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Chavez, Carl J, EMNRD

From: Robinson, Kelly <Kelly.Robinson@wnr.com>
Sent: Tuesday, May 03, 2016 6:24 AM
To: Tsinnajinnie, Leona, NMENV
Cc: Schmaltz, Randy; Cobrain, Dave, NMENV; VanHorn, Kristen, NMENV; Dhawan, Neelam, 

NMENV; Chavez, Carl J, EMNRD
Subject: RE: Corrective Action Report

Thank you, Ma’am! 

Western very much appreciates everyone’s assistance on this matter.  We will proceed with backfilling the area with clean soil.  If 
anyone has questions regarding this topic going forward, please feel free to contact Randy or myself at your convenience. 

Have a great week! 

Kelly R. Robinson l Environmental
Western Refining I 111 County Road 4990 I Bloomfield, NM87413
(o) 505 632 4166 I (c) 505 801 5616 I (e) kelly.robinson@wnr.com

From: Tsinnajinnie, Leona, NMENV [mailto:Leona.Tsinnajinnie@state.nm.us]  
Sent: Monday, May 02, 2016 4:28 PM 
To: Robinson, Kelly 
Cc: Schmaltz, Randy; Cobrain, Dave, NMENV; VanHorn, Kristen, NMENV; Dhawan, Neelam, NMENV; Chavez, Carl J, 
EMNRD 
Subject: RE: Corrective Action Report 

This email was sent by an external sender. Please use caution when opening attachments, clicking web links, or 
replying until you have verified this email sender. 

Good Afternoon Kelly

NMED has reviewed Bloomfield’s Corrective Action Report and has determined that Bloomfield can move forward with
backfilling the excavation site near Tanks 42a, 42b and 43. The backfill material must be clean fill and not the
contaminated soil removed from the site.

NMED will provide a response letter to the Corrective Action Report.

Thanks,
Leona

From: Robinson, Kelly [mailto:Kelly.Robinson@wnr.com]
Sent: Thursday, April 07, 2016 6:23 AM 
To: Tsinnajinnie, Leona, NMENV 
Cc: Dhawan, Neelam, NMENV; Cobrain, Dave, NMENV; Chavez, Carl J, EMNRD; Schmaltz, Randy; Krakow, Matt; Powell, 
Brandon, EMNRD 
Subject: Corrective Action Report 

Good Afternoon Ma’am, 

In response to an oil leak originally reported to NMED-HWB and NMOCD on Saturday, March 5th, 2016, Western is submitting this 
Corrective Action Report summarizing the activities completed to-date.  This Report is being submitted as an attachment to a revised 
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C-141 Initial Report NMOCD has requested previously.  The Report documents the excavation activities completed to-date, results
from confirmation samples collected within the excavation area, and diagrams/photos showing the physical extent of the excavation.   

As you will see in the Report, the excavation efforts were completed to the extent possible at this time.  Due to the proximity of existing 
facility equipment and process piping, Western is no longer able to remove any additional soils safety.  Western is requesting 
permission to suspend any further corrective actions until such time that the active process piping/equipment are removed to provide 
safe access to the area.  This is an active investigation area under the NMED-HWB Consent Order dated July 27, 2007, and therefore 
Western is requesting that the remaining corrective actions for this area be covered under the direction of the 2007 Consent Order.  In 
addition, Western is requesting permission to backfill the excavation area to match existing grade.  This area serves as a secondary 
containment for active facility process equipment, and exposed active piping is being temporarily supported.  Western believes the
immediate threat this release had to the area has been removed by the excavation activities completed to-date.  The remaining 
corrective actions would be best complete at a later date when the area is more accessible in a safe manner. 

We would be more than happy to discuss this matter with you via a conference call to help facilitate NMED’s review of the event, if so 
desired.  Please let us know if you have any questions, or if you need any additional information not otherwise provided in this
report.  A hardcopy of this report is being sent to you, as well as to the OCD District Office and OCD Santa Fe Office. 

Thank you for your time! 

Sincerely,   

Kelly R. Robinson l Environmental
Western Refining I 111 County Road 4990 I Bloomfield, NM87413
(o) 505 632 4166 I (c) 505 801 5616 I (e) kelly.robinson@wnr.com
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Chavez, Carl J, EMNRD

From: Robinson, Kelly <Kelly.Robinson@wnr.com>
Sent: Thursday, April 07, 2016 6:23 AM
To: Tsinnajinnie, Leona, NMENV
Cc: Dhawan, Neelam, NMENV; Cobrain, Dave, NMENV; Chavez, Carl J, EMNRD; Schmaltz, 

Randy; Krakow, Matt; Powell, Brandon, EMNRD
Subject: Corrective Action Report
Attachments: Corrective Action Report.pdf

Good Afternoon Ma’am, 

In response to an oil leak originally reported to NMED-HWB and NMOCD on Saturday, March 5th, 2016, Western is submitting this 
Corrective Action Report summarizing the activities completed to-date.  This Report is being submitted as an attachment to a revised 
C-141 Initial Report NMOCD has requested previously.  The Report documents the excavation activities completed to-date, results
from confirmation samples collected within the excavation area, and diagrams/photos showing the physical extent of the excavation.   

As you will see in the Report, the excavation efforts were completed to the extent possible at this time.  Due to the proximity of existing 
facility equipment and process piping, Western is no longer able to remove any additional soils safety.  Western is requesting 
permission to suspend any further corrective actions until such time that the active process piping/equipment are removed to provide 
safe access to the area.  This is an active investigation area under the NMED-HWB Consent Order dated July 27, 2007, and therefore 
Western is requesting that the remaining corrective actions for this area be covered under the direction of the 2007 Consent Order.  In 
addition, Western is requesting permission to backfill the excavation area to match existing grade.  This area serves as a secondary 
containment for active facility process equipment, and exposed active piping is being temporarily supported.  Western believes the
immediate threat this release had to the area has been removed by the excavation activities completed to-date.  The remaining 
corrective actions would be best complete at a later date when the area is more accessible in a safe manner. 

We would be more than happy to discuss this matter with you via a conference call to help facilitate NMED’s review of the event, if so 
desired.  Please let us know if you have any questions, or if you need any additional information not otherwise provided in this
report.  A hardcopy of this report is being sent to you, as well as to the OCD District Office and OCD Santa Fe Office. 

Thank you for your time! 

Sincerely,   

Kelly R. Robinson l Environmental
Western Refining I 111 County Road 4990 I Bloomfield, NM87413
(o) 505 632 4166 I (c) 505 801 5616 I (e) kelly.robinson@wnr.com
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Chavez, Carl J, EMNRD

From: Martinez, Cynthia, NMENV
Sent: Tuesday, May 17, 2016 2:07 PM
To: Randy.Schmaltz@wnr.com
Cc: Kieling, John, NMENV; Cobrain, Dave, NMENV; Dhawan, Neelam, NMENV; VanHorn, 

Kristen, NMENV; Tsinnajinnie, Leona, NMENV; Chavez, Carl J, EMNRD; Smith, Cory, 
EMNRD; Allen.Hains@wnr.com; Kelly.Robinson@wnr.com

Subject: Letter to Mr. Schmaltz
Attachments: Western Refining Bloomfield-Response to Corrective Action Rpt.pdf

Good Afternoon All, 
The attached letter will be mailed today. 

Cynthia Martinez 
New Mexico Environment Department 
Hazardous Waste Bureau 
2905 Rodeo Park Drive East, Bldg.1 
Santa Fe, New Mexico 87505 
Phone 505-476-6000 
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Chavez, Carl J, EMNRD

From: Robinson, Kelly <Kelly.Robinson@wnr.com>
Sent: Thursday, April 07, 2016 6:23 AM
To: Tsinnajinnie, Leona, NMENV
Cc: Dhawan, Neelam, NMENV; Cobrain, Dave, NMENV; Chavez, Carl J, EMNRD; Schmaltz, 

Randy; Krakow, Matt; Powell, Brandon, EMNRD
Subject: Corrective Action Report
Attachments: Corrective Action Report.pdf

Good Afternoon Ma’am, 

In response to an oil leak originally reported to NMED-HWB and NMOCD on Saturday, March 5th, 2016, Western is submitting this 
Corrective Action Report summarizing the activities completed to-date.  This Report is being submitted as an attachment to a revised 
C-141 Initial Report NMOCD has requested previously.  The Report documents the excavation activities completed to-date, results
from confirmation samples collected within the excavation area, and diagrams/photos showing the physical extent of the excavation.   

As you will see in the Report, the excavation efforts were completed to the extent possible at this time.  Due to the proximity of existing 
facility equipment and process piping, Western is no longer able to remove any additional soils safety.  Western is requesting 
permission to suspend any further corrective actions until such time that the active process piping/equipment are removed to provide 
safe access to the area.  This is an active investigation area under the NMED-HWB Consent Order dated July 27, 2007, and therefore 
Western is requesting that the remaining corrective actions for this area be covered under the direction of the 2007 Consent Order.  In 
addition, Western is requesting permission to backfill the excavation area to match existing grade.  This area serves as a secondary 
containment for active facility process equipment, and exposed active piping is being temporarily supported.  Western believes the
immediate threat this release had to the area has been removed by the excavation activities completed to-date.  The remaining 
corrective actions would be best complete at a later date when the area is more accessible in a safe manner. 

We would be more than happy to discuss this matter with you via a conference call to help facilitate NMED’s review of the event, if so 
desired.  Please let us know if you have any questions, or if you need any additional information not otherwise provided in this
report.  A hardcopy of this report is being sent to you, as well as to the OCD District Office and OCD Santa Fe Office. 

Thank you for your time! 

Sincerely,   

Kelly R. Robinson l Environmental
Western Refining I 111 County Road 4990 I Bloomfield, NM87413
(o) 505 632 4166 I (c) 505 801 5616 I (e) kelly.robinson@wnr.com











































































































1

Chavez, Carl J, EMNRD

From: Robinson, Kelly <Kelly.Robinson@wnr.com>
Sent: Thursday, April 07, 2016 6:23 AM
To: Tsinnajinnie, Leona, NMENV
Cc: Dhawan, Neelam, NMENV; Cobrain, Dave, NMENV; Chavez, Carl J, EMNRD; Schmaltz, 

Randy; Krakow, Matt; Powell, Brandon, EMNRD
Subject: Corrective Action Report
Attachments: Corrective Action Report.pdf

Good Afternoon Ma’am, 

In response to an oil leak originally reported to NMED-HWB and NMOCD on Saturday, March 5th, 2016, Western is submitting this 
Corrective Action Report summarizing the activities completed to-date.  This Report is being submitted as an attachment to a revised 
C-141 Initial Report NMOCD has requested previously.  The Report documents the excavation activities completed to-date, results
from confirmation samples collected within the excavation area, and diagrams/photos showing the physical extent of the excavation.   

As you will see in the Report, the excavation efforts were completed to the extent possible at this time.  Due to the proximity of existing 
facility equipment and process piping, Western is no longer able to remove any additional soils safety.  Western is requesting 
permission to suspend any further corrective actions until such time that the active process piping/equipment are removed to provide 
safe access to the area.  This is an active investigation area under the NMED-HWB Consent Order dated July 27, 2007, and therefore 
Western is requesting that the remaining corrective actions for this area be covered under the direction of the 2007 Consent Order.  In 
addition, Western is requesting permission to backfill the excavation area to match existing grade.  This area serves as a secondary 
containment for active facility process equipment, and exposed active piping is being temporarily supported.  Western believes the
immediate threat this release had to the area has been removed by the excavation activities completed to-date.  The remaining 
corrective actions would be best complete at a later date when the area is more accessible in a safe manner. 

We would be more than happy to discuss this matter with you via a conference call to help facilitate NMED’s review of the event, if so 
desired.  Please let us know if you have any questions, or if you need any additional information not otherwise provided in this
report.  A hardcopy of this report is being sent to you, as well as to the OCD District Office and OCD Santa Fe Office. 

Thank you for your time! 

Sincerely,   

Kelly R. Robinson l Environmental
Western Refining I 111 County Road 4990 I Bloomfield, NM87413
(o) 505 632 4166 I (c) 505 801 5616 I (e) kelly.robinson@wnr.com
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Executive Summary

This report is a summary of monitoring activities conducted in 2014 at the River Terrace 

Bioventing System located at the Bloomfield Refinery. The following is a synopsis of activities 

performed at the River Terrace in 2014.

Dewatering System

The Dewatering System consists of two dewatering wells (DW-1 and DW-3), and a collection 

gallery, each is equipped with a dedicated submersible pump.  The addition of DW-3 allowed for 

enhanced dewatering capability within the southwest corner of the River Terrace area, the area 

with the highest dissolved phase concentrations.  The well extends approximately six feet below 

the water table, and is constructed to allow for higher groundwater recovery efficiency.   

Groundwater pumped by the dewatering system is pumped through two GAC filters positioned 

in series before discharging into the facility raw water ponds.  A total of 219,715 gallons of 

impacted groundwater was removed and treated through the GAC filters in 2014. The number of 

gallons removed was substantially lower in 2014 in comparison to 2013. This is due in part to 

the continued below average San Juan River flow rates and the absence of a spring run-off in 

2014. Also, in response to the lower water table at the river terrace the dewatering system has 

been adjusted to operate at a slower rate in order to help protect the pumping equipment. 

Aeration System
The optimized aeration system ran throughout 2014, except during times when regular 

maintenance was performed on the mechanical equipment.  The aeration system includes an 

air sparging component, which allows for air to be injected both within the subsurface and below 

the groundwater surface.  The air pressure readings collected at each of the biovent well, air 

sparging line, and at the main air blower were consistent, affirming an even distribution of air 

throughout the biovent area.  

Soil gas field measurements were collected at selective TP wells.  The field readings show that 

there exists sufficient oxygen levels in the biovent area subsurface to sustain bioremedial 

activity.

Western has conducted three separate in-situ respiration tests at the River Terrace area in May 

2006, September 2007, and October 2009. In a response letter from the New Mexico 
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Environment Department – Hazardous Waste Bureau (NMED) dated November 23, 2010 

(NMED, 2010), NMED granted approval to discontinue conducting the in-situ respiration tests. 

