produced as 

ubiquitously as methane in shallow subsurface coastal environments, and 3) methane, itself, does 

not present a significant risk at beaches.  Further, after careful review and consultation with 

USCG, DEM believes there are no similar abandoned cables present at any state beaches.  As a 

result, the scientific experts conclude that the risk of a future event similar to what occurred at 

Salty Brine State Beach in July 2015 is extremely low.  
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Background 

 

Salty Brine State Beach is a state-owned and operated beach facility located at the western-most 

end of the contiguous beach within the Harbor of Refuge in Narragansett, Rhode Island (RI).  

This beach, formerly Galilee State Beach, was transferred from the RI Division of Harbors and 

Rivers to the RI Division of Parks and Recreation (DPR) in 1954 and renamed “Salty Brine State 

Beach” after a prominent radio and TV personality in 1990s (RI Division of Parks and 

Recreation 2015).  In 2010, the RI Department of Environmental Management (DEM) DPR 

completed a major renovation that included a new beach pavilion, boardwalk along the jetty with 

fishing and overlook platforms, and a renovated parking lot. The upgraded facilities – along with 

the relatively protected and calm waters, adjacent stone jetty, and view of fishing boats and 

ferries entering and leaving the Port of Galilee – contribute to the beach’s popularity. 

 

Description of Incident 

 

On July 11, 2015 at approximately 11:15 a.m., local and state officials began to receive reports 

of a small explosion at the waterline near the stone jetty at Salty Brine State Beach (Figure 1).  

The DEM Division of Law Enforcement (DLE), Rhode Island State Police (RISP), and 

Narragansett Police Department responded immediately to Salty Brine State Beach.  These 

agencies secured the area around the incident, closed the beach-sand area to the public, and 

closed adjacent waters to swimming.  The DLE requested that a Rhode Island Division of the 

State Fire Marshal (RI SFM) explosive technician with the State Bomb Squad assist with the 

initial response.   

 

Based on witness statements contained in the RISP report (Montminy, 2015), it is believed that 

several beach patrons were in the general vicinity of the incident. They were sitting in chairs and 

playing in the sand near the water line adjacent to the jetty at the western-edge of the beach from 

approximately 9:15 a.m. until the incident occurred at approximately 11:15 a.m.  Patrons stated 

that nothing out of the ordinary occurred prior to the incident.  Around 11:15 a.m. patrons heard 

a loud bang, described as a noise like that of a “M-80” firework exploding or boat crashing into 

the jetty.  A patron who was sitting in a chair close to the jetty reported that immediately after 
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hearing the “loud bang,” she attempted to stand and move away from the jetty (to the east). 

Initially when attempting to stand, the patron reported she could not because the chair was 

sinking into the sand.  Immediately after that, the patron reported that the sand “erupted” and she 

was propelled forward approximately five to eight feet to the east, away from the jetty.  The 

incident left an area of sand approximately six feet in diameter (Groff, 2015) cracked and 

disturbed (Figures 2A-D).  Emergency medical workers assisted the beach patron who was later 

transported to South County Hospital with non-life threatening injuries.    

 

Initial Response and Investigation 

 

The DLE – in coordination with the RISP; RI SFM; United States Federal Alcohol, Tobacco and 

Firearms (US ATF); DEM Emergency Response (ER); and other officials – conducted the initial 

investigation to determine what caused the incident.  The focus of this investigation was to 

determine if there was an explosion and if so, what had caused it.  Members of the RI SFM 

Bomb Squad searched the site for evidence of explosive materials (e.g., explosive residues from 

a bomb, relict military ordnance, or other explosive device) by screening the sand in the area, 

testing for explosive residue using chemical wipes, and using explosive detecting K-9s to search 

the area.   RI SFM John Chartier stated, “All of this testing was negative. Based on the available 

evidence, there is no reason to believe that explosives were involved in the incident” (Montminy, 

2015).  Given this lack of evidence and the conclusion by law enforcement of no present threat to 

public safety, DEM reopened the beach on July 12, 2015.  

 

State officials continued to compile and explore potential alternative causes of the incident.  

These included a potential shifting or movement of stones within the adjacent stone jetty or a 

possible electrical explosion in an abandoned power cable.  United States Coast Guard (USCG) 

cables had formerly been used to power navigation aids in the Harbor of Refuge and remained 

buried under the sand in the general vicinity of the incident.   

