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1 INTRODUCTION 
Bhate Environmental Associates, Inc., (Bhate) has been retained by the U.S. Army Corps of 
Engineers (USACE), under contract DACA45-03-D-0023, Task Order No. 021, to conduct 
Voluntary Corrective Measures (VCMs) at several of the Solid Waste Management Units 
(SWMUs) and Areas of Concern (AOCs) at Holloman Air Force Base (HAFB), New Mexico.  
This document is to provide a work plan that will serve as the primary working document for the 
additional investigation and excavation activities of the petroleum contaminated soil (PCS) 
located at Spill Site 61 (SS-61).  The PCS source area is believed to be associated with an 
abandoned east-west trending underground fuel pipeline that connected two concrete vaults with 
a former aboveground storage tank (AST) system and/or an adjacent debris pile.  The pipeline, 
concrete vaults, former AST system, and debris pile are located on the north side of a large 
concrete pad that is approximately 100 feet (ft) west of Building 1072.  This VCM Work Plan 
provides the relevant site specific information and requirements as outlined in the two Notice of 
Deficiencies (NODs) issued by the New Mexico Environment Department (NMED) in January 
2006 (Attachment A) for remedial activities at SS-61.  Responses to the NMED comments and 
the NMED Notice of Approval letter for this Work Plan are also included in Attachment A. 

The objective of the additional characterization is to fill in the data gaps to completely identify 
and define the presumed PCS source area.  Once the source area has been delineated, the primary 
objective of this VCM is to remove, through excavation, and properly dispose the PCS 
associated with the east-west trending pipeline that runs through the site to the former AST 
system.  Groundwater conditions surrounding the SS-61 PCS source area will also be evaluated 
in this VCM Work Plan.  During this process, required data will be collected to support a SS-61 
risk based evaluation based on guidance from the NMED.  The ultimate objective is to achieve 
approval for site closure from NMED.  It should be noted that groundwater and soil 
contaminated with trichloroethylene (TCE) associated with the nearby new Environmental 
Restoration Program (ERP) Site SS-73 (this site is located to the east-southeast of SS61-MW02) 
will be evaluated under a separate Work Plan. 

This document has been written to provide relevant information on the geologic, hydrologic, and 
other environmental conditions for HAFB and at the site and the procedures by which this VCM 
will be completed.  Information is provided for the entire Base and its surrounding environ as 
well as SS-61, specifically.  This VCM calls for the removal of all PCS (above the NMED soil 
screening levels) at the site through excavation with verification of complete removal via 
confirmation sampling from the excavation.  

1.1 Base and Site Description 
HAFB is situated in south central New Mexico, in the northwest central part of Otero County, 
approximately 75 miles north-north-east of El Paso, Texas (Figure 1-1).  HAFB has a population 
of 6,000 and occupies about 50,000 acres in the northeast quarter of Section 1, Township 17 
South, Range 8 East.  The White Sands Missile Range testing facilities occupy additional land 
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extending northward from the Base.  Private and public owned lands border the remainder of 
HAFB.  The major highway servicing HAFB is Highway 70, which runs southwest from the 
town of Alamogordo and separates HAFB from publicly owned lands to the south.  Alamogordo 
which has a population of approximately 35,000 is located approximately 7 miles east of the 
base.  

1.1.1 Holloman Air Force Base 

HAFB was first established in 1942 as Alamogordo Army Air Field (AAF).  From 1942 through 
1945, Alamogordo AAF served as the training grounds for over 20 different flight groups, flying 
primarily B-17s, B-24s, and B-29s.  After World War II, most operations had ceased at the base.  
In 1947, Air Material Command announced the air field would be its primary site for the testing 
and development of un-manned aircraft, guided missiles, and other research programs.  On 
January 13, 1948, the Alamogordo installation was renamed Holloman Air Force Base, in honor 
of the late Col. George V. Holloman; a pioneer in guided missile research.  In 1968, the 49th 
Tactical Fighter Wing arrived at HAFB and has remained since.  Today, HAFB also serves as the 
training center for the German Air Force’s Tactical Training Center. 

1.1.2 Spill Site 61 

SS-61 is located in an industrial area in the central part of HAFB (Figure 1-2).  The site is 
located north of two hangars, Buildings 1079 and 1080, and is divided into two study sections by 
DeZonia Drive (Figure 1-3).  The northern section of the site consists of a concrete pad, located 
southeast of Building 1001 and immediately west of Building 1072, which may have been used 
for dispensing fuel.  Northwest of this pad was a debris pile that covered approximately 1,500 
square feet.  The pile contained concrete pieces, asphalt rubble, and some piping.  Northeast of 
the concrete pad and debris pile were two ASTs that have been removed.  The ground surface 
rises approximately 10 feet toward the former AST area.  A partial outline of the containment 
berm in the area of the former northern AST is still visible.  The circular berm is approximately 
180 feet in diameter, rising approximately 8 feet above grade, and approximately 10 feet wide at 
the base.  No remnant of a berm is visible for the former southern AST.  An 8-inch diameter steel 
pipe emerging from the ground at a 45º angle, oriented north to south is located within the 
former southern AST area.  The steel pipe has been capped with a steel plate and eight 1-inch 
bolts.  The underground piping was traced to an apparent T-junction located 400 feet south of the 
southern AST area.  A geophysical survey conducted during the 1999 Phase I Remedial 
Investigation (RI), traced one branch of the main north-south pipeline west from the T-junction 
to an area directly north of the concrete pad to two concrete vaults (Foster Wheeler, 1999).  
Based on the results of the geophysical survey it is assumed that the pipeline is buried 4-6 feet 
below ground surface.  The location of the east-west trending pipeline that is connected to the 
two concrete vaults and a former AST system (presumed SS-61 PCS source area) is shown on 
Figure 1-4.  The other piping branch runs south toward the hangar area (Building 1079). 

The historic southern portion of SS-61, south of DeZonia Drive, consists of two hangars, 
Building 1079 and Building 1080 (Figure 1-3).  South of the hangars is the tarmac.  The eastern 
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hangar, Building 1080, is the newer of the two buildings.  The western hangar, Building 1079, 
dates to the 1940s.  A concrete sump is located outside the northwest entrance to the hangar 
(Building 1079).  A shallow surface depression, approximately 100 ft x 70 ft by 3 ft deep, is 
located in the north parking lot to Building 1079.  It was used as a stormwater collection basin.  
A geophysical survey conducted during the Phase II RI (Foster Wheeler, 1999), traced the main 
north-south trending pipeline from the T-junction (described above) to the south underneath 
Building 1087 and past the southeast corner of the western hanger (Building 1079) toward the 
tarmac.  

1.2 Physiography and Topography 
Holloman AFB is located within the Sacramento Mountains Physiographic Province on the 
western edge of the Sacramento Mountains.  HAFB is approximately 59,600 acres in area, and is 
located at a mean elevation of 4,093 feet above mean sea level (amsl).  The region is 
characterized by high tablelands with rolling summit plains; cuesta-formed mountains dipping 
eastward and of west-facing escarpments with the wide bracketed basin forming the basin and 
range complex.  The Base is located in the Tularosa Sub-basin which is part of the Central 
Closed Basins.  The bordering mountains rise abruptly to altitudes of 7,000 to 12,000 feet amsl.  
The San Andres Mountains bound the basin to the west (about 30 miles) with the Sacramento 
Mountains approximately 10 miles to the east (Figure 1-1).  At its widest, the basin is about 60 
miles east to west and stretches approximately 150 miles north to south.   

SS-61 and the surrounding area are relatively flat with a gentle southwest slope.  The area is 
bounded to the west by SWMU 104 (LF-29) and to the south by Building 1001.  The eastern 
edge of the site is unbounded by physical features.  The primary vegetation is salt cedar, sage 
brush and grasses with occasional bush vegetation.  The boundary with the former Army Landfill 
(LF-29) is defined by a three-foot high earthen berm.  A debris pile approximately 100 feet in 
diameter and composed of construction rubble is located southwest of well MW-29-05. 

1.3 Surface Water and Hydrology 
The Tularosa Basin contains all of the surface flow in its boundaries.  The nearest inflow of 
surface waters to the Base comes from the Lost River, located in the north-central region of the 
Base.  The upper reaches of the Three Rivers and the Sacramento River are perennial in the 
basin.  HAFB is dissected by several southwest trending arroyos that control the surface 
drainage.  Hay Draw arroyo is located in the far north.  Malone and Rita’s Draw, which drain 
into the Lost River and Dillard Draw arroyos, are located along the eastern perimeter of the Base.  
Approximately 10,000 years ago, indications are of a much wetter climate.  The present day 
Lake Otero encompassed a much larger area, possibly upwards of several hundred square miles.  
Its remains are the Alkali Flat and Lake Lucero.  Lake Lucero is a temporary feature of merely a 
few inches in depth during the rainy season. 
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Ancient lakes and streams deposited water bearing deposits over the older bedrock basement 
material.  Fractures, cracks, and fissures in the Permian and Pennsylvanian bedrock yield small 
quantities of relatively good quality water in the deeper peripheral.  Potable water is only found 
from wells near the edges of the basin with more saline water towards the center.  Two of the 
principal sources of potable water are a long narrow area on the upslope sides of Tularosa and 
Alamogordo with the other in the far southwestern part of the basin.  A portion of Alamogordo’s 
water, as well as the Base’s, is supplied from Lake Bonito (which is in the Pecos River Basin).  

1.4 Geology 

1.4.1 Regional Geology 

The sedimentary rocks which make up the adjacent mountain ranges are between 500 and 250 
million years old (White Sands Missile Range (WSMR), 2003).  During the period when the area 
was submerged under the shallow intra-continental sea, the layers of limestone, shale, gypsum, 
and sandstone were deposited.  In time, these layers were pushed upward through various 
tectonic forces forming a large bulge on the surface.  Approximately 10 million years ago the 
center began to subside resulting in a vertical drop of thousands of feet leaving the edges still 
standing (the present day Sacramento and San Andres mountain ranges).  In the millions of years 
following, rainfall, snowmelt, and wind eroded the mountain sediments depositing them in the 
valley (i.e. Tularosa Basin).  Water carrying eroded gypsum, limestone, dolomite, gravel, and 
other alluvial matter continues to flow into the basin with no route of exit. 

The Tularosa Sub-basin is geologically described as a bolson, which is an extensive flat 
alluvium-floored depression, into which drainage from the surrounding mountains flows toward 
a central playa.  The overlying alluvium generally consists of unconsolidated gravels (limestone, 
dolomite, and gypsum), sands, and clays.  A fining sequence from the San Andreas and 
Sacramento Ranges towards the basin’s center characterizes the area with the near surface soils 
as alluvial, eolian, and lacustrine deposits.  The alluvial fan deposits are laterally discontinuous 
units of interbedded sand, silt, and clay while the eolian deposits consist primarily of gypsum 
sands.  The eolian and alluvial deposits are usually indistinguishable due to the reworking of the 
alluvial sediment by eolian processes.  The playa, or lacustrine deposits, consist of silty clay 
containing gypsum and are contiguous with the alluvial fan and eolian deposits. 

Mesozoic rocks in the northwest mark the Colorado Plateau, topped by younger Tertiary strata.  
Quaternary age sediments have washed off the Southern Rockies into the open basins and the 
Rio Grande Rift, a failed spreading center or aulacogen.  This would-be ocean basin runs up the 
center of the state with the Rio Grande flowing down its middle, exposing the Paleozoic and 
Precambrian rocks on its uplifted flanks.  Later Cenozoic volcanic intrusions of Quaternary and 
Tertiary age are also associated with the rifting.  

The great Permian Basin of Texas continues into the state from the southeast with younger 
Quaternary-Tertiary sediments of the Great Plains cover the whole eastern edge.  Basin-and-
range terrain of Tertiary sediments and volcanics appear in the extreme southwest coupled with 
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wide dry basins choked with Quaternary coarse sediments eroded from the blocks of uplifted 
older rocks.  

1.4.2 Site SS-61 Geology 

Soil borings installed during the Phase I and II Resource Conservation and Recovery Act 
(RCRA) Facility Investigation (RFI) (Foster Wheeler and Groundwater Technology Government 
Services, Inc. [GTI], 1997) are the most representative of the subsurface soil conditions at the 
site.  The stratigraphy consists primarily of silty to clayey layers.  Drilling logs compiled during 
the Phase II RFI indicate the subsurface to be 0 to 12 feet of silt and sand overlying clays and 
clayey sands from 12 to 24 feet.  The clay layers are underlain with silty sand that contains 
occasional clay lenses to a depth of 30 feet (Foster Wheeler and GTI, 1996). 

During both phases of the RFI, soil cores were examined and logged in accordance with the 
United Soil Classification System.  Selected borehole logs from the presumed PCS source area 
are included in Appendix A.  Soils underlying the site were mostly fine-grained silts, clays, and 
sands.  From grade to approximately 14 feet, soils were predominantly dry silty sands and sandy 
silts.  Gypsum cementation and crystals pervaded sand clay, clayey sand, and silty sand from 
approximately 14 feet to groundwater.  The groundwater table occurs at approximately 14 to 30 
feet below ground surface (bgs). 

1.5 Hydrogeology 

1.5.1 Regional Hydrogeology 

The predominance of the groundwater occurs as an unconfined aquifer in the unconsolidated 
deposits of the central basin, with the primary source of recharge as rainfall percolation and 
minor amounts of stream run-off along the western edge of the Sacramento Mountains.  Surface 
water/rainfall migrates downward into the alluvial sediments at the edge of the shallow aquifer 
near the ranges, and flows downgradient through progressively finer-grained sediments towards 
the central basin.  Because the Tularosa Basin is a closed system, water that enters the area only 
leaves either through evaporation or percolation.  This elevated amount of percolation results in a 
fairly high water table.  Beneath HAFB, groundwater ranges from 5 to 50 feet.  Flow for the 
Base is generally towards the southwest with localized influences from the variations in the 
topography of the Base.  Near the arroyos, groundwater flows directly toward the surface 
drainage feature.  

Groundwater quality in the Tularosa Basin is of potable quality at the recharge areas in close 
proximity to the Sacramento Mountains and becomes increasingly mineralized toward the central 
portion of the basin and discharge areas (Radian, 1993).  The majority (over 70 %) of the ERP 
Sites / SWMUs / AOCs located across HAFB, have groundwater monitoring wells containing 
water with an average total dissolved solids (TDS) concentration greater than 10,000 milligrams 
per liter (mg/L).  This TDS data supports the hypothesis that TDS concentrations below 10,000 
mg/L at Holloman AFB are caused by dilution of natural groundwater from leaking water lines 
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and surface irrigation from the domestic water supply.  TDS concentrations greater than 10,000 
mg/L exceed the New Mexico Water Quality Control Commission (NMWQCC) limit as potable 
water and thus, the groundwater beneath HAFB has been designated as unfit for human 
consumption.  Likewise, U.S. Environmental Protection Agency (USEPA) guidelines have 
identified the groundwater as a Class IIIB water source, characterized by TDS concentrations 
exceeding 10,000 mg/L.    

In addition, there are no potable water wells on HAFB.  Potable water for the base and the city of 
Alamogordo is derived from the nearby Sacramento Mountains.  The only production water well, 
used for livestock irrigation, is located approximately 12 miles southwest of SS-61.    

1.5.2 Site SS-61 Hydrogeology 

During the Phase II RFI, groundwater elevations were measured at 15 locations across the site on 
June 5, 1997.  Depth to water ranged from 14.22 feet at MWAOC-4 (SS61-MW04) to 30.69 feet 
below the top of casing at MWAOC-1 (SS61-MW01).  Groundwater elevations and contour 
maps and well completion logs from the RI and RFI are included in Appendix A.  Historically 
the local groundwater flow direction was generally toward the west-northwest, which is different 
than the general south-southwest flow direction for HAFB, at an average gradient of 0.003 foot 
per foot (ft/ft).   

Recent water level data from June 2004 indicates that the localized groundwater flow direction is 
to the west-northwest (Figure 1-5) and the hydraulic gradient varies from approximately 0.0017 
ft/ft to 0.002 ft/ft. 

1.6 Climate 
As a whole, New Mexico has a mild, arid to semi-arid continental climate characterized by light 
precipitation totals; abundant sunshine, relatively low humidity and relatively large annual and 
diurnal temperature range (Western Regional Climate Center [WRCC], 2003).  The climate of 
the Central Closed Basins varies with elevation.  The Base is found in the low areas and is 
characterized by warm temperatures and dry air.  Daytime temperatures often exceed 100 
degrees Fahrenheit (°F) in the summer months and middle 50s in the winter.  A preponderance of 
clear skies and relatively low humidity permits rapid night time cooling resulting in average 
diurnal temperature ranges of 25 to 35°F.  Potential evapotranspiration, at 67 inches per year, 
significantly exceeds annual precipitation, usually less than 10 inches.  The very low rainfall 
amounts resulting in the arid conditions, which with the topographically induced wind patterns 
combining with the sparse vegetation, tend to cause localized “dust devils”.  Much of the 
precipitation falls during the mid-summer monsoonal period (July and August) as brief, yet 
frequent, intense thunderstorms culminating to 30 – 40% of the annual total rainfall. 
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1.7 Water Use 
HAFB is located in the Tularosa Sub-basin.  Potable water is available from municipal wells 
along the margins of the basin with more saline water towards the center.  The principle sources 
of potable water are located in a long narrow north-south trending area east of Alamogordo and 
Tularosa and in the far southern part of the basin.  HAFB is also supplied potable water from 
Lake Bonito, which is in the Pecos River Basin.   

Within the boundaries of SS-61, storm water run-off is controlled by the minimal topographic 
relief as per the existing grade and landscaping.  Appurtenances can be found along the perimeter 
for collection into the Base storm water drainage system.   
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2 HISTORICAL DATA REVIEW AND CONCEPTUAL 
SITE MODEL 

This section presents an overview of the previous investigations and the preliminary conceptual 
site model for SS-61.  Since 1996, Spill Site 61 has been the subject of a series of environmental 
investigations related to evaluating the soil and groundwater conditions to determine the source 
of volatile organic compounds (VOCs) contamination detected in groundwater monitoring well 
MW-29-05.  This section provides a historical overview and chronology of the previous 
investigations conducted at SS-61 and AOC-1001 from 1996 through 2005. 

Contamination was initially detected in the vicinity of SS-61 (AOC-1001) during the Phase II 
RFI Table 1 Investigation that was conducted at nearby SWMU 104, the Former Army Landfill 
(Radian, 1995).  This SWMU is also known as Installation Restoration Program (IRP) Site LF-
29.  During the Phase II Table 1 RFI, four additional groundwater monitoring wells (MW-29-05 
through MW-29-08) were installed and a complete round of groundwater sampling and analysis 
was conducted at LF-29 (8 groundwater monitoring wells).  Upgradient well MW-29-05 
contained benzene at 3,100 micrograms per liter [µg/L], 1,2-dichloroethane (1,2-DCA) at 350 
µg/L, 2,4,6-trinitrotoluene (TNT) at 0.23 µg/L, and 1,3,5-trinitrobenzene at 2.6 µg/L.  Since the 
source of the upgradient contamination was expected to be to the southeast of the well (MW-29-
05) and to the east of Building 1001, AOC-1001 was identified.  Phase I and II RFIs were 
conducted at AOC 1001 during 1996 and 1997.  As a result of the RFI, the area previously 
referred to as AOC-1001 was designated as IRP site SS-61 in December 1997 (Foster Wheeler, 
2000).   

The chronology of previous investigations at the site, based on reports reviewed is outlined 
below.  Boring logs and sampling locations for these previous RFI and RI investigations are 
included in Appendix A of this report.  

• Phase I RCRA Facility Investigation, Site AOC-1001, 1996 (Foster Wheeler and 
Groundwater Technology, Inc.) 

• Phase II RCRA Facility Investigation, Site AOC-1001, 1997 (Foster Wheeler and 
Groundwater Technology, Inc.) 

• Phase I Remedial Investigation for Spill Site 61, 1999 (Foster Wheeler) 

• Phase II Remedial Investigation for SS-61 – Spill Site 61, 2000 (Foster Wheeler) 

• Monitored Natural Attenuation for SS-61 (AOC-1001), 2005 (Bhate Associates) 
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2.1 Phase I and Phase II RFI 
GTI was contracted by Foster Wheeler Environmental Corporation (FWENC) to conduct a RFI 
of AOC-1001 at HAFB.  The purpose of the characterization was to determine the source and if 
possible, extent of VOC contamination detected in monitoring well MW-29-05 (LF-29/SWMU 
104) during the Phase II Table 1 Investigation (Radian, 1995).  The AOC-1001 RFI was 
conducted in two phases.  The first phase (Phase I) field activities were conducted from May to 
June 1996.  Phase II activities were conducted from May to June 1997 (Foster Wheeler and GTI, 
1997).  The following two sections present the findings from the Phase I and II RFI. 

2.1.1 Phase I RFI at AOC-1001 

The following section presents AOC-1001 information taken from the Draft Final Phase I and II 
RCRA Facility Investigation Report, Site AOC-1001, Holloman AFB, NM (Foster Wheeler and 
GTI, 1997).  The Phase I scope of the RFI included the following field activities in the area 
upgradient of well MW-29-05: 

• A passive soil vapor survey which included 49 sample points (Gore-Sorbers™) were 
installed 3 feet below ground surface with a 50-foot spacing.  The intent of the soil vapor 
survey was to identify “target” areas for soil and groundwater sample collection.  The soil 
vapor samples were analyzed for VOCs, semi-volatile organic compounds (SVOCs), and 
explosives. 

• Based upon the results of the soil vapor survey, 10 soil borings (DP-01 through DP-10) 
were installed and soil and groundwater samples were collected for chemical analysis 
using Direct Push Technology (DPT).  These sampling locations were all upgradient or 
crossgradient of monitoring well MW-29-05.  Three soil samples and one groundwater 
sample from each DPT boring were selected for chemical analysis.  The soil and 
groundwater samples were analyzed for VOCs and explosives. 

A trace of toluene (0.80 micrograms [µg]) and total xylenes (0.32 µg) was detected in one soil 
vapor sample collected on the northwest side of the northern bermed area.  No SVOCs or 
explosives were detected above the method reporting limits in any of the soil vapor samples. 

Methylene chloride was detected in the soil samples collected from borings DP-09A and DP-10 
at concentrations ranging from 10 to 17 micrograms per kilogram (µg/kg).  No other VOCs were 
detected in the soil samples.  The soil sample collected from DP-08 from 15 to 18 ft bgs 
contained two explosives, tetryl at 1,000 µg/kg and TNT at 1,000 µg/kg.   

Benzene was detected in groundwater samples collected from 7 of the 10 DPT borings.  Benzene 
concentrations in these seven borings ranged from 80 µg/L (DP-09A) to 7,200 µg/L in DP-02.  
Ethylbenzene (890 µg/L) was detected in DP-02 and xylene was detected in DP-02 (13 µg/L), 
DP-03 (31 µg/L), and DP-06 (18 µg/L).  Concentrations of 1,2-DCA were also detected in 
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groundwater samples collected from DP-05 (140 µg/L) and DP-09A (18 µg/L).  No other VOCs 
and explosives were detected in the groundwater samples collected during the Phase I RFI. 

The analytical results and sample locations for the soil vapor, subsurface soil, and groundwater 
samples collected during the Phase I RFI are included in Appendix A. 

2.1.2 Phase II RFI at AOC-1001 

The following section presents AOC-1001 information taken from the Draft Final Phase I and II 
RCRA Facility Investigation Report, Site AOC-1001, Holloman AFB, NM (Foster Wheeler and 
GTI, 1997).  The Phase II RFI included the following field activities in the area south of the 
bermed areas and east of Building 1001, and east of SWMU 104: 

• Collection of soil and groundwater samples with a DPT rig with onsite sample analysis 
using a mobile laboratory.  Fourteen soil borings (DP-11 through DP-20) and DP-22 
through DP-25) were installed to delineate a benzene, toluene, ethylbenzene, and xylenes 
(BTEX) source northeast of Building 1001.  Soil samples were collected from 9 of the 14 
DPT boreholes and analyzed for VOCs by the mobile laboratory.  Groundwater sampling 
was conducted by installing and sampling 14 DPT well points.  Twenty percent of the 
samples were split and analyzed for VOCs by a fixed-base laboratory. 

• Installation and sampling of four new monitoring wells in critical areas identified through 
DPT sampling to better define groundwater quality and flow direction.  One existing 
well, MW-29-05, was also sampled.  Additionally, four soil samples were collected 
during the installation of the four monitoring wells (MWAOC-1 through MWAOC-4).  
All groundwater and soil samples collected from these locations were analyzed for 
VOCs. 

• Installation and gauging of four piezometers (PZ-01 through PZ-04) to better characterize 
groundwater elevation and flow direction across the entire site. 

Nine soil samples collected from the DPT boreholes were analyzed onsite for specific 
halogenated hydrocarbons and BTEX.  Total BTEX was detected in two samples AOC-1001-
DP-22 (11 to 12 ft bgs) and AOC-1001-DP-23 (17 to 20 ft bgs) with concentrations of 37.97 and 
0.43 mg/kg respectively.  No other VOCs were detected in the soil samples analyzed by the 
mobile laboratory.  Six DPT soil samples were analyzed by the fixed-base lab for halogenated 
hydrocarbons and BTEX.  Benzene (3.2 µg/kg) was detected in the 20- to 22-foot sample 
collected from MWAOC-2.  The soil sample collected from MWAOC-3 at 18-20 ft bgs 
contained 446.4 µg/kg total BTEX and 37 µg/kg 1, 2-DCA.  No other VOCs were detected in the 
soil samples analyzed by the fixed-base lab. 

A total of 17 groundwater samples (including 3 duplicates) were obtained from 14 DPT points.  
Eleven DPT samples were analyzed by the onsite mobile laboratory.  Six samples were analyzed 
offsite by a fixed-base laboratory.  BTEX constituents associated with gasoline hydrocarbons 
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were detected in 14 of 17 DPT groundwater samples.  Benzene was detected in 14 groundwater 
samples and ranged in concentration from 2.8 µg/L (DP-15) to 8,640 µg/L (DP-22).  
Ethylbenzene was detected at six DPT locations, ranging from 40 µg/L (DP-17) to 523 µg/L 
(DP-22).  Toluene was detected in four DPT groundwater samples, and ranged from 460 µg/L 
(DP-23) to 3,620 µg/L (DP-22).  Total xylenes concentrations were detected at eight locations, 
ranging from 4.9 µg/L (DP-13) to 3,800 µg/L (DP-24).   

VOCs not associated with gasoline hydrocarbons were detected in up to 13 DPT well point 
locations sampled during Phase II.  1,2-DCA was detected in 15 of the 17 Phase II groundwater 
DPT samples including 2 duplicates and ranged from 3.8 µg/L (DP-15) to 315 µg/L (DP-17).  
TCE was the only other VOC detected in groundwater samples collected from DP-15 (5.6 µg/L) 
and DP-20 (14 µg/L).  The groundwater sample from DP-16 was also analyzed for gasoline, 
diesel and oil.  Only gasoline was detected in the groundwater collected from DP-16 with a 
concentration of 41,000 µg/L. 

The off-site laboratory analyzed groundwater samples from six of the DPT well points for 
explosives.  Explosives were detected only in the groundwater sample from DP-22 where four 
compounds were detected at levels ranging from 1.6 µg/L to 35 µg/L. 

Six groundwater samples (including one duplicate) were collected from five monitoring wells at 
the site and analyzed for VOCs.  Benzene was detected in all wells except MWAOC-1 at 
concentrations ranging from 0.43 µg/L (MWAOC-2) to 11,000 µg/L (MWAOC-3).  Maximum 
total BTEX concentrations (19,165 µg/L) were detected in MWAOC-3.  1,2-DCA was also 
detected in all wells except MWAOC-1; levels ranged from 1.8 µg/L (MWAOC-2) to 940 µg/L 
(MWAOC-3).  Trichloroethene was detected in MWAOC-2 (45 µg/L) and MWAOC-3 (1.8 
µg/L).  Low levels of various other VOCs were detected in the samples from all wells except 
MWAOC-1. 

The analytical results and sample locations for the subsurface soil and groundwater samples 
collected during the Phase II RFI are included in Appendix A.  Results from soil sampling during 
the Phase I and II RFI field activities in 1996 and 1997 indicated detections of BTEX and 1,2-
DCA.  Groundwater contaminants detected during these investigations included BTEX; 1,2-
DCA; and TCE.  The results of these investigations indicated possible soil contamination in the 
area of the concrete pad and a broad groundwater contaminant plume extending downward form 
the concrete pad, cross-gradient to the east and northeast and possibly upgradient. 

The Phase I and II RFI Report recommended additional investigations in the debris mound and 
in the area of sample location DP-22 to determine if a potential source (such as drums or tanks) 
for the elevated BTEX and 1,2-DCA levels was present.  The report also recommended that two 
monitoring wells be installed across Dezonia Drive, where the 46th Test Group is located, to 
delineate the impacted area to the south. 
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2.2 Remedial Investigation (Phase I) 
The following section presents SS-61 (AOC-1001) information taken from the Final Remedial 
Investigation Report for Spill Site 61, Holloman AFB, NM (Foster Wheeler, 1999).  The Phase I 
Remedial Investigation area included two former ASTs, underground piping, a debris pile, and a 
concrete pad that may have been a fuel dispensing area located north of DeZonia Drive.  
Historical operations information on this area is limited because part of the area was used for 
classified operations conducted by Strategic Air Command.  Aerial photographs indicated that 
operations at the concrete pad and ASTs began after 1945 and had ended by 1972.  The Phase I 
Remedial Investigation was performed in March and April 1999 and included the following field 
activities in the area north of DeZonia Drive: 

• Conducted electromagnetic induction (EMI) geophysical survey (200 x 250 ft) 
immediately north of DeZonia Drive and east of Building 1072 to delineate potential 
sources of contamination in the northern part of the site such as underground storage 
tanks, metallic pipes, and buried debris.  

• Seven subsurface soil samples, including one duplicate, were collected from three DPT 
locations (DP-30 through DP-32) and analyzed offsite for VOCs and total recoverable 
petroleum hydrocarbons (TRPH). 

• Eight surface soil (0 to 0.5 ft bgs) samples (SS61-SS01 through SS61-SS06) including 
one duplicate and one sediment sample (SS61-SD01) were collected and analyzed for 
VOCs and TRPH. 

• One soil sample (SS61-TP01) was collected at a depth of 13 ft through excavation of a 
test pit on the north side of the western vault and analyzed for VOCs and TRPH. 

• Installation and sampling of two new monitoring wells (SS61-MW05 and SS61-MW06) 
to evaluate the water quality upgradient of SS-61. 

• Sampling eight existing groundwater monitoring wells in the area associated with SS-61 
and SWMU 104.  Note:  Groundwater monitoring wells MWAOC-1 through MWAOC-4 
installed during the Phase II RFI were renamed SS61-MW01 through SS61-MW04 for 
the Phase I RI. 

• Twenty four groundwater samples (including 2 duplicates) were collected from 12 DPT 
locations (DP-26 through DP-37) and from 10 monitoring wells (SS61-MW01 through 
SS61-MW04 and MW-29-02, -03, -05 and -06) and analyzed for VOCs. 

The EMI geophysical survey identified several anomalies that were the result of underground 
pipelines and the vaults in the vicinity of the concrete pad.  The most noticeable anomalies were 
related to two vertical pipes located in the middle of the large concrete pad that are connected by 
underground pipes to two concrete vaults.  Another underground pipe appears to enter the area 
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from the east (from the main north-south trending pipeline) and extends west across the survey 
area to the two concrete vaults.  A map showing the Channel 2 EMI response for the Phase I 
geophysical survey is included in Appendix A. 

TRPH was detected in 11 of the 17 soil samples collected during the RI (including 1 duplicate).  
Of the 11 soil samples containing TRPH, six were collected from surface soil and sediment 
locations in the vicinity of the concrete pad.  Surface soil and sediment TRPH concentrations 
ranged from 23 to 270 milligrams per kilogram (mg/kg).  TRPH was also detected in four 
subsurface soil samples and one duplicate sample in the unsaturated zone at concentrations 
ranging from 54 to 99 mg/kg from the samples collected from the test pit and DP-30.  TRPH was 
also detected in the saturated zone (14 -16 ft bgs) in DP-31 at a concentration of 250 mg/kg.  
VOCs were detected in only one soil sample collected from 16 to 18 ft bgs at DP-30, and like the 
TRPH, are associated with contaminated groundwater.  The VOCs detected in the soil sample 
from DP-30 are associated with gasoline hydrocarbons, and the only BTEX compound detected 
was ethylbenzene (630 µg/kg).  Benzene was not detected in any soil samples collected during 
the Phase I RI.   

VOCs were detected in groundwater samples collected from all 12 DPT locations and 8 
monitoring wells sampled during the Phase I RI.  BTEX compounds were detected in 
groundwater across the site as far south as DP-35 and downgradient of the concrete pad in the 
groundwater sampled at MW-29-05.  Benzene was the contaminant most frequently detected and 
occurred at the highest concentrations of all of the BTEX compounds at levels ranging from 7 
µg/L (SS61-MW02) to 19,000 µg/L (DP-33).  Toluene, ethylbenzene, and xylenes were also 
detected in the groundwater at SS-61.  Besides BTEX, other VOCs detected in groundwater 
include 1,2-dibromoethane; 1,2-dichlorobenzene; isopropylbenzene; n-propylbenzene; sec-
butylbenzene; tert-butylbenzene; and trimethylbenzene isomers.  VOCs not related to gasoline 
detected in groundwater during the Phase I RI include 1,2-DCA, trichloroethene, and 
chloroform.  The source of these low level VOCs may be upgradient in the area of the hangars. 

The analytical results and sample locations for the surface soil, sediment, subsurface soil, and 
groundwater samples collected during the Phase I RI are included in Appendix A.  The Remedial 
Investigation Report for Spill Site 61 (Foster Wheeler, 1999) recommended annual groundwater 
sampling in four wells (SS61-MW03, SS61-MW04, SS61-MW06, and upgradient well SS61-
MW05) in the vicinity of the concrete pad.  The report also recommended continued monitoring 
in wells MW-29-03, MW-29-05, and SS61-MW02 for VOCs to track contaminant levels for a 
five year period.  In addition, a Phase II RI was recommended to delineate contamination and 
identify a potential additional source area to the south of the previously investigated part of SS-
61. 

2.3 Phase II Remedial Investigation 
The following section presents SS-61 information taken from the Final Phase II Remedial 
Investigation Report for SS-61- Spill Site 61, Holloman AFB, NM (Foster Wheeler, 2000).  The 
area investigated during the Phase II RI was the southern portion of the site, which includes two 
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aircraft hangars, and additional contaminant sources that were suspected based on the results of 
the Phase I RI.  The Phase II Remedial Investigation was performed in March through June 2000 
and included the following field activities: 

• Conducted interviews with site personnel familiar with the past operations in and around 
Buildings 1079 and 1080.  Reviewed as-built drawings to identify potential sources. 

• Conducted EMI geophysical survey (400 x 450 ft) immediately north and east of 
Building 1079 to delineate an extension of the pipeline that extends from the former 
ASTs northeast of Buildings 1079 and 1080. 

• Performed initial DPT soil and groundwater sampling at 10 locations (DP-38 through 
DP-47) for selecting potential source locations for further characterization. 

• Selected remaining 10 DPT soil and groundwater sampling locations (DP-48 through DP-
57) to complete the characterization of areas upgradient and crossgradient of Buildings 
1079 and 1080.   

• Nine shallow soil samples (1 to 2 ft bgs) were collected from eight locations (DP-39, DP-
40, DP-43, DP-44, DP-45, DP-46, DP-49, and DP-50) to determine where historical site 
activities may have directly impacted soil and to support the risk assessment.   

• Installed six new groundwater monitoring wells (SS61-MW07 through SS61-MW12) in 
the vicinity of Buildings 1079 and 1080 and the underground pipeline. 

• Collected groundwater samples from the six new monitoring wells, six existing wells in 
the vicinity of SS-61 (SS61-MW01 through SS61-MW06) and four wells associated with 
SWMU 104 (MW-29-02, MW-29-03, MW-29-05, and MW-29-06). 

The EMI geophysical survey identified components of an underground pipeline extending from 
the former AST system in the northern portion of SS-61.  Underground piping was traced form 
the former locations of two ASTs to the concrete pad north of DeZonia Drive, which was 
apparently once used to dispense fuel; and piping was also traced to the tarmac southeast of 
Building 1079.  A map showing the Channel 2 EMI response for the Phase II geophysical survey 
is included in Appendix A. 

A total of 40 soil samples were collected during the Phase II RI to determine the nature and 
extent of fuel contamination in the soil and groundwater in the southern portion of SS-61.  The 
soil samples were analyzed for VOCs and TRPH.  TRPH was detected at four of the 20 DPT 
locations.  TRPH was detected in DP-39 and DP-40 in the 1- to 2-ft interval at concentrations of 
260- and 7,800 mg/kg, respectively.  At DP-41 TRPH was detected in the 8- to 9-ft interval at a 
concentration of 210 mg/kg.  TRPH was also detected at DP-44 in the 11- to 12-ft interval with a 
concentration of 46 mg/kg. 
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Several VOCs were detected in one sample collected at 21 to 22 ft bgs from DP-43: benzene 
(2,800 µg/kg), ethylbenzene, isopropylbenzene, n-propylbenzene, toluene, 1,2,4-
trimethylbenzene, 1,3,5-trimethylbenzene, o-xylene, and m-xylene.  This sample was collected 
from groundwater-saturated soil at the capillary fringe.  Ispropylbenzene was also detected in 
DP-49 in the 15- to 16-ft interval at a concentration of 1,100 µg/kg.  Styrene occurred as an 
isolated detection at DP-49 at 11.5 to 12.5 ft bgs at a concentration of 1,400 µg/kg.  No other 
VOCs were detected in the soil samples collected during the Phase II RI. 