Therefore to-date, no additional in-situ respiration testing has been conducted.

Groundwater Monitoring
On-going groundwater monitoring activities were conducted in 2014. Groundwater samples 

were collected from selected TP and monitoring wells during low flow operating conditions of the 

San Juan River. No high flows samples were collected because of lack of a San Juan River high 

flow event. 

Conclusions

Soil gas field measurements indicate that the aeration system has been successful in 

maintaining sufficient oxygen within the subsurface to help sustain bioremedial activity.  

Groundwater samples indicate that the impacted groundwater in the River Terrace area remains 

within the influence area of the aeration system.  GAC filter monitoring results indicate that the 

GAC filter system is successful at treating the extracted groundwater.  

The groundwater sample results show that the slurry wall is continuing to perform as designed, 

preventing impacted ground water from reaching the river.  Elevated groundwater 

concentrations are localized to the area around DW-3.  The analytical for samples collected at 

monitoring well MW-49, located on the river side of the river terrace slurry wall, show that the 

San Juan River continues to not be impacted by the groundwater impacts within the biovent 

area. 
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Section 1
Introduction
1.1 Site Location and Description

Owner: San Juan Refining Company, a New Mexico Corporation
1250 Washington Street
Tempe, Arizona 85281

Operator:  Western Refining Southwest, Inc.
(Formerly Giant Industries Arizona, Inc.), an Arizona Corporation
1250 Washington Street
Tempe, Arizona 85281

Facility: Bloomfield Terminal (physical address)
# 50 Road 4990
Bloomfield, New Mexico 87413  

Western Refining Southwest, Inc. (postal address)
P.O. Box 159
Bloomfield, New Mexico 87413

US EPA ID:  NMD089416416

SIC Code: 5171 (Previously Operated under 2911)

The former Bloomfield Refinery Facility is currently owned by San Juan Refining Company, a 

New Mexico corporation, and operated by Western Refining Southwest, Inc. formerly known as 

Giant Industries Arizona, Inc., an Arizona corporation.  The former Bloomfield Refinery had an 

approximate refining capacity of 18,000 barrels per day.  Various process units operated at the 

facility, including crude distillation, reforming, fluidized catalytic cracking, sulfur recovery, merox 

treater, catalytic polymerization, and diesel hydrotreating.  Products produced at the refinery 

included gasoline, diesel fuels, jet fuels, kerosene, propane, butane, naphtha, residual fuel, fuel 

oils, and LPG.

The Facility is located on approximately 263 acres south of Bloomfield, New Mexico in San Juan 

County (Figure 1). The Facility complex is bisected by County Road 4990 (Sullivan Road), 

which runs east-west.  The process units, tank farm, wastewater treatment system, raw water 

ponds, and fire training area are located north of the county road.  The crude oil and product 

unloading areas, loading racks, maintenance buildings/90-day storage area, pipeline offices, 

transportation truck shop, and Class I injection well are located south of the country road (Figure 

2).
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The former Refinery is located on a bluff 120 feet above the south side of the San Juan River. 

The top of the bluff is relatively flat and is at an elevation of 5,540 feet above sea level.  Based

on the available site-specific and regional subsurface information, the site is underlain by the 

Quaternary Jackson Lake terrace deposits, which unconformably overlie the tertiary Nacimiento 

Formation.  The Jackson Lake deposits consist of fine grained sand, silt, and clay that grades to 

course sand, gravel and cobble size material closer to the contact with the Nacimiento 

Formation. The Jackson Lake Formation is over 40 feet thick near the southeast portion of the 

site and generally thins to the northwest toward the San Juan River.  The Nacimiento Formation 

is primarily composed of fine grained materials (e.g., carbonaceous mudstone/claystone with 

interbedded sandstones) with a reported local thickness of approximately 570 feet 

(Groundwater Technology, 1994).

The River Terrace Area is located north of the Hammond Ditch, approximately 120 feet lower in 

elevation than the Former Refinery process and Tank Farm areas.  Since 2006, Western has 

operated a bioventing system for the purpose of providing oxygen to the subsurface and support 

aerobic biodegradation of petroleum hydrocarbons that were identified in soil along the western 

portion of the River Terrace to a depth of approximately 8 feet below existing grade surface 

(bgs).

In 2013, optimization activities to the biovent system were completed which included removal of 

impacted soil, installation of an air sparging system, and installation of an additional dewatering 

well.  These enhancements allowed for the system to continue to target the subsurface soils, as 

well as enhance the groundwater remediation efforts through additional pumping and air 

sparging.  

The River Terrace System currently consists of the following:

Five biovent wells (BV-1, BV-3, BV-4, BV-5, and BV-6);
Ten temporary piezometers (TP-3, TP-5, TP-6, TP-7 thru TP-13);
Three dewatering wells (DW-1, DW-2, and DW-3);
Two monitoring wells (MW-48, and MW-49); 
Two air sparging lines (Air Sparging Line A, and Air Sparging Line B); and 
One collection gallery. 

The active dewatering system consists of two dewatering wells (DW-1 and DW-3) and a 

collection gallery, each equipped with variable-speed submersible pumps.  The collection 

gallery, consisting of a 4-inch perforated pipe with an 8-inch diameter vertical riser pipe and 

submersible pump, was installed and placed into operation by early October 2009.  Dewatering 
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well DW-3 was installed as part of the most recent optimization activities, and is constructed 

with a 4-inch machine slotted PVC well casing that is placed inside a 5.5-inch diameter steel 

pipe.  The steel pipe is packed with larger diameter cobbles, allowing for better groundwater 

pumping efficiency.  The dewater system pumps water through two GAC filters before 

discharging to the facility raw water ponds.  The purpose of the dewatering system is used to 

enhance the effectiveness of the bioventing system by dewatering the influenced area, and also 

remove impacted groundwater for treatment.

Installation of the air sparging component of the biovent system was completed in late 2012, 

and consists of two air sparging lines (Air Sparging Line A and Air Sparging Line B).  Each air 

sparging line consists of air sparging tubes that extend down into the groundwater (Western 

Refining, 2013).  Air from the biovent main air blower is pushed into each sparging tube, 

causing a bubbling effect in the groundwater while also oxygenating the surrounding 

subsurface.   

The biovent portion of the system continues to remain active, although the majority of the 

impacted soils within the subsurface were removed as part of the completed optimization 

activities.  The main air blower injects air into the subsurface through the BV wells.  The air 

supply promotes biodegradation within the subsurface.
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Section 2
Background
This section presents a summary of the events and activities conducted at the River Terrace 

Area since 1999.  

1999

Installation of a bentonite slurry and sheet pile barrier wall adjacent to the San Juan
River was completed.  The barrier extends approximately 35 feet below the ground 
surface, and extends around the perimeter of the riverbank from the bluff opposite the 
west end of the process area to the river inlet station.  The bentonite slurry and sheet 
pile barrier wall was installed to prevent hydrocarbons from migrating into the San Juan 
River.

2004

Two groundwater monitoring wells were installed (MW-48 and MW-49) to replace two 
piezometers (P-4 and P-5).  In addition, eight temporary piezometers were installed (TP-
1 through TP-8). The purpose of installing the monitoring wells and piezometers was to 
determine the extent of hydrocarbon impacts in soil on the refinery side of the bentinite 
slurry wall and sheet pile barrier.  

2005

Bloomfield Refinery initiated construction of the River Terrace Bioventing Project to 
provide oxygen to the subsurface and support aerobic biodegradation of petroleum 
hydrocarbons existing in the soil at the River Terrace.  Construction activities included
the following:

o Installation of five additional piezometers (TP-9 through TP-13) within the eastern 
portion of the River Terrace area.

o Construction of an aeration system designed to increase bioremedial activity in 
the subsurface.  The aeration system included installation of 13 bioventing wells 
(BV-1 through BV-13), all located within the western portion of the River Terrace 
area. The bioventing wells were installed in August 2005.

o Construction of a dewatering system designed to expand the bioremedial vadose 
zone.  The dewatering system included installation of two dewatering wells (DW-
1 and DW-2).  The dewatering wells were installed in August 2005.  

2006

Operation of the Bioventing System commenced in January 2006. System monitoring 
activities were conducted in compliance with the approved River Terrace Voluntary 
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Corrective Measures Monitoring Plan (Revised) dated October 28, 2005 (Malcolm Pirnie, 
2005).

An In-Situ Respiration Test was conducted in May 2006. The results of the In-Situ Test 
were used to evaluate progress of the bioremedial activity.

Quarterly performance monitoring was conducted in March, June, September, and 
December of 2006. 

2007

Quarterly performance monitoring of the Bioventing System was conducted in February, 
June, August, and October.

An In-Situ Respiration Test was conducted in September.  The results of the In-Situ Test 
were used to evaluate progress of the bioremedial activity.

The dewatering pumps were replaced in February 2007.

Breakthrough in the lead GAC (V-612) was detected in April 2007.  Upon confirmation of 
breakthrough, GAC filter V-611 became the lead GAC filter. V-612 was replaced and 
placed back in service in June as the lag filter. 

2008

Quarterly performance monitoring activities for the Bioventing System were conducted in 
March, May, July, and November.

The aeration system blower bearings were replaced in February 2008. 

The dewatering pump equipped in monitoring well MW-48 was replaced in August 2008.

Blower piping was upgraded in October 2008.

2009

Quarterly performance monitoring for the Bioventing System was conducted in March, 
April, September, and October 2009.

An In-Situ Respiration Test was conducted during the week of October 26, 2009.  

In order to improve and optimize the dewatering system, a collection gallery, pump, and 
piping system were installed in the southwest portion of the River Terrace and put in 
service October 13, 2009.
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2010

Quarterly performance monitoring for the Bioventing System was conducted in March, 
April, July, and October of 2010.

Following suspension of refining operations on November 23, 2009, operation of the 
River Pump station decreased, thus impacting the frequency of the River Terrace 
dewatering system.  Although the aeration system continued to operate consistently, 
operation of the dewatering system has become infrequent due to the decreased 
demand for fresh water to support current facility operations.

2011

In March 2011, Western received approval from NMED-HWB to modify the piping of the 
River Terrace dewatering system.  Piping modifications included installation of a 3,000-
gallon surge tank and booster pump which allows the treated water from the River 
Terrace dewatering system to discharge directly into the Refinery’s fresh water ponds.  
Piping modifications were completed in April 2011.

Approved modifications to on-going monitoring at the River Terrace (NMED, 2011) were 
implemented as part of the 2011 sampling program for the River Terrace.  High and low 
flow monitoring events were conducted in June 2011 and July 2011, respectively.

Quarterly performance monitoring of the Biovent System GAC filters inlet and outlet
occurred in March, May, July, and October of 2011.  

Monthly samples were collected at the discharge of the lead GAC filter on a monthly 
basis, with the exception that a sample was not collected in April 2011 due to the 
dewatering system being off-line.

2012

In June 2012, the lead GAC filter was exchanged for a new filter.  The biovent 
dewatering system consists of two GAC filters that operate in series. The new filter was 
placed in the lag position, and the previous lag filter was placed in the lead position.

In October 2012, Western submitted a Work Plan that summarized proposed activities to 
optimize the remediation progress at the River Terrace.  Approval of the Work Plan was 
issued by NMED-HWB on October 12, 2012.  Field activities commenced on October 20, 
2012 and included the following activities:

o Removal of impacted clay soil at the River Terrace;

o Installation of a sparging piping to target areas of the river terrace where 
groundwater is impacted;

o Decommissioning of TP-1, TP-2, BV-2, and BV-7 through BV-13 were all 
decommissioned during excavation activities.
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o Air Sparging Line A and Air Sparging Line B were added to system.

2013

Western completed and put into service dewatering well DW-3 located within the
southwest corner of the River Terrace.  This new dewatering well adds additional value to 
the current dewatering system at the river terrace as historical analysis have shown this 
area to contain higher concentrations of impacted groundwater.  

The High Flow Monitoring Event did not take place in 2013.  The one week spring peak 
release (5,000 cfs) did not take place because of the threat of a water shortage in the San 
Juan River Basin.  San Juan County is experiencing a severe drought.

2014

Quarterly performance monitoring of the GAC filters for the Bioventing System was 
conducted in March, April, July, and October of 2014.

The High Flow Monitoring Event did not take place in 2014.  The one week spring peak 
release (5,000 cfs) did not take place because of the threat of a water shortage in the San 
Juan River Basin.  San Juan County is experiencing a severe drought.
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Section 3
Performance Monitoring
Performance monitoring at the River Terrace area includes collecting groundwater and soil gas 

samples for laboratory analysis, collecting field measurement and system readings, and evaluating 

system treatment performance by the GAC filter system. The location of the river terrace wells and 

aeration system is shown in Figure 3 and Figure 4. A summary of the field methods used to conduct 

performance monitoring at the River Terrace is provided in Appendix B. The following is a summary of 

monitoring activities conducted at the River Terrace area in 2014.

3.1 Groundwater Monitoring

Groundwater samples were collected in 2014 only during low flow operation of the San Juan 

River (i.e. with a river flow rate of approximately 500 scfm). The San Juan River did not 

experience a high flow operating period in 2014 due to extreme drought conditions in the area, 

and thus a High Flow Sampling Event did not occur in 2014. Groundwater sampling activities 

during low flow conditions of the San Juan River were conducted during the week of April 21, 

2014. The following is a summary of activities performed during the groundwater monitoring 

event conducted in 2014.

3.1.1 Groundwater Measurements

Depth-to-groundwater and depth-to-product measurements were collected from each of the TP-

5, TP-6, TP-8, TP-9, DW-3, and MW-49 prior to the collection of groundwater samples during 

the San Juan River low flow sampling events.  A summary of the groundwater measurements is 

provided in Table 2.

