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KAFB BASE-WIDE CLOSURE PLAN 

Kirtland Air Force Base 

1.0 EXECUTIVE SUMMARY 

Kirtland Air Force Base (KAFB) hereby submits a Base-Wide Closure Plan (BWCP). The 
document is written in response to the New Mexico Environment Division's (NMED) 
Notice of Violation of June 13, 1991. This plan has been prepareo in accordance with the 
April 1987 EPA Guidance Manual on Hazardous Waste Land Treatment Closure/Post 
Closure and 40 CFR 265 Subpart G. This plan is an updated version of the November 30, 
1990 Closure Plan submittal containing comments from the N.O.V. 

This document includes the Closure and Post Closure Core Plan and preliminary 
information for waste management units located at KAFB. The waste management units 
consist of sites that require closure because they may have received hazardous wastes from 
operations on KAFB. A list of units that require closure plan design is included in section 
4 of this plan. 

The purpose of this document is to serve as a baseline closure plan for all KAFB units 
currently requiring closure and any additional units that currently do not require closure but 
may require closure in the future. It contains general information that pertains to all the 
specific units that will be addressed in separate supplements. The closure details for specific 
units will be addressed in separate documents referred to as supplements to the BWCP. 
This BWCP, as well as reference documents and supplements, addresses the specific 
requirements of 40 CFR Part 265 Subpart G set forth in the State of New Mexico 
Hazardous Waste Management Regulations (HWMR-5). 

KAFB proposes to close the individual units using one of the six conceptual designs pre
sented in this report. Once data is obtained from the site characterization phase, which 
involves a sampling and testing program, one of the six designs described in section 6.0 will 
be adopted for closure. 

The supplements contain site specific information and are written with the understanding 
that the reader is familiar with the BWCP. It is intended that the reader will use the 
BWCP and other referenced documents for general information and clarification while 
reviewing the supplements. The BWCP and supplements are parallel documents; they both 
discuss the same topics accordingly, under the same section numbers and headings. 
Section 2.0 describes the waste management unit location, land use and population 
distribution. Section 3 describes the physical and hydrogeological conditions at the site and 
the ground-water monitoring system. Sections 4.0 and 5.0 describe the waste disposal 
practices at the waste management sites and the results of sampling and contamination 
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KAFB BASE-WIDE CLOSURE PLAN 

Kirtwnd Air Force Base 

investigations. Section 6.0 details the closure design and risk assessment process. 
Section 7.0 addresses the volume of material and various specific regulatory requirements 
related to closure, and section 8.0 describes the post closure care plan. Analytical results 
are presented in summary form in appendix A Details of the closure design and, the list of 
contaminants of concern appear in the unit supplements in appendix B and C, respectively. 

The 1989 Installation Restoration Program (IRP) Stage 2 work plan written by the USGS 
has also been provided to NMED. This document will be used for site characterization 
activity and serve as a guide for the site-specific work plans. This document is included by 
reference as appendix D. 

Quality control procedures are governed by the September 1989 Sampling and Analysis Plan 
(SAP) written by the United States Geological Survey (USGS), which has been sent 
separately to NMED. Portions of this document appear in appendix E. The USGS is 
currently developing the sampling and analysis program (SAP) needed for the Installation 
Restoration Program (IRP) that addresses specific sampling activity at each unit. This 
document has been submitted to NMED under separate cover, and is referenced in 
appendix E. 

The sampling and analysis program is designed to identify the presence of contaminants that 
appear on the Reference Chemical List from 40 CFR Part 264 Appendix IX, a copy of this 
list is included in Appendix F. Site health and safety plans that apply to closure activities 
will be specific for each site. These unit-specific plans will be developed from the 
guidelines in appendix G. 

2 





KAFB BASE-WIDE CLOSURE PLAN 

Kirtland Air Force Base 

2.0 SITE DESCRIPTION 

2.1 Location and Site History 

Kirtland Air Force Base is located in central New Mexico southeast of and contiguous to 
the city of Albuquerque (figures 2-1 and 2-2). KAFB is owned and operated by the United 
States Air Force; it encompasses over 82,000 acres and contains 742 buildings totaling 5.6 
million square feet of floor space. Present land uses for areas adjacent to the base are as 
follows: 

• North - residential and retail areas 

• East - mountainous rural area, national forest lands 

• South - Isleta Indian reservation lands and uninhabited areas 

• West - residential and business areas, Albuquerque International Airport, and 
undeveloped land owned by University of New Mexico. 

The most prominent physiographic features of this area are the Rio Grande Valley to the 
west and the Sandia-Manzano Mountains to the east. A Kirtland Air Force Base General 
Topographic Map is provided for reference (figure 2-3). 

Three areas within the base are operated by the Department of Energy (DOE) and are not 
under the control of the Air Force. Facilities in these areas (DOE Areas I, II, and III) are 
operated and maintained by Sandia National Laboratories (SNL), a research and develop
ment contractor for the DOE, and have been included in the IRP Phase I study. Because 
of the classified nature of the research activities performed by the DOE and SNL, details of 
waste generation are less comprehensive than those for other sections of the base operated 
by the Air Force. SNL is responsible for its own hazardous waste management and disposal 
program. Waste disposal sites operated by the DOE and SNL and waste management prac
tices conducted by these organizations are not discussed in this report. The disposal sites 
that are not operated by the Air Force are listed separately in the 1985 IRP Phase II Pro
gram Report. 
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KAFB BASE-WIDE CLOSURE PLAN 

Kirt/Llnd Air Force Base 

Construction of Albuquerque Army Air Base began in January 1941, almost a year before 
the United States entered World War II. The name of the base was changed to Kirtland 
Field in 1942. Four squadrons from the 19th Bombardier Group were assigned to the base 
and a Combat Crew Training School and the Air Force's Advanced Flying School were 
housed there. Other facilities on the base during this period included buildings for the 
training of aviation mechanics, maintenance facilities for the bombardier air depot, a con
valescent center, and buildings housing a support division for the Manhattan Project. 

Sandia Corporation (now Sandia National Laboratories) was located on Oxnard Field, which 
subsequently became Sandia Base and which is now known as Kirtland AFB East. Its 
primary mission was the development of nuclear weapons, a research directive that was con
tinued after the war ended. 

Manzano Base was constructed in 1947 as an annex to Sandia Base. The area has been 
used primarily for storage of aerospace resources. 

In 1948, Kirtland Field became Kirtland Air Force Base, and in 1971, Sandia Base, Man
zano Base, and Kirtland Air Force Base merged and became known as Kirtland Air Force 
Base. The base has essentially evolved into a research, development, and training center 
basting various military organizations. 

A more detailed description of Kirtland Air Force Base history is presented in the 1981 IRP 
Phase I Records Search Report. 

The basic missions of Kirtland Air Force Base are to support Department of Defense 
(DoD) research and development programs and to train pararescue medics. KAFB provides 
technical facilities, procurement, and logistical support for over 100 tenant organizations. It 
also maintains aircraft and pilot facilities, including ramp space, taxiways and aircraft barrier 
systems for the training of pilots. 

The support function for the base is performed by the 1606th Air Base Wing, which 
controls all the administrative, security, maintenance, housekeeping, pay, medical care, 
housing, fire protection, legal assistance, law enforcement, environmental, and logistical 
support for the base. The 1606th Air Base Wing was established July 1, 1977. 

2.2 Surrounding Land Use - General 

All units at the base are located on land owned by the Federal Government. Some land 
areas within the outer perimeter of the KAFB are operated by DOE. Beyond the base 
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boundaries to the north are the Veterans Administration and Air Force Medical Center and 
a recreational park operated by the city of Albuquerque. Other properties to the north of 
the base are privately owned and consist of both commercial enterprises and private 
residences. Within the east boundary of the base are Sandia National Laboratories and the 
Manzano Mountains further to the east. Vacant land owned by KAFB and technical areas 
in use by both Kirtland and Sandia lie between the main base area and the southern base 
boundary. The Lovelace Inhalation Toxicology Institute is located near the south base 
boundary. Vacant land owned by the Isleta Indian Reservation borders the entire south 
side of the base. To the west of the site is the Albuquerque International Airport and 
undeveloped land owned by the University of New Mexico. 

2.3 Population Distribution and Exposure 

The KAFB complex is located in the southeast quadrant of the city of Albuquerque. 
Located within the perimeter of the base are a variety of Air Force and other DoD facil
ities. An estimated 16,660 people are employed at KAFB; this number varies constantly 
due to changes of personnel on temporary assignment and transfers of military personnel. 
As of January 1988, the population of the adjacent city of Albuquerque and nearby areas 
~as approximately 500,000 (City of Albuquerque, 1990). 

Kirtland AFB is a military installation which limits public access to its facilities. Those areas 
with known hazardous materials have further security controls and only those workers who 
must conduct operations at the facility are permitted access. This minimizes the potential 
for exposing casual workers and the general public to hazardous materials and closure activi
ties. 

Site-specific information on the potential to be exposed to hazardous wastes is discussed in 
the corresponding section of the supplemental closure plan for each closure unit. 
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3.0 PHYSICAL ENVIRONMENT 

3.1 Climate and Meteorology 

The KAFB site is located west of the foothills of the Sandia and Manzano Mountains on a 
high, arid plateau that slopes gently westward toward the Rio Grande. The climate is 
characterized as arid continental (U.S. Army Corps of Engineers, 1979). Abundant sun
shine, low humidity and precipitation, and a broad seasonal range of temperatures typify 
climatic conditions at the site. The following sections provide information concerning local 
climatology for the years 1978 to the present (NOAA, 1988). 

3.1.1 Temperature 

Based on climatological data for Albuquerque from the National Weather Bureau, average 
annual temperatures range from a high of 81.7 °F to a low of 31.7 °F (NOAA, 1988). 
Average daily temperatures commonly range from a high of 91 °F to a low of 50 op during 
the summer months and a high of 60 °F to a low of 24 °F during the winter. 

3.1.2 Precipitation 

Average annual precipitation is 8.4 inches at the Albuquerque International Airport (U.S. 
Soil Conservation Service 1972), most of which occurs during the months of July and 
August. The summer rains are normally related to local convective activity, and thunder
storms, often intense, build up during the afternoon hours. The average annual snowfall is 
10 inches at the Albuquerque International Airport. 

The average monthly precipitation in the Albuquerque area ranges from Jess than 1 inch 
during November through March to more than 1.25 inches in July and August. The winter 
months are typically dry with monthly snowfalls seldom exceeding 3 inches. Snow rarely 
lasts longer than 24 hours in the non-mountainous areas of the city. Typically, the summer 
months receive almost half of the annual moisture in the form of brief but locally heavy 
thunderstorms. Prolonged periods of continuous precipitation are rare. Storms generating 
tornados are rare (NOAA, 1988). 
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3.1.3 Evapotranspiration 

Evapotranspiration is the loss of water from a land area through transpiration of plants and 
evaporation from the soil. Transpiration is the process by which water is absorbed by plants 
and is evaporated into the atmosphere from the plant surface. The low annual rainfall and 
high average temperatures create an environment exhibiting low humidities and high evap
oration rates. Relative humidity varies as much as 40% on a daily basis in Albuquerque. 
Highs in humidity range from 80% to 40%, lows range from 40% to 15%, with an average 
annual range in humidity of 65% to 30% (NOAA, 1988). Gross annual pond evaporation is 
approximately 65 inches, which is 6 to 7 times greater than annual precipitation. Actual 
evapotranspiration has been determined to be about 95% of precipitation in this climatic 
regime, and the remaining 5% is divided equally between runoff and recharge (U.S. Army 
Corps of Engineers, 1979). 

3.1.4 Winds 

Winds in the Albuquerque area are generally light to moderate. Average wind speeds range 
from 7 to 12 mph, with maximum gusts averaging 40 mph. The prevailing wind direction 
from May through October is from the south or southeast, and the mean wind speed is 7 to 
12 mph. From November through April, the prevailing wind direction is from the north or 
north-northwest and the mean wind speed is 6 to 12 mph. Occasionally, strong storms from 
the east cause high winds to flow westward from Tijeras Canyon into the eastern side of the 
city of Albuquerque. These winds average 40 mph but have been known to gust to 50 
mph. 

3.2 Geology and Soils 

3.2.1 Regional Geology 

The KAFB site is located within the Albuquerque Basin of the Rio Grande Rift, a major 
structural trough of Neogene age that extends from southern Colorado to south-central New 
Mexico. The rift formed in the last 30 million years as an en-echelon series of elongate, 
north-trending structural basins that contain up to 17,000 feet of sedimentary and volcanic 
deposits. 

Rocks exposed in the Albuquerque Basin area range in age from Precambrian to Holocene. 
Outcrops of pre-basin Precambrian, Paleozoic, and Mesozoic rocks are almost entirely con
fined to the Sandia and Manzano Mountains that form the bordering structural rims of the 
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basin. Upper Cenozoic volcanics of primarily basaltic composition occur in the basin along 
with contemporaneous basin fill (Kelley, 1977). 

A series of coalescing alluvial fans extend along the base of the eastern uplifts that bound 
the basin from Las Pinos to the Sandia Mountains. The KAFB site is located on a broad 
alluvial fan that was formed from the weathering and erosion of rocks in the Sandia and 
Manzano Mountains to the east. 

3.2.2 Geology and Soils of Kirtland Air Force Base 

The KAFB site lies on the upper surface of an alluvial fan and other deposits associated 
with the Tijeras Arroyo drainage system. These earth materials consist of sand, gravels, and 
clays deposited by paleodrainages transporting sediments from the eroding Sandia and Man
zano Mountains. Thick channel deposits of sand and gravel are inter-bedded with thinner 
strata of clays and silts deposited in over-bank and other low-energy environments. 

Several soil types are present at the KAFB site. The Latene Series consists of deep, well
drained sandy loam that forms in old alluvium and mixed eolian sediments. Permeability is 
moderate, ranging from 0.6 to 2.0 inches per hour (U.S. Soil Conservation Service, 1977). 
Runoff, water erosion, and soil blowing hazards are moderate. 

Wink Series soils consist of Wink fine sandy loam and the Wink-Embudo complex. Wink 
Series soils are deep, well drained soils that form on pediment surfaces in old uncon
solidated alluvium modified by wind. Permeabilities range from 2.0 to 6.0 inches per hour 
(U.S. Soil Conservation Service, 1977). Runoff is medium in the Wink fine sandy loam; 
water erosion is slight to moderate; and hazard of soil blowing is moderate. Potential for 
flooding and poor compaction exists in soils of the Wink-Embudo complex. 

3.2.3 Site Geology and Soils 

Individual site geology and soil conditions for each solid waste management unit are con
tained in the corresponding section number in the supplement. 
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3.3 Hydrogeology 

3.3.1 Regional Hydrogeology 

The principal ground-water unit underlying the Albuquerque area consists of a thick, exten
sive water-table aquifer hosted by the unconsolidated sediments of the Santa Fe Group 
(Tertiary) and younger alluvial and colluvial deposits. These deposits lie in the 
Albuquerque Basin, a deep structural depression that is part of the Tertiary Rio Grande rift. 
The Albuquerque Basin fill is known to be at least 10,000 feet deep (Kelley, 1977). The 
lithology of the Santa Fe Group generally changes from coarse sand-and-gravel alluvial fan 
deposits near the mountain front on the east to finer, more clay-rich units in the axial valley 
of the Rio Grande. 

On a regional scale, the potentiometric surface of the aquifer slopes eastward and westward 
from the Rio Grande and southerly along the valley. Because the topographic slope rises 
from the river and the water table drops, the aquifer's upper surface becomes progressively 
deeper to the east and west away from the river. This regional configuration is complicated 
by cones of depression formed by withdrawals from Air Force and city of Albuquerque 
:wells. 

The water table lies within a few feet of the land's surface in the valley near the river, but 
is several hundred feet below the surface in the eastern part of Albuquerque. 

The aquifer is recharged from three major sources. Infiltration from the Rio Grande and 
subsurface flow along the rift from the north provide the majority of the recharge. Addi
tional recharge is provided by infiltration of runoff from the western front of the Sandia 
Mountains. Discharge is primarily by withdrawals from city wells, southerly subsurface flow, 
and regional evapotranspiration. Records indicate that the water table under Albuquerque/ 
KAFB is dropping at the rate of several feet per year as the result of these withdrawals. 

Much of the aquifer underlying Albuquerque is composed of sand and gravel deposits and 
exhibits transmissivities ranging from 7,500 to 600,000 gallons per day per foot (Bjorkland 
and Maxwell, 1971). By volume, the majority of water rights in the Albuquerque area are 
owned by the city of Albuquerque, which withdraws several hundred thousand acre-feet per 
year from the aquifer (United States Army Corps of Engineers, 1979). 
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3.3.2 Hydrogeology of Kirtland Air Force Base 

The discussion of site hydrogeology presented in this section is based on data obtained 
during the installation of monitor wells adjacent to the various sites discussed in the closure 
plans. The USGS (1989) has prepared a report containing geologic and geophysical logs, 
detailed cross-sections, and well construction details. This report has been previously sub
mitted to NMED. Additional information is contained in Installation Restoration Program 
(IRP) reports Phase I (1981) and Phase IT (1985). The IRP documents are supporting 
documents to this report and provide greater detail. 

At Kirtland Air Force Base, ground water lies at a depth of approximately 475 feet below 
the surface, or at an elevation of approximately 4,880 feet. Water level data indicate that a 
northerly ground-water gradient exists at the site, but some local variations are evident. 
The ground-water gradient is influenced by the pumping of the Kirtland AFB wells in the 
vicinity and the city of Albuquerque water supply wells to the north and northwest of the 
site. The gradient varies across the site. The aquifer is hosted by sand and gravel deposits. 
Additional data on the hydrogeologic environmental restoration conditions at KAFB are 
being developed by USGS as part of KAFB's Installation Restoration program. This infor
mation will be provided when it becomes available from the USGS. 

3.3.3 Site Hydrogeology 

Specific hydrogeology at each site is contained in the individual site supplements to this 
Base-Wide Closure Plan. 
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4.0 HAZARDOUS WASTE MANAGEMENT UNITS 

A number of hazardous waste management units exist within the boundaries of Kirtland Air 
Force Base. This BWCP contains general information applicable to all units. When addi
tional specific unit closure plans are required, they will be developed as supplements to this 
base-wide plan as agreed upon between KAFB and NMED. KAFB anticipates a number of 
supplements will be written in the future. Each supplement will include a description of the 
size and type of unit being considered for closure. Other information concerning waste 
characteristics and management practices specific to the unit under study can be found in 
the corresponding section of the Unit Closure Plan Supplement documents. 

4.1 Sizes and Types of Candidate Units 

The specific unit closure plan supplements contain information on each of these hazardous 
waste management units. 

4.2 Waste Characteristics 

Waste characteristics specific to each candidate unit are discussed in the corresponding sec
tion of the unit supplement plans. Waste characterization was conducted according to 
accepted procedures as specified in 40 CFR 261, 265 and 267 as appropriate. 

4.3 Waste Management Practices 

A broad spectrum of waste management systems are practiced at Kirtland AFB. Because of 
the aircraft operation and maintenance activity being conducted, typical waste streams in
clude petroleum, oils and lubricants; organic solvents from maintenance and cleaning opera
tions, and acids from battery shops. Because of the wide variety of research and laboratory 
activities, potential waste streams can include laboratory chemicals, chemical laser fuels, and 
exotic "one-of-a-kind" chemicals from research projects. Waste management practices speci
fic to each solid waste management unit will be detailed in the unit supplement. 
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5.0 DOCUMENTED RELEASES 

5.1 Release History 

Release history is specific to the individual units for all sites regulated under RCRA and 
will be described in corresponding section of the Unit Closure Plan Supplements. 

5.2 Work Plan and Sampling Program 

Specific work plans will be prepared for each candidate site. The work plan will contain 
objectives of the entire project site under study. An integral part of the work plan is the 
sampling program. When releases are suspected, a sampling program will be designed to 
determine the impact of the releases. The sampling program is the portion of the work plan 
designed to define the level and extent of contamination. These sampling programs will be 
specifically developed for each unit. The general objectives of a work plan and sampling 
program is described in the following sections. 

5.2.1 General Objectives 

To determine the nature and extent of potential contamination, a work plan and sampling 
program for each unit regulated under RCRA, will be developed and described in each of 
the unit supplement plans. Samples collected from the units will be submitted to an "EPA
approved" laboratory for chemical analyses. The work plan, sampling program, analyses and 
testing programs will be designed in order to accomplish the following: 

• Define waste characteristics of sludges and near-surface soils 

• Evaluate the lateral and vertical extent of vadose zone contamination in the 
vicinity of each unit 

• Evaluate the levels of contaminants that may exist in the soil 

• Evaluate the nature of hazardous constituents 

• Evaluate the possibility of other undocumented waste disposal 
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• Evaluate the possibility of contaminants affecting ground water 

• Evaluate the possibility of contaminants affecting surface water 

5.2.2 Sampling Procedures 

In general the sampling procedures at the individual sites will follow the guidelines detailed 
in the Sampling Analysis Plan or SAP. This document will be the governing procedures 
manual for sampling, sample handling, laboratory procedures, data handling and quality 
assurance. 

The complete SAP has been provided to NMED under separate cover. For reference, 
certain parts of this document have been reproduced and included as part of this Base-Wide 
Closure Plan, in appendix E. This SAP is designed to meet the requirements of the Qualit
y Assurance program detailed in: Test Methods for Evaluating Solid Wastes, EPA guidance 
document (SW 846), Chapter I. Sampling and analysis procedures will be in accordance 
with 40 CFR 261 and 265 in addition to guidelines in SW-846. 

Sample sizes, containers, preservatives, and analytical methods will be determined by the 
testing laboratory. A summary of test methods used to analyze these samples is shown in 
table 5-l. Proposed container types and preservatives are listed in table 5-2 and 5-3. 

The Work plan is a separate document from the sampling plan. The IRP Stage 2 work plan 
details the planned approach and location of contamination assessments at various sites. 
This document has been sent under separate cover to NMED. and is included only be 
reference as appendix D. Portions of the work plan are summarized in the unit closure 
plans. The Sampling and Analysis Plan (SAP) has been developed for the IRP by USGS 
and addresses specific sampling activity at each unit. Portions of this document, are copied 
and included in appendix E. 

5.2.3 Sampling of Sludges 

Sludges will be sampled according to the Installation Restoration Program (IRP), Sampling 
and Analysis Plan for IRP by USGS and the Stage 2 Work Plan referenced in appendix E. 
Stratified random sampling techniques will be used and composite samples will be tested in 
accordance with 40 CFR 261 and Test Methods for Evaluating Solid Waste Physical/ 
Chemical Methods (SW846), specifically Part III, Chapter 9. Unit sampling and test results 
will be presented in appendix A of the specific unit supplements, which is reserved for each 
supplement, and are not included as a part of this plan. 
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Table 5-1 

Summary Of Test Methods 

Solid/Wastes Water Samples 

EPA 8240 Volatile Organics EPA 8240* Volatile Organics 
EPA 624 

EPA 8270 Semivolatile Extractable Organics 
EPA 8270* Semivolatile 

EPA 8010 Halogenated Volatile Organics EPA 625 Extractable Organics 

EPA 8020 Aromatic Volatile Organics EPA 8280* Pqlychlorinated 
EPA 613 dibenzo-dioxins (PCDD), 

EPA 8040 Phenols polychlorinated dibenzo-furans PCDF 

EPA 8080 Organchlorine Pesticides & PCBs EPA 8010 Halogenated Volatile 
EPA 602 Organics 

EPA 8100 or 
EPA 8310 Polynuclear Aromatic Hydrocarbons EPA 8040 Phenols 

EPA 604 
EPA 8120 Chlorinated Hydrocarbons 

EPA 8080* Organochlorine 
EPA 6010 Metals: Cd, Cr, Pb, Mn, Ba EPA 608 pesticides and PCBs 

Si, Fe, AI, Sb, Be, Co, Cu, 
Mo, Ni, Ag, Tl, V, Zn EPA 450.1 Total Organic Halogens 

EPA 7060 Arsenic EPA 9040 pH 
EPA 7740 Selenium EPA 150.1 
EPA 7471 Mercury 
EPA 7421 Lead EPA 9050 Conductance 

EPA 120.1 
EPA 3237 Organic Lead 

EPA 410.1 Chemical Oxygen Demand 
EPA 9070;9071 Oil and Grease 

EPA 413.2 Oil and Grease 
SM 209F % Solids 

EPA 160.1 Total Dissolved Solids 
EPA 9045 pH 

EPA 310.1 Alkalinity 
EPA 1010 Flash point 

EPA Reactivity Cyanide/Sulfide 

EPA 340.1/340.2 Fluoride 

EPA 680 PCBs 

EPA 8120 Chlorinated 
(modified) Hydrocarbons 



Table 5-l (cont'd) 

Summary Of Test Methods 

Solid/Wastes 

EPA 8140* 

EPA 8150* 

EPA 8310 

EPA 6010* 
EPA 200.7 

EPA 7060* 
EPA 206.2 

EPA 7740* 
EPA 270.2 

EPA 7470* 
EPA 245.1 

EPA 7421 
EPA 239.2 

EPA 7196 

ASTM 3237 
EPA 9030* 
EPA 376.1 

EPA 9012* 
EPA 353.3 

EPA 340.2 

EPA 300.0 

EPA 353.1 

EPA 9066 
EPA 420.2 

EPA 415.1 

EPA 418.1 

Organophosphate pesticides 

Chlorinated herbicides 

Polynuclear Aromatic Hydrocarbons 

Metals 

Arsenic 

Selenium 

Mercury 

Lead 

Chromium (VI) 

Organic Lead 
Sulfide 

Cyanide ( CN) 

Fluoride 

Chloride, Nitrate, Sulfate 

Nitrate/Nitrite 

Total Phenolics 

Total Organic Carbon 

Petroleum 
Hydrocarbons 

Water Samples 



Parameter 

Volatile Organic 

Compounds 

EP TOX-Metals 

pH 

Table 5-2 

Summary of Sampling Parameters, Containers, 
Preservatives and Analysis Methods for Water Samples 

Container Preservative 

(2) 40 ml VOA Vials 

1,4 

(1) 500 ml plastic bottle 2,4 

(1) 500 ml plastic bottle 4 

EPA Method 

601/602 

ICP/AA 

9040 



Parameter 

Volatile Organic 
Compounds 

Metals 

pH 

pH 

field determined 

1 Add HC1 until pH <2 

2 A.dd HN03 until pH <2 

4 Refrigerate to 4 oc 

Table 5-3 

Sampling Parameters, Containers, 
Preservatives and Analysis Methods for Soil Samples 

Container Presenrative 

(1) 250 ml jar 
4 

(1) 500 ml glass jar 4 

(1) 500 ml glass jar 4 

(1) 150 ml plastic jar 

EPA Method 

8010/8020 

6010 

9045 
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5.2.4 Sampling of Surface and Subsurface Soils 

Specific locations and sampling of test holes at each site and the location of monitoring 
wells are specific to the units. This information is detailed in the unit closure plans. 

In general, boreholes will be identified, drilled, and sampled to establish the depth of con
taminant migration, if any, in each unit. Samples from boreholes will be collected using a 
hollow stem auger rig equipped with a continuous core sampling device. Prior to the 
sampling and boring program at each hole, all equipment will be thoroughly steam cleaned 
to prevent cross contamination. 

As appropriate, near surface soil samples may be taken with a hand auger or hammer 
driven sampler. Prior to the sampling and boring program at each hole, all equipment will 
be thoroughly steam cleaned to prevent cross contamination. 

5.2.5 Sampling of Background Soil Conditions 

~f data on background soil conditions are necessary, one borehole near each unit will be 
identified, drilled and sampled to establish a baseline for the contaminants of concern listed 
in appendix C and the chemicals listed in appendix F. Background levels that contain 
natural contamination will be individually evaluated with NMED. 

5.2.6 Sampling of Vadose Zone 

If contamination is known or suspected to exist in soils at the unit, a vadose zone investiga
tion will be conducted to determine the lateral and vertical extent of contamination. Data 
collected during an investigation will be used to determine if the potential for ground-water 
contamination exists. 

5.2.7 Sampling of Ground Water 

Ground-water wells, when required, will be installed and sampled to determine if con
taminant migration has affected ground-water conditions under each unit. Rather than 
locate wells inside the units, and possibly establishing an annulus for contaminant migration, 
the wells will be established outside the perimeter of the units. This will help to prevent 
potential avenues of downward contaminant migration. Kirtland wiif establish ground-water 
monitoring systems and plans in accordance with 40 CFR 265.90-265.93. 
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5.2.8 Results 

When sampling of sludge and soil has been accomplished, the laboratory results will be in
cluded in appendix A in the supplemental closure plans. The complete sampling and analy
sis results will be submitted when available from the laboratory along with any evaluation 
about the significance of these results. 

5.3 Analytical Results and Priority Testing 

Initial sampling and testing will address the contaminants of concern listed in appendix C of 
each supplement. These contaminants will be identified during initial investigatory activity. 
If contaminants of concern are identified in surface sludges, they will be used as indicating 
parameters for tracking contaminant migration in near surface and deep vadose zone soil 
samples. Indicator parameters will also be used to test possible migration in ground water. 

Following testing and the removal of contaminants of concern, KAFB will test additional 
soil samples to show that any 40 CFR Part 261 appendix IX (listed in appendix F) con
stituents that may remain in the unit are at the same or at lower levels than established 
background conditions. Those contaminants that will be allowed to remain will be below 
levels posing a threat to human health and the environment based on calculations that 
establish allowable task assessment levels. Application will then be made for clean closure 
status after this analysis is complete. The decision tree diagram contained in section 6 
outlines the procedures for appropriate testing sequences that result. 

5.4 Quality Assurance/Quality Control 

To assure complete and correct results, the analytical laboratory will perform quality 
assurance/quality control (QNQC) analyses of blanks and duplicates for all analytes and/or 
methods. The QNQC data and guidelines are provided in the Quality Assurance Project 
Plan for Kirtland AFB prepared by USGS on February 15, 1989. QNQC program for 
sampling conforms to SW 846 guidelines. These procedures are detailed in the SAP and 
portions have been included in appendix E for easy reference. 
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5.4.1 Lab Standards and Acceptable Surrogate Recoveries 

This is specific to each unit and is contained in the supplement plans. 

5.4.2 Surrogate Recovery Report 

This is specific to each unit and is contained in the supplement plans. 

5.5 Discussion of EPTOX versus TCLP Testing 

Included in the supplements when necessary. 
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6.0 CLOSURE DESIGN 

6.1 Closure Goals 

Closure design will be based upon a standard that minimizes the need for further 
maintenance and minimizes or eliminates post-closure escape of hazardous waste, hazardous 
constituents leachate, contaminated runoff, or hazardous waste decomposition products to 
the ground or surface waters or to the atmosphere. 

Many of the solid waste management units may have inadvertently received hazardous waste 
as a result of past uncontrolled discharges. At some sites, the hazardous waste may have 
been actively treated by the receiving unit or the waste may have degraded or volatilized. 
Site assessments at each of these units may correctly find that hazardous wastes of concern 
are no longer present in the unit. Some of the units may be regulated under HSW A not 
RCRA HSWA require corrective action, whereas RCRA requires closure plans. For these 
sites, a no-action alternative will be recommended. This alternative is presented in section 
6.2 . 

. Where hazardous waste or hazardous waste constituents are detected within the unit, one of 
the other five alternatives listed in section 6.2 will be recommended in a supplemental 
closure plan. 

6.2 Closure Alternatives 

The Decision Tree Diagram, figure 6-1, indicates the effect that contamination presence and 
migration will have on the type of closure alternative used. There are currently six 
alternatives that would satisfy closure criteria. Depending upon whether or not 
contaminants exist, one of the following general alternatives can be used for closure of the 
units: 

24 



SWDGES 

NEAR 
SURFACE 

SOILS 

SAMPLE AND 
ANALVZE 
SLUDGES 

SAMPLE AND 
ANAL Y1E NEAR 
SURFACE SOILS 

SAUPLE AND 
DEEP I ANALYlE 
SOILS DEEP SOILS 

GROUND 
WATER 

SAMPLE AND 
ANALYlE 

GROUNDWATER 

LABORATORY 
RESULTS 

LABORATORY 
RESULTS 

NO 

SANPLE AND 
ANALVZ£ FOR 
APPENDIX IX 

LIST OF 
CHEIAICALS 

LAB 
RE:SULTS 

FOLLOW 
CLEAN CLOSURE 

OP110N 
NO ACTION REQ. 

CLEAN 
CLOSURE 

PLAN 

SAMPLE AND 
ANALYlE FOR 

CONTAMINANlS 

• 

SANPLEAND 
ANALVZE FOR 
APPENDIX IX 

LABORATORY 
RESULTS 

CONTAMINANTS ')NO I 
ABOVE 

LIST OF 
CHEUICALS 

DEVELOP IN-SITU 
/ALTERNATIVE 

TREATUENT 
PLAN 

REVISE 

IN-SITU/ 
ALTERNA11VE 
ll!EATUENT 

PLAN 

ACCEPTABLE 

~ 

CONDUCT 
TREATUENT 
OPERATIONS 

NOTE: • - CONTAMINANlS OF CONCERN AS LISTED IN CLOSURE PLAN 

FIGURE 6-1 

DECISION TREE DIAGRAM 

YES 

SUBMIT 
ceo TO 

£10 

YES 

NO 

YES 

lNCOIIPLETE 
REUOVAL 

DEVELOP 
NO I CLOSURE PLAN 

AS LANDFlLL 
INCOMPLETE 

REUOVAL 

LANDFlLL 
CLOSURE 

PLAN 

• POST 
CLOSURE 

CARE PLAN 
• JO YR. 

UONITORING 
PLAN 

MONITOR 
PER PLAN 

EXECUTE 
CLEAN 

CLOSURE 

CLEAN 
CLOSURE 

CERTJFlCATE REVISE 

NO 



KAFB BASE-WIDE CLOSURE PLAN 

Kirtland Air Force Base 

1. Clean Closure/No Contamination/No Action 

Condition: Hazardous constituents do not exist in sludges, surface and subsurface soils, 
or ground water. Clean closure can be achieved by no action. The unit can 
be put into service or closed and abandoned. 

2. Clean Closure by Removal of Materials for Off-site Disposal 

Condition: Hazardous constituents exist in the unit in sludges and near-surface soils 
only. Clean closure can be achieved by removal of contaminated materials 
and off-site disposal of those materials. A risk assessment may be performed 
to determine acceptable levels of contaminants that can remain in the soils 
without creating health hazards. 

3. Clean Closure With On-site Treatment 

Condition: Hazardous constituents exist in sludges and soils, but not in the ground 
water. Clean closure with on-site treatment methods will be achieved 
through a variety of mechanisms such as degradation or volatilization of 
contaminants. If contaminants remain at low levels, a risk assessment will be 
performed to determine at what level contaminants can remain. 

4. Closure as Landfill with Treatment Condition of Ground Water 

Condition: Hazardous constituents exist in unit and have contaminated ground water. 
Containment or removal of the hazardous constituents is required and 
remediation of ground water is necessary. Contingency plan is required to 
address provisions for closure in place. 

5. Closure as Landfill/Leave Contaminated Materials in Place 

Condition: Hazardous constituents exist in sludges and near surface and deep soils but 
have not contaminated ground water. Cost of removal or treatment for 
clean closure exceeds cost of closure as a landfill. Contingency plan is 
required to address provisions for closure in place. 

6. Combination of Above Alternatives or Innovative Technology 

The sixth alternative may employ a combination of techniques o(-an innovative 
technology that will be presented in the supplemental plans. 
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Each of the closure method alternatives, and the criteria that would be used to determine 
which method would be employed, are presented in the following sections. 

6.2.1 Clean Closure 

If it is found to be physically and economically feasible to remove and dispose of all con
taminated materials, clean closure will be the method of choice. It is anticipated that if the 
subsurface soils are contaminated to a depth of three feet or less, clean closure can be initi
ated and will be the method of choice. 

6.2.2 Clean Closure Goals 

The goal of clean closure will be to remove all contaminated materials that would pose an 
unacceptable risk to the environment or human health. With this goal in mind, the 
following standards for closure will be used: 

• Toxic Characteristic Leaching Procedure (TCLP) tests as listed in 40 CFR 
Part 261 will be used as the guidelines for determining if wastes are hazar
dous. 

• Health based risk assessment calculation are used to establish the acceptable 
levels of contaminants that are allowed to remain in the unit 

• The Safe Drinking Water Act (SDWA) Maximum Contaminant Levels 
(MCL) or Water Quality Control Commission (WQCC) levels (whichever is 
lowest) times 20,000 may also be used to establish acceptable residual values 
of contaminants in soils. 

• The Human Health Standards for volatile and semi-volatile organic com
pounds, as listed in Section 3-103.A of the New Mexico Water Quality 
Control Commission (WQCC) Regulations, will be used as the guidelines for 
determining organic contamination in ground water. 

• Certification of clean closure will be done following tests to show that no 40 
CFR Part 264, Appendix IX constituents remain above locally established 
background levels. Tests will also show that, for the-contaminants that do 
remain, the levels are below the levels established by the risk assessment. 
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The WQCC standards were chosen as guidelines for establishing acceptable contamination 
in ground-water only. No RCRA standards exist for volatile and semi-volatile compounds in 
soil. Therefore, risk assessment and TCLP values are used. 

Standards for closure were included for metals, volatile organics, and semi-volatile organics; 
these are the contaminants of concern to environment and human health. For several 
reasons, inorganic compounds such as nitrates and chloride were intentionally excluded from 
the proposed closure standards, even though they are included in the WQCC standards: 

• Nitrates and chlorides are not considered to be hazardous, ignitable, toxic, or 
corrosive, and are considered to be "harmful" or undesirable only when found 
in elevated concentrations in drinking water. 

• Nitrates and chlorides are naturally occurring in the native soils, and elevated 
concentrations would also be commonly found in soil that had come into 
contact with domestic wastewater. 

• Closure of domestic sewage lagoons and removal of soil containing nitrates 
and chlorides is usually not performed; therefore, removing soil that contains 
these compounds in excess of the WQCC standard is not required. 

6.2.3 General Risk Assessment Theory 

As instructed by NMED, in the N.O.V. of June 13, 1991, a risk assessment was performed 
on contaminants of concern at specific units undergoing interim status closure at KAFB 
under RCRA Results of the risk assessments are specific to each unit, and details are 
included in the supplemental plans. A summary of the risk assessment process is provided 
below, as it may be used for other closure plans in addition to those subject to the 
provisions of the NOV. The following Risk Assessment Process is Used for All Closure 
Plans at Kirtland AFB. 

Data obtained from analysis of samples was reviewed and summarized in tabular form. 
These data tables are in Appendix A of the supplemental closure plan for each unit. These 
tables show the analytical values obtained by the laboratory for each type of analysis, and 
indicate the medium analyzed. For example, analyses for organic contaminants in ground 
water, TCLP extractable metals content in sludges, and total metals analyzed in soils 
appear on three separate tables. These tables also display the highest concentration found 
for each compound and the number of times the compound was detected. The highest 
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concentration was used to establish the baseline for the contaminant of concern listed in 
appendix C. 

After the contaminants of concern were identified, a risk level was calculated for each 
contaminant. The risk assessment values were calculated based on slope factors (PF) for 
carcinogenic contaminants and reference dose (RID) levels for non-carcinogenic 
contaminants. The PF and RID values were obtained from the Integrated Risk Information 
System (IRIS) where available\ When IRIS values were not available, a surrogate value 
was obtained from the Health Effects Assessment Summary Tables (HEAST) published by 
EPA, January 1991. 

These values were used in separate equations to establish the acceptable risk level. The 
two formulas provided by NMED for risk assessment calculations were obtained from the 
Superfund Public Health Risk Evaluation Manual (reference). The risk assessment formulae 
use a conservative scenario involving direct ingestion of contaminant-containing soil. This 
assessment method does not consider risks associated with inhalation of airborne 
contaminants that might be contained in dust from the site. The formulae and the variables 
are defined on the risk assessment calculation tables in the unit closure plans. 

Not all contaminants on the Appendix IX list are classified as controlled substances and 
have regulatory limits established. Risk-based levels are established for those contaminants 
where regulatory limits have not been established. Allowable risk levels may be high for 
some contaminants, which may be subject to other regulatory constraints. Therefore, a 
summary table was prepared to compare the highest in-place contaminant value to allowable 
risk levels, and other regulatory limits established by: 

Toxic Contaminant Leaching Procedure (TCLP) concentrations, 

Land disposal restriction concentrations for waste (CCW) and waste extract 
(CCWE), 

The WQCC standards and MCL limits (whichever is lowest) were multiplied by 
20,000 to establish acceptable residual contaminant levels in soils. These values were 

1Reference dose and slope factors are obtained from the IRIS data base. IRIS provides data 
based on the current status of research and is updated quarterly. In some cases the RFD or PF 
has not been established for specific contaminants. When a value has- not been established in 
IRIS, then data from the Health Effects Ac;sessment Summary Table (HEAST) is used as a 
surrogate value. 
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used as the lowest regulatory limit values only if they were lower than the risk 
assessment values2

• This provides a more conservative approach to establish limit 
values for soils. 

Safe Drinking Water Act, Maximum Contaminant Levels (MCI.s), were used to 
establish limits for ground water contamination3

• 

Water Quality Control Commission (WQCC), Water Quality Standards established by 
the State of New Mexico. This is used to determine allowable contaminant levels in 
ground-water3

• 

The controlling regulatory limit used was chosen by selecting the lowest value for the same 
contaminant (i.e., TCLP values compared to extract values and totals values compared to 
risk assessed value and ground-water contaminants compared to MCL or WQCC limits). If 
the in-place contaminant concentration exceeds the lowest of the values, that contaminant 
must either be removed or managed in-place to assure adequate protection of human health 
and the environment for proper closure of the unit. 

~.2.4 Closure In-Place (Closure as a Landfill) 

The units will be closed as a landfill, and the contaminated materials will be left in place 
only if it is physically impossible or economically infeasible to remove, treat, or dispose of 
them. 

As presented in previous sections, clean closure will be the method of choice. It is 
anticipated that site conditions, the levels of contamination, and the extent of contamination 
will allow for clean closure of most sites. Because of the vast array of possibilities, closure 
of the unit as a landfill will depend upon the individual site and will not be discussed 
further herein but will be included in the individual site supplemental plans as required. 

2MCL/WQCC values X 20,000 were used as a guideline limit for contaminant concentration 
limits in soils. This method was suggested through telephone contact with Dr. Bruce Swanton of 
NMED on August 5, 1991. This number provides a reasonable possible estimate of risk assessed 
values for comparison with water limit values if found as contaminants in soil. 

Tie lower value of WQCC or MCL were used to establish the allowable contaminant level 
in ground water. 
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Sections 6.2.1 and 6.2.2 discuss the clean closure goals, Section 6.2.3 discusses the risk 
assessment process, and Section 6.3 discusses the methods that will be used to ensure clean 
closure. If it is determined that clean closure cannot be achieved, and it will be necessary 
to close the unit as a landfill, a contingency plan for closure in-place, with a post-closure 
plan, will then be submitted to NMED as part of the individual site supplemental effort 
contained in Section 6.4. 

6.3 Clean Closure Methods 

6.3.1 General Site Preparation 

The area will be cleared for utilities and a barrier or fence will be erected around the work 
area to prevent access by unauthorized personnel. Traffic routes for heavy equipment will 
be provided so that normal traffic patterns will be minimally impacted. A decontamination 
pad will be constructed. Haul routes will be established. All of these actions will be de
scribed in individual supplemental plans. 

6.3.2 Removal and Disposal of Inventory 

Removal is the preferred alternative to achieve clean closure of each unit. The removed 
material will be disposed of in a manner consistent with regulations. The removal of 
materials at each unit will be discussed in the supplements. 

6.3.3 Record Keeping 

All field activities will be conducted under the direct supervision of a qualified engineer or 
geologist who will keep detailed field records. Final "as-built" diagrams of closure and struc
tures will be prepared and submitted to NMED in the final closure report. This informa
tion will be provided as appendix B. 

6.4 Contingency Plan 

If it is determined that contaminants will remain in the unit above regulatory and risk 
assessment levels, closure in-place will be pursued. Closure in-place-involves the 
preparation of a contingency plan that, at a minimum, contains a cap or cover design and 
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details post- closure monitoring activity. Since contingency plans are specific to each site, 
this information appears in the unit closure plan. 

6.5 Health and Safety During Closure 

Appendix G of the supplements will contain a site health and safety plan. These will be 
developed prior to closure activities at each unit. The information contained in appendix G 
of this document will provide a basis for the site health and safety plan. 

6.6 Equipment Decontamination 

Each piece of earth-moving equipment that may come in contact with hazardous materials 
during closure activities will be thoroughly decontaminated before it is returned to normal 
service. A sound asphalt, concrete, or lined gravel pad will be used to decontaminate 
equipment exposed to contaminated soils or materials. The size of the pad will be large 
enough to accommodate the equipment that is used. It will be bermed with a runoff catch
ment basin so that the wash water can be collected, removed, or treated. 

Decontamination pads for heavy equipment will be located adjacent to closure sites or at a 
central facility. Access should be such that travel distance from the actual work site to 
decontamination pad is minimized. The actual location will be determined on a site-by-site 
basis and identified in site supplements. Typically, the decontamination pads for workers 
will be located at the perimeter of the Exclusion Zone in the Contamination Reduction 
Zone. Pads should be located in such a manner that normal operations do not pose a 
threat to surface water, or be located in areas of imminent flooding (i.e., arroyos), or be 
located in such a manner that they endanger the health and safety of the local environment. 
Decontamination pads should be located in a manner that causes the least disruption to the 
surrounding environment, taking into account visual and audible factors as well as 
exobiological concerns. 

The decontamination pad site should be designed in accordance with criteria outlined below. 
Site preparation includes clearing adequate space to accommodate the equipment used on 
the site that will be decontaminated. The equipment size may vary from small backhoes, 
front-end wheel loaders, blade scrapers, to over-the-road, bottom-dump trucks. The specific 
equipment utilized will be governed by the type and amount of waste to be removed at 
each site. Additional space will be required to maneuver equipment inside the area without 
contaminating the surrounding area. ·· 
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The specific pad design will be a function of contaminants present, equipment used, and 
area available. The basic design may include 

• A prepared earth base, compacted and free of all foreign objects, i.e., roots, 
sticks, stones, or any other material that might pose a threat to a flexible 
membrane liner (FML ). 

• Bermed perimeter to contain rinse water. 

• Ramped entrance and exit points for vehicles and equipment. 

• A flexible membrane liner capable of withstanding normal operating loads 
anticipated. The FML should be manufactured of materials compatible with 
the contaminants it will contain. Key parameters are chemical composition, 
sunlight exposure, and strength characteristics, both tensile and puncture 
resistance. 

• A sump system capable of collecting rinse water for removal. 

Variations could include utilization of gravel sub-base, gravel overlay, geosynthetic felts, 
pump out systems, and other modifications as necessary. 

Contaminated equipment will be cleaned using the following procedures: 

• Pressurized hot water wash with non-phosphate detergent 

• Potable water rinse 

• Steam cleaning (if warranted) 

• Collection, testing, and proper disposal of rinsate 

6. 7 Cost Estimate 

The cost estimate for the unit is specific to the site. Cost estimates are provided in the 
Unit Closure Plan Supplements in this section. 
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7.0 REGULATORY REQUIREMENTS 

7.1 Facility Conditions 

7.1.1 Maximum Amount of Inventory 

The estimated maximum inventory of hazardous wastes in the units will be presented in this 
section of the site-specific supplement unit closure plan. 

7.1.2 Inventory of Auxiliary Equipment 

It is expected that equipment related to piping, valves and concrete structures may require 
decontamination for proper closure. If the unit is to be clean-closed and put back into 
service, all equipment will be decontaminated as described in section 6.5. If the unit will be 
closed as a landfill, then equipment will be disposed of inside the landfill closure. 

The equipment and materials for closure operations will be obtained from local sources. 
The main supply source will be the KAFB Civil Engineering Section. 

7.1.3 Schedule For Final Closure 

Closure will be completed within 180 days of NMED approval of the final closure plan for 
each unit unless an extension is granted. External factors, such as weather and delivery 
schedules of disposal facilities, may affect the actual schedule. If closure cannot be 
completed within 180 days, KAFB will ask for an extension. All activity will follow 40 CFR 
265.112 and 265.113 for time elements, notices, and amendments if significant changes of 
conditions occur. A closure schedule is provided as required with each of the unit 
supplements. 

Approval by the Administrator of these closure plans constitues completion of closure for 
the unit. Within 60 days of completion of closure of the unit, and within 60 days of 
completion of final closure, KAFB will submit by registered mail a certification that the 
hazardous waste unit has been closed in accordance with the specifications in the approved 
closure plan. This certification will be signed by both the current or acting operator of the 
unit at KAFB, and also signed by an independent registered professional engineer. 
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Documentation supporting the certification will be made available and furnished as 
requested until KAFB is released by the Administrator for closure completion. 

Schedule for final closures will accompy the unit closure plans. 

7.2 Removal and Disposal of Inventory 

KAFB proposes to close the units by one of two methods: 

Clean Closure 

• Documentation of contaminant levels below action levels or removal and 
treatment of contaminated materials as required to attain clean closure. Risk 
assessments may be used to establish the acceptable levels of certain 
contaminants that may remain in-place and still achieve clean closure. This 
includes decontamination of related equipment. The contaminated material 
will be disposed of as required by the regulations concerning hazardous waste 
using the Best Demonstratable Available Technology (BOAT). The material 
may be solidified and buried at an approved and permitted facility or it may 
be incinerated at a permitted hazardous waste incinerator. The ultimate 
disposal process depends on the levels and types of contaminants at each 
individual site. 

Landfill Closure 

• Leaving contaminated material in place, with related equipment to remain as 
a landfill closure. This includes covering and capping of the unit following a 
post-closure monitoring plan and possible treatment of the contaminants if 
warranted. The contaminated material may be placed in a lined RCRA land
fill if necessary. 

7.3 Surveying 

After the unit is closed, the area will be surveyed by a registered land surveyor. The sur
veyor will prepare a map indicating the location, dimensions, and elevation of the units and 
structures to be closed. This survey plat will be submitted to the local zoning authority and 
will include the location and dimension of hazardous cells with respect to permanently sur
veyed benchmarks. The plat will be prepared and certified by a professional land surveyor. 
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The plat will also include a prominently displayed notice to restrict disturbance of the hazar
dous waste disposal unit in accordance with 40 CFR. 265 Subpart G. 

7.4 Notice to Local Land Authority 

Within 60 days after closure is complete, KAFB will submit a survey plat of the site to 
NMED. The local land authority and the KAFB Real Property office will also receive 
copies of the survey. 

7.5 Notice in Deed of Property 

Within 60 days of completion of all closure activities, a notice will be placed in the property 
deed indicating that the land has been used to manage wastes and that future use may be 
restricted from activities that will disturb the closed units. Notice will be made to the local 
land authority and the director of NMED. 

7.6 Certification of Closure 

Within 60 days of completion of closure, KAFB will submit a certificate of closure to 
NMED, signed by the KAFB Commanding Officer and an independent professional en
gineer who will attest that the closure has been completed in accordance with specifications 
in the closure plan. 

7. 7 Post-Closure Permit 

Following the completion of all closure tasks and submission of final specifications to 
NMED, KAFB will apply, if necessary, for the appropriate post-closure certifications and 
permits. If the unit is closed as a landfill, a post-closure care permit will be required. If 
the unit is clean-closed, and certification of clean-closure is accomplished, these permits may 
not be required. 

7.8 Amendment of this Plan 

The plan described in this report will be amended as necessary according to provisions out
lined in 40 CFR 265.112 (c). 
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7.9 Notification 

KAFB will submit supplements to this Base-Wide Closure Plan for each unit at least 180 
days prior to the date in which closure operations will begin. If a closure plan is already 
approved, notice will be given in writing at least 60 days prior to commencement of Final 
Closure at each unit. 

7.10 Time Allowed for Closure 

Allowable time constraints outlined in this section (40 CFR part 265.113) will be followed 
by Kirtland AFB for known units that require closure. 
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8.0 POST-CLOSURE CARE PLAN FOR LANDFILL CLOSURE (IF REQUIRED) 

8.1 Facility Contact 

During the post-closure care period, any information regarding the site can be obtained by 
contacting 

Director 
Environmental Management Division 
1606 ABW/BM 
Kirtland AFB, NM 87117-5000 
(505) 846-2751 

8.2 Ground-Water Monitoring 

The monitoring program will be implemented within one year of closure of the site. The 
level of ground-water contamination (if any) will be identified during the sampling and test
ipg phase of the project. This testing may identify the conditions that will define post
closure requirements for ground-water monitoring. Individual ground-water monitoring 
systems will be described in detail in each supplement. Ground water monitoring plans for 
the individual units will be based on conformance with 40 CFR 265.90 through 265.93. 
Monitoring plans may require the use of alternate monitoring systems depending on 
individual unit parameters. 

8.3 Sampling and Analysis 

The ground water monitoring provisions detailed in 40 CFR Subpart F 265.90 - 265.93 will 
be followed for groundwater monitoring at the specific units. 

Initial contaminant concentrations and values will be established from monitoring wells at 
each unit. Background concentrations and values may be established from either monitoring 
wells or production wells existing at KAFB. These wells will be located in the general area 
of each unit but will not be influenced by possible contamination related to releases from 
the units. 

When ground-water monitoring is required, the parameters of pH, specific conductance, 
total organic carbon, and total organic halogens will be used to monitor contamination of 
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the ground water after the initial sampling. Special conditions at each individual site will 
also be conducted for unique contaminants peculiar to the site. 

Parameters used to establish the suitability of the groundwater as a drinking water supply 
will be specified in 40 CFR part 265 Appendix III. This list includes the EPA primary 
drinking water standards for metals, some pesticides, radiation counts and coliform bacteria. 
For easy reference this list is included below: 

Table 8-1 EPA Primary Drinking Water Standards 
(from 40 CFR Part 265 Appendix III) 

Parameter 

Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 
Lead 
Mercury 
Nitrate (as nitrogen) 
Selenium 
Silver 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4,0 
2,4,5-TP Silver 
Radium 
Gross Alpha 
Gross Beta 
Turbidity 
Coliform Bacteria 

Maximum Levei(MCL)• 

0.05 
1.0 
0.005 
0.01 
1.4 - 2.4 
0.05 
0.002 

10.0 
0.01 
0.05 
0.0002 
0.004 
0.1 
0.005 
0.01 
0.01 

5 pCi/1 
15 pCi/1 
4 millirems/year 
1ffU (surface water only) 
1/100 ml 

* Units shown in ppm unless otherwise noted 
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NM WQCC Limits• 

0.1 
1.0 
0.01 
0.05 
1.6 
0.05 
0.002 

10.0 
0.05 
0.05 

combined 40 pCi/1 



Table 8-2 

List of Other WQCC Parameter Limits 
Not Covered Under EPA MCL Standards 

Parameter 

Aluminum (Al) 
Boron (B) 
Cobalt (Co) 
Molybdenum (Mo) 
Nickel (Ni) 
Chloride (Cl) 
Copper (Cu) 
Cyanide (Cd) 
Iron (Fe) 
Manganese (Mn) 
Phenols 
Sulfate (S04) 

Total Dissolved Solids (TDS) 
Zinc (Zn) 
pH 
Uranium (U) 
~adioactivity: Combined 
Radium-226 and Radium-228 
Benzene 
Polychlorinated biphenyls (PCB's) 
Toluene 
Carbon Tetrachloride 
1 ,2-dichloroethane (EDC) 
1, 1-dichloroethylene ( 1,1-DCE) 
1,1 ,2,2-tetrachloroethylene (PCE) 
1,1,2-trichloroethylene (TCE) 
Ethylbenzene 
Total xylenes 
Methylene chloride 
Chloroform 
Ethylene diibromide (EDB) 
1,1, 1-trichloroethane 
1,1 ,2-trichloroethane 
1,1 ,2,2-tetrachloroethane 
Vinyl chloride 
P AHs: total naphthalene plus 

monomethylnaphthalenes 
Benzo-a-pyrene 

Maximum Level 

5.0 mg/l 
0.75 mg/l 
0.05 mg/l 
1.0 mg/l 
0.2 mg/l 

250. mg/l 
1.0 mg/l 
0.2 mg/l 
1.0 mg/l 
0.2 mg/l 
0.005 mg/l 

600. mg/l 
1000. mg/l 

10.0 mg/l 
between 6 and 9 

5.0 mg/l 

30.0 pCi/1 
0.01 mg/l 
0.001 mg/l 
0.75 mg/l 
0.01 mg/l 
0.01 mg/l 
0.005 mg/l 
0.02 mg/l 
0.1 mg/l 
0.75 mg/l 
0.62 mg/l 
0.1 mg/l 
0.1 mg/l 
0.0001 mg!l 
0.096 mg!l 
0.01 mg!l 
0.01 mg/l 
0.001 mg/l 

0.03 mg/1 
0.0007 mg/l 



KAFB BASE-WIDE CLOSURE PLAN 

Kirtland Air Force Base 

Parameters used to establish groundwater quality are chloride, iron, manganese, phenols and 
sodium. These parameters will be used as a basis for comparison in the event a ground
water quality assessment is required under 40 CFR 365.93( d) 

Certain units may require the use of alternate monitoring systems. If alternate monitoring 
systems are used then KAFB will submit a specific ground water monitoring plan prepared 
and certified by a qualified geologist or geotechnical engineer. 

8.4 Emergency Response 

All wastes will be removed or covered. Therefore, no emergency response plan will be 
necessary for this plan. However, KAFB has a well defined and continually exercised emer
gency and hazardous waste response system that can be implemented in the event of any 
emergency. 

8.5 Financial Requirements 

KAFB is a Federal facility. A demonstration of financial plans for post-closure care is not 
required. 

8.6 Personnel Training 

Personnel training requirements for these operations will meet the requirements of 40 CFR 
265.15. During closure operations, KAFB and contractor personnel involved with the 
closure operations will be certified, trained and instructed to observe all health and safety 
procedures (see section 7.3). Uninvolved or untrained personnel will be prevented from 
entering the working areas. Access to the working areas will be restricted by traffic bar
ricades, signs, or enclosed fences. Site points will be established. Annual retraining will 

The following sections included in the unit supplements are specific to the individual site: 

8. 7 Function of Monitoring Equipment 

8.8 Planned Maintenance Activity 

8.9 Integrity and Analysis of Final Cover System 
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9.0 SECURI1Y 

Access to all parts of KAFB is controlled by United States Air Force security personnel. 
No unauthorized personnel will be allowed into the work area during closure, and access to 
the site will be restricted. After closure, appropriate measures will be included in each 
supplemental plan based upon the conditions at the specific site. The following criteria will 
be used: 

• Site must be clearly marked and appropriate danger signs erected. 

• Site security must prevent unknowing entry of persons or livestock. 

• Surveillance systems will be installed as appropriate to the individual site. 

• Access control points will be established as needed. 

• Inspection of security system to insure integrity. 
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-~AMPLING AND ANALYSIS PLAN 
REMEDIAL INVESTIGATION AND FEASIBILITY STUDY 

KIRTLAND AFB, NEW MEXIOO 

I • QUALITY ASSURANCE/QUALITY OONTROL FOR FIELD AND LABORATORY OPERATIONS 

1.1 INTRODUCTION 

Under provisions of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) of 1980, the Superfl.md 
Amendments and Reauthorization Act of 1980 (SARA), the Resource 
Conservation and Recovery Act of 1976 (RCRA), and Executive Order 
12316, the U.S. Air Force has developed the Installation Restoration 
Program ( IRP) to comply with hazardous-waste regulations at Air Force 
installations. The objective of the IRP is to assess past hazardous 
waste disposal and spill sites on Air Force installations and 
develop remedial actions consistent with the National Contingency Plan 
(NCP) for those sites that pose a threat to human health and welfare or 
to the environment. Data collected in this phase of the IRP will be 
used to determine the impacts, if any, of past waste disposal and 
spills at the Kirtland AFB on the water resources, both grol.md water 
and surface water. The data also will be used to determine if any 
water-quality standards are being violated and to help determine if 
site cleanup is necessary, and in the selection of remedial technology. 

The purpose of this Sampling and Analysis Plan (SAP) is to 
ensure that data collected for this investigation are of adequate 
quality for the purposes of the IRP. The SAP describes the procedures 
which will be used to document and report precision, accuracy, and 
completeness of environmental measurements of the Remedial 
Investigation/Feasibility Study (RI/FS) at Kirtland AFB. 
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1. 4 QA OBJECTIVES FOR MEASUREMENT DATA 

The objective of the Quality Assurance/Quality Control (QA/QC) plan is 
to monitor the overall program for all environmentally related data 
collection and analyse~ to ensure that all data generated are sui table 
for evaluation and interpretation of hazardous waste sites at KAFB. 
The QA/QC plan is divided into two major parts; overall program QA/QC 
and laboratory QA/QC. Oversight of the overall program QA/QC is the 
responsibility of the Project Quality Assurance Manager. Lab QA/OC, is 
the responsibility of the Lab QA/OC manager and the USGS Contract 
Officer Representative. This section defines the recommended QA 
objectives or goals for accuracy, precision, completeness, 
representativeness, and comparability. These goals present the 
acceptable standards that field and laboratory teams must plan to meet 
before sampling begins. Because the effectiveness of a quality 
assurance program generally is measured by the quality of data 
generated by the laboratory, much of what is presented in this Sampling 
and Analyses Plan (SAP) applies to laboratory operations. Specific 
procedures to be used in the laboratory and the field are described in 
this plan. 

Quality assurance efforts on this project will be emphasized and will 
be carried out conscientiously by following procedures in this SAP that 
will prevent the introduction of contaminants into water and soil 
samples and that will chemically stabilize any samples before 
laboratory analyses. Field instruments will be calibrated frequently 
and checked against concentration standards. Laboratory data will be 
examined relative to QA/OC, sample data. 

1.4.1 Characteristics of data quality 

Accuracy - the degree of agreement of a measurement with an 
accepted reference or true value, usually expressed as the difference 
between the two values, or the difference as a percentage of 
the reference or true value. Accuracy is a measure of the bias in a 
system. 

Accuracy of field measurements will be evaluated by: 

a) standard methods - methods of measurement shall be used which, 
whenever possible, are recognized and considered as standard by 
the scientific community. 

b) calibration and calibration checks of field instruments and 
equipnent shall be performed at a frequency that will insure each 
measurement is accurate. 

Accuracy of laboratory analytical data will be evaluated by: 

a) standard methods - methods of analysis shall be used which, 
whenever possible, are recognized and considered as standard by 
the scientific community. EPA methods, generally, shall be used. 
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b) calibration standards - primary standards shall be obtained 
from NIST (National Institute of Standards and Technology, 
formerly the National Bureau of Standards) EPA repository, or 
other reliable cqmmercial sources. 

c) audit samples - laboratory performance on EPA Water Supply and 
Water Pollution audit samples must be such that EPA certification 
is maintained. 

d) surrogate spikes - recovery of organic surrogate analytes shall 
be within three standard deviations of the laboratory-established 
average recovery of the surrogate analyte. (See Table 6). 

e) known laboratory control samples - recovery of analytes shall 
be within three standard deviations of the laboratory-established 
average recovery of the analyte. For multi -analyte samples, 80 
percent of the analytes nrust be within control limits. Control 
limits shall be no less than those specified in the Environmental 
Protection Agency (EPA) Contract Laboratory Program (CLP). 

f) matrix spikes - recovery of spiked organic analytes shall be 
within QC Recovery Limits specified in SW 846, 'lbird Edition and 
shown in (See Table 6) . 

Precision - a measure of mutual agreement among individual mesurements 
of the same property, usually under prescribed similar conditions. 
Precision is best expressed in terms of the standard deviation. 

Precision of field measurements will be evaluated by: 

a) laboratory analytical results of samples collected in 
duplicate. 

b) duplicate measurements of hydrologic properties. 

Precision of laboratory analytical data will be evaluated by: 

a) laboratory control samples (check samples) - replicate analyses 
of analytes shall be within laboratory established control limits. 
(See Table 5). 

b) matrix spike duplicates - agreement between duplicate analyses 
of organic spiked analytes shall be within the relative percent 
difference limits specified in SW 846 , 'lbird Edition, and shown in 
Table 6 for each spiked analyte. 

c) matrix duplicates - agreement between duplicate analyses of 
envirorunental samples shall be within 20 relative percent 
difference. 
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Completeness - a measure of the amount of valid data obtained from a 
measurement system compared to the amount that was expected to be 
obtained under correct normal conditions. 

Completeness of field ~ta will be evaluated by: 

a) all measurements and observations shall be recorded in a 
notebook. 

b) all deviations from SOP shall be recorded and doctmtented. 

Completeness of laboratory analytical data will be evaluated by: 

a) each data set (batch) shall contain all QC check analyses 
verifying precision and accuracy for the analytical protocol. 

b) each data set (batch) shall contain all field and trip blank 
analysis. 

c) all pertinent dates are recorded (dates received, extracted, 
analyzed, etc. ) . 

d) all requested analyses shall be performed or docunentation 
provided as to the reason for non-performance. 

Representativeness - the degree to which data accurately and precisely 
represents a characteristic of a population, parameter variations at a 
sampling point, a process condition, or an environmental condition. 

Representativeness of field data will be evaluated by: 

a) use of standard methods of measurement and sample collection. 

b) dOCtmtentation of reasons for use of non-standard techniques. 

c) adherance to chain-of -custody procedures. 

Representativeness of laboratory analytical data will be evaluated by: 

a) use of preservation techniques (including chilling during 
shipment) to minimize sample degradation which may occur between 
sample collection and sample analysis. 

b) holding times prescribed in 40 CFR 136 shall be adhered to by 
the analytical laboratory. 

c) field and laboratory blank analyses will be used to determine 
if samples have been contaminated. 

d) matrix spikes will be used to determine the presence of matrix 
effects. 
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Comparability - expresses the confidence with which one data set can be 
compared to another data set measuring the same property. 

Comparability of field measurements will be evaluated by: 

a) standard methods - methods of measurement shall be used which, 
whenever possible, are recognized and considered as standard by 
the scientific community. 

b) reporting tmi ts - data shall be reported in units specified in 
the HSD/YAQ Handbook version 2.0. 

Compa.rabili ty of laboratory analytical data will be evaluated by: 

a) standard methods - methods of analysis shall be used which, 
whenever possible, are recognized and considered as standard by 
the scientific community. In general, EPA methods are used. 

b) reporting units - data shall be reported in tmi ts specified in 
the HSD/YAQ Handbook version 2.0, table 12-1. 

1.4.2 Table of QA objectives 

The numerical QA objectives for measured data are as follows: 

PARAMETER ACCURACY PRECISION ron>LETENESS 

1. Water temperature + or - 0. 5 RPD within 20% 
degrees Celsius 

2. Specific conductance + or - 5% of RPD within 20% 
meter range 

3. pH + or - 0.2 tmit RPD within 20% 

4. Alkalinity + or - 5% of RPD within 20% 
lmown standard 
concentration 

5. Organic vapor + or - 20% of 
meter range 

RPD within 20% 

6. Analytes 
for soil 
water 

(laboratory) + or - 3 
and standard deviations 

(sigmas) of known 
s~ concentrations 

RPD within methodology 
QC limits (Table 5) 

90% 

90% 

90% 

90% 

90% 

90% 

The QA objectives for project detection limits of laboratory determined 
analytes in water and soil are summarized in table 4. Detection limits 
for the field organic vapor are 0.2 ppn methane for the Foxboro FID 
meter and 0.1 ppb benzene for the Photovac 10S50 Photoioning meter. 
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1 . 5 SAMPLING PRCCEDURES 

Specific sampling procedures that will be followed for water and soils 
are described in Section II of this SAP, and the sampling procedures 
follow methods described in the technical documents referenced below. 

GROUND-WATER SAMPLING: 

Bradford, Wesley L., 1985, Guidelines on sampling ground 
water for determination of organic compounds--With 
comments on analytical protocols: U.S. Geological 
Survey Quality of Water Branch Memorandum No. 85.09. 

Pettyjohn, W.A., Dtmlap, W.J., Cosby, R.L., and Keeley, J.W., 1981, 
Sampling ground water for organic chemicals: Grol.B1d Water 
Monitoring Review, v. 3, no. 2, p. 65-70. 

Scalf, M.R., McNabb, J.F., Thmlap, W.J., Cosby, R.L., and Fryberger, 
J.S., 1981, Manual of grol.B1d-water quality sampling procedures: 
U.S. Environmental Protection Agency, EPA-600/2-81-160, 93 p. 

Wood, W.W., 1976, Guidelines for collection and field analysis of 
ground-water samples for selected unstable constituents: U.S. 
Geological Survey Techniques of Water-Resources Investigations, 
Book 1, Chapter D-2, 24 p. 

SOIL SAMPLING: 

Boomer, Erickson, Swanson, Kelso, Cos, and Schultz, 1985, 
Verification of PCB spill cleanup by sampling and 
analysis: U.S. Environmental Protection Agency, 
EPA-560/5-85-026, 68 p. 

Dtmlap, McNabb, Scalf, and Cosby, 1977, Sampling for 
organic chemicals and microorganisms in the subsurface: 
U.S. Environmental Protection Agency, EPA-600/2-77-176, 
26 p. 

SURFACE-WATER SAMPLING: 

Brown, Skougstad, and Fishman, 1970, Methods for collection 
and analysis of water samples for dissolved minerals and 
gases: U.S. Geological Survey Techniques of Water 
Resources Investigations, Book 5, Chapter A1, 160 p. 

Buchanan and Somers, 1969, Discharge mesurements at gaging stations, 
U.S. Geological Survey Techniques of Water-Resources 
Investigations, Book 3, Chapter AS, 65 p. 

Additional references on sampling and analytical procedures, including 
sample preservation and sample holding time limit, that will be 
followed for this project are: 
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OODE OF FEDERAL REGULATIONS: 

40 CFR Part 136, 
Vol. 49, No. 209, 
24 October 1984 

40 CFR Parts 300.61 
to 300.71 (Subpart F) 

40 CFB Part 261, 
Vol. 51, No. 114, 
13 June 1986 

Guidelines for Establishing Test 
Procedures for the Analysis of 
Pollutants under the Clean Water Act 

National Contingency Plan 

Toxicity Characteristic Leaching 
Procedure ( TCLP) 

ENVIRONMENTAL PROTECTION AGENCY MANUALS AND DOCUMENTS: 

EPA-330/9-S1-002 

EPA-540/1-86/060 

EPA-600/4-79-020 

EPA-600/4-82-029 

SW-846 

EPA-540/G-85-002 

EPA-540/G-85-003 

EPA-540/P-87-001 

OOWER-9950.1 

NEIC Manual for Groundwater/Subsurface 
Investigations at Hazardous Wastes Sites 

Superfund Exposure Assessment ~ual (January 
1986) 

Superfund Public Health Evaluation Manual 
(October 1986) 

Methods for Chemical Analysis of Water and 
Wastes ( 1983 ) 

Handbook for Sampling and Sample Preservation 
of Water and Waste-water ( 1982) 

Test Methods for Evaluating Solid Waste, 'Ibird 
Edition (1986) 

Guidance on Remedial Investigations under 
CERCLA 

Guidance on Feasibility Studies under CERCLA 

A Compendium of Superfund Field Operations 
Methods ( 1988) 

RCRA Groundwater Monitoring Technical 
Enforcement Guidance Document ( 1986) 

AMERICAN PUBLIC HEALTH ASSOCIATION (APHA, AWWA, & WPCF) MANUAL: 

16th Edition Standard Methods for the Examination of Water 
and Wastes 
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AMERICAN SOCIETY FOR TESTING AND MATERIALS (AS'IM) STANDARDS: 

D-1452 

D-1586 

D-2488 

Armual Book of AS'IM 
Standards 

Soil Investigation and Sampling by Auger 
Boring 

-· Penetration Test and Split-Barrel Sampling of 
Soils 

Recommended Practices for Visual-Manual 
Description of Soils 

Section 11, Water and Environmental Technology 
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1 • 6 SAMPLE CUSTODY 

Sample custody is important for ensuring that samples are collected, 
protected, stored, handled, analyzed, and disposed of properly by 
authorized personnel. __ The person who collects the sample in the field 
will be the person with initial custody of the samples. That person 
will document the field data associated with the sample and will label 
the sample container. Procedures for handling, packaging, and shipping 
samples will be followed, and the chain-of-custody procedure will be 
followed when custody is transferred to the laboratory (RMAL) after 
shipment of the samples. 

A sample is in your custody if: 
1. It is in your possession 
2. It is in your view after being in possession 
3. It was in your possession and you locked it up 
4. It is in a designated secure area 

1.6 .1 Field sampling operations 

1.6.1.1 Procedures and forms for recording field data 

Field data and sampling information will be recorded in ink in bound 
daily logbooks (GPO Federal Supply Service 7530-00-222-3525). Samples 
will be identified using a 12-character string of letters and numbers 
uniquely assigned. For example, the sample identification KAFB050103-1 
signifies: KAFB for Kirtland AFB 

05 for site number 
01 for borehole (or well) number 
03 for sample number (00 for no sample) 
-1 for soil sample (-2 for water sample, 

-0 for no sample) 

The site identification, date, time of collection, and the type of 
sample will be recorded in the logbook by the collector. This 
information will uniquely identify any sample. Any corrections to 
recorded information will be lined out and initialed by the collector. 
Photographs will be taken for this study and will be labeled with the 
site identification, the date photographed, and a brief description of 
the photograph. 

1.6.1.2 Procedures and forms for establishing sample 
custody in the field 

The analytical services request form includes the chain-of -custody 
record. This form will be filled out for each sample set at the time 
of sampling. The analytical services request and chain-of -custody 
record form is shown in figure 4. The form is a self-carbon type 
containing four sheets. The sampler will keep one copy and place the 
other three copies in the sample shipping container with the samples. 
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At the completion of analysis the laboratory will return a completed 
copy of the form showing the chain-of-custody record within the 
laboratory. 

1.6.1.3 Procedures for sample handling, packaging, and 
shipping 

Samples in containers will be identified using adhesive-backed sample 
labels (see fig. 4a) . Sample labels will be attached to the sample 
containers immediately after filling the containers. 

The following information will be entered, as a minimum, with 
waterproof ink on the sample label: 

1. Sample ID number (station number on label) (see section I.1.6.1.1) 

2. Date 

3. Time 

4. Location 

5 . Sampled by (collector) 

6. Sample type (see tables 7, 8, and 9) 

7 . Analytical methods requested (see tables 7, 8, and 9) 

8. Preservative (see tables 7, 8, and 9) 

An analytical request and chain-of-custody form (fig. 4) will accompany 
the labeled samples to the laboratory. The transfer of custody will be 
recorded in the signature block of the chain-of-custody form. 

All sample containers will be clearly identified with the sample 
information. See figure 4a for an example of a completed sample label. 

Most of the samples will be chilled by ice during shipment to the 
laboratory. The sample bottles will be sealed in plastic "zip lock" 
bags to protect the labels from water damage and placed in ice chests 
for shipping. The samples will be placed in the shipping containers in 
such a manner as to minimize tipping, spilling, or breakage. The ice 
will be frozen inside containers and will be spaced in the ice chest to 
maintain chilled samples. The associated chain-of -custody forms will 
be placed in the ice chest in a sealed plastic bag at the time the 
samples are placed in the ice chest. 

Shipping containers for chilled samples will be metal or high-impact 
plastic ice chests. Shipping containers for samples not requiring 
chilling will meet U.S. Geological Survey and U.S. Department of 
Transportation requirements for the shipment of such materials. 
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ENSECO ANAL YTtCAL SERVICES REQUEST FORM 

Special Handling (Circle as appropriate and 
explain in record 5) 

Site Type (circle one) 

Hazardous material 

File Deposition" 
(Circle one) 

Stat1on Name 

Q. WATSTORE 
X· Lab File 

Few Laboratory U• Only 

1 1 1 9 r 1--l......J ~ 
Year• Montn• Day• Time• 

Begin Date 

SW · Surface Water LK · Lake 
GW • Ground Water ES · Estuary 
ME · Meteorotogrcat SP · Spring 

Field ID SS · Specrat Source 

Field Office Protect Collector Phone iFTSJ 

Sample identffication 

Station ID or Un1oue Number• Protect Account • 

~~ 

Montn Day Time 

Composite End Date 

~ 

State Distnct/ 
Code• User Code" 

County 
Code 

Analysis leveJ codes and schedules 

H or 9 

Code A/D 

COde A./0 

s.tnPie 
Medium•• 

Schedule •1 

Ane1ys11 
Status•• 

Ana1v11s 
Source•• 

HyrdOiogiC 
Condition•• 

Schedule •"' 

HydrolOgiC 
Event•• 

Schedule •5 

Laboratory codes to be added to (A) or deleted from (0) above schedules 

Code AID Code AID Code A/0 Code A/0 Code AID 

Code A/0 Code A./0 Code A/0 Code A./0 Code AID Code A/0 

Chain-of-Custody Record . 

Code AID 

Code AiD 

PROJECT NAME, ____________ PROJECTNO. ______ P.O. NO. __ _ 

Relinquished by: ( Signatur~) Received by: ( Signat11r~) Date Time 

Relinquished by: ( Signatur~ J Received by: ( Signawre J Date Time 

Relinquished by: ( Signatur~ J Received at lab by: ( Signatur~ 1 Date Time 

Relinquished from lab by: ( Signazur~ J Received by: ( Signawre) Date Time 

Comments (Only 50 characters stored in NWIS) 

Record 6 

Total number of sample bottles for this request:----

55-034 

SIUPTO: 

A TI'EN'IlON: 

Ea.co-Rocky M0101tain Analyticai 
4955 Yarrow Street 
Amlda. co 80002 
(303) 421-6611 

Figure 4.--Analytical services and chain-of-custody form. 
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~cv ( VOA V'IAL.J GCV 
U. 5. GEOLOGICAL SURVEY 

WATER RESOURCES OIV., NEW MEXICO DISTRICT 

STATION NUMBER J<A FS ¢s tl5J.¢1. -J. 
L.CCATICN /t:flf?Tl.AND AFB, srre:. 5 
OATE s q or zs TIME oeoo 
GAGE HEIGHT, F'T. DISCHARGE, Cf'S, ___ _ 

TEMPERATURE, •c /0 SAMPLEO avS0Hl3.f:S 
CIRCL.E TYPE!Sl: ~ F'ILTEREO ACIOIF'IEO ~ 
~ ~ 

CTH ER IN F'C R MAT I 0 N-..J.M.'--"...,'E=-7.........,'){1~(2,..'(2.._ ______ _ 

sw Eol:IJ/82.40 

Figure 4a.--Example of completed sample container 
label 
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The chain-of-custody forms contained on the inside of each shipping 
container will clearly identify the contents and destination. The 
outside of the shipping container will be clearly marked with the 
origin and destination of the shipment. A shipping custody seal will 
be glued across the lid of the shipping ice chest. The seal will be a 
band of glue-backed paper with a project stamp. Information on special 
handling of chilled water and soil samples in glass containers of any 
sample shipment will be clearly identified on the outside of each 
container. Overnight shipment via coiiDnercial air carriers will be 
scheduled. 

1.6.2 Laboratory operations 

1.6.2.1 Procedures for sample receipt, storage, 
and tracking 

Samples are received by the laboratory's (Enseco) Sample Control Group 
and are carefully checked for label identification, chain-of-custody, 
and any discrepancies. Photographs document the condition of samples 
and each sample is then assigned a unique laboratory identification 
number through a computerized Laboratory Information Management System 
(LIMS), which stores all identifications and essential information. 
The LIMS and internal chain-of -custody procedures track the sample from 
storage through the laboratory system until the analytical process is 
complete and the sample is back in the custody of Sample Control for 
disposal or return to the client. Access to all Enseco laboratories is 
restricted to prevent any unauthorized contact with samples, extracts 
or documentation. 

1.6.2.2 Internal custody/tracking form 

The Rocky Mountain Analytical Laboratory's internal custody and sample 
tracking procedure is its computerized Laboratory Data Management 
System (LIMS). A flow chart that tracks samples through LIMS is shown 
in figure 5. 
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SAMPLE CHAL.'J OP' CUSTODY 

Samples enter Rl'Y1AL upon receipt and proceed through an orderly chain-of-custody 

sequence specifically designed to ensure continous integrity of both the sample and 

documentation. 

All samples are received by R:MAL's Sample Control Group and are carefully 

checked for label identification, chain-of~ustody, and any discrepancies. Photographs 

document the condition of samples and each sample is then assi~11ed a unique laboratory 

identification number through a computerized Laboratory tnforii:ation Managemt-:nt 

System (LIMS), which stores all identifications and essential information. The LI:\IS 

system and internal chain-of-custody procecures track the sample from storage through 

the laboratory system until the analytic!.! process is complete and the sample is back in 

the custody of Sample Control for disposal or :-eturn to the client. 

The flow chart below describes R:"riAL's chain-of-custody procedures. 

Sample Control \ 

• Check and Document p-hysical 
condition of sample 

• Verify dQc:umentation and testing 
schedule 

* Computer log-in 

Proper Storage 

• Transfer sample to tab with proper 
documentation 

La.bcra tories 

• 
• 

Documentation of analytical work 
Unused samples returned to Sample 
Control 

Samcle Control J 

Waste DisposaL 1 Return to Client" I 

Figure 5.--Rocky Mountain Analytical Laboratory's 
chain-of-custody flow chart. 
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1 • 7 CALIBRATION PROCEDURES FOR FIELD TEST EQUIFMENT 

1. 7.1 Field test equipment and frequency of calibration 

The field test equipment that will be used in this study and the 
frequency of calibration of each of the field test equipment are as 
follows: 

1. Thermometers--when received, calibrate of each new thermometer 
at 0 and 25 degrees Celsius in the District Laboratory with a 
National Bureau of Standards thermometer. Thermometers will be 
inspected for breakage or liquid-column separation before each 
use. Field thermometers will be checked monthly. 

2. pH meter (Orion SA 250)--calibrate instrument just before using at 
field site. Standard buffer solutions of pH 4, pH 7, and pH 10 
will be used. 

3. Specific-conductance meter (Myron L DS Meter)--Initially calibrate 
instrument in laboratory at 3 or more points. The meter 
automatically compensates to 25 degrees Celsius. 

4. Gas chromatograph (portable Photovac 10S50)--calibrate instrument 
several times daily, especially during short periods of ambient 
temperature changes of 3 degrees Celsius or more. TCE, ~' 
benzene, 1,1-dichloroethane, 1,4-dichlorobenzene gas mixtures will 
be used to calibrate the gas chromatograph. The standard gas 
mixture will be prepared daily, as described in Photovac Technical 
Bulletin #27, "Preparation of aqueous standards for ground water 
analysis." 

5. Organic vapor detector (portable Foxboro flame ionization 
detector, model 128)--the instrument, according to the 
manufacturer, is factory calibrated with respect to methane. This 
calibration will be checked against a standard gas of known 
methane concentration just before use in accordance with the 
manufacturer's manual. If the instrument range is changed, the 
calibration will be rechecked. 

1. 7.2 Procedures for field calibration and standards 

The field test equipment that will be used and the procedures for field 
calibration are as follows: 

1. Thermometers--partially immerse the thermometer and a National 
Bureau of Standards (NBS) calibrated thermometer in a 1-liter 
glass breaker filled with crushed ice and water. Let the 
thermometers sit in the ice and water mixture for 5 minutes and 
compare readings while they are still inmersed in the solution. 
Repeat calibration with a water sample stabilized at a roam 
temperature near 25 degrees Celsius, Reject any thermometer not 
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reading within + or - 0. 5 degree Celsius of the NBS calibrated 
thennometer. 

2. pH meter (Orion SA 250)--calibrate instrument per manufacturer's 
recommended procedure using three pH buffer solutions, one pH 7, 
one pH 4, and one-·pH 10. Calibration will be done prior to first 
use each day, and then every two hours. Calibration will be 
checked prior to each measurement series at one location. 
Instrument probes kept separate from samples will be rinsed with 
deionized water between all measurements to prevent cross
contamination of buffers. Buffer solutions must be within + or -
5 degrees Celsius of sample temperature. Buffer solutions will be 
kept separate from samples. Instrument probes will be rinsed with 
deionized water between all measurements to prevent cross
contamination of buffers. Calibration will be done prior to first 
use each day, and then every two hours. Calibration will be 
checked prior to each measurement series at one location. 

3. Specific conductance meter (Myron L DS)--calibrate daily per 
manufacturer's recolllllended procedure using a KCl-type standard 
reference solution of known value within 1.0 percent accuracy. 
Select standard reference solution to be close to anticipated 
range of measurements, or within recoumended range of measurement 
cell used. Readings will be taken after meter response has 
stabilized. The meter automatically temperature compensates to 25 
degrees Celsius. Standard solutions will be obtained form the 
U.S. Geological Survey's Hydrologic Instrumentation Facility in 
Bay St. Louis, Mississippi. 

4. Gas chromatograph (portable Photovac 10S50 photoionizer)-
calibrate instrument per manufacturer's recoumended procedure by 
injecting standard gas mixtures or by using the head-space 
technique. Using the head-space technique, dissolve a measured 
quantity of benzene, toluene, TCE, PCE, 1,1-dichloroethane, or 
1,4-dichlorobenzene in approximately 20-30 milliliters of 
distilled water in a volatile organic analyses (VOA) vial and 
allow the mixture to reach equilibrium with the vapor in the space 
above the liquid. Inject a known quantity of the vapor from the 
space above the liquid into the gas chromatograph and calibrate 
for the retention time and the liquid concentration of the 
compound(s). Calibration by this procedure will be used to define 
general subsurface plumes of volatile organic compounds in soil 
gases and is not intended to quantify specific organic compounds 
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that may be in the soil gases (see section II.2.5.4). Analytical 
standard gas mixtures or reagent-grade volatile organic compounds 
will be obtained from a scientific supply company such as Van 
Waters and Rogers in Denver, Colorado. 
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1. 8 ANALYTICAL PR;<XEDURES 

1.8.1 Analytical methods and detection limits 

The EPA analytical methods that will be used for water samples are 
listed in table 2, and-the EPA analytical methods that will be used for 
soil samples are listed in table 3. 

The project detection limits for analytical methods that will be used 
are listed for the measurements or analytes in table 4. 

1.8.2 Non-standard methods 

Explosives compound analysis will be determined by USATHAMA Solid Phase 
Extraction Method for water and USATHAMA 4B (modified 4B Method after 
February 1990) for soils. These analytical protocols are furnished as 
Appendix A. 

1.8.3 Procedures for establishing detection limits 

The sensi ti vi ty of an analytical method is related to the detection 
limit which is the lowest concentration of an analyte that can be 
detected at a specific confidence level. Definitions of and 
procedures for determining detection limits are presented here. 

Instrument Detection Limit (IDL) is the smallest signal above 
background noise that an instrument can detect at a 99% confidence 
level. An IDL is measured by analyzing replicate blank samples. It is 
calculated by the mean plus two standard deviations for a normal 
distribution, or three standard deviations for data which does not obey 
a normal distribution. 

Project Detection Limit (POL) is the ~nLMUM signal level required to 
qualitatively identify a specific analyte by a specific procedure at a 
confidence level which is greater than 97%. 

For organic analyses and graphite furnace atomic absorption analyses a 
POL is measured by analyzing a minimum of seven replicates spiked at 
one to five times the expected method detection limit 
on three non-consecutive days. It is calculated by multiplying the 
standard deviation times the Student t-value at the desired confidence 
level. 

POL's for ICP methods, cold vapor atomic absorption method, and 
colorimetric methods are determined according to procedures outlined in 
the EPA Contract Laboratory Statement of Work. 

Enseco determines the POL for a routine method using a reagent water 
matrix. Method Detection Limit Studies are generally not performed on 
soil samples. 
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1.8. 4 Procedures for laboratory calibration and standards 

All primary reference standards and standard solutions used by Enseco 
are obtained from the National Institute of Standards and Technology 
{formerly the National Bureau of Standards), the EPA Repository or 
other reliable commercial sources. Standards are validated prior to 
use 1 stock and storage and handling 1 and all containers are properly 
labeled. 

Each instrument is calibrated with standard solutions appropriate to 
the type of instrument and the linear range established for the 
analytical method. 'lbe frequency of calibration and the concentration 
of calibration standards is determined by the manufacturer's 
guidelines 1 the analytical method, or the requirements of special 
programs. Gas Chromatography/Mass Spectrometry systems - Each day, 
prior to analysis of samples, the instrument is tuned with 
bromofluorobenzene {BFB) for volatile compounds and 
decafluorotriphenylphosphine (DFTPP) for semivolatile compounds, 
according to the tuning criteria specified in the EPA CLP. 'lbe 
instrument is then calibrated for all target compounds. An initial 
calibration curve is produced and certain key compounds are evaluated 
on a daily basis. If the daily standard does not meet the established 
criteria, the system is recalibrated. 

Chromatography systems - Each chromatographic system is calibrated 
prior to performance of analysis. Initial calibration consists of 
determining the linear range, establishing limits of detection, and 
establishing retention time windows. The calibration is checked on a 
daily basis to ensure that they system remains within specifications. 
If the daily calibration check does not meet established criteria, the 
system is recalibrated and samples analyzed since the last acceptable 
calibration check are reanalyzed. 

Metals analysis systems - Each ICP (inductively coupled argon plasma 
emission spectrometer) is calibrated prior to the analyses being 
performed using criteria prescribed in the CLP protocol. 'lbe 
calibration is then verified using standards from an independent 
source. The linear range of the instrument is established once every 
quarter using a linear range verification check standard. No values 
are reported above this upper concentration value without dilution. A 
calibration curve is established daily by analyzing a minimum of two 
standards, one of which is a calibration blank, The calibration is 
monitored throughout the day by analyzing a continuing calibration 
blank and a continuing calibration verification standard. The standard 
must meet established criteria or the system is recalibrated and all 
samples analyzed since the last acceptable calibration check are 
reanalyzed. An interelement check standard is analyzed at the 
beginning and end of each analytical run, and on a continuing basis, to 
verify that interelement and background correction factors have 
remained constant. Results outside of the established criteria trigger 
reanalysis of samples. 
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Each AA (atomic absorption spectrometer) is calibrated prior to 
analyses being conducted. A calibration curve is prepared with a 
minimum of a calibration blank and three standards and then verified 
with a standard that has been prepared from an independent source at a 
concentration near the~~iddle of the calibration range. The 
calibration is verified on an ongoing basis with a midpoint calibration 
standard. If the ongoing calibration standard does not meet 
established acceptance criteria, the system is recalibrated and all 
samples analyzed since the last acceptable calibration check are 
reanalyzed. All samples are spiked to verify the absence of matrix 
effects or interferences. The methods of standard additions are used 
when matrix interferences are present. 

