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December 21, 2017

Via Certified Mail No. 7015 3010 0002 0440 9455
Return Receipt Requested

Mr. John E. Kieling, Chief

New Mexico Environment Department
Hazardous Waste Bureau

2905 Rodeo Park Drive East, Bldg 1
Santa Fe, New Mexico 87505-6313

Re:

RESPONSE TO APPROVAL WITH MODIFICATIONS

RIVER TERRACE VOLUNTARY CORRECTIVE MEASURES BIOVENTING
SYSTEM ANNUAL REPORT (JANUARY - DECEMBER 2014), M RCH 2015,
AND

RIVER TERRACE VOLUNTARY CORRECTIVE MEASURES BIOVENTING
SYSTEM ANNUAL REPORT (JANUARY - DECEMBER 2015), MARCH 2016,
AND

RIVER TERRACE VOLUNTARY CORRECTIVE MEASURES

BIOVENTING /AIR SPARGING SYSTEM ANNUAL REPORT (JANUARY -
DECEMBER 2016), MARCH 2017

WESTERN REFINING SOUTHWEST, INC. - BLOO™ ""ELD

TERMINAL

EPA ID# NMD089416416

HWB-WRB-15-002

HWB-WRB-16-001

HWB-WRB-17-001

Dear Mr. Kieling:

This letter provides the Western Refining Southwest, Inc. (Western) response to comments in
NMED’s Approval with Modifications letter dated August 18, 2017.

NMED Comment 1:

The following comments address editorial issues. No revisions to the Reports are necessary;
however, ensure all issues are addressed in future reports.

a. The abbreviation "NPP" was found in the Depth to Product column in the tables. The
designation was not de” d in the footnotes or list of acronyms. Define all acronyms in
future reports.

. In Figure 3, River Terrace Annual Report Bloomfield Terminal River Terrace Well
Location Map (all Reports), well DW-1 is indicated as an inactive well while well DW-2 is
indicated as an active well. The description in the Repor indicates the opposite. Correct
Figure 3 in future reports.

#50 County Road 4490, Bloomfield, New Mexico 87413 » 505 632-8013 » www.wnr.com
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c. In the Executive Summary (2015 Report), Western states,"[t|he Dewatering System consists of
two dewatering wells (DW-2 and DW-3), and a collection gallery, each is equipped with a
dedicated submersible pump." However, in Section 1.1, Site Location and Description, Western
states, "[t]he active dewatering system consists of two dewatering wells (DW-1 and DW-3) and a
collection gallery, each equipped with variable-speed submersible pumps." Provide the correct
well references in future reports.

d. In Section 3.1.2 (2016 Report), Groundwater Field Parameters, Western states, "[a] summary of
the groundwater field parameters collected during the sampling event are included in Table 2.”
These parameters were included in Table 1. Ensure future reports provide correct references to
tables.

Western Response:

The noted issues will be addressed in future reports.

NMED Comment 2:

The contaminant concentrations in the groundwater samples collected from the GAC-Inlet are more
ele * 1 compared to those in samples collected from wells DW-1 and DW-3 according to the
Groundwater Monitoring Summary Tables and GAC Filter Monitoring Tables. For example, during the
week of the April 28, 2015 sampling event, the benzene concentrations in the groundwater samples
from wells DW-land DW-3 were reported as non-detect and 0.082 mg/L, respectively. During the same
period (the April 1 and May 6, 2015 sampling events), the benzene concentrations in samples collected
from the GAC-Inlet were reported at higher concentrations of 0.130 and 0.140 mg/L, respectively. Since
the GAC-Inlet receives groundwater from DW-1, DW-3 and the collection gallery, the elevated
concentrations appear to originate from the collection gallery. In an updated Facility-Wide Groundwater
Monitoring Plan, propose to collect groundwater samples from the collection gallery, and present and
discuss the analytical results for BTEX, MTBE, TPH-GRO, and ORO, and total lead concentrations in the
next annual report.

Western Response:

The 2018 Facility-Wide Groundwater Monitoring Plan will incorporate the requested analyses of
groundwater samples col  ed at the collection gallery.

~MMED Com—-~t3:

According to a NMED letter dated April 18, 2007, the sampling requirement for wells DW-2 and MW-48
was removed from the monitoring plan; however, more than 10 years have passed since the update and
the subsurface conditions may have changed due to the on-going remedial activities. In addition, the
hydrocarbon concentration in well TP-5 has been increasing since 2012 according to the Groundwater
M “oring Summary Tables. TP-5 is located within 20 feet from DW-2. Propose to collect groundwater
samples from wells DW-2 and MW-48 for analysis for BTEX, MTBE, TPH-GRO and DRO, and total
lead in an updated Facility-Wide Groundwater Monitoring Plan. Present and discuss the results in the
next annual report.
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Western Response:

The 2018 Facility-Wide Groundwater Monitoring Plan will incorporate the requested analyses of
groundwater samples collected at the collection gallery.

NMED Comment 4:

In the Executive Summary (all Reports), Western states that a "[t]otal of 219,715, 401,618 and

401,137 gallons of impacted groundwater were removed and freated in 2014, 2015 and 2016,
respectively." The volume of recovered groundwater was almost doubled since 2014 to 2015. Provide
an explanation for the increased volume in the response letter. In addition, the volume fraction of
recovered groundwater appears to be different among the two wells and the collection gallery. For
example, if DW-3 and the collection gallery yield much more water compared to the DW-1's
production rate, the submersible pump may be removed from DW-1 and placed in other extraction
wells (e.g., DW-2) to achieve a higher recovery rate. Install a well flow totalizer in each dewatering
well to optimize effectiveness of the system. It should be noted that the contaminant concentrations in
samples ¢ ected from well DW-1 have been consistently low while the concentrations in samples
collected from TP-5, located adjacent to DW-2, have been increasing in recent years. Evaluate the
benefit of extracting groundwater from well DW-2 or other wells rather than DW-1 and provide
recommendations in the next annual report.

Western Response:

The groundwater recovery increase observed in 2015 and into 2016, is believed to be associated with the
pump maintenance activities conducted in March, 2015; and the recovery from several years of drought
conditions in the region that resulted in a Navajo Dam (San Juan River) high-flow discharge event in
2016.

Western proposes to re-evaluate the entire River Terrace System in early 2018, as noted in the response to
Comments 5 and 7.

NMED Comment 5:

In Section 4.2 (2014 Report), Recommendations, Western states, "[W]estern has removed the impacted
soil from the River Terrace System and believes the § indv 1 is. © for  for remedi n."
NMED concurs with Western's statement. The biovent (BV) wells ad . icted soil in the vadose

zone; however, they provide little effect for impacted groundwater; thus, the existing system must be
modified to target groundwater cleanup. Discuss the modification or replacement of the BV wells to
focus the treatment to the saturated zone. Propose to submit a work plan to modify or replace the existing
BV wells, and provide a plan to evaluate the effectiveness of the modification in the work plan.

Western Response:

The BV wells have always addressed both groundwater and soil impacts. The wells were 0 ~ ~ ly
des ed with two stingers in the wells, one shorter and one longer to accommodate fluc i~ vater
levels. The longer stinger actually acts as a sparging system depending on water levels © *h idual

wells. Also, Western has continually evaluated and updated the system with NMED concurrence to
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improve the performance, including the installation of the groundwater collection gallery and air sparge
lines A and B.

The original bioventing remediation system clearly has been effective in addressing both soil impacts and
groundwater concentrations. Since the 2006 system start-up, the majority of groundwater concentrations
have been reduced to near or below regulatory clean-up levels. A work plan to modify or replace the
existing wells is not warranted at this time.

In early 2018, Western proposes to re-evaluate the entire River Terrace System and meet with NMED to
discuss a path-forward to closure.

NMED Comment 6:

In Section 4.1.2 (2014 and 2015 Reports), Soil Vapor Monitoring, Western states, "[s]oil gas field
measurements indicate that the aeration system has been successful in maintaining sufficient oxygen
within the subsurface to help sustain bioremedial activity." Although the measured oxygen levels (17.6 -
20.9%) in the monitoring wells support Western's statement, the pressure reading indicates "zero" in each
monitoring well, possibly implying no influence from the BV wells. When the air is distributed in the
vadose zone from the BV wells, an increased pressure reading is expected among wells located within the
radius of influence. Provide an explanation regarding the zero-pressure reading in the response letter.
Ensure that the pressure gauge is appropriate for the range of the measurement and can display readings
with sufficient resolution across the range.

Western Response:

Beyond possible variations in injection flow rates and pressures, the field measurements of pressure
readings at the land surface may be affected by a number of factors, including shallow and variable depth
tc " potentiometric surface, variable lithology and permeability, changes in barometric pressure/surface
temperature, etc. These factors are too numerous to indicate one variable (e.g. pressure) as the culprit. In
the 2015 report, some of the wells have shown elevated pressure readings, but the readings have varied
over time, including zero readings. Historical pressure readings reflecting similar trends have been
reported since system start-up. It is important to note that the pressure readings were recorded by
experienced professionals using the appropriate equipment.

Althor  some of the wells r- - “stered zero-pressure readings, the oxygen levelshaver ° ds " :cient
to support bioremediation ana injection pressure adju has not been necessary. Another
consideration is that raising the injection pressure (and flow) may be detrimental to bioremedial activity.
A slow flow of air is preferred to achieve an effective and efficient bioremediation effort!.

=TT Comment 7:

In Section 1.1 (2016 Report), Site Location and Description, Western states, "[i|nstallation of the air
sparging component of the biovent system was completed in =~ 2012,  consists of two air sparging
lines (Air Sparging Line A and *° Sparging Line B). Each air sparging '~ consists of air spar *
tubes that extend down into the groundwater (Western Refining, 2013). Air fr  the biovent main air
blower is pushed into each sparging tube, causing a bubbling effect in the groundwater while also

7 a, S.M. and Winegardner, D.L., 2000, Resforation ¢ ‘ontaminated Aquifers Pefrc im
Hydrocarbons and Organic Compounds, 2™ ed. CRC Press LLC, p. 309
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oxygenating the surrounding subsurface.” While sparging the contaminated groundwater, VOCs will be
partitioned into the air. Although previous soil vapor monitoring data indicates that the effect of BV
wells is not a concern for vapor-phase VOCs, the stripped VOCs (especially when air sparging performs
effectively) may cause an increase in soil vapor concentrations. In an updated Facility-Wide
Groundwater Monitoring Plan, propose to collect soil gas samples in the vicinity of the two air sparge
lines. Propose to collect pressure readings and soil gas samples from wells DW-3 and MW-48 and the
col” ion gallery for BTEX and TPH GRO analyses. Prov  and discuss the analytical data in the next
annual report. In addition, evaluate the need for a soil vapor extraction system to address vapor-phase
VOCs in the vicinity of the air sparging system.

Western R sonse:

The BV wells have always addressed both groundwater and soil impacts. As noted above in response to
Comment 5, the existing BV wells combine air sparging with air injection into the vadose zone and soil
gas monitoring data has indicated the system is effectively removing the VOCs from the vadose zone
including any VOCs partitioned from air sparging. Bioremediation of the VOCs, which may be stripped
from groundwater along the two air sparging lines (i.e., A and B), is anticipated to be similarly effective
along the air sparge lines as demonstrated in the nearby BV wells.

In early 2018, Western proposes to re-evaluate the entire River Terrace System and meet with NMED to
discuss a path-forward to closure.

NMED Con =nt8:

In Section 3.3.2 (2016 Report), Aeration System Monitoring, Western states, "[t]he effectiveness of the
air system was monitored using a portable pressure gauge at various points along the air injection piping
system. Pressure measurements were collected at BV-1, B[V]-3, BV-4, BV-5, BV-6, Air Sparging Line
A, Air Sparging Line B, and at the discharge of the main air blower. The readings are used to ensure a
uniform distribution of air throughout the system." In future reports, tabulate the readings in a manner
similar that presented in 2014 and 2015 Reports. Provide a revised table tabulating the 2016 pressure
readings with the 2017 Annual Report,

Western Response:

The readings will be summarized in tat  in future reports, as was completed = prior years.

NMF™ “~nment 9:

In Section 4.2 (2016 Report), Recommendations, Western states, [iJn 2016 lead concentrations over the
regulatory limit were present in TP-8 and TP-9 and were not present in 2015. The results also show the
same detection in MW-49 which is located on the river side of the slurry wall. Western believes these
lead detections could be due to the quality of the river water during the sampling run." The lead

detections may indicate that water m rough the benton Tty and * et pile barrier wall.
Conseauentlv. hvdrocarbons in ground " be leaching thro » wall to the San Juan River. In
oundwater flows 2 slurry wall, the cievaied lead concentrations may be

water around the vicmity of the slurry wall. Collect groundwater samples from
wells OW 11+15, OW 16+60 and OW6+70 and analyze the samples for total lead. Discuss the results in
the next annual report.

Western Response:
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The reference to the quality of the river water during the sampling run was to the visible turbidity in the
surface water. Upon further review, the analytical results of the river water samples collected since 2013
have been non-detect (<0.005 mg/l) for dissolved lead. NMED mentions the possibility of hydrocarbons
leaching through the wall to the San Juan River; however, the hydraulic gradient is maintained such that
any potential for flow would be from the river side of the barriers toward the remediation area. Also, the
difference in water levels measured on opposite sides of the sheet pile and slurry wall clearly show the
lack of groundwater flow through these hydraulic barriers.

NMED then appears to discuss the slurry wall that is present on top of the bluff, which is totally unrelated
to the River Terrace Remediation System. Prior chemical analyses of groundwater samples collected at
the observations wells along the slurry wall at the top of the bluff have not indicated problems with lead
being present in the groundwater at concentrations above regulatory standards. Further, on-going
chemical analyses of groundwater samples collected across most of the refinery do not show there to be
sources of lead contaminated groundwater that could possibly threaten the lower river terrace area. Also,
there is no evidence to show flow of groundwater off the bluff towards the river terrace. Monitoring of
seeps at the top of the bluff shows very little potential for groundwater flow down the bluff to the river
terrace area and there is little groundwater present in the collection wells present on the down-gradient
side of the slurry wall that runs along the top of the bluff. In fact, well OW6+70 did not have sufficient
water in 2016 even allow for sample collection.

The more ' ly scenario is that a small volume of sedimen’  as entrained in the groundwater samples
that were collected with bailers and then preserved without filtration for totals analyses. A water sample
collected at MW-49 would be expected show the presence of organic contaminants before showing
elevated metals if the contaminants were being transported via groundwater flow to that location from the
back side of the slurry/sheet pile wall. However, there are no detections of either BTEX or TPH in the
groundwater samples collected from MW-49.

Western proposes to discuss this request further with NMED prior to making changes to the

2018 Facility-Wide Groundwater Monito ~  Plan, as we do not believe there is any source of lead
contamination in the area of the river ce and the low concentrations of lead reported in the
groundwater samples are likely the results of collecting the groundwater samples with bailers.

10:

estern includes Hall Envir ntal Analysis Laboratory’s Quality Assurance Plant
Revision 10.1. Approval of the Reports does not constitute approval of the Quality Assurance Plan. No
response is necessary.

Western Response:

The Laboratory QA Plan will not be included in future report submittals. It is of course always available
if NMED were to desire a copy.
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Extension Requests:

Facility-Wide Groundwater Monitoring Plan

Western requests an extension to submit the Facility-Wide Groundwater Monitoring Plan to the regular
due date of June 30®. The reason for the extension is that the plan covers more than the River Terrace
area and incorporates New Mexico Oil Conservation Division (OCD) requirements. The 2017 OCD
Discharge Permit renewal includes additional sampling requirements. Meanwhile, Western will conduct
the additional groundwater sampling discussed in Comments 2 and 3.

Work Plan to Modify or Replace Existing BY Wells:

Western requests an extension to submit a work plan to modify or replace existing BV wells until 30 days
after NMED and Western meet to discuss a path-forward to closure.

If you have any questions regarding this response to comments, please contact me at 915-534-1483.
Sincerely,

Western Ref" "~ g Southwest, Inc.

-

Manager Remediation Projects

cc: D. Cobrain, NMED HWB
K. Van Horn, NMED HWB
L. Tsinnajinnie, NMED HWB
M. Suzuki, NMED HWB
C. Chavez, EMNRD OCD
K. Robinson, Western Refining Southwest, Inc., Bloomfield Terminal



Bloomfield Refinery

River Terrace
Voluntary Corrective Measures
Bioventing System Annual Report




AN Western WNR
. Refining

February 29, 2015 AL EINIE S

John E. Kieling, Bureau Chief Carl Chavez

New Mexico Environmental Department New Mexico Oil Conservation Division
Hazardous Waste Bureau Environmental Bureau

2905 Rodeo Park Drive East 1220 South St. Francis Dr

Santa Fe, NM 87505 Santa Fe, NM 87505

Fed X Tracking #: 7757 6182 8334 (to NMED)
Fed X Tracking #: 7757 6186 3678 (to OCD)

Re: River Terrace Voluntary Corrective Measures
Bioventing System Annual Report
January 2015 through December 2015

Dear Mr. Kieling and Mr. Chavez,

Western Refining Southwest, Inc. - Bloomfield Terminal submits the River Terrace Voluntary
Corrective Measures Bioventing System Annual Report pursuant to Section V.B.1. of the July
2007 Consent Order. This report summarizes monitoring activities and data gathered at the River
Terrace throughout 2015.

If you have questions or would like to discuss any aspect of the report, please contact me at (505)
632-4166.

Sincerely,
0‘44&0\‘,‘1 oloe st
Kelly R. Robinson

Environmental Manager - Logistics
Western Refining Southwest, Inc.

Ce: Allen Hains — Western Refining — El Paso

50 County Road 4990, Bloomfield, New Mexico 87413 s 505 632-4101 ® www.wnr.com
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Executive Summary

This Report is a summary of monitoring activities conducted in 2015 at the River Terrace
Bioventing System located at the Bloomfield Refinery. The following is a synopsis of activities

performed at the River Terrace in 2015.

Dewatering System

The Dewatering System consists of two dewatering wells (DW-2 and DW-3), and a collection
gallery, each is equipped with a dedicated submersible pump. Dewatering well DW-3 allows for
enhanced dewatering capability within the southwest corner of the River Terrace area, the area
with the highest dissolved phase concentrations within the River Terrace Area. The well
extends approximately six feet below the water table, and is constructed to allow for higher

groundwater recovery efficiency.

The dewatering wells operate off of independent level control systems. As each individual
pump senses a low water column level, the pump will shut down for a period of time to allow the
well to recover before resuming pumping. The cycle of operation frequency for the dewatering
pumps is directly reflective of the operational level of the San Juan River. Groundwater pumped
by the dewatering system is pumped through two GAC filters operating in series before
discharging into the facility raw water ponds. A total of 401,618 gallons of impacted
groundwater was removed and treated through the GAC filters in 2015.

Aeration System

The aeration system ran throughout 2015, 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 readings were collected to measure organics, oxygen, and carbon dioxide in the
subsurface. The PID meter detected low level concentrations of organics, ranging between 0.0

ppm and 67.3 ppm. The highest concentration was detected at DW-3, located within the active

Vi



area of the bioventing system. The measured oxygen levels ranged between 17.6% and 19.8%

throughout the River Terrace.

Soil gas samples were collected at specific wells and analyzed for volatile organic compounds
(benzene, toluene, ethylbenzene, and xylenes), and TPH-GRO. The analytical results for
samples collected in 2015 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
0.79 ug/L.

o Ethylbenzene was detected in samples collected at DW-3, with a concentration detected
of 7.0 ug/L.

e Xylene was detected in samples collected at DW-3, with a concentration detected of
4.40 ug/L.

e TPH-GRO was detected in samples collected at DW-3 with a concentration detected of
61.0 ug/L.
Soil gas field measurements indicate that the aeration system has been successful in
maintaining sufficient oxygen within the subsurface to help sustain bioremedial activity. Well
location DW-3 shows the highest soil gas concentrations, which also correlates to the

groundwater results in this location.

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
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

Groundwater samples were collected at specific wells and analyzed for volatile organic
compounds (benzene, toluene, ethylbenzene, xylenes, and MTBE), TPH-DRO, TPH-GRO, total
lead, and total mercury. The analytical results for samples collected in 2015 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 0.082 mg/L. All other
benzene sample results were below the laboratory detection limit.

Vii



e Xylenes were detected at concentrations above the respective WQCC screening level of
0.62 mg/L at one location (TP-5). The concentration of xylene detected was 1.300 mg/L.

¢ Lead was detected ac concentrations above the respective MCL (0.0150 mg/l) at TP-5.
The concentration of lead detected was 0.019 mg/l.

In addition, TPH-DRO was detected above the respective laboratory reporting limit at TP-5, TP-
6, TP-8, TP-9, TP-13 and DW-3. The detected concentrations ranged between 0.22 mg/l and
1.6 mg/l, with the highest concentration detected at TP-6. TPH-GRO was detected above the
respective laboratory reporting limit at TP-5, TP-6, TP-8, and DW-3. The detected
concentrations ranged between 1.4 mg/l and 7.1 mg/l, with the highest concentration detected

at TP-5.

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.

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.

viii



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 EPAID: 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, [nc. 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 | injection well are located south of the country road (Figure
2).



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, and TP-5 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



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.



Section 2
Background

This section presents a summary of the events and activities conducted at the River Terrace
Area since 1999.

1999

2004

2005

2006

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.

Two groundwater monitoring wells (MW-48 and MW-49) were installed in October 2004
to replace two piezometers (P-4 and P-5). Additionally in October 2014, 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.

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 in April 2005.

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.

Operation of the Bioventing System commenced in January 2006. System monitoring
activities were conducted in compliance with the approved River Terrace Voluntary



2007

2008

Corrective Measures Monitoring Plan (Revised) dated October 28, 2005 (Malcoim 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.

Quarterly performance monitoring of the Bioventing System was conducted in February,
June, August, and October 207.