3.1.2 Groundwater Field Parameters

Groundwater field parameters (temperature, pH, conductivity, D.O., and ORP) were collected 

prior to collecting groundwater samples. Groundwater field parameters were collected from TP-

5, TP-6, TP-8, TP-9, DW-3, and MW-49. A summary of the groundwater field parameters 

collected during the sampling event are included in Table 2.
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3.1.3 Groundwater Sampling

In 2014, groundwater samples were collected from TP-5, TP-6, TP-8, TP-9, DW-3, and MW-49.  

Groundwater samples were submitted to Hall Environmental Analytical Laboratory and analyzed 

for the following constituents:

Volatile Organic Compounds – BTEX and MTBE by EPA Method 8021B;

Total Petroleum Hydrocarbons (TPH) – Gasoline Range Organics (GRO) by EPA 
Modified Method 8015B;

Total Petroleum Hydrocarbons (TPH) – Diesel Range Organics (DRO) by EPA Modified 
Method 8015B; and

Total Recoverable Metals – Total lead by EPA Method 6010C.

3.2 Soil Vapor Monitoring

3.2.1 Pressure Readings

During the sampling event, field pressure readings were collected from TP-5, TP-6, TP-8, TP-9,

and MW-49 using a hand-held magnahelic gauge connected to the sample port at the top of 

each well. Refer to Table 1 for a summary of the pressure readings collected at the TP wells 

and MW-49 in 2013.

Injection pressure readings were collected from the bioventing wells, the air sparging lines, and 

at the discharge of the main air blower as part of the Low Flow Sampling Event activities. Table 

3 provides a summary of the field readings collected in 2014.

3.2.2 Soil Gas Field Parameters

Field measurements of soil gas hydrocarbons (using a PID), oxygen, and carbon dioxide 

concentrations (using a multi-gas meter) were collected from TP-5, TP-6, TP-8, TP-9, MW-49, 

and DW-3 during the Low Flow Sampling Event. A summary of the soil gas field parameters is 

provided in Table 1.

3.2.3 Soil Gas Sampling

Soil gas samples were collected from TP-5, TP-6, TP-8, TP-9, DW-3, and MW-49 during low 

flow operation of the San Juan River. All soil gas samples were collected in tedlar bags, and 

submitted to Hall Environmental Analytical Laboratory to be analyzed for the following 

parameters:

Volatile Organic Compounds – BTEX by EPA Method 8021B
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Total Petroleum Hydrocarbons – GRO by EPA Method 8015B 

A summary of the soil gas analytical results is provided in Table 1.

3.3 Bioventing System Performance Monitoring

3.3.1 GAC Sampling

Extracted groundwater from the active dewatering wells is treated prior to discharging to the raw 

water ponds, located within the east portion of the refinery.  Extracted groundwater is pumped 

through two granular activated carbon (GAC) filters positioned in series for removal of 

dissolved-phase hydrocarbons.

GAC influent (GAC-Inlet) samples, GAC effluent samples (GAC-Lag), and lead GAC filter 

effluent samples (GAC-Lead) were collected quarterly. Samples were submitted to Hall 

Environmental Analytical Laboratory and analyzed for the following parameters: (Reference 

Table 4).

Volatile Organic Compounds – BTEX and MTBE by EPA Method 8021B
Total Petroleum Hydrocarbons – Gasoline Range Organics by EPA Method 8015B
Total Petroleum Hydrocarbons – Diesel Range Organics by EPA Method 8015B

Additional samples were collected at the outlet of the lead GAC (GAC-LEAD) monthly during 

2014.  On April 7th, 2014, samples were collected at the GAC-LAG and GAC-LEAD sample 

locations. The sample results indicated detected concentrations of TPH-GRO at both sample 

locations, with the highest concentration detected at the GAC-LAG.  Without making any 

adjustments to the system operations, a second set of confirmation sample were collected on 

May 8th, 2014.  The May 8th analytical report and all subsequent samples collected in 2014 

show no detectable concentrations of TPH-GRO at both the GAC-LAG and GAC-LEAD.  

Western believes that the analytical results for the April 7th sample were due to sampling error.

As part of the baseline monitoring of the groundwater recovery system, additional GAC-INLET 

samples were collected periodically in 2014 to closely monitor the inlet concentration of 

groundwater as DW-3 continued to operate.  The samples were analyzed for BTEX, TPH-DRO, 

and TPH-GRO.  A summary of the analytical results for samples collected at the GAC filters is 

provided in Table 4.  
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3.3.2 In-Situ Respiration Test

Western has conducted three separate in-situ respiration tests at the River Terrace area in May 

2006, September 2007, and October 2009. The suspension of refining operations causes the 

dewatering system to operate intermittently which in turn affects exposure of the vadose zone 

thus affecting the accuracy of the in-situ respiration test. In a response letter from NMED dated 

November 23, 2010 (NMED, 2010), NMED-HWB granted approval to discontinue conducting 

the in-situ respiration tests. Therefore an in-situ respiration was not performed in 2014.
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Section 4
Conclusions and Recommendations
This section summarizes and provides an evaluation of the results shown in field monitoring

data and analytical data.  The analytical reports for groundwater and soil gas samples are 

provided in Appendix D.  The regulatory criteria and groundwater clean-up standards used to 

compare the river terrace sample results are provided in Appendix A.

4.1 Conclusions

4.1.1 Groundwater Monitoring

Groundwater samples were collected at specific wells and analyzed for volatile organic 

compounds (benzene, toluene, ethylbenzene, xylenes, and MTBE), TPH-DRO, TPH-GRO, and

total metals (lead).  The analytical results for samples collected in 2014 during San Juan River 

low flow conditions were below their respective screening levels with the following exceptions:

Benzene was detected at concentrations above the respective MCL (0.005 mg/L) at one
location (DW-3).  The concentration of benzene detected was 0.067 mg/L.

Ethylbenzene was detected at concentrations above the respective MCL (0.7 mg/L) at 
one location (DW-3).  The concentration of ethylbenzene detected was 0.720 mg/L.

Xylenes were detected at concentrations above the respective WQCC screening level of 
0.62 mg/L at one location (DW-3).  The concentration of xylene detected was 1.300
mg/L.

TPH-DRO was detected at concentrations above the respective NMED screening level 
of 0.2 mg/L at four locations (DW-3, TP-5, TP-6, and TP-8).  The highest concentration 
of TPH-DRO was detected at TP-8 (2.3 mg/L).

Table 2 provides a summary of the analytical groundwater results.  A concentration map

showing the benzene, toluene, ethylbenzene, and xylenes concentrations for the River Terrace 

wells during low flow conditions is provided in Figure 5.

4.1.2 Soil Vapor Monitoring 

Soil gas field readings were collected to measure organics, oxygen, and carbon dioxide in the 

subsurface.  The PID meter detected low level concentrations of organics, ranging from 0.8 ppm 

to 25.8 ppm.  The highest concentration was detected at DW-3, located within the active area of 

the bioventing system.  The measured oxygen levels ranged from 19.0 % to 20.9 % throughout 

the River Terrace.
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Soil gas samples were collected at specific wells and analyzed for volatile organic compounds 

(benzene, toluene, ethylbenzene, and xylenes), and TPH-GRO.  A summary of the results is 

provided in Table 1. Figure 6 is a concentration map showing the benzene, toluene, 

ethylbenzene, and xylenes concentrations for the River Terrace wells during low flow conditions.

The analytical results for samples collected in 2014 were not detected above the respective 

laboratory screening level, with the exception of the following:

Benzene was detected in a sample collected at DW-3, with a concentration detected of 
0.74 ug/L. during low flow stages of the San Juan River.  

Ethylbenzene was detected in samples collected at DW-3, with a concentration detected 
of 12.0 ug/L during low flow stages of the San Juan River.

Xylene was detected in samples collected at DW-3, with a concentration detected of
20.0 ug/L during low flow states of the San Juan River.

TPH-GRO was detected in samples collected at DW-3 with a concentration detected of
(150.0 ug/L) during low flow states of the San Juan River.   

Soil gas field measurements indicate that the aeration system has been successful in 

maintaining sufficient oxygen within the subsurface to help sustain bioremedial activity. The 

elevated PID field readings correlate with the respective soil gas analytical results.  Well location 

DW-3 shows the highest soil gas concentrations, which also correlates to the groundwater 

results in this location.    

4.1.3 Optimized Biovent System Monitoring

A total of 219,715 gallons of impacted groundwater was removed and treated through the GAC 

filters. The number of gallons removed was substantially lower in 2014 in comparison to 2013.

The lower number of gallons removed from the system is due to the fact that the one week 

spring peak release (5000 cfs) did not take place, and also due in-part to the lower than normal 

operation of the San Juan River flows for 2014. Also, in response to the lower water table at the 

river terrace the dewatering system has been adjusted to operate at a slower rate in order to 

help protect the pumping equipment.

Pressure readings were collected at the biovent wells, air sparging lines, and the main air 

blower in 2014.  The air injection system ran consistently throughout 2014 and required no 

changes to the air distribution.  The pressure readings at each BV well was consistent and at a 

sufficient level to provide aeration to the vadose zone.  
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4.2 Recommendations

Groundwater monitoring data collected in 2014 continues to shows that groundwater impacts 

are localized to within the southwest portion of the River Terrace, with the highest 

concentrations within the vicinity of DW-3.  Western believes that it is no longer necessary to 

monitor the eastside of the River Terrace because no contamination has been found there as 

demonstrated by the data.

Western believes that soil gas monitoring in the River Terrace System no longer provides any 

value. Western believes this because air samples do not show any additional information

outside of the groundwater results. Western has removed the impacted soil from the River 

Terrace System and believes the groundwater is our main focus for remediation.
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Table 1
2014 Soil Gas Monitoring Data Summary

Page 1 of 4

Sample 
Location

Sampling
Activities

Date Purge
 Volume 

(L)

Depth to Water 
(ft below TOC)

Pressure 
(Inches of Water)

PID  
(ppm)

Oxygen
 (%)

Carbon 
Dioxide 

 (%)

Benzene  
(ug/L)

Toluene  
(ug/L)

Ethylbenzene
 (ug/L)

Xylenes
 (ug/L)

TPH-GRO
(ug/L)

TP
-1 ***Decommissioned  

November 2012
November 

2012 *** *** *** *** *** *** *** *** *** *** ***

TP
-2 ***Decommissioned  

November 2012
November 

2012 *** *** *** *** *** *** *** *** *** *** ***

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of     
07-09-13 20* 7.11 0.00 2.2 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 NR2 5.32 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012
Week of     
04-09-12 NR2 7.37 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2011
Week of     
06-13-11 NR2 5.80 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011
Week of     
07-26-11 12.9 7.71 0.00 0.1 20.3 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014
Week of 
04/21/14 9.5 5.19 0.00 5.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 4.95 0.00 1.1 19.4 0.0 <0.10 <0.10 <0.10 <0.30 6.9

High Flow 2012 Week of 
05-31-12 6.3 3.42 0.00 0.8 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2012
Week of     
04-19-12 9.4 5.09 0.50 0.6 20.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2011 Week of     
07-26-11 10.3 5.69 0.40 2.2 20.3 0.0 <0.10 <0.10 <0.10 <0.30 12.0

High Flow 2011
Week of     
06-13-11 9.0 4.95 0.00 0.9 19.4 0.1 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014
Week of 
04/21/14 11.2 6.11 0.00 2.8 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/9/13 20* 5.79 0.00 0.1 19.1 0.1 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 7.5 4.06 0.00 0.2 20.9 0.0 <0.10 <0.10 <0.10 <0.30 7.9

Low Flow 2012
Week of     
04-19-12 11.0 6.01 0.00 0.0 20.8 0.0 <0.10 <0.10 <0.10 <0.30 6.8

Low Flow 2011
Week of     
07-26-11 11.9 6.58 0.50 0.5 20.3 0.0 <0.10 <0.10 <0.10 <0.30 10

High Flow 2011
Week of     
06-13-11 9.7 5.36 0.00 0.9 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **
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Table 1
2014 Soil Gas Monitoring Data Summary

Page 2 of 4

Sample 
Location

Sampling
Activities

Date Purge
 Volume 

(L)

Depth to Water 
(ft below TOC)

Pressure 
(Inches of Water)

PID  
(ppm)

Oxygen
 (%)

Carbon 
Dioxide 

 (%)

Benzene  
(ug/L)

Toluene  
(ug/L)

Ethylbenzene
 (ug/L)

Xylenes
 (ug/L)

TPH-GRO
(ug/L)

Low Flow 2013
Week of 
07/09/13 20* 5.59 0.00 0.0 17.8 2.7 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 NM 2.73 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012
Week of     
07-01-12  NM 5.79 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011
Week of     
07-26-11 10.6 6.15 0.00 0.1 19.8 0.4 <0.10 <0.10 <0.10 <0.30 5.8

High Flow 2011
Week of     
06-13-11 11.0 2.95 0.00 0.1 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014
Week of 
04/21/14 11.4 6.22 0.00 1.2 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 6.29 0.00 11.8 18.5 0.7 <0.10 <0.10 0.12 <0.30 17.0

High Flow 2012 Week of 
05-31-12 9.2 5.02 0.00 0.6 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2012
Week of     
04-19-12 11.9 6.50 2.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2011
Week of     
07-26-11 12.5 7.46 3.90 0.5 20.3 0.0 <0.10 <0.10 <0.10 <0.30 8.7

High Flow 2011
Week of     
06-13-11 11.3 6.26 0.00 0.1 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014
Week of 
04/21/14 12.8 6.98 0.00 2.1 19.0 1.7 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 5.23 0.00 0.6 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 4.0 2.18 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2012
Week of     
04-19-12 10.6 5.75 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2011
Week of     
07-26-11 9.7 5.93 0.00 0.5 20.8 0.0 <0.10 <0.10 <0.10 <0.30 8.2

High Flow 2011 Week of     
06-13-11 4.9 2.13 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 4.99 0.00 0.5 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 NR2 2.82 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of     
04-19-12 NR2 5.33 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of     
07-26-11 9.1 5.57 0.00 0.1 20.5 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
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Table 1
2014 Soil Gas Monitoring Data Summary

