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The following protocol was developed to augment the methods of bedrock coring and to 
manage and mitigate natural gas hazards that might be encountered while drilling.  The 
protocol below is presented graphically in a flow chart (Figure 1).  Figures 2A and 2B 
show a detail of the locking well head diverter and the equipment used while bedrock 
coring in the vicinity of natural gas hazards. Figure 3 shows the conceptual layout of the 
equipment used while ventilating natural gas to the thermal oxidizer.   
 
A practice run of the NGMP procedures will be completed once before drilling to a depth 
of 120 feet bgs.  This practice run will be documented and reviewed during daily tailgate 
safety meetings. 
 
The numbered titles in the protocol correspond to numbers on the flow chart, and are 
supported by detailed information collected in four (4) standard operating procedures 
(SOPs). References to the operation methods (OM) sections of each of the SOPs are 
listed throughout this protocol. 
 
Supporting SOPs:   
 Natural Gas Air Monitoring Standard Operating Procedure (NGAM SOP) 
 Locking Well Head Diverter Standard Operating Procedure (LWHD SOP) 
 Venturi System Standard Operating Procedure (VS SOP) 
 Thermal Oxidizer Standard Operating Procedure (TO SOP) 
 Boring Abandonment Standard Operating Procedure (BA SOP) 
 
Below are definitions of terms used throughout the Protocol: 
 

− Air quality monitoring (air monitoring):  
 Air monitoring consists of several different types, as described below: 
 Work Zone Air Quality Monitoring – Monitoring performed during drilling 

activities. Monitoring will be conducted in the breathing zone of each person 
in the work zone, at the well head, at the top of the drilling rods, and near the 
settling tank and thermal oxidizer during bedrock coring and drilling rod 
retrieval. 

 Core Hole Ventilation Monitoring – Monitoring performed during ventilating 
the core hole.  Monitoring will be conducted in the breathing zone of each 
person in the work zone, at the well head, near the settling tank and thermal 
oxidizer, and prior to the inlet for the thermal oxidizer during ventilation of 
natural gas, if encountered. 

 Core Hole Completion Ventilation Monitoring - Monitoring performed when 
the core hole has reached terminal depth and gas is still escaping from the 
well. Monitoring will be conducted in the breathing zone of each person in the 
work zone, at the well head, near the settling tank and thermal oxidizer, and 
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prior to the inlet for the thermal oxidizer during well completion activities, 
assuming natural gas is encountered. 
 

− Intrasystem Monitoring Port:  
 Monitoring port located in the piping between the well head and the thermal 

oxidizer. 
 

− Drillable gas conditions:  
 After encountering natural gas, use of the venturi system is able to maintain 

acceptable working levels of natural gas within the work zone. 
 

− Undrillable gas conditions:  
After encountering natural gas, use of the venturi system does not maintain 
acceptable working levels of natural gas within the work zone or the volumetric 
natural gas flow to the oxidizer while drilling exceeds operation constraints for 
the thermal oxidizer. 
 

− Well Head:  
The top of the well casing to which the locking well head diverter will be attached 
during bedrock coring activities. 
 

− Locking Well Head Diverter:  
A diverter that will be fitted at the top of the permanent casing and around the 
coring rod string.  A thick rubber inverted cone in the top of the device will be 
locked into the top of the diverter when engaged prior to drilling.  This will close 
the annular space and provide a seal between the coring rods and the permanent 
casing.  The remaining inlets/outlets from the diverter will be fitted with ball 
valves allowing for quick shut off points.  Further details on the operational use 
are described in the LWHD SOP attached to this protocol. 

  
− Work zone:  
 The area occupied by the bedrock coring crew, including the drill rig and support 

equipment. The thermal oxidizer will be considered a separate work area. 
  
− Breathing Zone:  
 Space within 1.5-foot radius of a person’s face. 
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− Modified Level D(Natural Gas) Personal Protective Equipment (PPE):  
Modified level D (Natural Gas) PPE will be required to occupy the work zone 
after a bedrock coring depth of 120 feet below ground surface (ft bgs) has been 
achieved.  This level of PPE includes: 

• Fire Retardant Coveralls 
• Face Shield (attached to hard hat) 
• Hard Hat 
• Safety Boots 
• Gloves (leather or fire retardant) 
 

− Modified Level B PPE:  
Modified level B PPE will be required to occupy the work zone when air 
monitoring has detected well head shut down working levels within the work 
zone.  This level of PPE includes: 

• Self Contained Breathing Apparatus 
• Fire Retardant Coveralls 
• Hard Hat 
• Safety Boots 
• Gloves (leather or fire retardant) 

 
− Natural gas is detected within work zone:  

Work zone air monitor detects the following: 
• LEL ≥ 1% 

  
− Natural gas is detected at acceptable working levels:  

While air monitoring in accordance with the NGAM SOP, all the following 
conditions are observed: 

• LEL < 3% 
• Oxygen > 19.5% 
• VOC < 5 ppm over 15 minute average 
• H2S < 10 ppm over 15 minute average 

 
− Natural gas is detected at well head shutdown working levels:  

While air monitoring in accordance with the NGAM SOP, at least one the 
following conditions is observed: 

• LEL > 3% 
• Oxygen <19.5% 
• VOC > 5 ppm over 15 minute average 
• H2S > 10 ppm over 15 minute average 
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Natural Gas Pressure: 
Based on discussions with the driller and personnel from the oil and gas section of the 
NYSDEC, documentation is not available on the pressure of the natural gas pockets that 
might be encountered. However, based on these discussions, it is suggested that an 
average natural gas pressure gradient of 0.465 psi/ft is a reasonable expectation.  Based 
on this gradient, a natural gas pressure of up to 70 psi may be encountered at 150 ft bgs.  
Incorporating a 100% safety factor results in a maximum natural gas pressure of 
approximately 140 psi. Therefore, should natural gas be encountered, the natural gas 
mitigation protocols and SOPs have been developed to handle 150 psi natural gas 
pressure (150 psi was selected due to equipment availability). 
 
Protocol: 
1. Set-up and Start (for all bedrock coring) 

• Temporarily modify permanent casing and well pad to fit locking well head 
diverter (LWHD).  

• Begin coring using air circulation techniques with wireline core rods to 
approximately 120 ft bgs.  At approximately 120 ft bgs install the LWHD (Figure 
2A & 2B), switch to water circulation bedrock coring methods, and test the 
venturi system and the thermal oxidizer consistent with the attached TO SOP 
(OM 1) and VS SOP (OM 1). 

• Upon achieving a depth of approximately 120 ft bgs, implement the following: 
 Outfit personnel within the work zone in modified level D (natural gas) PPE.  
 Place fourth member of the drill crew on standby in modified Level B PPE to 

secure the work zone in the event of a natural gas release. 
 Outfit identified person within the work zone with an additional multi-gas 

detector consistent with the 2007 Health and Safety Plan (HASP) Addendum 
(O’Brien & Gere, August 2007). 

 Initiate Natural Gas Air Monitoring consistent with the attached NGAM SOP 
and the HASP. 

 Before commencing drilling operations, perform daily testing of the thermal 
oxidizer unit and compressor for the venturi system to insure that equipment is 
fully operational (consistent with the thermal oxidizer and venturi system 
SOPs, respectively), should a natural gas pocket be encountered. 
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2. Continue bedrock coring with water circulation methods. 
 

 AIR QUALITY MONITORING (as described in the NGAM SOP OM 1) 
    a. If natural gas is not detected within the work zone or at the well head: 

- Proceed to Terminal Core Hole Depth Determination (below). 
b. If natural gas is detected within the work zone or at the well head at    
acceptable working levels: 

- Proceed to Terminal Core Hole Depth Determination (below). 
c. If natural gas is detected within the work zone or at the well head at well 
head shutdown levels: 

- Proceed to step 3. 
 
 

TERMINAL CORE HOLE DEPTH DETERMINATION 
    a. If you have reached the terminal core hole depth: 

- Proceed to step 5. Core Hole Completion.   
    b. If you have not reached the terminal core hole depth: 

- Return to step 2. Continue Drilling. 
 
3. Gas is detected at well head shutdown levels. 

• Stop drilling. 
• Engage LWHD, as described in the LWHD SOP (OM 1).  
• Engage venturi system, as described in the VS SOP (OM 2a).   
• Engage the thermal oxidizer as described in the TO SOP (OM 2).  
• Vent LWHD as described in LWHD SOP (OM 2). 

 
AIR QUALITY MONITORING (as described in the NGAM SOP OM 1) 

a. If natural gas is not detected or detected at acceptable working levels within 
the work zone and at the well head: 
- Proceed to step 4a. 

    b. If natural gas is detected at well head shutdown levels within the work zone:   
- Proceed to step 4b. 

    c. If natural gas is detected at well head shutdown levels at the well head: 
- Proceed to step 4b. 
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4a. Drillable conditions:  
• Continue drilling using water circulation methods.  