An In-Situ Respiration Test was conducted in September 2007. 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.

Quarterly performance monitoring activities for the Bioventing System were conducted in
March, May, July, and November 2008.

The aeration system blower bearings were replaced in February 2008.
The monitoring well MW-48 dewatering pump was replaced in August 2008.

Blower piping was upgraded in October 2008.

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.



2010

2011

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. Aithough 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.

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. The approved
sampling modifications included the following:

o Soil gas sampling to be conducted annually at all TP wells, DW-1, and MW-49.
The sampling is to be performed during San Juan River low flow conditions.

o Soil gas monitoring (O,, CO,, and PID readings) for TP-1, TP-2, DW-1, MW-49,
and TP-5 through TP-9 is to be performed semi-annually. The monitoring is to
be performed during San Juan River high and low flow conditions.

o Groundwater monitoring of TP-3, -7, -9, -10, -11, -12, -13, and DW-1 is to be
conducted biennually (beginning 2011). Samples are to be coliected during low
flow conditions of the San Juan River.

o Groundwater monitoring of TP-1, -2, -5, -6, -8, and MW-49 is to be conducted
semi-annually. The monitoring is to be performed during San Juan River high
and low flow conditions.

o Discontinue analysis of barium and chromium analysis for all TP wells, MW-49,
and DW-1.

o Samples at the GAC in-let, outlet of lead vessel, and outlet of lag vessel are to be
collected quarterly.

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.



2012

2013

2014

Additional samples outside of what was required 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.

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.

o Air Sparging Line A and Air Sparging Line B were added to system.

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.

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.



2015

Monthly and Quarterly performance monitoring of the GAC filters for the Bioventing
System was conducted. Samples in addition to the required frequency were collected at
the GAC filters to monitor their operations.

The High Flow Monitoring Event did not take place in 2015. 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.

General pump maintenance was performed on the recovered water transfer pump in
March 2015.

A section of the blower discharge piping was replaced due to a crack at a joint connection.



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 2015 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 2015 due to continued drought conditions in the area.
Groundwater sampling activities during low flow conditions of the San Juan River were
conducted during the week of April 28, 2015. The following is a summary of activities performed

during the groundwater monitoring event conducted in 2015.

3.1.1 Groundwater Measurements

Depth-to-groundwater and depth-to-product measurements were collected from TP-3, TP-5
through TP-13, DW-3, and MW-49. The measurements were collected 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-
3, TP-5 thru TP-13, DW-3, and MW-49. A summary of the groundwater field parameters

collected during the sampling event are included in Table 2.
3.1.3 Groundwater Sampling
Groundwater samples were collected from TP-3, TP-5 thru TP-13, 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 8260B,

o Total Petroleum Hydrocarbons (TPH) — Gasoline Range Organics (GRO) by EPA
Modified Method 8015D,

o Total Petroleum Hydrocarbons (TPH) — Diesel Range Organics (DRO) by EPA Modified
Method 8015D,

o Total Recoverable Metals — Total lead by EPA Method 6010C, and
o Total Recoverable Metals — Total mercury by EPA Method 7470 (DW-1 only).
A summary of the groundwater analysis is provided in Table 2 and the analytical reports are

provided as Appendix D.

3.2 Soil Vapor Monitoring

3.2.1 Pressure Readings

During the sampling event, field pressure readings were collected from TP-3, TP-5 thru TP-13,
DW-1, DW-3, 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 during

the 2015 sampling event.

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 2015.
3.2.2 Soil Gas Field Parameters

Field measurements of soil gas hydrocarbons (using a PID), oxygen, and carbon dioxide
concentrations (using a muiti-gas meter) were collected from TP-3, TP-5 thru TP-13, DW-1,
DW-3, and MW-49 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-3, TP-5 thru TP-13, DW-1, 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 8260B
o Total Petroleum Hydrocarbons — GRO by EPA Method 8015D
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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) are required to be collected quarterly. Additional samples were
collected to monitor system performance. Samples were submitted to Hall Environmental
Analytical Laboratory and analyzed for the following parameters:

¢ Volatile Organic Compounds — BTEX and MTBE by EPA Method 8021B

e Total Petroleum Hydrocarbons — Gasoline Range Organics by EPA Method 8015B

e Total Petroleum Hydrocarbons — Diesel Range Organics by EPA Method 80158
A summary of the analytical results for samples collected at the GAC filters is provided in Table

4.

3.3.2 In-Situ Respiration Test

Western has conducted three separate in-situ respiration tests at the River Terrace area in May
2008, 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.

41 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, total
lead, and total mercury. The analytical results for samples collected in 2015 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 0.082 mg/L. All other
benzene sample results were below the laboratory detection limit.

e Xylenes were detected at concentrations above the respective WQCC screening level of
0.62 mg/L at one location (TP-5). The concentration of xylene detected was 1.300 mg/L.

e Lead was detected ac concentrations above the respective MCL (0.0150 mg/l) at TP-5.
The concentration of lead detected was 0.019 mg/I.
In addition, TPH-DRO was detected above the respective laboratory reporting limit at TP-5, TP-
6, TP-8, TP-9, TP-13 and DW-3. The detected concentrations ranged between 0.22 mg/l and
1.6 mg/l, with the highest concentration detected at TP-6. TPH-GRO was detected above the
respective laboratory reporting limit at TP-5, TP-6, TP-8, and DW-3. The detected
concentrations ranged between 1.4 mg/l and 7.1 mg/l, with the highest concentration detected

at TP-5.

Table 2 provides a summary of the analytical groundwater results. Lead was inadvertantly not
sampled at DW-1 during the 2015 sampling event. A sample will be collected as part of the
2016 sampling activities. A concentration map showing the benzene, toluene, ethylbenzene,
xylenes, and TPH-DRO concentrations for the River Terrace wells during low flow conditions is

provided in Figure 5.
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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 between 0.0
ppm and 67.3 ppm. The highest concentration was detected at DW-3, located within the active
area of the bioventing system. The measured oxygen levels ranged between 17.6% and 19.8%

throughout the River Terrace.

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 2015 were not detected above the respective
laboratory screening level, with the exception of the following:

. gca-?ngzen/el_was detected in a sample collected at DW-3, with a concentration detected of

.79 ug/L.

e FEthylbenzene was detected in samples collected at DW-3, with a concentration detected
of 7.0 ug/L.

e Xylene was detected in samples collected at DW-3, with a concentration detected of
4.40 ug/L.

¢ TPH-GRO was detected in samples collected at DW-3 with a concentration detected of
61.0 ug/L.

Soil gas field measurements indicate that the aeration system has been successful in
maintaining sufficient oxygen within the subsurface to help sustain bioremedial activity. 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

Groundwater Treatment System

A total of 401,618 gallons of impacted groundwater was removed and treated through the GAC
filters. In addition to the quarterly samples collected at the GAC filter inlet and at the outlet of
each GAC filter, additional samples were voluntarily collected to monitor the progress of the
treatment system. The benzene, ethlylebenzene, and xylenes concentrations at the inlet of the
GAC filters decreased over time during 2015, with concentrations below the respective

screening levels since October 2015.
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Pressure readings were collected at the biovent wells, air sparging lines, and the main air
blower in 2015. The air injection system ran consistently throughout 2015 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.
4.2 Recommendations

Groundwater monitoring data collected in 2015 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.
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2015 Soil Gas Monitoring Data Summary

Table 1

Purge

Carbon

Sample Sampling Date Volu Depth to Water Pressure PID Oxygen Dioxide Benzene | Toluene Ethylbenzene Xylenes |TPH-GRO
Location Activities (gall;‘e (ft below TOC) | (Inches of Water) {(ppm) (%) (%) (ug/L) {ug/L) {ug/L) {ug/L) (ug/L)
0
- ***Decommissioned | November ex o ok ohk ok - ok ok sk Khk *hk
~ November 2012 2012
o ***Decommissioned | November
= November 2012 2012
. No ngh *k ek *k Ak ok ok *ok *k L e ok Hok
High Flow 2015 Flow
Week of
Low Flow 2015 04-28-15 23 753 0.00 0.0 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
- ngh Flow 2013 ** No ngh ok *ok *ok *ok ke ke *ok ok ok ok *k
o Flow
=
c Week of
- LowFlow2013 | 47 59.13 20* 7.11 0.00 2.2 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
3] : Week of
> High Flow2012 1 g5.34.12 NR? 5.32 NR? NR? NR? NR? NR? NR? NR? NR? NR?
[\
- Week of
Low Flow 2012 04-09-12 NR? 7.37 NR? NR? NR? NR? NR? NR? NR’ NR? NR’
. Week of
High Flow 2011 06-13-11 NR? 5.80 NR? NR? NR? NR? NR? NR? NR? NR? NR?
Week of
Low Flow 2011 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 2015 NO ngh dede Jede sk ek dedk Jede Jede Jek Jede Jeke Jede
Flow
Week of
Low Flow 2015 | 4 og_15 1.8 5.13 0.00 0.3 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
H sk NO ngh ek sk dede ke Jede *k *k *k ok *k *k
High Flow 2014 P ion
Week of
towFlow 2014 | 9472114 95 5.19 0.00 5.0 20.9 0.0 <010 | <010 <0.10 <0.30 <5.0
H ek NO High ok Jede ek Jede sk Jede ek Jede *k ek dek
2 High Flow 2013 Flow
[ Week of
Low Flow 2013 | 570913 20" 4.95 0.00 1.1 19.4 0.0 <0.10 <0.10 <0.10 <0.30 6.9
. Week of
High Flow 2012 | 95 3112 6.3 3.42 0.00 0.8 209 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
Week of
Low Flow 2012 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
Week of
Low Flow 2011 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
. Week of
High Flow 2011 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
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2015 Soil Gas Monitoring Data Summary

Table 1

Purge

Carbon

Sample Sampling Date Volume Depth to Water Pressure PID Oxygen Dioxide Benzene Toluene Ethylbenzene Xylenes |TPH-GRO
Location Activities (gal) (ft below TOC) | (Inches of Water) (ppm) (%) (%) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
(1]
High Flow 2015 No High - - - - - - w - . ** N
Flow
Week of
Low Flow 2015 04-28-15 1.9 6.00 0.00 0.0 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
High FIOW 2014 *k NO ngh *k *k *k *k *k KW *k Jk *%k *k £33
Flow
Week of
Low Flow 2014 04/21/14 1.2 6.11 0.00 28 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
ngh FIOW 201 3 deke NO ngh *Kk *k ke %k *k *k sk *k sk *k *k
© Flow
o
- Week of
Low Flow 2013 07/9/13 20 579 0.00 0.1 19.1 0.1 <0.10 <0.10 <0.10 <0.30 <5.0
. Week of
High Flow 2012 05-31-12 75 4.06 0.00 0.2 20.9 0.0 <0.10 <0.10 <0.10 <0.30 7.9
Week of
LowFlow2012 1 ¢4 4912 11.0 6.01 0.00 0.0 20.8 0.0 <0.10 <0.10 <0.10 <030 6.8
Week of
Low Flow 2011 07-26-11 11.9 6.58 0.50 05 20.3 0.0 <0.10 <0.10 <0.10 <0.30 10
. Week of
High Flow 2011 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
H NO High *k * % ok *k *k *k *k *k *k *k sk
High Flow 2015 Flow
Week of
Low Flow2015 | 44 55 15 1.7 6.05 0.00 0.0 19.7 0.1 <0.10 <0.10 <0.10 <0.30 <5.0
feam) ngh Flow 2013 ** No ngh bl ke ke e ek Sk ke ok ke ke ok
S Flow
c Week of
g Low Flow 2013 07/09/13 20* 5.59 0.00 0.0 17.8 2.7 <0.10 <0.10 <0.10 <0.30 <5.0
[ . Week of
N High Flow 20121 95.31-12 NM 2.73 NR? NR? NR? NR? NR? NR? NR? NR? NR?
o Week of
[
Low Flow 2012 07-01-12 NM 5.79 NR? NR? NR? NR? NR’ NR’ NR? NR’ NR?
Week of
Low Flow 2011 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
. Week of
High Flow 2011 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
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2015 Soil Gas Monitoring Data Summary

Table 1

Carb
Sample Sampling Date \7;:19;; Depth to Water Pressure PID Oxygen Di"::xi?i'; Benzene | Toluene Ethylbenzene Xylenes |TPH-GRO
Location Activities (gal) (ft below TOC) | (Inches of Water) (ppm) (%) (%) (ug/L) {ug/L) (ug/L) {ug/L) {ug/L)
. No ngh o ke s qk s dk sk deke qdke s s
High Flow 2015 Flow
Week of
Low Flow 2015 | 550 0.81 8.06 0.00 0.10 19.80 0.00 010 010 <010 <0.30 5.0
High FIOW 2014 ok NO ngh *%k % dk *k sk sk * %k dk sk dk sk
Flow
Week of
Low Flow 2014 04/21/14 11.4 6.22 0.00 12 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
H|gh F[OW 2013 > NO ngh ok * * ok ek ek Aok de sk ok ke
0 Flow
o
= Week of
Low Flow 2013 07/09/13 20* 6.29 0.00 11.8 18.5 0.7 <0.10 <0.10 0.12 <0.30 17.0
. Week of
High Flow 20121 95 3112 9.2 5.02 0.00 0.6 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
Week of
LowFlow 2012 | 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
Week of
Low Flow 2011 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
. Week of
High Flow 20111 56 1311 11.3 6.26 0.00 0.1 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
H NO High dek dk dedke %k sk sk sk *k sk dk Ak
High Flow 2015 Flow
Week of
LowFlow 20151 04 28.15 2.4 5.93 0.00 0.0 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
H|gh F'OW 2014 *x NO ngh ek hid *k * %k doke ok ok ok ok ok ok
Flow
Week of
Low Flow2014 | 0421114 12.8 6.98 0.00 2.1 19.0 1.7 <0.10 <0.10 <0.10 <0.30 <5.0
High Flow 201 3 *% NO ngh dk * %k sk £ Ak dk *k dk sk sk dk
=3 Flow
o
[ Week of
Low Flow 2013 07/09/13 20* 5.23 0.00 0.6 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
. Week of
High Flow 2012 05-31-12 40 2.18 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
Week of
LowFlow 2012 | p4.49.17 10.6 5.75 0.00 0.0 209 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
Week of
Low Flow2011 | 57.26-11 97 5.93 0.00 05 20.8 0.0 <010 | <0.10 <0.10 <0.30 82
. Week of
High Flow2011 1 96-13-11 4.9 2.13 0.00 0.0 20.9 0.0 <010 | <010 <0.10 <0.30 <5.0
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2015 Soil Gas Monitoring Data Summary

Table 1

Purge

Carbon

Sample Sampling Date Volume Depth to Water Pressure PID Oxygen Dioxide Benzene Toluene Ethylbenzene Xylenes |[TPH-GRO
Location Activities (gal) (ft below TOC) |(Inches of Water) {(ppm) (%) (%) {ug/L) {ug/L) {ug/L) {ug/L) {ug/L)
High Flow 2015 N‘;S\'{fh * = - - - - - " " " N
Week of
Low Flow 2015 04-28-15 2.1 5.50 0.00 0.0 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
: High FIOW 201 3 *% NO H|gh *k *% ke *k *% sk ok **x ok ok *%
S Flow
£ Week of
[ =
< Low Flow 2013 07/09/13 20 4.99 0.00 0.5 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
Q . Week of
= High Flow2012 | 455.31.12 NR? 2.82 NR? NR? NR? NR? NR? NR? NR? NR? NR?
o Week of
-
Low Flow 2012 04-19-12 NR? 5.33 NR? NR? NR? NR? NR? NR? NR? NR? NR?
Week of
Low Flow 2011 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
) Week of
High Flow2011 | g6.13-11 NR? 3.08 NR? NR? NR? NR? NR? NR? NR? NR? NR?
High Flow 2015 Niozll;ilwgh Kk *% *k ** *k sk *% *k ok *% sk
Week of
Low Flow 2015 04-28-15 2.0 5.84 0.00 0.0 17.9 1.4 <0.10 <0.10 <0.10 <0.30 <5.0
: H *¥k NO High *k ok *k *% ok *% ok ok ok * Kk sk
S High Fiow 2013 Flow
c
c Week of
:jﬂ Low Flow 2013 07/09/13 20* 5.45 0.00 0.3 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
= . Week of
T High Flow 2012 | 953112 NR? 3.48 NR? NR? NR? NR? NR? NR’ NR? NR? NR?
o Week of
l—
Low Flow 2012 | g4.19.12 NR? 5.75 NR? NR’ NR? NR? NR? NR? NR? NR? NR?
. Week of .
High Flow 2011 06-13-11 NR? 3.81 NR? NR? NR? NR? NR?2 NR? NR?2 NR? NR?
Week of
Low Flow 2011 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
ngh F‘OW 201 5 Nglg\l’sh Hk EY Ex Hde dede ke dede Jede dede ek Hk
Week of
Low Flow 2015 04-28-15 2.1 7.57 0.00 0.0 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
= High Flow 2013 =+ | Vo High - * o . - - * - - > -
S Flow
= Week of
[ =
< Low Flow 2013 07/09/13 20* 7.10 0.00 0.1 19.4 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
m . Week of
~ High Flow 2012 05-31-12 NR? 500 NR2 NR2 NR?2 NR2 NR2 NR?2 NR2 NR? NR?
o Week of
= Low Flow 2012 04-19-12 NR? 7 45 NR2 NR? NR?2 NR2 NR?2 NR? NR? NR? NR?
. Week of
High Flow 2011 06-13-11 NR? 504 NR?2 NR2 NR2 NR2 NR?2 NR?2 NR2 NR? NR?
Low Flow 2011 Week of
ow Flow 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
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2015 Soil Gas Monitoring Data Summary

Table 1

Sample Sampling Date \l;;Lg; Depth to Water Pressure PID Oxygen gz;‘;z Benzene Toluene Ethylbenzene Xylenes |TPH-GRO
Location Activities (gal) e (ft below TOC) | (Inches of Water) (ppm) (%) (%) (ug/L) (ugiL) (ugl/L) (ugl/L) (ugl/L)
0
H]gh FIOW 2015 NO ngh ok *k i *k ek *k dedke ke *k Aok ke
Flow
Week of
Low Flow 201
ow Flow 2015 04-28-15 47 6.45 0.00 0.0 17.6 1.4 <0.10 <0.10 <0.10 <0.30 <5.0
= . . NO ngh ek *k ok *k *k *k ok s *k ok **k
g High Flow 2013 Flow
£ Week of
:fn Low Flow 2013 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 2 2 2 2 2 2 2 2 2 2
o 05-31-12 NR 3.78 NR NR NR NR NR NR NR NR NR
o Week of
o
Low Flow 2012 | g4.19.13 NR? 6.29 NR? NR? NR? NR? NR? NR? NR? NR? NR?
. Week of
High Flow 2011 06-13-11 NR® 3.82 NR® NR’ NR? NR® NR? NR’ NR® NR’ NR?
Low Flow 2011 Week of
ow Flow 20 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
. NO ngh wk ok ke *k *k *k ke * %k *k ke *k
High Flow 2015 P
Week of
LowFlow 2015 1 94.28-15 419 6.30 0.00 3.3 176 18 <0.10 <0.10 <0.10 <0.30 <5.0
— H]gh Flow 2013 ** No ngh doke *ke ek *k ok *k ok *k *k Ak *k
S Flow
c Week of
c
< Low Flow 2013 07/09/13 80 9.64 0.00 0.0 19.0 0.4 <0.10 <0.10 <0.10 <0.30 <5.0
o . Week of
- High Flow 2012 05-31-12 NM 3.99 NR? NR? NR? NR? NR? NR? NR? NR? NR?
= Week of
[m]
Low Flow 2012 04-19-12 NM 6.41 NR? NR? NR® NR® NR? NR? NR? NR? NR?
. Week of
High Flow 2011 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
Week of
LowFlow 20111 97.26-11 101.0 6.68 0.00 05 203 0.0 <010 | <010 <0.10 <0.30 <5.0
High FIOW 2015 NO ngh ok *k ok ok *k *k *k *k ek *k ok
Flow
Week of
Low Flow 2015 04-28-15 | Pumping 11.23 0.00 67.3 18.4 06 0.79 <0.20 7.00 4.40 61.0
. High Flow 2014 = | NoHigh - - - . - - - " > - -
;l Flow
a Week of
Low Flow 2014 1 94121114 50.7 6.92 0.00 25.8 203 0.6 0.74 <0.10 12.0 200 150.0
ngh FIOW 201 3 *k NO ngh ok ok *k ok *k *k ok *k *k *k ke
Flow
Week of
Low Flow 2013 07/09/13 20* 6.64 0.00 9.7 18.7 0.6 0.25 <0.10 130 11.0 61.0
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Table 1
2015 Soil Gas Monitoring Data Summary

Sample Sampling Date VP;LS::e Depth to Water Pressure PID Oxygen gg:izz Benzene | Toluene Ethylbenzene Xylenes |TPH-GRO
Location Activities (gal) (ft below TOC) |[(Inches of Water) {ppm) (%) (%) (ugl/L) (ugl/L) (ugiL) (ugliL) (uglL)
0
High Flow 2015 NO ngh *K * % *k *k *K Jok * %k dk * %k *k *K
Flow
Week of
Low Flow 2015 04-28-15 15.1 9.65 0.00 0.0 19.8 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
High FIOW 2014 * % NO H[gh *k *%k sk E2 3 Jok ok *k *%k *k Jok *K
Fiow
Week of
Low Flow 2014 04/21/14 73.9 10.08 0.00 0.8 19.9 08 <0.10 <0.10 <0.10 <0.30 <5.0
» ngh Flow 2013 ** No ngh *k *ok K sk sk *k sk *k sk *k *ok
N Flow
= Week of
= Low Flow 2013 07/09/13 50* 9.17 0.00 0.1 17.0 2.9 <0.10 <0.10 <0.10 <0.30 <5.0
. Week of
HighFlow 2012 05-31-12 423 5.76 0.00 0.0 20.9 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
Week of
Low Flow 2012 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
Week of
Low Flow 2011 07-26-11 67.0 9.76 0.00 0.2 19.7 0.3 <0.10 <0.10 <0.10 <0.30 54
. Week of
High Flow 2011 06-13-11 453 5.74 0.00 0.0 209 0.0 <0.10 <0.10 <0.10 <0.30 <5.0
Notes:

NR'= Not Required (NMED, 2009)

NR? = Not Required (NMED, 2011)
NM = Not Measured
NA = Inadvertently not Analyzed

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

4-inch wells were pumped for 5 minutes; and 6-inch wells were pumped for 8 minutes.
** Due to drought, river conditions never met high flow requirements.
*** Well Decommissioned November 2012 as part of biovent system enhancements.
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20.6.2.3103 STANDARDS FOR GROUND WATER OF 10,000 mg/l TDS CONCENTRATION OR LESS: The
following standards are the allowable pH range and the maximum.allowable concentration in ground water for the
contaminants specified unless the existing condition exceeds the standard or unless otherwise provided in Subsection D of
Section 20.6.2.3109 NMAC. Regardless of whether there is one contaminant or more than one contaminant present in
! ground water, when an existing pH or concentration of any water contaminant exceeds the standard specified in Subsection
A, B, or C of this section, the exnstmg pH or concentration shall be the allowable limit, provided that the discharge at such
concentrations will not result in concentrations at any piace of withdrawal for present or reasonabiy foreseeable future use in
excess of the standards of this section, These standards shall apply to the dissalved portion of the contaminants specified with
a definition of dissolved being that given in the publication "methods for chemical analysts of water and waste of the U.S.
environmental protection agency," with the exception that standards for mercury, orgenic compounds and non-aqueous phase
liquids shall apply to the total unfiltered concentrations of the contarninants.