Page 3 of 4

Sample 
Location

Sampling
Activities

Date Purge
 Volume 

(L)

Depth to Water 
(ft below TOC)

Pressure 
(Inches of Water)

PID  
(ppm)

Oxygen
 (%)

Carbon 
Dioxide 

 (%)

Benzene  
(ug/L)

Toluene  
(ug/L)

Ethylbenzene
 (ug/L)

Xylenes
 (ug/L)

TPH-GRO
(ug/L)

High Flow 2011 Week of     
06-13-11 NR2 3.08 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 5.45 0.00 0.3 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 NR2 3.48 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012
Week of     
04-19-12 NR2 5.75 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2011 Week of     
06-13-11 NR2 3.81 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011
Week of     
07-26-11 9.8 6.03 0.00 0.0 20.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 7.10 0.00 0.1 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 NR2 5.00 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012
Week of     
04-19-12 NR2 7.45 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2011
Week of     
06-13-11 NR2 5.24 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011
Week of     
07-26-11 12.9 7.67 0.00 0.2 20.5 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 5.88 0.00 0.1 19.3 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 NR2 3.78 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012
Week of     
04-19-12 NR2 6.29 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2011 Week of     
06-13-11 NR2 3.82 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011
Week of     
07-26-11 10.8 6.46 0.00 0.2 20.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 80* 9.64 0.00 0.0 19.0 0.4 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2012 Week of 
05-31-12 NM 3.99 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012
Week of     
04-19-12 NM 6.41 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2011
Week of     
06-13-11 75.1 4.54 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2011
Week of     
07-26-11 101.0 6.68 0.00 0.5 20.3 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **
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Table 1
2014 Soil Gas Monitoring Data Summary

Page 4 of 4

Sample 
Location

Sampling
Activities

Date Purge
 Volume 

(L)

Depth to Water 
(ft below TOC)

Pressure 
(Inches of Water)

PID  
(ppm)

Oxygen
 (%)

Carbon 
Dioxide 

 (%)

Benzene  
(ug/L)

Toluene  
(ug/L)

Ethylbenzene
 (ug/L)

Xylenes
 (ug/L)

TPH-GRO
(ug/L)

Low Flow 2014
Week of 
04/21/14 50.7 6.92 0.00 25.8 20.3 0.6 0.74 <0.10 12.0 20.0 150.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 20* 6.64 0.00 9.7 18.7 0.6 0.25 <0.10 1.30 11.0 61.0

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014
Week of 
04/21/14 73.9 10.08 0.00 0.8 19.9 0.8 <0.10 <0.10 <0.10 <0.30 <5.0

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013
Week of 
07/09/13 50* 9.17 0.00 0.1 17.0 2.9 <0.10 <0.10 <0.10 <0.30 <5.0

HighFlow 2012 Week of 
05-31-12 42.3 5.76 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2012
Week of     
04-19-12 70.1 9.56 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Low Flow 2011
Week of     
07-26-11 67.0 9.76 0.00 0.2 19.7 0.3 <0.10 <0.10 <0.10 <0.30 5.4

High Flow 2011
Week of     
06-13-11 45.3 5.74 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0

Notes:
NR1 = Not Required (NMED, 2009)
NR2 = Not Required (NMED, 2011)                4-inch wells were pumped for 5 minutes; and 6-inch wells were pumped for 8 minutes.
NM = Not Measured **  Due to drought, river conditions never met high flow requirements.

*** Well Decommissioned November 2012 as part of biovent system enhancements.

*  Purge volumes based on calculation of approximately 10 L/min pumping rate.  2-inch diameter wells pumped for approximately 2 minutes; 

NA =  Inadvertently not Analyzed
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           TABLE 2
2014 Groundwater Monitoring Data Summary

Page 1 of 4

MCL
WQCC 20NMAC 

6.2.3103

MCL WQCC 
20NMAC 
6.2.3103

USEPA 
Regional 

Screening 
Levels

0.005 0.75 0.700 0.620 0.012 0.2 1.00 0.05 0.0150 0.002

TP
-1 ***Decommissioned       

November 2012
November 

2012 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

TP
-2 ***Decommissioned       

November 2012
November 

2012 *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 7.11 NPP 12.35 421 2.06 62 7.47 66.4 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.05 NR2 NR2 0.0051 NR2

High Flow 2012 Week of 
05/29/12 5.32 NPP 12.35 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of 
04/09/12 7.37 NPP 12.35 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of 
07/25/11 7.71 NPP 12.35 434 3.76 256 6.30 66.2 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.005 NR2

High Flow 2011 Week of 
06/13/11 5.80 NPP 12.35 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014 Week of 
04/22/14 5.19 NPP 8.84 526 0.34 -251 7.30 53.7 <0.005 <0.005 0.027 0.450 <0.005 2.2 4.0 NR2 NR2 0.012 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 4.95 NPP 8.84 431 2.55 -210 7.56 68.1 <0.010 <0.010 0.022 0.590 <0.010 0.69 4.6 NR2 NR2 0.013 NR2

High Flow 2012 Week of 
05/29/12 3.42 NPP 8.84 470 1.48 -33 6.30 61.1 <0.005 <0.005 0.017 0.450 <0.005 1.10 4.20 NR2 NR2 0.0260 NR2

Low Flow 2012 Week of 
04/09/12 5.09 NPP 8.84 363 0.93 -266 6.80 50.9 <0.005 <0.005 0.020 0.410 <0.005 0.60 1.80 NR2 NR2 0.3600 NR2

Low Flow 2011 Week of 
07/26/11 5.69 NPP 8.84 932 1.78 192 6.70 68.5 <0.010 <0.01 0.051 1.200 <0.025 0.24 4.9 NR2 NR2 0.0550 NR2

High Flow 2011 Week of 
06/13/11 4.95 NPP 8.84 561 0.72 273 6.95 62.2 <0.010 <0.01 0.350 4.200 <0.025 3.20 20 NR2 NR2 0.0580 NR2

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014 Week of 
04/22/14 6.11 NPP 9.94 552 4.25 -83 7.11 53.5 <0.001 <0.001 0.028 0.093 <0.001 1.7 3.5 NR2 NR2 0.0084 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 5.79 NPP 9.94 457 6.84 -7 7.71 70.2 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0100 NR2

High Flow 2012 Week of 
05/29/12 4.06 NPP 9.94 450 1.67 -6 7.10 61.9 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 0.360 NR2 NR2 0.0240 NR2

Low Flow 2012 Week of 
04/09/12 6.01 NPP 9.94 612 6.00 -64 7.53 51.0 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0230 NR2

Low Flow 2011 Week of 
07/26/11 6.58 NPP 9.94 706 3.90 182 6.70 68.1 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.0050 NR2

High Flow 2011 Week of 
06/13/11 5.36 NPP 9.94 699 1.08 153 6.89 62.0 <0.001 <0.001 0.002 0.002 <0.0025 <0.20 0.2 NR2 NR2 0.0520 NR2

40 CFR 141.62 (MCL)WQCC 20NMAC 
6.2.3103 

*TPH Screening Guidelines 
Table 2a

TPH-GRO
   (mg/L)  

TPH-DRO
   (mg/L)

Lead
(mg/L)

Mercury
(mg/L)

Barium
(mg/L) Chromium

(mg/L)
ORP   
(mV)

D.O.   
(mg/L) 

MTBE   
(mg/L)

Benzene  
 (mg/L)

Sampling
Event

Depth to Water
(ft below TOC)

Xylene   
(mg/L)

Ethylbenzene
   (mg/L)

Toluene   
(mg/L)

Sample  
Location DATE pH TEMP   

(ºF)
Conductivity
(umhos/cm)

Total Well Depth
(ft below TOC)

Depth to Product
(ft below TOC)
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           TABLE 2
2014 Groundwater Monitoring Data Summary

Page 2 of 4

MCL
WQCC 20NMAC 

6.2.3103

MCL WQCC 
20NMAC 
6.2.3103

USEPA 
Regional 

Screening 
Levels

0.005 0.75 0.700 0.620 0.012 0.2 1.00 0.05 0.0150 0.002

40 CFR 141.62 (MCL)WQCC 20NMAC 
6.2.3103 

*TPH Screening Guidelines 
Table 2a

TPH-GRO
   (mg/L)  

TPH-DRO
   (mg/L)

Lead
(mg/L)

Mercury
(mg/L)

Barium
(mg/L) Chromium

(mg/L)
ORP   
(mV)

D.O.   
(mg/L) 

MTBE   
(mg/L)

Benzene  
 (mg/L)

Sampling
Event

Depth to Water
(ft below TOC)

Xylene   
(mg/L)

Ethylbenzene
   (mg/L)

Toluene   
(mg/L)

Sample  
Location DATE pH TEMP   

(ºF)
Conductivity
(umhos/cm)

Total Well Depth
(ft below TOC)

Depth to Product
(ft below TOC)

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 5.59 NPP 9.72 704 5.67 -56 7.40 64.9 <0.010 <0.010 <0.010 <0.020 <0.010 <0.20 <0.50 NR2 NR2 0.0014 NR2

High Flow 2012 Week of 
05/29/12 2.73 NPP 9.72 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of 
04/09/12 5.79 NPP 9.72 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of 
07/26/11 6.15 NPP 9.72 1081 1.82 219 6.80 69.2 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 0.0061 NR2

High Flow 2011 Week of 
06/13/11 2.95 NPP 9.72 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014 Week of 
04/22/14 6.22 NPP 9.72 957 2.33 -226 7.56 53.6 <0.005 <0.005 0.019 0.083 <0.005 2.3 4.0 NR2 NR2 0.0080 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 6.29 NPP 9.72 995 1.71 -179 7.40 68.0 <0.005 <0.005 0.014 0.091 <0.005 1.60 4.00 NR2 NR2 0.0110 NR2

High Flow 2012 Week of 
05/29/12 5.02 NPP 9.72 789 1.92 79 7.00 60.9 <0.005 <0.005 0.019 0.110 <0.005 1.30 3.00 NR2 NR2 0.0550 NR2

Low Flow 2012 Week of 
04/09/12 6.50 NPP 9.72 883 1.65 -209 7.55 50.2 <0.005 <0.005 0.022 0.069 <0.005 0.83 0.41 NR2 NR2 0.0190 NR2

Low Flow 2011 Week of 
07/26/11 7.46 NPP 9.72 825 2.09 119 6.70 67.2 <0.005 <0.005 0.029 0.130 <0.013 0.62 2.1 NR2 NR2 0.0054 NR2

High Flow 2011 Week of 
06/13/11 6.26 NPP 9.72 886 0.88 204 6.68 59.9 <0.005 <0.005 0.026 0.140 <0.013 1.0 1.9 NR2 NR2 0.0600 NR2

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014 Week of 
04/22/14 6.98 NPP 10.97 1410 5.09 -54 7.05 50.8 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 <0.0050 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 5.23 NPP 10.97 1330 4.80 65 7.00 65.5 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0091 NR2

High Flow 2012 Week of 
05/29/12 2.18 NPP 10.97 1113 1.82 148 6.90 58.3 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 <0.0025 NR2

Low Flow 2012 Week of 
04/09/12 5.75 NPP 10.97 1290 2.08 -125 7.18 47.8 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.05 NR NR <0.0050 NR

Low Flow 2011 Week of 
07/26/11 5.93 NPP 10.97 1690 2.38 237 6.70 66.5 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 <0.0050 NR2

High Flow 2011 Week of 
06/13/11 2.13 NPP 10.97 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 4.99 NPP 9.95 340 2.01 60 7.50 63.1 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0013 NR2

High Flow 2012 Week of 
05/29/12 2.82 NPP 9.95 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of 
04/09/12 5.33 NPP 9.95 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of 
07/26/11 5.57 NPP 9.95 406 2.24 257 6.60 66.1 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.0050 NR2

High Flow 2011 Week of 
06/13/11 3.08 NPP 9.95 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2
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           TABLE 2
2014 Groundwater Monitoring Data Summary

Page 3 of 4

MCL
WQCC 20NMAC 

6.2.3103

MCL WQCC 
20NMAC 
6.2.3103

USEPA 
Regional 

Screening 
Levels

0.005 0.75 0.700 0.620 0.012 0.2 1.00 0.05 0.0150 0.002

40 CFR 141.62 (MCL)WQCC 20NMAC 
6.2.3103 

*TPH Screening Guidelines 
Table 2a

TPH-GRO
   (mg/L)  

TPH-DRO
   (mg/L)

Lead
(mg/L)

Mercury
(mg/L)

Barium
(mg/L) Chromium

(mg/L)
ORP   
(mV)

D.O.   
(mg/L) 

MTBE   
(mg/L)

Benzene  
 (mg/L)

Sampling
Event

Depth to Water
(ft below TOC)

Xylene   
(mg/L)

Ethylbenzene
   (mg/L)

Toluene   
(mg/L)

Sample  
Location DATE pH TEMP   

(ºF)
Conductivity
(umhos/cm)

Total Well Depth
(ft below TOC)

Depth to Product
(ft below TOC)

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 5.45 NPP 9.98 500 1.92 -28 7.40 62.4 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0130 NR1

High Flow 2012 Week of 
05/29/12 3.48 NPP 9.98 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of 
04/09/12 5.75 NPP 9.98 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of 
07/26/11 6.03 NPP 9.98 476 2.24 264 6.70 65.0 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.0050 NR2

High Flow 2011 Week of 
06/13/11 3.81 NPP 9.98 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 7.10 NPP 11.79 561 2.61 -32 7.60 56.6 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0058 NR2

High Flow 2012 Week of 
05/29/12 5.00 NPP 11.79 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of 
04/09/12 7.45 NPP 11.79 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of 
07/26/11 7.67 NPP 11.79 903 2.13 268 6.70 58.6 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.0050 NR2

High Flow 2011 Week of 
06/13/11 5.24 NPP 11.79 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 5.88 NPP 16.09 365 3.23 -54 7.50 60.7 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0068 NR2

High Flow 2012 Week of 
05/29/12 3.78 NPP 16.09 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of 
04/09/12 6.29 NPP 16.09 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of 
04/19/10 6.46 NPP 16.09 406 1.86 262 6.60 63.7 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.0050 NR2