 

On Monday July 13, 2015 DLE, RI SFM, RISP, National Grid, USCG, and the United States 

Army Corps of Engineers (US ACOE) were at the site and investigated these alternative 

potential causes.  The US ACOE, owner of the jetty, examined the condition of the jetty.  They 
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found no evidence that stones had recently moved or shifted and no evidence of displacement or 

damage.  In addition, there were no confirmed seismic events registered in Rhode Island on July 

11, 2015 (IRIS, 2015). Collectively these results suggested that the stone jetty did not cause the 

incident.  National Grid officials cut and tested the formerly mentioned underground four-

conductor power cable that ran from the parking lot to the sand near the site of the incident.  No 

electrical power was detected. An electrical contractor installed a cap on the cut cable adjacent to 

the beach pavilion. The remnant of the cable remained intact and buried under the sand. 

 

On Tuesday July 14, 2015 the USCG worked onsite with DLE, DPR, RI SFM, and the State 

Electric Inspector to remove the underground four-conductor power cable from under the beach 

area.  The DPR used heavy equipment to excavate the cable. The USCG cut this cable below the 

waterline. While digging to excavate this cable (Figure 3), an older piece of three-conductor 

cable was discovered in the immediate vicinity of the incident (Figure 4) (Groff, 2015).  Based 

on USCG records, it appears this older three-conductor cable was used to power the navigation 

aids in the Harbor of Refuge from the 1950s until the early 1980s when its power became 

unreliable.  At that time, the USCG removed the submarine portion of the cable and laid the 

newer four-conductor cable in the former’s path.  Records indicate the USCG could not remove a 

section of the older three-conductor cable at the waterline, as it was either stuck or entangled 

(USCG official, personal communication, July 23, 2016). As a result, the cable was cut and 

abandoned in place at the waterline.  The newer four-conductor cable was used from the early 

1980s until the navigation aids were transferred to solar power in 2007.  At that time, the four-

conductor cable was disconnected from the power source (a utility pole), capped, and abandoned 

in place.   

 

These two abandoned cables – the older three-conductor cable piece and the entirety of a four-

conductor cable – were removed from the sand by DEM, USCG, RI SFM, and RISP.  The USCG 

took custody and moved these cables to a USCG facility.  These cables were later transferred to 

RISP Headquarters in Scituate, Rhode Island for further investigation.  The State Electric 

Inspector later confirmed that there was no power connection to the cables and thus found no 

evidence of an electrical explosion (Montminy, 2015). Of particular note: RI SFM and DLE 

officials stated that one end of the older three-conductor cable, located within feet of the 
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incident, had several shiny, bright copper and steel wires. These wires showed remarkably little 

sign of corrosion (Groff, 2015; Figures 5A-B) despite being buried in sand saturated with 

seawater for more than 30 years.  RI SFM officials noted that after removing the cables from the 

marine environment, the shiny copper and steel wires began to dull (T. Groff, personal 

communication, July 20, 2015).   

 

Investigation by Scientific Experts 

 

With all obvious potential causes (e.g., bomb, military ordnance, electrical explosion, movement 

of the breakwater, and earthquake) excluded, DEM Director Janet Coit contacted Dr. Bruce 

Corliss, Dean of the University of Rhode Island Graduate School of Oceanography (GSO), to 

request expert scientific assistance with the investigation.  A team of DEM and GSO scientists 

was quickly assembled.  (See the Acknowledgments Section for a list of team members and 

contributors.)  GSO scientists hypothesized that the detonation of sub-surface methane or the 

detonation of hydrogen gas were possible explanations for the combustion event.  They then 

collected and analyzed samples to test the hypotheses, as described below. Specific analytical 

methodologies and results are contained in Appendix I. 

 

Background - Hypotheses 

 

Methane is commonly produced by micro-organisms in soil and sediment in oxygen-free 

environments where there is sufficient organic matter (Jorgensen, 2003). In most beaches, the 

upper layer of sand is porous and contains air, while in deeper layers the pores are filled with 

water. Within the sub-surface water-saturated zone of beach sand, oxygen is often depleted and 

methane is produced.  Some of this methane will diffuse or bubble out of the water-saturated 

zone and up through the pore spaces in the overlying sand. For example, bubble transport out of 

coastal marsh sediments is common (e.g., Flury, et al., 2015). Methane produced in the water-

saturated zone and transported to the overlying unsaturated zone of the beach sand will mix with 

oxygen (approximately 20% in the ambient air), which has diffused down into the pore spaces in 

the beach sand (Flury, et al., 2015). 
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A gas mixture of methane and oxygen is not stable and has the potential to burn (reaction with a 

subsonic flame propagation velocity, also called deflagration) and detonate (reaction with 

supersonic propagation velocity).  For example, combustion of biogenic methane, released from 

deeper levels following a small seismic event, is attributed to be the cause of a beach fire that 

burned at Kittery Maine for nearly one hour in 1905 (Dickson, 2000). The lower methane 

composition limit for burning (percent amount of methane needed for sustained burning) in free 

air is approximately 5.0 % while the detonation composition limit is approximately 6.3% (Crowl, 

2003).  The depth where a mixture of these compositions might occur in the shallow sub-surface 

depends on how much organic matter is present, how deeply it is buried, temperature, and the 

rate at which the gas disperses into and out of the water unsaturated zone (Flury, et al., 2015).  