A, Human Health Standards-Ground water shall meet the standards of Subsection A and B of this section
unless otherwise provided. If more than one water contaminant affecting human health is present, the toxic pollutant criteria
as set forth in the defmition of toxic pollutant in Section 20,6.2.1101 NMAC for the combination of contaminants, or the
Human Health Standard of Subsection A of Section 20.6.2.3103 NMAC for each contaminant shall appiy, whichever is more
stringent. Non-agueous phase liquid shall not be present floating atop of or immersed within ground water, as can be

reasonably measured.

(1) ATSEDIC (AS)ieueniiireiriiirier st seraiscsar s asnses i ran s ca s s 0.1 mg/|

(2) Barum (Ba)......ciiecviriiiiiiirnncinn e e s s 1.0 mgN

(3) Cadmium (Cd)......ccociimmiimriirmrariienisii e i 0.01 mg/

(4) Chromitim (Cr)......ccovieniiaiiierrnieieecreaveranns srarssiisee saesanenns 0.05 mg/

(5)  Cyanide (CN)....cviiiiiriisinienieiein e arerrrnie e srsnraessmrasenssissrin 0.2 mg/l

(6) Fluoride (F).......c.ovvieeiecmniirc et e e s e s s aresn e r s 1.6 mg/l

)T Vs N ) T PPV 0.05 mg/l

(8)  Total Mercury (HE)......vvverreenrerrierrnsircniaiees tireassansen vanssens: 0.002 mg/]

(9) Nitrate (NO; 88 N)ooonn i 10,0 mg/1

(10)  Selenium (S€)....c.coviiiiiiriniinirrier e e e rae s 0.05 mg/l

AR IR A o .Y - T U P 0.05 mp/i

(12)  Uranium (U)....... PPN 0.03 mg/l

(13) Radioactivity: Combined Radium-226 & Radium-228................ 30 pCinl

(14)  BENZBNE....c..cieiirieiiiiciitin it canit it e s e ereeanrrn s sves 0.01 mg/l

(15) Polychlorinated biphenyls (PCB'S).......c.ooaeniivinieinineenininn 0.001 mg/l

(16)  TOIENE...cuneineiiiieiiiiie v e s rre bt s ea s e s rese i ea e 0.75 mg/l

(17) Carbon Tetrachloride......cocevcvniviiiiiieenis i cnre e 0.01 mg/l

(18) 1,2-dichloroethane (EDC) .......ccvveieriiriniiennninninverensiesninins 0.01 mg/l

(19) 1,1-dichioroethylene (1,1-DCE) ......cooioiiiiii i 0.005 mg/

(20) 1,1,2,2-tetrachioroethylene (PCE) .....c..c.oocciviininivecvnienvinnininn 0.02 mg/l

(21) 1,1,2-mrichloroethylene (TCE) .......ccccevicivnienviinnieriieniieniinnins .0.1 mg/l

(22)  ethylDenZEne........ccovvivniiiiinreecn e e 0.75 mg/l

(23)  tOtAl XYIENES. .. .oeieisvini i e e n e e s e s 0.62 mg/l

(24) methylene chloride......c...coveiiiniiiiiiiii o 0.1 mg/l

(25)  chloroform.......c..oviiiiiiic i 0.1 mg/

(26)  1,1-dichloroethane. ......o.vvereeienieiiieiieineeeae e arr e rnras e ane 0.025 mg/l

(27) ethylene dibromide (EDB) ..........cccoviiirencn vt 0.0001 mgn

(28) 1,I,i-trichlorosthane..............ooiiiiiiiiiie i 0.06 mg/

(29)  1,1,2-trichloroethane. ........ccvveriveiiiiinin e s et cen ssoin 0.01 mgh

(30) 1,1,2,2-tetrachloroethanc............c.cocvviviciii i 0.01 mg/l

(31)  vinyl chloride......oovivreeriiiiiii 0.001 mg/1

(32) PAHSs: total naphthalene plus monomeﬂlylnaphthalenes ................... 0.03 mg/l

(33)  DENZO-B-PYTOME ... it ieiaeteeericnn e mnrrtrene s hre e ee e nnesan s 0.0007 mg/l
B. Other Standards for Domestic Water Supply

(1) Chloride (CI) vueveee i eeec et e eicren eee s s ar e e e 250.0 mg/l

(2)  CopPEr (CU) cvreeiieeniie i a et e s e etr e s eae s ve s st 1.0 mg/l

) B ¢ (o N { 1) PP PP 1.0 mg/1

(4) Manganese (IMIN) ......oivvereiii e et e s eeea e e 0.2 mg/l

(6)  Phenols....ccociiriciiiiiiiie i s e 0.005 mg/l

(7)  Sulfate (SO,) .eeviiiiiiii i 600.0 mg/}

(8) Total Dissolved Solids (TDS) ....ccuvviurcveciiiiine creren e ivieaanenensnenn 1000.0 mg/l

I ol ¢ ) O P U PO 10.0 mg/l

L0 )T PO P between 6 and 9
C. Standards for Irrigation Use - Ground water shall meet the standards of Subsection A, B, and C of
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20.b.2 NMAL . e s

this section unless otherwise provided.

(1) Aluminum (Al).....co cociiinier e et e 5.0 mg/l
{2) BOTOn (B) iivueieeiiiierie e e er et et ana 0.75 mgfi
(3)  CObAILACO) covurnriniirieneniiieriiiievetsinesesersriitersonnrerersenienarvesneessees 0.05 mg/i
(4) Molybdenum (MO) ....ovvvvcininiireiiiiiis i rereren s a s s 1.0 mg/l
(5)  NICKEI NI ciuiieiiice i iiic i v iaenes ser s re s er e s e sasra st sn aeness s sennnes 0.2 mg/l

{2-18-77, 1-29-82, 11-17-83, 3-3-86, 12-1-95; 20.6.2.3103 NMAC - Rn, 20 NMAC 6.2.111.3103, 1-15-01; A, 9-26-04)
[Note: For purposes of application of the amended numeric uranjum standard to past and current water discharges (as of 9-
26-04), the new standard will not become effective until June 1, 2007. For any new water discharges, the uranium standard is

effective 9-26-04
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Table of New Mexico and USEPA Groundwater Standards

Metals (mgf)
Antimony 0.006 2
Arsenic 0.012
Barium 1.0
Beryllium 0.004 2
Cadmium 0.005 2
Chromium 0.05
Cobalt 0.05
Copper 1.0
Cyanide 0.2
Lead 0.015%
Mercury 0.002
Nickel 0.200
Selenium 0.05
Silver 0.05
Uranium 0.03
Vanadium 0.26°
Zinc 10.0

Groundwater Standards are WQCC 20NMAC 6.2.3103 unless ctherwise indicated

2 - Federal Maximum Contaminant Level

3 - USEPA Regional Screening Levels (April 2009)

Ne - not established
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Table of New Mexico and USEPA Groundwater Standards

Semivolatiles (ugn)
1,2 4-Trichlorobenzene 702
1,2-Dichlorobenzene 600*
1,3-Dichlorobenzene Ne
1,4-Dichlorobenzene 752
2,4,5-Trichlorophenol 3,700
2,4,6-Trichlorophenal 8.1°
2,4-Dichlorophenol 110 °
2,4-Dimethyiphenol 730
2,4-Dinitrophenol 733
2,4-Dinitrotoluene 0.223
2 6-Dinitrotoluene a7 3
2-Chloronaphthalene 2900°
2-Chlorophenol 1807
2-Methyinaphthalene 150"
2-Methylphenol 1,800 *
2-Nitroaniline 110°®
2-Nitrophenol Ne
3,3"-Dichiorobenzidine 0.15°
3+4-Methylphenol 180 °
3-Nitroaniline Ne
4,6-Dinitro-2-methylphenol Ne
4-Bromopheny! pheny! ether Ne
4-Chloro-3-methylphenol Ne
4-Chloroaniline 0.34°
4-Chlorophenyl phenyt ether Ne
4-Nitroaniline 3.4
4-Nitrophenol Ne
Acenaphthene 2200°
Acenaphthylene Ne

Groundwater Standards are WQCC 20NMAC 6.2.3103 unless otherwise indicated
2 - Federal Maximum Contaminant Level

3 - USEPA Regional Screening Levels (Aprit 2009)

Ne - not established
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Table of New Mexico and USEPA Groundwater Standards

Semivolatiles (ugh)
Aniline 123.
Anthracene 1100°
Azobenzene ' 0.12¢
Benz(a)anthracene 0.029 °
Benzo(a)pyrene 022
Benzo(b)fluoranthene 0.029 ®
Benzo(g,h,i)perylene -  Ne
Benzo(k)fluoranthene 0.29 8
Benzoicacid - 150,000 °
Benzyl alcohol 1800°
Bis(2-chloroethoxy)methane 1108
Bis(2-chioroethyl)ether 0.012°
Bis(2-chloroisopropyt)ether Ne
Bis{2-ethylhexyl)phthalate 6*
Butyl benzyl phthalate 35
Carbazole Ne
Chrysene 293
Dibenz(a,h)anthracene 0.0029°
Dibenzofuran Ne
Diethyl phthalate 29,000
Dimethyi phthalate Ne
Di-n-buty! phthalate Ne
Di-n-octyl phthalate Ne
Fluoranthene 1,500 ®
Fluorene 1600°
Hexachlorobenzene 10°
Hexachlorobutadiene 0.86°
Hexachlorocyclopentadiene 502
Hexachloroethane 48°

Groundwater Standards are WQCC 20NMAC 6.2.3103 unless otherwise indicated

2 - Federal Maximum Contaminant Level
3 - USEPA Regional Screening Levels (April 2009)

Ne - not established
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Table of New Mexico and USEPA Groundwater Standards

Semivolatiles {ughf)
Indeno(1,2,3-cd)pyrene 0.029°
isophorone 71
Naphthalene 0.14°
Nitrobenzene 0.12°
N-Nitrosodimethylamine 0.00042°%
N-Nitrosodi-n-propylamine 0.0096°
N-Nitrosodiphenyiamine 142
Pentachlorophenol 12
Phenanthrene Ne
Phenol b
Pyrene 1100°
Pyridine ar?

Groundwater Standards are WQCC 20NMAC 6.2.3103 unless otherwise indicated
2 - Federal Maximum Contaminant Level
3 - USEPA Regional Screening Levets [April 2009)

Ne - not established
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Table of New Mexico and USEPA Groundwater Standards

Volatiles (ugh)
1,1,1,2-Tetrachloroethane 0.62°
1,1,1-Trichioroethane 60
1.1,2,2-Tetrachloroethane 10
1,1,2-Trichioroethane 52
1,1-Dichlorocethane 25
1,1-Dichloroethene 5
1,1-Dichloropropene Ne
1,2,3-Trichlorobenzene Ne
1,2,3-Trichloropropane 0.0098?
1,2,4-Trichlorobenzene 70.02
1.2 4-Trimethylbenzene 1503
1,2-Dibromo-3-chloropropane 022
1.2-Dibromoethane (EDB) 0.05%
1,2-Dichlorobenzene 600.0 2
1,2-Dichiocroethane (EDC) 5%
1,2-Dichioropropane 502
1.3,5-Trimethylbenzene 123
1,3-Dichlorobenzene Ne
1,3-Dichioropropane 7303
1,4-Dichlorobenzene 75.02
1-Methylnaphthalene 2.3
2,2-Dichloropropane Ne
2-Butanone 710.03
2-Chiorotoluene 730.0°
2-Hexanone Ne
2-Methyinaphthalene 150°
4-Chlorotoluene 2600°
4-Isopropyltoluene Ne
4-Methyi-2-pentanone Ne

Groundwater Standards are WQCC 20NMAC 6.2.3103 unless oth_erwise indicated

2 - Federal Maximum Contaminant Level

3 - USEPA Regional Screening Levels {April 2009)

Ne - not established

Page 5 of 8



Table of New Mexico and USEPA Groundwater Standards

Volatiles {ugh)
Acetone 22000°
Benzene 52

Bromobenzene 20°
Bromodichloromethane 0.12
Bromoform 853
Bromomethane 8.7°
Carben disulfide 1,000 °
Carbon Tetrachloride 52
Chiorobenzene 100.0 2
Chioroethane Ne
Chloroform 100
Chioromethane 190 °
cis-1,2-DCE 702
cis-1,3-Dichioropropene 0.4°
Dibromochioromethane 0.15°
Dibromomethane 370°
Dichlorodifluoromethane 390°
Ethylbenzene 7002
Hexachlorobutadiene 0.86 °
|sopropytbenzene 680°
Methyt tert-butyl ether (MTBE) 122
Methylene Chioride 52
Naphthalene 0.14*
n-Butylbenzene Ne
n-Propylbenzene Ne
sec-Butylbenzene Ne
. Styrene 100%
tert-Butylbenzene Ne
Tetrachloroethene (PCE) 52

Groundwater Standards are WQCC 20NMAC 6.2.3103 unless otherwise indicated
2 - Federal Maximum Contaminant Leve!
3 - USEPA Regional Screening Levels (April 2009)

Ne - not established
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Table of New Mexico and USEPA Groundwater Standards

Volatiles (ugh)
Toluene 750
trans-1,2-DCE 1002
trans-1,3-Dichicropropene 043
Trichloroethene (TCE) 52
Trichloroflucromethane 1,300°
Vinyl chioride 1
Xylenes, Total 620

Groundwater Standards are WQCC 20NMAC 6.2.3103 unless otherwise indicated

2 - Federal Maximum Contaminant Level

3 - USEPA Regional Screening Levels {April 2009)

Ne - not established
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Table of New Mexico and USEPA Groundwater Standards

General Chemistry (mgh)

Alkalinity, Total (As CaCO3) [ Ne
Bicarbonate : Ne

Calcium Ne
Carbonate Ne
Chloride . 250
Fluoride 1.6

fron ' B

Magnesium Ne
Manganese 0.2
Nitrogen, Nitrate (As N) 10
Nitrogen, Nitrite (As N) 12
Nitrate (As N)+Nitrite (As N) 10
Potassium Ne
Sodium Ne
Suifate 600

Groundwater Standards are WQCC 20NMAC 6.2.3103 uniess otherwise indicated

2 - Federal Maximum Contaminant Level
3 - USEPA Regional Screening Levels (April 2009)

Ne - not established
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EXECUTIVE SUMMARY

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.

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 dated July 2014 replaces
and supersedes previous versions of this document as well as the following documents:

e Technical Background Document for Development of Soil Screening Levels, Revision
6.0, 2012,

o 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.

This Risk Assessment Guidance for Site Investigations and Remediation is organized into two
volumes.

e Volume I - Tier 1: Soil Screening Guidance Technical Background Document

e Volume II - Screening-Level Ecological Risk Assessments

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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The following table summarizes changes to the “Risk Assessment Guidance for Investigations
and Remediation,” Volumes I and 11. Specific changes are as follows:

Item I Section | Change | Date
VOLUME I
TIER 1: SOIL SCREENING GUIDANCE TECHNICAL
BACKGROUND DOCUMENT
1 Global Update default exposure parameters; November
includes changes to text, tables, equations, | 2014
and soil screening levels in Appendix A
2 | Global General edits and clarifications November
2014
3 Table of Acronyms | Updated November
2014
4 | Table of Contents Updated November
2014
5 | Summary of Added new section summarizing changes | November
Changes to document by revision number and date | 2014
6 | Section 1.2.1 and Addition of tap-water exposure, vapor November
Table 1-1 intrusion and beef ingestion pathways 2014
7 | Section 2.1 Additional chemical-specific information | November
added for clarification. Includes changes 2014
or additions to dioxin/furans,
polychlorinated biphenyls (PCBs),
hexavalent and total chromium, vanadium,
xylene, phenanthrene, and polycyclic
aromatic hydrocarbons (PAHs)
8 | Section 2.1.7 Section added addressing emerging November
contaminants 2014
9 | Section 2.2.1 and Incorporated carcinogenic and mutagenic | November
Equations 12-17 effects to calculation of trichloroethylene 2014
(TCE) specific soil screening levels
10 | Section 2.4 Modified to include dermal exposure November
2014
11 | Equations 24-26 Equations were modified and added to November
include dermal contact with tap water 2014
pathway
12 | Equation 27 Changed noncarcinogenic exposure November
parameters from adult exposure to child 2014
exposure (tap water)
13 | Equations 29-30 Added dermal pathway to equations for November
and Equations 31- | vinyl chloride and mutagens 2014
35
14 | Section 2.5 Section added addressing the vapor November

ES-2



Risk Assessment Guidance for Investigations and Remediation

Volume 1
July 2015
Item | Section Change Date
intrusion pathway and derivation of vapor | 2014
screening levels
15 | Section 2.6 Section added describing the evaluation of | November
the beef ingestion pathway 2014
16 | Section 2.7.2 Section added describing background November
threshold values 2014
17 | Section 2.7.3 Clarification added on determination of November
constituents of potential concern 2014
18 | Section 2.7.7 Section added providing guidance for November
calculation of exposure-point 2014
concentrations
19 | Section 3.4 Added list of sources used for deriving November
chemical property information 2014
20 | Section 5.0 Clarification added to text on the use of the | November
SSLs 2014
21 | Section 5.1 Section added describing chromium November
speciation and tiered approach to using 2014
chromium screening levels
22 | Section 5.2 Section added describing derivation of November
screening levels for essential nutrients 2014
23 | Section 6.0 Updated Total Petroleum Hydrocarbon November
(TPH) methodology; removed groundwater | 2014
screening levels.
24 | Section 7.0 Updated references November
2014
25 | Table A-1 Updated NMED screening levels November
2014
26 | Table A-2 Updated default exposure parameters November
2014
27 | Table A-3 Table added displaying vapor intrusion November
screening levels 2014
28 | Tables B-1 and B-2 | Updated chemical property information November
with references added 2014
29 | Table B-3 Table added showing input parameters and | November
chemical properties for dermal tap-water 2014
pathway
30 | Table C-1 Updated toxicity data November
2014
31 | Section 2.7.7 Update prefrerred method for handling March 2015
non-detects
VOLUME 2
SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENTS
1 Global Updating of reference November
2014
2 | Global General editorial corrections November
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Item | Section Change Date
2014
3 | Section 3 Additional clarification of Screening Level | November
Ecological Risk Assessments (SLERA) for | 2014
Phase I — revised Tier 1 assessments and
added updated methodologies and
equations
4 | Section 4 Added Tier 2 SLERA methodologies and | November
equations 2014
5 | Section 5 Site-specific ecological risk assessments November
added as Tier 3 process 2014
6 | Section 4 Added references to the toxicity reference | July 2015
values (TRVs) and Ecological Screening
Levels (ESLs) provided in Attachment ¢
7 | Section 4 Added Equation 8 for derivation of the July 2015
screening level hazard quotient
(SLHQ)using site concentrations and the
ESLs (added as Attachment C)
8 | Attachment C Added new tables listing TRVs for Tier 1 | July 2015

and Tier 2 key ecological receptors and
ESLs for Tier 1 key receptors.
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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), tap water screening levels, and
vapor intrusion screening levels (VISLs). In addition, guidance is provided to assist in
identifying and evaluating appropriate exposure pathways and receptors. Finally, this document
provides generic SSLs, tap water SLs, and VISLs 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 concentrations that could impact human health or 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. 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. 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.

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
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topics discussed in Section 3 include chemical specific parameters used to develop the SSLs and
calculation of 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.
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. Finally,
Section 6 addresses the screening criteria that should be applied at sites with potential petroleum
releases. Soil and tap water screening levels 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. Screening levels for the vapor intrusion pathway are presented
in Table A-3 of Appendix A. Physical-chemical values used in the calculation of the SSLs are
presented in Tables B-1, B-2, and B-3 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 1.0 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 better 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
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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,
2014a or most current), or a review of toxicological data should be conducted and if available, a
screening level 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. RSLs for
noncarcinogens are provided for hazards of 1.0 and 0.1; the RSLs based on a hazard quotient of
1.0 should be applied.