Other methods - Each system or method is calibrated prior to analysis 
being conducted. Calibration consists of defining the linear range by 
use of a series of standard solutions, establishing limits of 
detection, and identifying potential interferences. The calibration 
is checked on an ongoing basis to ensure that they system remains 
within specifications. If the ongoing calibration check does not meet 
established criteria, the system is recalibrated and all samples 
analyzed since the last acceptable calibration check are reanalyzed. 
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1. 9 DATA REDUCTION, VALIDATION, AND R.EroRTING 

1. 9.1 Data management flow chart 

The project's overall data management will move along the steps 
outlined below. The person, or laboratory, responsible for each step 
is listed. The Project Chief will delegate authority and 
responsibility for satisfactory completion of the data management steps 
under his supervision. Any corrections required will be returned to 
earlier steps. The data processed for the Installation Restoration 
Program/Information Management System ( IRP/IMS) files will be organized 
to help produce data in tabular form. The data management steps are as 
follows: 

DATA MANAGEMENT STEP 

1. Daily logbook entries and data collection schedule 
2. Field measurements and forms 
3. Sample collection and forms 
4. Daily QA/QC onsite review of field logbooks, 

measurements, sample collection forms 
5. Sample processing and shipment 
6. Weekly QA/QC on-site review of field logbooks, 

measurements and sample collections 
7. Laboratory analyses 
8. Laboratory reports of results and QC/QA data 
9. Laboratory reports review 

10. Data processing for IRP/IMS files 

11. Data check and validation 

12. Data collection progress review 
13. Data summary report ( ITIR) to OEHL 
14. Data incorporation into final report 
15. Review and approval of final report 

BY 

Collector 
Collector 
Collector 
Field team 
leader 
Collector 
Project QA 
Officer 
RMAL 
RMAL 
Project lab 
QA Officer 
Project QA/QC 
Officer 
Project QA/QC 
Officer 
Project Chief 
Project Chief 
Project Chief 
District Chief 

The laboratory data management flow chart for samples sul:mi.tted to RMAL 
is shown in figure 6. The flow chart is reproduced from part 12 of 
RMAL' s QA plan. 

1.9.2 Units used to report analytical values 

Field analytical data are produced using direct-reading instruments 
except alkalinity determinations. Alkalinity determinations and 
formulae for calculations are as described in Standard Methods for the 
Examination of Water and Wastewater, 16th edition, Method 403. 

Laboratory analytical data are produced with analytical instrtDnents; 
only the sample dilution factor needs to be considered: 
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ll. DATA REVIEW AND REPORTING 

Laboratory data must pass the scrutiny oi pe:r and supervisory review and evalu:ltion 
before it is considered rudy for client u:c. All data is reviewed first by anothe: 
analyst. c1au spe:ialist. or supervisor to ensure that it is complc:c. that precision. 
ac::~racy and detection limits have been met. that intef'l'retation of raw data and 
calculations are correct. that contn.ctual rcquiremenu have be:n fulfilled. anci finally. 
that all information is well documented. The: daa is then e:amined by the labontory 
manager wile will approve the resulu. Members of the QA staff m;~y dso c!'lc::x the 
results on seic::tcd data scu. (For a typical data reportin& sc~c:ne. se: Figure 2 
below.) 

E:se:o laboratories usc the computerized uboratory Infor:ution Manage:ne:: Systc::1 
(LIMS). as well as a variety of c~s:om ap-plications.. to transfer d:lt:l free instrucc:as 
to c:om-pu t::s. pc:f or: c:1lc:~ia tions., c~c::x results., &en:ra tc reports. and ::sur: da:a 
i::::;:i:y ana s==~rity. 

A varie:y oi r:;ortina format~. from a eocput:riz:::i data table to c:::;:lc: rc;oru 
C.isc:':.lssing r:;ui:~tory issue:. en be int:;::uc::i into a c!icnt's c:is:i::g infcr::uion 
!i"JSt:::. !n addition to the r:;ular hard::;:y report. c:!icnts :::1n abo rc:::!ve a:alytic::11 
r::ults on a flo-ppy C.isk.. cagnc:ic tapes or via clc:::::::nic maiL 

S••••• 
AaaiYtil 

C~•••a& 
Rt..,••• 
Daaa 

Peer Oe-'aa 
DaaaS.-.ailll 
•S.--" ... 

Fi&un l. Data. Reporthz1 Scheme 

...... ,. 
II ~neu.a" 

Figure 6.--Data Management Flow Chart 
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Analyte values are reported in units specfied in Table 12-1 of the USAF 
HSD/YAQ Handbook, version 2.0, April 1988 and presented in the Table of 
Project Detection Limits (Table 4). 

1. 9. 3 Criteria used to evaluate data prior to reporting 

The field team perfonning field measurements has the prime 
responsibility for entering data and observations into field notebooks. 
Each page will be initialled by the person recording the information. 
Another team member, on site, will inspect the entries for accuracy and 
adherance to standard procedures or documentation for non-standard 
procedures. The Project Chief or his or her designee will periodically 
review field notebooks for completeness and adherance to standard 
procedures. 

The laboratory analyst generating the data has the prime responsibility 
for the correctness and completeness of the data. Each analyst reviews 
a data package to ensure that: Sample preparation information is 
correct and complete; Analysis information is correct and complete; 
The appropriate standard operating procedures have been followed; 
analytical results are correct and complete; QC samples are within 
established control limits; Blank correction procedures have been 
followed; special sample preparation and analytical reuirements have 
been met; and documentation is complete (e.g., all anomalies have been 
reported, holding times have been reported, etc.). 

An independent review of laboratory data is perfonned by laboratory 
personnel to ensure that: calibration data are scientifically sound, 
appropriate to the method, and completely documented; QC samples are 
within established guidelines; qualitative identification of sample 
components is correct; docUIIlentation is complete and correct; 
Data are ready for incorporation into the final report; and 
Data package is complete and ready for data archive. 

The laboratory client manager reviews the report to ensure that the 
data meet the overall objectives of the client, as understood by the 
client manager. 

The Project Chief and Project QA officer review all data prior to entry 
into a magnetic data base to ensure that standard procedures were 
followed, all QA/QC checks were perfonned, anomolies were documented, 
and data packages are complete. 

1. 9. 4 Procedures for handling unacceptable data 

When internal field QC fails, the source of the problem is determined. 
In general, corrections can be made immediately or alternative 
procedures used. Figure 7 (part 13, RMAL QA plan) outlines RMAL' s 
procedure for handing unacceptable data. 

When internal laboratory QC fails, the source of the problem is 
determined; standards, instrumentation, sample preparation, etc. 
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13. CORR!:CT!YE ACTIONS 

Whe: erTon. dc!'ic:.i::C:e: or out--of ·-:ont:o! situations e::i:t. t.he QA p!:tn provide: 
sy:m::atic: proc:::iure:.. cllc:d •c:rre::ive :a.c::ions: to re:olve problc:=s and rester: 
prope:- fu:c::ioning oi the: a.nzlytic:al systc::L. 

Laboratory pe:-son:cl a.r: :tlcrt:d that c:orr:::ivc ac::.ions may be :c::::sary if: 

1) 

:) 

., 
; ) 

..!) 

QC data is ou:sid: th: war:i::g or ac:::;:ut:lc: wincows for pr:::sion anc 
a.c::u~c:y. 

t:'nd::ir:tblc: t:::ds in c:onc::::.t::t:!cn. s~ik: re:::vc:-::: and r:!:uive p::-:::t 
difi::-:::: (RP!)) :t:: d:::::::. 

7"~::: u: u: usual chang:: in dc::::icn limiu. 

De!l::!:::c!:: :a.:: de:::::::: by the: QA Ofr!c::: dur±:g i:tc:-:::.1 :tnd ::::::-::a! 
auC:!::. we:lcly waik·t!l::ug!!:. or i::c the r::ui:s of pe:for::.:::: :val:.:a:i::l 
s~=:i::. 

5) Ccc;:ia.in:s u: ::::ived i:om c:!i:::::. 

CorT::: ive ac::ion :;:roc::::::ur:: a:: oft::: :a::cilc:i u :.h: be::=: level by t~: a::.lyst. 
who will r:·dc:w the e::::ac::ion proc::::::'U:: for pc:siblc: er:-:::-:.. c:~::x t!:u: i::s::-.J::::::: 
c::.libn:ion. spike mi:::: and s:and:.rd c.i:::~ il:r.:-.:::::t se:s.i:iYiry, :::. If tt: 
probl::: pc::-sisu or a::not be: idc:::ific:d. the m:ut:: is r:!:::-:d to th: la.bo::o.ro:y 
sur:::rvisor, manage: a:d/or QA Cfric:::-. who will invc:t!&a:: furth:r. Wh:: t.h: 
prci::i:: is r::olvcC.. t.h: QA Of!'ic::r is provici:d with f"ull doc::::::ation. whic:~ i.s k:;::t 
on r:r: in t!'1c QA oif!c::. Cor~:::ivc a.:::io: doc~==:ution i..s routi::iy r:vi:we:: !::y 
th: C.::;c:-~t: Yl:: P~::iC::: oi Qu3i.i:j' A.t.S~:'341C:. 

Figure 7.--Procedure for handling unacceptable 
data 
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Instrument operational settings, sensitivity, and linearity are 
validated. If problem is detected, it is corrected, and QC samples are 
reanalyzed. If QC samples are still out of control, then the 
analytical standards are checked. If the standards are a problem, new 
or different standards....are used and QC samples reanalyzed. If QC data 
are still outside of limits, the sample preparation is checked for 
anomalies. If no anomalies are found, the samples are re-prepared. If 
samples cannot be re-prepared, the samples are analyzed and the data 
reported with qualifying information. If sufficient sample remains, 
but, holding times have expired, the sample is re-prepared and anlyzed 
and the data reported with qualifying information. If preparation 
problems apply only to the QC samples, the samples are analyzed and the 
data reported with no qualifiers. If preparation problems could have 
potentially affected all samples, all samples are re-prepared and 
analyzed. The entire process is documented including reasons 
supporting the final decision. 

If any and data, field or laboratory are found to be unacceptable after 
review by the Project Chief and QA Officer, they will be noted in the 
field notebook or on the Laboratory Data Report along with the reasons 
for unacceptabili ty. These data will not be included in permanent data 
files. 
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1.10 INTERNAL QUALITY CONTROL CHECKS FOR FIELD AND LABORATORY 
OPERATIONS 

1.10.1 Description of quality control for field activities 

Field teams will always consist of at least two people including a team 
leader. Standard, documented procedures will be used for all field 
measurements and activities. Reasons for the use of non-standard 
procedures will be clearly documented in the field notebooks. The team 
leader periodically reviews the field activities for ad.herance to 
standard procedures and complete documentation. Field instruments 
will be calibrated according to established procedures (section 1. 7) 
and the calibration documented. 

Duplicate samples, field blanks, and trip blanks will be collected, 
prepared, and sent to the laboratoy for analysis. The analytical 
results will be evaluated to determine the adequacy of sample 
collection techniques. See discussion in Section 1. 4. 1. 

1.10.2 Description of quality control for laboratory 
analyses 

Enseco' s laboratory Quality Assurance/Quality Control ( QA/OC) program 
consists of the operational controls employed to ensure that data 
generated meet pre-defined requirements of precision and accuracy and 
the system instituted to document the effectivenes of these controls. 
The QA/QC program has provisions to meet the following two objectives: 
1) to monitor the laboratory's daily performance of an analytical 
method, and 2) to assess the effect of a specific sample matrix on the 
perfonnance of the analytical method. 

To achieve the first objective, Enseco employs a Laboratory Control 
Sample ( LCS) program and a Surrogate Control Sample ( SCS) program. The 
LCS's for aqueous samples consist of deionized or carbon-filtered 
laboratoiJ~ reagent water spiked with a group of target analytes 
selected to represent the specific method being utilized. The matrix 
for solid sample LCS' s is standard Ottawa sand. LCS' s are analyzed in 
duplicate with each lot of twenty samples, or, if the analytical lot is 
smaller, with each analytical lot. SCS' s are used for all organic 
analysis. The SCS consists of a method blank spiked with surrogate 
compounds appropriate for the method being used. (Surrogates are 
compounds which are chemically similar to the analytes of interest, 
expected to behave similarly to the analytes of interest, and not 
expected to be found in environmental samples. ) An SCS is prepared 
with each lot of samples. 

Control limits for both programs are taken from the EPA CLP, where such 
limits exist. Control limits for non-cLP analytes are established 
based on the laboratory's historical data for QC samples. 

The LCS/SCS programs provide a proactive means of making consistent, 
accurate decisions rega.rding the quality of a particular set of data. 
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Data which is generated with either an SCS or LCS which falls within 
acceptance cri tera is deemed to be in control. Data which is generated 
with either an SCS or LCS which falls outside of acceptance criteria is 
considred suspect and must be either reanalyzed or reported with 
qualifiers. 

To achieve the second objective, the laboratory employs the use of 
matrix spikes, matrix spike duplicates, and matrix duplicates. For 
organic analysis, each sample is spiked with surrogate compounds. 
Matrix spike duplicates are performed every twenty samples (or with 
each sample lot, if fewer than twenty samples per lot) for both metal 
and organic analysis. Five percent of samples for metal analysis are 
analyzed in duplicate. 

Documentation is accomplished, primarily, through the Laboratory 
Information Management System (LIMS). The sample laboratory 
identification number, other sample information, client information, 
dates of extraction and analysis, QC results, and sample results are 
all stored in the LIMS. Reports are generated directly from the data 
base. A tiered security system is in place and a system audit trail 
identifies when information has been changed and who changed it. A 
project file is maintained for each project handled within the 
laboratory. This file contains all documents associated with the 
project, including any correspondence from the client, chain-of-custody 
records, raw data, copies of laboratory bench notebook entries 
pertaining to the project, and a copy of the final report. The file is 
archived when the project is complete. 

Selected samples that were originally submitted to RMAL will be 
resubmitted as blind samples for comparsion. 

1.10.2.1 Identification and preparation of laboratory 
QA/QC samples including sources of control 
material 

The RMAL's Standards Preparation Group prepares all analytical 
standards (see section I. 1. 8. 4) • The reagents and standards section of 
RMAL' s QA plan is reproduced as figure 8. 

1.10.2.2 Establishment of control l~ts 

The establishment of laboratory control limits is described in figure 9, 
which is from the internal quality control system section of RMAL's QA 
plan. 

1.10.2.3 Documentation and review of control l~ts 

See figure 9. 
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9. REAGENTS A. ... 'lD STANDARDS 

A c:-~tic:!l element in the genention of quality data is t~e ;ur:ty/c;ua.iicy of the 

:-~!ig~n:s ar.c standa:: solutions u.sed in ana.iytic:!l oper:!tior-..s. Contaminated or 

. irn;:-oper!y pre~ared reagents or calibration stanca:d solutions can cause e:-:-ors in 

analytic:!l results. R:,rAL continually monitors the quality of re~en:s and calibration 

st;;r.ca:d solutions t!".:·:n:~~ a. com~uter database and detailed log books whic!l !dentify tte 

su;:plie!', lot number, t;)uri:j, pre9aration date, solution and mettcd of pre~a.ration, initial 

st:-t:::~-:!'1, c;ualitj c!:ecks, etc. 'r.'l.ese procec:::es a:e fll"::lly establlshed in SOP's fer 

:es.g~!l <:s anc! c!!llbr:1 :ion sta:lc!ares. 

To insure tte hi~::est ;urit7 ;ossible, a.l! ;:r:::larJ reference star.da:C.s a.1.d standard 

solu::or..s used by R:,!A.!. a:e those recomce!'lced and obtained t!".::u;-~ the National 

Su:-e.au of Star.da:~ (~ESI, the E? A :e9ositc:"":" (Rase!!.!'<:~ T:iang!e Park. ~.C.), and othe!' 

~e. ~e valida::c:: :::ay :nYoive com;a:!!cn to ;:re·r~ous sta.~dar::s. a check for 

c!".:: ~a 1:c;:-a;:r~c ~:n~:: ':7, e :c., as ap;:-o;::r:a :e. s~~ck ~c work!~?; s-.:anda:::S a:e checked_ 

::"~g"..:l.2!"::r fo: si;:-.s cf cet::-:cra:ion. such ~ C:!!c=lora:ior:, ror:na::cn of ;:~~!;:itates, and 

c~a:::;~ or cor:ce!lt:'a-.::c::. Care is e:tercisec i:1 t!:e pr:pe!' s:::::age and r.anCJ.i::;- of 

s-::ar.c.2.=-:. :::ol:.::!cr.s. and a.!..l conta.ir.e:-s are labelec as ~o corni)ound. ccr:c~nt:at!on, solvent, 

e:t;i:-a tier: data and ;:e;:a.re:o. 

Rea~er.:s are e:tar:::r.ed fer ;:u:it:r by s.:!:iec:!r.~ an al!c;-.:c: cr s;.:tsa:::;:le to t!:e 

ar.a.L:~:c:!l rnet!':cd cc::oe!;:cnde!l: to tte!: :::-::r:ced l.!Se; for e:t:lmple, eve:-7 lot of 

c!cr..!.c::-o~et!:ane (for Ct"'g'~.ic er.:aco::lbles) is a.r.:a.lyzed ;:-ior :o ac:e;rtar:ce or shipment 

A com;uteri::ec database is used to s:cre essential infcr::tat!cn on specific 

star. cards or re!.~ents. · 'r.'le system is desig:-:ec :o ser-te various f"J!'lctions; for instance, 

the computer will issue wa:::in~ on e~irat!cn cates, or allow t!':e chemists to obtain a 

list of all ·Horkir.;- s:andarO: solutions prep.:-ec f:om :::e same stock solution. The 

proi='am also facilitates t!'le mana~ement and a!.:d!ti::~ of rea~ents and sta:lda:::S • 

.. 

Figure B.--Identification, prep~ration and 
sources of laboratory QA/QC 
samples at RMAL 
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16. INTERNAL QUALITY CONTROL SYSTZ~ 

A.. Over·view 

The !;)ur;ose of a. QC i===~am is to monitor the per!or:nance of the laboratory and 

thereby assure that data gene~ted Ul of known precision and accuracy. 

R:rt.AL'S QC pro~am is based upon monitoring the performance of the laboratory 

using Laboratorj· Cor.::":li Samples (LCS'). The objectives of :!".is ;;:rog:-3.m ~e to: 

l) establish a st:ong, QC pr-::~m t!:at ensures the ieneraticn of scientifically valid. 
legally defensible data 

2) assess the laborator-js per!or:nance of the analytical method using control limits 
gene!"3.ted with a well~ef!ned :nat:'i."t 

3) establish cles.r-e'.lt guidelines for acceptability of analytical c!ata so that QC 
decisior.s can be made im::.ediate!y at •he bench. 

-t) establish a standard set of :-eporo;:lbles which assures ':he client of the quality of his 
data 

A !;)roject-s;:ec!f!c QC option is available at additional cost. to allow clients the 
o;:;:cr";"..!nity to: 

1) assess the ef!'ect of the sa::;:.!.e :r.at:i:t on the per!or:nance of the a.nalyt!ca.l method 

2) obtain acctitional QC tnfo:-:::a:icn which is ~ot ~art of :t~AL's star.dard QA Program 

-
Specif!cilly, this QC pr:gr3.m is based upon monitoring the :;lrecisicn and accuracy 

of 
~ . 

an analytical method by analY"Zing a set of duplicate Laboratory Control Samples 

(LCS') which have been spiked 'Nith a set of tar;et compounQ!. By anal}%ing, in duplicate, 

a set of samples which have been spiked with compounds at a defined level above the 

detection limit, RMAL gathers bot!l precision and accuracy information with regularity. 

The LCS matr".x !or aqueous samples consists of a.n apprepriate clean water (deionized • 

carbon-filtered, etc.) and the LCS matri:t for solid samples consists of Ottowa Sand 

(AST~ C 190). The purpose of the LCS is not to duplicate the interferences created by 

t!le sample matrix. Rather, the LCS provides an interference-free, homogeneous matrix 

from which to gather histories! conttollimit data which monitors the performance of the 

laboratory in using the method and. thereby, jud;e whether the data generated in the lab 

on any given day !or a given method is valid. 

Figure 9 (part 1 of 3).--Establishment of 
control limits at RMAL 
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An LCS sample h.as been established !or each of R:dAL's ::-outi::e analyses. The LCS 

is anal).:ed at a. f:-eque~~y of one set of du~licate cont.-ols per 20 analyses for Ot'i~ic: 

tests, and one set of duplic:1te analyses per analytic!l lot for Inot"ianic tests. An 

analytic:ti lot :S defined as a set of samples analyzed at one t!::te. 

Cont=ollimits have been established for each of the analytes monitored in the LCS 

(see A!;:pendix A). Control limits for acc!.!!"acy are based on the avera;-e t'ecovery +/- 3 

stancar: deviation units. Control limits for precision ran;-e f:-om 0 (no diffe:ence 

betwe~n duplicate LCS :-esults) to the average t'elative ~ercen~ ~::farence + 3 stanear:i 

deviation units. 

Analytical data generated with an LCS which fall witrJn the cont=ol limits are 

jt!c~ed to be g~od data (althct!~!l data. which fall wit!'lin ~-3 s~ancarc deviation units will 

t:'!u~!" an in-house !nvestigation). Data gener~ted with LCS samples which fall outside 

tte cont:-ol limits are consice:.-ed sus?ec: and will be redone or :-e;orted with q".Jalifie~ 

(see II.3.1. below). 

· TI:e recovery data is en:ered by the analyst onto a cont:'d c!':art (see A;pendix E) · 

which :s specific for tte method a."ld analj--te. T!lese con=~l c~a:ts are updated on a 

quar-:e!:'.!::r basis by the QA Depar't:nent to generate new licits. 

!n acdit!on to the LCS samples, R:'rfAL's Ot"ianic and rno:-;anic depa.rt:nents 

;e:::::-~ acc.i~!onal C:epart:'!'lent-si)ecif!c QC. In the Org-ank~ depar<::nent. where sarr.ples 

are t"outinely ~repared in sr=all batches due to l:oldini' 't!::::es and other const:-aints • 

:eiiar:ce on the LCS as the only QC checi< could lead to sit-.:aticn.s in which no QC data 

was bei~~ generated with a h!~!l ~ercenta~e of Ot'ianic wori<. Tc alleviate this situation. 

a. blank spiked with Sur:'Cg"ates, ea.lle~ a Sun"'Oiate Contl"ol Sample (SCS}, is analyzed with 

each analytic3.l tot. this SCS a!so sertes as t!:e method blank. The recovery of 

components in this SCS ~ monitored using- control cr.arts identical to those used for the 

LCS samples (see Appendix B). Data which are generated with an acceptable SCS (within 

the conttol limits) are judied to be valid data. Data which are gener:1ted with an SCS 

which {all outside the cont.-ol Limits are considered sus;:ect and are t'eana.lyzed or 

t'eported with qualifiers • 

Usini LCS and SCS data. Rlt:U. can identify and correct problems associated with 

its execution of ni'ethodoloij, as opposed to those cres.ted by unpredictable matrix 

interferences and sample non-homeg'ineity. RliAL enc:oura~es the use of "prt)ject

specific" sample duplication and spiking to obtain information related to the performance 

of :nethods on a client's sample and its mat:ix. 

Figure 9 (part 2 of 3).--Establishment of 
control limits ar RMAL 
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I! surroiate recoveries in a client's samples are outside the established control 

limits, but the SCS is ~ithin the limits, it is assumed that the method was performed 

correctly and that the low recoveries are based on matri:t effects. 

I! a ~Hent requests t!:at sur:oiate recoveries in his samples are to be held within 

s;~eciiled limits (either our la.b limits or CLP limit or others, as defined by the client), 

RMAL ~onsiders this to be an element of project-specific: QC. RMAL's policy duplicates 

the EPA<Ll' ~re~m: R~~ will reanalyze a sample with surrogate recover!es outside 

specified ll:nits with the understandi%li that if, on reanalysis, the sur=ogates fall within 

specified limits, the lab repor..s the new data at no cha.rge to the client. I!, however, the 

seet:lnd analysis duplic~tes the results from the first analr-is, indicating a matrix 

inter:erence problem, the ~!lent will be ~harged for the second analysis. The same policy 

applies to matri::c spike data, both for O~ic and !~organic analyses. 

In acdit!on to the LCS sam;:les in the rnor&anic department, one blank, one matrt::c 

spike, and one matri::c dupli~3.te will be analyzed with each analytic3.llot. This data will 

not !:le re;:or~ed, and is used for inte~al tnformation only • 

Figure 9 (part 3 of 3).--Establishment of 
control limits at RMAL 
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D. Doc~mentation 

The generation, doc~:r:entation, and pr!sentation of QC information is the 

responsibility of the analyst. An analysis is not complete until all QC information is 

com~lete. 

1. QC information is compiled using two sets of forms. one for:- pr:-eparation information 

a.r.d one for:- analytic:U in!or::'laticn (see Appendix C). The pu.r;ose of these forms is 

to ir.sure the ace~mulat!on and preservation of QC data sufficient to establish the 

~aEt:r oi results obt:dned !n R~1AL's laboratory. 

a. The preparation form inc:luces QC lot number, which desc:-ibes the QC lot 

assignments fer sam;:les and ;lrojects, t~e QC. samples g-enerated, t!:e spike a.'ld 

su..-=-~~ate solut!cr.s :.:sed, tt~ c!ate a::c tir:1e of ;lre;a:a:ion, the analyst(s) 

i:wol"led, and anor::alies obse~:ed. 

7'he 9re;arat!on ::.:-::: is fi~ed out by the 9re;ara:!on lab f'or sar:l;ies which 

:e~i:e pre;ara::cn and copied for inclusion in each lab/project folde:" which 

has samples associated wit!'l. t!le QC lot. The ultimate responsibility for the 

acc'.ll'acy, completeness, and timely inclusion of. t!:e infor::1ation into the 

lab/project f!le lies wit!'l. t!:e supervisory staff in t!:e ?:-epara::on Lab. 

':J. 7te analysis f'or~ ::tcluces :te QC !ot numbe:", whic!: cescribes t~e analytical 

lot assi~r:lent(s) :cr sarnpies and ;;rojec:s, whette!" :!:e sarnpies we:e analy7:~d 

with QC sampies from the same QC lot, and recovery values for spikes and 
# 

Sur:"'i'ates from t!:e LCS and SCS sampies. 

The analysis for::1 is filled out by the analyst and copied for inclusion in each 

project !olc!er which has samples associated with t!':e analytical lot. The 

ultimate responsibility for t!:e acctl!'acy, completeness, and timely inclusion of 

the information into the ~reject file lies with the Supervisory Staff !or the 

analytical group generating the data. 

Figure 10 (part 1 of 3).--Documentation of 
RMAL procedure from sample receipt 
to laboratory report 
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c. Validation of correct ~reparation. Pr~p sheets are checked !or any 

anomalies. 1! no anomalies are found, samples are reprepped. If samples 

cannot b.e reprepped due to lade of sample, samples are analyzed and 

data reported are qualified. If sufficient sample remains, but holding 

times have e:t?ired, samples are reprepared. 

If problems with t.'le prep are discovered based on e:tamination of the 

prepar:lt!cn sheets, t!':e appro~riate supervisor is notif!ed. Tl':.e supervisor 

decides whether to re;rep the samples based on the following c:i teria: 

1. II the problems identified with the preparation of the QC sample clearly 

affected only the QC sample and none of the other samples prepared with it 

(e:tample: QC sample taken to dryness in the KD), and a dec!s:on was made 

" -· 

r:ot to :epre;are the ot~e!" samples, t!:e sample results are reported withot.:t 

c;uali!!ers. 

if the problems :centif!ed c-:Juld have ~otentially affected all of the sa·mples 

;re;ared with the QC sample, the samples will be repnpared. If t.'le samples 

cannot be reprep;:ed :or some rea.son, the sample results will be reported with 

a qualifier . 

7~e !!nti:e episode, tncluc:::~ !o;-ic supporting the final cecisicn, is documented 

on a War:'l!r.g/Ou~ oi Cont:~i form (see Append~ D) a.•d forwa::ied to tr.e QA 

Depar-=~ent. 

. . 

Figure 10 (part 2 of 3).--Documentation of 
RMAL procedure from sample receipt 
to laboratory report 
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All QC information (completed ~re~ and amalysis forms) is in the project file ~rior 

to data entry into Ll:YiS. 

2. QC results are lo~~d into the LD1S at the time that analytics.l results are 

3. 

4. 

entered. The Results Screen in LI:\15 9rompts the analyst for tte results of the 

QC samples associated with the QC lot of the samples beini entered • 

If the samples within a QC let have been SQlit cue to a scheduling ~roblem, the 

first set of analyses within the 1-Jt will have had QC c!at:1 ~ociated with it. 

'!'he LI:rtS will not prompt for QC lnfor:nation if it has a..lready been entered • 

Cont:-~1 charts (see Appenci:c 8) are loc:1ted at eac!'l ar.alytical tnst:'".lment. A 

ccnt=~1 chart is usee in the labor:1:ory for a per~oc of one week (Sunday 

!!":-:..:;n Sat..::=ay). A .. "lalysts enter ir.:::::nation onto c~n::~l c!"""-!"~ each ti:ne 

analyses are ;ler'for:::ec. At t!:e e~C: of each week, c=n-::-::1 cta:o;s are tur::ed 

!nto R:\1AL".; QA Depar<;:.:.ent for i::s;ection. A new c=nt:-~1 c!':.a:<; :s placed in 

use fo-: :te fcllowir.; week. Old c!:.ar:s are archived by the QA De;ar:::1ent • 

Con::-~1 c!:.ar:s are upC:ated wit!'l =:ew ~:=its on a quarte:!y !:asis. 

In aC:dition, all Wa.:=:i::;-/Ou: of Cc=:::-ol for~s (see A;:;:endi=<: D) &enera:ed 

c!u:i::; :te weelc are ~ll!'=:ed into :!':e QA De~ar<;:ner:~. The QA Depart:nent 

ver!f:es ~!':at :or~s a:e ;::-esent :c: e~ch QC ca:a poir:: outsice :!:e 0-2 si;~a 

r:1nge ar.ci follow-up en ~!':e cor:~-::!·;e ~ctions which have been :~it:ated • 

The QA. De~art:nent provides mon:::.ly QC summa:!es based on the QC 

database stored in the LI:rts. TI:ese summaries inch:de a disc!.!Ssion of the 

~eriormance of t!'le laboratory and :::ethocis and any c:l:":'ective actions which 

have occurred durin~ ':he month. 

Figure 10 (part 3 of 3).--Documentation of 
RMAL procedure from sample receipt 
to laboratory report 
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1 • 11 PERFOR."'1ANCE AND SYSTEMS AUDIT 

A quality assurance (QA) audit is an independent assessment of a 
measurement system. The auditor or audit team must be functionally 
independent of the sampling/analytical teams to insure that an 
objective audit is conducted. 

Field audits will be conducted periodically in the field by the Project 
Chief and QA Officer. The first audit will be conducted during the 
first two weeks of field activity and then at least once during 
each field session. The auditor or audit team will observe field work 
in progress and determine if prescribed procedures are being followed 
by the field team, check and verify instrument calibration records, 
check and verify that field notebooks are properly maintained and 
complete, check and verify proper shipping and handling procedures, 
identify and correct any weaknesses or omissions in the system, and 
assess the effectiveness of QC procedures and modify as necessary. A 
report will be prepared for the Project Manager. 

The laboratory participates in external audits to ensure that sample 
control, analysis, data and documentation meet stringent regulatory 
requirements and the procedures comply with good laboratory 
practices (Figure 12) . As a minimum the laboratory must be certified 
by the USEPA to perform environmental analysis and participate in 
semiannual performance audits. 

In addition to external audits, internal audits are regularly performed 
(Figure 12) • Monthly system audits are conducted by the laboratory's 
Quality Assurance/Quality Control Section or Officer. Laboratory QC 
check samples are analyzed at a rate of approximately ten percent of 
the total sample workload. Control charts are maintained and monitored 
daily by QC personnel to determine out-of-control situations or detect 
undesireable trends. 

Internal audit problems are generally acted upon at the bench level by 
the analyst or supervisor. Corrective actions are documented. 

The Project QA Officer will evaluate the entire system, both field and 
laboratory, once data are available. The laboratory analytical data 
reports will be reviewed for completeness as compared to the initial 
request. The results of field QC will be evaluated to determine the 
effectiveness of sample collection tecniques. The entire data package 
for each sample/site will be reviewed as a whole to determine the 
adequacy of the measurement system to provide data of know quality and 
quantity to meet the Project objectives. This audit will be performed 
as frequently as necessary, generally after all analytical data has 
been received for a sampling session at a site. 
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5. AUDITS A.ND PER.FOR~.NC:E EVALUATIONS 

R:\tAL ~articipates in a wide var:ety of ce:tifications. prcg:-ams and contracts, and 

is t!'le:-efore subjected to rig-orous e:tte:nal ?erior:nance evaluations and audits by the 

E:? A, :.ume:-ous other state and fede:-al iOVe!':lrnent ag-encies, a11d industrial clients (See 

Appendix E). The purpose of these audits is to ensure that laboratory sample control. 

analysis, cata and documentation meet strin;-ent reg'Jiatory requirerr:ents and that tl:.ese 

procedu:es comply with g-ood laboratory practices. 

In accition to exte:nai auci~ and site visits, R:\tAL is subject to the folllJwing 

E!'l.Seco auCits: 

(1) Weekly walk-t=-.rou~!"'.s ~Y the laboratc:j· QA Of!!c:er and Safety Of!'!cer 

(2) :\tont::ly systems audts conducted by the laboratory QA Officer 

(3) Qua::e:-!y audits cor.ciucted by the Cc=--;orate Vice ?:esiC:ent of Quality Assurance 

(4) Spec!:ll auciits by the laborat:lrJ QA Office: and Cor;ora:e Vice ?:-esicent of 
Quality A.ssu:!!r:ce wi:en ;:-oble!!!s are !c!entified. 

Another form of evaluation is the anal~,-sis of blinC: samples, a ;r-=cedure importa."'lt 

to assessir.; the true qualit:; of t!':e ar.alr.!c:.!.l syste~. A.s part!ci;ants in :he E.:? A 

Con=ac: Labor~torJ pror.a= (CLP) and ot!:er cont:-~c<:s and ce:-:if!cations, R:\IAL is 

:-equi:ed :o analy7:e blind sarr:;Jies for ot"g'anics and inor"g"anics on a qua:':e!"~Y basis. 

In aC:::i tion to manC:a tO:"J blind sa~;Jles :::om :-eg-.!la tor:r a~enc: es, R:\1AL routinely 

anal.:rzes :~:er.:al cteck sarn;:ies as desc::bec :e!ow: 

(1) Laboratory control samples (LCS) and surrc;;ate cont:ol samples (SCS) as 
desc:ibed in section 14, ''Internal Quality Contl:'ol". 

(2) Samples or!;inally submitted to R:\tAL are resubmit<;ed as blind samples to eit~e!:' 
R~-\.L or to other E:-..seco laborator!es for comcar!son. The :~suits are evaluated 
by t!1e Cor;orate Vic~ P:-esident of Quality Assurance, t!'le LaboratorJ QA Offlc:er, 
and senior staff scientists. 

(3) An independent commercial fi:m is contracted to provide all Enseco laboratories 
with blind check sarn;:les on a quar~eriy basis. Result.s of such samples are 
evaluated by both the outside firm and by Enseco's Corporate Vice President of 
Quality .~surance. 

Figure 12.--RMAL's perfermance and 
systems audit 
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1.12 PREVENTATIVE MAINTENANCE 

1.12. 1 Description of preventative maintenance procedures 
for both field and laboratory equipment 

The following preventive maintenance checks will be made on 
instrumentation used in the field. 

1. Thermometer - Thermometers will be checked, before using, for 
column separation, cracks, chips, or scratches. If any separation 
cracks, chips, or scratches are found, the thermometer will be 
discarded. 

2. pH meter - The battery charge level will be checked daily. Probes 
and connectors will be checked daily prior to any field operation. 
The pH meter will be calibrated daily prior to the commencement of 
any field sampling. 

3. Specific conductance meter - The battery charge level t.;ill be 
checked daily. Conductivity probes will be checked daily for 
cracks or any other damage. The specific conductance meter will 
be calibrated each day with standard solutions prior to the 
commencement of sampling. 

4. Field Gas Chromatograph - The battery charge level will be checked 
daily prior to commencement of field sampling. The carrier gas 
supply will be checked prior to use and then periodically during 
the day. The baseline for the columns in use will be checked 
prior to the day's operation by injecting a sample of clean air. 

In the laboratory, preventative maintenance is routinely performed on 
each analytical instrument. Designated laboratory personnel are 
factory-trained in the routine maintenance procedures for all major 
instrumentation. The laboratory is required to maintain detailed 
logbooks of maintenance and repairs for each analytical instrument. 
The preventative maintenance schedules are specific to each type of 
analytical instrumentation and manufacturer and are available as 
Standard Operating Procedures (SOP's). Instrument perfonnance is 
typically checked by monitoring the instruments perfonnance criteria 
for known standards. Logbooks are audited quarterly by the laboratory 
QA Officer. 

1.12. 2 Preventative maintenance schedule 

See section I.1.12.1 above. 

1.12. 3 List of critical spare parts 

A list of critical spare parts for field instruments and a spare parts 
inventory will be maintained by a designated project team member. 
Spare parts inventories are maintained by RMAL. Any critical spare 
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parts used will be reordered immediately from suppliers· if an inventory 
check requires it. 
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1.13 FIELD AND LABORATORY PRCCEDURES FOR ASSESSING DATA PRECISION, 
ACCURACY, A."'® CCMPLE"''D.'ESS 

1.13. 1 Formula used to calculate precision, accuracy, and 
completeness. 

The formulas e~~lained below are for assessing prec~s~on, accuracy, and 
completeness. They will be used primarily for assessing laboratory 
data because a larger number of values will be generated for laboratory 
data. They will be used for field data if the number of values becomes 
statistically significant for QA assessment. 

Precision assessment: 

Replicated samples will comprise at least 10 percent of the samples 
analyzed. 

The mean concentration, C(mean), of a series of replicate measurements 
can be calculated by the equation: 

C(mean) = (C( 1) + C(2) + .•••••• + C(n) )/n 

where C(1) = the resulting concentration for replicate 1; 

C(2) = the resulting concentration for replicate 2; 

C(n) = the resulting concentration for replicate n; 

and 
n = the number of replicate measurements. 

Precision is estimated for a series of measurements as the coefficient 
of variation (CV) or relative standard deviation (RSD): 

CV =square root (SUM(C(i)-C(mean))squared/(n-1))/C(mean) 

where C(i) = the concentration of the sample; 

C(mean) = the mean concentration; and 

n = the number of samples. 

The precision estimate for duplicate measurements, C(l) and C(2), can 
be expressed as the relative percent difference (RPD): 

RPD = ((C(1)-C(2))/C(mean)) x 100 

The CV and RPD values will be compared to respective data quality goals 
identified in section I.1.4.2. The acceptance criteria.for evaluating 
QC samples will be summarized in section I.1.10.3. ' 
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Accuracy assessment: 

Accuracy is measured via standards, matrix-spiked samples, and standard 
reference samples. 

The control limits for accuracy will be monitored from spikes and 
surrogate recoveries. The spike and recovery data are used to 
determine the control limits for measuring the acceptability of the 
analytical data. 

The percent recovery is determined as follows: 

P = (measured concentration/actual concentration) X 100 

The average percent recovery and the standard deviation of the percent 
recovery for each constituent are then calculated from a large number 
of spike and surrogate recovery analyses. The control limits are based 
on the average recovery of the analyte plus or minus three standard 
deviations. 

Completeness assessment: 

Completeness is estimated for each set of data by dividing the m.nnber 
of valid analyses (those meeting the data quality goals) by the number 
of samples analyzed. The percent completeness can be described as: 

where 

Percent completeness= (N(valid)/N(total)) x 100 

N (valid) = the number of valid analyses; and 

N (total) = the total number of samples analyzed. 

1.13.2 Description of statistical analyses such as trend 
analyses 

If five consecutive data points are within control limits, and if they 
indicate a trend in one direction, whether increasing or decreasing, a 
warning of a condition possibly moving out of control will be issued in 
a warning/out-of-control.document. The document ~~ill be given to the 
responsible field or laboratory person for corrective actions. 
Similarly, five consecutive data points above or below the mean would 
indicate a condition possibly moving out of control, and a warning 
document would be issued. See figure 1.4 for an example of RMAL' s 
control chart. 
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1.14 CORRECTIVE ACTION 

1.14. 1 Criteria used to define an out-of-control event in 
the field and laborator)" 

Out-of-control events that could occur in the field is any event that 
would require deviation from the stand operating procedure. The 
objective of a corrective action is to perform an alternate procedure 
and fully document that action in sufficient detail to result in 
defensible data. An out-of-control event may involve the following: 

1. Malfunctioning instruments (erratic response or no response to 
calibration standards or samples) 

2. Accidental loss of equipment while sampling (time lost until 
replacement results in loss of data) 

3. Hydrologic conditions such that standard operating procedure in 
adequate. 

The Project Chief will determine whether other anomalous events are out 
of control ::md could possibly affect the QC of any data being 
collected. Occurrences of out-of-control events in the field will be 
recorded in the daily logbooks. 

The laboratory (RMALl system for defining out-of-control events 
involves control limits set by analyses of duplicate Laboratory Control 
Samples (LCS). Out-of-control criteria for LCS are greater than 3 
standard deviations (+ or -) of average recovery values for accuracy 
and greater than the average relative percent difference plus 3 
standard deviations for precision. See figure 9 for more details on 
RMAL's control system. 

1. 14.2 Responses to an out-of-control event 

When, as a result of field observations or internal performance audits, 
conditions in sampling and/or analysis systems are shown to be in error 
or in any way unsatisfactory, a corrective action system will be 
employed. The objective is to select an alternate method and document 
that method in sufficient detail to result in the data meeting the Data 
Quality Objectives (DQ)'s). 

For the field out-of-control events described above, the field team 
member performing the field work will initiate corrective action, which 
would include troubleshooting instruments, using and replacing spare 
equipment, Umnediate purging of potentially contaminated instruments, 
recalibrating instruments, discarding containers. The Project Chief 
will assess each si tua.tion for proper response for the QA of the data 
being gathered. 

Corrective actions are of two kinds: ( 1) immediate, to correct or 
repair nonconforming data or equipnent; and ( 2) long term, to eliminate 
causes of nonconformance. Steps comprising a closed-loop corrective 
action system are as follows: 
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1. Define the problem. 
2. Assign responsibility for investigating the problem. 
3. Investigate and determine the cause of the problem. 
4. Determine a corrective action to eliminate the problem, 
5. Assign and accept responsibility for implementing the corrective 

action. 
6. Establish effectiveness of the corrective action and implement the 

correction. 
7. Verify that the corrective action has eliminated the problem. 
8. Document action taken. 

Implementation of the corrective action is the responsibility of the 
Project Chief. '!be occurrence of the problem, the corrective action 
employed, and the verification that the problem has been eliminated 
will be documented in the daily logbooks. 

Out-of-control events and corrective actions for the three field tasks 
are defined below: 

1) task: Water level measurement with a steel tape. 
criteria: All measurements read to the nearest 0.01 foot. 

Duplicate measurements must be with 0.02 foot. 
corrective action: A) Repeat until criteria are met. 

B) If internal surface of casing is wet, use 
an electric tape or pressure transducer 
to measure water level to nearest 0.01 
foot. 

C) Document actions taken, including serial 
number and description of equipment used. 

2) task: Soil sampling from bore holes. 
criteria: Collect 18 to 24 inches of undisturbed formation 

material in a split-barrel sampler at depths of 5,20,50, 
and 100 feet. 

corrective action: A) Collect samples at designated depths. 
B) If formation material consists of gravel 

or larger clastics at these depths the 
split-barrel sampler probably will not 
retain a sample. If no sample is 
recovered record nature of borehole 
material at this depth. Determine if 
hole should be abandoned, or if the 
sample will be taken at a greater depth. 

C) Document actions taken. 

3) task: ground water sampling. 
criteria: Well will be purged a minimum of three well volumes and 

until temperature, pH, specific conductance, and 
turbidity have stabilized using following criteria: 
temperature +/-0.5 degree Celsius; pH +/-0.1 unit; 
specific conductance +/-10 microsiemens per centimeter, 
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and turbidity ~5 nephelometric turbidity units. 
corrective action: A) Purge well until criteria are met; then 

sample. 
B) If water meeting to criteria for 
~tabilization has not been obtained after 4 
hours of purging; record volt.nnes purged and 
other analytical measurements; describe trends 
of measurements; determine reasons criteria 
have not been met; decide whether sample 
should be taken, purging should continue, or 
well should be redeveloped. 
C) Document actions taken. 

The laboratory will be alerted of any field problems. Responses to 
out-of-control events at RMAL are diagrammed on RMAL's sample flow 
chart shown in figure 11. 

1.14. 3 Re-evaluation of laboratory control limits 

Laboratory control charts that are specific for each anal~~e and method 
are updated on a quarterly basis by theRMAL's QA·Department. See 
figure 9 for more details. 

1.14. 4 Documentation for out-of-control events and 
corrective actions 

The documention for out-of-control events in the field will be recorded 
in the field daily logbooks with a description of the problem and the 
appropriate corrective action taken. Resolution and verification of 
any out-of-control events also will be recorded in the daily logbooks. 

See figure 13 for the RMAL's warning/out-of-control form which is 
completed in accordance with the procedure outlined in figure 7. Also, 
the laboratory QA Officer documents problems encountered and corrective 
actions taken in extensive quarterly QA reports to RMAL's corporate 
managers as described in figure 14. 
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Figure 13.--RMAL's warning/out-of-control form 
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l.C. QA/QC REPORTS 

The reporting system is a valuable tool for measuring the overall cffc:tivencu of che 
QA program; it serves as an instrument for evaluating the program desig~. identifying 
probie::s and trend~ and planning for future needs. Each laboratory QA Officer 
must submit extensive QUarterly QA reports to the laboratory presicie:lt and to the 
Corporate Vic: President of Quality Assurance. These reports include: 

1. 

~. 

-4. 

s. 

6. 

-I. 

A syst:::u audit re;:ort. 

Perfor.nanc: evaluation scores and !;:mm::nary. 

T~e ::1um!:::r of Quality :cntrcl sam;:l:s performed and test results. 

Results of site visiu and audits by :-:;ulatory agencies and other :!l:nu. 

Statl!s of major :::::ntract!., proje::s. and certifications. 

?:-oolc:ns encountered and corrective ac:ions taken. 

Cocments and re:om:ncndations. 

I!l turn. :he Corporate Vic: President of Q1.1ality Assurance ::un also su:::it Quarterly 
re;:cr-:s to the E.xe:ut!ve Committe:. th: C~airman. of the Boara. and to each 
la bora. tory preside: t. These reports sumcui:: the information. guher:d through the 
la. bon tory re;:ortin.g syste:n.: they also c::::ain a thorough r:view ana :valuation of 
:abor~tory o;:e:-ations as derived from ins::::ion.s and a.uciiu that the Corporate Vic: 
?:-:sic::t of Qualit~' Assunnc: h.as ;:ersonally conduc:::i. and inc!uci: any 
:e:o::::::e::1C.ations or c::n:::::nts. 

Figure 14.--System for QA/QC 
reporting to management 
at RMAL 
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1 . 15 Ql;ALITY ASSURANCE REPORTS 

1. 15. 1 Mechanism for periodic reporting to management 

The U.S. Geological Sur.vey, New Mexico District, will hold monthly or 
weekly reviews of this study project at which the District Chief, 
Project Supervisor, Project Chief, and QA Officers will review 
progress, report problems including QA-related problems that are 
encountered, and recoiimlend actions to resolve those problems. The 
Project Chief will review the field daily logbooks for progress or 
problems in field activities. 

RMAL's QA plan describes many mechanisms in their operations for QA 
reporting to different management levels. The major mechanisms are 
described in figures 6, 7, B, 10, 11, 12, and 14, which are sections 
copied from theRMAL's QA plan. 

The analytical results report from R~ also provides QC information 
associated with those results. These reports will be reviewed by the 
Project Laboratory QA Officer who will alert the Project Chief and ~~ 
of any QA problems. 

1. 15.2 Quality assurance reports content 

Written monthly activities reports will be prepared by the Project 
Chief and included in the R & D status reports. The QA/QC part of the 
R & D status reports will address the following: 

1. Summary of field activities 
2. Laboratory reports and significant findings 
3. Summary of QA/QC activities, including field audits 
4. Out-of-control events and other problems, if any 
5. Corrective actions taken or recommended 
6. Personnel and budget status 
7. Coordination with the Technical Program :tanager (TFM) and base 

Point-of-Contact (POC) 
8. Reports completed or reports 1.n preparation 
9. Plans for next quarter 

The analytical results report from RMAL will include a standard set of 
QC reports, including data on matrix spikes, duplicate spikes, 
laboratory control samples ( I..CS) , and surrogate control samples ( SCS) • 
Figure 15 is an example of an I..CS report for arsenic, selenium, and 
mercury spikes of reagent water. 

1.15. 3 Individual persons responsible for QA reports 
preparation 

The Project Chief will be responsible for monthly activity reports, and 
the Project QA/QC Officer will prepare data reports that will include 
QA/QC information. The Project Laboratory QA Officer will be 
responsible for preparing any QA reports related to chemical 
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LABORATORY CONTROL SAMPLE REPORT 

JNORGANICS - METALS 

Concentration Accuracy(%) Precision(RPD ) 
Analvte s~ikiu Measured !...ill ~ l.J..mm ~ I..i!nill 

.l.,g1 ~ 

Test: FAST on Reagent Water 
QC Lot: F AST133AA 
Concentration Units: (mg/Ll 

Arsenic 0.035 0.028 0.029 80 84 75-125 4.5 20 

Test: FSET on Reagent Water 
QC Lot: FSET133AA 
Concentrntion Units: (mg/Ll 

Selenium 0.02 0.023 0.023 115 115 75-125 0.0 10 

Test:-HGT-on-Reagen'-Wate~ 
QC Lot: HGT :92AB 
Concentntion Units: (ug il) 

~lercury 1.0 1.04- 1.07 104 107 75-125 2.8 20 

Test: HGT on Re:1gent Water 
QC Lot: HGT 193AB 
Concentntion Units: (ug ill 

Mercury 1.0 1.05 1.14 105 114 75-125 8.2 20 

Test: HGT on Re:1gent Water 
QC Lot: HGT :95AB 
~gncentr:;!tion Units; ( ug 'I.l 

Mercury 1.0 1.08 1.12 108 112 75-125 3.6 20 

I 
Test: HGT on Reagent Water 
QC Lot: HGT 302AA 
Concentration Unjts; (ug /I.l 

Mercury 1.0 1.10 1.13 llO 113 75-125 2.7 20 

Figure 15. --Example of RMAL's Laboratory Control 
Sample (LCS) in RMAL's Analytical 
Results Report 
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measurements and sampling in the field, including audit reports. The 
RMAL's QA Officer is responsible for QA reports preparation as 
described in figure 14. 
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2.2 DRILLING 

2.2.1 Site selection 

Monitor-well sites, deep augering sites, and hand augering sites have 
been selected by: ( 1) Evaluating the work perfonned and the results of 
the data collected during mP Phase I and II studies conducted 
previously, and ( 2) recoJmllendations from the New Mexico Environmental 
Improvement Division. The well locations around sites 5 and 6 were 
selected so that ground w""B.ter samples will be collected upgradient and 
downgradient from sites that have been determined to potentially 
contain hazardous waste materials. Well sites are located 15 to 75 feet 
from these two sites. Two additional wells are being drilled near 
Tijeras Arroyo to collect ground-water samples from areas near the 
northeast and southwest boundaries of Kirtland Air Force Base. Deep 
augering (25 feet) sites have been selected to enable soil sampling at 
several depths at sites 4, 5, 6, and 9 that have been determined to 
potentially contain hazardous waste materials. Hand augering sites 1, 
2, 3, 7, and 9 have been selected to enable shallow soil samples to be 
taken adjacent to sites potentially containing hazardous materials. 

2.2.2 Description of drilling method, materials, and 
equipment 

All shallow augering (less than 3 feet) will be done with a stainless 
steel hand auger with a 4-inch diameter. The hand auger will be washed 
prior to and between each sample with methanol, hexane, and ASTM Type 
II Reagent Water. A sample will be collected at 2 to 3 feet, beneath 
land surface. The location will be marked with rod and flagging. 

All deep soil samples (3 to 100 feet) will be done with a Mobil-Drill 
auger rig, Model B-61. All soil sampling will be accomplished using 
auger techniques in this depth range. Where soil samples are to be 
collected, hollow stem auger techniques will be used. Soil samples 
will be collected using the split-spoon technique (3-3/4-inch-diameter 
core) at 5-foot intervals using a continuous flight auger. With this 
technique, described in section II.2.5.3.1, the sampler is pushed into 
the undisturbed material at the bottom of the auger, withdrawn, opened, 
described, and subsampled for analysis as needed. Monitoring for 
vapors during augering, odor, and visual descriptions of the material 
will be used to determine evidence of contamination for immediate 
handling of materials (see sections 2.2.4.3 and 2.5.5.1). 

All well drilling will be done with a Gardner-Denver 17W drill rig 
using mud rotary techniques. ·These boreholes will be 7-7/8 to 8-1/4-
inches in diameter. Because the material being drilled is not 
consolidated, it will be necessary to add bentonite clay drilling 
additive to the drilling fluid in order to maintain borehole integrity. 
Two mud pits, each approximately 5 x 8 x 8 feet, will be dug adjacent 
to each well site. The mud pits will be lined with plastic sheeting. 
If any problems are encountered in maintaining the competence of the 
hole walls, only additives that are approved by HSD/YAQ and the New 
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Mexico Environmental Improvement Division or their respective 
representatives will be used in the borehole fluid. After the hole is 
completed and if it has been determined by chemical analysis for 
semivolatile organics, petroleum hydrocarbons, and Extraction Procedure 
toxicity metals that th~_mud pits do not contain hazardous waste, they 
will be filled and the land surface restored to its original 
configuration. Noncontaminated materials will be disposed of by 
returning them to the hole or by placing them in an appropriate 
hardfill or landfill. Materials suspected of contamination will be 
contained, as described in section II.2.2.4. 

2.2.3 Response to high organic vapor concentrations 

All work being performed at Kirtland AFB is in open areas that are 
relatively remote from other activities. None of the sites are 
adjacent to offices or buildings. In the event that high (greater than 
5 ppm greater than background) level organic vapor concentrations are 
detected, all personnel will be removed from the inunediate site and the 
Project Chief and the base POC will be notified immediately. If the 
situation warrants it, the TPM may also be notified. In an emergency, 
all personnel will be evacuated to the nearest point of safety and 
regrouped at the field office or decontamination area. Provisions of 
the project Health and Safety Plan (under separate cover) will be 
followed. If it is determined that the work may be safely continued by 
using proper safety clothing and equipment, the work will be resumed 
after consultation with the TPM and Office Chief. 

2.2.4 Collection and disposal of contaminated cuttings 

If organic vapor concentrations are 5 ppm above background, or if there 
is other evidence of anomalous material, then drill cuttings and fluids 
will be assumed to be contaminated. If it is determined that the 
cuttings and drilling fluids from the monitoring wells are 
contaminated, they will be containerized in 55-gallon steel barrels and 
turned over to the Kirtland AFB for proper disposal as specified in the 
Statement of Work. 

2.2.5 Equipment decontamination procedures 

Decontamination of drilling equipment will be performed at a specially 
constructed decontamination area. Runoff will be routed to the mud pit 
at this area. An alternate decontamination area will be the Kirtland 
AFB wash facility, which is equipped with an oil-water separator. 
Equipment will be decontaminated as follows: 

1. Wash equipment with a high pressure, hot, soapy (Alcanox), potable 
water. 

2. Rinse with high pressure, hot, potable water. 

The drilling, drill rods, bits, auger flights, core barrel, and 
geophysical probes, will be steam cleaned prior to moving the equipment 
from one site to the next and prior to starting the first site. 
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The hand auger will be cleaned between each sample using procedures 
described in section II.2.5.1.1. 

2.2.6 Logging and record-keeping 

A geohydrologist/geologist log of the well drilling activities and the 
lithologic description of the borings or cuttings will be completed for 
each hole. The lithologic descriptions will be a modified version of 
ASTM method D2488-69. 

The drilling log will contain the following information. Borehole log
form (fig. 16) information recorded will include, but not be limited 
to: 

1. Date and time (daily start and stop times and daily progress) 
2. Location of well 
3. Altitude of land-surface datum (from topographic map with 20-foot. 

contour interval). Wells will be surveyed in at later date. 
4. Lithographic log of well describing the materials penetrated by the 

auger or rotary bit 
5. Description of drill action (rate, method, and driller's comments 

on material being penetrated) 
6 • Record of drilling crew 
7 . OVA and gas meter readings 
8. Total depth of borehole 
9. Diameter of hole 

10. Drilling method 
11. Sampling method(s) 

2.2.7 Selection of sampling intervals 

All deep augering (from 5 to 25 feet) will be described at 5-foot 
intervals and samples will be collected at 5-, 10-, and 25-foot depths. 

All hand auger samples will be collected for the interval between 2 and 
3 feet below land surface. 

All deep augering done at sites where monitoring wells will also be 
installed will be described at 5-foot intervals to a depth of 100 feet, 
and then mud rotary cuttings will be described at 10-foot intervals. 
Samples will be collected at 5-, 20-, 50-, and 100-foot depths. Rotary 
cuttings will be collected in the interval selected for setting the 
well screen. 
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Figure 16.--Borehole log form 
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FIELD SORING LOG :~FORMATIC~ 

Geneql 

• ProJeCt name 
•• Hole name/number 
•• Date started and finished 
•• Geolog1st's name 
•• Driller's name 
• Sheet numoer 

•• Hole location: m~p and 
elevat1on 

Information Columns 

•• Depth 
·• Samole location/numoer 

•• R1g type 
01t s1:e1auger ;~z; 

"• Petrologic 1itho1og~c 

class1ficat1on s=neme used 
(Went~orth. un1fieo so11 
class1ficat1on >!>:em) 

• Slow counts 1nd adv1nce rate 

•• Percent samole ~;covery 
•• ~~rrat1ve descr•~t1on 

•• Oeot~ to s1tur~t1on 

Narrative DescrlOtlon 

• Geolog1c Observ~t1ons: 

so1l/roclc type 
color an~ sta 1n 
gross oetrology 
friab1l ity 

mo1sture content 
degree of 
weather1ng 
presence of 
carbonate 

• Or1lltng Observat1ons: 

loss of circulation 
- advance rates 
- ng chatter 
-: water levels 
- amount of air 

used. a1r pressure 
drilling 
difficulties 

• Other Remarlcs: 

- equ1pment fa1lures 

fractures 
solut1on cav1t1es 
bedd1r.g 
discontinuities: 
e.g. . f o 1 i at 1 on 
water-oear1ng zones 
format1onal :;trike 
and d1o 

- foss1ls 

changes 1n dr1lltng 
method or equ1pment 
readings from 
detect•ve equ1pme"t. 
1 f any 
amount of ·.o~-iter 

y1eld or loss dur~ng 
dnll ing at different 
depths 

POSS1ble contam1nat1on 
devi~t1on:; from dr1lling pl1n 
weather 

deoos1t1onal 
:;tr'Jctures 
organ1c content 
odor 
susoected 
c~ntam1nant 

~mounts and tyoes 
of any liquids 
us eo:! 

- nmn1ng sands 
cav•ng;hole 
5ta::nl 1 ty 

"IndlCJtes 1tems that ~he owner'ooerltor should rec~rd .. 1t .l '"1n1mum. 

Figure 16 (continued) - Borehole log form 
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2.3 WELL CONSTRUCTION 

2.3.1 Description of well construction, materials, and 
decontamination methods 

The wells will be drilled using mud rotary methods. The drilling fluid 
will be potable water and bentonite. The upper portion of the well 
casing will be constructed of schedule 80 PVC, 4-inch diameter by 10-
foot lengths. There will be 20 feet of schedule 40, 4-inch diameter 
stainless steel casing placed directly above the well screen. The well 
screen will be constructed of schedule 40 stainless steel, 4-inch 
diameter by 10-foot lengths. The well screen will have 0.020-inch slot 
size openings. Three centralizers of stainless steel will be placed in 
each well. The top of the well will be capped. All casing, screen 
plugs, and caps will be steam cleaned prior to installation. Each well 
will have 20 feet of well screen placed at the static water level. 
This length of casing should be sufficient to account for local annual 
drawdown of the water table for at least 5 years. Installation of 
additional casing would not allow for discreet ground-water sampling 
near the surface of the saturated zone. There will be 10 feet of 
stainless steel casing placed below the well screen to catch fine 
materials that may enter the well. The bottom of this casing will be 
plugged. A sandpack material comprised of 10-20 mesh quartz sand will 
be tremied from the bottom of the hole to a point 10 feet above the 
well screen, and a 5-foot bentonite seal will be tremied into place 
above the sandpack. The annular space above the seal will be tremied 
with a cement-bentonite slurry mixture of approximately 3-5 pounds of 
bentonite to each 94-pound bag of Type I Portland cement or volclay. 

2.3.2 Description of well development methods 

The wells will be developed by using a decontaminated 7-foot length by 
3.5-inch- diameter PVC bailer suspended from the sand line of the drill 
rig. The bailer will be lowered to a point below the water in the well 
and rapidly retrieved by means of a gasoline power winch and the sand 
line. Alternate methods of development also may be used such as 
raising and lowering the surge block in the same manner as the bailer 
or surging the well with compressed air. The well will be bailed or 
surged until the water removed from the well is relatively clear and 
free of sediment. The volumetric rate of bailing and pH, specific 
conductance, and the temperature of the produced water will be 
recorded. Bailed water will drain to the mud pits unless contaminants 
are delected. 

All discharge measurements from the constructed wells will be made by 
timing the flow rate into a container of known volume. The well 
production rate is expected to be reasonably low because of the short 
screen. Bailing or surging will give the best development. 

Water bailed from the well will be checked with a methane gas 
standardized Foxboro Organic Vapor Analyzer to determine if any 
volatile organic compounds (VOC's) are present. If VOC's are present, 
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the development ~ater will be containerized and disposed of in the 
proper manner by the U.S. Air Force at Kirtland AFB. Several nearby 
wells alreruLv have been tested and no contaminated fluids have been 
encountered. If no contamination is detected, the water bailed from 
the wells will be placed in the adjacent mud pit with the cuttings from 
the well. 

2.3.3 Description of well completion technique (fig. 17) 

The site arormd the well will be cleaned, with all uncontaminated 
well/borehole cuttings placed in the mud pits, spread evenly on the 
ground, or removed rmder the supervision of the base engineer. If the 
cuttings are contaminated, they will be barreled and turned over to the 
U.S. Air Force for proper disposal (see section II.2.2.4). The exposed 
portion of the well itself will consist of a 4-foot-square concrete pad 
with a locking steel guard pipe around the 4-inch PVC casing, Hhich 
will extend about 2 to 3 feet above ground level. There will be three 
3-inch-diameter cement-filled steel pipes placed vertically around each 
concrete pad. The pipes will extend 3 feet above the land surface. 
Each well ~•ill be capped with PVC cap and the steel guard pipe covering 
the PVC casing will be locked. The number clearly identifying the well 
will be marked on the well using an impact labeling method. The well 
completion method and. form are shown in figure 17. 
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2 . .t. HYDROLOGIC TECHNIQtJES 

2.4.1 ~easurement of static water levels 

All static -w-ater levels will be measured using graduated steel tapes 
that have been decontaminated using methanol, hexane, and .~TM Type II 
Reagent Water. \-later levels will be measured from an established 
measuring point on the top edge of the casing, and the depth to water 
below the established point will be recorded to the nearest 0.01 foot. 
The measurement will be repeated until two consecutive measurements are 
within 0. 02 foot. If the internal surface of the casing is wet and an 
accurate water level cannot be obtained with a steel tape, an electric 
tape or pressure transducer will be used and -water levels recorded to 
the nearest 0. 10 foot. All measurements will be recorded in the proper 
field book with each measurement's well identification, date, time, and 
water level noted. If an electric tape or pressure tranducer is used, 
the serial number and description of the equipment will be recorded. 

2.4.2 Field measurements ru1d ru1alytical methods for 
determining hydrologic properties 

Hydraulic conductivity will be measured at two sites in the field by 
means of 12-hour aquifer tests using monitoring well as a production 
well and three or more observation wells. The method of anal}~is is 
dictated in the Statement of Work to be the "leaky aquifer" method, 
although other analytical methods may be used, if appropriate. Because 
the wells will penetrate only the upper part of the aquifer and have 
several hundred feet of additional aquifer below the well screen, the 
information obtained will represent values only for the uppermost 
saturated zone and not most of the aquifer. The production well at the 
two aquifer test sites will be equipped with an electric submersible 
pump powered by a generator at the land surface. The pump will be 
lowered to a point near the bottom of the screened portion of the well 
and operated at that point. Discharge from the pumped well will be 
relatively small and will be measured by timing the flow into a 
container of known volume or with graduated voltnnes. The discharge 
rate can then be computed. All the remaining wells will be slug tested 
to determine approximate hydraulic conductivity. Slug tests will be 
carried out by displacing a known quantity of water with a 
decontruninated surge block or other devise and measuring the rate at 
which the displaced water is accepted into the formation, which is 
accomplished by measuring the decline of the water in the casing and 
plotting the decline versus the time since the slug was introducted 
into the well. Using this information, an estimate of transmissivity 
will be calculated. 

Prior to an aquifer test, -water-level measurements will be made in all 
monitoring wells and the production well once a day for 1 week and 
every 4 hours during the 2-day period prior to the test. During the 
test the wells will be measured at 5-minute intervals (using pressure 
transducers) and recorders during the first hour of pumping, at 15-
minute intervals during the next 5 hours, and at 30-minute intervals 
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during the final 6 hours of pumping. The water-level recovery will be 
measured in a similar pattern liDtil the water level has returned to the 
pre-test level. All data will initially be recorded on a Campbell Data 
Recorder. Hand measurements using steel tapes will be used to 
supplement and confirm the recorder data. 

All field instruments will be calibrated using factory-recommended 
procedures. They are discussed in the sampling section of this report. 

The instrument probes or sensors that contact the soil or water to be 
tested will be decontaminized as follows: 

1. Wash equipment with a laboratory-grade detergent 
2. Rinse with potable water 
3. Rinse with AS'IM Type II Reagent Water 
4 . Rinse with pesticide free-grade methanol 
5. Rinse with pesticide free-grade hexane 
6. Allow sufficient time for solvent to evaporate from the instruments 

and equipment before reuse 
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2. 5 SAMPLE COLLECTION 

2.5.1 Ground-~"ater samples 

2.5.1.1 ~~pling equipment and decontamination 
procedures 

Ground-water samples will be collected from wells that have been 
fully developed. Wells will be allowed to stabilize a minimum of 3 
days before sampling. Wells expected to have low levels of 
contamination will be sampled before those with possibly higher levels. 

Prior to purging the wells, the surface of the water table will be 
examined for the presence of hydrocarbons by carefully bailing a sample 
from the surface of the water in the well bore; if applicable, the 
thiclmess of the hydrocarbon layer ~•ill be measured. The water level 
then will be measured to the nearest 0.01 foot with respect to the 
established survey point on top of the well casing, as described in 
section 2.4.1. 

A sample will be withdrawn prior to bailing with a translucent Teflon 
bailer and examined for an immiscible layer. Then the well will be 
purged us~ng a bailer until a minimum of three well volumes of ~"ater 
have been removed and the temperature, pH, specific conductance, 
turbidity, and odor of the discharge have stabilized using the 
following criteria: temperature+/- 0.5 degree Celsius; pH, +/- 0.1 
unit; specific conductance, +/- 10 microsiemens per centimeter; and 
turbidity~ 5 nephelometric turbidity units (N.T.U.s). All 
measurements of bailed water characteristics and volumetric rate of 
bailing will be recorded. 

Ground-water samples will be collected with a Teflon bailer. To 
collect representative aquifer samples, a "thief sampler" or similar 
point sampling device will be used to obtain samples in the screened 
interval. The first sample will examined for an immiscible layer. The 
appropriate bottles will be filled from the bailer and preserved 
immediately. Samples for volatile organic constituents will be 
obtained first; when duplicate samples are required, they will be 
obtained from a succeeding .bailer volume collected of about the same 
time from the same well. 

Ground-water samples collected for dissolved inorganic constituent 
analyses will be filtered immediately after bailing from the well to 
minimize oxidation of any tmstable and chemically reduced solutes. The 
filtering will be accomplished using a peristaltic pump and a 142-mm
diameter filter plate assembly. The sample will be pumped under 
pressure through 0.45-micron pore-size Millipore filters membrane. The 
assembly will be cleaned and flushed with deionized water having less 
than 2.0 microsiemens per centimeter specific conductance immediately 
before and after each use. The filter membranes will be flushed with 
200 ml of ASTM Type II water before filtration of the sample. 
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Containers, whether empty or filled, will be sealed and stored in a 
clean environment to prevent contamination. For inorganic samples, the 
containers will be rinsed with filtered sample water before collecting 
the samples and adding any preservatives. For organic samples the 
special Cbaked at 550 degrees Celsius for 12 hours in an organic vapor
free oven) organic-free containers will not be rinsed. Bottles will be 
filled completely and capped with no head space. 

After sampling, water levels will be remeasured as described in section 
2.4.1. 

All decontamination of equipment will be done on site. To do this, 
the equipment will be moved from the area of expected contamination 
and then decontaminated. 

Sampling equipment including internal components will be decontaminated 
prior to use and between samples, to avoid 
cross-contamination. The following procedures will be used: 

1. Wash equipment with a laboratory-grade detergent. 
2. Rinse with potable water. 
3. Rinse with ASTM Type II Reagent Water. 
4. Rinse with pesticide-free-grade methanol. 
5. Rinse with pesticide-free-grade hexane. 
6. Allow sufficient time for the solvents to evaporate 

completely from the equipment before reuse. 
7. Sampling equipment used to collect samples for 

organics analysis shall not be allowed to come into 
contact with any type of plastic (e.g. , plastic 
storage bags ) . 

Monofilament lines for lowering and ra1s1ng bailers and samplers will 
be dedicated for each well. A monofilament line will not be used in 
more than one well. 

2.5.1.2 Field measurements and calibration procedures 

See·section I.1.7.1 and section I.1.7.2 for the calibration of the 
thermometers, pH meter, specific-conductance meter, and the portable 
organic vapor detector (Foxboro FID Meter) that will be used for field 
water-quality measurements. Immediately after calibration at the field 
sites, readings will be made of the water samples for each instrument. 
Separate sample aliquots will be used for taking each reading. Any 
probes immersed in standard solutions or samples will be rinsed with 
deionized water before transfer into another solution or sample. The 
instrument responses will be monitored until the readings are stable 
before recording the stabilized readings in the daily logbooks. 

All specific-conductance measurements will be referenced to 25 degrees 
Celsius. 
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Alkalinity will be measured in the field using a pH meter that has been 
calibrated on site. Clear sample aliquots of 50 ml will be titrated 
incrementally against 0.1600N standard sulfuric acid solution using a 
Hach digital titrator kit. The standard acid is dispensed from SJTinge 
cartridges that are designed for use with the kit. The titration data, 
pH versus volume of acid, -will be recorded in the daily logbooks. The 
alkalinity values will be calculated using the incremental technique by 
calculating the maximum change in pH for a given increment of acid. 

2.5.1.3 QA/QC sample preparation/collection 

See section 1.1.10.1 for the types of QA/QC samples that will be 
collected and the sample preparation required. Trips blanks of AS'IM 
Type II-Reagent Water will be prepared in the field office and 
transported to the sampling site. Ambient condition blanks of Type II
Reagent Water will be prepared on site. Equipnent blanks will be 
prepared by pouring Type II-Reagent Water into the sampler and/or 
pumping through the filtering assembly. Replicate samples (splits) 
will be collected from the same bailer volume. Duplicate samples will 
be collected independently of separate bailer volumes at nearly the 
same time from the same sampled source. The replicate and duplicate 
samples will be assigned different sample identifications to aid in 
disguising them as replicates or duplicates during laboratory 
processing. 

2.5.1.4 Record-keeping and forms 

The field measurements and sample collection information will be 
recorded in daily logbooks that are described in section I.1.6.1.1. 

Sampling information will be recorded in the daily logbook and will 
include but may not be limited to: 

1. Identification of well 
2. Well depth 
3. Static water-level depth and measurement technique 
4. Presence of immiscible layers and detection method 
5. Well yield - high or low 
6. Purge volume and pumping rate 
7 . Time well purged . 
8. Collection method for immiscible layers and sample identification 

numbers 
9. Well evacuation procedure/equipment 

10. Sample withdrawal proced.ure/equipnent 
11. Date and time of collection 
12. Well sampling sequence 
13. Types of sample containers used and sample identification number 
14. Preservative(s) used 
15. Parameters requested for analysis 
16. Field analysis data and method(s) 
17. Sample distribution and transporter 
18. Field obervations on sampling event 
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19. Name of collector 
20. Climatic conditions, including air temperature 
21. Internal temperature of field and shipping (refrigerated) 

containers 

The chemical parameter stabilization form, shown as figure 18, will be 
used to record bailer volumes withdrawn, water temperature, pH, 
specific conductance, water level, and water appearance while purging a 
well. The chain-of-custody form (figure 4) will accompany samples to 
the laboratory. 

2.5.2 Surface-water samples 

2.5.2.1 Description of method, sampling equipment, and 
decontamination procedure 

The method for collection of surface-water samples will depend on 
whether the samples are to be collected for organic compound analyses 
or for inorganic constituent analyses. For collecting organic compound 
samples in shallow water, the sampling container will be filled with 
the surface water by dipping the container in the centroid of the 
streamflow or the specified location in the golf course pond, without 
rinsing the organic-free special containers. For collecting samples for 
inorganic constituent analyses, a USGS depth-integrating sampler will 
be used for streamflow. For collecting surface water in deep streamflow 
or at depths in the golf course pond, a Teflon-lined "thief"-tYPe 
sampler will be used for collecting water samples for both organic and 
inorganic analyses. Representative aliquots of a water-sediment 
mixture for total-recoverable analyses of inorganic constituents will 
be obtained by pouring a composite sample, collected either in a stream 
cross section or at depth in a pond, through a 10-port cone splitter 
and by filling the containers via the ports. After water-sediment 
mixture samples are obtained, the remaining composite sample will be 
filtered for sample aliquots designated for dissolved inorganic 
constituent analyses. See section 11.2.5.1.1 for filtering and 
decontamination procedures. 

2.5.2.2 Field measurements and calibration procedures 

See sections 1.1.7.1 and 1.1.7.2 for the calibration of the 
thermometers, pH meter, specific-conductance meter, and the portable 
organic vapor detector that will be used for field water-quality 
measurements. 

Streamflow will be measured at the site by standard methods dependent 
on discharge. The probable method will be either by use of a fhune or 
velocity area measurements with a flowmeter and top-setting rod 
(Buchanan and Somers, 1969). 
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CIIEHICAL PARAMETER STABILIZATION 
~ater Testing 

PROJECT NAHE -------

PROJECT NUHBER -------

pH HETER tiUHBER -------------

COtiOUCTIVITY HETER NUHBER ----------

TUERHOHETER NUMBER -------------

GAllONS ElEV. OF 
BAILED REFERENCE UATER 

WATER TEHP COHO. BEFORE POitH lEVEl 
LOl:ATIQtL_ TIHE ~M4fb[ H'h_ __ 1~-~. - lltl _ lUII~I:I s I ~m- .. _HEAS! _ '--jfee~L (feet) 

Figure 18.--Chemical parameter stabilization form 

DATE --------

PERSONNEl -------

RECORDED REMARKS 
BY (~.g. clclrlty) 
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2.5.2.3 QA/QC sample preparation and collection 

See section I.l.lO.l for the t)~S of QA/QC samples that will be 
collected and the sample preparation required. Duplicates of surface
water samples will be separate samples that are collected at nearly the 
same time from the same stream or pond. The duplicate samples will be 
processed as different samples and will be assigned different 
identifications. 

2.5.2.4 Record-keeping and forms 

See section II.2.5.1.4 above for the type of sampling information that 
will be recorded in the daily logbooks. The associated streamflm-< and 
water-level stage will be recorded. 

2.5.3 Soil and sediment samples 

2.5.3.1 Description of method, sampling equipment, and 
decontamination procedures 

Soil samples from soil borings will be obtained using a hollow-stem 
auger and a split-barrel sampler as detailed in AS'IM method D-1586. 
This method allows collection of representative samples in 
unconsolidated geologic formations. Only soil borings from less than 
100 feet deep will be obtained. 

The split-barrel sampler that will be used is made of stainless steel 
of 3. 75 inches diameter. The samples will be collected from a 2-foot 
interval that brackets the selected sampling depths, which will be 5, 
10, and 25 feet for the 25-foot boreholes, and 5, 20, 50, and 100 feet 
for the boreholes that will be deepened subsequently by rotary drilling 
and converted to ground-water observation wells. 

Collecting a sample using the split-barrel sampler is accomplished as 
follows: 

1. Auger the borehole down to the desired sampling depth. 
2. Insert the split-barrel sampler into the hollow-stem auger and 

drive it 18 to 24 inches into the undisturbed formation by a 
hammer drop system. 

3. Retrieve the split-barrel sampler from the borehole and separate 
the two halves of the sampler. 

4. After describing the material in the sampler, obtain subsamples 
and place into appropriate containers and chill. Collect VOC 
samples prior to description and do not composite. Collect 
samples from the center of the core with a minimum of transfer and 
disturbance to avoid outgassing and potential contamination. 
Transfer the samples to the containers using decontaminated scoops 
or spatulas of stainless steel. Completely fill the containers to 
minimize headspace, seal tightly, and label. 

5. Decontaminate sampler prior to next sample. 
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For shallow surface soil samples and stream-bottom sediment samples, a 
hand auger will be used. The augered location will be positioned to 
exclude twigs, vegetation, large rocks, and debris. The hand auger, 
made of stainless steel and 4 inches in diameter, will be driven into 
the ground 3 feet, and the~_core interval between 3 and 2 feet will be 
sampled. The samples will be collected by the same procedure described 
for the split-barrel sampler. The sampler will be decontaminated 
between each sample. 

See section II.2.5.1.1 for decontamination of sampling equipment. 

2.5.3.2 Field measurements and calibration procedures 

The measurements of lithologic sample depths will be recorded in the 
appropriate daily logbooks. Drilling intervals and sampling inten·als 
will be measured and checked with a steel measuring tape to 0. 1 foot. 
The shallow surface soil samples will be collected from the bottom foot 
of a 3-foot hand auger. The sampling interval will be measured with a 
steel measuring tape. 

2.5.3.3 Insitu soil testing 

Soil borings to depths of 100 or less feet probably will be in the 
vadose zone at all the sites. Augered samples will be monitored for 
the presence or absence of large concentrations of VOC's in the soil by 
use of the portable Foxboro flame ionization detector (FID) meter. 
Detection levels of VOC' s greater than 5 ppm methane will indicate 
contamination levels. The vapor level readings, time, and depths will 
be recorded in the appropriate daily field logbook. 

2.5.3.4 QA/QC sample preparation/collection 

QA/QC soil or sediment samples that will be collected will be replicate 
samples. Replicate samples will be collected from the same part of the 
center of the core and transferred directly into the containers with a 
clean stainless steel scoop. The containers will be filled completely 
to avoid head.space. The samples will be sealed tightly, labeled, and 
expedited to the analyzing laboratory. 

2.5.3.5 Record-keeping and forms 

Any soil samples collected from augerings will be recorded in the daily 
logbooks and also on the borehole log form (fig. 16). 

2.5.4 Soil gas samples 

2.5.4.1 Description of method, sample collection 
procedure, and equipment decontamination 

1. A sampling grid or plan will be developed to 
determine preliminary sampling sites. 
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2. Analytical standards will be prepared just prior 
to field anal;yses, and the portable gas chromatograph 
(Photovac 10850) will be calibrated according 
to manufacturer's specifications. 

3. Syringes and other sampling equipment will be 
checked for contamination by drawing atmos
pheric air through the system and checking the 
results obtained against air blanks that are 
analyzed during the same time period. 

4. A small-diameter (about 1 em) hole will be driven 
( 1-2 meters), using a plunger bar, beginning at 
sites expected to be least contaminated and 
proceeding to sites more likely to be more 
contaminated. 

5. A section of pre-cleaned iron tubing of 0.25 inch 
internal diameter (ID) will be inserted in the hole, 
and the hole will be sealed at the land surface. 

6. A Foxboro portable flame ionization detector (FID) 
will be used to measure the total amount of flame
ionizable materials in soil gas at each site to 
determine proper sample volumes for gas chromatography 
analysis by the Photovac 10S50, portable gas 
chromatograph. 

7. Five to 10 liters of soil gas will be withdrawn 
from the hollow steel probe using a low volume 
vacuum pump. 

8. The flow of soil gas will be monitored with a 
flow gage to verify that the probe is not clogged 
and that the porosity of the soil is sufficient to 
collect a sample. 

9. A syringe will be used to collect a sample of the 
soil gas from the ev~uation line before the 
gas passes through the vacuum pump or the soil 
meter. 

10. The gas will then be injected into a gas 
chromatograph and analyzed. 

11. Between each sample, the gas chromatograph will 
be purged by backflushing the column with 
organic-free air. 

12. s~~tem components will be checked for contami-
nation by running system blanks between each sample 

13. Standards will be run again at the end of each 
sampling day or at anytime needed as determined 
by the analyst. 

Glass S)Tinges will be purged with organic-free air or nitrogen and 
baked between use. 

Sampling equipment will not be wrapped or stored in any form of 
plastic. 

The iron tubing will be initially steam cleaned, followed by the 
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decontamination procedure outlined in section II.2.5.1.1. The tubing 
will be used only for the hole into which it is inserted. 

2.5.4.2 Analytical equipment and calibration procedure 

The Photovac 10S50 gas chromatograph (mentioned in the method above) 
will be calibrated according to the manufacturer's recommended 
procedure by using standard gas mixtures of benzene or toluene or by 
using the headspace technique for specific volatile organic compounds 
described in section I.1.7.2. 

2.5.4.3 QA/QC sample preparation and collection 

Duplicate samples will be collected by the procedure described above 
(section 2. 5. 4. 1) . This will be performed to confirm any detected 
concentrations of VOC's measured by the Photovac 10S50 gas 
chromatograph. 

2.5.4.4 Record-keeping and forms 

The Photov~ 10S50 is equipped to print out a chromatogram on a narrow 
paper strip. The site location, date, time, collector's name, and 
other sampling information will be keyed-in and printed with the 
chromatograms of all analyses, including standards and blanks. VOC's 
are identified and printed out with the chromatograms with the 
equipment's computer software. These chromatograms will be filed in 
the site records. 

2.5.5 Trenching and drum samples 

2.5.5.1 Description of method, sampling equipment, and 
decontamination procedure 

If the soil penetrated encountered during borehole drilling is 
suspected to be hazardous because of abnormal discoloration, odor, or 
field measurements, the soil cuttings will be containerized in new, 
unused 55 gallon drums. Composite samples will be collected for 
laboratory analyses to determine if the soil must be disposed of as 
hazardous waste. Sampling methods and decontamination procedures will 
follow those described in section II.2.5.3.1 for soil samples. 

2.5.5.2 Field measurement and calibration procedures 

See section !!.2.5.3.2 for soil samples. 

2.5.5.3 QA/QC sample preparation and collection 

See section II.2.5.3.4 for soil samples. 

2.5.5.4 Record-keeping and forms 

See section II.2.5.3.5 for soil samples. 
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2.5.6 Required containers, preservation techniques, 
holding times, and sample volumes 

All samples submitted tQ &~ for analyses will be collected by U.S. 
Geological Survey personnel. All sample containers and preservative 
will be provided by the USGS's National Water-Quality Laboratory in 
Denver, Colorado. Sample method codes, volumes, preservation, bottle 
requirements, and holding time for water samples are listed in table 7. 
They are listed for soil samples in table 8. Table 9 eA~lains the 
preservation and bottle requirements codes listed in tables 7 and 8. 

2.5.7 Surveying of sample locations 

A certified land surveyor (to be selected) will survey the elevations 
and locations of all newly installed test wells, soil borings, and 
sampling points. This will be a third-order survey. The established 
well elevation will be notched on the riser casing. The surveyed 
locations will be recorded on project maps. The surveyed locations 
will be referenced to U.S. Geological Survey (USGS) benchmarks or 
National Geodetic Survey (~GS) triangulation stations. 
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2.6 SITE MANAGEMENT 

2.6.1 Field program logistics 

2.6.1.1 Coordination with base point-of-contact (POC) 

For this study project, the Kirtland AFB point-of-contact (POC) will 
be: 

Mr. John Gould 
1606 ABW/DEEV, Bldg. 20686 
Kirtland AFB, NM 87117 
(505) 846-2773 

The project chief will be responsible for coordinating with the POC for 
locating and avoiding underground utilities and for coordinating 
issuance of digging permits. 

2.6.1.2 Coordination with USAF HSD/YAQ Technical 
Program Manager (TPM) 

For this study project, the USAF HSD/YAQ Technical Program Manager >.;ill 
be: 

Mr. Dennis Lundquist 
USAF HSD/YAQ 
Brooks AFB, Texas 78235-5501 
(512) 536-2159 Ext. 291 

The TPM will approve of all study sites and any field sampling 
techniques that are used. 

2.6.2 Site access 

The ICP study sites will not be accessed until clearance has been 
gained by the POC from the base engineer. All field work will be 
performed 1-.'ithin or adjacent to Kirtland AFB. The sites are in open 
and unfenced areas that are away from buildings and overhead utility 
lines. The only exception is a pump house about 50 feet from a drill
hole location on the golf course (site 7). The sites are near roads 
with little or no traffic~ Drilling mud pits will be marked with 
flagged fenceposts. Before any drilling or digging begins, the POC ••ill 
obtain clearance from the base engineer so that underground utility 
lines will be avoided during drilling. 

2.6.3 Site and equipnent security 

A mobile trailer will be moved to Kirtland AFB to serve as a storage 
area for equipnent and instruments used at the IRP sites. A secured, 
fenced staging area will be designated by Kirtland AFB for storage of 
drilling equipment and supplies. 
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2.6.4 Base support 

2.6.4.1 Sources of potable water 

All water for field operations (except when AS~ TJ~ II Reagent Water 
is required) will be obtained from on-base potable water sources as 
specified by the FCC. In general, water for drilling operations will 
be supplied from nearby fire hydrants. 

2.6.4.2 Decontamination area 

All decontamination of drilling and sampling equipment will be 
performed on site near the source areas. All decontamination will be 
performed using water from a source of potable water on Kirtland AFB 
except when AS1M Type II water is specified for sampling equipnent. A 
portable high-pressure·, steam cleaning unit will be used, and any "h-aste 
fluids will be routed to the mud pit at the designated decontamination 
area. An alternative decontamination area will be the Kirtland -~ 
wash facility, ~.;hich is equipped with an oil-water separator. All 
contaminated waste fluids, as determined by organic vapor 
concentrations of greater than 5 ppm as measured by the Foxboro FID, 
will be containerized in drums. 

2.6.4.3 Field office facility 

Office space will be provided by Kirtland AFB to be used as an on-base 
project field office for meetings and for the planning/coordinating of 
field work. The field office will serve as the field headquarters for 
the Project Chief. 

2.6.5 Contingency plans 

In the event that circumstances arise during the field activities 
that could endanger personnel on site, the site will be evacuated and 
both the Project Chief and the base POC notified immediately. In an 
emergency, all personnel will be evacuated to the nearest point of 
safety and, if possible, will regroup at the field office or 
decontamination trailer. Provisions of the project Health and Safety 
Plan (provided under separate cover) will be followed in any emergency. 

If other contingencies arise, such as restriction of access because of 
military operations, the Project Chief will maintain open 
communications with the base POC for information on lifting of 
restrictions. 
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Table 6.-- Laboratory Control Li•its for Matrix Spikes, Matrix Spike Duplicates and Surrogate Spikes. 

Updated 3/21/90 -- K.O. Pettr, as instructed by Randy Tho•pson, RMAL 
SW801C: Soil recoveries, surrogate recoveries 
SW802C: water and soil recover1as, •ater 1nd soil relative differences, surrogate recoveries 
SW824C: Water relative differences, surrogate 1-2-Dichloroethane-d4 •ater recovery 
8150: Wattr and soil recoverits and relative differences 
Previous revisions 
8/27/89 

--------------------------------------------------------------------------------------r;b~~-1~~;-eiiibiiih;d-conir~i-Li;iii ______ _ 
Analytical Spiking Spike Concentration %Recovery Relative X Difference 
Method Co•pounds ~ater(ug/L) SoilC•glkg) Water ·Soil Water Soil 

' 
-swaoio------~;i~i;~--------------------------------------------------------------------------------------------------------------

SW8020 

swa24o 

SW827C 

1,1-oichloro•thane 5 .5 80-130 60-14C <20 <20 
Chlorofor• 5 .5 80-120 60-140 <20 <20 
dromodichlorcmet~ane 1~ 1 80-120 60-14C <20 <20 
Trichloroethane 5 .5 70-120 60-140 <20 <20 
Chlorobenzene 5 .5 80-120 60-140 <20 <20 

Surrogate: 
aromochlorom&thare 30 3 

Matrix: 
aenzene 5 
Toluene 5 
1,3-0ichlorotenzen~ 5 
!:thylbenzene s 
Chlorobenzene 5 

Surrogate: 
a,a,a-Triflucrotoluene ~0 3 

Matrix: 
aenzene ~~ 5 
Toluene 50 5 
Chlorobenzene ~c 5 
1,1-Dichloroethene SIJ 5 
Trichloroethene sc 5 
Surrogate: 
1,2-QichloroEth!ne-d4 SG 5 
4-dromofluorcbenzene (3FI!) sc 5 
Toluene-dS sc 5 

60-140 

.5 80-12C 

.5 80-120 

.5 80-120 
• 5 80-120 
.5 80-120 

60-140 

76-127 
76-125 
75-130 
61-145 
71-120 

76-114 
86-115 
88-110 

20-160 

75-1 (5 
75-125 
75-125 
75-125 
75-125 

60-140 

66-142 
59-139 
60-133 
59-172 
62-1.!7 

70-121 
74-121 
81-117 

<15 
<15 
<15 
<15 
<15 

<15 
<15 
<15 
<15 
<1 5 

<11 <21 
<13 <21 
<13 <21 
<14 <22 
<14 <24 



Matrix: 
Phenol 200 6.6 12-89 26-90 <42 <35 
2-chlorophencl 200 6.6 27-123 25-102 <40 <50 
1~4-0ichlorotenzene 1•)C 3.3 36-97 28-1C4 <28 <27 
N-~itroso-di-n-propylamine 1 oc 3.3 41-116 41-126 <38 <38 
1~2~4-Trichlcrobenzene 100 3.3 39-98 38-1C7 <28 <23 
4-Cnlorc-3-metnylpnenol 20C t.6 23-97 2t-1C3 <42 <33 
.lcenaphthane 100 3.3 46-118 31-1:37 <31 <19 
4-~itrophenol 200 6.6 10-ao 11-114 <50 <50 
2~4-0initrotcluere 100 3.3 24-96 28-8~ <38 <47 
Pentachloroc::r.enol 200 6.6 9-103 17-109 <50 <4 7 
Pyrena 100 3.3 26-127 35-142 <31 <36 

Surrogate: 
Nitrobenzene-d5 1 oc 1.7 35-114 23-12C 
2-Fluorcbiph&nyl 100 1.7 43-116 30-115 
Terphenyl-d14 1':l0 1. 7 33-141 18-1:37 
2-Fluorophencl 200 3.3 21-100 25-121 
Phenol-d5 200 3.3 10-94 24-113 
21416-Tribrowophenol 200 3.3 10-123 19-1C2 

SWdOSC 
Matrix: 
~amma-BHC (Llndzre) • 2 .007 56-123 46-127 <15 <50 

...... Heptachlor .2 .007 40-131 35-1:!0 <20 <31 
w 
0\ Alarin • 2 .007 40-120 34-1:!2 <22 <43 

Dieldrin • 5 .017 52-126 31-1:!4 <18 <38 
i:norin • 5 .017 56-121 42-139 <21 <45 
414'-!);)T • 5 .017 38-127 23-134 <27 <50 

Surrog:.te: 
Cibutylchlor&ndzta 1.0 .033 48-136 20-150 

SW8150 
Matrix: 

214-0 s.c .17 19-129 34-124 <54 <34 
21415-TP CSJ.lvex) 1 ,I) .033 23-127 18-130 <39 <32 
21415-T 1.0 .033 60-120 60-120 <20 <20 

Surrogate: 
CCAA 5.0 .17 60-120 60-120 

SW828C 
Matrix: 

2131718-Tatrachlorodibenzo- 10 n:.nograms of each 
fur an compound per sample 60-140 60-140 <50 <50 

1,213,7,8-Pertacr.lorodibenzo- volume used for analysis 



furan (for water) or per 40-160 40-160 <50 <50 
1,2,3,4,6,7,S-He~tac~loroai- sample weight used for 

benzofuran analysis (for soil) 40-160 40-160 <50 <50 
z,3,7,S-Tetrcchlcrodibenzo- is added to every 
dioxin sample. 60-140 60-140 <50 <50 

1,2,3,7,8-Pertacr.lorodibenzo-
dioxin 40-16C 40-160 <50 <50 

1,2,3,4,7,8-r.exachloroditenzc-
dioxin 40-160 4C-1eO <50 <50 

1,z,3,~,6,7,e-Ha~tac~lorodi-

btnzodioxin 40-160 40-160 <50 <50 

SWo01C 
Matrix: (m~/L) 

Ant1mony • 5 50 75-125 75-125 <20 <20 
Barium 2.0 200 75-125 75-125 <20 <20 
Beryllium .as 5 75-125 75-125 <20 <20 
Caomiu.n .as 5 75-125 75-125 <20 <20 
Chromiun: • 2 2C 75-125 75-125 <20 <20 
Cobalt • 5 50 75-125 75-125 <20 <20 
Co~per • 2 5 25 75-125 75-125 <20 <20 

...... NicKel • 5 50 75-125 75-125 <20 <20 
w Silver .OS 5 75-125 75-125 <20 <20 
-...J Tin .4 40 75-125 75-125 <20 <20 

Vanadium • 5 50 75-125 75-125 <20 <20 
Zinc • 5 50 75-125 75-125 <20 <20 

SIII706C 
!'latrix: (m~/L) 

Arsenic .04 4 75-125 75-125 <20 <20 

Sj,j7421 
Matrix: (m~/L) 

Lead .02 2 75-125 75-125 <20 <20 

SIII747C 
l'atr1x: Cmr;/U 

P'lercury .001 • 5 75-125 75-125 <20 <20 

SW774C 
Matrix: ( n: c; I U 

Selenium .01 1 75-125 75-125 <20 <20 

SW7841 
Mc;trix: (me; /L) 

Thallium .05 5 75-125 75-125 <20 <20 



1-' 
w 
00 

SW901C 

SW903C 

Matrix: 
Cyanide 

Matrix: 
Sulfide 

(m~ /L) 
.12 

(mg/L) 
• 5 

10 75-125 75-125 <20 <20 

5 75-125 75-125 <20 <20 
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Table 7.-- Required volu•e, ~reservation, and analytical holding ti•es for •ater sa•ples. 