A total of 36 groundwater samples were collected during the Phase II from the 20 DPT points 
and 16 monitoring wells.  These groundwater samples were analyzed for VOCs and total 
petroleum hydrocarbons (TPH) as Jet Propulsion Fuel, Type 4 (JP-4).  JP-4 was detected in 
groundwater locations at nine DPT locations.  Concentrations ranged from 530 to 60,000 µg/L.  
JP-4 contamination was concentrated around Building 1079.  JP-4 was also detected in three 
samples collected from monitoring wells SS61-MW03, SS61-MW04, and SS61-MW06 that are 
located in the vicinity of the concrete pad north of DeZonia Drive.  Concentrations of JP-4 in 
these wells ranged form 650 to 2,500 µg/L. 

VOCs were detected in nine groundwater samples collected from DPT locations and 11 samples 
collected from monitoring wells.  The most commonly detected VOC was benzene, which was 
detected in 10 groundwater samples ranging in concentration from 0.86 to 13,000 µg/L.  
Isopropylbenzene was detected in nine groundwater samples, ranging in concentration from 7.8 
to 5,600 µg/L.  Most of the DPT groundwater samples had sporadic detections of VOCs, with the 
exception of DP-43 and DP-49.  Nine VOCs were detected in the groundwater at DP-43 and 10 
VOCs were detected in DP-49.  In the southern portion of SS-61 benzene was detected in four 
samples collected from DP-39 located south of Building 1079, and DP-43, DP-49, and DP-50, all 
located on the south side of DeZonia Drive, northwest of Building 1079. 

The highest levels of VOCs in groundwater were detected in monitoring wells SS61-MW03, 
SS61-MW04, and SS61-MW06 which are all located north of DeZonia Drive in the vicinity of 
the concrete pad.  Gasoline fuel-related VOCs detected in all three samples included benzene, 
ethylbenzene, isopropylbenzene, toluene, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, and 
m-xylene.  1,2-Dichlorobenzene and p-xylenes were also detected at SS61-MW03.  Sec-
butylbenzene, tert-butylbenzene, 1,2-dichlorobenzene, 2-hexanone, n-propylbenzene, styrene, 
and o-xylene were additional VOCs detected in SS61-MW04.  Additional VOCs detected at 
SS61-MW06 included sec-butylbenzene, naphthalene, n-propylbenzene, and o-xylene. 

VOCs consisting of chlorinated solvents (chloroform, 1,1-dichloroethane, 1,2-DCA, and TCE) 
not related to gasoline were detected at low levels at the site.  These chlorinated solvents were 
detected in samples collected from DPT locations on the east side of SS-61 in the vicinity of the 
eastern hangar, Building 1080.  

The analytical results and sample locations for the shallow soil, subsurface soil, and groundwater 
samples collected during the Phase II RI are included in Appendix A.  Based on the comparison 
of maximum contaminant concentrations detected to action levels for soil and groundwater the 
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Final Phase II Remedial Investigation Report for SS-61 – Spill Site 61 (Foster Wheeler, 1999), 
determined that no further action was needed to protect human health or the environment in the 
southern portion of SS-61. 

2.4 Monitored Natural Attenuation at SS-61 (AOC-1001) 
The following section presents the sampling results and field parameter measurements that were 
collected to assess the status of natural attenuation at SS-61.  The following section presents SS-
61 information taken from the Monitored Natural Attenuation Report for SS-61 (AOC-1001), 
Holloman AFB, NM (Bhate, 2005).   

As defined by the USEPA, Natural Attenuation is the physical, chemical, and biological 
processes that, under favorable conditions, act to reduce the mass, toxicity, mobility, volume, or 
concentrations of contaminants in soil and groundwater (USEPA, September 1998).  The 
processes that affect natural attenuation include advection, dispersion, sorption, volatilization, 
and biodegradation of contaminants.   

Selected monitoring wells located at SS-61 were sampled quarterly for one year.  The sampling 
activities and results to support monitored natural attenuation (MNA) for the site are presented 
below.  Monitoring wells included in the sampling scheme were: 

• The three monitoring wells located inside the plume: SS61-MW03, SS61-MW04, and 
SS61-MW06. 

• A monitoring well located outside the plume area to provide background information: 
SS61-MW01. 

• A monitoring well located downgradient/side gradient on the periphery of the plume: 
SS61-MW08. 

• Quarterly sampling was conducted for these monitoring wells in April 2004, June 2004, 
September 2004, and December 2004/January 2005.  Prior to sampling a round of 
groundwater level measurements were collected from the monitoring wells sampled. 

• Groundwater samples collected from the five monitoring wells were analyzed by an 
offsite laboratory for VOCs, TDS, methane, ethane, ethane, chloride, nitrate/nitrite, 
sulfate, total organic carbon, and alkalinity. 

• Groundwater samples were also analyzed in the field at the time of collection for 
temperature, pH, dissolved oxygen (DO), specific conductance, oxidation reduction 
potential (ORP), and ferrous iron. 

The ranges of BTEX concentrations detected in the groundwater samples collected during the 
MNA investigation are as follows: 
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• BTEX constituents were below detection limits in the samples collected from monitoring 
well MW-01.   

• Concentrations of BTEX constituents in samples collected from monitoring well MW-03 
during the monitoring period showed an increasing trend when compared to historical data.  
Specifically:  

• Benzene concentrations in samples from MW-03 varied between 7,180 µg/L in April 
2004 to 16,900 µg/L in January 2005.   

• Toluene concentrations in samples from monitoring well MW-03 varied between 734 
µg/L in April 2004 to 4,060 µg/L in January 2005. 

• Ethylbenzene concentrations in samples collected from MW-03 varied between below 
laboratory detection limits (April 2004) to 309 µg/L (January 2005). 

• Total xylenes concentrations in samples from monitoring well MW-03 varied between 
1,870 µg/L in April 2004 to 4,370 µg/L in January 2005. 

• Monitoring well MW-03 was monitored weekly for the presence of free product using an 
interface probe from April to July 2004.  Free product was not encountered during these 
monitoring events (see Appendix A-4). 

• No BTEX constituents were detected in any of the samples collected from monitoring well 
MW-04 with the exception of one.  The sample collected in September 2004 had a benzene 
concentration of 1.5 µg/L.   

A summary of the laboratory analytical results and natural attenuation parameters data including 
the quarterly groundwater elevations and potentiometric maps are presented in Appendix A.  The 
Monitored Natural Attenuation Report for SS-61 (AOC-1001) Holloman AFB, NM (Bhate, 2005) 
concluded that BTEX is being actively degraded at SS-61.  

2.5 Conceptual Site Model 
The previous sections have presented a detailed history of the environmental data collected at 
Site SS-61 and the surrounding areas.  Other sites near SS-61 that have been investigated include 
AOC-1001, LF-29, and SS-73.  AOC-1001 and LF-29 are to the west and northwest of the site, 
respectively.  SS-73, a recently identified area with trichloroethylene groundwater 
contamination, is to the east (and upgradient) of the site.  This section presents a preliminary 
conceptual site model (CSM), and identifies the data gaps for the site.  A conceptual site model 
provides a convenient format to compile all the relevant data and provides an overall 
understanding of the site.  The CSM provides a framework for the entire project, and, in 
particular, can help identify specific data needs.  It is an important communication tool for 
regulators, responsible parties, and stakeholders.   
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SS-61 is rectangular in shape and occupies approximately three acres in the north-central 
industrial area of HAFB.  Aircraft maintenance activities have been ongoing in the area for over 
50 years, and future activities are expected to remain the same.  Currently, two structures, 
Building 1072 and 1087, are located within SS-61 site boundary (Figure 1-3).  A fenced area 
containing spare/unused equipment and materials is located north of Building 1072.  
Additionally, a concrete pad and two concrete vaults, historically used to dispense fuel during 
past operations at the base, are located in the western half of the site.   

The base is serviced by a public water supply.  Groundwater at the site and across the base is not 
used as a drinking water source due to high concentrations of TDS, which generally exceed the 
drinking water standard of 10,000 mg/L, except in localized areas.  Occurrence of TDS 
concentrations below 10,000 mg/L is primarily due to anthropogenic activities including 
irrigation and leaks from water pipes.    

The subsurface soils beneath SS-61 are primarily comprised of silty sand with some 
interdispersed layers of clay and silty clay.  Static groundwater levels at SS-61 are between 14 
and 21 feet below ground surface.  Groundwater flow is towards the west and northwest with a 
hydraulic gradient of between 0.0017 and 0.002 ft/ft.   

2.5.1 Summary of Previous Investigative Data 

Previous Investigative activities conducted at SS-61 and the surrounding areas were described in 
Sections 2.1 through 2.4.  The following data was collected within the boundaries of the site SS-
61 source area: 

• Surficial soil analytical data from eight soil borings (SS61-SS01 through SS61-SS06, DP-
30, and SS61-SD01) 

• Subsurface soil analytical data from seven DPT borings (DP-22 through DP-24, DP-30, 
DP-31, DP-32, and TP-01) and two monitoring well borings (SS61-MW03 and SS61-
MW04)  

• Four DPT borings (DP-26, DP-27, DP-33, and DP-35) and two monitoring well borings 
(SS61-MW04 and SS61-MW05) were not sampled but were screened with a Photo 
Ionization Detector  

• Groundwater analytical data for the SS-61 source area is available from 11 DPT borings 
(DP-19, DP-22 through DP-24, DP-26, DP-27, DP-30 through DP-33, and DP-35) and 4 
monitoring wells (SS61-MW03, SS61-MW04, SS61-MW05, and SS61-MW06)   

Soil and groundwater analytical data is also available from numerous DPT borings and 
monitoring wells located around and north of the site.  Chemicals of concern in soil and 
groundwater include BTEX and 1,2-DCA.  One historical use for 1,2-DCA was as an anti-knock 
additive in aviation fuel products.   
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2.5.2 Distribution of Chemicals in Soil 

None of the eight surficial soil samples (0-5 ft bgs) showed detections for BTEX or 1,2-DCA.  
Of the nine subsurface soil borings, only DP-22 had detectable concentrations above the 
capillary fringe between 11 and 12 ft bgs.  These detections are indicators of a surface source 
because they are above the capillary fringe and thus can not be attributed to groundwater 
impacts.  All other DPT borings and monitoring well borings were non-detect for BTEX and 1,2-
DCA when sampled above the capillary fringe.  Additionally, borings that were not sampled but 
were field screened with an organic vapor analyzer (OVA) all had very low or non-detect 
concentrations above the capillary fringe.   

2.5.3 Distribution of Chemicals in Groundwater 

The highest on-site BTEX detections in groundwater have been in monitoring wells SS61-
MW03, SS61-MW06, and DPT borings DP-30, DP-32, and DP-33.  Groundwater impacts 
extend north of the site towards SWMU 104 (Former Army Landfill, LF-29) as indicated by 
numerous DPT borings between SS-61 and LF-29 and monitoring well MW-29-05.  Monitoring 
wells west of the site, including MW-29-03, MW-29-04, and SS61-MW07, have historically 
been non-detect for BTEX and 1,2-DCA.  It should be noted that these three wells, especially 
MW-29-03 and MW-29-04, are hydraulically downgradient from the site per flow direction.  
This appears to be in conflict with the primary direction of plume migration, as evidenced by 
analytical data that is towards the north-northwest.    

2.5.4 Source of Contamination 

The source area of soil and groundwater contamination has not been identified.  Two potential 
on-site sources include: (i) an abandoned pipeline and (ii) an area of debris.  The pipeline, 
originating from the location of two former ASTs (northwest of the site), runs north to south 
along the eastern part of the site.  A branch of the pipeline runs west across the site and connects 
with two concrete vaults.  A rectangular area (approximately 80 x 120 ft) of debris is located 
between SS61-MW03 and DP-22 immediately north of the east-west trending pipeline and the 
two concrete vaults (Figure 1-3) 

Based on the above, following are the data gaps that need to be filled to complete the CSM:  

1.  Soil and groundwater analytical data to identify sources, and 

2. Geotechnical parameters to perform a risk assessment.   

An overview of the proposed data collection activities are presented in the following sections. 
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2.5.5 Source Area Characterization 

2.5.5.1 Abandoned Pipeline 

It is assumed that the abandoned pipeline is buried approximately 4 to 6 feet below ground 
surface, and that use of the pipe was discontinued in the 1970s.  It is not known whether the pipe 
was clean closed or closed-in-place.  In order to locate historical leaks, soil borings will be 
advanced approximately every 50 linear feet along the pipeline.  At each boring, the following 
activities will be performed: 

1. Each boring will be drilled to 20 to 25 ft bgs (below the anticipated bottom of the pipeline). 

2. Continuous OVA readings will be collected during each soil boring.  

3. If the OVA (flame ionization detector [FID]) reading is less than 50 ppm, one soil sample will 
be collected for offsite analysis.  This sample will be collected from the interval with the 
greatest potential for contamination or the capillary fringe. 

4. If the OVA reading is greater than 50 ppm, (i) a soil sample will be collected from the interval 
with the highest OVA reading between the ground surface and the water table, (ii) drilling 
will continue to the water table, (iii) OVA readings will continue until readings are less than 
50 ppm, and (iv) one soil sample will be collected in the capillary fringe.  

5. All pipeline subsurface soil samples will be analyzed for VOCs, SVOCs, TPH, and RCRA 8 
metals.  

2.5.5.2 Debris Pile 

A debris pile is located north of the concrete pad where the former AST system was located.  
Subsurface soil samples collected from the boreholes drilled in and around the debris pile will be 
collected using the same criteria as outlined above for the pipeline area.  Subsurface soil samples 
will be analyzed for VOCs, SVOCs, TPH, and RCRA 8 metals.   

2.5.5.3 Geotechnical Data Acquisition 

Additionally, six soil samples will be collected for geotechnical analysis for the site-specific 
analysis of risk.  Soil samples selected for geotechnical analysis will be analyzed for moisture 
content, dry bulk density, specific gravity and fractional organic carbon content.  A complete 
discussion of chemical and geochemical subsurface soil sampling including sampling locations 
and analytical parameters is presented in Section 3.2 of this Work Plan. 

2.5.6 Data Evaluation 

Subsequent to the collection of the additional chemical and geotechnical data and PCS soil 
removal, a risk-based evaluation will be performed to ensure that the risks to future receptors are 
acceptable at SS-61.  The risk based evaluation will be presented in the Site SS-61 Closeout 
Report. 
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3 ADDITIONAL INVESTIGATION ACTIVITIES 
The primary objective of the additional investigation component of this VCM Work Plan is to 
collect sufficient subsurface soil data to delineate the presumed PCS source area located in the 
vicinity of the abandoned east-west underground pipeline associated with the former AST 
system, west of Building 1072.  Groundwater conditions in the vicinity of the presumed SS-61 
PCS source area will also be evaluated.  A risk assessment to evaluate exposure pathways 
relative to current and future industrial/commercial workers and residents will be conducted after 
the investigation and excavation activities have been completed.  A complete description of the 
risk evaluation process is presented in Section 6.3 of this Work Plan.  The second component of 
this VCM is to remove, through excavation, and properly dispose the PCS (see Section 4 of this 
Work Plan). 

The objectives of the SS-61 PCS source area investigation will be accomplished by collecting 
two subsurface soil samples from 15 DPT boreholes.  The DPT boreholes will be drilled in the 
vicinity of the pipeline, concrete pad, and the former AST system (Figure 3-1).  If PCS is 
detected by headspace analysis or visual observation, two soil samples will be collected from 
each borehole and analyzed at an offsite laboratory for VOCs, SVOCs, RCRA 8 metals, and 
TPH.  Six undisturbed geotechnical samples will be collected from 3 of the 15 DPT boreholes 
and analyzed for moisture content, dry bulk density, specific gravity, and fractional organic 
carbon content.  Groundwater samples will also be collected from each DPT borehole that 
encounters PCS (based on elevated OVA readings) or in boreholes that are downgradient and 
away from the pipeline (e.g., DP-66, and DP-70 through DP-72).  In addition, groundwater 
conditions will be evaluated by installing two new groundwater monitoring wells downgradient 
of the source area (Figure 3-2).  The two new wells along with selected wells from the existing 
groundwater monitoring well network will be sampled for VOCs, SVOCs, RCRA 8 metals, 
TPH, and TDS.  Based on the existing groundwater monitoring wells installed at SS-61, it is 
anticipated that the new monitoring wells will be installed to a depth of 25 to 30 feet, which 
would be approximately 5 feet below the local water table (Foster Wheeler, 2000).  Because the 
total area of disturbance is less than one acre, a project Storm Water Pollution Prevention Plan is 
not required. 

During this investigation, the SS-61 PCS source area will be sufficiently mapped to scale with 
particular notation of the perimeter of the source area and ancillary structures, sampling 
locations, and existing monitoring wells and surveyed via Global Positioning System methods.  
This map shall show all buildings, roads, sidewalks, paved, and unpaved areas.   

3.1 Pre-investigation Requirements 
Before site activities can begin, there are several pre-investigation documents and approval 
requirements to be met, including Air Force Form (AF Fm) 332 approval, Base dig permit with 
utility clearances, site security measures, and facility manager notification of the intended 
operations.  Bhate will coordinate project requests for Base installation support services through 
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the 49th Civil Engineering Squadron/Environmental Flight (CES/CEV).  Pertinent to the start of 
activities, a pre-construction meeting and site walk-through will be conducted with the USACE 
Resident Engineer, HAFB personnel, and Bhate Site Manager, to inspect site conditions for 
site/equipment access, equipment staging, and decontamination area(s), potential site hazards, 
and emergency evacuation routes.  Also reviewed at this time will be project procedures in 
accordance with the schedule and planned activities. 

3.1.1 AF Form 332 

Prior to initiating excavation activities a completed and approved AF Fm 332, will be obtained.  
This form authorizes construction work at HAFB and is required for the initiation of any 
construction work.  This work order describes what activities will take place at the location.   

3.1.2 Dig Permit/Utility Clearances 

Prior to the submittal of the dig permit (AF Fm 103), the area of excavation will be clearly 
delineated with marker flags, stakes, or paint, as appropriate to the surface material.  Utility 
clearance approvals will be completed by the appropriate HAFB utility office (e.g., telephone, 
sewer, water, natural gas etc.).  Upon receipt of the approved dig permit (AF Form 103) with the 
utility clearances, the Bhate Site Manager or other authorized project personnel will complete a 
site walk-through confirming the dig permit authorizations and make any required changes. 

3.1.3 Site Security 

Site security is concerned with safety at the site during all drilling activities, and areas 
surrounding the drilling activity, and will be addressed as outlined in the Basewide Health and 
Safety Plan (HASP) (Bhate, 2003b).  At a minimum the exclusion zone will be secured with 
caution tape, and traffic cones surrounding the perimeter of the site.  The size of the exclusion 
zone will be determined by the size of the drilling and support equipment, and the prevailing site 
conditions.  Open boreholes will not be left unattended without first securing the immediate area 
surrounding the borehole, and covering the opening so that it does not become a hazard.  

3.2 Investigation Requirements 
Field activities will be performed in accordance with the Site-Specific Addendum to the 
Basewide Health and Safety Plan, the Quality Assurance Project Plan (QAPP) Addendum 
(Appendices B and C, respectively), as well as other USACE mandated procedures for 
laboratories and activities such as groundwater sampling.  The field work for this additional 
investigation will be conducted in accordance with HAFB Standard Operating Procedures 
(SOPs) provided in the Basewide Quality Assurance Project Plan (Bhate, 2003a) and the Bhate 
Standard Operating Procedures (Bhate, 2002).  These SOPs outline methodologies for soil 
boring advancement, soil sampling, soil sample description, field screening, sample 
management, equipment decontamination, and chain-of-custody procedures.  Sample 
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nomenclature will follow the Environmental Restoration Program Information Management 
System (ERPIMS) format.  The specific HAFB SOPs for this sampling event are listed below: 

 HAFB SOP-1 Documentation, Sample Handling, Chain-of Custody, and Shipping 

 HAFB SOP-2 Sampling Equipment Documentation 

 HAFB SOP-3 Staking, Utility Clearance, and Permitting 

 HAFB SOP-4 Direct Push Sampling for Soil and Groundwater 

 HAFB SOP-5 Soil Sampling for Chemical Analysis 

 HAFB SOP-6 Procedure for Field Screening of Volatile Organics 

 HAFB SOP-7 Lithologic Description and Geotechnical Sampling 

 HAFB SOP-8 Groundwater Sampling for Chemical Analysis 

 HAFB SOP-9 Field Management of Investigation-Derived Waste 

 HAFB SOP-10 Borehole Abandonment and Site Restoration 

The following sections describe the locations and procedures for DPT soil and groundwater 
sampling and the groundwater monitoring well installation, sampling, and analysis to be 
performed. 

3.2.1 Laboratory Analytical Methods 

The chemical analysis of soil and groundwater samples collected during this additional 
investigation at SS-61 will follow the USEPA SW-846 protocol.  The soil and groundwater 
samples will be analyzed as follows: 

• VOCs by USEPA Method 8260B  

• SVOCs by USEPA Method 8270C 

• TPH (Gasoline Range Organics [GRO], Diesel Range Organics [DRO], Oil Range 
Organics [ORO]) by modified USEPA Method 8015M 

• RCRA 8 Metals (arsenic, barium, chromium, cadmium, lead, mercury, selenium, and 
silver) by USEPA Methods 6010B/7470A (groundwater) and 6010B/7471A (soil) 

The groundwater samples collected from monitoring wells will also be analyzed for: 
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• TDS by USEPA Method 160.1 

A total of 33 soil samples (based on 15 DPT boreholes/2 samples per borehole), including three 
field duplicate samples, and 37 groundwater samples including four duplicate samples will be 
submitted to the laboratory for analysis.  All samples for VOC analysis will require a trip blank.  
The samples will be placed on ice and shipped under strict chain-of-custody to Accutest 
Laboratories in Orlando, Florida.  Residual soil from the soil sampling will be discarded in 
accordance with the waste management procedures established in Section 3.4, Investigation-
Derived Waste (IDW) Management. 

3.2.2 DPT Soil Sampling 

Soil samples will be collected continuously from soil borings using DPT methodology in 
accordance with HAFB SOP No. 4.  Each boring will be visually classified and lithology 
described in the field according to HAFB SOP No. 7 and the Unified Soil Classification System 
(USCS) (American Society for Testing and Materials [ASTM] D 2487-92 and ASTM D 2488-
90).  The specific locations of the borings may be modified based on site-specific (access, any 
observed or underground utilities, etc.) field conditions.   

Fifteen DPT soil borings (DP-58 to DP-72) will be completed at the locations shown in Figure 3-
1.  In order to determine the boundaries of the PCS source area(s) associated with the pipeline 
and/or debris pile it may be necessary to relocate and/or add a few additional DPT soil boring 
locations during the investigation.  Samples will be collected continuously at four foot intervals.  
Soils will be field screened in accordance with HAFB SOP No. 6 using an OVA with soil-
headspace screening techniques at two foot intervals.  Notation will also be made of any visual 
(discoloration) and/or aromatic observations that are indicative of potential contamination.   

A qualified surveyor will locate the DPT boreholes using a global positioning system (GPS).  All 
horizontal coordinates will be referenced to the State Plane Coordinate System, New Mexico 
Central and surveyed to an accuracy of +/- 1.0 ft. 

A maximum of two soil samples per boring will be collected and sent for offsite laboratory 
testing as per the following methodology: 

• Each boring will be drilled to 20 – 25 ft bgs (below the anticipated bottom of the pipeline). 

• Continuous OVA readings will be collected during each soil boring.  

• If the OVA (FID) reading is less than 50 ppm, one soil sample will be collected for offsite 
analysis.  This soil sample will be collected from the interval with the greatest potential for 
contamination or the capillary fringe.  

• If the OVA reading is greater than 50 ppm, (i) a soil sample will be collected from the 
interval with the highest OVA reading between the ground surface and the water table, (ii) 
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drilling will continue to the water table, (iii) drilling will continue until OVA readings are 
less than 50 ppm, and (iv) one soil sample will be collected in the capillary fringe. 

A total of 33 soil samples (based on 15 DPT boreholes/2 samples per borehole), including three 
duplicate samples will be collected.  Each soil sample will be analyzed by an offsite laboratory 
for VOCs, SVOCs, TPH (DRO/GRO/ORO), and RCRA 8 metals.  Samples selected for 
laboratory analysis will be labeled, handled, and prepared for shipment in accordance with 
HAFB SOP-1.  The soil samples which will be submitted for chemical analysis are summarized 
in Table 3-1. 

3.2.2.1 Geotechnical Soil Sampling 

A total of six undisturbed geotechnical samples are to be collected from three of the 15 DPT 
boreholes (Figure 3-1).  The geotechnical data will be utilized for the risk based evaluation that 
will be included in the closure report.  The soil samples will be collected from borings that have 
not been impacted by PCS, therefore these boring/geotechnical sampling locations will be 
determined during the additional investigation.  The undisturbed soil samples (two per borehole) 
will be collected from 0 to 1 ft bgs and at a depth above the water table where the lithology is 
representative of the site.  To ensure that these samples have not been impacted, OVA readings 
for soil collected from this zone should not be above background.  The geotechnical soil samples 
collected during this investigation will be analyzed as follows: 

• Moisture Content by USEPA Method 160.3M 

• Dry Bulk Density by ASTM Method D2937 

• Specific Gravity by ASTM Method D1429 

• Fractional Organic Carbon Content by ASTM Method D2974 

The soil samples for geotechnical analysis will be collected in a thin-walled tube sampler, the 
tube ends will be capped and the top and bottom ends of the tube labeled.  The soil core samples 
will be shipped to Accutest Laboratories in Orlando, Florida for analysis.  The soil samples 
which will be submitted for geotechnical analysis are also summarized in Table 3-1. 

3.2.3 DPT Groundwater Sampling 

Each DPT soil borehole (DP-58 to DP-72) that encounters PCS (based on elevated OVA 
readings) or boreholes that are downgradient and away from the pipeline (e.g., DP-66, and DP-
70 through DP-72) will be converted to a groundwater sampling point by extending the probe to 
at least three feet below the water table (Figure 3-1).  Groundwater will be collected for 
laboratory analysis directly from the aquifer after releasing the drive point and partially 
retracting the rods.  Either a bailer or a peristaltic pump and Teflon tubing will be inserted 
through the drive rods and used to retrieve the sample.  Low flow or low stress techniques will 
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be used during purging activities for sampling to minimize the disturbance of the water column 
and generation of IDW.  Procedures for DPT groundwater sampling are outlined in HAFB SOP-
4.  A single volume of the sampling device will be purged prior to sample collection (i.e., one 
volume of Teflon tubing or one bailer volume).   

Due to the fine-grained, low permeability soil, the aquifer may not produce sufficient flow to 
immediately sample the groundwater.  In the event that a DPT borehole location exhibits a very 
slow recharge or an insufficient volume of water for sampling, a temporary polyvinyl chloride 
(PVC) well will be left in place while additional borings at the site are completed.  The 
temporary well will be sampled after sufficient recharge has occurred.  Following sampling, the 
well will be completely removed from the ground and the borehole will be sealed in accordance 
with HAFB SOP-10. 

A maximum of 17 groundwater samples (based on one groundwater sample from each DPT 
boring) including two duplicate samples will be collected and analyzed by an offsite laboratory 
for VOCs, SVOCs, TPH (DRO/GRO/ORO), and RCRA 8 metals.  Samples selected for 
laboratory analysis will be labeled, handled, and prepared for shipment in accordance with 
HAFB SOP-1.  The DPT groundwater samples which will be submitted for chemical analysis are 
summarized in Table 3-2. 

Also, two additional DPT soil borings (DP-73 and DP-74) will be installed to assist with 
determining the distal edge of the PCS source area BTEX (benzene) groundwater plume (Figure 
3-2).  These two DPT soil borings will be converted into two permanent groundwater monitoring 
wells as discussed in Section 3.2.4. 

3.2.4 Monitoring Well Installation Activities 

Two additional permanent groundwater monitoring wells (SS61-MW-13 and SS61-MW-14) will 
be installed during this investigation to delineate the downgradient extent of the BTEX (benzene) 
groundwater plume emanating from the presumed PCS source located in the vicinity of Building 
1072 (Figure 3-2).   

3.2.4.1 Monitoring Well Locations 

The locations of the two new monitoring wells (SS61-MW-13 and SS61-MW-14) will be 
approximately 200 and 600 feet downgradient of existing monitoring well SS61-MW-03 as 
shown on Figure 3-2.  Specifically, proposed monitoring well SS61-MW-14 will be located east 
of Building 1001, equidistant between Building 1001 and existing well SS61-MW-03 and 
proposed well SS61-MW-13 will be located at a point equidistant between existing wells MW-
29-03 and SS61-MW-07.  Based on the most recent potentiometric surface maps, the 
groundwater flow direction is to the west-northwest at the site (see Figure 5 in Appendix A-4).  
Therefore, the two new monitoring wells will serve as the downgradient wells to monitor the 
horizontal extent of plume migration. 
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3.2.4.2 Monitoring Well Installation and Development 

The two new monitoring wells will be constructed using DPT drilling techniques.  A geologist or 
engineer will log each borehole.  Based upon the known depth to groundwater determined from 
the DPT soil borings, the subsequent monitoring wells will be installed to a depth of 
approximately 25-30 feet.  Each monitoring well will extend to a minimum depth of 5 feet below 
the water table and completed with 10 feet of 1-inch diameter 0.010 or 0.020 inch slotted PVC 
screen.  The remaining borehole casing will be comprised of flush threaded 1-inch PVC casing.  
The annular space surrounding the screen will be backfilled with 10/20 Colorado silica sand 
capped with at least 2 feet of bentonite pellets.  The remaining annular space will be backfilled 
with neat cement.  The wells will be completed as flush mount well completions (water tight 
vault with a rubber gasket) with a concrete pad (3 feet by 3 feet square by 4 inches thick). 

The completed wells will be developed to remove fine particulate and improve hydraulic 
communication with the surrounding saturated material.  Well development will begin no sooner 
than 48 hours after grouting.  Monitoring well development will take place by over-pumping 
each well until at least five well volumes have been removed, and the turbidity, pH, specific 
conductivity and temperature have stabilized by +/- 10 percent for at least three consecutive 
readings. 

3.2.5 Monitoring Well Groundwater Sampling 

Fourteen existing monitoring wells will be sampled under this Work Plan.  These wells include 
SS61-MW-02, SS61-MW-03, SS61-MW-05 to SS61-MW-10, SS61-MW-12, MW-29-02 to 
MW-29-05, and MW-29-08 and are shown on Figure 3-2.  In addition the two new monitoring 
wells (SS61-MW-13 and SS61-MW-14) will also be sampled during this event (Figure 3-2).   

A total of 18 groundwater samples including two duplicate samples will be collected from the 16 
monitoring wells and will be analyzed by an offsite laboratory for VOCs, SVOCs, TPH 
(DRO/GRO/ORO), RCRA 8 metals, and TDS.  Monitoring well groundwater samples will be 
labeled, handled, and prepared for shipment in accordance with HAFB SOP-1.  The groundwater 
samples which will be submitted for chemical analysis are summarized in Table 3-3. 

3.2.5.1 Surveying 

A registered New Mexico Surveyor will survey the two new permanent monitoring well 
locations in accordance with methods described in the Basewide QAPP (Bhate, November 
2003a).  Horizontal locations will be relative to the State Plane Coordinate System, New Mexico 
Central and surveyed to an accuracy of +/- 1.0 ft.  Vertical elevations will be referenced to the 
North American Datum (NAD) 1983.  The top of casing (vertical control) will be used to 
determine the depth and elevation of the groundwater and surveyed to an accuracy of +/-0.01 ft.  
During this investigation the source area(s) will be mapped to scale showing ancillary structures, 
sampling locations, buildings, roads, sidewalks, paved and unpaved areas.  Additionally, all 
maps will include a coordinate system (e.g., latitude/longitude) and the site boundaries.  
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3.2.5.2 Groundwater Elevations 

During the sampling of monitoring wells under this Work Plan, groundwater elevations will be 
measured.  Elevations will be measured for the 16 wells listed in Section 3.2.5, and also from 
monitoring wells SS61-MW-01, MW-29-01, MW-29-06, and MW-29-07 (Figure 3-2).  A 
current potentiometric surface map of SS-61 will be developed from the groundwater elevation 
data collected during this investigation. 

3.3 Sample Identification System 
Each environmental sample collected will be identified on the sample label and chain-of-custody 
(COC) records, regardless of type.  Sample documentation, handling, and shipping will be in 
accordance with HAFB SOP-1.  Table 3-4 provides the sample collection information inclusive 
of the container type and quantity for the soil and groundwater samples collected during the 
additional investigation at SS-61.  The field duplicate samples will appear in sequence with the 
regular samples.  The sample identification nomenclature for soil samples collected from DPT 
boreholes will be as follows: 

SS61-DP58-12-a 

 Site alpha-numeric identifier: SS61 = Spill Site 61 

 Sample type identifier: DP = direct push boring 
 Sequential direct push boring number: 58, 59, etc.  
 Ending depth of sample interval: 12 
 Reserved for quality assurance (QA) sample identifiers: a = field duplicate, TB = trip 

blank, MS = matrix spike, MSD = matrix spike duplicate 
 

The sample identification nomenclature groundwater samples collected from direct push 
boreholes will be as follows: 

SS61-GP58-a 

 Site alpha-numeric identifier: SS61 = Spill Site 61 

 Sample type identifier: GP = groundwater direct push boring 
 Sequential direct push boring number: 58, 59, etc.  
 Reserved for QA sample identifiers: a = field duplicate, TB = trip blank, MS = matrix 

spike, MSD = matrix spike duplicate 

The sample identification nomenclature groundwater samples collected from monitoring wells 
will be as follows: 

SS61-MW01-a 

 Site alpha-numeric identifier: SS61 = Spill Site 61 
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 Sample type identifier: MW = monitoring well 
 Monitoring well number: 01, 02, etc.  
 Reserved for QA sample identifiers: a = field duplicate, TB = trip blank, MS = matrix 

spike, MSD = matrix spike duplicate 

3.4 Investigation-Derived Waste Management 
IDW will be managed and characterized according to HAFB SOP-9.  Whenever possible, waste 
minimization techniques will be used to reduce the amount of IDW.  IDW generated by 
installing the new monitoring wells and subsequent groundwater sampling activities will be 
managed and characterized according to the following guidelines.  The borehole cuttings 
(generated from hollow stem auger [HSA] drilling only) will be screened with a photo ionization 
detector (PID) or OVA for the presence of organic vapors.  If the soil is free of organic vapors, it 
will be spread on the ground surrounding the well.  If PID screening of the soil indicates the 
presence of organic vapors, the soil will be placed in the FT-31 landfarm at HAFB.  Purged 
groundwater from development and sampling activities will be containerized and maintained by 
Bhate until disposal through the HAFB Wastewater Treatment Plant (WWTP), pending 
laboratory analysis.  Other liquid wastes, such as decontamination rinses, are anticipated to be 
non-hazardous and as such, can be disposed of through the HAFB WWTF.  Personal protective 
equipment (PPE) and other site non-hazardous debris/waste shall be disposed in standard trash 
receptacles.  

3.4.1 General Decontamination Procedures 

Small equipment, such as sampling tools, will be decontaminated in accordance with HAFB 
SOP-2.  Heavy equipment such as the HSA drill rig, DPT rig, HSA augers etc., will be 
decontaminated by steam cleaning at a temporary decontamination pad set up at the site.  The 
containers and decontamination pad will be managed in a secure area and the decontamination 
water will be either allowed to evaporate or combined with the purged groundwater and 
discharged to the HAFB WWTP.  Sediment remaining in the decontamination pad area after the 
water has either evaporated or been discharged to the WWTP, will be combined with the soil to 
be remediated in the onsite landfarm or spread on the ground. 

3.4.2 Personal Protective Equipment 

Prior to disposal, used PPE, disposable items, and the decontamination pad liner will be rinsed 
clean with tap water and diluted detergent solution.  Cleaned PPE and presumed clean, based 
upon non-contact with contaminated soils, water, or equipment, and other disposable clean items 
will be contained in trash bags and disposed of at the applicable onsite sanitary waste receptacle.   
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3.5 Site Restoration 
Upon completion of the site inspection activities, the site will be restored to the original 
condition.  Sampling locations will have been backfilled or grouted to the surface.  The site will 
be canvassed for trash, debris, etc.  
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4 EXCAVATION PROCEDURES 
The objective of the soil remediation at SS-61 is to excavate, transport, and dispose the PCS 
source area located in the vicinity of the abandoned east-west underground pipeline associated 
with the former AST system, west of Building 1072 as defined by the 15 DPT soil borings. 
Subsurface soils either contaminated by TPH at levels exceeding 940 mg/kg (TPH screening 
guideline for kerosene and jet fuel, NMED, 2005b) or soils posing a risk due to exposures to 
VOCs, SVOCs, and/or metals as established by the NMED soil screening guidance (NMED, 
2006) will be removed.  Contaminated soils will be removed to approximately one foot below 
the site’s encountered groundwater table.  This depth will ensure complete removal of PCS and 
account for any potential smear zone.  Horizontally, the excavation will be completed based 
upon TPH levels of greater than 940 mg/kg as determined by soil samples collected subsequent 
to the excavation and analyzed at a fixed-base laboratory. 

The construction general permit requires a project Storm Water Pollution Prevention Plan 
(SWPPP) to be submitted for excavation sites which will disturb greater than one acre of surface 
soils.  For the planned activities, inclusive of the temporary clean soil stock piles, the total area 
of disturbance and/or excavation is less than one acre.  Therefore, a project SWPPP will not be 
prepared and submitted. 