High Flow 2011 Week of 
04/19/10 3.82 NPP 16.09 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Baseline Week of   
08/15/05 6.27 NPP 16.09 1226 NR NR 6.97 58.4 <0.0005 <0.0005 <0.0005 0.004 <0.0025 *<1.00 <0.05 NR NR NR NR

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 9.64 NPP 15.62 1936 2.43 -93 7.00 68.8 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR2 NR2 0.0014 <0.0002

High Flow 2012 Week of 
05/29/12 3.99 NPP 15.62 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2012 Week of 
04/09/12 6.41 NPP 15.62 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2

Low Flow 2011 Week of 
07/26/11 6.68 NPP 15.62 3116 2.67 156 6.70 68.1 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.0050 <0.0002

High Flow 2011 Week of 
06/13/11 4.54 NPP 15.62 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2 NR2
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           TABLE 2
2014 Groundwater Monitoring Data Summary

Page 4 of 4

MCL
WQCC 20NMAC 

6.2.3103

MCL WQCC 
20NMAC 
6.2.3103

USEPA 
Regional 

Screening 
Levels

0.005 0.75 0.700 0.620 0.012 0.2 1.00 0.05 0.0150 0.002

40 CFR 141.62 (MCL)WQCC 20NMAC 
6.2.3103 

*TPH Screening Guidelines 
Table 2a

TPH-GRO
   (mg/L)  

TPH-DRO
   (mg/L)

Lead
(mg/L)

Mercury
(mg/L)

Barium
(mg/L) Chromium

(mg/L)
ORP   
(mV)

D.O.   
(mg/L) 

MTBE   
(mg/L)

Benzene  
 (mg/L)

Sampling
Event

Depth to Water
(ft below TOC)

Xylene   
(mg/L)

Ethylbenzene
   (mg/L)

Toluene   
(mg/L)

Sample  
Location DATE pH TEMP   

(ºF)
Conductivity
(umhos/cm)

Total Well Depth
(ft below TOC)

Depth to Product
(ft below TOC)

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014 Week of 
04/22/14 6.92 NPP 14.64 1048 0.68 -266 7.36 54.6 0.067 <0.010 0.720 1.300 <0.010 1.7 8.8 NR2 NR2 <0.0050 NR2

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 10.86 NPP 14.64 945 1.15 -265 7.55 67.1 0.098 <0.010 1.700 4.100 <0.010 3.30 23 NR2 NR2 0.0055 NR2

Baseline Week of 
05/14/13 NS NS NS NS NS NS NS NS NS NS NS NS NS 4.80 31.00 NS NS NS NS

Baseline Week of 
02/14/13 NS NS NS NS NS NS NS NS 0.082 <0.010 0.055 0.140 NS NS 2.2 NS NS NS NS

Baseline Week of 
11/19/12 NS NS NS NS NS NS NS NS 1.400 0.0029 1.800 8.500 NS 5.20 27.0 NS NS NS NS

High Flow 2014 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2014 Week of 
04/22/14 10.08 NPP 16.48 1255 4.84 -111.2 7.45 51.08 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR NR 0.0064 NR

High Flow 2013 ** No High 
Flow ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Low Flow 2013 Week of 
07/11/13 9.17 NPP 16.48 749 1.67 -105 7.35 63.4 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.050 NR NR 0.0013 NR

High Flow 2012 Week of 
05/29/12 5.76 NPP 16.48 653 2.07 77 7.1 61.2 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.05 NR NR <0.0025 NR

Low Flow 2012 Week of 
04/09/12 9.56 NPP 16.48 570 1.61 -113.5 7.71 49.2 <0.001 <0.001 <0.001 <0.002 <0.001 <0.20 <0.05 NR NR <0.0050 NR

Low Flow 2011 Week of 
07/26/11 9.76 NPP 16.48 641 2.15 169 7.00 61.5 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.0050 NR

High Flow 2011 Week of 
06/13/11

5.74 NPP 16.48 738 0.96 232 6.88 63.4 <0.001 <0.001 <0.001 <0.002 <0.0025 <0.20 <0.05 NR2 NR2 <0.005 NR

Notes: NR = Not Required (Voluntary Corrective Measures - Revised Monitoring Plan - October 2005)
NR¹= Not Required (Approval With Direction - June 2009)
NR2= Not Required (Approval With Direction - May 2011)
NS  = Not Sampled 

**  Due to drought, river conditions never met high flow requirements.
*** Well Decommissioned November 2012 as part of biovent system enhancements.
(Bi-Annual) = Samples taken every other year starting in 2011.

   lower detection level of 0.2mg/L by EPA Method 8015B.
* Per NMED letter Approval with Direction 2008 Groundwater Remediation and Monitoring Annual Report (Comment 9) dated Sept. 1, 2009 all future DRO analysis will be analyzed at a 
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Table 3
2014 Biovent Wells Field Reading Summary

BV - 1 Low Flow 04/21/14 2.0

BV - 3 Low Flow 04/21/14 2.0

BV - 4 Low Flow 04/21/14 2.0

BV - 5 Low Flow 04/21/14 2.0

BV - 6 Low Flow 04/21/14 2.0

Air Sparging Line A Low Flow 04/21/14 2.0

Air Sparging Line B Low Flow 04/21/14 2.0

Main Blower Low Flow 04/21/14 2.5

Sample
Location

Sampling Event Sample Date
Pressure

(psi)

Page 1



Table 4 
 2014 GAC Filter Analytical Summary

Page 1

MCL WQCC 20NMAC 
6.2.3103

MCL WQCC 20NMAC 
6.2.3103

0.005 0.750 0.700 0.620 0.2
12/01/14 0.078 <0.010 0.610 0.590 2.9 5.5
11/04/14 0.087 <0.010 0.670 0.620 1.8 6.6
10/01/14 0.054 <0.010 0.560 0.760 3.0 6.0
09/03/14 0.071 <0.010 0.550 0.580 2.4 5.0
08/04/14 0.120 <0.010 0.750 1.200 2.4 14
07/01/14 0.099 <0.010 0.710 0.890 2.0 7.0
06/05/14 0.170 <0.020 0.760 1.500 3.1 9.5
05/08/14 0.023 <0.020 0.700 1.000 1.7 7.1
04/07/14 0.110 <0.010 1.000 2.700 2.9 17.0
03/03/14 0.150 <0.010 0.750 0.830 2.7 7.9
02/03/14 0.140 <0.010 0.870 0.980 3.7 8.3
01/07/14 0.110 <0.001 0.760 0.750 0.35 8.8

12/01/14 <0.001 <0.001 <0.001 <0.0015 <0.20 <0.050
11/04/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
10/01/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
09/03/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
08/04/14 <0.001 <0.001 <0.001 <0.0015 <0.20 <0.050
07/01/14 <0.001 <0.001 <0.001 <0.0015 <0.20 <0.050
60/05/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
05/08/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
04/07/14 <0.001 <0.001 <0.001 <0.002 <0.20 0.088
03/03/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
02/03/14 <0.001 <0.001 <0.001 <0.002 0.21 <0.050
01/07/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050

4th Quarter 10/01/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
3rd Quarter 07/01/14 <0.001 <0.001 <0.001 <0.0015 <0.20 <0.050

06/05/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
05/08/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
04/07/14 <0.001 <0.001 <0.001 <0.002 <0.20 0.140
03/03/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050
01/07/14 <0.001 <0.001 <0.001 <0.002 <0.20 <0.050

Notes:
1.  Lead GAC changed-out June 2012.
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INTRODUCTION 

 
 
This guidance document is being developed in coordination with the New Mexico Environment 
Department’s (NMED) Hazardous Waste Bureau (HWB) and the Ground Water Quality 
Bureau’s Voluntary Remediation Program.   
 
This guidance document sets forth recommended approaches based on current State and Federal 
practices and intended for used as guidance for employees of NMED and for facilities within the 
State of New Mexico.  
 
In the past, the material contained within this document existed in three separate guidance and/or 
position papers.  In order to streamline the risk assessment process and ensure consistency 
between guidance/position papers, these documents have been combined into one document: 
Risk Assessment Guidance for Site Investigations and Remediation.   
 
The Risk Assessment Guidance for Site Investigations and Remediation replaces and supersedes 
the following documents: 
 

 Technical Background Document for Development of Soil Screening Levels, Revision 
5.0, 2009,  

 
 New Mexico Environment Department TPH Screening Guidelines, October 2006, and 

 
 Risk-Based Remediation of Polychlorinated Biphenyls at RCRA Corrective Action 

Sites, NMED Position Paper, March 2000. 
 
Risk Assessment Guidance for Site Investigations and Remediation is organized into two 
volumes.  Volume I contains information related to conducting screening level human health risk 
assessments.  Previously, the soil screening levels (SSLs) were available in the Technical 
Background Document for Development of Soil Screening Levels while the screening levels for 
total petroleum hydrocarbons (TPH) were found in the New Mexico Environment Department 
TPH Screening Guidelines.  Now both are contained in Volume I.  Volume I also summarizes 
SSLs for select Aroclors and congeners of polychlorinated biphenyls (PCBs).  Additional details 
for derivation of more site-specific SSLs for PCBs are contained within Appendix D. 
 
Volume II provides guidance for conducting a scoping assessment for ecological risk as 
previously contained within the Technical Background Document for Development of Soil 
Screening Levels. 
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1.0 INTRODUCTION 

The New Mexico Environment Department (NMED) Hazardous Waste Bureau (HWB) and the 
Ground Water Quality Bureau (GWQB) have developed this soil screening guidance (SSG) for 
internal department use within corrective action programs.  The SSG discusses the methodology 
used to derive chemical-specific soil screening levels (SSLs).  In addition, guidance is provided 
to assist in identifying and evaluating appropriate exposure pathways and receptors.  Finally, this 
document provides generic SSLs for chemicals commonly found at contaminated sites based on 
default exposure parameters under residential and non-residential land-use scenarios. 

The SSG provides site managers with a framework for developing and applying the SSLs, and is 
likely to be most useful for determining whether areas or entire sites are contaminated to an 
extent that warrants further investigation.  It is intended to assist and streamline the site 
investigation and corrective action process by focusing resources on those sites or areas that pose 
the greatest risk to human health and the environment.  Implementation of the methodologies 
outlined within this SSG may significantly reduce the time necessary to complete site 
investigations and cleanup actions at certain sites, as well as improve the consistency of these 
investigations.  

Between various sites there can exist a wide spectrum of contaminant types and concentrations.  
The level of concern associated with those concentrations depends on several factors, including 
the likelihood of exposure to levels of potential concern to human health or to ecological 
receptors.  At one end of the spectrum are levels that clearly warrant a response action; at the 
other end are levels that are below regulatory concern.  Appropriate cleanup goals for a site may 
fall anywhere within this range depending on site-specific conditions.  It is important to note that 
SSLs do not in themselves represent cleanup standards, and the SSLs alone do not trigger the 
need for a response action or define “unacceptable” levels of contamination in soil.  Screening 
levels such as SSLs identify the lower end of this spectrum – levels below which there is 
generally no need for further concern—provided the conditions associated with the development 
of the SSLs are consistent with the site being evaluated. 

 

1.1 Organization of the Document 

The NMED SSG is organized into five major sections with supporting appendices.  The 
remainder of Section 1 addresses the purpose of the NMED SSLs and outlines the scope of the 
document.  Section 2 outlines the receptors, exposure pathways, and exposure assumptions used 
in calculating the NMED SSLs.  It also discusses the risk levels on which the SSLs are 
predicated and presents the SSL model assumptions.  Finally, Section 2 discusses site 
assessment/characterization activities that should be completed prior to comparing site 
contaminant concentrations with SSLs.  These activities include development of data quality 
objectives, conducting site sampling, preparation of a preliminary conceptual site model (CSM), 
and identification of contaminants of potential concern (COPCs).  Section 3 provides a detailed 
description of the process used to develop pathway-specific SSLs.  Included in this section is a 
discussion of the human health basis for the SSLs, additive risk, and acute exposures.  Additional 
topics discussed in Section 3 include chemical specific parameters used to develop the SSLs and 
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calculating volatilization factors, particulate emission factors and soil saturation limits.  Section 4 
presents methodologies for assessing the potential for migration of contaminants to groundwater 
from contaminated soil in concert with generic and site-specific leaching models.  Finally, 
Section 5 addresses special use considerations for addressing contaminant concentrations in soil 
and notes specific problems that can arise when applying the SSLs to specific sites.  Generic 
SSLs for contaminants are presented in Table A-1 of Appendix A.  Table A-2 of Appendix A 
presents the default exposure factor values used in the generation of the NMED SSLs.  Physical-
chemical values in the calculation of the SSLs are presented in Tables B-1 and B-2 of Appendix 
B.  Toxicity criteria are presented in Table C-1 of Appendix C.  Additional discussion of 
polychlorinated biphenyls (PCBs) is provided in Appendix D. 

 
1.2 Scope of the Soil Screening Guidance  

The SSG incorporates readily obtainable site data and utilizes methods from various United 
States Environmental Protection Agency (US EPA) risk assessment guidance and derives site-
specific screening levels for selected contaminants and exposure pathways.  Key attributes of the 
SSG include default values for generic SSLs where site-specific information is unavailable, and 
the identification of parameters for which site-specific information is needed for the development 
of site-specific SSLs.  The goal of the SSG is to provide a consistent approach for developing 
site-specific SSLs for evaluating facilities under the auspices of the corrective action process 
within NMED.   