 

In oxygen free environments, hydrogen is also produced by microorganisms, as well as 

abiogenically due to metal corrosion (Jorgensen, 2003; McCafferty, 2010).  Biogenic hydrogen 

concentrations in marine sediments are generally very low and have not previously been 

observed at combustible concentrations because hydrogen is readily consumed by microbes 

(Hoehler, 1998).  Anaerobic (oxygen-free) hydrogen production associated with metal corrosion 

is a well-recognized process (McCafferty, 2010). Briefly, when a metal dissolves or corrodes, its 

electrons are left behind in the metal. If oxygen is not present, the electrons drive the metal to a 

low voltage at which hydrogen can form by reaction with water (Figure 6).  Often, where metals 

are in environments in which there is a chemical gradient (variations in ionic strength or 

reduction potential) or the metal has experienced different levels of stress, one area of the metal 

will be anodic (corroding area of electron supply) and another area will be cathodic (hydrogen 

producing area of electron consumption) (McCafferty, 2010). Cathodic, hydrogen producing, 

regions typically are not corroded and maintain shiny metallic surfaces. 

 

Additionally, a buried cable could be a source of hydrogen via an applied cathodic voltage 

(intentional or stray) (McCafferty, 2010).  However, at Salty Brine State Beach, the cables were 

not powered and not near any likely sources of stray voltage.  Thus, corrosion is the only likely 

source of hydrogen. As with methane, hydrogen produced in the water-saturated beach sand can 

diffuse or bubble up through the sand and contact oxygen in the water unsaturated zone (Figure 

7). 

https://en.wikipedia.org/wiki/Speed_of_sound
https://en.wikipedia.org/wiki/Propagation_velocity
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Similar to methane, a mixture of hydrogen and air is not stable. The lower flammability 

(deflagration) limit of hydrogen in air is approximately 4% and its lower detonation limit is 

approximately 11% (Alcock, et al., 2001).  However, unlike methane, hydrogen flames are 

nearly invisible and typically do not produce burns from radiated heat.  A loud report is produced 

during hydrogen detonation. The Scandanavian and German word for explosive hydrogen 

“knallgas” means “boom-gas”.  Again, like methane, the depth at which a mixture of hydrogen 

and air might detonate in the shallow sub-surface will depend on the magnitude of the hydrogen 

source and the rate it disperses. 

 

For combustion of either gas, an ignition source (e.g., spark, electrical discharge, flame, ember) 

is required as their auto-ignition temperatures (temperature at which they will spontaneously 

react) are very high (>500 °C). The ignition energy for hydrogen depends on the gas composition 

but is as low as approximately 1/15 of that for methane (Alcock, et al., 2001).   This extremely 

low ignition energy for hydrogen often hampers the identification of specific ignition sources in 

industrial hydrogen accidents (Gummer and Hawksworth, 2008). Thus, determining the specific 

ignition source is often not possible, given that ignition sources can be as minor as static from 

someone's hair or clothes or an ember from a recently-lit match or cigarette.   

 

Sample collection 

 

The DEM-GSO team, assisted by personnel from Eastern Connecticut State University, URI 

College of Life Sciences, Department of Natural Resource Studies, and NRCS, utilized a 

vibracore to collect beach sand core samples at Salty Brine State Beach for hydrogen and 

methane determinations on two days, July 16 and July 20, 2015. Vibracoring is a technique used 

for collecting unconsolidated saturated sediments. A core tube is attached to a source of 

mechanical vibration and lowered into the sediment or beach sand. The vibrations provide 

energy for rearranging the particles within the sediment in such a way that the core tube 

penetrates under the static weight of the vibracoring apparatus (Figure 8A-B).  In addition to 

vibracoring, a few cores were collected using a four inch poly-carbonate tube driven into the 

sand using a wooden hammer (sometimes referred to as a hammer core).  During both the July 
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16 and July 20, 2015 sampling events, ER personnel were present and conducted air sampling 

for Volatile Organic Compounds (VOCs). 

 

Sample Analyses - Hydrogen and Methane Determination 

 

For the analysis of hydrogen and methane, the GSO team followed their standard laboratory 

practices for volatile gasses and physical properties in sediment (D’Hondt, et al., 2011). These 

are detailed in Appendix I. Briefly, the methods are used to determine the concentration of 

hydrogen and methane in the water contained within the water-saturated zone of beach sand.  In 

this report, concentrations are converted to equilibrium partial pressures using the known 

solubility of these gasses. These partial pressures can be compared to known flammability 

(deflagration) and detonation limits. 