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 several 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 or other media at a given site. These include:

¢ Direct (and incidental) ingestion of soil,
e Dermal contact with soil,
o Inhalation of volatiles and fugitive dusts from contaminated soil,

e Migration of chemicals through soil to an underlying potable aquifer or water-bearing
unit,

o Ingestion of tap water during domestic use,
e Dermal contact with tap water during domestic use,

« Inhalation of volatile organic compounds (VOCs) volatilized from tap water into indoor
air during domestic use,

¢ Inhalation of volatiles in indoor air via the subsurface vapor intrusion pathway, and

o Ingestion of potentially contaminated beef.

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., home gardening, recreational land use, hunting, 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.

i
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The exposure pathways 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 | Construction
/Industrial

Direct ingestion of soil 4 v v
Dermal contact with soil v v v
Inhalation of dust and volatiles from soil v v v
Inhalation of VOCs from vapor intrusion v v --
Ingestion of tap water v -- -
Dermal contact with tap water v -- -
Inhalation of VOCs volatilized from tap v B B
water during domestic use

Ingestion of beef v - -

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. The models and assumptions used were developed to be consistent with the
Superfund concept of “reasonable maximum exposure” (US EPA 1989 and 2009). This is
intended to provide an upper-bound estimate of chronic exposure by combining both average and
conservative (i.e., 90" to 95" 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 are available 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
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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 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
1.0. 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.

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, tap
water screening levels (SLs), VISLs, and beef ingestion SLs 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 through 2.6. Generic SSLs and tap water
screening levels are calculated using these default values and are presented in Table A-1 of
Appendix A. Vapor intrusion screening levels were calculated for chemicals considered toxic
and volatile and are presented in Table A-3.

2.1 Human Health Basis

The toxicity criteria used for calculating the SSLs are presented in Table C-1 of Appendix C.
The selected toxicity values were based on chronic exposure. The primary sources for the
human health benchmarks follow the US EPA Superfund programs tiered hierarchy of human
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health toxicity values (US EPA 2003). Although the US EPA 2003 identified several Tier 3
sources, a hierarchy among the Tier 3 sources was not assigned by the US EPA. For the
calculation of NMED SSLs, the following hierarchy of sources was applied in the order listed,
and is similar to the hierarchy utilized in the calculation of US EPA’s RSLs (US EPA, 2014a):

1) Integrated Risk Information System (IRIS) (US EPA, 2014c) (www.epa.gov/iris),

2) Provisional peer reviewed toxicity values (PPRTVs) (http://hhpprtv.ornl.gov/) and
appendices,

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 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. When screening risk assessments are
performed for dioxins/furans at a site, the following TEFs should be applied to the
analytical results and summed for each sample location; the sum, or toxicity equivalent
(TEQ), should be compared to the NMED SSL for 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD).

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
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Dioxin and Furan Congeners TEF
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

Polychlorinated biphenyls (PCBs). Toxicity data for Aroclors were taken from the IRIS
database. Aroclor 1016 is considered low risk; therefore, toxicity values deemed as
“lowest risk” were applied. It was assumed that all of the other Aroclors were considered
high risk; as such, toxicity values deemed as “highest risk” were applied.

Toxicity data for the dioxin-like PCBs were calculated relative to 2,3,7,8-TCDD toxicity.
TEFs for 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) 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

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 reference dose (RfD) for vanadium was calculated based on the
RfDo for vanadium pentoxide and factoring out the molecular weight of the oxide ion.

Lead. The US EPA recommended levels for lead, based on blood-lead modeling
(Integrated Exposure Uptake Biokinetic Model, IEUBK) were applied.
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Total Chromium. Toxicity data for total chromium were adjusted based on a ratio of 1:6
(hexavalent chromium:trivalent chromium). 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 trivalent chromium (chromium (III)) and hexavalent
chromium (chromium (VI)) should be applied. See Section 5.1 for further information on
the use of chromium screening levels.

Chromium (VI). The oral cancer slope factor selected for chromium (VI) is based on a
publication by the New Jersey Department of Environmental Protection (NJDEP) entitled
Derivation of Ingestion-Based Soil Remediation Criterion for Cr™ Based on the NTP
Chronic Bioassay Data for Sodium Dichromate Dihydrate (April 8, 2009). This
publication presents cancer potency values derived from a two-year dose-response study
conducted by the National Toxicology Program (2008). NJDEP derived an oral cancer
potency value of 0.5 mg/kg-day for chromium (VI). See Section 5.1 for further
information on the use of chromium screening levels.

The inhalation unit risk (IUR) factor for chromium (VI) was derived by multiplying the
total chromium IUR by seven (7) to account for a chrome speciation ratio of 1:6
(chromium (VI):chromium (III)). See Section 5.1 for further information on the use of
chromium screening levels.

Xylenes. Toxicity criteria for xylenes (mixture) from US EPA’s IRIS were used as
surrogate values for the three isomers of xylenes (o-xylene, m-xylene, and p-xylene)
based on structural similarity.

Phenanthrene. Based on structural similarity, toxicity data for pyrene were used as
surrogate values for phenanthrene.

Polycyclic aromatic hydrocarbons (PAHs). Toxicity data for PAHs were calculated by
applying TEFs relative to benzo(a)pyrene. The selected TEFs presented in US EPA
(1993) were applied in the calculation of NMED SSLs and are listed in Table 2-3.

Table 2-3. Polycyclic Aromatic Hydrocarbon Toxicity Equivalency Factors

Poylycyclic Aromatic TEF
Hydrocarbon

Benzo(a)pyrene 1.0
Benzo(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01
Chrysene 0.001
Dibenz(a,h)anthracene 1.0
Indeno(1,2,3-cd)pyrene 0.1
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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 non-carcinogenic 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
specific site-related conditions and/or behavioral patterns (e.g., pica behavior in children). Such
exposures may be of concern for those contaminants that primarily exhibit acute health effects.
For example, 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 (2005a) Supplemental Guidance states that early life exposures (i.e., neonatal and
early life) to certain carcinogens can result in an increase in cancer risk later in life. US EPA’s
(2005a) suggests that age-specific factors be applied to the estimated cancer risks. These factors
should address four life stages: 1) children under 2 years of age; 2) children aged 2 to 6 years; 3)
children 6 years to 16 years of age; and 4) children over 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.
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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. 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),
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 SSLs for dermal contact with 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, Supplemental
Guidance for Dermal Risk Assessment (US EPA 2004a).

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
semi-volatile and inorganic contaminants. The SSLs follow the procedures for evaluating
inhalation soil, 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 2009), 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 2005a), 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

10
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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.
If volatiles are present in subsurface media (e.g., soil-gas or groundwater), volatilization through
the vadose zone and into indoor air could occur. NMED VISLs were calculated to address this
type of exposure using the methods outlined in Section 2.5. VOCs are considered those
chemicals having a Henry’s Law constant greater than 1E-05 atmospheres — cubic meter per
mole (atm-m*/mole) and a molecular weight less than 200 grams per mole (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.

2.1.7 Contaminants of Emerging Concern

Contaminants of emerging concern are those contaminants possibly present in environmental
media that are suspected to elicit adverse effects to human and ecological receptors, but do not
have established health standards or established analytical methods. These contaminants may
include but are not limited to perfluorinated compounds, such as perfluorooctanoic acid (PFOA)
and perfluorooctane sulfonate (PFOS). As many agencies, including the US EPA, are working
to understand the types of effects and levels of concern in environmental media, it is important to
consider whether emerging contaminants may be present at facilities in New Mexico. For
facilities where contaminants of emerging concern are detected in site media, and specifically
PFOAs and PFOSs, a qualitative discussion of potential exposure and impact on overall
risk/hazard must be included in the risk assessment.

2.2 Soil Screening Levels for Residential LLand 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 (hr) a day, 350 days per year (yr), extending over a 26~
year exposure duration. Table 2-4 provides a summary of the exposure characteristics and
parameters associated with a residential land use receptor (US EPA, 2014b).

11
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Table 2-4. Summary of the Residential Land Use Receptors

Exposure Characteristics e  Substantial soil exposure (esp.
children)
o  High soil ingestion rate (esp.
children)

e Significant time spent indoors

¢ Long-term exposure

e  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)
20 (adult)
Soil ingestion rate (mg/day) 200 (child)
100 (adult)
Body Weight (kg) 15 (child)
80 (adult)
Skin surface area exposed (cm?) 2,690 (child)
6,032(adult)
Skin-soil adherence factor 0.2 (child)
(mg/cm?) 0.07 (adult)

cm? — square centimeters
kg - kilograms
mg — milligrams

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 26 years [representing the 90™ percentile of the length of time someone lives in a single
location (US EPA, 2014b)], 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. If these pathways are complete, analysis of risks resulting from
these additional exposure pathways must be determined (refer to Sections 2.5 and 2.6) and added
to the risks determined using the SSL screen (Equations 55 and 56).

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.

12
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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.

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 (26
years, 90th percentile for current resident time, US EPA, 2014b). 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.

13
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Parameter Definition (units) Default

Coral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific

Caermal Contaminant concentration via dermal adsorption . .
Chemical-specific

(mg/kg)

Cinh Contaminant concentration via inhalation (mg/kg) Chemical-specific

SSLres Soil screening level, all pathways (mg/kg) Chemical-specific

THQ Target hazard quotient 1

BW:. Body weight, child (kg) 15

AT Averaging time, noncarcinogens (days) ED. x 365

EF: Exposure frequency, resident (day/yr) 350

ED. Exposure duration, child (yr) 6

ETs Exposure time, resident (hr/day x day/hr) 1

IRS. Soil ingestion rate, child (mg/day) 200

RfD, Oral reference dose (mg/kg-day) Chemical-specific

SA. Dermal surface area, child (cm?*/day) 2,690

AF. Soil adherence factor, child (mg/cm?) 0.2

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific

ABS4 Skin absorption factor (unitless) Chemical-specific

RfC Inhalation reference concentration (mg/m?) Chemical-specific

10°¢ Unit conversion factor (kg/mg) 106

VF; Volatilization factor for soil (m’/kg) See Equation 45

PEFy Particulate emission factor (m*/kg) See Equation 48

Equation 1

Combined Exposures to Noncarcinogenic Contaminants in Soil,

Residential Scenario

- THQ x AT x BW,

C =
" EF, xED,x(1/RfD,)x IRS, x (10™°)

THOx AT,

C,, =
"™ EF x ED, x ET, x(1/ RfC)x [(1/VF.)+ (1/ PEF.)]

THQx AT, x BW,

C =
il EF x ED, x [L/(RfD, x GIABS)|x S4, x AF. x ABS, 107

Combined Exposures:

1
SSL,. = 1 1 ]
C Cdermal

C

inh

oral
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Equation 2

Combined Exposures to Carcinogenic Contaminants in Soil,
Residential Scenario

TRx AT,
Cora1= - —6
CSF, x IFS,,, <10
o ThedT,
IURx1000 x EF, x| —+ x ED, x ET
VF, PEF,
c _ TR x AT,
dermal —
DFS,;,x CSF;S x ABS, x107°

Combined Exposures:

Parameter Definition (units) Default

Coral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific

Cermal Contaminant concentration via dermal adsorption . .
Chemical-specific

(mg/kg)

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

AT Averaging time, carcinogens (days) 25,550

EF; Exposure frequency, resident (day/yr) 350

IF Sag Age-adjusted soil ingestion factor (mg/kg) See Equation 3

CSF, Oral cancer slope factor (mg/kg-day’! Chemical-specific

DF S Age-adjusted dermal factor (mg/kg) See Equation 4

ABSq Skin absorption factor (unitless) Chemical-specific

1000 Unit conversion factor (ug/mg) 1000

IUR Inhalation unit risk (ug/m?)’! Chemical-specific

ED; Exposure duration, resident (yr) 26

ETys Exposure time, resident (hr/day x day/hr) 1

106 Unit conversion factor (kg/mg) 10°¢

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific

VF, Volatilization factor for soil (m*/kg) See Equation 45

PEF Particulate emission factor (m*/kg) See Equation 48
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Equation 3
Calculation of Age-Adjusted Soil Ingestion Factor
IFS EF X ED, XIRSC+EF>< (ED, — ED.) X IRS,
adj — BW, BW,

Parameter Definition (units) Default
IF Sag; Age-adjusted soil ingestion factor for carcinogens (mg/kg) 36,750
EF Exposure frequency (day/yr) 350
ED. Exposure duration, child (yr) 6
IRS, Soil ingestion rate, child (mg/day) 200
BW. Body weight, child (kg) 15
ED: Exposure duration, resident (yr) 26
IRS, Soil ingestion rate, adult (mg/day) 100
BW, Body weight, adult (kg) 80

Equation 4
Calculation of Age-Adjusted Soil Dermal Factor
DFS EFXEDCXSACXAFC+EFX(EDr—EDC)XSAaXAFa
adj BW, BW,

Parameter Definition (units) Default
DF S.g Age-adjusted dermal factor for carcinogens (mg /kg) 112,266
EF Exposure frequency (day/yr) 350
ED. Exposure duration, child (yr) 6
AF. Soil adherence factor, child (mg/cm?) 0.2
SA. Dermal surface area, child (cm?day) 2,690
BW. Body weight, child (kg) 15
ED: Exposure duration, resident (yr) 26
AF, Soil adherence factor, adult (mg/cm?) 0.07
SA. Dermal surface area, adult (cm?/day) 6,032
BW, Body weight, adult (kg) 80

Equations 1 and 2 are appropriate for all chemcials with the exception of vinyl chloride,
trichloroethylene, 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

: ~ TR
ve~-oral CSF; x IFSadj X 10_6 N CSF; X ]RSC X 10_6
AT, BW.
: B TR
ve-inh ]URX EF XEDX ET XlOOO IUR
, rs + X 1000
AT xVF VF

Combined Exposures:

1
Show =71
+

ve—oral ve—inh

Parameter Definition (units) Default
Coc-omal Contaminant concentration (mg/kg) Chemical-specific
Coc-inh Contaminant concentration (mg/kg) Chemical-specific
Cres-ve Combined SSL for vinyl chloride (mg/kg) Chemical-specific
TR Target cancer risk 1E-05

BW. Body weight, child (kg) 15

AT Averaging time, carcinogens (days) 25,550

EF; Exposure frequency, resident (day/yr) 350

IFS.g Age-adjusted soil ingestion factor (mg/kg) See Equation 3
CSF, Oral cancer slope factor (mg/kg-day)™ Chemical-specific
IRS, Child soil ingestion factor (mg/day) 200

107 Unit conversion factor (kg/mg) 10

[UR Inhalation unit risk (ug/m®)’! Chemical-specific
EF, Exposure frequency, resident (day/yr) 350

ED Exposure duration (yr) 26

ET: Exposure time (hr/day x day/hr) 1

1000 Conversion factor (pg/mg) 1000

VF Volatilization factor for soil (m*kg) See Equation 43

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
C B TRx AT,
meerel CSFy x IFSM,,, % 107
Parameter Definition (units) Default
Cuu-oral Contaminant concentration (mg/kg) Chemical-specific
TR Target cancer risk 1E-05
AT; Averaging time, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mg/kg-day’! Chemical-specific
IFSMagj Age-adjusted soil ingestion rate, mutagens (mg/kg) See Equation 7
10°¢ Conversion factor (kg/mg) 10
Equation 7

Calculation of Age-Adjusted Soil Ingestion Factor, Mutagens

_ EF,xED, ,xIRS,x10 = EF,x ED, (x IRS,x3 _EF,x ED_,xIRS,x3 EF,x ED, , xIRS, x1

IFSM,, = + + +
d BW. BW, BW, BW,

Parameter Definition (units) Default
[FSMagj Age-adjusted soil ingestion factor for mutagens (mg/kg) 166,833
EDo.» Exposure duration, child (yr) 2
EDys Exposure duration, child (yr) 4
EDs¢.16 Exposure duration, adult (yr) 10
ED16.26 Exposure duration, adult (yr) 10
EF. Exposure frequency, child (days/yr) 350
EF, Exposure frequency, adult (days/yr) 350
IRS. Soil ingestion rate, child (mg/day) 200
IRS, Soil ingestion rate, adult (mg/day) 100
BW. Body weight, child (kg) 15
BW, Body weight, adult (kg) 80
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Equation 8
SSL for Inhalation of Soil- Mutagens
- TRx A,
ink ] . 1 1
(ET,,%1000)x [(ED,_, x EF x IURx10)+(ED,_ x EF x IURx3)+(ED;_ x EF x IURx 3)+(ED;( ;s x EF x IURx 1)]X(V—F: + PEFWJ
Parameter Definition (units) Default
Croy-inh Contaminant concentration (mg/kg) Chemical-specific
TR Target cancer risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
IUR Inhalation Unit Risk (pg/m3)! Chemical-specific
EF Exposure frequency, (day/yr) 350
ED Exposure duration (yr)
EDo.2 (yr) 2
EDz (yr)
EDg.16 (yr) 10
EDj6-26 (yr) 10
ETs Exposure time (hr/day x day/hr) 1
1000 Conversion factor (ug/mg) 1000
VF; Volatilization factor for soil (m*¥/kg) See Equation 45
PEF Particulate emission factor (m*/kg) See Equation 48
Equation 9
SSL for Dermal Contact with Soil- Mutagens
TRx AT,
Cm:bdermal = CSF
° x DFSM,, x ABS, %107
GIABS g
Parameter Definition (units) Default
Crnu-dermal Contaminant concentration (mg/kg) Chemical-specific
TR Target cancer risk 1E-05
AT, Averaging time, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mg/kg-day’™! Chemical-specific
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific
DFSM.g Age-adjusted soil contact factor, mutagens (mg/kg) See Equation 10
ABSq Skin absorption factor (unitless) Chemical-specific
106 Conversion factor (kg/mg) 10
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Equation 10
Calculation of Age-Adjusted Soil Contact Factor, Mutagens
DFSM,, = EDy , x AF, xSA4, x10 + ED, (x AF, xSA4. %3 + ED (x AF, x84, %3 + ED\ o x AF, x84, x1
BW, BW, BW, BW,
Parameter Definition (units) Default
DFSM.q  Age-adjusted soil contact factor for mutagens (mg/kg) 475,599
EDq-2 Exposure duration, child (yr) x EF (350 days/yr)) 700
EDys Exposure duration, child (yr) x EF (350 days/yr)) 1,400
EDs.16 Exposure duration, adult (yr) x EF (350 days/yr)) 3,500
ED16.26 Exposure duration, adult (yr) x EF (350 days/yr)) 3,500
AF. Soil adherence factor, child (mg/cm?) 0.02
AF, Soil adherence factor, adult (mg/ cm?) 0.07
SA. Exposed skin area, child, (cm?/day) 2,690
SA. Exposed skin area, adult, (cm*day) 6,032
BW. Body weight, child (kg) 15
BW, Body weight, adult (kg) 80

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

Parameter
S SLTCS-mU
Cmu-ora]
Crnu-inh

Cmu-dermal

Equation 11
Determination of the Combined SSL
Mutagens

SSLres~mu = 1 1 1
+ +
C

mu—oral mu—inh

mu—dermal

Definition (units)
Cumulative SSL for mutagens (mg/kg)
Concentration from soil ingestion (mg/kg)
Concentration from inhalation (mg/kg)
Concentration from dermal exposure (mg/kg

Default
Chemical-specific
See Equation 6
See Equation 8
See Equation 9

For trichloroethylene (TCE), the US EPA RIS (US EPA, 2014c¢) database provides data on both
carcinogenity and mutagenicity. Mutagenic effects assessed include Non-Hodgkin’s lymphoma

(NHL), and impact to the liver and kidneys. The SSL equations for TCE present in Equations 12
through 17 allow assessment of both cancer and mutagenic effects.
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Equation 12
SSL for Ingestion of Soil - Trichloroethylene (TCE)
Residential Scenario
c _ TRx AT
TeE-orl = {CSF, x 107 x ((CAF, x IFS, )+ (MAF, x IFSM,)))
Parameter Definition (units) Default
CTCE-oral Contaminant concentration, ingestion soil (mg/kg) Chemical-specific
TR Target cancer risk 1E-05
AT Averaging time, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mg/kg-day)™ Chemical-specific
10°¢ Unit conversion factor (kg/mg) 10°¢
CAF, Adjusted oral cancer slope factor (mg/kg-day’! See Equation 13
IFSag Age-adjusted soil ingestion factor for carcinogens See Equation 6
(mg/kg)
MAF, Adjusted oral mutagenic slope factor (mg/kg-day”! See Equation 13
IFSM, Age-adjusted soil ingestion factor for mutagens (mg/kg) See Equation 7
Equation 13
Adjusted Oral Slope Factors - TCE
Residential Scenario
CSF,_ -
CAFO — o—NHL+Liver
CSF, adult
CSF,_y;
MA E) — o—kidney
CSF adult
Parameter Definition (units) Default
CAF, Adjusted oral cancer slope factor 0.804
CSFaguic Oral cancer slope factor (mg/kg-day’! 0.046
CSFonmi+iver Oral cancer slope factor, NHL (2.16E-02) and Liver 0.0370
(1.55E-02), (mg/kg-day)!
MAF, Adjusted oral mutagenic slope factor 0.202
CSFoxianey  Oral cancer slope factor, kidney (mg/kg-day’! 0.00933
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Equation 14
SSL for Inhalation of Soil- TCE
c - 1 1 TRx AT,
IURX(TFI+ PEF]xwoo x(1/28)x[(CAF, x EF x ED, x ET,)+ (seebelow)|
KED,,EF, , x ET, , x MAF, x10)+(ED,_(EF,_ s x ET, s x MAF, x3)+ (ED¢ | EF¢ ¢ X ET_ s x MAF, x3)+ (ED\¢ 3¢EF;¢ 5  ET; 15 x MAF, x1)]
Parameter Definition (units) Default