At this time, the extent of the SS-61 PCS is unknown, however it is assumed that the PCS is in 
the vicinity of the east-west pipeline, the T-junction, and the north-south trending pipeline that 
are adjacent to Building 1072 (Figure 4-1).  The boundaries of the SS-61 PCS will be determined 
by the results of the analytical soil samples collected from the 15 DPT borings.  Prior to the 
initiation of excavation activities the capped 8-inch steel pipe that emerges from the ground 
(located in the former southern AST location shown on Figure 1-3) will be opened and inspected 
to insure that it is empty.  In the event that the pipeline contains product, a waste characterization 
profile sample will be collected.  Pending the results of the profile sample, a vacuum truck will 
be mobilized to remove the product from the pipeline for offsite disposal.  Except where noted 
below, the excavation activities will be conducted in accordance with the procedures outlined in 
Unified Facilities Guide Specifications (UFGS) Section 02111 Excavation and Handling of 
Contaminated Material (Appendix D) and the USACE Safety and Health Requirements Manual, 
EM 385-1-1 (USACE, 2003).  The UFGS are a joint effort of the USACE, the Naval Facilities 
Engineering Command (NAVFAC), and the Air Force Civil Engineer Support Agency 
(AFCESA).  The UFGS are for use in providing construction specifications and guidelines for 
the military services. 

4.1 Pre-Excavation Activities 
Before excavation and other site activities can begin, there are several pre-construction 
documents and approval requirements to be met, including: Form 332 approval, dig permit with 
utility clearances, site security measures, and facility manager notification of the intended 
operations.  Bhate will coordinate project requests for Base installation support services through 

http://www.lantdiv.navfac.navy.mil/
http://www.lantdiv.navfac.navy.mil/
http://www.afcesa.af.mil/
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the 49th CES/CEV.  Pertinent to the start of activities, a pre-construction meeting and site walk-
through will be conducted with HAFB personnel, and the Bhate Site Manager to inspect site 
conditions for site/equipment access, equipment staging area(s), soil stockpile areas, potential 
site hazards, and emergency evacuation routes.  Also reviewed at this time will be project 
procedures in accordance with the schedule and planned activities. 

Prior to initiating excavation activities, a subsurface soil sample will be collected (5 - 12 ft bgs) 
adjacent to the most contaminated soil sample collected during the DPT investigation.  The soil 
sample will be analyzed by the Toxicity Characteristic Leaching Procedure (TCLP) for VOCs, 
SVOCs, and metals to characterize the contaminated soil prior to treatment at the FT-31 
landfarm. 

4.1.1 AF Form 332 

Prior to initiating excavation activities a completed and approved AF Fm 332, will be obtained.  
This form authorizes construction work at HAFB and is required for the initiation of any 
construction work.  This work order describes what activities will take place at the location.   

4.1.2 Dig Permit/Utility Clearances 

Prior to the submittal of the dig permit (AF Fm 103), the area of excavation will be clearly 
delineated with marker flags, stakes, or paint, as appropriate to the surface material.  Utility 
clearance approvals will be completed by the appropriate HAFB utility office (e.g., telephone, 
sewer, water, natural gas etc.).  Upon receipt of the approved dig permit (AF Form 103) with the 
utility clearances, the Bhate Site Manager or other authorized project personnel will complete a 
site walk-through confirming the dig permit authorizations and make any required changes. 

4.1.3 Excavation Area Site Safety 

As an Occupational Safety and Health Administration (OSHA) Class II excavation, site safety is 
concerned with the excavation and the areas around the excavation.  Concerns include: the 
proper designation and demarcation of excavation boundaries (i.e. exclusion zone [EZ], 
contamination reduction zone [CRZ], and support zone [SZ]), compliance with excavation 
requirements, posting of potential hazards, and control of un-authorized site personnel.  This is 
discussed in the 2003 Basewide Health and Safety Plan (Bhate, 2003b).  Although the 
excavation will occur in a relatively low pedestrian traffic area, site control will still be 
paramount for the safety at the site.  Notification of the excavation activities, duration, and 
alternate routes for pedestrian traffic will have been provided to the appropriate personnel in 
Building 1072 prior to the initiation of any field activities. 

At a minimum, the site will be secured with caution tape surrounding the perimeter of the site 
delineating the outer boundary of the SZ.  This is essential in the utility clearance process and it 
serves as the demarcation of the site for both project and non-project persons.  A CRZ and/or EZ 
will be established as guided by the HASP and prevailing site conditions.  The depth to the 
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bottom of the excavation is expected to reach 13 to 16 ft below grade (check existing soil data 
for depths).  At the immediate edge of the excavation, a temporary construction fence will be 
erected completely around the excavation site.  Postings will indicate the excavation hazard as 
well.  In addition, when workers will be in or around an excavation, a certified competent person 
(as per 29 Code of Federal Regulations [CFR] Part 1926 Subpart P) shall inspect the excavation, 
the adjacent areas, and protective systems daily, as needed throughout the work shifts, and after 
every rainstorm or other hazard-increasing occurrence (USACE, 2003). 

4.2 Decontamination Procedures 
Small equipment, such as sampling tools, will be decontaminated in accordance with the 
Basewide Quality Assurance Project Plan (Bhate, 2003a).  Heavy equipment, such as the 
backhoe, trackhoe, etc., will be decontaminated at a temporary decontamination pad set up at the 
site.   

4.3 Excavation Activities 

4.3.1 Excavation Boundary 

The approximate limit of the area to be excavated during activities outlined under this VCM 
Work Plan is shown on Figure 4-1 (hatched area).  Based upon the estimated horizontal extent of 
contamination, up to 350 cubic yards of overburden will be required to be removed.  This 
material will be temporarily stockpiled on site in an area to be determined.  Excavated material 
shall be placed at least 2 feet from the edge of the excavation (USACE, 2003). 

4.3.2 Excavation Shoring 

During the excavation activities, personnel will not enter the excavation at any time.  Shoring or 
benching may need to be erected ensuring that the excavation sidewalls do not collapse.  The 
determination will be made as the excavation progresses.  If any slumping or sidewall failure is 
evident, then shoring and/or benching will be implemented. 

Excavation activities associated with other soil remediation projects at Holloman AFB (e.g., SS-
02/05, FT-31 and SS-17) indicate that the native soils demonstrate significant stability achieving 
near vertical walls during these excavations.  The soils, in the vicinity of the presumed PCS 
source area are native as determined from the previous investigations.  At this time, shoring of 
the excavation is not intended however sidewall benching may be required.  

4.3.3 Soil Excavation 

Excavation activities will utilize the appropriate excavation equipment and a wheel loader to 
assist with soil management.  Workers exposed to vehicular or equipment traffic including 
signalpersons, spotters or inspectors, shall wear high visibility apparel meeting American 
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National Standards Institute/International Safety Equipment Association (ANSI/ISEA) 107 Class 
3 requirements (USACE, 2003).  All overburden soils determined to be clean will be removed 
prior to the removal of the contaminated soils.  The clean overburden soils will be temporarily 
stockpiled for subsequent backfilling.  Soil stockpiles will be managed as to not allow for any 
material to be removed or transported off-site via wind or precipitation (Section 7, Waste 
Management). 

The contaminated subsurface smear zone is estimated to begin at 12 to 15 feet above the 
groundwater table.  Applicable HAFB SOPs for completing this excavation are located in 
Appendix A of the Basewide Quality Assurance Project Plan (Bhate, 2003a).  All contaminated 
soils will be live loaded and directly transported to the FT-31 Base landfarm or previously 
approved offsite disposal facility.     

4.3.3.1 Soil Screening 

Throughout the excavation, observation of discoloration and unusual odors will be documented. 
Potential PCSs will be field screened for petroleum hydrocarbon contamination using the 
SiteLAB® Analytical Test Kit Ultraviolet Flourometer for petroleum hydrocarbons in accordance 
with the UVF-3100 Operating Manual (included as Appendix E of this Work Plan).  Excavated 
soil will be segregated in the field based on visual observation, headspace readings, and onsite 
analysis of TPH with laboratory confirmation.  Soils that demonstrate a field screened TPH 
concentration above 940 mg/kg exceed the regulatory limit for PCS and will be managed in 
accordance with Section 7, Waste Management, of this Work Plan.  Soils demonstrating a 
concentration below 940 mg/kg will be stockpiled for backfill once the excavation is complete.  
All soil stockpiled for backfill will undergo laboratory analysis to verify that no TPH hazardous 
constituents (e.g., VOCs and SVOCs) in excess of NMED residential soil screening levels are 
present.  The excavation sampling quantities and analyses are summarized in Table 4-1. 

The field screening incorporates the initial screening for the segregation of the excavated soils 
between contaminated and un-contaminated and the corresponding Quality Assurance/Quality 
Control (QA/QC) confirmation and validation analyses.  The soil screening is comprised of three 
phases: 1) initial field screening, 2) field confirmatory, and 3) laboratory validation.  These steps 
are detailed in Section 5, Excavation Soil Sampling and Analysis, of this work plan. 

4.3.3.2 Soil Segregation 

The 940 mg/kg action level for PCS is found listed in Table 2b of the NMED Residential Direct 
Exposure Limit for kerosene and jet fuel in the TPH Screening Guidelines, November, 2005 
(included in Appendix F of this Work Plan).  This cleanup level is part of a previous agreement 
between HAFB and NMED.  The concentrations for the TPH carbon fractions will be summed 
for the total TPH value as the comparison to the NMED TPH allowable limit of 940 mg/kg for 
kerosene and jet fuel contaminated PCS.   
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The un-impacted soils are the overburden soils which have historically demonstrated no 
contamination and the source of the contamination is not from a surface release.  These soils will 
be determined during the first phase of excavation covered under this VCM Work Plan.  
Suspected contaminated soils are those primarily within the smear zone.  These are typically 
contained in a 1 to 2 foot zone above the contaminated soils.  The contaminated soils are those 
that are definitively contaminated as validated by laboratory analytical data.  Suspected 
contaminated soils will be handled as though they are contaminated, directly loaded, and 
transported to the FT-31 Landfarm for treatment or stockpiling.  

4.3.3.3 Confirmation Soil Sampling 

After the excavation is complete, and all suspected petroleum contaminated soils have been 
removed, sidewall confirmation samples will be collected.  Samples will be collected using the 
bucket of the back-hoe.  A soil sample will be obtained from the interior of the bucket to 
minimize the potential for outside source contamination.  Samples will be collected at a 
minimum frequency of 2 per 18 linear feet (ln ft) per side wall at mid-depth of the contamination 
zone.  At a minimum, 1 sample per side wall will be collected for side walls less than 18 ln ft. 

4.3.4 Excavation Backfilling and Compaction 

Clean soils will be obtained for backfill as needed from the HAFB borrow area or FT-31 
Landfarm.  Backfill adjacent to any and all types of structures shall be placed and compacted to 
at least 90 percent laboratory maximum density for cohesive materials or 95 percent laboratory 
maximum density for cohesionless materials to prevent wedging action or eccentric loading upon 
or against the structure.  The material shall be placed in successive horizontal layers of loose 
material not more than 8 inches in depth.  Compaction shall be accomplished by sheepsfoot 
rollers, pneumatic-tired rollers, steel-wheeled rollers, vibratory compactors, or other approved 
equipment.  The compaction of the final two base lifts will be confirmed by determination of the 
soil density via an in-place nuclear or similar method per ASTM Method D 2922 (located in 
Appendix G of this Work Plan).  If applicable, the final 12-inches of backfill will adhere to the 
specifications of Subgrade Preparation found in UFGS Section 02770A Concrete Sidewalks and 
Curbs and Gutters (located in Appendix H of this Work Plan).  

4.3.5 Soil Disposal 

Contaminated soils exceeding 940 mg/kg of TPH will be transported to the permitted FT-31 
Landfarm for treatment/processing, or stockpiling.  Prior to the mobilization of the excavation 
effort, if the permitted base landfarm is at operational capacity, disposal of the soils will be to a 
previously approved off-site facility.  Soils will be handled, transported, and managed in 
accordance with the NMED guidelines and respective facility’s requirements. 
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4.3.6 Site Restoration 

Upon completion of site excavation and backfill activities, the site will be restored to its original 
appearance.  Construction equipment and debris will be removed.  The site will be canvassed for 
trash, debris, etc.  Final grade for areas of the site which will not have a surface improvement 
upon them will allow for positive drainage in accordance with the surrounding area.   

If any section(s) of walk way are removed or damaged during the excavation they will be 
replaced in similar construction and match in appearance to that which was removed.  The design 
and construction, inclusive of materials, will be completed in accordance with the UFGS 
specifications for concrete sidewalks and gutters, Section 02770A Concrete Sidewalks and Curbs 
and Gutters, March 2004 (located in Appendix H of this Work Plan).  Matching of the new 
sidewalk to the existing sidewalk has primacy over the UFGS guideline.  The guideline should 
be adhered to utilizing best management practices and holding to the intent of the guideline.  The 
guideline shall be implemented in its entirety except for the following Parts and/or subparts: 

Sections 1.1 through 1.3 Sections 2.2.2 and 2.2.3 
Section 1.6.2 Sections 3.7.1.1 and 3.7.1.3 

 
Sections 2.1.3-Reinforcement Steel; 3.5.3-Reinforcement Steel Placement; and 3.7.4-Protective 
Coating are only applicable if the existing sidewalk is constructed in a similar manner. 
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5 EXCAVATION SOIL SAMPLING AND ANALYSIS 
Table-5-1 provides the analytical methods and container requirements for samples collected for 
offsite laboratory analysis.  The rationale, methods, and frequency for screening samples was 
previously detailed in Table 4-1. 

5.1 Excavation Sampling 
The excavation soil sampling requirements, detailed in Table 4-1, include field screening of 
overburden soils with headspace analysis via an OVA and SiteLAB® UVF, laboratory analysis of 
stockpiled soils for backfill characterization purposes, and excavation confirmation samples to 
denote the extent of excavation.  Excavated soil that is suspect or visibly contaminated will be 
directly loaded into trucks and transported to the FT-31 Landfarm for treatment.   

5.1.1 Overburden Field Screening 

At the beginning of excavation activities initial field screening (headspace analysis with an 
OVA) will be performed on overburden soil at a frequency of one per every 25 cubic yards of 
excavated soil.  If the headspace analysis reveals the presence of significant contamination (>300 
ppm on the OVA), the soil will be transported to the FT-31 Landfarm for treatment.  Otherwise 
the overburden soil will be stockpiled on site for backfill purposes.  Every 50 cubic yards of 
stockpiled soil will undergo confirmatory field TPH analysis with the field fluorometer 
(SiteLAB® Analytical Test Kit UVF-3100A) in accordance with the Operating Manual (included 
in Appendix E of this Work Plan).  From these samples, final QA confirmation analysis in 
accordance with the NMED specified gas chromatogram (GC) methods will be accomplished via 
a fixed-base laboratory.   

5.1.2 Overburben Stockpile Sampling 

For backfill characterization purposes, laboratory validation sampling will be performed at a 
frequency of one sample per every 200 cubic yards of stockpiled overburden soil.  The samples 
will be analyzed for TPH (DRO, GRO, ORO), VOCs, and SVOCs.  Laboratory analyses will be 
completed at an expedited turn-around time of 24 hours.    

5.1.3 Excavation Confirmation Sampling 

Excavation confirmation samples will be collected at a frequency of two per 18 linear feet (ln ft) 
per side wall at mid-depth of the contamination zone.  At a minimum, one sample per side wall 
will be collected for side walls less than 18 ln ft.  Analytical confirmation sampling from the 
bottom of the excavation is not required because the excavation will be terminated at one to two 
feet below the water table.  Samples will be analyzed by a fixed-base laboratory for TPH, -DRO 
and –GRO, using USEPA Method 8015M, VOCs (USEPA Method 8260B), and SVOCs 
(USEPA Method 8270C).  If any single sample demonstrates an exceedance of NMED 
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residential soil screening levels (SSLs), excavation will continue along that face or to greater 
depth until field screening deems termination with re-evaluation via laboratory confirmation 
analysis. 

Soil data collected will adhere to project data quality objective (DQO) requirements, method 
reporting limits, duplicate field samples, and QA samples as established within the Basewide 
QAPP (Bhate, 2003a).  Sample quantities, containers, methods of preservation, and holding 
times will be consistent with the requirements of associated method protocols.  Laboratory 
analyses will be completed at a standard turn-around time of 7 days.  

5.1.4 Analytical Methods 

Each laboratory soil sample (including the field duplicates) will be analyzed for their respective 
analytes in accordance with Table 5-2.  Samples will be analyzed for BTEX, as VOCs, by 
Method 8260B, SVOCs, by Method 8270C, and TPHs by Method 8015M. 

Laboratory analyzed samples will be completed by Accutest Laboratories in Orlando, Florida.  A 
copy of their USACE validation is included in Appendix I of this Work Plan. 
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6 RISK BASED CLEAN-UP APPROACH 
The objective of the excavation activities presented is to remove the remaining PCS from the SS-
61 source area to support closure of the site.  Data collected as a result of field screening will be 
evaluated based upon the DQO’s for the project.  The results from the offsite laboratory 
confirmation samples from the sidewalls of the excavation will be evaluated to determine 
whether excavation activities at the site have removed the contaminated soil to the point where 
there is an acceptable risk due to exposure at the site.  If the completed evaluation indicates an 
acceptable risk, then no further excavation will be required and the site can be considered for 
closure with no further action. 

6.1 Evaluation of TPH 
Based on the direction provided by NMED, pertaining to the remediation of petroleum-impacted 
sites at HAFB, a TPH screening level of 940 mg/kg will be used to evaluate the data provided by 
the offsite analytical laboratory.  The 940 mg/kg action level for PCS is the Residential Direct 
Exposure Limit for kerosene and jet fuel that is listed in Table 2b of the NMED TPH Screening 
Guidelines, November, 2005 (included in Appendix F of this Work Plan).   

6.2 Evaluation of VOCs and SVOCs 
For any VOCs or SVOCs that are detected in excavated soil, the concentration will be evaluated 
against the screening levels provided in the revised NMED guidance document Technical 
Background Document for Development of Soil Screening Levels, Revision 4.0, June 2006, 
(NMED, 2006).  Tables containing the SSLs from this guidance document are provided in 
Appendix J.  Laboratory data for each collected soil sample will be compared to these SSLs. 

6.3 Risk Based Evaluation 
Subsequent to the investigative and excavation activities detailed in this work plan, a risk based 
evaluation will be performed to ensure that the risks to future receptors are acceptable at SS-61.  
The risk based evaluation will be included in the Site SS-61 Closeout Report.  The following 
sections present the various steps that will be included in the risk assessment. 

6.3.1 Review of Available Analytical Data 

As a first step in the risk assessment process, soil and groundwater data produced by this source 
area investigation will be combined with the historical data.  The data will then be reviewed to 
determine (i) the most probable source(s) of contamination, (ii) that soil and groundwater 
impacts have been adequately delineated, and (iii) if any additional chemicals were detected that 
were not previously of concern at the site.  Additionally, the data will be evaluated to ensure it 
meets standards for data quality established in the NMED Technical Background Document for 
Development of Soil Screening Levels, Revision 4.0 (NMED, June 2006). 
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6.3.2 Revision of the Conceptual Site Model 

Following a review of available data, the CSM will be revised.  This includes (i) re-assessing the 
distribution of chemicals of potential concern (COPCs) in soil and groundwater, (ii) verifying 
current and future land use, and (iii) verifying site stratigraphy and hydrogeology.  To date, the 
COPCs identified in soil and groundwater at SS-61 are benzene, toluene, ethylbenzene, xylenes, 
and 1-2-dichloroethane.  However, additional COPCs may be identified during the review of 
data collected during the source investigation. 

6.3.3 Development of the Exposure Model 

Once the conceptual site model has been refined, an exposure model will be developed.  The 
exposure model is based on the CSM, and identifies the following: 

• Media of concern,  
• Current and future receptors, and 
• Complete and incomplete exposure pathways 

Media of concern included surficial soil, subsurface soil, soil to depth of construction, and 
groundwater.  Based on current information available for SS-61, receptors include (i) a current 
and future commercial/industrial worker, and (ii) a future construction worker.  Complete routes 
of exposure for each media of concern/COPC/receptor combination will be identified based on 
the above information. 

6.3.4 Preliminary Screening Evaluation 

As a first step, maximum concentrations for each COPC in each media of concern will be 
compared with the NMED Screening Levels presented in Table A-1 of the Technical 
Background Document for Development of Soil Screening Levels, Revision 4.0 (NMED, June 
2006).  If the maximum concentration of each COPC in soil and groundwater is below its 
respective SSL, no additional analysis will be performed, and the findings will be reported to 
NMED.  Depending on the results of the screening evaluation, site-specific screening levels may 
be developed for all complete routes of exposure identified in the exposure model.  Development 
of site-specific screening levels is described below. 

6.3.5 Calculation of Site-Specific SSLs 

Parameters required for the calculation of site-specific SSLs include: 

• Carcinogenic toxicity values (Slope Factors),  
• Non-carcinogenic toxicity values (Reference Doses),  
• Exposure Factors, and 
• Fate and Transport Parameters.  
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Default toxicity values and exposure factors will be obtained from Tables C-1 and B-1 
(respectively) of the Technical Background Document for Development of Soil Screening Levels, 
Revision 4.0 (NMED, June 2006).  Site-specific fate and transport parameters will be obtained 
from available reports for the site.  Using the above information, site-specific screening levels 
will be calculated using equations presented in the Technical Background Document for 
Development of Soil Screening Levels, Revision 4.0 (NMED, June 2006).   

6.3.6 Site-Specific Screening Level Evaluation 

The site-specific screening levels will be compared with the representative concentration of each 
COPC in each media of concern.  If any COPC exceeds its respective site-specific screening 
level, target levels for the COPC will be developed during the risk-based evaluation.   
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7 WASTE MANAGEMENT 
Investigation-Derived Waste (IDW) generated by the activities of this excavation will include 
excavated soil, decontamination residuals, and PPE (Table 7-1).  Each waste stream will be 
managed and characterized according to the following guidelines.  Waste containers and the 
decontamination pad will be managed in a secure area. 

7.1 Excavated Soil 

7.1.1 Clean Soils – Stockpiles 

The clean soil stockpiles will be constructed in accordance with best management practices to 
mitigate soil loss due to erosion, wind, and run-off.  They will employ the use of a plastic liner, 
straw bales for berming or silt fencing and a cover.  Soils will be placed on thick plastic sheeting 
within a constructed berm for protection from off-site transportation by wind and rain until 
characterization is complete.  If laboratory analysis indicates concentrations are below the SSL 
for TPH of 940 mg/kg, and the SSL for each individual VOC and SVOC constituent, the 
stockpiled soil will be used as backfill once the excavation activities are complete. 

7.1.2 Contaminated Soils – Base Landfarm 

Excavated contaminated soils will be handled in accordance with Sections 4 and 5 of this Work 
Plan.  Contaminated soils will be live loaded and transported to the selected location for 
treatment/disposal; either the FT-31 Landfarm or an offsite subcontractor location.   

7.2 Decontamination Water 
Decontamination water is anticipated to be non-hazardous and as such, can be disposed of 
through the HAFB WWTP.  When feasible, decontamination water will be allowed to evaporate 
from the decontamination pad area.  Sediment remaining in the decontamination pad area after 
the water has either evaporated or has been discharged to the WWTP will be combined with the 
excavated contaminated soil for treatment at the FT-31 Landfarm.  

7.3 Personal Protective and Disposable Sampling Equipment  
PPE and other site non-hazardous debris/waste shall be placed in plastic trash bags and disposed 
in a standard trash dumpster or receptacle as directed by HAFB personnel.  

7.4 Construction Rubble 
Unless visibly stained, all construction debris (sidewalk and/or asphalt if encountered) is 
assumed to be non-hazardous, non-contaminated, and will be disposed of accordingly at the Base 
re-use facility.   
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8 PROJECT QUALITY ASSURANCE 
The laboratory performing the chemical sample analysis will follow the Basewide Quality 
Assurance Project Plan (Bhate, 2003a) and the Quality Assurance Project Plan Addendum 
(Appendix C of this Work Plan).   

8.1 Standard Operating Procedures 
Applicable SOPs for completing this excavation are located in Appendix A of the Basewide 
QAPP (Bhate, 2003a).   

8.2 Sample Identification 
Each environmental sample will be identified on the sample label and COC records for each 
sample collected, regardless of type.  Field duplicates will be paired with another field sample 
and will be classified as blind samples.  The duplicate samples will appear in sequence with the 
regular samples.  The identifier nomenclature will adhere to the procedures and guidelines 
established in the Basewide QAPP.  Sample labeling will adhere to the format provided in the 
Basewide QAPP. 

8.3 Project Documentation 
The field operations documentation will provide consistent procedures and formats for 
documentation and management of field records and collected samples. 

8.3.1 Sample Documentation 

Sample documentation, identification, and tracking will adhere to the prescribed methods found 
in the Basewide QAPP.  All sampling activities will include documentation of significant 
activities, potential environmental influences during sampling, field variances, and sample 
identification information.  At a minimum, field logbooks will be utilized to record dates and 
times, sampling protocols, project numbers, and sampler’s name.  Daily Quality Assurance 
Reports will be completed and submitted weekly to the HAFB Project Manager.  Other pertinent 
information will include COC numbers and air-bill tracking number.  Chain-of-custody forms 
will be completed and included with each sample shipment; one COC per cooler. 

At a minimum, the following sample collection information will be logged in the field book: 
• Date and time 
• Sample identification number 
• Project number 
• Sampler name 
• Preservative (if any) 
• Analysis 
• Map or schematic of sampling location 
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If no map of sampling locations is available prior to sampling, a drawing of the site will be 
sketched on the left page of the field logbook to provide an illustration of all sampling points.  
Measured distances from sampling points to a fixed reference point will be recorded. 

8.3.2 Field Logbook 

Personnel will use only bound field logbooks for the maintenance of field records.  The Project 
Manager will ensure that all field notes can be efficiently traced, filed, and retrieved.  All entries 
will be recorded in indelible, waterproof ink.  If errors are made, corrections will be made by 
crossing a single line through the error, correcting the information, and initialing and dating the 
correction.  Entries will be made in the following format: 

Documentation and reporting of events and activities will be made in chronological order on the 
right page of an open logbook.  All entries will be dated and time of entry recorded.  At the 
beginning of each day, the first two entries will be “personnel/contractors on site” and “weather”.  
At the end of each day’s entry, the personnel will draw a diagonal line originating from the 
bottom left corner of the page to the conclusion of the entry and sign along the line indicating the 
conclusion of the entry or the day’s activity.  Once completed, the field logbooks become 
accountable documents and will be maintained as part of the project files.   

The following general requirements apply to field logbooks: 

• The left page of the logbook will be used for auxiliary reporting such as 
sketches, tables, etc.   

• The date will be recorded at the top of every page in the left-hand corner of 
the right page.   

• The time of entry recordings will be in columnar form down the left-hand 
side of the right page. 

8.3.3 Field Analytical Data 

The field analytical data collected at the site will include the field screening readings for 
selection of PPE, as well as field screening for headspace analysis.  The breathing zone of the 
site will be screened for VOCs in the field at the time of sample collection utilizing an OVA.  If 
a high humidity condition exists at the time of sample collecting, an FID is recommended since a 
PID is not a completely reliable screening instrument under these conditions.  The field 
screening data will be recorded in the field logbook.  

8.3.4 Data Reporting 

Data obtained during the excavation, confirmation or field screening samples, will be reported 
according to the Basewide QAPP (Bhate, 2003a).  In accordance with USACE EM200-1-6, the 
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investigative data is classified as definitive data.  The data will be generated using rigorous, 
analyte-specific analytical methods where analyte identifiers and quantitations are confirmed and 
QA/QC requirements have been satisfied.  For this project, regular, field duplicate, and MS/MSD 
samples are to be collected concurrently.  The data will meet the objectives of the project for 
level of accuracy and precision required, intended use of the data, analytical methods, time 
constraints, and allowable decision errors.  Risk evaluation and sampling results will be tabulated 
and summarized in the VCM report for the site.  An ERPIMS submittal is not required for the 
excavation phase of this project. 



SSSS--6611  SSOOIILL  RREEMMEEDDIIAATTIIOONN                
HHOOLLLLOOMMAANN  AAFFBB,,  NNMM  

VVOOLLUUNNTTAARRYY  CCOORRRREECCTTIIVVEE  
MMEEAASSUURREESS  WWOORRKK  PPLLAANN  

 

 
8-4 Revision No. 01 Revision Date: May 2007 

 

This page intentionally left blank. 
 



VVOOLLUUNNTTAARRYY  CCOORRRREECCTTIIVVEE  
MMEEAASSUURREESS  WWOORRKK  PPLLAANN  

SSSS--6611  SSOOIILL  RREEMMEEDDIIAATTIIOONN  
HHOOLLLLOOMMAANN  AAFFBB,,  NNMM  

 

Revision Date: May 2007 Revision No. 01 9-1

 

9 HEALTH AND SAFETY REQUIREMENTS 
Project Health and Safety practices will adhere to the Basewide Health and Safety Plan (Bhate, 
2003b) and the Site Specific Addendum to the Basewide HASP, as included in Appendix B of 
this Work Plan, for the excavation activities.  All work will be conducted in accordance with the 
USACE Safety and Health Requirements Manual, EM 385-1-1, 3 November 2003.  It is 
anticipated that no greater than modified level D PPE will be required to complete the site 
inspection and sampling activities.  This includes: OSHA approved safety shoes, ANSI approved 
safety glasses (Z87.1) and hard hat (Z89.1-1997: Type I), sleeved shirt and long pants, and as 
required, hearing protection, leather work gloves, and/or nitrile gloves during sampling.   

Site security is part of safety at the site for the excavation.  Items of concern include the proper 
designation and demarcation of the investigation boundaries (i.e., SZ, CRZ, and EZ), as 
appropriate.  Likewise, compliance with any intrusive work requirements, posting of potential 
hazards, and control of un-authorized site personnel will be completed.  This is discussed in the 
Basewide HASP.   

At a minimum, the site will be secured with caution tape surrounding the perimeter of the site 
delineating the outer boundary of the SZ.  This is essential in the utility clearance process and it 
serves as the demarcation of the site for both project and non-project persons.  A CRZ and/or EZ 
will be established as guided by the HASP and site prevailing conditions. 

Excavation depths are expected to exceed 4 ft, and be less than 20 ft; therefore sidewall benching 
may be required.  
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10 ORGANIZATION AND SCHEDULE 
Mr. Jim Moore, Professional Geologist (P.G.), will serve as the Bhate Field Manager during the 
additional investigation phase of this VCM project.  During the corrective measures (excavation) 
phase of the project at SS-61, Mr. John Hymer will serve as the Bhate Site Manager and as the 
Site Safety and Health Officer (SSHO) overseeing and directing all excavation and soil screening 
and confirmation sampling activities.  Mr. Hymer will also provide on-site management of any 
sub-contractors for the project.  Mr. Moore is also the Bhate Project Manager and will ensure 
required project documents, permits, contractual agreements, and other program tasks are 
completed.  Key project personnel are listed in Table 10-1.  The additional investigation and 
excavation activities are anticipated to begin in the Fall 2006 and will last approximately 6 
weeks. 
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ATTACHMENT A 

SS-61 NOTICE OF DEFICIENCIES (HWB-HAFB-05-007 
AND HWB-HAFB-05-008) AND RESPONSES TO NEW 
MEXICO ENVIRONMENT DEPARTMENT COMMENTS 











RCT NOD Letter 011706 SS61Additional Groundwater Monitoring Work Plan, HAFB, May 2005; HWB-HAFB-05-008      Page 1 

 
Response to Comments 

Additional Groundwater Monitoring Work Plan 
for SS-61 (AOC 1001), May 2005 

Holloman AFB, NM 
Comment 

No. Section Page Comment Response 

Author David Strasser Date of Comments: January 17, 2006, Notice of 
Deficiency HWB-HAFB-05-008 Date of Response: December 20, 2006 

1 1.0, 2nd 
paragraph 

1-1 In a letter from NMED dated February 4, 2005 (which 
prompted submittal of the subject work plan), the 
Permittee was advised that a separate plume of 1,1,2-
trichloroethylene (TCE) might emanate from a possible 
source located to the east-southeast of the subject site’s 
monitoring well MW-02.  NMED required that the 
Permittee perform an additional investigation of the 
potential TCE plume.  This paragraph of the work plan 
indicated that the TCE plume would be designated as a 
separate area of concern (AOC) and would receive 
separate funding for an investigation.  Since no timetable 
for this action was provided, the Permittee must submit a 
tentative timetable for AOC designation and RCRA 
Facility Investigation work plan submittal in response to 
this Notice of Deficiency. 

Concur.  During the previous investigations at SS-61, TCE was 
detected in monitoring well SS-61-MW02 above the U.S. 
Environmental Protection Agency maximum contaminant level (5 
micrograms per liter [µg/L]).  As a result, this separate plume of TCE 
that may be emanating from a possible source located east-southeast of 
monitoring well SS61-MW02 has been identified as the new 
Environmental Restoration Program (ERP) Site SS-73 (TCE Source 
Investigation East of SS-61).  The location of SS-73 is an open area 
located approximately 150 feet east of the concrete pad that is part of 
Site SS-61.   
 
In May 2006 an abbreviated sampling plan was executed to collect 
preliminary data for the new ERP Site SS-73.  The scope of this effort 
was to resample SS61-MW02 for volatile organic compounds (VOCs) 
and to install three temporary monitoring wells (two upgradient and one 
adjacent to the previous DP-20 sampling location).  Additionally a soil 
sample was collected from each of these direct push technology (DPT) 
soil borings.  VOCs were reported below the detection limits for all soil 
samples.  TCE was reported in the groundwater from SS61-MW02 and 
DP03 (DP-20 location) at concentrations of 13.6 and 2.4 µg/L, 
respectively. 
 
Additional characterization of Site SS-73 will be conducted as part of 
the Resource Conservation and Recovery Act (RCRA) Facility 
Assessment Multiple Sites Confirmatory Sampling Work Plan 
(scheduled for delivery to the New Mexico Environment Department 
[NMED] in late 2006/early 2007).   
 
The reference that Site SS-73 has been designated as a separate site and 
that it will be evaluated under a separate work plan was included in the 
introduction of the SS-61 Voluntary Corrective Measures Work Plan, 
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Response to Comments 
Additional Groundwater Monitoring Work Plan 

for SS-61 (AOC 1001), May 2005 
Holloman AFB, NM 

Comment 
No. Section Page Comment Response 

Author David Strasser Date of Comments: January 17, 2006, Notice of 
Deficiency HWB-HAFB-05-008 Date of Response: December 20, 2006 

Bhate, August 2006 (Section 1, page 1-1, 2nd paragraph, last sentence). 
2 2.1, and 

App. D, 
QAPP 

Addendum, 
Table 4-1 

2-1 
and 

Table 
4-1 

This Section and Table indicate that only 10 field samples 
would be collected per sampling event.  However, 
sampling of 11 monitoring wells is proposed. 
 
HAFB must provide clarification of this apparent 
discrepancy. 

Concur.  This discrepancy was a typographical error, as 11 monitoring 
wells were proposed for groundwater sampling in the Additional 
Groundwater Monitoring Work Plan for SS-61 (AOC 1001), Bhate, 
2005.   
 
Fourteen existing wells (SS61-MW-02, SS61-MW-03, SS61-MW-05 to 
SS61-MW-10, SS61-MW-12, MW-29-02 to MW-29-05, and MW-29-
08) and two new wells (SS61-MW-13 and SS61-MW-14) are scheduled 
to be sampled as part of the SS-61 Voluntary Corrective Measures 
Work Plan, Bhate, August 2006.  The revised monitoring well 
groundwater sampling program is presented in Section 3.2.5, page 3-7 
of the SS-61 Voluntary Corrective Measures Work Plan, Bhate, August 
2006. 

3 2.1 2-1 This Section indicates that monitoring well MW-04 was 
added to the monitoring program.  Due to this well’s close 
proximity to MW-06 and its historically low levels of 
contaminants.  This well shall be deleted from the 
monitoring program and replaced with monitoring well 
MW-07 to provide monitoring of the western periphery of 
the plume.  This is in addition to the other 10 wells to be 
monitored. 
 
This Section also indicates that monitoring wells will be 
sampled twice per year for two years.  In order for the 
NMED to consider MNA as a viable corrective measure at 
this site, HAFB is required to conduct quarterly sampling 
and reporting for a two-year period. 

Concur.  As noted in the response to Comment Number 2 (see above), 
monitoring well SS61-MW-04 has been deleted from the monitoring 
program and replaced with SS61-MW-07 in the list of wells scheduled 
for groundwater sampling as part of the SS-61 Voluntary Corrective 
Measures Work Plan, Bhate, August 2006 (Section 3.2.5, page 3-7). 
 
As monitored natural attenuation (MNA) is no longer considered a 
viable corrective measure, HAFB proposes only one round of sampling 
in conjunction with petroleum contaminated soil source removal action 
as presented in the SS-61 Voluntary Corrective Measures Work Plan, 
Bhate, August 2006. 
 
 

4  3.0 3-1 This Section indicates that Monitoring Reports would be 
submitted, but it does not indicate when the reports will be 
submitted. 
 