Updated 6/27/89 SSDuncan -- This represents the results of discussions •ith the OEHL Che•ists, ~/14/89. 
•11 holding times are as stated in one or another EPA regulatory docu•ent, 
EXCEPT for the Explosives and Soil Nitrogen. Explosives are reco••ended 
by USATHAMA in the revised •ethods; Soil Nitrogen •as fro• an agree•ent 
between the New Mexico Cistrict and the local state agency - any projects 
requiring Soil Nitrogen must negotiate holding ti•es individually. 
c:HL ap~roves of the ones presented here. 

Update 7/7/89 Added footnote for Method E300. 

Update 10/5/89 Changed holdin~ time for TPH, water, per co••unication bet•een Kathy Peter, NM, and Judy Vasll, 
OEHL. Changed preservative for lppendix IX Volatile Hydrocarbons to GCV-HCl. 

METHOD (1) PARA,.!:T:IC 

E160.1 Total Dis!olved Solids 

E300 Co.nmor <~.nions 

E350.1 Nitro~ an, A;nmonia 

E353.2 Nitro;en, Nltrate-Nitrite 

E351.2 Nitro;en, Total Kjaldahl 

SW901J Cylniaa, cissolved 
and total 

SW31l10/6010 ICP Scr•er, dissolved 
ICP Scraer, tct1l recoverable 

SW70t0 .lrsanic, C!is solved 
Arsen1c, total 

SW30,017191 Chrom1um, dissolved 
Chromium, totel recoverc?la 

SW30,0/7421 Lead, dls!olved 
Lead, totzl recoverable 

SW7470 Mercury, dissolved 
Mercury, total recoverable 

VOLUME 
(ml) 

500 

500 

200 

200 

200 

500 
500 

sea 
500 

200 
200 

200 
200 

200 
200 

200 
200 

PRESERVATION 
CODE C2) 

RC C2a> 

RC C2a> 

RC-H2S04 

RC -H2S04 

RC-H2S04 

RC-NaOH 

FA-HN03 C2b) 
RA-HN03 C2b) 

FA-HN03 C2b) 
RA-HN03 (2b) 

FA-HN03 (2b) 
RA-HN03 C2b) 

F4-HN03 (2b) 
RA-HN03 (2b) 

FA-HN03 C2b) 
RA-HN03 (2b) 

HCLDING TIME (3) 
(days after collection) 

7 

28 C3a> 

28 

28 

28 

14 

180 
180 

180 
180 

1 BO 
180 

180 
180 

28 
28 
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E418.1 

SW5030/801C 

SW35i0/8080 

SW3S20/827C 

SW50~0Ja02C 

SW50~0/824Q 

SW81SO 

SW1310 

SW1310 

USATI-AHA 
t'lethcd IJW14 

E900.0 

A705 

A707 

Total Petroleu• Hydrocarbon• 

Purge1ble Halocarbons 

Organccnlorine Pesticides 
and PCSs 

Semivclatile Organic 
Co•,:ounos 

Pur~eible Aro•atic Volatiles 

Volatile Crganic Compounds 

Chlorinated P~enoxy Acid 
Herbicides 

Extrac~ion Procedure Toxicity, 
Metals 

Extrac~ior. Procedure Toxicity, 
P•sticides 

Explosive! 

Gross al~~· and beta 

~adiu~, alpha emittin; 

Radiu~r. 22e 

Apper.dix IX Consti~uents 
in Grounow•ter: 

Volatil3 Crganics 

Samivclatils Crganics 

Pesticide! 

Dioxins 

He tal s 

Cyaniae 

Sulfide 

1000 

3ii40 

1000 

1000 

3340 

3ii40 

1000 

500 

1000 

1000 

4000 

4000 

4000 

3;40 

1000 

1000 

1000 

500 

500 

250 

RA-H2S04 

GCV-HCl 

GCC 

GCC 

GCV-HCl 

GCV-HCl 

GCC 

GCC 

GCC 

GCC 

RA-HN03 (2c) 

RA-HN03 (2c) 

RA-HN03 (2c) 

GCV-HCl 

GCC 

GCC 

GCC 

FA-HN03 

FC-NaOH 

FC-Zn-NaOH 

28 to analysis 

14 

7 to extraction, 
40 to analysis 

7 to extracti~n, 
40 to analysis 

14 

14 

7 to ex1ract1on, 
40 to •nalysis 

180 except 28 for 
11ercury <3b) 

7 to extrcction 
40 to analysis (3b) 

14 to extraction, 
40 to analysis (3c) 

180 

180 

180 

14 

7 to extraction, 
40 to analysis 

7 to extraction, 
40 to analysis 

7 to extraction, 
40 to analysis 

180, except 28 for ••rcury 

14 

7 
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Tabla 8.-- Required volume, preservation, and analytical holding ti••• for soil sa•ples. 

-------------------------------------------------------------------------------------------------------------
METt-00 (1) PUAMETER 

VCLUME 
Cgra•s> 

PRESERVATION HOLDING TIME (3) 
CODE (2)(2d) (days after collection) 

-------------------------------------------------------------------------------------------------------------
D39e7/E:!S0.1 

C3987/E353.Z 

C3987/E351.2 

SW9010 

SW3050/6010 

SW30~0/7C60 

SW30~0/71 ~1 

SW30~0/7421 

SW74 71 

SW30501774u 

SW3550/E41S.1 

SW5J~0/8C1C 

SW3S50/808C 

SW3550/1!270 

SW50~0/I!C2Q 

SW50~0/S24C 

SW8150 

Nitrcgen, A•monia 

Nitre''"' ~itrate-Nitrit• 

Nitro,en, Tot!l KJaldahl 

Cyanioe 

ICP Scru, 

Arsenic 

Chromium 

La ad 

rolarcury 

Selan1um 

Total ?atroleum Hydrocar~ons 

~urgaabli ~alccarcons 

Cr~anccnlorine Pesticides 
and rC3s 

Samivolatile Crganic 
Collj:ounos 

Pur~asbla Aro~atic Volatiles 

Volatile Crganic Compounds 

Chlorinat&d Phencxy Acid 
Herbicides 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

30 

100 

100 

30 

30 

100 

8GC 

BGC 

BGC 

BGC 

BGC 

BGC 

BGC 

BGC 

BGC 

BGC 

BGC 

GCV 

BGC 

BGC 

GCV 

GCV 

BGC 

28 

28 

28 

14 

180 

180 

180 

180 

28 

180 

28 to extraction 
40 to analysis (3c> 

14 

14 to extraction, 
40 to andysis 

14 to extraction, 
40 to analysis 

14 

14 

14 to extraction, 
40 to analysis 
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SW1310 !xtraction Procedure Toxicity, 
Met•ls 100 BGC 180 except 28 for 

•ercury (3b) 

SW1310 Extractior. Procedure Toxicity, 
Pesticides 100 BGC 7 for extraction, 

40 for analysis (3b) 

Explosives 100 BGC USATt!AMA 
Methcd 48 14 for extraction, 

40 for analysis (3c) 

UTM 02216 Soil l'oisture 30 BGC No reQuire•ent 

-------------------------------------------------------------------------------------------------------------
Footnotes: 

(1) Methoa numbers preceded by ~ are fro•: Stindard Methods for the Exa•in•tion of Water and Waste•ater, 
16th Edition (1985) 

; 

Hethcd nuNbers preceded by E ara from: ~ethods for CheMical Analysis of Water and Wastes, EPA Hanual, 
6CC/4•79•020 (USEPA, 1983 - with additions) 

Methods for Or~anic Chemical Analysis of Municipal and 
Industrial Waste•ater, 40 CRF 136, Appendix A 

Inductively Coupled Plas•a - Atomic Esission Spectrometer 
~ethod for Trace Ele•ent Analysis of Water and Wastes, 
4C CFR 136, Appendix C 

~PA Prescribed Procedures for Measurement of Radicactivity 
in Drinking Water, 600/4•80-032 

Methoo numbers preceded ~Y SW 5re from: Test ~ethods for ~valuating Solid Waste, Physical/Che•ical 
~ethods, SW-846, 3rd Edition (USEPA, 1986) 

Metnoa numbers preceded by 0 're from: American Society for Testing and Materials, 1919 Race 
Street, Philadelphia, ?A 19103 

(2) See Table 9 fer ex~lanction of codes 
(a) Mhen both Total Cissolved Solids and Com~on Anions analyses are reauirad, SOC ml of sample is 

sufficient volumn for ooth ~ethoas. 
(t) khan one or mere single metal analysis, requiring the same preservation, is required in addition to 

ICP analysis, 500 ml of sa•ple is sufficient volumn for all analyses. 
(c) ~11 radioche•1cal analysis can be perforwed •ith a single 4000 ml sa•ple. 
(o) All analyses requ1rin~ preservation cede eGC can be performed with a single 1000 ~ra• sa•ple. 

(3) Water Sa•ple holdir.g t1mes are as specified in 40 CFR 136, except when noted. 
Soil Sa•ple holdin~ tiwes are as specifiea in SW-846, revision 1, Oece•ber 1987, except •hen noted. 

(a) In cases •here nitrate concentrations ana/or orthopnosphate concentrations are necessary, holding 
time is 48 hoLrs. Otherwise, the analysis will yield nitrate-plus-nitrite concentration and/or 
total phosphorus concentration. 

(b) holding time for EPTox applies only to analytical procedures performed after initial leach. 
(c) Per USAFCEHL aritten communication. 

--------------------------------------------------------------------------------------------------------
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Table 9 -- Description of Preservation Code 

---------------------------------------------------------------------------------------------------------Code Description 

---------------------------------------------------------------------------------------------------------
!GC 

FA-Ht.i03 

FC 

FC-NI011 

FC-Zr.-NiiCH 

GCC 

GCV 

GCV-1-Cl 

~~-Ht.03 

JU-HBO.O 

RC 

RC-NI011 

Sol1d simPle, glass container, chilled - 7 ounce to 1 quart wide-mouth jar, 
chilled and ~aintained at 4 de~rees Celsius, no chemical preservative. 

Field filtered water sample, acidified •ith nitric acid - 200 to 4000 •L polyethylene 
~ottla, sa•ple is filtered in field and nitric acid is added to result in sa•ple pH of 
less thrn pH 2. 

Field filttr~d water sample, chilled - 100 to 500 ml polyethylene bottle, sample 
is filtered ·in field, chilled and maintained at 4 degrees Celsius, no chemical 
preservrtive. 

~ield filtered water sample, c~illed, made basic •ith sodium hydroxide - SCC mL polyethylene 
bottle, sam~la is filtered in field and sodiu• hydroxide is added to result in a 
sam~la ~H ~raater tr.an pH 12, chilled and maintained at 4 degrees Celsius. 

rield filtered water sample, cr.illed, zinc acetate and sodium hydroxide added - 250 ml 
pol~ethyltnt bottle, sample 1s filterea in field, 1 g zinc ~cetate is added and 
soaiu~ ~yarcxiae is ~ddaa tc result in a sa•ple pH greater than pH 9, chilled 
sno m21ntained it 4 degrees Celsius • 

Unf1ltareo water s~mple, cnilled - 1 liter vlass Boston round bottle with teflon lined 
bottle csa, chillad !nd ~air.tained at 4 degrees Celsius, no che•ical preservative. 

Unfiltered water s3mpll or !Olid sample, chillea vial - 40 ml ~lass vial ~ith hole cap and 
i9flon-faced se~tum, chillld and ma1ntained at 4 degrees Cels1us, no chemical preservative. 

Unfilter2a water sa~ple, chillea vial, hydrochloric acid aadea - 40 ml ~lass vial •ith 
hol& ca~ and Taflon-f3cad sept~•, chilled and •a1ntained at 4 degrees Celsius, 4 drops of 
hyarocnlor~c acid is added. 

Unfilterea water sa~ol1, acidified with nitric acid - 2CO to 40CO ml polyethylene bottle, 
~a•~la acidified with nitric ac1d to pH less than pH 2. 
Unflltir9a ~ater sa~pl2, acidified mith sulfuric acid - 200 to 1000 ml polyethylene or 
~lass bcttle, sample acidified *ith sulfuric acid to pH less than pH 2. 

Unfiltered ~ater sample, ch1lled - 200 to 500 mL polyethylene or glass bottle, chilled and 
~a1rtairaa at 4 de~rees Celsius. 

Unflltereo water sample, chilled, sodiu• hydroxlde - polyethylene or glass bottle, sa•ple 
chillad and maintainlo ?t 4 de~rees Celsius, made basic with soaiu• hydroxiae to pH 
;reztar than p~ 12. 

--------------------------------------------------------------------------------------------------------------------
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IV. CALIBBATIO! 

A. INITIAL CALIBRATION. 

1. Preparation of Standards. 

Precert1f~cattgn Callbrat1on. Separa~e primary stock 

s~andards (SPSS) for each target analyte are prepared 

according to the dilution scheme presented in Table 4-1. 

The SPSS solutions should be prepared fresh every 2 

months. Tetryl needs to be made fresh every 2 weeks. 

Each separate stock solution is made to volume with 

acetonitrile. 

Aliquo~s of the separa~e primary s~ock s~andards (SPSS) 

are used to prepare the combined s~ock s~andard (CSS) by 

dilution to a final volume of lO mL using acetonitrile as 

described in Table 4-2. The CSS solution should be 

prepared fresh every day. 

For precer~ification calibra~ion. duplicate composite 

calibration s~andards (CCS-1 through CCS-7) are prepared 

from the combined s~ock standard (CSS) as given in Tables 

4-3 and 4-4. EPLC-grade water is used for dilution to 

final volumes for the composite calibration s~andards. 

Standards are prepared fresh daily. 

Igtttal Callhrat'nn. Standards CCS-l, CCS-3, CCS-5, CCS-6 

CCS-7, and a blank described in Tables 4-3 and 4-4 are 

prepared. These solutions are prepared fresh for every 

run. &eference materials are not available for 

verification of the calibration curve, therefore 

staaaerinl of spikes will be important. 
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Table 4-1. Preparation of Separate Pclaacy Stock Standards (SPSS). 

Analyte 13DNB 24DNT 26DNT UHX HI llDX TETlt.YL 

111 SAilH 100.2 100.5 13.1 97.6 13.7 109.8 27.8 
added 

Flnal 
Vo1uae 100 100 10.0 100 10.0 100.0 25 

(mL) 

Cone. of 
SPSS 1002 1005 1310 976 1370 1098 1112 

(us/aL) 

-------

Hate: Each SAilH dlluted to the vo1uae lndlcated wlth acetonltrl1e. 

Source: ESE, 1988. 

L ._ 1L • • • • 

135TNB 246TNT 

105.2 100.4 

100 100 

1052 1004 
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Table 4-2. Preparation of Coaposite Stock Standard (CSS). 

Analyte llDNB 24DNT 26DNT HHl NB 

wL SPSS 0.1 0.1 0.1 0. 1 0.1 
added 

Final 
Voluae 10 10 10 10 10 

(•L) 

Cone. of 
css 10.02 10.05 13.1 9.76 13.7 

(us/aL) 

-----~ ------- ----

..._ .. ......._ ~ ~· 

iDl TETltYL 135TNB 246TNT 

0.1 0. 1 0.1 0 .) 

10 10 10 10 

10.98 11.12 10.52 10.04 

- - ----- ----

Note: Acetonltr11e used for dl1utlon to the 10 mL flna1 vo1uae foe the Composite Stock Standard (CSS). 

Source: ESE, 1988. 

,. - ' 
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Table 4-3. P~eparatlon of Coaposlte Ca1lb~atlon Standa~ds 1 Th~ough 4 
(CCS-1 throush CCS-4). 

Analyte 13DNI 24DNT 26DNT OHI NB lDI TETlYL 135TNB 

Cone. ln 
CCS-1 2000 2010 2620 1950 2140 2200 2220 2100 

( ug/L) 

Cone. ln 
CCS-2 1000 1010 1310 976 1370 llOO 1110 1050 
( ug/L) 

Cone. ln 
CCS-3 501 503 655 488 686 549 556 526 
(us/L) 

Cone. ln 
CCS-4 200 201 262 195 274 220 222 210 
(ug/L) 

Note: CCS-1 p~epared by dl1utlns 2.0 •L of CSS to 10 mL wlth UPLC-s~ade water. 
CCS-2 prepared by dl1utlns 1.0 aL of CSS to 10 mL with HPLC-srade wale~. 
CCS-3 prepared by dllutlns 0.5 mL of CSS to 10 ml wlth UPLC-grade water. 
CCS-4 prepared by dllutlns 0.2 ml of CSS to 10 mL with HPLC-srade water. 

Source: ESE, 1988. 

I I ' ' ' •-

246TNT 

2010 

1000 

502 

201 

! 
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Table ~-~. Preparation of Co•poslte Ca1lbratlon Standards l Tl1rousb ~ 

(CCS-5 throush CCS-7). 

Analyte 

Cone. ln 
CCS-5 
(us/L) 

Cone. ln 
CCS-6 
(us/L) 

Cone. ln 
CCS-7 
(us/L) 

Note: 

13DHI 24DHT 26DHT BKI HB llDI TETilYL 135THB 

100 101 131 97.6 137 110 111 105 

50.1 50.3 65.5 48.8 68.6 51t.9 55.6 52.6 

25.1 25.1 32.8 21t.4 lit. 3 27.5 27.8 26.3 

------ ------ ---

CCS-5 prepared by dl1utlns 0.1 al of CSS to 10 ml wlth HPLC-grade water. 
CCS-6 prepared by dl1utlna 0.05 aL of CSS to 10 •L wltb HPLC-grade water. 
CCS-7 prepared by d11utlns 0.025 aL of CSS to 10 •L wlth UPLC-grade water. 

Source: ESE, 1988. 

21t6THT 

100 

50.2 

25.1 
I 

-a. ......:.. --:-



l 
1 
] 

l 
] 

j 

J 
J 

J 
I 

·~ 

J 

J 

J 

2. 

3. 

4. 

~ ·umen t Ca 11 brat 1 on 

To c. librate the instrument. 500 uL of each standard i.n 

Tabl ~ 4-3 and 4-4 is injected into the instrument in the 

same manner as a sample extract. Each duplicate 

comp,site calibration standard is analyzed during 

prec·!rtification calibration, and the single dilutions of 

the · omposite standards are analyzed during initial 

cali'•ration. 

~·endent !eference Standard 

Curr !ntly an independent reference standard is not 

avai. able for explosives in water. If one becomes 

avai able, the independent reference standard must be 

anal .. zed along with the initial and precertification 

cali •ration standards, and the results must be within the 

acc~'table limits, as specified by the source of the 

stanr.ard, for the calibration to be considered valid. If 

the .. nalysis of the independent reference standard fails, 

the .:ource of the problem must be identified and 

corr!cted. The initial calibration and analysis of the 

inde·,endent reference standard must be repeated. The 

res~.t of the second analysis of the independent reference 

stanr.ard must be within the acceptable limits, as 

spec fied by the source of the standard, before the 

anal:·sis of samples may proceed.. Since a new initial 

cali'•ration is performed. daily, a reference, if available, 

is r!quireci at least weekly. 

Aft a .. analyzing the standards ( L e., one blank and seven 

stan•.ards), the data are tabulated and. graphed.. For 

prec !rt1ficat1on calibration, the duplicate calibration 

data are analyzed. using the lack of fit (LOF) and zero 

inta .. cept (ZI) tests (USATHAMA QA Plan. 2nd. Edition.· 

Marc •• 1987). 
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B. DAILY CAL:BKATIOH. 

1. Pll!P.UlATIOH OP' STAKDAllDS. 

2. 

3. 

The ~~ally calibration standards are CCS-1. CCS-3, CCS-5, 

CCS-· ·. CCS-7, and a blank as presented in Tables 4-3 and 

4-4. These standards must be prepared fresh daily· The 

dail: · calibration curve used by ESE for this method is 

act~~ly the same as an initial calibration curve defined 

by t te USATHAMA QA Plan, March 1987. 

IliST.UlMDT C.Al.IBllATIOll. 

At t 1e beginning of each analy~ical run, inject 500 uL of 

each standard presented in Section IV.B.l, above. At the 

end ••f the analytical run. the CCS-1 standard will be 

anal··zed. 

ARAL~SIS OF CALIBKATIOll DATA. 

The response for the target compounds does not have to be 

less than 25 percent different from the response obtained 

duri·•g the previou~ initial calibration. because each run 

is au initial calibration. Since reference solutions are 

not readily available, responses should be monitored to 

eval".ate trends changes in stocks. !t is advised that 

s~oc: .s for standards and spike solutions be staggered to 

moni or for degradation of the solutions. 

The · ·esponse of the target compounds in the end run 

stan• .ard (CSS-1) IIUSt be less than 25 percent different 

from response factors obtained from the CSS-1 standard 

anal ·zed at the beginning of the day. If the response is 

greater than 25 percent different. the standard will be 

reanalyzed. If reanalysis still fails the 25-percent 

crit !rion, a new initial calibration must be performed and 

all tnalyses since the last acceptable calibration must be 

repetted. After seven calibrations have been completed. 

the lnd of run response must agree to within two times the 

stanlard deviation of the mean response rather than a 

A-13 
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perc ~ntage. Failure of the tighter criteria ~ill not be 

an a Ltomatic 'equirement for 'eanalyses if documentation 

exis :s to ensure that data quality of the samples is not 

affe:ted by instrument drift (i.e increase in sensitivity 

and Lll samples less t~an the Clll). In addition, drifts 

outs .de criteria and within 25 percent should be evaluated 

in t 1e light of expected method performance. 

C%&TI7ICATIOB :ESTIHC. 

Spiked samples for certification testing are prepared in standard 

water (ASTM Ty1e II grade water containing 100 mg/L of sulfate and 

chloride, see iection 4.5.1 of the USATRAHA QA Plan, March, 1987 

Edition) as ou:lined in Tables 4-5 and 4-6. A composite stock 

standard (CSS) (see Tabla 4-2} is prepared for use as a spiking 

solution. Spi~ing is performed for certification testing on four 

separate days. Analysis of the spiked samples follows the procedure 

outlined in Se:tion VII. 

The target ver;us found data are analyzed using the lack of fit 

(LOF) and zero intercept (ZI) tests (USATBAHA QA Plan. March, 1987). 

The result of :hese tests and the certification data are presented 

in Section XI. l (see Attachment 3) for each target analyte. 

S4MPL!BC BAipL"JC AIQ STQIACJ 

A. SAIU'I.IliC 'SOC!DUU 

Saap.es will be collected usins adequate dermal and 

inha.ation protection and must follow Sections 5.6 and 5.7 

oft 1e USATBAMA Quality Assurance Plan ( March 1987). 

a. COIIT AIJID : 

One .iter amber colored glass jars with Teflon-lined lids 

are ·equired. 
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Table 4-5 Splkln& Scheae fo~ Certlflcatlon Testln& (OX th~ou&h 2X levels). 

Analyte HHX lDX, TNB DNB NB TetryL TNT 26DNT 24DNT 

Cone. ln 
ox (us/L) 0 0 0 0 0 0 0 0 0 
Level 

Cone. ln 
0.51 0.361 0.549 0.526 o. 501 0.686 0.556 0.502 0.655 0.503 
( usiL) 
Level 

Cone. ln 
lX Cus/L) 0.722 1.10 1.05 1.00 1.37 1.11 l. 00 l. 31 l. 01 
Level 

Cone. ln 
21 (u&IL) 1.44 2.20 2.10 2.00 2.74 2.22 2.01 2.62 2.01 
Level 

I I J I I I I I I I. 

Note: OX Level was 500 aL of unsplked standa~d water. 
0.51 Level prepa~ed by splkln& 25 uL of CSS lnto 500 mL of standard water. 
lX Level p~epared by splklns 50 uL of CSS lnto 500 mL of standard water. 
2X Level prepa~ed by splklns 100 uL of CSS lnto 500 mL of standard water. 

1Souree: ESE, 1988 

• . ·- . .. . -
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Table 4-6 Splklns Seheae for Certlfleatlon Tcstlns (51 throush 401 levels). 

Ana1yte BHI IDI TNI DNB NB TetryL TNT 26DHT 24DHT 

Cone. ln 
51 (ua/L) 3.61 5.49 5.26 5.01 6.66 5.56 5.02 6.55 5.03 
Level 

Cone. ln 
101 7.04 11.0 10.5 10.0 13.7 11.1 10.0 13.1 10.1 
Cua/L) 
Level 

Cone. ln 
201CuaJL) 14.4 22.0 21.0 20.0 27.4 22.2 20.1 26.2 20.1 
Level 

Cone. ln 
401( ua/L) 28.9 43.9 42.1 40.1 54.9 44.5 40.2 52.4 40.2 

1 ..... I I I I I I I I I I 
Notes: 51 Level prepared by splklna 250 uL of CSS lnto 500 mL of standard water. 

lOX Level parepared by splklns 0.50 mL of CSS lnto 500 aL of standard water. 
201 Level prepared by splklns 1.0 mL of CSS lnto 500 mL of standard water. 
401 Level prepared by splklns 2.0 ml of CSS lnto 50d ml of standard water. 

Source: ESE, 1988. 
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C. STOKAC! C)NDITIONS 

Samples a1d extracts should be kept chilled to 4 C and in the 

dark. 

D. BOLDIHC T:M! LIMITS 

Samples m1st be extracted within 7 days of sampling date, and 

the extra:t must be analyzed within 40 days of extraction date. 

Z. SOLDTIOII 'D.l!'ICATIOII 

Verificat .on of the calibration standards is based on the 

analyses >f daily QC spikes and analysis of independent 

reference standards (if available). Since stable reference 

solutions are not readily available, st3ggered preparation of 

stock solutions for control spikes and standards needs to be 

implemented to ensure acceptable solution verification. An 

unextracted control spike solution should be analyzed weekly as 

a reference to check extraction and storage affects. The 

recovery ,f this reference must be within 25 percent of the 

true valu! or~ 2 standard deviations for recent performance 

(last 7 r1ns). If criteria cannot be met for the target 

compounds new stock solutions might need to be prepared. 

VII. PBOCJ;PtJll]!; 

A. !XTUC'nO I 

B. 

A 6 mL Ba;ar Disposabl~ Extraction Column in repacked with 0.5 

grams of :leaned Porapak R. The column is rinsed with 15 mL 

of aceton.trile and 30 mL of water. 500 mL of the sample is 

measured >ut and passed through the column at a rate of 10 

mL/minute The column is then slowly eluted with 3 mL of 

acetonitr.le which is collected in a 10 mL volumetric flask. 

The extra:t is diluted to volume with BPLC water. 

Cli!!!ICAL ~ACTIOIIS • 

This meth1d does not involve any chemical reactions. 
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VIII. 

C. IHSTKUM!H~AL ANALYSIS 

Instrumen al analysis involves injection of 500 mL of the 

extract 01to the analytical column described Ln Section II!.S. 

The instr1mental conditions are specified in Section III.B.J, 

and the i 1tegrated output of the UV detector is used in the 

calculati,ns of Section VIII. A six minute delay of injection 

is requir!d following analysis of any extracts to allow a late 

eluting Clmponent (arising from the Porapak R) to elute. 

CALCIII AIT lliS 

A linear ·egression equation is calculated from calibration 

data by r!gressing the response versus the concentration for 

each comp,und. The concentration of a target compound in the 

sample ex:ract is calculated by substituting the response into 

the calib·ation curve equation. The same injection volume is 

used for ;tandards and sample extracts. The following fo~la 

is used t' calculate the analytical concentration in the 

samples ( iC). 

SC ( t g I L) • :;c X ~v 
SV 

Wher !: 

EC is the extract concentration determined from the 
calibration curve in ug/L . 

EV is the extract volume (10 mL). 

SV is the sample volume (500 mL) • 

Method blank correction may be necessary and can be in terms of 

instrumen: response or concentration of the blank. 
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IX. DAILY QUALITY :ONTROL 

A. 

B. 

CONTROL S. \MPLES. 

Daily qua .ity control samples consist of a standard ~trix 

Method bl .nk (ASTM Type I water), duplicate spikes at the 

upper con:entrations of the certified range, and a single 

level spi. ~e at approximately twice the cart ified reporting 

limit. T1ese quality control samples should be carried 

throughou the entire Method at the same time samples are run. 

Primary S ock Standards (SPSS) at a concentration of 1000 mg/L 

are weigh:d up using 0.010 gm of each analyte diluted to 10 mL 

of aceton .trile. The SPSS are diluted to obtain a daily 

control s •iking solution (DCSS) as presented in Table 4-i. 

Table 4-8 shows how the daily control spikes are prepared. 

COIITll.OL C:L.U.TS. 

Control c 1arts are prepared for all of the target analytes 

being ana.yzed for using the percent recovery data from both 

the dupli :ate high level spikes and the low level spikes 

calculat~l according to the following equation: 

~ Re:overy • Found Cone x 100 percent 
Spiked Concentration 

The ·ound response is corrected for method blank response 

prio· to calculation of the found concentration. Method 

bla~~ correction may b• in term3 of instrument response or 

in t :rms of the concentration in the blank. 

Prep1ration of control charts requires the following data: 

1. Average percent recovery (X) of the two high 

concentration spiked QC samples in each lot, 

2. Difference (R) between the two high 

concentration spiked QC samples in each lot, 

A-19 



Analyte lJDNB 24DNT 26DNT IIHX NB llDl H:TR.YL 135TNB 246TNT 

I ,, 
0 I 

--L- ... I . \ 

I 

\ \ 
Note: Acetonltrlle used for dllutlon to the 10 mL flnul volume for the Dully Control Splklng Solution (OCSS). 

Source: ESE, 1988. 

~--- -· I I I I I l_j l I 
Note: CCS-5 prepared by dllutlna 0.1 mL of CSS to 10 mL wltb HPLC-grade water. 

CCS-6 prepared by dllutlna 0.05 aL of CSS to 10 aL wltb HPLC-grade water. 
CCS-7 prepared by dllutln& 0.025 aL of CSS to 10 aL wlth HPLC-grade water. 

Source: ESE, 1988. 
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Table 4-8. Dally Cont~ol Splklns Scheme 

Splklns Final 13DNB 24DNT 26DNT UHI NB RDX TetryL 135TNB 246TNT 
Volume of Volume 

! 
DCSS (mL) (•L) 

I. ow 
l.evel 0.1 500 2.00 2.00 2.00 4.00 2.00 4.00 2.00 2.00 2.00 
Spike 

lll&h 
Level 1.0 500 20.0 20.0 20.0 40.0 20.0 40.0 20.0 20.0 20.0 
Spike 

-- - ·-·-- ·- - -------- --- --- ----- -- ---- ·- - --- -- - ------ -- --·- --------

Note: Standard Water (See Section V) used for dilution to the 500 mL final volume for the Spikes . 

. Source: ESE, 1988. 



3. Three-point moving average (X) percent recovery control chart f 
each lot, and 

4. Three-point moving average difference (R) control chart for the 

For values that fall outside the control limits and data points that are deemed a 

be evaluated and corrective action will be taken. 

f &EftREHCZS. 

l. 

A. U.S. Army Toxic and Hazardous Materials Agency, 1987, USATHAMA QA Program (December 19 

A. 

a. 

c. 

D. 

E. 

OPF-TB!-SB!LY ABALYTICAL 1!7!1!KC! MATXIXALS CBA&ACTXKI%ATIOR 

Only SAAMS were used in this certification. 

IHITIAL/PXZC!ATIYICATIOH CALIBIATIOR - see ATTACBM!BT l. 

Response of each target analyte is tabulated at each calibration target concentration 

lack of fit (LOF) and zero intercept (%!) tests are presented. 

DAILY CALIBRATION DUKIRC CI1TI7ICATIOR - see ATTACBM!RT 2. 

Calibration responses and required percentage on the end run standard. 

STANDARD CElTI7ICATIOR SAMPLES - see ATTACBMEBT 3. 

IRDEP!RD!BT XEF!KEBC! STANDARDS DttRIRC Cr.&TIYICATIOR - see ATTACHMENT 4. 
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Appendix F 

Part 264 Appendix IX 

Reference Chemical List and Test Methods. 
Copied from 40 CFR Part 264 Appendix IX. 



DISPOSAL STANDARDS 

HAZARDOUS WASTE MANAGEMENT GUIDE 

40 CFR PART 264 APPE~DIX IX- GROt:SD-WATER MO:\'ITORI~G LIST' 

Common name2 

Acenaphthene 

Acenaphthylene . 

Acetone 
Acetophenone . 
Acetonitrile, Methyl cyanode. 
2-Acetylaminofluorene, 2-AAF. 
Acrolein .. 

Acrylonitrile. 

Aldrin 

Allyl chloride. 

4-Aminobiphenyl 
Aniline 
Anthracene 

Antimony 

Aramite ..... 

Arsenic ..... 

Barium ...... 

Benzene ..... 

Benzo[a]anthracene; Benzanthracene ..... 

Benzo[bjfluoranthene 

Benzo[klfluoranthene. 

Benzo[ghi]perylene .. 

Benzo[a]pyrene ... 

Benzyl alcohol . , .. , . , . 
Beryllium .... 

alpha-BHC 

beta-BHC .... 

delta-BHC .. 

gamma-BHC; Lindane 

Bis(2-chioroethoxy)meti1ane . 
Bis(2-chloroethyl)ether 
Bls(2-chloro-1-methyleth)•l) ether; 2,2' -Di-

chlorodiisopropyl ether. 

Chemical abstracts service index name• 

83-32-9 Acenaphthylene, 1 ,2-dihydro- .. 

208-96-8 Acer.aphthylene 

67-64-1 1 2-Propanone . . . 
98-86-2 1 Ethanone, 1-phenyl-. 
75-05-8 /Acetonitrile 
53-96-3 I Acetam1de, N-9H-fluoren-2-yl-

1 07-02-8

1

2-Propenal .. . .. . .. ........ 

107-13-1 i 2-Propenen1trile . 

309-00-2 
1 

1.4 5,8-Dimethanor.aphthalene, 1 ,2,3,4, 10,1 0-hexachlo•o-
1 ,4,4a,5,8,8a-hexahydro- (1 c,4a,4atJ,5c.8c.8c/l)-

1 07-05-1 1-Propene, 3-Chloro-

Sug-
, gested 
1 meth

ods5 

8100 
8270 
8100 
8270 
8240 
8270 
8015 
8270 
8030 
8240 
8030 
8240 
8080 
8270 
8010 
8240 
8270 92-67-1 [1,1"-8iphenyl]-4-amine. 

62-53-3 Benzenamine . 
120-12-7 Anthracene . 

. . . . . I 8270 
8100 

(Total) \Antimony .. 

140-57-8 Sulfurous acid, 2-chloroethyl 2-[4·(1, 1-
dimethylethyl)phenoxy]-1-methylethyl ester 

(Total) Arsenic ............................ . 

(Total) Barium . 

71-43-21 Benzene .... , .. 

56-55-3 Benz{a]anthracene 

205-99-2 Benz{e]acephenanthrylene . 

207-08-9 Benzo[k]fluoranthene ..... 

191-24-2

1 

Benzo[ghi]perylene .... , . 

50-32-8

1 

Benzo[a]pyrene . , _ .. ,, .. 

100-51-6 I Benzenemethanol ................ .. 
(Total) ·Beryllium .......................... .. 

319-84-6 Cyclohexane, 1 ,2,3,4,5,6-hexachloro-, (1 c.2a,3tl,4c,5tl.6tll-

319-85-7 Cyclohexane, 1 ,2,3,4,5,6-hexachloro-. (1 a,2,B,3a.4tl.5a.6,B)-

31 9-86-8 Cyclohexane. 1 .2.3,4,5.6-hexachloro-. (1 a,2a.3a.4tl.5a.6,B)-

58-89-9 Cyclohexane. 1 ,2.3.4,5,6-hexachloro-. (1 a,2a.3,B,4a.5a.6.8)· 

111-91-1 Ethane, 1,1 '-{methylenebis(oxy)]bis[2-chloro-
1 1 1 -44-4 Ethane, 1 ,1' -oxyb1s{2-chloro- ...... . 
108-60-1 Propane, 2.2'-oxybis[1-chloro-, ............. .. 

8270 
6010 
7040 
7041 
8270 

6010 
7060 
7061 
6010 
7080 
8020 
8240 
8100 
8270 
8100 
8270 
8100 
8270 
8100 
8270 
8100 
8270 
8270 
6010 
7090 
7091 
8080 
8250 
8080 
8250 
8080 
8250 
8080 
8250 
8270 
8270 
8010 
8270 

POL 
{t!g/L)s 

200 
10 

200 
10 

100 
10 

100 
10 

5 
5 
5 
5 
0.05 

10 
5 
5 

10 
10 

200 
10 

300 
2,000 

30 
10 

500 
10 
20 
20 

1,000 
2 
5 

200 
10 

200 
10 

200 
10 

200 
10 

200 
10 
20 

3 
50 

2 
0.05 

10 
0.05 

40 
0.1 

30 
0.05 

10 
10 
10 

100 
10 

REGULATIONS 



DISPOSAL STANDARDS 

HAZARDOUS WASTE MANAGEMENT GUIDE 

APPE~DIX IX- GROV:SD-WATER MO:SITORI:SG LIST' 

Common name2 

81 5(2 -et hy lhexyl )phthalate 

Brornodlchloromethane . 

Brame· .,.,; Tribromomethane 

4-Bromophenyl phenyl ether 
Butyl benzyl pht'-:a!ate. Benzyl butyl 

phtt-,alate .. . 
Cadrn•um .... . 

Carbon disulfide . 
Carbon tetrachloride 

Chlordane ..... . 

p-Ci'loroaniline 
Chlorobenzene. 

Chlorobenzilate . 

p-Chloro-m-cresol . 

Chloroethane; Ethyl chloride 

Chloroform ..... 

2-Chloronaphthalene 

2-Chlorophenol ................ . 

4-Chlorophenyl phenyl ether ... 
Chloroprene .. 

Chromium .... 

Chrysene ...... . 

Cobalt ........ . 

Copper .. 

m-Cresol .......... . 
o-Cresol. . ..................... . 
p-Cresol....... . ..................•..... 
Cyanide........... . ............ . 
2,4-0.2,4-0,chlorophenoxyacetic acid .... . 
4,4'-000 ..... . 

4,4'-00E ...... . 

4,4'-DOT ...... .. 

Diallate ........ . 

Dibenz[a,hjanthracene . 

Dibenzofuran ... 
Dibromochloromethane, Chlorodibromo

methane ....... 

REGULATIONS 

Chemical abstracts service index name• 

117-81-7 1 .2-Benzened,carboxylic acid. b1S(2·ethylhexyl)ester. 

75-27-4 Methane. bromod1chloro-

75-25-2 Methane. tr~bromo-

101-55-3 Benzene. 1-bromo-4-phenoxy- . 
85-68· 7 1.2-Benzened,carboxylic ac1d, butyl phenyl methyl ester 

(Total) Cadmium 

75-15-0 Carbon disu!f1de 
56-23-5 Methane. tetrachloro· .. 

57-74-9 4,7-Methano-1 H-indene. 1.2.4,5.6. 7.8.8-octachloro-
2,3.3a.4,7.7a-hexal<ydro- . 

106-47-8 Benzenamme. 4-chloro-. 
108-90-7 Benzene. chloro-

510-15-6 Benzeneacet1c acid, 4-chloro-a-(4-chlorophenyl)-a·hydroxy-, 
ethyl ester . 

59-50· 7 Phenol. 4-chloro-3-methyl- .... 

75-00-3

1 

Ethane. chloro- ........ . 

67-66-3 Methane, trichloro- ... . 

91-58-7 Naphthalene. 2-chloro-

95-57-8 Phenol, 2-chloro- ..... . 

7005· 72-3 Benzene, 1-chloro-4-phenoxy- ... . 
126-99-8 1 ,3-Butad,ene. 2-chloro- ......... . 

(Total) Chromium. 

218-01-9 Chrysene. 

(Total) Cobalt ..... . 

(Total) Copper ......................... .. 

108-39-4 
95-48-7 

106-44-5 
57-12-5 
94-75-7 
72-54-8 

Phenol, 3-methyl- ... . 
Phenol, 2-methyl- .......... . 
Phenol, 4-methyl- ........... . 
Cyanide .................... .. 
Acetic acid, (2.4-dichlorophenoxy)- ........ . 
Benzene 1,1 · -(2,2-dichloroethylidene)bis(4-chloro-

72-55-9 Benzene 1,1 · -(dlchloroethylidene)bis(4-chloro-

50-29-3 Benzene 1,1 '-(2,2,2-trichloroethylidene)bis(4-chloro-. 

2303-16-4 Carbamothioic acid. bis(1 -methylethyl)-, S-(2,3-dichloro-2-
propenyl) ester ........ .......... . 

53-70-3 Dibenz(a,hjanthracene. 

132-64-9 Dibenzofuran 
124-48-1 Methane, dibromochloro- ..... . 

Sug-
gested 
meth-
ods5 

8060 
8270 
8010 
8240 
8010 
8240 
8270 
8060 
8270 
6010 
7130 
7131 
8240 
8010 
8240 
8080 
8250 
8270 
8010 
8020 
8240 
8270 

8040 
8270 
8010 
8240 
8010 
8240 
8120 
8270 
8040 
8270 
8270 
8010 
8240 
6010 
7190 
7191 
8100 
8270 
6010 
7200 
7201 
6010 
7210 
8270 
8270 
8270 
9010 
8150 
8080 
8270 
8080 
8270 
8080 
8270 
8270 

8100 
8270 
8270 
8010 
8240 

POL 
(pg/L)6 

20 
10 

1 
5 
2 
5 

10 
5 

10 
40 
50 

1 
5 
1 
5 
0.1 

10 
20 

2 
2 
5 

10 

5 
20 

5 
10 
0.5 
5 

10 
10 

5 
10 
10 
50 

5 
70 

500 
10 

200 
10 
70 

500 
10 
60 

200 
10 
10 
10 
40 
10 
01 

10 
0.05 

10 
0.1 

10 
10 

200 
10 
10 

1 
5 



DISPOSAL STANDARDS 

HAZARDOUS WASTE MANAGEMENT GUIDE 

APPENDIX IX- GROt:ND-WATER MOl'ITORI!'\G LIST' 

Common name2 __ 

1 ,2-Dibromo-3-chloropropane, DBCP ..... . 

1 ,2-Dibromoethane, Ethylene dibromide ... 

Di-n-butyl phthalate . 

o-D1cf1lorobenzene .. 

m-Dichlorobenzene ... 

p-Dichlorobenzene . 

3.3'-Dichlorobenzidine ........... . 
trans- 1 .4-Dichloro-2-butene 
D1chlorodifluoromethane. 

1,1 -Dichloroethane. 

1 ,2-Dichloroethane, Ethylene dichloride ... 

1, 1-Dichloroethylene, Vinylidene 
chloride .......................... .. 

trans-1 ,2-Oichloroethylene ............... .. 

2,4-0ichlorophenol ........................ . 

2.6-D1chlorophenol ........................ . 
1 .2-Dichloropropane ....................... . 

cis-1 ,3-Dichloropropene .................. .. 

trans-1 ,3-0ichloropropene ................ . 

Dieldrin ................................... . 

Diethyl phthalate .. . .. .. . .. .. ............ .. 

0,0-0iethyt 0-2-pyrazinyl phosphoro-
thioate; Thionazine ..................... .. 

Dimethoate ................................ . 

p-(Oimethylamino)azobenzene ............ . 
7.12-0imethylbenz{a]anthracene ......... . 
3,3' -Oimethylbenzidine .................... . 
alpha, alpha-Oimethylphenethylamine ... . 
2.4-0imethylphenol ....................... . 

Dimethyl phthalate ........................ . 

m-Oinitrobenzene ......................... . 
4,6-Dinitro-o-cresol .............. . 

2,4-0initrophenol ... 

2.4-Dinitrotoluene .. 

Chemical abstracts service index name• 

96-12-8 Propane. 1 .2-dibromo-3-chloro-. 

106-93-4 Ethane. 1,2-dibromo- .... 

84-74-2 1 .2-Benzenedicarboxylic acid, dibutyl ester. 

95-50-1 Benzene. 1 .2-dichloro- ..... . 

541-73-1 Benzene. 1 ,3-d,chloro- .. 

106-46-7 Benzene, 1,4-dichloro- ...... . 

91-94-1 [1, 1 '-Biphenyl]-4,4' -diamine. 3,3'-d,chloro-. 
110-57-6 2-Butene, 1,4-dichloro-, (E)- .. 

75-71 -8 Methane, dichlorodifluoro- .. 

75-34-3 Ethane, 1 .1-dichloro- ... 

107-06-2 Ethane, 1 ,2-dichloro-

75-35-4 Ethane, 1, 1-dichloro- .............. . 

156-60-5 Ethene. 1 .2-dichloro-,(E)- ..... . 

120-83-2 Phenol, 2,4-dichloro- ......... . 

87-65-0 Phenol, 2,6-dichloro- ............. . 
78-87-5 Propane, 1 ,2-dichloro- ............ . 

10061-01-5 1-Propene. 1 ,3-dichloro-{Z)- ........ . 

10061-02 .. 6 1-Propene, 1 ,3-dichloro-(E)- ...... . 

60-57 .. 1 2,7 3,6-Dimethanonaphth[2.3-b]oxirene, 3.4.5.6,9,9-hex
achloro-1a.2,2a,3,6,6a,7,7a-octahydro-, 
(1 aa,2Jl.2aa,3t3.6t3.6aa, 7 t3, 7aa)- ............................ . 

84-66-2 1 .2-Benzenedicarboxylic acid. diethyl ester ........ . 

297-97-2 Phosphorothioic acid, 0,0-diethyl 0-pyrazinyl ester. 

60-51-5 Phosphorodithioic acid, 0,0-dimethyl 5-{2-(methylamino)-2-
oxoethyl] ester . .. .. . .. . . .. .. .. .. .. . . . .. .. . . . .. .. . . . ........ .. 

60-1 1-7 Benzenamine, N,N-dimethyl-4-(phenytazo)- .................. . 
57-97-6 Benz{a]anthracene, 7,12-dimethyl- .......................... . 

119-93-7 (1, 1'-Biphenyl]-4,4'-diamine, 3,3' -dimethyl- ... . 
122-09-8 Benzeneethanamine. a,a-dimethyl- .......... . 
105-67-9 Phenol, 2,4-dimethyt- ........................ . 

131-1 1-3 1 ,2-Benzenedicarboxytic acid, dimethyl ester .... 

99-65-0 Benzene, 1,3-dinitro- .......... . 
534-52-1 Phenol, 2-methyl-4,6-dinitro- .. . 

51-28-5 Phenol. 2.4-dinitro- ................. . 

121-14-2 Benzene, 1-methyt-2.4-dinitro- ... 

Sug-
gested POL 
meth- (Jig/ L)s 
ods5 

8010 100 
8240 5 
8270 10 
8010 10 
8240 5 
8060 5 
8270 10 
8010 2 
8020 5 
8120 10 
8270 10 
8010 5 
8020 5 
8120 10 
8270 10 
8010 2 
8020 5 
8120 15 
8270 10 
8270 20 
8240 5 
8010 10 
8240 5 
8010 1 
8240 5 
8010 0.5 
8240 5 
8010 1 
8240 5 
8010 1 
8240 5 
8040 5 
8270 10 
8270 10 
8010 0.5 
8240 5 
8010 20 
8240 5 
8010 5 
8240 5 
8080 005 
8270 10 

8060 5 
8270 10 
8270 10 

8270 10 

8270 10 
8270 10 
8270 10 
8270 10 
8040 5 
8270 10 
8060 5 
8270 10 
8270 10 
8040 150 
8270 50 
8040 150 
8270 50 
8090 0.2 
8270 10 

REGULATIONS 



DISPOSAL STANDARDS 

HAZARDOUS WASTE MANAGEMENT GUIDE 

APPE::-.;DIX IX- GROUSD-WATER MQ::-.;ITQRING LIST' 

Common name2 

2.6-Dinitrotoluene. 

Dinoseb, DN8P-. 2-sec-BLrtyl-4,6-dinitro
phenol 

Di-n-cetyl phthalate . 

1 .4-Dioxane 
Diphenylamine. 
Disulfoton ... 

Endosulfan I 

Endosulfan II ..... . 

Endosulfan sulfate. 

Endrin. 

Endrin aldehyde . 

Ethylbenzene ... 

Ethyl methacrylate. 

Ethyl methanesulfonate 
Famphur ....... . 

Fluoranthene .... 

Fluorene ....... . 

Heptachlor ..... . 

Heptachlor epoxide ..... 

Hexachlorobenzene ..... 

Hexachlorobutadiene .. 

Hexachlorocyclopentadiene ..... . 

Hexachloroethane 

Hexachlorophene . . ............. . 
Hexachloropropene ........................ . 
2-Hexanone ............................... . 
lndeno(1.2,3-cd)pyrene .................... . 

Isobutyl alcohol ... . 
lsodrin ........... . 

lsophorone ...... . 

lsosafrole .. . 
Kepone ..... . 

REGULATIONS 

Chemical abstracts service index name• 

606-20-2 Benzene. 2-met"yl-1,3-dinilro- . 

88·85-7 Phenol. 2·(1-methylpropyl)-4,6-dinitro-. 

117-84-0 1.2-Benzenedic.;rboxylic acid, dioctyl ester 

123-91-1 1,4-Dioxane ........ .. 
122-39-4 Benzenamrne. N-phenyl· . 
298-04-4 Phosphorodithiorc acrd, 0,0-diethyl S-[2-(ethylthio)

S-[2-ethyl]ester. 
959-98-8 6.9-Methano-2.4.3-benzodroxathiepin. 6,7.8,9.1 0.1 O

hexachloro-1.5.5a.6,9.9a-hexahydro-. 3-oxide, 
(3a.5a,8.6a.9a,9a,8)- ............. . 

33213-65-9 6.9-Methano-2.4.3-benzodioxathiepin. 6. 7.8.9,1 0.1 O
hexachloro-1,5.5a,6,9,9a-hexahydro-. 3-oxide, 
(3a,5aa,6,8,9,8,9aa)- . . . . . . . . . . . . . . . . . . . .............. . 

1031-07-8 6.9-Methano-2.4 3-benzodioxathiepin. 6, 7.8.9, 10.1 O
hexachloro-1,5.5a,6,9,9a-hexahydro-. 3.3-dioxide .. 

72-20-8 2.7 3.6-Dimetharronaphth[2.3-b]oxirerre, 3.4,5.6,9.9-hex
achloro-1 a.2.2a.3.6,6a.7,7a-octahydro-, 
(1 aa.2,8.2a,8.3a.6a.6a,8.7,8. 7aa)-

7421 -93-4 1 ,2.4-Methenocyclopental[cd]pentalene-5-carboxaldehyde, 
2.2a.3,3.4, 7 -hexachlorodecahydro-, 
(1 a,2,8.2a,8.4/).4a,8,5,8. 6a,tl,6b,8,7R*)-

1 00-41-4 Benzene,ethyl-. 

97-63-2 2-Propenoic acrd. 2-methyl-.ethyl ester 

62-50-0 Methanesulfon~ acid, ethyl ester.... . ................... . 
52-85-7 Phosphorothioic acid. 0-[4-[(dimethylamino)sulfonyl]phenyl]-

0.0-dimethyl ester 
206-44-0 Fluoranthene ..... 

86-73-7 9H-Fiuorene ........................ . 

76-44-8 

1024-57-3 

118-74-1 

4,7-Methano-1 H-indene, 1,4,5,6,7,8.8-heptachloro-
3a.4.7,7a-tetrahydro- ..... _ ............ _. 

2,5-Methano-2H-indeno[1 ,2-b]oxirene. 2.3.4.5.6, 7, 7-
heptachloro-1a, 1 b,5,5a.6,6a,-hexahydro·, 
(1 aa,1 b,tl,2a,5a,5a,tl,6,tl,6aa)-

Benzene, hexachloro- ........................ . 

87-68-3 1 ,3-Butadiene, 1 ,1 ,2,3.4.4-hexachloro- .... 

77-47-4 1 .3-Cyclopentadiene, 1 ,2,3.4,5.-5-hexachloro- . 

67-72-1 Ethane, hexachloro- ............... . 

70-30-4 
1888-71-7 

591-78-6 
193-39-5 

Phenol, 2,2'-methylenebis[3,4,6-trichloro- ... . 
1-Propene, 1,1 ,2,3,3,3-hexachloro- ............ . 
2-Hexanone .......................... . 
lndeno( 1 ,2,3-cd)pyrene . . . . . . . . . . . . . . . . . . . . . . ................ . 

78-83-1 1-Propanol, 2-methyl- .................... . 
465-73-6 1 ,4,5,8-Dimethanonaphthalene, 1 ,2,3,4, 10,1 0-hexachloro· 

l..4,4a,5,8, Ba-hexahydro-( 1 a,4a.4a/J. 5,6.8,6,8a,8)-
78-59- 1 2-Cyclohexen- 1 -one, 3,5,5-trimethyl- ......... 

120-58-1 1 ,3-Senzodioxole, 5-{1 -propenyl)- ............... . 
143-50-0 1,3,4-Metheno-2H-cyclobuta- [cd]pentalen- 2· 

one. 1,1 a,3,3a.4.5.5,5a.5b,6-decachlorooctahydro-. 

Sug-
gested 
meth-
ods5 

8090 
8270 
8150 
8270 
8060 
8270 
8015 
8270 
8140 
8270 
8080 
8250 

8080 

8080 
8270 
8080 
8250 

8080 
8270 

8020 
8240 
8015 
8240 
8270 
8270 
8270 

8100 
8270 
8100 
8270 
8080 
8270 
8080 
8270 

8120 
8270 
8120 
8270 
8120 
8270 
8120 
8270 
8270 
8270 
8240 
8100 
8270 
8015 
8270 

8090 
8270 
8270 
8270 

POL 
(pg/L)6 

0.1 
10 

1 
10 
30 
10 

150 
10 

2 
10 
0.1 

10 

005 

0.5 
iO 

0.1 
10 

0.2 
10 

2 
5 

10 
5 

10 
10 
10 

200 
10 

200 
10 
0.05 

10 
1 

10 

0.5 
10 

5 
10 

5 
10 
0.5 

10 
10 
10 
50 

200 
10 
50 
10 

60 
10 
10 
10 



DISPOSAL STANDARDS 

HAZARDOUS WASTE MANAGEMENT GUIDE 

APPE:'IiDIX IX- GROL~"D-WATER MO:\"ITORING LIST' 

Common name2 

Lead 

Mercury ........ . 
Methacrylonitrile .. 

Methapyrilene . 

Methoxychlor . 

Methyl bromide, Bromomethane. 

Methyl chloride; Chloromethane 

3-Methylcholanthrene .... 
Methylene bromide, Dibromomethane. 

Methylene chloride, Dichloromethane 

Methyl e·thyl ketone; MEK 

Methyl iodide; iodomethane. 

Methyl methacrylate .... 

Methyl methanesulfonate .. . 
2-Methylnaphthalene ........... . 
Methyl parathion; Parathion methyl 

4-Methyl-2-pentanone, Methyl isobutyl 
ketone ................................... . 

Naphthalene ............................... . 

1,4-Naphthoquinone ..................... .. 
1 -Naphthylamine .................. . 
2-Naphthylamine ................ . 
Nickel ...................... .. 

o-Nitroaniline ........... . 
m-Nitroaniline ............................ .. 
p-Nitroaniline ....................... . 
Nitrobenzene ............................. . 

o-Nitrophenol ............. . 

p-Nitrophenol ............. . 

4-Nitroquinoline 1 -oxide .................. . 
N-Nitrosodi-n-butylamine ............ : .... . 
N-Nitrosodiethylamine .................... . 
N-Nitrosodimethylamine .................. . 
N-Nitrosodiphenylamine ................... . 
N-Nitrosodipropylamine; Di-n-propyl-

nitrosamine .............................. . 
N-Nitrosomethylethylamine ............... . 
N-Nitrosomorpholine ...................... . 
N-Nitrosopiperidine ........................ . 
N-Nitrosopyrrolidine ................. . 
5-Nitro-o-toluidine ........................ .. 
Parathion . . . . . ............. . 
Polychlorinated biphenyls, PCBs ...... . 

Polychlorinated dibenzo-p-dioxins; 
PCDDs .............. . 

Chemica: abstracts service index name• 

(Total) Lead. 

(Total) Mercury. 
126-98-7 2-Propenenitrile, 2-methyl-

91-80-5 1 ,2-Ethanediam•ne. N,N-dimethyi-N'-
2-pynd•nyi-N' ~2-thienylmethyl)- .. 

72-43-5 Benzene. 1,1 '-(2.2.2.tric'>loroethylidene)bis[4-methoxy-

74-83-9 Methane. bromo- .. 

74-87-3 Methane. chloro- . 

56-49-5 Benz!j)aceanthrylene, 1 .2-dihydro-3-methyl-
74-95-3 Methane. dibromo- .. 

75-09-2 Methane. dichloro-

78-93-3 ' 2-Butanone . 

74-88-4 Methane. iodo-

80-62-6 2-Propenoic ac1d. 2-methyl-, methyl ester. 

66-27-3 Methanesulfonic acid, methyl ester 
91-57-6 Naphthalene, 2-methyl- ... 

298-00-0 Phosphorothioic ac•d. 0.0-dimethyl 0-(4-nitrophenyl) ester . 

108-10-1 2-Pentanone, 4-met!,yl- . 

91-20-3 Naphthalene ................ .. 

130· 1 5-4 1,4-Naphthalened•one ...... . 
134-32-7 1-Naphthalenamine ........ . 
91-59-8 2-Naphthalenamine ......... . 

(Total) Nickel ....... . 

88· 74-4 Benzenamine, 2-nitro- ........ . 
99-09-2 Benzenamine, 3-nitro- ........ . 

100-01 -6 Benzenamine, 4-nitro- .............. . 
98-95-3 Benzene. nitro- .................. .. 

88-75-5 Phenol. 2-nitro- ..................... . 

100-02-7 Phenol. 4-nitro- ................... .. 

56-57-5 Quinoline, 4-nitro-. 1-oxide ....... . 
924-16-3 1-Butanamine. N-butyi-N-nitroso- ............. . 

55-18-5 Ethanamine, N-emyi-N-nitroso- ................. . 
62-75-9 Methenamine. N-methyi-N-nitroso- ................ . 
86-30-6 Benzenamine, N-nitroso-N-phenyl .. 

621 -64· 7 1-Propanamine, N -nitroso-N-propyl- ............... . 

10595-95-6 Emanamine. N-memyt-N-nitroso- ...................... . 
59-89-2 Morpholine, 4-nitroso- ........................................ . 

100-75-4 Piperidine. 1-nitroso- ........................ .. 
930-55-2 Pyrrolidine, 1 -nitroso- .. .. .. . .. . .. .. . .. .. .. .. . .. ........... .. 

99-55-8 Ber.zeneamine. 2-methyl-5-nitro- ............................ . 
56-38-2 Phosphorothioic ac1d, 0.0-diethyl-0-(4-nitrophenyl) ester 

See Note 7 1 ,1' -Biphenyl, chloro derivatives .. .. .. .. . .. . .......... .. 

See Note 8 Oiber,zo(b,ei1.4Jd•oxin, chloro derivatives .................... . 

Sug-
gested POL 
meth- (JJg/L)s 
ods5 

6010 40 
7420 1,000 
7421 10 
7470 2 
8015 5 
8240 5 
8270 10 

8080 2 
8270 10 
8010 20 
8240 10 
8010 1 
8240 10 
8270 10 
8010 15 
8240 5 
8010 5 
8240 5 
8015 10 
8240 100 
8010 40 
8240 5 
8015 2 
8240 5 
8270 10 
8270 10 
8140 0.5 
8270 10 
8015 5 
8240 50 
8100 200 
8270 10 
8270 10 
8270 10 
8270 10 
6010 50 
7520 400 
8270 50 
8270 50 
8270 50 
8090 40 
8270 10 
8040 5 
8270 10 
8040 10 
8270 50 
8270 10 
8270 10 
8270 10 
8270 10 
8270 10 
8270 10 

8270 10 
8270 10 
8270 10 
8270 10 
8270 10 
8270 10 
8080 50 
8250 100 
8280 0.01 

REGULATIONS 



DISPOSAL STANDARDS 

HAZARDOUS WASTE MANAGEMENT GUIDE 

APPENDIX IX- GROUND-WATER MONITORING LIST' 

Common name2 

Polychlorinated dibenzofur.ans, PCDFs 
Pentachlorobenzene .. 
Pentachloroethane ... 

Pentachloronitrobenzene 
Pentachlorophenol 

Phenacetin ..... . 
Phenanthrene . 

Phenol . 

p-Phenylenediamine. 
Phorate . 

2-Picoline ..... . 

Pronarnide ...... 
Propionitrite, Ethyl cya~ide. 

Pyrene . 

Pyridine. 

Safrole 
Selenium . 

Silver ........ . 

Silvex; 2.4.5-TP 
Styrene ...... . 

Sulfide ............... . 
2.4,5· T; 2.4,5-Trichlorophenoxyacetic 
~d .................... ················ 

2,3, 7.8-TCDD; 2.3, 7,8-Tetrachlorodibenzo-
p-dioxin .................................. . 

1 .2.4,5-Tetrachlorobenzene. 
1,1, 1 ,2-Tetrachloroethane 

1.1 ,2,2-Tetrachloroethane ............... . 

Tetrachloroethylene; Perchloroethylene; 
Tetrachloroethane ........... . 

2,3.4,6· Tetrachlorophenol .. . 
Tetraethyl dithiopyrophosphate; 

Sulfotepp ...... . 
Thallium ....... . 

Tin ........... . 
Toluene .. . 

o-Toluidine .. 
Toxaphene .... 

1 .2.4-Trichlorobenzene .... 
1,1, 1-Trichloroethane, 

Methylchloroform . 
1,1 ,2-Trichloroethane 

Trichloroethylene; Tnchloroethene. 

REGULATIONS 

Chemical abstracts serv1ce index name• 

See Pl:ote 91 Dibenzofuran. chloro derivatives . 
608-93-5 Benzene. pentachloro- .......... . 

76-01 · 7J Ethane, pentachloro- .............. . 

82-68-8 I Benzene. pemachloron1tro- ...... . 
87-86-5

1 

Phenol, pentachloro- ........... . 

62-44-2 1 Acetamide. N-{4-ethoxyphenyl) .. . 
85-01-8

1 

Phenanthrene ............ .. 

;;;·;;;; ~~ ;~;~,~;;::::;;~:,d oQd";o,; SII•>';;>Ooolm""<'l •.. 
ester .......... . 

109-06-81 Pyridone, 2-methyl- ........... .. 

23950-58-5 I Benzamide 3 5-d,chloro-N-{1, 1 -dln"ethyl-2-propynyl)· 
107-12-0

1 

Propanen1tnle . . 

1 29-00-0 Pyrene . 

1 10-86- 1 Pyridine ..... . 

94-59-7 1 ,3-Benzodioxole. 5-{2-propenyl)- .. 
(Total) Selenium ..................... .. 

(Total) Silver ........................................... . 

93-72-1 Propanoic acid, 2-(2.4,5-trichlorophenoxy)- .. . 
100-42-5 Benzene, ethenyl- ............................ . 

18496-25-8 Sulfide ................ .. 
93· 76-5 Acetic acid, (2.4,5-trichlorophenoxy)· 

1746-01-6 Oibenzo{b,eJ1 .4]dioxin, 2,3,7,8-tetrachloro-

95-94-3 Benzene, 1 ,2.4,5-tetrachloro- . 
630-20-6 Ethane. 1.1 .1.2-tetrachloro- ... 

79-34-5 Ethane. 1.1 ,2,2-tetrachloro- ... 

1 27 · 18-4 Ethene, tetrachloro- ........................ . 

58-90-2 Phenol, 2.3.4.6-tetrachloro- ..... . 
3689-24-5 Thiodiphosphoric acid ([(HO).P(S))20). tetraethyl ester. 

(Total) Thallium ..... . 

(Total) Tin ................. .. 
1 08-88·3 Benzene, methyl-

95-53-4 Benzenamine, 2-methyl-
8001 -35-2 Toxaphene ............... . 

1 20-82-1 Benzene. 1 ,2.4-trichloro-
71 -55-6 Ethane. 1.1. 1 -trichloro· .. 

79-00-5 Ethane. 1.1 .2-trichloro-. 

79-01 -6 Etl>ene, trichloro- ..... . 

Sug-
gested 
meth-
ods5 

8280 
8270 
8240 
8270 
8270 
8040 
8270 
8270 
8100 
8270 
8040 
8270 
8270 
8140 
8270 
8240 
8270 
8270 
8015 
8240 
8100 
8270 
8240 
8270 
8270 
6010 
7740 
7741 
6010 
7760 
8150 
8020 
8240 
9030 
8150 

8280 

8270 
8010 
8240 
8010 
8240 
8010 
8240 
8270 
8270 

6010 
7840 
7841 
7870 
8020 
8240 
8270 
8080 
8250 
8270 
8240 

8010 
8240 
8010 
8240 

POL 
(Jlg/L)s 

0.01 
10 
5 

10 
10 
5 

50 
10 

200 
10 

1 
10 
10 

2 
10 
5 

10 
10 
60 

5 
200 

10 
5 

10 
10 

750 
.20 
20 
70 

100 
2 
1 
5 

10,000 
2 

0005 

10 
5 
5 
0.5 
5 
0.5 
5 

10 
10 

400 
1,000 

10 
8,000 

2 
5 

10 
2 

10 
10 

5 

0.2 
5 
1 
5 



DISPOSAL STANDARDS 

HAZARDOUS WASTE MANAGEMENT GUIDE 

APPENDIX IX- GROl7XD-WATER MONITORING LIST' 

Sug-

Common name2 CAS AN 3 Chemical abstracts service index name• gested POL 
-- meth- (Jlg/L)s 

ods5 

Trichlorofluoromethane ... .... 75-69-4 Methane. trichlorofluoro-. ······ . ..... .... 8010 10 
8240 5 

2.4.5-Trichlorophenol ······ .. 95-95-4 Phenol. 2.4.5-trichloro-. ····· .... ... 8270 10 
2.4.6-Trichlorophenol ..... .... .. .... 88-06-2 Phenol. 2.4,6-trichloro- . . 8040 5 

8270 10 
1 .2.3-Tr~chloropropane ..... 96-18-4 Propane, 1 .2.3-trichloro- ..... .. 8010 10 

8240 5 
0,0,0-Triethyl phosphorothioate. 126-68-1 Phosphorothioic acid. 0.0.0-triethy! ester ..... ....... 8270 10 
sym-Trinitrobenzene. 99-35-4 Benzene. 1 .3.5-trinitro- .. .. 8270 10 
Vanadium .. ...... ..... .... .... . ...... (T01al) Vanadium . . . . . . . . . . .. 6010 80 

7910 2,000 
7911 40 

Vinyl acetate ... ... ..... ..... 108-05-4 Acetic acid. ethenyl ester. ······· .... .... 8240 5 
Vinyl chloride .... .... ... ····· 75-01-4 Ethene. chloro- ... ... . .... ..... . ... 8010 2 

8240 10 
Xylene (total). .. ····· ... .... ......... 1330-20-7 Benzene. dimethyl- ······ . .... . . . . . . . 8020 5 

8240 5 
Zinc ·········· ... .. ... (Total) I Zinc ... .. . ... 6010 20 

7950 50 
1The regulatory requtremen~s pertatn only to the Its~ o' S.JbS'!al"'ces. tne rtg.,t hand col...~mns {Methods and F>QL) are given for tT"1forma~~onal purposes only See also 
footnotes 5 and 6. 
2Common names are those w•dely used 1n government reg ... dat.o'is scre:~tif1c pub:icat•ons. and cor.v·:,erce. synonyms ex 1st for many chem1cals 
3 Chemical Abstracts Serv•ce reg•stry number Where '"Tota' .. tS entered. all Spee1es rn the ground water that conta•n th1s element are 'nci.Jded. 
'CAS index names are tnose used in the 9th Cumulatr"v"e lr'ldex 
5Suggested Methods refer to analyt1cal procE:Ciure num~rs used '" EPA P:epon SW·846 ''Test Methods for E\<aluat.l1g So!rd 'v\'aste", tl'"urd edit ron. NoYember 1986 
Analytical details can be found tn SW-846 and in docume'itatron on f,le at t"'le agency CAUiiON The methods listed are represer.tatrYe SW-846 procedures and may 
not always be the most suM.able method(s) for monitonng an analyte under the r~ulat•ons. 
8Practtcal Quant•tatron Limrts (POLs) are the lowest conce,.,tratiY'IS of ana'ytes in ground waters that can be rel;ably determmed w.t~rn specif1ed llmrts of prec•5.1on and 
accuracy by the indtcated methods under roLit1ne laboratory operat1ng cond,t•ons The POLs ltsted are generally stated to one s~gnif1cant f•gure CAUTION The POL 
values in many cases are based only or: a general est•ma~e for tt'te method and not or: a determinat~r: for ind1vidual compounds. PQ!...s are not a part o~ the regulation. 
7 Polychloronated b1phenyls (CAS RN 1 336-36·31. th1s categof) contains congener chem1cals. Including const1tuents of Aroclor- 1016 (CAS RN 12674-1 1-2), Aroclor· 
1221 (CAS RN 11104-28-21. Aroclor-1232 (CAS RN 11141-16-5). Aroctor-1242 (CAS RN 53469-21-9). Aroclor-1248 (CAS Rl'< 12672-29-6). Aroclor-1254 (CAS RN 
1 1 097-69· 1 ). and Aroclor-1260 (CAS Rl'< 1 1096-82-5, The PQl. shown is ac """rage value for PCB congeners 
'This category conta•ns congener chemtcals, •ncludin~ tetrachlorod,benzo·p~•oxins (5e'e also 2.3.7.B·TC00). pentac~lorodJbenzo·p·diox•ns. and hexachlorodibenzo-p
diox•ns The POL shown is ar: average value for PCOO congeners 
~his category contatns congener c'iemicals. :nc!ud,ng tetrachlorodibenzofurans, pentachlorod,~nzofurans, and hexachlorod.benzofurans The POL shown is an aver
age value for PCDF congeners. 

REGULATIONS 
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Appendix G 

Health and Safety Plan 



Appendix G 

Site Health and Safety Plan 

All personnel entering the construction site will be required to observe health and safety 
procedures as required by OSHA and KAFB. These procedures include the following: 

• Class room instruction that address safety issues associated with hazardous 
waste operations at each of the sites. 

• All personnel must be equipped with hard hats to meet ANSI Z89.1-1969 
specifications. 

• If necessary, personnel are required to wear safety glasses or face shields if 
their hard hats are so adapted, to meet ~"""SI Z87.1-1968 specifications. 

• When necessary, personnel will be issued ear protection devices capable of 
providing the permissible noise exposures detailed in 29 CFR, Part 1910.95, 
Table G-16. Jet airplane noise, equipment noise. 

• All personnel are required to wear steel-toed, safety footwear meeting the 
specifications of ANSI 41.1-1969. 

• Personnel will be supplied with protective hand wear capable of providing 
physical as well as chemical protection from hazardous constituents. Since 
dermal exposure to contaminated soils is expected to be minimal, heavy 
leather gloves can be used. 

• All site personnel will be required to wear protective coveralls for body pro
tection while engaged in site activities. 

• If necessary, specific health and safety plans will be developed for the in
dividual units and type of investigation and/or closure operations required. 

Training Requirements 

Prior to working at the site, a worker must successfully complete a certified program of 
classroom instruction and on-the-job training and be individually certified. This program 
must be directed by someone who is a certified health and safety trainer. The training pro
gram must be designed to ensure that facility personnel will be able to respond effectively 
to emergencies by familiarizing them with emergency procedures, equipment, and systems. 



Facility personnel must take part in an annual review of the training program. Also, health 
and safety training records on participating personnel will be kept on file for 5 years after 
closure of the facility. 

Levels of Protection 

All personnel involved in on-site work will be required to wear the correct level of protec
tion for a given situation. These situations can be described as those that involve known or 
suspected chemical, physical, or biological hazards. A possible hazard may be exposure to 
atmospheric contaminants such as the vapors, gases, or particulates generated by site activi
ties. Other possible hazards include direct contact with harmful substances, splashes, loud 
noises, sharp objects, etc. The severity of the hazard will determine the level of protection 
that needs to be worn. 

The various types of equipment worn for the different kinds of hazardous situations have 
been divided into four different levels. In order from the highest level of protection to the 
lowest, they are as follows: 

• LEVEL A 

• LEVEL B 

• LEVEL C 

• LEVEL D 

To be worn when the highest level of respiratory, skin, 
and eye protection is required. 

To be worn when the highest level of respiratory pro
tection is needed, but a lesser level of skin protection 
is required. 

To be worn when the criteria for using air-purifying 
respirators are met and basic skin protection is needed. 

To be worn as a basic work uniform only, and not to 
be worn at a site where respiratory or skin hazards 
could be present. Level D provides minimal protection 
against skin hazards and no protection against respira
tory hazards. 

Types of respirators, degrees of dermal protection, and types of clothing and equipment that 
may be required may vary considerably within each level of protection. In addition, the 
level of protection is chosen to give the worker the safest and most appropriate apparel for 
the given job. These choices are based on the best available data, and as more accurate 
data become available, or as site conditions or job functions change, the level of protection 
may be changed appropriately to protect the worker. 

In general, the level of protection is based on two factors: (1) the type and measured con
centration of the chemical substances in the ambient atmosphere and their toxicity, and (2) 
the potential for exposure to toxic substances in air, liquids, or other materials as a result of 
the work being done. However, in cases where the types of chemicals, levels of concentra-



tion, and the possibilities of contacting these chemicals are unknown, the appropriate level 
of protection is chosen based on the professional experience and judgment of a qualified 
person, such as a health and safety officer/field coordinator. 

--
A complete description of personal protective equipment (PPE), including their selection 
criteria, are as follows: 

LEVEL A: 

This equipment must be worn for Level A protection. 

PPE: • Supplied-air respirators approved by the Mine Safety and Health Ad
ministration (MSHA) and the National Institute for Occupational 
Safety and Health (NIOSH). Respirators may be pressure demand, 
self-contained breathing apparatus (SCBA); or pressure demand, air
line respirators (·.vith escape bottles for atmospheres that have the po
tential to be Immediately Dangerous to Life and Health [IDLH]) 

• Fully encapsulating chemical-resistant suit 

• Chemical-resistant gloves (inner) 

• Chemical-resistant boots with steel toe and shank (worn over or 
under suit boot depending upon suit construction) 

• Coveralls* 

• Long cotton underwear* 

• Hard hat* (under suit) 

• Disposable gloves and boot covers* (worn over fully encapsulating 
suit) 

• ·Cooling unit* 

• Two-way radio communications* (intrinsically safer than hand com
munications). 

*Optional 

Selection Criteria: 

If any of these criteria are met, Level A protection must be worn. 



• The chemical substance has been identified or assumed to require the 
highest level of protection for skin, eyes, and the respiratory system 
based on measured (or potential for) high concentration of atmos
pheric vapors, gases, or particulates. 

• Site operations and work functions involve high potential for splash, 
immersion, or exposure to une:xpected vapors, gases, or particulates of 
materials highly toxic to the skin. 

• Substances with a high degree of hazard to the skin are known or 
suspected to be present at the site, and skin contact is possible. 

• Operations are conducted in confined, poorly ventilated areas. 

• Readings on the field Flame Ionization Detectors (FID) or Photo
ionization Detectors (PID) or similar instruments indicate high levels 
of unidentified vapors and gases in the air. 

Examples of situations where Level A protection has been worn: 

• Excavating soil to sample the contents of buried drums suspected of 
containing high concentrations of dioxin. 

• Entering a cloud of chlorine to repair a valve broken in a railroad 
accident. 

• Handling and moving drums known to contain oleum. 

• Responding to accidents involving cyanide, arsenic, and undiluted 
pesticides. 

Guidance on Selection: 

The fully encapsulating suit required for Level A provides maximum protec
tion because it is designed to provide a gas- or vapor-tight barrier between 
the worker and atmospheric contaminants. Thus, Level A is generally worn 
when high concentrations of airborne substances are known or thought to be 
present that could severely affect the skin. Also, since Level A protection 
requires the use of a self-contained breathing apparatus, the eyes and the 
respiratory system are fully protected as well. Prior to the selection of Level 
A protection, perform a thorough review of alternate methods of reducing 
the hazard. These methods might include, but are not limited to, increasing 
the ventilation and shielding workers through the use of engineering controls 
and remote equipment. 

Although Level A provides maximum protection, one must keep in mind the 
fact that the level of protection offered by the fully encapsulating suit is only 



LEVEL B: 

valid to the extent the suit material resists the chemicals encountered. In 
other words, no one suit material can resist all chemicals. This limitation 
should be recognized and taken into account when specifying the type of 
fully_~ncapsulating suit. Whenever possible, the suit material should be 
matched with the substance necessitating the protection. Other limitations 
that must be taken into account when choosing Level A equipment are the 
relatively short time the equipment can be worn, the potential for heat stress, 
and the limitations on mobility, field of vision, communications, and dexterity. 

This equipment must be worn for Level B protection. 

PPE: • Supplied-air respirator (MSHA!NIOSH approved). Respirators may 
be pressure-demand, self-contained breathing apparatus; or pressure
demand, airline respirators (with escape bottles for IDLH atmos
phere) 

• Chemical-resistant clothing (overalls and long-sleeved jacket; hooded, 
one- or two-piece chemical splash suit; disposable chemical-resistant, 
one-piece suits) 

• Chemical-resistant gloves (outer) taped to sleeves of coverall 

• Chemical-resistant gloves (inner) 

• Chemical-resistant boots (outer) with steel toe and shank. Seal the 
boot tops to the coverall pants using multiple wraps of tape. 

• Long cotton underwear* 

• Coveralls • 

• Chemical-resistant boot covers* (disposable) 

• Hard hat with face shield* 

• Hearing protection • 

• Two-way radio communications* (intrinsically safer than hand signals) 

*Optional 

Selection Criteria: 



If any of these criteria are met, Level B protection must be used. 

• If the type and atmospheric concentration of toxic substances has 
__ been identified or assumed to require a high level of respiratory pro

tection but a level of skin protection less than that required by Level 
A conditions. The types of atmospheres that apply include 

Atmospheres with concentrations of substances immedi
ately dangerous to life and health, but ones in which 
concentration of substances in the air do not pose a 
severe skin hazard. 
Atmospheres that do not meet the selection criteria 
permitting the use of air-purifying respirators. 

• If the atmosphere contains less than 19.5 percent oxygen. 

• If it is highly unlikely that the work being done will generate high 
concentrations of vapors, gases, or particulates, or if it is highly un
likely that splashes of material that will affect the skin of personnel 
wearing Level B protection. 

• If atmospheric concentrations of unidentified vapors or gases are indi
cated by direct readings on instruments such as the FID or PID, but 
these vapors and gases are not suspected of containing high levels of 
chemicals toxic to skin. 

Selection Criteria 

Level B skin protection is selected by the following three general criteria: ( 1) 
by comparing the concentrations of known or identified substances in the air 
with skin toxicity data, (2) by determining the presence of substances that are 
destructive to or readily absorbed through the skin in the event of liquid 
splashes or of substances such as vapors or particulates that might cause res
piratory problems, and (3) by assessing the effect of the substance at its mea
sured ·air concentrations or potential for splashing onto the small areas of 
skin left unprotected by chemical-resistant clothing. 

It should be understood that Level B protection provides the same level of 
respiratory and eye protection as Level A, but it does not provide the maxi
mum skin protection as does the fully encapsulating suit required by Level A 
However, a good quality, hooded, chemical-resistant, one-piece garment with 
taped wrists and ankles does provide a reasonable amount of protection 
against splashes and lower concentrations of toxic substances in air. There
fore, in all but a few circumstances where highly toxic materials are sus
pected, Level B should provide the protection needed for initial site entry. 



LEVEL C: 

The chemical-resistant clothing required in Level B is available in a wide 
variety of styles, materials, details of construction, and permeability. One- or 
two-piece suits are available with or without hoods. Disposable suits with a 
vari~ty of fabrics and design characteristics are also available. Taping joints 
between the gloves, boots and suit, and between the hood and respirator re
duces the possibility for splash, dust vapor, or gas penetration. These factors 
and other selection criteria all affect the degree of protection afforded. For 
this reason, a qualified specialist should select the most effective chemical
resistant clothing based on the known or anticipated job hazards. 

As previously mentioned, Level B equipment provides a high level of protec
tion for the respiratory tract. In general, if a self-contained breathing ap
paratus is required for respiratory protection, chemical-resistant clothing 
(Level B) rather than a fully encapsulating suit (Level A) may be worn. 

This equipment must be worn for Level C Protection. 

PPE: • Full-face, canister- or cartridge-equipped air-purifying respirator, 
(MSHA/NIOSH-approved) 

• Chemical-resistant clothing (coveralls; hooded, one- or two-piece 
chemical splash suit; chemical-resistant hood and apron; disposable 
chemical-resistant coveralls) 

• Chemical-resistant gloves (taped to sleeves of outer coveralls) 

• Chemical-resistant boots with steel toe and shank (taped to pants of 
outer coveralls) 

• Coveralls* 

• Long cotton underwear* 

• Chemical-resistant gloves* (inner) 

• Chemical-resistant boot covers* (disposable) 

• Hard hat* (face shield) 

• Hearing protection* 

• Escape mask* 

• Two-way radio communications* (inherently safe) 



*Optional 

Selection Criteria: 

If all of these criteria are met, Level C protection may be used. 

• Oxygen concentrations are no Jess than 19.5 percent by volume. 

• The contaminants have been identified, their concentrations are moni
tored, and an approved air-purifying respirator cartridge/canister is 
known to provide adequate protection against these contaminants. 

• Atmospheric contaminant concentrations do not exceed IDLH levels. 

• The contaminants have adequate warning properties (taste, odor, visi
ble vapors). 

• Atmospheric contaminants, liquid splashes, or other substances that 
will come in direct contact with the skin will not adversely affect any 
area of the body left unprotected by chemical-resistant clothing. 

• The individual has passed a qualitative fit test for the mask. 

• The service limit concentration of the canister/cartridge is not ex
ceeded. 

• The job functions do not require a self-contained breathing apparatus. 

Guidance on Selection: 

The main aspect that distinguishes Level C protection from that of Level B 
is the type of equipment used to protect the respiratory system. In Level C, 
the work conditions are such that they permit the use of an air-purifying 
respirator. The air-purifying device must be a full-face respirator 
(MSHA!NIOSH-approved) equipped with a canister suspended from the chin 
with a harness or with a chin-mounted cartridge. The canister must be cap
able of removing the substances encountered. Quarter- or half-masks or 
cheek-cartridge, full-face masks should be used only when approved by a 
qualified person. 

In addition, an air surveillance program must be effected when atmospheric 
contamination is known or suspected to be present. It is particularly impor
tant that the air be thoroughly monitored when personnel are wearing air
purifying respirators. Periodic surveillance using direct-reading instruments 



LEVEL D: 

and air sampling is needed to detect any changes in air quality that would 
necessitate the use of a higher level of respiratory protection. 

A specialist may have the option of specifying the use of air-purifying respira
tors -in situations where unidentified vapor/gas concentrations are a few parts 
per million (ppm) above background as indicated by a needle deflection on 
the FID or the PID. Also, it should be noted that unidentified ambient con
centrations of organic vapors or gases in air or those exceeding a few part 
per million (ppm) above background require, at a minimum, Level B protec
tion. However, a needle deflection on the FID or PID of up to a few ppm 
above background should not be the only criteria for selecting Level C pro
tection. Since the individual components for making a decision may never be 
completely identified, a decision on whether or not to wear Level C must be 
made after assessing all safety considerations, including the following: 

• The presence of or potential for organic or inorganic vapors/gases for 
which a canister is ineffective or has a short service life. 

• The knov-:n or suspected presence in air of substances with low TL Vs 
or IDLH levels. 

• The errors associated with both the instruments and monitoring pro
cedures used. 

• The presence of or potential for substances in air that do not elicit a 
response from the instrument used. 

• The potential for high concentrations of toxic substances in the am
bient atmosphere or in the air adjacent to specific site operations. 

This equipment must be worn for Level D protection. 

PPE: • Coveralls 

• Leather or chemical-resistant boots/shoes with steel toe and shank 

• Chemical-resistant clothing* 

• Gloves* 

• Escape mask* 

• Safety glasses or chemical splash goggles* 

• Hearing protection* 



• Hard hat* (face shield) 

*Op!ional 

Selection Criteria: 

If all of these criteria are met, Level D protection may be used. 

• Contaminant levels are within allowable exposure limits. 

• The atmosphere contains at least 19.5 percent oxygen. 

• Work functions preclude splashes, immersion, or potential for un
expected inhalation of hazardous levels of any chemicals. 

Guidance on Selection: 

Site Control 

Level D protection is the lowest level of protection that can be worn. It is 
primarily a work uniform. It can be worn only in areas where there is ade
quate data to determine that the potential for exposure to inhalation hazards 
is within acceptable limits and that dermal hazards are relatively low. As. in 
Level C, the appropriate selection of Level D protection depends upon 
determining the nature of the contaminants and their concentrations. 

Prior to any discussion of decontamination procedures, a description of site control protocol 
must first be understood. The purpose of site control is to minimize exposure of workers to 
potential contamination, to protect the public from site hazards, and to prevent vandalism. 

To reduce the risks of spreading hazardous substances by workers from the contaminated 
area to the clean area, zones should be delineated on the site where different types of op
erations will occur, a:nd the flow of personnel among the zones should be controlled. The 
purpose of establishing the work zones is to help ensure that workers are properly pro
tected against work hazards, that contamination is confined to the appropriate areas, and 
that personnel can be readily located and evacuated in an emergency. 

Hazardous waste sites should be divided into as many different zones as needed to meet the 
operational and safety objectives. Some typical zone divisions are as follows: 

• Support Zone - the uncontaminated area where workers should be protected 
from hazardous conditions. 



Delineation of these zones is based on sampling and monitoring results as well as the eval
uation of potential routes and amount of contaminant dispersion in the event of a release. 
Movement of personnel and equipment among these zones should be minimized and re
stricted to specific Access Control Points. These procedures will prevent cross-contamina
tion from contaminated areas to clean areas. 

The following is a brief description of each zone. 

• Exclusion Zone: The primary activities performed in this zone are site char
acterization (such as mapping, photographing, and sampling), installation of 
wells for ground-water monitoring, and cleanup work (such as drum moving, 
drum staging, and materials bulking). The outer boundary of the Exclusion 
Zone is referred to as the Hotline, and it should be clearly marked by lines, 
placards, hazard tape and/or signs, or enclosed by physical barriers such as 
chains, fences, or ropes. Access Control Points should be established at the 
periphery of the Exclusion Zone to regulate the movement of personnel and 
equipment into and out of the zone and to help verify proper procedures for 
entering and exiting are followed. Ideally, separate entrances and exits 
should be used to move personnel and equipment into and out of the Exclu
sion Zone. 

• Contamination Reduction Zone (CRZ): The CRZ is the transition zone be
tween the contaminated area and the clean area. This zone is designed to 
reduce the probability that the clean Support Zone will become contaminated 
or affected by other site hazards. The distance between the Exclusion and 
Support Zones afforded by the CRZ, along with decontamination of workers 
and equipment, limits the physical transfer of hazardous substances into clean 
areas. The degree of contamination in the CRZ decreases as one moves 
from the Hotline to the Support Zone. The decontamination procedures 
take place in a designated area within the CRZ called the Contamination 
Reduction Corridor (CRC). At least two stations of decontamination should 
be set up: one for personnel and the other for heavy equipment. Also, 
access into and out of the CRZ from the Exclusion Zone should be through 
Access Control Points: one for personnel entrance, one for personnel exit, 
one for heavy equipment entrance, and one for heavy equipment exit. The 
boundary between the CRZ and the Support Zone, called the Contamination 
Control Line, separates the contaminated area from the clean Support Zone. 

• Support Zone: The Support Zone is the zone where administrative and other 
support functions needed to keep the operations in the Exclusion and Con
tamination Reduction Zones running smoothly are conducted. Any function 
that does not need to be performed in a hazardous or potentially hazardous 
area is performed in the Support Zone. Personnel may wear normal work 
clothes within this zone. Any clothing, equipment, and samples that may 
possibly be contaminated must remain in the CRZ until they are decon
taminated. 



Decontamination 

Decontamination of personnel and equipment must be performed at hazardous waste sites. 
Contaminants that have accumulated on personnel and equipment must be removed or neu
tralized. Decontamination will protect workers from hazardous substances that may con
taminate and eventually permeate the protective clothing, respiratory equipment, tools, 
vehicles, and any other equipment used on the site. The decontamination process is meant 
to protect all site personnel by minimizing the transfer of harmful materials into clean areas, 
preventing mixing of incOmpatible chemicals, and protecting the community by preventing 
uncontrolled transportation of contaminants from the site. 