 
AIR QUALITY MONITORING (as described in the NGAM SOP OM 1) 

a. If natural gas is not detected or detected at acceptable working levels within 
the work zone and at the well head: 

- Proceed to Terminal Core Hole Depth Determination (below). 
    b. If natural gas is detected at well head shutdown levels within the work zone:   

- Proceed to step 4b. 
    c. If natural gas is detected at well head shutdown levels at the well head: 

- Proceed to step 4b. 
 

 
TERMINAL CORE HOLE DEPTH DETERMINATION 
    a. If you have reached the terminal core hole depth: 

- Proceed to step 5. Core Hole Completion.   
    b. If you have not reached the terminal core hole depth: 

- Return to step 4a. Continue Drilling. 
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4b. Undrillable gas conditions.  
Natural gas is detected above acceptable working levels using a multi-gas meter or 
above a volumetric flow of 15 actual cubic feet per minute (acfm):   
• Engage LWHD, as described in the LWHD SOP (OM 1).  
• Engage venturi system, as described in the VS SOP (OM 2b).   
• Engage the thermal oxidizer as described in the TO SOP (OM 2).  
• Vent LWHD as described in LWHD SOP (OM 2)  

 
AIR QUALITY MONITORING (as described in NGAM SOP OM 2) 
Intrasystem Monitoring 
a. If natural gas volumetric flow has not decreased below 15 acfm: 

- Continue with step 4b. 
b. If natural gas pressure has decreased below 15 acfm: 

- Proceed to Step 4a.  
c. If natural gas volumetric flow is showing no signs of decreasing below 15 acfm 
and it is determined in consultation with NYSDEC that the boring must be 
abandoned: 

- Abandon boring as described in BA SOP. 
 
5. Core Hole Completion 
    a. Remove coring rods from core hole. 
    b. Remove drill rig from work zone.   
 

AIR QUALITY MONITORING (as described in NGAM SOP OM 3) 
Intrasystem Monitoring 
a. If natural gas is detected via the intrasystem monitoring port: 

- Continue to vent to thermal oxidizer and monitor gas via the intrasystem 
monitoring port. 

b. If natural gas is not detected via the intrasystem monitoring port: 
- Proceed to Step 6.  Core Hole Modification. (below) 
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Note: 
If ventilation continues for several days with no or limited indication that natural gas is 
dissipating field personnel will contact the Project Manager.  The Project Manager will 
then contact ITT Corporation to evaluate the possibility of abandoning the core hole or 
continuing with ventilation.  NYSDEC will also be involved with the decision. 
 
6. Core Hole Modification (Per 2007 RI Phase II Work Plan Addendum) 

a. Ream core hole to proper diameter for the FLUTe® liner 
b. Restore permanent casing and well pad. 
c. Install blank FLUTe® liner 
 

 
 
References 
 
O’Brien & Gere, August 2007. Remedial Investigation Health and Safety Plan 
Addendum, ITT Corporation, Town of Gates, New York 
 



1. Setup and start.
- Air circulation to 120 ft bgs
- Water circulation > 120 ft bgs

3. Gas is detected at well head 
shutdown levels:

- LWHD SOP OM 1
- VS SOP OM2a
- TO SOP OM 2
- LWHD SOP OM 3

5. Core Hole Completion

4. a Drillable gas conditions: Continue coring 
and vent natural gas to thermal oxidizer.  

Figure 1

Natural Gas Mitigation Flow Chart

Former ITT Rochester Form Machine Facility
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6. Core Hole Modification*

Vent natural gas to thermal oxidizer.       
- NGAM SOP OM 3

No

Is natural 
gas detected

in the work zone
or at well head at 

acceptable working 
levels?

Is natural 
gas detected

in the work zone
or at well head at 

acceptable working 
levels?

No

Yes

Has 
the natural gas 
volumetric flow

decreased?

No

Yes

4. b Undrillable gas conditions: Core Hole Venting
- LWHD SOP OM 1
- VS SOP OM2b
- TO SOP OM 2 
- LWHD SOP OM 2

Has the
terminal depth

of the core hole
been attained?

No

Yes

Is 
natural gas 
detected ?

No

Yes

2. Continue bedrock coring.

Has the
terminal depth

of the core hole
been attained?

Yes

No

Yes

This document was produced in color.  Reproduction in B/W may not represent the information as intended.  

Is natural 
gas detected

in the work zone
or at well head at 

acceptable working 
levels?

Yes

No

Blue - Work Zone Air Quality 
Monitoring per NGAM SOP.

Green - Terminal Core Hole Depth 
Determination per NGMP.

Orange - Core Hole Completion 
Monitoring per NGAM SOP.

Notes:

Purple - Core Hole Ventilation 
Monitoring per NGAM SOP.

*Refer to 2007 RI Phase II Work Plan Addendum for bore hole and well completion.

Definitions:
NGAM - Natural Gas Air Mitigation
NGMP - Natural gas Mitigation 
Protocol
LWHD- Locking Well Head Diverter
VS - Venturi System
TO - Thermal Oxidizer
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The following natural gas air monitoring standard operating procedure (NGAM SOP) should be instituted 
while bedrock coring in proximity of natural gas sources.  This SOP is accompanied by four additional 
SOPs listed below, that support the Natural Gas Mitigation Protocol: 
 

- Locking Well Head Diverter Standard Operating Procedure (LWHD SOP). 
- Venturi System Operations Standard Operating Procedure (VS SOP). 
- Thermal Oxidizer Operations Standard Operating Procedure (TO SOP). 
- Boring Abandonment Standard Operating Procedure (BA SOP).   

 
Below are standard terms used throughout this SOP: 
 

− Air Quality Monitoring (Air Monitoring):  
 Air monitoring consists of several different types, as described below: 
 Work Zone Air Quality Monitoring – Monitoring performed during drilling activities. 

Monitoring will be conducted in the breathing zone of each person in the work zone, at the 
well head, at the top of the drilling rods, and near the settling tank and thermal oxidizer 
during bedrock coring and drilling rod retrieval. 

 Core Hole Ventilation Monitoring – Monitoring performed during ventilating the core hole.  
Monitoring will be conducted in the breathing zone of each person in the work zone, at the 
well head, near the settling tank and thermal oxidizer, at the thermal oxidizer exhaust point, 
and prior to the inlet for the thermal oxidizer during ventilation of natural gas, if encountered. 

 Core Hole Completion Ventilation Monitoring - Monitoring performed when the core hole 
has reached terminal depth and gas is still escaping from the well. Monitoring will be 
conducted in the breathing zone of each person in the work zone, at the well head, near the 
settling tank and thermal oxidizer, at the thermal oxidizer exhaust point, and prior to the inlet 
for the thermal oxidizer during well completion activities, assuming natural gas is 
encountered. 

 
− Breathing Zone:  
 Space within 1.5-foot radius of a person’s face. 
 
− Work Zone:  
 The area occupied by the bedrock coring crew, including the drill rig and support equipment. The 

thermal oxidizer will be considered a separate work area.  
 
− Multi-Gas Meter:  
 A hand-held unit used to monitor volatile organic compounds (VOCs), oxygen, hydrogen sulfide 

(H2S) concentrations, and the lower explosive limit (LEL). 
 

− On-Site Health and Safety Representative (OHSR):  
 As defined in the health and safety plan (HASP). 

 
− Modified Level D(Natural Gas) Personal Protective Equipment (PPE) : 
 Modified level D (natural gas) PPE will be required to occupy the work zone while coring is 

taking place after a bedrock coring depth of 120 feet has been achieved.  This level of PPE 
includes: 
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 Fire Retardant Coveralls 
 Face Shield (attached to hard hat) 
 Hard Hat 
 Safety Boots 
 Gloves (leather or fire retardant) 
 

− Modified Level B PPE : 
 Modified level B PPE will be required to occupy the work zone when air monitoring has detected 

unacceptable working levels within the work zone.  This level of PPE includes: 
 Self Contained Breathing Apparatus 
 Fire Retardant Coveralls 
 Hard Hat 
 Safety Boots 
 Gloves (leather or fire retardant) 
 

− Natural gas is detected within work zone : 
 Work zone air monitor detects the following: 
 LEL ≥1% 
 

− Natural gas is detected at acceptable working levels: 
 While air monitoring in accordance with the NGAM SOP, all the following conditions are 

observed: 
 LEL < 3% 
 Oxygen >19.5% 
 VOC < 5 ppm over 15 minute average 
 H2S < 10 ppm over 15 minute average 
 

− Natural gas is detected at well head shutdown working levels: 
 While air monitoring in accordance with the NGAM SOP, at least one the following conditions is 

observed: 
 LEL > 3% 
 Oxygen <19.5% 
 VOC > 5 ppm over 15 minute average 
 H2S > 10 ppm over 15 minute average 
 

− Well Head:  
 The top of the well casing to which the locking well head diverter will be attached during bedrock 

coring activities. 
 