CrcE-inh Contaminant concentration (mg/kg) Chemical-specific
TR Target cancer risk 1E-05
AT: Averaging time, carcinogens (days) 25,550
[UR Inhalation Unit Risk (pg/m?)! Chemical-specific
EF Exposure frequency, (day/yr) 350
ED Exposure duration (day)

EDs.> (yr) 2

ED2-6 (yr) 4

EDs.16 (yr)) 10

EDjs.26 (yr) 10

EDx (yr) 26
ET: Exposure time (hr/day) 1
1000 Conversion factor (ug/mg) 1000
1/24 Conversion factor (day/hr) 1/24
CAF; Adjusted inhalation cancer unit risk (ug/m®)!  See Equation 15
MAF; Adjusted inhalation mutagenic unit risk See Equation 15

(ng/m’)y!
VF; Volatilization factor for soil (m*/kg) See Equation45
PEF Particulate emission factor (m*/kg) See Equation 48
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Equation 15
Adjusted Inhalation Unit Risks - TCE
Residential Scenario
CAFi — IURNHL+Liver
TURqquut
IUR kidney
MAF; =
IUR adult
Parameter Definition (units) Default
CAF; Adjusted carcinogenic inhalation unit risk (pg/m?)! 0.756
TUR aguit Inhalation unit risk, (ug/m?)’! 4.1E-06
IURNHLHiver  Inhalation unit risk, NHL (2E-06) and Liver (1E-06), 3.1E-06
(ug/m’)”
MAF; Adjusted mutagenic inhalation unit risk (pug/m?)! 0.244
TUR kidney Inhalation unit risk, kidney, (ug/m®)’! 1E-06
Equation 16
SSL for Dermal Contact with Soil - Trichloroethylene (TCE)
Residential Scenario
TR X AT
CTCE—der = CSF
o785 X 1076 X ((CAF, X DFSa4j x ABS) + (MAF, X DFSMaq; x ABS))
Parameter Definition (units) Default
CTCE-der Contaminant concentration (mg/kg) Chemical-specific
TR Target cancer risk 1E-05
AT Averaging time, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mg/kg-day! Chemical-specific
GIABS Fraction of contaminant absorbed in gastrointestinal tract Chemi .
. emical-specific
(unitless)
106 Unit conversion factor (kg/mg) 1E-06
CAF, Adjusted oral cancer slope factor (mg/kg-day’! See Equation 13
DFS.qg Resident soil dermal contact factor- age-adjusted See Equation 4
(mg/kg)
ABS Skin absorption factor (unitless) Chemical-specific
MAF, Oral mutagenic slope factor (mg/kg-day”! See Equation 13
DF SM,qi Resident Mutagenic soil dermal contact factor- age- See Equation 10
adjusted (mg/kg)

o
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Equation 17

Determination of the Combined SSL

TCE
1
S S l‘res—T CE 1 1 1
+ +
CTCE—oraI CTCE—inh CTCE—der

Parameter Definition (units) Default
SSLres-tcE Cumulative SSL for mutagens (mg/kg) Chemical-specific
CrcE-oral Concentration from soil ingestion (mg/kg) See Equation 12
Cr1CE-inh Concentration from inhalation (mg/kg) See Equation 14
CrCE-der Concentration from dermal exposure (mg/kg) See Equation 16

2.3 Soil Screening Levels for 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
exposed to during various work-related activities, it is important to ensure that the default
exposure parameters are representative of site-specific conditions. Table 2-5 provides a
summary of the exposure characteristics and parameters for non-residential land use receptors

(USEPA, 2014b).

Table 2-5. Summary of Non-Residential Land Use Receptors

Commercial/Industrial
Worker

Receptor

Construction Worker

Exposure Characteristics s Substantial soil exposures
o High soil ingestion rate

» Long-term exposure

¢ Exposure to surface and
shallow subsurface soils (0-1
foot bgs)

¢ Adult-only exposure

o Exposed during construction
activities only

e Short-term exposure

e Very high soil ingestion and
dust inhalation rates

¢ Exposure to surface and
subsurface soils (0-10 feet bgs)

Default Exposure Parameters

cm?)

Exposure frequency (days/yr) 225 250
Exposure duration (yr) 25 1
Soil ingestion rate (mg/day) 100 330
Body Weight (kg) 80 80
Skin surface area exposed (cm?) 3,470 3,470
Skin-soil adherence factor (mg/ 0.12 0.3
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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.

Equations 18 and 19 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 and US EPA 2014b) are provided and were used in calculating the NMED SSLs.
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Equation 18
Combined Exposures to Carcinogenic Contaminants in Soil
Commercial/Industrial Scenario
C. _ TRx AT, x BW,
“reral " CSF, x EF,, x ED., x IR, 107
TR x AT,
CCI—inh = 1 < 1
IURx1000 x EF, x| —+ x ED., x ET,
VE  PEF,
TR x AT., x BW,,
CC]—a'ermal = CSF '
EF. xED, x ——°-xSA4. x AF., x ABS, x107°
(&4 (&4 G]ABS AC] cI d
Combined Exposures:
SSL., = 1
T 1 1
+ +
CI-oral CCI —inh CI-dermal
Parameter Definition (units) Default
Ccronl Contaminant concentration via oral ingestion (mg/kg) Chemical-specific
Cer-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific
Cetinh Contaminant concentration via inhalation (mg/kg) Chemical-specific
SSLer Contaminant concentration, all pathways (mg/kg) Chemical-specific
TR Target Risk 1E-05
BWer Body weight, adult (kg) 80
AT Averaging time, carcinogens (days) 25,550
EFc Exposure frequency, commercial/industrial (day/yr) 225
EDc1 Exposure duration, commercial/industrial (yr) 25
IRar Soil ingestion rate, commercial/industrial (mg/day) 100
CSF, Oral cancer slope factor (mg/kg-day)™! Chemical-specific
SAci Dermal surface area, commercial/industrial (cm?/day) 3,470
AFa Soil adherence factor, commercial/industrial (mg/cm?) 0.12
ABSq Skin absorption factor (unitless) Chemical-specific
ETa Exposure time, commercial/industrial (8 hr/per 24 hr) 0.33
IUR Inhalation unit risk (ug/m3)! Chemical-specific
1000 Unit conversion (pg/mg) 1000
VFs Volatilization factor for soil (m*/kg) See Equation 45
PEF Particulate emission factor (m*/kg) See Equation 48
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Equation 19
Combined Exposures to Noncarcinogenic Contaminants in Soil

Commercial/Industrial Scenario

C _ THQx AT, x BW,
@ EF,, x ED,, x(1/ RfD,)x IR, x (10™°)

THQOx AT,

Clinh —

THQx AT, x BW,

EF., x ED., x ET., x (1/ RfFC)x[(1/ VE.)+ (1/ PEF.)]

Cl~dermal =

Combined Exposures:

SSL”=1+1+1
C C

Ci—oral Cl—inh Cl~dermal

EF., x ED,, x[1/(RfD, x GIABS)|x SA4_, x AF., x ABS,, x10™°

Parameter Definition (units) Default
Cctooral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific
Cer-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific
Ccrinh Contaminant concentration via inhalation (mg/kg) Chemical-specific
SSLa Soil screening level, all pathways (mg/kg) Chemical-specific
THQ Target hazard quotient 1
BW, Body weight, adult (kg) 80
ATc Averaging time, noncarcinogens (days) ED x 365
EFci Exposure frequency, commercial/industrial (day/yr) 225
EDcr Exposure duration, commercial/industrial (yr) 25
IRy Soil ingestion rate, commercial/industrial (mg/day) 100
10 Unit conversion factor (kg/mg) 10°¢
RfD, Oral reference dose (mg/kg-day) Chemical-specific
SAa Dermal surface area, commercial/industrial (cm?/day) 3,470
AFq Soil adherence factor, commercial/industrial (mg/cm?) 0.12
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific
ABS4 Skin absorption factor (unitless) Chemical-specific
ETer Exposure time(8 hr/day per 1 day/24 hr) 0.33
RfC Reference concentration (mg/m?) Chemical-specific
VF; Volatilization factor for soil (m*/kg) See Equation 45
PEF Particulate emission factor (m*/kg) See Equation 48
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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 bgs) 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 20 and 21 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 and US EPA 2014b) are provided and were used in calculating the NMED
SSLs.
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Equation 20

Combined Exposures to Carcinogenic Contaminants in Soil

Construction Worker Scenarios

TR x AT,.,, x BW,,

C =
Wooral ™ CSF, x EFpyy x EDyy X IRy x 1078

TR x AT
CCW—inh = 1 & 1
TUR% 1000 x EF,, (ﬁ; * PER j < ED., x ET,,
TR x AT, x BW_,,
CCW—dermuI =

CSF,

EF.. x ED
cw X Eew X SRS

Combined Exposures:

S8Tey = — 1 I
+ +
CC W—oral CC W—inh CC W —dermal

X SA.p, x AF., x ABS, x107°

Parameter Definition (units) Default

Cew-oral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific

Cew-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific

Cew-inb Contaminant concentration via inhalation (mg/kg) Chemical-specific

SSLew Contaminant concentration, all pathways (mg/kg) Chemical-specific

TR Target Risk 1E-05

BWcw Body weight, adult (kg) 80

ATcw Averaging time, carcinogens (days) 25,550

EFcw Exposure frequency, construction worker (day/yr) 250

EDcw Exposure duration, construction worker (years) 1

IRcew Soil ingestion rate, construction worker (mg/day) 330

CSF, Oral cancer slope factor (mg/kg-day)™! Chemical-specific

SAcw Dermal surface area, construction worker (cm?/day) 3,470

AFcw Soil adherence factor, construction worker (mg/cm?) 0.3

ABSq Skin absorption factor (unitless) Chemical-specific

ETcw Exposure time, construction worker (8 hours/day per 1 0.33
day/24 hours)

IUR Inhalation unit risk (ng/m?)! Chemical-specific

1000 Unit conversion (ug/mg) 1000

VFeow Volatilization factor for soil, construction worker (m*/kg) See Equation 46

PEF cw Particulate emission factor, construction worker (m*/kg) See Equation 49
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Combined Exposures to Noncarcinogenic Contaminants in Soil

CW—dermal —

Parameter
CCW-oral
CCW-dermal
Ccw-inh
SSLcw
THQ
B ch
ATcw
EFcew
EDcw
IRcw
10°¢
RfD,
SAcw
AFcw
GIABS
ABS4
ETcw
RfC
VFew
PEF .«

CWink —

Equation 21

Construction Worker Scenario

C _ THQx AT, x BW,,
Wl " EF,, x ED,, x(1/ RfD,)x IR, x (10™°)

THQO x AT,

THQx AT, x BW,,

EF., x ED,,, x ET.,, x(1/ RfFC)x[(1/VF., )+ (1/ PEF.))]

Combined Exposures:

SSLey = I 1
+ +
C(‘W»nral CCW—inh CCW—dennaI

Definition (units)
Contaminant concentration via oral ingestion (mg/kg)
Contaminant concentration via dermal adsorption (mg/kg)
Contaminant concentration via inhalation (mg/kg)
Soil screening level, all pathways (mg/kg)
Target hazard quotient
Body weight, adult (kg)
Averaging time, noncarcinogens (days)
Exposure frequency, construction worker (day/yr)
Exposure duration, construction worker (years)
Soil ingestion rate, construction worker (mg/day)
Unit conversion factor (kg/mg)
Oral reference dose (mg/kg-day)
Dermal surface area, construction worker (cm?/day)
Soil adherence factor, construction worker (mg/cm?)
Fraction absorbed in gastrointestinal tract (unitless)
Skin absorption factor (unitless)
Exposure time(8 hours/day per 1 day/24 hour)
Reference concentration (mg/m?)
Volatilization factor for soil, construction worker (m*kg)
Particulate emission factor, construction worker (m*/kg)

EF,,, x ED,,, x[1/(RfD, x GIABS)|x SA.,, x AF,,, x ABS, x10™

Default
Chemical-specific
Chemical-specific
Chemical-specific
Chemical-specific

1
80
ED x 365
250
1
330
10¢
Chemical-specific
3,470
0.3
Chemical-specific
Chemical-specific
0.33
Chemical-specific
See Equation 46
See Equation 49
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2.3.3 Alternative Evaluation for Lead

Exposure to lead can result in neurotoxic and developmental effects. The primary receptors of
concern are children, whose nervous systems are still undergoing development and who also
exhibit behavioral tendencies that increase their likelihood of exposure (e.g., pica). These effects
may occur at exposures so low that they may be considered to have no threshold, and are
evaluated based on a blood lead level (rather than the external dose as reflected in the RfD/RfC
methodology). Therefore, US EPA views it to be inappropriate to develop noncarcinogenic
“safe” exposure levels (i.e., RfDs) for lead. Instead, US EPA’s lead assessment workgroup has
recommended the use of the [EUBK model that relates measured lead concentrations in
environmental media with an estimated blood-lead level (US EPA 1994 and 1998). The model is
used to calculate a blood lead level in children when evaluating residential land use and in adults
(based on a pregnant mother’s capacity to contribute to fetal blood lead levels). It is also used
for adults in evaluating occupational scenarios at sites where access by children is reliably
restricted. The NMED SSLs presented in Appendix A include values for lead that were
calculated by using the IEUBK to back-calculate a soil concentration for each receptor that
would not result in an estimated blood-lead concentration of 10 micrograms per deciliter (pg/dL)
or greater (residential adult of 400 mg/kg and industrial and construction worker of 800 mg/kg).

2.4 Tap Water Screening Levels

Exposure to contaminants can occur through the ingestion of and dermal contact with
domestic/household water and inhalation of volatiles in domestic/household water. NMED tap
water screening levels were developed for residential land-use only. If it is determined that
commercial/industrial receptors are potentially exposed to contaminated water through ingestion,
dermal contact, and/or inhalation, these pathways must be evaluated via the methods outlined in
this document and utilizing appropriate exposure parameters. The calculations of the NMED tap
water screening levels for domestic water are based upon the methodology presented in RAGS,
Part B (US EPA 1991), Part E (US EPA, 2004) and the revised default exposure factors (US
EPA, 2014b). The screening levels are based upon ingestion of and dermal contact with
contaminants in water, and inhalation of volatile contaminants volatilized from water during
domestic use. To estimate the exposure dose from dermal contact with tap water, the skin
permeability coefficient (K;) and absorbed dose per event (DAcvent) were considered, as outlined
in US EPA’s (2004a) RAGS Part E. While ingestion and dermal contact were considered for all
chemicals, inhalation of volatiles from water was considered for those chemicals with a
minimum Henry’s Law constant of approximately 1E-05 atm-m?*/mole and with a maximum
molecular weight of approximately 200 g/mole. To address the groundwater-to-air pathways, the
tap water screening levels incorporate a volatilization factor (K) of 0.5 liters per cubic meter
(L/m?) for volatile contaminants (US EPA, 1991); this derived value defines the relationship
between the concentration of a contaminant in household water and the average concentration of
the volatilized contaminant in air as a result of all uses of household water (i.e., showering,
laundering, dish washing).

As ingestion, dermal contact, and inhalation rates may be different for children and adults,

carcinogenic risks were calculated using age-adjusted factors, which were obtained from RAGS,
Part B (US EPA 1991) and Part E (US EPA, 2004a). Equations 22 through 28 show how SLs for
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carcinogenic and non-carcinogenic contaminants were developed. Similar to soil, separate
equations are used for vinyl chloride (Equations 29 and 30) and carcinogens exhibiting
mutagenic toxicity (Equations 31-35) such as trichloroethylene.

Parameter
Coml
Cderm

Cinn
SLp
TR
AT,
EF;
1000
TFWag;

CSF,
ED:
ETw

IUR
K

Equation 22
Residential Scenario

_ TR x AT, x1000
ol CSF xIFW,

adj

Caerm = See Equations 24 - 26

c - TR x AT,
""" EF xED, xET,, x IURX K

Combined Exposures:

1
Sliap = 1 1 I
+ +
Caral derm inh

Definition (units)
Contaminant concentration, ingestion (ug/L)
Contaminant concentration, dermal (ng/L)
(See Equations 24-26)
Contaminant concentration, inhalation (ug/L)
Tap water screening level (ug/L)
Target risk
Averaging time, carcinogens (days)
Exposure frequency, resident (day/yr)
Unit conversion (ug/mg)
Age-adjusted water ingestion rate, resident (L /kg) (See
Equation 23)
Oral cancer slope factor (mg/kg-day)™!
Exposure duration (yr)
Exposure time, resident, tap water (24 hr/day per 1day/24
hr)
Inhalation unit risk (ug/m?)’!
Andelman volatilization factor (L/m?%)

Combined Exposures to Carcinogenic Contaminants in Tap Water

Default
Chemical-specific
Chemical-Specific

Chemical-specific
Chemical-specific
1E-05
25,550
350
1000
328

Chemical-specific
26
1

Chemical-specific
0.5
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Equation 23

Calculation of Age-Adjusted Tap Water Ingestion Factor

Parameter
TFWagj
EF
ED.
IRW,
BW.
ED:
ED.
IRW,
BW,

EFxED, xIRW, EF x(ED, — ED,)x IRW,
BW., BW.

a

IFW,, =

a

Definition (units)
Age-adjusted water ingestion factor for carcinogens (L/kg)
Exposure frequency (day/yr)
Exposure duration, child (yr)
Water ingestion rate, child (L/day)
Body weight, child (kg)
Exposure duration, resident adult (yr)
Exposure duration, resident child (yr)
Water ingestion rate, adult (L/day)
Body weight, adult (kg)

Default
328
350

6
0.78
15
26
6
2.5
80
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Equation 24
Dermal Exposure to Carcinogenic Contaminants in Tap Water
Residential Scenario
For inorganic constituents:
DAevent carc X 1000 (Cmg/l‘)
Caerm = I_(' <t )

p event_adj

For organic constituents:
If tevent agj < t*, then:
DAgvent_carc X 1000 (cm®/L)
Caerm =
2 X FAX K. X \/6Tevent X tevent_adj
p 14
If tevent agj > t*, then:
DAEVETLt_CD.TC X 1000 (Cm3/L)
Cderm = Levent adj 1+ 3B +3B2
FA x Kp X [ﬁ + 2T opent (W):I
Where:
TR x AT, X 1000(ug/mg)
DAevent_carc = CSF

(ras) X DFWaq;

Parameter Definition (units) Default
Cierm Contaminant concentration, dermal (ug/L) Chemical-specific
DAecvent carw Absorbed dose per event, carcinogens (mg/cm*-event) Chemical-specific
K, Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific
Tevent-adj Age-adjusted dermal exposure time per event, resident (hr/event) See Equation 25
t* Time to reach steady state (hr) 2.4 X Tevent
FA Fraction absorbed water (unitless) Chemical-specific
Tevent Lag time per event (hr/event) Chemical-specific
B Ratio of permeability coefficient through the stratum corneum to Chemical-specific

permeability coefficient across the viable epidermis (unitless)
TR Target risk 1E-05
AT, Averaging time, resident, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mg/kg-day)™! Chemical-specific
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific
EF; Exposure frequency, resident (day/yr) 350
DF W Age-adjusted dermal exposure factor, water, resident (cm?-event See Equation 26
’kg)
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Equation 25
Calculation of Age-adjusted Dermal Exposure Time per Event, Tap Water
Residential Scenario
(tevent_c X EDC) + (tevent_a X (EDr - EDC))
tevent_adj = EDr

Parameter Definition (units) Default
Tevent_adj Age-adjusted dermal exposure time per event, resident (hr/event) 0.6708
tevent ¢ Dermal exposure time per event, child (hr/event) 0.54
tevent a Dermal exposure time per event, adult (hr/event) 0.71
ED. Exposure duration, child (yr) 6
ED: Exposure duration, resident (yr) 26

Equation 26
Calculation of Age-adjusted Dermal Exposure Factor, Tap Water
Residential Scenario
EF X EV, x ED, X SA, EF x EV, x ED, x SA,
DWag; = )+ )
BW, BW,

Parameter Definition (units) Default

DF W, Age-adjusted dermal exposure factor, tap water, resident (cm?- 2,721,670
event /kg)