Comment noted.  As MNA is no longer considered a viable corrective 
measure at SS-61, quarterly sampling for the two-year sampling cycle 
is not included as part of the SS-61 Voluntary Corrective Measures 
Work Plan, Bhate, August 2006. 
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Response to Comments 
Additional Groundwater Monitoring Work Plan 

for SS-61 (AOC 1001), May 2005 
Holloman AFB, NM 

Comment 
No. Section Page Comment Response 

Author David Strasser Date of Comments: January 17, 2006, Notice of 
Deficiency HWB-HAFB-05-008 Date of Response: December 20, 2006 

HAFB is required to submit quarterly Monitoring Reports 
for the two-year sampling cycle, prepared in accordance 
with NMED’s Position Paper entitled “General Reporting 
Requirements for GW Monitoring”.  The paper is located 
on the NMED Hazardous Waste Bureau (HWB) website 
at http://www.nmenv.state.nm.us/hwb/guidance.html. 

 

5 App. D Table  
4-2 

Table 4-2 provides the Estimated Quantitation Limits 
(EQLs), not Method Detection Limits (MDLs), for the 
various constituents to be sampled.  The following 
constituents have EQLs that are higher than the 
groundwater quality standards established by the NM 
Water Quality Control Commission (NMWQCC): 
 
Constituent                           EQL (µg/L)            NMWQCC Standard 
                                                                                       (µg/L)  
1,2-Dibromoethane (EDB)          5                                   0.1 
Vinyl Chloride                             5                                    1 
Benzo(a)pyrene                          10                                  0.7 
 
The Permittee must ensure that the MDLs for these and all 
constituents will be lower than the NMWQCC Standards.  
Note also that the MCL for EDB is 0.00005 mg/L. 

Concur.  Estimated Quantitation Limits have been replaced with 
Reporting Limits in Table 4-3, Summary of Laboratory QC Limits 
found in the Quality Assurance Project Plan Addendum (Appendix C) 
of the SS-61 Voluntary Corrective Measures Work Plan, Bhate, August 
2006. 
 

6   The November 2003 Feasibility Study Work Plan for Spill 
Site SS-61 indicated in Section 4.1.2, Groundwater 
Sampling Schedule, that monitoring well MW-03 would 
be monitored weekly for the presence of free product for a 
period of one year.  There is no indication in subsequent 
reports that this monitoring was ever conducted. 
 
If this monitoring was conducted, the Permittee is 
required to provide the data and a discussion regarding the 
results.  If it was not conducted, the Permittee is required 
to conduct this monitoring for a period of one year and 

Monitoring well SS61-MW03 was monitored weekly for the presence 
of free product using an interface probe from April to June 2004.  Free 
product was not encountered during these sampling events.  This 
information has been included at the 7th bullet in Section 2.4, p 2-10 of 
the SS-61 Voluntary Corrective Measures Work Plan, Bhate, August 
2006.  These weekly measurements are included in the table titled 
“Weekly Monitoring of MW-03 at SS-61”  that has been included in 
Appendix A-4 of the SS-61 Voluntary Corrective Measures Work Plan, 
Bhate, August 2006. 
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Response to Comments 
Additional Groundwater Monitoring Work Plan 

for SS-61 (AOC 1001), May 2005 
Holloman AFB, NM 

Comment 
No. Section Page Comment Response 

Author David Strasser Date of Comments: January 17, 2006, Notice of 
Deficiency HWB-HAFB-05-008 Date of Response: December 20, 2006 

provide the results in the quarterly monitoring reports.  In 
the event that more than 1/8-inch of free product (non-
aqueous phase liquid) is discovered during a monitoring 
event, the Permittee must notify the NMED within five 
calendar days. 

   End of Comments  
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Response to Comments 

Monitored Natural Attenuation Report 
For SS-61 (AOC 1001), June 2005 

Holloman AFB, NM 
Comment 

No. Section Page Comment Response 

Author David Strasser Date of Comments: January 27, 2006, Notice of 
Deficiency HWB-HAFB-05-007 Date of Response: December 20, 2006 

1 General  Analytical results obtained during the 2004/5 quarterly 
sampling events for total dissolved solids, conductivity, 
alkalinity and chloride are very different between 
sampling points.  Therefore, it appears that monitoring 
wells MW-04 and MW-08 may be in a hydrogeologic 
zone that is different from monitoring wells MW-01, MW-
03 and MW-06. 
 
The Permittee is required to submit a discussion on this 
possibility and, if this scenario is possible its 
ramifications. 

Although lower concentrations of total dissolved solids (TDS), 
conductivity, alkalinity, and chloride were detected in wells MW-04 and 
MW-08, it is not believed that these wells are screened in a different 
hydrogeological zone than wells MW-01, MW-03, and MW-06. 
Unfortunately, monitoring well construction diagrams for MW-01, MW-
03, MW-04, and MW-08 were not included in the historical SS-61 
reports (RCRA Facility Investigation and/or Remedial Investigation).  
However, based on the similar groundwater elevations obtained for these 
five wells during the 2004/5 quarterly sampling events (Table 2 
Groundwater Elevations MNA Report for SS-61); these wells appear to 
be screened within the same hydrogeologic zone.  In addition, Figure 3-2 
(Geologic Cross-Section) presented in the Phase II RI Report shows that 
wells MW-04 and MW-06 are screened within the same hydrogeologic 
zone.   
 
It is likely that monitoring wells MW-04 and MW-08 have artificially 
lower TDS, conductivity, alkalinity, and chloride concentrations than 
what was detected in wells MW-01, MW-03, and MW-06 due to the 
dilution of natural groundwater from a leaking underground water line 
that runs east-west under DeZonia Drive to the water tower. 

2 General  Analytical results obtained during the 2004/5 quarterly 
sampling events indicate that concentrations of volatile 
organic compounds (VOCs) in monitoring well MW-03 
had increased substantially between the April 2004 and 
January 2005 sampling events.  The following table 
provides these concentrations (in µg/L): 
 
               NMWQCC            Apr.            June          Sept.            Jan. 
Constit.       Standard              2004            2004          2004            2005 
Benzene             10                    7,180           10,600       12,600       16,900 
Ethylbenzene    750                     ND               231            295             309 
Toluene             750                    734              1,950         3,460         4,060 

The concentrations of VOCs in monitoring well MW-03 did increase 
between the April 2004 and January 2005 sampling events.  As a result, 
the Voluntary Corrective Measures Work Plan Site SS-61 Soil 
Remediation, Holloman AFB, New Mexico (Bhate, August 2006) was 
developed to further investigate potential source areas associated with 
the underground fuel pipeline that connected the two concrete vaults 
with a former aboveground storage tank and/or an adjacent debris pile 
that are located upgradient of SS61-MW03 in the vicinity of B1072. 
 
The Phase II Remedial Investigation Report  for SS-61, Holloman AFB, 
NM (Foster Wheeler, 2000), references a concrete sump located outside 
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Monitored Natural Attenuation Report 

For SS-61 (AOC 1001), June 2005 
Holloman AFB, NM 

Comment 
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Author David Strasser Date of Comments: January 27, 2006, Notice of 
Deficiency HWB-HAFB-05-007 Date of Response: December 20, 2006 

 
               NMWQCC            Apr.            June          Sept.          Jan. 
Constit.       Standard              2004            2004          2004          2005 
 
Xylenes            620                    1,870          3,050          4,150         4,370 
1,2-DCA            10                      ND             395             477            602 
ND – Non-Detect 
 
This increase in concentrations may indicate that a source 
of VOCs is still present at the subject site.  Various 
documents submitted for this site refer to the possible 
presence of an oil and water separator at the southeast 
corner of Building 1079 and a concrete sump located at 
the northwest corner of Building 1079.  None of the 
documents submitted indicate that these locations were 
ever investigated as a possible source nor was the 
operational status of either structure provided. 
 
The Permittee is required to submit a discussion regarding 
the status of these structures and their potential to act as a 
continuing source of VOC contamination at this site.  This 
discussion must include a figure depicting the locations of 
these structures.  Depending on the response, NMED may 
require additional soil investigation at these two locations. 
 

the northwest entrance of the hangar (B1079) and an oil/water separator 
located near the southeast corner of Building 1079.  A site visit was 
conducted on December 14, 2006, to investigate the concrete sump and 
the oil/water separator associated with B1079.  The locations of the two 
structures are shown in Figure 1 (attached).  The metal lids covering 
each structure were removed so that the interior could be inspected and 
photographed.    
 
As shown in attached Photographs 1 and 2 it was determined that the oil/ 
water separator described in the Phase II Remedial Investigation (RI) 
Report is actually a valve box for the buried underground pipeline that 
traverses Site SS-61 from the north to south (Figure 1).  Based on the 
location of the pipeline valve box (located 94 feet from the southeast 
corner of B1079), the southern extent of the buried pipeline is located 
approximately 50 feet southeast from what is depicted on Figure 3-1 
(Voluntary Corrective Measures Work Plan, Site SS-61 Soil 
Remediation, Bhate, 2006).  As a result, Figures 1-3 and 3-1 in the Work 
Plan have been revised to show the actual location of the buried north-
south trending pipeline. 
 
The concrete sump (attached Photographs 3 and 4) is located 
approximately 20 feet from the northwest entrance of B1079 (Figure 1).  
Based on interviews with current B1079 personnel, 6 to 8 floor drains 
located throughout B1079 were connected to the concrete sump.  The 
sump, gravity drained into the sanitary sewer system.  It was reported 
during the site visit that the B1079 floor drains were sealed with cement 
approximately two years ago.   
 
During the Phase II RI (Foster Wheeler, 2000) a  total of 40 soil samples 
were collected from 20 direct push technology (DPT) borings drilled 
within the southern portion of SS-61 (south of DeZonia Drive).  As 
shown in the attached Figure 1, four DPT soil borings were drilled 
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No. Section Page Comment Response 

Author David Strasser Date of Comments: January 27, 2006, Notice of 
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adjacent to the northwest and southeast corners of Building 1079.  DPT 
borings DP44 and DP45 were advanced along the northwest corner of 
B1079 down and cross gradient from the concrete sump.  Additionally, 
DPT borings DP39 and DP46 were drilled adjacent to the southeast 
corner of Building 1079 downgradient of the pipeline valve box.  These 
borings were advanced to approximately 20 ft below ground surface and 
three soil samples were collected from each borehole for vertical 
characterization.   
 
Total Recoverable Petroleum Hydrocarbon (TRPH) was detected in 
boring DP39 in the 1- to 2-ft interval at a concentration of 260 
milligrams per kilogram (mg/kg).  TRPH was also detected at DP44 in 
the 11- to 12-ft interval with a concentration of 46 mg/kg.  Both of these 
detections are below the New Mexico Environment Department 
(NMED) Soil Screening Levels (SSLs) for TRPH.  Additionally, TRPH 
and VOCs were not detected in any of the other soil samples collected 
from these soil borings.  Therefore, based on the analytical results from 
the Phase II RI, there does not appear to be a source area associated with 
either the concrete sump or the pipeline valve box. 

   End of Comments  
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Photograph No. 1:  Pipeline Valve Box Cover (looking Northwest with B1071 and 
B1079 in the background).   



 
Photograph No. 2:  Pipeline Valve Box Interior (Note: The pipeline is oriented 
north-south).  The dimensions of the valve box are as follows; length = 6 ft, width 
= 3.5 ft, depth = 6 ft. 
 



Photograph No. 3:  Concrete Sump (looking south with B1079 in the 
background).   
 



Photograph No. 4:  Concrete Sump Interior (Note:  The dimensions of the 
concrete sump are as follows; length = 4 ft, width = 2.5 ft, depth = 5 ft. 
 







State of New Mexico
ENVIRONMENTDEPARTMENT

RECDUt~ 01 2006

Hazardous Waste Bureau

2905 Rodeo Park Drive East, Building 1
Santa Fe, New Mexico 87505-6303

Telephone (505) 428-2500
Fax (505) 428-2567

BILL RICHARDSON
GOVERNOR www.nmenv.state.nm.us

RON CURRY
SECRETARY

CERTIFIED MAIL -RETURN RECEIPT REQUESTED

November 27,2006

Ms. Debbie Hartell, Chief
Environmental Flight
49 CES/CEV
550 Tabosa Ave.
Holloman AFB, NM 88330-8458

RE: NOTICE OF DEFICIENCY: VOLUNTARY CORRECTIVE MEASURES WORK

PLAN, SITE SS-61(AOC 1001)SOIL REMEDIATION,AUGUST2006
HOLLOMAN AIR FORCE BASE, EPA ID NO. NM6572124422
HWB-HAFB-05-007 AND HAFB-05-008

Dear Ms. Hartell:

The New Mexico Environment Department (NMED) has reviewed the referenced Voluntary
Corrective Measures Work Plan (Work Plan), which was submitted in response to two previous
Notices of Deficiency (NODs) dated January 27,2006 and January 17, 2006, respectively, for the
following documents: (1) Monitored. Natural Attenuation Report for 88-61 (AGe 1001) dated
June 2005 (HAFB-05-007) and (2) Additional Groundwater Monitoring Work Plan for 88-61
(AGe 1001) dated May 2005 (HAFB-05-008). The Work Plan cannot be approved at this time.
Holloman Air Force Base (the Permittee) must address the following deficiencies before the
Work Plan can be approved.

1. As previously stated, the Work Plan under review was submitted in response to two
previous NODs. Although most of the NOD comments appear to have been addressed in
the body of the Work Plan, no formal response to the individual NOD comments was
provided.

To allow for an efficient and effective NMED review of the NOD responses, the
Permittee is required to submit a stand-alone document that provides a response to each
NOD comment as outlined in this letter and the past NOD letters. Where possible, rather
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than duplicating information, the stand-alone document may refer to the section(s) in the
Work Plan that address the NOD comments.

2. According to Figures 1-3, 1-5, 3-1 and 3-2 in the Work Plan, the southern boundary for
site SS-6l terminates north of Building 1079. However, various documents submitted for
this site refer to the possible presence of an oil/water separator at the southeast comer of
Building 1079 and a concrete sump located at the northwest comer of Building 1079.
Section 5.4 (Summary of the Nature and Extent of Contamination) of the Phase II

-Remedial Investigation Repo1"t-forSS-61-{Decembe~2000}.cStates-thaLgasoline~related
constituents were detected in groundwater south of Building 1079 and that these
detections are likely the result of a past release trom an oil/water separator formerly
located at the southeast comer of Building 1079. In addition, a soil sample collected trom
1-2 feet below ground surface in boring DP-40, collected during the Phase II Remedial
Investigation in May 2000, showed a Total Petroleum Hydrocarbon (TPH) result of7,800
mg/kg. This boring is located just southwest of Building 1079.

The NMED's January 27, 2006 NOD for the Monitored Natural Attenuation Report for
S8-61 (Comment #2) required that the Permittee submit a discussion on the possibility
that the two aforementioned structures near Building 1079 could be a potential source of
groundwater contamination at this site and to include a figure depicting the locations of
these structures. This comment was not addressed in the Work Plan.

The Permittee is again required to submit this discussion and figure and to explain why
the southern boundary of site SS-61 does not extend to a point south of Building 1079.

-

Regarding the elevated TPH soil sample result trom boring DP-40, the Permittee is
required to revise the additional investigation requirements of the Work Plan to include

- ~additional soiLcharacterizatiO!LforhazardoULC_Ql}stitQentsin the vicinity-(within_20to_~O-
feet) of boring DP-40 to determine if this area is a potential source of groundwater
contamination.

3. The NMED's January 17, 2006 NOD for the Additional Groundwater Monitoring Work
Plan for 88-61 (Comment #5) required that the Permittee ensure that laboratory
Minimum Detection Limits (MDLs) for all constituents in groundwater be lower than the
New Mexico Water Quality Control Commission (NMWQCC) standards or EPA
Maximum Contaminant Levels, whichever is appropriate. Appendix C (Quality
Assurance Project Plan Addendum) of the Work Plan under review presented Table 4-3
(Summary of Laboratory QC Limits). This Table does not show a Reporting Limit
(RLlMDL) for 1,2-Dibromoethane (EDB) and shows a RLlMDL for benzo(a)pyrene at 5
).lg/L. The NMWQCC standard for EDB is 0.1 ).lg/Land 0.7 ).lg/Lfor benzo(a)pyrene.
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The Permittee is again required to ensure that RLs/MDLs for all constituents are lower
than the applicable standards and to submit assurances that this will be the case.

4. Page 2-13, Section 2.5.5.1, Source Area Characterization,
Abandoned Pipeline and Pa2e 3-4. Section 3.2.2. DPT Soil Samplin2

These Sections state that organic vapor analyzer (OVA) readings will be collected during
the advancement of each soil boring and that if the OVA reading is less than 50 parts per
million, no soil samples will be collected for off-site analysis.

The Permittee is required to revise these Sections to show the collection of a minimum of
one soil sample for off-site analysis from each soil boring, regardless of the OVA
readings. The locations of sample collection shall be biased to areas with the greatest
potential for contamination.

5. Pa2e 3-6. Section 3.2.4.1. Monitorin2 Well Locations and Fi2ure 3-2

This Section and Figure describe and show the location for two new monitoring wells to
serve to delineate the downgradient horizontal extent of plume migration.

Based upon groundwater sampling results provided in previous reports, the Permittee is
required to re-locate proposed monitoring well SS61-MW-14 to a location east of
Building 1001, equidistant between Building 1001 and existing well SS61-MW-03.
Proposed well SS61-MW-13 should then be moved to a point equidistant between
existing wells MW29-03 and SS61-MW-07. The Permittee is required to revise this
Section and Figure 3-2 accordingly.

Please respond to this Notice of D~ficiency within sixty (60) calendar days of r.eceipt of this
letter. If you have any questions regarding this matter or if you would like to discuss the
comments prior to your response, please contact David Strasser of my staff at (505) 222-9526.

Sincerely,

~ ~ \

. 'LI_, ~James P. Bearzi
Chief
Hazardous Waste Bureau

JPB:dcs
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J. Kieling, NMED HWB
W. Moats, NMED HWB
C. Arnindyas,NMED HWB
D. Strasser, NMED HWB
D. Tellez, EPA, Region 6 (6PD-F)

--~- - 0. Fish, HAFB - -
File: HAFB 2006 and Reading

HAFB-05-007 and HAFB-05-008

cc:

--- ---
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Response to Comments 

Voluntary Corrective Measures Work Plan 
Site SS-61 Soil Remediation, August 2006 

Holloman AFB, NM 
Comment 

No. Section Page Comment Response 

Author David Strasser 
Date of Comments: November 27, 2006, Notice of 

Deficiency HWB-HAFB-05-007 and HWB-HAFB-05-
008 

Date of Response: December 20, 2006 

1 General  As previously stated, the Work Plan under review was 
submitted in response to two previous NODs.  Although 
most of the NOD comments appear to have been 
addressed in the body of the Work Plan, no formal 
response to the individual NOD comments was provided. 
 
To allow for an efficient and effective NMED review of 
the NOD responses, the Permittee is required to submit a 
stand-alone document that provides a response to each 
NOD comment as outlined in this letter and the past NOD 
letters.  Where possible, rather than duplicating 
information, the stand-alone document may refer to the 
section(s) in the Work Plan that address the NOD 
comments. 

Concur.  Responses to the previous SS-61 New Mexico Environment 
Department (NMED) Notice Of Deficiency (NOD) comments (HWB-
HAFB-05-007 [Monitored Natural Attenuation Report of SS-61] and 
HWB-HAFB-05-008 [Additional Groundwater Work Plan for SS-61]) 
have been addressed in stand-alone Response to Comment spreadsheets 
for each NOD.  The individual Response to Comment spreadsheets will 
be included in Attachment A of the SS-61 Soil Remediation Voluntary 
Corrective Measures Work Plan.  

2 General  According to Figures 1-3, 1-5, 3-1 and 3-2 in the Work 
Plan, the southern boundary for site SS-61 terminates 
north of Building 1079.  However, various documents 
submitted for this site refer to the possible presence of an 
oil/water separator at the southeast corner of Building 
1079 and a concrete sump located at the northwest corner 
of Building 1079.  Section 5.4 (Summary of the Nature 
and Extent of Contamination) of the Phase II Remedial 
Investigation Report for SS-61 (December 2000) states 
that gasoline-related constituents were detected in 
groundwater south of Building 1079 and that these 
detections are likely the result of a past release from an 
oil/water separator formerly located at the southeast 
corner of Building 1079.  In addition, a soil sample 
collected from 1-2 feet below ground surface in boring 
DP-40, collected during the Phase II Remedial 

The Phase II Remedial Investigation Report  for SS-61, Holloman AFB, 
NM (Foster Wheeler, 2000) references a concrete sump located near the 
northwest entrance of the hangar (B1079) and an oil/water separator 
located near the southeast corner of Building 1079.  A site visit was 
conducted on December 14, 2006, to investigate the concrete sump and 
the oil/water separator associated with B1079.  As determined during 
the site visit the locations of the two structures are shown in the 
attached Figure 1.  The metal lids covering each structure were 
removed so that the interior could be inspected and photographed.    
 
As shown in attached Photographs 1 and 2 it was determined that the 
oil/water separator described in the Phase II Remedial Investigation 
(RI) Report is actually a valve box for the buried underground pipeline 
that traverses Site SS-61 from the north to south (Figure 1).  Based on 
the location of the pipeline valve box (located 94 feet from the 
southeast corner of B1079), the southern extent of the buried pipeline is 
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Voluntary Corrective Measures Work Plan 
Site SS-61 Soil Remediation, August 2006 

Holloman AFB, NM 
Comment 

No. Section Page Comment Response 

Author David Strasser 
Date of Comments: November 27, 2006, Notice of 

Deficiency HWB-HAFB-05-007 and HWB-HAFB-05-
008 

Date of Response: December 20, 2006 

Investigation in May 2000, showed a Total Petroleum 
Hydrocarbon (TPH) result of 7,800 mg/kg.  This boring is 
located just southwest of Building 1079. 
 
The NMED’s January 27, 2006 NOD for the Monitored 
Natural Attenuation Report for SS-61 (Comment #2) 
required that the Permittee submit a discussion on the 
possibility that the two aforementioned structures near 
Building 1079 could be a potential source of groundwater 
contamination at this site and to include a figure depicting 
the locations of these structures.  This comment was not 
addressed in the Work Plan. 
 
The Permittee is again required to submit this discussion 
and figure and to explain why the southern boundary of 
SS-61 does not extend to a point south of Building 1079. 
 
Regarding the elevated TPH soil sample result from 
boring DP-40, the Permittee is required to revise the 
additional investigation requirements of the Work Plan to 
include additional soil characterization for hazardous 
constituents in the vicinity (within 20 to 50 feet) of boring 
DP-40 to determine if this area is a potential source of 
groundwater contamination.   

located approximately 50 feet southeast from what is depicted on 
Figure 3-1 (Voluntary Corrective Measures Work Plan, Site SS-61 Soil 
Remediation, Bhate, 2006).  As a result, Figures 1-3 and 3-1 from the 
Work Plan, have been revised to show the actual location of the buried 
north-south trending pipeline. 
 
The concrete sump (attached Photographs 3 and 4) is located 
approximately 20 feet from the northwest entrance of B1079 (Figure 1).  
Based on interviews with current B1079 personnel, 6 to 8 floor drains 
located throughout B1079 were connected to the concrete sump.  The 
sump gravity drained into the sanitary sewer system.  It was reported 
during the site visit that the B1079 floor drains were sealed with cement 
approximately two years ago.   
 
During the Phase II RI (Foster Wheeler, 2000), a total of 40 soil 
samples were collected from 20 direct push technology (DPT) borings 
drilled in the southern portion of SS-61 (south of DeZonia Drive) in the 
vicinity of B1079 and B1080.  As shown in the attached Figure 1, four 
DPT soil borings were drilled adjacent to the northwest and southeast 
corners of Building 1079.  DPT borings DP44 and DP45 were drilled 
along the northwest corner of B1079 down and cross gradient from the 
concrete sump.  DPT borings DP39 and DP46 were drilled adjacent to 
the southeast corner of Building 1079 downgradient of the pipeline 
valve box.  These borings were advanced to approximately 20 feet 
below ground surface; three soil samples were collected from each 
borehole for vertical characterization.   
 
Total Recoverable Petroleum Hydrocarbon (TRPH) was detected in 
DP39 in the 1- to 2-ft interval at a concentration of 260 milligrams per 
kilogram (mg/kg).  TRPH was also detected at DP44 in the 11- to 12-ft 
interval with a concentration of 46 mg/kg.  Both of these detections are 
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below the NMED Soil Screening Levels (SSLs) for TRPH.  
Additionally, TRPH and volatile organic compounds (VOCs) were not 
detected in any of the other soil samples collected from these four soil 
borings.  Therefore, based on the analytical results from the Phase II RI, 
there does not appear to be a source area associated with either the 
concrete sump or the pipeline valve box.   
 
Additionally, Section 5.4 in the Phase II RI Report stated that “Only 
one soil sample collected during the Phase II RI exceeded the 
petroleum hydrocarbon action level.  TRPH was detected at a 
concentration of 7,800 mg/kg at DP40 in the sample collected from 1 to 
2 ft.”  The location of DP40 is also shown on the attached Figure 1.  It 
is important to note that TRPH and VOCs were not detected in the two 
DP40 samples collected from 5 to 6 and 8.5 to 9.5 ft below ground 
surface (bgs).   
 
In April 2004, as part of the Focused Feasibility Study, eight soil 
samples were collected from four locations in the area surrounding the 
Phase II RI sampling location DP40.  The boring locations and 
sampling results are shown on Figure 3 of the Interim Final Focused 
Feasibility Study, Spill Site 61, Holloman AFB, NM (Bhate, 2004).  The 
four soil borings were field located approximately 10 feet to the north, 
south, east, and west of soil boring DP40.  Two soil samples were 
collected from each location (one sample from 0 to 1 foot, and one 
sample from 1 to 2 feet) and analyzed for TRPH and total organic 
carbon.  Values for TRPH ranged from non-detect to 201 mg/kg in the 
sample from SB-02-1, collected from 0 to 1 foot.  TRPH detected in 
each soil sample was in the C22-C36 carbon range.  TRPH was not 
detected above the NMED total petroleum hydrocarbon screening level 
of 940 mg/kg (TPH screening guideline for kerosene and jet fuel, 
NMED, October, 2006).  Therefore, this isolated occurrence of 
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petroleum hydrocarbon (DP40 1 to 2 ft bgs) is likely the result of an 
isolated surface spill in the area.   
 
Based on the soil data collected during the Phase II RI and the 
additional soil sampling surrounding the DP40 location (conducted 
during the feasibility study) there doesn’t appear to be a VOC or TRPH 
source area above NMED SSLs associated with Building 1079 
(concrete sump, former oil/water separator, or the petroleum spill 
located in the area of DP40).   
 
The Voluntary Corrective Measures Work Plan SS-61 Soil 
Remediation, HAFB, New Mexico (Bhate, August 2006) focuses on 
locating a VOC/TRPH source area in the vicinity of an abandoned fuel 
pipeline (near Building 1072) which is located immediately 
downgradient of the most VOC contaminated monitoring well (SS61-
MW-03).  Therefore, it was determined to terminate the Site SS-61 
southern boundary north of Building 1079 and south of B1087 as 
shown on Figures 1-3, 1-5, 3-1, and 3-2.   

3 App C 
(QAPP 

Addendum) 

Table 
4-3 

The NMED’s January 17, 2006 NOD for the Additional 
Groundwater Monitoring Work Plan for SS-61 (Comment 
#5) required that the Permittee ensure that laboratory 
Minimum Detection Limits (MDLs) for all constituents in 
groundwater be lower than the New Mexico Water 
Quality Control Commission (NMWQCC) standards or 
EPA Maximum Contaminant Levels, whichever is 
appropriate.  Appendix C (Quality Assurance Project Plan 
Addendum) of the Work Plan under review presented 
Table 4-3 (Summary of Laboratory QC Limits).  This 
table does not show a Reporting Limit (RL/MDL) for 1,2-
Dibromoethane (EDB) and shows a RL/MDL for 
benzo(a)pyrene at 5µg/L.  The NMWQCC standard for 

The values in Table 4-3 represent the laboratory’s Reporting Limit (RL) 
rather than their MDL.  The laboratory 8270 MDL for benzo(a)pyrene 
is 1.0 µg/L.  If a guaranteed MDL of 0.7 µg/L or less is required, Bhate 
can have the samples analyzed for Polynuclear Aromatic Hydrocarbons 
(PAHs) by EPA Method 8310, which will provide an RL of 0.2 µg/L 
and a MDL of 0.1 µg/L for benzo(a)pyrene.  Based on the analytical 
data presented in the historical reports, benzo(a)pyrene has not been 
detected and is not a historical contaminant of concern for Site SS-61. 
 
The compound EDB is not included in the laboratories standard VOC 
list because this compound reacts with the hydrochloric acid 
preservative used in normal VOC samples producing unreliable results.  
There is a special analysis for EDB (EPA 504.1) which can provide an 
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EDB is 0.1 µg/L and 0.7 µg/L for benzo(a)pyrene. RL of 0.02 µg/L and an MDL of 0.01 µg/L if it is required.  Based on 
the analytical data presented in the historical reports, EDB has not been 
detected and is not a historical contaminant of concern for Site SS-61. 

4 2.5.5.1 & 
3.2.2 

2-13 
&  

3-4 

These Sections state that organic vapor analyzer (OVA) 
readings will be collected during the advancement of each 
soil boring and that if the OVA reading is less than 50 
parts per million, no soil samples will be collected for off-
site analysis. 
 
The Permittee is required to revise these Sections to show 
the collection of a minimum of one soil sample for off-
site analysis from each soil boring, regardless of the OVA 
readings.  The locations of sample collection shall be 
biased to areas with the greatest potential for 
contamination. 

Concur.  The bullet in each of these Sections have been revised to read; 
“If the OVA (FID) reading is less than 50 ppm, one soil sample will be 
collected for offsite analysis.  This soil sample will be collected from 
the interval with the greatest potential for contamination or the capillary 
fringe.” 

5 3.2.4.1 Fig. 
3-2 

This Section and Figure describe and show the location 
for two new monitoring wells to serve to delineate the 
downgradient horizontal extent of plume migration.   
 
Based upon groundwater sampling results provided in 
previous reports, the Permittee is required to re-locate 
proposed monitoring well SS61-MW-14 to a location east 
of Building 1001, equidistant between Building 1001 and 
existing well SS61-MW-03.  Proposed well SS61-MW-13 
should then be moved to a point equidistant between 
existing wells MW29-03 and SS61-MW-07.  The 
Permittee is required to revise this Section and Figure 3-2 
accordingly. 

Concur.  The two new monitoring wells have been relocated as per 
NMED’s request.  Additionally, the text in Section 3.2.4.1 has been 
revised to read; “The locations of the two new monitoring wells (SS61-
MW-13 and SS61-MW-14) will be approximately 200 and 600 feet 
downgradient of existing monitoring well SS61-MW-03 as shown on 
Figure 3-2.  Specifically, proposed monitoring well SS61-MW-14 will 
be located east of Building 1001, equidistant between Building 1001 
and existing well SS61-MW-03 and proposed well SS61-MW-13 will 
be located at a point equidistant between existing wells MW-29-03 and 
SS61-MW-07.  Based on the most recent potentiometric surface maps, 
the groundwater flow direction is to the west-northwest at the site (see 
Figure 5 in Appendix A-4).  Therefore, the two new monitoring wells 
will serve as downgradient wells to monitor the horizontal extent of 
plume migration.” 

   End of Comments  
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Photograph No. 1:  Pipeline Valve Box Cover (looking Northwest with B1071 and 
B1079 in the background).   



 
Photograph No. 2:  Pipeline Valve Box Interior (Note: The pipeline is oriented 
north-south).  The dimensions of the valve box are as follows; length = 6 ft, width 
= 3.5 ft, depth = 6 ft. 
 



Photograph No. 3:  Concrete Sump (looking south with B1079 in the 
background).   
 



Photograph No. 4:  Concrete Sump Interior (Note:  The dimensions of the 
concrete sump are as follows; length = 4 ft, width = 2.5 ft, depth = 5 ft. 
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Table 3-1
 DPT Soil Sampling and Analysis

SS-61 Soil Remediation
Voluntary Corrective Measures Work Plan

Holloman AFB, New Mexico
Bhate Project No. 9050361.01.02

Analysis Method Primary Duplicates MS/MSD Trip blanks * Total
VOC EPA 8260B 30 3 2 4 39

SVOC EPA 8270C 30 3 2 0 35
RCRA 8 Metals EPA 6010B/7471A 30 3 2 0 35

DRO EPA 8015M 30 3 2 0 35
GRO EPA 8015M 30 3 2 0 35
ORO EPA 8015M 30 3 2 0 35

Moisture Content EPA 160.3M 6 0 0 0 6
Dry Bulk Density ASTM D2937 6 0 0 0 6
Specific Gravity ASTM D1429 6 0 0 0 6

Fractional Organic Carbon Content ASTM D2974 6 0 0 0 6

Notes:
ASTM = American Society for Testing and Materials
EPA =  Environmental Protection Agency
MS/MSD = Matrix Spike/Matrix Spike Duplicate
VOC = Volatile Organic Compounds
SVOC = Semi-volatile Organic Compounds
RCRA = Resource Conservation and Recovery Act
DRO = Diesel Range Orangics
GRO = Gasoline Range Organics
ORO = Oil Range Organics
* Estimated, one trip blank will accompany every shipment of VOC samples



Table 3-2
 DPT Groundwater Sampling and Analysis

SS-61 Soil Remediation
Voluntary Corrective Measures Work Plan

Holloman AFB, New Mexico
Bhate Project No. 9050361.01.02 

Analysis EPA Method Primary Duplicates MS/MSD Trip blanks * Total
VOC 8260B 15 2 1 2 20

SVOC 8270C 15 2 1 0 18
RCRA 8 Metals 6010B/7470A 15 2 1 0 18

DRO 8015M 15 2 1 0 18
GRO 8015M 15 2 1 0 18
ORO 8015M 15 2 1 0 18

Notes:
EPA =  Environmental Protection Agency
MS/MSD = Matrix Spike/Matrix Spike Duplicate
VOC = Volatile Organic Compounds
SVOC = Semi-volatile Organic Compounds
RCRA = Resource Conservation and Recovery Act
DRO = Diesel Range Orangics
GRO = Gasoline Range Organics
ORO = Oil Range Organics
* Estimated, one trip blank will accompany every shipment of VOC samples



Table 3-3
 Monitoring Well Groundwater Sampling and Analysis

SS-61 Soil Remediation
Voluntary Corrective Measures Work Plan

Holloman AFB, New Mexico
Bhate Project No. 9050361.01.02

Analysis EPA Method Primary Duplicates MS/MSD Trip blanks * Total
VOC 8260B 16 2 1 2 21

SVOC 8270C 16 2 1 0 19
RCRA 8 Metals 6010B/7470A 16 2 1 0 19

DRO 8015M 16 2 1 0 19
GRO 8015M 16 2 1 0 19
ORO 8015M 16 2 1 0 19
TDS 160.1 16 2 1 0 19

Notes:
EPA =  Environmental Protection Agency
MS/MSD = Matrix Spike/Matrix Spike Duplicate
VOC = Volatile Organic Compounds
SVOC = Semi-volatile Organic Compounds
RCRA = Resource Conservation and Recovery Act
DRO = Diesel Range Orangics
GRO = Gasoline Range Organics
ORO = Oil Range Organics
TDS = Total Dissolved Solids
* Estimated, one trip blank will accompany every shipment of VOC samples



Table 3-4  
Sample Containers by Sample Media 

SS-61 Soil Remediation 
Voluntary Corrective Measures Work Plan 

Holloman AFB, New Mexico 
Bhate Project No. 9050361.01.02 

 

ANALYTE GROUP 
(Method) 

MEDIA TPH 
DRO/GRO/ORO 

(8015M) 
VOCs 

(8260B) 
SVOCs 
(8270C) 

RCRA 8 
Metals 

(6010B/7471A 
and 7470A) 

Total Dissolved 
Solids 

8 oz glass jar Encore 4 oz glass 
jar 8 oz glass jar NA 

Soil 

1 3 1 1 NA 

40-mL vials 
(pre-tared) 

40-mL 
vials 1-L amber 1-L amber 1-L amber 

Groundwater 

1 3 1 1 1 

Notes: 

TPH = Total Petroleum Hydrocarbons 

DRO = Diesel Range Organics 

GRO = Gasoline Range Organics 

ORO = Oil Range Organics 

NA = Not Applicable 

mL = Milliliter 

L = Liter 

 



Table 4-1 
Excavation Sampling Quantities and Analysis 

SS-61 Soil Remediation 
Voluntary Corrective Measures Work Plan 

Holloman AFB, New Mexico 
Bhate Project No. 9050361.01.02 

 

Sample 
Type 

Contamination 
Profile Purpose Frequency Estimated 

Quantity 
Method/ 
Analyses 

Requested
Analyses 

Time 
Initial Field 
Screening 

Every 25 
cu yds 20 OVA / 

VOCs Overburden 
Un-impacted 

Soils Field 
Confirmatory 

Every 50 
cu yds 10 UVF / TPH 

Real Time 

Stock Pile 
(Overburden) 

Un-impacted 
Soils 

Backfill 
Characterization 
(Lab validation) 

Every 200 
cu yds 3 

Laboratory/
TPH, 

VOCs, and 
SVOCs  

24 hours 

Excavation 
Confirmation 

Clean wall 
denoting extent 
of excavation  

Closure 

2 every 18 ln 
ft, at mid-

depth within 
contamination 

zone, 
minimum of 1 
per side wall if 

< 18 ln ft 

44 

Laboratory/
TPH, 

VOCs, and 
SVOCs  

7 days 

Notes:  
cu yds = Cubic yards 
ln ft = Linear feet 
TPH = Total Petroleum Hydrocarbons 
VOCs = Volatile organic compounds 
SVOCs = Semi-volatile organic compounds 
UVF = Ultraviolet fluorometer 
OVA = Organic Vapor Analyzer 

 
 