 

Results - Methane 

 

The GSO Team measured methane in 21 samples from 13 sediment cores (Appendix I, Table 

A2, Figure 9). Samples from only one depth were detectable above background (partial pressure 

equivalent to 0.03% methane in air), 51.5 cm in Sample No. M-2.2 (Appendix I, Table A2); 

replicate samples from this depth had partial pressures of 0.0031 atm. (0.31% methane in air).  

The low-levels of methane observed do not support the hypothesis that the incident was the 

result of methane combustion. 

 

Results - Hydrogen 

 

The GSO Team measured hydrogen in 101 individual samples from 13 sediment cores 

(Appendix I, Table A3, Figure 9).  The detection limit for hydrogen above background is 0.0004 

atm. (0.04 % hydrogen in air).  Sixty-seven samples had no detectable hydrogen.  Of these sixty-

seven, thirteen had measured water loss values indicating that the sand in these particular 

samples was not water saturated.  Twenty-seven samples were between the detection limit and 

1% hydrogen in air, while seven samples were above 1%.  The two highest values, 9.60% and 

10.49%, were found in the deepest samples (207.5 cm below the surface) in Sample No. H-3.5 
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and H-3.6, respectively, (Appendix I, Table A3) collected in close proximity to the terminal end 

of the older three-conductor cable and the site of the incident (Figure 9). These high values are in 

great excess  ̶  20,000 times higher  ̶  of natural beach sediment levels, and within the partial 

pressure range of both burning (4% hydrogen in air) and detonation (11% hydrogen in air).  For 

example, nearshore sediment typically contains levels of hydrogen less than 0.0005% (Hoehler, 

et al, 1998). 

 

Based on these unusually high hydrogen levels, in conjunction with other evidence, we conclude 

that it is very likely that the incident on July 11, 2015 was the result of hydrogen detonation.  

The additional evidence includes the close proximity of a likely potential source of hydrogen 

(abandoned uncorroded cable end), no evidence of any other explosives source (bomb, ordnance, 

methane), a loud report but no observed flames or radiated heat, and the low energy required to 

ignite a hydrogen/air mixture. 

 

As described above, corroding metal in an oxygen-free environment will often have a cathodic 

area that produces hydrogen, identified by a shiny metallic surface. The steel and copper at the 

end of the abandoned three-conductor cable recovered in the immediate vicinity (i.e., within a 

few feet) of the incident was shiny metallic (Figures 5 A-B), while the remainder of the cable 

was corroded.  This finding is consistent with the end of the cable near the location of the 

incident being a cathodic area of hydrogen production.  

 

Additional Field Sampling and Monitoring 

 

On July 20, 2015 scientists from NRCS in cooperation with DEM conducted a survey of the 

beach adjacent to the jetty using ground penetrating radar (GPR).  The goal was to determine if 

there were any other USCG cables or foreign objects remaining in the sand.  Based on real-time 

interpretations of GPR results several locations were identified for further investigation.  RI 

SFM, and DLE investigated these locations by digging in the sand and found another portion of 

the older three-conductor power cable (approximately 80 feet in length) buried in the sand 

extending south from the concrete slab at the base of the pavilion (See Figure 10 for overview of 
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cable locations).  USCG, DEM, RI SFM, and RISP removed this cable and transferred it to the 

RISP headquarters in Scituate, Rhode Island.  

 

Results from a desktop review of the GPR imagery suggested a few locations contained a 

signature that could not be identified and warranted further investigation to ensure that nothing 

of consequence was located under the sand.  On July 24, 2015 NRCS and DEM returned to the 

beach to investigate these few areas again using GPR.  A DEM excavator was brought in and 

sites of interest were excavated to the water table.  Only a short piece of metal pipe was located.  

 

In addition to the GPR work, air quality sampling for hydrogen gas was conducted at 10 

locations. At each location samples were taken within cores approximately 12-36" deep, made 

using a four inch bucket auger, along transects 25-30 feet in length running perpendicular to the 

jetty extending from the waterline to approximately 60 feet up the beach away from the 

waterline. Tests were conducted using Draeger Tubes, which have a detection limit for hydrogen 

of 0.2% or 2,000 ppm. None of the samples registered hydrogen concentrations above detection 

(not detected).  Air quality sampling for hydrogen, and additional sampling for other VOCs was 

continued at this site for the remainder of the beach season.  Tests were conducted with Draeger 

Tubes using a multiRAE Lite to measure for oxygen levels, hydrogen sulfide (H2S), CO, VOC.  