A decontamination plan is to be developed and set up before any personnel or equipment 
may enter areas where the potential for exposure to hazardous substances exists. The de
contamination plan should 

• Determine the number and layout of decontamination stations. 

• Determine the decontamination equipment needed. 

• Determine appropriate decontamination methods. 

• Establish procedures to prevent contamination of clean areas. 

• Establish methods and procedures to minimize worker contact with con
taminants during removal of personal protective clothing and equipment. 

• Establish methods for disposal of clothing and equipment that are not com
pletely decontaminated. 

It should be noted that the decontamination plan should be revised whenever the type of 
personal protective clothing or equipment changes, the site conditions change, or the site 
hazards are reassessed. 

Part of the decontamination process should be establishing Standard Operating Procedures 
that will maximize worker protection, such as procedures for dressing prior to entering the 
Exclusion Zone. This will minimize the possibility that contaminants will bypass protective 
clothing and escape decontamination. 

Generally, all fasteners are to be used (e.g., zippers, buttons, and snaps should be fully 
closed, etc.). In addition, gloves and boots are to be tucked under the sleeves and legs of 
outer clothing, and hoods (if not attached) are to be worn outside the collar. A second 
pair of tough outer gloves may be worn over the sleeves. All personnel should be trained 
in the Standard Operating Procedures for minimizing worker contact and maximizing worker 
protection. 



All personnel, clothing, equipment, and samples leaving the contaminated area of a site 
must be decontaminated to remove any harmful chemicals or infectious organisms that may 
have adhered to them. Three methods of decontamination are (1) to physically remove 
contaminants, (2) to inactivate contaminants by chemical detoxification or disinfec
tion/sterilization, or-(3) to remove contaminants by a combination of both physical and che
mical means. Decontamination facilities at a hazardous waste site should be located in the 
Contamination Reduction Zone. 

Decontamination lines will vary depending on the level of protection being used. Examples 
of decontamination lines and procedures are included by reference from Occupational Safety 
and Health Guidance Manual for Hazardous Waste Site Activities (OSHGM HWSA). 
NOTE: Since many of the sites may require decontamination of heavy equipment used 
during closure activity section 6.6 is provided as general information for construction of a 
decontamination pad. 
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AF: 

AFB: 

Arroyos: 

Artesian: 

Aquiclude: 

Aquifer: 

Bioaccumulate: 

Closure: 

COD: 

COE: 

Confined Aquifer: 

Contaminant: 

Contaminate: 

Glossary of Terminology and Abbreviations 

Definition of Terms Used 

Air Force 

Air Force Base 

A dry gully; a rivulet or stream 

Ground water contained under hydrostatic pressure 

Poorly permeable formation that impedes ground-water 
movement and does not yield water to a well or spring 

A geologic formation, group of formations, or part of a 
formation that is capable of yielding water to a well or 
spring 

Tendency of elements or compounds to accumulate or 
build up in the tissues of living organisms when they are 
exposed to these elements in their environments, e.g., 
heavy metals 

The completion of a set of rigidly defined functions for a 
hazardous waste facility no longer in operation 

Chemical Oxygen Demand, a measure of the amount of 
oxygen required to oxidize organic and oxidizable inorganic 
compounds in water 

Corps of Engineers 

An aquifer bounded above and below by impermeable beds 
or by beds of distinctly lower permeability than that of the 
aquifer itself 

Something that contaminates, chemicals that contaminate 

To make unfit for use by the introduction of undesirable 
chemicals or elements 



Glossary of Terminology and Abbreviations 

Contaminates of Concern: 

Contamination: 

Decorative Ponds: 

Det: 

Disposal Facility: 

Disposal of 
Hazardous Waste: 

DoD: 

DOE: 

Downgradient: 

DRMO: 

Definition of Terms Used 

Specific contaminates that have been identified in a 
particular unit used as indicating parameters for 
contamination 

The degradation of natural water quality to the extent that 
its usefulness is impaired; there is no implication of any 
specific limits since the degree of permissible contamination 
depends upon the intended end use or uses of the water, 
the process of contaminating, a state of being contaminated 

See Ponds 

Detachment 

A facility or part of a facility at which hazardous waste. is 
intentionally placed into or on land or water, and at which 
waste will remain after closure 

The discharge, deposit, injection, dumping, spilling, or 
placing of any hazardous waste into or on land or water so 
that such waste or any constituent thereof may enter the 
environment or be emitted into the air or discharged into 
any waters, including ground water 

Department of Defense 

Department of Energy 

In the direction of lower hydraulic head; the direction in 
which ground water flows 

Defense Reutilization and Marketing Office 



Dump: 

Effluent: 

EM: 

EPA: 

Erosion: 

Equipment: 

FAA: 

Facility: 

FCDNA: 

Flood Plain: 

Flow Path: 

French Drain: 

Glossary of Terminology and Abbreviations 

Definition of Terms Used 

An uncovered land disposal site where solid and/or liquid 
wastes are deposited with little or no regard for pollution 
control or aesthetics; dumps are susceptible to open 
burning and are exposed to the elements, disease vectors, 
and scavengers 

A liquid waste discharge from a manufacturing or 
treatment process in its natural state, or partially or 
completely treated, that discharges into the environment or 
into a unit designed to receive the discharge 

Environmental management offices in HQ Bldg 20200 

Environmental Protection Agency 

The wearing away of land surface by wind or water 

Implements used in a specific operation or activity. Can 
refer to earth moving devices, tools, instruments, etc. May 
also refer to in·place apparatus such as piping and valve 
works 

Federal Aviation Administration 

Entire land area of Kirtland Air Force Base 

Field Command; Defense Nuclear Agency 

The lowland and relatively flat areas adjoining inland and 
coastal areas of the mainland and off·shore islands, 
including, at a minimum, areas subject to a one percent or 
greater chance of flooding in any given year 

The direction or movement of ground water and any con· 
taminants that may be contained therein, as governed 
principally by the hydraulic gradient 

An underground, rock lined catch basin 



Ground Water: 

Glossary of Terminology and Abbreviations 

Definition of Terms Used 

Water beneath the land surface in the saturated zone that 
is under atmospheric or artesian pressure 

Ground Water Reservoir: The subterranean earth materials and the intervening open 
spaces that contain ground water 

Ground Water Mound: A ground-water condition where water levels at radial 
point~ dip uniformly in all directions from a central point 

Golf Course: Specifically refers to the Tijeras Arroyo Golf Course 
located on Kirtland AFB east of the junction of 
Pennsylvania Ave. and the Eubank extension 

Hardfill: Disposal sites receiving construction debris, wood, 
miscellaneous spoil material 

Hazardous Waste: A solid waste, or combination of solid wastes, which 
because of its quantity, concentration, or physical, chemical 
or infectious characteristics may cause or significantly 
contribute to an increase in mortality or an increase in 
serious, irreversible, or incapacitating reversible illness; or 
pose a substantial present or potential hazard to human 
health or the environment when improperly treated, stored, 
transported, or disposed of, or otherwise managed 

Hazardous Waste Generation: The act or process of producing a hazardous waste 

Heavy Metals: Metallic elements, including the transition series, which 
include many elements required for plant and animal 
nutrition in trace concentrations but which become toxic at 
higher concentrations 

HQ: Headquarters 

HWMF: Hazardous Waste Management Facility 



Incompatible Waste: 

Infiltration: 

IRP: 

ITR.I: 

KAFB: 

KFD: 

Leachate: 

Leaching: 

Liner: 

LWDS: 

Glossary of Terminology and Abbreliations 

Definition of Terms Used 

A waste unsuitable for commingling with another waste or 
material because the commingling might result in 
generation of extreme heat or pressure, explosion or 
violent reaction, fire, formation of substances which are 
shock sensitive, friction sensitive, or otherwise have the 
potential for reacting violently, formation of toxic dusts, 
mists, fumes, and gases, volatilization of ignitable or toxic 
chemicals due to heat generation in such a manner that 
the likelihood of contamination of ground water or escape 
of the substance into the environment is increased. Any 
other reaction which might result in not meeting the Air, 
Human Health, and Environmental Standard 

The flow of liquid through pores or small openings 

Installation Restoration Program 

Lovelace Inhalation Toxicology Research Institute 

Kirtland Air Force Base 

Kirtland Fire Department 

A solution resulting from the separation or dissolving of 
soluble or particulate constituents from solid waste or other 
man-placed medium by percolation of water 

The process by which soluble materials in the soil, such as 
nutrients, pesticide chemicals or contaminants, are washed 
into a lower layer of soil or are dissolved and carried away 
by water 

A continuous layer of natural or man-made materials 
beneath or on the sides of a surface impoundment, landfill, 
or landfill cell which restricts the do·wnward or lateral 
escape of hazardous waste, hazardous waste constituents or 
leachate 

Liquid Waste Disposal System 



Glossary of Terminology and Abbreviations 

Lysimeters: 

MAC: 

Main Golf Course Pond: 

MOA: 

Monitoring Well: 

MSL: 

Organic: 

PCB: 

Percolation: 

PD-680: 

pH: 

PL: 

POL: 

Pollutant: 

Ponds-(Decora tive Ponds): 

Definition of Terms Used 

A thimble or cup device used for extracting vadose zone 
moisture or water samples at various depths 

Military Airlift Command 

Specifically refers to the large pond along the northwest 
boundary of the Tijeras Arroyo Golf Course 

Military Operating Area 

A well used to measure ground-water levels and to obtain 
samples 

Mean Sea Level 

Being, containing or relating to carbon compounds, 
especially in which hydrogen is attached to carbon 

Polychlorinated Biphenyls are highly toxic to aquatic life; 
they persist in the environment for long period and are 
biologically accumulative 

Movement of moisture by gravity or hydrostatic pressure 
through interstices of unsaturated rock or soil 

Cleaning solvent, safety solvent, Stoddard's solvent 

Negative logarithm of hydrogen ion concentration, 
measurement of acids and bases 

Public Law 

Petroleum, Oils and Lubricants 

Any introduced gas, liquid or solid that makes a resource 
unfit for a specific purpose 

Ponds 1, 2, 3, 4, specifically all other ponds located at the 
Tijeras Arroyo Golf Course except the main pond. 



RB: 

RCRA: 

Recharge Area: 

Recharge: 

Removal: 

Sanitary Landfill: 

Saturated Zone: 

SGPE Sludge: 

SNLA: 

Solid Waste: 

Glossary of Terminology and Abbrel'iations 

Definition of Terms Used 

Radioactive burial site 

Resource Conservation and Recovery Act 

An area in which water is absorbed that eventually reaches 
the zone of saturation in one or more aquifers 

The addition of water to the ground-water system by 
natural or artificial processes 

To move or transfer the location of an item to another 
point by physically handling the item from its original 
position to another. When referring to a hazardous waste 
removal ·will conform to RCRA regulations 

A land disposal site using an engineered method of 
disposing solid wastes on land in a way that minimizes 
environmental hazards 

That part of the earth's crust in which all voids are filed 
with water 

The solid residue resulting from a manufacturing or 
wastewater treatment process which also produces a liquid 
stream 

Sandia National Laboratories (Albuquerque) 

Any garbage, refuse, or sludge from a waste treatment 
plant, water supply treatment, or air pollution control 
facility and other discarded material, including solid, liquid, 
semi-solid, or contained gaseous material resulting from 
industrial, commercial, mining, or agricultural operations 
and from community activities, but does not include solid 



Glossary or Terminology and Abbreviations 

Solid Waste (cont'd): 

Spill: 

Storage of Hazardous Waste: 

System: 

TAC: 

Toxicity: 

Definition or Terms Used 

or dissolved materials in domestic sewage; solid or dissolved 
materials in irrigation return flows; industrial discharges 
which are point source subject to permits under section 
402 of the Federal Water Pollution Control Act, as 
amended (86 USC 880); or source, special nuclear, or by
product material as defined by the Atomic Energy Act of 
1954 (68 usc 923) 

Any unplanned release or discharge of a hazardous waste 
onto or into the air, land, or water 

Containment, either on a temporary basis or for a longer 
period, in such a manner as not to constitute disposal of 
such hazardous waste 

Generally refers to units operating in conjunction with one 
another to achieve a desired effect. Specifically can apply 
to the entire operating facilities of the golf course pond 
and sewage lagoons, and related piping 

Tactical Air Command 

The ability of a material to produce injury or disease upon 
exposure, ingestion, inhalation, or assimilation by a living 
organism 

Transmissivity: The rate at which water is transmitted through a unit width 
under a unit hydraulic gradient 

Treatment of Hazardous Waste: Any method, technique, or process including neutralization 
designed to change the physical, chemical, or biological 
character or composition of any hazardous waste so as to 
neutralize the waste or so as to render the waste 
nonhazardous 

Unit: Any land and appurtenances thereon and thereto used for 
the treatment, storage and/or disposal of hazardous wastes. 



Unit(s): 

Upgradient: 

USAF: 

Water Table: 

G Jossary or Terminology and Abbreviations 

Definition or Terms Used 

Generally refers to golf course pond, sewage lagoons and 
can apply to other waste management units as they are 
addressed in later supplement documents. Technically, a 
piece of complex apparatus designed to perform a 
particular function 

A location, usually within a soil system, opposite to the 
prevailing flow direction of ground water 

United States Air Force 

Surface of a body of unconfined ground water at which the 
pressure is equal to that of the atmosphere 



SUPPLEMENT 1 

UNIT CtOSURE PLAN FOR SEWAGE LAGOONS 
AT 

KIRTLAND AIR FORCE BASE 
ALBUQUERQUE, NEW MEXICO 

September 10, 1991 

Prepared for: 

KIRTLAND AIR FORCE BASE 
1606 ABW-EM, Building 20200 

Kirtland Air Force Base, NM 87117-5000 

Prepared by: 

Mike Silva 
GEOSCIENCE CONSULTANTS, LTD 

CORPORATE OFFICE 
SOUTHWEST REGIONAL OFFICE 

500 Copper Avenue, NW 
Suite 200 

Albuquerque, New Mexico 87102 
(505) 842-0001 

FAX (505) 842-0595 

ROCKY MOUNTAIN REGIONAL OFFICE 
13111 E. Briarwood Avenue 

EASTERN REGIONAL OFFICE 
4221 Forbes Boulevard 

Suite 250 Suite 240 
Englewood, CO 80112 Lanham, MD 20706 

(303) 649-9001 (301) 459-9677 
FAX (303) 649-9004 FAX (301) 459-3064 





TABLE OF CONTENTS

1.0 EXECUTIVE SUMMARY ........................................ 1

2.0 SITE DESCRIPTION ........................................... 3
2.1 Location and Site History .................................... 3
2.2 Land Use - General ........................................ 10
2.3 Population Distribution and Exposure ........................... 10

3.0 PHYSICAL ENVIRONMENT ..................................... 11

3.1 Climate and Meteorology ..................................... 11
3.2 Geology and Soils .......................................... 11

3.2.1 Regional Geology ..................................... 11
3.2.2 General Geology ...................................... 11
3.2.3 Site Geology and Soils - Sewage Lagoons ..................... 11

3.3 Hydrogeology ............................................. 34
3.3.1 Regional Hydrogeology .................................. 34
3.3.2 General Hydrogeology .................................. 34
3.3.3 Site Hydrogeology - Sewage Lagoons ........................ 34
3.3.4 Alternate Monitoring System .............................. 34
3.3.5 Water Quality ........................................ 37

4.0 HAZARDOUS WASTE MANAGEMENT UNITS - SEWAGE LAGOONS ....... 38

4.1 Sizes and Types ........................................... 38
4.1.1 General ............................................ 38

4.1.2 Sewage Lagoons ...................................... 38
4.2 Waste Characteristics ....................................... 38
4.3 Waste Management Practices .................................. 39

5.0 DOCUMENTED RELEASES ..................................... 40
5.1 Release History ........................................... 40
5.2 Work Plan and Sampling Program .............................. 40

5.2.1 General Objectives ..................................... 40
5.2.2 Sampling Procedures ................................... 42
5.2.3 Sampling of Sludges .................................... 42
5.2.4 Sampling Subsurface Soil ................................ 42
5.2.5 Sampling of Background Soil Conditions ...................... 43
5.2.6 Sampling of Vadose Zone ................................ 43
5.2.7 Sampling of Ground Water ............................... 43
5.2.8 Results ............................................. 43

5.3 Analytical Results and Priority Testing ........................... 44
5.3.1 General ............................................ 44

5.3.2 Priority Testing ....................................... 44
5.3.3 Summary of Testing Performed ............................ 44
5.3.4 Results of Testing for Sewage Lagoon Sludge Samples ............ 45
5.3.5 Results of Testing for Sewage Lagoon Soil Samples .............. 46

5.4 Quality Assurance/Quality Control .............................. 48
5.4.1 Lab Standards, Acceptable Surrogate Recoveries ................ 48
5.4.2 Surrogate Recovery Report ............................... 48



5.5 TCLP versus EP-TOX Testing ................................. 50

6.0 CLOSURE DESIGN ........................................... 52
6.1 Closure Goals ............................................ 52
6.2 Closure Alternatives ........................................ 54

6.2.1 Clean Closure ........................................ 55
6.2.2 Clean Closure Goals .................................... 55

6.2.3 Risk Assessment Theory ................................. 56
6.3 Clean Closure Methods ...................................... 62

6.3.1 Site Preparation ....................................... 62
6.3.2 Removal and Disposal of All Inventory ....................... 62
6.3.3 Record Keeping ....................................... 62

6.4 Contingency Plan for Closure In-Place ........................... 62
6.4.1 Cap Design .......................................... 63
6.4.2 Post Closure Care ..................................... 67

6.5 Health and Safety During Closure .............................. 68
6.6 Equipment Decontamination .................................. 69
6.7 Cost Estimate ............................................. 70

7.0 REGULATORY REQUIREMENTS ................................. 71
7.1 Facility Conditions ......................................... 71

7.1.1 Maximum Amount of Inventory ............................ 71
7.1.2 Inventory of Auxiliary Equipment ........................... 71
7.1.3 Schedule For Final Closure ............................... 74

7.2 Removal and Disposal of Inventory .............................. 74
7.3 Surveying ................................................ 74
7.4 NQtice to Local Land Anlhority ................................ 74
7.5 N_tice in Deed of Property ................................... 74
7.6 Certification of Closure ...................................... 77
7.7 Post-Closure Permit ........................................ 77
7.8 Amendment of Ibis Plan ..................................... 77
7.9 Notification .............................................. 77
7.10 Time Allowed for Closure .................................... 77

8.0 POST-CLOSURE CARE PLAN FOR LANDFILL CLOSURE (IF REQUIRED) . . . 78
8.1 Facility Contact ........................................... 78
8.2 Ground-water Monitoring .................................... 78
8.3 Sampling and Analysis ...................................... 78
8.4 Emergency Response ........................................ 78
8.5 Financial Requirements ...................................... 78
8.6 Personnel Training ......................................... 78
g.7 Function of Monitoring Equipment .............................. 78

8.8 Planned Maintenance Activity ................................. 78
8.9 Intregity and Analysis of Final Cover System ....................... 78

9.0 SECURITY .................................................. 79

10.0 REFERENCES ............................................... 80



LIST OF FIGURES

Figure

2-1 Regional Map ................................................ 4

2-2 General Location Map .......................................... 5
2-3 Site Topography Map ........................................... 6
2-4 Location Map Of Sewage Lagoon .................................. 7
2-5 Schematic Diagram Of Lagoon And Pond System ....................... 8
3-1 Borehole Location Map ......................................... 13
3-2 to 3-17 Borehole Logs ......................................... 14
3-18 to 3-21 Well Completion Diagrams ................................. 30
5-1 Sewage Lagoon Sample Location Map ............................... 41
5-2 Letter Dated July 24, 1991 ....................................... 47
6-1 Schematic Cross Section ......................................... 64

6-2 Sewage Lagoon Cap Plan & Profile ................................. 65
6-3 Proposed Cap for Existing Sewage Lagoon ............................ 66
7-1 KAFB North Sewage Lagoon Sludge Thickness ......................... 72
7-2 KAFB South Sewage Lagoon Sludge Thickness ......................... 73
7-3 Sewage Lagoon Closure Schedule .................................. 75
7-4 Sewage Lagoon Schedule of Activities ............................... 76

LIST OF TABLES

Table

5-1 Sewage Lagoons Surrogate Recovery Report ........................... 49
5-2 Differences Among Extraction Procedures ............................ 51
6-1 Calculated Risk Limit Values ..................................... 57

6-2 Regulatory Low Limit Values ..................................... 58

6-3 Regulatory Low Limit Values Compared to Highest Values Detected ......... 59



LIST OF APPENDICES

Appendix

A Analytical Results

B Specific Unit Closure Information for Sewage Lagoons - Reserved
C Contaminant Listing (Contaminants of Concern)



all



UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

1.0 EXECUTIVE SUMMARY

Kirtland Air Force Base (KAFB) hereby submits a Sewage Lagoon Closure Plan (SLCP).
The document is written in response to the New Mexico Environment Division's (NMED)
Notice of Violation of June 13, 1991. This plan has been prepared in accordance with the
April 1987 EPA Guidance Manual on Hazardous Waste Land Treatment Closure/Post
Closure and 40 CFR 265 Subpart G. This plan is an updated version of the November 30,
1990, Closure Plan submittal and incorporates comments from the Notice of Violation
(NOV) dated June 13, 1991, in accordance with an administrative order dated July 29, 1991.

A Base-Wide Closure Plan (BWCP) was submitted on November 30, 1990. The BWCP was

also updated on September 10, 1991. The BWCP provides the foundation for all the
individual unit plans. KAFB submits the Sewage Lagoon closure plan (supplement number

1) as a companion document to the BWCP for details of closure for the Sewage Lagoon.
The Sewage Lagoon is a waste-management unit located at the KAFB facility that requires
closure.

The waste management unit addressed in this plan encompasses the Sewage Lagoon that
received effluent from KAFB facilities. The discharge of effluent from the sewage lagoons
ceased in October 1987, when both sewage lagoons and the Main Golf Course Pond system
were taken out of service. Since that time, effluent has been discharged to the city of
Albuquerque Publicly Owned Treatment Works (POTW). This plan, associated reference
documents, supplemental studies and previous investigations, address the requirements
specified in 40 CFR Parts 261, 264, 265 and 267, which have been incorporated by
reference in the State of New Mexico Hazardous Waste Management Regulation 5
(HWMR-5).

A conceptual closure plan detailing six alternatives for closure for this unit was originally

submitted in April 1990. Sampling and testing information was not available at the time of
the April 1990 submittal. A subsequent letter from NMED required KAFB to submit a
detailed supplement closure plan in November 30, 1990. This latest closure plan
incorporates comments resulting from a review of the plan documented by a letter dated
June 13, 1991.

The final closure design for this unit can now be completed because sampling and analysis
of the subsurface soils at the site have been performed. Sampling and analysis data are

available and presented in summaryform in appendix A. The complete data package has
been provided to NMED under separate cover.



UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

The Sewage Lagoons will be clean-closed by removal of contaminated sludge. After
contaminated sludge removal, additional sampling of the near-surface soils will be performed
to verify clean closure. The Sewage Lagoons will be closed under Alternative 2 detailed in
the BCMP.

Sections 2.0 and 3.0 of this report provide descriptions of the waste management facility and
location, land use, and physical and hydrogeological conditions at the site. Sections 4.0 and
5.0 describe the waste disposal practices at the Golf Course Main Pond and the results of

sampling plans and contamination investigations. Analytical results are presented in
summary form in appendix A. Section 6.0 details the waste unif closure design. Section 7.0
addresses the volume of material and various specific regulatory requirements related to
closure, and section 8.0 describes the post closure care plan.

This supplement provides details on the Sewage Lagoons closure and relies on baseline
information provided in the Base-Wide closure plan. Information for this unit is discussed
under corresponding section numbers and headings to those used in the Base-Wide closure
plan.
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UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

2.0 SITE DESCRIPTION

2.1 Location and Site History

KAFB is located in central New Mexico southeast of and contiguous to the city of
Albuquerque (figures 2-1 and 2-2). The Base is owned by the Department of Defense and
operated by the United States Air Force; it covers over 82,000 acres. The sewage lagoons
arc located one mile south of the KAFB east operations area and one-half mile east of the
main runway of the Albuquerque International Airport. Projecting the location of the base
onto the United States Geological Survey Albuquerque East 7 1/2 minute quadrangle map
(figure 2-3) gives a location for the sewage lagoons of SE 1/4 of NE 1/4, of Section 6,
Township 9 N, Range 4 E. The site elevation is 5,355 feet, mean sea level (msl).
Geographic coordinates are 3502'20" north, 106°33'45" west; Universal Transverse Mercator
(UTM) coordinates arc 38, 7,800 meters north and 356,750 meters east. This site is located
between Pad #5 and the electromagnetic test facilities HPD/VPD (figure 2-4).

In 1962, as a water conservation system, the sewage lagoons and golf course pond system
were constructed by the Air Force. The lagoons received sewage generated from operations
on base. This lagoon system acted as a primary sewage treatment system, and provided the
main golf course pond with "grey water" for irrigation of the Tijeras Arroyo Golf Course.
Figure 2-5 presents a schematic flow diagram of the complete system. The two lagoons last
received effluent in October 1987, and since that time the liquid in the lagoons has
evaporated leaving a thin layer of sludge in the lagoons. The lagoons are six feet in depth
and their surface area is slightly less than seven acres each.

From November to March of each year the lagoons and main pond were unused, and all
influent was diverted to the city of Albuquerque Publicly Owned Treatment Works (POTW)
by an upstream diversion valve. From April to October, depending upon irrigation needs,
40 to 100 percent of the sewage was routed to the lagoons and subsequently piped to the
Tijcras Arroyo golf course. A splitter valve is located between the lagoons, which regulated
flow into each lagoon via flow to a discharge pipe at the center of either lagoon. The
discharge exited the lagoons by entering a gravity flow pipe located at the southeast side of
the southern lagoon. The discharge drained into the main golf course pond, a two- and
one-half acre pond on the northwest side of the golf course. At the golf course pond, the
treated sewage was diluted with potable water from the KAFB water distribution system in
a ratio of 2/3 waste to 1/3 potable water.
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UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

Based on sampling events by Sandia National Labs, Albuquerque (SNLA), KAFB and
NMED, (the previous name of NMED Environment Department was the Environmental
Improvement Division), it is probable that the unit received a small amount of the regulated
chemical, Trichlorethane (TCA) from an unknown, upstream source located on either
KAFB or SNLA. The total amount of TCA in solution at the unit was originally believed
to be 1,400 gallons. Subsequent calculations done by both SNLA and KAFB showed the
actual amount of TCA to be 1.4 gallons. These figures were calculated by extrapolating the
concentration of the TCA with the estimated volume of liquid in the lagoons. The mistake
was due to a conversion error using laboratory data in parts per million (ppm) instead of
parts per billion (ppb).

SNLA and Kirtland Air Force Base have determined the sources that may have contributed
to the contaminants that were identified in the liquid samples. To prevent further
occurrences of hazardous materials being placed in sewer systems, KAFB and SNLA have
comprehensive hazardous waste management programs that ensure appropriate handling of
hazardous wastes. These programs ensure proper collection and management of regulated
waste items and preclude entry of these wastes into the sewer system.

Since the discovery of TCA in the lagoons, the unit became the subject of a compliance
order issued by NMED in 1986. In addition, the main pond at the golf course and the golf
course itself were also included in the compliance order because of their hydraulic con-
nection with the sewage lagoons. Because TCA was detected in the wastewater in the

lagoons it was assumed that the TCA was also discharged to the golf course pond system
and to the golf course itself. Hazardous materials were not identified in chemical samples
from the golf course pond.

At the present time, the lagoons are empty of liquid and sewage but contain a thin layer of
dry sludge. This sludge is comprised of solids that settled out of the influent wastewater.
The sludge thickness has been measured and chemically analyzed. The sampling and

analysis were completed by the USGS under contract to the Air Force Occupational and
Environmental Health Lab (AFOEHL). The data have been reviewed and released by the
OEHL following quality assurance checks. The data summaries are presented in
appendix A.

Analyses of the sludges and near surface soils have revealed that volatile compounds were
not detected in these units. Of the semi-volatile compounds, only flouranthene and pyrene

were found in one sample of sludge in the south lagoon. Analyses conducted using EP Tox
methods show the levels of metals are well below regulatory limits. Section 5 contains a
complete discussion of the level of contaminants.
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UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

2.2 Land Use - General

The sewage lagoons are located on land owned by the Federal Government. This land is
used as an Air Force Base. The lagoons are immediately surrounded by open areas; thus,
they are relatively isolated from occupied areas. On the north, the unit is bounded by the
main base portion of Kirtland Air Force Base containing offices and residences. To the
east of the lagoons lie test facilities and research laboratories (belonging to Sandia National
Laboratories (SNLA) and the Air Force Weapons Laboratory. Land owned by KAFB and

the Department of Energy (DOE) lie between the unit and the southern base boundary, 15
miles to the south. Albuquerque International Airport and undeveloped land owned by the
University of New Mexico, the city of Albuquerque are situated west and southwest of the
lagoons.

2_3 Population Distribution and Exposure

Because of the clean closure approach proposed for this unit, potential exposures are
remote to non-existent except during remediation for site workers. Crews will be protected
through appropriate procedures as outlined in the health and safety plan.

Until closure is completed, exposure is limited because the lagoon perimeter is protected by
a security fence that prevents access to the site by unauthorized personnel. The facility is
within the boundaries of KAFB, which is also a secure (limited access) military facility. "No
Entry" signs, written in both English and Spanish, have been posted at intervals along the
lagoon perimeter fence.

The levels of contaminants that currently exist in the lagoons are of low concentrations and
not a significant health risk. Section 6.2.3 presents the risk assessment details.

Ground water lies at a depth of approximately 475 feet, and contaminants are not expected
to migrate far enough to reach ground water and possibly present an exposure avenue via
public drinking water.
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UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

NOTE TO THE READER: The remaining sections of this closure plan contain references
to the Base-Wide Closure Plan (BWCP). To facilitate understanding of this document, the
BWCP should be consulted.

3.0 PHYSICAL ENVIRONMENT

3.1 Climate and Meteorology

The climate and meteorology at the Sewage Lagoons is the same as that of KAFB. This
information is covered in detail in the Base-Wide Closure Plan.

3.2 Geology and Soils

3.2.1 Regional Geology

The Base-Wide Closure Plan contains general information about the regional geology of the
area around KAFB.

3.2.2 General Geology

The Base-Wide Closure Plan presents general information about the geology of KAFB.

3.2.3 Site Geology and Soils - Sewage Lagoons

Four deep drillholes and two hand-auger holes provide information concerning the sub-

surface conditions at the sewage lagoons site. The drillholes are located at the northeast
(#502), northwest (#503), southeast (#501) and southwest (#504) corners on the site of
the sewage lagoons outside the security fence. The drillholes have total depths ranging
from 515 feet to 535 feet below ground surface; all have been installed with ground-water
monitor wells. The drilling and well installation program was performed by the USGS in
conjunction with the Army Corp of Engineers.

11



UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

The two hand-auger holes are located within the sewage lagoons (one in each pond) and
were drilled to a depth of five feet; this work was performed by Geoscience Consultants,
Ltd. (GCL) to check for existence of an engineered liner and for high moisture zones.

Drilling of the deep boreholes was performed by USGS in two stages. The first 100 feet at
each borehole location was drilled with an auger rig for stratigraphic information; core
samples were obtained at regular intervals for detailed geologic descriptions. Core samples
were submitted for analysis from the 5-, 20-, 50- and 100-foot intervals. In the second
stage, boreholes were advanced to their total depth using a mud rotary drilling technique.
Cuttings were logged during drilling and each borehole was also logged with a standard
geophysical suite consisting of spontaneous potential, caliper, gamma, resistivity, density and
neutron. Monitor wells were installed in these deep boreholes.

As expected, borehole lithology was found to be very similar in the four holes. The Santa
Fe Formation underlies the lagoons and consists of inter-bedded clays, silts, sands, and
gravels. Caliche zones, usually nodular rather than sheet-like in geometry, were common
throughout the boreholes. The boreholes indicate that silts and fine sands are most
common between the surface of a depth of approximately 315 feet; gravels, some of which
are very coarse, predominate between the depths of 315 and 475 feet; and sands
predominate below the gravels to the total depth of the boreholes. Root casts and
carbonaceous zones were occasionally encountered within the first 120 feet of drilling.

The borehole locations are shown on figure 3-1. Borehole logs are included in figures 3-2 to
3-15 for reference. Well completion diagrams are included in figures 3-16 to 3-19.
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FIGURE 3-2

L

?roject _ame: K_rt!and Air Force Base IRP. Phase II Sta_e ? Sheet 1 of 3

Project number: 463536000 Site: Sewage Lagoon. Auger hole ]

Borehole number: KAYB0501 Location: 1468360N 406780E Elevation: 5358
_ Drilling Company:..USGS Drilling crew: Ro_er Nicols. Dave Kebder. & To_v Shanahan

Dare started: 09-Q7-8_ Date comple_.ed: 09-18-_ Total Depth: l_2ft

Drilling method: }{oll_w Stem Au=er Drilling Fluid:3or,hole diameter: 8"

2rifling equipment: Mobile B-_]

I Logged by: Ralph W_1_c@_ Sample type: cor_

Date Time DeDth(ft) iitbolo=v and _emar_§

09-07-89 1441 0-4 sand, vfg, very pale orange i0YR8/2 w/ <II pebbles

all <5 ram, cutting sample.

!428 '--6 same as 0-4, very calcareous; unconsolida=ed,

sampled @ 5 ft.

1451 9-11 9.0-10.1 same as above with approx. I0% vcg sand,

! 10.1-10.9 no vcg sand, moist, grayish orange I0 YR

6/6,10.9-I].I approx. I0: vcg sand, somewhat more

lithified, breaks with knife edge.

1500 !'.-16 14.0-15.4 sand vfg-fg, light brown 5YR5/6 grades
into very. pebbly ss at base w/pebbles <3 mm
15.4-16.0 sand vfg-fg, light brow, 5YR5/6, clay
present.

i530 19-21 (1.3 recovered) sand, fg, light brown 5YR5/61
lower 0.3 ft argillaceous sand, sampled @ 20 ft.

!600 2&-26 (1.7 ft recovered) argillaceous, silty sand with
pebbles <I cm, poorly sorted.

29-08-89 0746 29-31 (0.8 ft recovered) argillaceous sand, vfg, moderate
brown 5YR4/4, w/ <1= pebbles <I era, moist.

0809 34-36 (1.3 ft recovered) sand, fg-vcg w/pebbles <2 cm,
moderate brn 5YR4/4, moist.

0830 39-41 same as 34-36 w/ Is cobble approx. 4"; lower 0.3"
silty sand vfg-f_, moist.

09-09-89 0820 44-46 (1.8 f_ recovered) very silty sand, vfg, moderate

brown 5TR4/4,upper0.4 ft containspebblesof
calicbe, <1 cm, <bZ of sect:ion, moist.

G-1515



FIGURE 3-3 [

BorehQIe Lo_ I

_roject name: Kirtland Air Force Base IRP, Phase II Sta_e ? Sheet 2 of 3
Fr_ject number: 463536000 Site: Sewage ia__oon. Auger hole ] |

-oreho!e number: KA/B0501 Location: 1468360N 406780_ Elevation: 5358
Trilling Company: USGS Drilling crew: Ro_er Nicols. Dave Rebder. & Tony Shanahan

Date started: Q9-07-89 Date completed: 09-18-89 Total Depth: l_2ft f'

Drilling method: Hollow Stem Auger Drilling Fluid: •j
_orehole diameter: _"

Drilling equipment: Mobile _-_ |

Logged by: P.almh Wilcox Sample type: corc #

l_ate _ De_th(ft) iitbolo_v an; ]_emaV_(_ ,

0834 49-51 (2.0 ft recovered) silty sandy clay, vfg-vcg, vcg

<5% of section, moderate brown 5.oR4/4; approx. 2%- r
5% of section caliche pebbles distributed |

irregularly through core, pinkish gray 5_8/I,

very strong reaction HCf; moist, sampled @ 50 ft. l;

0900 54-56 (1.8 ft recovered) upper !.!5 ft very silty sand,

vfg, moderate brown 5YR4/4, lower 0.65 ft | ,

conglomeratic sand, angular pebbles, <2 ca, sand fg
& up, slightly cemented w/ caliche.

0933 59-61 (1.45 ft recovered) upper 0.i ft argillaceous sand r

vfg-cg, moderate brown 5YRd/4, next l.l ft gravel |
ar top w/ pebbles <I ca, grading downward into ss

vfg-fg, lower 0.35 ft mg-vcg as, mixed lithologies | i

qtz, mafics, mica flakes; wet. [

1004 64-66 (2.0 ft recovered) upper 0.8 ft corglomeratic sand J

fg-vcg w/pebbles <2 in, angular, mixed litho qtz, |

fldspr, mafics, Is; lower 1.2 ft sandy silty clay

grading dowuward to a silty clay, vfg, light brown,

5YR5/6 ; moist. [

09-11-89 1215 71-73 (1.8 ft recovered) silty sand, vfg, moderate brow=

5YR4/4, approx. 2Z vcg sand distributed through |
section, slightly moist, lower 0.5 ft silty sand to [
sandy silt.

same as above, sandy silt to l
]230 73-74 (I.0 ft recovered)

silty sand, lower 0.2 ft contains approx. 20% vcg
sand.

1304 74-74.4 silty sand, fg-vcg, moderate brown 5.vR4/4. [ I

1336 7A.7-76 (1.7 ft recovered) slightly silty sand, vfg-fg, !
light brown 5Y?.5/6, s!i_htly moist. [..

IG-1516
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../ FIGURE 3-4

' Froject name: Kirtlaud Air Force Base I1_. Pbase II St.a_e 2 Sheet 3 of 3
?roject number: 4_}_36000 Site: Sewage Lagoon. Auger hole |
3orehole _umber: KA_VB0501 Location: !_68360N AO6780E Elevation: 5358

J_ Drillin E Company: USGS Drilling crew: Ro_er Nicols. Dave Rehder. & Tony Shanahan
2_Ce started: 09-07-89 Date completed: 09-18-89 Total Depth: 1_2fr

-illin E meuhod: Hol:ow Snem Auger Drilling Fluid:

j -"-rehole di_eter : _"

'tilling equipment: Mobile _)-$t
"_gged by: _aloh Wilcox Sample type: core

d

J Date Ti=e DeothCft) , _tho_o?v _d Remarks ....

1432 79-81 (1.7 ft recovered) upper 1.0 ft argillaceous silty

sand to sandy silt, vfg-fg, =oderane brown 5YR4//_,
isolated pebbles <8 mm; lower 0.7 ft slighty silty

sand, vfg, variegated nod olive brown 5YR.4/4 to

" light brown 51"R5/6.

152! B4-86 (2.5 ft recovered) sandy silt :o silty sand, vfg,

ligh_ brown 5YR5/6, slightly moist.
,J

1600 89-91 same as 84-86 ft.

( 1650 94-96 (2.0 ft recovered) upper 0.2 ft sandy, argillaceous

silt, vfg, moderate brown 5-v_4/l,,lower 1.8 ft

sand, vfg, quartzitic, rounded, drk yellowish

orange ]0YR6/6, slishtly moist.

99-101 (1.8 ft recovered) upper 0.5 ft sand vfg-f E,

ii moderate brown 5YR4/I,, lower ].5 f_ conglomeratic._ ss, fg-pebbles 4.5 in moderate brown, mixed

lithologies, qtz, Is, mafics, slightly moist,
sampled @ 100 ft.

39-12-89 IIL6 I01 Switched from auger drilling to mud rotary @ 101

ft. All cutting samples below 101 ft.

1158 101-112 sand, m_-vcg, mixed lithologies, qtz, ][spar Is,

biotite, angular.

1632 114-136 sand & gravel.

99-13-89 1215 136-152 silly sand, vfg, grayish orange 10TRT/&.

:9-18-89 1630 Abandoneddrillhole,unabletodrill/B-61
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FIGURE 3-5

Bor ehol e.Id2E

/

Project name: _irtland Air Force Base IRP. Phase II Sta_e 2 Sheet 1 of 1
Project number: 4_3536000 Site: Sewage La_oo_ Well 1
Borehole number: KJ_0501 Location: 1468358.60N. _06793.25E Elevation:_358.Q4t.o.c.

Drilling Company: USGS Drilling crew: Jeff Eman. John Palmer. Dave Rehder I
Date started: 11-09-89 Date completed: _1-10-89 Total Depth: 535ft I
Drilling method: Mud Rotary Drilling Fluid:__._R_L_te
Borehole diameter: 7-7/8"

Drilling equipment: Gardner-Denver 17W
Logged by: Raloh Wilcox Sample type: cuttin_

Geophysical Logging Company:USGS Logger:__

Geophysical Tools Run: LSN Regi_tivitv. SP. Point Resistivity. Natural G_m,,,.
Density. Neutron. & Calioer

Date _ _eDth(ft) Litholozv and Remarks --

11-09-89 Cuttings will be logged from 150 ft depth to T.D.

iithology from surface to 150 ft was logged in

KAFB0501 auger hole which was mud rotary drilled
from 100-150 ft before abandoned.

155-175 sand vfg-vcg, light brown 5YR6/4.

175-185 sand vfg-vcg w/ caliche nodules

185-195 sand vfg-vcg

195-205 sand vfg-vcg & pebbles <lit

205-215 sand vfg-vcg & silt

215-245 sand fg & silt

245-265 sand, vcg
265-275 sand, vcg & silt
275-285 sm pebbles <4 mm & silt

285-295 no samples recoverd probably fg sand & silt

295-335 sand vcg
335-355 sand vfg

355-365 sm pebbles <0.6 cm

365-375 sm pebbles <0.6 cm w/ calicbe

375-395 sm pebbles <0.6 cm angular

11-10-89 395-405 Pebbles, <1 cm, angular

405-415 as above to 408, sand mg-cg 408-415

415-535 sand vfg-fg & silt
T.D. 535 fn
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FIGURE 3-6

Project name: Kirtland Air Force Base IRP. Phase IT Sta_e _ Sheet I of 3
Project number: 463536000 Site: Sewage Lagoon. Auger hole 2

Borehole number: KAFB0502 Location: 1469680N, _0_730E Elevation:5360ft
Drilling Company: USGS Drilling crew: Ro=er Nicols. Dave Rehder. Tony Shanahan

Date started: 09-19-89 Date completed: 09-22-89 Total Depth: _9ft
Drilling method: Hollow Stem Auger Drilling Fluid:
Borehole diameter: _"

Drilling equipment: Mobile _-_I

Logged by: Ralph Wilcox Sample type: core

Date Time DeDth(f_) Litholo_v and Remarks

09-19-89 0850 0-4.5 0-2 sand, fg, pale yellowish brown 10YR6/2; 2-4.5

ft gravel, <2" pebbles, cutting sample.

0930 &.5-6.5 sand w/pebbles vfg-fg, pebbles <2% of interval

<l.bcm, some induration by caliche, grayish orange
10YR7/4, caliche cream colored, strong reaction to

HCf (2.0 f_ recovered), sampled @ 5 ft.

0940 9-11 sand, vfg-fg, w/pebbles <5%, <1.5 cm, light brown
5YR6/4.

1003 14-16 (1.9 ft recovered) sand, vfg-fg w/caliche pebbles
<1.5 in; lower 0.9 ft slightly indurated w/caliche
Ceme nE.

1205 19-21 (2 f= recovered) upper i.I ft sand w/pebbles vfg-
vcg, pebbles mixed lithologies mafics, orthoclase,

& is approx. 20% of interval; next 0.4 ft similar

but less pebbles, slightly indurated w/caliche,

slightly moist; lowermost 0.5 ft same as upper i.I
ft, sampled @ 20 ft.

1222 24-26 (2.0 ft recovered) upper 1.3 ft sandy gravel, fg-
pebbles, <I in, mixed lithos., moderate brown

bYRd/4; lower 0.7ft silty sand, vfg, light brown

5YR5/6, traces of caliche, slightly moist.

1320 30-30.5 (0.0 recovered)

30.5-36 gravel w/cobbles, subrounded to rounded, as much as

3 in cmmning up along outside of augers, no coring
a=temped.

36-38.2 (0.5 ft recovered) sand, vfg, light brown, 5YK5/6,

approx. 2% pebbles angular.

38.2-41 sand & gravel, cobbles, <3 in subang-subrounded.

G-1519
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FIGURE 3-7

Project name: Kirt!and Air Force _ase IRP. Phase II Sta_e 2 Sheet 2 of 3 j

Project number: &63536000 Site: _gwa_e Lagoon. Auger hole 2 I
Borebole number: KAFB0502 Location: 146_6{_QN. 406730E Elevation:5360ft

Drilling Company: USGS Drilling crew: Rofer Nicols. Dave Rehder. Tony _hanahan

Date started: 09-19-89 Date completed: 09-22-89 Total Depth: _gft [

Drilling method: Hollow Stem Auger Drilling Fluid"
I

Borehole diameter: _"

Drilling equipment: Mobile B-61 |

Logged by: Raloh Wilcox Sample type: core |

Date Time _ titholot_v and Re=arks - |

1530 46-47 (l.0 ft recovered) sand, vfg, lilght brown 5YR6/4; 4
material in core barrel shoe is more indurated

sand, vfK, light brown, caliche cemented w/ a

single pebble, <I in, sampled @ &6.5 ft. ]

&7-49 Very slow auBering, hard material.
!

1615 49-49.3 sand, vf_-fg, light brc-_m 5YR6/4, ca!iche cemented

pebbles of ss.

09-20-89 0822 54-56 (0.6 ft recovered) sand, vf_-vcg, w/ pebbles, <0.5 [
cm, light brow= 5YR5/6.

09-21-89 0730 60-61 (1.0 ft recovered) silty sand, vfg, light brown

- 5YR6/4; (core was drilled yesterday and pulled from !

drill hole this a.m.), sampled @ 61 ft for VOC's.
¢

0828 64-66 (2.0+ recovered) very silty sand to sandy silt, 1

vfg, approx, l: sm pebbles <4 ram, slightly moist,

lower 0.4 ft more indurated, moderate reddish brown !

IOR4/6, sampled @ 66 ft for VOC's. !
i140 69-71 (1.3 ft recovered) upped 0.15 ft sandy silt, vfg,

moderate brown, 5YR4/4; middle 0.3 ft sand mB-vcg [
w/ pebbles <I cm; lower 0.85 ft very silty sand to

sandy silt, vfg, w/ <I_ pebbles <I on, =oderate

brown 5.vR6/4, traces of caliche near base of :ore. tI.
1300 7_-75.5 silty sand, vfg-fg, w/ approx. 17. pebbles, lower

0.9 ft well indurated. [
1

• 09-22-89 1006 79-81 (2.0 ft recovered) upper 0.25 ft silty sand vfg w/

<1% vcg sand, light brown 5YR6/4; core becomes
increasingly silty and i_durated downward, base of I

core is sandy silt light brown 5YR5/6, caliche |

patchesi= lower0.5 ft, rootcastsvisibleincore

:(-section. I



FIGURE 3-8
_._._

F.-o_ect name: _[irt!a_d Ai_ Force Base IRP. Phase II gta_e 2 Sheet 3 of 3
F.-_ject number : 463_36000 Site : Sewage Lagoon. Aucer hole 2

Screhole number: KAFB0502 Location: 1469680N. L06730E Elevation:5360ft
Drilling Company: USGS Drilling crew: Ro_er Nicols. Dave Rehder. Tony .C_anahan

-_:e started: 09-19-_ Date completed: 09-22-_ Total Depth: 99it

Drilling _ethod: _ollow Ste_ Auger Drilling Fluid:
-crehole diameter: _"

Drilling equipment: Mobile B-61

- lc_ged by: Ralph Wilcox Sample type: corg

Date Tire _Dth(ft) L_tho!o__v and ._emarks

1103 84-85.3 (].3 ft recovered) sandy silt to silt)"sand vfg,

light brown 5YR6/4, caliche present, root casts

present, dry.

1143 89-91 (2.0 ft recovered) sand, vfg-fg, light brown 5!'R6/4

to grayish orange 10YR7/4, subangular to subrounded
pebbles approx. 2Z, u_per 0.2 ft contains several

silty l--_inae 2 =m thick, nod olive brown 5YR4/4;
dry.

1235 9&-96 silty, sand vfg-fg, w/ caliche nodules present

_hroughout <31 of total core, vcg sand & small

pebbles <Icm distributed through core <IZ, light
brovn 5YR6/4.

i_00 98.5-99 (0.5 ft recovered) sand, vfg-fg, light brovu

5Y'R6/4, <IZ vcg sand, sampled @ 99 ft.

G-1521
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FIGURE 3-9

Project name: Kirtland Air Force Base IRP. P%A_e II Sta_e 2 Sheet I of I

Project number: 463536000 Site: Sewage La_oon Well 2 •

Borehole number: KAFB0502 Location: 1469676.841q. 406717.74E Elevation:_ 1
Drilling Company: USGS Drilling crew: Jeff Em.n. Dave Rehder

Date started: 11-30-89 . Date completed: 12-03-89 Total Depth: 535ft @.

Drilling =athod: Mud Rotary Drilling Fluid:__2.__ |
Borehole diameter: 7-7/8" &

Drilling equipment: Gardner-Denver 17W

Logged by: Ralph Wilcox Sample type: cutt_n_ |
Geop_rysical Logging Company :.._ Logger : [
Geophysical Tools Run: LSN Resistivity. SP. Point Resistivitv. Natural G_..

Density. Neutron. & Caliper
!

Date Time _ Litholo_v and l_em.;]_I

11-30-89 Cuttings will be logged from 100 ft depth. r

Lithology above 100 ft described in auger bole. |

12-01-89 100-105 silt wl sm pebbles <l cm, light brown, 5YR6/4.
4

105-108 silt vl larger pebbles.

i08-115 silt w/ sm pebbles,
115-120 silt, more indurated. _

120-135 sand, cg, light brown.

135-185 silt & sand, vfg-fg. |
185-199 gravel w/ cobbles & sand & silt. %
199-235 silt w/ sand cg & pebbles.

235-255 sand & silt, vfg-fg.

[255-275 sand & silt, vfg-fg w/ mafic sand grains.

275-295 sand & silt, vfg-fg.
12-02-89 I000 295-303 sand & silt, vfg-fg.

303-312 sand & gravel, fg-broken fvags <I cm. |
312-315 sand fg. [

315-339 sand, fg w/ numerous gravel interbeds <1 ft thick,

qtz & mafics, l
339-544 gravel. I
344-355 sand, fg_mE.

II00 355-375 sand, fg-vcg v/ gravel stringers <I ft thick

generally, frags <I cm. I i
375-392 sand, fg-mg, v/ few gravel stringers.

392-394 gravel, hard, probably cobbles to boulders.

1130 394-395 sand, fg. |
395-410 gravel & sand, hard gravels probably pebbles. [

1237 410-415 gravel, hard probably pebbles, qtz, mafics,

& K spar. I
415-417 pebbles, <1.5 cm.

12-03-89 1050 417-420 gravel, hard.
1120 420-435 sand, vfg-fg.

1311 435-455 sand, vfg-mg, v/ occasional gravel stringers <I ft. |

!410 455-535 sand, vfg-mg. L i
T.D. 535 ft

[
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FIGURE 3-10

?:oject name: Eirt_-and A_r Force Base IRP. Phase II Sta_e 2 Sheet I of 3
F.-oject number: 463536000 Site: Sewage Lagoon. Auger _ole 3

3orehole number: KA/30503 Location: 1&69680 N. AQ_I?0E Elevation: 5355ft

3rifling CompanT: USGS Drilling crew: Dave Rehder _ To_7 Shanahan

2ate started: 09-23-89 Date completed: 09-27-89 Total Depth: 101ft

Drilling method: Hollow Ste_ Au=er Drilling Fluid:
3_rehole diameter: 9"

_rilling equipment: Mobile B-61

Logged by: ,_alDh Wi__cox , Sample type: core

2ate _ Devth(ft) titholo_v an_ Remarks

09-23-89 0805 0-4 sand, vfg-fg, light brown 5YR6/4, cutting sample.

4-6 (1.5 ft recovered) sand & gravel, fg-cobbles <3 in,

light brown 5YR6/4, dry, sampled @ 5 ft.

0332 9-11 (1.25 f_ recovered) same as /4-6, very slight
_oistness.

0846 14-16 (1.5 ft recovered) same as 4-6; except lower 0.3

it, sand vfg-fg w/vcg sand & _m pebbles approx. 5%,
root casts w/ traces of carbonaceous material,

ligh= _ro_¢n5YE6/4, vez7 slight moistness.

0900 I_-21 sand, vfg-fg, v/vcg sand & _m pebbles <I in approx.

lZ; lower 1 ft v calicbe nodules & more indurated
(still easily broken up between thumb & fore
finger), light brown 5YR6/4, very slight moistness,

sampled @ 20 ft.

0920 24-26 (2.0 ft recovered) upper 0.5 ft gravel, mg sand &
sm pebbles <1 cm; lover 1.bit very silty sand-sandy

- silt, vfg, v/ vcg sand <IZ, numerous caliche

nodules <I cm approx. 10%, light brown 5Y_6/&, very

slight moistness.

0936 29-31 (2.0 ft recovered) upper 0.4 ft silty sand, vfE, w/

vcg sand & sm pebbles <2Z; core grades downward to
a very silty sand viE, traces of caliche, root cast
containing traces of carbonaceous material, mod
reddish orangej 10R6/6, slightly moist.

0955 34-36 (2.0 ft recovered) sand, viE, grayish orange
10YET/&, very slight moistness.

i014 39-41 (2.0 ft recovered) sand, vfg, greyish orange
10YRT/4, poorly consolidated, very slight
_oist_eSSo
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FIGURE 3-1 1

_roject nzme: Kirtland Air Force Base IR1a, Phase 7I 5taFe _ Sheet 2 of 3 J

Project number: 463536000 Site: Sewage Lagoon. Auger l_ole_ I, (
5orehole n_ber: KA_v50503 Location: 1469680 N.s.06170_ Elevation: 5355ft •
Drilling Company: USG5 Drilling crew: Dave Rehder & Tony 5hanahan
Date started: 09-23:89 Date completed: 09-27-89 Total Depth: _01ft
Drilling method: Hollow Stem Auger DrillinE Fluid: I
3orehole diameter: _"

Drilling equipment: Mobile B-6_ |
Logged by: _alDb Wilcox Sample t_rpe: core !

Time _ _itholo_v and _emarks IF

1050 64-45.3 (1,3 ft recovered) upper 0.4 ft sand, vfg-fg, w/ vcg sand J
<If, light brown 5YR6/4; lower 0.9 ft same as above but more

l

indurated w/ caliche nodules approx. 5%, very. slight

moistness. [

I122 49-51 (2.0 ft recovered) silty sand, vfg, w/ vcg sand & s_ pebbles
<2Z, light brown, 5Y1LS/6, root cast w/ traves of carbonaceous |

=aterial, very slight moistness, sampled @ 50 ft. _

1306 54-55.5 (1.25 ft recovered) silly sand, vfg, w/ vcg sand approx, i%, |

grayish 10YR7/4, root casts w/ carbonaceous materialorange

traces, very slight moistness. !

09-25-89 0820 59-61 (1.2 ft recovered) upper 0.4 ft sand & gravel mg- pebbles <2
in; lower 0.8 ft sand, vfg-fg, w/ vcg sand <1%, rood reddish |
brown IOR4/6, slightly moist.

0844 84-66 (2.0 ft recovered) upper 1.4 ft sand, vfg-fg, grayish orange (.
10YE7/4 w/ vcg sand approx. 5I; lower 0.6 ft silty sand -
sandy silt, vfg w/ vcg sand approx. 5% light brc_ 5YR6/4,
upper 1.4 ft unconsolidated, lover 0.6 slightly consolidated,

_ dry.

0904 69-71 (2.0 ft recovered) upper 1.3 ft slightly silty sand, vfg, w/ _.
vcg approx 5% light brown 5YR6/4, root casts w/ traces of t
carbonaceous material; lower 0.7 ft clay sand, vfg, w/ vcg-sm
pebbles <1 c_ approx. 20%, light brown 5YR6/4 very slight |
mO(- sines S • [

1013 74-75.9 (I.9 ft recovered)upper o.g ft sand vfg-fg w/ vcg-pebbles
<lin approx. 10%, grayish orange IOYRY/4; lower 1.0 ft as [
above w/ silt (silty sand) and coarse fraction < 2%, dry.

09-26-89 07/4/+ 79-80 (1.0 £t recovered) upper 0.5 £t sand, mg-vcg; lower 0.5 ft |
sandy silt, vfg, rood brown 5Y_4/4 core wet probably from i
water put down outside of augers yesterday.

i018 8_-86 (2.0 ft recovered) upper 1.1 ft silty sand-sandy silt, vfg, L
w/ vog sand <lg; lover 0.9 ft sand, vfg-fg, w/ vcg sand
approx 1%, light brown 5YILS/6, very slight moistness.

6-!524 I



;_ FIGURE 3-12

(
Project name: Kirtla_d Air Force Base IRP. Phase II Sta_e 2 Sheet 3 of 3

Fro_ect n,-.ber: 46_36000 Site: S_va_e Lagoon. Auger Sole 3

I Borehole number: KAFB0503 Location: 14_9680 N. /,06170E Elevation: 5355ft

"Drilling Company: ESGS Drilling crew: Dave Rehder & Tony Shanahan
Date started: 09-23-89 Date completed: 09-27-89 Total Depth: 101ft

{ Drilling method: Boll;y $te_ Auger Drilling Fluid:

I--_o:ebole diameter: _,t

D.-i!llng equipment: Mobile B-61

i Logged by: Ral_h Wilcox Sample type: ;_re

_ _ _itholo_v _nd R_marks

1104 89-91 (2.0 ft recovered) sand, vfg-fg, w/ vcg-sm pebbles

<lcm, approx. 5%, grayish orange 10YR7/4,

unconsolidated, very slight =oistness, caliche
nodules <3 in.

--C9-27-89 0737 9_-96 (2.0 ft recovered) sand, fg, w/ vcg, sand-pebbles

<2" approx. 10Z, caliche nodules in lower 0.2 ft,

t light brown 5YR614, slightly moist, core drilled on

L 9-26 and pulled on 9-27.

0855 99-101 (2.25 ft recovered) sand, vfg-fg, lover 0.4 ft

I_ gravelly approx. 25Z vcg sand-s= pebbles <tin,
unconsolidated slightly moist, light brow= 5YR5/4,

sampled @ I00 ft.

L

G-1525



I
FIGURE 3-13

Project name: Kirt!and Air Force Base IRP. Phase II St_e 2 Sheet 1 of 1 #
Project number: 463536000 Site: Sewage lagoon We]] 3 |
Boreho!e number: _0503 Location: !L69679.97N. _06159.74E Elevation:5357.72t.o.c.

Drilling Company:__SGS Drilling crew: Jeff Eman. Art Clark. pave Rehder •
Date started: 12-07-89 Date completed: 12-08-89 Total Depth: 515ft I
Drilling method: Mud Rotary Drilling Fluid:__._L_Ki_
Borehole diameter: 7-7/8"

Drilling equipment: Gardner-Denver ITW I
Logged by: Raloh Wilcox Sample type: _gtt_n?

Geophysical Logging Company: USGS Logger:_a_.__

Geophysical Tools Run: LSN Resistivity. SI_. Point Resistivity. Natural G_mJ. r
Density. Neutron. & Caliper |

Time _ _ithol_g 7 and Remark§ [

Cut=inKs will be loBBed from i00 f= depth. (
Lithology above i00 ft was logged in auger hole.

12-07-89 !00-115 sand, vcg, lower 5 f= near 2 am, ligh= brown !
5YR614. l

115-120 sand fg-vcg w/ _ebb!es <0.5 ca.
s

120-135 sand, vfg-fg & silt.

135-175 silt and sand vfg w/ thin gravel stringers, l
1230 175-185 sand & silt, vfE. |

185-195 sand, vfg, slower drilling.

195-235 silt-/ sand to sand_ silt vfg. [

1347 235-292 sand, fg. |
292-295 gravel.

295-315 sand, fg, w/ gravel, loosing circula=ion @ 300 ft. f
315-570 gravel, cg sand-sm pebbles <0.5 cm qtz, kspar, |

mafics.
L

1624 370-375 pebbles <I cm, sm pebbles <0.5 cm qtz, kspar,

mafics. I12-08-89 1145 375-395 gravel pebbles & frags <I ca.

395-515 sand, fg.

1700 T.D. 515 ft. {f

l

I p

[

I
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FIGURE 3-14

! Project name: K;_rtland Air Force Base IRP. Phase II Sta_e _ Sheet I of 3

Project number: 463536000 Site:Sewage ia_oo_. Auger Role 4

Borehole number: LbZ]_L_.Q/_ Location: 1468460N. 406080E Elevation:5353f£

Drilling Company:_USGS Drilling crew: Dave Rebder. Tony Shanahan. & Joe Wallace

Date started: 09-27-89 Date completed:_Q-)l-89 Total Depth: 101ft
Drilling method:Hollow Ste_ Auger Drilling Fluid:

) Borehole diameter: _"
Drilling equipment: Mobile _-$|

Logged by: Ra!Dh Wilcox Sample type: core

Date Time p¢_th(ft) Litbolo_v and Remarks
09-27-89 1252 0-4 sand, vfg-fg, grayish orange 10YET/4, cutting

sample.

1310 4-6 (2.0 ft recovered) sand, vfg-fg, calicbe Fresent

almost throughout, pinkish gray 5YR8/I, somewhat

indurated breaks easily between thumb & forefinger,
dry, vcg sand <1%, sampled @ 5 ft.

1320 9-11 (2.0 ft recovered) sand & silty sand, vfg-fg, w/
vcg sand & sin. pebbles <1 ore, <2Z except in lowert

0.4 ft of core approx. 10¢, root costs numerous w/
carbonaceous lr.sterial (rare), caliche noduIes,

, light brown 5YR614, dry.

1347 14-16 (0.9 ft recovered) sandy gravel, fg sand approx.
• 50Z, vcg sand to pebbles <3 in approx. 50Z, dry,

unconsolidated.

1402 19-21 (1.0 recovered) sand, fg, w/ vsg sand <SZ, light

brown 5YR5/6, dry, unconsolidated, sanpled @20 ft.

1420 24-26 (1.80 ft recovered) upper 1.05 ft sandy gravel, fg
& vcg sand & pebbles <1 in; lower 0.75 ft sand,
vfg-fg, light brown 5YE5/6.

09-28-89 0756 29-31 (2.0 ft recovered) 29.0-29.7 sand, vfg-fg, v/ vcg

..... sand &fm pebbles <1 cm, <1%, root casts numerous,
few v/ traces of carbonaceous material, light brown
5YR6/4; 29.7-29.85 sandy gravel fg-cm pebbles <1
cm; 29.85-31 same as 29.0-29.7 v/ 0.05 sandy gravel
lens @ 30.3-30.35, dry.

1340 34-36 (2.0 ft recovered) silty sand, vfg, w/ vcg sand-sin

: pebbles, <1 cm, <1%, root casts numerous,
carbonaceous material in some, light brown 5YRS/6,
very slight moistness.

1404 39-41 (1.3 ft recovered) sand, vfg-fg, light brown

5YR6/4, slightly moist, unconsolidated.
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FIGURE 3-15 [
t

Project name: K_r_land Air Force Base IRP. Phase II $ta_e 2 Sheet 2 of 3
Project number: 4635360QQ Site:Sewage Lagoon. Auger Hole 4

3orehole number: _ Location: 1468460N. 406080E Elevstion:5353f_ •

Drilling Company.:__ Drilling crew: Dave Rehder. Tony Shanahan. & Joe Walla_ _ I
Date started: 09-27-89 Date completed:f0-11-89 Total Depth: lOlft
Drilling method:Hollow Stem Auger Drilling Fluid:

Borehole diameter: _" I
Drilling equipment: Mobile _-_] !

Lo_ged by: Ral_h _i!cox Sample type: core
I-

_ _ Litholozv and R_mar_ I,

09-29-89 _-4+6 (2.0 ft recovered) silty sand, vfg, light brown

5YE5/6, slightly moist, r
t

1025 49-51 (2.0 ft recovered) sand, vfg-fg, w/ caliche

nodules, w/ vcg sand <iZ, light brown 5YE6/4, very

slight moistness, sampled @ 50 ft. l

1103 54-56 (2.0 ft recovered) silty sand-sandy silt, vfg,

moderate yellowish brown 10YKb/4, 2 rhyolite

pebbles I-2 in. in center of core, slightly moist.

1126 59-61 (1.4 ft recovered) upper l.O ft sand, fg, w/ vcg

sand, moderate yellowish brown, 10YRb/4; middle 0.3 |
ft gravel, mg sand approx. 30Z &sm pebble 2-8 mm

70Z; lover 0.1 ft silty sand, vfg, grayish orange

10YRY/4, very slight moistness. I_i'

1156 64-66 .. (1.8 ft recovered) upper 0.7 ft, silty gravelly

sand-sandy gravelly silt, vfg, w/ vcg sand-n |

pebbles <I cm, approx. 5Z, light brown 5YE5/6; some i
induration but breaks up readily between thumb &

forefinger; grades downward into gravelly sand vfg; f
lover 1.l ft, gravel same as in upper 0.7 ft, !
calicbe cemented throughout, very pale orange
10YR8/2.

f

1445 69-71 (2.0 ft recovered) sand, vfg-fg, w/ vcg sand (2Z, [

light brown 5YR6/4, drT.
J

10-11-89 i000 74-76 (2.0 ft recovered) upper 0.95 ft sand vfg-fg, light [
brown 5YR6/4; middle 0.9 ft as above slightly silty
w/ root casts, some w/ traces of carbonaceous q

material; lower 0.15 ft same as middle but w/ [,
approx. 2Z vcg sand, dry. •

1033 79-81 (2.0 ft recovered) upper 0.4 ft, sand, fg v/ vcg |
sand <iZ light brown 5YR6/4; middle 1.3 ft as above

but silty w/ approx. 5% vcg sand; lover 0.3 ft sand

vfg-fg, unconsolidated, dry.
!
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FIGURE 3-16

! Project name: Kirtland Air Force Base IRP. _hase II $_a_e 2 Sheet 3 of 3

_2 Project number: 463536000 Site:Sewage Lagoon. Auger Bole A

5orebole number: _ Location: 1468460N. 406080E Elevation:5353ft
Drilling Company: USGS Drilling crew: Dave gebder. Tony Shanahan. & 2oe Wallace

_ Date started: 09-27-89 Date c_pleted:_._-ll-89 Total Dep=h: 101ft

Drilling method:Rollo_" St,m Auger Drilling Fluid:
3orehole diameter: 8"

Drilling equipment: Mobile _-_I
Lo_ed by: Ralnh W{Icox Sample type: core

I D_te T_me _ Litholo_? an_ Remarks

-L 1125 84-84.5 (0.5 ft recovered) silty sand, vfg-fg, moderage
brown 51_4/4, wet (moisture fr_ water which was

added to bore bole to allow drilling).

1151 84.5-86 (1.5 ft recovered) silty sand, vfg-fg, light brown
5YR5/6, w <1% pebbles, <2 ca, & root casts some w/

%_ carbonaceous material, core damp (moisture from
water added to bore hole, i.e. barrel wet on
out side) •

1215 89-91 (0.7 ft recovered) sand & grave1, fg-su pebbles, <1
ca, moderate brown 5YR4/4, moist (still moist from

: water added _ 84 ft depth).

1241 94-96 (2.0 ft recovered) sand, fg, upper 1.2 ft w/ vcg
sand approx. 5_, ligh_ brown, 5YE6/4, slightly

moist.

1319 99-99.4 (0.4 ft recovered) sand & gravel fg-pebbles <2.5

cm, uncolidated, slightly moist.

1404 99.4-101 (1.5 ft recovered) same as 99-99.4, sampled @ 100
I

ft.
l
J.-
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FIGURE 3-17

Project name: Kirtland Air Force Base IRP. Phase II Sta_e 2 Sheet I of 1 |
Project number: 4_3536000 Site: Sewage Lagoon Well A !J

Borehole number: _ Location: _468485.45N. _06080,_6E Elevation:5354.04t.o.c.

Drilling Company: _SGS Drilling crew: Jeff groan. Ark Clark. Dave Rehd_r

Date started: 12-12-89 Date completed: 01-17-90 Total Depth: 515ft _e|,
Drilling method: Mud Rotary Drilling Fluid:._L_H__
Borehole diameter: 7-7/8"

Drilling equipment : Gardner-Denver 17W |
o Logged by: Ralph Wilcox Sample type: cuttin_ |

Geophysical Logging Company: USGS Logger :_

Geophysical Tools Run: L$_ Resistivity. SP. Point Resistivity. Natural CJ_._.. _
Density. Neutron. & Caliper (

Date _ Demth(ft) L_thoIo_v m_d Remarks IY"

12-12-89 Lithology is logged from i00 ft down. Lithology |
above 100 f_ was logged in the auger hole.

100-102 sandy silt to silty sand, vfg.

102-115 sand, og v = pebbles <0.5 on.
115-135 sandy silt to silty sand vfg v/ vcg sand. _
135-155 sand, vfg

155-195 sand cg-vcg, w/ pebbles <0.5 ca. l

12-30-89 195-240 sandy silt to silty sand, vfg. [
240-250 sandy silt to silty sand,v/ stray gravels <I ft

thick.

250-255 sand & gravel, fg-vcg, pebbles <0.5 ca; mafics, qtz ]
..... & kspar. t

255-315 sand mg-cg.

315-335 gravel, vcg sand to pebbles <1 cm; circulating @ |
- 335 ft brought up clay balls, pale olive IOY6/2. [,

335-345 sand & gravel ,,g-s= pebbles <1 ca.

345-362 sand & gravel cg-_ pebbles <1 cm (coarse gravel I
.... probably cobbles @ 362 ft. i

01-16-90 1300 362-391 sand & gravel, mg-sm pebbles <0.5 cm (maf_cs, qtz,

& Kspar). f

1404 391-395 gravel w/ pebbles <I ca. |
-- 395-_10 sand & gravel, mg-_ pebbles <0.5 ca. t

01-17-90 0905 410-472 sand, vfg, probably silt-y, drilling slowly.

0950 472-475 sand, vfg, drilling faster = less silty. [/475-477 gravel.

477-515 sand, vfg-fg, silty in spots.
I140 T.D. 515 ft.

[
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; FIGURE 3-18

:Celi completion diagram for monitoring weil EAFB0501 drilled and

COmDieted by USGS. Coal Branch, 2enver, CC. 5tarred on 11-09-89

Completed on ii-18-89. '.,'elldrilled usin_ _ud rotary ,_.etho_

_i=h '-'yo_in_ sodiu= bentonite drilling fluid.
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I
FIGURE 3-19 I

I

%_ / "hinged locking protective

_/f ..i_,"_ well cover. [

7-7/8 inch diameter

drii! hole. -_ _ 1\
/ .

\ I
"Ceil casing, Z, inch. schedule _0 pvc. [

i-rout.

t._.readed flush join:s

5enconite pellet seai

Tom 447 ft below land

_urface. [
" " '"_0 ._ length, _ incn. stainless

..,

_,/_I:eei well casing, :vpe 304 |

:..:.. "-'. 1
:.::-:.
-.:- .-.
"" ::'" I
•:- -4 20 ft length, £ inch, stainless steel

I,v :...
.'." -" =creen, type 30&, 0 020 inch slot.

:".. /to_ &76

[i:"'l _ ft below land surface [

Colora0ol0_20mesh,silicatoD&60sand' _ base A96 ft below land surface
ft below land surface_ ;.:

" _":I !0 ft length, 4 inch. stainless steel [

-7.
Bentonite pellet seal. ;2: / weil casxng, type 304

[

Top 501 f= below land {[:: ...,/ _ase of well 506 ft below land surface

,urface. _ -""_....__..,.. [
?ea gravel, _.oD 504 -_ I'-_
ft below land surface_ .,,_o_'l

,; _._ Base of drill hole 535 ft below land I
_C:: / surface

l

_Ceil completion diagram for monitoring well KAFB0502 drilled and

c_mpieted bv L'SGS, Coal Branch, 2enver, CO. Started on 11-30-89 I

Completed on 12-06-89 Well drilled using mudrotary method [
with _;yoming sodium bentonite drilling fluid.

G-1550 l
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FIGURE 3-20

2/ Hinged locking pro:ective
_ _. well cover.

1 -
_ A × 4 ftx _ in concrete pad.r

7-7/8 inch diameter
o drill hole.

\
/

( ".'oiciav grout. Well casing, ' inch. __chedule 60 :vc.

_} t.hreaced f!usn join:s

Bentonite pellet seai

Tom 427 ft below land _
._urface.

j "-." .,...[[ -0 f: length. & inch. -_:ainiess
,.'." __teei well casing, :Tpe 504
,.%|

:..:....

I ":"•,. ._ •

..... -'0 :'_ !en_th L inch _tainless steel

"" -.. screen, type 304, 0.020 inch slot.

i :."i[_],..., /tap 471 ft below land surface

Coloraoo silica sand. "'"i'"' base 491 ft below !and _urface

:.. _-,
10-10 mesh. top 4A6 "-" :'_,

.%.ft below land surface ..q _-v".
--.. - .

_" """ I0 ft length. " inch. -_tainless s=eel•A. _:m

Bentonite pellet seal. :.-" _ well casing, type 30L

°'" ]

' To_ ? f: below land :" Base of ,well 501 ft _.elow land surface
.i

_urface -"'_m mmm--
Pea gravel, top 497.5 .... ---

i ft below land surface "_''';'_'l' "' Base of drill hole 516 ft below land

[_ ."." surface

Well completion diagram for monitoring well K.%/B0503 drilled and

completed bv USGS. Coal Stanch. Denver, CO. Started on 12-07-89

Commieted on 12-10-89 . Well drilled using mud rotary method
with Wyoming sodium bentonite drilling fluid.
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UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

3.3 Hydrogeology

3.3.1 Regional Hydrogeology

The Base-Wide Closure Plan presents regional hydrogeologic information of KAFB.

3.3.2 General Hydrogeology

The Base-Wide Closure Plan presents the general hydrogeology of KAFB.

3.3.3 Site Hydrogeology - Sewage Lagoons

The discussion of site hydrogeology is based on data obtained during the installation of
monitor wells adjacent to the site by the USGS (1990). The USGS document, contains
geologic and geophysical logs, cross-sections of the soil profiles encountered during drilling
and well installation information. This document, produced by the USGS is titled Interim

Technical Information Report (Sites 5-7) September I990 and has been provided to NMED
under separate cover.

3.3.4 Alternate Monitoring System

This section contains a discussion on Kirtland's application for an alternate ground water

monitoring system at the sewage lagoons and golf course main pond that has been accepted
by NMED. The following section contains a summary of the alternate monitoring system
application and report entitled, Report on Ground Water Quality Data at KAFB November-
December 1990.

During the last two months of 1990 the United States Geological Survey (USGS) collected

water samples from wells located around the perimeter of both the Sewage Lagoons Unit
and Golf Course Main Pond Unit at Kirtland Air Force Base. Four wells have been

installed at each unit to detect water infiltration from the units into the ground water.
Although these wells systems do not meet the regulatory requirement for one upgradient
and three downgradient wells, the USGS has documented (in a report prepared by Ralph

Wilcox,USGS)thatthe wellsdo meetthe criteriafordetectionof contaminantsmigrating
into ground water.

34



UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

These monitoring systems are now considered alternate ground water monitoring systems as
per 40 CFR 265.90. Following negotiations, KAFB requested that the NMED consider a
report as an application for an alternate ground water monitoring system. The NMED then
approved the alternate monitoring systems for both units. The following two modifications
to the assessment monitoring program are required as part of this system:

(1) semi-annual sampling and analysis for Appendix IX volatile organics; and

(2) yearly analysis for the entire list of Appendix IX constituents,

both analysis will be done until closure is complete.

One point discussed in the USGS report emphasizes the existence of naturally occurring
chromium throughout KAFB. The average values for the dissolved chromium portion in all
cases is less than half the average total chromium value in the wells at KAFB. In addition

both values are decreasing with each of the quarterly sampling events. This indicates that

the chromium values found in the ground water are probably induced by drilling fluids and
activities in addition to naturally occurring fine grained formation materials that constitute

background levels. These levels are decreasing with the purging of the well volumes during
each sampling round. Representative chromium concentrations for natural conditions at
KAFB range from 1.2 to 37 milligrams per kilogram.

A second point covered in the report concerns the proper location of the wells at each unit.
Well construction and completion information is also discussed. To summarize the

discussion in the USGS report, the head drop at the sewage lagoons is roughly two feet

from south to north across the site (i.e., the two wells on the northern edge of the lagoons
being the downgradient wells). The gradient is about 9 feet per mile but the direction

varies at times depending on the amount of pumping done by water supply wells in use by
the City of Albuquerque. The average depth to ground-water at the Sewage Lagoons is 480
feet.

The alternate monitoring system report (by USGS) discussed above, is specific to the
Sewage lagoon and the Golf Course Main Pond closure plans. This report is included in
these two plans for documentation purposes on the alternate monitoring systems.
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UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

For reference, the following documentation consists of:

• A report titled: Ground Water Quality Data, Kirtland Air Force Base, New
Mexico, November-December 1990, by Ralph Wilcox of USGS.

• A letter dated June 28, 1991, from KAFB requesting the NMED consider
the report as documentation for an alternate ground water monitoring
system.

• A second letter dated July 3, 1991 from NMED to KAFB that constitutes
the approval of the alternate monitoring system for both units.

• A third letter, dated July 31, 1991 from KAFB to NMED that documents the

following changes to the assessment monitoring program that will required
until closure is complete are as follows:

1. Semi annual sampling and analysis for Appendix IX volatile organics;
and

2. Yearly analysis for the entire list of Appendix IX constituents,
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GROUND-WATER-QUALITY DATA, KIRTLAND AIR FORCE BASE, NEW MEXICO,

NOVEMBER-DECEMBER 1990

By Ralph Wilcox

ABSTRACT

In November and December 1990, the U.S. Geological Survey collected

ground-water samples from 13 monitoring wells on and adjacent to Kirtland Air

Force Base. These water samples were analyzed for various constituents. This

report summarizes the ground-water analyses and the laboratory and field

quality-control data. The chemical-analysis data reports are also included.

Total and dissolved chromium have been detected in ground water from

these monitoring wells. It is unlikely that the chromium represents

contamination introduced by any human activity because the concentrations have

decreased with respect to time. The chromium may result from remnant drilling

• fluid, fine-grained formation material, or well construction materials. The

New Mexico Environmental Improvement Division has expressed concern to

Kirtland Air Force Base that the monitoring wells installed by the U.S.

Geological Survey at the base sewage lagoons (four wells) and the base golf

course pond (four wells) are not located properly to meet regulatory

requirements. The monitoring-well systems do not meet strict interpretation

of regulations, which require one upgradient and three downgradient wells at a

site. However, because the wells are located very close to the sewage lagoons

and the golf course pond, and the depth to ground water is great at both

sites, approximately 480 and 320 feet below ground level, respectively, the

monitoring wells are located adequately to detect water infiltrating from the

sewage lagoons and the golf course pond to ground water.



INTRODUCTION

Ground-water samples from 13 monitoring wells on and adjacent to Kirtland
Air Force Base were collected in November and December 1990, and were analyzed

for various constituents. The chemical-analysis data reports for the 13

ground-water samples are transmitted to the U.S. Air Force with this report.

A summary of the ground-water analyses, laboratory quality-control data, and

field quality-control data is included.

SUMMARY OF GROUND-WATER ANALYSIS FROM THE NOVEMBER AND

DECEMBER 1990 SAMPLING ROUND

Enclosed are two copies each of nine chemical-analysis data reports from

Rocky Mountain Analytical Laboratory (RMAL) for the Kirtland AFB Phase II,

Stage 2A IRP Project. The RMAL report numbers are: 12,581, 12,631, 12,656,

12,685, 12,703, 12,727, 12,743, 12,762, and 12,778. Also enclosed are two

copies of a single laboratory report from Data Chem Laboratory, and two copies

of a single laboratory report from the U.S. Army Environmental Hygiene Agency

(USAEHA). Six copies of each laboratory report also have been delivered to
Kirtland AFB. The ii reports contain analytical results of the ground-water

samples collected during November and December 1990 by the U.S. Geological

Survey (USGS) from 13 monitoring wells: 1 (KAFB0107) at landfill 1, 1

(KAFB0213) at landfill 2, 4 (KAFB0501, KAFB0502, KAFB0503, KAFB0504) at the

sewage lagoons, 4 (KAFB0602, KAFB0608, KAFB0609, KAFB0610) at the golf course

pond, and 3 (KAFB0901, KAFB0902, MVMWK) adjacent to Tijeras Arroyo, including
New Mexico Environmental Improvement Division (NMEID) well MVMWK (fig. 1),

which is just west of the base boundary. The U.S. Environmental Protection

Agency (USEPA) (Jay Snyder, PRC Environmental Management, Inc.) collected

split samples at the landfill wells, the west Tijeras Arroyo well, and well
MVMWK.

All ground-water samples were analyzed for total organic carbon (TOC),

total organic halogen (TOX), and total and dissolved chromium. As mandated by
the USEPA in Kirtland AFB's Hazardous Waste Permit, Part B, ground-water

samples from the wells at landfills 1 and 2 (wells KAFB0107 and KAFB0213), the

west Tijeras Arroyo well (well KAFB0902), and well MVMWK also were analyzed

for Appendix IX contaminants (USEPA, 1988), nitroglycerin (Data Chem report),

hexahydro-l,3,5-trinitro-s-triazine (RDX) (USAEHA report), and nitrate. The

RMAL mistakenly analyzed these four samples for nitrite plus nitrate, instead

of just for nitrate. Ground-water samples from wells KAFB0902 and MVMWK also

were analyzed for halogenated volatile organic compounds. A ground-water

sample from the southeast well at the sewage lagoons shown in figure 2 (well

KAFB0501) was analyzed for volatile organic compounds.

TOC concentrations in the August/September 1990 sampling round and in the

November/December 1990 sampling round were less than 2 mg/L (milligrams per

liter) in all wells except well KAFB0608 (fig. 3), which contained18.6 mg/L
(R/4AL Report 11,235, previously delivered) and 9.6 mg/L (RMAL Report 12,656)

TOC in respective sampling rounds. Although TOX was not detected in the

August/September 1990 sampling, TOX was detected at a concentration of 56.9

gg/L (micrograms per liter) in the November/December 1990 sampling in well

KAFB0901 (RMAL Report 12,762).
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No contaminants were detected with the Appendix IX analyses. The ground-

water sample from well KAFB0902 and an equipment blank collected at this well

contained 16 and 77 gg/L of di-n-butyl phthalate (RMAL Report 12,743),

respectively. Because of the difficulty of accurately detecting this compound

(34-percent failure rate according to USEPA, 1990), however, the results are
not considered valid. Nitroglycerin and RDX were not detected in any of these

samples.

Iodomethane, which was detected in ground water from well KAFB0501 at a

concentration of 7.6 gg/L in the initial sampling of the well in May 1990

(RMAL Report 9465, previously delivered), was not detected in the volatile

organic-compound analysis done in the November/December 1990 sampling round

(RMAL Report 12,581).

Trichloroethene and 1,2-dichloroethane continue to be present at about

1 gg/L in ground water from well KAFB0902 (RMAL Report 12,743). Water from

well MVMWK also was analyzed for halogenated volatile organic compounds
because it is located about 1/2 mile south and hydrologically upgradient from

well KAFB0902. The water-table altitude in MVMWK (approximately 4,888 feet)

was approximately 4 1/2 feet higher than the water-table altitude in KAFB0902

(4,884.66 feet) in December 1990. No halogenated volatile organic compounds

were detected in ground water from well MVMWK (RMAL Report 12,727).

Ground water from well MVMWK contained 41.8 mg/L nitrite plus nitrate

when sampled in December 1990. A split sample from this well, which was

collected in April 1990 by the USGS during the USEPA's sampling of the

Mountainview area, contained 2.4 mg/L nitrite plus nitrate, all in the form of

nitrate (RMAL Report 9,043, previously delivered).

The following items are noted from a check of the field and laboratory

quality-control data:

i. Extraction holding times were missed for samples KAFB021303-2, KAFB021304-

2 (matrix spike), and KAFB021305-2 (matrix-spike duplicate) for the

nitroglycerin method. These samples were extracted 8 days after collection,
and the maximum holding time is 7 days. The U.S. Air Force Human Systems

Division will not be charged for these analyses.

2. Equipment-blank sample KAFB090210-2 contained the following constituents:

77 _g/L di-n-butyl phthalate (not a valid result, as explained above); 0.36

and 0.83 _g/L chloroform (ist and 2d column respectively); 9.3 gg/L total

chromium; 5.9 @g/L total arsenic and 5.3 gg/L dissolved arsenic; 28 @g/L total

zinc; and 0.76 mg/L TOC (RMAL Report 12,743). It is not likely that any of

these constituents were derived from the sampling equipment (PVC bailer and

Pyrex I beaker for inorganic samples, and Teflon bailer for organic samples).

1Use of brand names in this report is for identification purposes only and

does not constitute endorsement by the U.S. Geological Survey.
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It is more likely that the constituents are associated with the processing or

storage of deionized water used for all blank samples. The previous deionized

water-generation system consisted of series of ionic-exchange media and an
activated-carbon filter. The system has been modified in an attempt to

produce purer water. Additional quality-control samples (blanks) of deionized
water have been collected from the existing stock, which was generated with

the previous system, and from the modified deionized water-generation system.

The results from these additional quality-control samples have not yet been

released to the USGS by the RMAL.

3. Matrix-spike and matrix-spike-duplicate samples were collected at well

KAFB0213 (RMAL Report 12,685). Matrix-spike samples are valuable in assessing

the effect of a sample matrix on the performance of an analytical method.

Recovery of spiked analytes cannot be directly evaluated using the same

recovery limits used for laboratory-control (LC) samples because LC samples

are used to assess the performance of an analytical method on deionized water.

Comparison of the recovery limits for a LC sample with the achieved recoveries

of a matrix-spike sample, however, indicates how the sample matrix is

affecting the analytical-method performance. The analyte recoveries for the

matrix-spike sample and the matrix-spike duplicate sample were within the

recovery limits except for those listed below.

Table l.--Matrix-spike sample analyte recoveries outside recover 7 limits

(Percentage recovery) Percentage

Analytical Matrix-spike Matrix-spike dup- recovery

Analyte method sample licate sample limits

4-Nitrophenol SW8270 37 82 10-80
Chromium SW7191 183 212 75-125

Antimony SW6010 68 71 75-125
Thallium SW7841 64 92 75-125

Selenium SW7740 57 180 75-125

- Sulfide E376.2 53 36 80-120

The following is a discussion of two topics of immediate concern to

Kirtland AFB--(1) chromium in ground-water samples, and (2) Resource

Conservation and Recovery Act (RCRA) ground-water monitoring systems.



CHROMIUM IN GROUND-WATER SAMPLES

AS in the August/September sampling round (RMAL Reports 11,121; 11,152;

11,172; 11,192; 11,204; 11,235; 11,249; 11,386; and 11,407 previously

delivered) much of the effort in the November/December sampling round was
geared to confirming the presence or absence of total and dissolved chromium

in ground water. Only one sample contained chromium that exceeded the USEPA's

Maximum Contaminant Level (MCL) of 50 gg/L in the November/December sampling

round. Water from well KAFB0503 contained 82 gg/L total chromium. Water from

wells KAFB0609, KAFB0213, and MVMWK contained 47, 33, and 29 Gg/L total

chromium (RMAL Reports 12,631; 12,685; and 12,727), respectively. Dissolved-
chromium concentrations were all less than i0 _g/L.

Table 2 presents a statistical summary of total- and dissolved-chromium

concentrations in ground-water samples collected during three sample rounds of

the 12 monitoring wells on Kirtland AFB. NMEID monitoring well MVMWK has not

been sampled in all three rounds, and is not included in Table 2. Ground-

water samples containing concentrations of chromium less than the reporting

limit were not used to determine the statistics presented in Table 2.

Table 2.--Total- and dissolved-chromium concentrations in

qround-water samples from three samplinq rounds

of Kirtland AFB monitorinq wells

Micrograms per liter

Sample Mean Standard Maximum Minimum Number of

round concentration deviation concentration concentration samples

May 1990

Total Cr 73.0 68.6 240.0 8.0 12

Dissolved Cr 24.1 21.2 54.0 6.6 9

Aug/Sept 1990

Total Cr 45.1 39.9 120.0 14.0 ii

Dissolved Cr 17.9 16.5 37.0 7.4 3

Nov/Dec 1990

Total Cr 17.8 24.8 82.0 2.4 Ii

Dissolved Cr 4.1 3.1 9.6 1.4 8



It is unlikely that the chromium detected in the ground water on Kirtland

AFB represents contamination introduced by any human activity. If
concentrations were decreasing at a single well, or at wells associated with a

single site, then the case could be made that a plume of chromium contaminated

water flowing by the well or across the site. The observed decrease in

concentration, however, is already widespread, which does not indicate a

migrating contamination plume. The 12 monitoring wells on Kirtland AFB that

currently are sampled on a quarterly basis represent six discrete areas of the
base. The six areas are landfill 1 (KAFB0107), landfill 2 (KAFB0213), sewage

lagoons (KAFB0501, KAFB0502, KAFB0503, and KAFB0504), golf course pond

(KAFB0602, KAFB0608, KAFB0609, and KAFB0610), east Tijeras Arroyo (KAFB0901),

and west Tijeras Arroyo (KAFB0902). A "connect-the-dot" outline of the areas

forms a large area about 3 1/2 miles east to west and 1/2 to 1 1/2 miles north

to south. It is unlikely that any potential contamination source on Kirtland

AFB could account for such a widespread area of contamination outlined above.

The fact that total- and dissolved-chromium concentrations generally are

decreasing substantially from one sampling round to the next indicates that

the monitoring wells are being further developed and cleaned of remnant

drilling fluid and fine-grained formation material with each purging.

Total chromium has been detected in other ground-water samples collected

by the USGS as part of the Phase If, Stage 2 IRP study in the area of Kirtland

AFB. Split samples were collected from three NMEID monitoring wells (wells
MVMWI, MVMWJ, and MVMWK) in April 1990 (fig. I). These wells have 2-inch-

diameter polyvinyl-chloride casings with screens partially submerged in the

saturated zone. The wells were drilled using mud-rotary techniques. No

information on the development of these wells is available. The split samples

contained 56, 23, and 39 @g/L total chromium (RMAL Reports 9,059 and %,043

previously delivered), respectively. Water from well MVMWK contained 29 _g/L

total chromium when resampled in November/December 1990. Water from two wells

on the McCormick Ranch that were sampled as part of the study (wells KAFBI001

and KAFBI002) (fig. i) contained 6.4 and 3.7 pg/L total chromium (RMAL Report

9,626, previously delivered), respectively. These are stock-watering wells

equipped with windmills and are located on the Isleta Indian Reservation about

2 I/2 and 6 miles southwest of Kirtland AFB. The McCormick Ranch wells are

located south of the ground-water divide created by ground-water withdrawals

in the Albuquerque area--ground water flows southwestward in this area (Titus,

1963, plate 3), whereas ground water flows northward in the northern part of

the base (Kelly, 1982, p. 354). The fact that total chromium is present in
the water from these wells that are located some distance off the base further

indicates that the source of chromium is not associated with any base

activity.