− Top of Rods:  
 Top of the bedrock coring rods open to the work zone between coring runs. 
  
− Bedrock Coring Run:  
 Time period when the bedrock coring rods and bit are being advanced into the subsurface.  

During this time the bedrock coring rods are not open to act as a pathway from the subsurface to 
the work zone. 
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− Bedrock Core Retrieval:  
 Time period when the bedrock core barrel is pulled through the coring rods to the surface.  

During this time the bedrock coring rods are open to act as a pathway from the subsurface to the 
work zone. 
 

− Intrasystem Monitoring Port:  
Monitoring port located in the piping between the well head and the oxidizer. This port can be 
used for screening the air stream for gas or VOCs or for collecting samples (if required). 
 

− Volumetric Flow Meter  
Measures the volumetric flow through piping to the thermal oxidizer.  Flow meter is located after 
the LWHD and compressor input. 
 

  
Operation Methods 
 
1) Work Zone Air Quality Monitoring during drilling 
 

a. Purpose:   
 Monitor for the presence of natural gas and acceptable air quality conditions as a warning 

to the occupants of the work zone of potential air quality impairments that may develop 
within the work zone. 

 
b. Monitoring Equipment: 
 RAE Systems MultiRAE Plus (multi-gas meter), or similar. 

 
c. Monitoring Personnel outfitted with monitoring equipment: 
 Drill Crew Forman 
 OHSR 

 
d. Monitoring Locations:   
 During each Work Zone Air Quality Monitoring interval the following locations within 

the work zone will be monitored with a multi-gas meter:   
− The breathing zone of each person within the work zone. 
− Within 3 feet of the settling tank, and thermal oxidizer.   
− Within 1 foot of the well head.   

 
e. Monitoring Requirements:   
 In addition to the Community Air Monitoring Plan (O’Brien & Gere, August 2007), 

monitoring will be conducted by both (2) monitoring personnel once (1) during each 
bedrock coring run and once (1) after each bedrock core retrieval, and any other time 
deemed necessary. 

 
1. Bedrock Coring Run Monitoring: 

− The drill crew foreman will monitor the following areas: 
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 Their personal breathing zone. 
 Within 1 foot of the well head.   

− The OHSR will monitor the following areas:   
 Their personal breathing zone and the breathing zone(s) of the drill crew 

assistant(s). 
 Within 3 feet of the settling tank, and thermal oxidizer. 

 
2. Bedrock Core Retrieval Monitoring: 

− The drill crew foreman will monitor the following areas: 
 Their personal breathing zone. 
 Within 1 foot of the well head.   
 Within 1 foot of the top of rods.   

− The OHSR will monitor the following areas:   
 Their personal breathing zone and the breathing zone(s) of the drill crew 

assistant(s). 
 Within 3 feet of the settling tank, and thermal oxidizer. 

 
f. Monitoring Reporting:   
 Monitoring data collected as described above will be maintained on logs.  A blank log for 

the Work Zone Air Quality Monitoring is included at the end of this SOP. 
 
2) Core Hole Ventilation Monitoring 
 

a. Purpose:  
 Monitors for the presence of natural gas and acceptable air quality conditions as a 

warning to the occupants of the work zone of potential air quality impairments that may 
develop within the work zone.   

 Monitor the volumetric flow of natural gas to verify that volumetric flow is less than 15 
acfm.. 

 
b. Monitoring Equipment: 
 RAE Systems MultiRAE Plus (multi-gas meter), or similar. 
 Volumetric Flow Meter.  (Figure 3) 
 Thermo Electron (TECO) Model 15C (stationary on thermal oxidizer exhaust)  

 
c. Monitoring Personnel outfitted with monitoring equipment: 
 OHSR 

 
d. Monitoring Location(s): 
 During each Core Hole Ventilation Monitoring interval the following location(s) will be 

monitored with a multi-gas meter:   
  

− The breathing zone of each person within the work zone. 
− Within 3 feet of the settling tank, and thermal oxidizer.   
− Within 1 foot of the well head. 

 



Former ITT Rochester Form Machine 
Town of Gates, New York 

Site #8-28-112 
 

Natural Gas Air Monitoring  
Standard Operating Procedure 

September 4, 2009 
 

I:\Itt.3356\35273.Itt-Auto-Fh-19\2_corres\RI P2 WP Mod 2\September_09 Submission to NYSDEC\2c-NG_Air_Mon_SOP_Sept09.doc Page 5 of 6 
 

 During each Core Hole Ventilation Monitoring interval the following location(s) will be 
monitored with an in-line volumetric flow meter:   

− Piping between settling tank and thermal oxidizer (Figure 3).   
 

 During each Core Hole Ventilation Monitoring interval the following location(s) will be 
monitored with a TECO Model 15C:   

− Thermal oxidizer exhaust.   
 

e. Monitoring Requirements 
 Monitoring will be conducted by the OHSR once (1) every 60 minutes while natural gas 

is being vented to the thermal oxidizer unit, and any other time deemed necessary.   
 
f. Monitoring Reporting:   
 Monitoring data collected as described above will be maintained on logs.  A blank log for 

the Core Hole Ventilation Monitoring is included at the end of this SOP. 
 

3) Core Hole Completion Ventilation Monitoring 
 

a. Purpose:  
 Monitors for the presence of natural gas and acceptable air quality conditions as a 

warning to the occupants of the work zone of potential air quality impairments that may 
develop within the work zone.  Also monitors for the presence of natural gas to identify 
when it is acceptable to continue with well completion procedures.   

 
b. Monitoring Equipment: 
 RAE Systems MultiRAE Plus (multi-gas meter), or similar. 

 
c. Monitoring Personnel outfitted with monitoring equipment: 
 OHSR 

 
d. Monitoring Location(s): 
 During each Core Hole Completion Ventilation Monitoring interval the following 

location(s) will be monitored with a multi-gas meter:   
 
 - The breathing zone of each person within the work zone. 
 - Within 3 feet of the settling tank, and thermal oxidizer.   
 - Within 1 foot of the well head.  
 - Intrasystem monitoring port. (Figure 3)    

 
 During each Core Hole Ventilation Monitoring interval the following location(s) will be 

monitored with a TECO Model 15C:   
− Thermal oxidizer exhaust.   
 

e. Monitoring Requirements: 
 Monitoring will be conducted by the OHSR once (1) every 60 minutes during the core 

hole completion ventilation period, and any other time deemed necessary. 
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f. Monitoring Reporting:   
 Monitoring data collected as described above will be maintained on logs.  A blank log for 

the Core Hole Completion Ventilation Monitoring is included at the end of this SOP. 
 
 
References 
 
O’Brien & Gere, August 2007. Remedial Investigation Health and Safety Plan Addendum, ITT 
Corporation, Town of Gates, New York. 
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Time (HHMM) Parameter Breathing Zone (Range) Well Head Thermal 
Oxidizer Settling Tank Piping Top of Drilling 

Rods LEL Monitor HCl Monitor Wind Direction

O2 (%) ---- ----

LEL (LEL) ----
VOC (ppm) ---- ----
H2S (ppm) ---- ----

CO (ppm) ---- ----
HCl (ppm) ---- ---- ---- ---- ---- ---- ----

O2 (%) ---- ----

LEL (LEL) ----
VOC (ppm) ---- ----
H2S (ppm) ---- ----

CO (ppm) ---- ----
HCl (ppm) ---- ---- ---- ---- ---- ---- ----

O2 (%) ---- ----

LEL (LEL) ----
VOC (ppm) ---- ----
H2S (ppm) ---- ----

CO (ppm) ---- ----
HCl (ppm) ---- ---- ---- ---- ---- ---- ----

O2 (%) ---- ----

LEL (LEL) ----
VOC (ppm) ---- ----
H2S (ppm) ---- ----

CO (ppm) ---- ----
HCl (ppm) ---- ---- ---- ---- ---- ---- ----

O2 (%) ---- ----

LEL (LEL) ----
VOC (ppm) ---- ----
H2S (ppm) ---- ----

CO (ppm) ---- ----
HCl (ppm) ---- ---- ---- ---- ---- ---- ----

O2 (%) ---- ----

LEL (LEL) ----
VOC (ppm) ---- ----
H2S (ppm) ---- ----

CO (ppm) ---- ----
HCl (ppm) ---- ---- ---- ---- ---- ---- ----
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The following locking well head diverter standard operating procedure (LWHD SOP) provides a detailed 
description of the function of the LWHD that will be used while bedrock coring in the proximity of 
natural gas sources.  This SOP is accompanied by four additional SOPs, listed below, that support the 
Natural Gas Mitigation Protocol: 
 

- Natural Gas Air Monitoring Standard Operating Procedure (NGAM SOP). 
- Venturi System Operations Standard Operating Procedure (VS SOP). 
- Thermal Oxidizer Operations Standard Operating Procedure (TO SOP). 
- Boring Abandonment Standard Operating Procedure (BA SOP). 