All of these results were negative.   

 

Removal of remaining sub-marine four-conductor power cable 

 

After the incident, Rhode Island Governor Gina Raimondo wrote to the USCG requesting that 

the “. . . USCG remove any remaining abandoned cables buried in the vicinity of our [RI] state 

beaches and in the Point Judith Harbor of Refuge.” (see Appendix II.)  In response to the 

Governor’s request and to avoid potential public safety concerns, the USCG removed the 

remaining portion of the abandoned four-conductor power cable during February and March of 

2016. It extended approximately 4,557 feet from the waterline at Salty Brine State Beach along 

the sea bottom out to an USCG Navigation Aid at the end of the West Breakwater (Point Judith 

Harbor of Refuge West Entrance Light 3, LLNR 19505).  This cable was cut below the water 

line on July 14, 2015 as part of the investigation into the Salty Brine State Beach incident. With 
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this piece removed and based on records review, DEM believes no abandoned, buried cables 

remained at Salty Brine State Beach. 

 

Analysis of Future Risk    

 

Methane and hydrogen are commonly produced in many shallow, oxygen-free sub-surface 

environments (e.g., marshes, beaches, near-shore sediment) either biologically or by metal 

corrosion and impressed corrosion control in the case of hydrogen (McCafferty, 2010; Jorgensen, 

2006).  It is not possible to develop a meaningful quantitative risk model for incidents similar to 

that which occurred at Salty Brine State Beach due to the broad range of unconstrained physical 

factors that influence hydrogen production and dispersion rates, as well as the common inability 

to determine the cause of ignition.  Instead, an empirical approach, based on the consideration of 

similar past incidences, is instructive.  An extensive search of the scientific literature and news 

sources revealed no other incidences of hydrogen detonations at a beach or other coastal 

environments and only the one incident of methane burning, in Kittery, Maine (Dickson, 2000). 

Therefore, the scientists involved with this investigation believe the likelihood of another 

incident involving hydrogen is extremely low, considering, 1) the lack of other known hydrogen 

combustion incidents at beaches or in other coastal environments, 2) hydrogen is not produced as 

ubiquitously as methane in shallow subsurface coastal environments, 3) methane, itself, does not 

present a significant risk at beaches. Further, after careful review and consultation with USCG, 

DEM believes there are no similar cables present at any state beaches.  As a result, the scientific 

experts conclude that the risk of an event similar to that at Salty Brine State Beach is extremely 

low. 

 

Conclusions 

 

Ultimately, multiple lines of evidence are consistent with the conclusion that the 2015 Salty 

Brine State Beach incident was the result of hydrogen detonation.  It is likely that the hydrogen 

was produced as a product of the anaerobic corrosion of an abandoned cable.  The evidence 

supporting this conclusion includes: high levels of hydrogen in the water-saturated sand near the 

incident site; a shiny, uncorroded end of an old steel and copper cable found within feet of the 
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incident indicating a cathodic hydrogen-producing metal surface; and observations consistent 

with a hydrogen detonation, including a loud report, no visible flames, and no observed radiated 

heat.  In sum, the scientific experts engaged in this investigation conclude that the risk of a future 

event similar to what occurred at Salty Brine State Beach in July 2015 is extremely low.  
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Figure 1. Overview of Salty Brine State Beach, Narragansett, Rhode Island (Google Earth Image 

captured December 15, 2015). Red arrow illustrates the general location of where the incident 

occurred on July 11, 2015.   

 

  

Site of incident  
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Figure 2A. Photograph of incident site taken after patrons were assisted and removed from the site (photo credit: D. Curran, RI Div. 

of the State Fire Marshal).  
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Figure 2B. Photograph of incident site taken after patrons were assisted and removed from the site (photo credit: D. Curran, RI Div. 

of the State Fire Marshal).  
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Figure 2C. Photograph of incident site taken after patrons were assisted and removed from the site (photo credit: D. Curran, RI Div. 

of the State Fire Marshal).   
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Figure 2D. Photograph of incident site taken after patrons were assisted and removed from the site (photo credit: D. Curran, RI Div. 

of the State Fire Marshal).   
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Figure 3. Photograph showing the US Coast Guard four-conductor power cable after being cut at the landward end of the beach 