Table 5-1 
Excavation Sample Collection Information 

SS-61 Soil Remediation 
Voluntary Corrective Measures Work Plan 

Holloman AFB, New Mexico 
Bhate Project No. 9050361.01.02 

 

ANALYTE METHOD Soil 
Collection 

Information VOC 
(8260B) 

SVOC 
(8270C) 

TPH 
(8015M) 

Soil 
Moisture 

TCLP VOC 
(1311/8260B)

TCLP SVOC 
(1311/8270C) 

TCLP Metals 
(1311/6010/7000)

Container Encore 4 oz 
glass jar 

Non-preserved 
40-mL vial 

(Terra-core) 

8 oz 
glass jar 8 oz glass jar 8 oz glass jar 8 oz glass jar 

Container 
Quantity 3 1 1 1 1 1 1 

Holding Time 48 hours 7 days 7 days 14 days 14 days 14 days 180 days 

 
 
Notes: 
oz = Ounce 
mL = Milliliter 
TPH = Total Petroleum Hydrocarbons 
VOCs = Volatile Organic Compounds 
SVOCs = Semi-Volatile Organic Compounds 
TCLP = Toxicity Characteristic Leaching Procedure 



Table 5-2 
Excavation Sample Analysis and Methodologies  

SS-61 Soil Remediation 
Voluntary Corrective Measures Work Plan 

Holloman AFB, New Mexico 
Bhate Project No. 9050361.01.02 

 

Analysis Soil and Groundwater  

BTEX (VOCs) EPA Method 8260B 

PAH (SVOCs) EPA Method 8270C 

TPH (GRO/DRO/ORO) EPA Method 8015M 

TCLP VOCs EPA Method 1311/8260B 

TCLP SVOCs EPA Method 1311/8270C 

TCLP Metals EPA Method 1311/6010/7000 
Notes:  
BTEX = Benzene, toluene, ethylbenzene, and xylenes 
TPH = Total Petroleum Hydrocarbons 
VOCs = Volatile Organic Compounds 
SVOCs = Semi-Volatile Organic Compounds 
GRO = Gasoline Range Organics 
DRO = Diesel Range Organics 
ORO = Oil Range Organics 
TCLP = Toxicity Characteristic Leaching Procedure 
PAH = Polynuclear Aromatic Hydrocarbons 
EPA = Environmental Protection Agency 



Table 7-1 
Proposed Waste Streams 

SS-61 Soil Remediation 
Voluntary Corrective Measures Work Plan 

Holloman AFB, New Mexico 
Bhate Project No. 9050361.01.02 

 

Waste Stream 
Activity 

PPE Soil Water Debris 

Equipment 
Decontamination    

 

Excavation    
 

Note: 

PPE = Personal protective equipment 

 



Table 10-1 
Key Personnel and Responsibilities 

SS-61 Soil Remediation 
Voluntary Corrective Measures Work Plan 

Holloman AFB, New Mexico 
Bhate Project No. 9050361.01.02 

 

Name Project Title/Assigned Role Phone Numbers 

Mr. John Hymer Site Manager/SSHO  Work: (505) 491-9171  

Mr. Jim Moore, P.G. Field Team Leader/Senior Geologist 
(Additional Investigation) Work: (303) 929-4840 

Mr. Frank Gardner, P.G. Bhate Program Manager Work: (303) 386-6454   

Mr. Jim Moore, P.G. Project Manager Work: (303) 929-4840 

Mr. Brian Muller, CIH, CHMM Health and Safety Specialist Work: (205) 918-4000 
Notes: 
P.G. = Professional Geologist 
SSHO = Site Safety and Health Officer 
CIH = Certified Industrial Hygienist 
CHMM = Certified Hazardous Materials Manager 
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APPENDIX A 

HISTORICAL DATA FROM PREVIOUS 
INVESTIGATIONS 
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Appendix A-1 

Draft Final Phase I and Phase II RCRA Facility Investigation Report 
Site AOC-1001, Holloman Air Force Base, New Mexico, Foster 

Wheeler Environmental Corporation and Groundwater 
Technology Government Services, Inc., December 1997.
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Appendix A-2 

Final Remedial Investigation Report for Spill Site 61, Foster Wheeler 
Environmental Corporation, August 1999. 
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Appendix A-3 

Final Phase II Remedial Investigation Report for SS-61 - Spill Site 61, 
Holloman Air Force Base, New Mexico, Foster Wheeler 

Environmental Corporation, December 2000. 
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Appendix A-4 

Monitored Natural Attenuation Report for SS-61 (AOC-1001), Holloman 
Air Force Base, New Mexico, Bhate Environmental Associates, 

Inc., June 2005. 
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Table 2
Groundwater Elevations

Monitored Natural Attenuation Report for SS-61
Holloman AFB, New Mexico

April 1999 May 2000 April 2004 June 2004 September 2004 January 2005

SS61-MW01 4,110.06       30.52 30.98 31.42 31.40 31.48 31.10
SS61-MW03 4,098.41       19.12 19.11 19.98 20.00 19.82 18.76
SS61-MW04 4,095.41       19.10 15.39 15.92 16.18 15.80 14.23
SS61-MW06 4,096.32       16.10 15.81 17.12 17.25 16.70 15.57
SS61-MW08 4,093.94       -- 15.33 15.14 16.02 14.78 14.27

April 1999 May 2000 April 2004 June 2004 September 2004 January 2005

SS61-MW01 4,110.06       4079.54 4,079.08    4,078.64    4,078.66    4,078.58             4,078.96        
SS61-MW03 4,098.41       4079.29 4,079.30    4,078.43    4,078.41    4,078.59             4,079.65        
SS61-MW04 4,095.41       4076.31 4,080.02    4,079.49    4,079.23    4,079.61             4,081.18        
SS61-MW06 4,096.32       4080.22 4,080.51    4,079.20    4,079.07    4,079.62             4,080.75        
SS61-MW08 4,093.94       -- 4,078.61    4,078.80    4,077.92    4,079.16             4,079.67        

Notes:
amsl = Above mean sea level
ft = Feet
TOC = Top of casing
-- Not installed in 1999.

Monitoring Well

Top of 
Casing

Elevation
(ft amsl)

Groundwater Elevation 
(ft amsl)

Monitoring Well

Top of 
Casing

Elevation
(ft amsl)

Depth to Water from TOC
(ft)

Table 2
Page 1 of 1



Table 3
Analytical Summary of Volatile Organic Compounds

 Monitored Natural Attenuation Report for SS-61 (AOC-1001)
Holloman AFB, New Mexico

Bhate Proj. No.:  9030024

Well ID SS61-MW01

Sample Date  June 1996 May 2000 December 2004 June 1996 April 1999 April 2004
VOCs (8260B)
1,2-Dibromomethane (EDB)  µg/L  0.1 NS ND ND ND ND ND ND ND NS ND 18 J ND
1,2-Dichlorobenzene µg/L  NE ND ND ND ND ND ND ND ND ND ND 160 J ND
1,2-Dichloroethane µg/L  10 ND ND ND ND ND ND ND ND 940 ND ND ND
1,2-Dichloropropane µg/L  NE ND NS NS ND ND ND ND ND 1.6 NS NS ND
1,2,4-Trimethylbenzene µg/L  NE NS ND NS ND ND ND ND ND NS ND NS ND
1,3,5-Trimethylbenzene µg/L  NE NS ND NS ND ND ND ND ND NS ND NS ND
2-Hexanone µg/L  NE NS NS ND ND ND ND ND ND NS NS ND ND
Benzene µg/L  10 ND ND ND ND ND ND ND ND 11,000 8,200 7,300 J 7,180
Bromoform µg/L  NE ND NS NS ND ND ND ND ND 1.6 NS NS ND
Chloroethane µg/L  NE ND NS NS ND ND ND ND ND 5.4 NS NS ND
Chloroform µg/L  100 ND ND ND ND ND ND ND ND 3.6 ND ND ND
Dibromomethane µg/L  NE ND NS NS ND ND ND ND ND 6.8 NS NS ND
Ethylbenzene µg/L  750 ND ND ND ND ND ND ND ND 65 ND 22 J ND
Isopropylbenzene (Cumene) µg/L  NE NS ND NS ND ND ND ND ND NS ND NS 194 J
n-Propylbenzene µg/L  NE NS ND NS ND ND ND ND ND NS ND NS ND
sec-Butyl benzene µg/L  NE NS ND ND ND ND ND ND ND NS ND ND ND
tert-Butyl benzene µg/L  NE NS ND ND ND ND ND ND ND NS ND ND ND
Toluene µg/L  750 ND ND NS ND ND ND ND ND NS 900 NS 734
o-Xylene µg/L  NE NS ND NS ND NR ND NR ND NS 770 NS NR
m,p-Xylene µg/L  NE NS ND NS ND NR ND NR ND NS 1,200 NS NR
Total xylenes µg/L  620 ND NS NS ND ND ND ND ND NS NS NS 1,870
TPH (JP-4) µg/L  NE ND NS ND ND ND ND ND ND NS NS 1,400 J ND

Notes:
NMWQCC - New Mexico Water Quality Control Commission    TDS concentration not known
µg/L - Microgram per liter
VOCs - Volatile Organic compounds
EDB - Ethylene dibromide NE - No established standard
mg/L - Milligrams per liter NR - Not reported
NS - Not Sampled
ND - Not Detected
TPH - Total petroleum hydrocarbons
J - Analyte detected, but concentration is estimated
TDS - Total dissolved solids

June 2004 September 2004

Groundwater quality standards are for waters with a TDS concentration less than 10,000 mg/L.  Bold represents exceedances of NMWQCC standards in samples from wells with less than 10,000 mg/L TDS.

TDS concentration >10,000 mg/L TDS concentration <10,000 mg/L

SS61-MW03
Units NMWQCC

≤ 10,000 mg/L TDS May 2000April 2004

SS61-MW01-a

April 1999 April 2004

Table 3
Page 1 of 3



Table 3
Analytical Summary of Volatile Organic Compounds

 Monitored Natural Attenuation Report for SS-61 (AOC-1001)
Holloman AFB, New Mexico

Bhate Proj. No.:  9030024

Well ID

Sample Date
VOCs (8260B)
1,2-Dibromomethane (EDB)  µg/L  0.1
1,2-Dichlorobenzene µg/L  NE
1,2-Dichloroethane µg/L  10
1,2-Dichloropropane µg/L  NE
1,2,4-Trimethylbenzene µg/L  NE
1,3,5-Trimethylbenzene µg/L  NE
2-Hexanone µg/L  NE
Benzene µg/L  10
Bromoform µg/L  NE
Chloroethane µg/L  NE
Chloroform µg/L  100
Dibromomethane µg/L  NE
Ethylbenzene µg/L  750
Isopropylbenzene (Cumene) µg/L  NE
n-Propylbenzene µg/L  NE
sec-Butyl benzene µg/L  NE
tert-Butyl benzene µg/L  NE
Toluene µg/L  750
o-Xylene µg/L  NE
m,p-Xylene µg/L  NE
Total xylenes µg/L  620
TPH (JP-4) µg/L  NE

Notes:
NMWQCC - New Mexico Water Quality Control Commission
µg/L - Microgram per liter
VOCs - Volatile Organic compounds
EDB - Ethylene dibromide
mg/L - Milligrams per liter
NS - Not Sampled
ND - Not Detected
TPH - Total petroleum hydrocarbons
J - Analyte detected, but concentration is estimated
TDS - Total dissolved solids

Units NMWQCC
≤ 10,000 mg/L TDS

SS61-MW04 SS61-MW04-a

June 2004 September 2004 June 1996 April 1999 January 2005 June 1996

ND ND ND NS ND ND ND ND ND ND NS ND
ND ND ND ND ND 49 J ND ND ND ND ND ND

395 J 477 602 3.8 ND ND 1.1 J 1.4 J 1.1 J ND 3.4 1.2 J
ND ND ND NS NS NS ND ND ND ND NS ND

212 J 267 274 J NS 24 NS ND ND ND ND NS ND
101 J 150 J 152 J NS 12 NS ND ND ND ND NS ND
ND ND ND NS NS 16 J ND ND ND ND NS ND

10,600 12,600 16,900 2.9 ND 1,100 J ND ND 1.5 ND 2.2 ND
ND ND ND ND NS NS ND ND ND ND ND ND
ND ND ND ND NS NS ND ND ND ND ND ND
ND ND ND 0.52 ND ND ND ND ND ND 0.29 ND
ND ND ND ND NS NS ND ND ND ND ND ND

231 J 295 309 J 0.53 ND 5.5 J ND ND ND ND ND ND
354 J 393 426 J NS 94 ND ND 1 J ND ND NS 1 J
ND ND ND NS ND ND ND ND ND ND NS ND
ND ND ND NS ND 10 J ND ND ND ND NS ND
ND ND ND NS ND 5.7 J ND ND ND ND NS ND

1,950 3,460 4,060 NS ND NS ND ND ND ND NS ND
NR NR NR NS 5 NS ND ND ND NR NS ND
NR NR NR NS 13 NS ND ND ND NR NS ND

3,050 4,150 4,370 NS NS NS ND ND ND ND NS ND
ND NA NA NS NS 650 ND ND ND ND NS ND

   TDS concentration not known

NE - No established standard
NR - Not reported

TDS concentration >10,000 mg/L 

Groundwater quality standards are for waters with a TDS concentration less than 10,000 mg/L.  Bold represents exceedances of NMWQCC standards in samples from wells with less than 10,000 mg/L 
TDS.

TDS concentration <10,000 mg/L

May 2000January 2005 April 2004 June 2004 September 2004 June 2004

May-00
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Table 3
Analytical Summary of Volatile Organic Compounds

 Monitored Natural Attenuation Report for SS-61 (AOC-1001)
Holloman AFB, New Mexico

Bhate Proj. No.:  9030024

Well ID

Sample Date
VOCs (8260B)
1,2-Dibromomethane (EDB)  µg/L  0.1
1,2-Dichlorobenzene µg/L  NE
1,2-Dichloroethane µg/L  10
1,2-Dichloropropane µg/L  NE
1,2,4-Trimethylbenzene µg/L  NE
1,3,5-Trimethylbenzene µg/L  NE
2-Hexanone µg/L  NE
Benzene µg/L  10
Bromoform µg/L  NE
Chloroethane µg/L  NE
Chloroform µg/L  100
Dibromomethane µg/L  NE
Ethylbenzene µg/L  750
Isopropylbenzene (Cumene) µg/L  NE
n-Propylbenzene µg/L  NE
sec-Butyl benzene µg/L  NE
tert-Butyl benzene µg/L  NE
Toluene µg/L  750
o-Xylene µg/L  NE
m,p-Xylene µg/L  NE
Total xylenes µg/L  620
TPH (JP-4) µg/L  NE

Notes:
NMWQCC - New Mexico Water Quality Control Commission
µg/L - Microgram per liter
VOCs - Volatile Organic compounds
EDB - Ethylene dibromide
mg/L - Milligrams per liter
NS - Not Sampled
ND - Not Detected
TPH - Total petroleum hydrocarbons
J - Analyte detected, but concentration is estimated
TDS - Total dissolved solids

Units NMWQCC
≤ 10,000 mg/L TDS

SS61-MW06 SS61-MW08-a

April 1999 September 2004 May 2000 April 2004 June 2004 September 2004 January 2005 September 2004

ND ND ND ND ND ND ND ND ND ND ND ND
ND NS ND ND ND ND NS ND ND ND ND ND
ND ND ND 61 ND 8.5 ND ND ND ND ND ND
NS NS ND ND ND ND NS ND ND ND ND ND

1,400 NS ND 76 ND 5.4 NS ND ND ND ND ND
NS NS ND ND ND ND NS ND ND ND ND ND
NS ND ND ND ND ND ND ND ND ND ND ND

14,000 13,000 J 5,980 4,640 11,200 802 3.3 ND 282 100 ND 105
NS NS ND ND ND ND NS ND ND ND ND ND
NS NS ND ND ND ND NS ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND ND
NS NS ND ND ND ND NS ND ND ND ND ND

1,300 720 J 347 210 464 4.9 J ND ND ND ND ND ND
2,600 ND 1,260 1,330 1,670 352 ND ND 15 J 5.2 ND 5.9
ND ND ND 11 J ND 1.3 J ND ND ND ND ND ND
ND 14 J ND ND ND 4.7 J ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND ND

6,800 NS ND 22 J ND 9.8 NS ND ND ND ND ND
3,300 NS NR NR NR NR NS ND NR NR NR ND
7,800 NS NR NR NR NR NS ND NR NR NR ND
NS NS 28 J 188 180 J 16 NS ND ND ND ND ND
NS 2,500 J ND ND NS NS ND ND ND ND ND ND

   TDS concentration not known

NE - No established standard
NR - Not reported

TDS concentration >10,000 mg/L 

Groundwater quality standards are for waters with a TDS concentration less than 10,000 mg/L.  Bold represents exceedances of NMWQCC standards in samples from wells with less than 10,000 mg/L TDS.

TDS concentration <10,000 mg/L

SS61-MW08

January 2005June 2004April 2004May 2000
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Table 4
Natural Attenuation and Field Parameters

Monitored Natural Attemuation Report for SS-61 (AOC 1001)
Holloman AFB, New Mexico

Well ID
Date Sampled 4/13/2004 4/13/2004 D 6/8/2004 9/2/2004 12/28/2004 4/14/2004 6/9/2004 9/1/2004 1/10/2005 4/12/2004 6/11/2004 6/11/2004 D
Relative Location
Natural Attenuation Parameters
Chloride (300.0) mg/L 250 7,630                7,580                7,770              7,520              7,890              7,610                 9,280                 9,510                 8,920              1,460                   1,640                 1,680                 
Nitrate/Nitrite -N (300.0) mg/L 10 NR NR NR 16.3                17.2                NR ND ND ND NR NR NR
Nitrate (300.0) mg/L 10 79.5                  76.0                  80.8                NR NR ND NR NR NR 137                      103                    106                    
Nitrite (300.0) mg/L NE ND ND ND NR NR ND NR NR NR ND ND ND
Sulfate (300.0) mg/L 600 2,650                2,610                2,640              2,470              2,620              5,550                 5,280                 6,060                 5,700              4,430                   4,850                 4,930                 
Alkalinity (310.1)
   as Calcium Carbonate mg/L NE 100                   100                   103                 105                 103                 888                    750                    777                    910                 160                      173                    180                    
   as Bicarbonate mg/L NE 122                   122                   125                 128                 125                 1,080                 915                    949                    1,110              195                      210                    220                    
   as Carbonate mg/L NE ND ND ND ND ND ND ND ND ND ND ND ND
   as Hydroxide mg/L NE ND ND ND ND ND ND ND ND ND ND ND ND
TOC (415.1) mg/L NE 1.2                    1.3                    1.1                  1.0                  0.8                  27                      27                      23                      28                   4.3                       4.0                     4.2                     
TDS (160.1) mg/L 1,000 16,000              17,100              17,500            17,300            18,400            22,800               25,100               28,100               25,600            9,670                   9,740                 10,900               
Ethane (RSK-175) mg/L NE ND ND ND ND ND 0.013                 ND 0.014                 0.026              ND ND ND
Ethene (RSK-175) mg/L NE ND ND ND ND ND 0.005                 ND 0.006                 0.011              ND ND ND
Methane (RSK-175) mg/L NE ND ND ND ND ND ND ND ND ND ND ND ND
Field Parameters
Temperature °C NE 20.66 19.36 18.87 21.21 21.52 21.29 20.83 19.68
pH SU 6-9 13.39 6.82 6.49 6.31 6.38 6.19 5.64 7.11
DO mg/L NE 5.53 5.43 5.33 5.51 0.15 5.28 1.50 5.57
ORP mV NE 155 NM 110 -5.2 -34 NM 59 133.9
Turbidity NTU NE NM NM NM NM NM NM NM NM
Conductivity mS/cm NE 21.99 22.77 20.61 26.51 27.979 28.61 26.71 9.905
Ferrous iron mg/L 1.0 0.5 0.01 ND NM 0.62 0.18 0.5 NM
Notes:

DO - dissolved oxygen °C - degrees Celsius
ORP - oxidation reduction potential SU - standard units
TDS - total dissolved solids mV - millivolts
mg/L - milligrams per liter mS/cm - millisiemens per centimeter
NM - not measured NR - not reported
NE - Not established NTU - nephelometric turbidity unit
D - Duplicate ND - Not Detected
NA - Not analyzed   DO value in mg/L calculated from percent DO

7.17

SS61-MW03

Plume
Units

NMWQCC
(≤ 10,000 mg/L 

TDS)

18.25
6.61

SS61-MW01

Upgradient

SS61-MW04

Plume

7.41
3.04
49

Bold are exceedances when TDS less than 10,000 mg/L.
NMWQCC apply if TDS less than 10,000 mg/L.  

20.79

NM
10.301

0.02

219.3
NM

10.39
NM
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Table 4
Natural Attenuation and Field Parameters

Monitored Natural Attemuation Report for SS-61 (AOC 1001)
Holloman AFB, New Mexico

Well ID
Date Sampled
Relative Location
Natural Attenuation Parameters
Chloride (300.0) mg/L 250
Nitrate/Nitrite -N (300.0) mg/L 10
Nitrate (300.0) mg/L 10
Nitrite (300.0) mg/L NE
Sulfate (300.0) mg/L 600
Alkalinity (310.1)
   as Calcium Carbonate mg/L NE
   as Bicarbonate mg/L NE
   as Carbonate mg/L NE
   as Hydroxide mg/L NE
TOC (415.1) mg/L NE
TDS (160.1) mg/L 1,000
Ethane (RSK-175) mg/L NE
Ethene (RSK-175) mg/L NE
Methane (RSK-175) mg/L NE
Field Parameters
Temperature °C NE
pH SU 6-9
DO mg/L NE
ORP mV NE
Turbidity NTU NE
Conductivity mS/cm NE
Ferrous iron mg/L 1.0
Notes:

DO - dissolved oxygen
ORP - oxidation reduction potential
TDS - total dissolved solids
mg/L - milligrams per liter
NM - not measured
NE - Not established
D - Duplicate
NA - Not analyzed

Units
NMWQCC
(≤ 10,000 mg/L 

TDS)

Bold are exceedances when TDS less than 10,000 mg/L.
NMWQCC apply if TDS less than 10,000 mg/L.  

9/2/2004 1/20/2005 4/6/2004 6/11/2004 9/3/2004 1/11/2005 4/12/2004 6/9/2004 9/3/2004 9/3/2004 D 1/21/2005

1,280                 633                 4,320              4,370              4,470              4,400              70.5                447                 304.0              287.0              85                   
20.2                   10.6                ND NR ND 20.7                NR 1.0                  2.6                  2.4                  3.6                  
NR NR NR 16                   NR NR 14.6 NR NR NR NR
NR NR NR ND NR NR ND NR NR NR NR

4,380                 3,930              6,270              6,490              6,300              5,890              1,720              2,820              2,400              2,390              1,770              

167                    143                 1,140              883                 1,300              450                 98                   437                 303                 285                 133                 
204                    174                 1,390              1,080              1,590              549                 119                 534                 369                 348                 162                 
ND ND ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND
3.4                     2.9                  16                   16                   19                   8.8                  1.6                  3.7                  2.7                  2.7                  1.5                  

9,520                 7,050              17,200            16,700            18,100            18,700            3,090              4,830              4,400              4,390              3,020              
ND ND 0.022              0.041              0.030              0.012              ND 0.052              0.006              ND ND
ND ND ND ND ND ND ND ND 0.008              ND ND
ND ND 0.042              0.023              0.062              0.037              ND ND 0.020              0.016              ND

21.47 18.17 22.17 20.79 22.45 19.43 19.75 21.77 18.23
7.03 6.83 6.33 6.62 6.27 6.22 7.01 6.64 6.62
4.63 2.24 2.67 0.2 8.17 0.9 6.21 2.18 4.00
NM 117 -207.2 -220.0 NM 29.0 175.3 -188 46
NM NM NM NM NM NM NM NM NM

10.32 6.987 9.882 19.379 11.55 18.010 2.625 5.366 2.591
0.25 ND NM 0.45 1.19 0.19 NM 0.29 0.97

°C - degrees Celsius
SU - standard units
mV - millivolts
mS/cm - millisiemens per centimeter
NR - not reported
NTU - nephelometric turbidity unit
ND - Not Detected

  DO value in mg/L calculated from percent DO

SS61-MW06

Plume

SS61-MW04

4.67
NM

DowngradientPlume

1.19

SS61-MW08

NM
3.137

21.85
6.67
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1 PROJECT SAFETY COORDINATION 
The Bhate personnel who are responsible for safety and health issues at the Spill Site 61 (SS-61) 
project site are identified in Table 1-1.  The respective personnel shall have reviewed and 
approved this Site-Specific Addendum to the Basewide Health and Safety Plan (HASP) 
submitted by Bhate Environmental Associates, Inc., (Bhate) for implementation on this scope of 
work prior to the start of field operations.  The requirements of this site-specific addendum are 
applicable to Bhate employees, their subcontractors, and site visitors. 

Table 1-1.  Project Team Members with Project Health and Safety Responsibilities 

Title Name Telephone 

Site Manager Mr. John Hymer 505-491-9171 

Program Manager Mr. Frank Gardner, P.G. 303-386-6454 

Project Manager Mr. Jim Moore, P.G. 303-929-4840 

Health and Safety Manager Mr. Brian Muller, CIH, 
CHMM 205-918-4000 

Site Safety and Health Officer Mr. Dave Rizzuto 505-430-3965 

P.G. = Professional Geologist 
CIH = Certified Industrial Hygienist 
CHMM = Certified Hazardous Materials Manager 
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2 PROJECT BACKGROUND AND SCOPE 
Since 1996, Spill Site 61 has been the subject of a series of environmental investigations related 
to evaluating the soil and groundwater conditions to determine the source of volatile organic 
compounds (VOCs) contamination detected in groundwater monitoring well MW-29-05.  
Contamination was initially detected in the vicinity of SS-61 (AOC-1001) during the Phase II 
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Table 1 
Investigation that was conducted at nearby Solid Waste Management Unit (SWMU) 104, the 
Former Army Landfill (LF-29) conducted by Radian in 1995.  The subsequent Remedial 
Investigation by Foster Wheeler in 1999 did not adequately define the source of contamination 
found downgradient in MW-29-05. 

The objective of the additional characterization at SS-61 is to fill in the data gaps to completely 
identify and define the petroleum contaminated soil (PCS) source area.  Once the source area has 
been delineated, the primary objective of this Voluntary Corrective Measure (VCM) is to 
remove, through excavation, and properly dispose the PCS associated with the east-west trending 
pipeline that runs through the site to the former aboveground storage tank (AST) system.  
Groundwater conditions surrounding the SS-61 PCS source area will also be evaluated during 
implementation of the VCM Work Plan.   

The objectives of the SS-61 source area investigation will be accomplished by collecting 
subsurface soil and groundwater samples from 17 direct push technology (DPT) soil borings.  In 
addition two new monitoring wells will be installed and sampled along with the existing 
groundwater monitoring well network.  This additional investigation is a necessary objective to 
collect sufficient data to support the completion of a risk assessment after the PCS source area 
has been excavated. 

A detailed summary of the site history is included in the VCM Work Plan.  The anticipated 
activities for this project include: 

• Mobilization and demobilization of equipment; 
• DPT Soil boring, subsurface soil sampling, monitoring well installation, and groundwater 

sampling; 
• Soil excavation and loading; 
• Confirmation soil sampling and screening; 

• Excavated soils placement and land-farm maintenance, as applicable; and, 
• Backfill excavation with clean soil. 
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3 HAZARD ASSESSMENT AND CONTROLS 

3.1 Task Hazard(s) Summary 
The potential health and safety hazards of this task are summarized below in Table 3-1.  The 
potential for encountering these hazards is ranked (high, moderate, or low) based on the work to 
be performed and the hazard control measures to be used. 

Table 3-1.  Task Hazards Summary 

Summary 
Hazard potential 
[High, Moderate, 

or Low] 
Description of potential hazards 

  √   Safety 

(i.e. Walking and working 
surfaces, heavy equipment, 
traffic, falls, excavations, power 
and hand tools, materials 
handling, confined spaces, 
electrical safety, etc.) 

• Moderate 

All tasks and their 
control measures 
are addressed in 
Task Specific 
Activity Hazard 
Analyses (AHAs) 
in Attachment A 

• Walking and surfaces 
• Heavy equipment and vehicular traffic 
• Materials handling 
• Slips, trips, and falls 
• Excavation 

  √   Utilities • Low • Buried 
• Over head 
• Building 
Although these hazards should not be associated with this 
particular scope of work, it is necessary to verify that the 
hazards can be controlled. 

  √   Chemical • Moderate • Volatile Organic Compounds: Benzene, Toluene, 
Ethylbenzene and Xylenes (see Attachment B) 

• Sample preservatives (acids) 

  √   Physical • Moderate • Thermal stressors 
• Equipment noise 

  √   Biological 

(i.e. Plants, animals, insects, 
spiders, infectious waste) 

• Low • Insect stings and bites 
• Poisonous snakes/reptiles 
(Potential for contact should be minimal) 

3.2 Hazard Control Measures 
General safe work practices and control measures are identified and summarized in the Basewide 
HASP (Bhate, December 2003).  Additional task-specific hazards and control measures are 
identified for non-routine tasks as part of the Activity Hazard Analysis (AHA) process.  AHAs 
have been developed for each of the following activities and are included in Attachment A: 

• General site activities/mobilization and demobilization
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• Soil boring, subsurface soil sampling, monitoring well installation, groundwater 
sampling 

• Soil excavation and loading 

• Soils placement/land-farm maintenance and backfilling excavation with clean soil 

• Soil confirmation sampling and screening 

3.3 Written Safety Procedures and Programs 
Table 3-2 provides a summary of the existing safety procedures and programs that will be used 
for this task.  Copies of applicable procedures and programs are included in the Basewide HASP, 
as indicated. 

Table 3-2.  Written Safety Procedures and Programs 

Reference Procedure or Program Applicable Section(s) 

Bhate Hazard Communication Program All (Refer to Basewide HASP) 

Bhate Respiratory Protection Program All (Refer to Basewide HASP) 

Bhate Hearing Conservation Program All (Refer to Basewide HASP) 

3.4 Permits 
Before site activities can begin, there are several pre-construction documents and approval 
requirements to be met, including Air Force Form (AF Fm) 332 approval, Base dig permit with 
utility clearances, site security measures, and facility manager notification of the intended 
operations.  Bhate will coordinate project requests for Base installation support services through 
the 49th Civil Engineering Squadron/Combat Engineer Vehicle (CES/CEV).  Pertinent to the start 
of activities, a pre-construction meeting and site walk-through will be conducted with the U.S. 
Army Corps of Engineers (USACE) Resident Engineer, Holloman Air Force Base (HAFB) 
personnel, and Bhate Site Manager, to inspect site conditions for site/equipment access, 
equipment staging, and decontamination area(s), potential site hazards and emergency 
evacuation routes.  Also reviewed at this time will be project procedures in accordance with the 
schedule and planned activities. 
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4 PERSONAL PROTECTIVE EQUIPMENT 
The following personal protective equipment (PPE) as presented in Table 4-1 will be used for the 
identified activities based on the best available information about the work requirements and 
anticipated hazards. 

Table 4-1.  Personal Protective Equipment by Activity 

Activity Head/Face Foot Hands Respiratory Clothing 

Mobilization / 
Demobilization 

Hard Hat (for 
overhead hazards), 
Safety Glasses1 with 
rigid side shields 

Steel toed 
boots 

Leather 
gloves as 
needed 

None3, 4 Minimum of long 
pants and shirts 
with a minimum 
4-inch sleeve 

General Site 
Labor 

Hard Hat (for 
overhead hazards), 
Safety Glasses1 with 
rigid side shields 

Steel toed 
boots 

Leather 
gloves as 
needed 

None3, 4  Minimum of long 
pants and shirts 
with a minimum 
4-inch sleeve 

Equipment 
Operation 
(Drilling, 
Landfarm Soil 
Placement, and 
Excavation 
Equipment) 

Hard Hat2 (for 
overhead hazards), 
Safety Glasses1 with 
rigid side shields   

Steel toed 
boots 

Boot covers 
for entering 
and exiting 
equipment 

Leather 
gloves as 
needed 

None3, 4 

N95 Air Purifying 
Respirator with 
Organic vapor 
cartridges based 
on monitoring 

Minimum of long 
pants and shirts 
with a minimum 
4-inch sleeve 

Equipment 
Decontamination 

Hard Hat2 (for 
overhead hazards), 
Safety Glasses1 with 
rigid side shields   

Steel toed 
boots 

Boot covers 

Chemical 
resistant 
gloves 

None3, 4 

N95 Air Purifying 
Respirator with 
Organic vapor 
cartridges based 
on monitoring 

Minimum of long 
pants and shirts 
with a minimum 
4-inch sleeve 

Tyvek coveralls 
may be worn as 
recommended by 
the SSHO5 

Soil, 
Groundwater, 
and Confirmation 
Soil Sampling/ 
Soil Screening 

Hard Hat2 (for 
overhead hazards), 
Safety Glasses1 with 
rigid side shields   

Steel toed 
boots 

Chemical 
resistant 
gloves 

None3, 4 

N95 Air Purifying 
Respirator with 
Organic vapor 
cartridges based 
on monitoring 

Minimum of long 
pants and shirts 
with a minimum 
4-inch sleeve 

Tyvek coveralls 
may be worn as 
recommended by 
the SSHO 

Supervision of 
work 

Hard Hat (for 
overhead hazards), 
Safety Glasses1 with 
rigid side shields 

Steel toed 
boots 

Leather 
gloves as 
needed 

None3, 4 Minimum of long 
pants and shirts 
with a minimum 
4-inch sleeve 
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Notes: 
 1 Safety Glasses with rigid side shields approved by American National Standards Institute (ANSI) Z-87 

required at all times. 
 2 Hard hats are not required inside fully enclosed equipment cabs. 
 3 Voluntary use of respirators is authorized for comfort from nuisance dusts and odors, provided they are 

issued and used in accordance with established respiratory protection program procedures. 
 4 Cartridge change out will occur at the following conditions: 

• Damage to cartridge 
• Cartridge is wet, restriction in breathing, unusual odors 
• Cartridge is visibly clogged with dust, restriction in breathing 
• After 40 hours of use with no continuous exposures over the established Permissible Exposure 

Limits (PELs) 
• Changes that may be otherwise identified in 29 Code of Federal Regulations (CFR) §1910.120. 

 5 SSHO = Site Safety and Health Officer 

The following qualified person certifies that the selection of PPE is based on best available 
information about the work requirements and anticipated hazards. 

Printed name: 

Brian Muller, CIH, CHMM 
Bhate Health and Safety Manager 

Signature

 

Date:  

May 1, 2007 

 

 

 



SSIITTEE--SSPPEECCIIFFIICC  HHAASSPP  AADDDDEENNDDUUMM  
SSSS--6611  

HHOOLLLLOOMMAANN  AAIIRR  FFOORRCCEE  BBAASSEE,,  
NNEEWW  MMEEXXIICCOO  

 

Revision Date: May 2007 Revision No. 01 5-1

 

5 SITE MONITORING 
Site monitoring will be conducted using direct-reading instruments primarily in the workers' 
breathing zone.  To the extent feasible, site operations will be conducted and modified as needed 
to ensure that personnel are situated upwind of the well installation activities.  Initial upwind 
background and work-zone readings will be obtained before the initiation of activities.  Readings 
of breathing zones (unless location is otherwise specified) will be taken periodically during all 
activities.  The Site Safety and Health Officer (SSHO) has the authority to modify the level of 
protection required for work at this site as well as halt operations as deemed necessary to control 
personal exposures.  Monitoring results will be recorded on an Atmospheric Monitoring Log 
Field Health and Safety form maintained by the SSHO.  Monitoring, calibrating, and maintaining 
instruments are the responsibility of the SSHO.  Table 5-1 summarizes the site monitoring 
parameters and action levels applicable for direct reading exposure monitoring. 

Table 5-1.  Direct Reading Exposure Monitoring 

Activity(s) Compound / Instrument Action Level(s) and 
Frequency Actions 

0 - 5 parts per million 
(ppm) 

Every 15 minutes during 
intrusive activities 

Continue work in required 
PPE and continue 

monitoring. 

Soil boring and well 
installation 

Total VOCs / Photoionization 
Detector (PID) 

≥5 ppm 
(sustained for more than 

5 minutes) 

Cease work and ensure 
personnel are upwind, notify 

the Site Manager.  SSHO 
may upgrade PPE to Level 

C respiratory protection 
with organic vapor 

cartridge, as necessary. 

(Continued) 
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Table 5-1 (Continued).  Direct Reading Exposure Monitoring 

Activity(s) Compound / Instrument Action Level(s) and 
Frequency 

Actions 

0 - 5 ppm 

Every 15 minutes during 
intrusive activities 

Continue work in required 
PPE and continue 

monitoring. 

Total VOCs / PID 
≥5 ppm 

(sustained for more than 
5 minutes) 

Cease work and ensure 
personnel are upwind, notify 

the Site Manager.  SSHO 
may upgrade PPE to Level 

C respiratory protection 
with organic vapor 

cartridge, as necessary.  
Monitor for benzene: If 

benzene is detected follow 
response actions outlined 

for benzene. 

No detection up to 0.2 
ppm 

Continue work activities in 
required protective 

equipment. Benzene / By colorimetric 
tube or similar (where indicted 

by PID readings) 
> 0.2 ppm 

Cease work, exit the area to 
upwind location and notify 

the Site Manager. 