 
Below are standard terms used throughout this SOP:  
 

− Breathing Zone:  
 Space within 1.5-foot radius of a person’s face. 

 
− Work Zone:  
 The area occupied by the bedrock coring crew, including the drill rig and support equipment. The 

thermal oxidizer will be considered a separate work area. 
 

− Natural gas is detected within work zone :  
Work zone air monitor detects the following: 
 LEL ≥1% 

 
− Well Head:  

The top of the well casing to which the drilling fluid diverter will be attached during bedrock 
coring activities.  

 
− Locking Well Head Diverter:  

A diverter that will be fitted at the top of the permanent casing and around the coring rod string.  
A thick rubber inverted cone in the top of the device will be locked into the top of the diverter 
when engaged prior to drilling.  This will close the annular space and provide a seal between the 
coring rods and the permanent casing.  The remaining inlets/outlets from the diverter will be 
fitted with ball valves allowing for quick shut off points.  Further details on the operational use 
are described in the LWHD SOP attached to this protocol. 
 

− Venturi System Air Compressor:  
Air compressor dedicated to supplying the venturi system with compressed fresh air. 
 

− Standard Set Up:  
Pipe and valve set up for use while ventilating core hole during drilling. 
 

− Ventilating Core Hole Only Set Up:  
Pipe, valve, and regulator set up for use while ventilating core hole only. 
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Purpose:   
The locking well head diverter will provide a means of inhibiting the release of natural gas to the 
work zone while bedrock coring in the proximity of natural gas sources.  
 

Period of Use:   
Before coring to depths below 120 feet below ground surface (ft bgs) the locking well head 
diverter will be fitted to the permanent casing already installed into the subsurface.  Ball Valves 
1, 2, and 3 and Ball Valves 4, 5, and 6 (Figures 2A & 2B) provide closure points to seal the 
diverter.  Ball Valves 3 and 6 will remain open while bedrock coring with water circulation 
methods.  Ball Valve 1 will only be open while the LWHD is being used in conjunction with the 
venturi system.  The locking well head diverter will remain at a bedrock coring location until the 
core hole has been progressed to terminal depth and the core hole has been allowed to vent any 
natural gas encountered while bedrock coring.   

 
Operational Methods:   

1. Engaging the locking well head diverter:   
(a) Close Ball Valve 3 on the output stem and Ball Valve 1 (Figure 2A).   
 This will restrict gases from escaping through output stem of the locking well head 

diverter.   
 

2. Venting the locking well head diverter:   
Standard Set Up (Figure 2A) 
(a) Connect the compressed air supply to inlet at Ball Valve 1 and engage compressor. 
(b) Open Ball Valve 1 allowing compressed fresh air to be injected by the venturi system air 

compressor.   
 This will mix fresh air with any natural gas that will build up in the core hole casing and 

locking well head diverter.    
 

(c) Open Ball Valve 3 allowing the mixed air to output through the settling tank to the thermal 
oxidizer unit (Figure 3).   
 This allows the natural gas / air mixture to travel to the thermal oxidizer unit for 

combustion.   
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Ventilating Core Hole Only Set Up (Figure 2B) 
(a) Close Ball Valve 6 
(b) Connect the compressed air supply to inlet at Ball Valve 4 and engage compressor. 
(c) Open Ball Valve 2 allowing compressed fresh air to be injected by the venturi system air 

compressor.   
 This will mix fresh air with any natural gas that will build up in the core hole casing and 

locking well head diverter.    
 

(d) Open Ball Valve 5 allowing the mixed air to output through the settling tank to the thermal 
oxidizer unit (Figure 3).   
 This allows the natural gas / air mixture to travel to the thermal oxidizer unit for 

combustion.   
 

3. Disengaging the locking well head diverter for bedrock coring:   
(a) Open Ball Valve 1 allowing compressed fresh air to be injected by the venturi system air 
compressor.   
 This will mix compressed fresh air with natural gas that will build up in the core hole 

casing and locking well head diverter.    
 

(b) Open Ball Valve 3 allowing the mixed air to output through the settling tank to the thermal 
oxidizer unit.   
 This allows the natural gas / fresh air mixture to travel to the thermal oxidizer unit for 

combustion and creates a vacuum pulling air and gas away from the top rubber cone on 
the locking well head diverter towards the thermal oxidizer.   
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The following venturi system standard operating procedure (VS SOP) provides a step-wise approach to 
using the venturi system to vent natural gas from the locking well head diverter to the thermal oxidizer 
system that will be used while bedrock coring in the proximity of natural gas sources.  This SOP is 
accompanied by four additional SOPs, listed below, that support the Natural Gas Mitigation Protocol: 
 

- Natural Gas Air Monitoring Standard Operating Procedure (NGAM SOP). 
- Thermal Oxidizer Operations Standard Operating Procedure (TO SOP). 
- Locking Well Head Diverter Standard Operating Procedure (LWHD SOP). 
- Boring Abandonment Standard Operating Procedure (BA SOP). 

 
Below are standard terms used throughout this SOP:  
 

− Venturi System:  
A supply of compressed air is injected into a pipe attached to the locking well head diverter 
creating a vacuum at the well head, which direct air through the piping to the thermal oxidizer.  

 
− Work Zone:  

The area occupied by the bedrock coring crew, including the drill rig and support equipment.  The 
thermal oxidizer will be considered a separate work area. 
 

− Natural gas is detected within work zone :  
Work zone air monitor detects the following: 
 LEL ≥1% 

 
− Natural gas is detected at acceptable working levels:  

While air monitoring in accordance with the NGAM SOP, all the following conditions are 
observed: 
 LEL < 3% 
 Oxygen >19.5% 
 VOC < 5 ppm over 15 minute average 
 H2S < 10 ppm over 15 minute average 

 
− Natural gas is detected at well head shutdown levels:  

While air monitoring in accordance with the NGAM SOP, at least one the following conditions is 
observed: 
 LEL > 3% 
 Oxygen <19.5% 
 VOC > 5 ppm over 15 minute average 
 H2S > 10 ppm over 15 minute average 
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− Well Head:  
The top of the well casing to which the drilling fluid diverter will be attached during bedrock 
coring activities.  

 
Operation Purpose:   

The venturi system will generate a vacuum within the locking well head diverter to draw gases 
rising up the core hole through piping away from the work zone.  This will help provide safe air 
quality conditions for personnel within and surrounding the work zone.     
 

Period of Operation:   
If natural gas is detected through air quality monitoring efforts consistent with the NGAM SOP, 
the venturi system will be used until the terminal depth of the core hole is reached and the core 
hole is sufficiently ventilated for well completion efforts to continue. 

 
Operation Methods:   
 
1) Daily testing of the venturi system: 

a. Start the air compressor (the source of fresh air to the system). 
b. Confirm airflow at the end of the input hose.   
c. Shutdown the air compressor.  

 
2) Engaging the venturi system: 
 

a. While bedrock coring (assumes drillable gas conditions): 
 Engage locking well head diverter as described in the LWHD SOP (OM 1).   
 Start the air compressor. 
 Connect input hose from the air compressor to the locking head diverter at Ball Valve 1 

(Figure 2A).   
 Open compressor valve, allowing air to flow up to Ball Valve 1.   
 Open Ball Valve 1 
 Engage thermal oxidizer as described in the TO SOP (OM 2).   
 Vent the LWHD as described in the LWHD SOP (OM 2).   

 
b. While ventilating the core hole:   
 Engage the locking well head diverter as described in the LWHD SOP (OM 1). Close ball 

valves 1, 2, 3, and 6. Disengage the air compressor and close air compressor valve. With 
the LWHD sealed, Ball Valve 2 and Ball Valve 3 will restrict the natural gas pressure.  

 Start the air compressor. 
 Connect input hose from the compressor to the locking well head diverter at Ball Valve 4.  
 Open compressor valve, allowing air to flow up to Ball Valve 4.   
 Engage thermal oxidizer as described in the TO SOP (OM 2).   
 Open Ball Valve 2 allowing natural gas through the flow regulator (Regulator 1).   
 Open Ball Valve 4 and Ball Valve 5, allowing a mixture of fresh air from the compressor 

and gases from the core hole to flow through the settling tank to the thermal oxidizer. 
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3) Disengaging the venturi system:   
 

a. While bedrock coring (assumes drillable gas conditions):   
 Stop coring. 
 Close Ball Valve 3.   
 Restricts the flow of mixed fresh air and gases within the locking head diverter.   
 Close Ball Valve 1. 
 Stops the flow of fresh air into the system.   
 Shut down the air compressor.   

 
b. While ventilating the core hole:  
 Close Ball Valve 2.   
 Restricting the flow of gases within the locking head diverter.   
 Close Ball Valve 4. 
 Stops the flow of fresh air into the system. 
 Close Ball Valve 5.   
 Shut down the air compressor. 