(photo credit: RI State Police).   
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Figure 4. An approximate 6 ft long segment of the 29 ft long three-conductor power cable unearthed near the incident site (photo 

credit: T. Groff, RI Div. of the State Fire Marshal).  The end of the cable (shown in the lower-right portion of the photograph) was 

located within feet of the incident. Note the shiny, bright copper and steel wires with remarkably little sign of corrosion despite being 

buried in sand saturated with seawater from more than 30 years.  
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Figure 5A. Photograph of the “shiny” end of the US Coast Guard three-conductor power cable laid in the 1950s and unearthed near 

the incident site (photo credit: T. Groff, RI Div. of State Fire Marshal). Note the non-corroded steel sheathing and copper wires, 

despite being located in sand saturated with seawater for more than 30 years.  
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Figure 5B. Photograph of one of three uncorroded copper conductors located on the “shiny” end of the US Coast Guard three-

conductor power cable laid in the 1950s and unearthed near the incident site (photo credit: T. Groff, RI Div. of the State Fire Marshal).  
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Figure 6. Schematic of hydrogen production via corrosion. In short, when a metal corrodes its electrons are left behind in the metal. If 

oxygen is not present, the electrons drive the metal to a low voltage at which hydrogen can form from reaction with water (figure 

credit: Professor A. Spivack, URI GSO).  
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Figure 7.  A diagram showing a potential scenario for hydrogen generation and reaction at the location of the incident (figure credit: 

Professor A. Spivack, URI GSO). Note that as with methane, hydrogen produced in water-saturated beach sand can diffuse or bubble 

up through the sand and contact oxygen in the water unsaturated zone. Similar to methane, a mixture of hydrogen and air is not stable. 

The flammability limit of hydrogen in air is approximately 4% and its lower detonation limit is approximately 11% (Alcock, et al., 

2001).  
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Figure 8A. Photograph of vibracore operation showing beach sand core sample being collected.   
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Figure 8B. Photograph of vibracore operation showing beach sand core tube being recovered.   
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Figure 9. Overview of the Salty Brine State Beach core sampling, including the location of the 

July 11, 2015 incident, three- and four-conductor power cables unearthed at Salty Brine State 

Beach during July 2015, and the sediment core sampling conducted July 16, 2015 and July 20, 

2015 (Overlaid on 2014 Pictometry Aerial Oblique Imagery).    
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Figure 10. General locations of the July 11, 2015 incident and the three- and four-conductor 

power cables unearthed at Salty Brine State Beach during July 2015 (Overlaid on 2011 Aerial 

Imagery).    
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Appendix I - Detailed Methods and Results of Methane and Hydrogen Analyses 
 
 
 

Hydrogen and Methane Determination 

 

For the determination of dissolved hydrogen and methane, the GSO team followed their standard 

laboratory practices for volatile gasses and physical properties in sediment (D’Hondt et al, 2011). 

We describe these practices briefly below.  

 

Sampling and Instrumentation 

 

Whole sections, 5 cm long, were cut from the core tube.  A nominal, 5-cm3 sediment sample was 

collected from the freshly exposed end of the cut core section using an open-ended plastic 

syringe. This sample was transferred into a headspace vial and immediately crimp-sealed.  The 

samples were allowed to degas into the headspace for at least 24 hours. Hydrogen and methane 

in the headspace gas was then quantified.  

 

For quantification of methane, 5-cm3 of headspace gas was extracted from the sealed sample vial 

using a standard gas syringe and directly injected into a gas chromatograph (GC, Shimadzu). The 

GC was equipped with a 2.4 m Å~ 3.2 mm stainless steel column packed with 100/120 mesh 

HayeSep R and a flame ionization detector (FID) set at 250°C. The GC oven temperature was 

programmed to hold for 0.5 min at 80°C, then to ramp at 30°C/min to 100°C, then to ramp at 

15°C/min to 110°C, remain at 110°C for 4.5 min, before ramping at 50°C/min to 150°C with a 

final holding time of 1.8 minutes. Helium was used as the carrier gas. A series of certified gas 

standards was used for calibration. 

 

A reduced gas analyzer GC (hyRGA, Trace Analytical, Inc) was used for hydrogen 

quantification. This is an instrument specifically designed for the high sensitivity analysis of 

hydrogen. It utilizes a series of columns to isolate hydrogen and a mercury bed reactor with 

spectrophotometric detection. Samples of the headspace sample are directly injected into this 

GC. A certified gas standard was used for calibration mixed to various concentrations. 
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Beach sand sample volume and porosity are calculated based on water loss on drying assuming a 

seawater density of 1.029 g/cm3 and a beach sand density of 2.70 g/cm3. 

 

Hydrogen and Methane Partial Pressure and Gas Abundance Calculations 

 

Two methods are used to calculate methane and hydrogen gas abundance (percent in air) in the 

beach sand, depending on whether the sample was water-saturated or not.  For samples that were 

not water-saturated, the reported gas abundances are the values directly determined by GC 

analysis.  For water-saturated samples, for both gasses we use similar equations to convert 

measured headspace abundances into equilibrium partial pressures of the beach sand water.  In 

detail, measured headspace abundances are first converted to dissolved gas concentrations, then 

the equilbrium partial pressures of the dissolved gas is calculated using the appropriate Henry’s 

Law coefficient for 35 g/kg salinity at 20 °C (Pilson, 2012; Crozier and Yamamoto, 1974), 

 

   , .