Chromium also is present naturally in the soil on Kirtland AFB. All soil

samples collected on Kirtland AFB, except dry sludge, soil beneath the dry

sludge, and pond sediment, are considered representative of natural conditions

with respect to trace-metal concentrations (RMAL Reports 6819, 6840, 6867,

6981, 7019, 7042, 7197, 7210, 7320, 7334, 7351, 7459, 7472, 7473, 7728, 7748,

7777, 7798, 7821, 8013, 8029, 8040, 9261, 9880, and 9954, previously

delivered). Concentrations of chromium in soil samples representative of



natural conditions on the base that were collected as part of the IRP range
from 1.2 to 37 mg/kg (milligrams per kilogram). The mean chromium

concentration in the i01 soil samples representative of natural conditions is

6.77 mg/kg. These soil samples do not contain large concentrations of any
other trace metal.

A number of field quality-control samples were collected by the USGS

during the August/September 1990 quarterly sampling in an attempt to determine

possible sources of chromium in the ground water. Deionized water was used

for all these quality-control samples. The samples were collected in the USGS

field lab at Kirtland AFB. None of the field quality-control samples

contained dissolved chromium. The equipment-blank sample of deionized water

collected during the August/September sampling run also contained no total

chromium. Several tests involving the well casing, hoist wires, and the

drilling mud were then conducted. In one test, the deionized water was left

in contact with a section of stainless steel (type 304) casing for 19 days.

This is the type of stainless-steel casing used in constructing the monitoring

wells installed by the USGS. The sample contained 7.2 Gg/L total chromium.

Two different multiple-strand, stainless steel wires have been used for

hoisting bailers when purging and sampling the wells. A leach test was

conducted on each type wire by placing a 2-foot length into 1 gallon of

deionized water for 4 hours. The two samples contained 7.5 and 5.5 @g/L total

chromium. In another test, I gram of sodium bentonite drilling mud was added

to 1 liter of deionized water. This mixture contained 6.5 pg/L total
chromium.

RESOURCES CONSERVATION AND RECOVERY ACT GROUND-WATER MONITORING SYSTEMS

At a meeting in December 1990, the NMEID expressed concern that the

ground-water monitoring systems at the sewage lagoons and the golf course pond

do not meet the regulatory requirements of locating one well upgradient from a

sate being monitored and three wells downgradient from the sate. The

following is a description of the ground-water monitoring systems at these two
sites.

The monitoring-well system at the sewage lagoons consists of four

monitoring wells, with 20-foot screen lengths partially submerged in the

saturated zone. The average depth to the water table at the sewage lagoons is

about 480 feet. Wells KAFB0501 and KAFB0504 are located along southeast and

southwest margins of the south sewage lagoon (fig. 2). Wells KAFB0502 and

KAFB0503 are located along the northeastern and northwestern margins of the

north sewage lagoon, respectively. Well KAFB0502 is located about 55 feet

west and 13 feet north of the northeastern corner of the fence surrounding the

lagoons. A Brunton-compass reading from the high-water mark at the

northeastern corner of the north sewage lagoon to well KAFB0502 bears 1 degree
east of north. Well KAFB0503 is located about 60 feet east and 18 feet north

of the northwestern corner of the fence surrounding the lagoons. A Brunton-

compass reading from the high-water mark at the northwestern corner of the

north sewage lagoon to well KAFB0503 bears 3 degrees east of north. Given the

location of the two northern wells (KAFB0503 and KAFB0502) relative to the

i0



high-water mark at the northern corners of the north sewage lagoon, the
circumstance where these wells simultaneously qualify as being downgradient

from the sewage lagoons will be rare. This assumes a strict interpretation of

under what conditions a well qualifies as being downgradient; that is, a well

that is intersected by a flow line normal to a water-level contour within the

sewage lagoons. For both wells to qualify as being downgradient from the

sewage lagoons under this interpretation, the direction of gradient at the

northern end of the north lagoon would have to be between north 1 degree east

and north 3 degrees east. If the gradient is more westerly than north 1

degree east, well KAFB0502 will not qualify as being downgradient. If the

gradient is more easterly than north 3 degrees east, well KAFB0503 will not
qualify as being downgradient. Wells KAFB0502 and KAFB0503 are separated by a
distance of 558 feet. The location of land surface and elevation at all wells

installed by the USGS have been surveyed by a certified land surveyor.

Eight water-level mass measurements have been made in the monitoring
wells since their installation at the sewage lagoons. The ground-water

gradient under the north sewage lagoon is northerly at about 9 feet per mile

(fig. 2). The gradient under the south sewage lagoon slopes in a north-
northeast direction that changes to a northerly direction under the north

sewage lagoon. The direction of the gradient varies at the north end of the
north sewage lagoon. During the first four water-level mass measurements (3-

22-90 to 8-24-90), the gradient sloped slightly west of north, thus qualifying

only well KAFB0503 as being downgradient. During the four subsequent water-
level mass measurements (10-23-90 to 2-21-91), the gradient sloped slightly

east of north, thus qualifying only well KAFB0502 as being downgradient for

those periods when the gradient direction is more than 3 degrees east of

north. Considering, however, the close proximity of the two northern wella to

the northern margin of the north sewage lagoon, and the 480-foot depth to the

water table under the sewage lagoons, some component of the ground water in

each of the northern wells should represent water infiltrated from the sewage

lagoons. Lateral dispersion alone through the 480-foot-thick unsaturated zone

should cause infiltrating water to intersect wells KAFB0502 and KAFB0503.

The monitoring-well system at the golf course pond consists of four wells

with 20-foot screened intervals. Well KAFB0602, the first monitoring well

drilled at the golf course pond, is located at the southeastern margin of the

pond (fig. 3). The top of the screen was set at an elevation of about 4,925
feet on the basis of available ground-water-level data. After the water level
stabilized in this well at an elevation of about 5,030 feet, it became evident

that the ground-water level at the golf course pond was much higher than local
water levels would indicate, and that the slope of this elevated water table

• was unknown. At this time, the decision was made to locate the remaining

three monitoring wells at the golf course pond in a way that would make the

well spacing as uniform as possible. Wells KAFB0608, KAFB0609, and KAFB0610
were drilled at the northwestern, northeastern, and southwestern margins of

the pond, respectively. The screens in wells KAFB0608 and KAFB0609 are

partially submerged in the saturated zone. Well KAFB0610 has a completely

submerged screen. The water level in well KAFB0610 is about 26 feet above the

top of the screen. The average depth to water in wells at the golf course

pond is about 320 feet.
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Because the screens in wells KAFB0602 and KAFB0610 are completely

submerged in the saturated zone, the water levels in these wells are affected

by vertical potentiometric changes within the aquifer, and the water levels do

not represent the water table. The vertical gradient is probably downward

(lower water levels as depth of the screened interval is lower into the

saturated zone) at the golf course pond. The pond is near the eastern margin

of the Albuquerque-Belen Basin in a recharge area for the aquifer. The

vertical gradient is generally downward in recharge areas. Additionally, all

water levels in wells at the golf course pond are about 100 feet higher than

the water-level data for the surrounding area would indicate, indicating the

presence of a ground-water mound under the golf course pond. The water level
in well KAFB0610, which is the highest at the golf course pond, generally is

about 6 feet higher than the water level in wells KAFB0608 and KAFB0609, which

usually have water levels within 1 foot of each other. The water level in
well KAFB0602, which is the lowest at the golf course pond, ranges between 2
and 5 feet lower than the water level in wells KAFB0608 and KAFB0609. The

lower water level in well KAFB0602 probably reflects the downward vertical

gradient at the golf course pond. The top of the screen in well KAFB0602 is

currently about 115 feet below the water table. If the water level in

KAFB0610 is considered representative of water-table conditions, the water-

table slope could then be determined using the water levels in wells KAFB0610,

KAFB0608, and KAFB0609 (fig. 3). The slope of the water table determined this

way fluctuates between north and northeast at about 78 feet per mile, and is
based on a number of water-level measurements made between 4-4-90 and 2-21-91.

Because the top of the screen in well KAFB0610 is only about 26 feet below the

water table, and there is likely a downward vertical gradient at the golf

course pond, the true water-table surface at well KAFB0610 probably is higher
than the water level in the well. Therefore, the slope of the water table

might be more than 78 feet per mile at the golf course pond.

On the basis of the above interpretation of the water table, wells

KAFB0608 and KAFB0609 qualify as being downgradient from the golf course pond.
These wells are about 350 feet apart, and each well is less than 20 feet north

of the high-water mark in the golf course pond.

Large nutrient concentrations in water samples indicate that all four

wells around the golf course pond are affected by pond infiltration or by

direct infiltration of irrigation water applied to the golf course. Nitrite

plus nitrate were analyzed in all ground-water samples collected in May 1990

and in August/September 1990. Nitrite plus nitrate concentrations in water

from the four wells ranged from 20.9 to 31.7 mg/L (RMAL Reports 9391, 9434,

9465, and 9603 previouely provided). Nitrite plus nitrate concentrations in

water samples from the other eight monitoring wells on the base ranged from

not detected to 5.8 mg/L (RMAL Reports 9226, 9279, 9304, 9465, 9481, and 9603,

previously provided). The sewage effluent pumped into the golf course pond

from the sewage lagoons or nitrogen fertilizers used on the golf course are

- the likely sources for the large nutrient concentrations in water samples from
these wells.
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DEPARTMENT OF THE AIR FORCE
HI[AOQUARTERII lllO_Tlt AIR #tAlK WI_ fMA_._

KIRTLANO AIR FORCE BAIF.. NEW M[XK:O 17117.0ooo

t

2 8 JUN 1_91
p

_ Mr. Joe Kennedy
Water Resource Specialist t
New MexLco EnvAronment Department

1190 St Francls Drive
_.anta Fe MM 87502 ..

Dear Mr Kennedy°

The Groundwater Quality Data report prepared fop the AIm Force by
the US Geological Survey constitutes our request for approval 'of
alternate groundwater monitoring systems for the Kirt[and. ALP

Base sewage lagoons and golf course pond. .It was han_-del_vered
tO you by our Mr John Gould on 25 Jun 9l.

These aiternate groundwater monitoring systems represent a major

component of closure plans fop these sites. Therefore your,
decls_on Is required to ensure we submit our plans In an a c_cept-

.... able format. , ,

Please contact MP Gould at (505} 846-2774 if you have any ques-

tions. We would appreciate your faxtng a copy of your reply to
us at (505) 846-0403 as we attempt to respond In an a timely

manner to your department's 13 Jun 91 notice of vlolatLon.

- Sincerely

o el, USAF t

Environmental Management. Dlvlslon

p_ . .-



- State of New Mexico

EN VZRONMENTDEPARTMENT ""
Harold Runnels Bulding, ... , ..

-- ." 1190 St. Francis Driue, P.O. Box 26110

Santa Fe, New Mexico 87502 JuDtr#_. xsez_vosa
: (505J.827.2850 s_zr4xr

BRUCE KING ROll CURRY
cOVdR'NOlt . DEP_'iT$£CltS'I"AItY..

-- °" t

:uZ: 3, "
I " "".

Col Jack IMar tInez .

Director, 'iFdavlronEenta] Management :

_ Headquarters 160.6 ABW/EM . '
glrtland Air Force Base, NM 87117-5000

:

RE : RESPONSE TO REQUEST FOR ALTERNATE GROUNDWATER MONITORING SYSTEM AT SEWA!
LAqOOI¢S AND GOLF COURSE MAIN POND - NM98TOO24423 .

' ":

Dear Col. Martlnez:
! ': :

The New Mexlco Hazardous and Radioactive Waste Bureau (HRWB) received a let t,

of requestifrom the Office of Environmental Management at Kirtland Alr Force Be:

on !au Y 2, a991. '"
.... I- t

RRWB ass.rules that there is the posslbIllty of a statlbtlcally s_gn_flcaJ
lncreaee in Indicator parameters from upgradlent wells to downgrad_ent wel

- at the-seWkge lagoons, and therefore is allowlng, ae per 40CFR §265.90 "('d}0 tl

alternate ':_Tottnd-water monitoring system requested at that unlto,

•" , - ) i,

_ HRWB also,assumes that a downgradlent well at the =aln golf Course pond wou
detect a statlstlcally slgnlf£cant Increase of Indicator parameters and therefo
is allowinG, as per 40 CFR §265.90 {d}, the alternate ground-water monltorJ_
system re_e_te_ at that. unlt. , :

-- ' d

KAFB has already performed extensive ground-water sampllng at both of the
locations:, and has detected no Appendix IX constituents.

This lette_ will conetltute approval of the requested alternate 'ground-war,

monltorln_., systems at the sewage lagoons and the golf course pond.

Please co'tact me at (505} 827-2424 if you have any questions.

J

I

,, '.

Joe Kennedy, Hydrogeology.Sectton .

Hazardous/and Radioactive Waste Bureau I

cc: Tr. y Hughes, OGC
Edward Horst, Program Manager

Bruce Swanton, Compl_ance Supervisor ,



4' "_ i'

DEPARTMENT OF THE AIR FORCE,

._ HE._ARTERS teO6TH AIR _ WING (MAC}

KIRT'I.AND AIR FORCE BA.SF._. NEW MEXICO 8,'711'7-_)00

! ! JUL1_1,

Mr _oe Kennedy

Water Resource Specialist
Hazardous and Radioactive Materials Bureau

NM Environment Department
P0 Box 261_0
Santa Fe NM 87502

D_ar Mr Kennedy

As part of the alternate groundwater monitoring system which was
approved by NMED on 3 July Iggl, we acknowledge that the

following modifications to the assessment" monitoring currently

being conducted at the base sewage lagoons and golf course pond

are required:

a) Semi-annual sampling and analysis for the Appendix 9 volatile

organics until closure.

"' b) Yearly, the samples wi11 be analyzed for the entire list of

Appendix 9 constituents, until closure.

., WE_LL LOCATION DEPTH

,. Sewage Lagoon

0501 southeast 503
:.0502 northeast 506 "

0503 northwest 501

0504 " southwest 500

.. Golf Course Pond

0602 southeast 467

0608 northwest 338

0609 northeast 345
0610 southwest 363

Sampling and analytical methods used will remain the same as
those used to date, as outlined in the Sampling and Analys_s Plan

previously submitted to the State. The next round of sampllngis

scheduled to begin in NovembeP 1991.



Mr John Gould of our staff is a qualified 8eoloSist and certifies
that this alternate groundwater monitoring plan will be

implemented as part of the Kirtland AFB assessment monitoring

•program. .If you have any questions, please contact Mr Gould at
846-2775.

Sincerely

Lt Colonel, USAF, BSC

Deputy Director
Environmental Management Division
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3.3.5 Water Quality

A more complete discussion on ground water quality is included in the USGS report,
section 3.3.4.

To determine water quality at the Sewage lagoons, four wells were sampled for all four

quarters of a one-year sampling program. Sampling for the next round of the second year of
this program has not occurred. The results of the sampling have been summarized in tables
that appear in appendix A. This information was summarized from actual laboratory data
sheets that were compiled into summary reports. If necessary for verification, the reports
will be provided to NMED (under a separate cover) if requested. This information is
contained in the ITIR reports by USGS dated from September 1990, December 1990,
March 1991, and July 1991.

The data that is summarized in appendix A indicates that contamination of the ground -
water has not occurred in any of the wells at the Sewage lagoons. Results for chromium,
when detected, are found to be decreasing in intervals, which indicates that these values are
due to either natural contamination or induced from drilling activity or both. A more
complete discussion of chromium is found in the USGS Report.

Because of the earlier deadline imposed by NMED, KAFB was required to submit the
November version of this plan without the benefit of a full year of water quality data.
These data are now available and, based on the multiple rounds of sampling and analysis,

KAFB concludes that contamination does not exist in the ground water under the Sewage
Lagoons.
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4.0 HAZARDOUS WASTE MANAGEMENT UNITS - SEWAGE LAGOONS

4.1 Sizes and Types

- 4.1.1 General

The operating unit addressed in this document consists of the north and south sewage
lagoons. The two sewage lagoons are considered together as a surface impoundment as
defined in 40 CFR 265.228 Subpart K.

4.1.2 Sewage Lagoons

The north and south lagoons were constructed on native soils and local fill from on-site

grading. Both lagoons are square and were filled by two pipes that discharged sewage
influent into the center of each impoundment from a splitter box as shown in figure 3-t.
Liquid levels in each lagoon were contained by an elevated soil berm surrounding the
perimeter. A shared berm separates the north lagoon from the south lagoon. The lagoons
were in operation from 1962 until October 1987. In 1970 and again in 1975, the side slopes
of the berms were reinforced with soil cement and capped with concrete to minimize the
effects of wave erosion. Each lagoon measures approximately 550 feet on a side, is
approximately 6 feet deep, and has approximately 6.35 acres in surface area. The berm

separating the two lagoons has a pipe which connects the two lagoons and allows liquids to
pass freely in both directions to enable water leveling. The southeast corner of the south
lagoon has a 20-inch outlet pipe that allows liquid from the surface of the southern
impoundment to gravity flow to the main golf course pond.

4.2 Waste Characteristics

Laboratory areas inside of SNLA may have discharged small quantities of chemicals into the
sanitary sewer system that eventually flowed into the sewage lagoons. At one time it was
standard practice at SNLA to allow discharge of small quantities of laboratory chemicals to
the sanitary sewer. This practice has been stopped, and both SNLA and KAFB now have
comprehensive waste management programs which prohibit any sewer disposal of laboratory
chemicals.
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All sanitary sewage discharges currently flow to the city of Albuquerque POTW. Dis-

charges are monitored at Sandia by the International Technologies (IT) Corporation under
contract to SNLA. Appendix A presents the results of annual sampling conducted by IT
Corporation on the sanitary sewage that leaves KAFB. The contaminants found in these
samples are indicative of the nature and concentration of contaminants that were entering
the lagoons when they were operating.

The lagoons were sampled once by NMED in 1986 and on another occasion in 1986 by
NMED, SNLA, and KAFB. The samples from the second event were split in triplicate for
verification analysis by different labs. The laboratory results detected the solvent
trichloroethane (TCA) in addition to dissolved metals. At that time, TCA was the only
known hazardous waste constituent that had been found in the lagoon unit.

4.3 Waste Management Practices

The lagoons were constructed to provide primary treatment of KAFB sewage prior to i_riga-
tion of the grass on the golf course. The system was not intended to be used for disposal
of hazardous waste. Because hazardous constituents were inadvertently added to the system,
the NMED maintains that they must undergo closure proceedings.

The concentration of solvent in lagoon samples indicate that a total of approximately 1.4
gallons of 1,1,1 TCA were present in the lagoons. The lagoon and pond system were taken
out of service in October 1987. Since that time, liquids have evaporated leaving sludge in

- both lagoons. A sampling program to define the contaminants in the sludge is discussed in
section 5.2. The results of the survey to determine the sludge thickness and volume is
discussed in section 7.1.1.
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5.0 DOCUMENTED RELEASES

5.1 Release History

The lagoon system was not designed as a surface impoundment for hazardous wastes. How-
ever, small amounts of contaminants entered the lagoon and pond from upstream sources.
Both KAFB and SNLA have assessed waste generators located in the various areas on base
that may have contributed to the contaminants found in lagoons.

Analysis of data from sludge samples show very low levels of the semi-volatiles flouranthene
and pyrene exist at or near the detection limit in the center of the south lagoon only. The
metals that were detected are well below the regulated EP TOX levels. The data from
these analyses are summarized in appendix A. The release of contaminants from the unit
has been defined in the discovery process outlined below.

5.2 Work Plan and Sampling Program

A specific work plan was prepared for the sewage lagoon site. The work plan contains
objectives of the IRP project sites under study. An integral part of the work plan is the
sampling program. For suspected releases at the sewage lagoons, a sampling program was
designed to determine the nature and effects of the releases. The sampling program for the
sewage lagoons is the portion of the work plan designed to define the level and extent of
contamination. The sampling program that was specifically developed for the sewage
lagoons is contained in the Installation Restoration Program (IRP) Stage 2 Work Plan. The
general objectives of this work plan and sampling program are summarized and described in
the following sections.

5.2.1 General Objectives

The sampling program was conducted to determine the level of contaminants contained in
the sludge and underlying soils. Sampling locations are shown on figure 5-1. Additional
sampling is being performed on water from the ground-water monitoring wells at the
corners of the lagoon site. A field survey was performed to determine the thickness and
volume of sludge at the lagoons.
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5.2.2 Sampling Procedures

In general the sampling procedures at the individual sites will follow the guidelines detailed
in the Sampling Analysis Plan or SAP. This document will be the governing procedures
manual for sampling, sample handling, laboratory procedures, data handling and quality as-
surance.

The complete SAP been provided to NMED under separate cover. For reference, certain
parts of this document have been reproduced and included as part of this Base-Wide

Closure Plan, in appendix E. This SAP is designed to meet the requirements of the Quality
Assurance program detailed in Test Methods for Evaluating Solid Wastes, EPA guidance
document (SW 846), Chapter I. Sampling and analysis procedures will be in accordance
with 40 CFR 261 and 265 in addition to guidelines in SW-846.

5.2.3 Sampling of Sludges

Sludges in the lagoons have been sampled according to the sampling plan referred to irr
appendix E of the Base-Wide Closure Plan. For this sampling program, stratified random

sampling techniques were used and the samples were composited. The results of the sludge
samples are presented in summary in appendix A.

The samples of sludge were taken at five locations in each lagoon for a total of ten
samples. The sampling locations for the sludge and soils were near each of the four corners

of the lagoons and at a fifth location in the center of each lagoon. The sampling locations
are shown in figure 5-1.

5.2.4 Sampling Subsurface Soil

Sampling of the near-surface soil in the lagoon area was performed by removing the top
layer of sludge and placing the samples of the soil under the sludge directly into sample
containers. Sampling of soil at depths below the near-surface layer was not required since
the near-surface soils were found to be uncontaminated. Soil sampling locations in the
lagoon areas are the at same locations used for the sludge sample locations shoen on figure
5-1.

All drill holes located at the corners of the lagoon site were sampled at 5, 20, 50 and 100
feet according to the procedures outlined in 5.2.2 of the Base-Wide Closure Plan.
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5.2.5 Sampling of Background Soil Conditions

Background soil conditions were not sampled for the sewage lagoons since the near-surface
soils underlying the sludge did not contain any regulated contaminants.

5.2.6 Sampling of Vadose Zone

After completion of closure, a soil-gas survey using soil-gas probes and a portable gas chro-
matograph will be used to determine if contaminants entered the vadose zone. The soil-

gas survey will be performed at five locations in each lagoon.

5.2.7 Sampling of Ground Water

Ground water monitoring is now being preformed by an approved alternate monitoring
system. Details of this monitoring system have been provided in section 3.3.4 of this report.

The four ground-water monitoring wells that have been installed at the four corners of the

sewage lagoons are being used to monitor the ground-water conditions under the lagoons.

To date, no contamination has been detected in any of the four wells (USGS, 1990).
Please see the corresponding section in the Base-Wide Closure Plan for information on
sampling of ground water.

5.2.8 Results

Sampling of sludge and near-surface soils has been completed. A summary of the labora-
tory results from ENSECO Laboratories under contract to USGS is included in appendix A.
This document has been provided to NMED under separate cover. The interim technical
information report also contains these laboratory analysis reports.
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5.3 Analytical Results and Priority Testing

5.3.1 General

- Sampling and analysis of the lagoon wastewater revealed 1,1,1-TCA to the contaminant

found in the liquid. After liquid in the lagoons had evaporated, sampling and analysis of
sludges detected no Appendix IX constituents, except in one duplicate sample where

_ flouranthene and pyrene were detected. This duplicate sludge sample came from the center
of the south lagoon. Since contaminants were not detected in the north lagoon sludge,
additional sampling and analysis of sludge in the north lagoon is unnecessary. No
contamination was detected in the analysis of the subsurface soils and the ground water.
Chromium values detected in the soils and ground-water are attributable to natural
conditions as described in the USGS report in section 3.3.4.

5.3.2 Priority Testing

KAFB has analyzed shallow soils under the sludges at 10 locations. No contaminants listed
in 40 CFR Part 261 Appendix IX are present in the subsurface soil samples. If

contamination was found in the subsurface soils, additional sampling and analysis would be
required to determine if contamination was increasing or decreasing with depth.

5.3.3 Summary of Testing Performed

The following is a summary of the testing of samples for the sewage lagoon sludge and soil.
These samples were taken by USGS and analyzed by ENSECO. A summary of these re-
suits is included in appendix A. The actual data contained in ENSECO reports have been
provided to NMED under separate cover.

The north and south lagoon sludges were sampled at five locations each (see figure 5-1).
These locations were numbered sequentially from 5 to 14. Location 14 was a duplicate
sampling location. At each location, the sludge layer and soil one inch below the sludge
were sampled separately by USGS for determination of the followingconstituents:

• EP Toxicity Leachate Metals

• EP Toxicity Leachate Pesticides
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• Purgeable Volatile Organics

• Semi-volatile Organics

• Total Metals

.... • General Inorganics

...... The samples were tested by ENSECO Laboratories to determine the concentration of the

above constituents. A summary of the lab results are included in appendix A.

5.3.4 Results of Testing for Sewage Lagoon Sludge Samples
f

Data summaries have been provided in appendix A.

The following sections summarize the results contained in the ENSECO reports for test-ing
of the sewage lagoon sludge samples. For detailed laboratory tabulation of test results,
refer to documents numbered ENSECO-RMAL No. 007798 and ENSECO-RMAL No.

008095 for the sludge samples and documents numbered ENSECO-RMAL No. 009880 for

the soil samples. A table correlating sample (or client) ID number with laboratory

(ENSECO) ID number and sample location (appendix 1 map) number is the first page in
appendix A.

The results of the EP Toxicity Leachate Metals (EP TOX) indicate that all metals detected
fall well below the regulatory limits. The results are presented in appendix A, table 4.

The results of the EP Toxicity Leachate for Pesticides contained in the ENSECO reports
indicate that all of the sludge samples are free of pesticide contamination.

Test results for volatile organics are included in appendix A. Two purgeable volatile com-
pounds, acetone and methylene chloride, are due to laboratory influences. These two com-
pounds were present in laboratory method blanks (appendix A). Laboratory results are
contained in appendix A, table 4.

Semi-volatileorganics results show bls (2-ethylhexyl) phthalate at all locations. Appendix A
indicates that these values are erroneous due to lab interference. The detection of two
compounds, flouranthene and pyrene, at one location (#14), results in the designation of
the center of the south sewage lagoons as containing hazardous waste constituents.
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Appendix A, table 4 shows a duplicate sample from location #14. In the duplicate sample,
laboratory analysis detected all the semi-volatiles and volatiles listed in 40 CFR Part 261

Appendix IX compounds (except methylene chloride). Once again the presence of these
compounds is considered an anomaly due to lab interference. Since no other sampling loca-
tions detected this level of contamination, indicates that different sample matrix exists and
reveals that the samples are not true duplicate samples. Please see letters contained in
appendix A documenting lab interferences.

5.3.5 Results of Testing for Sewage Lagoon Soil Samples

Appendix A includes a listing of the results of the EP Toxic Metals. All of the metals
detected fall below the regulatory limits.

The results of the EP Toxicity Leachate Pesticides indicate that all of the soil samples are
free of pesticide contamination.

The results of the tests on the soil samples for 40 CFR Part 261 Appendix IX compounds
(purgeable volatile and semi-volatile organics) demonstrate no evidence of soil contamina-
tion exists at any of the locations sampled.

Appendix A includes a listing of all other organic (volatile and semi-volatile) contaminants
detected in the sewage lagoon soils. However, due to the fact that these compounds are
not listed as 40 CFR Part 261 Appendix IX constituents, they are not regulated by RCRA
and, therefore are not considered to be hazardous materials.

Some concerns were raised in the June 13, 1991, NOV for detection of 1,1,2-trichloro -
1,2,2-trifluorethane (freon TF). Two additional samples were retaken at site 10 on June 27,

1991 and tested. The results of the analyses indicated that no volatile organic compounds
were detected. This is documented in a letter dated July 24, 1991 on the next page as
figure 5-2. Backup laboratory data is contained in Analytical Results for U.S. Geological
Survey ENSECO-RMAL No. 015619, dated July 12, 1991. This document is included as a
separate document. Information contained in this document is summarized on table 13 in
appendix A.

Resampling was performed and indicates no contamination exists in the subsoils at the

lagoon. Therefore, it is not necessary to establish that concentrations are decreasing with
depth since contaminant concentrations do not exist.

46





UNIT CLOSURE PLAN FOR SEWAGE LAGOONS

Kirtland Air Force Base

5.4 Quality Assurance/Quality Control

To assure complete and correct results, the analytical laboratory will perform quality
assurance/quality control (QA/QC) analyses of blanks and duplicates for all analytes and/or
methods. The QA/QC data and guidelines are provided in the Quality Assurance Project
Plan for Kirtland AFB prepared by USGS on February 15, 1989. QA/QC program for
sampling conforms to SW 846 guidelines. These procedures are detailed in the SAP and
portions have been included in appendix E of the BWCP for easy reference.

Quality assurance and quality control guideline information is covered in the SAP by USGS,
October 1989. Portions of this document have been copied an are included for easy
reference in the Base-Wide Closure Plan. This document follows the procedural
requirements outlined in Test Methods for Evaluating Solid Waste Physical/Chemical
Methods (SW 846).

Data Quality Assurance for Tabular Data

An integral part of the data reports involve quality assurance of data. Data tables that are
included as part of appendix A were compiled in the following manner. The table format
was determined by the format of the available lab data. The data was then transcribed onto

the tables by hand. These tables were rechecked by another transcriber and spotchecked by
a project engineer. The tables were then entered onto the spreadsheet. The spreadsheets
were then verified with the hand written data.

5.4.1 Lab Standards, Acceptable Surrogate Recoveries

General information is contained in the Base-Wide Closure Plan.

5.4.2 Surrogate Recovery Report

Spike and matrix spike and duplicates were collected at frequent intervals during the course
of sampling at all wells, and at soil and sludge sampling locations. These spike and
duplicate samples conform with the parameters detailed in the SAP. The matrix and matrix

spike duplicate sample percentage recoveries were within acceptable limits except as noted
in table 5-1.

Duplicate field samples, trip blanks and field rinse blanks were also reported with actual
sample data when appropriate. All field data were checked against acceptable surrogate
recoveries as detailed in the SAP for each type of test. The recoveries were within
acceptable percentage limits except as noted in table 5-1.
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5.5 TCLP versus EP-TOX Testing

The EPA designed Extraction Procedure Toxicity Test (EP-TOX) to simulate the leaching
of solid hazardous waste co-disposed with municipal waste in a sanitary landfill and to assess
the potential impact of the leachate on ground-water contamination. But since EP Toxicity
test has a limited applicability due to a short list of constituents, EPA proposed a "second
generation" extraction procedure TCLP as a replacement to address the shortcomings of EP

.... Toxicity. The TCLP protocol includes the expanded list of regulated contaminants from the
14 listed in the EP Toxicity protocol to a total of 52 which includes eight metals, organics
and pesticides.

When sludges were originally sampled, the extraction tests were run for EP-TOX, this was
before the existence of the TCLP tests. Currently, TCLP is the test run for extractions.
The difference between metals detection for the two tests are expected to remain within the
same order of magnitude. A comparison of the difference between EP-TOX and TCLP
are shown on table 5.2.

The detectable results for sludges at the lagoons tested by the EP-TOX method are
significantly low. These results are not expected to vary more than one order of magnitude,
therefore, all results would still be below regulatory limits. To confirm this, sludges at the
sewage lagoons will be retested before removal, using the current TCLP test methods.
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Table 5-2

Differences Among Extraction Procedures

• TCLP EP-TOX

Extraction fluid selection depends on One extraction solution: distilled
sample pH: deionized H20 + 0.5 N acetic acid
a. Acetate buffer pH to pH 5.0 +. 0.2

4.93 +_ 0.05
b. Acetic acid solution

pH 288 ++_0.05

Sample to extraction fluid ratio Sample to extraction fluid ratio
is 1:20 is 1:20

TCLP requires extraction bottles made Protocol does not specify reaction
of glass, polypropylene, high density vessel design
polyethylene for non-volatiles

TCLP requires use of 0.6 to 0.8 tl,rn Requires use of 0.45 llm cellulose
glass fiber filter triacetate filters

Requires rotary agitation in end Allows either a bladestirred open
over end fashion at 30 ++.2 rpm vessel or a rotary end over end

agitator

18 +. 2 hours 24 hours

No monitoring of pH required Requires monitoring and adjustment of
during extraction pH to 5.0 during extraction

Requires acid digestion after Requires acid digestion of extract for
extraction for metals other than metals other than mercury
mercury
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The Base-Wide Closure Plan contains general information that relates to the following
sections 6.0 through 10.0. Specific information on the Sewage Lagoons is included in the
following sections.

6.0 CLOSURE DESIGN

6.1 Closure Goals

KAFB proposes that Alternative 2, clean closure by removal of contaminated materials, will
be employed for the sewage lagoons. After removal of the sludges in both lagoons, a soil-
gas survey will be performed to confirm the absence of contaminants of concern to
demonstrate clean closure. General closure design information is contained in the Base-
Wide Closure Plan.

Additional samples may be taken of subsurface soils possibly as deep as the lO-foot interval
below the sewage lagoons only if necessary to demonstrate that contaminants do not exist.
These samples will be tested for contaminants of concern only and are to supplement the
soil-gas survey.

The north and south lagoons will be treated as separate units. The following is a summary
of the closure steps for clean closure at each of the lagoons.

Sludg_e_:

The sludge in the north lagoon has been classified as non-hazardous according to the 40
CFR Part 264 Appendix IX test data, and therefore clean closure can be achieved at this

lagoon. Because EPA has changed from EP TOX to TCLP test methods, the sludge must
be resampled and retested for metals using TCLP methods. It is anticipated that all metals
detected using the TCLP test method will fall well below regulatory limits since the EP
TOX values were well below these limits.

For closure of the north lagoon the sludge will be windrowed (graded into a line) using a
motorgrader. The windrows will be collected into five piles. Each pile will then have a
composite sample taken and tested for extractable metals using TCLP methods. The sludge
piles that are not TCLP characteristic waste will then be removed from the site by using a

front end loader and soil haulers. Once the sludge has been removed, clean closure status
will be confirmed by the soil-vapor survey described below. Results of near-surface soil
samples demonstrate that the underlying soil is free of regulated contaminants.
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The soil-vapor survey will consist of sample points located at the same five locations that

were used for the original sludge and soil sampling. At each of these 5 points, a soil-gas
probe will be driven into the lagoon subsurface at some point one to five feet below the

_ existing ground level. The soil gas will be tested using a calibrated and portable gas
chromatograph. This instrument will identify contaminants that may exist in the vadose
zone. If the soil-gas survey identifies solvents, a soil sample will be taken and tests will be
run for 40 CFR Part 264 Appendix IX constituents. If contamination is not detected, the

soil below the north lagoon will be considered clean and closure will be complete.

The sludge in the south lagoon was tested in five locations. One location (duplicate @ 14)
revealed the presence of flouranthene and pyrene in very low levels slightly above the
regulatory limit and only a trace above the detection limit. These compounds were
discovered in the sludge near the center inflow pipe.

To complete clean closure at the south lagoon, the sludge will be windrowed and con-
solidated into four piles. Near location 14, a 100-foot by 100-foot area will be graded into
one large pile. Three composite samples will be taken from the pile near the location of
sample #14 and one composite sample will be taken from each of the four remaining piles.

A composite sample will be taken from each pile and tested for TCLP metals and TCLP
organics.

If test results fall below regulatory limits and risk levels, the sludge piles will be removed
from the site using a front end loader and soil hauler and used as nonhazardous fill
material. For sludges and soils that have contaminants detected, the highest level of
contaminants is compared to the lowest regulatory limits obtained in the risk assessment. A
complete discussion of the risk assessment is contained in section 6.2.3.

If the level exceeds the lowest regulatory limit value for either totals in 40 CPR 261.24 or
extract 40 CFR 261.33 than the medium will be handled as a characteristic or listed waste

as appropriate.

Characteristic or listed wastes will be sent to a permitted facility capable of proper handling
and disposal of the waste. The permitted facility may process the soil for chemical fixation
and burial or incineration. The same program for confirmation of clean closure will be

followed as outlined for the north lagoon. This will involve the procedures for the soil-gas
survey.
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Soil:

If the soil-vapor survey indicates contaminants do exist, these areas will be sampled. If
- analysis indicates contaminants, then the concentrations will be compared to the health

based risk assessment calculations. If the concentrations are blow the risk limits the
contaminants will remain and clean closure can still be achieved. If the concentrations

exceed the risk levels, then the soil will need to be removed for clean closure. If

contaminant concentrations are increasing with depth then closure in-place may be required.
Currently, sampling of subsurface soils indicates no contamination exists and clean closure
can be achieved using the soil-vapor survey as the verification method.

- 6.2 Closure Alternatives

General

A number of closure alternatives are outlined in the Base-Wide Closure Plan document.

The two possibilities that exist for closure of the sewage lagoons are clean closure and -

closure in-place. Clean closure consists of removing the contamination from the lagoon to
levels below regulatory concern and risk based standards. No post closure monitoring is
required with this method of closure. Closure in-place involves leaving the waste in place
and closing the site as a landfill. This involves constructing an impermeable cap over the
top and around the perimeter of the waste area of the entire Sewage Lagoons and post
closure monitoring for 30 years.

Clean closure will be used if it is determined by a borehole and sample program that the
contamination is at a shallow depth that will justify the removal and shipment of the
contaminated materials to an off-site disposal facility. Additional sampling will be performed
to ensure complete removal was achieved for clean closure.

If the contamination lies at a depth where it is not feasible to remove the waste and/or the
contamination has entered in the ground-water monitoring wells, then closure in-place will
be utilized. Closure in-place involves activities for closure as a landfill. This closure
requires construction of a pile cover and cap. The impermeable cap will limit the transport
of water through the contaminated zone, thus slowing the transport of contaminants. Post

closure monitoring will be required to control any further migration of contaminants.

Appendix B of this supplement is reserved and will be added at a later date to include the
specific design methods used for closure.
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6.2.1 Clean Closure

If it is found to be physically and economically feasible to remove and dispose of all con-
taminated materials, clean closure will be the method of choice. It is anticipated that if the
subsurface soils are contaminated to a depth of three feet or less, clean closure can be initi-
ated and will be the method of choice.

6.2.2 Clean Closure Goals

The goal of clean closure will be to remove all contaminated materials that would pose an
unacceptable risk to the environment or human health. With this goal in mind, the
following standards for closure will be used:

• Toxic Characteristic Leaching Procedure (TCLP) tests as listed in 40 CFR
Part 261 will be used as the guidelines for determining if wastes are hazar-
dous.

• Health based risk assessment calculation are used to establish the acceptable
levels of contaminants that are allowed to remain in the unit

• The Safe Drinking Water Act (SDWA) Maximum Contaminant Levels
(MCL) or Water Quality Control Commission (WQCC) levels (whichever is
lowest) times 20,000 may also be used to establish acceptable residual values
of contaminants in soils.

• The Human Health Standards for volatile and semi-volatile organic com-
pounds, as listed in Section 3-103.A of the New Mexico Water Quality
Control Commission (WQCC) Regulations, will be used as the guidelines for
determining organic contamination in ground water.

• Certification of clean closure will be done following tests to show that no 40
CFR Part 264, Appendix IX constituents remain above locally established
background levels. Tests will also show that, for the contaminants that do
remain, the levels are below the levels established by the risk assessment.

The WQCC standards were chosen as guidelines for establishing acceptable contamination
in ground-water only. No RCRA standards exist for volatile and semi-volatile compounds in
soil. Therefore, risk assessment and TCLP values were used.
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Standards for closure were included for metals, volatile organics, and semi-volatile organics;
these are the contaminants of concern to environment and human health. For several

reasons, inorganic compounds such as nitrates and chloride were intentionally excluded from
the proposed closure standards, even though they are included in the WQCC standards:

• Nitrates and chlorides are not considered to be hazardous, ignitable, toxic, or
corrosive, and are considered to be "harmful" or undesirable only when found
in elevated concentrations in drinking water.

• Nitrates and chlorides are naturally occurring in the native soils, and elevated
concentrations would also be commonly found in soil that had come into
contact with domestic wastewater and fertilizer.

• Closure of domestic sewage lagoons and removal of soil containing nitrates
and chlorides is usually not performed; therefore, removing soil that contains
these compounds in excess of the WQCC standard is not required.

6.2.3 Risk Assessment Theory

As instructed by NMED, a risk assessment was performed on contaminants of concern in
both the sewage lagoon sludge and soils. This risk assessment was based on oral dose
intakes for carcinogenic and non carcinogenic contaminants. The results of the risk
assessment calculations are shown in table 6-1. Table 6-2 compares the allowable risk to
other regulatory limits established by toxic contaminant leaching procedure (TCLP)
allowable, land disposal restriction, maximum contaminant level (MCL), in water, and MCL
x 20,000 for ballpark numbers of allowable contaminant levels in soil. Table 6-3 compares
the lowest regulatory limit value to the highest value detected at the site.

To prepare the risk assessment, KAFB was instructed to use two formulas provided by
NMED. These formulas were taken from the Superfund Public Health risk evaluation
Manual. The risk assessment formulas use the conservative approach of direct ingestion by
humans of contaminant containing soil. This assessment method does not consider risks
associated with inhalation of airborne contaminants contained in dust from the site.
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TABLE 6.1
KAFB CLosure Plans o Calculated Risk Limit Values

For Noncarcinogenic For Carcinogenic
Contaminants Contaminants

RfD R
C = ....... x 1,000,000 Mg/Kg C = ....... x 1,000,000 Mg/Kg

* 20 PF x D]

C = Acceptable residual soil C = Acceptable toxic concentration in Mg/Kg
concentration in Mg/Kg

R = Risk set at I x 10 -6 for clean closure

RfO = Reference Dose in Kg x Day/Mg
PF = Cancer Potency Slope Factor in Kg x Day/Mg

* 200 Mg soil injested by
10 Kg Child x Day D] = 100 Mg soil injested by

70 Kg adult x Day

RfD or Risk

Carcinogenic ? PF Limit Value
Contaminant Yes = I, No = 2 (Mg/Kg/Day) "C" (mg/kg)

Acetone 2 0.1 5,000.00
Arsenic (Total) I 0.001 700.00
Barium (Total) 2 0.05 2,500.00
Benzene (Total) I 0.029 24.14
Benzo[a]anthracene I 0.04 * 17.50
Benzo[b]fluoranthene I 0.04 * 17.50
Benzo[k]fluoranthene I 0.04 * 17.50
Benzo[a]pyrene I 0.04 * 17.50
Beryllium (Total) 2 0.005 250.00
Bis(2-ethylhexyl) phthatate I 0.02 35.00
Cadmium (Total) 1 0.0005 1,400.00
Chromium 2 Not Avail 250.00 ****
Chromium (+3) 2 1.0 50,000.00
Chromium (+6) 2 0.005 250.00
Chrysene 1 0.04 ***** 17.50
Cobalt (Total) 1 0.00001 70,000.00
Copper (Total) 2 0.055 ** 2,750.00
Ftuoranthene 2 0.04 2,000.00
Lead (Total) 2 Not Avail 200.00 ***
Mercury (Total) 2 0.0003 15.00
Methylene Chloride 2 0.06 3,000.00
Nickel (Total) 2 0.02 1,000.00
Pyrene 2 0.03 1,500.00
Selenium (Total) 2 0.005 250.00
Silver (Total) 2 0.003 150.00
Toluene 2 0.2 10,000.00
Vanadium (Total) 2 0.007 350.00
Xylene (total) 2 2.0 100,000.00
Zinc (Total) 2 0.2 10,000.00

* Use Fluoranthene RfD - Recommended by John Rauscher, US Dept. Interior,
Bureau of Reclamation, Atbq. NM

** RfD not available. Federal drinking water standard of 1.3 mg/t, 1.4 liters
water consumed per day, so 1.82 mg copper can be safely consumed per day.
1.3 mg/70 kg body weight = 0.026 mg/kg/day. Recent EPA data recommends range of
0.04 to 0.07, therefore 0.055 is used as a midpoint of that range.

*** Cleanup level recocmnended by the Centers for Disease Control is 500 to 1,000 ppm - not
a regulatory limit, cleanup guideline only. NMEDrecommends cleanup level of 200 ppm.

**** Assume conservatively that all Chromium in a total Chromium analysis is Chromium (+6),
which is unlikely. Risk Limit Value is for Chromium is based on this worst case scenerio.

***** Use benzo[a]pyrene PF, from letter to Bruce Swanton from EPA, Enclosure iX[
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,,_=,,,,,, ENCLOSURE III

_4 _ _ UNITED STATES ENVIRONMENTAL PROTECTION _3_'NCY.F_,
_- OFFICE OF RESEARCHAND OEVELOPMENT

ENV}RONMKNI'AL CRITERIA AND ASIEIIMEN'r OFFICl

C_C_NATL OH,O_szes

Dr. Bruce _anton

New Mexico Envlronnental Depar_ent
500 Copper Avenue S.W., St. 200
Albu_er_e, NM 87102

REt Oral Slope Factors and Reference Doles for Cobalt, Copper
and Chrysene (Kirtland Air Force Base/ New Mexico)

Dear Dr. Swanton:

This memo is in response to a retest from Mike Silva of
GeoSciance Coneul_ants for oral slope factors and reference doses
for copper, cobalt and chrysane. Enclosed please find _he
following:

Enclosure I: Risk Assessment Issue Paper for the Znterim Oral
Slope Factor and Reference Dose for Copper

Enclosure _I: Risk Assessment Issue Paper for the _n_erim Or&l
Slope Yactor and ReEerencs _ss for Cobalt

Enclosure III: Risk Assessment Issue Paper for the Interim Oral
Slope Factor and Reference Dose for _ryaono

Please feel free to contact E_O at (513) 569-7300 if we can
be of further assistance.

Respectfully,/ ,

. Cindy S_ - fin, C '
Chemical Mi_ures Assessment Branch

Enclosures

ca= J. Dinah (OS-230)
#. Dollarhida (ECAO-Cin)

!iMean. (os-2,o)
.... Rauscher (Re_lon VI)

Silva (GeoSclence Cons.)
S. Weldert (ECAO-Cin)



ENCLOSURE III CONCLUDED

Enclosure ZZZ

Risk &ossssment Issue )spot fo:x
Ocal Slope 7aotO_ and _eferenos Does for Oh=ysene

?oxiottV Znfoz_ati¢-

I. RtDs/IfCs

OraZ

+ Only 6 PARs have interim oral RfOs. Table 1 lis_e the
chemicals with oral RfDs along wlth the critical study, species,
critical effect and reference dose. For the 5 chemicals that
have been verified, the date of verification is lls=ed, and the
RfDs are available on IRIS.

Inhalation
Inhalation RfCs have not been calculated for any of the
PAHs.

C|EGino_enlo lilill|ln_

.... Z, BaakgToun4

The Office of E_ergsncy and Remedial Response (OERR) is
working on a draft approach for risk assessment of PAHs a_
8uperfund sites. ECAO-Cin has been involved in the development
of an ODW document for PAHs and is currently working on a
Multimedia document Ear PAHs, both of which discuss toxicity
equivalency factors for PAHs. There is presently no Agency
posi¢ion on this issue. It is likely that benzo[a]pyrene will q
serve as the reference point for TEF approaches to PAH rink ]
assessments. The maJorlty of PAH likely to be found in the
o_viro_ant appaax to be lace potent 1_han henzo_a]ppmnm. There
are data, however, _o indicate th_ methylated PAH and those
containing oxygen and nit=ogen may be more potent than
benzo[a]pyrene.

IS. Slope 7aotore and Znteria &pproach

Benzo[a]pyrene has beln classified as a Bi, probable human
carcinogen, however, there are no slope factors on IRIS. U.S.
EPA (1980, 1984) derived an upper-bound oral slope factor of
11.5 per (mg/kg)/da¥ using a linearlzed multistage procedure and

• the data of Neal and Rigdo_ (1967). U.S. EPA (1984) derived an
upper-bound inhalation slope factor of 6.1 per (mg/kg)/day based
on the da_a of Thysssn et el. (1981). These values could be
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The formula used depends on whether the contaminant is a suspected carcinogen or not.
The formula for carcinogenic contaminants uses a slope factor (PF) and the non-

- carcinogenic formula uses a reference dose (RfD). Each of these values were used in the
appropriate formula to calculate an acceptable risk level. (i.e., an acceptable value for
contaminants in soil)

Reference dose and slope factors were obtained from the IRIS data base, which provides
data on the current level of contaminant research and is updated quarterly. In some cases
the RFD or PF has not been established. When a value has not been established by IRIS,
then data from the Health Effects Assessment Summary Table (HEAST) was used as a
surrogate value.

For the contaminants of concern at the site, table 6-1 shows the calculated values that

establish the acceptable risk level. Once the risk levels were established, they were
compared to other regulatory limits. Table 6-2 shows the results of this comparison. The
controlling regulatory limit is shown in the column on the right side of this table for both
extractions and totals. Table 6-3 compares the regulatory limit value to the highest value
detected. The "@" symbol indicates an exceedance of a limiting value.

This risk assessment was preformed as detailed in the June 13, 1991, NOV and is based on
oral intake dose routes only.

Also included in the Risk Assessment are regulatory limits based on extracts of samples.
This limit is established by comparison of CWE, CCWE and TCLP values. The lowest

value of the three becomes the limiting value. Land disposal restrictions (LDR) values are
found under 40 CFR part 268. The regulatory limit values are based on extraction tests
done on waste. The limits establish acceptable CCWE and CWE limits with specified

treatment levels (or simply types of treatment) for each chemical. This information is
compared to TCLP testing that is also based on extracts of a sample. Not all Appendix IX
contaminants listed have an extract limiting value, and the calculated risk value is therefore,
used to establish a low limit value.

The risk assessment generates numbers based on slope factors and reference doses. These
factors are part of calculations that establish values measured in total levels of contaminants
that can remain in soil. These values are based on mg of contaminant per kilogram of soil
(ppm). For comparison, the lower value of either the New Mexico Water Quality Control

Commission limit values, or the Safe Drinking Water Act (SDWA) Maximum Contaminant
Levels (MCL), were multiplied by 20,000 to obtain a comparative value. Since this is used
for comparison purposes, the risk-assessed values are the actual governing limit for totals.
However, the low values shown on table 6-2 and 6-3 use the lower value of either the risk
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calculation or MCL/WQCC times 20,000. This provides more conservative approach for a
lower limiting value for the risk assessment.

Allowable contaminant levels in ground-water are controlled by both the Federal Safe
Drinking Water Act (SDWA), Maximum Contaminant Level (MCL) and the State of New
Mexico Water Quality Control Commission (WQCC). The lower value of the two
regulations establishes the high limit for concentration of contaminants in ground-water.

The results of the risk assessment as shown on table 6-3 demonstrate that only some of the
contaminants in sludge exceed the risk assessment values. Since the sludge will be removed
from the site during closure activities, this risk will be removed. If the sludge will be used
as nonhazardous fill material, it must be below the limits of regulatory concern in a TCLP
analyses. If the sludge is greater than these TCLP limits, then the sludge will be disposed
of as a hazardous waste.

The above risk assesment calculations are based on situations involving single contaminants.
This method was considered acceptable for this application since the established risk levels
were multiple orders of magnitude larger than the contaminants on site. Restated, the
contaminant levels that exist at the site are so small compared to the allowable risk levels
being so large that the above risk assesment approach was considered acceptable to
NMED*.

If site contaminant levels were near the same order of magnitude the calculations for
multiple contaminants would have been used to consider an increased relative risk effect
due to multiple contaminants.

*Communication by telecon, Dr. B. Swanton of NMED, to M. Silva of GCL on 8/23/91.
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6.3 Clean Closure Methods

6.3.1 Site Preparation

Only minor site preparation is required prior to closure of the sewage lagoons. A
decontamination pad is required for decontaminating equipment used on site. This will be
located near the southeast corner of the site outside of the fenced area. Additional fencing
and site access will be required near this decontamination area.

The Base-Wide Closure Plan includes additional information on site preparation.

6.3.2 Removal and Disposal of All Inventory

At the present time, all standing liquids have evaporated from the units and bottom sludges
have less than a five percent moisture content. All sludges found to contain contaminants
in excess of regulatory limits will be removed, placed in a hazardous waste soil hauler, and
taken to a permitted disposal facility where they will be disposed of as hazardous waste.
Sludges which do not contain contaminants in excess of regulated limits will be removed
from the lagoons and used as fill material.

6.3.3 Record Keeping

The Base-Wide Closure Plan contains information on record keeping.

6.4 Contingency Plan for Closure In-Place

The primary functions of a hazardous waste site cap are to control the movement of water
and gas through the site, and to prevent erosion that would destroy the integrity of the cap.
The cap must allow for the conductance of subsurface and surface water away from the
waste material, the conductance of gases from the waste material to the ambient air, and
must provide the shear and tensile strengths required to maintain control over the
movement of both water and gas.

The requirements for the closure and post closure of a surface impoundment are contained
in Part 265 Subpart F, Subpart G, and Subpart K of the Code of Federal Regulations 40
(CFR 40). These regulations require that the final cover:
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• provide long-term minimization of migration of liquids through the closed
landfill;

• function with minimum maintenance;

• promote drainage and minimize erosion or abrasion of the cover;

• accommodate settling and subsidence so that the cover's integrity is
maintained; and

• have a permeability less than or equal to the permeability of any bottom
liner system or natural subsoils present.

The cover design most commonly used to accomplish the required objectives is the three
layer "2:1:2" system, shown in figure 6-1 (see EPA publications EPA/625/6-85/006, pages 3-5
to 3-9, and EPA/530-SW-85-021). This cover design consists of a 2-foot thick clay liner
placed above the contaminated unit, an optional synthetic liner, a 1 foot thick granular
drainage layer (sand or gravel) overlying the clay liner, and a 2-foot thick upper layer of
native topsoil or similar material. The clay liner material will consist of a 1-1 structured
non-swelling clay such as kaolinite or halloysite with the hydraulic conductivity less then 10 x
E-7 cm/sec. A vegetative cover is commonly planted in the topsoil layer to minimize

erosion and extensive post closure care. Surface water run-on and run-off are controlled by
ditches and catchments adjacent to the cap around the entire perimeter of the cover.

The 2:1:2 cap is the standard against which a proposed cap design is compared, and the
- proposed design is intended to equal the effectiveness of this standard. The adequacy of

the cap will be evaluated using the Hydrologic Evaluation of Landfill Performance (HELP)
model.

6.4.1 Cap Design

The proposed design of the closure cap is shown in figures 6-2 and 6-3 and consists of a 2-
foot thick vegetative layer on top of a 1 foot thick sand or crushed rock drainage layer
overlying a 2-foot thick layer of compacted clay. The clay layer is protected by a 6 mil
polyethylene membrane vapor barrier in order to retain its moisture. Underlying the clay is
a 4-inch thick layer of sand or crushed rock to be used as a bedding layer and a gas
collection layer.
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Drainage ditches will be constructed on all four sides of the cap allowing for protection of
the cap from run-off and run-on water. These ditches will be designed according to surface
water run-off studies. The cap will be sloped at a 2% grade from the east to the west

allowing for run-off water to be drained through the 1 foot thick drainage layer to the
perimeter drainage ditches.

In order to create the 2% slope of the cap, the underlying soil in the surface impoundment
will have to be re-graded, cutting from the western side and filling the eastern side. The

berm will be removed and added to the eastern side. The steep gradient of the cap will
allow the gases to flow to the top portion of the cap where venting wells will be installed to
allow the gases to emit to ambient air.

The vegetative layer is usually 2-feet thick, but may be greater depending on the frost
depth, the maximum depth of root penetration, and the rate of anticipated soil loss. The
frost depth must not be allowed to reach the clay layer because freeze/thaw cycles may
greatly increase the permeability of this layer. The selection of the vegetative cover will

include consideration of root penetration, erosion potential, and competitive advantage over
other plant species in the area. Erosion of the vegetative cover can occur even when the
vegetative cover has good soil retaining capabilities. An alternative to a vegetative cover
that may be considered in the desert southwest is a crushed rock cover. The crushed rock

cover will allow run-off to flow to the perimeters of the cap and will provide a zone of
protection against intrusion by roots and burrowing animals.

An optional synthetic liner may be installed above the clay for two main reasons: 1) the
synthetic liner will further slow down the migration of contaminants through the subsurface,
and 2) will act as a vapor barrier to help retain moisture in the clay and thus its
impermeability.

6.4.2 Post Closure Care

During the post-closure care period, all facility structures will be inspected on a monthly
basis for signs of erosion, subsidence, and signs of other physical damage. Structures to be
inspected will include the final cap, rainfall diversion ditches, flood control devices, and

securityfences.

Any signs of erosion or damage to the cap will be immediately repaired by replacing lost

soil and rock. Damage by rodents will be prevented by the use of traps and/or baits if
necessary.
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Erosion of the final cover will be prevented by as series of rainwater conveyance ditches
and flood control barriers. Monthly inspections of these structures will ensure their integrity
and ability to prevent damage to the final cover from precipitation events. If erosion should
occur, replacement soils and equipment are available on-site for immediate repairs to the
final cover.

Ground-water monitoring wells will be inspected on a quarterly basis to ensure that all
dedicated pumps are functional and that the wells are capable of providing representative
samples of the underlying aquifer. Wells that are determined to be inadequate (e.g., drop
in water level below screened interval) will be replaced with new wells.

Of the alternatives outlined in the Base-Wide Closure Plan, KAFB considers using

alternative 2 as the appropriate method of clean closure for the sewage lagoons. The
removal of contaminated materials (sludge) will permit clean closure to be achieved.

6.5 Health and Safety During Closure

All personnel entering the sewage lagoon closure site will be required to observe health and
safety procedures as required by OSHA and KAFB.

These topics are discussed completely in the corresponding section of the Base-Wide
Closure Plan, appendix G.

(The bottom of this page intentionally left blank)
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6.6 Equipment Decontamination

Each piece of earth-moving equipment that may come in contact with hazardous materials
during closure activities will be thoroughly decontaminated before it is returned to normal
service. A sound asphalt, concrete, or lined gravel pad will be used to decontaminate

equipment exposed to contaminated soils or materials. The size of the pad will be large
enough to acx.ommodate the equipment that is used. It will be bermed with a runoff catch-
ment basin so that the wash water can be collected, removed, or treated.

Decontamination pads for heavy equipment will be located adjacent to closure sites or at a
central facility. Access should be such that travel distance from the actual work site to

decontamination pad is minimized. The actual location will be determined on a site-by-site
basis and identified in site supplements. Typically, the decontamination pads for workers
will be located at the perimeter of the Exclusion Zone in the Contamination Reduction
Zone. Pads should be located in such a manner that normal operations do not pose a
threat to surface water, or be located in areas of imminent flooding (i.e., arroyos), or be
located in such a manner that they endanger the health and safety of the local environment.
Decontamination pads should be sited in a manner that causes the least disruption to the
surrounding environment, taking into account visual and audible factors as well as
exobiological concerns.

A decontamination pad will be located at the southeast comer of the lagoon site. This pad
will be used to decontaminate equipment used on-site. It is anticipated that a motor grader
and front end loader will be used to pile and remove the sludges. Also, soil haulers will
need to be decontaminated prior to leaving the site if they operate in or come in contact
with the hazardous materials at the center of the south lagoon.

Decontamination pad design and decontamination procedures will follow the details and
procedures outlined in section 6.5 in the Base-Wide Closure Plan.
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6.7 Cost Estimate

Although this is a Federal facility and a cost estimate is not required, a preliminary cost
estimate has been prepared as a matter of interest. The depth and volume of sludge to be
removed has been determined; therefore, a cost estimate has been developed and is out-
lined below. The cost estimate is based on the assumption that all sludge material will be
nonhazardous and will be disposed of on site. Since the volume of hazardous material will
not be known until the testing of sludges is completed, costs for transport of hazardous
sludges and disposal of hazardous materials have not been established.

Cost

• Project preparation/mobilization $10,000

• Project supervision/management $46,250

• Segregation of sludges $6,240

• Testing of sludges $26,640

• Transport and disposal of nonhazardous sludges $10,020

• Soil-gas surveys $12,600

° Testing of soils if required $24,000

• Decontamination of structures, equipment and
piping as required $7,500

• Final site regrading $2,500

TOTAL $145,750

• Transport of hazardous sludges Cost not Established

• Disposal cost of hazardous materials Cost not Established

The above costs will vary depending on thickness and volume of material removed and what
percentage of the materials is hazardous.

In addition, costs will vary with haul distance, disposal facility, and method of disposal for
the hazardous material.
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7.0 REGULATORY REQUIREMENTS

7.1 Facility Conditions

7.1.1 Maximum Amount of Inventory

To determine the volume of inventory, a 50-foot grid was established on both the north and
south sewage lagoons where the center of the grid was the middle of each lagoon at the

influent discharge point. The perimeter of the area containing sludge for both lagoons was
determined by measurement. The sludge depth was measured at each grid and perimeter
point. The field data was then reduced to X,Y,Z coordinates where X = easting, Y =
northing, and Z = sludge thickness measured in the field. The X,Y,Z coordinates were

then input into a computer software program that developed the sludge volume and sludge
thickness contours shown on figures 7-1 and 7-2. The sludge inventory data are summarized
as follows:

North Lagoon South Lagoon Total

Total data points 157 162 319
Area containing sludge (acres) 6.34 6.38 12.72
Sludge volume (cu. ft.) 32,022 22,599 54,621
Sludge volume (cu. yd.) 1,186 837 2,023
Average sludge thickness (in.) 1.39 0.98 NA

7.1.2 Inventory of Auxiliary Equipment

The list of auxiliary equipment at the Sewage Lagoons consists of

• Two 20-inch diameter 770-foot long effluent discharge pipes and supporting
concrete structures

• One concrete drainage structure

• One approximately 700-foot by 6-foot wide concrete berm cap
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Since the unit is undergoing clean closure, samples from the piping and concrete structures
will be tested for the contaminants of concern. If the contaminants are above the

regulatory limits for extraction tests or above limits established by risk assessment for the
- totals then the structures will be decontaminated. The decontamination methods and

procedures will be compatible for effective removal of the contaminants detected.

7.1.3 Schedule For Final Closure

Approval by the Administrator of this closure plan constitues completion of closure for this
unit. Within 60 days of completion of closure of this unit, and within 60 days of completion
of final closure, KAFB will submit by registered mail a certification that the hazardous waste

unit has been closed in accordance with the specifications in the approved closure plan.
This certification will be signed by both the current or acting operator of the unit at KAFB,
and also signed by an independent registered professional engineer. Documentation
supporting the certification will be made available and furnished as requested until KAFB is
released by the Administrator for closure completion.

The following page contains the Schedule (figure 7-3 and 7-4) based on an approval of this
closure plan from NMED.

7.2 Removal and Disposal of Inventory

KAFB proposes to close the units by using the clean closure method by removal of con-
taminated sludge materials as required to attain clean closure. This includes testing, and if
required, decontamination of related auxiliary equipment. If disposal of contaminated
material is required, it will be treated, solidified and buried at a land disposal facility or
incinerated by a permitted hazardous waste incinerator. The disposal process will be
appropriate with the regulations for the specific type of hazardous waste constituents being
disposed.

The Base-Wide Closure plan contains the following required information.

7.3 Surveying

7.4 Notice to Local Land Authority

7.5 Notice in Deed of Property
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7.6 Certification of Closure

The Base-Wide Closure plan contains this required information.

- 7.7 Post-Closure Permit

The Base-Wide Closure plan contains this required information.

7.8 Amendment of this Plan

This plan may be amended and additions may be made as necessary according to provisions
outlined in 40 CFR 265.112.

7.9 Notification

The Base-Wide Closure plan contains this required information.

7.10 Time Allowed for Closure

The Base-Wide Closure plan contains this required information.
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8.0 POST-CLOSURE CARE PLAN FOR LANDFILL CLOSURE (IF REQUIRED)

Kirtland Air Force Base intends to close the sewage lagoons by removing all hazardous
wastes. Since the sewage lagoons are undergoing clean closure, a complete post closure care
plan is not required according to 40 CFR 265 part 118(a). General post closure care
activities are detailed in section 6.4.2.

According to 40 CFR Part 265.118(d)(3 and 4) if either KAVB or the administrator
(NMED) determines that this site will close as a landfill, then a post closure care plan will
be submitted within 90 days of this determination.

In the unlikely event that the next round of sampling shows the need for a landfill closure
, method, a post closure care plan will be added to this supplement and will include detailed

information on the following:

8.1 Facility Contact

8.2 Ground-water Monitoring

8.3 Sampling and Analysis

8.4 Emergency Response

8.5 Financial Requirements

- 8.6 Personnel Training

- 8.7 Function of Monitoring Equipment

- 8.8 Planned Maintenance Activity

8.9 Intregity and Analysis of Final Cover System
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9.0 SECURITY

Access to all parts of KAFB is controlled by security personnel. Unauthorized persons will
not be allowed into the work area during closure, operations, and access to the site will be
restricted using a perimeter fence.
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Appendix A

Analytical Results

Table of Contents

Table Description

1 Correlation for Sample Location, Sample ID, Lab ID
2 Lagoon Sampling Results of Liquids (While Lagoons Were In Operation)
3 EP-TOX Lechate Metals Detected In Sludge
4 Analysis Results of Sewage Lagoon Sludge, Sample Locations
5 Non Appendix IX Compounds Detected in Sewage Lagoon Sludge
6 EP-Toxicity Lechate Metals Concentration in Soils at Sewage Lagoons
7 Non Appendix IX Organic Compounds Detected in Sewage Lagoons Soils
8 Letters Explaining Results for Acetone, Methylene Chloride bis-(2 Exhylhexyl)

Phthalate, Fluorathane and Pyrene as Not Valid

9 Letter Explaining Acetone Methylene Chloride and 2-Butanone Detection is
Due to Laboratory Contamination

Summary Tables:

10 Sludge: Total Metals and EP TOX Analysis: pages 1 & 2
10 cont'd. Sludge: Volatile Organic Analysis: pages 1 & 2
11 Soils: Volatile Organic Analysis
12 Soils: Total Metals and EP TOX Analysis
13 Soils, Resampling of June 27, 1991, Showing No Freon Report of July 12, 1991

(Related letter of July 24, 1991 appears on page 47 as figure 5-2)

Ground-water Monitoring Summarries:

14 1st Round Sampling
15 2nd Round Sampling
16 3rd Round Sampling
17 4th Round Sampling

ENSECO Summaries:

18 February & March 1991 Ground Water Detection Monitoring for 4th Round (2
pages) (Contains Results from Other Sites for Comparison of Values)

19 May & June 1991 Ground Water Detection Monitoring for 5th Round (3

pages) (contains Results from Other Sites for Comparison of Values)



Table 1

Correlation of Sample Locations with
. Sample and Laboratory Identification Numbers

Sample
Location Sample (Client) ID Laboratory (ENSECO) ID's*

Slud2e Samples
5 KAFB 050501-1 007798-0004-SA
6 KAFB 050601-1 007798-0006-SA
7 KAFB 050701-1 007798-0008-SA/008095-0004-SA
8 KAFB 050801-1 007798-0010-SA/008095-0005-SA
9 KAFB 050901-1 007798-0011-SA/008095-0(K_-SA

10 KAFB 051001-1 007798-0012-SA/008095-0007-SA
11 KAFB 051101-1 007798-0013-SA/008095-0008-SA
12 KAFB 051201-1 007798-0014-SA/008095-0009-SA
13 KAFB 051301-1 007798-0015-SA/008095-0010-SA
14 KAFB 051401-1 007798-0001-SA

**14 KAFB 051402-1 007798-0002-SA

- Soil Samples
5 KAFB 050502-1 009880-0001-SA

*'5 KAFB 050503-1 009880-0002-SA
- 6 KAFB 050602-1 009880-0003-SA

7 KAFB 050702-1 009880-0004-SA
8 KAFB 050802-1 009880-0005-SA

- 9 KAFB 050902-1 009880-0006-SA
10 KAFB 051002-1 009880-0007-SA
11 KAFB 051102-1 009880-0008-SA
12 KAFB 051202-1 009880-0009-SA
13 KAFB 051302-1 009880-0010-SA
14 KAFB 051403-1 009880-0011-SA

._ *Location Nos. 7 through 13 were resampled.

**Two samples were removed from these locations (for duplicate QA/QC).



Table 2

AF OEHL, Lagoon Sampling Results
(Samples of Liquid from Lagoons)

TESTS BY SGPG: Maximum
Concentration

Location Contaminant Detected Found(#g/l) (ppb)

Lagoon 1 Inlet, Phenol 11.0
at Splitter Box Chloroform 0.6

Dibromchloromethane 0.8

1,2-Dichloroethane 6.0

Methylene Chloride 20.5
trans-l,2-Dichloroethane 0.4

• Tetrachloroethane 0.9

1,1,1-Trichloroethane (TCA) 9.0
Trichloroethylene 2.6

Lagoon 1 North Methyl Ethyl Ketone 4.9
East Corner Methyl Isobutyl Ketone 6.5

Lagoon 1 North Methylene Chloride 4.7
West Corner TCA 14.6

Trichloroethylene 1.7

Lagoon 1 South Methylene Chloride 4.3
West Corner TCA 14.3

Trichloroethylene 1.7

Lagoon 1 South Methylene Chloride 1.6
East Corner

Lagoon 2, Exit Phenol 35.0
4-Methyphenol 57.0
Chloroform 0.6

Methylene Chloride 13.0
TCA 2.4

Trichloroethylene 1.0

Lagoon 2 North Methylene Chloride 0.8
West Corner

Lagoon 2 North Methylene Chloride 0.6
East Corner



Table 2 (cont'd)

AF OEHL, Lagoon Sampling Results
(Samples of Liquid from Lagoons)

TESTS BY SGPG: Maximum
Concentration

Location Contaminant Detected Found(#g/l) (ppb)

Lagoon 2 South Methylene Chloride 0.8
East Corner TCA 1.0

Lagoon 1, Subsurface 1,1-Dichloroethane 0.47
(1A-SUB) Toluene 1.4

Lead 5800.0*
Chromium 11000.0"

Lagoon 1, Subsurface Toluene 1.8
(1C-SUB) Lead 1100.0'

Mercury 15.0"
Silver 3300.0*

Lagoon 1, Sediment Barium 83.0 mg/kg
(1A-SED) Cadmium 6.9 mg/kg

Chromium 160.0 mg/kg
Lead 110.0 mg/kg
Mercury 2400.0 ug/kg
Silver 96.0 mg/kg

Lagoon 1, Sediment Barium 67.0 mg/kg
(1C-SED) Cadmium 52.0 mg/kg

Chromium 140.0 mg/kg
Lead 70.0 mg/kg

Mercury 850.0 ug/kg
Silver 81.0 mg/kg

Lagoon 2, Sediment Barium 52.0 mg/kg
(2A-SED) Cadmium 1.7 mg/kg

Chromium 50.0 mg/kg
Lead 12.0 mg/kg

Mercury 150.0 mg/kg
Silver 25.0 mg/kg

*All samples taken at the surface.



Table 3

-- EP Toxicity Leachate - Metals in Sludge

Concentration of Metals* Detected mg/l
Sample
Location Barium Cadmium Chromium Lead

Regulatory Limit Regulatory Limit Regulatory Limit Regulatory Limit
is 100.0 mg/l is 1.0 mg/l is 5.0 mg/I is 5.0 mg/!

5 .77 .23 .09 -
6 .80 .29 .08 -
7 .69 .26 .12 -

- 8 .92 .26 .10 -
9 .04 .74 .21 -

10 1.2 .14 - -
11 1.2 .24 - -
12 1.0 .12 .07 -
13 1.2 .22 .09 -
14 .44 .28 .11 -

*'14 .57 .21 - 1.6

*Only barium, cadmium, chromium, and lead were detected in sewage lagoon sludges.

**Sludge was sampled twice at this location (for duplicate QA/QC).
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Table 5

Non-Appendix IX Organic Compounds Detected

Sewage Lagoon Sludges
No. of Samples

Volatile Organic Analysis (VOA) Containing Cpd

Benzene, l,3,5-Trimethyl- 1

Benzene, l-Ethyl-3-Methyl- 1
2-Butanone, 4-(Dimethylamino)-3-methyl- 2
1-Penten-3-ol,3-Methyl- 1

• Undecane 1

Unsaturated Hydrocarbon 1
Naphthalene, Decahydro-2-Methyl- 1
Benzene,l,2,3,4-Tetramethyl- 1
Benzene,Diethylmethyl- 1
Trichlorotrifluoroethane 2

Silanol, Trimethyl- 1
D-Limonene 1

Base Neutral Acid Analysis (BNA)

Hexadecanoic Acid 6

Saturated Hydrocarbon 9
Cholestanol 11

Cholestane,2,3-Epoxy-,(2.Alpha.,3.Alpha.,5.Alpha.)- 11
Oxygenated Hydrocarbon 11
Cholestan-3-ol 1

Cholestane,3,4-Epoxy-,(2.Alpha.,3.Alpha.,5.Alpha.)- 2
Pentatriacontane 1
.Gamma.-Sitosterol 5

2-Pentadecanone,6,10,14-Trimethyl- 3

Phosphonic Acid, Diotadecyl Ester 1
Cholestane,3,4-Epoxy-,(3.Alpha.,4.Alpha.,5.Alpha.) 5
1-Hexacosanol 5

Cyclic Hydrocarbon 2
Chondrillasterol 3
Octodecanoic Acid 1

2H-Pyron-2-One, Tetrahydro-6-Tridecyl 1
Unsaturated Hydrocarbon 4
Cholestan-3-One,5-Hydroxy-,(5.Alpha.)- 1
Cyclohexanecarboxylic Acid, 1-(1,1-Dimethyl Ethyl)- 1
1-Docosanol 1



Table 5 (cont'd)

Non-Appendix IX Organic Compounds Detected

Sewage Lagoon Sludges
No. of Samples

Volatile Organic Analysis (VOA) Containing Cpd

Hexacosane 1
Pentacosane 1

Heptasiloxane, Hexadecamethyl- 2
Hexadecane,2,6,10,14-Tetramethyl- 1
1-Hexadecanol, 2-methyl- 1
1-Tetracosanol 1
Octadecanol 1

Cyclobutanol, 1-Butyl- 1
Heptadecane,2,6-Dimethyl- 1



Table 6

Ep Toxicity Leachate - Metals in Soils

Concentration of Metals* Detected mg/l

Barium Cadmium

Sample Regulatory Limit Regulatory Limit
Location is 100.0 mg/! is 1.0 mg/I

**5 .69 -
5 .83 .026
6 .64 -
7 .86 -
8 .69 -
9 .69 -

10 - -
11 .62 -
12 .18 -
13 .50 .38
14 .45 -

*Only barium and cadmium were detected in sewage lagoon soils.

**Soil was sampled twice at this location (for duplicate QA/QC).



Table 7

Non-Appendix IX Organic Compounds Detected

Sewage Lagoon Soils
No. of Samples

- Volatile Organic Analysis (VOA) Containing Cpd

Ethane, l,l,2-Trichloro-l,2,2-Trifluoro- 1

Base Neutral Acid Analysis (BNA)

Oxygenated Hydrocarbon 7
Saturated Hydrocarbon 5
Unsaturated Hydrocarbon 5
Dichotine,19-(Benzylthio)-11-Methoxy-,Acetate(Ester) 6
Cholestanol 6

Cholestane,2,3-Epoxy-,(2.Alpha.,3.Alpha.,5.Alpha.)- 6
Sterol 6
Steroid 7

Hexanedioic Acid, Dioctyl Ester 1
Furan,2,5-Dimethyl- 2
Ketone 1

Cyclic Hydrocarbon 4
Stigmastane 1
Poly Aromatic Hydrocarbon 1
Aromatic Hydrocarbon 3
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PRIDEIN_
' United States Department of the Interior JME ,a• I

, II

GEOLOGICALSURVEY _ m

Water Resources Division
4501 Indian School Road, suite 200

' Albuquerque, NM 87110 ,'.{ )'( ,/.. f ,"_
October 18, 1990 t 1_

Attn: Mr. Dennis Lundquist

HSD/_AQ
Brooks Air Force Base, TX 78235-5501

Dear Dennis

Several issues have recently arisen concerning the analytical results of the

dry sludge samples iron the Kirtland AFB sewage lagoons. These samples were
co]lected from ten sites in the lagoons by the USGS in December '89 and

January '90.

The Issues are:

I) Analytical method SW8240 detected low levels of Acetone and Methylene
Chloride in nearly all the sludge samples. These two highly volatile

compounds would not be expected in soll type material which has been exposed

to the atmosphere for any l_ngth of time. These compounds are also commonly
used in analytical labor@tories, and can be introduced as sample
contaminants in the lab. The enclosed letter from Rocky Mountain Analytlca[

Laboratory should adequately address this issue.

2) Analytical method SW8270 detected bis(2-Exhylhexyl)phthalate at

concentrations ranging from 5.4 to 40 mg/Kg in all the dry sludge samples.

All the samples except KAFB051401-1 (28 mg/Kg concentration) were assigned

to a laboratory method blank (QC run: 12-21-89-A) Which contained 60 mg/Kg

- of this phthalate. Thus, the(_concentrations of this compound are not
valid. Additionally, EPA has hoted a failure rate of 46% in falsely

dete------_tingthis compound .(Results for Water Supply Performance Evaluation

Study 25, 2-25-90).

3) Analytical method SW8270 for samples KAFBO51401-1 and KAFB051402-1

(dupllcRte sample) detected eight compounds in 02-1 which were not
detected in O1-i. The enclosed page listing a portion of the results of this
method for sample O1-I was Incorrectly left out of the ITIR data reports

(two copieseach for ITIR Sites 5-7 and ITIRSites i-I0). Concentrationsof
8.7 and 9.6 mg/Kg Fluorsnthene and_ren___._erespectively are listed on this

page. These two compounds are each found at concentrations of 5.6 mg/Kg In
02-I. The fact that six other compounds are detected at concentrations of

2.2 to 4.1 mg/Kg in 02-1, and not detected l.n01-I can probably be
attributed to the fact that the detection limits for these compounds are 8=5

mg/Kg for sample 01-i. The higher detection limits for sample 01-I probably
relate to the sample matrix.
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4) The sludge samples were analyzed for metals toxicity using the EP

Toxicity method (SWl310). On 3-29-90 the EPA published the Toxicity Leachil_g

Characteristic Procedure (TCLP) in the Federal Register, after the rule was

finalized by a federal judge. Since the sludge samples were collected prior
to the issuance of the final rule, the EP Tox method should be valid.The EP

-- Tox results show none of the sludge samples to exceed the regulatory limits

for metals. If necessary, further information concerning the diffe[ences
between the EP Tox and TCLP methods can be forwarded.

Also enclosed with this letter are two copies each of revised pages G-A-1
for ITIR Sites 5-7 and ITIR Sites I-I0.

-- If you have any questions concerning these documents give me a call at (505)
262-5340.

Sincerely /

Ralph Wilcox

cc Col. Edward Behllng,



i_nck_, r btoumain

_ Anal),lical L_boratory
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: Enseco
- A CORNING Company

October 12, 1990

Hr. Ralph Wilcox
U.S. Geological Survey
Pine Tree Office Park, Suite 200
4501 Indian School Road NE
Albuquerque, NM 87110

Dear Ralph:

Concern has been expressed over the unexpected detection of certain target
compounds (acetone, methylene chloride, and 2-butanone) by Method 8240.

.... These compounds, in addition to toluene, are common laboratory
contaminants. This is recognized by the EPA in the CLP Statement of Work
(2/88), which allows up to five times the detection limit for these compounc_s
in the method blanks. All other compounds must be less than the detection
limit.

The method blanks for two projects in question (RHAL 007798 and 008095)
were re-examined. These blanks showed the presence of methylene chloride and
acetone, although the amounts found were below the reporting limits. With the
one exception, the results for all samples were less than about three times
the reporting limit for the common laboratory contaminants. These amounts
could easily arise from_contamination and are probably not significant.

(t_,)"

The laboratory makes every effort to prevent contamination. However, due
to the use of these compounds throughout the laboratory and the sensitivity of
the analytical method, it is impossible to eliminate them entirely. As a
result, these compounds are often detected in varying concentrations _;earthe
reporting limit,

Please call if you have any questions.

Sincerely,

Lindsa/y-'Breye#
Program Administrator

LB/heg

cc: Dorothy Walker, USGS
Randy Thompson, RMAL

En_ecc_Incorp(_rated
49_5 Ynrro_,' Street
Arvnda, Colorndo 80002

305/,12t-6611 Fax: ._0_/4_1-7171



TA.LE8CONT'O
' " SemivolatileOrganics(CONT.)

Method8270

i -
Client Name: U.S, GeologicalSurvey

-- Client ID: KAFB051401-]
Lab ID: 007798-000]-SA EnsecoID: ]062405
Matrix: SOIL Sampled:08 DEC B9 Received:09 DEC 89

_ Authorized: og DEC 89 Prepared:26 DEC 89 Analyzed"02 JAN 90

Reporting
Parameter Result Units Limit

Pentachlorophenol ND mg/kg 26
Phenanthrene ND mg/kg 8.5
Anthracene ND mg/kg 8.5

- Di-n-butylphthalate ND mg/kg 8.5
Fluoranthene 8.7 mg/kg B.5
Pyrene 9.6 mg/kg 8.5

_ Butyl benzylphthalate ND mg/kg 8.5
3,3'-Dichlorobenzidine ND mg/kg 17
Benzo(a)anthracene ND mg/kg 8.5
bis(2-Ethylhexyl)

-- phtha]ate 28 mg/kg 8.5
Chrysene ND mg/kg B.5
Di-n-octylphthalate ND mg/kg 8.5
Benzo(b)fluoranthene ND mg/kg 8.5

@enz_l_Ifluoranthene ND mg/kg 8.5Benz pyrene ND mg/kg B.5
Indeno(1,2,3-cd)pyrene ND mg/kg 8.5
Dibenz(a,h)anthracene ND mg/kg 8.5
Benzo(g,h,i)perylene ND mg/kg 8.5
Acetophenone ND mg/kg 42
Aniline ND mg/kg 42
4-Aminobiphenyl ND mg/kg 42
Benzidine ND mg/kg 95
Benzoic acid ND mg/kg 42
Benzyl alcohol ND mg/kg 17

" 4-Chloroaniline ND mg/kg 17
Dibenz(a,j)acridine ND mg/kg --
Dibenzofuran ND mg/kg 8.5
p-Dimethylaminoazobenzene ND mg/kg 42
7,12-Dimethylbenz-

anthracene ND mg/kg 42
a,a-Dimethylphenethyl-

- amine ND mg/kg --
Diphenylamine ND mg/kg 42
1,2-Diphenylhydrazine ND mg/kg 42
Ethyl methanesulfonate ND mg/kg 42
Methyl methanesulfonate ND mg/kg 42
2-Methylnaphthalene ND mg/kg 8.5
1-Naphthylamine ND mg/kg 42
2-Naphthylamine ND mg/kg 42
2-Nitroaniline ND mg/kg 42

(continued on following page)
ND = Not detected
NA - Not applicable

Reported By: Bob Martin Approved By: Jeff Lowry

G-905A
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_.  Enseco
A CORNING ComDany

October 12, 1990

p d

Mr. Ralph Wilcox
U.S. Geological Survey
Pine Tree Office Park, Suite 200
4501 Indian School Road NE
Albuquerque,NM 87110

_ Dear Ralph:

Concern has been expressedover the unexpecteddetectionof certaintarget
compounds (acetone,methylenechloride,and 2-butanone)by Method8240.

These compounds, in additionto toluene,are common laboratory
contaminants. This is recognizedby the EPA in the CLP Statementof Work
(2/88),which allows up to five times the detectionlimit for thesecompounds
in the method blanks. All other compoundsmust be less than the detection
limit.

The method blanks for two projectsin question (RMAL007798 and 008095)
were re-examined. These blanksshowedthe presenceof methylenechlorideand
acetone, although the amountsfound were below the reportinglimits. With the
one exception,the resultsfor all sampleswere less than about threetimes
the reporting limit for the common laboratorycontaminants. These amounts
could easily arise from contaminationand are probablynot significant.

The laboratorymakes every effortto preventcontamination. However,due
to the use of these compoundsthroughoutthe laboratoryand the sensitivityof
the analyticalmethod, it is impossibleto eliminatethem entirely. As a
result, these compoundsare often detectedin varyingconcentrationsnear the
reporting limit.

Please call if you have any questions.

Sincerely,

L1ndsabyIBreyet_
ProgramAdministrator

LB/heg

cc: DorothyWalker,USGS
Randy Thompson,RMAL

Ens_o lncor_rat_
4955 Yarrow Strut
A_a_. Colorado 80002
303/421-_11 F_: 303/431-7171
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TABLE 13

KAFB Sewage Lagoons (Site 05) - Summary of Soil Beneath Sludge Analysis

Enseco No. 015619 July 12, 1991

Reporting # Samples KAFB 051003-1 KAFB 051004-1
Limit High Containing Location 10 Location 10

COMPOUND (mg/kg) Value Compound Surface Soil Soil - 2 Feet
Beneath Sludge Beneath Sludge

PURGEABLEVOLATILE ORGANICS(mg/kg)
Vinly chloride 0.10 ND 0 ND ND

Chloroethane 0.10 ND 0 ND ND
Methylene chloride 0.10 ND 0 ND ND

Acetone 0.10 ND 0 ND ND
Carbon disulfide 0.10 ND 0 ND ND

1,1-Dichtoroethene 0.10 ND 0 ND ND
1,1-Dichloroethane 0,10 ND 0 ND NO

trans-l,2-Dichtoroethene 0,10 ND 0 ND ND
Chloroform 0.10 ND 0 ND ND

1,2-Oichtoroethane 0.10 ND 0 ND ND
1,1,1-Trichloroethane 0.10 ND 0 ND ND
Carbon tetrachloride 0.10 HD 0 ND ND
Bromodichloromethane 0.10 ND 0 ND ND

1,2-Dichloropropane 0.10 HD 0 ND ND
trans-1,3-Dichloropropene 0.10 ND 0 ND ND

Trichloroethene 0.10 ND 0 ND ND
Dibromochloromethane 0.10 ND 0 ND ND

1,1,2-Trichloroethane 0.10 ND 0 ND ND
Benzene 0.10 ND 0 ND ND

cis-1,3-Dichloropropene 0.10 HD 0 ND ND
Bromoform 0.10 ND 0 ND ND

4-Methyt-2-pentanone 0.10 NO 0 ND ND
1,1,2,2-Tetrachloroethane 0.10 ND 0 ND ND

Tetrachtoroethene 0.10 NO 0 ND ND
Toluene 0.10 ND 0 ND ND

Chtorobenzene 0.10 ND 0 ND ND
Ethylbenzene 0.10 ND 0 ND ND

Xytenes (total) 0.10 ND 0 ND ND
Trichlorofluoromethane 0.10 ND 0 ND ND

Acrolein 0.30 ND 0 ND ND
Acrylonitrile 0.20 ND 0 ND ND

G:\projects\OSO8\OO4\SWLGDPSL



TABLE 14

KAFB Sewage Lagoons (Site 05) - Summary of Groundwater Anatysis (1st Round)

Enseco Lab SeptenC_r 1990

KAFB050107-2 KAFB050208-2 KAFB050307-2 KAFB050406-2
WeLL 1 WeLL 2 WeLL 3 WeLt 4

SE NE NE SW

Compound Result Resutt Resutt Result

DISSOLVED METALS (mg/[)

Antimony ND ND ND ND
Chromium (Method 7191) 0.051 0.0072 0.046 ND

Arsenic ND ND ND ND
Barium 0.044 0.031 0.085 0.048

BerylLium ND ND ND ND
Cadmium ND NO ND ND

CobaLt ND ND ND ND
Copper ND ND ND ND

Lead ND ND ND ND
Mercury ND NO NO ND

Nickel ND NO ND ND
SeLenium ND ND ND ND

SiLver ND ND ND ND
ThaLlium ND ND ND ND

Tin NO ND ND ND
Vanadium NO ND ND NO

Zinc 0.11 0.012 0.460 0.071
Chromium (Method 6010) 0.046 0.010 0.049 ND

TOTAL METALS (mg/t)

Chromium 0.14 0.045 0.12 0.029
Arsenic ND ND ND ND

Lead 0.0075 ND ND ND
Mercury ND ND ND ND

SeLenium ND ND ND ND

ND = None Detected
G:\Projects\O5OS\OO4\SWLGGRW1



TABLE 15

KAFB Sewage Lagoons (Site 05) - Summary of Groundwater Analysis (2rid Round)

INDICATOR MONITORING PROGRAM

Sample # KAFBO50210-2 IC_FBOSOIOSA-2 IG_FB050211-2 KAFB050212-2 KAFBOS0309-2 KAFB050407-2
Location NE SE Ambient Blank Trip Blank NW SW

Sample Date 08-28-90 08-28-90 08-28-90 08-28-90 08-30-90 08-30-90
Sampled From ? BH Vol ? BH Vol ? BH Vol ? BH Vol

Enseco-RMAL No. 011121 011121 011121 011121 011172 011172

FIELD PARAMETERS
Water Level (Ft) ? ? ? ?

pH ? ? ? ?
Tempature (Deg. C) ? ? ? ?

Specific Conductivity ? ? ? ?

DISSOLVED METALS (mg/l)
Chromium ND ND NT NT 0.0094 ND

Cobalt NT NT NT NT NT NT
Copper NT NT NT NT NT NT

Iron NT NT NT NT NT NT
Lead NT NT NT NT NT NT

Manganese NT NT NT NT NT NT
Molybdenum NT NT NT NT NT NT

Nickel NT NT NT NT NT NT
Vanadium NT NT NT NT NT NT

Zinc NT NT NT NT NT NT

TOTAL METALS (mg/t)
Chromium 0.017 0.014 NT NT 0.12 0.023

Cobalt NT NT NT NT NT NT
Copper NT NT NT NT NT NT

Iron NT NT NT NT NT NT
Lead NT NT NT NT NT NT

Manganese NT NT NT NT NT NT
Molybdenum NT NT NT NT NT NT

Nickel NT NT NT NT NT NT
Vanadium NT NT NT NT NT NT

Zinc NT NT NT NT NT NT

GENERAL INORGANICS
Nitrate plus Nitrite (mg/l) 1.1 1.6 NT NT 4.6 2.5
Total Organic Carbon (mg/l) 1.2 0.65 NT NT 0.65 ND

Total Organic Halogen
as CL lug/L) ND ND NT NT ND ND

VOLATILE ORGANICS (Method 8240)

Appendix IX List lug/L) ND All NT NO ALL NO ALL ND ALL ND ALL

SEMIVOLATILE ORGANICS lug/L)
Appendix IX List (Method 8270) NT NT NT NT NT ALL Others ND

bis(2-Ethythexyt) phthatate 11.0

HEREICIDES (Method 8150)
Appendix IX List

2,4-D lug/L) NT NT NT NT NT NT
2,4,5-TP (Silvex) lug/L) NT NT NT NT NT NT

2,4,5-T lug/L) NT NT NT NT NT NT

DIOXINS/FURANS (mg/t)
Appendix IX List NT NT NT NT NT NT

ND :: Not Detected
NT :: Not Tested G:\Projects\OSO8\OO4\SWLGGRW2
ND ALL = Not Detected for all

compounds
? = No Information Available



TABLE 16

KAFB Sewage Lagoons (Site 05) - Summary of Groundwater Analysis (3rd Round)

INDICATOR MONITORING PROGRAM

Sample # KAFB050213-2 KAFB050109-2 KAFB050310-2 KAFB050408-2
Location NE SE NW SW

Sample Date 11-27-90 11-27-90 11-29-90 11-29-90
Sampled From ? BH Vol ? BH Vol ? BH Vol ? BH Vot

Enseco-RMAL No. 012581 012581 012631 012631

FIELD PARAMETERS
Water Level (Ft) ? ? ? ?

pN ? ? ? ?
Tempature (Deg. C) ? ? ? ?