EF Exposure frequency (day/yr) 350
EV; Event frequency, child (events/day) 1
EDc Exposure duration, child (yr) 6
SA. Skin surface area available for water contact, child (cm?) 6,378
BW; Body weight, child (kg) 15
EV, Event frequency, adult (events/day) 1
ED, Exposure duration, adult (yr) 20
SA, Skin surface area available for water contact, adult (cm?) 20,900
BW, Body weight, adult (kg) 80
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Equation 27
Combined Exposures to Noncarcinogenic Contaminants in Tap Water
Residential Scenario
c o THQOx BW_x1000 x AT,
oral =
1
EF x ED_x x IRW,
R o
Cgerm = See Equation 22
THQ x AT, x 1000
Cinh = 1
EF, xED,x ET_ x x K
RfC
Combined Exposures:
1
SL =
‘ap 1 1 1
+ +
Coral Cinh Cderm
Parameter Definition (units) Default
Conal Contaminant concentration, ingestion (ug/L) Chemical-specific
Cerm Contaminant concentration, dermal (ug/L) See Equation 28
Cinh Contaminant concentration, inhalation (ug/L) Chemical-specific
SLiap Tap water screening level (ug/L) Chemical-specific
THQ Target hazard quotient 1
BW. Body weight, child (kg) 15
ATne Averaging time, noncarcinogens (days) ED. x 365
1000 Unit conversion (pg/mg) 1000
EF. Exposure frequency, resident (day/yr) 350
ED. Exposure duration, child resident (yr) 6
IRW, Water ingestion rate, child resident (L/day) 0.78
RID, Oral reference dose(mg/kg-day) Chemical-specific
ETw Exposure time (24 hr/day per 1day/24 hr) 1
RfC Reference concentration (mg/m?) Chemical-specific
K Andelman volatilization factor (L/m?) 0.5
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Equation 28
Dermal Exposure to Non-carcinogenic Contaminants in Tap Water
Residential Scenario
For inorganic constituents:
c DA yent ne X 1000 (cm? /L)
d =
e Kp X tepent_c
For organic constituents:
If tevent ¢ < t*, then:
DA gyent ne X 1000 (cm3/L)
Cderm = 61 <t
2 X FA X Kp X ’ event = event_c
If teven ¢ > t*, then:
c DA yent nc X 1000 (cm®/L)
derm = t 1+ 3B + 3B2
FAXK, X [ ;"j_”i;f + 2Tapent (————(1 5 )]
Where:
THQ x AT, X 1000(ug/mg) x BW,
DAevent_nc = 1
(m) X EVC X EDC X EF; X SAC
Parameter Definition (units) Default
Caerm Contaminant concentration, dermal (pg/L) Chemical-specific
DAecvent nc  Absorbed dose per event, noncarcinogens (pug/cm?-event) Chemical-specific
K, Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific
tevent c Dermal exposure time per event, child (hr/event) 1
t* Time to reach steady state (hr) 2.4 X Tevent
FA Fraction absorbed water (unitless) Chemical-specific
Tevent Lag time per event (hr/event) Chemical-specific
B Ratio of permeability coefficient through the stratum corneum to Chemical-specific
permeability coefficient across the viable epidermis (unitless)
THQ Target hazard quotient 1
ATy Averaging time, resident, non-carcinogens (days) 365 x ED.
BW. Body weight, child (kg) 15
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific
RfD, Oral reference dose (mg/kg-day) Chemical-specific
EV. Event frequency, child (events/day) 1
ED. Exposure duration, child (yr) 6
EF; Exposure frequency, resident (day/yr) 350
SA. Skin surface area available for contact, child (cm?) 6,378
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Equation 29
Combined Carcinogenic Exposures to Vinyl Chloride in Tap Water
Residential Scenario
c = TR
vl ( CSF, x IFW,,,x0.001 , CSE, x IRW, x0.001
AT BW,
Caerm = See Equation 30
c = TR
inh
TIURXx EF x ED xET_x K
P D 2 L (IURX K)
AT
Combined Exposures:
1
SL_ =
‘ap 1 1 1
+ +
Coral Cinh Cderm
Parameter Definition (units) Default
Coral Contaminant concentration, ingestion (pg/L) Chemical-specific
Caerm Contaminant concentration, dermal (ug/L) See Equation 30
Cinn Contaminant concentration, inhalation (ug/L) Chemical-specific
SLsp Tap water screening level (ug/L) Chemical-specific
TR Target risk 1E-05
AT Averaging time, carcinogens (days) 25,550
EF; Exposure frequency, resident (day/yr) 350
0.001 Unit conversion (mg/pg) 0.001
TFWq; Age-adjusted water ingestion rate, resident (L/kg) See Equation 23
[RW, Child water ingestion rate, resident (L/day) 1
CSF, Oral cancer slope factor (mg/kg-day)™! Chemical-specific
ED; Exposure duration (yr) 26
ETw Exposure time (24 hours/day per 1day/24 hr) 1
IUR Inhalation unit risk (ug/m?3)! Chemical-specific
K Andelman volatilization factor (L/m?) 0.5
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Equation 30
Carcinogenic Dermal Exposure to Vinyl Chloride in Tap Water
Residential Scenario
If tevent agj < t*, then:
DApens ve X 1000 (cm3/L)
Caerm = = or <t
t t_adj
ZXFAXKPXJ even, T[even adj
If tevent agj > t*, then:
Co = DAevent ve X 1000 (cm® /L)
derm = Levent_adj 1+ 3B + 3B2
FA x Kp X [—T'_{T + 2T opent (W)]
Where:
DA _ TR
event_ve — CSF CSF
(graBs) x F ”;adf (azass) X E% x SAc
24 #9
AT, x 1000 mg BW, x 1000 mg
Parameter Definition (units) Default
Tevent_adj Age-adjusted dermal exposure time per event, resident (hr/event) See Equation 25
t* Time to reach steady state (hr) 2.4 X Tevent
Tevent Lag time per event (hr/event) Chemical-specific
Ceerm Contaminant concentration, dermal (pg/L) Chemical-specific
DAcvent e Absorbed dose per event, vinyl chloride (pg/cm?-event) Chemical-specific
FA Fraction absorbed water (unitless) Chemical-specific
Kp Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific
B Ratio of permeability coefficient through the stratum corneum to Chemical-specific
permeability coefficient across the viable epidermis (unitless)
TR Target risk 1E-05
AT; Averaging time, resident, carcinogens (days) 25,550
EF: Exposure frequency, resident (day/yr) 350
CSF, Oral cancer slope factor (mg/kg-day)™! Chemical-specific
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific
DF W, Age-adjusted dermal exposure factor, tap water, resident (cm?- See Equation 26
event /kg)
EV. Event duration, child (events/day) 1
SA. Skin surface area available for contact, child (cm?) 6,378
BW, Body weight, child (kg) 15
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Equation 31
Combined Exposures to Mutagenic Contaminants in Tap Water

Residential Exposure

c _ TRx AT, x1000
meerel CSF, x IFWM,,,,

Cnu—derm = See Equations 27 — 29

TRx AT,

cC o=
memh = (EF, x ET,, x K)x [(ED,_, x IURx10)+ (ED,_s x IURx 3)+(ED,_,; x IURx3)+(ED, ,, x IURx 1)

Parameter
Cmu-oral
Cmu-derm
Cmu-inh
SLtap-mu
TR

AT:
CSF,
EF;

ETw

K
IFWM.g
1000
EDs.
EDa.
EDG- 16
EDj6-26
IUR

Combined Exposures:

1
SLlap—mu = 1 1 1
+ +
mu—oral Cmu—inh mu—derm

Definition (units)
Contaminant concentration, ingestion (pg/L)
Contaminant concentration, dermal (ng/L
Contaminant concentration, inhalation (ug/L.)
Tap water screening level (ug/L)
Target cancer risk
Averaging time, carcinogens (days)
Oral cancer slope factor (mg/kg-day’!
Exposure frequency, resident (day/yr)
Exposure time (24 hr/day per 1day/24 hr)
Andelman volatilization factor (L/m%)
Age-adjusted water ingestion rate, mutagens (L/kg)
Conversion factor (pug/mg)
Exposure duration, child (yr)
Exposure duration, child (yr)
Exposure duration, adult (yr)
Exposure duration, adult (yr)
Inhalation unit risk (ug/m?)’!

Default
Chemical-specific
See Equations 33-35
Chemical-specific
Chemical-specific
1E-05
25,550
Chemical-specific
350
1
0.5
See Equation 32
1000
2
4
10
10
Chemical-specific
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Equation 32

Calculation of Age-Adjusted Tap Water Ingestion Factor, Mutagens

EFx EDy, xIRW,x10 ~EFxED, (xIRW,x3 EFxEDy,;xIRW,x3 EFxED,s;xIRW,x]

IFWM,,; = +
BW, BW, BW, BW,

Parameter Definition (units) Default
[FWM.g Age-adjusted water ingestion factor for mutagens (L/kg) 1,019.9
EDy-2 Exposure duration, child (yr) 2
ED:s Exposure duration, child (yr) 4
EDs.16 Exposure duration, adult (yr) 10
EDi6.26 Exposure duration, adult (yr) 10
EF Exposure frequency (days/yr) 350
IRW, Water ingestion rate, child (L/day) 0.78
IRW, Water ingestion rate, adult (L/day) 2.5
BW. Body weight, child (kg) 15
BW, Body weight, adult (kg) 30
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Equation 33
Dermal Exposure to Mutagenic Contaminants in Tap Water
Residential Scenario
For inorganic constituents:
DAgypent my X 1000 (em3/L)
Crnu-derm = K- %t )
D event_mu_adj
For organic constituents:
If tevent mu_ag < t¥, then:
DAgyent mu X 1000 (cm®/L)
Cmu—derm = =
2 X FAX K. X \/6Tevent X tevent_mu_adj
P T
IfteventAmuiadj > t*, then:
c DAgpent mu % 1000 (cm? /L)
mu—derm — . 2
FA X Kp « [teveilt-_i_mg_ad] 42T, (1 4&13i -iB-)?;B )]
Where:
TR x AT, x 1000(ug/mg)
DAevent_mu = CSF
(G7Ags) X DFWonu ey
Parameter Definition (units) Default
Cinu-derm Contaminant concentration, mutagens, dermal (ug/L) Chemical-specific
DAcvent mu  Absorbed dose per event, mutagens (ug/cm?-event) Chemical-specific
Ko Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific
tevent-mu_adi Age-adjusted dermal exposure time per event, mutagens, resident See Equation 34
(hr/event)
t* Time to reach steady state (hr) 2.4 X Tevent
FA Fraction absorbed water (unitless) Chemical-specific
Tevent Lag time per event (hr/event) Chemical-specific
B Ratio of permeability coefficient through the stratum corneum to Chemical-specific
permeability coefficient across the viable epidermis (unitless)
TR Target risk 1E-05
AT; Averaging time, resident, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mg/kg-day)! Chemical-specific
GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific
EF; Exposure frequency, resident (day/yr) 350
DFWma gj Age-adjusted dermal tap water exposure factor, mutagens, resident  See Equation 35
(cm’-event /kg)
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Equation 34
Calculation of Age-Adjusted Tap Water Dermal Exposure Time per Event, Mutagens
Residential Scenario
"  teventy_, X EDgz + tevent, o X EDyg + tevent, o X EDg—16 + tevent,s_ps X ED16-26
eventmi.adj = EDy_, + ED;_¢ + EDg_16 + ED16-26
Parameter Definition (units) Default
tevent mu_adj Age-adjusted dermal exposure time per event, mutagens, tap 0.671
water, resident (hr/event)
tevent 0-2 Dermal exposure time per event, tap water, resident 0-2 0.54
years (hr/event)
EDy-; Exposure duration, resident 0-2 years (yr) 2
tevent 26 Dermal exposure time per event, tap water, resident 2-6 0.54
years (hr/event)
EDs.6 Exposure duration, resident 2-6 years (yr) 4
tevent 6-16 Dermal exposure time per event, tap water, resident 6-16 0.71
years (hr/event)
EDs.16 Exposure duration, resident 6-16 years (yr) 10
tevent_16-26 Dermal exposure time per event, tap water, resident 16-26 0.71
years (hr/event)
ED16.26 Exposure duration, resident 16-26 years (yr) 10
Equation 35
Calculation of Age-Adjusted Tap Water Dermal Exposure Factor, Mutagens
DFWmu_adj - [EFXEVO_zx:“I:Z_ZxSAcxlo] n [EFXEV2_6><BE‘:1I/):_5XSACX3] n [EFXEV6_16><BE‘:‘1/):_15XSAaX3j| n
[EFXEV15_30XED15_25XSAQX1]
BW,
Parameter Definition (units) Default
DF Wiy adj Age-adjusted tap water dermal exposure factor, mutagens, 8,419,740
resident (cm*-event /kg)
EVo; Event frequency, resident 0-2 years (events/day) 1
EDo.; Exposure duration, resident 0-2 years (yr) 2
SA. Skin surface area available for contact, child (cm?) 6,378
EVas Event frequency, resident 2-6 years (events/day) 1
ED» Exposure duration, resident 2-6 years (yr) 4
EVe.is Event frequency, resident 6-16 years (events/day) 1
EDs.16 Exposure duration, resident 6-16 years (yr) 10
EF Event frequency (days/yr) 350
SA. Skin surface area available for contact, adult (cm?) 20,900
EVieas Event frequency, resident 16-26 yr (events/day) 1
ED16.26 Exposure duration, resident 16-26 (yr) 10
BW, Body weight, child (kg) 15
BW, Body weight, adult (kg) 80
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Equation 36
Combined Exposures to TCE in Tap Water

Age Terms

Residential Exposure

TR x AT x1000

Crce-orat = CSE S ([CAF, x IFW,, }+ (MAF, x IFWM., )

Creg—derm = See Equation 37

TR x AT,

Crcgmn = (ETH < K x IUR)X [(EFr x ED, x CAF;)+ AgeTerms]

= (([(EDO_Z X EF, x MAF, x10)+ (ED,_¢ x EF., x MAF, x3)+(ED,_,; x EF., x MAF, x3)+(ED,¢_, x EF,, x MAF; x 1)]))

Combined Exposures:

1
Sme—TCE = 1 1 1
+ +
CTCE—oral CTCE-inh CTCE—a’erm
Parameter Definition (units) Default
CrcE-oral Contaminant concentration, ingestion (pg/L) Chemical-specific
CrcE-derm Contaminant concentration, dermal (j1g/L) (See Chemical-specific
Equations 37-39)
CTCE-inh Contaminant concentration, inhalation (pg/L) Chemical-specific
SLtap-TcE Tap water screening level (jg/L) Chemical-specific
TR Target cancer risk 1E-05
AT: Averaging time, carcinogens (days) 25,550
CSF, Oral cancer slope factor (mg/kg-day’! Chemical-specific
CAF, Adjusted oral cancer slope factor (jLg/m?)’! See Equation 13
IF Wi Age-adjusted ingestion oral ingestion factor (L/kg) See Equation 23
MAF, Age-adjusted mutagenic slope factor (ug/m?)! See Equation 13
[FWM,g Age-adjusted water ingestion rate, mutagens (L/kg) See Equation 32
EF; Exposure frequency, resident (day/yr) 350
ETw Exposure time (24 hr/day per 1day/24 hr) 1
K Andelman volatilization factor (L/m?) 0.5
IUR Inhalation unit risk (pg/m?)’! Chemical-specific
CAF; Adjusted inhalation cancer unit risk (pg/m?®)! See Equation 15
MAF; Adjusted inhalation mutagenic unit risk (pg/m?)’! See Equation 15
1000 Conversion factor (lLg/mg) 1000
EDo.2 Exposure duration, child (yr) 2
EDy Exposure duration, child (yr) 4
EDs¢.16 Exposure duration, adult (yr) 10
EDi6-26 Exposure duration, adult (yr) 10
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Equation 37
Dermal Exposure to TCE in Tap Water
Residential Scenario
If tevent _adj < t*, then:
DAevent_TCE % 1000 (cm3/L)
Crcg-derm = e T
2 % FA % Kp X\/ event 7-e;;ent_mu_ad]
If tevent_agi > t*, then:
DAevent_TCE x 1000 (cm3/L)
Crep-aerm = FA Levent_mu_adj 2 1+ 3B+ 3B?
XKy X| =135 T Zeen\ 15 E)7
Where:
TR x AT, x 1000(ug/mg)
DAgvent_rce = CSF
(z7ais) * ((CAF, x DFWega;) + (MAF, X DFWM,g;))

Parameter Definition (units) Default
Cru-derm Contaminant concentration, mutagens, dermal (ug/L) Chemical-specific
DAcvent mu  Absorbed dose per event, mutagens (pg/cm?-event) Chemical-specific
Ko Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific
tevent adi Age-adjusted dermal exposure time per event, resident (hr/event) See Equation 25
t* Time to reach steady state (hr) 2.4 X Tevent
tevent muagj  Age-adjusted dermal exposure time per event, mutagens, resident See Equation 34

FA Fraction absorbed water (unitless) Chemical-specific

Tovent Lag time per event (hr/event) Chemical-specific

B Ratio of permeability coefficient through the stratum corneum to Chemical-specific
permeability coefficient across the viable epidermis (unitless)

TR Target risk 1E-05

AT, Averaging time, resident, carcinogens (days) 25,550

CSF, Oral cancer slope factor (mg/kg-day)’! Chemical-specific

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific

CAF, Adjusted oral cancer slope factor See Equation 13

MAF, Adjusted oral mutagenic slope factor See Equation 13

DFW .4 Age-adjusted dermal tap water exposure factor, resident (cm-event ~ See Equation 26
/kg)

DFWM,q Age-adjusted dermal tap water exposure factor, mutagens, resident ~ See Equation 35
(cm?-event /kg)

2.5 Vapor Intrusion Screening Levels

Residential receptors and commercial/industrial workers could be exposed to volatile compounds
vaporized from subsurface media (soil gas and/or groundwater) through pore spaces in the
vadose zone and building foundations (or slabs) into indoor air. Per US EPA guidance (US EPA,

45



Risk Assessment Guidance for Investigations and Remediation
Volume 1
July 2015

2002d), this pathway must be evaluated if: 1) there are compounds present in subsurface media
that are sufficiently volatile and toxic, and 2) there are existing or planned buildings where
exposure could occur. A chemical is considered to be sufficiently volatile if its Henry’s law
constant is 1 x 10”° atm-m>/mole or greater and its molecular weight is approximately 200 g/mole
or less. A chemical is considered to be sufficiently toxic if the vapor concentration of the pure
component poses an incremental life time cancer risk greater than 1E-05 or the noncancer hazard
index is greater than 1.0. VISLs were calculated for chemicals which are sufficiently volatile
and toxic for evaluation of the vapor intrusion pathway following the guidance in the VISL
User’s Guide (US EPA, 2014d) and NMED-specific input parameters and are summarized in
Table A-3. The list of chemicals included in Table A-3 is not comprehensive of all potential
volatile and toxic compounds that may be present in site media. If volatile and toxic constituents
are detected in site media and are not listed in Table A-3, VISLs should be calculated following
the methodologies herein and risks addressed..

The US EPA (2002d) vapor intrusion guidance does not support the use of bulk soil data for
evaluation of the vapor intrusion pathway; active soil gas and/or groundwater data must be used
as appropriate. As such, VISLs are neither available nor recommended for soil. It is noted,
however, that bulk soil data can be used in a qualitative sense to determine delineation of a vapor
source or in determining if soil has been impacted and additional evaluation (e.g., soil gas) is
needed. Conversely, it must not be assumed that non-detect results of volatile compounds in soil
equates to an absence of a vapor source.

The NMED VISLs should be used as a first tier screening assessment. However, if site
concentrations exceed the VISLs, it is recommended that the assumptions underlying the NMED
VISL calculations be reviewed and a determination made as to whether they are applicable at
each site. Site-specific factors may result in unattenuated or enhanced transport of vapors
towards a receptor, and consequently are likely to render the VISLs target subsurface
concentrations overly or underly conservative.

Application of the VISLs is appropriate as a first tier screening assessment for all sites except
those where the following conditions apply. If any of the below are applicable to a site, a site
specific evaluation must be conducted:

e Very shallow groundwater sources [e.g., depth to water is less than five (5) ft below
foundation level];

¢ Shallow soil contamination resulting in vapor sources (e.g., VOCs are found at
significant levels within 10 ft of the base of the foundation);

e Buildings with significant openings to the subsurface (e.g., sumps, unlined crawlspaces,
earthen floors) or significant preferential pathways, either naturally-occurring or
anthropogenic (not including typical utility perforations present in most buildings);

e Vapor sources originating in landfills where methane is generated in sufficient quantities
to induce advective transport into the vadose zone;

e Vapor sources originating in commercial or industrial settings where vapor-forming
chemicals can be released within an enclosed space and the vapor density of a chemical
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may result in significant advective transport of the vapors downward through cracks and
openings in floors and into the vadose zone; and/or

e Leaking vapors from gas transmission lines.

It is emphasized that the NMED VISLs are not meant to be used as action standards or cleanup
levels. Rather, they should be used as a tool to estimate potential cumulative risks and/or
hazards from exposure to volatile and toxic chemicals at a site where the underlying assumptions
are deemed appropriate and if further evaluation is required (See Section 2.5.2, Evaluation of the
Vapor Intrusion Pathway).

2.5.1 Calculation of Vapor Intrusion Screening Levels

NMED VISLs were calculated per US EPA (2002d, 2009, and 2013b) methods and guidance. A
risk-based target indoor air concentration was used as a basis for back-calculating an allowable
amount of a contaminant in soil-gas and/or groundwater assuming a certain amount of
attenuation and dilution through the vadose zone and into the building.

Attenuation is the reduction in concentrations that occurs through migration in the subsurface
combined with the dilution that occurs when vapor enters a building and mix with indoor air.
The attenuation factor is expressed as the ratio of concentrations of chemicals in indoor air to the
concentrations in subsurface vapor. Although attenuation factors are site specific and can vary
depending on a number of variables (e.g. soil type, depth of contamination, building
characteristics and indoor air exchange rates), NMED VISLs were calculated utilizing US EPA
default attenuation factors which are based on conservative assumptions and empirical data. As
recommended by US EPA (2002d and 2013b), a default attenuation factor of 0.11 was applied to
establish soil-gas VISLs, and a default attenuation factor of 0.0012 was applied in establishing
groundwater VISLs. Soil-gas VISLs were calculated by dividing the risk-based target indoor air
concentration by the default attenuation factor, as shown in Equation 38. Equation 39 also
shows that groundwater VISLs were calculated by dividing the risk-based target indoor air
concentration by the default attenuation factor, and converting the vapor phase concentration to a
groundwater concentration utilizing a conversion factor and Henry’s Law Constants to estimate
partitioning between the aqueous phase and vapor phase, assuming equilibrium between the two
phases.

1 The USEPA’s draft guidance for vapor itrusion (November 2012) proposes 2 new value of 0.03 for the attenuation of soil gas. This guidance is under review; upon finalization of the
guidance, the default attenutation factor for soil gas will be evaluated and if warranted, new generic VISLs will be evaluated and a revision to this NMED guidance issued.