 
4) Refueling the venturi system compressor:   
 

a. While bedrock coring (assumes drillable gas conditions):   
 Stop coring. 
 Close Ball Valve 3.   
 Restricts the flow of mixed fresh air and gases to within the locking head diverter.   
 Close Ball Valve 1. 
 Stops the flow of fresh air into the system from the air compressor.   
 Shut down the air compressor.   
 Add fuel.  
 Start the air compressor (as above).   
 Open Ball Valve 1.  
 Allows fresh air to flow into the system from the air compressor.  
 Open Ball Valve 3. 
 Allows mixture of fresh air and gases to flow to the thermal oxidizer.   
 

b. While ventilating the core hole:  
 Close Ball Valve 2.   
 Restricts the flow of gases to within the locking head diverter.   
 Close Ball Valve 4. 
 Stops the flow of fresh air into the system. 
 Close Ball Valve 5.   
 Shut down the air compressor. 
 Add fuel.  
 Start the air compressor (as above).   
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 Open Ball Valve 5.   
 Open Ball Valve 4. 
 Open Ball Valve 2.  
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The following thermal oxidizer standard operating procedure (TO SOP) provides a step-wise approach to 
using the thermal oxidizer to combust natural gas that is encountered while bedrock coring in the 
proximity of a natural gas source and in preparation of the boring for well completion.  This SOP will be 
used in conjunction with the operation manual for the thermal oxidizer.  The operation manual will be on 
site at all times during field activities. 
 
This SOP is accompanied by four additional SOPs, listed below, that support the Natural Gas Mitigation 
Protocol: 
 

- Natural Gas Air Monitoring Standard Operating Procedure (NGAM SOP). 
- Venturi System Operations Standard Operating Procedure (VS SOP). 
- Locking Well Head Diverter Standard Operating Procedure (LWHD SOP). 
- Boring Abandonment Standard Operating Procedures (BA SOP). 

 
Below are standard terms used throughout this SOP:  
 

− Lower Explosive Limit (LEL):  
Concentration of a compound in air below which the mixture will not catch on fire.   

 
− Work zone:  
 The area occupied by the bedrock coring crew, including the drill rig and support equipment. The 

thermal oxidizer will be considered a separate work area. 
 

− HCl Monitor:  
 A monitor that will analyze the oxidizer exhaust for hydrochloric acid (HCl). 

 
Operation Purpose:   

The thermal oxidizer will be used to combust natural gases encountered while bedrock coring in 
the proximity of a natural gas source.  The use of the locking well head diverter, venturi system, 
and thermal oxidizer in conjunction with more stringent natural gas air monitoring procedures 
seek to provide acceptable air quality conditions for personnel within the work zone and people in 
the surrounding areas. 
 

Period of Operation:   
If natural gas is detected through air quality monitoring efforts consistent with the NGAM SOP, 
the thermal oxidizer will be used until the terminal depth of the core hole is reached and the core 
hole is sufficiently ventilated (as described in the NGAM SOP) for well completion efforts to 
continue. 

 
Operation Limitations: 
 
 The ThermTech VAC 100 thermal oxidizer is designed to:  

 a maximum flow rate of 1,000 standard cubic feet per minute (SCFM) 
 a maximum user defined operating temperature of approximately 1,600 degrees Fahrenheit: 

− If the internal temperature exceeds this limit the thermal oxidizer will automatically 
shutdown. 
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 a maximum gas fuel pressure of 40 pounds per square inch (PSI) 
− If the fuel pressure exceeds this limit the thermal oxidizer will automatically shutdown.   

 a minimum gas fuel pressure of 5 PSI: 
− If the fuel pressure is less than this limit the thermal oxidizer will automatically 

shutdown. 
 

 An LEL monitor integrated into the thermal oxidizer is designed to: 
 A maximum LEL of 50%  

− If the LEL exceeds 50% the thermal oxidizer will automatically shutdown. 
 
 An HCl monitor installed on the exhaust: 

 1 lb per hour 
− If the HCl monitor exceeds 1 lb per hour Regulator 1 will be adjusted to reduce the 

volumetric flow of natural gas. 
 
Note: The natural gas flow rate of 15 actual cubic feet per minute (ACFM), that can be contributed to the 
process gas stream to maintain an HCl emission of less than1 lb/hr, was calculated based on a March 21, 
2008 natural gas sample. The sample was collected from boring AMSF-MW-17MP prior to borehole 
abandonment. This calculated flow rate is based on the make-up of that specific natural gas sample.  The 
make-up of the natural gas may vary based on boring location, depth, and time. An HCl analyzer will 
monitor process stream exhaust to allow the thermal oxidizer operation to  regulate the HCl emission rate. 
Thermal oxidizer operation is also dependent on the LEL of the process gas stream entering the thermal 
oxidizer. .  Therefore, the thermal oxidizer system operation and procedures have been set-up to monitor 
and regulate LEL inflow to the oxidizer and HCl emissions from the thermal oxidizer.   
 
Operation Methods: 
 
1) Daily Thermal Oxidizer Testing (from ThermTech 100 operations manual):    
 

a. Starting and warming up the thermal oxidizer. (Thermal Oxidizer warm-up ~20 minutes) 
 Check selector switch 3 (SS3) is set to the appropriate fuel type (propane).   
 Via the main control panel, turn on the main power.   
 Pull out the emergency stop push button and reset the power interruption circuit with the 

push button on the front of the control panel. 
 Reset the high temperature shutdown controller via the push buttons on the front of it’s 

control panel. 
 Push the ‘Ent’ button once (1).  
 Push the ‘reset’ button once (1). 
 Turn the on/off selector switch to the on position and the bypass/run switch to the bypass 

position.    
− The combustion blower comes on at it’s highest air flow starting a timed air 

purge of the combustion chamber that allows for at least four (4) air changes of 
the chamber before proceeding.     

− This cycle times out, and the combustion blower automatically goes to low air 
flow.     

− With the purge cycle completed, the pilot flame will light:   
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 If the flame safety system confirms ignition, the main gas solenoid will 
“kick” in.  Continue to step 6 (see manual).   

 If the flame safety system does not confirm ignition, the thermal oxidizer will 
shutdown for pilot flame failure.  Return to step 5 (see manual).   

 Manually reset (open) the Eclipse ‘locktite’ main gas valve, switch the bypass/run 
switch to the run position.  

− The main burner is now ignited at low fire and will continue to increase flame 
intensity until at high fire or until the designated point is reached.   

− Once the combustion chamber temperature is at the set point of the temperature 
controller the burner will continue to modulate to maintain the set point.   

− The pilot flame will shut off 5 minutes after the ‘locktite’ valve has been opened 
and the burner will continue to operate on main gas only. 

 
b. Shut down the thermal oxidizer.   

 
2) Engaging the Thermal Oxidizer: 
 

a. Starting and warming up the thermal oxidizer (as above). 
b. Transporting natural gas to the thermal oxidizer. 
 Engage the venturi system as described in the VS SOP (OM 2ab).   
 Monitor for safe operation of the thermal oxidizer TO SOP (OM 4). 

 
3) Disengaging the Thermal Oxidizer:   
 

a. Engage locking well head diverter as described in the LWHD SOP (OM 1).   
b. Disengage the venturi system as described in the VS SOP (OM 3ab). 
c. Shut down thermal oxidizer.   

 
4) Safe operation monitoring: 
 

a. To provide for continual safe operation of the thermal oxidizer, the following monitoring will 
be performed separate from, but in conjunction with, the NGAM SOP monitoring intervals 
while the thermal oxidizer is in operation.   

 
 Volumetric flow monitoring while bedrock coring: 
 

• If the volumetric flow of natural gas is less than 15 ACFM: 
− Continue venting gas to the thermal oxidizer. 
 

• If the volumetric flow of natural gas is greater than 15 ACFM: 
− Engage locking well head diverter as described in the LWHD SOP (OM 1).   
− Disengage the venturi system as described in the VS SOP (OM 3ab).  
− Install Regulator 1, Ball Valve 3, and Ball Valve 4.   
− Restrict flow via Regulator 1.    
− Engage venturi system as described in the VS SOP (OM 2ab). 
− Vent the LWHD as described in the LWHD SOP (OM 1). 
− Initiate core hole ventilation monitoring as described in the NGAM SOP.   
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 LEL maximum limit monitoring: 
 

• If the LEL is less than 50%: 
− Continue venting gas to the thermal oxidizer.   
 