Excavation 

Soil Placement at and 
Maintenance of Land-
farm 

Confirmation Soil 
Sampling and 
Screening 

Particulates / Personal 
DataRam or similar particulate 

monitor 

≤1.5 milligrams per 
cubic meter of air 

(mg/m3) particulates 
(average) not to exceed 

5.0 mg/m3 
 

5 minute monitoring 
periods as necessary if 
visible dust is present 

Stop work and increase dust 
suppression. 
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6 SITE CONTROL 

6.1 Site Activities 
Site-specific site control measures will be used to control access to the work area.  Tables 6-1 
and 6-2 summarize the site control requirements applicable for both general work areas and work 
areas with potentially contaminated soils, respectively. 

Table 6-1.  Site Control for General Work Area(s) 

Location Site Control Procedure (discuss important elements such as signs, barricades, 
fencing, briefings, sign-in/out logs, etc.) 

General Work Area Due to the location of the project site, access will be coordinated with the Site 
Manager and HAFB Operations.  Access will be made via a specified route. 

 
Table 6-2.  Site Control for Potentially Contaminated Area(s) 

Location Site Control Procedure (discuss important elements such as signs, barricades, 
briefings, qualifications, required supplies and equipment, sign-in/out logs, etc.) 

Support Zone Located outside of contaminated areas, access will be from clean areas or from the 
Exclusion Zone through the Contamination Reduction Zone.   

Contamination Reduction 
Zone 

The Contamination Reduction Zone will be demarcated with caution tape or temporary 
construction fencing.  Decontamination stations will be located here. 

Exclusion Zone Exclusion Zone work areas will be clearly demarcated with caution tape or temporary 
construction fencing.  All access to this area will require the use of a sign-in/out log. 

6.2 Decontamination 
Required decontamination procedures are described below in Table 6-3. 

Table 6-3.  Decontamination Procedures by Location 

Type of decontamination Decontamination Methods 

Personnel 
decontamination 

Personnel will be required to thoroughly wash hands and face prior to eating, drinking, 
or smoking.  Disposable PPE will be collected for proper disposal.  Additional 
decontamination procedures will be developed by the SSHO as needed.   

Equipment 
decontamination 

Work efforts will be made to minimize equipment contact with contaminated 
materials.  Prior to leaving the work area and land-farm following placement of 
contaminated soils, equipment (tires, excavator/loader buckets, hand tools) will be dry 
decontaminated.  Soils from the dry decontamination process will be disposed with the 
excavated materials.  Decontamination tools may include brooms and shovels. 
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7 COMMUNICATIONS 
Cellular telephones will be available to summon emergency services as required.  Refer to 
Sections 10, 11, and 12 of this Site-Specific Addendum (SSA) to the HASP for site specific 
guidance on emergency situations and appropriate actions.  Site communication amongst 
workers shall be a combination of verbal and line of sight hand communications.  Cellular 
telephone use is not permitted while operating equipment. 
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8 MEDICAL SURVEILLANCE AND TRAINING 
The medical surveillance and training requirements for Bhate’s on-site personnel working on the 
soil boring, soil sampling, well installation, groundwater sampling, and soil excavation activities 
will follow the requirements outlined in the Basewide HASP Sections 7.4 and 5, respectively. 
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8 MEDICAL SURVEILLANCE AND TRAINING 
The medical surveillance and training requirements for Bhate’s on-site personnel working on the 
soil boring, soil sampling, well installation, groundwater sampling, and soil excavation activities 
will follow the requirements outlined in the Basewide HASP Sections 7.4 and 5, respectively. 
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9 HAZARDOUS CHEMICALS 
Hazardous chemicals (as defined in 29 CFR §1910.1200) to be brought or used on-site are 
identified below.  This chemical inventory and associated Material Safety Data Sheet (MSDSs) 
will be maintained by the SSHO. 

Table 9-1.  Hazardous Chemicals Brought On-Site 

Chemical Name Amount Location Purpose 

Assorted fuels, lubricants, 
coolants, etc. necessary for 

equipment operation 

No storage planned.  
Quantities limited to 

immediate use requirements of 
on-site equipment. 

No storage planned.  
Materials to be brought 

on-site by vendor’s 
maintenance vehicle. 

Equipment Servicing 
and Operation 

Sample Preservatives 
(HCL) 

Immediate use only for 
groundwater sampling.  

Limited quantities. 

No storage planned.  
Materials to be brought 

on-site by vendor’s 
maintenance vehicle. 

Groundwater sampling 
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10 EMERGENCY ACTION AND RESPONSE 
Personnel responsible for coordinating emergency response actions during the SS-61 soil boring, 
well installation, soil and groundwater sampling, and PCS source area excavation activities are 
identified below in Table 10-1.  A map showing directions to the authorized medical facility are 
included in Section 12. 

Table 10-1.  Emergency Coordinator and Alternate 

Responsibility Name Phone Number(s) 

Task Emergency Coordinator Mr. John Hymer 
Office (505) 679-2100 
Cell (505) 491-9171 

Alternate Emergency Coordinator Mr. Dave Rizzuto 
Office (505) 679-2100 
Cell (505) 430-3965 

 
If an emergency situation develops which requires evacuation of the work area, the evacuation 
procedures in Table 10-2 shall be followed. 

Table 10-2.  Evacuation Procedures 

Evacuation Step Methods and comments: 

Notify affected workers Use of site communication methods as applicable 

Evacuate to safe location  Assemble at the primary evacuation site (support area outside of the 
exclusion zone) 

Assemble and account for workers Emergency Coordinator shall account for personnel using site Sign in/Sign 
out sheet 

Notify Fire and Emergency Services Notification as needed 

Complete incident report Follow the Incident Reporting and Investigation Procedure 
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Table 10-3 summarizes potential emergency situations and response actions that are applicable 
for the SS-61 work site. 

Table 10-3.  Potential Emergency Situations 

In case of Response actions 

Injury or illness 

Treat injury with applicable First Aid.  All work related injuries beyond first 
aid will result in notification of Emergency Services and notification of the 
employee supervisor.  Any employee requiring advanced medical treatment 
will be accompanied by a knowledgeable company employee that can 
answer potential questions on job duties and hazards.  Make notifications in 
accordance with the Incident Reporting and Investigation Procedure (found 
in Section 10.2.2 of the Basewide Health and Safety Plan, Bhate, December, 
2003). 

Chemical exposure 
First Aid shall be provided such as but not limited to: move victim to fresh 
air, remove contaminated clothing, flush affected skin with water, and seek 
medical attention. 

Fire or explosion 

Notify emergency services immediately.  All personnel shall evacuate the 
immediate area of the fire and move to an upwind location.  Personnel shall 
not engage in fire fighting activities use of fire extinguisher) unless trained 
to do so and only in the incipient stages of fire. 

Adverse weather 

Tornados, lightning, or other threatening weather conditions will result in an 
immediate shut down of operations and evacuation of personnel.  Lightning 
proximity will be determined by measuring the time interval between the 
visually observed lightning flash and the subsequent sound of thunder.  An 
interval less than 30 seconds will prompt the shut down.  Operations will be 
shut down for the period of the storm passing plus an additional 20 minutes. 

Material spill or release 

Vehicles and equipment will be maintained and inspected so as to prevent 
fluid leaks.  Should any vehicle fluid leaks occur, the equipment will be 
taken out of service to make necessary repairs and any contaminated 
material will be cleaned-up and disposed of properly.  Spill kits will be 
available to facilitate prompt containment and clean-up of spills.  
Notification will be made in accordance with the Incident Reporting and 
Investigation Procedure.  Storage areas will be designed to have secondary 
containment as required, and work plans will be executed to accommodate 
stormwater runoff and minimize the potential for contamination spread. 
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11 EMERGENCY CONTACTS 
In the event of an emergency, the following contacts should be made, as appropriate: 

HAFB Emergency Number (using HAFB phone system)……………………………………9-911 
Operators will assist with Medical, Fire, and Police emergencies 

HAFB Security Force……………………………………………………………....(505) 572-5037 

HAFB Fire Protection………………………………………………………………(505) 572-1117 

HAFB Hospital – 49th Medical Group (Main switchboard)………………………..(505) 572-2778 

Civilian Hospital (Alamogordo) Gerald Champion Regional Medical Center…….(505) 439-6100 

After initial contacts have been made and the situation has stabilized, notify the Site Manager 
SSHO, Senior Project Manager, and/or Health and Safety Manager (HSM), as appropriate. 
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12 HOSPITAL DIRECTIONS 
In the event of a true medical emergency (“life or limb”), HAFB Emergency Services should be 
used.  Notification of any injury must be made to HAFB Emergency Services.  Bhate personnel 
and subcontractors should not transport injured personnel to the HAFB Hospital without prior 
authorization from HAFB Emergency Services. 

Other injuries should be treated as necessary at Gerald Champion Regional Medical Center at 
2669 Scenic Drive, Alamogordo, NM 88330.  From HAFB, exit the Main Gate and proceed east 
on US-70 onto US-54, continue north on US-54 to Indian Wells Road, turn right heading east to 
Scenic Drive, and turn left on Scenic proceed to the medical center.  A map to this hospital is 
presented as Figure 12-1. 



HHOOLLLLOOMMAANN  AAIIRR  FFOORRCCEE  BBAASSEE,,  
NNEEWW  MMEEXXIICCOO  

SSIITTEE--SSPPEECCIIFFIICC  HHAASSPP  AADDDDEENNDDUUMM  
SSSS--6611  

 

12-2 Revision No. 00 Revision Date: August 2006

 

Figure 12-1.  Hospital Route Map 

 
HOSPITAL ROUTE MAP 
Holloman Air Force Base to 

Gerald Champion Regional Hospital 
 

Source:  Microsoft Expedia Street Maps 

 

 Not to Scale Date 
August 2006 

 
Site SS-61 

Holloman Air Force 
Base 

SSA to the HASP 
 

Figure 12-1 
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ATTACHMENT A 

ACTIVITY HAZARD ANALYSES (AHAs)  
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Activity Hazard Analysis (AHA) – 01 
Task:  Voluntary Corrective Measures for SS-61 Bhate Project Number:  9050361.01.02 

Location: Holloman Air Force Base, New Mexico Minimum Personal Protective Equipment (PPE):  Level D PPE (Long pants, 
shirts with minimum 4” sleeve, steel toe boots, safety glasses, hard hat for 
overhead hazards, leather work gloves, and hearing protection, as required) Analysis Approved by: Brian Muller, CIH, 

CHMM 
Date: August 2006 

Activity Potential Hazards Recommended Controls 
Slips, trips, or falls on walking 
and working surfaces 

• Determine the best access route prior to transporting equipment and tools 
• Continuously inspect the work area for slip, trip, and fall hazards 
• Pay attention; ensure safe and secure footing 
• Maintain clean work areas by following good housekeeping procedures 
• Be alert for uneven and variable terrain 
• Wear slip resistant footwear when walking/working on slippery surfaces or slopes 

Site Traffic • Be aware of potential vehicle traffic while on site 
• Follow posted warnings and rules for travel around site 

Eye injury • Use approved safety glasses with rigid side shields 
Overhead hazards • Personnel will be required to wear hard hats that meet ANSI Standard Z89.1 in all 

areas with overhead hazards 
Cuts, punctures, and abrasions • Wear leather work gloves when handling materials or using tools 
Dropped objects • Steel toe boots meeting ANSI Standard Z41 will be worn 
Thermal Stressors (i.e. heat 
stress, cold stress) 

• Employees will have appropriate clothing for variable weather 
• Use of long sleeves or application of sunscreen with a high sun protection factor (SPF) 

on exposed skin encouraged 
• Employees will take breaks and drink plenty of fluids to prevent heat stress 
• Warming breaks will be permitted as necessary to prevent cold stress 

General Site Activities 
including Mobilization / 
Demobilization and Site 
Preparation 
 
Note: Each workday shall 
begin with a mandatory daily 
safety meeting for all on-site 
workers 

Back Injury from Materials 
Handling 

• Use proper lifting techniques 
• Loads greater than 50 pounds require assistance or mechanical equipment 
• Prior to lifting, check the load for jagged or sharp edges 
• Avoid torso twisting motions while handling or moving loads 
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AHA – 01 (Continued) 
Activity Potential Hazards Recommended Controls 

Inclement weather 
(Thunderstorms and tornadoes) 

• Halt activities immediately and take cover during thunderstorm or tornado warnings, 
shelter in a building if possible, stay away from windows 

• If outdoors, stay close to the ground 
• Listen to radio or television announcements for pending weather information 
• Do not try to outrun a tornado on foot or in a vehicle 

Mobilization/Demobilization 
and Site Preparation 
(continued) 

Biological hazards (spiders, 
snakes, etc.) 

• Workers will inspect the work area carefully and avoid placing hands and feet into 
concealed areas 

• Look in direction of travel for biological hazards to avoid 

Safety Equipment Used Inspection Requirements Training Requirements 
Level D PPE 
First Aid Kit 
Fire Extinguisher 

Informal daily work area 
inspections to be conducted by 
the SSHO 

Site personnel have read and understand the SSHP 
Site personnel possess all of the required training as specified in the SSHP 
Site personnel received site specific safety indoctrination 
At least two individuals on-site will have current CPR and First Aid training 
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Activity Hazard Analysis (AHA) – 02 
Task:  Additional Investigation Requirements for SS-61 Bhate Project Number:  9050361.01.02 

Location: Holloman Air Force Base, New Mexico Minimum Personal Protective Equipment (PPE):  Level D PPE (Long pants, 
shirts with minimum 4” sleeve, steel toe boots, safety glasses, hard hat for 
overhead hazards, leather work gloves, and hearing protection, as required) Analysis Approved by: Brian Muller, CIH, 

CHMM 
Date: August 2006 

Activity Potential Hazards Recommended Controls 
Drill Rig Hazards 
Including but not limited to: 
Flying debris, falling objects, 
noise, hydraulic failures, 
unguarded machinery, 
equipment rollover, movement 
of large, heavy drilling tools, 
etc. 

• Drill rig is to be operated and maintained by qualified operators 
• A Drill Rig Inspection Checklist should be completed daily to ensure that the rig is 

operating properly 
• The inspection will include fittings, cables, pins, connections, lubrication points, 

controls, emergency stops, etc. 
• To the extent possible, the terrain should be level and the condition of the ground such 

that unexpected movement of the rig is unlikely 
• Stabilize the rig prior to boring  
• Wear required PPE (hard hat, safety glasses, work gloves, ear muffs or plugs, steel toe 

work boots), ensure loose clothing is secured 
• Maintain good housekeeping on and around drill rig 

Overhead/buried utilities • Conduct a utility locate to identify the location of underground utilities in boring 
locations and complete any required dig permits 

• Overhead utilities should be considered live until determined otherwise 
• Maintain a minimum distance of 15 feet from overhead utilities 
• All underground utilities must be clearly marked before beginning work 
• No borings shall be made within a 4 foot “Buffer Zone” of any utility marking 

Soil Boring and Sampling 

 

Hazards and recommended 
controls from AHA – 01 
apply 

Exposure to soil contaminants • To the extent feasible, limit contact with subsurface materials 
• Wear required PPE when conducting intrusive activities  
• SSHO shall conduct breathing zone monitoring for VOCs with a PID in accordance 

with requirements for site monitoring 
• SSHO may require an upgrade in PPE or modification to work based on monitoring 

results 
• Use appropriate decontamination methods 
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AHA – 02 (Continued) 
Activity Potential Hazards Recommended Controls 

Pinch points • Utilize appropriate PPE (leather gloves) when handling well casings and tools Monitoring Well Installation 

Dust • Use care when installing well materials (sand, bentonite, Portland cement) into 
monitoring well to prevent dust generation 

• Position body in an upwind location 

Well Development / 
Groundwater depth 
measurement / Groundwater 
sampling 

Exposure to groundwater 
contaminants 

• Position body upwind from monitoring well prior to opening cap 

• Wear appropriate PPE including chemical resistant gloves and Tyvek coveralls to minimize 
potential contact with groundwater, as appropriate 

• Conduct work activities in a manner that minimizes potential contact with groundwater 

• Collect all PPE and disposable sampling equipment and dispose of properly 

• Wash hands and face prior to eating, drinking, or smoking 
Safety Equipment Used Inspection Requirements Training Requirements 
Level D PPE 
First Aid Kit 
Fire Extinguisher 

Informal daily work area 
inspections to be conducted by the 
SSHO 

Site personnel have read and understand the SSHP 
Site personnel possess all of the required training as specified in the SSHP 
Site personnel received site specific safety indoctrination 
At least two individuals on-site will have current CPR and First Aid training 
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Activity Hazard Analysis (AHA) – 03 
Task:  Excavation and Soil Loading for VCM at SS-61 Bhate Project Number: 9050361.01.02 

Location: Holloman Air Force Base, New Mexico Minimum Personal Protective Equipment (PPE):  Level D PPE 
(Long pants, shirts with minimum 4” sleeve, steel toe boots, safety 
glasses, hard hat for overhead hazards, leather work gloves, and 
hearing protection, as required) Analysis Approved by: Brian Muller, CIH, CHMM Date: August 2006 

Activity Potential Hazard(s) Recommended Controls 

Overhead/buried utilities • Completion of an HAFB Excavation Permit is required prior to the start of excavation activities 

• Overhead utilities should be considered live until determined otherwise 

• Maintain a minimum distance of 15 feet from overhead utilities 

• All underground utilities must be clearly marked before beginning work 

Heavy equipment operation • Access to the work area shall be coordinated with the Site Manager 

• Equipment (including trucks) shall be inspected and documented at the beginning of each shift 

• Maintain awareness of vehicle movement in work area 

• Exercise caution when approaching heavy equipment 

• Equipment will be equipped with functioning back-up alarms, signal lamps, and alerting horns 

• Operators are required to use seat belts 

• Signs, barricades, flagmen, and/or other traffic control devices will be used to control traffic in the 
work area 

• Buckets and attachments shall be placed on the ground if operator not at controls or if ground 
personnel approach 

Excavation Safety • Ensure equipment is placed so as to not contribute to a cave-in situation 

• No personnel will be allowed to enter the excavation unless the excavation has been properly 
inspected, shoring and means of egress installed as necessary, all heavy equipment has been moved 
away from the affected edges, and any spoils have been removed from the edge 

• Do not place spoil piles closer than 2 feet from the edge of the excavation 

Excavation and 
Confirmation Soil Sampling 

Hazards and recommended 
controls from AHA – 01 
apply 

Exposure to soil contaminants • Utilize appropriate PPE and decontamination procedures 

• Conduct work activities in a manner that minimizes potential contact with excavated materials 
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AHA – 03 (continued) 
Activity Potential Hazard(s) Recommended Controls 

Falling materials and flying debris 
striking personnel 

• Loading equipment must have cab protection, functioning back-up alarms, signal lamps, 
and alerting horns 

• Operators are required to use seat belts 

• Ground personnel are not permitted to approach equipment in motion or while materials 
being handled 

• Maintain clear radius of machine 

• Operator must minimize the amount of materials spilled on the exterior of trucks during 
loading operations 

Dust • Adequate dust suppression with water should be utilized to minimize visible dust 
emissions 

• If visible dust is prevalent, utilize personal dust monitor to evaluate 

Striking heavy equipment and 
operators 

• Only experienced personnel will operate equipment 

• Equipment will be operated with cab doors and windows closed 

Soils Loading 
 
Hazards and Controls 
associated with 
Excavation apply 

Overloading capacity • Load charts of all equipment will be reviewed and followed 

Equipment Used Inspection Requirements Training Requirements 

Level D PPE 
First Aid Kits 
Portable Eyewash 
Fire Extinguishers 
Heavy Equipment 
(Loader, Excavator, Haul 
Trucks) 

Weekly inspections will be 
performed on fire extinguishers 
Weekly inspections will be 
performed on first aid kits 
Portable eye wash will be inspected 
weekly 

Personnel have read and understand the work plan and AHA 
Site specific briefing 
At least two individuals on-site will have current CPR and First Aid training 
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Activity Hazard Analysis (AHA) – 04 
Task:  Soils Placement/Land-farm Maintenance and Backfilling Excavation with 
Clean Soil for SS-61 

Bhate Project Number: 9050361.01.02 

Location: Holloman Air Force Base, New Mexico Minimum Personal Protective Equipment (PPE):  Level D PPE (Long pants, 
shirts with minimum 4” sleeve, steel toe boots, safety glasses, hard hat for 
overhead hazards, leather work gloves, and hearing protection, as required) Analysis Approved by: Brian Muller, CIH, CHMM Date: August 2006 

Activity Potential Hazard(s) Recommended Controls 

Exposure to soil contaminants • Utilize appropriate PPE and decontamination procedures 

• Conduct work activities in a manner that minimizes potential contact with excavated 
materials 

• Utilize placement method that minimizes haul truck traffic through contaminated 
material 

Soil Placement and Land-
farm Maintenance 
 
Backfilling Excavation with 
Clean Soil 
 
Hazards and recommended 
controls from AHA – 01 
and AHA-03 apply 

Heavy equipment operation • Haul truck drivers should wait for signal from equipment operator to enter the land-farm 
soil placement area 

• Only experienced personnel will operate equipment 

• Ground personnel are not permitted to approach equipment in motion or while materials 
being handled 

• Maintain clear radius of machine 

• Equipment will be equipped with functioning back-up alarms, signal lamps and alerting 
horns 

• Operators are required to use seat belts 

• Signs, barricades, flagmen, and/or other traffic control devices will be used to control 
traffic in the work area 

• Only necessary personnel will be permitted in the delineated land-farm area 

 

Equipment Used Inspection Requirements Training Requirements 

Level D PPE 
First Aid Kits 
Portable Eyewash 
Fire Extinguishers 
Heavy Equipment (Tractor, 
Haul Trucks) 

Weekly inspections will be performed on fire 
extinguishers 
Weekly inspections will be performed on first aid 
kits 
Portable eye wash will be inspected weekly 

Personnel have read and understand the work plan and AHA 
Site specific briefing 
At least two individuals on-site will have current CPR and First Aid training 
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Properties of the Primary Contaminants of Concern 
Signs and Symptoms of 

Exposure  Contaminant PEL TLV Route(s) of 
Exposure 

Acute Chronic 

Target 
Organs 

IP 
(eV) 

Specific 
Gravity 

VP 
(mm 
Hg) 

Flash 
Point 
(°F) 

LEL 
% 

UEL 
% 

Benzene 
1 ppm 

5 ppm = 
STEL 

0.5 ppm 

Inhalation  
Ingestion 
Contact 

Absorption 

Irritation of eyes, 
skin, nose, and 

throat, headache, 
dizziness, nausea, 

staggered gait, 
fatigue 

Cancer (leukemia), 
adverse 

reproductive effects 
(female fertility, 

birth defects) 

Eyes, skin, 
respiratory 

system, blood, 
central nervous 
system, bone 

marrow 

9.24 0.88 75 12 1.2 7.8 

Toluene 
200 ppm 

(750 
mg/m3) 

50 ppm 
(188  

mg/m3) 

Inhalation 
Ingestion 
Contact 

Absorption 

Irritation of eyes, 
skin, nose, 

drowsiness, fatigue, 
weakness, 
confusion, 

headache, nausea, 
dilated pupils 

Liver and kidney 
damage 

Eyes, skin, 
respiratory 

system, CNS, 
liver, kidneys 

8.82 0.87 21 40 1.1 7.1 

Ethylbenzene 
100 ppm 

(435 
mg/m3) 

100 ppm 
(434mg/m3) 

Inhalation 
Ingestion 
Contact 

Absorption 

Irritation of eyes, 
and skin, may also 
cause conjunctivis 

(eyes) 

CNS depression, 
pulmonary 
aspiration 

CNS, eyes, 
skin, respiratory 

system 
8.76 0.87 7 55 0.8 6.7 

Xylenes (o-, m-, p- 
isomers) 100 ppm 100 ppm 

Inhalation 
Ingestion 
Contact 

Absorption 

Irritation of eyes, 
skin, nose 

CNS  permanent 
brain and nervous 

system damage 

CNS, liver, and 
urinary 

system/kidneys 
21 0.864 8 76 1.0 7.0 

 
Notes:  
 PEL = Permissible Exposure Limit  

TLV = Threshold Limit Value 
 IP  = Ionization Potential 
 eV = Electron volt 
 VP = Vapor Pressure 
 mm Hg = Millimeters of mercury 
 °F  = Degrees Fahrenheit 
 LEL = Lower Explosive Limit 
 UEL = Upper Explosive Limit 
 %  = Percent 
 ppm = Parts per million 
 mg/m3 = Milligrams per cubic meter of air 
 CNS = Central Nervous System 
 STEL  =  Short term exposure limit 
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PREFACE 
This Quality Assurance Project Plan Addendum (QAPP Addendum) has been developed to 
assure that sample collection, analyses, and evaluations are legally and scientifically defensible 
for Voluntary Corrective Measures (VCM) at Spill Site 61 (SS-61) at Holloman Air Force Base 
(HAFB).  This document is an addendum to the Basewide Quality Assurance Project Plan, 
Holloman Air Force Base, New Mexico (Bhate, November 2003) (Basewide QAPP) and must be 
used in conjunction with that document.  This document contains the site specific information for 
the work at SS-61 outlined in the Voluntary Corrective Measures Work Plan, Site SS-61 Soil 
Remediation, Holloman AFB, New Mexico (Bhate, August 2006) (SS-61 Work Plan). 
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1 INTRODUCTION 
Bhate Environmental Associates, Inc., (Bhate) has been retained by the U.S. Army Corps of 
Engineers (USACE), under contract DACA45-03-D-0023, Task Order No. 021, to conduct 
VCMs at several of the Solid Waste Management Units (SWMUs) and Areas of Concern 
(AOCs) at HAFB, New Mexico, including SS-61.   

The SS-61 VCM Work Plan involves an additional investigation and excavation of petroleum 
contaminated soil (PCS).  The objective of the additional investigation is to fill in the data gaps 
to completely identify and define the presumed PCS source area.  Once the source area has been 
delineated the primary objective of this VCM is to remove, through excavation, and properly 
dispose the PCS that is associated with a buried pipeline that runs through the site to the former 
aboveground storage tank system.  See the Basewide QAPP (Bhate, 2003) and SS-61 Work Plan 
(Bhate, August 2006) for additional information on HAFB and the SS-61 site.  
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2 PROJECT LABORATORY 
The analytical work for this project will be preformed by Accutest Southeast of Orlando, Florida 
(Accutest).   

Accutest Southeast 
4405 Vineland Road, Suite C-15 
Orlando, FL 32811 
Phone: (407) 425-6700 
Fax: (407) 425-0707 

The laboratory personnel who will be involved with this project include:  

Ms. Sue Bell, Accutest Project Manager 

Ms. Svetlana Izosimova, Accutest Quality Assurance Officer 

Accutest is certified by the National Environmental Laboratory Accreditation Conference 
(NELAC) and validated by USACE and has extensive previous experience in working on 
USACE projects.  The Accutest Quality Assurance Manual (QAM) and Standard Operating 
Procedures (SOPs) have been reviewed by Bhate and found to meet all the requirements for this 
project.  The QAM and SOPs are available for further review if required.  
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3 DATA CATEGORIES 
The data use determines the required levels of data quality.  The two levels of data quality 
established by the USACE are screening and definitive.  Under this QAPP Addendum, the data 
to be generated under each level in this investigation are presented in Table 3-1 (Screening) and 
Table 3-2 (Definitive).  The screening data will be generated in the field using field instruments.  
The definitive data generated by the laboratory will be presented with limited data deliverables 
(i.e. Level II data packages), using a 21 day turn-around-time for soil and groundwater samples 
collected during the additional investigation and a 7 day turn-around-time for soil samples 
collected during the PCS excavation.  All definitive data produced by the laboratory will also be 
presented in an Environmental Resources Program Information Management System (ERPIMS) 
format electronic data deliverable (EDD). 
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4 DATA QUALITY ASSURANCE AND QUALITY 
CONTROL  

The general data quality assurance (QA) and quality control (QC) requirements for HAFB are 
presented in the Basewide QAPP.  The field QC requirements for this project are presented in 
Tables 4-1 and 4-2.  The project specific laboratory QC limits are listed in Table 4-3. 

All final definitive data will be reviewed and validated by a Bhate Senior Chemist based on the 
logic and guidelines of the United States Environmental Protection Agency (USEPA) National 
Functional Guidelines for Data Validation and the site specific laboratory QC limits presented in 
this QAPP Addendum.   
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SS-61 SOIL REMEDIATION 
HOLLOMAN AFB, NEW MEXICO

Table 3-1
Summary of Screening Data

QUALITY ASSURANCE PROJECT
 PLAN ADDENDUM

Parameter Matrix Testing Method
Volatile Organic Compounds (VOCs) Soil Organic Vapor Analyzer
Total Petroleum Hydrocarbons (TPH) Soil Ultra violet flourometer (UVF-3100A)
pH Water Multi-parameter sonde and a flow-through cell
Conductivity Water Multi-parameter sonde and a flow-through cell
Dissolved Oxygen Water Multi-parameter sonde and a flow-through cell
Temperature Water Multi-parameter sonde and a flow-through cell
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SS-61 SOIL REMEDIATION 
HOLLOMAN AFB, NEW MEXICO

Table 3-2
Summary of Definitive Data

QUALITY ASSURANCE PROJECT
PLAN ADDENDUM

Parameter Matrix Preparation Method Analytical Method
Volatile Organic Compounds (VOCs) Soil  USEPA Method 5035 USEPA Method 8260B
Semi-volatile Organic Compounds (SVOCs) Soil USEPA Method 3550B USEPA Method 8270C
Total Petroleum Hydrocarbons (TPH) Soil USEPA Method 3550B USEPA Method 8015M
RCRA Metals Soil USEPA Method 3050B USEPA Methods 6010B and 7471A
Volatile Organic Compounds (VOCs) Groundwater USEPA Method 5030B USEPA Method 8260B
Semi-volatile Organic Compounds (SVOCs) Groundwater USEPA Method 3510C USEPA Method 8270C
Total Petroleum Hydrocarbons (TPH) Groundwater USEPA Method 3510C USEPA Method 8015M
RCRA Metals Groundwater USEPA Method 3010A USEPA Methods 6010B and 7470A
Total Dissolved Solids (TDS) Groundwater USEPA Method 160.1 USEPA Method 160.1
Notes:
USEPA = United States Environmental Protection Agency
RCRA = Resource Conservation and Recovery Act
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SS-61 SOIL REMEDIATION 
HOLLOMAN AFB, NEW MEXICO

Table 4-1
Summary of Additional Investigation Field QC Samples

QUALITY ASSURANCE PROJECT
 PLAN ADDENDUM

Matrix Analysis
Number of Field 

Samples
Equipment 

Blanks Trip Blanks* Field Duplicates Field Splits MS/MSD Total
VOCs per EPA Method 8260B 30 0 4 3 0 2 39
SVOCs per EPA Method 8270C 30 0 0 3 0 2 35
TPHs per EPA Method 8015M 30 0 0 3 0 2 35
RCRA Metals by EPA 6010B/7471A 30 0 0 3 0 2 35
VOCs per EPA Method 8260B 31 0 4 4 0 2 41
SVOCs per EPA Method 8270C 31 0 0 4 0 2 37
TPHs per EPA Method 8015M 31 0 0 4 0 2 37
RCRA Metals by EPA 6010B/7470A 31 0 0 4 0 2 37
Total Dissolved Solids by EPA Method 160.1 31 0 0 4 0 2 37

Notes:
*Estimated, one trip blank will accompany every shipment of volatile samples
EPA = Environmental Protection Agency
VOCs = Volatile Organic Compounds
SVOCs = Semi-volatile Organic Compounds
RCRA = Resource Conservation and Recovery Act
TPH = Total Petroleum Hydrocarbons

Soil

Groundwater
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SS-61 SOIL REMEDIATION
HOLLOMAN AFB, NEW MEXICO

Table 4-2
Summary of Soil Excavation Field QC Samples

QUALITYASSURANCE PROJECT
PLAN ADDENDUM

Matrix Analysis
Number of Field 

Samples
Equipment 

Blanks Trip Blanks* Field Duplicates Field Splits MS/MSD Total
VOCs per EPA Method 8260B 3 0 3 1 0 1 8
SVOCs per EPA Method 8270C 3 0 0 1 0 1 5
TPHs per EPA Method 8015M 3 0 0 1 0 1 5
VOCs per EPA Method 8260B 44 0 14 5 0 3 66
SVOCs per EPA Method 8270C 44 0 0 5 0 3 52
TPHs per EPA Method 8015M 44 0 0 5 0 3 52

Notes:
*Estimated, one trip blank will accompany every shipment of volatile samples
EPA = Environmental Protection Agency
VOCs = Volatile Organic Compounds
SVOCs = Semi-volatile Organic Compounds
TPH = Total Petroleum Hydrocarbons

Soil - Stock Pile 
(Overburden)

Soil - Excavation 
Confirmation
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SS-61 SOIL REMEDIATION 
HOLLOMAN AFB, NEW MEXICO

 Table 4-3
Summary of Laboratory QC Limits

QUALITY ASSURANCE PROJECT
 PLAN ADDENDUM

MSD MSD
Water Soil LCL UCL LCL UCL LCL UCL RPD LCL UCL RPD

VOCs per EPA Method 8260B µg/L µg/kg % % % % % % % % % %
Acetone 25 50 45 127 51 136 44 142 15 14 140 33
Benzene 1 5 72 125 74 124 80 120 7 63 135 23
Bromodichloromethane 1 5 72 120 74 124 75 120 8 63 126 23
Bromoform 1 5 55 127 79 127 60 129 11 54 109 24
Chlorobenzene 1 5 79 113 78 117 82 112 7 64 130 24
Chloroethane 2 5 56 164 63 147 67 148 14 53 172 28
Chloroform 1 5 75 120 75 121 78 118 8 68 131 24
Carbon disulfide 2 5 60 151 59 148 65 147 12 47 165 29
Carbon tetrachloride 1 5 56 145 67 131 69 137 12 64 148 24
1,1-Dichloroethane 1 5 70 122 71 118 75 117 10 64 130 25
1,1-Dichloroethylene 1 5 61 137 64 126 67 134 15 55 149 28
1,2-Dichloroethane 1 5 64 124 72 120 68 121 7 60 114 22
1,2-Dichloropropane 1 5 74 123 74 126 78 122 8 65 128 23
Dibromochloromethane 1 5 63 119 78 120 68 118 9 60 119 23
cis-1,2-Dichloroethylene 1 5 74 125 75 124 81 120 9 66 132 24
cis-1,3-Dichloropropene 1 5 65 112 72 120 73 115 10 57 118 25
trans-1,2-Dichloroethylene 1 5 70 127 70 122 74 125 11 63 137 27
trans-1,3-Dichloropropene 1 5 59 116 75 118 69 115 11 58 115 25
Ethylbenzene 1 5 73 119 77 120 82 115 8 63 142 25
2-Hexanone 5 25 54 131 68 136 60 125 11 35 109 34
Isopropylbenzene 1 5 63 119 79 134 73 115 10 59 177 29
4-Methyl-2-pentanone 5 25 57 136 69 136 61 128 11 44 99 32
Methyl bromide 2 5 52 172 52 156 60 165 16 38 188 27
Methyl chloride 2 5 53 155 63 142 58 152 19 57 160 29
Methylene chloride 5 10 61 129 51 142 66 125 11 40 183 34
Methyl ethyl ketone 5 25 51 128 63 138 58 127 10 27 112 32
Styrene 1 5 64 124 74 120 58 125 11 54 130 26
1,1,1-Trichloroethane 1 5 72 133 70 131 78 132 8 70 149 25
1,1,2,2-Tetrachloroethane 1 5 64 120 76 121 67 119 10 45 121 33
1,1,2-Trichloroethane 1 5 72 116 77 118 74 115 9 60 114 25
Tetrachloroethylene 1 5 70 126 68 127 75 126 9 54 154 27
Toluene 1 5 67 123 74 118 81 114 8 62 142 29
Trichloroethylene 1 5 73 117 72 122 80 115 10 59 143 25
Vinyl chloride 1 5 63 161 64 144 70 151 18 64 165 27
Xylene (total) 3 15 73 122 78 122 81 118 7 64 142 24
Dibromofluoromethane (surr) -- -- -- -- 78 123 -- -- -- -- -- --
Toluene-D8 (surr) -- -- -- -- 71 137 -- -- -- -- -- --
4-Bromofluorobenzene (surr) -- -- -- -- 61 157 -- -- -- -- -- --
1,2-Dichloroethane-D4 (surr) -- -- -- -- 74 125 -- -- -- -- -- --

Matrix Spike Soil
MS RecoveryRLParameter

Matrix Spike Water
MS Recovery

LCS
Water Soil
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SS-61 SOIL REMEDIATION 
HOLLOMAN AFB, NEW MEXICO