The NMED SSLs are based on a 1E-05 target risk for carcinogens, or a hazard quotient of 1 for 
noncarcinogens.  In instances where an individual contaminant has the capacity to elicit both 
types of responses, the SSLs preferentially report the screening value representative of the lowest 
(most stringent) contaminant concentration in environmental media.  SSLs for migration to 
groundwater are based on NMED-specific tap water SSLs.  As such, the NMED SSLs serve as a 
generic benchmark for screening level comparisons of contaminant concentrations in soil.  
NMED anticipates that the SSLs will be used as a tool to facilitate prompt identification of those 
contaminants and areas that represent the greatest risks to human health and the environment.  
While concentrations above the NMED SSLs presented in this document do not automatically 
designate a site as “contaminated” or trigger the need for a response action, detected 
concentrations in site soils exceeding screening levels suggest that further evaluation is 
appropriate.  Further evaluation may include additional sampling to further characterize the 
nature and extent of contamination, consideration of background levels, reevaluation of COPCs 
or associated risk and hazard using site-specific parameters, and/or a reassessment of the 
assumptions associated with the generic SSLs (e.g., appropriateness of route-to-route 
extrapolations, use of chronic toxicity values to evaluate childhood and construction-worker 
exposures). 

Prior to calculating site-specific SSLs, each relevant chemical specific parameter value and 
toxicological datum should be checked against the most recent version of its source to determine 
if updated data are available.   

In the event that a NMED SSL is not listed for a given chemical, other sources of screening 
levels should be consulted, such as the US EPA Regional Screening Levels (RSLs) (US EPA, 
2011) or a review of toxicological data should be conducted and if available a screening level 
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calculated for that given chemical.  Care should be used when other sources of screening levels 
are used to ensure that target risk/levels used in development of the levels are consistent with 
those applied by NMED.  For example, the US EPA carcinogenic RSLs are based on a 1E-06 
risk level and must be adjusted to a 1E-05 risk level for use. 

 
1.2.1 Exposure Pathways 

A complete exposure pathway consists of (1) a source, (2) a mechanism of contaminant release, 
(3) a receiving or contact medium, (4) a potential receptor population, and (5) an exposure route.  
All five elements must be present for the exposure pathway to be considered complete. 

SSLs have been developed for use in evaluating three discrete exposure scenarios representing a 
variety of potential land uses: residential, commercial/industrial, and construction.  The SSG 
presents lists of potential pathways for each scenario, though these lists are not intended to be 
exhaustive.  Instead, each list represents a set of typical exposure pathways likely to account for 
the majority of exposure to contaminants in soil at a given site.  These include: 

 Direct (or incidental) ingestion of soil,  
 Dermal contact with soil, 
 Inhalation of volatiles and fugitive dusts from contaminated soil, and 
 Migration of chemicals through soil to an underlying potable aquifer or water-

bearing unit. 

Under some site-specific situations, additional complete exposure pathways may be identified.  
In these cases, a site-specific evaluation of risk is warranted under which additional exposure 
pathways can be considered.  If other land uses and exposure scenarios are determined to be 
more appropriate for a site (e.g., vapor intrusion pathway, home gardening/farming, recreational 
land use, and/or Native American land use), the exposure pathways addressed in this document 
should be modified or augmented accordingly or a site-specific risk assessment should be 
conducted.  Early identification of the need for additional information is important because it 
facilitates development of a defensible sampling and analysis strategy. 

The exposure pathways evaluated addressed in this guidance are presented by land-use scenario 
in Table 1-1. 

Table 1-1.  Exposure Pathways Evaluated in Soil Screening Guidance 
 

Potential Exposure Pathway Residential Commercial
/Industrial 

Construction 

Direct ingestion of soil    
Dermal contact with soil    
Inhalation of dust and volatiles from soil     
Inhalation of VOCs from vapor 
intrusiona -- -- -- 
a the inhalation of dust and volatiles from contaminated soil does not account for exposure via vapor 
intrusion.  If volatile organic compounds are present, then the vapor intrusion pathway must be evaluated 
in addition to the comparison of dust and volatile concentrations against the SSLs. 
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1.2.2 Exposure Assumptions 

SSLs represent risk-based concentrations in soil derived from equations combining exposure 
assumptions with toxicity criteria following the US EPA’s preferred tiered hierarchy of 
toxicological data (US EPA 2009a, 2006, 2003, and 1997a).  The models and assumptions used 
were developed to be consistent with the Superfund concept of “reasonable maximum exposure” 
(US EPA 1989 and 2009a).  This is intended to provide an upper-bound estimate of chronic 
exposure by combining both average and conservative (i.e., 90th to 95th percentile) values in the 
calculations.  The default intake and duration assumptions presented here are intended to be 
protective of all potentially exposed populations for each land use consideration.  Exposure point 
concentrations in soil should reflect either directly measured or estimated values using fate and 
transport models.  When assessing chronic, long-term exposures, the maximum detected site 
concentration should be used for an initial screen against the SSLs.  A more refined assessment 
may include use of an estimate of the average [95 percent upper confidence level (UCL) of the 
mean] concentration if sufficient site data to allow for an accurate estimation of the UCL.  Where 
the potential for acute toxicity may be of concern, estimates based on the maximum exposure 
may be more appropriate. 

The resulting estimate of exposure is then compared with chemical-specific toxicity criteria.  To 
calculate the SSLs, the exposure equations and pathway models are rearranged to back calculate 
an “acceptable level” of a contaminant in soil corresponding to a specific level of target risk or 
hazard. 

 
1.2.3 Target Risk and Hazard  

Target risk and hazard levels for human health are risk management-based criteria for 
carcinogenic and non-carcinogenic responses, respectively, to determine: (1) whether site-related 
contamination poses an unacceptable risk to human health and requires corrective action or (2) 
whether implemented corrective action(s) sufficiently protects human health.  If an estimated 
risk or hazard falls within the target range, the risk manager must decide whether or not the site 
poses an unacceptable risk.  This decision should take into account the degree of inherent 
conservatism or level of uncertainty associated with the site-specific estimates of risk and hazard.  
An estimated risk that exceeds these targets, however, does not necessarily indicate that the 
current conditions are not safe or that they present an unacceptable risk.  Rather, a site risk 
calculation that exceeds a target value may simply indicate the need for further evaluation or 
refinement of the exposure model.   

For cumulative exposure via the ingestion, inhalation, and dermal pathways, toxicity criteria are 
used to calculate an acceptable level of contamination in soil.  SSLs are based on a carcinogenic 
risk level of one-in-one-hundred thousand (1E-05) and a non-carcinogenic hazard quotient of 1.  
A carcinogenic risk level is defined as the incremental probability of an individual developing 
cancer over a lifetime as a result of exposure to a potential carcinogen.  The non-carcinogenic 
hazard quotient assumes that there is a level of exposure below which it is unlikely for even 
sensitive populations to experience adverse health effects.  
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1.2.4 SSL Model Assumptions 

The models used to calculate inhalation exposure and protection of groundwater based on 
potential migration of contaminants in soil are intended to be utilized at an early stage in the site 
investigation process when information regarding the site may be limited.  For this reason, the 
models incorporate a number of simplifying assumptions.  For instance, the models assume an 
infinite contaminant source, i.e. a constant concentration is maintained for the duration of the 
exposure period.  Although this is a highly conservative assumption, finite source models require 
accurate data regarding source size and volume.  Such data are unlikely to be available from 
limited sampling efforts.  The models also assume that contamination is homogeneous 
throughout the source and that no biological or chemical degradation occurs.  Where sufficient 
site-specific data are available, more detailed finite-source models may be used in place of the 
default model assumptions presented in this SSG. 

 
2.0 DEVELOPMENT OF PATHWAY SPECIFIC SOIL SCREENING LEVELS  

The following sections present the technical basis and limitations used to calculate SSLs for 
residential, commercial/industrial, and construction land use scenarios.  The equations used to 
evaluate inhalation and migration to groundwater include a number of easily obtainable site-
specific input parameters.  Where site-specific data are not available, conservative default values 
are presented.  The equations used are presented in Sections 2.2, 2.3, and 2.4.  Generic SSLs 
calculated for 220 chemicals, using these default values, are presented in Table A-1 of Appendix 
A. 

 
2.1 Human Health Basis 

The toxicity criteria used for calculating the SSLs are presented in Table C-1 of Appendix C.  
The primary sources for the human health benchmarks follow the US EPA Superfund programs 
tiered hierarchy of human health toxicity values (US EPA 2011, 2003):  

1) Integrated Risk Information System (IRIS) (US EPA 2011) (www.epa.gov/iris),  
2) Provisional peer reviewed toxicity values (PPRTVs) (now available on-line at 

http://hhpprtv.ornl.gov/),  
3) Agency for Toxic Substances and Disease Registry (ATSDR) (http://www.atsdr.cdc.gov/ ) 

and minimal risk levels (MRLs) (http://www.atsdr.cdc.gov/mrls/index.asp ),  
4) California EPA’s Office of Environmental and Health Hazard Assessment values 

(CalEPA) (http://www.oehha.ca.gov/air/allrels.html and 
http://www.oehha.ca.gov/risk/pdf/tcdb072109alpha.pdf ), and  

5) Health Effects Assessment Summary Tables (HEAST) (US EPA 1997a).   

Special assumptions were also applied in determining appropriate toxicological data for certain 
chemicals. 

Dioxins/Furans.  Toxicity data for the congeners for the dioxin and furan congeners were 
assessed using the 2005 World Health Organization’s (WHO) toxicity equivalency 
factors (TEF) (Van den berg, et al 2006) and are summarized in Table 2-1.  The TEFs 
were applied to available toxicity data for 2,3,7,8-TCDD. 
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Table 2-1. Dioxin and Furan Toxicity Equivalency Factors 
 

Dioxin and Furan Congeners TEF 
Chlorinated dibenzo-p-dioxins  

2,3,7,8-TCDD 1 
1,2,3,7,8-PeCDD 1 
1,2,3,4,7,8-HxCDD 0.1 
1,2,3,6,7,8-HxCDD 0.1 
1,2,3,7,8,9-HxCDD 0.1 
1,2,3,4,6,7,8-HpCDD 0.01 
OCDD 0.0003 

Chlorinated dibenzofurans  
2,3,7,8-TCDF 0.1 
1,2,3,7,8-PeCDF 0.03 
2,3,4,7,8-PeCDF 0.3 
1,2,3,4,7,8-HxCDF 0.1 
1,2,3,6,7,8-HxCDF 0.1 
1,2,3,7,8,9-HxCDF 0.1 
2,3,4,6,7,8-HxCDF 0.1 
1,2,3,4,6,7,8-HpCDF 0.01 
1,2,3,4,7,8,9-HpCDF 0.01 
OCDF 0.0003 

 
PCBs.  Toxicity for the non-ortho [International Union of Pure and Applied Chemistry 
(IUPAC) numbers 77, 81, 126, and 169)] and mono-ortho congeners (IUPAC numbers 
105, 114, 118, 123, 156, 157, 167, and 189) for the PCB congeners were assessed using 
the 2005 WHO TEFs (Van den berg, et al 2006) while TEFs for di-ortho congeners 
(IUPAC numbers 170 and 180) are taken from Ahlborg, et al, 1993 (see Table 2-2). 
 

Table 2-2.  PCB TEFs 
 

IUPAC No. Structure TEF 
77 3,3',4,4'-TetraCB 0.0001 
81 3,4,4',5-TetraCB 0.0003 
105 2,3,3',4,4'-PeCB 0.00003 
114 2,3,4,4',5-PeCB 0.00003 
118 2,3',4,4',5-PeCB 0.00003 
123 2',3,4,4',5-PeCB 0.00003 
126 3,3',4,4',5-PeCB 0.1 
156 2,3,3',4,4',5-HxCB 0.00003 
157 2,3,3',4,4',5'-HxCB 0.00003 
167 2,3',4,4',5,5'-HxCB 0.00003 
169 3,3',4,4',5,5'-HxCB 0.03 
189 2,3,3',4,4',5,5'-HpCB 0.00003 
170 2,2',3,3',4,4',5-HpCB 0.0001 
180 2,2',3,4,4',5,5'-HpCB 0.00001 
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Cadmium.  IRIS provides an oral reference dose (RfD) for both water and food.  For 
deriving the tap water SSL, the RfD for water was applied and for the soil-based SSL, the 
RfD for food was applied. 

Vanadium.  The oral RfD from IRIS was modified to be based on the molecular weight 
of vanadium versus vanadium sulfate. 

Lead.  The US EPA recommended levels for lead, based on blood-lead modeling 
(Integrated Exposure Uptake Biokinetic Model, IEUBK) were applied. 

Total Chromium.  The IUR for total chromium is based on a ratio of 1:6 (Cr VI:CrIII) as 
noted in IRIS.  If there is reason to believe that this ratio for total chromium is not 
representative of site conditions, then valence-specific site concentrations and SSLs for 
chromium III and chromium VI should be applied. 

Chromium VI.  The IUR for chromium VI was derived by multiplying the total 
chromium IUR by 7. This is because the total chromium IUR from IRIS is based on a 
ratio of 1:6 (Cr VI:CrIII). 

 
2.1.1 Additive Risk 

It is important to note that no consideration is provided in the calculation of individual NMED 
SSLs for additive risk when exposures to multiple chemicals occur.  The SSG addresses this 
issue in Section 5.  Because the NMED SSLs for carcinogenic effects correspond to a 1E-05 risk 
level individually, exposure to multiple contaminants may result in a cumulative site risk that is 
above the anticipated risk management range.  While carcinogenic risks of multiple chemicals 
are simply added together, the issue of additive hazard is more complex for noncarcinogens 
because of the theory that a threshold exists for noncarcinogenic effects.  This threshold is 
defined as the level below which adverse effects are not expected to occur, and represents the 
basis for the RfD and reference concentration (RfC).  Since adverse effects are not expected to 
occur at the RfD or RfC and the SSLs are derived by setting the potential exposure dose to the 
RfD or RfC, the SSLs do not address the risk of exposure to multiple chemicals at levels where 
the individual chemicals alone would not be expected to cause any adverse effects.  In such 
cases, the SSLs may not provide an accurate indicator for the likelihood of harmful effects.  As a 
first-tier screening approach, noncarcinogenic effects should be considered additive.  In the event 
that the hazard index results in a value above the target level of 1, noncarcinogenic effects may 
be evaluated for those chemicals with the same toxic endpoint and/or mechanism of action.  The 
sources provided in Section 2.1 should be consulted to determine the endpoint and/or target 
organ system prior to attempting to evaluate the additive health effects resulting from 
simultaneous exposure to multiple contaminants. 