2 The USEPA’s draft guidance for vapor intrusion (November 2012) proposes no change to the groundwater attenuation factor (0.001) as presented herein,
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Equation 38
Calculation of Vapor Intrusion Screening Levels
_ Cindoor
VISLsg = -
Cindoor
VISL,, =
9% " HLC x a x 1000L/m?3
Parameter Definition (units) Default
VISL,, Vapor intrusion screening level for soil-gas (pug/m?) Chemical and receptor-
specific
VISLgw Vapor intrusion screening level for groundwater (pg/L) Chemical and receptor-
specific
Cindoor Target indoor air concentration (ug/m?) Chemical and receptor-
specific
a Attenuation coefficient (unitless) 0.1 (soil-gas)
0.001 (groundwater)
HLC Henry’s Law Constant at standard temperature of 25 C Chemical-specific
(unitless)

The NMED groundwater VISLs were calculated based on a default standard temperature of 25
degrees Celsius (C). Although groundwater temperatures at many sites in New Mexico would
likely be lower than 25 degrees C, this default value was selected in order to be protective of all
sites in New Mexico.

The risk-based target indoor air concentrations were calculated using US EPA (2009, 2013b, and
2014b) algorithms, current toxicity data, and exposure factors used in the evaluation of other
exposure pathways outlined in this document. Equations 39 through 42 present the formulas and
exposure parameters used for calculating risk-based target indoor air concentrations for
residential receptors. Separate indoor air concentrations were calculated for carcinogenic and
noncarcinogenic contaminants, and alternate methods were utilized for vinyl chloride and other
compounds that are carcinogenic via a mutagenic mode of action. Equations 43 through 55
present the formulas and exposure parameters used for calculating carcinogenic and
noncarcinogenic target indoor air concentrations for the commercial/industrial scenario. Target
indoor air concentrations for ecological receptors and the construction worker scenario were not
calculated as the vapor intrusion exposure pathway is typically incomplete for receptors that
spend their time outdoors. Under unique circumstances, such as work being conducted in a
trench or other low lying areas where vapors could accumulate, special assessment of the vapor
intrusion pathway may be required for the construction worker. The need for evaluation of the
construction worker will be made on a case-by-case basis.
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Equation 39
Calculation of Target Indoor Air Concentrations — Carcinogens
Residential Scenario
C _ TR X AT,
Indoor ™ prxEDXETXIUR
Parameter Definition (units) Default
Cindoor Target indoor air concentration (pg/m>) Chemical-specific
TR Target risk level 1E-05
AT, Averaging time for carcinogens (days) 25,550
EF Exposure frequency (days) 350
ED Exposure duration (yr) 26
ET Exposure time (24 hr/day x 1 day/24 hr) 1
IUR Inhalation unit risk (ug/m?)’! Chemical-specific

Equation 40
Calculation of Target Indoor Air Concentrations — Noncarcinogens
Residential Scenario

c _ THQXATy:x1000pg/mg
tndoor EFXED xETx(E%E)

Parameter Definition (units) Default
Cindoor Target indoor air concentration (ug/m?) Chemical-specific
THQ Target hazard quotient 1
ATxe Averaging time for noncarcinogens (days) ED x 365
EF Exposure frequency (days) 350
ED Exposure duration (yr) 26
ET Exposure time (24 hr/day x 1 day/24 hr) 1
RfC Inhalation reference concentration (mg/m?) Chemical-specific

Equation 41
Calculation of Target Indoor Air Concentrations — Vinyl Chloride
Residential Scenario

c _ TR
indoor IUR+ (EFxE[:;};;TxIUR)
Parameter Definition (units) Default
Cindoor Target indoor air concentration (ug/m?) Chemical-specific
TR Target risk level 1E-05
AT. Averaging time for carcinogens (days) 25,550
EF Exposure frequency (days) 350
ED Exposure duration (yr) 26
ET Exposure time (24 hr/day x 1 day/24 hr) 1
IUR Inhalation unit risk (pg/m?)’! Chemical-specific
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Equation 42
Calculation of Target Indoor Air Concentrations — Mutagens
Residential Scenario
_ TRXAT,

Cindoor = EFXETX[(EDg_2 XIURX10)+(EDy—XIURX3)+(EDg—1 6 XIURX3)+(ED1g 26 XIURX1)]
Parameter Definition (units) Default
Cindoor Target indoor air concentration (ug/m?) Chemical-specific
TR Target risk level 1E-05
AT, Averaging time for carcinogens (days) 25,550
EF Exposure frequency (days) 350
EDo.; Exposure duration (0-2 yr) 2
EDy¢ Exposure duration (2-6 yr) 4
EDe-16 Exposure duration (6-16 yr) 10
ED16-26 Exposure duration (16-26 yr) 10
ET Exposure time (24 hr/day x 1 day/24 hr) 1
IUR Inhalation unit risk (ug/m?)’! Chemical-specific

Equation 43
Calculation of Target Indoor Air Concentrations — Carcinogens
Commercial/Industrial Scenario
TRX AT,
Cindoor = FrxEpxaTxIUR
Parameter Definition (units) Default
Cindoor Target indoor air concentration (pg/m?) Chemical-specific
TR Target risk level 1E-05
AT, Averaging time for carcinogens (days) 25,550
EF Exposure frequency (days) 225
ED Exposure duration (yr) 25
ET Exposure time (8 hr/day x 1 day/24 hr) 0.33
IUR Inhalation unit risk (ug/m?)’! Chemical-specific
Equation 44
Calculation of Target Indoor Air Concentrations — Noncarcinogens
Commercial/Industrial Scenario
C: — THQxXATX1000pg/mg
indoor EFxEDxETx(RLfC)
Parameter Definition (units) Default
Cindoor Target indoor air concentration (ug/m?) Chemical-specific
THQ Target hazard quotient 1
AT Averaging time for noncarcinogens (days) ED x 365
EF Exposure frequency (days) 225
ED Exposure duration (yr) 25
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ET Exposure time (8 hr/day x 1 day/24 hr) 0.33
RfC Inhalation reference concentration (mg/m?) Chemical-specific

2.5.2  Evaluation of the Vapor Intrusion Pathway

During the investigation phase, if VOCs are detected in soil and/or site history indicate the
potential for VOCs in site media, soil gas samples and groundwater sampling are likely to be
required. The need for collection of soil gas data will be made on a case-by-case basis with input
from NMED.

The assessment of the soil gas and groundwater data should include evaluation of the vapor
intrusion pathway. Two types of soil gas data are collected: passive and active. Passive soil gas
results are used for nature and extent purposes only; to determine the absence or presence of
VOCs. Active soil gas data are required for quantitative risk assessments.

Chemicals that should be considered for the vapor intrusion pathway include those with a
Henry’s law constant of approximately 1 x 10~ atm-m>/mole or greater, a molecular weight of
approximately 200 g/mole or less, and known to pose a potential cancer risk or noncancer hazard
through the inhalation pathway. If all three of these criteria are met, the constituent is considered
volatile and toxic. Table A-3 contains the VISLs for chemicals which met these three criteria.
However, this list in Table A-3 is not comprehensive and any additional compounds meeting the
above three criteria not listed in Table A-3 and present in site media will require additional
analyses following the methods contained herein.

For each site investigation conducted in New Mexico, one of the following three designations
shall be made for the vapor intrusion pathway: 1) incomplete pathway and no action required; 2)
potentially complete pathway and a qualitative evaluation required; or 3) complete pathway and
quantitative evaluation required.

2.5.2.1 Incomplete Pathway; No Action Required

If volatile and toxic compounds are not detected in soil gas and/or groundwater, meaning all the
results were 100% non-detects, then the vapor intrusion pathway is considered incomplete. The
risk assessment must include a brief discussion of this determination.

2.5.2.2 Potentially Complete Pathway; Qualitative Discussion

If all of the following criteria are met during investigation sampling, the pathway is considered
potentially complete and a qualitative discussion of the vapor intrusion pathway will be required:

e Detections of volatile and toxic compounds are minimally detected (e.g., once or twice)
in site media (soil, soil gas, and/or groundwater);

e Concentrations are below screening levels (i.e., VISLs for soil-gas and/or groundwater
Table A-3);

e There is no suspected source(s) for volatile and toxic compounds; and
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e Concentrations are decreasing with depth (for soil).

In addition, if volatile and toxic compounds were present at a site but the source(s) and
associated contaminated soil have been removed and the following criteria have been met, only a
qualitative assessment of the vapor intrusion pathway will be required:

¢ Confirmation sampling indicates removal of the source with minimal volatile and toxic
compounds detected in soil/soil gas or groundwater data,

e Concentrations are below screening levels (i.e., VISLs for soil-gas and/or groundwater;
Table A-3),

¢ No evidence to suggest dense/sinking vapors, and

¢ Concentrations decrease with depth.

2.5.2.3 Complete Pathway; Quantitative Assessment

If volatile and toxic compounds are detected consistently in site media during investigation or
confirmation sampling, concentrations are detected at depth or show increasing concentrations
with depth in soil, and/or there is potentially a source(s) for the volatile and toxic compounds
based on site history, a quantitative assessment of the vapor intrusion pathway is required
following a tiered approach, until the conditions of a given step are met.

Step 1. Compare the maximum detected concentration for soil gas or groundwater against the
NMED VISLs. If active soil gas data are collected from soils located outside of a
structure or below a slab, the VISL target sub slab and exterior soil gas concentrations for
a target cancer risk of 1E-05 and a target hazard quotient of 1.0 should be applied. The
VISL target groundwater concentrations for a target cancer risk of 1E-05 and a target
hazard quotient of 1.0 should be applied for groundwater data. It is important to note that
cumulative risk and hazard estimates from the vapor intrusion pathway must be added to
the cumulative risk and hazard from other exposures at the site (e.g., soil and tap water
exposure pathways) per Equations 57 and 58. The NMED VISLs may be modified using
additional site-specific data and as approved by NMED. If the risks/hazards are
acceptable, no additional evaluation is needed; otherwise, procede to Step 2.

Step 2. Under previous guidance, more refined modeling for the vapor intrusion pathway was
typically conducted using the Johnson and Ettinger (J&E) model (US EPA, 2004b).
However, in looking at new (draft) USEPA guidance, if initial screening using VISLs
results in excess risk, USEPA is leaning away from use of the J&E model and is
proposing a lines of evidence and additional data collection approach. If the screening
analyses following the approach in Step 1 results in excess risk/hazard, the following
should be conducted.

Evaluation of the vapor intrusion pathway should be based on multiple lines of evidence
developed to support a refined and technically defensible CSM and a thorough
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characterization of potential subsurface vapor sources. This can be accomplished by
gathering and interpreting information on:

¢ Subsurface vapor sources. This should include a thorough review of the site
history and identification of potential subsurface vapor sources. This information
should be accompanied by media specific data to confirm the presence of a vapor
source at the site. The media-specific data should reflect spatial and temporal
variations. Groundwater and soil gas concentrations should be compared to
NMED VISLs to evaluate source strength and the potential for impacts to human
health, if the vapor intrusion pathway is complete.

« Vapor migration and attenuation in the vadose zone. This should include soil gas
data that represents spatial and vertical variations in soil gas concentrations,
information on site geology and hydrogeology, and identification of any
preferential pathways (e.g., utility conduits in the subsurface) for chemical vapors
between the source and building.

¢ The building foundation. This should include information on construction
materials, preferential pathways (i.e., openings) in the foundation,
heating/cooling/ventilation system characteristics, photoionization detector
readings at potential openings to the subsurface, grab samples of indoor air close
to potential vapor entry points, and information on building pressure gradients.

* The building interior. This should include coinciding subslab soil gas and indoor
air measurements, results of site-specific transport modeling, and comparisons of
subslab soil gas and indoor air sampling results to determine site-specific
attenuation factors.

s Sources of VOCs within the building and in ambient air. Information is needed to
identify sources of VOCs, inside and outside of the building that could potentially
impact indoor air concentrations of VOCs. Note that outdoor air samples should
be taken at the same time that coinciding subslab soil gas and indoor air samples
are taken.

« Additional lines of evidence, such as statistical analysis of the gathered data.

The collected lines of evidence should be assessed for concordance. If concordance can
be reached, decisions regarding the vapor intrusion pathway can be made with
confidence. However, some lines of evidence may not be definitive. Indoor air and
subsurface soil gas concentrations can vary greatly both temporally and spatially. Some
individual lines of evidence may be inconsistent with other lines of evidence and lead to
the need for additional evaluation. If concordance among the lines of evidence cannot be
determined, the evaluation of the vapor intrusion pathway should move to Step 3.

Step 3: When lines of evidence are not concordant and the weight of evidence does not support a

confident decision, additional sampling or collecting additional lines of evidence may be
appropriate, depending upon the CSM.
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Step 4: If it is determined that vapor intrusion can potentially impact human health, NMED
generally recommends that a human health risk assessment be conducted to determine
whether the potential for human health risks posed to building occupants is within or
exceeds acceptable NMED levels. The risk posed to building occupants by vapor
intrusion depends upon chemical toxicity, vapor concentration in indoor air, the amount
of time the occupants spend in the building, and other variables. NMED recommends
that risk assessment guidance be used to identify, develop, and combine information
about these variables to characterize health risks stemming from vapor intrusion from
subsurface vapor sources.

2.6 Beef Ingestion Soil Screening Levels

For those sites greater than two acres in size, grazing of cattle must be evaluated to determine if
beef ingestion is a plausible and complete exposure pathway. If grazing is not permitted (or
could not be permitted due to land use restrictions), or the land does not support grazing (e.g.,
insufficient forage and/or water availability, terrain, or highly industrialized area), a qualitative
assessment of this pathway must be provided. However, if grazing is viable or if a facility may
potentially allow grazing on lands at some time in the future, a quantitative assessment of the
pathway, ingestion of beef from cattle grazing on potentially contaminated sites, is required. The
preliminary remediation goals (PRGs) for beef ingestion from the Risk Assessment Information
System (RAIS) on-line tool should be used to assess this pathway. The steps to determine the
beef ingestion PRGs are listed below:

e Access the on-line PRG calculator (http://rais.ornl.gov/cgi-
bin/prg/PRG search?select=chem),

e Select farmer scenario,

e Select site-specific PRG type and chronic toxicity,
¢ Select chemical(s) of concern,

e Select “Retrieve”,

e Under “Common parameters for ingestion of Produce, Milk, and Beef”, update the
following parameters:

o BWa (body weight - adult) 80 kg
o EDag (exposure duration - resident) 26 yr
o TR (target cancer risk) 1E-05 unitless

¢ Under “PRG for Contaminated Food Products™, obtain the PRG for ingestion of beef
(cancer and non-cancer as appropriate).

Once the beef ingestion PRGs have been determined, site concentrations should be compared
with the beef ingestion PRGs and estimated risks and hazards should be added to the cumulative
risk/hazards as shown in Equations 57 and 58.
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2.7 Site Assessment and Characterization

The Site Assessment/Site Characterization phase is intended to provide additional spatial and
contextual information about the site, which may be used to determine if there is any reason to
believe that receptors and/or complete exposure pathways may exist at or in the locality of the
site where a release of hazardous waste/constituents has occurred. In addition, the site
assessment phase serves as the initial information gathering phase to determine whether potential
exposures are sufficiently similar to those upon which the NMED SSLs are predicated to support
comparison. Finally, this phase can help to identify sites in need of a more detailed assessment
of potential risk. A CSM providing a list of the potentially exposed receptors and potentially
complete exposure pathways in the scoping report is used to determine whether further
assessment (i.e., a screening level assessment) and/or interim measures are required or whether
the site poses minimal threat to human and ecological receptors at or near the site.

The ultimate purpose of the site assessment phase is to address the question: Are exposure
pathways complete with regard to contaminant contact by receptors? A complete site assessment
will consists of several steps:

o Develop data quality objectives and conduct site sampling;

o Determine background threshold values (BTVs);

o Identify preliminary COPCs;

o Develop a preliminary site conceptual exposure model (SCEM);
o Determine exposure intervals;

o Compare maximum COPC concentrations for consideration of complete exposure
pathways with SSLs; and

o Ifthe site maximums are above the SSLs, a Tier 2 approach may be deemed appropriate
by NMED using the 95% UCL value for contaminant concentrations (or
detection/quantitation limits for non-detect results).

2.7.1 Development of Data Quality Objectives

Before any additional environmental samples are collected, data quality objectives (DQOs)
should be developed. The DQOs should address the qualitative and quantitative nature of the
sampling data, in terms of relative quality and intent for use, to ensure that any data collected
will be appropriate for the intended purpose. Development of the DQOs should consider not
only precision, accuracy, representativeness, completeness, and comparability of the data, but
also the sampling locations, types of laboratory analyses used, sensitivity of detection limits of
the analytical techniques, the resulting data quality, and the employment of adequate quality
assurance/quality control measures.
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2.7.2  Determination of Background Threshold Values

Site-specific BTVs ahould be established during a site-specific soil background study, as
approved by NMED. Sample size, locations, other site-specific parameters for background data
sets should be outlined during the DQO process as presented in the work plan. Guidance on the
process of conducting a background soil study is beyond the scope of this document. However,
the following criteria are representative of a defensible background data set:

o Includes a sufficient number of data for statistical analyses;
o Free of outliers;

» Reliably representative of the variations in background media (e.g., soil types or
groundwater horizons);

e Collected from areas where there is no potential for site contamination based on site
history;

e Areas are not impacted by neighboring areas of contamination (off-site migration);

e Collected from areas that are upwind of contaminated soil;

e Collected from areas that are upgradient of site contamination;

¢ Collected from soil types that are lithologically comparable to the samples that will be
collected from contaminated areas; and

e Collected from depths that correspond to the exposure intervals that will be evaluated
during human and ecological risk assessments.

An adequate sample size will likely capture a reliable representation of the background
population while meeting the minimum sample size requirements for calculating BTVs and
conducting hypothesis testing. US EPA (2013a) recommends 10 to 15 samples for each
background data set, but more are preferable. While it is possible to calculate BTVs with small
data sets containing as few as three samples, these results are not considered representative and
reliable enough to make cleanup or remediation decisions. Therefore, a minimum sample size of
10 is required in order to calculate BTVs and conduct hypothesis testing. The size of the
background area and size of the site or facility under study should also be considered in
determining sample size. That is, if the background and site areas are relatively large, then a
larger background data set (e.g., > 10 samples) should be considered (US EPA, 2013a).
Background soil data are often grouped according to depth (e.g., surface vs. subsurface) or soil
type. It is important to note that the minimum sample size of 10 should be met for each grouping
of data in order to compute BTVs for each soil horizon or soil type.

Determination of BTVs should be conducted using current ProUCL software and guidance. In
general, BTVs should be based on 95% upper tolerance limits (UTLs) with 95% coverage. The
exception to this would be on a case-by-case basis where the estimated 95% UTL is significantly
greater (more than 1.5 times) than the maximum detected concentration. This may be an
indication that the 95% UTL is based on the accommodation of low-probability outliers (which
may or may not be attributable to the background population) or highly skewed data sets and/or
possibly inadequate sample size. In these cases, the project team may choose to evaluate the

56



Risk Assessment Guidance for Investigations and Remediation
Volume I
July 2015

possibility of additional potential outliers or collection of more data. In lieu of collection of

additional data to resolve the elevated UTL issue, the maximum detected concentration should be
used as the BTV.

2.7.3 Identification of COPCs

COPC:s are those substances (including transformation or breakdown compounds and companion
products) likely to be present in environmental media affected by a release. Identification of
COPCs should begin with existing knowledge of the process, product, or waste from which the
release originated. For example, if facility operations deal primarily with pesticide
manufacturing then pesticides should be considered COPCs. Contaminants identified during
current or previous site investigation activities should also be evaluated as COPCs. A site-
specific COPC list for soil may be generated based on maximum detected (or, if deemed
appropriate by NMED, the 95% UCL value) concentrations (US EPA 2002b) and a comparison
of detection/quantitation limits for non-detect results to the NMED SSLs. This list may be
refined through a site-specific risk assessment.

Per US EPA guidance (US EPA 1989), if there is site history to indicate a chemical was
potentially used/present at a site or if there is insufficient site history to demonstrate that a
chemical could not be present, and the chemical was detected in at least one sample, this
chemical must be included as a COPC and evaluated in the screening assessment.

For inorganics, a comparison of site concentrations to appropriate background concentrations
may be conducted prior to evaluation against SSLs. Those inorganics that are present at levels
indicative of natural background may be eliminated as COPCs. Comparison to background must
be conducted following current US EPA Guidance and as outlined herein. The general process is
a tiered approach.

Step 1. Compare the maximum detected site concentration to the site-specific background
reference values (upper tolerance limit) determined for each soil type at the site. If
the site maximum is less than the background reference value, it is assumed that the
site concentrations are representative of background and the metal/inorganic is not
retained as a COPC. If there is no background value for a constituent, then it will be
retained as a COPC.

Step 2: If the maximum site concentration is greater than the background reference value,
then a two-sample hypothesis test should be used to compare the distributions of the
site data to the distributions of background data to determine if site concentrations are
elevated compared with background. A simple comparison to the range of
background is not acceptable. Background can vary across a site (especially larger
sites) and not allow for soil type to be taken into consideration. Further, a range can
mask low level contamination.

The most recent version of US EPA’s ProUCL statistical software will be used for

hypothesis testing. ProUCL will also be used to determine the most appropriate test
(parametric or nonparametric) based on the distribution of the data. Appropriate
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methods in ProUCL will also be used to compute site-to-background comparisons
based on censored data sets containing non-detect values. In addition, a review of
graphical displays (e.g., box plots and Q-Q plots) may also be provided in order to
provide further justification in determining whether site concentrations are elevated
compared with background. These graphical plots can be also be generated by
ProUCL software.

Note that the above two-sample test can only be used for site data sets that have a
sufficient number of samples (i.e., n > 8) and number of detections (i.e, > 5 detected
observations). While a minimum of 10 background data samples are now required,
there may be sites where background has been previously conducted and may contain
fewer than 10 samples. Site-to-background point-by-point comparisons will be
conducted for site data sets containing fewer than eight samples and fewer than five
detected observations. As stated in the current version of ProUCL User’s Guide (US
EPA, 2013a), hypothesis testing is only considered to be reliable with sufficient
sample size (n > 8) and frequency of detection (> 5 detected observations). If there
are not at least eight samples in the site data set and at least five detections, then the
site maximum detected concentrations will be compared to the corresponding
background value (i.e., 95% upper tolerance limit) as noted in Step 1 or additional
data must be collected to conduct a two-tailed test.