• If the LEL is greater than 50% (assumes while ventilating the core hole): 
− Thermal oxidizer will automatically shut down.  
− Close Ball Valves 2, 4, and 5.    
− Disengage venturi system as described in the VS SOP. 
− Move compressed air supply from Ball Valve 1 to Ball Valve 4.   
− Open Ball Valve 5.  
− Engage venturi system as described in the VS SOP. 
− Open Ball Valve 4, then Ball Valve 5. 
− Monitor LEL meter. 
− If LEL >50%: 
 Reduce the flow though Regulator 1.   

− If 25% ≤ LEL ≤ 50%: 
 Continue to vent gas to the thermal oxidizer.   

− If LEL < 25%:   
 Increase the flow through Regulator 1.  
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Response Actions: 
 

- If the venturi system air compressor unexpectedly shuts down during coring: 
• Close Ball Valves 1 and 3.   
• Disengage the thermal oxidizer per SOP OM 3 (above). 
• Troubleshoot and restart the compressor. 
• Engage the thermal oxidizer per SOP OM 2 (above). 
• Open Ball Valves 1 and 3.   

 
- If the venturi system air compressor unexpectedly shuts down during core hole ventilation: 

• Close Ball Valves 2, 4, and 5.   
• Disengage the thermal oxidizer per SOP OM 3 (above). 
• Troubleshoot and restart the compressor. 
• Engage the thermal oxidizer per SOP OM 2 (above). 
• Open Ball Valves 2, 4 and 5.   

 
- If the thermal oxidizer unexpectedly shuts down during coring: 

• Close Ball Valves 1 and 3.   
• Disengage the venturi system as described in the VS SOP (OM 3a).  
• Troubleshoot and re-engage the thermal oxidizer per SOP OM 2 (above). 
• Engage the venture system per VS SOP (OM 2a).   

Open Ball Valves 1 and 3. 
- If the thermal oxidizer unexpectedly shuts down during core hole ventilation: 

• Close Ball Valves 2, 4 and 5. 
• Disengage the venturi system as described in the VS SOP (OM 3b).  
• Troubleshoot and re-engage the thermal oxidizer per SOP OM 2 (above). 
• Engage the venture system per VS SOP (OM 2b).   
• Open Ball Valves 2, 4 and 5.   
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The following boring abandonment standard operating procedure (BA SOP) provides a step-wise 
approach to abandoning a boring that has encountered conditions that prohibit the completion of a well.   
 
This SOP is accompanied by four additional SOPs, listed below, that supports the Natural Gas Mitigation 
Protocol: 
 

- Natural Gas Air Monitoring Standard Operating Procedure (NGAM SOP). 
- Locking Well Head Diverter Standard Operating Procedure (LWHD SOP). 
- Venturi System Standard Operating Procedure (VS SOP). 
- Thermal Oxidizer Standard Operating Procedure (TO SOP). 

 
Below are standard terms used throughout this SOP:  
 

− Locking Well Head Diverter:  
A diverter that will be fitted at the top of the permanent casing and around the coring rod string.  
A rubber inverted cone in the top of the device will be locked into the top of the diverter when 
engaged prior to drilling. This will close the annular space and provide a seal between the coring 
rods and the permanent casing.  The remaining inlets/outlets from the diverter will be fitted with 
ball valves allowing for quick shut off points.  Further details on the operational use are described 
in the LWHD SOP attached to this protocol. 
 

− Modified Level B PPE : 
 Modified level B PPE will be required to occupy the work zone when air monitoring has detected 

unsafe working levels within the work zone.  This level of PPE includes: 
 Self Contained Breathing Apparatus 
 Fire Retardant Coveralls 
 Hard Hat 
 Safety Boots 
 Gloves (leather or fire retardant) 
 

− Packer System:  
 Inflatable rubber bladder that is attached to a metal frame.  The unit is lowered into a bedrock 

boring and inflated with nitrogen gas from the surface to seal the borehole. 
 

− Multi-Gas Meter:  
 A hand-held unit used to monitor volatile organic compounds (VOCs), oxygen, hydrogen sulfide 

(H2S) concentrations, and the lower explosive limit (LEL). 
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Purpose:   
To abandon bedrock boring when natural gas is encountered at a pressure and/or condition that 
prohibits ventilation to the thermal oxidizer.  

 
Period of Use:   

After it has been determined that conditions, such as the natural gas pressure is not dissipating 
with time or excessive water production prohibit the completion of a bedrock boring, and after 
consultation with NYSDEC.   

 
***These activities will be performed in Level B PPE*** 

 
Operational Methods:   
 

1. Engage the Emergency Ball Valve:   
 

(a) Remove the bedrock coring rods from the boring.     
 This will restrict gases from escaping from the open bedrock boring.   
 

(b) Close Emergency Ball Valve on the well casing (Figure 2A & 2B).   
 

2. Air quality monitoring during boring abandonment: 
 
(a) Upon closure of the Emergency Ball Valve air quality at nearby receptors (nearest neighbor 

door or group of people) will be screened at regular intervals by use of a multi-gas meter and 
recorded to evaluate air quality prior to leaving the site. Air quality will be evaluated at times 
when activities require the emergency ball valve to be opened and will continue until the ball 
valve is closed or the well is abandoned. 
 

3. Ready and install packer unit: 
 
(a) Open Emergency Ball Valve. 

 
(b) Install and inflate the packer system with capped center pipe above the depth that natural gas 

was encountered. 
 This will restrict gases from escaping from the natural gas producing zone of the open 

bedrock boring.   
 
(c) Verify that packer system has stopped natural gas flow. 
 Monitoring will be performed as described in NGAM SOP (OM 3). 

 
4. Prepare grout mix: 

 
(a) Mix 3,000 psi compressive strength grout mix by mixing 6 gallons of water per 94 lb bag of 

type II Portland cement. 
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5. Abandon bedrock boring: 
 

(a)  Inject grout mix on top of packer system in lifts.  
 The volume of grout to be installed per each lift will be determined by the geologist.  

Volume will be based on location and size of fractures and diameter of the boring with 
the intent to limit loss of grout to the formation.     
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1.  Introduction 

As presented in Section 1 of the 2004 RI/FS Work Plan HASP with the following additions: 
 
Natural gas was encountered during 2008 boring/coring activities.  As a result, safety protocols while 
bedrock coring in the presence of natural gas were re-evaluated.  As a result of the re-evaluation, 
updated procedures, equipment, and personal protective equipment (PPE) to mitigate the natural gas 
hazard are outlined in this addendum. 

1.3.  Scope of Work 

Soil Borings and Bedrock Coring   
Soil borings and bedrock coring will be completed in accordance with Section 1.3 of the 2007 RI 
Phase II Work Plan Addendum.  In addition, bedrock boring AMSF-MW-17MP will be replaced with 
AMSF-MW-17MP-R to the same specifications.  
 
Natural Gas Mitigation Protocol 
Natural gas may be encountered while drilling bedrock wells at the site.  As a result, natural gas 
mitigation protocols were developed to provide guidance for safely drilling under these conditions.  
Natural Gas Mitigation Protocol is provided in Appendix E of the 2007 RI Phase II Work Plan 
Addendum. In addition, a Natural Gas Mitigation Flow Chart was developed to aid in field decisions 
and is provided as Figure 1 of the Natural Gas Mitigation Protocol.  
 
Monitoring Well Installation 
Monitoring well installation will be completed in accordance with Section 1.3 of the 2007 RI Phase II 
Work Plan Addendum.  In addition, bedrock well AMSF-MW-17MP will be replaced with AMSF-
MW-17MP-R to the same specifications. 
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4.  Personal Protective Equipment 

Personal protective equipment (PPE) is consistent with Section 4 of the 2004 RI/FS Work Plan HASP 
with the following additions/exceptions related to bedrock coring where there is a potential for natural 
gas releases: 
 
Modified Level D (Natural Gas) PPE 
Modified level D (Natural Gas) PPE will be required to occupy the work zone while coring is taking 
place after a bedrock coring depth of 120 feet has been achieved.   

- Fire Retardant Coveralls 
- Face Shield (attached to hard hat) 
- Hard Hat 
- Safety Boots 
- Gloves (leather or fire retardant) 

 
Modified Level B PPE 
Modified level B PPE will be required to occupy the work zone when air monitoring has detected 
unsafe working levels within the work zone.  

- Self Contained Breathing Apparatus 
- Fire Retardant Coveralls 
- Hard Hat 
- Safety Boots 
- Gloves (leather or fire retardant) 
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5.  Site Air Monitoring 

Site air monitoring will be performed as presented in Section 5 of the 2004 RI/FS Work Plan HASP 
with the following additions: 
 

5.2.2 Combustible Vapors 
Combustible vapors will be monitored continuously while coring into bedrock (Rochester Shale 
Deposit) where natural gas has been encountered.  An intrinsically safe gas meter that is calibrated in 
accordance with manufacturer's recommendations will be used.  Combustible vapors are measured as 
percent of the lower explosive limit (LEL).  Although the LEL action level is typically 10%, the LEL 
action level while coring into bedrock is 3% for this project. 