Specific Conductivity ? ? ? ?

DISSOLVED METALS (mg/l)
Chromium 0.0014 0.0067 0.007 0.0017

Cobalt NT NT NT HI
Copper NT NT NT NT

Iron NT NT NT NT
Lead NT NT NT NT

Manganese NT NT NT NT
Molybdenum NT NT NT NT

Nickel NT NT NT NT
Vanadium NT NT NT NT

Zinc NT NT NT NT

TOTAL METALS (mg/t)
Chromium ND 0.0024 0.082 0.0061

Cobalt NT NT NT NT
Copper NT NT NT NT

Iron NT NT NT NT
Lead NT NT NT NT

Manganese NT NT NT NT
Molybdenum NT NT NT NT

Nickel NT NT NT NT
Vanadium NT NT NT NT

Zinc NT NT NT NT

GENERAL INORGANICS
Nitrate plus Nitrite (mg/l) NT NT NT NT
Total Organic Carbon (mg/l) 1.2 0.8 1.6 1.6

Total Organic Halogen
as Cl lug/t) ND ND ND ND

VOLATILE ORGANICS (Method 8240)

Appendix IX List lug/L) NT All Others ND NT NT
Acetone 15.0

SEMIVOLATILE ORGANICS lug/L)
Appendix IX List (Method 8270) NT NT NT NT

HERBICIDES (Method 8150) NT NT NT NT
Appendix IX List

DIOXINS/FURANS (mg/t)
Appendix IX List NT NT NT NT

ND = Not Detected
NT = Not Tested G:\Projects\OSO8\OO4\SWLGGRW3
? = No Information Avai[abte



TABLE 17

KAFB Sewage Lagoons (Site 05) - Summary of Groundwater Analysis (4th Round)

INDICATOR MONITORING PROGRAM

Sample # KAFB050214-2 KAFB050311-2 KAFB050409-2 KAFB050111-2 KAFB050110-2
Location NE NW SW SE SE

Sample Date 02-26-91 02-25-91 02-27-91 02-25-91 08-28-90
Sampled From ? BH VoL ? BH Vot ? BH Vot ? BH Vot Equip BLank

Enseco-RMAL No. 013749 013749 013774 013736 013736

FIELD PARAMETERS
Water Level (Ft) ? ? ? ?

pH ? ? ? ?
Tempature (Deg. C) ? ? ? ?

Specific Conductivity ? ? ? ?

DISSOLVED METALS (mg/t)
Chromium (Vl) ND ND ND ND ND

Chromium ND 0.0011 0.0012 0.0076 ND
Cobalt NT NT NT NT NT
Copper NT NT NT NT NT

Iron NT NT NT NT NT
Lead NT NT NT NT NT

Manganese NT NT NT NT NT
Motyl:x:Jenum NT NT NT NT NT

Nickel NT NT NT NT NT
Vanadium NT NT NT NT NT

Zinc NT NT NT NT NT

TOTAL METALS (mglL)
Chromium (Vl) ND NO ND ND ND

Chromium 0.0037 0.037 0.0059 0.028 0.003
Cobalt NT NT NT NT NT
Copper NT NT NT NT NT

Iron NT NT NT NT NT
Lead NT NT NT NT NT.

Manganese NT NT NT NT NT
Molybdenum NT NT NT NT NT

Nickel NT NT NT NT NT
Vanadium NT NT NT NT NT

Zinc NT NT NT NT NT

GENERAL INORGANICS

Nitrate plus Nitrite (mg/t) 4.7 ND 17.2 1.6 ND
Total Organic Carbon (mg/t) 4.4 2.5 1.1 1.2 ND

Total Organic Halogen
as Ct (ug/t) ND ND ND ND ND

RADIOCHEMISTRY NT NT NT NT NT

VOLATILE ORGANICS (Method8240)

Appendix IX List (ug/L) NT NT NT NT NT

SEMIVOLATILE ORGANICS (ug/L)
Appendix IX List (Method 8270) NT NT NT NT NT

HERBICIDES (Method 8150)
Appendix IX List NT NT NT NT NT

DIOXINS/FURANS (mg/t)
Appendix IX List NT NT NT NT NT

ND = Not Detected
NT = Not Tested G:\Projects\OSO8\OO4\SWLGGRW4
? = No Information Available
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Appendix B

Specific Unit Closure Information For
- Sewage Lagoons

(Reserved)

- The information in this section will be added once closure has started and will be completed
after clean closure has been achieved. It is reserved for specific documentation required
during the closure activities as required.
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Appendix C

Contaminant Listing
Contaminants of Concern

The contaminant of concern identified in the liquid at the sewage lagoons is:

1,1,1-Trichloroet hane(TCA)

Note: Liquid containing this contaminant has evaporated from the lagoons.

The contaminants of concern identified in the sludge at the sewage lagoons are:

Fluoranthene

Pyrene
Methylene Chloride
2-butanone
Acetone

{1,1,2-trichloro-l,2,2-trifluoroethane (Freon TF)} *

The contaminants of concern identified in the soil and subsoil at the sewage lagoons are:

None

The contaminants of concern identified in the ground-water at the sewage lagoons are:

None

* Freon TF is being removed from the contaminants of concern listing since resampling on
June 27, 1991 did not detect freon. Please see table 13 in Appendix A and ENSECO Lab

Report of July 12, 1991 .



Geoscience Consultants, Ltd. (GCL) is a multidisciplinary firm offering a wide range of GCLenvironmental, geotechnical and engineering services to clients throughout the United
States. GCL is headquartered in Albuquerque, New Mexico and has regional offices in
Washington, D.C. and Denver, Colorado. The firm's professional staff has expertise in
hazardous waste management, hydrogeology, environmental, chemical and civil

engineering, permitting and regulatory compliance, and air quality studies. 0 o0. --

For more information, contact:
Geoscience Consultants, Ltd.
500 Copper Avenue, N.W., Suite 200, Albuquerque, New Mexico 87102, (505) 842-0001
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

1.0 EXECUTIVE SUMMARY 

Kirtland Air Force Base (KAFB), located in southeastern Albuquerque, New Mexico, 
manages solid and hazardous wastes at a number of units. The closure of these units is 
regulated by the State of New Mexico Environment Department, which requires submittal 
and approval of closure plans prior to the initiation of closure activities. This plan is sub
mitted as a response to the Notice of Violation (NOV) dated June 13, 1991, and in 
accordance with an Administrative Order dated July 29, 1991, which requires KAFB to 
submit corrected and updated closure plans. This document contains specific information 
required for the closure of the Golf Course Main Pond (GCMP) located at KAFB. 

A Base-Wide Closure Plan (BWCP) was submitted on November 30, 1990. The updated 
BWCP provides the foundation for all the individual unit plans. KAFB hereby submits 
updated GCMP, supplement #2 closure plan as a companion document to the BWCP for 
Closure and Post-Closure Care of the Golf Course Main Pond. The Golf Course Main 
Pond is a waste management unit located at the KAFB facility. 

The Golf Course Main Pond (GCMP) is the waste management unit addressed in this plan. 
This pond received effluent from the sewage lagoons at KAFB. The discharge of effluent 
from the sewage lagoons ceased in October 1987, when both sewage lagoons and the Main 
Golf Course Pond system were taken out of service. Since that time influent has been sent 
directly to the city of Albuquerque Publicly Owned Treatment Works (POTW). 

This plan, as well as associated reference documents, supplements previous studies and 
investigations, and addresses the requirements specified in 40 CFR Parts 261, 265 and 267, 
which have been incorporated by reference in the State of New Mexico Hazardous Waste 
Management Regulation 5 (HWMR-5). The name of the New Mexico Environmental 
Improvement Division (NMEID) has been changed and is now the New Mexico 
Environment Department (NMED). 

A conceptual closure plan for this unit was submitted in April 1990, presenting six 
alternatives for closure. The six alternatives were presented because sampling and testing 
information was not available at the time of the April submittal. A subsequent letter from 
NMEID required KAFB to submit a detailed supplemental closure plan for the Golf Course 
Main Pond by November 30, 1990. The November 1990 submittal was reviewed by NMED 
and deficiencies were noted in the June 13, 1991 NOV. This document is a revision of the 
November 1990 submittal and includes corrections required by the NOV and Administrative 
Order. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

The final closure design for this unit can be completed because sampling and analysis of the 
subsurface soils at the site have been performed. Sampling and analysis results are available 
and are presented in summary form in appendix A The complete data analysis reports 
have also been provided to NMED under separate cover. 

In addition to soil sampling and analysis, the USGS installed monitor wells around the Golf 
Course Main Pond as part of an alternate ground-water monitoring system. Soil boring logs 
are included, and results of the soil sampling and testing program are completed. The 
sampling program for ground-water quality is in the fifth quarter of testing and results of 
the previous rounds have been sent directly to NMED. 

Based upon information now available from the soils and the ground water analytical 
program, it has been determined that the preferred method for closure of this unit is clean 
closure by removal of contaminants (alternative 2 of the BWCP). 

Sections 2.0 describes the waste management unit location, land use and population 
distribution. Section 3 describes the physical and hydrogeological conditions at the site !ind 
the alternate ground-water monitoring system. Sections 4.0 and 5.0 describe the waste 
disposal practices at the Golf Course Main Pond and the results of sampling and 
contamination investigations. Section 6.0 details the waste unit closure design. Section 7.0 
addresses the volume of material and various specific regulatory requirements related to 
closure, and section 8.0 describes the post closure care plan. Analytical results are 
presented in summary form in appendix A 

This supplement provides additional details for closure and relies on the information pro
vided in the BWCP. Specific information for this unit is discussed under corresponding 
section numbers and headings to those used in the BWCP. 
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UNIT CLOSURE PLAN FOR GOLF COURSE .MAIN POND 

Kirtland Air Force Base 

2.0 SITE DESCRIPTION 

2.1 Site Location and History 

Kirtland Air Force Base (KAFB) is located in central New Mexico southeast of and con
tiguous to the city of Albuquerque (figures 2-1 and 2-2). KAFB is owned and operated by 
the United States Air Force. KAFB encompasses over 82,000 acres and contains 742 
buildings totaling 5.6 million square feet of floor space. 

The Tijeras Arroyo Golf Course is within the KAFB boundaries and is located 3 miles 
south of the KAFB East Operations Area and is northwest of the Manzano Base area, 
north of the riding stables, and east of the Pennsylvania Avenue extension (see figure 2-3). 
The golf course lies within the SW 1/4 of NW 1/4 of Section 9, Township 9 North, Range 4 
East. The site elevation is 5,350 feet mean sea level (msl). The geographic coordinates are 
35°1'15" north and 106°32'00" west of the New Mexico principal meridian, and the Universal 
Transverse Mercator (UTM) coordinates are 38,760,500 meters north and 360,500 meters 
east (38,760,500 N, 360,500 E). The Golf Course Main Pond is located on the northwest 
side of Tijeras Arroyo Golf Course between Fairways 3 and 4 (figure 2-4). The golf course 
area lies east of the intersection of Pennsylvania Avenue and the Eubank Boulevard e
xtension. 

History of Operations 

The following is a summary of the operating history of the sewage lagoons and golf course 
pond system. Please refer to figure 2-5 for a schematic flow diagram of the operating 
system discussed in this section. 

In 1962, a lagoon and golf course pond system were constructed by the Air Force to create 
a source of primary treated sewage to be used for irrigation water at the Tijeras golf course. 
The lagoons were located on the same mesa area that includes the airport runways, and a 
pipeline was constructed southeasterly to the Golf Course Main Pond. Grey-water effluent 
from the sewage lagoons was used for irrigation purposes to reduce the demand on ground
water resources that were required for golf course irrigation. The two lagoons operate 
passively as primary settling basins and are considered facultative, that is, no aeration system 
exists. The lagoons measure 6 feet in depth and are slightly smaller than 7 acres each in 
surface area. Before this system was taken out of service, the discharge effluent from the 
lagoons entered the gravity flow pipe from the surface of the southeast side of the southern 
lagoon and flowed to the Golf Course Main Pond. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

From November to March, the lagoons and pond were bypassed and all sewage influent was 
sent directly to the city of Albuquerque Publicly Owned Treatment Works (POTW). From 
April to October of each year, depending upon the irrigation needs, 40 to 100 percent of 
the sewage influent was routed to the lagoons and subsequently piped to the Tijeras Arroyo 
golf course. There it flowed into the main golf course pond, a 2.6-acre pond on the north
west side of the golf course. The influent to the main golf course pond was diluted with 
potable water from the KAFB water distribution system at a ratio of approximately 2/3 
waste water to 1/3 potable water. The Golf Course Main Pond last received effluent from 
the sewage lagoons in October 1987. The water in the lagoons, main pond, and the 
decorative ponds have since evaporated. Soil samples taken at the golf course have been 
chemically analyzed. The data have been reviewed by the Air Force Occupational 
Environmental Health Lab (OEHL) following quality assurance checks. This data is 
presented in appendix A Other than the effects of the chlorine in the fresh water added 
at the Golf Course Main Pond from the base water system, the lagoon effluent was not 
disinfected. 

Only the water contained in the Golf Course Main Pond was pumped to the golf course 
sprinkler system. Water in the main pond was occasionally pumped to four other ponds 
located on the golf course. The four ponds were filled with water for aesthetic purposes. 
The decorative ponds also received excess irrigation and runoff water from nearby golf 
course areas. Currently, only fresh water from Kirtland's water distribution system is used in 
the sprinkler system. 

At the present time, the decorative ponds do not contain any sewage or liquids but do con
tain a thin layer of dry sludge. This sludge is derived in part from solids in the influent 
wastewater received from the main pond and normal nutrient related growth. 

Effluent from the sewage lagoons has not been routed to the Main Golf Course Pond since 
October 1987. Liquids in the main pond have evaporated leaving a layer of sludge. The 
sludge thickness has been measured by Geoscience Consultants Ltd. (GCL). Laboratory 
analysis of the sludge and soils has been performed by ENSECO. Subsoils within the peri
meter of the main pond were sampled by GCL and analyzed by Radian Laboratories. 
Analysis results indicate no contamination exists in the soils and sludges. 

The water from the Main Golf Course Pond was pumped to the golf course sprinkler 
system for irrigation use. Water from the main pond was also pumped to the other four 
ponds located on the golf course. The four ponds were filled with water for aesthetic 
purposes; the water from the other ponds was not used for irrigation. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

At the present time, the decorative ponds do not contain any sewage or liquids but do con
tain a thin layer of dry sediment and sludge. This sludge is derived in part from solids in 
the influent wastewater received from the main pond and normal nutrient related growth. 

Sandia National Labs, Albuquerque (SNLA) and KAFB have determined possible sources 
that may have contributed to the regulated contaminants identified in samples that they and 
the NMED have tested. Both the KAFB and SNLA have comprehensive hazardous waste 
management programs. A summary showing the types of analysis and levels of contaminants 
found at the golf course are presented in appendix A 

During the operating life of the sewage lagoon unit, a small amount of a regulated 
chemical, namely 1,1,1-trichloroethane (TCA), was routed to the sewage lagoon unit from 
an unknown upstream source. The volume of TCA in solution at the lagoons was originally 
believed to be 1,400 gallons. Subsequent calculations indicated that this amount was in 
error and that the actual amount of TCA in the lagoons was only 1.4 gallons. These figures 
were computed by multiplying the concentration of the TCA detected times the estimated 
volume of liquid in the lagoons. The error was due to a misplaced decimal point and a. 
mistaken inference from laboratory data, which was actually presented as concentrations in 
parts per billion (ppb) rather than parts per million (ppm) as originally assumed in the 
initial computations. 

Since the detection of TCA in the lagoons, the golf course has become the subject of com
pliance orders issued by the NMED. In addition, the main golf course pond and sewage 
lagoons also fall under the same compliance orders. 

Since TCA was first detected in the liquid at the lagoons, this is considered an improper 
disposal method. Improper disposal of a hazardous waste was then assumed to have also 
occurred at the Golf Course Main Pond and on the golf course itself. This assumption was 
based on all the units being hydraulically connected by the irrigation system. Although the 
liquid in the units is, therefore, regulated under the RCRA "mixture rule," it has evaporated 
in both of the lagoons, the main golf course pond and the four decorative ponds after this 
system was taken out of service. 

Volatile compounds were not detected in the sludges and near surface soils of this unit or 
in the sewage lagoons. The semi-volatile compounds flouranthene and pyrene were 
detected in the sewage lagoon sludge at one location, only. The flouranthene and pyrene 
were not detected at the golf course or at the Golf Course Main Pond. Metal 
concentrations detected at the golf course were well below regulatory limits for the EP 
Toxicity extraction procedure. Section 5.0 contains data for contaminant concentrations and 
appendix A contains the analytical data summaries. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

2.2 Land Use- General 

The area surrounding the main pond is a golf course. The golf course is adjoined by 
vacant, undeveloped land with natural vegetation. The land upon which the golf course is 
located as well as the surrounding land is owned by the Federal Government and is a part 
of KAFB. 

The Base-Wide Closure Plan contains general information required in this section. 

2.3 Population Distribution and Exposure 

Population distribution figures are contained in the BWCP. No personnel live or work 
within the immediate area of the Main Golf Course Pond. 

The possibility that humans have been exposed to potentially hazardous materials that may 
have been disposed in the Main Golf Course Pond is minimal or non-existent. The following 
paragraphs describe the limitations for exposure to public. 

The main pond does not contain liquids, and has not for sometime since the system was 
shut down in October 1987. Any materials in the pond are contained within a layer of 
sludge. Levels of contaminants that may exist in the pond sediments and sludges are in low 
concentrations. 

Signs are posted around the perimeter of the main golf course pond area that prohibit any 
wading, swimming or fishing. The golf course is within the boundaries of a secured military 
facility, so casual public contact is unlikely. 

Ground water lies at a depth of approximately 325 feet below the surface, and no 
contaminants have been detected in the ground water. The contaminants are not expected 
to migrate to ground water. 

For brief records after rainfall, the ponds sometimes contain small amounts of standing 
water. This water is absorbed by the sludge and later evaporates from the pond surface. 
The pond is protected from surface run-on by a berm on all sides. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

NOTE TO THE READER: The remaining sections of this closure plan contains 
references to the Base-Wide Closure Plan (BWCP). To facilitate understanding of this 
document, the BWCP should be consulted. 

3.0 PHYSICAL ENVIRONMENT 

3.1 Climate and Meteorology 

The climate and meteorology at the Golf Course Main Pond is the same as that of KAFB. 
This information is covered in detail in the BWCP . 

. 3.2 Geology and Soils 

3.2.1 Regional Geology 

Regional geology at KAFB is covered in the Base-Wide Closure Plan. 

3.2.2 General Geology 

General geology is discussed in the Base-Wide Closure Plan. 

3.2.3 Site Geology and Soils - Golf Course Pond 

Contents withdrawn from the hand auger holes within the Main Pond area indicate that the 
pond is underlain by native fill. All shallow holes in the pond area penetrated a moist, 
coarse-grained, poorly graded sand. This soil is derived from erosion of the nearby 
mountains. 

In general, a dry, fine-grained sand to 20 feet and slightly moist fine-grained silty sand from 
20 to 35 feet were encountered in the boreholes. From 35 to 40 feet, a slightly moist, very 
fine-grained sandy, silty, clay was encountered. At 45 to 90 feet, a slightly moist, silty sand 
and sandy clays with occasional small pebble and gravelly layers and silty and clayey lenses 
were found. The 90- to 100-foot interval contained slightly moist to moist fine-grained 
sands and sandy silts interbedded with clay lenses. 

12 



UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtlmul Air Force Base 

At deeper depths, from 100 feet to the 495 feet, the boreholes were logged using 
geophysical logging tools: LSN resistivity, SP, Point Resistivity, Natural Gamma, Density 
Neutron and Caliper. 

According to the information from the borehole logs, the soils from the 100-foot to the 
495-foot depth consisted predominately of sand and silty sand interbedded with gravels and 
occasional sandy clay and clay lenses. 

This information comes from the 1,550 page, 2-volume Interim Technical Information 
Report (ITIR) prepared by The USGS. The mR contains information on all wells con
structed as part of the Installation Restoration Program (IRP). Well completion and details 
on soils encountered during drilling are contained in the fiR. This document has been 
provided to NMED under separate cover. The Main Golf Course Pond borehole logs are 
in ITIR Volume 2 and start on page G-1531. For reference, the borehole logs have been 
copied from the mR document and are provided in figures 3-1 to 3-18. The borehole 
locations are indicated on an earlier version of a water table contour map of the golf course 
pond area, figure 3-19, and also on the sampling location map, figure 5-l. 

3.3 Hydrogeology 

3.3.1 Regional Hydrogeology 

Regional hydrogeology is discussed in the Base-Wide Closure Plan. 

3.3.2 General Hydrogeology 

General hydrogeology is discussed in the Base-Wide Closure Plan. 

3.3.3 Site Hydrogeology - Golf Course 

To establish the hydrogeologic profile at the Main Golf Course Pond, four ground-water 
monitoring wells were installed. The well locations are shown in figure 3-19. The four 
wells have continuous static water level monitoring instruments. The water table contours 
as of August 1, 1990, are shown in figure 3-19. Well completion diagrams for the wells are 
shown in figures 3-20 to 3-25. 
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Fi.gure 3-1 

·. 
Borehole~ 

Project name: Kirtland Air Force Base IRP. Pba~I Stage 2 Sheet 1 of 3 
Project number: 463536000 Site: Golf Course Pond. Auter Uple 1 
Borehole number: KAFB0601 Location: 1463890N. 416169E Elevation: 5470 
Drilling Company:~~ Drilling crew:~R~·~l~il~·c~o~l~s~·~D~·~R~e~h~d.e~r~·-T~·~Suh~a~n~a,~h~a~n~.~J~.B~.~Buaur~bue~r 
Date started: 10-31-89 Date completed: 12-05-89 Total Depth: lOO.Sft 
Drilling method: Hollow Stem Auger_ Drilling Fluid: __________ _ 
Borehole diameter: 8" 
Drilling equipment:Hobile B-61 
Logged by: Raloh Hilcox tp 51 ft; Cyndie Abeyta tp T.p Sample type:~c~o~r~e __________ __ 

Pate ~ DeothCft) 
o-3 10-31-89 

1334 5-i 

lltOl 10-12 

llt35 15-17 

1525 20-22 

1558 25-27 

1645 30-32 

01-01-89 0806 35-36.7 

Lithology and Remarks 
sand, fg, light brown 5YR6/4 & cobbles(ls) ls 
boulder @ approx. 1-1/2 ft, cutting sample, 

(<0.5 ft recovered) sand, fg, light brown 5YR6/4 w/ 
pebbles approx. ,107. angular, unconsolidated, dry, 
sampled. 

(2.0 ft recovered) sand vfg w/ vcg sand <1~, upper 
1.2 ft very pale orange w/ abundant caliche nodules 
slightly indurated; lower 0.8 ft a few caliche 
nodules, light brown 5YR.5/6, very slight moistness. 

(2.0 ft reco'~ered) sand, vfg-fg, light brown, 
5YR6/4, w/ vcg sand to sm pebbles <2 em, <14, 
slightly indurated, dry. 

(1.5 ft recovered) silty sand, vfg, light brown 
5YR5/6, numerous root casts some w/ traces of 
carbonaceous material, very slight induration, very 
slight moistness, sampled @ 20 ft. 

(2.0 ft recovered) silty sand, vfg, light brown 
5YR5/6, gravelly vcg-sm pebbles 26-26.2 ft, 
unconsolidated, slightly moist. 

(2.0 ft recovered) sand, vfg, grading downward to 
sand mg-cg from 30 to 31.2; 31.2-32 ft sand vfg-fg, 
light brown, 5YR5/6, slightly moist, 
unconsolidated. 

(1.7 ft recovered) 35-35.4 sand vfg, light brown 
5YR6/4, unconsolidated, sligbty moist; 35.4-36,7 
sandy silty clay vfg, moderate reddish brown 
lOR4/6, w/ vcg sand <1% & vcg sand clasts <1 em 
approx. 3%, some induration (hard to core), 
slig~tly moist. 

G-1531 



Figure 3-2 

Borehole~ 

Project name : _K_ir..._t.,.l..,a,...n...,do.....&<A..,.i...,.r__,.,F.IILo...,r .... c ...,e _.B...,a...,.s._.e_..I..,R...,.P ..... __,.,P...,h.._a .._s e_,I..,I......,S~t...,a...,g..,e._....2 Sheet 2 of 3 
Project number: 463536000 Site: Golf Course Pgnd. Au~er Dole 1 
Borehole number: &AfB0601 Location: 1463890N. 416169E Elevation: 5470 
Drilling Companyr USGS Drilling crew: Rgger Nicgls. D. Rehder. I. Shanaban. J.B. Barber 
Date started: 10-31-89 Date completed: 12-05-89 Total Depth: lOO.Sft 
Drilling method: Uollgw Stem Auter_ Drilling Fluid: __________ _ 
Borehole diameter: 8" 
Drilling equipment:uH~ab~l~·l~e._~n~-~6 .... 1 ________ __ 
Logged by: Ralph Hilcgx to 51 ft; Cyndie Abeyta to I.D Sample type:~c~o~rwe~-------------

nate Iim.a 
090~ 

0946 

1116 

12-04-89 1418 

·, 

· 1518 

1547 

1645 

Deoth(ft) 
40-42 

45-47 

50-51 

58-60 

63-65 

68-70 

73-75 

Lithology and Remarks 
(2.0 ft recovered) 40-40,6 sand & gravel fg-sm 
pebbles <1 em; 40.6-41.3 clay grading downward to a 
sandy clay vfg; 41.3-42 argillaceous sand grading 
downward to sand vfg, entire core moderate reddish 
brown 10R4/6, core wet (probably from water added 
to borehole@ 37ft depth). 

(2,0 ft recovered) 45-46.1 sand fg, slightly silty 
w/ vcg-sm pebbles <1 em approx. 57., moderate brown 
5YR4/4, moist; 46.1-47 sand & gravel fg-sm pebbles 
<1 em, slightly moist, unconsolidated. 

(1.0 ft recovered) silty sand & sand, vfg, moderate 
brown 5YR4/4, unconsolidated, moist, sampled @ 50 
ft. 

(2.0 ft recovered) sandy silt, vfg-vcg, yellowish 
red SYR.S/8, with gravel.(granitic). Coarse gravel 
at top of interval, both rounded & fractured sands 
but mostly fractured (approx. 1% coarse sand) 
moist. 

(1 ft 8 in recovered) upper 4 in. silty sand, fg
vfg, cg approx. 10%, yellowish brown 5YR4/4, & sm 
pebbles 4-8 mm approx. 5%; middle 8 in sandy clay, 
vfg, yellowish red 5YR4/6; 2 inch sandy silt lense 
<1% fg sand yellowish red 5YR4/6; bottom 6 in silty 
sand, reddish brown 5YR4/4, w/ gravel 15-35 mm 
approx. 5% ~ 

(2 ft recovered) sility sand, y~llowish red SYRS/6, 
vfg-vcg w/ pebbles & gravel; bottom 1 ft cg-vcg 
sand & gravel, approx. 304 silt, reddish brown 
5YR4/4, gravels up to 4 em., subrounded gravel & 
pebbles. 

(22 inches recovered) upper 10 in coarse sand, 
yellowish red 5 YRS/6, w/ pebbles & gravel up to 5 
em; bottom 12 in sandy silt, vfg-fg sand, yellowish 
read SYRS/6. 

G-1532 



Figure 3-.3 

Borehole~ 

Project name: Kirtland Air--Force 
Project number: 463536000 

Baae IRP. Phaae II Stage 2 
Site: Golf Course Pond. Auger Uole 1 

Sheet J of 3 

Borehole number: KAIB0601 Location: 1463890N. 416169E Elevation: 5470 
Drilling Company: USGS Drilling crew: Roger Nicols. D. Rehder. I. Shanahan. J.D. Barber 
Date started: 10-31-89 Date completed: 12-05-89 Total Depth: 100.5ft 
Drilling method: Hollow Stem Auger Drilling Fluid:------
Borehole diameter: 8" 
Drilling equipment:Hobile B-61 
Logged by: Raloh Wilcox to 51 ft· Cyndie Abeyta to I.D Sample type:~c~o~r~e _________ _ 

Pate 
12-05-89 

~ 
0917 

Depth(ftl 
78-80 

0955 83-85 

1025 88-90 

1107 93-95 

1255 98-100.5 

Litholon and Remarks 
(2 ft recovered) bottom 6 in silty sand yellowish 
red 5YR5/8 vfg-fg sand; 6 in sandy silt yellowish 
red 5YR4/6, vfg sand; 7.5 in sandy clay, reddish 
brown 5YR4/4, vfg sand; top 5 in silty sand, dark 
reddish brown 5YR3/4, vfg-fg sand; slightly moist. 

(22 in precovered) bottom 7 in sandy silt vfg-ig 
5YR4/4; 6 in silty sand, vfg-cg, approx. 4% cg, 
with approx. 2% small pebbles, 4-7 mm, 10YR5/4 
yellowish brown; top 9 in sandy silt 5YR4/4 vfg
fg; slightly.moist. 

(17 in recovered) bottom 7 inches well sorted vfg
fg sand 7.5YR5/6; 3 inches sandy silt vfg-fg sand 
5YR4/4 reddish brown; top i in silty sand vf-mg 
sand w/ small pebbles approx. 4 mm <17., slightly 
moist, 7.5 YR4/4 brown •. 

(2 ft recovered) silty s~nd vfg clay len~e near 
bottom, 7 .5YR5/4 brown, 5YR4/6 yellowish red clay 
lense, slightly moist. 

(2.5 ft recovered) bottom foot - lOYRS/8, yellowish 
brown, sandy silt w/ clay lenses vfg-fg,sand moist, 
clay lenses - 5YR4/6 yellowish red; top foot sandy 
silt vfg-fg sand 10YR5/8 yellowish brown. 
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Figure 3-4 

Borehole Lo~ 

Project name:.K~ir~t~la~n~d~A~i~r~F~o~r~cwe~B~a~s~e~I~R~P~._.PMhaa&sae_.I.r~s.ta~g•e~2 Sheet 1 of 4 
Project number: 463536000 Site: Golf Course Pond. Auger Hole 2 
Borehole number: K4fB0602 Location: 1463570N. 416600E Elevation: 5460 
Drilling Company: USGS Drilling crew: Roger Nicols. D. Rehder. I. Shanahan. 
Date started: 01-04-90 Date completed: 01-05-90 Total Depth: 101ft 
Drilling method: Hollow Stem Auger Drilling Fluid: __________ _ 
Borehole diameter: 8" 
Drilling equipment:M~o~b~t.·l~e._~B~-~6ul~-------
Logged by: Cyndie Abeyta Sample type:~c.o~r~e ____________ _ 

Date 
01-04-90 

·. I.ime 
0845 

0913 

0940 

1008 

1043 

1110 

1222 

Depth(ft) 
0-4 

4-6 

9-11 

14-16 

19-21 

24-26 

29-31 

Litholo2v and Remarks 
.pebbly sand, vfg, approx. 3% pebb lea, 4 mm - 10 mm 
reddish brown 5YR4/4 cutting sample. 

4'-4'10" caliche zone, sand, vfg - mg caliche 
cement, some pebbles >1%, 4-6 mm, 7.5YR7/4 pink, 
dry; 4'10"-6' sandy silt, vfg-fg sand, balls up 
between fingers when rolled, 7.5YR4/6 strong brown, 
moist, sampled @ 5 ft. 

(2 ft recovered) sand vfg - vcg w/ gravel 4 mm -
1.25 inch, gravel in lower 7 inches, sand grades 
coarser toward top of core, mostly vfg - mg 
7.5YR5/6 strong brown, caliche nodules@ 10'-11', 
slightly moist, subrounded gravel. 

(13.5 inches recovered) J cobbles at base of core, 
3 inch diameter, subrounded; lower 6 inches sandy 
silt w/ clay vfg, w/ cobbles, some small pebbles, 
<1%, 7 .5YR4/4 brown moist; upper 7.5 in sand mg-cg 
w/ pebbles <1% 7.5YRS/4 brown, slightly moist. 

(24 inches recovered) lower 8 in silty clay, balls 
under rolled between thumb & forefiner, 5YR4/4 
reddish brown; middle 11 in silty sand, very well 
sorted vfg-fg, 5YR4/4 reddish brown; Upper 5 
inches, sandy silt, vfg sand 5YR4/6 yellowish red, 
moist, sampled @ 20 ft. 

(2 ft recovered) lower·3 in, sand, vfg-mg, SYR4/6 
yellowish red; next 4 in, sandy clay, vfg-fg, 
5YR4/6 yellowish red; next 8 in, very well sorted 
sand, if vfg-mg, 7.5YRS/4 brown; upper 6 in, sandy 
silt, balls when rolled between fingers, 7.5YR4/4 
brown, moist. 

(2' recovered) sand very well sorted, vfg-mg, 1" 
gravel approx., 12 mm, rounded, 7.5YR4/6 strong 
brown, moist. 

G-1534 



Figure 3-5 

Borehgle Lo,~t 

'Project name:~K~iwr~twl~a~n~d~A~i6r~F~or~c~e~B~a~s~e~l~R~P~·~Pb~a~s~e~Iwi~Sut~a~2~e~2 Sheet 2 of 4 
Project number: 463536000 Site: Golf Cgurse Pond. Auger Uole 2 

. Borehole number: W13060Z Location: 1463570N. 416600E Elevation: 5460 
·Drilling Company: USGS Drilling crew: Ro2er Nicgls. D. Rehder. I. Shanahan. 
Date started: 01=04-90 Date completed: 01-05-90 Total Depth: 101ft 
Drilling method: !Igllqy Stem Auger_ Drilling Fluid: _____ _ 

·.Borehole diameter: 8" 
Drilling equipment:M~~ab~l.·l~e--~B~-~6~1 ______ __ 
Logged by: Cyndie Abeyta 

Date ~ 
1248 

1341 

1359 

1425 

1448 

Depth(ft) 
34-36 

39-41 

44-46 

49-51 

54-56 

Sample type:_c~o~r~e _________ _ 

Lithology and Remarks 
(16 inches recovered, clay in shoe compacted sand) 
lower 5.5 inches clay, 7.5YR4/6 strong brown; 
middle 2.5 in 7.5YR5/6-4/6 strong brown, coarse 
sand, cg-vcg, w/ sm pebbles, subrounded, 4-12 mm 
approx. 5~; upper 8 in silty sand, vfg-cg, cg <1% 
mg <1%, 7.5YR4/6 strong brown, moist. 

(2 ft recovered) sandy silt w/ clay layer, vfg, 
root casts, 7.5YR4/4 brown, moist. 

' (2 ft recovered) distinct color changes between 
lower 8 in & upper 16 in; all samples silty sand, 
poorly sorted, vfg-mg, w/ pebbles <18 mm approx. 
20%; lower section very moist (wet), upper moist; 
lower 7.5YT6/4 light brown, upper 7.5YR4/6 strong 
brown. 

(2 ft recovered) lower 14 in, sandy silt, vfg
fg, 7.5YR4/6 strong brown; middle 3.5 in cg-vcg 
sand w/ sm pebbles 4-6 mm, approx. 57. 7.5YR4/6 
strong brown; upper 6-1/2 in silty sand, vfg-fg, 
7.5YR4/4 brown, sampled @ 50 ft. 

(28 in recovered - 4 in probably slough) lower 18 
in v!g-fg, silty sand, caliche cement & caliche 
nodules numerous, root casts, some black, very 
slight dumpness, 7.5YR6/6 reddish yellow; upper 6 
in silty sand, vfg-fg, moist, 5YR5/8 yellowish red. 
Unconsolidated 5YR5/8 nodules in upper & lower 
zone. 
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Figure 3-6 

Borehole~ 

Project name:_K~ir~t~la~n~d~A~iwr~F~ourwcue_.B~a~s~e_.I~R~P~._.P~hMa~s.e_.I.I~S~t~a.g.e-&2 Sheet 3 of 4 
Project number: 463536000 Site: Golf Course Pond. Auger Hole 2 
Borehole number: KAF]0602 Location: 1463570N. 416600E Elevation: 5460 
Drilling Company: USGS Drilling crew: Rgger Nicols. p, Rehder. I. Shanahan. 
Date started: 01=04-90 Date completed: 01-05-90 Total Depth: 101ft 
Drilling method: Hollow Stem Auger 'Drilling Fluid: __________ _ 
Borehole diameter: 8" 
Drilling equipment:M~o~b~t~·l~e._~B~-~6~1~-------
Logged by: Cyndie Abeyta Sample type:~c~o~r~e._ __________ _ 

Date I..ie 
1509 

1552 

1611 

1631 

1646 

1713 

DepthCft) 
59-61 

64-6j 

69-i1 

74-i6 

79-81 

84-86 

89-91 

Lithology and Remarks 
(30 in recovered) lower 12 in sandy silt/clay vfg
fg, very compact & hard, very moist, 7.5YR4/6 
strong brown, coarse sand <1%; next 3 in silty 
sand, fg-vcg, 7.5YR5/6 strong brown wet, more silt 
in upper 2 in; next 4 in, very well sorted fg-mg 
sand, 7.5YR6/6 reddish yellow. Next 2 in mg-vcg 
sand, 7.5YR5/8 strong brown; upper 7 in, sandy 
silt, vfg-fg, 7.5YR5/8 strong brown (possible 
slough), moist. 

(12 in recovered - very course sand lost from shoe) 
lower 3 in sand, fg-vcg sm pebbles, 4-6 mm, <4%, 
moist, 7.5YR4/6 strong brown; upper lOin, sandy 
silt, vfg-fg w/ cg sand, <1%, moist. 

(17 in recovered) sand fg-vcg, cg approx. 30%, 
pebbels & gravel, 4mm- 1-1/4 in diameter, 
subrounded; @ base of core sandy silt, very 
compact, vfg-mg, 7.5YR4/6 strong brown, moist. 

(21 in recovered) lower 5 in vfg-fg well sorted 
sand, 7.5YR5/6 strong brown; upper 16 inches sandy 
silt, w/ cg interbedded clay zones 0.25 in- 1.5 in 
thick, vfg-fg w/ cg sand, <1%, small pebbles, 4-6 
mm in upper 4 inches, 7.5YR4/6, strong brown. 

(18 inches recovered) vfg-fg well sorted sand 
7.5YR5/6 strong brown, w/ interbedded clay bed near 
base approx. 1 in thick, 7.5YR4/6 strong brown, 
clay/silt nodules approx. 4 mm diameter in sand, 
moist. 

(17 inches recovered) lower 8 in silty sand, vfg-fg 
very well sorted, laminated lOYRS/4 yellowish 
brown; upper 9 in vcg gravely sand w/ cobble 
approx. 3 in diameter, approx 40% pebbles 4 mm, 
rounded to subrounded, moist. 

(19 inches recovered) sandy silt, vfg-fg, very well 
sort~d, lOYR4/4, dark yellowish brown, moist. 

G-1536 



Figure 3-7 

Borebole..L..wt. 

Project namez~K~l~·r~t~l~a~n~d~A~i~r~F~o~r~c.c~B~a~sue~I~R~P~·~P~haa~s~e_I~t~s~tuaug~e~2 Sheet 4 of 4 
Project number: 463536000 Site: Golf Course Pond. Auger Hole 2 
Borehole number: WB0602 Location: 14635ZON. 416600E Elevation: Slt60 
Drilling Company: USGS Drilling crew: Roger Nicols. D. Rehder; I. Shanahan. 
Date started: 01-04-90 Date completed: 01-05-90 Total Depth: 101ft 
Drilling method: Rpll 0w Stem Au2er Drilling Fluid:__. ________ _ 
Borehole diameter: 8" 
Drilling equipment:M~ob~l.·l~e~~B~-~6~1 ________ __ 

·Logged by: 8yndie Abeyta 

Date 
01-05-90 

'lim.e 
0912 

_0912 

Depth(ft) 
94-96 

99-101 

Sample type:~co~r~e~-----------

Lithology ~od Remarks 
(2 ft recovered) lower 8 in, very well sorted sand, 
fg-mg, slightly moist 10YR5/4 yellowish brown; 
next 3 in silty sand, vfg-£g, moist, 10YR4/4, dark 
yellowish brown; upper 11 inches sandy silt, some 
clay layers, 2 - 4 mm thick, s~ pebbles in upper 
section, 4- 16 mm, <17., i.SYR4/4, moist. 

(2 ft recovered) vfg-mg sand w/ interbedded clay 
lenses, sand 7.5YR4/6 strong brown, clay Z.SYR4/4 
dark brown, sampled @ 100 ft. 
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Figure 3-8 

Borehole Loi 

Project name:~K~ir.t~la~n~d~A~i~r~F~o~r~cye~B~a~s~e_.I~R&P~._.P~hMaMs.e_.II._S~t~a~i~e~2 Sheet 1 of 1 
Project number: 463536000 Site:Golf Course Pond. Well 2 
Borehole number: WB0602 Location: 1463574.56N. 416589.51E Elevation:5461 .49t.o.c. 
Drilling Company: USGS Drilling crew: Steye Grant. Dan Swegney and Daye Rehder 
Dte star ted: 03-17-90 Date completed: 03-17-90 Total Depth: 495ft 
Drilling method: Mud Rotary 
Borehole diameter: 7-7/8" 

Drilling Fluid: Bentonite 

Drilling equipment: Gardner-Denyer lZW 
Logged by: Raloh Wilcox Sample type: cuttipg 
Geophysical Logging Company:~ Logger: Jim Hudsop 
G eo p by sic al Tools Run: _.L~~~.~S.uNil...JRilr.le._.g ... lw. s;ut.,.i~o,~y ... i.,.to.~v~·-.iois:..P ..... __..P_.o:..i..wn..,t~R .. e..w.s .. i,.s..,.t...,iy.~..o~o.ia.tv.L.a..· ~Nwa,._t .... u ... r...,aa..ll....lG~a;j,j,mm-ar..... 
Density. Neutron. & Caliper 

Date 

03-17-90 

0947 

1007 

1034 

1228 

1248 

1310 

1337 

1405 

1620 
1638 

1700 

1734 

1820 
1943 

pepth(ft) 

100-107 

107-115 

115-124 
124-135 

:35-155 

155-175 

175-195 

195-218 

218-235 

235-255 

255-355 
355-375 

375-395 

395-415 

415-452 

452-455 
454-495 

Lithology and Remarks 
Note: Lithology of upper 100 ft not noted. The 
lithology of this section was recored in the auger 
hole @ this site. 
silty sand - sandy silt, vfg, w/ vcg sand, light 
brown 5YR5/6. 
gravel & sand, cg-broken pebbles, <1.5 em, qtz, 
plag, Kspar, & mafics; coarsest materials grayish 
ls & maroon fg ss. 
silty sand, vfg, moderate brown 5YR4/5. 
sand, vfg, qtz, moderate brown 5YR4/4, w/cg-vcg 
sand. 
sand, vfg, qtz, light br9wn 5YR6/4 & moderate 
reddish brown 10R4/6, w/ silty clay light brown. 
sandy clay, vfg, moderate brown 5YR4/4, w/ cg-vcg 
sand, gravel stringers < 1 ft thick @ 161 & 168. 
sandy clay, vfg, & cg~vcg sand approx 257., several 
gravel stringers <0.25 ft each. 
sandy clay, vfg w/ numerous thin <0.5 ft gravel 
stringers between 197 and 205. 
silty sand, vfg, moderate brown 4/4, w/ several 
gravel stringers <1 ft thick, also sandy clay 
probably approx 50% of interval. 
silty sand 70% & sandy clay 30%, vfg, moderate 
brown 4/4, w/ several gravel stringers <1 ft thick. 
clay & silty, sandy clay to argillaceous sand. 
argillaceous sand, vfg, moderate brown 4/4, w/ 
several gravel stringers all <1 ft thick. 
sandy clay, moderate brown, vfg, w/ several gravel 
stringers as above. 
sandy clay, moderate brown and argillaceous sand 
approx. 50% w/ gravel stringers <1 ft thick. 
silty argillaceous sand, vfg, moderate brown 4/4, 
w/ several gravel stringers <0.5 ft thick. 
gravel (determined by manner which it drilled). 
argillaceous sand to sandy clay, vfg, moderate 
brown 4/4. 
T. D. 495 ft. 
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Figure 3-9 

Borehgle Lg~ 

Project name : _.K .. io~.~rlo.Jt.,.l~a..,nuod~-~o~A...,i ... r_.F.w.o .... r~c c._.BIUa;usil.lie~!l-'lR .... P..,. _.P,y.haa .... s -.e _I...,!""-~S.uto..~augwe._....,Z Sheet 1 of 3 
·Project number: 463536000 Site: Gqlf Course Pgnd. Auger Uole 3 

· . Borehole number: MfB0603 Location: 14639ZON. 416320E Elevation: 5455 
Drilling Company: USGS Drilling crew: Tonv Shanahan. 4 Joe Wallace 
Date started: 12-09-89 Date completed: 12-11-89 Total Depth: 94ft 
Drilling method: Ugllqw Stem Au~er_ Drilling Fluid: __________ _ 
Borehole diameter: 8" 
Drilling equipment:M~g~b~t .... ·l~e._~B~-~6...,1 ________ __ 
Logged by: Cyndie Abeyta 

Date 
12-09-89 

~· 

08.35 

0925 

DeptbCft) 
0-4 

4-6 

0957 8-11 

1025 13-16 

1115 18-21 

1245 23-26 

1.300 28-31 

1350 33-36 

Sample type:~c~o~r~e._ __________ _ 

Lithology and Remarks 
Sandy silt w/ gravel 5YR7/6 reddish yellow, cutting 
sample. 

(2 ft recovered) sand mg-vcg, pebbles & cobbles 4 
mm - 3-1/2 in approx. 20%; silty sand lense 4 tn. 
tbick,·6 in. from base vfg-fg, 5YR7/6 reddish 
yellow, dry, sampled @ 5 ft. 

(.3 ft recovered) sandy silt w/ gravel, pebbles, 4-6 
mm approx. 4~ 7.5YR6/6 reddish yellow, some clay 
lenses approx. 4 mm, brown 7.5YR4/4 dry, caliche 
present throughout. 

(3.0 ft recovered + approx 1 ft slough) silty sand 
w/ gravel light brown 7.5YR6/4, vfg-vcg sand, 
tightly packed, caliche approx. 30%, pebbles 4 em & 
2-1/2 in cobble; lower 9 in sandy silt, fg-mg w/ 
pebbles 4-8 mm approx 57. tightly packed caliche, 
dry, light reddish brown 3YR6/4. 

(3 .o ft' recovered + approx 1 ft. slough) sandy silt 
vfg-fg sand, slightly cemented ~/ caliche, root 
zone, strong brown 7.5YR5/6,· sampled@ 20 ft. 

(3 ft recovered + approx. 5 in slough) silty sand 
vfg-fg, well sorted, root casts, some caliche 
cementing, dry, sm pebbles approx 4-5 mm, light 
brown 7.5 YR6/4. 

(19 in. recovered) silty sand vfg-fg, interbedded 
clay approx 1 mm thick, some cg sand in upper core. 
<1%, gravel in upper core <1%, very slight 
moistness, lower section balls up when rolled 
between fingers, 5YR5/6 yellowish red. 

(19 in. recovered) very hard clay, caliche cement 
w/ some nodules, root casts, fg-mg sand <li., 
yellowish red 5YR4/6 slightly moist. 

C-1539 



Figure 3-10 

Borehole Lo~ 

Project name : ..,.K.,_ir_t l .... a...,n..,d ........ A..,i..,.r__.,Fo.loo..,.ro.loco.~oe-B..,a..,.sUiie-I~R...,P...,. _...Ph......,a.,s e-I .... I......_.S~~'-t,..a~a.gllii>'e......,Z Sheet 2 of 3 
Project number: 463536000 Site: Golf Course Pond. Auger Hole 3 
Borehole number: KAfB0603 Location: 1463970N. 416320E Elevation: 5455 
Drilling Company: USGS Drilling crew: Tony Shanahan. & Joe Wallace 
Date started: 12-09-89 Date completed: 12-11-89 Total Depth: 94ft 
Drilling method: Hollow Stem Auier_ Drilling Fluid: __________ _ 
Borehole diameter: 8" 
Drilling equi~ent:M~~ob~il .... e._~B~-~6~1~-------
Logged by: Cyndie Abeyta Sample type:~c~or~e._ __________ __ 

Pate ~ 
1417 

1443 

1500 

1609 

1637 

12-10-89 0812 

Pepth(ft) 
38-40 

43-45 

48-51 

53-56 

58-61 

63-65 

Lithology and Remarks 
(14 inches recovered) sandy silt w/ interbedded 
clay, balls up when rolled between fingers, clay in 
shoe w/ vcg sand approx. 4%, 1 large angular 
pebble, 6 mm long, reddish brown 5YR4/4, slightly 
moist. 

(15 in. recovered) upper 9 in. clay, same vcg sand 
<1%, single subrounded pebble, 2.5 em, reddish 
brown 5YR4/4, lower 6 in sandy clay, mg-vcg, 
approx. 25%, some pebbles 4-8 mm, yellowish red 
5YR4/6, green nodule. 

(35 in. recovered) upper 21.5 inches sandy silt, 
7.5YR4/6 strong brown, fg-vcg approx. 207., pebbles 
4 -10 mm, slightly wet. Balls up when rolled 
between fingers; lower 13-1/2 in. mg-vcg sand w/ 
pebbles 4-12 mm approx 57., angular,ligbt brown 
7.5YR6/4, sampled@ 50ft. 

(27 in. recovered) upper 17 in sand fg-vcg w/ 
pebbles 4 - 10 mm approx 10%, yellowish red 5YR4/6; 
lower 10 in. sandy silt, vfg-mg some clay lenses 
approx 2 mm thick, 5YR4/6 yellowish red, moist. 

(24 in recovered) sandy silt fg-mg w/ sm pebbles, 4 
- 8 mm 2%, moist, balls together when rolled 
between fingers, some clay in lower core, reddish 
brown 5YR4/4. 

(19 in. recovered + aprpox. 6 in. slough) silt w/ 
numerous root casts, some clay near base balls up 
when rolled, yellowish red 5YR4/6, slightly moist; 
Very tightly packed hard to get out of barrel. 

G-1540 



Figure 3-11 

'Borehole~ 

Project name: Kirtland Air Force Base IRF. Phase II Sta~e 2 Sheet 3 of 3 
Project number: 463536000 Site:· Golf Course Pond. Auger Hole 3 
Borehole number: KAFB0603 Location: 14639ZON. 416320E Elevation: 5455 
Drilling Company: USGS Drilling crew: Tony Shanahan. & Joe Wallace 

~Date started: 12-09-89 Date completed: 12-11-89 Total Depth: 94ft 
··• ' Drilling method: Hpllqw Stem Au~er Drilling Fluid: _____ _ 

Borehole diameter: 8" 
. Drilling equipment:Mobile B-61 

Logged by: r.yndie Abeyta Sample type: -~c~~..~o.ur...lie._ ____ _ 

Pate LW. 
0848 

0928 

1048 

12-11-89 1048 

1118 

Deptb(ft) 
68-70 

73-75 

78-80 

83-85 

88-90 

93-94 

Litbglogy end Remarks 
(15 in. recovered) upper 5 inches silty sand, 
strong brown 7.5YR4/6, vfg-fg, some clay, sm 
pebbles 4-10 mm approx 44, lower 10 in. silty sand 
fg-cg, sm pebbles, 4-8 mm <1:, 2 in lense of vcg 5 
in. from bottom, yellowish red 5YR5/8. 

(Jl in. recovered) upper 12 in. silty sand, vfg-mg, 
slightly moist, strong brown i.5YR5/6; lower 19 in. 
silt & clay layers very hard & compact,laminated, 
fairly dry, 7.5YR4/4 brown, clay very hard to get 
out of core barrel. 

(17 in. recovered) upper 11 inches silty clay 
5YR3/4 dark reddish brown, moist, lower 6 in silty 
sand strong brown 7.5YR4/6, vfg-mg; well sorted 
sand lense approx 3 mm thick 5 in from bottom 
7.5YR6/4 ~ight brown. 

(2 ft recovered) lower 14 in. silty sand, vfg-fg w/ 
interbedded clay lenses 4 ~ 20 mm thick & sand 
lenses mg approx. 4 mm thick, brown 7.5YR, moist; 
upper 8 in sandy silty clay, ug-fg, balls up •••• , 
brown 7 .5YR4/4, moist. 

(2 ft recovered + 9 in slough) silty sand vfg-mg, 
well sorted interbe-dded clay - balls up ••••• , 
brown 7.5YR4/4, very moist, some places wet. 

(1 ft recovered) sand, vfg-mg, 3 pebbles 6 mm brown 
7 • 5 YR4 I 4 1 mo is t. 
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Figure 3-12 

Borehole~ 

Project name: Kirtland Air Force Base IRP. Phase II Stage 2 Sheet 1 of 3 
Project number: 463536000 Site: Golf Course Pond. Auier Hole 4 
Borehole number: lAfE0604 Location: 1463890N. 416480E Elevation: 5460 
Drilling Company: USGS _ _ Drilling crew: Tonv Shanahan. & Joe Wallace 
Date started: 12=06-89 Date completed: 12-08-89 Total Depth: 101ft 
Drilling method: Hollow Stem Auger Drilling Fluid: __________ _ 
Borehole· diameter: 8" 
Drilling equipment:Hobile B-61 
Logged by: Cyndie Abeyta Sample type:~c~o~rwe __________ __ 

Pate 
12-06-89 

~ 
0840 

0905 

1110 

1254 

1328 

1350 

1425 

Depth(ft) 
4-6 

8-10 

1 J-15 

15-23 

.43-25 

28-30 

33-35 

38-40 

43-45 

Lithology and Remarks 
(2 ft recovered) lower 16 in. sand vfg-fg, reddish 
yellow 5YR6/8 w/ caliche nodules; upper 8 inches 
vfg-fg sand, pink 5YR7/4, caliche, caliche nodules, 
small pebbles throughout 4-30 mm approx 3%, upper 
sample dry, lower 16 in slightly moist, sampled @ 5 
ft. 

(21 inches recovered) upper 6 in sand vfg-mg, 
yellowish red 5YR4/6, lower 15 in sandy clay vfg
fg yellowish red 5YR5/6, moist, root casts 
throughout, slight caliche. 

(2 ft recovered) upper 15 in. silty sand, vfg-cg &· 
sm pebbles >2%, 5YR5/6 yellowish red; lower 12 in 
sand fg-vcg, w/ sm pebbles 4- 8 mm & cobbles up to 
1.5 in approx. 10%, 5YR5/6 yellowish red, moist. 

unable to core 20 ft sample, gravel zone. 

(2 ft recovered w/ approx 3 in slough) gravely sand 
fg-vcg w/ pebbles approx 10%, yellowish red 5YR4/6. 
Pebble content decreases towards base, moist, 
sampled @ 24 ft. 

(2 ft recovered + 1 ft 9 in slough) silty sand, 
vfg-mg carbonaceous, 5YR7/6 reddish yellow & 5YR4/6 
yellow red, vcg sand approx 2 in thick 6 in. from 
bottom, slightly moist. 

(2 ft recovered + 6 in. slough) sandy silt vfg-fg 
yellowish red 5YR4/6, moist, root casts. 

(2 ft recovered + 6 in slough) silty sand, vfg-fg, 
some cg approx 1% 6 in.; top, 6 in 5YR4/6, middle 8 
in 5YR5/8, bottom 10 in. 5YR5/6, moist. 

(2 ft 3in recovered) sand vfg - vcg, very moist
wet, reddish brown 5YR4/4, sm pebbles 4-8 mm approx 
1%, pebbles 3 em< 1%. 

G-1542 



Figure 3-13 

Bor ehole.J&i. 

Project name: Kirtland Air Force 
.Project nUlllber: 463536000 -

Base IRP. Phase II Stage 2 
Site: Golf Course Pond. Auger Ugle 4 

Sheet 3 of 3 

Borehole number:. KAFB0604 
Drilling Company: USGS 

.Date started: 12-06-89 

Location: 1463890N. 416480E Elevation: Slt60 
Drilling crew: Tony Shanahan. & Joe Wallace 

Date completed: 12-08-89 Total Depth: 101ft 
Stem Auger I;>rilling Fluid: _____ _ Drilling method: Uollgw 

Borehole· diameter: 8" 
Drilling equipment:Mobile B-61 
Logged by: Cvndie Abeyta Sample type:~c~o~r~e~------------

Pate 'lil:l.a 
0858 

0933 

1020 

Deotb( ft) 
88-90 

93-95 

98-101 

Lithology and Remarks 
(28 in recovered) upper 5 in. mg-vcg sand, sm 
pebble 4-8 mm approx 4%, strong brown 7.5YR4/6; 
lower 18 inches sandy silt, vfg-fg, 1 in. clay 
lense approx 6 in from bottom (7.5YR5/4 sandy 
silt) 7.5YR5/4 clay .lense, slightly moist. 

(2.0 ft recovered) upper 8 in sand mg-vcg w/ 
pebbles 4 - 10 mm approx 4%, brown 7.5YR5/4; 6 in. 
silty clay, brown 7.5YR4/4; lower 12 in sandy silt 
vfg-fg; @ base of core vcg sand some pebbles 4-8 mm 
<1i., 7.5YR5/8 strong brown. 

(30 in. recovered) upper 18 1n sandy silt vfg w/ cg 
<li., ,strong brown 7 .SYRS/6, lower 1 ft mg-vcg sand 
& cobbles, <1%, three cobbles <6 em, 7.5YR4/6 
strong brown, sampled @ 100 ft. 
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Figure 3-14 

Borehole Lo~ 

Project name:_K~ir .. t~la~n~d~A~i~r~F~o~r~cye~B~a~s~e~I~R~P~·-AP~h~a~s·e~I•I~S~t~ae.e~Z Sheet 2 of 3 
Project number: 463536000 Site: Golf Course Pond. Auger Hole 4 
Borehole number: KAFB0604 Location: 1463890N. 416480E Elevation: 5460 
Drilling Company: USGS _prilling crew: Tony Shanahan. 4 Joe Wallace 
Date started: 12-06-89 Date completed: 12-08-89 Total Depth: 101ft 
Drilling method: Hollow Stem Au~er_ Drilling Fluid: __________ _ 
Borehole diameter: 8" 
Drilling equipment:Mu~ob~i.le._~B~-~6~1~-------
Logged by: Cyndie Abeyta Sample type:~c~gr.e._ __________ __ 

Pate 
12-07-89 

lime. 
0852 

0935 

1012 

1050 

ll20 

1548 

12-08-89 0812 

Deoth(ft) 
48-51 

53-55 

58-60.5 

63-65 

68-70 

78-80 

83-85 

Lithglo~y and Remarks 
(26 inches recovered) upper 13 in sand mg-vcg, 
pebbles >4 mm approx 10%, cobbles <6 em approx 57., 
dark yellowish brown 10YR4/4. Lower 13 in silty 
sand vfg - vcg, yellowish red SYR5/8, slightly 
moist, sampled @ 50 ft. 

(22 in. recovered) upper 10 inches silty sand vfg
mg w/ sm pebbles 4-8 mm <1~; lower 8 in sandy silt 
w/ 4 in. vcg sand between upper & lower w/ pebbles 
4 - 8 mm approx 30%, upper 10YR5/8 yellowish brown, 
lower SYR4/6 yellowish red, slightly moist. 

(18 inches recovered) sand mg-vcg w/ sm pebbles 4-
12 mm approx 10%, silty lenses 2-4 mm thick near 
center & at bottom, slightly moist, 7YR4/6 strong 
brown. 

(2 ft recovered) upper 7 in. sand mg-vcg some silt 
7.5YR brown; lower 17 in mg-vcg. sand w/ pebbles 4-
12 mm approx 4~ cobbles throughout <li. >2 em, 
slightly moist 

(20 ~n recovered) upper 11 in. silty sand mg-vcg sm 
pebbles <1% to 4 mm; lower 9 in sandy silt vfg-fg, 
5YR4/4 reddish brown. 

(19.5 in recovered) upper 9 in silty sand vfg-mg 
7YR4/4 brown; sharp contact w/ sand mg-vcg, sm 
pebbles 4 - 10 mm approx. 2:, cobbles 4.3 em, 
granite, andesite(?), strong brown 7YR5/6. 

(22 in recovered) upper 12 in. mg-vcg sand, 
yellowish red 5YR4/6, sm pebbles/cobbles, 4 - 30 mm 
approx, 10%; next 4 in silty sand mg-vcg, sm 
pebbles, 4-12 mm approx. 2%; lower 6 in. sand mg
vcg, slightly moist. 
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Figure '3-15 

Borehole Lo~ 

Project name : _.K~t...,' r~o.~t-..l~a,..n""'d'-'~A....,i .... ~_.F.w.o ... r.~oo.c lii.e _.BWJaiiJsue ..... I..~.~R-..P...,._.P,...ha.a.oil.s lii.e_I..,.I._.S.uto..~a.u~~o,~;e~2 Sheet 1 of 2 
Project number: 463536000. Site:Golf Course Pond. Well 8 
Borehole number: KAfB0608 Location: 146J917.46H. 416312.39E Elevation:5457.2Jt.o.c. 
Drilling Company: USGS Drilling crew: Steye Grant. Dan Sweeney. Jeff Eman. Daye Rehder 

·Date started: 03-21-90 Date completed: 03-26-90 Total Depth: 375ft 
··• Drilling method: Mud Rotary Drilling Fluid: Bentonite 
· Borehole diameter: 7-7/8" 
.Drilling equipment: Gardner-Denver 17H 

·Logged by: Ralph Wilcpx · Sample type: cuttin~> 
Geophysical Logging Company:~ Logger: Jim Hudson 

·Geophysical Tools Run:_L~SWJN~R~e~2~i~swtwi~v •• i~t~y •. ~sP~._.Pwo~i~n~t~R~e~s~i·s~t .... iy~i.~oo.t·~r.~N~aut~u,..r~a~l~G~a~m~ma.a~. 
·oensitx. tleutrori. 6 Caliper 

Date 
03-21-90 

03-22-90 

1404 

1455 
1521 

1640 

0744 

0902 

1105 

Depth(ftl 
0-10 

10-15 
15-20 
20-27 
27-35 
35-55 
55-65 
65-iO 
70-75 
75-78 
78-95 

95-100 
100-127 
127-129.5 
129.5-135 
135-139 
139-145 

145-150 
150-155 

155-160 
160-165 

165-193 

193-194.5 

194.5-198.5 
198.5-224 

224-239 

239-242 

Lithology and Remarks 
silty sand, vfg, moderate brown 5YR4/4, w/ approx 
5% cg-vcg sand. 
sand, vfg-fg, moderate brown 4/4. 
sandy clay, vfg & sand cg-vcg approx 50%. 
sand, vcg, qtz, plag, Kspar, mafics. 
sandy .silt, vfg, moderate brown 4/4. · 
sand, cg-vcg. 
silty sand, vfg, moderate brown 4/4 w/ vcg sand 7.? 
silty sand to sandy silt, vfg. 
silty sand to sandy silt w/ vcg sand. 
sand, cg-vcg. 
sand w/ clay vfg to sandy clay w/ gravel stringer @ 
91 ft appr'ox 3" thick. 
sand w/ clay vfg to sandy clay w/ sand cg. 
sandy clay, vfg, moderate brown 4/4. 
gravel, cg-sm pebbles <0.4 em. 
sand, vfg-fg, moderate brown 4/4. 
sand, fg-cg. 
sand, vfg-fg, w/ gravel stringers @ 140-140.5 & 
144.5-145. 
sand, w/ gravel 148-148.5. 
sandy clay, vfg, w/ gravel@ 151-151.5, 153-153.5, 
& 154-155.5. 
sandy clay vfg, w/ gravel @ 160-160.5. 
sandy w/ clay, vfg, numerous gravel stringers @ 
161.5-163 all <3 in. 
sandy clay to sandy w/ clay, gravel stringers @ 
164-165.5, 170, 173, 174.5 & 186-189.5. 
sand, vfg, moderate brown 4/4 & very pale orange 
10YR8/2. 
gravel, cg sand - pebbles <0.5 em. 
sand w/ clay vfg moderate brown 4/4 w/ several 
gravel stringers <0.5 ft thick. 
gravel, vcg sand-pebble £rags <1.3 em, clay bed 
227-228. 
sandy clay, vfg, moderate brown 4/4. 
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Figure 3-16 

Project name: Kirtland Air Force Base IRP. Phase II Staze 2 Sheet 2 of 2 
Project number: 463536000 Site:Gol£ Cgurse Pond. Well 8 
Borehole number: KAfB0608 Location: 1463911.46N. 416312.39E Elevation:54S7.2Jt.o.c. 
Drilling Company: USGS -Drilling crew: Steye Grant. Dan Sweeney. Jeff Eman. Daye Rehder 
Date started: 03-21-90 Date completed: 03-26-90 Total Depth: 375ft 
Drilling method: Mud Rotary Drilling Fluid: Bentonite 
Borehole diameter: 7-7/8" 
Drilling equipment: Gardner-Denyer lZW 
Logged by:: Ralph Wilcpx Sample type: c.uttin? 
Geophysical Logging Company:~ Logger: Jim Hudson 
G eo p by s i c a 1 Tools Run : _L~o~JSioUN>l-IR.lt.le;wiOe,ji..,su.t....,i~y,..i..,.ty~ . ..,jS""P ..... .__.P....~~o.ui.J.jnu.t......,R.,.e.-.s...,.i..,s .a.t ...,i.y:L..+~oe.~' t..,y~...~ • ........:Nu.au.t..JOu ... r-'~a...,l_G"'-'Iolamm~~o~o~o~~o~a~. 
Density. Ueutrpn. 4 Caliper 

Date ~ Depth(ft) 
242-247.5 
347.5-256 

256-258.5 
258.5-2 90 

1400 290-295 
03-26-90 295-322 

142 9 322-335 

335-355 

355-375 

Litholon and Remarks 
gravel, upper 2 ft hard, cg sand-sm pebbles <1 em. 
sand w/ clay, vfg, w/ several gravel stringers <3 
in thick. 
gravel, cg sand-pebble frags <1.3 em. 
sand w/ clay to sandy clay, vfg, w/ numerous gravel 
stringers <3 in thick. 
gravel, cg sand-sm pebbles <1 em. 
sand w/ clay & vcg sand %? w/ numerous gravel 
stringers <0.5 ft thick. 
sand, fg-vcg, qtz, Kspar, plag, & mafics w/ sandy 
clay stringers pale yellowish green 10Y8/2. 
sand, fg -vcg, ztq, Kspar, plag & mafics w/ gravel 
up to sm pebbles <0.5 em. 
sand, fg-vcg, qtz, Kspar, plag, & silty sand vfg
fg. 
T.D. 375 ft. 
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Figure 3-17 

Borehole Loi 

-· 
-Project name: Kirtland Air Force Base IRP. Phase II Staie 2 

Site:Golf Coyrse Pond. Hell 9 
Location: 1463845.09N. 416650.69E 

Drilling crew: Dan Sweeney. Jeff Eman. 

Sheet 1 of 1 
Project number: 463536000 
Borehole number: KAfB0609 

__ Drilling Company: USGS 
Date started: 03-29-90 
Drilling method: Mud Rotary 
Borehole diameter: 7-7/8" 

Date completed: 03-29-90 

Elevation:5461.95t.o.c. 
Dave Rehder 

Total Depth: 355ft 
Drilling Fluid: Bentonite 

--Drilling equipment: Gardner-Denver 17R 
Logged by: Ralph Wilcox Sample type: cuttini 
Geophysical Logging Company:~ Logger: Jim Hudson 

- G eo p hy s i c a 1 Too 1 s Run : _L.iojoS"'"N~ROll.leii.li..,i..,s~..~t ... ioo~v ..... i..a.t""'y ..... __,._s P._._ ..... ?,_.o""l.,.· n...,.t_....P ... e ... s~.o~oi...w.s.~o.t...,i..~:.v ... i ...,ty....._ . ...,~N..uailo.lt..,.u.ur ... a..,l~G.Jiaoiioimmliillllw.!l • 
Density. Neutron. & Caliper 

Date ~ Depth(ft) 
0-15 03-29-90 

15-20 
20-30 
30-35 

35-40 
40-45 
45-55 
55-75 
75-85 
85-90 
90-105 
105-115 

115-125 
125-160 
160-185 

1439 185-195 
195-220 
220-245 
245-248 
248-250 

1540 250-253 
253-265 
265-305 

1713 305-315 

315-330 

330-335 
1759 335-355 

Lithglogy and Remarks 
sand, vfg-cg, moderate brown 4/4; very pale orange 
10YR8/2 (3-7ft) 
silty sand vfg-fg, w/ vcg sand %? 
sand, fg w/ sand cg, 
sandy clay to sand w/ clay vfg & pebbles & pebble 
frags < 2 em. 
no sample 
sand, fg-w/ sand cg. 
very sandy clay, vfg w/ cg sand - pebbles <1.0 em. 
silty sand, vfg, w/ cg-vcg sand. 
sand, vfg w/ sand mg-cg %. 
sand, vfg w/ cg sand - pebbles <0.5 em. 
sand, vfg w/ cg-vcg sand. 
gravel, vcg sand - pebbles and pebble frags <2.0 
em. 
sand, vfg w/ cg sand very pale ·orange 8/2. 
sand & silty sand, vfg-fg, w/ cg sand, <5%. 
sand & sandy clay vfg. 
sandy clay & sand vfg. 
sand & sand w/ clay cg sand. 
sand w/ clay vfg. 
gravel, cg sand-pebbles <0.5 em. 
sand w/ clay vfg. 
gravel, cg sand-pebbles <0.5 em. 
sand w/ clay & sandy clay, vfg. 
si~ty sand, vfg. 
gravel, cg sand-Bm pebbles <0.4 em w/ silty sand 
vfg. 
sand w/ clay & sandy clay, gravel stringers <1/2 ft 
thick. 
sand, vfg-fg w/ gravel stringers <1/2 ft thick. 
sand, vfg-fg. 
T.D. 355ft. 
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Figure 3-18 

Borehole La~ 

Project name: Kirtland Air Force Base IRP. Phase II Sta2e 2 Sheet 1 of 1 
Project n~ber: 463536000 Site:Golf Course Pond. WelllO 
Borehole number: KAF]06lo· Location: 1463527.84N. 416185.63E Elevation:5455.60t.o.c. 
Drilling Company: USGS Drilling crew: Dan Sweeney. Jeff Eman. Pave Rehder 
Date started: 04-Ql-90 Date completed: 04-02-90 Total Depth: 395ft 

Drilling Fluid: Bentonite Drilling method: Mud Rotary 
Borehole diameter: 7-7/8" 
Drilling equipment: Gardner-Denver 17H 
Logged by: Ralph Wilcox Sample type: cutting 

Logger: Jim Hudson Geophysical Logging Company:~ 
Geophysical Tools Run: LSN Rezistiyity. SP. Point S,esistiyity. Natural Gamma. 

Density. Ueutron. 4 Caliper 

Date 
04-01-90 

04-02-90 

lime 
1248 

1314 

1401 

1517 

1756 

183 7 
1900 

1114 
1145 

Depth(ft) 
0-15 
15-25 
25-30 
30-35 
35-40 
40-49 
49-53 
53-60 
60-65 
65-iO 
70-85 
85-88 
88-95 
95-100 
100-102 
102-115 
115-175 
175-195 

195-200 
200-215 
215-225 
225-235 
235-255 
255-295 
295-325 
325-335 
335-355 
355-365. 
365-3 75 
375-395 

Litholozy and Remarks 
sand, fg-cg, moderate brown 4/4. 
sand, fg-vcg, qtz, plag, K-spar & mafics. 
silty sand, vfg, moderate brown 4/4. 
silty sand, gravel stringer @ 30 ft <1/2 ft thick. 
silty sand. 
silty sand w/ clay. 
gravel, cg sand-pebbles <0.5 
silty sand, vfg. 
sand, fg-cg 
sand, & gravel, pebbles <1.0 em. 
silty sand w/ clay, vfg. 
gravel, mg sand-pebbles <1 em. 
silty sand, vfg, w/ gravel stringers <1/2 ft. 
silty sand vfg. 
gravel, cg sand-pebbles <1 em. 
silty sand, vfg, w/ gravel stringers <1/2 ft. 
silty sand, vfg, <1% cg-vcg sand. 
silty sand vfg, clay @ 186-187 & several stringers 
below that. 
silty sand vfg, w/ gravel stringers <1/2 ft. 
silty sand vfg, w/cg sand i.7 
sand, fg. 
sand, fg & cg-vcg sand, 229-231.5 very hard. 
silty sand, vfg, w/ gravel stringers <1/2 ft. 
silty sand vfg, very little gravel. 
sand, vfg-fg, several gravel stringers 2-4 1n. 
sand & gravel, vfg - pebbles, <1/2 em. 
sand, vfg, w/ gravel stringers <1/2 ft. 
sand w/ clay & sand, vfg-cg. 
sand vfg & gravel, mg sand-vcg sand. 
sand vfg w/ approx 1 ft clay @ 384-385. 
T.D. 395 ft. 
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Figure 3-19 

Water Table Contour Map Of The Golf Course Pond Area (08-01-90) 

·. 

N 

1 

0610 
5145.95 

• 

• 0603 

0 

I 
0 

EXPLANA TrON 

--- POND BANK 
- St40.o- if ATER-LEYEL CONTOUR 

I 

100 METERS 
I 

300 FEET 

• 0601 AUCERED HOLE--Number is well cumber 
• 0609 ~ONITORING WEU-upper number is 

5140·00 well nwnber, lower number is water 
table altitude on August L 1990, in feet 



Figure 3-20 

Well Completion Diagram 

--718 incn ~iJmeter 
clriil hoi..:. 

:..:ncontte ncti.et 3cat. 
-:: J :J J 6 9 :' t ::; e i u ~~ l3 n u 

~ ~! r ~ .J c e . 

'.1 ~rJvel. :.::o JBJ.S 
~= ~eiuw l.Jna sur~Jce 

(oloraao siii~a sand. 
~ 0-2 1J :ne s h . : o o 4 J l 
:t :.elow l.Jnd suri.Jce 

Jentonite pellet seal. 
roo 466 ft below iJna 
suri.Jce. 

?ea ~r.Jve l, too 4 7 J 
tt below land surrace 

Hinged locking protective 
well cover. 

4 x _. f t .. ~ i. r. con c r e c..: ru u . 

· : 2 i i ..: .J s 1 n z . - t ., c n . = ~ n e d u 1 ..: ·,~ 0 iJ ·: c . 
c~~e.Jded flusn JOlnts 

·n r~ lenl?t~ . .:. incn . .; cain less 
3tcel well ..::.~sin~, c·:pe 304 

2J ft length. - i.ncn. ~tainless steeL 
screen, t•:pe 304, 0.0:0 incn slot. 
~~o 437 it :elow land surrace 
Jase 457 tt Jelow land surrace 

10 ft length. ~ inch. stainless steel 
weil castrig, tvpe J04 

3ase of well 467 ft below land suri.Jce 

3ase of drill hole 495 ft below l:.~nd 

suriace 

Jell completion atagram ror monitoring weil KAFB0602 drilled and 
comoieted by ~SGS. Coal 5ranch, Denver, CO. Started on 03-17-90 
Completed on OJ-20-90 . :;ell drilled using mud rotary method 
with Wyoming sod1um 6entonite drilling fluid. 
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Figure 3-21 

Well Completion Diagram 

7-7!8 incn ~ia~eter 
Jrii.!. ~Olt:!. 

'." u l.; l ~ \' ::":JUt. 

3enc~nlte peilct seai. 
7op ~37 ::: bci.ow l~nc 

"'f'a ;:ravei.. :Jo 247.5 
~= ~eiow l~na suri.::;ce 

Colorado silica sand. 
~0-2•J r.1esn. too 288.5 
ft :elow land surface 

3entonite pellet 'seal. 
Top 332 tt below lana 
sur race. 

?ea ~ravel. top 336 
ft below land surf~ce 

Hinged locking protective 
well cover . 

.:. x.:. f:: ., ~ u: concrct~ pJu. 

. • ~ L : ..: .::; s 1 n :;: . - i. n c n . ~ ~ned u l t2 ,~ I) n ., c. 

~~:-eJded t'lusn jo1nta 

~0 -- ten~th .... inch. ;;rainless 
;;cee i we il cas in~, t~::::>e J04 

:~ ::: len~th. ~ inch. 5tainless steel 
s c r e en . t :: p e 3 0 4 . 0 . 0 2 0 inch s l o t . 

t:Jn 307 ft beiow land suri.::;ce 
base 327 ft 'elow lana surface 

10ft length . .:. inch. stainless steel 
weil casln~, type ..i04 

3ase of well 338 ft ~elow land surface 

Base of drill hole 375 ft below land 
surface 

~ell completion dia~ram for monitorin~ weil KAFB0608 drilled and 
comoieted by CSGS. Coai 5ranch, Denver, CO. Started on 03-21-90 
Completed on 03-28-90 . ~ell drilled usin2 mud rotary method 
with Wyoming sodium bentonite drilling fluid. 
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Figure 3-22 

Well Completion Diagram 

~-i/8 inch dia~eter 
Jrill hole. 

~cnc0ntc~ petl~c 3cai. 
~ ,J D 250 ~t be i.ow ~..1na 
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Figure 3-23 

Well Completion Diagram 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

Currently, KAFB and USGS believe that a ground-water mound exists under the main 
pond. This belief is based on data that indicate the water level elevation varies from 5,135 
to 5,145 feet. This water level is approximately 100 feet higher than the regional water 
table throughout the KAFB area. Because of this anomaly, an alternate monitoring system 
has been proposed and approved. KAFB will analyze monitor well data to determine 
ground-water levels at the main pond. The existence of an elevated water table under the 
main pond may indicate that the pond has created a mounding effect on the water table in 
the area. The water quality data indicate that this water has not been contaminated and 
should not be of a concern in this closure plan. This water quality data is presented in the 
ITIR by USGS (September 1990) and is summarized in appendix A 

Earlier conclusions related to ground-water characteristics were found to be premature since 
they were based on preliminary data. Additional data and analyses is now completed and 
wnclusions have been provided to NMED. The findings of this study are discussed in the 
next section of this plan. 

3.3.4 Alternate Monitoring System 

This section contains a discussion on Kirtland's application for an alternate ground water 
monitoring system at the sewage lagoons and golf course that has been accepted by NMED. 
The following section contains a summary of the alternate monitoring system application and 
report entitled, Report on Ground Water Quality Data at KAFB November-December 
1990. 

During the last two months of 1990 the United States Geological Survey (USGS) collected 
water samples from wells located around the perimeter of both the Sewage Lagoons Unit 
and Golf Course Main Pond Unit at Kirtland Air Force Base. Four wells have been 
installed at each unit to detect water infiltration from the units into the ground water. 
Although these wells systems do not meet the regulatory requirement for one upgradient 
and three downgradient wells, the USGS has documented (in a report prepared by Ralph 
Wilcox, USGS) that the wells do meet the criteria for detection of contaminants migrating 
into ground water. 

KAFB requested that the NMED consider a USGS report as an application for an alternate 
ground water monitoring system. The application for the alternate systems was reviewed and 
determined acceptable for an alternate ground water monitoring systems (per 40 CFR 
265.90). Following negotiations, the NMED then approved the alternate monitoring systems 
for both units with the following modifications discussed below . 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

The two modifications for the assessment monitoring program are now required to be done 
until closure is completed, as part of the alternate monitoring system: 

(1) Semi-annual sampling and analysis for Appendix IX volatile organics; and 

(2) Yearly sampling and analysis for the entire list of Appendix IX constituents, 

One point discussed in the USGS report emphasizes the existence of naturally occurring 
chromium throughout KAFB. The average values for the dissolved chromium portion in all 
cases is less than half the average total chromium value in the wells at KAFB. In addition 
both chromium values are decreasing with the purging of the well volumes during the 
successive quarterly sampling events. This indicates that the chromium values found in the 
ground water are probably induced by drilling fluids and activities in addition to naturally 
occurring fine grained formation materials that constitute background levels. Representative 
c:hromium concentrations for natural conditions at KAFB range from 1.2 to 37 milligrams 
per kilogram (PPM). 

A second point covered in the report concerns the proper location of the wells at each unit. 
Well construction and completion information is also discussed. To summarize the 
discussion in the USGS report, the head drop at the sewage lagoons is roughly two feet 
from south to north across the site (i.e., the two wells on the northern edge of the lagoons 
being the downgradient wells). The gradient is about 9 feet per mile but the direction 
varies at times depending on the amount of pumping done by water supply wells in use by 
the City of Albuquerque. The average depth to ground-water at the Sewage Lagoons is 480 
feet. 

In contrast, the depth to ground water at the Main Golf Course Pond is 320-feet and varies 
by about six feet across the site. The USGS report discusses that the well with the 
screened interval below the top of the saturated zone is not used to determine the gradient. 
Then the water level at the unit is about 100-feet higher than the water level data for the 
surrounding area. Therefore the golf course main pond is assumed to be in a recharge area 
located near the eastern boundary of the Albuquerque Belen basin. The USGS report 
discusses the existence of a ground water mound under the unit where the water flow 
direction is actually downward. However, also discussed is one well with a screened interval 
100 feet below the water table which when not considered, shows the direction to fluctuate 
between north to northeast. The wells at the unit are located on the edge of the recharge 
zone, in addition to being on the edge of the presumed ground water mound, and being 
influenced by the city pumping ground water to the north. This can explain why the 
gradient is significantly higher at 78 feet per mile oriented in a northerly direction. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

This theory is supported by the high nutrient concentration in the water from the wells, 
which is influenced by pond infiltration or by direct infiltration from golf course watering. 
Infiltration of either the sewage effluent from the main pond or the nitrogen fertilizers used 
on the course or both are the likely sources for the high nutrient concentrations in the 
wells. Also significant is the fact that the GCMP wells contain no hazardous constituents. 
The alternate monitoring system report (by USGS) discussed above, is specific to the 
Sewage lagoon and the golf Course Main Pond closure plans. Therefore, the report is only 
included in this Golf Course Main Pond closure plans for documentation purposes. 

For reference, the following documentation consists of: 

• A report titled: Ground Water Quality Data, Kirtland Air Force Base, New 
Mexico, November-December 1990, by Ralph Wilcox of USGS. 

• A letter dated June 28, 1991, from KAFB requesting the NMED consider 
the report as documentation for an alternate ground water monitoring 
system. 

• A second letter dated July 3, 1991 from NMED to KAFB that constitutes 
the approval of the alternate monitoring system for both units. 

• A third letter, dated July 31, 1991 from KAFB to NMED that documents 
changes to the assessment monitoring program as follows: 

1. Semi annual sampling and analysis for Appendix IX volatile organics; 
and 

2. Yearly analysis for the entire list of Appendix IX constituents, both to 
be done until closure. 
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GROUND-WATER-QUALITY DATA, KIRTLAND AIR FORCE BASE, NEW MEXICO, 

NOVEMBER-DECEMBER 1990 

By Ralph Wilcox 

ABSTRACT 

In November and December 1990, the U.S. Geological Survey collected 
ground-water samples from 13 monitoring wells on and adjacent to Kirtland Air 
Force Base. These water samples were analyzed for various constituents. This 
report summarizes the ground-water analyses and the laboratory and field 
quality-control data. The chemical-analysis data reports are also included. 

Total and dissolved chromium have been detected in ground water from 
these monitoring wells. It is unlikely that the chromium represents 
contamination introduced by any human activity because the concentrations have 
decreased with respect to time. The chromium may result from remnant drilling 
fluid, fine-grained formation material, or well construction materials. The 
Ne~· Mexico Environmental Improvement Division has expressed concern to 
Kirtland Air Force Base that the monitoring wells installed by the .u.s. 
Geological Survey at the base sewage lagoons (four wells) and the base golf 
course pond (four wells) are not located properly to meet regulatory 
requirements. The monitoring-well systems do not meet strict interpretation 
of regulations, which require one upgradient and three downgradient wells at a 
site. However, because the wells are located very close to the sewage lagoons 
and the golf course pond, and the depth to ground water is great at both 
sites, approximately 480 and 320 feet below ground level, respectively, the 
monitoring wells are located adequately to detect water infiltrating from the 
sewage lagoons and the golf course pond to ground water. 
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INTRODUCTION 

Ground-water samples from 13 monitoring wells on and adjacent to Kirtland 
Air Force Base were collected in November and December 1990, and were analyzed 
for various constituents. The chemical-analysis data reports for the 13 
ground-water samples are transmitted to the U.S. Air Force with this report. 
A summary of the ground-water analyses, laboratory quality-control data, and 
field quality-control-data is included. 

SUMMARY OF GROUND-WATER ANALYSIS FROM THE NOVEMBER AND 
DECEMBER 1990 SAMPLING ROUND 

Enclosed are two copies each of nine chemical-analysis data reports from 
Rocky Mountain Analytical Laboratory (RMAL) for the Kirtland AFB Phase II, 
Stage 2A IRP Project. The RMAL report numbers are: 12,581, 12,631, 12,656, 
12,685, 12,703, 12,727, 12,743, 12,762, and 12,778. Also enclosed are two 
copies of a single laboratory report from Data Chern Laboratory, and two copies 
of a single laboratory report from the U.S. Army Environmental Hygiene Agency 
(USAEHA). Six copies of each laboratory report also have been delivered to 
Kirtland AFB. The 11 reports contain analytical results of the ground-water 
samples collected during November and December 1990 by the U.s. Geological 
Survey (USGS) from 13 monitoring wells: 1 (KAFB0107) at landfill 1, 1 
(KAFB0213) at landfill 2, 4 (KAFB0501, KAFB0502, KAFB0503, KAFB0504) at the 
sewage lagoons, 4 (KAFB0602, KAFB0608, KAFB0609, KAFB0610) at the golf course 
pond, and 3 (KAFB0901, KAFB0902, MVMWK) adjacent to Tijeras Arroyo, including 
New Mexico Environmental Improvement Division (NMEID) well MVMWK (fig. 1), 
which is just west of the base boundary. The u.s. Environmental Protection 
Agency (USEPA) (Jay Snyder, PRC Environmental Management, Inc.) collected 
split samples at the landfill wells, the west Tijeras Arroyo well, and well 
MVMWK. 

All ground-water samples were analyzed for total organic carbon (TOC), 
total organic halogen (TOX), and total and dissolved chromium. As mandated by 
the USEPA in Kirtland AFB's Hazardous Waste Permit, Part B, ground-water 
samples from the wells at landfills 1 and 2 (wells KAFB0107 and KAFB0213), the 
west Tijeras Arroyo well (well KAFB0902), and well MVMWK also were analyzed 
for Appendix IX contaminants (USEPA, 1988), nitroglycerin (Data Chern report), 
hexahydro-1,3,5-trinitro-s-triazine (RDX) (USAEHA report), and nitrate. The 
RMAL mistakenly analyzed these four samples for nitrite plus nitrate, instead 
of just for nitrate. Ground-water samples from wells KAFB0902 and MVMWK also 
were analyzed for halogenated volatile organic compounds. A ground-water 
sample from the southeast well at the sewage lagoons shown in figure 2 (well 
KAFB0501) was analyzed for volatile organic compounds. 

TOC concentrations in the August/September 1990 sampling round and in the 
November/December 1990 sampling round were less than 2 mg/L (milligrams per 
liter) in all wells except well KAFB0608 (fig. 3), which contained 18.6 mg/L 
(RMAL Report 11,235, previously delivered) and 9.6 mg/L (RMAL Report 12,656) 
TOC in respective sampling rounds. Although TOX was not detected in the 
August/September 1990 sampling, TOX was detected at a concentration of 56.9 
~g/L (micrograms per liter) in the November/December 1990 sampling in well 
KAFB0901 (RMAL Report 12,762). 
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No contaminants were detected with the Appendix IX analyses. The ground
water sample from well KAFB0902 and an equipment blank collected at this well 
contained 16 and 77 ~g/L of di-n-butyl phthalate (RMAL Report 12,743), 
respectively. Because of the difficulty of accurately detecting this compound 
(34-percent failure rate according to USEPA, 1990), however, the results are 
not considered valid. Nitroglycerin and RDX were not detected in any of these 
samples. 

Iodomethane, which was detected in ground water from well KAFB0501 at a 
concentration of 7.6 ~g/L in the initial sampling of the well in May 1990 
(RMAL Report 9465, previously delivered), was not detected in the volatile 
organic-compound analysis done in the November/December 1990 sampling round 
(RMAL Report 12,581). 

Trichloroethene and 1,2-dichloroethane continue to be present at about 
1 ~g/L in ground water from well KAFB0902 (RMAL Report 12,743). Water from 
well MVMWK also was analyzed for halogenated volatile organic compounds 
because it is located about 1/2 mile south and hydrologically upgradient from 
well KAFB0902. The water-table altitude in MVMWK (approximately 4,888 feet) 
was approximately 4 1/2 feet higher than the water-table altitude in KAFB0902 
(4,884.66 feet) in December 1990. No halogenated volatile organic compounds 
were detected in ground water from well MVMWK (RMAL Report 12,727). 

Ground water from well MVMWK contained 41.8 mg/L nitrite plus nitrate 
when sampled in December 1990. A split sample from this well, which was 
collected in April 1990 by the USGS during the USEPA's sampling of the 
Mountainview area, contained 2.4 mg/L nitrite plus nitrate, all in the form of 
nitrate (RMAL Report 9,043, previously delivered). 

The following items are noted from a check of the field and laboratory 
quality-control data: 

1. Extraction holding times were missed for samples KAFB021303-2, KAFB021304-
2 (matrix spike), and KAFB021305-2 (matrix-spike duplicate) for the 
nitroglycerin method. These samples were extracted 8 days after collection, 
and the maximum holding time is 7 days. The u.s. Air Force Human Systems 
Division will not be charged for these analyses. 

2. Equipment-blank sample KAFB090210-2 contained the following constituents: 
77 ~g/L di-n-butyl phthalate (not a valid result, as explained above); 0.36 
and 0.83 ~g/L chloroform (1st and 2d column respectively); 9.3 ~g/L total 
chromium; 5.9 ~g/L total arsenic and 5.3 ~g/L dissolved arsenic; 28 ~g/L total 
zinc; and 0.76 mg/L TOC (RMAL Report 12,743). It is not likely that any of 
these constituents were derived from the sampling equipment (PVC bailer and 
Pyrex1 beaker for inorganic samples, and Teflon bailer for organic samples). 

1use of brand names in this report is for identification purposes only and 
does not constitute endorsement by the u.s. Geological Survey. 
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It is more likely that the constituents are associated with the processing or 
storage of deionized water used for all blank samples. The previous deionized 
wate:t:"-generation system consisted of series of ionic-exchange media and an 
activated-carbon filter. The system has been modified in an attempt to 
produce purer water. Additional quality-control samples (blanks) of deionized 
water have been collected from the existing stock, which was generated with 
the previous system,_ and from the modified deionized water-generation system. 
rhe results from these additional quality-control samples have not yet been 
released to the USGS by the RMAL. 