 Table 4-3
Summary of Laboratory QC Limits

QUALITY ASSURANCE PROJECT
 PLAN ADDENDUM

MSD MSD
Water Soil LCL UCL LCL UCL LCL UCL RPD LCL UCL RPD

Matrix Spike Soil
MS RecoveryRLParameter

Matrix Spike Water
MS Recovery

LCS
Water Soil

SVOCs by EPA Method 8270C µg/L µg/kg % % % % % % % % % %
Benzoic Acid 25 830 8 45 55 110 16 73 41 13 117 32
2-Chlorophenol 5 170 62 103 61 97 53 102 24 31 113 23
4-Chloro-3-methyl phenol 5 170 64 103 60 105 60 101 18 33 123 38
2,4-Dichlorophenol 5 170 59 103 64 102 55 100 24 54 105 20
2,4-Dimethylphenol 5 170 43 94 50 102 36 98 26 46 104 22
2,4-Dinitrophenol 25 830 12 125 41 120 14 135 39 5 110 46
4,6-Dinitro-o-cresol 10 330 47 119 59 123 40 127 24 27 119 35
2-Methylphenol 5 170 54 91 57 97 46 100 23 44 101 28
3&4-Methylphenol 5 170 48 86 56 98 43 100 23 38 107 31
2-Nitrophenol 5 170 64 104 62 100 53 104 25 38 111 21
4-Nitrophenol 25 830 22 50 52 116 32 81 28 44 111 22
Pentachlorophenol 25 830 50 111 54 111 44 118 16 42 110 25
Phenol 5 170 25 53 59 96 31 77 26 32 111 29
2,4,5-Trichlorophenol 5 170 66 104 65 104 61 102 18 53 108 19
2,4,6-Trichlorophenol 5 170 60 103 64 102 55 103 21 53 107 20
Acenaphthene 5 170 62 101 66 104 55 103 20 57 106 19
Acenaphthylene 5 170 65 113 66 106 55 113 20 55 110 18
Anthracene 5 170 69 107 66 109 66 105 14 59 109 21
Benzo(a)anthracene 5 170 68 106 66 111 65 103 16 52 120 20
Benzo(a)pyrene 5 170 70 114 65 115 65 113 16 48 124 21
Benzo(b)fluoranthene 5 170 68 110 64 115 62 110 17 50 122 21
Benzo(g,h,i)perylene 5 170 63 115 62 113 58 111 17 50 118 23
Benzo(k)fluoranthene 5 170 68 112 67 116 63 110 17 54 117 21
4-Bromophenyl phenyl ether 5 170 73 103 68 106 68 102 16 59 107 20
Butyl benzyl phthalate 5 330 69 108 62 114 65 108 17 57 118 20
Benzyl Alcohol 5 170 34 104 58 103 48 106 24 46 106 23
2-Chloronaphthalene 5 170 64 102 66 97 58 101 22 53 102 19
4-Chloroaniline 10 330 57 104 29 80 39 101 21 25 78 30
Carbazole 5 170 69 113 63 107 66 109 16 58 105 20
Chrysene 5 170 68 103 67 112 65 100 18 48 124 20
bis(2-Chloroethoxy)methane 5 170 57 103 57 89 49 100 24 45 94 19
bis(2-Chloroethyl)ether 5 170 64 106 61 95 54 103 24 47 99 24
bis(2-Chloroisopropyl)ether 5 170 52 120 56 100 49 109 22 44 100 23
4-Chlorophenyl phenyl ether 5 170 71 104 68 103 65 103 18 59 105 18
1,2-Dichlorobenzene 5 170 62 100 61 91 50 101 22 44 95 26
1,3-Dichlorobenzene 5 170 59 99 59 88 50 100 23 41 91 28
1,4-Dichlorobenzene 5 170 60 101 59 90 51 101 23 42 93 27
2,4-Dinitrotoluene 5 170 65 111 60 108 60 110 16 44 118 26
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SS-61 SOIL REMEDIATION 
HOLLOMAN AFB, NEW MEXICO

 Table 4-3
Summary of Laboratory QC Limits

QUALITY ASSURANCE PROJECT
 PLAN ADDENDUM

MSD MSD
Water Soil LCL UCL LCL UCL LCL UCL RPD LCL UCL RPD

Matrix Spike Soil
MS RecoveryRLParameter

Matrix Spike Water
MS Recovery

LCS
Water Soil

SVOCs by EPA Method 8270C µg/L µg/kg % % % % % % % % % %
2,6-Dinitrotoluene 5 170 77 111 63 106 60 111 19 48 115 20
3,3'-Dichlorobenzidine 10 330 42 110 30 90 18 112 22 15 90 31
Dibenzo(a,h)anthracene 5 170 62 115 63 110 57 111 20 45 121 23
Dibenzofuran 5 170 69 104 65 99 64 102 17 57 101 19
Di-n-butyl phthalate 5 330 68 109 62 110 63 107 17 55 112 20
Di-n-octyl phthalate 5 330 63 120 59 132 58 126 23 58 134 23
Diethyl phthalate 5 330 64 110 64 109 59 110 18 59 107 19
Dimethyl phthalate 5 330 44 120 66 105 40 116 25 56 108 20
bis(2-Ethylhexyl)phthalate 5 330 64 115 60 118 55 120 22 55 125 21
Fluoranthene 5 170 68 111 63 108 62 108 17 47 119 25
Fluorene 5 170 66 105 65 109 60 105 17 59 108 18
Hexachlorobenzene 5 170 69 103 65 106 64 102 16 56 107 21
Hexachlorobutadiene 5 170 55 90 55 93 45 93 26 42 94 25
Hexachlorocyclopentadiene 5 170 26 95 34 95 20 92 34 13 91 25
Hexachloroethane 5 170 59 104 58 91 51 105 26 40 93 32
Indeno(1,2,3-cd)pyrene 5 170 63 118 59 115 61 111 19 50 118 26
Isophorone 5 170 64 107 60 102 59 103 23 52 101 19
2-Methylnaphthalene 5 170 66 100 63 93 56 100 23 42 103 22
2-Nitroaniline 10 330 65 111 60 110 61 107 18 55 108 20
3-Nitroaniline 10 330 61 106 41 90 47 107 26 38 92 20
4-Nitroaniline 10 330 60 113 53 103 48 119 21 42 101 23
Naphthalene 5 170 62 101 64 94 52 102 23 42 105 24
Nitrobenzene 5 170 61 106 60 96 51 103 25 42 105 21
N-Nitroso-di-n-propylamine 5 170 64 109 54 99 57 103 24 41 107 23
N-Nitrosodiphenylamine 5 170 69 114 68 108 62 112 16 59 111 21
Phenanthrene 5 170 68 104 67 110 64 103 15 60 110 21
Pyrene 5 170 64 105 65 115 59 107 21 50 126 25
1,2,4-Trichlorobenzene 5 170 64 101 64 94 54 102 24 49 98 23
2-Fluorophenol (surr) -- -- 19 90 45 114 -- -- -- -- -- --
Phenol-d5 (surr) -- -- 10 68 44 124 -- -- -- -- -- --
2,4,6-Tribromophenol (surr) -- -- 36 137 50 128 -- -- -- -- -- --
Nitrobenzene-d5 (surr) -- -- 49 119 41 123 -- -- -- -- -- --
2-Fluorobiphenyl (surr) -- -- 45 118 46 122 -- -- -- -- -- --
Terphenyl-d14 (surr) -- -- 46 135 45 135 -- -- -- -- -- --
RCRA Metals by EPA Method 6010B/7470A/7471A µg/L mg/kg -- -- -- -- -- -- -- -- -- --
Arsenic 10.00 0.50 80 120 80 120 83 116 12 75 113 20
Barium 200.00 20.00 80 120 80 120 82 116 13 75 122 20
Chromium 5.00 0.40 80 120 80 120 80 115 13 75 116 20
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SS-61 SOIL REMEDIATION 
HOLLOMAN AFB, NEW MEXICO

 Table 4-3
Summary of Laboratory QC Limits

QUALITY ASSURANCE PROJECT
 PLAN ADDENDUM

MSD MSD
Water Soil LCL UCL LCL UCL LCL UCL RPD LCL UCL RPD

Matrix Spike Soil
MS RecoveryRLParameter

Matrix Spike Water
MS Recovery

LCS
Water Soil

RCRA Metals by EPA Method 6010B/7470A/7471A µg/L mg/kg -- -- -- -- -- -- -- -- -- --
Cadmium 10.00 1.00 80 120 80 120 82 120 12 75 125 20
Lead 5.00 10.00 80 120 80 120 84 118 10 75 121 20
Mercury 0.05 0.01 80 120 80 120 62 131 20 47 157 20
Selenium 10.00 10.00 80 120 80 120 84 121 13 75 110 20
Silver 10.00 1.00 80 120 80 120 77 125 14 75 120 20
Total Petroleum Hydrocarbons (TPH) by EPA Method 8015M µg/L µg/kg % % % % % % % % % %
TPH-GRO (C6-C10) 0.25 8.3 63 126 66 122 67 171 31 37 142 17
4-Bromofluorobenzene (surr) -- -- 62 135 62 135 -- -- -- -- -- --
aaa-Trifluorotoluene (surr) -- -- 65 118 65 118 -- -- -- -- -- --
TPH (C10-C22) 0.25 8.3 50 150 50 150 50 150 30 50 150 30
TPH (>C22-C36) 0.1 5.0 50 150 50 150 50 150 30 50 150 30
o-Terphenyll (surr) -- -- 57 115 57 115 -- -- -- -- -- --
Total Dissolved Solids by EPA Method 160.1 mg/L mg/kg % % % % % % % % % %
Total Dissolved Solids 10 -- 90 110 -- -- -- -- -- -- -- --
Notes:
µg/kg = Micrograms per kilogram MS = Matrix Spike
µg/L = Micrograms per liter MSD = Matrix Spike Duplicate
EPA = United States Environmental Protection Agency RL = Reporting Limit
LCL = Lower Control Limit RPD = Relative Percent Difference
LCS = Laboratory Control Sample UCL = Upper Control Limit
mg/kg = Milligrams per kilogram VOCs = Volatile Organic Compounds
mg/L = Milligrams per liter SVOCs = Semi-volatile Organic Compounds

RCRA = Resource Conservation and Recovery Act
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APPENDIX D  

UFGS SECTION 02111 
EXCAVATION AND HANDLING OF 

CONTAMINATED MATERIAL 
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In some instances, it may be practical to assess areas of soil contamination that are the result of 
releases of petroleum products such as jet fuel and diesel, using total petroleum hydrocarbon 
(TPH) analyses.  TPH results may be used to delineate the extent of petroleum-related 
contamination at these sites and ascertain if the residual level of petroleum products in soil 
represents an unacceptable risk to future users of the site.  Petroleum hydrocarbons represent 
complex mixtures of compounds, some of which are regulated constituents and some compounds 
that are not regulated.  In addition, the amount and types of the constituent compounds in a 
petroleum hydrocarbon release differ widely depending on what type of product was spilled and 
how the spill has weathered.  This variability makes it difficult to determine the toxicity of 
weathered petroleum products in soil solely from TPH results; however, these results can be used 
to approximate risk in some cases, depending upon the nature of the petroleum product, the 
release scenario, how well the site has been characterized, and anticipated potential future land 
uses. In some cases, site clean up cannot be based solely on results of TPH sampling.  The New 
Mexico Environment Department (NMED) will make these determinations on a case by case 
basis.  If NMED determines that additional data are necessary, these TPH guidelines must be 
used in conjunction with the screening guidelines for individual petroleum-related contaminants 
in Table 3 and other contaminants, as applicable.  
 
The screening levels for each petroleum carbon range from the Massachusetts Department of 
Environmental Protection (MADEP) Volatile Petroleum Hydrocarbons/Extractable Petroleum 
Hydrocarbons (VPH/EPH) approach and the percent composition table below were used to 
generate screening levels corresponding to total TPH.  Except for waste oil, the information in the 
compositional assumptions table was obtained from the Massachusetts Department of 
Environmental Protection guidance document Implementation of the MADEP VPH/EPH 
Approach (October 31, 2002).  TPH toxicity was based only on the weighted sum of the toxicity 
of the hydrocarbon fractions listed in Table 1.  
 

Table 1.  TPH Compositional Assumptions in Soil 
 

Petroleum Product  C11-C22 Aromatics C9-C18 Aliphatics C19-C36 Aliphatics 

Diesel #2/ new crankcase 
oil  

60%  40%  0%  

#3 and #6 Fuel Oil  70%  30%  0%  
Kerosene and jet fuel  30%  70%  0%  
Mineral oil dielectric 
fluid  

20%  40%  40%  

Unknown oila
 

100%  0%  0%  

Waste Oilb
 

0%  0%  100%  
a 

Sites with oil from unknown sources must be tested for volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs), metals, and polychlorinated biphenyls (PCBs) to determine if other potentially toxic constituents 
are present. The TPH guidelines in Table 2 are not designed to be protective of exposure to these constituents therefore 
they must be tested for, and compared to, their individual NMED soil screening guidelines.  
b 

Compositional assumption for waste oil developed by NMED is based on review of chromatographs of several types 
of waste oil. Sites with waste oil must be tested for VOCs, SVOCs, metals, and PCBs to determine if other potentially 
toxic constituents are present. The TPH guidelines in Table 2 are not designed to be protective of exposure to these 
constituents therefore they must be tested for, and compared to, their individual NMED soil screening guidelines.  
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A TPH screening guideline was calculated for each of the types of petroleum product based on 
the assumed composition from Table 1 for petroleum products and the direct soil standards 
incorporating ceiling concentrations given in the MADEP VPH/EPH Excel spreadsheet for each 
of the carbon fractions.  Groundwater concentrations are based on the weighted sum of the 
noncarcinogenic toxicity of the petroleum fractions.  
 
Method 1 from the MADEP VPH/EPH document was applied, which represents generic cleanup 
standards for soil and groundwater.  Method 1 applies if contamination exists in only soil and 
groundwater.  The MADEP VPH/EPH further divides groundwater into standards.  Standard 
GW-1 applies when groundwater may be used for drinking water purposes.  GW-1 standards are 
based upon ingestion and use of groundwater as a potable water supply.  The TPH screening 
guidelines for sites with potable groundwater are presented in Table 2a. 
 

Table 2a.  TPH Screening Guidelines for Potable Groundwater (GW-1) 
 

TPH  

Petroleum Product  Residential Direct 
Exposure (mg/kg) 

Industrial  
Direct Exposure 

(mg/kg) 

Concentration in 
Groundwater (mg/L)  

Diesel #2/crankcase 
oil  

520 1120 1.72 

#3 and #6 Fuel Oil  440 890 1.34 
Kerosene and jet 
fuel  

760 1810 2.86 

Mineral oil 
dielectric fluid  

1440 3040 3.64 

Unknown oil 
a 200 200 0.2 

Waste Oil
b 2500 5000 Petroleum-Related 

Contaminants  
Gasoline  Not applicable  Not applicable  Petroleum-Related 

Contaminants  
a 

Sites with oil from unknown sources must be tested for volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs), metals, and polychlorinated biphenyls (PCBs) to determine if other potentially toxic constituents 
are present. The TPH guidelines in Table 2 are not designed to be protective of exposure to these constituents therefore 
they must be tested for, and compared to, their individual NMED soil screening guidelines.  

b 

Compositional assumption for waste oil developed by NMED is based on review of chromatographs of several types 
of waste oil. Sites with waste oil must be tested for VOCs, SVOCs, metals, and PCBs to determine if other potentially 

toxic constituents are present. The TPH guidelines in Table 2 are not designed to be protective of exposure to these 
constituents therefore they must be tested for, and compared to, their individual NMED soil screening guidelines. 

 
The second standard is GW-2, which is applicable for sites where the depth to groundwater is less 
than 15 feet from the ground surface and within 30 feet of an occupied structure.  The structure 
may be either residential or industrial.  GW-2 standards are based upon “inhalation exposures that 
could occur to occupants of the building impacted by volatile compounds, which partition from 
the groundwater” (MADEP 2001).  The GW-2 screening guidelines ONLY apply for the 
evaluation of inhalation exposures.  If potential ingestion or contact with contaminated soil and/or 
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groundwater could occur, then the screening guidelines provided in Table 2.a should be applied.  
Table 2.b lists the TPH screening guidelines for the inhalation scenario. 
 

Table 2b.  TPH Screening Guidelines – Vapor Migration and Inhalation of Groundwater 
(GW-2) 

 

TPH  

Petroleum Product  Residential Direct 
Exposure (mg/kg) 

Industrial  
Direct Exposure 

(mg/kg) 

Concentration in 
Groundwater (mg/L) 

Diesel #2/crankcase 
oil  

880 2200 30.4 

#3 and #6 Fuel Oil  860 2150 35.3 
Kerosene and jet 
fuel  

940 2350 15.7 

Mineral oil 
dielectric fluid  

1560 3400 10.4 

Unknown oil 
a 800 2000 50.0 

Waste Oil
b 2500 5000 Petroleum-Related 

Contaminants  
Gasoline  Not applicable  Not applicable  Petroleum-Related 

Contaminants  
a 

Sites with oil from unknown sources must be tested for volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs), metals, and polychlorinated biphenyls (PCBs) to determine if other potentially toxic constituents 
are present. The TPH guidelines in Table 2 are not designed to be protective of exposure to these constituents therefore 
they must be tested for, and compared to, their individual NMED soil screening guidelines.  

b 

Compositional assumption for waste oil developed by NMED is based on review of chromatographs of several types 
of waste oil. Sites with waste oil must be tested for VOCs, SVOCs, metals, and PCBs to determine if other potentially 

toxic constituents are present. The TPH guidelines in Table 2 are not designed to be protective of exposure to these 
constituents therefore they must be tested for, and compared to, their individual NMED soil screening guidelines. 

 
Mineral oil based hydraulic fluids can be evaluated for petroleum fraction toxicity using the 
screening guidelines from Tables 2a and 2b specified for waste oil, because this type of hydraulic 
fluid is composed of approximately the same range of carbon fractions as waste oil.  However, 
these hydraulic fluids often contain proprietary additives that may be significantly more toxic 
than the oil itself; these additives must be considered on a site- and product-specific basis (see 
ATSDR hydraulic fluids profile reference).  Use of alternate screening guideline values 
requires prior written approval from the New Mexico Environment Department.  TPH 
screening guidelines in Tables 2a and 2b must be used in conjunction with the screening levels 
for petroleum-related contaminants given in Table 3 because the TPH screening levels are NOT 
designed to be protective of exposure to these individual petroleum-related contaminants.  Table 
3 petroleum-related contaminants screening levels are based on the New Mexico Environment 
Department soil screening levels (SSLs) released in February 2004. 
 
The list of petroleum-related contaminants does not include polyaromatic hydrocarbons (PAHs) 
with individual screening levels that would exceed the total TPH screening levels (acenaphthene, 
anthracene, flouranthene, flourene, and pyrene).  In addition, these TPH screening guidelines are 
based solely on human health, not ecological risk considerations, protection of surface water, or 
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potential indoor air impacts from soil vapors.  Potential soil vapor impacts to structures or utilities 
are not addressed by these guidelines.  Site-specific investigations for potential soil vapor impacts 
to structures or utilities must be done to assure that screenings are consistently protective of 
human health, welfare or use of the property.  NMED believes that use of these screening 
guidelines will allow more efficient screenings of petroleum release sites at sites while protecting 
human health and the environment.  Copies of the references cited below are available on the 
MADEP website at http://www.state.ma.us/dep/bwsc/vph_eph.htm and the NMED website at 
http://www.nmenv.state.nm.us/HWB/guidance.html.  
 

Table 3.  Petroleum-Related Contaminants Screening Guidelines 
 

Values for Direct Exposure to 
Soil  

 
Petroleum-Related 

Contaminants  
NMED 

residential SSL 
(mg/kg)  

NMED 
Industrial 

SSL (mg/kg) 

NMED  

DAF
 a
 20

 
GW 

protection 
(mg/kg in 

soil) 

NMED DAF 

1
b 

GW 
protection  
(mg/kg in 

soil)  
Benzene  2.70E+01 7.36E+01 2.83E-02 1.41E-03 
Toluene  2.48E+02 2.48E+02 6.80E+00 3.40E-01 
Ethyl benzene  1.06E+04 2.54E+04 1.05E+01 5.25E-01 

Xylene
 c

  1.32E+02 1.32E+02 1.01E+01 5.07E-01 
Naphthalene  7.19E+01 9.83E+01 3.93E-01 1.97E-02 
2-methyl naphthalene  1.00E+03

d 
2.50E+03

d 
---

d
---

d

Benzo(a)anthracene  6.21E+00 2.34E+01 1.10E+00 5.49E-02 
Benzo(b)fluoranthene  6.21E+00 2.34E+01 3.40E+00 1.7E-01 
Benzo(k)fluoranthene  6.21E+01 2.34E+02 3.40E+01 1.70E+00 
Benzo(a)pyrene  6.21E-01 2.34E+00 6.12E+00 3.06E-01 
Chrysene  6.21E+02 2.34E+03 1.10E+02 5.49E+00 
Dibenz(a,h) anthracene  6.21E-01 2.34E+00 1.05E+00 5.24E-02 
Indeno(1,2,3-c,d) pyrene  6.21E+00 2.34E+01 9.58E+00 4.79E-01 
a 

DAF – Dilution Attenuation Factor 
b 
For contaminated soil in contact with groundwater 

c 

Based upon total xylenes  
d 

No NMED value available, value taken from MADEP 2002  
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ASTM STANDARD D2922 TEST METHODS FOR  
DENSITY OF SOIL AND SOIL-AGGREGATE  

IN PLACE BY NUCLEAR METHODS (SHALLOW 
DEPTH) 



Standard Test Methods for
Density of Soil and Soil-Aggregate in Place by Nuclear
Methods (Shallow Depth)’

This  standard is issued under the fixed designation D 2922; the number immediately following the designation indicates the year of
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (0 indicates an editorial change since the Iast  revision or reapproval.

These test methods have been approved for ure  by agencies of the Department of Dpfenye.  Consult the DOD  Index of Specifications and
Standards/or the spectfic  year of issue which has been adopted by the Department of Defense.

(I NOTE-Table 1 was corrected editorially in December 1997.

1.  Scope

1.1 These test  methods cover the determination of the
fatal  or wet density of soil and soil-rock mixtures by the
attenuation of gamma radiation where the source and
detector(s) remain on the surface (Backscatter Method) or
the source or detector is placed at a known depth up to 300
mm ( 12 in.) whiie the detector(s) or source remains on the
surface (Direct Transmission Method).

1.2 The density in mass per unit volume of the material
under test is determined by comparing the detected rate of
gamma  radiation with previously established calibration
data.

1.3 The values tested in SI units are to be regarded as the
standard. The inch-pound equivalents may be approximate.

I .4 It is common practice in the engineering profession to
concurrently use pounds to represent both a unit of mass
[lbm)  and a unit of force (1bQ  This implicitly combines two
separate systems of units: that is, the absolute system and the
gravitational system. It is scientifically undesirable to com-
bine the use of two separate sets of inch-pound units within a
single standard. This standard has been written using the
gravitational system of units when dealing with the inch-
pound system. In this system the pound (lbf) represents a
unit of force (weight). However, the use of balances or scales
recording pounds of mass (lbm), or the recording of density
in lbm/ft3 should not be regarded as nonconformance with
this standard.

1.5  This standard does riot  purport to address all of the
sajky concerns. &+-  uny, associated with its use. It is the
responsibilirv  of-the  user oj‘this  standard to establish appro-
priate saj>tJ;  and  health practices and determine the applica-
bility oj’ regulator?, limitations prior to use. For specific
Hazard statements, see Section 6.

2. Referenced Documents

2.1 .4STM  Standards:

’ These test methods are under the jurisdiction of ASTM Committee D-18 on
Soil and Rock and are the direct responsibility of Subcommittee D18.08  on Special
and Construction Control Tests.

Current edition approved Oct. 10, 1996. Published February 1997. Originally
published as D 2922 - 7 1. Last previous edition D 2922 - 9 1.

D 698 Test Method for Moisture-Density Relations of Soil ,$
and Soil-Aggregate Mixtures Using 5.5-lb  (2.49-kg)  :Z
Rammer and 12-in. (305-mm)  Drop2

D 1557 Test Method for Moisture-Density Relations of >t
Soil and Soil-Aggregate Mixtures Using IO-lb (4.54-kg) $
Rammer and 18-in.  (457-mm)  Drop2 g

D 32 16 Test Method for Laboratory Determination of I;”
Water (Moisture) Content of Soil, Rock, and Soil- $
Aggregate Mixtures’

L+>, :-r*d
D 30 17 Test Method for Water Content of Soil and Rock

In-Place by Nuclear Methods (Shallow Depth)2
D4253 Test Method for Maximum Index Density and

Unit Weight of Soils Using a Vibratory Table2
D4643 Test Method for Determination of Water Content

by the Microwave Oven Method2

.D 47 18 Practice for Correction of Unit Weight and Water
Content for Soils Containing Oversize Particles2

D4944 Test Method for Field Determination of Water
(Moisture) Content of Soil by the Calcium Carbide Gas
Pressure Tester Method3

D4959 Test Method for Determination of Water
(Moisture) Content by Direct Heating Method3

3. Significance and Use

3.1 The test methods described are useful as rapid,
nondestructive techniques for the in-place determination of
density of soil and rock.

3.2 The test methods are suitable for quality control and
acceptance testing for construction and for research and
development applications.

3.3 The nondestructive nature of the tests allow repetitive
measurements to be made at a single test location.

4. Interferences

4.1 The chemical composition of the sample may affect
the measurement, and adjustments may be necessary.

4.2 The test methods exhibit spatial bias in that the
instrument is more sensitive to the density of the material in
close proximity to the surface (Backscatter Method only).

NOTE I-The nuclear gauge density measurements are somewhat
biased to the surface layers of the soil being tested. This bias has largely

2 Annual Book of ASTM Standards, VolO4.08.
3 Annual Book of ASTM Standard&  VolO4.09.
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been corrected out of the direct transmission method and any remaining
bias is insignificant. The backscatter method is still more sensitive to the
material within the first several inches from the surface.

4.3 Oversize rocks or large voids in the source-detector
path may cause higher or lower density determination.
Where lack of uniformity in the soil due to layering, rock or
voids is suspected, the test volume site should be dug up and
visually examined to determine if the test material is
representative of the full material in general and if’ rock
correction (see 9.6) is required.

4.4 The sample volume is approximately 0.0028 m3 (0.10
ti3) for the Backscatter Method and 0.0057 m3 (0.20 fi3)  for
the Direct Transmission Method when the test depth is 15
cm (6 in.). The actual sample volume is indeterminate and
varies with the apparatus and the density of the material. In
general. the higher the density the smaller the volume.

5. Apparatus
5.  ! .Vuclear  Gage-An electronic counting instrument,

capable  oi being seated on the surface of the material under
XSL and which contains:

5.  I. 1 .A sealed source of high energy gamma radiation
;uch  as cesium or radium.

5. I .2 Gamma Detector-Any type of gamma detector
s.lch as a Geiger-Mueller tube(s).

5.2 Rejhrence  Standard-A block of material used for
Lhecking instrument operation and to establish conditions
;br a reproducible reference count rate.

5.3 Site Preparation Device-A plate, straightedge, or
Jther  suitable leveling tool which may be used for planning
:he test site to the required smoothness, and in the Direct
Transmission Method, guiding the drive pin to prepare a
Terpendicular  hole.

5.4 Drive Pin-A pin of slightly larger diameter than the
-cd in the Direct Transmission Instrument, used to prepare a
.lole in the material under test for inserting the rod.

5.5 Drive Pin Extractor-A tool that may be used to
remove  the drive pin in a vertical direction so that the pin
dl not distort the hole in the extraction process.

5.5.1  A slide hammer, with a drive pin attached, may also
?e used both to prepare a hole in the material to be tested
.lnd to extract the pin without distortion to the hole.

5.  Hazards
6.1 This equipment utilizes radioactive materials that

day  be hazardous to the health of the users unless proper
Frecautions  are taken. Users of this equipment must become
familiar  with applicable safety procedures and government
regulations.

6.2 Efrective  user instructions together with routine safety
procedures, such as source leak tests, recording and evalua-
tion of film badge data, etc., are a recommended part of the
operation and storage of this instrument.

-. Calibration 9. Procedure for Field Use
7.1 Calibration of the instrument will be in accordance

with Annex A I.
9.1 Standardize the gage. (See Section 8.)
9.2 Select a test location. If the gage will be closer than

250 mm (10 in.) to any vertical mass that might influence the
result, such as in a trench or alongside a pipe, follow the
manufacturer’s correction procedure.

9.3 Remove all loose and disturbed material. Remove

8. Standardization and Reference Check

8.1 Nuclear gages are subject to long-term aging of the
radioactive source, detectors, and electronic systems, which

2922

may change the relationship between count rate and material
density. To off&$ this aging, the gage may be calibrated as
the ratio of the measured count rate to a count rate made on
a reference standard or to an air-gap count (for the
backscatter air-gap technique, see 9.5.1.3).  The reference
count rate should be of the same order of magnitude as the
measured count rate over the useful density range of the
instrument.

8.2 Standardization of the gage shall be performed at the
start of each day’s work, and a permanent record of these
data shall be retained. Perform the standardization with the
gage located at least 8 m (25 ft) away from other sources of
radioactive material, and clear of large masses or other items
which may affect the reference count rate.

8.2.1 If recommended by the instrument manufacturer to
provide more stable and consistent results: (1) turn on the
gauge prior to use to allow it to stabilize, (2) leave the power
on during the use of the gage for that day.

8.2.2 Using the reference standard, take at least four
repetitive readings at the normal measurement period and
determine the mean. If available on the gage, one measure-
ment period of four or more times the normal period is
acceptable. This constitutes one standardization check.

8.2.3 If the value obtained above is within the limits
stated below, the gage is considered to be in satisfactory
condition, and the value may be used to determine the count
ratios for the day of use. If the value is outside these limits,
allow additional time for the gage to stabilize, make sure the
area is clear of sources of interference, and then conduct
another standardization check. If the second standardization
check is within the limits, the gage may be used, but if it also
fails the test, the gage shall be adjusted or repaired as
recommended by the manufacturer. The limits are as fol-
lows:

where:
-VT  = value of current standardization count,
iv, = average of the past four values of N, taken for prior

usage, and
F = value of prescale. [The prescale value (F)  is a divisor

which reduces the actual value for the purpose of
display. The manufactor will supply this value if other
than 1.0.1 Some instruments may have provisions to
compute and display these values.

8.2.3.1 If the instrument standardization has not been
checked within the previous three months, perform at least
four new standardization checks, and use the mean as the
value for N,.

8.3 Use the value of N, to determine the count ratios for
the current day’s use of the instrument. If for any reason the
measured density becomes suspect during the day’s use,
perform another standardization check.

d
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additional material as necessary to reach the material that
represents a valid sample of the zone or stratum to be tested.
Surface drying and spatial bias should be considered in
determining the depth of material to be removed.

9.4 Plane or scrape a smooth horizontal surface so as to
obtain maximum contact between the gage and the material
being tested. The placement of the gage on the surface of the
material to be tested is always important, but is especially
critical to the successful determination of density when using
the backscatter  method. The optimum condition in all cases,
is total contact between the bottom surface of the gauge and
the surface of the material being tested. To correct for surface
irregularities, use of native fines or fine sand as a filler may
be necessary. The depth of the filler should not exceed
approximately 3 mm (I/Q  in.) and the total area Wed should
not exceed 10 % of the bottom area of the instrument. The
maximum depth of any void beneath the gage that can be
tolerated without ftiling  shall not exceed approximately 3
mm (l/8  in.). Several trial seatings may be required to achieve
these conditions.

9.5 Proceed with the test in the following manner:
9.5.1 Backscatter Procedure:
9.5.1.1 Seat the gage firmly on the prepared test site.
9.5.1.3 Keep all other radioactive sources away from the

gauge to avoid affecting the measurement so as not to affect
the readings.

9.5.1.3 Secure and record one or more readings for the
normal measurement period in the backscatter position.

NO T E Z-When  using the backscatter air-gap procedure, follow the
instrument manufacturers instructions regarding apparatus set up. Take
the same number of readings for the normal measurement period in the
air-gap position as in the standard backscatter position. Determine the
a i r -gap  ra t io  by  d iv id ing  counts  per  minute  ob ta ined  in  the  a i r -gap
position by counts per minute obtained in standard backscatter position.

9.5.1.1 Determine the ratio of the reading to the standard
count or to rhe air gap count. From this count ratio and the
appropriate calibration and adjustment data, determine the
in-place wet density.

9.52 Direct Transmission Procedure:
9.5.2.1  Make a hole perpendicular to the prepared surface

using the guide and the hole-forming device 5.4, or by
drilling if necessary. The hole shall be of such depth and
alignment rhat insertion of the probe will not cause the gage
to tilt from the plane of the prepared area. The depth of the
hole must be deeper than the depth to which the probe will
be piaced. The guide shall be the same size as the base of the
gauge, with the hole in the same location on the guide as the
probe on the gauge. The corners of the guide are marked by
scoring the surface of the soil. The guide plate is then
removed and any necessary repairs are made to the prepared
surface.

9.5.2.2 Proceed with testing in the following manner:
9.5.2.3 Set the gage on the soil surface, carefully aligning it

with the marks on the soil so that the probe will be directly
over the pre-formed hole.

9.5.2.4 Insert the probe in the hole.
9.5.2.5 Seat the gage firmly by rotating it about the probe

with a back and forth motion.
9.5.2.6 PulI gently on the gage in the direction that will

bring the side of the probe against the side of the hole &it  is

closest to the detector (or source) location in the gau
housing.

9.5.2.7 Keep all other radioactive sources away from
gage to avoid affecting  the measurement.

9.5.2.8 Secure and record one or more readings for
normal measurement period.

9.5.2.9 Determine the ratio of the reading to the Stan
count. From this count ratio and the appropriate calibration
and adjustment data, determine the in-place wet density. 1

NOTE  3-Some  instruments have built-in provisions to compute thi *!#
ratio, wet density, and to enter an adjustment bias. Additionally some ;J#
instruments  may have provis ions to  measure and compute moiy  i2,,
content, and dry density. ;z.

2  -i”
9.6 If the volume tested as defined in 4.4 has excess .:;

oversize material with respect to the limitations in th$ ,I’;
appropriate Test Methods D 698, D 1557 or D 4253, then a -‘,
correction for wet density (unit weight) and water content ‘b
must be applied. This correction will be done in accordance 1;
with Practice D 47 18. This test method requires sampling ?
from the actual test volume. :E’ ; :

9.6.1 If samples of the measure material are to be taken -;;
for purposes of correlation with other test methods or rock :j
correction, the volume measured can be approximated by a z
200 mm (8 in.) diameter cylinder located directly under the ,i
center line of the radioactive source and detector(s). The 2
height of the cylinder to be excavated will be the depth ,$
setting of the source rod when using the Direct Transmission “3 ;
method or approximately 75 mm (3 in.) when using the 6
Backscatter Method.

I’

9.6.2 An alternative to the correction for oversize parti- *
cles, that can be used with mass density methods or minimal 1
oversize situations, involves multiple tests. Tests may be . :
taken at adjacent locations and the results averaged to get a . ,
representative value. Comparisons need to be made to
evaluate whether the presence of a single large rock or void in :
the soil is producing unrepresentative values of density. ;,
Whenever values obtained are questionable, the test volume
site should be dug up and visually examined.

10. Calculation of Results
10.1 The in-place wet density is determined as outlined in

9.5. If dry density is required, the in-place water content shalI
be determined using either gravimetric samples and labora-
tory determination of water content (Test Methods D 2216,
D 4643, D 4959, D 4944),  or an instrument which deter-
mines water content by neutron thermalization (Test
Method D 3017).

10.1.1 If the water content is determined by nuclear
methods, Test Method D 3017, subtract the kg/m3  (lbf/ft3)
of moisture from the kg/m3  (Ibf/fi3) of wet density, and
obtain dry density in kg/m3  (lbf/ft3).

10.1.2 If the water content is determined by other
methods, and is in the form of percent, proceed as follows:

l@)P,
Pd = - (2)

100 + w

where:
& = dry density in kg/m3  (lbf/ft3),

= wet density in kg/m3  (lbf/fi3),  and
? = water as a percent of the dry mass.
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11.1 Report the following information:
11.1.1  Standardization and adjustment data for the date

of  the tests.
11.1.2  Make, model and serial number of the test instru-.

med.
11.1.3  Name of the operator(s).
11.1.4  Test site identification.
11.1.5  Visual  description of material tested.
11.1.6 Test mode (backscatter or direct transmission) and

test  depth (if applicable).
11.1.7  Wet and dry densities in kg/m3  or unit weights in

lb/ft3.
11. i .S Water content in percent of dry mass or dry unit

weight.

12. Precision and Bias

121.1 Precision-Criteria for judging the acceptability of
wet density test results obtained by this test method are given
in Table 1. The figure in column three represents the
standard deviations that have been found to be appropriate
for the materials tested in column one. The figures given in
column four are the limits that should not be exceeded by
the difference between the results of two properly conducted
tests. The figures given are based upon an interlaboratory
studv in which five test sites containing soils, with wet
den&es  as shown in column two were tested by eight
different devices and operators. The wet density of each test
site was determined three times by each dev&z4

12.1.2 An instrument count precision of 8 kg/m3 (0.5
lbf/ft3) for the Backscatter Method and 4 kg/m3  (0.25 lbf/fi3)
Direct Transmission Method are typical on a material of
approximately 2000 kg/m3 (125 lbf/ft3) density, with a
measurement time of one minute.

4 The data used to establish this precision statement is contained in a Research
Report  available from ASIA  Headquarten Request RR:D I& 1004.

DiedTransmission:
CL 1637 (114.7) 5.4 (0.34) 15.1 (0.94)
s? 1937 (120.9) 4.3(027) 11.9 (0.74)
h4L 2064 (130.1) 7.4(0.46) 205(1-m

1996 (124.6) 19.4(1.21) 54.3 (3.39)

Molbjlaboratoryw:
DhctTransmissiar:

a 1637 (114.7) 10.6 (0.66) 29.8 (1.66)
SP 1937 (120.9) 10.9 (0.66) 30.6(1.91)
M L 2064(130.1) 12.3(O.n) 34.4 (2.15)

1996 (124.6) 36.1 (2.36) 107 (6.67)

12.1.2.1 Instrument count precision is defined as the
change in density that occurs corresponding to a one
standard deviation change in the count due to the random
decay of the radioactive source. The density of the material
and the time period of the count must be stated. It may be
determined from a series of 20 or more counts taken without
moving the instrument, or alternately from the calibration
data using the assumption that u is equal to the Jcount at
that density. The count must be the true instrument count
corrected for any pre-scaling (see 8.2.3).

where:
P = instrument precision in density (kg/m3  or lbf/ft3)

one standard deviation of the count
% 1 the slope of the calibration curve at the defined density

value.
12.2 Bias:
12.2-l There is no accepted reference value for this test

method, therefore, bias cannot be determined.