,
    (1) 

where  

   , , ,     (2) 

 

and the symbols used are defined in the Table A1 below and the subscript, i, refers to either 

methane or hydrogen.  At one atmosphere, the gas composition, in percent, is equal to the partial 

pressure (Pi) times 100. 
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Table A1. Description of symbols used in equations and calculations. 
 
Term	 Description	 Value Units	

Xi,	 measured	abundance	of	gas	i	,	in	headspace measured ppm	 ≡
moles H

moles	air x 10

Xi,back	 Background	abundance	of	gas	i	 measured ppm	 ≡
moles H

moles	air x 10

Xi,sub	
Background	subtracted	measured	
abundance	of	gas	i	,	in	headspace

measured ppm	 ≡
moles H

moles	air x 10
VHS	 Head	space	volume	 measured cm3	

VT	 Sample	volume	 measured cm3	
ϕ	 porosity	 measured unitless	ratio
Pi	 Equilibrium	partial	pressure	of	gas	i calculated atm.	
Patm.	 Atmospheric	pressure	 1.00 atm.	

R	 Gas	constant	 0.0821
L ∗ atm
mole ∗ K

	

Ki	
Henry’s	law	constants	for	hydrogen	and	
methane	gas	in	seawater	at	20	°C

6.82x10‐4 H2 *
1.20x10‐3 CH4 **

moles
L ∗ atm

	

T	 Temperature	 293.2 K	

**Pilson (2012); *Crozier and Yamamoto (1974) 
 
 
 
Results 

 

Methane 

We measured methane in 21 samples from 13 sediment cores (Table A2).  We take the detection 

limit above background as three times the standard deviation above the average value of our 

laboratory and beach air, 0.0003 atm. (0.03% methane in air) for water-saturated samples and 

0.0000005 atm. (0.0005% methane in air) for water unsaturated-samples.  Samples from only one 

depth were above background, 51.5 cm in Sample No. M-2.2, replicate samples from this depth 

had partial pressures of 0.0031 atms. (0.31 % methane) (Table A2). 

 

Hydrogen 

We measured hydrogen in 101 samples from 13 sediment cores (Table A3).  The detection limit 

for hydrogen, calculated as three times the standard deviation above the average value of our 

laboratory and beach air is 0.0006 atm. (0.06 % hydrogen in air) for the water saturated samples 

and 0.000001 atm. (0.0001% hydrogen in air) for the water unsaturated-samples.  Sixty-seven 

samples had no detectable hydrogen.  Of these sixty-seven, thirteen had measured water loss values 
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indicating that the sand was not water saturated.  Twenty-seven samples were between the 

detection limit and 1% while seven samples were above 1%.  The two highest values, 9.60 and 

10.49% were the deepest samples (207.5 cm below the surface) in Samples H-3.5 and H-3.6, 

respectively (Table A3).  
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Table A2. Results of methane analyses of sediment core samples taken on July 16, 2015 and July 
20, 2015 at Salty Brine State Beach.  Methane results shown as percent methane at equilibrium in 
air; “bdl” are results below detection limit. 
 

 

Sediment 

Core 

Number

Sample 

Number

Core Number 

Identifier Depth (cm)

percent methane 

at equilibrium 

(20° C)

1 M‐1.1 SB15‐v1 53 bdl

1 M‐1.2 SB15‐v1 93 bdl

1 M‐1.3 SB15‐v1 133 bdl

1 M‐1.4 SB15‐v1 173 bdl

1 M‐1.5 SB15‐v1 193 bdl

2 M‐2.1 SB15‐p3 12 bdl

2 M‐2.2 SB15‐p3 51.5 0.31

3 M‐3.1 SB15‐v3 187.5 bdl

3 M‐3.2 SB15‐v3 207.5 bdl

4 M‐4.1 SB20‐v1 129.5 bdl

5 M‐5.1 SB20‐v2 96.5 bdl

6 M‐6.1 SB20‐v3 90.5 bdl

7 M‐7.1 SB20‐v4 129.5 bdl

8 M‐8.1 SB20‐v5 127.5 bdl

8 M‐8.2 SB20‐v5 167.5 bdl

8 M‐8.3 SB20‐v5 207.5 bdl

9 M‐9.1 SB20‐v6 111.5 bdl

10 M‐10.1 SB20‐v7 198.5 bdl

11 M‐11.1 SB20‐v8 104 bdl

12 M‐12.1 SB20‐v9 69.5 bdl

13 M‐13.1 SB20‐v10 85.5 bdl
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Table A3. Results of hydrogen analyses of sediment core samples taken on July 16, 2015 and 
July 20, 2015 at Salty Brine Beach.  Hydrogen results shown as percent hydrogen at equilibrium 
in air; “bdl” are results below detection. 
 