5.2.3 Oxygen 
Oxygen levels will be monitored continuously while coring into bedrock (Rochester Shale Deposit) 
where natural gas has been encountered. An intrinsically safe gas meter that is calibrated in 
accordance with manufacturer's recommendations will be used.  Methane is the major component 
(approximately 74%) of natural gas.  Although flammable, methane may also displace oxygen and 
cause an oxygen deficient atmosphere.  The oxygen action level is 19.5%.  Evacuation or use of 
Supplied Air Breathing Apparatus (SCBAs) is required for oxygen levels at or below 19.5%. 

5.2.4 Hydrogen Sulfide 
Hydrogen sulfide may be present in natural gas deposits and will be monitored continuously while 
coring into bedrock (Rochester Shale Deposit) where natural gas has been encountered. An 
intrinsically safe gas meter that is calibrated in accordance with manufacturer's recommendations will 
be used.  Also, false alarms for hydrogen sulfide may be caused by the presence high levels of many 
VOCs that interfere with the hydrogen sulfide sensor according to information provided by one 
manufacturer (RAE Systems, Inc.).  The Health and Safety Coordinator in consultation with the 
O'Brien & Gere Manager for Corporate H&S will make the determination of false alarms for 
Hydrogen Sulfide on a case-by-case basis.  Evacuation or use of SCBAs is required for hydrogen 
sulfide levels that exceed 10 ppm averaged over 15 minutes. 

5.3.  Action Levels 

Action levels are presented in Table 3. 

5.4.  Community Air Monitoring Plan 

The community air monitoring plan is presented in Section 5.4 of the 2004 RI/FS Work Plan HASP 
with the following additions: 
 
One hydrogen chloride (HCl) meter will be utilized to continuously monitor exhaust from the thermal 
oxidizer. Data will be logged and used to evaluate the emission rate of HCl. 
 
In addition to VOCs, real time air monitoring will be performed in the work zone for LEL, Oxygen, 
and H2S consistent with the action levels presented in Table 3. The downwind and upwind perimeter  
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monitors will also be monitored for these parameters.   
 
In addition to VOCs, the following parameters and action levels will be observed during monitoring 
of the 20-Foot Zone:  
 

- LEL < 3% 
- Oxygen > 19.5% 
- H2S < 5 ppm 
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6.  Site Access and Site Control 

Site access and site control will be maintained in accordance with Section 6 of the 2004 RI/FS Work 
Plan HASP with the following additions/exceptions related to bedrock coring where there is a 
potential for natural gas releases. 

6.4 Site Access 

 
3. Bedrock Coring Locations - Portable 6' high chain link fence with locked gate will be used 
to prevent the public or unauthorized site personnel from approaching the well head and 
oxidization equipment when left unattended.  Signs will be posted that indicate "DANGER - 
Keep Out - Authorized Personnel Only" or equivalent hazard warning.  The Health and Safety 
Coordinator will establish a chain link fence perimeter that is sufficient to protect public safety 
based on site conditions and air monitoring results. 
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Table 1.  Potential Site Compounds and Associated Exposure Information. 
 
Contaminants 

OSHA 
PEL 

 ACGIH 
TLV 

 
Characteristics 

 
Route of Exposure 

Symptoms of 
Overexposure* 

 
Target Organs 

1,1-
Dichloroethane 
 

100 ppm 100 ppm colorless, oily 
liquid 

inhalation, ingestion, 
contact 

1, 2, 3, 4 skin, liver, 
kidneys, lungs, 
central nervous 
system 
 

Hydrogen Sulfide 
 

10 ppm 10 ppm Colorless gas, 
rotten egg odor 
 

inhalation, contact 1, 2, 3, 4 eyes, respiratory 
system, central 
nervous system 
 

Hexane 50 ppm 50 ppm Colorless liquid 
with gasoline like 
odor 

inhalation, ingestion, 
contact 

1, 2, 3, 4, 6 eyes, skin, 
repiratory 
system, central 
nervous system, 
peripheral 
nervous system 

 
NOTES: 
PEL – Permissible exposure limits (OSHA) – 8 hour exposure 
PELs were obtained from 29 CFR 1910 Subpart Z Tables Z-1 and Z-2 (last revised June 30, 1993), except for 
benzene which was obtained from 29 CFR 1910.1028.  
TLV – Threshold limit value (ACGIH) – 8 hour exposure 
TLVs were obtained from the American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit 
Values for Chemical Substances and Physical Agents (2003) 
 
 
Symptoms of Overexposure: 
*Symptoms may include any or all listed depending upon concentration, duration and route of exposure 
1) Eye, nose, throat, skin irritation or burns 
2) Headache, fatigue, nausea 
3) Lightheaded, some nausea, dull visual and audio response 
4) CNS disorder, convulsions, sweating 
5) CVS disorder 
6) Potential or known carcinogens 
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Table 4.  Air Monitoring 

Task Environmental Monitoring for Personal Protection 

Thermal Oxidation 
 
Air Sampling 

Explosive gases meter 
 
Explosive gases meter and DusTrac 
 

Note:  Monitoring results will be recorded in a field log book or be electronically logged.  Explosive gases 
meter will monitor lower explosive limit, oxygen, volatile organic compounds, and hydrogen sulfide. 
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Table 3. Action Levels 

Hazard Action Level Level of Personal Protection 
Volatile Organic Compounds 
(VOCs) 

≥ 5 ppm over 15 minute average 1. Personnel must evacuate the work area to 
an upwind location. 

2. Support Person in fire resistant Level B 
PPE will provide assistance to any site 
personnel who require it while evacuating 
the work area. 

3. Support Persons in fire resistant Level B 
PPE will attempt to stop the natural gas 
release using existing controls. 

4. Support Persons in fire resistant Level B 
PPE may assist the Site Safety Office by 
performing additional air monitoring along 
the perimeter of the Exclusion Zone to 
verify that the Exclusion Zone is sufficient 
to protect public safety. 

5. Health and Safety Coordinator will adjust 
the Exclusion Zone perimeter as 
necessary for public safety. 

6. Health and Safety Coordinator to notify 
ITT representative and other notifications 
as required in the 2004 RI/FS Work Plan 
HASP. 

 

Lower Explosive Limit (LEL) ≥ 3% 
Oxygen ≤ 19.5% 
H2S  
(hydrogen sulfide) 

≥ 10 ppm over 15 minute average 

NOTE – Full Face respirators with qualitative fit testing are limited to a protection factor (PF) of 10 per 
29CFR1910.134.  Full face respirators with quantitative fit testing may be assigned the full OSHA PF of 50. 
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Isobutane 75-28-5 0.065 99% 0.00065

Methylcyclohexane 108-87-2 0.013 99% 0.00013

Methylcyclopentane 96-37-7 0.0053 99% 0.000053

Pentane 109-66-0 0.030 99% 0.00030

Propane 74-98-6 0.0061 99% 0.000061

75-28-5 1.2 NA 0.0033 57,000

108-87-2 0.24 NA 0.00063 3,800

96-37-7 0.10 NA 0.00027 700

109-66-0 0.57 NA 0.0015 4,200

74-98-6 0.11 NA 0.00030 43,000
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Table 1

Former ITT Rochester From Machine Facility
Gates, New York

Maximum Hourly Emission Rates

Maximum Theoretical
Sampling Uncontrolled Controlled Projected HCl

Molecular Result(b) Mass Emission Rate(c) Mass Emission Rate(d) Emission Rate(e)

Compound(a) CAS # Weight (ug/m3) (lb/hr) (lb/hr) (lb/hr)

Method TO-15 Compounds

1,1,1- Tricholorethane 00071-55-6 133.41 5,800,000 3.26E-01 3.26E-03 0.267
1,1-Dichloroethane 00075-34-3 98.96 1,300,000 7.30E-02 7.30E-04 0.054
1,1-Dichloroethene 00075-35-4 96.95 34,000 1.91E-03 1.91E-05 0.001
Benzene 00071-43-2 78.11 38,000 2.14E-03 2.14E-05 NA
Chloroethane 00075-00-3 64.5 9,200 5.17E-04 5.17E-06 0.000
Cyclohexane 00110-82-7 84.16 200,000 1.12E-02 1.12E-04 NA
Heptane 00142-82-5 100.2 180,000 1.01E-02 1.01E-04 NA
Hexane 00110-54-3 86.17 550,000 3.09E-02 3.09E-04 NA
m&p-Xylene 01330-20-7 106.16 9,200 5.17E-04 5.17E-06 NA
Toluene 00108-88-3 92.14 32,000 1.80E-03 1.80E-05 NA
Trichlorethene 00079-01-6 131.4 91,000 5.11E-03 5.11E-05 0.004