13. Keywords
13.1 density; field density; nuclear methods

ANNEX

(Mandatory Information)

Al. CALIBRATION

Al. 1 Verify or reestablish calibration curves, tables, or The densities of materials used to establish or verify the
equation coefficients at least once every 12 to 18 months and calibration should extend through a range representative of
after all major repairs which may affect the instrument the density of the materials to be tested. The density of these
%eometry.

A 1.2 The instrument shah be calibrated in such a wry as
material standards shah be determined to an accuracy of +
0.2 %.

to  produce a calibration response within + 16 kg/m3 (k 1.0 Al.3 Sufficient data shah be taken on each density
lbf/ft3)  on blocks of materials (standards) of established standard to ensure an instrument count precision of at least
densities. (This calibration may be done by the manufac- one-half the instrument count precision required for field
turer, the user, or an independent vendor.) Nuclear instru- use. The data may be presented in the form of a graph, table,
merit response is inIIuenced by the chemical composition of equation coefficients, or stored in the gauge, to allow
measured material. This response must be taken into ac- covering the count rate data to material density.
count in establishing the assigned standard block density. A 1.4 The method and test procedures used in establishing
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the calibration count rate data shah be the same as those
used for obtaining the field count rate data.

Al .5  The material type, actual density and assigned
standard block density of each calibration standard used to
establish or verify the instrument calibration shall be stated
as part of the calibration data.

Al .6  The standards shah be of sufficient size to not
change the count rate if enlarged in any dimension. Min-
imum surface dimensions of approximately 6 10 mm long by
430 mm wide (24 by 17 in.) have proven satisfactory. For the
Backscatter Method a minimum depth of 230 mm (9 in.) is
adequate; for the Direct Transmission Method the depth
shah be at least 50 mm (2 in.) deeper than the deepest rod
depth. A larger surface area may be required for the

Backscatter Air-Gap technique. Minimum surface dim
sions may be reduced slightly if the standards are adjacent
a dense material.

Al .7  The most successfX  standards that have been es
lished for accurate calibration have been made of aluminu
magnesium, aluminum/magnesium, granite and limes
These standards have been used in combination wit
other and with historical curve information to p
accurate and reliable calibration.

Al .7.1  Standards of soil, rock, and concrete that have the ‘$
characteristics of reproducible uniformity are difficult to ‘;s
prepare. These standards may be of use for some special ‘+
calibration or field calibration where local site material ’
chemistry or background situation require special adapta-  ”
tion.

The American Society for Testing and Materials takes no position respecting the vafidity  of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressfy  advised that determination of the validity  d any such
patent rights, and the risk of infringement of such rights, are entirely theii own responsibil i ty.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five  years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for addition&  standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideratkm  at a meeting of the responsible
technical committee, which you may attend. /f  you feel that your comments have not received a fait hearing you should  make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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SECTION 02770A

CONCRETE SIDEWALKS AND CURBS AND GUTTERS
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**************************************************************************
NOTE:  This guide specification covers the 
requirements for concrete sidewalks and curbs and 
gutters.

Comments and suggestions on this guide specification 
are welcome and should be directed to the technical 
proponent of the specification.  A listing of 
technical proponents, including their organization 
designation and telephone number, is on the Internet.

Recommended changes to a UFGS should be submitted as 
a  Criteria Change Request (CCR).

Use of electronic communication is encouraged.

This guide specification includes tailoring options 
for sidewalks, and curbs and gutters.  Selection or 
deselection of a tailoring option will include or 
exclude that option in the section, but editing the 
resulting section to fit the project is still 
required.

Brackets are used in the text to indicate designer 
choices or locations where text must be supplied by 
the designer.

**************************************************************************

PART 1   GENERAL

**************************************************************************
 AND=GUTTERS> s/public.html> AND=GUTTERS> 
s/public.html>NOTE:  This specification may be 
adjusted to cover separate curbs and gutters or 
combination curbs and gutters.  This guide 
specification will not be used for integral or 
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monolithic curbs of concrete pavement or for curbs 
and gutters for bridges.

**************************************************************************

1.1   REFERENCES

**************************************************************************
NOTE:  Issue (date) of references included in 
project specifications need not be more current than 
provided by the latest guide specification.

**************************************************************************

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 182 (1991; R 2000) Burlap Cloth Made from Jute 
or Kenaf

ASTM INTERNATIONAL (ASTM)

ASTM A 185 (2002) Steel Welded Wire Reinforcement, 
Plain, for Concrete

ASTM A 615/A 615M (2003a) Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement

ASTM C 143/C 143M (2003) Slump of Hydraulic Cement Concrete

ASTM C 171 (2003) Sheet Materials for Curing Concrete

ASTM C 172 (1999) Sampling Freshly Mixed Concrete

ASTM C 173 (1994ael) Air Content of Freshly Mixed 
Concrete by the Volumetric Method

ASTM C 231 (2003) Air Content of Freshly Mixed 
Concrete by the Pressure Method

ASTM C 309 (2003) Liquid Membrane-Forming Compounds 
for Curing Concrete

ASTM C 31/C 31M (2003a) Making and Curing Concrete Test 
Specimens in the Field

ASTM C 920 (2002) Elastomeric Joint Sealants

ASTM D 1751 (1999) Preformed Expansion Joint Filler 
for Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)
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ASTM D 1752 (1984; R 1996e1) Preformed Sponge Rubber 
and Cork Expansion Joint Fillers for 
Concrete Paving and Structural Construction

ASTM D 5893 (1996) Cold Applied, Single Component, 
Chemically Curing Silicone Joint Sealant 
for Portland Cement Concrete Pavements 

 
1.2   MEASUREMENT FOR PAYMENT

**************************************************************************
NOTE:  The MEASUREMENT FOR PAYMENT and BASIS FOR 
PAYMENT paragraphs will be deleted if the work 
covered by this section of the specifications is 
included in one lump-sum contract price for the 
entire work covered by the invitation for bids.

**************************************************************************

1.2.1   Sidewalks

The quantities of sidewalks to be paid for will be the number of square 
meters yards of each depth of sidewalk constructed as indicated.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>1.2.2   Curbs and 
Gutters

The quantities of curbs and gutters to be paid for will be the number of 
linear meters feet of each cross section constructed as indicated, measured 
along the face of the curb at the gutter line.

1.3   BASIS FOR PAYMENT

1.3.1   Sidewalks

Payment of the quantities of sidewalks measured as specified will be at the 
contract unit price per square meter yard of the thickness specified.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>1.3.2   Curbs and 
Gutters

Payment of the quantities of curbs and gutters measured as specified will 
be at the contract unit price per linear meter foot of each cross section.

1.4   SUBMITTALS

**************************************************************************
NOTE:  Submittals must be limited to those necessary 
for adequate quality control.  The importance of an 
item in the project should be one of the primary 
factors in determining if a submittal for the item 
should be required.

A “G” following a submittal item indicates that the 
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submittal requires Government approval.  Some 
submittals are already marked with a “G”.  Only 
delete an existing “G” if the submittal item is not 
complex and can be reviewed through the Contractor’s 
Quality Control system.  Only add a “G” if the 
submittal is sufficiently important or complex in 
context of the project.

For submittals requiring Government approval on Army 
projects, a code of up to three characters within 
the submittal tags may be used following the "G" 
designation to indicate the approving authority.  
Codes for Army projects using the Resident 
Management System (RMS) are:  "AE" for 
Architect-Engineer; "DO" for District Office 
(Engineering Division or other organization in the 
District Office); "AO" for Area Office; "RO" for 
Resident Office; and "PO" for Project Office.  Codes 
following the "G" typically are not used for Navy 
projects.

Submittal items not designated with a "G" are 
considered as being for information only for Army 
projects and for Contractor Quality Control approval 
for Navy projects.

**************************************************************************

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only or as 
otherwise designated.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.  The following shall be submitted in accordance with Section 
01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Concrete

  Copies of certified delivery tickets for all concrete used in 
the construction.

SD-06 Test Reports

Field Quality Control

  Copies of all test reports within 24 hours of completion of the 
test.

1.5   WEATHER LIMITATIONS

1.5.1   Placing During Cold Weather

Concrete placement shall not take place when the air temperature reaches 5 
degrees C 40 degrees F and is falling, or is already below that point.  
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Placement may begin when the air temperature reaches 2 degrees C 35 degrees 
F and is rising, or is already above 5 degrees C 40 degrees F.  Provisions 
shall be made to protect the concrete from freezing during the specified 
curing period.  If necessary to place concrete when the temperature of the 
air, aggregates, or water is below 2 degrees C 35 degrees F, placement and 
protection shall be approved in writing.  Approval will be contingent upon 
full conformance with the following provisions.  The underlying material 
shall be prepared and protected so that it is entirely free of frost when 
the concrete is deposited.  [Mixing water and aggregates] [Mixing water] 
[Aggregates] shall be heated as necessary to result in the temperature of 
the in-place concrete being between 10 and 30 degrees C 50 and 85 degrees F. 
 Methods and equipment for heating shall be approved.  The aggregates shall 
be free of ice, snow, and frozen lumps before entering the mixer.  Covering 
and other means shall be provided for maintaining the concrete at a 
temperature of at least 10 degrees C 50 degrees F for not less than 72 
hours after placing, and at a temperature above freezing for the remainder 
of the curing period.

1.5.2   Placing During Warm Weather

The temperature of the concrete as placed shall not exceed 30 degrees C 85 
degrees F except where an approved retarder is used.  The mixing water 
and/or aggregates shall be cooled, if necessary, to maintain a satisfactory 
placing temperature.  The placing temperature shall not exceed 35 degrees C 
95 degrees F at any time.

1.6   PLANT, EQUIPMENT, MACHINES, AND TOOLS

1.6.1   General Requirements

Plant, equipment, machines, and tools used in the work shall be subject to 
approval and shall be maintained in a satisfactory working condition at all 
times.  The equipment shall have the capability of producing the required 
product, meeting grade controls, thickness control and smoothness 
requirements as specified.  Use of the equipment shall be discontinued if 
it produces unsatisfactory results.  The Contracting Officer shall have 
access at all times to the plant and equipment to ensure proper operation 
and compliance with specifications.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>1.6.2   Slip Form 
Equipment

Slip form paver or curb forming machine, will be approved based on trial 
use on the job and shall be self-propelled, automatically controlled, 
crawler mounted, and capable of spreading, consolidating, and shaping the 
plastic concrete to the desired cross section in 1 pass.

PART 2   PRODUCTS

2.1   CONCRETE

Concrete shall conform to the applicable requirements of [Section 03300A 
CAST-IN-PLACE STRUCTURAL CONCRETE] [Section 02753A CONCRETE PAVEMENT FOR 
AIRFIELDS AND OTHER HEAVY-DUTY PAVEMENTS] [Section 02754A CONCRETE 
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PAVEMENTS FOR SMALL PROJECT] except as otherwise specified.  Concrete shall 
have a minimum compressive strength of 24 MPa 3500 psi at 28 days.  Maximum 
size of aggregate shall be 37.5 mm 1-1/2 inches.

2.1.1   Air Content

**************************************************************************
NOTE:  The air content specified is for concrete 
that will be subjected to freezing weather and the 
possible action of deicing chemicals.  In climates 
where freezing is not a factor but where air 
entrainment is used in local commercial practice to 
improve the workability and placeability of 
concrete, concrete having air content percent of 4.5 
plus or minus 1.5 percent may be specified as 
Contractor's option to non air-entrained concrete.

**************************************************************************

Mixtures shall have air content by volume of concrete of 5 to 7 percent, 
based on measurements made immediately after discharge from the mixer.

2.1.2   Slump

**************************************************************************
NOTE:  The desired slump will be inserted.  
Suggested limits are 75 mm (3 inches) plus or minus 
25 mm (1 inch) for hand placed concrete or 25 mm (1 
inch) plus or minus 10 mm (1/2 inch) for slipformed 
concrete.

**************************************************************************

The concrete slump shall be 50 mm plus or minus 25 mm 2 inches plus or 
minus 1 inch where determined in accordance with ASTM C 143/C 143M.

2.1.3   Reinforcement Steel

**************************************************************************
NOTE:  Reinforcement steel normally will not be 
required for curb and gutter construction.  Where 
conditions exist that make it advantageous to use 
reinforcement steel, the reinforcing steel details 
will be indicated, and the following paragraphs will 
be included in the contract specification.

**************************************************************************

Reinforcement bars shall conform to ASTM A 615/A 615M.  Wire mesh 
reinforcement shall conform to ASTM A 185.

2.2   CONCRETE CURING MATERIALS

2.2.1   Impervious Sheet Materials

Impervious sheet materials shall conform to ASTM C 171, type optional, 
except that polyethylene film, if used, shall be white opaque.
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2.2.2   Burlap

Burlap shall conform to AASHTO M 182.

2.2.3   White Pigmented Membrane-Forming Curing Compound

White pigmented membrane-forming curing compound shall conform to ASTM C 309, 
Type 2.

2.3   CONCRETE PROTECTION MATERIALS

Concrete protection materials shall be a linseed oil mixture of equal 
parts, by volume, of linseed oil and either mineral spirits, naphtha, or 
turpentine.  At the option of the contractor, commercially prepared linseed 
oil mixtures, formulated specifically for application to concrete to 
provide protection against the action of deicing chemicals may be used, 
except that emulsified mixtures are not acceptable.

2.4   JOINT FILLER STRIPS

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>2.4.1   Contraction 
Joint Filler for Curb and Gutter

Contraction joint filler for curb and gutter shall consist of hard-pressed 
fiberboard.

2.4.2   Expansion Joint Filler, Premolded

**************************************************************************
NOTE:  Either type of joint sealer may be specified 
if determined necessary by the Contracting Officer 
and the inapplicable publication removed.  Joint 
sealing material may be omitted where sealing of 
expansion joints is not deemed essential or 
advisable.

**************************************************************************

Expansion joint filler, premolded, shall conform to ASTM D 1751 or ASTM D 
1752, 13 mm 1/2 inch thick, unless otherwise indicated.

2.5   JOINT SEALANTS

Joint sealant, cold-applied shall conform to ASTM C 920 or ASTM D 5893.

2.6   FORM WORK

Form work shall be designed and constructed to ensure that the finished 
concrete will conform accurately to the indicated dimensions, lines, and 
elevations, and within the tolerances specified.  Forms shall be of wood or 
steel, straight, of sufficient strength to resist springing during 
depositing and consolidating concrete.  Wood forms shall be surfaced plank, 
50 mm 2 inches nominal thickness, straight and free from warp, twist, loose 
knots, splits or other defects.  Wood forms shall have a nominal length of 

SECTION 02770A  Page 10



3 m 10 feet.  Radius bends may be formed with 19 mm 3/4 inch boards, 
laminated to the required thickness.  Steel forms shall be channel-formed 
sections with a flat top surface and with welded braces at each end and at 
not less than two intermediate points.  Ends of steel forms shall be 
interlocking and self-aligning.  Steel forms shall include flexible forms 
for radius forming, corner forms, form spreaders, and fillers.  Steel forms 
shall have a nominal length of 3 m 10 feet with a minimum of 3 welded stake 
pockets per form.  Stake pins shall be solid steel rods with chamfered 
heads and pointed tips designed for use with steel forms.

2.6.1   Sidewalk Forms

Sidewalk forms shall be of a height equal to the full depth of the finished 
sidewalk.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>2.6.2   Curb and 
Gutter Forms

Curb and gutter outside forms shall have a height equal to the full depth 
of the curb or gutter.  The inside form of curb shall have batter as 
indicated and shall be securely fastened to and supported by the outside 
form.  Rigid forms shall be provided for curb returns, except that benders 
or thin plank forms may be used for curb or curb returns with a radius of 3 
m 10 feet or more, where grade changes occur in the return, or where the 
central angle is such that a rigid form with a central angle of 90 degrees 
cannot be used.  Back forms for curb returns may be made of 38 mm 1-1/2 inch
 benders, for the full height of the curb, cleated together.  In lieu of 
inside forms for curbs, a curb "mule" may be used for forming and finishing 
this surface, provided the results are approved.

PART 3   EXECUTION

3.1   SUBGRADE PREPARATION

**************************************************************************
NOTE:  On most projects, major grading operations 
involving excavation and construction of embankments 
will be performed and paid for under other sections 
of the specifications and, therefore, are not 
included in this guide specification.  Where such 
work, including the construction of any required 
subbase, must be done under this section, paragraphs 
FORM SETTING, SIDEWALK CONCRETE PLACEMENT AND 
FINISHING, and CURB AND GUTTER CONCRETE PLACEMENT 
AND FINISHING will be revised to cover necessary 
additional requirements.  The subgrade will be 
indicated as extending at least 600 mm (2 feet) in 
width back of curb, gutter, entrance, and 
combination curb and gutters.

**************************************************************************

The subgrade shall be constructed to the specified grade and cross section 
prior to concrete placement.  Subgrade shall be placed and compacted [as 
directed] [in conformance with Section [_____]].
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3.1.1   Sidewalk Subgrade

The subgrade shall be tested for grade and cross section with a template 
extending the full width of the sidewalk and supported between side forms.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>3.1.2   Curb and 
Gutter Subgrade

The subgrade shall be tested for grade and cross section by means of a 
template extending the full width of the curb and gutter.  The subgrade 
shall be of materials equal in bearing quality to the subgrade under the 
adjacent pavement.

3.1.3   Maintenance of Subgrade

The subgrade shall be maintained in a smooth, compacted condition in 
conformity with the required section and established grade until the 
concrete is placed.  The subgrade shall be in a moist condition when 
concrete is placed.  The subgrade shall be prepared and protected to 
produce a subgrade free from frost when the concrete is deposited.

3.2   FORM SETTING

Forms shall be set to the indicated alignment, grade and dimensions.  Forms 
shall be held rigidly in place by a minimum of 3 stakes per form placed at 
intervals not to exceed 1.2 m 4 feet.  Corners, deep sections, and radius 
bends shall have additional stakes and braces, as required.  Clamps, 
spreaders, and braces shall be used where required to ensure rigidity in 
the forms.  Forms shall be removed without injuring the concrete.  Bars or 
heavy tools shall not be used against the concrete in removing the forms.  
Any concrete found defective after form removal shall be promptly and 
satisfactorily repaired.  Forms shall be cleaned and coated with form oil 
each time before concrete is placed.  Wood forms may, instead, be 
thoroughly wetted with water before concrete is placed, except that with 
probable freezing temperatures, oiling is mandatory.

3.2.1   Sidewalks

Forms for sidewalks shall be set with the upper edge true to line and grade 
with an allowable tolerance of 3 mm 1/8 inch in any 3 m 10 foot long 
section.  After forms are set, grade and alignment shall be checked with a 
3 m 10 foot straightedge.  Forms shall have a transverse slope [as 
indicated] [of 20 mm per meter 1/4 inch per foot] with the low side 
adjacent to the roadway.  Side forms shall not be removed for 12 hours 
after finishing has been completed.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>3.2.2   Curbs and 
Gutters

The forms of the front of the curb shall be removed not less than 2 hours 
nor more than 6 hours after the concrete has been placed.  Forms back of 
curb shall remain in place until the face and top of the curb have been 
finished, as specified for concrete finishing.  Gutter forms shall not be 
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removed while the concrete is sufficiently plastic to slump in any 
direction.

3.3   SIDEWALK CONCRETE PLACEMENT AND FINISHING

3.3.1   Formed Sidewalks

Concrete shall be placed in the forms in one layer.  When consolidated and 
finished, the sidewalks shall be of the thickness indicated.  After 
concrete has been placed in the forms, a strike-off guided by side forms 
shall be used to bring the surface to proper section to be compacted.  The 
concrete shall be consolidated with an approved vibrator, and the surface 
shall be finished to grade with a strike off.

3.3.2   Concrete Finishing

After straightedging, when most of the water sheen has disappeared, and 
just before the concrete hardens, the surface shall be finished with a wood 
float or darby to a smooth and uniformly fine granular or sandy texture 
free of waves, irregularities, or tool marks.  A scored surface shall be 
produced by brooming with a fiber-bristle brush in a direction transverse 
to that of the traffic, followed by edging.

3.3.3   Edge and Joint Finishing

All slab edges, including those at formed joints, shall be finished with an 
edger having a radius of 3 mm 1/8 inch.  Transverse joint shall be edged 
before brooming, and the brooming shall eliminate the flat surface left by 
the surface face of the edger.  Corners and edges which have crumbled and 
areas which lack sufficient mortar for proper finishing shall be cleaned 
and filled solidly with a properly proportioned mortar mixture and then 
finished.

3.3.4   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 8 mm 5/16 inch from the testing 
edge of a 3 m 10-foot straightedge.  Permissible deficiency in section 
thickness will be up to 6 mm 1/4 inch.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>3.4   CURB AND GUTTER 
CONCRETE PLACEMENT AND FINISHING

3.4.1   Formed Curb and Gutter

Concrete shall be placed to the section required in a single lift.  
Consolidation shall be achieved by using approved mechanical vibrators.  
Curve shaped gutters shall be finished with a standard curb "mule".

3.4.2   Curb and Gutter Finishing

Approved slipformed curb and gutter machines may be used in lieu of hand 
placement.
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3.4.3   Concrete Finishing

Exposed surfaces shall be floated and finished with a smooth wood float 
until true to grade and section and uniform in texture.  Floated surfaces 
shall then be brushed with a fine-hair brush with longitudinal strokes.  
The edges of the gutter and top of the curb shall be rounded with an edging 
tool to a radius of 13 mm 1/2 inch.  Immediately after removing the front 
curb form, the face of the curb shall be rubbed with a wood or concrete 
rubbing block and water until blemishes, form marks, and tool marks have 
been removed.  The front curb surface, while still wet, shall be brushed in 
the same manner as the gutter and curb top.  The top surface of gutter and 
entrance shall be finished to grade with a wood float.

3.4.4   Joint Finishing

Curb edges at formed joints shall be finished as indicated.

3.4.5   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 6 mm 1/4 inch from the testing 
edge of a 3 m 10-foot straightedge.  Permissible deficiency in section 
thickness will be up to 6 mm 1/4 inch.

3.5   SIDEWALK JOINTS

Sidewalk joints shall be constructed to divide the surface into rectangular 
areas.  Transverse contraction joints shall be spaced at a distance equal 
to the sidewalk width or 1.5 m 5 feet on centers, whichever is less, and 
shall be continuous across the slab.  Longitudinal contraction joints shall 
be constructed along the centerline of all sidewalks 3 m 10 feet or more in 
width.  Transverse expansion joints shall be installed at sidewalk returns 
and opposite expansion joints in adjoining curbs.  Where the sidewalk is 
not in contact with the curb, transverse expansion joints shall be 
installed as indicated.  Expansion joints shall be formed about structures 
and features which project through or into the sidewalk pavement, using 
joint filler of the type, thickness, and width indicated.  Expansion joints 
are not required between sidewalks and curb that abut the sidewalk 
longitudinally.

3.5.1   Sidewalk Contraction Joints

The contraction joints shall be formed in the fresh concrete by cutting a 
groove in the top portion of the slab to a depth of at least one-fourth of 
the sidewalk slab thickness, using a jointer to cut the groove, or by 
sawing a groove in the hardened concrete with a power-driven saw, unless 
otherwise approved.  Sawed joints shall be constructed by sawing a groove 
in the concrete with a 3 mm 1/8 inch blade to the depth indicated.  An 
ample supply of saw blades shall be available on the job before concrete 
placement is started, and at least one standby sawing unit in good working 
order shall be available at the jobsite at all times during the sawing 
operations.
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3.5.2   Sidewalk Expansion Joints

**************************************************************************

NOTE:  For projects which do not reference Section 
02760A  FIELD MOLDED SEALANTS FOR SEALING JOINTS IN 
RIGID PAVEMENTS, the last paragraph will replace the 
reference to Section 02760A.

**************************************************************************

Expansion joints shall be formed with 13 mm 1/2 inch joint filler strips.  
Joint filler in expansion joints surrounding structures and features within 
the sidewalk may consist of preformed filler material conforming to ASTM D 
1752 or building paper.  Joint filler shall be held in place with steel 
pins or other devices to prevent warping of the filler during floating and 
finishing.  Immediately after finishing operations are completed, joint 
edges shall be rounded with an edging tool having a radius of 3 mm 1/8 inch, 
and concrete over the joint filler shall be removed.  At the end of the 
curing period, expansion joints shall be cleaned and filled with 
cold-applied joint sealant.  Joint sealant shall be gray or stone in color. 
 [Joints shall be sealed as specified in Section 02760A FIELD MOLDED 
SEALANTS FOR SEALING JOINTS IN RIGID PAVEMENTS.] [The joint opening shall 
be thoroughly cleaned before the sealing material is placed.  Sealing 
material shall not be spilled on exposed surfaces of the concrete.  
Concrete at the joint shall be surface dry and atmospheric and concrete 
temperatures shall be above 10 degrees C 50 degrees F at the time of 
application of joint sealing material.  Excess material on exposed surfaces 
of the concrete shall be removed immediately and concrete surfaces cleaned.]

3.5.3   Reinforcement Steel Placement

**************************************************************************
NOTE:  Reinforcement steel normally will not be 
required for curb and gutter construction.  Where 
conditions exist that make it advantageous to use 
reinforcement steel, the reinforcing steel details 
will be indicated, and the following paragraphs will 
be included in the contract specification.

**************************************************************************

Reinforcement steel shall be accurately and securely fastened in place with 
suitable supports and ties before the concrete is placed.

 AND=GUTTERS> s/public.html> AND=GUTTERS> s/public.html>3.6   CURB AND GUTTER 
JOINTS

Curb and gutter joints shall be constructed at right angles to the line of 
curb and gutter.

3.6.1   Contraction Joints

Contraction joints shall be constructed directly opposite contraction 
joints in abutting portland cement concrete pavements and spaced so that 
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monolithic sections between curb returns will not be less than 1.5 m 5 feet 
nor greater than 4.5 m 15 feet in length.  Contraction joints shall be 
constructed by means of 3 mm 1/8 inch thick separators and of a section 
conforming to the cross section of the curb and gutter.  Separators shall 
be removed as soon as practicable after concrete has set sufficiently to 
preserve the width and shape of the joint and prior to finishing.

3.6.2   Expansion Joints

**************************************************************************

NOTE:  For projects which do not reference Section 
02760A FIELD MOLDED SEALANTS FOR SEALING JOINTS IN 
RIGID PAVEMENTS, the last paragraph will replace the 
reference to Section 02760A.

**************************************************************************

Expansion joints shall be formed by means of preformed expansion joint 
filler material cut and shaped to the cross section of curb and gutter.  
Expansion joints shall be provided in curb and gutter directly opposite 
expansion joints of abutting portland cement concrete pavement, and shall 
be of the same type and thickness as joints in the pavement.  Where curb 
and gutter do not abut portland cement concrete pavement, expansion joints 
at least 13 mm 1/2 inch in width shall be provided at intervals not less 
than 10 meters (30 feet) nor greater than 35 meters (120 feet).  Expansion 
joints shall be provided in nonreinforced concrete gutter at locations 
indicated.  Expansion joints shall be sealed immediately following curing 
of the concrete or as soon thereafter as weather conditions permit.  
[Joints shall be sealed as specified in Section 02760A FIELD MOLDED 
SEALANTS FOR SEALING JOINTS IN RIGID PAVEMENTS.] [Expansion joints and the 
top 25 mm 1 inch depth of curb and gutter contraction-joints shall be 
sealed with joint sealant.  The joint opening shall be thoroughly cleaned 
before the sealing material is placed.  Sealing material shall not be 
spilled on exposed surfaces of the concrete.  Concrete at the joint shall 
be surface dry and atmospheric and concrete temperatures shall be above 10 
degrees C 50 degrees F at the time of application of joint sealing 
material.  Excess material on exposed surfaces of the concrete shall be 
removed immediately and concrete surfaces cleaned.]

3.7   CURING AND PROTECTION

**************************************************************************
NOTE:  Only the methods of curing appropriate to 
local weather conditions and construction practices 
will be retained, but Contractor's option of at 
least 2 curing methods will be retained to promote 
competition in bidding.

**************************************************************************

3.7.1   General Requirements

Concrete shall be protected against loss of moisture and rapid temperature 
changes for at least 7 days from the beginning of the curing operation.  
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Unhardened concrete shall be protected from rain and flowing water.  All 
equipment needed for adequate curing and protection of the concrete shall 
be on hand and ready for use before actual concrete placement begins.  
Protection shall be provided as necessary to prevent cracking of the 
pavement due to temperature changes during the curing period.

3.7.1.1   Mat Method

The entire exposed surface shall be covered with 2 or more layers of 
burlap.  Mats shall overlap each other at least 150 mm 6 inches.  The mat 
shall be thoroughly wetted with water prior to placing on concrete surface 
and shall be kept continuously in a saturated condition and in intimate 
contact with concrete for not less than 7 days.

3.7.1.2   Impervious Sheeting Method

The entire exposed surface shall be wetted with a fine spray of water and 
then covered with impervious sheeting material.  Sheets shall be laid 
directly on the concrete surface with the light-colored side up and 
overlapped 300 mm 12 inches when a continuous sheet is not used.  The 
curing medium shall not be less than 450 mm 18-inches wider than the 
concrete surface to be cured, and shall be securely weighted down by heavy 
wood planks, or a bank of moist earth placed along edges and laps in the 
sheets.  Sheets shall be satisfactorily repaired or replaced if torn or 
otherwise damaged during curing.  The curing medium shall remain on the 
concrete surface to be cured for not less than 7 days.

3.7.1.3   Membrane Curing Method

A uniform coating of white-pigmented membrane-curing compound shall be 
applied to the entire exposed surface of the concrete as soon after 
finishing as the free water has disappeared from the finished surface.  
Formed surfaces shall be coated immediately after the forms are removed and 
in no case longer than 1 hour after the removal of forms.  Concrete shall 
not be allowed to dry before the application of the membrane.  If any 
drying has occurred, the surface of the concrete shall be moistened with a 
fine spray of water and the curing compound applied as soon as the free 
water disappears.  Curing compound shall be applied in two coats by 
hand-operated pressure sprayers at a coverage of approximately 5 square 
meters/L 200 square feet per gallon for the total of both coats.  The 
second coat shall be applied in a direction approximately at right angles 
to the direction of application of the first coat.  The compound shall form 
a uniform, continuous, coherent film that will not check, crack, or peel 
and shall be free from pinholes or other imperfections.  If pinholes, 
abrasion, or other discontinuities exist, an additional coat shall be 
applied to the affected areas within 30 minutes.  Concrete surfaces that 
are subjected to heavy rainfall within 3 hours after the curing compound 
has been applied shall be resprayed by the method and at the coverage 
specified above.  Areas where the curing compound is damaged by subsequent 
construction operations within the curing period shall be resprayed.  
Necessary precautions shall be taken to insure that the concrete is 
properly cured at sawed joints, and that no curing compound enters the 
joints.  The top of the joint opening and the joint groove at exposed edges 
shall be tightly sealed before the concrete in the region of the joint is 

SECTION 02770A  Page 17



resprayed with curing compound.  The method used for sealing the joint 
groove shall prevent loss of moisture from the joint during the entire 
specified curing period.  Approved standby facilities for curing concrete 
pavement shall be provided at a location accessible to the jobsite for use 
in the event of mechanical failure of the spraying equipment or other 
conditions that might prevent correct application of the membrane-curing 
compound at the proper time.  Concrete surfaces to which membrane-curing 
compounds have been applied shall be adequately protected during the entire 
curing period from pedestrian and vehicular traffic, except as required for 
joint-sawing operations and surface tests, and from any other possible 
damage to the continuity of the membrane.

3.7.2   Backfilling

After curing, debris shall be removed and the area adjoining the concrete 
shall be backfilled, graded, and compacted to conform to the surrounding 
area in accordance with lines and grades indicated.

3.7.3   Protection

Completed concrete shall be protected from damage until accepted.  The 
Contractor shall repair damaged concrete and clean concrete discolored 
during construction.  Concrete that is damaged shall be removed and 
reconstructed for the entire length between regularly scheduled joints.  
Refinishing the damaged portion will not be acceptable.  Removed damaged 
portions shall be disposed of as directed.

3.7.4   Protective Coating

**************************************************************************
NOTE:  Concrete may require protection against the 
action of urea, sodium chloride, and calcium 
chloride used for de-icing purposes.  Protection 
against these chemicals is not required for concrete 
of the specified air content that will be in place 
for a cumulative time of 6 weeks at a continuous 
minimum temperature of 5 degrees C (40 degrees F), 
excluding the curing time.  Concrete which is to 
receive protective coating should be moist cured to 
eliminate the need for removing a curing membrane 
prior to application of the protective coating.  ACI 
Committee Report 515 provides a detailed discussion 
of protective coating for concrete.  The following 
paragraphs will be inserted if protective coating is 
required.

**************************************************************************

Protective coating, of linseed oil mixture, shall be applied to the 
exposed-to-view concrete surface after the curing period, if concrete will 
be exposed to de-icing chemicals within 6 weeks after placement.  Concrete 
to receive a protective coating shall be moist cured.
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3.7.4.1   Application

Curing and backfilling operation shall be completed prior to applying two 
coats of protective coating.  Concrete shall be surface dry and clean 
before each application.  Coverage shall be by spray application at not 
more than 11 square meters/L 50 square yards per gallon for first 
application and not more than 15.5 square meters/L 70 square yards per 
gallon for second application, except that the number of applications and 
coverage for each application for commercially prepared mixture shall be in 
accordance with the manufacturer's instructions.  Coated surfaces shall be 
protected from vehicular and pedestrian traffic until dry.

3.7.4.2   Precautions

Protective coating shall not be heated by direct application of flame or 
electrical heaters and shall be protected from exposure to open flame, 
sparks, and fire adjacent to open containers or applicators.  Material 
shall not be applied at ambient or material temperatures lower than 10 
degrees C 50 degrees F.

3.8   FIELD QUALITY CONTROL

3.8.1   General Requirements

The Contractor shall perform the inspection and tests described and meet 
the specified requirements for inspection details and frequency of testing. 
 Based upon the results of these inspections and tests, the Contractor 
shall take the action and submit reports as required below, and any 
additional tests to insure that the requirements of these specifications 
are met.

3.8.2   Concrete Testing

3.8.2.1   Strength Testing

The Contractor shall provide molded concrete specimens for strength tests.  
Samples of concrete placed each day shall be taken not less than once a day 
nor less than once for every 190 cubic meters 250 cubic yards of concrete.  
The samples for strength tests shall be taken in accordance with ASTM C 172. 
 Cylinders for acceptance shall be molded in conformance with ASTM C 31/C 
31M by an approved testing laboratory.  Each strength test result shall be 
the average of 2 test cylinders from the same concrete sample tested at 28 
days, unless otherwise specified or approved.  Concrete specified on the 
basis of compressive strength will be considered satisfactory if the 
averages of all sets of three consecutive strength test results equal or 
exceed the specified strength, and no individual strength test result falls 
below the specified strength by more than 4 MPa 500 psi.

3.8.2.2   Air Content

Air content shall be determined in accordance with ASTM C 173 or ASTM C 231. 
 ASTM C 231 shall be used with concretes and mortars made with relatively 
dense natural aggregates.  Two tests for air content shall be made on 
randomly selected batches of each class of concrete placed during each 
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shift.  Additional tests shall be made when excessive variation in concrete 
workability is reported by the placing foreman or the Government inspector. 
 If results are out of tolerance, the placing foreman shall be notified and 
he shall take appropriate action to have the air content corrected at the 
plant.  Additional tests for air content will be performed on each 
truckload of material until such time as the air content is within the 
tolerance specified.

3.8.2.3   Slump Test

Two slump tests shall be made on randomly selected batches of each class of 
concrete for every 190 cubic meters 250 cubic yards, or fraction thereof, 
of concrete placed during each shift.  Additional tests shall be performed 
when excessive variation in the workability of the concrete is noted or 
when excessive crumbling or slumping is noted along the edges of 
slip-formed concrete.

3.8.3   Thickness Evaluation

The anticipated thickness of the concrete shall be determined prior to 
placement by passing a template through the formed section or by measuring 
the depth of opening of the extrusion template of the curb forming machine. 
 If a slip form paver is used for sidewalk placement, the subgrade shall be 
true to grade prior to concrete placement and the thickness will be 
determined by measuring each edge of the completed slab.

3.8.4   Surface Evaluation

The finished surface of each category of the completed work shall be 
uniform in color and free of blemishes and form or tool marks.

3.9   SURFACE DEFICIENCIES AND CORRECTIONS

3.9.1   Thickness Deficiency

When measurements indicate that the completed concrete section is deficient 
in thickness by more than 6 mm 1/4 inch the deficient section will be 
removed, between regularly scheduled joints, and replaced.

3.9.2   High Areas

In areas not meeting surface smoothness and plan grade requirements, high 
areas shall be reduced either by rubbing the freshly finished concrete with 
carborundum brick and water when the concrete is less than 36 hours old or 
by grinding the hardened concrete with an approved surface grinding machine 
after the concrete is 36 hours old or more.  The area corrected by grinding 
the surface of the hardened concrete shall not exceed 5 percent of the area 
of any integral slab, and the depth of grinding shall not exceed 6 mm 1/4 
inch.  Pavement areas requiring grade or surface smoothness corrections in 
excess of the limits specified above shall be removed and replaced.

3.9.3   Appearance

Exposed surfaces of the finished work will be inspected by the Government 
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and any deficiencies in appearance will be identified.  Areas which exhibit 
excessive cracking, discoloration, form marks, or tool marks or which are 
otherwise inconsistent with the overall appearances of the work shall be 
removed and replaced.

         -- End of Section --
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