 
2.1.2 Acute Exposures 

The exposure assumptions used to develop the SSLs are based on a chronic exposure scenario 
and do not account for situations where high-level exposures may result in acute toxic effects.  
Such situations may arise when contaminant concentrations are very high, or may result from 
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specific site-related conditions and/or behavioral patterns (i.e., pica behavior in children).  Such 
exposures may be of concern for those contaminants that primarily exhibit acute health effects.  
Toxicological information regarding cyanide and phenol indicate that acute effects may be of 
concern for children exhibiting pica behavior.  Pica is typically described as a compulsive 
craving to ingest non-food items (such as clay or paint).  Although it can be exhibited by adults 
as well, it is typically of greatest concern in children because they often exhibit behavior (e.g., 
outdoor play activities and greater hand-to-mouth contact) that results in greater exposure to soil 
than for a typical adult.  In addition, children also have a lower overall body weight relative to 
the predicted intake. 

 
2.1.3 Early-Life Exposures to Carcinogens 

US EPA’s (2005) Supplemental Guidance states that early life exposures (i.e., neonatal and early 
life) to carcinogens can result in an increase in cancer risk later in life from exposures to certain 
carcinogens.  US EPA’s (2005) suggestion is to apply age-specific factors to the estimated 
cancer risks.  The life stages that were considered were: 1) children under 2 years of age; and 2) 
children aged 2 to 6 years; 3) children 6 years to 16 years of age; and 4) after 16 years of age.  
Effects of mutagenicity have been incorporated into the SSLs for those contaminants which are 
considered carcinogenic by a mutagenic mode of action. 

 
2.1.4 Direct Ingestion 

Exposure to contaminants through incidental ingestion of soil can result from the inadvertent 
consumption of soils adhering to the hands, food items, or objects that are placed into the mouth.  
It can also result from swallowing dust particles that have been inhaled and deposited in the 
mouth and subsequently swallowed.  Commercial/industrial, construction workers, and 
residential receptors may inadvertently ingest soil that adheres to their hands while involved in 
work- or recreation-related activities.  Calculation of SSLs for direct ingestion are based on the 
methodology presented in US EPA’s Risk Assessment Guidance for Superfund (RAGS): Volume 
I - Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary 
Remediation Goals), Interim (US EPA 1991 2001), Soil Screening Guidance: Technical 
Background Document (US EPA 1996a), and Supplemental Guidance for Developing Soil 
Screening Levels for Superfund Sites (US EPA 2002a).   

 
2.1.5 Dermal Absorption 

Exposure to soil contaminants may result from dermal contact with contaminated soil and the 
subsequent absorption of contaminants through the skin.  Contact with soil is most likely to 
occur as a result of digging, gardening, landscaping, or outdoor recreation activities.  Excavation 
activities may also be a potential source of exposure to contaminants, particularly for 
construction workers.  Calculation of the screening levels for ingestion of soil under the 
residential exposure scenario is based on the methodology presented in US EPA’s Risk 
Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, 
Development of Risk-Based Preliminary Remediation Goals), Interim (1991), and Soil Screening 
Guidance: Technical Background Document  (US EPA 1996a).  The suggested default input 
values used to develop the NMED SSLs are consistent with US EPA’s interim RAGS, Part E, 
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Supplemental Guidance for Dermal Risk Assessment (US EPA 2004).    

 
2.1.6 Inhalation  

US EPA toxicity data indicate that risks from exposure to some chemicals via the inhalation 
pathway far outweigh the risk via ingestion or dermal contact; therefore, the NMED SSLs have 
been designed to address inhalation of volatiles and fugitive dusts.  To address the soil/sediment-
to-air pathways, the SSL calculations incorporate a volatilization factor (VF) for volatile 
contaminants (See Section 3.1) and a particulate emission factor (PEF) (See Section 3.3) for 
nonvolatile and volatile contaminants.  The SSLs follow the procedures for evaluating inhalation 
soil, volatile organic compounds (VOCs), and fugitive dust particles presented in US EPA’s Risk 
Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part F, 
Supplemental Guidance for Inhalation Risk Assessment), Final (US EPA 2009a), Risk 
Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, 
Development of Risk-Based Preliminary Remediation Goals), Interim (US EPA 1991), Soil 
Screening Guidance: Technical Background Document (US EPA 1996a), Human Health Risk 
Assessment Protocol for Hazardous Waste Combustion Facilities (US EPA 1998a), and 
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (US EPA 
2002a).   

VOCs may adhere to soil particles or be present in interstitial air spaces in soil, and may 
volatilize into ambient air.  This pathway may be particularly significant if the VOC emissions 
are concentrated in indoor spaces of onsite buildings, or buildings that may be built in the future.  
The NMED SSLs do not account for vapor intrusion and inhalation of volatile organics 
volatilized into indoor air.  If vapor intrusion into indoor air is a concern, additional analysis of 
this pathway may be necessary and the latest guidance on evaluating the vapor intrusion pathway 
should be consulted: for example, the US EPA’s 2002 Draft Guidance for Evaluating the Vapor 
Intrusion to Indoor Air Pathway from Groundwater and Soils (Subsurface Soil Vapor Intrusion 
Guidance.  For the purpose of calculating the NMED SSLs, VOCs are considered those 
chemicals having a Henry’s Law constant greater than 1E-05 atm-m3/mole and a molecular 
weight less than 200 g/mole. 

Inhalation of contaminants via inhalation of fugitive dusts is assessed using a PEF that relates the 
contaminant concentration in soil/sediment with the concentration of respirable particles in the 
air due to fugitive dust emissions.  It is important to note that the PEF used to address residential 
and commercial/industrial exposures evaluates only windborne dust emissions and does not 
consider emissions from traffic or other forms of mechanical disturbance which could lead to a 
greater level of exposure.  The PEF used to address construction worker exposures evaluates 
windborne dust emissions and emissions from vehicle traffic associated with construction 
activities.  Therefore, the fugitive dust pathway should be considered carefully when developing 
the CSM at sites where receptors may be exposed to fugitive dusts by other mechanisms.  The 
development of the PEF for both residential and non-residential land uses is discussed further in 
Section 3.3. 
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2.2 Residential land uses 

Residential exposures are assessed based on child and adult receptors.  As discussed below, the 
child forms the basis for evaluation of noncarcinogenic effects incurred under residential 
exposures, while carcinogenic responses are modeled based upon age-adjusted values to account 
for exposures averaged over a lifetime.  Under most circumstances, onsite residential receptors 
are expected to be the most conservative receptor basis for risk assessment purposes due to the 
assumption that exposure occurs 24 hours a day, 350 days per year, extending over a 30-year 
exposure duration.  Table 2-3 provides a summary of the exposure characteristics and parameters 
associated with a residential land use receptor. 

Table 2-3.  Summary of the Residential Land Use Receptors 
 

Exposure Characteristics  Substantial soil exposure (esp. 
children) 

 High soil ingestion rate (esp. 
children) 

 Significant time spent indoors 
 Long-term exposure 
 Surface and subsurface soil 

exposure (0-10 feet below 
ground surface, bgs) 

Default Exposure Parameters 
Exposure frequency (days/yr) 350 
Exposure duration (yr) 6 (child) 

24 (adult) 
Soil ingestion rate (mg/day) 200 (child) 

100 (adult) 
Body Weight (kg) 15 (child) 

70 (adult) 
Skin surface area exposed (cm2) 2,800 (child) 

5,700 (adult) 
Skin-soil adherence factor 
(mg/cm2) 

0.2 (child) 
0.07 (adult) 

 
2.2.1 Residential Receptors 

A residential receptor is assumed to be a long-term receptor occupying a dwelling within the site 
boundaries and thus is exposed to contaminants 24 hours per day, and is assumed to live at the 
site for 30 years (representing the 90th percentile of the length of time someone lives in a single 
location), remaining onsite for 350 days per year.  Exposure to soil (to depths of zero to 10 feet 
below ground surface) is expected to occur during home maintenance activities, yard work and 
landscaping, and outdoor play activities.  The SSLs do not take into consideration ingestion of 
homegrown produce/meat/dairy or inhalation of volatiles migrating indoors via vapor intrusion.  
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If these pathways are complete, analysis of risks resulting from these additional exposure 
pathways must be determined and added to the risks determined using the SSL screen. 

Contaminant intake is assumed to occur via three exposure pathways – direct ingestion, dermal 
absorption, and inhalation of volatiles and fugitive dusts.  For the residential scenario, both adult 
and child receptors were evaluated because children often exhibit behavior (e.g., greater hand-to-
mouth contact) that can result in greater exposure to soils than those associated with a typical 
adult.  In addition, children also have a lower overall body weight relative to the predicted 
intake.   

Equations 1 and 2 are used to calculate cumulative SSLs for a residential receptor exposed to 
non-carcinogenic and carcinogenic contaminants via all three exposure pathways (ingestion of 
soil, inhalation of soil, and dermal contact with soil).  Default exposure parameters are provided 
for use when site-specific data are not available.   

 
Equation 1 

Combined Exposures to Noncarcinogenic Contaminants in Soil,  
Residential Scenario 

 

)10(/1 6
cocr

cr
oral IRSRfDEDEF

BWATTHQC  

 

)/1(/1/1 wsrscr

r
inh PEFVFRfCETEDEF

ATTHQC  

 
 

610/1 dccocr

cr
dermal ABSAFSAGIABSRfDEDEF

BWATTHQC  

 
 
 

Combined Exposures: 
 

dermalinhoral

res

CCC

SSL 111
1  

 
Parameter Definition (units) Default 
Coral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 
Cdermal Contaminant concentration via dermal adsorption 

(mg/kg) Chemical-specific 

Cinh Contaminant concentration via inhalation (mg/kg) Chemical-specific 
SSLres Soil screening level, all pathways (mg/kg) Chemical-specific 
THQ Target hazard quotient 1 
BWc Body weight, child (kg) 15 
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ATr Averaging time, noncarcinogens (days) EDc x 365 
EFr Exposure frequency, resident (day/yr) 350 
EDc Exposure duration, child (years) 6 
ETrs Exposure time, resident (hour/day x day/hour) 1 
IRSc Soil ingestion rate, child (mg/day) 200 
RfDo Oral reference dose (mg/kg-day) Chemical-specific 
SAc Dermal surface area, child (cm2/day) 2,800 
AFc Soil adherence factor, child (mg/cm2) 0.2 
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 
ABSd Skin absorption factor (unitless) Chemical-specific 
RfC Inhalation reference concentration (mg/m3) Chemical-specific 
10-6 Unit conversion factor (kg)/mg 10-6 
VFs Volatilization factor for soil (m3/kg) See Equation 22 
PEFw Particulate emission factor (m3/kg) See Equation 24 

 
 

Equation 2 
Combined Exposures to Carcinogenic Contaminants in Soil, 

Residential Scenario 
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Combined Exposures: 
 

dermalinhoral

res

CCC

SSL 111
1  

 
Parameter Definition (units) Default 
Coral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 
Cdermal Contaminant concentration via dermal adsorption 

(mg/kg) Chemical-specific 

Cinh Contaminant concentration via inhalation (mg/kg) Chemical-specific 
SSLres Soil screening level, all pathways (mg/kg) Chemical-specific 
TR Target cancer risk 1E-05 
ATr Averaging time, carcinogens (days) 25,550 
EFr Exposure frequency, resident (day/yr) 350 
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IFSadj Age-adjusted soil ingestion factor ([mg-yr]/[kg-day]) 
(See Equation 3) 

114 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 
SFSadj Age-adjusted dermal factor ([mg-yr]/[kg-day]) 

(See Equation 4) 
361 

ABSd Skin absorption factor (unitless) Chemical-specific 
1000 Unit conversion factor (μg/mg) 1000 
IUR Inhalation unit risk (μg/m3)-1 Chemical-specific 
EDr Exposure duration, resident (years) 30 
ETrs Exposure time, resident (hour/day x day/hour) 1 
10-6 Unit conversion factor (kg/mg) 10-6 
   
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 
VFs Volatilization factor for soil (m3/kg) See Equation 22 
PEFw Particulate emission factor (m3/kg) See Equation 24 

Noncarcinogenic contaminants are evaluated based solely on childhood exposures using 
Equation 1.  By combining the higher contaminant intake rates with the lower relative body 
weight, “childhood only” exposures lead to a lower, or more conservative, risk-based 
concentration compared to an adult-only exposure.  In addition, this approach is considered 
conservative because it combines the higher 6-year exposure for children with chronic toxicity 
criteria.   

Unlike non-carcinogens, the duration of exposure to carcinogens is averaged over the lifetime of 
the receptor because of the assumption that cancer may develop even after actual exposure has 
ceased.  As a result, the total dose received is averaged over a lifetime of 70 years.  In addition, 
to be protective of exposures in a residential setting, the carcinogenic exposure parameter values 
are age-adjusted to account for exposures incurred in children (1-6 years of age) and adults (7-31 
years of age).  Carcinogenic exposures are age-adjusted to account for the physiological 
differences between children and adults as well as behavioral differences that result in markedly 
different relative rates of exposure.  Equations 3 and 4 are used to calculate age-adjusted 
ingestion, dermal and inhalation factors which account for the differences in soil ingestion rate, 
skin surface area, soil adherence factors, inhalation rate, and body weight for children versus 
adults.  The age-adjusted factors calculated using these equations are applied in Equation 2 to 
develop generic NMED SSLs for carcinogenic effects. 