Step 3: Additional lines of evidence may be used to justify exclusion of an inorganic as
being site related, such as site history, number of non-detects, etc. For areas where a
hotspot may be present, additional actions are required and the constuent(s) must be
retained as a COPC. Comparison of site data to regional data (such as US Geological
Survey (USGS) databases not specific to the site) or simple comparison to a range of
data are not acceptable lines of evidence.

2.7.4  Development of a Preliminary Conceptual Site Model

A CSM is a graphical representation of three-dimensional site conditions that conveys what is
known or suspected, at a discrete point in time, about the site-specific sources, releases, release
mechanisms, contaminant fate and transport, exposure routes, and potential receptors. The CSM
is generally documented by written descriptions and supported by maps, geological cross-
sections, tables, diagrams and other illustrations to communicate site conditions. When
preparing a CSM, the facility should decide the scope, quantity, and relevance of the information
to be included, balancing the need to present as complete a picture as possible to document
current site conditions and justify risk management actions, with the need to keep the
information focused and exclude extraneous data.

As a final check, the CSM should answer the following questions:

¢ Are there potential land uses present (now or in the foreseeable future) other than those
covered by the SSLs? (refer to US EPA 1989).

¢ Are there other likely human exposure pathways that were not considered in development
of the SSLs (e.g. vapor intrusion, direct exposure to groundwater, local fish consumption,
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raising homegrown produce, beef, dairy, or other livestock)? (refer to US EPA 1989).

e Are there potential ecological concerns? (Guidance for Assessing Ecological Risks Posed
by Chemicals: Screening Level Ecological Risk Assessment; NMED 2014).

If any conditions such as these exist, the SSLs may need to be adjusted to reflect this new
information.

2.7.5 Determine Exposure Intervals

Based on current and potential land-use scenarios, receptors for completed exposure pathways
can be exposed to varying depths of soil, or soil exposure intervals. Per US EPA (US EPA
1989), depth of samples should be considered and surface soils should be evaluated separately
from subsurface soils due to possible differences in exposure levels that would be encountered
by different receptors. Exposure intervals for each receptor are based on the types of activities in
which each receptor is likely to be involved. Default exposure intervals are summarized in Table
2-6.

It is assumed that commercial/industrial workers would only be exposed to surface soils (0-1 feet
bgs). As stated in Section 2.3.1, this receptor may be involved in moderate digging associated
with routine maintenance and grounds keeping activities. Therefore, COPC concentrations in
soil in the surface soil interval (0-1 feet bgs) should be considered when evaluating exposure by
a commercial/industrial worker receptor.

As stated in Section 2.3.2, a construction worker is assumed to be exposed to surface and
subsurface soils up to depths of 0-10 ft bgs. Construction workers are involved in digging,
excavation, maintenance and building construction projects and could be exposed to surface as
well as subsurface soil. Therefore, a soil exposure interval of 0-10 feet bgs should be considered
when evaluating exposure to soil by a construction worker.

Residents could be exposed to surface and subsurface soils during home maintenance activities,
yard work, landscaping, and outdoor play activities. Therefore, an exposure soil interval of 0-10
feet bgs should be assumed when evaluating soil exposure by a residential receptor.

Exposure to COPCs in soil by ecological receptors should be addressed separately in a tiered
approach as outlined in Volume 2 of this document and by NMED (2014). However, a
discussion of soil exposure intervals for ecological receptors is warranted here because
ecological receptors are considered in the CSM and depending on the types of ecological
receptors, there can be a differential in exposure levels due to soil exposure intervals. Burrowing
animals would be exposed to deeper soils, whereas all other animals would only be exposed to
surface and shallow subsurface soils. Therefore, maximum concentrations of COPCs in soil 0-10
feet bgs should be assessed for burrowing animals. Maximum COPC concentrations in soil 0-5
ft bgs should be assessed for all other animals.
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Table 2-6. Soil Exposure Intervals

Receptor Exposure Intervals (Soil)
Resident (adult and child) 0—10 ft bgs
Commercial/Industrial Worker 0—1 ft bgs
Construction Worker 0—10 ft bgs
Vapor Intrusion Depth of maximum detection
Ecological Receptors (non-burrowing) 0—5 ftbgs
Ecological Receptors (burrowing) 0 — 10 ft bgs

2.7.6 Compare COPC Maximum Concentrations with SSLs

The final step in the site assessment phase is to compare maximum detected COPC
concentrations in soil with SSLs based on the complete exposure pathways identified by the
preliminary CSM and assessing total risk/hazard from all constituents (refer to Section 5). These
concentrations should also be compared against the SSL leaching values to determine which
contaminants present in soil have the capacity to leach to underlying groundwater and impact
these resources adversely. As stated earlier, those contaminants exhibiting concentrations in
excess of the SSLs represent the initial soil COPC list for a given site. Refinement of this list
may be necessary based on a host of factors, including elevated detection or quantitation limits.

2.7.7  Calculation of Exposure Point Concentrations

If it is determined that further assessment is warranted (see Section 5), refinement of EPCs
should be conducted. US EPA (1989) recommends using the average concentration to represent
"a reasonable estimate of the concentration likely to be contacted over time". US EPA’s (1992b)
Supplemental Guidance to RAGS: Calculating the Concentration Term states that, “because of
the uncertainty associated with estimating the true average concentration at a site, the 95 percent
upper confidence limit (UCL) of the arithmetic mean should be used for this variable.”

Upper confidence limits should only be calculated for data sets that meet the US EPA (2013a)
minimum requirements for calculating UCLs. The minimum requirements for calculating UCLs
are: 1) each data set must contain at least eight samples (i.e., n > 8) for the analyte being
evaluated; and 2) there must be a minimum of six detections (i.e., > 5 detected observations) for
the analyte being evaluated. Although it is possible to calculate UCLs with small datasets (i.e., n
< 8) and low frequencies of detection (i.e., < 5 detected observations), these estimates are not
considered reliable and representative enough to make defensible and correct cleanup and
remediation decisions (US EPA, 2013a). Therefore, UCLs should only be calculated for data
sets that meet the minimum requirements for calculation UCLs.

UCLs should be calculated using the most current version of US EPA’s ProUCL statistical
software package. Statistical methods for calculating UCLs are dependent on the distribution of
the data. Therefore, when calculating UCLs, ProUCL should be used to perform statistical tests
in order to determine the distribution of the site data. If assumptions about the distribution
cannot be made, then nonparametric methods can be utilized. ProUCL recommends a
computational method for calculation of the 95% UCL based on the assumed distribution.
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Using parametric and nonparametric methods, ProUCL will typically return several possible
values for the UCL. Professional judgment should be used in selecting the most appropriate
UCL; however, the UCL recommended by ProUCL is based on the data distribution and is
typically the most appropriate value to be adopted as the EPC for use in risk assessments. It is
important to note that the UCL should not be greater than the maximum detected concentration.

Non-detects (censored datasets) should be evaluated following the appropriate methodology
outlined in the most recent version of US EPA’s ProUCL Technical Guide. Currently, the
ProUCL Technical Guide indicates that the Kaplan-Meier (KM) method yields more precise and
accurate estimate of decision characteristics than those based upon substitution and regression on
order statistics. Use of one-half the minimum detection limit (MDL) or sample quantitation limit
(SQL), or other simple substitution methods, are not considered appropriate methods for
handling non-detects.

3.0 CHEMICAL-SPECIFIC AND PHYSICAL-CHEMICAL PARAMETERS

Chemical-specific parameters required for calculating SSLs include the organic carbon
normalized soil-water partition coefficient for organic compounds (Koc), the soil-water partition
coefficient (Kg), water solubility (S), octanol-water partition coefficient (Kow), Henry’s Law
constant (H), diffusivity in air (Da), and diffusivity in water (D). The following sections
describe these values and present methodologies for calculating additional values necessary for
calculating the NMED SSLs.

3.1 Volatilization Factor for Soil

Volatile chemicals, defined as those chemicals having a Henry’s Law constant greater than 1E-
05 atm-m’/mole and a molecular weight less than 200 g/mole, were screened for inhalation
exposures using a volatilization factor (VF) for soils. The soil-to-air VF; is used to define the
relationship between the concentration of the contaminant in soil and the flux of the volatilized
contaminant to ambient air. The emission terms used in the VF are chemical-specific and were
calculated from physical-chemical information obtained from several sources including: US
EPA’s Soil Screening Guidance: Technical Background Document (US EPA, 1996a),
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (US EPA
2002a), US EPA Master Physical and Chemical Parameter table for development of US EPA
Regional Screening Levels (refer to US EPA 2014a), US EPA’s Basics of Pump and Treat
Groundwater Remediation Technology (US EPA 1990), US EPA’s Dermal Exposure Assessment
(US EPA 1992a), Superfund Public Health Evaluation Manual (US EPA 1986), US EPA’s
Additional Environmental Fate Constants (US EPA 1995), Hazardous Substance Release/Health
Effects Database (ATSDR 2003), the RAIS database (DOE 2005), and the CHEMFACTS
database (US EPA 2000). The VF; for the residential and commercial/industrial scenarios is
calculated using Equation 45 while the VFs.cw for the construction worker is calculated using
Equation 46.
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Equation 45
Derivation of the Volatilization Factor for Residential and
Commercial/Industrial Scenarios
0.5
Q/Cyyx(3.14x D, x T) " x 107
) (2 x p,xD A)
Where:
(61"D,H'+6'"D,)
a a ﬂ2 w
Dy p K, +6,+6H
Parameter Definition (units) Default
VF, Volatilization factor for soil (m*kg) Chemical-specific
Da Apparent diffusivity (cm?/s) Chemical-specific
Q/Cyol Inverse of the mean concentration at the center of a 68.18
0.5- acre-square source (g/m>-s per kg/m?)
T Exposure interval (s) 9.5E+08
Pb Dry soil bulk density (g/cm?) 1.5
n Total soil porosity 1 - (pv/ps) 0.43
0. Air-filled soil porosity (n - 0.) 0.17
0w Water-filled soil porosity 0.26
Ps Soil particle density (g/cm?) 2.65
D, Diffusivity in air (cm?/s) Chemical-specific
H’ Dimensionless Henry’s Law constant Chemical-specific
Dw Diffusivity in water (cm?/s) Chemical-specific
Kq Soil-water partition coefficient (cm?/g) = Koc X foc Chemical-specific
(organics)
Koc Soil organic carbon partition coefficient (cm*/g) Chemical-specific
foc Fraction organic carbon in soil (g/g) 0.0015

Equation 46
Derivation of the Volatilization Factor for Construction Worker Scenario

VF,

s—cw

_ ((3.14 xD,xT)"

x10* xQ/Cx(1/F
2x p,x D, j o /5

Where:

2
n

{(@ 9D+ 67D,

D. =
A p K, +0, +6 H
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Parameter Definition (units) Default
VFsew Volatilization factor for soil, construction worker Chemical-specific
(m’/kg)
Da Apparent diffusivity (cm?/s) Chemical-specific
Q/C Inverse of the mean concentration at the center of a 14.31
0.5- acre-square source (g/m?-s per kg/m?)
T Exposure interval (s) 3.15E+07
10 Conversion factor (m?/cm?) 1E-04
Fp Dispersion correction factor (unitless) 0.185
Db Dry soil bulk density (g/cm?) 1.5
n Total soil porosity 1 - (pv/ps) 0.43
0. Air-filled soil porosity (n - 6.) 0.17
0. Water-filled soil porosity 0.26
Os Soil particle density (g/cm?) 2.65
D, Diffusivity in air (cm?/s) Chemical-specific
H’ Dimensionless Henry’s Law constant Chemical-specific
Dw Diffusivity in water (cm?/s) Chemical-specific
Kq Soil-water partition coefficient (cm3/g) = Koo x foe Chemical-specific
(organics)
Koc Soil organic carbon partition coefficient (cm?/g) Chemical-specific
foc Fraction organic carbon in soil (g/g) 0.0015

While most of the parameters used to calculate apparent diffusivity (Da) are either chemical-
specific or default values, several state-specific values were used which are more representative
of soil conditions found in New Mexico. The default values for 8w, 8., and pp in Equations 45
and 46 are 0.26, 0.17 and 1.5 g/cm’, respectively. These values represent mean values from a
National Resources Conservation Service (NRCS) soil survey database for New Mexico that
includes over 1200 sample points (U.S. Department of Agriculture 2000). US EPA guidance
(US EPA 2001a) provides additional methodologies for estimating site-specific air-filled soil
porosities and water-filled soil porosities.

It should be noted that the basic principle of the VF model (i.e., Henry’s Law) is applicable only

if the soil contaminant concentration is at or below soil saturation, Csar. Above the soil saturation
limit, the model cannot predict an accurate VF-based SSL.

3.2 Soil Saturation Limit

Csat describes a chemical-physical soil condition that integrates certain chemical-specific
properties with physical attributes of the soil to estimate the contaminant concentration at which
the soil pore water, pore air, and surface sorption sites are saturated with contaminants. Above
this concentration, the contaminants may be present in free phase within the soil matrix — as non-
aqueous phase liquids (NAPLSs) for substances that are liquid at ambient soil temperatures, and
pure solid phases for compounds that are solids at ambient soil temperatures (US EPA 1996a).
Generic Csa concentrations should not be interpreted as confirmation of a saturated soil
condition, but as estimates of when this condition may occur. It should be noted that Cy
concentrations are not risk-based values. Instead, they correspond to a theoretical threshold
above which free phase contaminant may exist. Csat concentrations, therefore, serve to identify
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an upper limit to the applicability of generic risk-based soil criteria, because certain default
assumptions and models used in the generic algorithms are not applicable when free phase
contaminant is present in soil. The basic principle of the volatilization model is not applicable
when free-phase contaminants are present. How these cases are handled depends on whether the
contaminant is liquid or solid at ambient temperatures. Liquid contaminants that have VF-based
screening levels that exceed the “sat” concentration are set equal to “Csa’”” whereas for solids
(e.g., PAHS), soil screening decisions are based on appropriate other pathways of concern at the
site (e.g., ingestion and dermal contact). Equation 47, given below is used to calculate Cg, for
each volatile contaminant considered within the SSLs.

Equation 47
Derivation of the Soil Saturation Limit
S
C, = —(deb +0 +H Ba)
b
Parameter Definition (units) Default

Csat Soil saturation concentration (mg/kg) Chemical-specific
S Solubility in water (mg/L-water) Chemical-specific
Pb Dry soil bulk density (kg/L) 1.5
Ka Soil-water partition coefficient (L/kg; Koc % foc) Chemical-specific
Koc Soil organic carbon/water partition coefficient (L/kg)  Chemical-specific
foc Fraction organic carbon in soil (g/g) 0.0015
0, Water-filled soil porosity (Lwater/Lsoit) 0.26
H’ Dimensionless Henry’s Law constant Chemical-specific
0, Air-filled soil porosity (n- 8),(Lair/Lsoi) 0.17
n Total soil porosity (1 — (pv/ps))s (Lpore/Lsoit) 0.43
Os Soil particle density (kg/L) 2.65

Chemical-specific parameters used in Equation 47 were obtained from physical-chemical
information presented in several sources including: US EPA’s Soil Screening Guidance:
Technical Background Document (US EPA 1996a and US EPA 2002a), the US EPA Regional
Screening Levels (US EPA 2014a), US EPA’s Basics of Pump and Treat Groundwater
remediation Technology (US EPA 1990), US EPA’s Dermal Exposure Assessment (US EPA
1992a), Superfund Public Health Evaluation Manual (US EPA 1986), US EPA’s Additional
Environmental Fate Constants (US EPA 1995), Hazardous Substance Release/Health Effects
Database (ATSDR 2003), the RAIS, CHEMFACTS, WATER9, and PHYSPROP databases, and
EPISUITE.

3.3 Particulate Emission Factor

Inhalation of chemicals adsorbed to suspended respirable particles is assessed using a chemical-
specific PEF, which relates the contaminant concentration in soil to the concentration of
respirable particles in the air due to fugitive dust emissions from contaminated soils. This
guidance addresses dust generated from open sources, which is termed “fugitive” because it is
not discharged into the atmosphere in a confined flow stream. For further details on the
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methodology associated with the PEF model, the reader is referred to US EPA’s Soil Screening
Guidance: Technical Background Document (US EPA 1996a), Supplemental Guidance for
Developing Soil Screening Levels for Superfund Sites (US EPA 2002a) and Human Health Risk
Assessment Protocol for Hazardous Waste Combustion Facilities (US EPA 2005b).

It is important to note that the PEF for use in evaluating exposure of residential and
commercial/industrial receptors addresses 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 for use in evaluating construction worker exposures considers
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.
Equation 48 is used to calculate a New Mexico region-specific PEF value, used for both the
residential and commercial/industrial exposure scenarios. A scenario-specific PEF value was
calculated for a construction worker receptor (PEFcw) using Equation 49.

Equation 48
Derivation of the Particulate Emission Factor
Residential and Commercial/Industrial Scenarios
3,600 sec / hr
PEF=Q/C . ,x
wind U 3
0.036 x (1-V)x —m] x F(x)
Ut
Parameter Definition (units) Default
PEF Particulate emission factor (m*/kg) 6.61E+09
Q/Cyind Inverse of a mean concentration at center of a 0.5-acre- 3185
2 3 .
square source (g/m?*-s per kg/m”)
\'% Fraction of vegetative cover (unitless) 0.5
Un Mean annual windspeed (m/s) 4.02
Ui Equivalent threshold value of windspeed at 7 m (m/s) 11.32
F(x) Function d;pendent on Up/U, derived using Cowherd et al. 0.0553
(1985) (unitless) )
Equation 49
Derivation of the Particulate Emission Factor
Construction Worker Scenario
1 Tx Ay
PEFow = Q/Cowx ¢ (w) °* (365 days/yr - P)
356x 3. 365 days/ yr ' z VKT
Parameter Definition (units) Default
PEFcw Particulate emission factor for a construction worker (m*/kg) 2.1E+06
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Q/Ccew Inverse of a mean concentration at center of a 0.5-acre-
A 3 23.02
square source (g/m*-s per kg/m’)
Fp Dispersion correction factor (unitless) 0.185
T Total time over which construction occurs (s) 7.2E+06
Ar Surface area of road segment (m?) 274.2
W Mean vehicle weight (tons) 8
P Number of days with at least 0.01 inches of precipitation 60
(days/yr)
VKT sum of fleet vehicle kilometers traveled during the exposure
. 168.75
duration (km)

3.4 Physical-Chemical Parameters

Several chemical-specific parameters are required for calculating SSLs including the organic
carbon normalized soil-organic carbon/water partition coefficients for organic compounds (Koc),
the soil-water partition coefficient for organic and inorganic constituents (Kq), the solubility of a
compound in water (S), Henry’s Law constant (H), air diffusivity (Da), water diffusivity (Dw),
molecular weight, the octanol-water partition coefficient (Kow), and the dermal permeability
coefficient in water (K;). Prior to calculating site-specific SSLs, each relevant chemical specific
parameter value presented in Appendix B should be checked against the most recent version of
its source to determine if updated data are available. Tables B-1, B-2, and B-3 in Appendix B
provide the chemical-specific parameters used in calculating the NMED SSLs. Chemical-
specific parameters were selected from the following sources in the order listed:

¢ Organic carbon partition coefficient (Koc; L/kg). US EPA (2012b) Estimation Program
Interface (EPI) Suite software, v4.11.

e Soil-water partition coefficient (Kg; cm?/g). For organics, Ka = Koc x fraction of organic
carbon in soil, (foo NMED default value of 0.15%). For inorganics, 1) US EPA (2002a);
2) Baes (1984) Figure 2.31.

e Water solubility (S; mg/L at 25 °C). US EPA (2012b) EPI Suite software, v4.11.

e Henry’s Law constant (H; atm-m>/mole at 25 °C). 1) US EPA (2012b) EP1 Suite
software, v4.11: a) experimental values; b) estimated values via the bond method; ¢)
estimated values via the group method; and 2) US EPA (2002a).

e Diffusivity in air (Da; cm?/s). 1) US EPA (2006) Water 9 v3.0; 2) US EPA (2002a).

e Diffusivity in water (Dw; cm?/s). 1) US EPA (2006) Water 9 v3.0; 2) US EPA (2002a).

e Molecular weight (MW). US EPA (2012b) EPI Suite software, v4.11.

e Dermal permeability coefficient in water (Kp; cm/hr). US EPA (2012a) EPI Suite
software, v.4.11.

3.4.1 Solubility, Ko, and Henry’s Law Constant

The solubility of a contaminant refers to the maximum amount that can be dissolved in a fixed
volume of solvent, usually pure water, at a specific temperature and pH. A chemical with a high
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solubility readily dissolves in water, while a low solubility indicates an inability to dissolve.
Water solubility is generally predicted based on correlations with the octanol-water partition
coefficient (Kow). Solubility is used to calculate soil saturation limits for the NMED SSLs.

The octanol-water partition coefficient (Kow) of a chemical is the ratio of a chemical’s solubility
in octanol versus its solubility in water at equilibrium. Essentially, this chemical-specific
property is used as an indication of a contaminant’s propensity to migrate from soil to water. It
is an important parameter and is used in the assessment of environmental fate and transport for
organic chemicals.

The Henry’s Law constant (H) is used when evaluating air exposure pathways. For all chemicals
that are capable of exchanging across the air-water interface, there is a point at which the rate of
volatilization into the air and dissolution to the water or soil will be equal. The ratio of gas- and
liquid-phase concentrations of the chemical at this equilibrium point is represented by H, which
is used to determine the rate at which a contaminant will volatilize from soil to air. Values for H
may be calculated using the following equation and the values for S, vapor pressure (VP), and
MW.