   

Sediment 

Core 

Number

Sample 

Number

Core Number 

Identifier Depth (cm)

percent hydrogen at 

equilibrium (20° C)

1 H‐1.1 SB15_V1 53 0.18

1 H‐1.2 SB15_V1 73 bdl

1 H‐1.3 SB15_V1 93 bdl

1 H‐1.4 SB15_V1 113 0.08

1 H‐1.5 SB15_V1 113 bdl

1 H‐1.6 SB15_V1 133 bdl

1 H‐1.7 SB15_V1 153 0.16

1 H‐1.8 SB15_V1 153 bdl

1 H‐1.9 SB15_V1 173 bdl

1 H‐1.10 SB15_V1 173 bdl

1 H‐1.11 SB15_V1 193 bdl

1 H‐1.12 SB15_V1 193 0.22

2 H‐2.1 SB15_P3 12 bdl

2 H‐2.2 SB15_P3 31.5 bdl

2 H‐2.3 SB15_P3 52.5 0.13

2 H‐2.4 SB15_P3 71.5 bdl

3 H‐3.1 SB15_V3 167.5 0.05

3 H‐3.2 SB15_V3 167.5 0.10

3 H‐3.3 SB15_V3 187.5 0.07

3 H‐3.4 SB15_V3 207.5 0.49

3 H‐3.5 SB15_V3 207.5 9.60

3 H‐3.6 SB15_V3 207.5 10.49

4 H‐4.1 SB20_V1 99.5 bdl

4 H‐4.2 SB20_V1 99.5 0.11

4 H‐4.3 SB20_V1 119.5 bdl

4 H‐4.4 SB20_V1 119.5 3.45

4 H‐4.5 SB20_V1 129.5 bdl

4 H‐4.6 SB20_V1 129.5 bdl

4 H‐4.7 SB20_V1 139.5 bdl
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Table A3. Continued . . . 
 

 
  

5 H‐5.1 SB20_V2 76.5 bdl

5 H‐5.2 SB20_V2 76.5 bdl

5 H‐5.3 SB20_V2 86.5 bdl

5 H‐5.4 SB20_V2 86.5 1.97

5 H‐5.5 SB20_V2 86.5 2.14

5 H‐5.6 SB20_V2 106.5 0.09

5 H‐5.7 SB20_V2 106.5 bdl

5 H‐5.8 SB20_V2 116.5 0.18

5 H‐5.9 SB20_V2 116.5 bdl

5 H‐5.10 SB20_V2 126.5 0.10

5 H‐5.11 SB20_V2 126.5 0.09

6 H‐6.1 SB20_V3 70.5 bdl

6 H‐6.2 SB20_V3 70.5 bdl

6 H‐6.3 SB20_V3 90.5 bdl

6 H‐6.4 SB20_V3 90.5 bdl

6 H‐6.5 SB20_V3 100.4 bdl

6 H‐6.6 SB20_V3 100.5 bdl

7 H‐7.1 SB20_V4 129.5 bdl

7 H‐7.2 SB20_V4 129.5 bdl

7 H‐7.3 SB20_V4 129.5 bdl

8 H‐8.1 SB20_V5 127.5 bdl

8 H‐8.2 SB20_V5 127.5 bdl

8 H‐8.3 SB20_V5 147.5 0.09

8 H‐8.4 SB20_V5 147.5 0.07

8 H‐8.5 SB20_V5 187.5 bdl

8 H‐8.6 SB20_V5 187.5 0.11

8 H‐8.7 SB20_V5 207.5 0.18

8 H‐8.8 SB20_V5 207.5 0.05

8 H‐8.9 SB20_V5 227.5 0.06

8 H‐8.10 SB20_V5 227.5 0.10

9 H‐9.1 SB20_V6 91.5 bdl

9 H‐9.2 SB20_V6 91.5 bdl

9 H‐9.3 SB20_V6 101.5 bdl

9 H‐9.4 SB20_V6 101.5 bdl

9 H‐9.5 SB20_V6 131.5 0.12

9 H‐9.6 SB20_V6 131.5 bdl
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Table A3. Continued . . . 
 

 
 
 

   End of Appendix I   
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Appendix II – Letter from Rhode Island Governor Gina Raimondo to the  
United States Coast Guard regarding underground cables at  

Rhode Island State Beaches  
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