 
Equation 3 

Calculation of Age-Adjusted Soil Ingestion Factor 
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Parameter Definition (units) Default 

IFSadj Age-adjusted soil ingestion factor for carcinogens [(mg-
yr)/(kg-day)] 

114 

EDc Exposure duration, child (years) 6 
IRSc Soil ingestion rate, child (mg/day) 200 
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BWc Body weight, child (kg) 15 
EDr Exposure duration, resident (years) 30 
IRSa Soil ingestion rate, adult (mg/day) 100 
BWa Body weight, adult (kg) 70 

 

Equation 4  
Calculation of Age-Adjusted Soil Dermal Factor 

 

SFS
ED AF SA

BW
ED ED AF SA

BWadj
c c c

c

r c a a

a
 

 
Parameter Definition (units) Default 

SFSadj Age-adjusted dermal factor for carcinogens [(mg-yr)/(kg-
day)] 

361 

EDc Exposure duration, child (years) 6 
AFc Soil adherence factor, child (mg/cm2) 0.2 
SAc Dermal surface area, child (cm2/day) 2,800 
BWc Body weight, child (kg) 15 
EDr Exposure duration, resident (years) 30 
AFa Soil adherence factor, adult (mg/cm2) 0.07 
SAa Dermal surface area, adult (cm2/day) 5,700 
BWa Body weight, adult (kg) 70 

Equations 1 and 2 are appropriate for all chemcials with the exception of vinyl chloride and those 
carcinogens exhibiting mutegenic toxicity.  For vinyl chloride, the US EPA IRIS database 
provides cancer slope factors for both a child and an adult.  The child-based cancer slope factor 
takes into consideration potential risks during the developmental stages of childhood and thus is 
more protective than the adult cancer slope factor.  The equations used to derive the SSLs for 
vinyl chloride incorporate age adjustments for exposure and are presented in Equation 5.  As 
vinyl chloride does not have an adsorption factor, dermal risks are not assessed. 
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Equation 5  
Combined SSL for Vinyl Chloride 

Residential Scenario 
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Combined Exposures: 
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Parameter Definition (units) Default 
Cvc-oral Contaminant concentration (mg/kg) Chemical-specific 
Cvc-inh Contaminant concentration (mg/kg) Chemical-specific 
Cres-vc Combined SSL for vinyl chloride (mg/kg) Chemical-specific 
TR Target cancer risk 1E-05 
BWc Body weight, child (kg) 15 
AT Averaging time, carcinogens (days) 25,550 
EFr Exposure frequency, resident (day/yr) 350 
IFSadj Age-adjusted soil ingestion factor ([mg-yr]/[kg-day]) 

(See Equation 3) 
114 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 
IRSc Child soil ingestion factor (mg/day) 200 
10-6 Unit conversion factor (kg/mg) 10-6 
IUR Inhalation unit risk (μg/m3)-1 Chemical-specific 
EFr Exposure frequency, resident (day/yr) 350 
ED Exposure duration (yr) 30 
ETrs Exposure time (hour/day x day/hour) 1 
1000 Conversion factor (μg/mg) 1000 
VF Volatilization factor for soil (m3/kg) See Equation 22 

 
Equations 6 through 11 show the derivation of the SSLs for carcinogenic chemicals exhibiting 
mutagenic properties.  Mutagenicity is only assessed for the residential scenario. 
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Equation 6 
SSL for Ingestion of Soil- Mutagens 
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Parameter Definition (units) Default 
Cmu-oral Contaminant concentration (mg/kg) Chemical-specific 
TR Target cancer risk 1E-05 
ATr Averaging time, carcinogens (days) 25,550 
CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 
EFr Exposure frequency, resident (day/yr) 350 
IFSMadj Age-adjusted soil ingestion rate (mg-yr/kg-day) (See 

Equation 7) 
489.5 

10-6 Conversion factor (kg/mg) 10-6 
 
 

Equation 7 
Calculation of Age-Adjusted Soil Ingestion Factor, Mutagens 
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Parameter Definition (units) Default 

IFSMadj Age-adjusted soil ingestion factor for mutagens [(mg-
yr)/(kg-day)] 

489.5 

ED0-2 Exposure duration, child (years) 2 
ED2-6 Exposure duration, child (years) 4 
ED6-16 Exposure duration, adult (years) 10 
ED16-30 Exposure duration, adult (years) 24 
IRSc Soil ingestion rate, child (mg/day) 200 
IRSa Soil ingestion rate, adult (mg/day) 100 
BWc Body weight, child (kg) 15 
BWa Body weight, adult (kg) 70 
BWa Body weight, adult (kg) 70 
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Equation 8 
SSL for Inhalation of Soil- Mutagens 
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Parameter Definition (units) Default 
Cmu-inh Contaminant concentration (mg/kg) Chemical-specific 
TR Target cancer risk 1E-05 
ATr Averaging time, carcinogens (days) 25,550 
IUR Inhalation Unit Risk (μg/m3)-1 Chemical-specific 
EFr Exposure frequency, resident (day/yr) 350 
ED Exposure duration (yr) 

ED0-2 
ED2-6 
ED6-16 
ED16-30 

 
2 
4 

10 
14 

ETrs Exposure time (hour/day x day/hour) 1 
1000 Conversion factor (μg/mg) 1000 
VFs Volatilization factor for soil (m3/kg) See Equation 22 
PEFw Particulate emission factor (m3/kg) See Equation 24 

 

Equation 9 
SSL for Dermal Contract with Soil- Mutagens 
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Parameter Definition (units) Default 
Cmu-dermal Contaminant concentration (mg/kg) Chemical-specific 
TR Target cancer risk 1E-05 
ATr Averaging time, carcinogens (days) 25,550 
CFSo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 
EFr Exposure frequency, resident (day/yr) 350 
DFSMadj Age-adjusted soil contact factor (mg-yr/kg-day) 

(See Equation 10) 
1445 

 
ABSd Skin absorption factor (unitless) Chemical-specific 
10-6 Conversion factor (kg/mg) 10-6 
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Equation 10 
Calculation of Age-Adjusted Soil Contact Factor, Mutagens 
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Parameter Definition (units) Default 

DFSMadj Age-adjusted soil contact factor for mutagens [(mg-yr)/(kg-
day)] 

1445 

ED0-2 Exposure duration, child (years) 2 
ED2-6 Exposure duration, child (years) 4 
ED6-16 Exposure duration, adult (years) 10 
ED16-30 Exposure duration, adult (years) 14 
AFc Soil adherence factor, child (mg/cm2) 0.02 
AFa Soil adherence factor, adult (mg/ cm2) 0.07 
SAc Exposed skin area, child, (cm2/day) 2800 
SAa Exposed skin area, adult, (cm2/day) 5700 
BWc Body weight, child (kg) 15 
BWa Body weight, adult (kg) 70 

 

The overall SSL for the residential scenario for mutagens is determined following Equation 11.   

 
Equation 11 

Determination of the Combined SSL 
Mutagens 

 

dermalmuinhmuoralmu

mures

CCC

SSL 111
1  

 
 

Parameter Definition (units) Default 
SSLres-mu Cumulative SSL for mutagens (mg/kg) Chemical-specific 
Cmu-oral Concentration from soil ingestion (mg/kg) (See 

Equation 6) 
Receptor-specific 

Cmu-inh Concentration from inhalation (mg/kg) (See 
Equation 8) 

Receptor-specific 

Cmu-dermal Concentration from dermal exposure (mg/kg) (See 
Equation 9) 

Receptor-specific 

 
2.3 Non-residential land uses 
Non-residential land uses encompass all commercial and industrial land uses and focus on two 
very different receptors – a commercial/industrial worker and a construction worker.  Unlike 
those calculated for residential land-uses, NMED SSLs for non-residential land uses are based 
solely on exposures to adults.  Consequently, exposures to carcinogens are not age-adjusted.  
Due to the wide range of activities and exposure levels a non-residential receptor may be 
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exposed to during various work-related activities, it is important to ensure that the default 
exposure parameters are representative of site-specific conditions.  Table 2-4 provides a 
summary of the exposure characteristics and parameters for non-residential land use receptors. 
 

Table 2-4.  Summary of Non-Residential Land Use Receptors 
 

Receptor Commercial/Industria
l Worker 

Construction Worker 

Exposure Characteristics  Substantial soil 
exposures 
 High soil ingestion 

rate 
 Long-term exposure 
 Exposure to surface 

and shallow subsurface 
soils (0-1 foot bgs) 
 Adult-only exposure 

 Exposed during 
construction activities 
only 
 Short-term exposure 
 Very high soil ingestion 

and dust inhalation rates 
 Exposure to surface and 

subsurface soils (0-10 feet 
bgs) 

Default Exposure Parameters 
Exposure frequency (days/yr) 225 250 
Exposure duration (yr) 25 1 
Soil ingestion rate (mg/day) 100 330 

Body Weight (kg) 70 70 
Skin surface area exposed (cm2) 3,300 3,300 
Skin-soil adherence factor (mg/ cm2) 0.2 0.3 

 
2.3.1 Commercial/Industrial Worker 

The commercial/industrial scenario is considered representative of on-site workers who spend all 
or most of their workday outdoors.  A commercial/industrial worker is assumed to be a long-term 
receptor exposed during the course of a work day as either (1) a full time employee of a company 
operating on-site who spends most of the work day conducting maintenance or manual labor 
activities outdoors or (2) a worker who is assumed to regularly perform grounds-keeping 
activities as part of his/her daily responsibilities.  Exposure to surface and shallow subsurface 
soils (i.e., at depths of zero to 1 ft below ground surface) is expected to occur during moderate 
digging associated with routine maintenance and grounds-keeping activities.  A 
commercial/industrial receptor is expected to be the most highly exposed receptor in the outdoor 
environment under generic or day-to-day commercial/industrial conditions.  Thus, the screening 
levels for this receptor are expected to be protective of other reasonably anticipated indoor and 
outdoor workers at a commercial/industrial facility.  However, screening levels developed for the 
commercial/industrial worker may not be protective of a construction worker due to the latter’s 
increased soil contact rate during construction activities.  In addition, the SSLs for the 
commercial/industrial worker do not account for inhalation of volatiles indoors via vapor 
intrusion.   
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Equations 12 and 13 were used to develop generic SSLs for cumulative exposure to carcinogenic 
and non-carcinogenic contaminants by all exposure pathways.  Default exposure parameters (US 
EPA 2002a) are provided and were used in calculating the NMED SSLs. 

 
Equation 12 

Combined Exposures to Carcinogenic Contaminants in Soil 
Commercial/Industrial Scenario 
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Combined Exposures: 
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Parameter Definition (units) Default 
CCI-oral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 
CCI-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific 
CCI-inh Contaminant concentration via inhalation (mg/kg) Chemical-specific 
SSLCI Contaminant concentration, all pathways (mg/kg) Chemical-specific 
TR Target Risk 1E-05 
BWCI Body weight, adult (kg) 70 
ATCI Averaging time, carcinogens (days) 25,550 
EFCI Exposure frequency, commercial/industrial (day/yr) 225 
EDCI Exposure duration, commercial/industrial (years) 25 
IRCI Soil ingestion rate, commercial/industrial (mg/day) 100 
CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 
SACI Dermal surface area, commercial/industrial (cm2/day) 3,300 
AFCI Soil adherence factor, commercial/industrial (mg/cm2) 0.2 
ABSd Skin absorption factor (unitless) Chemical-specific 
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ETCI Exposure time, commercial/industrial (8 hours/per 24 
hours) 

0.33 

IUR Inhalation unit risk (μg/m3)-1 Chemical-specific 
1000 Unit conversion (μg/mg) 1000 
VFs Volatilization factor for soil (m3/kg) See Equation 22 
PEFw Particulate emission factor (m3/kg) See Equation 24 

 

Equation 13 
Combined Exposures to Noncarcinogenic Contaminants in Soil 

Commercial/Industrial Scenario 
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Combined Exposures: 
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Parameter Definition (units) Default 
CCI-oral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 
CCI-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific 
CCI-inh Contaminant concentration via inhalation (mg/kg) Chemical-specific 
SSLCI Soil screening level, all pathways (mg/kg) Chemical-specific 
THQ Target hazard quotient 1 
BWa Body weight, adult (kg) 70 
ATCI Averaging time, noncarcinogens (days) ED x 365 
EFCI Exposure frequency, commercial/industrial (day/yr) 225 
EDCI Exposure duration, commercial/industrial (years) 25 
IRCI Soil ingestion rate, commercial/industrial (mg/day) 100 
10-6 Unit conversion factor (kg/mg) 10-6 
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RfDo Oral reference dose (mg/kg-day) Chemical-specific 
SACI Dermal surface area, commercial/industrial (cm2/day) 3,300 
AFCI Soil adherence factor, commercial/industrial (mg/cm2) 0.2 
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 
ABSd Skin absorption factor (unitless) Chemical-specific 
ETCI Exposure time(8 hours/day per 1 day/24 hour) 0.33 
RfC Reference concentration (mg/m3) Chemical-specific 
VFs Volatilization factor for soil (m3/kg) See Equation 22 
PEFw Particulate emission factor (m3/kg) See Equation 24 

 
2.3.2 Construction Worker 

A construction worker is assumed to be a receptor that is exposed to contaminated soil during the 
work day for the duration of a single on-site construction project.  If multiple construction 
projects are anticipated, it is assumed that different workers will be employed for each project.  
The activities for this receptor typically involve substantial exposures to surface and subsurface 
soils (i.e., at depths of zero to 10 feet below ground surface) during excavation, maintenance and 
building construction projects (intrusive operations).  A construction worker is assumed to be 
exposed to contaminants via the following pathways: incidental soil ingestion, dermal contact 
with soil, and inhalation of contaminated outdoor air (volatile and particulate emissions).  While 
a construction worker receptor is assumed to have a higher soil ingestion rate than a 
commercial/industrial worker due to the type of activities performed during construction 
projects, the exposure frequency and duration are assumed to be significantly shorter due to the 
short-term nature of construction projects.  However, chronic toxicity information was used 
when developing screening levels for a construction worker receptor.  This approach is 
significantly more conservative than using sub-chronic toxicity data because it combines the 
higher soil exposures for construction workers with chronic toxicity criteria.  Equations 14 and 
15 were used to develop generic SSLs for cumulative exposure to carcinogenic and non-
carcinogenic contaminants by all exposure pathways for a construction worker.  Default 
exposure parameters (US EPA 2002a) are provided and were used in calculating the NMED 
SSLs.   

  