3. Matrix-spike and matrix-spike-duplicate samples were collected at well 
KAFB0213 (RMAL Report 12,685). Matrix-spike samples are valuable in assessing 
the effect of a sample matrix on the performance of an analytical method. 
Recovery of spiked analytes cannot be directly evaluated using the same 
recovery limits used for laboratory-control (LC) samples because LC samples 
are used to assess the performance of an analytical method on deionized water. 
Comparison of the recovery limits for a LC sample with the achieved recoveries 
of a matrix-spike sample, however, indicates how the sample matrix is 
affecting the analytical-method performance. The analyte recoveries for the 
matrix-spike sample and the matrix-spike duplicate sample were within the 
recovery limits except for those listed below. 

Table 1.--Matrix-spike sample analyte recoveries outside recovery limits 

(Percentage recovery) Percentage 
Analytical Matrix-spike Matrix-spike dup- recovery 

Analyte method sample licate sample limits 

4-Nitrophenol SW8270 37 82 10-80 
Chromium SW7191 183 212 75-125 
Antimony SW6010 68 71 75-125 
Thallium SW7841 64 92 75-125 
Selenium SW7740 57 180 75-125 
Sulfide E376.2 53 36 80-120 

The following is a discussion of two topics of immediate concern to 
Kirtland AFB--(1) chromium in ground-water samples, and (2) Resource 
Conservation and Recovery Act (RCRA) ground-water monitoring systems. 
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CHROMIUM IN GROUND-WATER SAMPLES 

As in the August/September sampling round (RMAL Reports 11,121; 11,152; 
11,172; 11,192; 11,204; 11,235; 11,249; 11,386; and 11,407 previously 
delivered) much of the effort in the November/December sampling round was 
geared to confirming the presence or absence of total and dissolved chromium 
in ground water. Only one sample contained chromium that exceeded the USEPA's 
Maximum Contaminant Level (MCL) of 50 ~g/L in the November/December sampling 
round. Water from well KAFB0503 contained 82 ~g/L total chromium. water from 
wells KAFB0609, KAFB0213, and MVMWK contained 47, 33, and 29 ~g/L total 
chromium (RMAL Reports 12,631; 12,685; and 12,727), respectively. Dissolved
chromium concentrations were all less than 10 ~g/L. 

Table 2 presents a statistical summary of total- and dissolved-chromium 
concentrations in ground-water samples collected during three sample rounds of 
the 12 monitoring wells on Kirtland AFB. NMEID monitoring well MVMWK has not 
been sampled in all three rounds, and is not included in Table 2. Ground
water samples containing concentrations of chromium less than the reporting 
limit were not used to determine the statistics presented in Table 2. 

Table 2.--Total- and dissolved-chromium concentrations in 
ground-water samples from three sampling rounds 
of Kirtland AFB monitoring wells 

Micrograms per liter 

Sample Mean Standard Maximum Minimum Number of 
round concentration deviation concentration concentration samples 

May 1990 

Total Cr 73.0 68.6 240.0 8.0 12 
Dissolved Cr 24.1 21.2 54.0 6.6 9 

Aug/Sept 1990 

Total Cr 45.1 39.9 120.0 14.0 11 
Dissolved cr 17.9 16.5 37.0 7.4 3 

Nov/Dec 1990 

Total Cr 17.8 24.8 82.0 2.4 11 
Dissolved Cr 4.1 3.1 9.6 1.4 8 
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It is unlikely that the chromium detected in the ground water on Kirtland 
AFB represents contamination introduced by any human activity. If 
concentrations were decreasing at a single well, or at wells associated with a 
single site, then the case could be made that a plume of chromium contaminated 
water flowing by the well or across-the site. The observed decrease in 
concentration, however, is already widespread, which does not indicate a 
migrating contamination plume. The 12 monitoring wells on Kirtland AFB that 
currently are sampled on a quarterly basis represent six discrete areas of the 
base. The six areas are landfill 1 (KAFB0107), landfill 2 (KAFB0213), sewage 
lagoons (KAFB0501, KAFB0502, KAFB0503, and KAFB0504), golf course pond 
(KAFB0602, KAFB0608, KAFB0609, and KAFB0610), east Tijeras Arroyo (KAFB0901), 
and west Tijeras Arroyo (KAFB0902). A "connect-the-dot" outline of the areas 
forms a large area about 3 1/2 miles east to west and 1/2 to 1 1/2 miles north 
to south. It is unlikely that any potential contamination source on Kirtland 
AFB could account for such a widespread area of contamination outlined above. 
The fact that total- and dissolved-chromium concentrations generally are 
decreasing substantially from one sampling round to the next indicates that 
the monitoring wells are being further developed and cleaned of remnant 
drilling fluid and fine-grained formation material with each purging. 

Total chromium has been detected in other ground-water samples collected 
by the USGS as part of the Phase II, Stage 2 IRP study in the area of Kirtland 
AFB. Split samples were collected from three NMEID monitoring wells (wells 
MVMWI, MVMWJ, and MVMWK) in April 1990 (fig. 1). These wells have 2-inch
diameter polyvinyl-chloride casings with screens partially submerged in the 
saturated zone. The wells were drilled using mud-rotary techniques. No 
information on the development of these wells is available. The split samples 
contained 56, 23, and 39 JJg/L total chromium (RMAL Reports 9,059 and 9_,043 
previously delivered), respectively. Water from well MVMWK contained 29 JJg/L 
total chromium when resampled in November/December 1990. Water from two wells 
on the McCormick Ranch that were sampled as part of the study (wells KAFB1001 
and KAFB1002) (fig. 1) contained 6.4 and 3.7 JJg/L total chromium (RMAL Report 
9,626, previously delivered), respectively. These are stock-watering wells 
equipped with windmills and are located on the Isleta Indian Reservation about 
2 1/2 and 6 miles southwest of Kirtland AFB. The McCormick Ranch wells are 
located south of the ground-water divide created by ground-water withdrawals 
in the Albuquerque area--ground water flows southwestward in this area (Titus, 
1963, plate 3), whereas ground water flows northward in the northern part of 
the base (Kelly, 1982, p. 354). The fact that total chromium is present in 
the water from these wells that are located some distance off the base further 
indicates that the source of chromium is not associated with any base 
activity. 

Chromium also is present naturally in the soil on Kirtland AFB. All soil 
samples collected on Kirtland AFB, except dry sludge, soil beneath the dry 
sludge, and pond sediment, are considered representative of natural conditions 
with respect to trace-metal concentrations (RMAL Reports 6819, 6840, 6867, 
6981, 7019, 7042, 7197, 7210, 7320, 7334, 7351, 7459, 7472, 7473, 7728, 7748, 
7777, 7798, 7821, 8013, 8029, 8040, 9261, 9880, and 9954, previously 
delivered). Concentrations of chromium in soil samples representative of 
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natural conditions on the base that were collected as part of the IRP range 
from 1.2 to 37 mg/kg (milligrams per kilogram). The mean chromium 
concentration in the 101 soil samples representative of natural conditions is 
6.77 mgfkg. These soil samples do not contain large concentrations of any 
other trace metal. 

A number of fi~~d quality-control samples were collected by the USGS 
during the August/September 1990 quarterly sampling in an attempt to determine 
possible sources of chromium in the ground water. Deionized water was used 
for all these quality-control samples. The samples were collected in the USGS 
field lab at Kirtland AFB. None of the field quality-control samples 
contained dissolved chromium. The equipment-blank sample of deionized water 
collected during the August/September sampling run also contained no total 
chromium. Several tests involving the well casing, hoist wires, and the 
drilling mud were then conducted. In one test, the deionized water was left 
in contact with a section of stainless steel (type 304) casing for 19 days. 
This is the type of stainless-steel casing used in constructing the monitoring 
wells installed by the USGS. The sample contained 7.2 ~g/L total chromium. 
Two different multiple-strand, stainless steel wires have been used for 
hoisting bailers when purging and sampling the wells. A leach test was 
conducted on each type wire by placing a 2-foot length into 1 gallon of 
deionized water for 4 hours. The two samples contained 7.5 and 5.5 ~g/L total 
chromium. In another test, 1 gram of sodium bentonite drilling mud was added 
to 1 liter of deionized water. This mixture contained 6.5 ~g/L total 
chromium. 

RESOURCES CONSERVATION AND RECOVERY ACT GROUND-WATER MONITORING SYSTEMS 

At a meeting in December 1990, the NMEID expressed concern that the 
ground-water monitoring systems at the sewage lagoons and the golf course pond 
do not meet the regulatory requirements of locating one well upgradient from a 
site being monitored and three wells downgradient from the site. The 
following is a description of the ground-water monitoring systems at these two 
sites. 

The monitoring-well system at the sewage lagoons consists of four 
monitoring wells, with 20-foot screen lengths partially submerged in the 
saturated zone. The average depth to the water table at the sewage lagoons is 
about 480 feet. Wells KAFB0501 and KAFB0504 are located along southeast and 
southwest margins of the south sewage lagoon (fig. 2). Wells KAFB0502 and 
KAFB0503 are located along the northeastern and northwestern margins of the 
north sewage lagoon, respectively. Well KAFB0502 is located about 55 feet 
west and 13 feet north of the northeastern corner of the fence surrounding the 
lagoons. A Brunton-compass reading from the high-water mark at the 
northeastern corner of the north sewage lagoon to well KAFB0502 bears 1 degree 
east of north. Well KAFB0503 is located about 60 feet east and 18 feet north 
of the northwestern corner of the fence surrounding the lagoons. A Brunton
compass reading from the high-water mark at the northwestern corner of the 
north sewage lagoon to well KAFB0503 bears 3 degrees east of north. Given the 
location of the two northern wells (KAFB0503 and KAFB0502) relative to the 
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high-water mark at the northern corners of the north sewage lagoon, the 
circumstance where these wells simultaneously qualify as being downgradient 
from the sewage lagoons will be rare. This assumes a strict interpretation of 
under what conditions a well qualifies as being downgradient; that is, a well 
that is intersected by a flow line normal to a water-level contour within the 
sewage lagoons. For both wells to qualify as being downgradient from the 
sewage lagoons under this interpretation, the direction of gradient at the 
northern end of the north lagoon would have to be between north 1 degree east 
and north 3 degrees east. If the gradient is more westerly than north 1 
degree east, well KAFB0502 will not qualify as being downgradient. If the 
gradient is more easterly than north 3 degrees east, well KAFB0503 will not 
qualify as being downgradient. Wells KAFB0502 and KAFB0503 are separated by a 
distance of 558 feet. The location of land surface and elevation at all wells 
installed by the USGS have been surveyed by a certified land surveyor. 

Eight water-level mass measurements have been made in the monitoring 
wells since their installation at the sewage lagoons. The ground-water 
gradient under the north sewage lagoon is northerly at about 9 feet per mile 
(fig. 2). The gradient under the south sewage lagoon slopes in a north
northeast direction that changes to a northerly direction under the north 
sewage lagoon. The direction of the gradient varies at the north end of the 
north sewage lagoon. During the first four water-level mass measurements (3-
22-90 to 8-24-90), the gradient sloped slightly west of north, thus qualifying 
only well KAFB0503 as being downgradient. During the four subsequent water
level mass measurements (10-23-90 to 2-21-91), the gradient sloped slightly 
east of north, thus qualifying only well KAFB0502 as being downgradient for 
those periods when the gradient direction is more than 3 degrees east of 
north. Considering, however, the close proximity of the two northern wells to 
the northern margin of the north sewage lagoon, and the 480-foot depth to the 
wat.er table under the sewage lagoons, some component of the ground water in 
each of the northern wells should represent water infiltrated from the sewage 
lagoons. Lateral dispersion alone through the 480-foot-thick unsaturated zone 
should cause infiltrating water to intersect wells KAFB0502 and KAFB0503. 

The monitoring-well system at the golf course pond consists of four wells 
with 20-foot screened intervals. Well KAFB0602, the first monitoring well 
drilled at the golf course pond, is located at the southeastern margin of the 
pond (fig. 3). The top of the screen was set at an elevation of about 4,925 
feet on the basis of available ground-water-level data. After the water level 
stabilized in this well at an elevation of about 5,030 feet, it became evident 
that the ground-water level at the golf course pond was much higher than local 

. wat:er levels would indicate, and that the slope of this elevated water table 
was unknown. At this time, the decision was made to locate the remaining 
three monitoring wells at the golf course pond in a way that would make the 
well spacing as uniform as possible. Wells KAFB0608, KAFB0609, and KAFB0610 
were drilled at the northwestern, northeastern, and southwestern margins of 
the pond, respectively. The screens in wells KAFB0608 and KAFB0609 are 
partially submerged in the saturated zone. Well KAFB0610 has a completely 
submerged screen. The water level in well KAFB0610 is about 26 feet above the 
top of the screen. The average depth to water in wells at the golf course 
pond is about 320 feet. 
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Because the screens in wells KAFB0602 and KAFB0610 are completely 
submerged in the saturated zone, the water levels in these wells are affected 
by vertical potentiometric changes within the aquifer, and the water levels do 
not represent the water table. The vertical gradient is probably downward 
(lower water levels as depth of the screened interval is lower into the 
saturated zone) at the golf course pond. The pond is near the eastern margin 
of the Albuquerque~Belen Basin in a recharge area for the aquifer. The 
vertical gradient is generally downward in recha~ge areas. Additionally, all 
water levels in wells at the golf course pond are about 100 feet higher than 
the water-level data for the surrounding area would indicate, indicating the 
presence of a ground-water mound under the golf course pond. The water level 
in well KAFB0610, which is the highest at the golf course pond, generally is 
about 6 feet higher than the water level in wells KAFB0608 and KAFB0609, which 
usually have water levels within 1 foot of each other. The water level in 
well KAFB0602, which is the lowest at the golf course pond, ranges between 2 
and 5 feet lower than the water level in wells KAFB0608 and KAFB0609. The 
lower water level in well KAFB0602 probably reflects the downward vertical 
gradient at the golf course pond. The top of the screen in well KAFB0602 is 
currently about 115 feet below the water table. If the water level in 
KAFB0610 is considered representative of water-table conditions, the water
table slope could then be determined using the water levels in wells KAFB0610, 
KAFB0608, and KAFB0609 (fig. 3). The slope of the water table determined this 
way fluctuates between north and northeast at about 78 feet per mile, and is 
based on a number of water-level measurements made between 4-4-90 and 2-21-91. 
Because the top of the screen in well KAFB0610 is only about 26 feet below the 
water table, and there is likely a downward vertical gradient at the golf 
course pond, the true water-table surface at well KAFB0610 probably is higher 
than the water level in the well. Therefore, the slope of the water ~able 
might be more than 78 feet per mile at the golf course pond. 

On the basis of the above interpretation of the water table, wells 
KAFB0608 and KAFB0609 qualify as being downgradient from the golf course pond. 
These wells are about 350 feet apart, and each well is less than 20 feet north 
of the high-water mark in the golf course pond. 

Large nutrient concentrations in water samples indicate that all four 
wells around the golf course pond are affected by pond infiltration or by 
direct infiltration of irrigation water applied to the golf course. Nitrite 
plus nitrate were analyzed in all ground-water samples collected in May 1990 
and in August/September 1990. Nitrite plus nitrate concentrations in water 
from the four wells ranged from 20.9 to 31.7 mg/L (RMAL Reports 9391, 9434, 
9465, and 9603 previously provided). Nitrite plus nitrate concentrations in 
water samples from the other eight monitoring wells on the base ranged from 
not detected to 5.8 mg/L (RMAL Reports 9226, 9279, 9304, 9465, 9481, and 9603, 
previously provided). The sewage effluent pumped into the golf course pond 
from the sewage lagoons or nitrogen fertilizers used on the golf course are 
the likely sources for the large nutrient concentrations in water samples from 
these wells. 
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Mr.Joe Kennedy 

DEPARTMENT OF THE AIR FORCE 
HI!:ADOUAIUifA• I-TII Alft ..... (.WING CW...CI 

ICiftTI.ANO Alft ,ORCI BAst, NIEW NEitiCO 871 I 7-11000 

Water Resource Specialist 
New Mexico Environment Department 
1190 St Francis Drive 
~ant~ Fe NM 87502 

I>ear Mr Kennedy 

2 8 JUN l!J~I 

' 

The Groundwater Quality Data report prepared for the Air Force by 
the US Geological Survey constitutes our request !or appro~al ·ot 
~lternate groundwater monitoring systems for the Kirtland.Air 
Base sewage lagoons and golf course pond. . It was hanq_-del i~ered · 
to you by our Mr John Gould on 25 Jun 91. 

These alternate groundwater monitoring systems represent a maJor 
·compon~nt of closure plans for these sites. Therefore you~ 
decision 1 s required to ensure we submit ou1• plans 1 n an a~ep t
able format. 

Please contact Mr Gould at {505) 846-2774 if you have any ~ues
tions. We would appreciate your !axing a copy of your reply to 
us at (505) 846-0403 a.s we attempt to respond in an a timely 
manner to your department's 13 Jun 91 notice of violation. 

Since~ely 

' . 
.. .. •. 

USAF ' 
Management. Division 

. ... 

' 



State of New Mexico 
ENVIRONMENT DEPARTMENT .. 

Harold Runnels Bulding 
1190 St. Francis Driue, P.O. Bo~ 26110 ··. 

Santa Fe, New Mexico 87502 
{505).827·2850 

JUDITH Jl. ESPINOSA. 
UCIETAIY 

. ' RDNCURRY 
· D£1'fm SECIETAU 

·. \ .. 
July 3, 1991 

... 
. . I : \ 

Col.:Jack ~artinez . 
Direc~or, <Environmental Management 
Headquarters 1606 ABW/EM 
·Kirtland Air Force Base, NM ·a7117-50oo 

I . 
RE: RESPONSE TO REQUEST POR ALTERNATE GROOHDWATER MONJ:TORJ;NG SYSTEM AT S.EWAc 

LAqOoJ.;s AND GOLF COURSE MAJ:N POND - HM9!570024.423 . · • 

Dear Col. Martinez: 
! • i I 

1 •• 

The New Mexic~ Hazardous and Radioactive Waste Bureau (HRWB) received a lett• 
of request! tro~ the Off ice of Environmental Management at Kirtland. Air .~orce Ba: 
(KAP'B) on :July 2, 1991. . ' · 

HRWB assJes th~t there is the possibility of a statistically signif ica1 
increase in indicator parameters from upgradient wells to downgradie~.~ wel 
at the·seW~ge lagoons, and therefore is allowing, as per 4.0 CFR 5266.90 (d), tl 
alternate ·.:ground-water monitoring syGtem requested at that urii t •. · . ,. 

·.: I .•.. 
HRWB also·assu~es that a downgradient well at the main golf course pond wou 
detect a 8tat1st~cally signif.icant increase.of indicator parameters and thereto 
is allowinO, as .per 4.0 CFR §265.90 (d), the alternate ground-water monitorii 
system reQue3tec:l ·~t that. unit. . . 

' 
KAFB has already performed extensive ground-water sampling at· both ot the 
locations:, and has detected no Append.ix IX constituents. 

This letter will constitute approva1 of the requested alternate 'ground-wat. 
monitoring:systems at the sewage lagoons and the golf course pond. · 

; '; :: ~ .. 
Please conta~t me at (505) 827-2424 if you have any questions. 

~ ·• 
:· ' 

S~ncerely~~ 
Joe Kennedy, Hydrogeology.Section 
Hazardous/and Radioactive Waste Bureau 

.I~ 

cc: Tr~~y Hughes, OGC 
Edward Horst, Program Manager 
Bruce Swanton, Compliance supervisor 

.··· 

' 

t 

' 



Mr ~oe Kennedy 

DEPARTMENT OF THE AIR FORCE· 
HEADQUARTERS 1606TH AIR BASE WING IMACl 

KIRTLAND AIR FORCE BASE. NEW MEXICO 87117·5000 

Water Resource Specialist 
Haz&rdous and Radioactive Materials Bureau 
NM Environment Department 
PO Box 261J.O 
Santa Fe NM 87502 

De'ar Mr Kennedy 

I 

B 1 JUL 1991 

As part of the alternate groundwater monitoring system which was 
approved by NMED on 3 July 1991, we acknowledge that the 
following modifications to the assessment· monitoring currently 
being conducted at the base sewage lagoons and golf course pond 
are required: 

a) Semi-annual sampling and analysis for the Appendix 9 volatile 
organics until closure. 

b) Yearly, the samples will be analyzed for the entire list of 
Appendix 9 constituents, until closure. 

~~~ 

'· 

0501 
0502 
0503 
0504 

0602 
0608 
0609 
0610 

"' 

Sewage Lagoon 

southeast 
northeast 
northwest 
southwest 

Golf Course Pond 

southeast 
northwest 
northeast 
southwest 

503 
506 
501 
500 

467 
338 
345 
363 

Sampling ·and analytical methods used wi 11 remain the same as 
those used to date, as outlined in the Sampling and Analysis Plan 
previously submitted t~ the State. The next round of sampling· is 
scheduled to begin in November 1991. 

' 



Mr John Gould of our staff is a qualified geologist and certifies 
that this alternate groundwater monitoring plan will be 
implemented as part of the Kirtland AFB assessment monitoring 

·program. If you have any questions, please contact Mr Gould at 
846-2773. 

Sincerely 
", 

~b~1l~SAF, BSC 
Deputy Director 
Envlronmental Management Division 

' 

' 

'• 

·' 



UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

3.3.5 Water Quality 

A complete discussion on ground water quality is included in the USGS report discussed in 
section 3.3.4. 

To determine water quality at the main pond, four wells were sampled for all four quarters 
of a one-year sampling program. Sampling for the next round of the second year of this 
program has not occurred. The results of the sampling have been summarized in tables that 
appear in appendix A This information was summarized from actual laboratory data sheets 
that were compiled into summary reports. If necessary for verification, the reports will be 
provided to NMED (under a separate cover) if requested. This information is contained in 
the ITIR reports by USGS dated from September 1990, December 1990, March 1991, and 
July 1991. 

The data that is summarized in appendix A indicates that contamination of the ground 
water has not occurred in any of the wells at the Main Golf Course Pond. Results for · 
chromium, when detected, are found to be decreasing in intervals, which suggests that these 
values are due to either natural contamination or induced from drilling activity or both. A 
more complete discussion of chromium is found in the USGS Report. 

Because of the earlier deadline imposed by NMED, KAFB was required to submit the 
November version of this closure plan without a full year of water quality data. These data 
are now available and, based on the multiple rounds of sampling and analysis, KAFB 
concludes that contamination does not exist in the ground water under the Main Golf 
Course Pond. 

The mounding effect discussed in the previous section indicates a potential pathway for 
contaminants to impact ground-water. Sampling results indicate that even though the 
pathway exists, no appendix IX contaminants have been detected. There are elevated 
nutrient concentrations in the ground water samples from the GCMP wells. This is due to 
the influence of sewage lagoon effluent that was contained at the GCMP and infiltration of 
runoff water containing fertilizers from the golf course itself. 

The soils and sludges at the GCMP do not contain detectable appendix IX contaminant 
values and as a result none have been detected in the ground water. The conclusion drawn 
from a review of this information is that the system functioned properly and contained all 
hazardous wastes within the sewage lagoons with none reaching the Main Golf Course 
Pond. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

4.0 HAZARDOUS WASTE MANAGEMENT UNITS 

4.1 Sizes and Types 

4.1.1 General 

The Golf Course Main Pond is the primary waste management unit addressed in this plan. 
This unit is defined as a surface impoundment as described in 40 CFR 265 Subpart K 

4.1.2 Golf Course Main Pond 

The Main Golf Course Pond is located on the north side of the golf course. The Main 
Golf Course Pond is gravity fed by a line from the south sewage lagoon (see figure 2-5). 
The pond was constructed by the USAF along the northwestern edge of the Tijeras Arroyo 
golf course in 1962. The pond was constructed by excavating below the surrounding grade 
and installing a plastic liner. The liner was placed to control seepage of liquids in the 
subsoil below the pond. The integrity of this liner is poor due to holes and poor seam 
bonding. A pump house located on the south side of the pond provided irrigation water to 
the golf course sprinkler system. This pump house also controlled the addition of potable 
water to either the sprinkler system or the pond. The pumps were also used to fill the 
other four ponds located on the golf course. The main pond was used for irrigation supply, 
and the other ponds were filled with water only for aesthetic purposes. 

The main pond is irregular in shape (figure 7-1) and occupies 2.61 acres in surface area. 
The pond area that contains sludge totals 2.18 acres. Two small islands along the north 
side and a narrow arm extending from the south side of the pond did not contain liquid and 
accounts for the difference in area. The bottom of the pond is irregular in elevation and 
the sludge thickness varies from 6 to 12 inches. The weighted average of sludge thickness 
is 6.6 inches. Total volume of sludge contained in the pond is 1,935 cubic yards. 

4.2 Waste Characteristics 

KAFB and Sandia National Labs, Albuquerque (SNLA) have investigated the possible 
sources of contamination originally detected in the lagoons. This investigation indicates that 
SNLA personnel may have discharged small quantities of regulated chemicals into the 
sanitary sewer system. Since contaminants were found at the sewage lagoons and they are 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

hydraulically connected to the Golf Course Main Pond, the Golf Course Main Pond was 
also assumed to be contaminated. The practice of discharging potentially hazardous 
chemicals has been stopped and SNLA and KAFB now have comprehensive waste 
management programs for proper handling of these chemicals that potentially could cause 
contamination. 

Specific information concerning the type of contaminants that entered the sewage lagoons 
may be found in section 4.2 of the sewage lagoons closure plan, Supplement #1. This in
formation is specific to the sewage lagoon. Since contaminants were not detected in the 
sludge or soils at the Golf Course Main Pond, KAFB concludes that effective treatment was 
rendered when the liquid evaporated from the sewage lagoons. The contaminants found in 
the liquids at the lagoons were also found at lower concentrations in liquids contained in 
the Golf Course Main Pond. Although unintentional, the lagoon and pond system rendered 
effective treatment of the contaminants. 

4.3 Waste Management Practices 

The Main Golf Course Pond was constructed to manage sewage effluent from the lagoons 
prior to being sprinkled on the golf course. The ponds were not designed as a treatment 
unit. The lagoon and pond system was taken out of service in October 1987. Since that 
time, liquids have evaporated and a layer of sludge was left in the pond. This sludge is 
comprised of suspended material that entered the pipe at the lagoons and flowed to the 
main pond. Since the pond was routinely taken out of service in October of each year, the 
solid material contained in the pond eventually formed the sludge that was left after the 
liquid either infiltrated or evaporated (or both). 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

5.0 DOCUMENTED RELEASES 

5.1 Release History 

The lagoon and pond system were not intentionally designed as surface impoundments for 
hazardous wastes. A small amount of TCA was detected in the lagoons and because the 
lagoons and pond are connected by an effluent pipe, the Golf Course Main Pond was as
sumed to contain the same contaminants found in the lagoons. Laboratory data presented 
in table 5-1 show very low values of similar contamination in pond liquids. After KAFB 
took the main pond out of service, the liquids disappeared by either (or both) evaporation 
or infiltration into the subsurface. Subsequent testing of the sludges, subsurface soils and 
ground water shows no contamination due to volatile organics and only a trace of chromium 
detected. The results for the chromium are decreasing over time in the ground-water 
monitoring program and are believed to be due to naturally occurring or drilling induced 
chromium levels. 

The liquids that were sampled and analyzed by USGS at the Main Golf Course Pond 
showed very low values of metals (in the ppb range). The Base Bioenvironmental 
Engineers (SGPG) also sampled and tested the liquids at the Golf Course Main Pond and 
detected very low (in the ppb range) values for phenol, chloroform, methylene chloride and 
TCA These results are presented in table 5-l. Also shown in table 5-l are concentrations 
of metals in liquids at the Main Golf Course Pond. 

The Golf Course Main Pond has a plastic liner (nonreinforced 6-mil polyethylene liner). 
The integrity of the liner is uncertain. Leakage from the pond may have occurred due to 
holes, worn seams, tears, and improper installation. Sampling and analyses of the ground 
water wells around the main pond have shown no appendix IX contamination. If leakage 
has occurred from the main pond, ground water is not showing contamination other than 
elevated nutrient levels that are not regulated under RCRA 
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Table 5-l 

Results of Liquids Sampled at the Golf Course Main Pond 

Tests by USGS 
Location Contaminant Detected 

Golf Course Main Pond Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Silver 

Concentration 
Found (J.Lg/1) ppb 

52.0 mg!kg 

0.6 mg!kg 

16.0 mg!kg 

7.0 mg!kg 

50.0 ug!kg 

5.2 mg!kg 

TESTS BY BASE BIOENVIRONMENTAL ENGINEERING (SGPG) 

Location 

Golf Course Main Pond 

Contaminant Detected 

Phenol 
Chloroform 
Methylene Chloride 
TCA 

Maximum 
Concentration 
Found (J.Lgll) ppb 

4.6 
0.4 
1.8 
0.9 



UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

/Urt/and Air Force Base 

5.2 Work Plan and Sampling Program 

The IRP Stage 2 Work Plan contains objectives of all IRP project sites under study. A 
specific work plan was prepared for the golf course Main Pond. An integral part of the 
work plan is the sampling program. For the suspected releases, a sampling program was 
designed to determine the nature and effects of the releases. The sampling program for the 
golf course Main Pond is the portion of the work plan designed to define the level and 
extent of contamination. The sampling program that was specifically developed for this unit 
is contained in the IRP Stage 2 Work Plan. The general objectives of this work plan and 
sampling program are summarized and described in the following sections. 

5.2.1 General Objectives 

To determine the nature and extent of potential contamination, a work plan and sampling 
program for the Golf Course Main Pond was completed and the results are summarized in 
appendix A Sampling locations are shown on figure 5-l. Additional soil or sludge 
sampling is not planned for the main pond. Ground water sampling will continue until 
closure is complete. 

The sampling program was designed to evaluate the waste characteristics of sludges and 
near-surface soils at the main pond; the level of contaminants that may exist in the soil and 
the nature of hazardous constituents. 

5.2.2 Sampling Procedures 

In general, the sampling procedures at the individual sites will follow the guidelines detailed 
in the Sampling Analysis Plan or SAP. This document will be the governing procedures 
manual for sampling, sample handling, laboratory procedures, data handling and quality 
assurance. 

The complete SAP has been provided to NMED under separate cover. For reference, 
certain parts of this document have been reproduced and included as part of the Base-Wide 
Closure Plan in appendix E. This SAP is designed to meet the requirements of the quality 
assurance program detailed in Test Methods for Evaluating Solid Wastes, EPA Guidance 
Document (SW 846), Chapter I. Sampling and analysis procedures will be in accordance 
with 40 CFR 261 and 265, in addition to guidelines in SW-846. 
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Fi(ure 5-1 

Sample Location Yap - Golf Course Main Pond 

• 060) 

• 0601 

0110 

* 

lfORTH 

• 0604 

'* 0601 

LEGEND 

* SAMPLING LOCATIONS 

I;;;:::::::~ GOLF COURSE MAIN POND 
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Kirtland Air Force Base 

5.2.3 Sampling of Sludges 

Samples of the sludge were taken at three locations. These samples did not require the use 
of drilling equipment. The sludge was sampled by taking a representative amount of sludge 
that was not exposed to the air and placing the sample into containers. KAFB sampled and 
analyzed the sludges for the metals, volatiles and semi-volatiles as listed in appendix A 
This data is presented in tables 2 through 7 of appendix A 

KAFB has sampled and analyzed the sludge that remains at the main pond. A summary of 
the results are included in appendix A No contaminants were detected in the sludges or 
soils at the Golf Course Main Pond. No metals in excess of EP Toxicity levels were 
detected. On March 29, 1990, the EPA published the toxicity characteristic leachate 
procedure (TCLP) in the Federal Register. In the future, samples will be analyzed for the 
presence of metals using the TCLP for characterization prior to disposal. The laboratory 
analysis data summaries are provided in appendix A 

The sampling program conformed to stratified random sampling techniques for composite 
samples. They were sampled and tested in accordance with 40 CFR 261 and test methods 
for Evaluating Solid Waste Physical/Chemical Methods (SW846), specifically Part III, 
Chapter 9. These results are presented in summary in appendix A 

The sludges were sampled at three locations (figure 5-1). Sampling locations were identified 
in the northeast area of the pond, the southern, and the western portions of the pond. The 
sampling locations are shown in figure 5-l. 

5.2.4 Sampling Subsurface Soils 

Samples were taken of the soils under the sludges at the same three locations (figure 5-1) 
that the sludge samples were taken. These samples were obtained by removing the top 
layer of sludge with a shovel and placing a sample of the subsurface soils lying directly 
beneath the sludge layer under the plastic liner into the appropriate containers using 
stainless steel, decontaminated spoons. Sampling of the soils at greater depths below the 
near-surface soil layer was not required since no detectable contamination was identified in 
the near-surface soils. The results for the soil testing along with the parameters analyzed 
are listed in tables 5 through 7 in appendix A The results of the analyses revealed that no 
contaminants were detected above regulatory levels in any of the subsurface soils that were 
tested. 
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The Golf Course Main Pond auger and well boreholes were sampled at four locations on its 
perimeter. The locations of the holes are shown on the Borehole Location Map, figure 5-
1. Note that location 0602 is both an auger hole and a well location. The test holes were 
advanced using an eight-inch hollow stem auger, and samples were taken with a split spoon, 
hammer driven sampler. The samples were removed immediately from the core barrel and 
placed into the appropriate sample containers. Core samples of the soils were taken from 
the 5-, 20-, 50-, and 100-foot intervals and analyzed. The results of the analyses and test 
methods are summarized in appendix A This data also appears in the Interim Technical 
Information Report (fiR) by USGS, September 1990. 

5.2.5 Sampling of Background Soil Conditions 

Identification of background soil conditions was not required for the Main Golf Course 
Pond since the near-surface soils did not contain regulated contaminants. 

5.2.6 Sampling of Vadose Zone 

The preferred method for detection of contaminants in the near-surface vadose zone (as 
agreed with the NMED) will be the implementation of a soil-gas survey using soil gas 
probes and a portable gas chromatograph. This will determine if contaminants have entered 
the near-surface vadose zone. The soil-gas survey will be performed at six locations in the 
Main Golf Course Pond. This survey will be used to confirm clean closure of the site after 
the sludges have been removed. Sampling of the deep vadose zone soils was conducted 
during the drilling of the auger boreholes, as covered in section 5.2.4. 

5.2.7 Sampling of Ground Water 

Four monitor wells were installed at the golf course under USGS supervision. These wells 
are being monitored and sampled by USGS. USGS is sampling and analyzing for all the 
parameters listed in 40 CFR part 264 Appendix IX. Multiple rounds of sampling data are 
available. This data indicates that no detectable Appendix IX contamination exists in the 
ground water. Table 3 in appendix A contains the water quality data summarized from the 
1,500-page 2-volume ITIR report. The alternate ground water monitoring system is 
described in Section 3.3.4 of this report. 

48 



UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

5.2.8 Results 

Results are discussed in each of the preceding sections as they relate to the medium 
sampled. In summary, no detectable Appendix IX contamination has been observed in the 
sludges, vadose zone, or near and subsurface soils. Some trace chromium values have been 
detected in the ground-water samples, but the values are erratic and are believed to be due 
to a combination of naturally occurring chromium in the soils and influences from drilling 
activity. These chromium results are decreasing with the consecutive sampling events. 
Sampling of sludge and near-surface soils have been accomplished. A summary of the 
laboratory results from ENSECO Laboratories under contract to USGS is included in 
appendix A These summaries are derived from ENSECO laboratory data and The Interim 
Technical Information Report from USGS. All the documents related to this project have 
been previously forwarded to NMED. 

5.3 Analytical Results and Priority Testing 

5.3.1 General 

Initial sampling and testing for contaminants of concern (listed in appendix C) identified 
through previous sampling have been completed. Since no contamination was detected in 
the sludges and soils, no further samples were collected. The ground water will continue to 
be sampled and analyzed by USGS to monitor changes in water quality and to track 
chromium values. Results of these analyses will be submitted to NMED when available and 
will be included in as additions to this plan. 

5.3.2 Priority Testing 

KAFB has analyzed additional soil samples under the sludge at three locations in the Golf 
Course Main Pond to confirm that no constituents listed in 40 CFR Part 261 Appendix IX 
appear in the subsurface soils. Though some Appendix IX constituents have been detected, 
they are at or below established background levels and are below regulatory limits. 

5.3.3 Summary of Testing Performed 

The laboratory analyses performed for the sampling program conducted at the KAFB Main 
Golf Course Pond are described in the Interim Technical Information Report by USGS, 
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September 1990. The samples were taken by USGS and analyzed by ENSECO in Denver, 
Colorado. The data is summarized in appendix A The ENSECO documents are included 
by reference and have been provided under separate cover to NMED. 

5.3.4 Results of Testing for Golf Course Main Pond Sludge Samples 

Data summaries have been provided in appendix A 

The results of the EP Toxicity Metals (EP TOX), listed in table 2 of appendix A, show only 
those metals that were detected. The metals detected were barium, cadmium and 
chromium. Other metals analyzed for were non-detectable. The three metals that were 
detected at concentrations below the regulatory limits were used to determine whether the 
sludge constitutes a RCRA characteristic waste. 

Because of the EPA change in the testing procedure, the sludge at the pond must be re
tested during removal using the Toxic Characteristic Leaching Procedure (TCLP) which· has 
replaced the EP toxicity procedure. 

Pesticides: 

The EP Toxicity analyses for pesticides indicate that the sludges are not EP toxic for pesti
cides. During sludge removal, resampling and analysis will be performed with TCLP 
methods.(The new TCLP methods were specified for pesticide sampling and analysis of the 
soils.) 

Volatile and Semi-Volatile Organics: 

The Golf Course Main Pond sludge samples were also analyzed for 40 CFR 264 Appendix 
IX purgeable volatile .organic compounds and semi-volatile compounds. The sample 
collected from the northeast part of the pond contained a trace amount (0.14 mglkg) of 
acetophenone. The other two samples tested clean for Appendix IX compounds. The 
detection of acetophenone in samples may be attributed to contamination at the laboratory, 
equipment contamination, or to trace amounts of acetone present in the laboratory air. 
Analyses for semi-volatile organics were performed on the sludge samples, and no Appendix 
IX constituents were detected (table 4, appendix A). Extensive quality assurance and 
quality control data are provided in the laboratory reports from ENSECO. The laboratory 
has commented about the acetone detection and that letter is included in appendix A 
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Tests were run on three sludge samples to determine the presence of Appendix IX 
compounds for volatile organics using Method 8240. No volatile compounds were detected 
using this testing procedure (table 3, appendix A). 

5.3.5 Results of Testing for Golf Course Main Pond Soil Samples 

Testing of the Soils beneath the sludge was performed by Radian Laboratories using new 
TCLP extraction procedures, following data are summarized on table 5 in appendix A 

Metals: 

Results of TCLP testing on the soil samples from beneath the sludge indicate that all metals 
detected are well below regulatory limits. Total metals testing was analyzed for comparison 
of values. 

Herbicides/Pesticides: 

The pesticide analysis, method 8080 indicates that the soils do not contain pesticides above 
regulatory limits. The only compound detected in this analysis was delta-BHC in only 3 
samples with a high value of 4.1 ppb. 

Volatile and Semi-Volatile Organics: 

Results of volatiles and semi-volatiles testing indicate that no volatiles or semi-volatiles were 
detected in any of the soil samples. 

5.4 Quality Assurance/Quality Control 

To assure complete and correct results, the analytical laboratory will perform quality 
assurance/quality control (QA/QC) analyses of blanks and duplicates for all analytes and/or 
methods. The QA/QC data and guidelines are provided in the Quality Assurance Project 
Plan for Kirtland AFB prepared by USGS on February 15, 1989. QA/QC program for 
sampling conforms to SW 846 guidelines. These procedures are detailed in the SAP and 
portions have been included in appendix E of the Base-Wide Plan for easy reference. 
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5.4.1 Lab Standards, Acceptable Surrogate Recoveries 

This information is contained in the Base-Wide Closure Plan. 

Data Quality Assurance for Tabular Data 

An integral part of the data reports involve quality assurance of data. Data tables that are 
included as part of appendix A were compiled in the following manner. The table format 
was determined by the format of the available lab data. The data was then transcribed onto 
the tables by hand. These tables were rechecked by another transcriber and spot-checked 
by a project engineer. The tables were then entered onto the spreadsheet. The 
spreadsheets were then verified with the hand written data. 

5.4.2 Surrogate Recovery Report 

Spike and matrix spike and duplicates were collected at frequent intervals during the course 
of sampling at all wells, and at soil and sludge sampling locations. These spike, duplicate 
samples and recoveries conform with the parameters detailed in the SAP. The matrix and 
matrix spike duplicate sample percentage recoveries were all within acceptable limits. 

Duplicate field samples, trip blanks and field rinse blanks were also reported with actual 
sample data when appropriate. All field data were checked against acceptable surrogate 
recoveries as detailed in the SAP for each type of test. The recoveries all within acceptable 
statistical percentage limits. 

5.5 Discussion of EP-TOX versus TCLP Testing 

The EPA designed Extraction Procedure Toxicity Test (EP-TOX) to simulate the leaching 
of solid hazardous waste co-disposed with municipal waste in a sanitary landfill and to assess 
the potential impact of the leachate on ground-water contamination. But since EP Toxicity 
test has a limited applicability due to a short list of constituents, EPA proposed a "second 
generation" extraction procedure TCLP as a replacement to address the shortcomings of EP 
Toxicity. The TCLP protocol includes the expanded list of regulated contaminants from the 
14 listed in the EP Toxicity protocol to a total of 52 which includes eight metals, organics 
and pesticides. 

When sludges were originally sampled, the extraction tests were run for EP-TOX, this was 
before the existence of the TCLP tests. Currently, TCLP is the test run for extractions. 
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The difference between metals detection for the two tests are expected to remain within the 
same order of magnitude. A comparison of the difference between EP-TOX and TCLP are 
shown on table 5.2. 

The detectable results for sludges at the main pond tested by the EP-TOX method are 
significantly low. These results are not expected to vary more than one order of magnitude, 
therefore, all results would still be below regulatory limits. To confirm this, sludges at the 
main pond will be retested before removal, using the current TCLP test methods. 
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Table S-2 

Differences Among Extraction Procedures 

TCLP 

Extraction fluid selection depends on 
sample pH: 
a. Acetate buffer pH 

4.93 ± 0.05 
b. Acetic acid solution 

pH 2.88 ± 0.05 

Sample to extraction fluid ratio 
is 1:20 

TCLP requires extraction bottles made 
of glass, polypropylene, high density 
polyethylene for non-volatiles 

TCLP requires use of 0.6 to 0.8 ~m 
glass fiber filter 

Requires rotary agitation in end 
over end fashion at 30 ± 2 rpm 

18 ± 2 hours 

No monitoring of pH required 
during extraction 

Requires acid digestion after 
extraction for metals other than 
mercury 

EP-TOX 

One extraction solution: distilled 
deionized H20 + 0.5 N acetic acid 
to pH 5.0 ± 0.2 

Sample to extraction fluid ratio 
is 1:20 

Protocol does not specify reaction 
vessel design 

Requires use of 0.45 ~m cellulose 
triacetate filters 

Allows either a blade/stirred open 
vessel or a rotary end over end 
agitator 

24 hours 

Requires monitoring and adjustment of 
pH to 5.0 during extraction 

Requires acid digestion of extract for 
metals other than mercury 
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6.0 CLOSURE DESIGN 

6.1 Closure Goals 

KAFB proposes that Alternative 2, clean closure by removal of contaminated materials, will 
be employed for the golf course main pond. After removal of the sludges in both lagoons, 
a soil-gas survey will be performed to confirm the absence of contaminants of concern to 
demonstrate clean closure. General closure design information is contained in the Base
Wide Closure Plan. Specific closure design information is provided in the following sections. 

In summary, contamination in both sludges and soils at the Golf Course Main Pond are well 
below both regulatory and risk assessment values. The sludge will be removed and used as 
nonhazardous fill material. A contingency plan required for Landfill closure (closure in
place) is not required since contaminants do not exist in the soils and the sludges are being 
removed. 

Sludge: 

Because the EPA has changed from EP TOX to TCLP test methods, the sludge will be re
sampled and re-tested for metals using the TCLP as the specified method. It is anticipated 
that all TCLP compounds tested by TCLP will fall well below regulatory limits since the EP 
TOX values were well below these limits. This testing will take place after the sludge has 
been removed. The sludges will be removed and placed in four piles. 

A composite sample will be taken from each pile and tested for TCLP metals and TCLP 
volatile organics. 

Based on the assumption that TCLP results will parallel EP TOX testing already ac
complished, the sludge is considered to be non-hazardous and clean closure of the golf 
course pond is an acceptable approach. The piles of sludge will be removed from the site 
and used as nonhazardous fill at KAFB assuming that testing results are similar to the EP 
TOX values obtained. 

If test results fall below regulatory limits and risk levels, the sludge piles will be removed 
from the site using a front end loader and soil hauler and used as nonhazardous fill 
material. For sludges and soils that have contaminants detected, the highest level of 
contaminants is compared to the lowest regulatory limits obtained in the risk assessment. A 
complete discussion of the risk assessment is contained in section 6.2.3. 
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If the level exceeds the lowest regulatory limit value for either totals in 40 CPR 261.24 or 
extract 40 CFR 261.33 than the medium will be handled as a characteristic or listed waste 
as appropriate. 

Characteristic or listed wastes will be sent to a permitted facility capable of proper handling 
and disposal of the waste. The permitted facility may process the soil for chemical fixation 
and burial or incineration. The same program for confirmation of clean closure will be 
followed as outlined for the north lagoon. This will involve the procedures for the soil-gas 
survey. 

Soil: 

Once the sludge has been removed, clean closure status can be confirmed. Existing results 
of near-surface soil samples demonstrate that the near-surface soils are not contaminated. 
The soil was analyzed and the tests did not detect contaminants above regulatory concern. 
However, additional soil-vapor testing will be completed for additional verification as 
outlined below. 

A grid of 6 points will be set up in the pond. This grid will include the three sampling 
locations that were used for the original sludge and soil sampling and three additional points 
that will be placed in the pond area. 

At each of these 6 points, a soil-gas probe will be driven into the pond subsurface three to 
five feet below the surface. A soil-gas survey, using a calibrated, portable gas chromato
graph, will be conducted to identify detectable contaminants that may exist in the vadose 
zone. If soil vapors are detected, a soil sample will be taken and analyzed for 40 CFR Part 
264 Appendix IX constituents. If no contaminated spots are found, the soil at the Golf 
Course Main Pond will be considered clean and closure will be considered complete. 

Regulated contaminants that exist at levels below regulatory concern can remain in the unit 
subsequent to closure. Contaminants that will be allowed to remain will be below levels of 
regulatory concern and below levels posing a threat to human health and the environment 
based upon a risk assessment on the Appendix IX standards. After the sampling program is 
complete and contaminated soil has been removed, this supplement will be amended with 
additional information and clean closure status certified. 
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6.2 Closure Alternatives 

Each of the closure alternatives and the criteria used to determine the method employed 
are discussed in the corresponding section in the Base-Wide Closure Plan. KAFB antici
pates that alternative 2, clean closure by removal of contaminated materials, will be the 
preferred method of closure for the Golf Course Main Pond. Appendix B of this supple
ment will be amended to include specific design methods. 

Appendix B of this supplement is reserved and will be added at a later date to include the 
specific design methods used for closure. 

6.2.1 Clean Closure 

If it is found to be physically and economically feasible to remove and dispose of all con
taminated materials, clean closure will be the method of choice. It is anticipated that if the 
subsurface soils are contaminated to a depth of three feet or less, clean closure can be · 
initiated and will be the method of choice. 

6.2.2 Clean Closure Goals 

The goal of clean closure will be to remove all contaminated materials that would pose an 
unacceptable risk to the environment or human health. With this goal in mind, the 
following standards for closure will be used: 

• Toxic Characteristic Leaching Procedure (TCLP) tests as listed in 40 CFR 
Part 261 will be used as the guidelines for determining if wastes are 
hazardous. 

• Health based risk assessment calculation establishes the standards for 
acceptable levels of contaminants that can remain in the unit. 

• The Human Health Standards for volatile and semi-volatile organic com
pounds as listed in Section 3-103.A of the New Mexico Water Quality 
Control Commission (WQCC) Regulations will be used as the guidelines for 
determining organic contamination in ground water. 

• Certification of clean closure will be done following tests to show that no 40 
CFR Part 264, Appendix IX constituents remain above locally established 
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background levels. Tests will also show that for the contaminants that do 
remain, the levels are below the levels established by the risk assessment. 

The WQCC standards were chosen as guidelines for establishing acceptable contamination 
in ground-water only. No RCRA standards exist for volatile and semi-volatile compounds in 
soil. Therefore, risk assessment and TCLP values were used. 

Standards for closure were included for metals, volatile organics, and semi-volatile organics; 
these are the contaminants of concern to environment and human health. For several 
reasons, inorganic compounds such as nitrates and chloride were intentionally excluded from 
the proposed closure standards, even though they are included in the WQCC standards: 

• Nitrates and chlorides are not considered to be hazardous, ignitable, toxic, or 
corrosive, and are considered to be "harmful" or undesirable only when found 
in elevated concentrations in drinking water. 

• Nitrates and chlorides are present in the area and are considered a back, 
ground condition that exists in the local soils. Elevated concentrations would 
be commonly found in soil that had come into contact with domestic 
wastewater, farm animals and fertilizers. 

• Closure of domestic sewage lagoons and removal of soil containing nitrates 
and chlorides is usually not performed; therefore, removing soil that contains 
these compounds in excess of the WQCC standard is not required. 

6.2.3 Risk Assessment Theory 

As instructed by NMED a risk assessment was performed on contaminants of concern in 
both the golf course main pond sludge and soils under the sludge. This risk assessment was 
based on oral dose intakes for carcinogenic and non carcinogenic contaminants. The results 
of the risk assessment calculations are shown in table 6-1. Table 6-2 compares the 
allowable risk to other regulatory limits established by toxic contaminant leaching procedure 
(TCLP) allowable, land disposal restriction, maximum contaminant level (MCL), in water, 
and MCL x 20,000 for ballpark numbers of allowable contaminant levels in soil. Table 6-3 
compares the lowest regulatory limit value to the highest value detected at the site. 

To prepare the risk assessment, KAFB was instructed to use two formulas provided by 
NMED. These formulas were taken from the Superfund Public Health risk evaluation 
Manual. The risk assessment formulas use the conservative approach of direct ingestion by 
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humans of contaminant containing soil. This assessment method does not consider risks 
associated with inhalation of airborne contaminants contained in dust from the site. 

The formula used depends on whether if the contaminant is a suspected carcinogen or not. 
The formula for carcino~enic contaminants uses a slope factors (PF) and the non
carcinogenic formula uses a reference dose (RID). Each of these values were used in the 
appropriate formula to calculate an acceptable risk level. (i.e., an acceptable value for 
contaminants in soil) 

Reference dose and slope factors were obtained from the IRIS data base, which provides 
data on contaminant research and is updated quarterly. In some cases the RFD or PF has 
not been established. When a value has not been established by IRIS, then data from the 
Health Effects Assessment Summary Table (HEAST) was used as a surrogate value. 

For the contaminants of concern at the site, table 6-1 shows the calculated values that 
establish the acceptable risk level. Once the risk levels were established, they were 
compared to other regulatory limits. Table 6-2 shows the results of this comparison. The 
controlling regulatory limit is shown in the column on the right side of this table for both 
extractions and totals. Table 6-3 compares the regulatory limit value to the highest value 
detected. The "@" symbol indicates an exceedance of a limiting value. 

This risk assessment was performed as detailed in the June 13, 1991, NOV and is based on 
oral intake dose routes only. 

Also included in the Risk Assessment are regulatory limits based on extracts of samples. 
This limit is established by comparison of CWE, CCWE and TCLP values. The lowest 
value of the three becomes the limiting value. Land disposal restrictions (LDR) values are 
found under 40 CFR part 268. The regulatory limit values are based on extraction tests 
done on waste. The limits establish acceptable CCWE and CWE limits with specified 
treatment levels (or simply types of treatment) for each chemical. This information is 
compared to TCLP testing that is also based on extracts of a sample. Not all Appendix IX 
contaminants listed have an extract limiting value, and the calculated risk value is therefore, 
used to establish a low limit value. 
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TABLE 6.1 
KAFB Closure Plans - Calculated Risk Limit Values 

For Noncarcinogenic 
Contaminants 

For Carcinogenic 
Contaminants 

RfD R 
X 1,000,000 Mg/Kg C = X 1,000,000 Mg/Kg c = 

* 20 PF X Dl 

c =Acceptable residual soil 
concentration in Mg/Kg 

C = Acceptable toxic concentration in Mg/Kg 

R = Risk set at 1 x 10 ·6 for clean closure 
RfD = Reference Dose in Kg x Day/Mg 

* 200 Mg soil injested by 
10 Kg Child x Day 

Carcinogenic ? 
Contaminant Yes = 1, No = 2 

Acetone 
Arsenic (Total) 
Sari~ (Total) 
Benzene (Total) 
BenzoCalanthracene 
BenzoCblfluoranthene 
BenzoCklfluoranthene 
BenzoCaJpyrene 
Berylli~ (Total) 
BisC2-ethylhexyl) phthalate 
Caani~ (Total) 
ChromiY!I 
ChromiY!I (+3) 
ChromiYII (+6) 
Chrysene 
Cobalt (Total) 
Copper (Total) 
Fluoranthene 
Lead (Total) 
Mercury CT ota l) 
Methylene Chloride 
Nickel (Total) 
Pyrene 
SeleniYII (Total) 
Silver (Total) 
Toluene 
VanadiYII (Total) 
Xylene (total) 
Zinc (Total) 

2 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
2 
2 
2 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

PF = Cancer Potency Slope Factor in Kg x Day/Mg 

Dl = 100 Mg soil injested by 
70 Kg adult x Day 

RfD or 
PF 

(Mg/Kg/Day) 

0.1 
0.001 
0.05 

0.029 
0.04 * 
0.04 * 
0.04 * 
0.04 * 

0.005 
0.02 

0.0005 
Not Avail 

1.0 
0.005 
0.04 ***** 

0.00001 
0.055 ** 
0.04 

Not Avail 
0.0003 

0.06 
0.02 
0.03 

0.005 
0.003 

0.2 
0.007 

2.0 
0.2 

Risk 
limit Value 
"C" (mg/lcg) 

5,000.00 
700.00 

2,500.00 
24.14 
17.50 
17.50 
17.50 
17.50 

25D.OO 
35.00 

1,400.00 
250.00 **** 

50,000.00 
250.00 

17.50 
70,000.00 
2, 750.00 
2,000.00 

200.00 *** 
15.00 

3,000.00 
1,000.00 
1,500.00 

250.00 
150.00 

10,000.00 
350.00 

100,000.00 
10,000.00 

* Use Fluoranthene RfD • Recommended by John Rauscher, US Dept. Interior, 
Bureau of Reclamation, Albq. NM 

** 

*** 

**** 

RfD not available. Federal drinking water standard of 1.3 mg/l, 1.4 liters 
water consl.llled per clay, so 1.82 mg copper can be safely consuned per clay. 
1.3 mg/70 leg body weight= 0.026 mg/kg/day. Recent EPA data recommends range of 
0.04 to 0.07, therefore 0.055 is used as a midpoint of that range. 

Cleanup level recommended by the Centers for Disease Control is 500 to 1,000 ppm - not 
a regulatory limit, cleanup guideline only. NMED recommends cleanup level of 200 ppm. 

AssYT~e conservatively that all Chromium in a total Chromium analysis is Chromium (+6), 
which is unlikely. Risk Limit Value is for Chromi~ is based on this worst case scenerio. 

***** Use benzo[a]pyrene PF, from letter to Bruce Swanton from EPA, Enclosure Ill 
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TABLE 6.2 
KAFB Closure Plans - Regulatory Low Limit Values 

E X T R A c T I 0 N s L I M I T s T 
L a n d D i s p o s a l R e s t r i c t i o n L i m i t s 

CCIJE 
IJaste Extract 

TCLP Limit IJIJ NIJIJ 
Contaminates of Concern (mg/l) (mg/ l) (mg/kg) 

Acetone 0.05 0.59 
Arsenic (Total) 5.00 5.00 # 
BarilATl (Total) 100.00 100.00 
Benzene <Total) 0.50 
Benzo[a]anthracene 
Benzo!blfluoranthene 
Benzo[klfluoranthene 
Benzo[aJpyrene 
BeryllilATl (Total) 
Bis(2·ethlhexyl) phthalate 
CadmilATl (Total) 1.00 1.00 
Chromium (Total> 5.00 5.00 
Chromium (+3) 
Chromium (+6) 
Chrysene 
Cabal t (Total) 
Copper (Total) 
fl uoranthene 
Lead (Total) 5.00 5.00 
Mercury (Total) 0.20 0.20 
Methylene Chloride 0.20 0.96 
Nickel (Total) 
Pyrene 
Selenium (Total} 1.00 5.70 
Silver (Total) 5.00 5.00 
Toluene 1.12 0.33 
VanadilATl (Total} 
Xylene (total) 0.05 0.15 
Zinc (Total) 

- -

CCIJE = Contaminant ConCentrations in IJaste Extract 
CCW = Contaminant Concentrations in IJaste 
IJIJ = IJaste Water 
NIJIJ = Non Waste Water 

CCIJ 
Raw IJaste Low Limit SDIJA 

IJIJ NIJIJ Value MCL Value 
(mg/l) (mg/kg) (ppm) (mg/l) 

0.28 160.00 Cil 0.050 
5.00 5.000 0.050 

100.00 100.000 1.000 
0.07 3.70 iil 0.070 0.005 

0.059 * 8.20 iil 0.059 
0.055 * 3.40 Cil 0.055 
0.059 * 3.40 iil 0.059 
0.061 * 8.20 Cil 0.061 

None 
None 

1.00 1.000 0.010 
5.00 5.000 0.050 

None 
None 

0.059 * 8.20 Cil 0.059 
None 
None 1.000 

0.068 * 8.20 Cil 0.068 
5.00 5.000 0.050 
0.20 0.200 0.002 
0.44 0.200 0.100 

None 
0.067 * 8.20 iil 0.067 

1.00 1.000 0.010 
5.00 5.000 0.050 
0.08 * 28.00 iil 0.080 1.000 

None 
0.32 * 28.00 iil 0.050 0.620 

None 10.000 

0 T A L s L I M I T s 

SDIJA MCL 
NM IJQCC or NM IJQCC Risk Low Limit 
Value Low Value Value Value 

(mg/ l) X 20,000** (mg/l) (mg/ l) 

No Value 5,000.0 5,000.0 
0.100 1,000.0 700.0 700.0 
1.000 20,000.0 2,500.0 2,500.0 
0.010 100.0 24.1 24.1 

No Value 17.5 17.5 
No Value 17.5 17.5 
No Value 17.5 17.5 
No Value 17.5 17.5 
No Value 250.0 250.0 
No Value 35.0 35.0 

0.010 200.0 1,400.0 200.0 
0.050 1,000.0 250.0 250.0 

No Value 50,000.0 50,000.0 
No Value 250.0 250.0 
No Value 17.5 17.50 

0.050 1,000.0 70,000.0 1, 000.0 
1.000 20,000.0 2,750.0 2,750.0 

No Value 2,000.0 2,000.0 
0.050 1,000.0 200.0 200.0 
0.002 40.0 15.0 15.0 

2,000.0 3,000.0 2,000.0 
0.200 4,000.0 1,000.0 1,000.0 

No Value 1,500.0 1,500.0 
0.050 200.0 250.0 200.0 
0.050 1,000.0 150.0 150.0 
0.750 15,000.0 10,000.0 10,000.0 

No Value 350.0 350.0 
0.620 12,400.0 100,000.0 12,400.0 

10.000 200,000.0 10,000.0 10,000.0 

NH IJOCC =New Mexico Water Quality Control Commission G:\PROJECTS\0508\004\REGLEVEL 
SOIJA = Safe Drinking Water Act 
MCL = MaximlATl Contaminant Level 
# = This treatment standard has bee based on EP Leachate analysis but does not preclude the used of TCLP analysis 
* = Based on analysis of composite samples 
**=Suggested by NMEIO as a guideline 
@=Treatment standards for this organic constituent were established based upon incineration in units operated in accordance with the technical 

require1nents of 40CFR Part 264 Subpart 0 or Part 265 Subpart 0, or based upon combustion in fuel substitution units operating in accordance with 
applicable technical requirements. A facility may certify compliance with these treatment standards according to provisions 40 CFR section 268.7. 



TABLE 6.3 
KAFB Golf Course Main Pond - Regulatory Low Limit Values Compared to Highest Value Detected 

E X T R A c T I 0 
A N A L y s I 

Regulatory SLUDGE 
Low Limit High Value 

Value Detected 
Contaminates of Concern (ppm) (ppm) 

Acetone 0.050 NT 
Arsenic (Total) 5.000 NT 
Barium (Total) 100.000 1.00 
Benzene (Total ) 0.070 NT 
Benzo[a]anthracene 0.059 NT 
Benzo[b]fluoranthene 0.055 NT 
Benzo[kJfluoranthene 0.059 NT 
Benzo[a]pyrene 0.061 NT 
Beryllium (Total) None NT 
Bis(2-ethlhexyl) phthalate None NT 
Cactni urn (Total) 1.000 0.30 
Chromium (Total) 5.000 0.10 
Chromium (+3) None NT 
Chromium (+6) None NT 
Chrysene 0.059 NT 
Cobalt (Total) None NT 
Copper (Total) None NT 
Fluoranthene 0.068 NT 
Lead (Total) 5.000 NO 
Mercury (Total) 0.200 NO 
Methylene Chloride 0.200 NT 
Nickel (Total) None NT 
Pyrene 0.067 NT 
Selenium (Total) 1.000 NT 
Silver (Total) 5.000 NO 
Toluene 0.080 NT 
Vanadium (Total) None NT 
Xylene (total) 0.050 NT 
Zinc (Total) None NT 

[1J Values shown are Totals analysis unless otherwise noted 

NM WOCC =New Mexico Water Quality Control Commission 
SDWA = Safe Drinking Water Act 

N s 
s A 

SOIL Regulatory 
High Value Low Limit 
Detected Value 

(ppm) (ppm) 

NT 5,000.0 
NO 700.0 

1.10 2,500.0 
NT 24.1 
NT 17.5 
NT 17.5 
NT 17.5 
NT 17.5 

NO 250.0 
NT 35.0 

NO 200.0 
NO 250.0 

NT 50,000.0 
NT 250.0 
NT 17.5 

NO 1,000.0 
0.067 2,750.0 
NT 2,000.0 

NO 200.0 
NT 15.0 
NT 2,000.0 

NO 1,000.0 
NT 1,500.0 

NO 200.0 
NO 150.0 

NT 10,000.0 
NO 350.0 

NT 12,400.0 
0.062 10,000.0 

@ = Indicates that Highest Value Detected in analysis exceeds Regulatory Low Limit Value 

T 0 T A L s 
N A L y s I s 

SLUDGE SOIL 
High Value High Value 
Detected Detected 

(ppm) (ppm) 

0.14 NO 
NT NO 

200.00 220.00 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

0.50 0.62 
0.93 NO 
3.00 NO 

100.00 12.00 
NT NT 
NT NT 

NO NO 
4.00 8.30 

91.00 12.00 
NO NO 
50.00 21.00 
0.02 NT 

NO NO 
29.00 11.00 

NO NO 
NT NO 
25.00 NO 

NO NO 
24.00 31.00 

NO NO 
96.00 50.00 

*=Tested during 1st round sampling for dissolved metals not as totals, dissolved test is more sensitive than totals 
NT = Not Tested 
NO = None Detected 

GROUNDWATER MONITORING 

SDWA or 
NM loiQCC GROUNDWATER [1] 

Low Limit High Value 
Value Detected 
(mg/l) (mg/l) 

None NO 
0.050 NO 
1.000 0.18 * 
0.005 NO 

None NO 
None NO 
None NO 
None NO 
None NO * 
None NO 

0.010 NO * 
0.05 0.24 iii 

None NT 
None 0.023 
None NO 

0.050 NO * 
1.000 NO * 

None NO 
0.050 0.011 
0.002 NO 
0.100 NO 
0.200 NO * 

None NO 
0.010 0.0059 
0.050 NO * 
0.750 NO 

None NO * 
0.620 NO 

10.000 0.60 * 

G:\Projects\0508\004\GCMPREG 



ENCLOSURE Ill 

UNITED STATES ENVIRONMENTAL PROTECTION AGE:NCY 
OFFICE OF RESEARCH ANC DEVEl-OPMENT 

ENVIIItONMIN'T'AL. ClltiTEIItlA ANC ASSESSMENT O""ICI 
ClllofCi~NATI. 0..,,0 4!52U 

Dr. Bruce swanton 
New Mexico Environmental Department 
500 Copper Avenue s.w., St. 200 
Albuquerque, NM 87102 

REz oral Slope Factor• and Reference Oose• for Cobalt, Copper 
ana Chrysene (Xirtland Air Force Baae/ New Mexico) 

Dear Or. Swanton: 

F.C: 

Thi1 memo ia in response to a request from Mike Silva of 
Geoscience Consultants for oral alope factors and reterence doses 
for copper, cobalt and chryaene. Encloaed pleaae find the 
following: 

Encloaure I: Riak Assessment Issue Paper tor the Interim oral 
Slope Factor and Reterence Ooae for Copper 

Enclosure II: Riak A•••••~•nt Iaaue Paper for the Interim Or&l 
Slope Factor and Reference Doas for Cobalt 

Encloaure III: Riak Aaaeaament Iaaue Paper for the Interim oral 
Slope Factor and Reference Doae tor Chryaene 

Please feel tree to contact ECAO at (513) 569-7300 if we can 
be ot further aaaiatance. 

Enclosures 

cc: J. Dinan (OS-230) 
J. Dollarhide (ECAO-Cin) 
B. Maana (OS-230) 

Respectfully,~ , _ , 

~_,~A·~~~ 
~d~~~ich-Mullin, chief 
Chemical Mixture• Asaessment Branch 

J. Rauacher (Re,ion VI) 
M. Silva (Geosc~ence Cons.) 
S. Weldert (!CAO-Cin) 



ENCLOSURE Ill CONCLUDED 

Enolcaure Itt 

Rilk Alllllma~t IIIUI Paper fOri 
Oral llope ra=tor an4 Reference ~011 for Chrysena 

Toxicity Information 

%. RfDI/RfCI 

Oral 

,.. • l<:l 

Only 6 PAHs have interim oral RfOa. Table 1 lists the 
chemical• with oral RfDa alonq with the critical study, apeciea, 
critical effect and reference dote. For the S chemical• that 
have been verified, the data of verification ia liated, and the 
RfDa are available on IRIS. 

Inhalation 
Inhalation RfCa have not been calculated for any of the 
PAHs. 

Caroi;o;eniq Atataament 

:r • Baatgro\lft4 

The Office of Emergency and Remedial Rasponae (OERR) ia 
working on a draft approach tor riak asaeaament of PAHa at 
Superfund aitea. !CAO-Cin haa been involved in the development 
of an oow document for PAHI and i• currently worxinq on a 
Multimedia document for PAHa, both ot which diacuas toxicity 
equivalency factors tor PAHa. There ia presently no Agency 
position on thia iaaue. It 11 likely that benzo(a)pyrene will J 
aerve aa the reference point for TEF approaches to PAH riak 
aaaeaamenta. The majority of PAH likely to be found in the 
environment ~ppo~r to bo loca potent than banzotAJ~yrAnA. Thare 
are data, however, to indicate th~methylated PAH and those 
containinq oxy;en and nitrogen may be more potent than 
benzo[aJpyrane. 

It. llope ~aotora an4 Interim Approach 

BenzoCa]pyrene hat been claaaifiea •• a B2, probable human 
carcinogen, however, there are no 1lope factors on IRIS. u.s. 
EPA (liSO, 1984) derivea an upper-bound oral 1lope factor of 
11.5 per (mq/kg)/day usinq a linaarized multistaqe procedure and 
the data of Neal and Riqdon (1967). u.s. EPA (1984) derived an 
upper-bound inhalation slope factor of 6.1 per (~q/kq)/day based 
on the data ot Thy11en et al. (1981). Theae values could be 

a 



UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

The risk assessment generates numbers based on slope factors and reference doses. These 
factors are part of calculations that establish values measured in total levels of contaminants 
that can remain in soil. These values are based on mg of contaminant per kilogram of soil 
(ppm). For comparison, the lower value of either the New Mexico Water Quality Control 
Commission limit values, or the Safe Drinking Water Act (SDWA) Maximum Contaminant 
Levels (MCL), were multiplied by 20,000 to obtain a comparative value. Since this is used 
for comparison purposes, the risk-assessed values are the actual governing limit for totals. 
However, the low values shown on table 6-2 and 6-3 use the lower value of either the risk 
calculation or MCL/WQCC times 20,000. This provides more conservative approach for a 
lower limiting value for the risk assessment. 

Allowable contaminant levels in ground-water are controlled by both the Federal Safe 
Drinking Water Act (SDWA), Maximum Contaminant Level (MCL) and the State of New 
Mexico Water Quality Control Commission (WQCC). The lower value of the two 
regulations establishes the high limit for concentration of contaminants in ground-water. 

The results of the risk assessment as shown on table 6-3 demonstrate that only some of ·the 
contaminants in sludge exceed the risk assessment values. Since the sludge will be removed 
from the site during closure activities, this risk will be removed. If the sludge will be used 
as nonhazardous fill material, it must be below the limits of regulatory concern in a TCLP 
analyses. If the sludge is greater than these TCLP limits, then the sludge will be disposed 
of as a hazardous waste. 

The controlling regulatory limit used is chosen by selecting the lowest value for the same 
contaminant (i.e., TCLP values compared to extract values and totals values compared to 
risk assessed value and ground-water contaminants compared to MCL or WQCC limits). If 
the in-place contaminant concentration exceeds the lowest of the values (as indicated by a 
@ symbol on table 6-3), that contaminant must either be removed or managed in-place to 
assure adequate protection of human health and the environment for proper closure of the 
unit. 

Table 6-3 contains a comparison of the regulatory low limit value with the highest value 
detected at the site. 

No exceedances were found at the Golf Course Main Pond except for a high chromium 
value in ground-water which is believed to be due to natural conditions. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtlmul Air Force Base 

The above risk assessment calculations are based on situations involving single contaminants. 
This method was considered acceptable for this application since the established risk levels 
were multiple orders of magnitude larger than the contaminants on site. Restated, the 
contaminant levels that exist at the site are so small compared to the allowable risk levels 
being so large that the above risk assessment approach was considered acceptable to 
NMED*. 

If site contaminant levels were near the same order of magnitude the calculations for 
multiple contaminants would have been used to consider an increased relative risk effect 
due to multiple contaminants. 

6.3 Clean Closure Methods 

6.3.1 Site Preparation 

Site preparation will be minimal since contamination does not exist at the Golf Course Main 
Pond. Piles of sludge will be made, samples taken, and a barrier will be erected to prevent 
unauthorized entry. Truck routes will be established for removal of the sludge. 

6.3.2 Removal and Disposal of All Inventory 

At present, standing liquids have evaporated from the units and bottom sludges have a slight 
moisture content. Because the sludge was found to contain no contaminants of regulatory 
concern in excess of those concentrations listed in section 6.2.2 of the Base-Wide Closure 
Plan, the sludge layer will be removed and used as fill material. This will be confirmed 
during sampling activity during removal. 

6.3.3 Record Keeping 

The Base-Wide Closure Plan contains information on record keeping. 

* Communication by telecon, Dr. B. Swanton of NMED, toM. Silva of GCL on 8/23/91. 
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UNIT CLOSURE PlAN FOR GOLF COURSE MAIN POND 

Kirtlarul Air Force Base 

6.4 Contingency Plan 

Ground water is being monitored by an approved alternate ground-water monitoring system. 
Since the system has not detected any Appendix IX contaminants, a contingency plan is not 
being considered for closure in-place. 

6.5 Health and Safety During Closure 

All personnel entering the Golf Course Main Pond closure site will be required to observe 
health and safety procedures as required by OSHA and KAFB. 

These topics are discussed in detail in appendix G of the Base-Wide Closure Plan. 

6.6 Equipment Decontamination 

Because the final sampling has not been completed, it is unclear at this time if decon
tamination is necessary. If required, a decontamination pad will be located along the west 
side of the Main Golf Course Pond site. This pad will be used to decontaminate equipment 
used on site. It is anticipated that a motorgrader and front-end loader will be used to pile 
and remove the sludges and they will have to be decontaminated at the site. Decontamina
tion pad design and decontamination procedures will follow the details and procedures out
lined in the BWCP. 

6. 7 Cost Estimate 

Since KAFB is a Federal facility, a cost estimate is not required. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

7.0 REGULATORY REQUIREMENTS 

7.1 Facility Conditions 

7.1.1 Maximum Amount of Inventory 

Field measurements were taken at key locations throughout the Main Golf Course Pond to 
delineate the perimeter of the area containing the sludge. Sludge thickness measurements 
were taken on approximately 75-foot centers. The field data were used to develop the 
sludge perimeter outline and sludge thickness contours shown on figure 7-1. The sludge 
perimeter boundary and sludge thickness contours were digitized using CAD to determine 
the area between thickness contours. The area data were input into a computer 
spreadsheet that generated the sludge volumes. The sludge inventory data are summarized 
as follows: 

Golf Course Main Pond 

Total data points 
Total pond area (acres) 
Area containing sludge (acres) 
Sludge volume (cu. ft.) 
Sludge volume (cu. yd.) 
Average sludge thickness (in.) 

7.1.2 Inventory of Auxiliary Equipment 

The list of auxiliary equipment includes 

124 
2.61 
2.18 

52,245 
1,935 
6.60 

• One 20-inch diameter discharge pipe and T fitting 

• A wooden platform with a metal valve assembly 

• A metal suction pipe approximately 20 feet long 

Since the unit is undergoing clean closure, samples from the piping and structures will be 
tested for contaminants of concern. 
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Ficure 7-1 

KAFB Golf Course Kain Pond Sludce Thickness 

• Samplfn& Location 
Total Area = 2.61 Acres 
Total Area Containinc Sludce = 2.18 Acres 
Volume Of Sluqe = 1935 Cubic Yards 
Averace Sludce Thickness = 8.80" 

(·.:·.:·:.:·.:·:.:·.:·:-:·.:·:.:·.:·:.:1 No Sludce Area 

SCALE: 1"=100' 



UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

!Urtland Air Force Base 

If no contamination exists then decontamination is not necessary. If contaminants are 
detected above regulatory or risk assessed limits, then the structures will be properly 
decontaminated. The decontamination methods and procedures will be compatible for 
effective removal of the contaminants detected. 

7.1.3 Schedule For Final Closure 

The schedule is shown in figures 7-2 and 7-3. This schedule start date is based on approval 
of the closure plans by NMED 

7.2 Removal and Disposal of Inventory 

KAFB proposes to close the units by using the clean closure method: 

Clean Closure Method 

• Removal or treatment of contaminated materials as required to attain clean 
closure. This includes decontamination of related equipment. 

• After the sampling and analysis program outlined in section 5 has been per
formed and if it is determined that the sludge is hazardous, it will be re
moved and treated as a hazardous waste. The sludge will be sent to a 
permitted hazardous waste facility and incinerated or solidified and buried 
depending on the types of contaminants. 

• If the sludge is determined to be non-hazardous, it will be removed and used 
as fill material at the KAFB landfill. 
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Fiaure 7-2 

Golf Course Main Pond Closure Schedule 

0 30 80 10 120 150 180 Daya 

I I I I I I I 
A 8 C D 

A • D1t1 of Plan Approvel by State EID, and Date of 
Written Notlflcatloft to Regional Admlnlatrator to Begin Clo•ure 

B • St1rt Date of Clo•ure 

C • End Dete For Remov11 of Sludge From Lagoon• 

D • Final Cloture D1t1 



Fiaure 7-3 

Golf Course llain Pond Schedule Of Activities 

Actlvltlea 55 to 120 150 180 Daya 

Conatructlon of 5 -D-Con Pad 

Removal of Sludge 5 -From North Lagoon 

Segregation of Sludge 5 
In South Lagoon -
Sampling and Retaatlng 30 
of Sludge In South Lagoon 

Removal of Sludge 
5 For Non-Hazardoua Sludge 

- 21 
From South Lagoon For Hazardoua Sludge 

D·Con of Structure, 5 
Equipment and Piping ~ 
-Collection of Rlnaeate 

Teeling of D-Con 32 

Rlnaaale and Olapoaal 

Final Teatlng and Soli a .. Survey· 32 
Aaaurance of Clean Dlapo .. l 

Final Grading and Dreaalng 23 
of Slle-Final Cloaura 

----' 



UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

THE FOLLOWING SECTIONS ARE ADDRESSED IN THE CORRESPONDING 
SECTIONS OF THE BASE-WIDE CLOSURE PLAN AND 

FURTHER SITE SPECIFIC INFORMATION IS UNNECESSARY. 

7.3 Surveying 

7.4 Notice to Local Land Authority 

7.5 Notice in Deed of Property 

7.6 Certification of Closure 

7.7 Post Closure Permit 

7.8 Amendment of Plan 

This plan will be amended and additions may be made as necessary according to the 
provisions outlined in 40 CFR 265.112. 

7.9 Notification 

7.10 Time Allowed for Closure 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

8.0 POST-CLOSURE CARE PLAN FOR LANDFILL CLOSURE (IF REQUIRED) 

Kirtland Air Force Base intends to close the golf course main pond by removing all 
hazardous wastes. Since the Golf Course Main Pond is undergoing clean closure, a post 
closure care plan is not required according to 40 CFR 265 part 118(a). 

According to 40 CFR Part 265.118(d)(3 and 4) if either KAFB or the administrator 
(NMED) determines that this facility must to close as a landfill, then a post closure care 
plan will be submitted within 90 days of this determination. 

In the unlikely event that the next round of sampling shows the need for a landfill closure 
method, a post closure care plan will be added to this supplement and will include detailed 
information on the following: 

8.1 Facility Contact 

8.2 Ground-water Monitoring 

8.3 Sampling and Analysis 

8.4 Emergency Response 

8.5 Financial Requirements 

8.6 Personnel Training 

8. 7 Function of Monitoring Equipment 

8.8 Planned Maintenance Activity 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

8.9 Integrity and Analysis of Final Cover System 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 

9.0 SECURI1Y 

Access to all parts of KAFB is controlled by United States Air Force security personnel. 
Unauthorized personnel will not be allowed into the work area during closure operations. 
The golf course will be open during closure operations. A fence will be constructed around 
the work area and signs will be posted limiting access. 
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UNIT CLOSURE PLAN FOR GOLF COURSE MAIN POND 

Kirtland Air Force Base 
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APPENDIX A 

Analytical Results 

The following pages·eontain data summaries for analysis performed at the Main Golf Course 
Pond. This information is summarized from the ENSECO lab reports and the ITIR. Lab 
data from Radian laboratories are for analysis preformed on sludge and soil samples taken 
from the three sample locations inside the pond area. 

Table of Contents 

Description 

1 Correlation of Sample Locations with Sample and Lab ID Numbers 

Summary Tables: 

2 Total Metals and EP-TOX Analysis for Sludge 

3 Volatile Organic Analysis for Sludge 

4 Semi-Volatile Analysis for Sludge (2 pages) 

5 Analysis for Soil, Metals, Extracts, Pesticides, Volatile and Semi-Volatile Organics 
Beneath Sludge and Liner (3 pages) 

Summaries 

6 Ground Water Analysis 1st Round 

7 Ground Water Analysis 2nd Round (2 pages) 

8 Ground Water Analysis 3rd Round 

9 Ground Water Analysis 4th Round 

10 February & March 1991 Summary of Ground Water Monitoring for 4th Round 
Sampling (contains data from other sites for comparison) (2 pages) 

11 May & June 1991 Summary of Ground Water Monitoring for 5th Round 
Sampling, May & June 1991 (contains data from other sites for comparison) (3 
pages) 

12 Documentation Letters (3) Explaining Detection of Certain Compounds are Due 
to Laboratory Contaminant Interferences 



Table 1 

Correlation of Sample Locations with Sample and 
Laboratory Identification Numbers for KAFB Golf Course Main Pond 

Sample Location 

Sludge Samples 

NE Part of Pond 
South Side of Pond 
West Side of Pond 

Sample Location 

Sludge Samples 

NE Part of Pond 
(GCPOND-NE) 

South Side of Pond 
(GCPOND-S) 

West Side of Pond 
(GCPOND-W) 

Soil Samples 

NE Part of Pond 
(GCPOND-NE) 

South Side of Pond 
(GCPOND-S) 

West Side of Pond 
(GCPOND-W) 

Sample (Client) ID 

KAFB 060501-1 
KAFB 060601-1 
KAFB 060701-1 

Sample (Client) ID 

9009280800 

9009280900 

9009281000 

For Semi Volatiles Only 

9009280810 

9009280910 

9009281010 

Laboratory (ENESCO) IDs 

007798-0005-SA 
007798-0007 -SN008095-00 11-SA 
007798-0009-SN008095-00 12-SA 

Laboratory (Radian) IDs 

9009280800 

9009280900 

9009281000 

9009280810 

9009280910 

9009281010 



TABLE 2 
KAFB Golf Course Main Pond (Site 06) - Summary of Sludge Total Metals and EP TOX Analysis 

Enseco Lab September 1990 

Compound 

METALS 
Alunim.1n 
Chromiun 

Bariun 
Berylliun 

Cadmium 
Calciun 
Cobalt 
Copper 

Iron 
Lead 

Magnesiun 
Manganese 

Mercury 
Nickel 

Potassium 
Silver 

Vanadiun 
Zinc 

Sodium 

NO None Detected 
NT Not Tested 

# - Indicates number of 
samples containing 
COfi1X>Und 

Total EP TOX 
Metals I Metals 

High value High Value 
(Mg/Kg) # (Mg/L) 

7900.0 3 NT 
100.0 3 0.10 
200.0 3 1.00 

0.5 3 NT 
3.0 1 0.30 

68700.0 3 NT 
4.0 2 NT 

91.0 3 NT 
11200.0 3 NT 

50.0 1 NO 
7300.0 3 NT 
240.0 3 NT 
0.02 1 NO 
29.0 3 NT 

2300.0 3 NT 
25.0 3 NO 
24.0 3 NT 
96.0 3 NT 

780.0 1 NT 

KAFB060501·1 
location: OS 

Total EP TOX 
Metals Metals 

# (Mg/Kg) (Mg/L) 

7300.0 NT 
1 100.0 0.10 
3 200.0 0.80 

0.5 NT 
1 3.0 0.30 

68700.0 NT 
4.0 NT 

86.0 NT 
10500.0 NT 

50.0 NO 
7300.0 NT 
240.0 NT 
0.02 NO 
29.0 NT 

1900.0 NT 
25.0 NO 
24.0 NT 
96.0 NT 

NO NT 

KAFB060601·1 KAFB060701·1 
Location: 06 Location: 07 

Total EP TOX Total EP TOX 
Metals Metals Metals Metals 
(Mg/Kg) (Mg/l) (Mg/Kg) (Mg/l) 

6600.0 NT 7900.0 NT 
38.0 NO 68.0 NO 

130.0 1.00 160.0 0.97 
0.4 NT 0.5 NT 

NO NO NO NO 
41000.0 NT 46900.0 NT 

4.0 NT NO NT 
49.0 NT 91.0 NT 

10200.0 NT 11200.0 NT 
NO NO NO NO 

5100.0 NT 5400.0 NT 
200.0 NT 210.0 NT 
NO NO NO NO 

11.0 NT 14.0 NT 
2100.0 NT 2300.0 NT 

9.0 NO 19.0 NO 
18.0 NT 24.0 NT 
52.0 NT 72.0 NT 

NO NT 780.0 NT 
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TABLE 3 

KAFB Golf Course Main Pond (Site 06) -Summary of Sludge Volatile Organic Analysis 

Enseco Lab September 1990 

Compound 

PURGEABLE VOLATILE ORGANICS 
Acetone 

Methylene Chloride 
2-Butanone 

Benzene 
Toluene 

Xylenes (total) 

SEMIVOLATILE ORGANICS 
Bis(2-Ethylhexyl) phthalate 

Phenanthrene 
Fluoranthene 

Pyrene 
Benzo(a)anthracene 

Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

Benzo(a)pyrene 

NO = None Detected 
# = Indicates number of 

samples containing 
compound 

Volatile & 
SemiVolatile 
Organics 

·High Value 
(Mg/Kg) # 

0.14 1 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 

0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 

KAFB060501-1 KAFB060601-1 KAFB060701-1 
Location 05 Location 06 Location 07 

Vol & Vol & Vol & 
Semi Vol Semi Vol Semi Vol 

Organics Organics Organics 
(Mg/Kg) (Mg/Kg) (Mg/Kg) 

0.14 NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
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TABLE 4 
KAFB Golf Course Main Pond (Site 06) -Summary of Sludge Semivolatile Organic Analysis 

NO= Not detected at specified detection limit 
@=Est. result less than 5 times detection limit 
J =Detected at less than detection limit 

Radian - 11-08-90 

# Samples 
COMPOUND -- High Containing 

Value Compound 

SEMIVOLATILE ORGANICS (Method 8270) 
(Ug/kg) 

Acenaphthylene NO 0 
Acetophenone 220.0 2 

4·Aminobiphenyl NO 0 
Aniline NO 0 

Anthracene NO 0 
Benzo(a)anthracene NO 0 

Benzo(a)pyrene NO 0 
Benzo(b)fluroanthene NO 0 
Benzo(g,h,i)perylene NO 0 
Benzo(k)fluroanthene NO 0 

Benzyl alcohol NO 0 
4-Bromophenyl phenyl ether NO 0 

Butylbenzylphthalate NO 0 
2-Chloronaphthalene NO 0 

2-Chlorophenol NO 0 
4-Chlorophenyl phenyl ether NO 0 

Chrysene NO 0 
Di-n-butyl phthalate NO 0 

Dibenz(a,h)anthracene NO 0 
Dibenzofuran NO 0 

3-3'-Dichlorobenzidine NO 0 
2,4-Dichlorophenol NO 0 

Diethylphthalate NO 0 
p-Dimethylaminazo-benzene NO 0 

7-12-Dimethylbenz(a)-anthracene NO 0 
a,a-Dimethylphenethyl-amine NO 0 

2,4-Dimethylphenol NO 0 
Oimethylphthalate NO 0 
2,4-Dinitrophenol NO 0 

2,4-Dinitrotoluene NO 0 
2,6-Dinitrotoluene NO 0 

Diphenylamine NO 0 
bis(2-Ethylhexyl phthalate) 930.0 3 

Ethylmethanesulfonate NO 0 
;/,_ Fluroanthene NO 0 

Fluorene NO 0 
Hexachlorobenzene NO 0 

Hexachlorobutadiene NO 0 
Hexachlorocyclopentadiene NO 0 

Hexachloroethane NO 0 
Indeno(1,2,3-cd)pyrene NO 0 

Isophorone NO 0 
3-Methylcholanthrene NO 0 

Methyl methanesulfonate NO 0 
2-Methylnaphthalene NO 0 

N-Nitros-di-n-butylamine NO 0 
N-Nitrosodiphenylamine NO 0 

N-Nitromethylethylamine NO 0 
N-Nitrosopiperidine NO 0 

Naphthalene NO 0 
1-Naphthylamine NO 0 
2-Naphthylamine NO 0 
2-Nitroaniline NO 0 
3-Nitroaniline NO 0 
4-Nitroaniline NO 0 

Nitrobenzene NO 0 
2-Nitrophenol NO 0 
4-Nitrophenol NO 0 

Pentachlorobenzene NO 0 
Pentachloronitrobenzene NO 0 

Pentachlorophenol NO 0 
Phenanthrene NO 0 

Phenol NO 0 

9009280800 9009280900 9009281000 
Location NE Location S Location IJ 

Detection Detection Detection 
Limit Result Limit Result Limit Result 

230.0 NO 230.0 NO 230.0 NO 
190.0 140.0 J 190.0 220.0 @ 180.0 NO 
200.0 NO 200.0 NO 200.0 NO 
330.0 NO 330.0 NO 330.0 NO 
130.0 NO 130.0 NO 130.0 NO 
520.0 NO 520.0 NO 510.0 NO 
170.0 NO 170.0 NO 160.0 NO 
320.0 NO 320.0 NO 320.0 NO 
270.0 NO 270.0 NO 270.0 NO 
190.0 NO 190.0 NO 180.0 NO 
500.0 NO 500.0 NO 490.0 NO 
150.0 NO 150.0 NO 150.0 NO 
170.0 NO 170.0 NO 160.0 NO 
130.0 NO 130.0 NO 130.0 NO 
250.0 NO 250.0 NO 250.0 NO 
280.0 NO 280.0 NO 280.0 NO 
170.0 NO 170.0 NO 160.0 NO 
170.0 NO 170.0 NO 170.0 NO 
430.0 NO 430.0 NO 430.0 NO 
130.0 NO 130.0 NO 130.0 NO 

1100.0 NO 1100.0 NO 1100.0 NO 
190.0 NO 190.0 NO 190.0 NO 
130.0 NO 130.0 NO 130.0 NO 
230.0 NO 220.0 NO 220.6 NO 
93.0 NO 93.0 NO 92.0 NO 

500.0 NO 500.0 NO 490.0 NO 
190.0 NO 190.0 NO 180.0 NO 
110.0 NO 110.0 NO 110.0 NO 

2800.0 NO 2800.0 NO 2800.0 NO 
380.0 NO 380.0 NO 380.0 NO 
150.0 NO 150.0 NO 150.0 NO 
130.0 NO 130.0 NO 130.0 NO 
330.0 160.0 J 330.0 930.0 iil 330.0 320.0 
230.0 NO 220.0 NO 220.0 NO 
150.0 NO 150.0 NO 150.0 NO 
130.0 NO 130.0 NO 130.0 NO 
130.0 NO 130.0 NO 180.0 NO 
190.0 NO 190.0 NO 190.0 NO 
400.0 NO 400.0 NO 400.0 NO 
170.0 NO 170.0 NO 160.0 NO 
330.0 NO 330.0 NO 330.0 NO 
150.0 NO 150.0 NO 150.0 NO 
230.0 NO 230.0 NO 230.0 NO 
330.0 NO 320.0 NO 330.0 NO 
270.0 NO 260.0 NO 260.0 NO 
210.0 NO 210.0 NO 210.0 NO 
130.0 NO 130.0 NO 130.0 NO 
230.0 NO 230.0 NO 230.0 NO 
190.0 NO 190.0 NO 190.0 NO 
110.0 NO 110.0 NO 110.0 NO 
380.0 NO 380.0 NO 380.0 NO 
860.0 NO 860.0 NO 860.0 NO 
330.0 NO 330.0 NO 330.0 NO 
330.0 NO 330.0 NO 330.0 NO 
330.0 NO 330.0 NO 330.0 NO 
130.0 NO 130.0 NO 130.0 NO 
290.0 NO 280.0 NO 280.0 NO 
330.0 NO 330.0 NO 330.0 NO 
660.0 NO 660.0 NO 660.0 NO 
170.0 NO 170.0 NO 170.0 NO 
240.0 NO 240.0 NO 240.0 NO 
360.0 NO 360.0 NO 360.0 NO 
170.0 NO 170.0 NO 170.0 NO 
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TABLE 4 CONT. 

,,. KAFB Golf Course Main Pond (Site 06) - Sunmary of Sludge Semivolatile Organic Analysis 

,. 

'" 

"' 

,. 

,, 

NO Not detected at specified detection limit 
@ Est. result less than 5 times detection limit 
J Detected at less than detection limit 

Radian - 11-08-90 

# Samples 
COMPOUND High Containing 

Value Compound 

2-Picoline NO 0 
Pronamide NO 0 
.f1; Pyrene NO 0 

1,2,4,5-Tetrachlorobenzene NO 0 
2,3,4,6-Tetrachlorophenol NO 0 

1,2,4-Trichlorobenzene NO 0 
2,4,5-Trichlorophenol NO 0 
2,4,6-Trichlorophenol NO 0 

9009280800 
Location NE 

Detection 
limit Result 

160.0 NO 
120.0 NO 
140.0 NO 
100.0 NO 
450.0 NO 
130.0 NO 
330.0 NO 
210.0 NO 

Page 2 

9009280900 9009281000 
Location S Location \.1 

Detection Detection 
limit Result limit Result 

160.0 NO 160.0 NO 
120.0 NO 120.0 NO 
140.0 NO 140.0 NO 
99.0 NO 99.0 NO 

450.0 NO 450.0 NO 
130.0 NO 130.0 NO 
330.0 NO 330.0 NO 
210.0 NO 200.0 NO 
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TABLE 5 
KAFB Golf Course Main Pond (Site 06) - Summary of Soil Beneath Sludge and Liner Analysis 

NO= Not detected at specified detection limit 
@=Est. result less than 5 times detection limit 

Radian - 11-08·90 

# Sa111Jles 
COMPOUND ' High Containing 

Value C~und 

METALS (Method Sl.l6010) (mg/kg) 
'-- 8.3 Antimony 3 

Arsenic NO 0 
Barium . 220.0 3 

Beryllium 0.62 3 
Cadmium NO 0 

Chromium 12.0 3 
Cobalt 8.3 3 
Copper 12.0 3 

Lead 21.0 3 
Nickel 11.0 3 

Selenium NO 0 
Silver NO 0 

Thallium NO 0 
Tin 37.0 3 

Vanadium 31.0 3 
Zinc 50.0 3 

Arsenic (SI.I7060) 2.2 3 
Lead (SI.I7421) 7.2 3 

Selenium (SI.I7740) NO 0 
Thallium csw7841) NO 0 

Tc.1..P 
LEACHATE (Method Sl.l6010) (mg/1) 

Antimony NO 0 
Arsenic NO 0 

Barium 1.1 3 
Beryllium NO 0 

Cadmium NO 0 
Chromium NO 0 

Cobalt NO 0 
Copper 0.067 2 

Lead NO 0 
Nickel NO 0 

Selenium NO 0 
Silver NO 0 

Thallium NO 0 
Tin NO 0 

Vanadium NO 0 
Zinc 0.062 3 

PESTICIDES/PCB'S (Method 8080) 
(ug/kg) 

Aldrin NO 0 
gamma-BHC (Lindane) NO 0 

alpha·BHC NO 0 
beta-BHC NO 0 

delta-BHC 4.1 3 
Chlordane NO 0 
4,4'-000 NO 0 
4,4'-DDE NO 0 
4,4'-DDT NO 0 
Dieldrin NO 0 

Endosulfan I NO 0 
Endosulfan II NO 0 

Endosulfansulfate NO 0 
Endrin NO 0 

Endrin aldehyde NO 0 
Heptachlor NO 0 

Heptachlor epoxide NO 0 
Methoxychlor NO 0 

Toxaphene NO 0 

VOLATILE ORGANICS (Method 8240) 
(UQ/kg) 

Acetone NO 0 
Acetonitrile NO 0 

9009280810 9009280910 9009281010 
Location NE Location s Location 1.1 

Detection Detection Detection 
Limit Result Limit Result Limit Result 

3.00 8.3 iil 3.00 6.5 iil 3.00 7.5 iil 

4.70 NO 4.70 NO 4.70 NO 
0.18 94.0 0.18 140.0 0.18 220.0 

0.089 0.33 iil 0.089 0.62 0.089 0.40 iil 

0.36 NO 0.36 NO 0.36 NO 
0.63 5.9 0.62 12.0 0.62 7.8 
0.63 4.5 0.62 8.3 0.62 5.0 
0.54 7.2 0.53 12.0 0.53 5.8 
3.80 10.0 iil 0.37 21.0 0.37 12.0 @ 
1.30 6.1 iil 1.30 11.0 1.30 6.6 iil 

6.70 NO 6.70 NO 6.70 NO 
0.63 NO 0.63 NO 0.63 NO 
4.60 NO 4.50 NO 4.50 NO 
1.30 20.0 1.30 37.0 1.30 22.0 
0.71 19.0 0. 71 31.0 0. 71 20.0 
0.18 26.0 0.18 50.0 0.18 27.0 
1.60 2.2 iil 1.60 1.7@ 1.20 1.3 iil 

0.30 6.0 0.60 7.2 0.30 5.1 
0.50 NO 0.50 NO 0.50 NO 
0.50 NO 0.50 NO 0.50 NO 

0.34 NO 0.34 NO 0.34 NO 
0.53 NO 0.53 NO 0.5:3 NO 
0.02 1.1 0.02 1.1 0.02 0.8 
0.01 NO 0.01 NO 0.01 NO 
0.04 NO 0.04 NO 0.04 NO 
0.07 NO 0.07 NO 0.07 NO 
0.07 NO 0.07 NO 0.07 NO 
0.06 0.067 iil 0.06 0.066 iil 0.06 NO 
0.42 NO 0.42 NO 0.42 NO 
0.15 NO 0.15 NO 0.15 NO 
0.75 NO 0.75 NO 0.75 NO 
0.07 NO 0.07 NO 0.07 NO 
0.51 NO 0.51 NO 0.51 NO 
0.15 NO 0.15 NO 0.15 NO 
0.08 NO 0.08 NO 0.08 NO 
0.02 0.062 iil 0.02 0.031 iil 0.02 0.027 iil 

0.93 NO 0.99 NO 1.00 NO 
0.93 NO 0.99 NO 1.00 NO 
0.93 NO 0.99 NO 1.00 NO 
0.93 NO 0.99 NO 1.00 NO 
0.93 4.1 @ 0.99 3.2 @ 1.00 3.5 @ 
0.93 NO 0.99 NO 1.00 NO 
0.93 NO 0.99 NO 1.00 NO 
0.93 NO 0.99 NO 1.00 NO 
1.90 NO 2.00 NO 2.00 NO 
0.93 NO 0.99 NO 1.00 NO 
0.93 NO 0.99 NO 1.00 NO 
2.80 NO 3.00 NO 3.00 NO 
4.60 NO 5.00 NO 5.10 NO 
0.93 NO 0.99 NO 1.00 NO 
1.90 NO 2.00 NO 2.00 NO 
0.93 NO 0.99 NO 1.00 NO 
0.93 NO 0.99 NO 1.00 NO 
4.60 NO 5.00 NO 5.10 NO 
4.60 NO 5.00 NO 5.10 NO 

10.0 NO 10.0 NO 10.0 NO 
6.5 NO 6.5 NO 6.5 NO 
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TABLE 5 CONT. 
KAFB Golf Course Main Pond (Site 06) · Summary of Soil Beneath Sludge and Liner Analysis 

NO= Not detected at specified detection limit 
@=Est. result less than 5 times detection limit 

Radian · 11-08-90 

# Samples 
COMPOUND High Containing 

Value Compound 

Acrolein NO 0 
Acrylonitrile NO 0 

Benzene NO 0 
Bromodichloromethane NO 0 

Bromoform NO 0 
Carbon disulfide NO 0 

Carbon tetrachloride NO 0 
2-Chloro-1,3-butadiene NO 0 

Chlorobenzene NO 0 
Chloroethane NO 0 

Chloroform NO 0 
1,2-0ibromo-3-chloropropane NO 0 

Oibromochloromethane NO 0 
1,2-Dibromoethane NO 0 

1,4-Dichloro-2-butene (total) NO 0 
Oichlorodifluoromethane NO 0 

1,1-Dichloroethane NO 0 
1,2-0ichloroethane NO 0 

1,2-0ichloroethene (total) NO 0 
1,1-0ichloroethene NO 0 

trans-1,2-Dichloroethene NO 0 
1,2-0ichloropropane NO 0 

cis-1,3-Dichloropropene NO 0 
trans-1,3-Dichloropropene NO 0 

Ethyl methacrylate NO 0 
Ethyl benzene NO 0 

2-Hexanone NO 0 
Methacrylonitrile NO 0 

Methyl methacrylate NO 0 
4-Methyl-2-pentanone NO 0 

Methylene chloride NO 0 
Propanenitrile NO 0 

Styrene NO 0 
1,1,1,2-Tetrachloroethane NO 0 
1,1,2,2-Tetrachloroethane NO 0 

Tetrachloroethene NO 0 
Toluene NO 0 

Xylenes (total) NO 0 
1,1,1-Trichloroethane NO 0 
1, 1,2-Trichloroethane NO 0 

Trichloroethene NO 0 
Trichlorofluoromethane NO 0 
1,2,3-Trichloropropane NO 0 

Vinyl acetate NO 0 
Vinly chloride NO 0 

SEMIVOLATILE ORGANICS (Method 8270) 
(ug/kg) 

Acenaphthylene NO 0 
Acetophenone NO 0 

4-Aminobiphenyl NO 0 
Aniline NO 0 

Anthracene NO 0 
Benzo(a)anthracene NO 0 

Benzo(a)pyrene NO 0 
Benzo(b)fluroanthene NO 0 
Benzo(g,h,i)perylene NO 0 
Benzo(k)fluroanthene NO 0 

Benzyl alcohol NO 0 
4-Bromophenyl phenyl ether NO 0 

Butylbenzylphthalate NO 0 
2-Chloronaphthalene NO 0 

2-Chlorophenol NO 0 
4-Chlorophenyl phenyl ether NO 0 

Chrysene NO 0 
Di-n-butyl phthalate NO 0 

9009280810 9009280910 9009281010 
Location NE Location S Location 1.1 

Detection Detection Detection 
Limit Result Limit Result Limit Result 

75.0 NO 75.0 NO 75.0 NO 
80.0 NO 80.0 NO 80.0 NO 
4.4 NO 4.4 NO 4.4 NO 
3.5 NO 3.5 NO 3.5 NO 
4.7 NO 4.7 NO 4.7 NO 
5.0 NO 5.0 NO 5.0 NO 
2.8 NO 2.8 NO 2.8 NO 
5.0 NO 5.0 NO 5.0 NO 
5.0 NO 5.0 NO 5.0 NO 
5.0 NO 5.0 NO 5.0 NO 
2.5 NO 2.5 NO 2.5 NO 
6.9 NO 6.9 NO 6.9 NO 
3.1 NO 3.1 NO 3.1 NO 
4.8 NO 4.8 NO 4.8 NO 
5.0 NO 5.0 NO 5.0 NO 
3.9 NO 3.9 NO 3.9 NO 
4.7 NO 4.7 NO 4.7 NO 
2.8 NO 2.8 NO 2.8 NO 
2.8 NO 2.8 NO 2.8 NO 
2.8 NO 2.8 NO 2.8 NO 
5.0 NO 5.0 NO 5.0 NO 
5.0 NO 5.0 NO 5.0 NO 
5.0 NO 5.0 NO 5.0 NO 
5.0 NO 5.0 NO 5.0 NO 

17.0 NO 17.0 NO 17.0 NO 
5.0 NO 5.0 NO 5.0 NO 

10.0 NO 10.0 NO 10.0 NO 
5.0 NO 5.0 NO 5.0 NO 

28.0 NO 28.0 NO 28.0 NO 
10.0 NO 10.0 NO 10.0 NO 
5.0 NO 5.0 NO 5.0 NO 

43.0 NO 43.0 NO 43.0 NO 
5.0 NO 5.0 NO 5.0 NO 
3.9 NO 3.9 NO 3.9 NO 
5.0 NO 5.0 NO 5.0 NO 
4.1 NO 4.1 NO 4.1 NO 
5.0 NO 5.0 NO 5.0 NO 
5.0 NO 5.0 NO 5.0 NO 
3.8 NO 3.8 NO 3.8 NO 
5.0 NO 5.0 NO 5.0 NO 
2.5 NO 2.5 NO 2.5 NO 
5.0 NO 5.0 NO 5.0 NO 
4.0 NO 4.0 NO 4.0 NO 
6.9 NO 6.9 NO 6.9 NO 
5.0 NO 5.0 NO 5.0 NO 

230.0 NO 230.0 NO 230.0 NO 
190.0 NO 190.0 NO 190.0 NO 
200.0 NO 200.0 NO 200.0 NO 
330.0 NO 330.0 NO 330.0 NO 
130.0 NO 130.0 NO 130.0 NO 
520.0 NO 520.0 NO 520.0 NO 
170.0 NO 170.0 NO 170.0 NO 
320.0 NO 320.0 NO 320.0 NO 
270.0 NO 270.0 NO 270.0 NO 
190.0 NO 190.0 NO 190.0 NO 
500.0 NO 500.0 NO 500.0 NO 
150.0 NO 150.0 NO 150.0 NO 
170.0 NO 170.0 NO 170.0 NO 
130.0 NO 130.0 NO 130.0 NO 
250.0 NO 250.0 NO 250.0 NO 
280.0 NO 280.0 NO 280.0 NO 
170.0 NO 170.0 NO 170.0 NO 
170.0 NO 170.0 NO 170.0 NO 
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TABLE 5 CONT. 

KAFB Golf Course Main Pond (Site 06) - summary of Soil Beneath Sludge and Liner Analysis 

NO= Not detected at specified detection limit 
@=Est. result less than 5 times detection limit 

Radian - 11·08·90 

# Sa~les 
COMPOUND High Containing 

Value C~und 

Dibenz(a,h)anthracene NO 0 
Dibenzofuran NO 0 

3-3'-Dichlorobenzidine NO 0 
2,4-Dichlorophenol NO 0 

Diethylphthalate NO 0 
p·Dimethylaminazo·benzene NO D 

7-12-Dimethylbenz(a)·anthracene NO 0 
a,a-Dimethylphenethyl-amine NO 0 

2,4-0imethylphenol NO 0 
Oimethylphthalate NO 0 
2,4-0initrophenol NO 0 

2,4-Dinitrotoluene NO 0 
2,6-Dinitrotoluene NO 0 

Diphenylamine NO 0 
bis(2-Ethylhexyl phthalate) NO 0 

Ethylmethanesulfonate NO 0 
F l uroanthene NO 0 

Fluorene NO 0 
Hexachlorobenzene NO 0 

Hexachlorobutadiene NO 0 
Hexachlorocyclopentadiene NO 0 

Hexachloroethane NO 0 
lndeno(1,2,3-cd)pyrene NO 0 

Jsophorone NO 0 
3-Methylcholanthrene NO 0 

Methyl methanesulfonate NO 0 
2-Methylnaphthalene NO 0 

N-Nitros-di-n-butylamine NO 0 
N-Nitrosodiphenylamine NO 0 

N-Nitromethylethylamine NO 0 
N-Nitrosopiperidine NO 0 

Naphthalene NO 0 
1-Naphthylamine NO 0 
2-Naphthylamine NO 0 
2-Nitroaniline NO 0 
3-Nitroaniline NO 0 
4-Nitroaniline NO 0 

Nitrobenzene NO 0 
2-Nitrophenol NO 0 
4-Nitrophenol NO 0 

Pentachlorobenzene NO 0 
Pentachloronitrobenzene NO 0 

Pentachlorophenol NO 0 
Phenanthrene NO 0 

Phenol NO 0 
2-Picoline NO 0 

Pronamide NO 0 
Pyrene NO 0 

1,2,4,5-Tetrachlorobenzene NO 0 
2,3,4,6-Tetrachlorophenol NO 0 

1,2,4·Trichlorobenzene NO 0 
2,4,5-Trichlorophenol NO 0 
2,4,6-Trichlorophenol NO 0 

9009280810 9009280910 9009281010 
Location NE Location S Location IJ 

Detection Detection Detection 
Limit Result Limit Result Limit Result 

430.0 NO 430.0 NO 430.0 NO 
130.0 NO 130.0 NO 130.0 NO 

1100.0 NO 1100.0 NO 1100.0 NO 
190.0 NO 190.0 NO 190.0 NO 
130.0 NO 130.0 NO 130.0 NO 
230.0 NO 230.0 NO 230.0 NO 
94.0 NO 93.0 NO 93.0 NO 

500.0 NO 500.0 NO 500.0 NO 
190.0 NO 190.0 NO 190.0 NO 
110.0 NO 110.0 NO 110.0 NO 

2800.0 NO 2800.0 NO 2800.0 NO 
380.0 NO 380.0 NO 380.0 NO 
150.0 NO 150.0 NO 150.0 NO 
130.0 NO 130.0 NO 130.0 NO 
330.0 NO 330.0 NO 330.0 NO 
230.0 NO 230.0 NO 230.0 NO 
150.0 NO 150.0 NO 150.0 NO 
130.0 NO 130.0 NO 130.0 NO 
130.0 NO 130.0 NO 130.0 NO 
190.0 NO 190.0 NO 190.0 NO 
400.0 NO 400.0 NO 400.0 NO 
170.0 NO 170.0 NO 170.0 NO 
330.0 NO 330.0 NO 330.0 NO 
150.0 NO 150.0 NO 150.0 NO 
230.0 NO 230.0 NO 230.0 NO 
330.0 NO 320.0 NO 330.0 NO 
270.0 NO 260.0 NO 270.0 NO 
210.0 NO 210.0 NO 210.0 NO 
130.0 NO 130.0 NO 130.0 NO 
230.0 NO 230.0 NO 230.0 NO 
190.0 NO 190.0 NO 190.0 NO 
110.0 NO 110.0 NO 110.0 NO 
380.0 NO 380.0 NO 380.0 NO 
870.0 NO 860.0 NO 870.0 NO 
330.0 NO 330.0 NO 330.0 NO 
330.0 NO 330.0 NO 330.0 NO 
330.0 NO 330.0 NO 330.0 NO 
130.0 NO 130.0 NO 130.0 NO 
290.0 NO 280.0 NO 290.0 NO 
330.0 NO 330.0 NO 330.0 NO 
670.0 NO 660.0 NO 670.0 NO 
170.0 NO 170.0 NO 170.0 NO 
240.0 NO 240.0 NO 240.0 NO 
360.0 NO 360.0 NO 360.0 NO 
170.0 NO 170.0 NO 170.0 NO 
160.0 NO 160.0 NO 160.0 NO 
120.0 NO 120.0 NO 120.0 NO 
140.0 NO 140.0 NO 140.0 NO 
100.0 NO 99.0 NO 100.0 NO 
450.0 NO 450.0 NO 450.0 NO 
130.0 NO 130.0 NO 130.0 NO 
330.0 NO 330.0 NO 330.0 NO 
210.0 NO 210.0 NO 210.0 NO 
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TABLE 6 
KAFB Golf Course Main Pond (Site 06) - Summary of Groundwater Analysis (1st Round) 

Enseco Lab - September 1990 

KAFB060207-2 KAFB060803·2 KAFB060902·2 KAFB061002-2 
\Jell 2 \Jell 8 \Jell 9 \Jell 10 

SE N\.1 NE S\.1 
C01J1'0Und Result Result Result Result 

DISSOLVED METALS (mg/l) -

Antimony NO NO NO NO 
Chromiun 0.054 NO 0.0098 0.042 
Arsenic NO NO NO NO 

Bariun 0.18 0.053 0.089 0.14 
Berylliun NO NO NO NO 

Caciniun NO NO NO NO 
Cobalt NO NO NO NO 
Copper NO NO NO NO 

Lead NO NO NO NO 
Mercury NO NO NO NO 

Nickel NO NO NO NO 
Seleniun NO NO NO NO 

Silver NO NO NO NO 
Thalliun NO NO NO NO 

Tin NO NO NO NO 
Vanadiun NO NO NO NO 

Zinc 0.45 NO 0.081 0.60 

TOTAL METALS (mg/l) 

Chromiun 0.24 0.038 0.031 NO 
Arsenic NO NO NO NO 

Lead NO NO 0.011 NO 
Mercury NO NO NO NO 

Seleniun NO NO NO 0.0059 

SEMIVOLATILE ORGANICS (ug/l) 

Bis(2-Ethylhexyl) phthalate NO 15.0 NO NO 

NO = None Detected 
G:\Projects\0508\004\GCMPGR\.11 



TABLE 7 
KAFB Golf Course Main Pond (Site 06) · Summary of Groundwater Analysis (2nd Round) 

Sample # 
Location 

Sample Date 
Sampled From 

Enseco·RMAL No. 

FIELD PARAMETERS 
Water Level (Ft) 

pH 
Tempature (Deg. C) 

Specific Conductivity 

DISSOLVED METALS (mg/ l) 
Chromium 

Cobalt 
Copper 

Iron 
Lead 

Manganese 
Molybdenum 

Nickel 
Vanadium 

Zinc 

TOTAL METALS (mg/l) 
Chromium 

Cobalt 
Copper 

Iron 
Lead 

Manganese 
Molybdenum 

Nickel 
Vanadium 

Zinc 

GENERAL INORGANICS 
Nitrate plus Nitrite (mg/ l) 
Total Organic Carbon (mg/l) 

Total Organic Halogen 
as Cl (ug/ l) 

VOLATILE ORGANICS (Method 8240) 
Appendix IX List (ug/L) 

SEMIVOLATILE ORGANICS (ug/L) 
Appendix IX List (Method 8270) 

HERBICIDES (Method 8150) 
AppendiX IX List 

2,4·0 (ug/L) 
2,4,5-TP (Si l vex) (Ug/L) 

2,4,5-T (ug/L) 
DCAA (%) 

DIOXINS/FURANS (mg/l) 
Appendix IX List 

NO = Not Detected 
NT = Not Tested 
NO All =Not Detected for all 

compounds 
? =No information Available 

KAFBb60l,10·2 
~~ ~-
' 09·05·90) 
'- HtsaiT""Vol 

011249 

340 
7.62 
19.9 
628 

NO 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

0.0062 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NT 
NT 

NT 

NT 

NT 

NT 
NT 
NT 
NT 

NT 

INDICATOR MONITORING PROGRAM 

-· 
,, 

KAFB060211·2 KAFB060212·2 KAFB0602B·2 KAFB060214·2 
SSE I SSE I I SSE I SSE • 
09·05·90 09·05·90 09·05·90 09·05·90 
0.5 BH Vol 1.0 BH Vol 2.0 BH Vol 752 Liters 
011249 011249 011249 011249 

7.62 7.58 7.58 7.57 
20.2 20.5 20.2 20.0 
630 630 630 630 

0.013 NO NO NO 
NO NT NT NT 
NO NT NT NT 

0.36 NT NT NT 
NO NT NT NT 
NO NT NT NT 
NO NT NT NT 
NO NT NT NT 
NO NT NT NT 

0.13 NT NT NT 

0.05 0.037 0.042 0.024 
NO NT NT NT 
NO NT NT NT 

2.2 NT NT NT 
NO NT NT NT 

0.054 NT NT NT 
NO NT NT NT 
NO NT NT NT 
NO NT NT NT 

0.35 NT NT NT 

NT NT NT NT 
NT NT NT NT 

NT NT NT NT 

NT NT NT NT 

NT NT NT NT 

NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 

NT NT NT NT 

Page 1 

KAFB060215·2 
SSE 
09·05·90 
? BH Vol 
011249 

7.60 
19.8 
630 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.088 

0.045 
NO 

0.035 
0.65 

NO 
NO 
NO 
NO 
NO 

0.48 

23.9 
0.69 

NO 

NT 

NT 

NT 
NT 
NT 
NT 

NT 



TABLE 7 CONT. 

KAFB Golf Course Main Pond (Site 06) - Summary of Groundwater Analysis <2nd Round) 

Sa""le # 
Location 

Sa""le Date 
Sa""led From 

Enseco-RMAL No. 

FIELD PARAMETERS 
\.later Level (Ft) 

pH 
Tempature (Deg. C) 

Specific Conductivity 

DISSOLVED METALS (mg/l) 
Chromil.lll 

Cobalt 
Copper 

Iron 
Lead 

Manganese 
Molybdenum 

Nickel 
Vanadium 

Zinc 

TOTAL METALS (mg/l) 
Chromil.lll 

Cobalt 
Copper 

Iron 
Lead 

Manganese 

GENERAL INORGANICS 

Molybdenum 
Nickel 

Vanadium 
Zinc 

Nitrate plus Nitrite (mg/l) 
Total Organic Carbon (mg/l) 

Total Organic Halogen 
as Cl (ug/l) 

VOLATILE ORGANICS (Method 8240) 
Appendix IX List (Ug/L) 

SEMIVOLATILE ORGANICS (ug/L) 
Appendix IX List (Method 8270) 

HERBICIDES (Method 8150) 
Appendix IX List 

2 4-D (ug/L) 
2,4,5-TP (Sil~ex) (ug/L) 

2,4,5-T (ug/L) 
DCAA (%) 

DIOXINS/FURANS (mg/l) 
Appendix IX List 

NO = Not Detected 
NT = Not Tested 
NO All =Not Detected for all 

compounds 
? =No information Available 

KAFB060804·2 
NN\.1 
09-05·90 
? BH Vol 
011235 

--

? 
? 
? 

0.0074 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

0.014 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

26.4 
18.6 

NO 

NO All 

NO All 

NT 
NT 
NT 
NT 

NT 

INOICATOR MONITORING PROGRAM 

KAFB060903·2 
NE 
08-29-90 
? BH Vol 
011152 

? 
? 
? 

NO 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

0.014 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 

NT 

NT 

NO 
NO 
NO 

NT 

20.9 
0.93 

109 

KAFB061003·2 
Slol 
08·31-90 
? BH Vol 
011192 

? 
? 
? 

NO 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

0.051 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 

NT 

NT 

NO 
NO 
NO 

26.0 
1.6 

61 

NO All 

G:\Projects\0508\004\GCMPGR\.12 

Page 2 



TABLE 8 

KAFB Golf Course Main Pond (Site 06) - Summary of Groundwater Analysis (3rd Round) 

Sample # 
Location 

Sample Date 
Sampled From 

Enseco-RMAL No. 

FIELD PARAMETERS 
Water Level (Ft) 

pH 
Tempature (Oeg. C) 

Specific Conductivity 

DISSOLVED METALS (mg/l) 
Chromium 

Cobalt 
Copper 

Iron 
Lead 

Manganese 
Molybdenum 

Nickel 
Vanadium 

Zinc 

TOTAL METALS (mg/ l) 
Chromium 

Cobalt 
Copper 

Iron 
Lead 

Manganese 
Molybdenum 

Nickel 
Vanadium 

Zinc 

GENERAL INORGANICS 
Nitrate plus Nitrite (mg/ l) 
Total Organic Carbon (mg/l) 

Total Organic Halogen 
as C l (ug/ l) 

VOLATILE ORGANICS (Method 8240) 
Appendix IX List (ug/L) 

SEMIVOLATILE ORGANICS (ug/L) 
Appendix IX List (Method 8270) 

HERBICIDES (Method 8150) 
Appendix IX List 

DIOXINS/FURANS (mg/l) 
Appendix IX List 

NO = Not Detected 
NT = Not Tested 
? =No Information Available 

INDICATOR MONITORING PROGRAM 

KAFB060210-2 KAFB060805-2 KAFB060904-2 KAFB061004-2 
SE NIJ NE SIJ 
12-10-90 11-30-90 11-29-90 12-06-90 
? BH Vol ? BH Vol ? BH Vol ? BH Vol 
011249 012656 012631 011192 

? ? ? ? 
? ? ? ? 
? ? ? ? 
? ? ? ? 

NO 0.0096 0.0034 NO 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 

0.013 0.0083 0.047 0.014 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 
NT NT NT NT 

NT NT NT NT 
0.79 9.6 1.8 NO 

NO NO NO NO 

NT NT NT NT 

NT NT NT NT 

NT NT NT NT 

NT NT NT NT 
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TABLE 9 

KAFB Golf Course Main Pond <Site 06) · Summary of Groundwater Analysis (4th Round) 

Sa~le # 
Location 

Sa~le Date 
Sa~led From 

Enseco·RMAL No. 

FIELD PARAMETERS 
Water Level (Ft) 

pH 
Tempature (Deg. C) 

Specific Conductivity 

DISSOLVED METALS (mg/l) 
Chromh.1n (VI) 

Chromiun 
Cobalt 
Copper 

Iron 
Lead 

Manganese 
Molybdem.m 

Nickel 
Vanadium 

Zinc 

TOTAL METALS (mg/l) 
Chromi urn (VI) 

Chromiun 
Cobalt 
Copper 

Iron 
Lead 

Manganese 

GENERAL INORGANICS 

Molybdenum 
Nickel 

Vanadium 
Zinc 

Nitrate plus Nitrite (mg/l) 
Total Organic Carbon (mg/l) 

Total Organic Halogen 
as Cl (ug/ l) 

RADIOCHEMISTRY 
Gross Alpha (pCi/L) 
Gross Beta (pCi/L) 

Uranium, Natural (mg/L) 

VOLATILE ORGANICS (Meth 8240) 
Appendix IX List (ug/L) 

SEMIVOLATILE ORGANICS (ug/L) 
Appendix IX List (Meth 8270) 

HERBICIDES (Method 8150) 
Appendix IX List 

DIOXINS/FURANS (mg/l) 
Appendix IX List 

NO = Not Detected 
NT = Not Tested 

? =No Information Available 

KAFB060906·2 
NE 
02-27-91 
? BH Vol 
013774 

? 
? 
? 
? 

NO 
0.0011 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
0.028 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 

25.3 
1.6 

4.7 
4.5 

0.002 

NT 

NT 

NT 

NT 

INDICATOR MONITORING PROGRAM 

KAFB060905·2 
NE 
02-27·91 
Equip Blank 
013774 

NO 
NO 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
0.0036 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
NT 

NT 

0.2 
0.0 

<0.002 

NT 

NT 

NT 

NT 

KAFB060806·2 
NW 
03-04-91 
? BH Vol 
013845 

? 
? 
? 
? 

NO 
0.011 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

0.023 
0.075 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 

25.4 
5.4 

5.4 
2.7 

0.003 

NT 

NT 

NT 

NT 
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KAFB060807·2 
NW 
03·04·91 
Equip Blank 
013845 

NO 
NO 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
0.0078 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
1.3 

NO 

0.0 
0.0 

<0.002 

NT 

NT 

NT 

NT 

KAFB060217·2 
SE 
03-05-91 
? BH Vol 
013866 

? 
? 
? 
? 

NO 
NO 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
0.019 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NT 

NT 

NT 

NT 

NT 

20.5 
0.64 

58.1 

KAFB061005·2 
sw 
03·06-91 
? BH Vol 
013888 

? 
? 
? 
? 

NO 
0.0034 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
0.053 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 

NT 

NT 

NT 

NT 

NT 

23.0 
0.69 

KAFB061006·2 
sw 
03-06·91 
Equip Blank 
013888 

NO 
0.002 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
0.004 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

NO 
4.4 

NO 

NT 

NT 

NT 

NT 

NO All 
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TABLE 10 

Data results from February and March, 1991 sample period 
CND Is analyzed for but not detected) 

RMAL CrCtot) Cr C d Is) 
report We I I end SW3020/ SW3005/ 
number semple ID Type Where SW7191 SW7191 

(mg/L) ( mg I L) 

0 1 3 736 KAFB050110-2 Equipment blank Sewage Lagoon SE 0.003 NO 
050111-2 Sample 0.028 0.0076 
050112-2 Matrl)( Spike NO NO 
05011.3-3 Metrl)( Spike Dup I Ieete NO NO 

013749 KAF8050214-2 Semple Sewege Legoon NE 0.0037 NO-
013749 KAFB050311-2 Semple Sewege Legoon NW o. 037 O. 001 I 
013774 KAF8050409-2 Sample Sewege Lagoon sw 0.005 0.0012 
013866 KAFB060217-2 Sample Go If c. P. SE 0.019 NO 
0 1 3 84 5 KAF8060806-2 Semple Go If c. P. NW 0.075 0. 0 I I 

060807-2 Equipment blenk 0.0078 NO 
013774 KAFB060905-2 Equipment blenk Go If c. P. NE 0.0036 NO 

060906-2 Semple 0.028 0.0011 
013888 KAFB061005-2 Sample Go If c. P. SW 0.053 0.0034 

061006-2 Equipment blank 0.004 0.002 
013908 KAFB090110-2 Sample TIJeras Arroyo (E) 0.07 0.0086 
013888 KAF8090211-2 Sample TIJeras Arroyo ( w) 0.024 0.0032 

;013980 KAF8010708-2 Sl'lmple Ll'ln d f I I I- I 0. 0 I I NO 
010709-2 Oup I I Cl'lte 0.0092 NO 
010710-2 Equipment bll!lnk NO NO 

013952 KAFR021307-2 Sl'lmple Ll'lnd f I I I- 2 0.0029 NO 
013918 MVMWK03-2 Equipment bll'lnk E I D wei I 

MVMWK04-2 Sl'lmple 
MVMWK05-2 Ambient cond. bll'lnk 
MVMWK06-2 Trip blank 



RMA l 
report 
number 

013 736 

013749 
013749 
013774 
013866 
0 1 3 84 5 

013774 

013888 

013908 
013888 
013980 

013952 
0139 1 8 

Well 
sample 

TABLE 10 CONCLUDED 

Data results from February and March, 1991 sample period. 
(NO Is analyzed for but not detected) 

Cr +6 Cr +6 N02+ Ur a- Gross Gross vox 
and (tot. ) ( d Iss. l N03 nlum Alpha Beta SW5030/ 

10 SW7196 SW7196 E353. 2 A 7118 E900 E900 SW8010 

TOC/TOX Nitro+ 
E 4 I 5. I Petn 
SW9020 usathama 

(mg/ll (mg/ll (mg/ll (mg/ll (pCI/ll (mg/L)(mg/l)(ug/Ll ( ug/ll 

KAFB050110-2 NO NO NO NO 
050111-2 NO NO 1. 6 I. 2 
050112-2 NO NO NO NO 
050113-3 NO NO NO NO 

KAFB050214-2 NO NO 4.7 4.4 
KAFB050311-2 NO NO NO 2. 5 
KAFB050409-2 NO NO 1 7. 2 1 • 1 
KAFB060217-2 NO NO 20.5 o. 64/58. 1 

KAF¥~5-2 0.023 NO 25.4 .003 5.4 2.7 5.4 
060807-2 NO NO NO .002 1. 3 

KAFB060905-2 NO NO NO .002 0.2 
060906-2 NO NO 25.3 .002 4.7 4.5 1. 6 

KAFB061005-2 NO NO 23.0 0.69 
061006-2 NO NO NO 4.4 

KAFB090110-2 0.012 NO 3.2 1. 2 
KAFB090211-2 NO NO 1. 4 ·NO 0.82 
KAFB010708-2 o. 02 o. 011 NO NO 

010709-2 0.024 0.016 NO NO 
010710-2 NO NO NO NO 

KAFB021307-2 NO NO 4.2 NO NO 
M VMWK03- 2 NO NO 
MVMWK04-2 51. 8 NO 
MVMWK05-2 NO 0.64 ( 1, 2-0CP l 
MVMWK06-2 NO 0.54 (1,2-0CPl and 

0.3 chloroform. 



TABLE 11 

Oa'ta results from May and June, 1991 sample period 
(NO is analyzed for but not detected; HL is holding time 

exceeded by the laboratory.) , 

. 
RMAL Name Cr(tot) Cr(dis) CL 

report Well and of SW3020/ SW3005/ A429 
number sample ID Type Location SW7l91 SW7191 (mg/L) 

(mg/L) (mg/L) 

015173 KAFB050114-2 Equipment blank Sewage Lagoon SE NO NO NO 
050115-2 Sample ND ND 14.3 
050116-2 Ambient cond. blank 
050117-2 Trip blank 

015184 KAFB050215-2 Sample Sewage Lagoon NE ND NO 13.5 
050216-2 Matrix spike ND NO 
050217-2 Matrix spike duplicate ND ND 

015173 KAFB050312-2 Sample Sewage Lagoon NW 0.024 ND 14.0 
015290 KAFB050410-2 Sample Sewage Lagoon SW 0.0033 NO 14.0 
015259 KAFB060218-2 Sample Golf C. P. SE 0.011 ND 29.8 
015216 KAFB060808-2 Sample Golf C. P. NW 0.011 0.0084 27.0 

060809-2 Equipment blank NO ND 0.56 
015184 KAFB060907-2 Sample Golf C. P. NE 0.0076 NO 44.0 
015245 KAFB061007-2 Equipment blank Golf C. P. SW ND NO 0.53 

061008-2 Sample 0.015 0.0059 29.3 
015152 :KAFB090111-2 Sample Tijeras Arroyo (E) 0.0076 0.0033 11.9 

090112-2 Duplicate o. 016(1) o. 0029 11.9 
015290 KAFB090212-2 Equipment blank Tijeras Arroyo (w) ND ND 0.58 

090213-2 Sample 0.0043 NO 15. 7 
015333 KAFB010711-2 Sample Landfill-1 ND 0.0030 6.5 

010712-2 Equipment blank ND ND 0.55 
015310 KAFB021308-2 Sample Landfill-2 0.011 ND 16.3 
015216 MVMWK07-2 Sample EID well 
015099 DI-CF-SYSTEM-LINE-H20-TEST 0.0022 ND 



RMAL 
report 
number 

015173 

015184 

015173 
015290 
015259 
015216 

015184 
015245 

015152 

015290 

015333 

015310 
015216 
015099 

TABLE 11 CONTINUED 

Data results from May and June, 1991 sample period. 
(ND is analyzed for but not detected; HL is holding time 

exc~eded by the laboratory) 

Cr +6 Cr +6 N02+ Ura- Gross Gross voc 
Well and (tot.) (diss.) N03 nium Alpha Beta SW5030/ 

sample ID SW7196 SW7l96 E353.2 A7l1B E900 E900 SW8240 
(mg/L) (mg/L) (mg/L) (mg/L) (pCi/L) (ug/L) 

KAFB050114-2 HL HL NO (2) 
050115-2 NO ND 1. 6 (3) 
050116-2 ND 
050117-2 NO 

KAFB050215-2 ND NO 5.0 
050216-2 ND ND NO 
050217-2 ND NO NO 

KAFB050312-2 0.02 HL 7.4 
KAFB050410-2 NO NO . 2. 7 
KAFB060218-2 NO ND 22.1 
KAFB060808-2 0.011 NO 32.3 0.003 9.7 7.3 

060809-2 NO NO NO 0.002 1. 3 33.0 
KAFB060907-2 0.011 NO 23.2 0.002 6.4 21.0 
KAFB061007-2 HL ND ND 

061008-2 NO NO 23.2 
KAFB090111-2 NO NO 3.7 

090112-2 NO NO 3.8 
KAFB090212-2 NO NO NO 

090213-2 ND ND I. 4 
KAFB010711-2 HL HL 0.06 

010712-2 HL HL NO 
KAFB021308-2 NO NO 4.0 

MVMWK07-2 32.3 
01-CF-SYSTEM HL HL NO 0.002 1. 8 1.0 NO 

vox TOC/TOX 
SW5030/ E415.1 
SW80l0 SW9020 
(ug/L) (mg,ug/L) 

1. 6 
ND 

6.5 
NO 
NO 
NO 
NO 
NO 

0.62 
14.6 
0.75 
5.2 

ND 
NO 
NO 

(4) 43.7 
NO 41.0 

0.9 
33.6 
o. 75 ·. 

( 5) NO 



TABLE 11 CONCLUDED 

Note: (1) RPD(Relative percent difference) fo'r CR(t) was not less than 30 %. 
(2) TIC (tentatively identified comp?und) were hexane (13 ug/L), and· 

methyl-cyclopentane (9.1 ug/L).· 
(3) TIC were hexane (180'ug/L), methyl-cyclopentane (74 ug/L), and 

1 methyl-pentane (9.0 ug/L).· 
(4) Compounds detected wer~ chloroform (0.44 ug/L), 2nd. column chloroform 

(0.87 ug/L), and 1,2-dichloropropane (0.54 ug/L). 
(5) Compounds detected were chloromethane (6.4 ug/L), by 2nd. column, 

chloromethane (4.2 ug/L), and 1,2-dichloropropane (0.57 ug/L) by method 
SW8010. RPD (20%) for DCS of 1,1-dichloroethene was greater than 
the limit of 14 %. 



' . TABLE 12 

United States Department of the Interior 
GEOLOGICAL SURVEY 

TAICE
PRIDEIN 
AMERICA 

-. 
• -

- . 
Water Resources Division 

4501 Indian School Road, suite 200 

Attn: Mr. Dennis Lundquist 
HSD/YAQ 

Albuquerque, NM 87110 ,. { ; '1 

' )' ( ) -

October 18 I 1990 [
1
' r ,( 

Brooks Air Force Base, TX 78235-5501 

Dear Dennis 

Several issues have recently arisen concerning the analytical results of Ll1e 

dry sludge samples from the Kirtland AFB sewage lagoons. These samples were 
collected from ten sites in the lagoons by the USGS in December '89 and 
January '90. 

The issues are: 

1) Analytical method SW8240 detected low levels of Acetone and Methylen~ 
Chloride in nearly all the sludge samples. These two highly volatile 
compounds would not be expected in soil type material which has been exposed 
to the atmosphere for any lfngth of time. These compounds are also commonly 
used in analytical laboratories, and can be introduced as sample 
contaminants in the lab .. The enclosed letter from Rocky Mountain Analytical 
Laboratory should adequately address this issue. 

2) Analytical method SW8270 detected bis(2-Exhylhexyl)phthalate at 
concentrations ranging from 5 ·'• to '•0 mg/Kg in all the dry sludge samples_ 
All the samples except KAFB05140l-l (28 mg/Kg concentration) were assigned 
to a laboratory method blank (QC run: 12-21-89-A) ~hich contained 60 mg/Kg 
of this phthalate. Thus, the /slwege)concent;rations of thi~_com_2ound are !'o_~ 
~-Additionally, EPA hasl1oted a failure rate of 46X in falsely 
detecting this compound -(Results for Water Supply Performance Evaluation 
Study 25, 2-25-90). 

3) Analytical method SW8270 for samples KAFB051401-l and KAFB051402-l 
(duplicate sample) detected eight compounds in 02-1 which were not 
detected in 01-1. The enclosed page listing a portion of the results of this 
method for sample 01-1 was incorrectly left out of the ITIR data reports 
(two copies each for ITIR Sites S-7 and ITIR Sites 1-10). Concentrations of 
8. 7 and 9.6 mg/Kg ~luoranthene and_Eyrene respectively are listed on this 
page. These two compounds are each found at concentrations of 5.6 mg/Kg in 
02-1. The fact that six other compounds are detected at concentrations of 
2.2 to 4.1 mg/Kg in 02-1, and not detected in 01-1 can probably be 
attributed to the fact that the detection limits for these compounds are 8.5 
mg/Kg for sample 01-1. The higher detection limits for sample 01-1 probably
relate to the sample matrix. 
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'•) The sludge samples were analyzed for metals toxicity using the EP . 
Toxicity method (SW1310). On 3-29-90 the EPA published the Toxicity Leaching 
Characteristic Procedure (TCLP) in the Federal Register, after the rule was 
finalized by a federal judge. Since the sludge samples were collected prior 
to the issuance of the final rule, the EP Tox method should be valid.The EP 
Tox results show none of the sludge samples to exceed the regulatory limits 
for metals. If necessary, further information concerning the differences 
between the EP Tox and TCLP methods can be forwarded. 

Also enclosed with this letter are two copies each of revised pages G-A-1 
for ITIR Sites S-7 and ITIR Sites 1-10. 

If you have any qtiestions con~erning these documents give me a call at (505) 
262-5340. 

Sincerely . ~ 