Tentatively Identified Compounds

Butane 00106-97-8 58.12 1,084,226 6.09E-02 6.09E-04 NA
2-Methylbutane 00078-78-4 72.15 867,346 4.87E-02 4.87E-04 NA
Methylcyclohexane 00108-87-2 98.19 223,861 1.26E-02 1.26E-04 NA
Methylcyclopentane 00096-37-7 84.16 94,196 5.29E-03 5.29E-05 NA
Isobutane 00075-28-5 58.12 1,156,508 6.50E-02 6.50E-04 NA
Pentane 00109-66-0 72.15 538,353 3.02E-02 3.02E-04 NA
Propane 00074-98-6 44.10 107,848 6.06E-03 6.06E-05 NA

                 Total HCl Emissions (lb/hr): 0.327

Notes:
(a) Controlled and uncontrolled emission rates were estimated for those compounds that, based on the results of the March 21, 2008 sampling 
     event, were detected at levels above laboratory detection limits.
(b) Concentrations were obtained from the March 21, 2008 sampling of the air above the groundwater at the ITT site.  It is noted that the Method 
     TO-15 results were provided in units of ug/m3 and the Tentatively Identified Compound (TIC) results were provided in units of ppbv.  For the purpose
     of estimating the emissions of the TICs, the concentrations were converted to units of ug/m3, as shown in the following example calculation
     for butane:

450,000 ppb v  butane x (1 ppm v /1000ppb v ) x (58.12 g butane/mol butane) x (101,325 Pa) x (1/294 K) x (1 K-mol/8.314 Pa-m 3 ) = 1,084,226 ug/m 3

(c) Uncontrolled mass emission rates were estimated assuming the air in the headspace above the groundwater will be extracted from the 
     ground at a rate of 15 acfm and using the headspace concentrations obtained from the sample results, as shown in the following example
     calculation for 1,1,1-trichloroethane emissions:
       (5,800,000 ug 1,1,1-trichloroethane/m 3  air) x (15 ft 3 /min) x (1 m 3 /(3.281 ft) 3 ) x (60 min/hr) x (1 lb/453.593 x 10 6 ug)  = 0.326 lb/hr
(d) Controlled mass emission rates were estimated assuming the the thermal oxidizer that will be operated at the site will be capable of removing
      99% of the organic compound emissions.
(e)  It is expected that HCl emissions will be generated and released as a result of the thermal oxidation of the chlorinated compounds.  The HCl
       emissions were estimated based on the following chemical equations:

      1,1,1-trichloroethane: C 2 H 3 Cl 3  + H 2 O   -------------> C 2 HOCl 3  + 2H 2  --------> (over 2O 2 ) -------> 3HCl + 2CO 2  + H 2 O

      1,1-dichloroethane: 2C 2 H 4 Cl 2  + 5O 2  -------------> 4HCl + 4CO 2  + 2H 2 O

      1,1-dichloroethene:  C 2 H 2 Cl 2  + H 2 O ------------->  C 2 HOCl 2  + (3/2)H 2  --------> (over 2O 2 ) -------> 2HCl + 2CO 2  + H 2 O

       chloroethane:  C 2 H 5 Cl + 3O 2  ---------------> HCl + 2CO 2  + 2H 2 O

       trichloroethene:  C 2 HCl 3  + H 2 O --------------->  C 2 HOCl 3  + 2H2 --------> (over 2O 2 ) -------> 3HCl + 2CO 2  + H 2 O

     The methodology used to estimate the maximum theoretical projected HCl emission rates is shown in the following example calculation for 
     1,1,1-trichloroethane (C2H3Cl3):

0.326 lb C 2 H 3 Cl 3 /hr x 1 mol C 2 H 3 Cl 3 /133.41 lb C 2 H 3 Cl 3  x 3 mol HCl/1 mol C 2 H 3 Cl 3  x 36.45 lb HCl/mol HCl = 0.267 lb HCl/hr

7/30/2008
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Table 2

Former ITT Rochester From Machine Facility
Gates, New York

Stack Parameters

Stack Height (ft)
Inside Diameter 

(in) Temperature (F) Flow Rate (cfm)

10 9.5 1,400 200

7/30/2008
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Table 3

Former ITT Rochester From Machine Facility
Gates, New York

DAR-1 Modeling Results

Contaminant CAS Averaging
Emission 

Rate (a)
Normalized 

Concentration
Predicted Maximum 

Ambient Concentration (b) AGC/SGC (c)
Percent 

AGC/SGC
Number Period (lb/hr) (ug/m 3 /lb/hr)  (ug/m 3 ) (ug/m 3 ) (%)

1,1,1 Trichloroethane 71-55-6 1-Hour 0.0033 1896.5 6.2 68,000 ---

Annual 0.00022 73.3 0.016 1,000 <1

1,1 Dichloroethane 75-34-3 1-Hour 0.00073 1896.5 1.4 --- ---

Annual 5.0E-05 73.3 0.0037 0.63 <1

1,1 Dichloroethene 75-35-4 1-Hour 1.91E-05 1896.5 0.036 --- ---

Annual 1.31E-06 73.3 9.6E-05 70 <1

2-Methylbutane 78-78-4 1-Hour 4.87E-04 1896.5 0.92 --- ---

Annual 3.34E-05 73.3 2.4E-03 42,000 <1

Benzene 71-43-2 1-Hour 2.14E-05 1896.5 0.040 1,300 <1

Annual 1.46E-06 73.3 0.00011 0.13 <1

Butane 106-97-8 1-Hour 6.09E-04 1896.5 1.2 --- ---

Annual 4.17E-05 73.3 0.0031 57,000 <1

Chloroethane 75-00-3 1-Hour 5.17E-06 1896.5 0.0098 --- ---

Annual 3.54E-07 73.3 2.6E-05 10,000 <1

Cyclohexane 110-82-7 1-Hour 1.12E-04 1896.5 0.21 --- ---

Annual 7.70E-06 73.3 0.00056 6,000 <1

Heptane 142-82-5 1-Hour 1.01E-04 1896.5 0.19 210,000 <1

Annual 6.93E-06 73.3 0.00051 3,900 <1

Hexane 110-54-3 1-Hour 3.09E-04 1896.5 0.59 --- ---

Annual 2.12E-05 73.3 0.0016 700 <1

Hydrogen Chloride 7647-01-0 1-Hour 0.33 1896.5 620 2,100 30

Annual 0.022 73.3 1.6 20 8

Isobutane 75-28-5 1-Hour 6.50E-04 1896.5 1.2 --- ---

Annual 4.45E-05 73.3 0.0033 57,000 <1

Methylcyclohexane 108-87-2 1-Hour 1.26E-04 1896.5 0.24 --- ---

Annual 8.61E-06 73.3 0.00063 3,800 <1

Methylcyclopentane 96-37-7 1-Hour 5.29E-05 1896.5 0.10 --- ---

Annual 3.62E-06 73.3 0.00027 700 <1

Pentane 109-66-0 1-Hour 3.02E-04 1896.5 0.57 --- ---

Annual 2.07E-05 73.3 0.0015 4,200 <1
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Table 3

Former ITT Rochester From Machine Facility
Gates, New York

DAR-1 Modeling Results

Contaminant CAS Averaging
Emission 

Rate (a)
Normalized 

Concentration
Predicted Maximum 

Ambient Concentration (b) AGC/SGC (c)
Percent 

AGC/SGC
Number Period (lb/hr) (ug/m 3 /lb/hr)  (ug/m 3 ) (ug/m 3 ) (%)

Propane 74-98-6 1-Hour 6.06E-05 1896.5 0.11 --- ---

Annual 4.15E-06 73.3 0.00030 43,000 <1

Toluene 108-88-3 1-Hour 1.80E-05 1896.5 0.034 37,000 <1

Annual 1.23E-06 73.3 9.0E-05 5,000 <1

Trichloroethene 79-01-6 1-Hour 5.11E-05 1896.5 0.097 14,000 <1

Annual 3.50E-06 73.3 0.00026 0.5 <1

Xylene (Mixture) 1330-20-7 1-Hour 5.17E-06 1896.5 0.0098 4,300 <1

Annual 3.54E-07 73.3 2.6E-05 100 <1

Notes:
(a) 1-hour emission rates represent maximum hourly controlled emission rates, with the exception of HCl.  The 1-hour HCl emission rate
      represents the maximum hourly uncontrolled emission rate.  Annual emission rates were estimated by multiplying the 1-hour emission rates by
      600 hours and dividing the maximum annual hours of 8,760.  This assumes the thermal oxidizer will be operated a maximum of 600 hours 
      annually.
(b) Predicted Maximum Ambient Concentration (ug/m3) = Emission Rate (lb/hr) * Normalized Concentration (ug/m3/lb/hr)
(c) AGCs and SGCs were obtained from NYSDEC's "DAR-1 AGC/SGC Tables" Division of Air Resources, Air Toxics Section, September 10, 2007.
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