~~~}(~_p~~~ 
Ralph Wilcox 

cc Col. Edward Behling• 



Rocky Moumain 
Analytical Laboratory 
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October 12, 1990 

Mr. Ralph Wilcox 
U.S. Geological Survey 
Pine Tree Office Park, Suite 200 
4501 Indian School Road NE 
Albuquerque, NM 87110 

Dear Ralph: 

Concern has been expressed over the unexpected detection of certain target 
compounds (acetone, methylene chloride, and 2-butanone) by Method 8240. 

These compounds, in addition to toluene, are common laboratory 
contaminants. This is recognized by the EPA in the CLP Statement of Work 
(2/88), which allows up to five times the detection limit for these compounas 
in the method blanks. All other compounds must be less than the detection 
limit. 

The method blanks for two projects in question (R~,AL 007798 and 008095) 
were re-examined. These blanks showed the presence of methylene chloride and 
acetone, although the amounts found were below the reporting limits. With the 
one exception, the results for all samples were less than about three times 
the reporting limit for the common laboratory contaminants. These amounts 
could easily arise from~contamination and are probably not significant. 

(L"I) ' 

The laboratory makes every effort to prevent contamination. However, due 
to the use of these compounds throughout the laboratory and the sensitivity of 
the analytical method, it is impossible to eliminate them entirely. As a 
result, these compounds are often detected in varying concentrations 11ear the 
reporting limit. 

Please call if you have any questions. 

Sincerely, 
,-/ •., I 

v ~;~;., !;)1-z_;:,-~..-t-
/I t_/ // 

L i nds/y/Breyer 
Program Administrator 

LB/heg 

cc: Dorothy Walker, USGS 
Randy Thompson, RMAL 

En~eco Incorporated 
49~~ Ynrrow Street 
Arvada. Colorado R0002 
303/·121-(,6 II Pn: 303/4 H -7171 
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Semivolatile Organics (CONT.) 

Method 8270 

Client Name: U.S. Geological Survey 
Client ID: KAFB051401-1 
Lab IO: 007798-009-1-SA Enseco IO: 1062405 
Matrix: SOIL Sampled: 08 DEC 89 
Authorized: 09 DEC 89 Prepared: 26 DEC 89 

Parameter Result Units 

Pentachlorophenol NO mg/kg 
Phenanthrene NO mg/kg 
Anthracene NO mg/kg 
Oi-n-buthl phthalate NO mg/kg 
Fluorant ene 8.7 mg/kg 
Pyrene 9.6 mg/kg 
Butyl benzyl ~hthalate NO mg/kg 
3,3'-0ichloro enzidine NO mg/kg 
Benzo(a)anthracene NO mg/kg 
bis(2-Ethylhexyl) 

phthalate 28 mg/kg 
Chrysene NO mgjkg 
Oi-n-octyl phthalate NO mg/kg 
Benzo~blfluoranthene NO mg/kg 
Benzo k fluoranthene NO mg/kg 
Benzo(a pyrene NO mg/kg 
Indeno(1,2,3-cd)pyrene NO mg/kg 
Dibenz(a,h)anthracene NO mgjkg 
Benzo(g,h,i)perylene NO mg/kg 
Acetophenone NO mg/kg 
Aniline NO mg/kg 
4-Aminobiphenyl NO mg/kg 
Benzidine NO mg/kg 
Benzoic acid NO mg/kg 
Benzyl a 1 coho 1 NO mg/kg 
4-Chloroaniline NO mg/kg 
Oibenz(a,j)acridine NO mg/kg 
Oi benzofuran NO mg/kg 
p-Oimethylaminoazobenzene NO mg/kg 
7,12-Dimethylbenz-

anthracene NO mg/kg 
a,a-Oimethylphenethyl-

amine NO mg/kg 
Diphenylamine NO mg/kg 
1,2-0iphenylhydrazine NO mg/kg 
Ethhl methanesulfonate NO mg/kg 
Met yl methanesulfonate NO mg/kg 
2-Methylnaphthalene NO mg/kg 
1-Naphthylamine NO mg/kg 
2-Naphthylamine NO mg/kg 
2 -Nit roan i1 i ne NO mg/kg 

NO = Not detected 
(continued on fo 11 owing page) 

NA • Not applicable 

Received: 09 
Analyzed: 02 

Reporting 
Limit 

26 
8.5 
8.5 
8. 5 
8.5 
8.5 
8.5 

17 
8.5 

8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 

42 
42 
42 
95 
42 
17 
17 

8.5 
42 

42 

42 
42 
42 
42 
8.5 

42 
42 
42 

Reported By: Bob Martin Approved By: Jeff Lowry 

G-905A 

DEC 89 
JAN 90 
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&Enseco ..... 
A CORNING Company 

October 12, 1990 

Mr. Ralph Wilcox 
U.S. Geological Survey 
Pine Tree Office Park, Suite 200 
4501 Indian School Road NE 
Albuquerque, NM 87110 

Dear Ralph: 

Rocky Mountain 
Analytical Laboratory 

.• 

Concern has been expressed over the unexpected detection of certain target 
compounds (acetone, methylene chloride, and 2-butanone) by Method 8240. 

These compounds, in addition to toluene, are common laboratory 
·contaminants. This is recognized by the EPA in the CLP Statement of Work . 
(2/88), which allows up to five times the detection limit for these compounds 
in the method blanks. All other compounds must be less than the detection 
limit. 

The method blanks for two projects in question (RMAL 007798 and 008095) 
were re-examined. These blanks showed the presence of methylene chloride and 
acetone, although the amounts found were below the reporting limits. With the 
one exception, the results for all samples were less than about three times 
the reporting limit for the common laboratory contaminants. These amounts 
could easily arise from contamination and are probably not significant. 

The laboratory makes every effort to prevent contamination. However, due 
to the use of these compounds throughout the laboratory and the sensitivity of 
the analytical method, it is impossible to eliminate them entirely. As a 
result, these compounds are often detected in varying concentrations near the 
reporting limit. 

Please call if you have any questions. 

\ 

Sincerely, 

~-el~.cfo~ 
l indst(y/Breyef/ 
Program Administrator 

LB/heg 

cc: Dorothy Walker, USGS 
Randy Thompson, RMAL 

Enseco Incorporat~ 
4955 Yarrow Street 
Arvada. Colorado 80002 
303/421-6611 Fax: 303/431-7171 
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Specific Closure Design Information 
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APPENDIX C 

Contaminant Listing 

Contaminants of Concern 

The following contaminants of concern have been detected at the Golf Course Main Pond. 

Sludge 

Acetone 
Barium 
Beryllium 
bis-(2-Ethylhexyl) Phthalate 
Cadmium 
Chromium 
Chloroform 
Cobalt 
Copper 
Lead 
Mercury 
Methylene-Chloride 
Nickel 
Phenol 
Silver 
Trichloroethane(TCA) 
Vanadium 
Zinc 

Barium 
Beryllium 
Chromium 
Cobalt 
Copper 
Lead 
Nickel 
Vanadium 
Zinc 

The Data summaries should be reviewed to determine: 

Ground Water 

Barium 
Chromium 
Chromium ( +6) 
Lead 
Selenium 
Zinc 

• The actual concentration of contaminants in each medium 

• The actual sample location where the compound was detected. 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

1.0 EXECUTIVE SUMMARY 

Kirtland Air Force Base (KAFB) hereby submits a Golf Course Closure Plan (GCCP). The 
document is written in response to the New Mexico Environment Division's (NMED) 
Notice of Violation of June 13, 1991. This plan has been prepared in accordance with the 
April 1987 EPA Guidance Manual on Hazardous Waste Land Treatment Closure/Post 
Closure and 40 CFR 265 Subpart G. This plan is an updated version of the November 30, 
1990, Closure Plan submittal and incorporates comments from the Notice of Violation 
(NOV) dated June 13, 1991, in accordance with an administrative order dated July 29, 1991. 

A Base-Wide Closure Plan (BWCP) submitted on November 30, 1990. The updated version 
of the BWCP provides the foundation for this Golf Course Closure Plan (supplement 
number 3). The two documents used together provide details of closure for the Golf 
Course. The Golf Course is a waste-management unit located at the KAFB facility that 
requires a closure plan. 

The waste management unit addressed in this plan encompasses the Golf Course that 
received effluent from the Main Golf Course Pond that originated from the sewage lagoons 
at KAFB. The discharge of effluent from the sewage lagoons ceased in October 1987, 
when both sewage lagoons and the Main Golf Course Pond were taken out of service. 
Since that time, effluent has been discharged to the city of Albuquerque Publicly Owned 
Treatment Works (POTW). This plan, associated reference documents, supplemental 
studies and previous investigations address the requirements specified in 40 CFR Parts 261, 
265 and 267, which have been incorporated by reference in the State of New Mexico 
Hazardous Waste Management Regulation 5 (HWMR-5). 

A Conceptual Closure Plan detailing six alternatives for closure for this unit was originally 
submitted in April 1990. Sampling and testing information was not available at the time of 
the April 1990 submittal. A subsequent letter from NMED required KAFB to submit a 
detailed supplement closure plan in November 30, 1990. This latest round of closure plans 
incorporates comments resulting from a review of the plans documented in a NOV letter 
dated June 13, 1991. 

The final closure design for this unit can now be completed because sampling and analysis 
of the subsurface soils at the site have been performed. Sampling and analysis data are now 
available and presented in summary form in appendix A The complete data package has 
been provided to NMED under separate cover. No contaminants above regulatory concern 
were found at the Golf Course. The Golf Course is therefore considered clean and can be 
closed under the no action alternative as detailed in the BWCP. 

1 



CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

Section 2.0 describes the golf course site location, land use and population distribution. 
Section 3.0 describes the physical and hydrogeological conditions at the site and the ground
water monitoring system. Sections 4.0 and 5.0 describe the waste disposal practices at the 
waste management sites and the results of sampling and contamination investigations. 
Section 6.0 details the closure design and risk assessment process. Section 7.0 addresses the 
volume of material and various specific regulatory requirements related to closure, and 
section 8.0 describes the post closure care plan. Analytical results are presented in summary 
form in appendix A Details of the closure design and, the list of contaminants of concern 
appear in the unit supplements in appendix B and C, respectively. 

This supplement provides details on the Golf Course closure and relies on baseline 
information provided in the Base-Wide Closure Plan. Information for this unit is discussed 
under corresponding section numbers and headings to those used in the Base-Wide Closure 
Plan. 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

2.0 SITE DESCRIPTION 

2.1 Location And Site History 

Kirtland Air Force Base (KAFB) is located in central New Mexico southeast of and con
tiguous to the city of Albuquerque (figures 2-1 and 2-2). The base is owned and operated 
by the United States Air Force; it encompasses over 82,000 acres and contains 742 buildings 
totaling 5.6 million square feet of floor space. 

The Tijeras Arroyo Golf Course is located 3 miles south of the KAFB Headquarters. 
site is located northwest of the Manzano Base area, north of the riding stables, and t:. 

the Pennsylvania Avenue extension. Projecting the location onto the United States GeOlog
ical Survey Albuquerque East 7-1/2 minute quadrangle (figure 2-3) gives a location of SW 
1/4, of NW 1/4, of Section 9, Township 9 N, Range 4 E. Site elevation is 5,350 feet. Geo
graphic coordinates are 35°1'15" north, 106°32'00" west; Universal Transverse Mercator co
ordinates are Zone 38,760,500 meters north and 360,500 meters east. Specifically, the Golf 
Course is located east of Pennsylvania Avenue and the Eubank Boulevard Extension as 
shown in figure 2-4). 

History of Operations 

The following is a summary of the operating history of the sewage lagoons and golf co·· 
pond system. Please refer to figure 2-5 for a schematic flow diagram of the operatin 
system discussed in this section. 

In 1962, a lagoon and golf course pond system were constructed by the Air Force to create 
a source of primary treated sewage to be used for irrigation water at the Tijeras golf course. 
The lagoons were located on the same mesa area that includes the airport runways, and a 
pipeline was constructed southeasterly to the Golf Course Main Pond. Grey-water effluent 
from the sewage lagoons was used for irrigation purposes to reduce the demand on ground
water resources that were required for golf course irrigation. The two lagoons operate 
passively as primary settling basins and are considered facultative, that is no aeration system 
exists. The lagoons measure 6 feet in depth and are slightly smaller than 7 acres each in 
surface area. Before this system was taken out of service, the discharge effluent from the 
lagoons entered the gravity flow pipe from the surface of the southeast side of the southern 
lagoon and flowed to the Golf Course Main Pond. 

3 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

From November to March, the lagoons and pond were bypassed and all sewage influent was 
sent directly to the city of Albuquerque, Publicly Owned Treatment Works (POTW). From 
April to October of each year, depending upon the irrigation needs, 40 to 100 percent of 
the sewage influent was routed to the lagoons and subsequently piped to the Tijeras Arroyo 
golf course. There it flowed into the main golf course pond, a 2.6-acre pond on the 
northwest side of the golf course. The influent to the main golf course pond was diluted 
with potable water from the KAFB water distribution system at a ratio of approximately 2/3 
waste water to 1/3 potable water. The Golf Course Main Pond last received effluent from 
the sewage lagoons in October 1987. The water in the lagoons, main pond, and the 
decorative ponds have since evaporated. Soil samples taken at the golf course has been 
chemically analyzed. The data have been reviewed by the Air Force Occupational 
Environmental Health Lab (OEHL) following quality assurance checks. This data is 
presented in appendix A Other than the effects of the chlorine in the fresh water added 
at the Golf Course Main Pond from the base water system, the lagoon effluent was not 
disinfected. 

Only the water contained in the Golf Course Main Pond was pumped to the golf course 
sprinkler system. Water in the main pond was occasionally pumped to four other pon 
located on the golf course. The four ponds were filled with water for aesthetic purpos~.. 
The decorative ponds also received excess irrigation and runoff water from nearby golf 
course areas. Currently, only fresh water from Kirtland's water distribution system is uscu w 

the sprinkler system. 

At the present time, the decorative ponds do not contain any sewage or liquids but do 
contain a thin layer of dry sediment and sludge. This sediment is derived in part from 
solids in the influent wastewater received from the main pond and normal nutrient related 
growth. 

Sandia National Labs, Albuquerque (SNLA) and KAFB have determined possible sources 
that may have contributed to the regulated contaminants identified in samples that they and 
the NMED (previous name of NMED was NMEID) have tested. Both the KAFB and 
SNLA have comprehensive hazardous waste management programs. A summary showinq 
the types of analysis and levels of contaminants found at the golf course are present.. 
appendix A 

During the operating life of the sewage lagoon unit, a small amount of a regulated chemi
cal, namely 1,1,1-trichloroethane (TCA), was routed to the sewage lagoon unit from an un
known upstream source. The volume of TCA in solution at the lagoons was originally be
lieved to be 1,400 gallons. Subsequent calculations indicated that this amount was in error 
and that the actual amount of TCA in the lagoons was only 1.4 gallons. These figures were 
computed by multiplying the concentration of the TCA detec_ted times the estimated volume 
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of liquid in the lagoons. The error was due to a misplaced decimal point and a mistaken 
inference from laboratory data which was actually presented as concentrations in parts per 
billion (ppb) rather than parts per million (ppm) as originally assumed in the initial com
putations. 

Since the detection of TCA in the lagoons, the golf course has become the subject of com
pliance orders issued by the NMED. In addition, the main golf course pond and sewage 
lagoons also fall under the same compliance orders. 

Since TCA was first detected in the liquid at the lagoons, this is considered an improper 
disposal method. Improper disposal of a hazardous waste was then assumed to have also 
occurred at the Golf Course Main Pond and on the golf course itself. This assumption was 
based on all the units being hydraulically connected by the irrigation system. Although the 
liquid in the units is therefore regulated under the RCRA "mixture rule," it has evaporated 
in both the lagoons, the main golf course pond and the four decorative ponds after this 
system was taken out of service. 

All analysis of sludges at the four decorative ponds and near surface soils at the fairway 
sampling locations on the golf course, has revealed that hazardous compounds were not 
detected. Concentrations of metals were also shown to be well below regulatory limits. For 
a more complete and specific discussion of the level of contaminants, see section 5.0. 

2.2 Land Use - General 

The perimeter of the golf course is surrounded by vacant undeveloped land covered with 
natural vegetation. The golf course is utilized as a recreational facility by members of the 
military community, civilian employees at Kirtland Air Force Base (KAFB) and Sandia 
National Laboratory (SNLA), and their guests. 

2.3 Population Distribution And Exposure 

The BWCP contains general information on population distribution. The possibility of 
human exposure to potentially hazardous materials is non-existent since contaminants have 
not been detected at the Golf Course or decorative ponds. In addition, irrigation of the 
golf course was done at night and during periods when golfers were not using the facility. 
Currently the decorative ponds do not contain any water but only a thin layer of dried 
sediment. The perimeter of each pond is posted with signs warning that the area is a 
restricted zone of "no entry" in both Spanish and English. Contact is restricted by 
maintaining these signs. 
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Ground water lies at a depth of approximately 380 feet below the surface. Regulated 
contaminants do not exist at the golf course and are not expected to migrate far enough to 
reach ground water. The distance to the nearest water supply well is approximately 2 miles. 
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Kirtland Air Force Base 

NOTE TO THE READER: The remaining sections of this closure plan contain references 
to the Base-Wide Closure Plan (BWCP). To facilitate understanding of this document, the 
BWCP should be consulted. 

3.0 PHYSICAL ENVIRONMENT 

3.1 Climate And Meteorology 

The climate and meteorology at the golf course is the same for all sites throughout KAFB. 
This information is covered in detail in the BWCP. 

3.2 Geology And Soils 

General geologic information for KAFB is covered in the BWCP. 

3.2.1 Regional Geology 

Regional geology at KAFB is discussed in the BWCP. 

3.2.2 General Geology and Soils 

General geology is discussed in the BWCP. 

3.2.3 Site Geology and Soils 

Contents withdrawn from a hand auger hole in the pond indicate that the pond is directly 
underlain by native fill. The shallow hole penetrated a coarse-grained, poorly graded sand. 
This soil is derived from erosion of the nearby mountains. The soils are typically poorly 
graded sands interbedded with thin silt and occasional clayey lenses. The Golf Course Main 
Pond Closure Plan contains information on wells constructed at the Golf Course Main Pond 
and details on the deeper soils that were encountered during drilling of the wells. Deep 
subsurface soil conditions at the golf course were not sampled and are assumed to be 
similar to the Golf Course Main Pond. Near surface soils were sampled by Base 
Bioenvironmental Engineering and analyzed by OEHL for contaminants. Samples were 
taken along each fairway in low areas near sprinklers. This information is discussed in 
section 5.0. 
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3.3 Hydrogeology 

3.3.1 Regional Hydrogeology 

Regional hydrogeology is contained in the BWCP. 

3.3.2 General Hydrogeology 

General hydrogeology is contained in the BWCP. 

3.3.3 Site Hydrogeology - Golf Course 

A complete description of the hydrogeology specific to the golf course in unavailable. This 
information has been developed as part of KAFB site characterization program on the Main 
Golf Course Pond. Information on the site hydrogeology of the Main Golf Course Pond 
and sewage lagoons is contained in the two corresponding supplements to the BWCP. 
Evaluation and description of the site hydrogeology specific for the Golf Course is 
premature at this time and may be unnecessary since contaminants have not been detected. 
See the following section for a summary of the alternate monitoring system 

3.3.4 Alternate Monitoring System 

This section contains a discussion on Kirtland's application for an alternate ground water 
monitoring system at the sewage lagoons and golf course that has been accepted by NMED. 
The following section contains a summary of the alternate monitoring system application and 
report entitled Report on Ground Waster Quality Data at KAFB November-December 
1990. 

During the last two months of 1990 the United States Geological Survey (USGS) collected 
water samples from wells located around the perimeter of both the Sewage Lagoons Unit 
and Golf Course Main Pond Unit at Kirtland Air Force Base. Four wells have been in
stalled at each unit to detect water infiltration from the units into the ground water. 
Although these wells systems do not meet the regulatory requirement for one upgradient 
and three downgradient wells, the USGS has documented (in a report prepared by Ralph 
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Wilcox, USGS) that the wells do meet the criteria for detection of contaminants migrating 
into ground water. 

These monitoring systems are now considered alternate ground water monitoring systems as 
per 40 CFR 265.90. Following negotiations, KAFB requested that the NMED consider a 
report as an application for an alternate ground water monitoring system. The NMED then 
approved the alternate monitoring systems for both units. The two following modifications 
to the assessment monitoring program are required as part of this system, (1) Semi-annual 
sampling and analyses for Appendix IX volatile organics and, (2) Yearly analysis for the 
entire list of Appendix IX constituents, both done until closure. 

One point discussed in the USGS report emphasizes the existence of naturally occurring 
chromium throughout KAFB. The average values for the dissolved chromium portion in all 
cases is less than half the average total chromium value in the wells at KAFB. In addition 
both values are decreasing with each of the quarterly sampling events. This indicates that 
the chromium values found in the ground water are probably induced by drilling fluids and 
activities in addition to naturally occurring fine grained formation materials that constitute 
background levels. These levels are decreasing with the purging of the well volumes during 
each sampling round. Representative chromium concentrations for natural conditions at 
KAFB range from 1.2 to 37 milligrams per kilogram. 

A second point covered in the report concerns the proper location of the wells 
Well construction and completion information is also discussed. To summarize th~ 
discussion in the USGS report, the head drop at the sewage lagoons is roughly two k<

from south to north across the site (i.e., the two wells on the northern edge of the lagoons 
being the down gradient wells). The gradient is about 9 feet per mile but the direction 
varies at times depending on the amount of pumping done by water supply wells in use by 
the City of Albuquerque. The average depth to ground water at the Sewage Lagoons is 
480 feet. 

In contrast, the depth to ground water at the Main Golf Course Pond is 320 feet and varies 
by about six feet across the site. The USGS report discusses that the well with the 
screened interval below the top of the saturated zone is not used to determine the gradient. 
Then the water level at the unit is about 100 feet higher than the water level data for the 
surrounding area. Therefore the golf course main pond is assumed to be in a recharge area 
located near the eastern boundary of the Albuquerque Belen basin. The USGS report 
discusses the existence of a ground water mound under the unit where the water flow 
direction is actually downward. However, also discussed is one well with a screened interval 
100 feet below the water table which when not considered, shows the direction to fluctuate 
between north to northeast. The wells at the unit are located on the edge of the recharge 
zone, in addition to being on the edge of the presumed ground water mound, and being 
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influenced by the city pumping ground water to the north. This can explain why the 
gradient is significantly higher at 78 feet per mile oriented in a northerly direction . 

This theory is supported by the high nutrient concentration in the water from the wells, 
which is influenced by pond infiltration or by direct infiltration from golf course watering. 
Infiltration of either the sewage effluent from the main pond or the nitrogen fertilizers used 
on the course or both are the likely sources for the high nutrient concentrations in the 
wells. Also significant is the fact that the GCMP wells contain less hazardous constituents 
than the sewage lagoons. 

The alternate monitoring system report (by USGS) discussed above, is specific to the 
Sewage Lagoon and the Golf Course Main Pond closure plans. Therefore the repor: 
only included in the Sewage Lagoon and the Golf Course Main Pond closure plans for 
documentation purposes . 

For reference, the following documentation consists of: 

• A report titled: Ground Water Quality Data, Kirtland Air Force Base, New 
Mexico, November-December 1990, by Ralph Wilcox of USGS. 

• A letter dated June 28, 1991, from KAFB requesting the NMED consider 
the report as documentation for an alternate ground water monitoriP ~ 
system. 

• A second letter dated July 3, 1991 from NMED to KAFB that constitutes 
the approval of the alternate monitoring system for both units. 

• A third letter, dated July 31, 1991 from KAFB to NMED that documents 
two changes to the assessment monitoring program as follows: 

1. Semi annual sampling and analysis for Appendix IX volatile organics; 
and 

2. Yearly analysis for the entire list of Appendix IX constituents, both to 
be done until closure 

3.3.5 Water Quality 

A complete discussion on ground water quality is included in the USGS report discussed in 
section 3.3.4. 
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To determine water quality at the golf course, four wells were sampled for all four quarters 
of a one-year sampling program. Sampling for the next round of the second year of this 
program has not occurred. The results of the sampling have been summarized in tables that 
appear in appendix A This information was summarized from actual laboratory data sheets 
that were compiled into summary reports. If necessary for verification, the reports will be 
provided to NMED (under a separate cover) if requested. This information is contained in 
the ITIR reports by USGS dated from September 1990, December 1990, March 1991, and 
July 1991. 

The data that is summarized in appendix A indicates that contamination of the ground 
water has not occurred in any of the wells at the Golf Course. Results for chromium, when 
detected, are found to be decreasing in intervals, which suggests that these values are due 
to either natural contamination or induced from drilling activity or both. A more complete 
discussion of chromium is found in the USGS Report. 

Because of the earlier deadline imposed by NMED, KAFB was required to submit tb 
November version of this closure plan without a full year of water quality data. These ua•-
are now available and, based on the multiple rounds of sampling and analysis, KAFB 
concludes that contamination does not exist in the ground water under the Main Golf 
Course Pond. 

The mounding effect discussed in the previous section indicates a potential pathway for 
contaminants to impact ground-water. Sampling results indicate that even though the 
pathway exists, no appendix IX contaminants have been detected. There are elevated 
nutrient concentrations in the ground water samples from the GCMP wells. This is c 
the influence of sewage lagoon effluent that was contained at the GCMP and infiltrat!Ln 
runoff water containing fertilizers from the golf course itself. 

Analysis of liquid in the GCMP indicate that trace amounts of contaminants similar to the 
sewage lagoon liquids were detected in much smaller concentrations. This liquid has 
evaporated, and subsequent analysis of the sludges and soils that remained revealed no 
detectable appendix IX contaminants. In addition, no appendix IX contaminants have been 
detected in the surface soils, decorative pond sediments, or in the ground water. The 
conclusion drawn from a review of this information is that the system functioned properly 
and contained all hazardous wastes within the sewage lagoons and the golf course main 
pond liquids. 
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4.0 HAZARDOUS WASTE MANAGEMENT UNITS 

4.1 Sizes And Types 

4.1.1 General 

The golf course is the only waste management unit addressed in this document. This unit 
includes four decorative ponds, the fairways, greens, tees, driving range and sand bunkers. 
The golf course, for regulatory purposes, is considered a land treatment unit as defined in 
40 CFR 260.10. Irrigation water from the sewage lagoons that contained regulated 
hazardous wastes flowed to the golf course main pond. This water was mixed with fresh 
water and used to irrigate the golf course. Despite this hydraulic connection, soil analysis 
demonstrates that the lagoon and main pond functioned as effective treatment units, and no 
hazardous wastes reached the golf course soils or decorative pond sediments 

4.1.2 Decorative Ponds 

The four decorative ponds were constructed by excavating below the surrounding grade and 
covering the depression with plastic liners. The liners were placed in these excavations to 
control seepage of liquids. The integrity of the liners is poor since they were not 
professionally installed and have developed holes. 

A pump house located on the south side of the main pond provides irrigation water to the 
golf course sprinkler system. This pump house controls the addition of potable water to 
either the sprinkler system or the main pond. The pump system could fill the other four 
ponds with either fresh water or water from the main pond. Only the main pond was used 
as a source of water for irrigation. The four other decorative ponds were filled for 
aesthetic purposes. Sampling of the thin layer of dry sediment at a low spot in each of the 
golf course ponds was conducted and the results are presented as table 1 in appendix A 

This plan only covers closure of the golf course and four decorative ponds. Please refer to 
the closure plan for the main golf course pond (supplement #2) for closure information on 
the main pond. 
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4.1.3 Golf Course 

Wastewater from the main pond was used to irrigate the golf course. Soil samples were 
taken along the fairways of the golf course. One sample was taken from each fairway in a 
low spot that ponded water from the sprinkler system. Samples were taken by the Base 
Bioenvironmental Engineer (SGPG) and analyzed by the USAF Occupational and Environ
mental Health Laboratory (OEHL). Soil sampling of the golf course and the four decora
tive ponds indicates that the constituents found in the samples were all below regulatory 
limits. This information is presented in summary in appendix A 

4.2 Waste Characteristics 

The mix of grey and potable water that was applied to the golf course or pumped into the 
golf course decorative ponds originated from the sewage lagoons and was first gravity fed to 
the main golf course pond. Information on contaminants in the main pond is discussed in 
supplement #2 to the BWCP. Specific information concerning the type of contaminants 
that may have entered the Golf Course Main Pond from the sewage lagoons is discussed in 
section 4.2 of the Sewage lagoons supplement #1. 

The total amount of water pumped onto the golf course is unknown, but these wastewaters 
were applied for a period of 25 years during the summer months. Since the sewage lagoons 
are hydraulically connected to the main pond and in turn connected to the decorative ponds 
and sprinkler system at the golf course, they were incorrectly assumed to be contaminated. 
Existing sampling and analysis data now shows no contamination exists. Some results for 
total metals are shown on table 1, however, these values are normal for local soil 
conditions. These TCLP results are well below the regulatory limits and are also considered 
normal for local soil conditions. 

4.3 Waste Management Practices 

The lagoon and golf course pond system was constructed for irrigation of the golf course 
lawns. The system was not intended to be a disposal system for hazardous waste. The 
intended use of sewage effluent was to reduce the requirement for ground water for 
irrigation of the golf course. The inadvertent addition of contaminants to the sewage 
lagoon system now requires that a closure plan be prepared for the golf course. This plan 
has been developed to mitigate the possibility of further environmental contamination, and 
to control contamination that may or may not exist. 
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The use of sewage effluent in the golf course sprinkler system was stopped in October 1987. 
Since that time, wastewater has evaporated leaving a thin layer of dry sludge sediment in 
the decorative ponds. The sampling program to assess the contamination is described in 
section 5.2. 
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5.0 DOCUMENTED RELEASES 

5.1 Release History 

The golf course was not designed as a land treatment unit for hazardous wastes. Trace 
amounts of contaminants entered the main pond from the sewage lagoons. Use of the 
lagoons and all ponds have been curtailed and wastewater has evaporated. 

The golf course ponds do have a plastic (standard 6-mil, black, non-reinforced polyethylene) 
liner but the integrity of these liners is uncertain. Leakage may have occurred due to hr t 
poorly bonded seams, tears, and improper installation. Sampling of ground water at tL. 

main golf course pond indicates that no contaminants have been detected. The anal 
data from the sampling program at the golf course and four decorative ponds indicate nJ 
contaminants exist. Laboratory analysis data have been summarized and provided in 
appendix A Extent of contaminant migration has been defined in the process outlined 
below. 

5.2 Sampling Program 

Specific work plans will be prepared for each of the candidate sites. The work plan contains 
objectives of the entire project site under study. An integral part of the work plan is the 
sampling program. Since releases are suspected, the sampling program is designed to 
determine the impact of the releases. The sampling program is the portion of the work 
plan designed to define the level and extent of contamination. The sampling program is 
specifically developed for this unit. The general objectives of a work plan and sampling 
program are described in the following sections. 
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5.2.1 General Objectives 

To determine the nature and extent of potential contamination, a sampling program for the 
golf course has been completed and the results are summarized in appendix A Sampling 
locations are shown on figure 5-1. Additional sampling is not planned for the decorative 
ponds or golf course areas. The sampling program was designed in order to evaluate the 
following: 

• Waste characteristics of sludges and near-surface soils at the decorative 
ponds. 

• Waste characteristics of near-surface soils along the fairways. 

• The level of contaminants that may exist in the soil. 

• The nature of hazardous constituents (if any). 
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The golf course at Kirtland Air Force Base (KAFD) was identified 
·~~ l\ haz~rdous waste treatment area in November 1987 due to the 
uhe of irrigation water there which originated from KAFB's 
~cH.VJe lagoon~. The sewage lagoons were found to contain both 
l, 1 t 1 Trichlorometh~ne (TCA) and dichloromethane by. EID's 
Scientific Laborntory Division in June 1987. Sludge samples from 
the lagoons also contnined high levels of toxic metals, chromiu~ 
being present in the highest concentration. Chromium was also 
!ovnd in sludge samples taken from the golf course pond. 

1:1 D has suggested that KAFB undertake sampling and ma~:e 
~rr~ngements for chemicnl analyses of soil at the golf course to 
determine the concentration of hazardous wastes there. EID has 
determined that the most appropriate sampling method, as a 
minimum, is as follows. K/\FB should collect a 6 inch core sample 
of the soil not more than one ·foot from· one sprinkler emitter 
from each fairway (18 samplis) and the drivin~ range (1 sample). 
The aprinkler emitter chosen should be that emitter at the lowest 
elev~tion on the fairway or on the driving range. A background 
s~mple should be taken. from a similarly irrigated location which 
hus never had sewage lagoon or golf course pond water applied to 
it. 

These 20 samples should be tested according to the SW-846 methods 
for TCA, dichloromethane, and total chromium. 

If you h.:lve ~ny questions, please contact Mr. Bruce Swanton at 
827-2935. 

Sinc~rely, 

·- · .. ~~ r\. • r ' 
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l'roCJ r·.:lm Ha nrHJCr 
11.1 7.i\ rdou s Hl'\ s tc ~;~ct ion 

I t Jl 1.,1 • II .. '"t U I fl IF.III ~: ~·· •1 ! l'rf."l t 



NEW MEXICO 

FIGURE 5.3 
1190 St. Francis Drive 

Santa Fe, New Mexico 87503 

• I\:... 
/ 

GARREY CARRUTHERS 

Governor 

CARLA L. MUTH 

Secretary 

MICHAEL J. BURKHART 

Deputy Secretary 
HEALTH "Ho ENVIP.ONMENT 

Cl£PAIUMENT 

February 7, 1989 

aJ 
Colonel Peter W. Warn } 
Director, Environmental Management Division 
Department of the Air Force 
Headquarters 1606th Air Base Wing (MAC) 
Kirtland Air Force Base, NM 87117-5000 

RE: NM9570024423 

Dear Colonel Warn: 

Please note that in our letter of September 15, 1988 there was an 
error in the name of one of the constituents to be sampled. 
1,1,1-trichloroethane (TCA) not 1,1,1-trichloromethane was found 
in the sewage lagoons. Your' lab did analyze for the correct 
constituent, TCA. 

The detection 
dichloromethane, 
correlate with 

limits listed in the analysis report for 
1,1,1-trichloroethane and total chromium do not 
the SW-846 methods detection limits. For the 

volatile organics, detection limits two orders of magnitude lower 
may be achievable by your laboratory. The detection limit for 
total chromium should be at least 0.05 ug/g and preferably 0.001 
ugjg as indicated in the methods not 20 ug/g as your laboratory 
reported. 

These results as reported to EID are unacceptable as an 
indication that the golf course area is not a hazardous waste 
treatment area. The purpose of sampling the golf course area was 
to determine the concentration of these three constituents. It 
would be in KAFB's interest to determine conclusively whether or 
not these constituents are present in the soil in the golf course 
area. 

EI~ suggests KAFB resample the soil at the golf course using the 
same sampling method outlined in our September 15, 1988 letter. 
KAFB should collect a 6 inch core sample of the soil not more 
than one foot from one sprinkler emitter from each fairway ( 18 
samples) and the driving range (1 sample). The sprinkler emitter 
chosen should be that emitter at the lowest elevation on the 
fairway or on the driving range. A background sample should be 
taken from a similarly irrigated locat~on which has never had 
sewage lagoon or golf course pond water applied to it. These 20 
samples should be tested according to the SW-846 methods for 
1,1,1-trichloroethane, dichloromethane and total chromium. 

EQUAL OPPORTUNITY EMPLOYER 



Colonel Peter W. Warn 
February 7, 1989 
Page 2 

FIGURE 5.3 CONCLUDED 

SW-846 methods should be followed prec_i_sely including using the 
appropriate detection limits. Please provide documentation 
indicating which methods were used and how the detect ion 1 i mit 
was determined. 

If you have any questions or need additional information, please 
call Suzanne Moore-Mayne at 827-0170. 

Sincerely, 

~~d /;lartcftre-/, 
Boyd Hamilton 
Program Manager 
Hazardous Waste Divis:on 



-... ' t· 

FIGURE 5.4 
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MARAL YN BUDKE 
Act1ng Secretary 

,J 1J 1 y 1 4 1 1 9 8 9 

CARLA L. MUTH 
Deputy Secretary 

MICHAEL .J BURKHART 
Deputy Secret..1ry 

RICHARD MITZELFEL T 
01rector 

Peter W. Wr.~rn, Colonel, USAF 7~@) -~ :J.,l,....., ~.~E~;;r:_ 
Director, Environmental Management Division 
Department of the Air Force 
Headquarters 1606th Air Base Wing (MAC) 
Kirtlr.~nd Air Force Br.~se, NM 87117-5000 

R F: : NM'=l 5 7 0 0 ?. 4 4 2 3 
Resr.~mpl:ing of the Golf Conrse 

Der.~r Colonel Warn: 

The New Mexico Environmental Improvement Division (EID) received 
yo11r letter of .June 6, 1989 discussing the results o.f your 
resampling of the golf course fairways and driving range as 
suggested in our letter of February 7, 1989. Based upon the 
results of the resampling for TCA, dichloromethr.~ne and total 
chromium with the lower detection limits, EID concurs that t,_<, 

golf course fairwr.~ys r.~nrl driving range are not a hazardouf' 
treatment area due to the use of irrigatjon water, f;· 
sewage 1 agoons. However, because this r.~re;, mr.~y have re 
hazardous waste from the irrjgation water a formr.~l closure ~:
still be required. In r.~drl.i.tion, the golf course pond w.i.Jl still 
need to be investigated as indicn.ted through previous NMEID 

corre;pondance. 

T f you have 
contact me n.t 

Sincerely, 

any questions or 
( 505) 827-2928. 

:_I v I (,1 I~ _.) 'N:::fd / (lf/-u.l ~'· 
Boyd Hamilton 
Progr;,m Manager 
Hazardous Waste Program 

need further .information, 

cc: Trn.cy Hughes, Office of Genera.1 r.onnsP.J, EID 

BH/SMM/smm 

-ENVIRONMENTAL IMPROVEMENT OIVISION
Harold Runnels Building 

1 1 SO St. Francis Or. 
Santa Fe, New Mexico 87503 

please 
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5.2.2 Sampling Procedures 

In general the sampling procedures at the individual sites will follow the guidelines detailed 
in the Sampling Analysis Plan or SAP. This document will be the governing procedures 
manual for sampling, sample handling, laboratory procedures, data handling and quality 
assurance. 

The complete SAP has been provided to NMED under separate cover. For reference, 
certain parts of this document have been reproduced and included as part of the Base-Wide 
Closure Plan, in appendix E. This SAP is designed to meet the requirements of the Ol' ' 

assurance program detailed in Test Methods for Evaluating Solid Wastes, EPA Guid 
Document (SW 846), Chapter I. Sampling and analysis procedures will be in accordar:~ 
with 40 CFR 261 and 265, in addition to guidelines in SW-846. 

5.2.3 Sampling of Sediment at Decorative Ponds 

Currently the decorative ponds do not contain any water. A sampling program has been 
conducted as required by the February 1990 Compliance Agreement. Composite samples 
were taken by the USGS from the low spot in each of the four decorative ponds. The 
results indicate no contamination exists at the decorative ponds and the results are pre· 
sented in appendix A 

5.2.4 Sampling of Surface Soils at Golf Course 

Surface soils at the golf course were sampled. One sample was taken from the low area 
near the sprinklers along each fairway. Sampling locations are shown in figure 5-l. Con
taminants were not detected in any of the samples taken. Results are presented in 
appendix A 

Note: The BWCP contains specific information on the following sections. 

5.2.5 Sampling of Background Soil Conditions 

Background testing of soils at the Golf Course was performed. EP-TOX chromium .. ) 
below the 100 ppm detection limit. Volatile organic testing also demonstrates that 
background conclusions are Below Qualification Limits (BQL). 
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5.2.6 Sampling of Vadose Zone 

Since contaminants were not detected in the surface samples at the golf course, Vadose 
Zone sampling is not required. 

5.2.7 Sampling of Ground Water 

Sampling of ground water will be conducted as part of the main golf course pond ground
water monitoring program. The ground water monitoring program is being performed ry ~L1 

approved alternate monitoring system. 

5.2.8 Results 

The results of sampling at the golf course fairway areas and decorative ponds is presented 
in summary form in appendix A These summary tables have been compiled from the In
terim Technical Information Reports (ITIR), USGS September 1990. This information, 
found in pages G733 to G766, contains the actual pages of laboratory data. This raw data 
was included as part of the previously submitted Nov. 30, 1991 Closure Plan but is not 
included as a part of this plan. 

In summary, analysis results for samples along the fairways indicate no contaminatio, 
due to sprinkler application of water from the main golf course pond. Some natural .;on
tamination of metals does exist. Detection of volatile compounds (acetone, methylene 
chloride) are due to laboratory induced chemical interferences. Analysis results for samples 
taken at the decorative ponds indicate some naturally occurring metals (total metals) do 
exist in the sludges. However, when analyzed using EP Toxicity and TCLP test methods, 
only barium and cadmium were detected, at values well below the TCLP regulatory limits. 

Old EP TOX data is still considered valid since the results may vary within the same order 
of magnitude. All EP TOX data is well below TCLP limits and totals for organics is also 
below TCLP organic limits. 

5.3 Analytical Results And Priority Testing 

5.3.1 General 

Results of sampling are summarized on table 1 and 2 in appendix A 
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Acetone was the only contaminant detected in the dry sediment analysis performed at the 
decorative ponds. This is due to a lab contaminant as discussed in two letters in appendix 
A Remaining contaminants for organics and EP-Tox metals were below quantification 
limits. Total metals tested in pond sediment samples had results for 15 of 24 metals. These 
total metals are constituents of natural conditions. Only chromium and barium were 
detected in pond sediment extraction tests. The values are below regulatory limits and use 
due to background conditions. 

5.3.2 Soil Testing 

Soils were tested at 19 locations on the golf course. All samples were below quantification 
limits for target compounds tested. Additional testing of subsurface soils is not necessary at 
this time. 

5.3.3 Summary of Testing Performed 

The results of the soil sampling process showed that no contaminants requiring remedial 
action are present at the golf course or in the four decorative ponds. Samples taken at the 
golf course by base Bioenvironmental Engineering were analyzed by a contract laboratory to 
OEHL. The analyses were conducted by Biospherics Incorporated, Beltsville, MD. Samples 
taken by USGS at the decorative ponds were analyzed by ENSECO-Rocky Mountain 
Analytical, Arvada, Colorado. Since no contamination was detected, additional sampling is 
not proposed. 
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5.4 Quality Assurance/Quality Control 

To assure complete and correct results, the analytical laboratory will perform quality 
assurance/quality control (QNQC) analyses of blanks and duplicates for all analytes and/or 
methods. The QNQC data and guidelines are provided in the Quality Assurance Project 
Plan for Kirtland AFB prepared by USGS on February 15, 1989. QNQC program for 
sampling conforms to SW 846 guidelines. 

Quality assurance and quality control guideline information is covered in the SAP by USGS, 
October 1989. Portions of this document have been copied and are included for easy 
reference in appendix E of the Base-Wide Closure Plan. This document follows the 
procedural requirements outlined in Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods (SW 846). 

5.4.1 Lab Standards, Acceptable Surrogate Recoveries 

General information is contained in the Base-Wide Closure Plan. 

5.4.2 Surrogate Recovery Report 

Spike and matrix spike and duplicates were collected at frequent intervals during the course 
of sampling at all wells, and at soil and sludge sampling locations. These spike and 
duplicate samples conform with the parameters detailed in the SAP. The matrix and matrix 
spike duplicate sample percentage recoveries were within acceptable limits. 

Duplicate field samples, trip blanks and field rinse blanks were also reported with actual 
sample data when appropriate. All field data were checked against acceptable surrogate 
recoveries as detailed in the SAP for each type of test. The recoveries were within 
acceptable percentage limits. 

5.5 TCLP versus EP-TOX Testing 

The EPA designed Extraction Procedure Toxicity Test (EP-TOX) to simulate the leaching 
of solid hazardous waste co-disposed with municipal waste in a sanitary landfill and to assess 
the potential impact of the leachate on ground-water contamination. But since EP Toxicity 
test has a limited applicability due to a short list of constituents, EPA proposed a "second 
generation" extraction procedure TCLP as a replacement to address the shortcomings of EP 
Toxicity. The TCLP protocol includes the expanded list of r~gulated contaminants from the 

30 



CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

14 listed in the EP Toxicity protocol to a total of 52 which includes eight metals, organics 
and pesticides. 

When sludges were originally sampled, the extraction tests were run for EP-TOX, this was 
before the existence of the TCLP tests. Currently, TCLP is the test run for extractions. 
The difference between metals detection for the two tests are expected to remain within the 
same order of magnitude. A comparison of the difference between EP-TOX and TCLP 
are shown on table 5-l. 

The detectable results for sludges at the lagoons tested by the EP-TOX method are 
significantly low. These results are not expected to vary more than one order of magnitude, 
therefore, all results would still be below regulatory limits. To confirm this, sludges at the 
sewage lagoons will be retested before removal, using the current TCLP test methods. 
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Table S-1 

Differences Among Extraction Procedures 

TCLP 

Extraction fluid selection depends on 
sample pH: 
a. Acetate buffer pH 

4.93 ± 0.05 
b. Acetic acid solution 

pH 2.88 ± 0.05 

Sample to extraction fluid ratio 
is 1:20 

TCLP requires extraction bottles made 
of glass, polypropylene, high density 
polyethylene for non-volatiles 

TCLP requires use of 0.6 to 0.8 p.m 
glass fiber filter 

Requires rotary agitation in end 
over end fashion at 30 ± 2 rpm 

18 ± 2 hours 

No monitoring of pH required 
during extraction 

Requires acid digestion after 
extraction for metals other than 
mercury 

EP-TOX 

One extraction solution: distilled 
deionized H 20 + 0.5 N acetic acid 
to pH 5.0 ± 0.2 

Sample to extraction fluid ratio 
is 1:20 

Protocol does not specify reaction 
vessel design 

Requires use of 0.45 p.m cellulose 
triacetate filters 

Allows either a blade/stirred ope
vessel or a rotary end over en: 
agitator 

24 hours 

Requires monitoring and adjustment of 
pH to 5.0 during extraction 

Requires acid digestion of extract for 
metals other than mercury 
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6.0 CLOSURE DESIGN 

Because the characterization program presented in appendix A shows that no contaminants 
requiring remedial action were present at the golf course, closure is not necessary. Work 
on the golf course closure is considered complete and no further action is proposed. 

Of the alternatives outlined in the Base-Wide Closure Plan, KAFB has selected alternative 
1 as the appropriate method of clean closure for the golf course. Alternative 1 involves the 
documentation that demonstrates that no contaminants exist in the unit and clean closure 
can be achieved by presentation of this data. This documentation is contained in appe··, .. 
A of this supplement. Removal of contaminated material is not required because samp •.. 
and testing have shown that contaminants do not exist. 

6.1 Closure Goals 

No activity is planned for closure of the golf course and decorative ponds. Sampling and 
analysis documented in appendix A shows no contamination exists. The contaminants that 
do exist are below regulatory concern and are below risk assessment values. 

The goal for closure is to continue operating the facility as a recreational golf course 
facility. 

6.2 Closure Alternatives 

There are six closure alternatives detailed in the Base-Wide closure plan. Alternative 1 is 
the preferred closure method. Alternative 1 requires no action to achieve closure since 
contaminants are below regulatory and risk levels. 

6.2.1 Clean Closure 

Sampling has found no regulated contaminants to be present. Documentation in this 
demonstrates that it is feasible to obtain clean closure with no action required. Clea; 
closure is therefore the method of choice. 
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6.2.2 Clean Closure Goals 

The goal of clean closure is to document that all contaminated materials that remain in the 
unit are below the level that would pose an unacceptable risk to the environment or human 
health. With this goal in mind, the following standards for closure will be used: 

• Toxic Characteristic Leaching Procedure (TCLP) tests as listed in 40 CFR 
Part 261 will be used as the guidelines for determining if wastes are hazar
dous. 

• Health based risk assessment calculation are used to establish the acceptable 
levels of contaminants that are allowed to remain in the unit 

• The Safe Drinking Water Act (SDW A) Maximum Contaminant Levels 
(MCL) or Water Quality Control Commission (WQCC) levels (whichever is 
lowest) times 20,000 may also be used to establish acceptable residual values 
of contaminants in soils. 

• The Human Health Standards for volatile and semi-volatile organic com
pounds, as listed in Section 3-103.A of the New Mexico Water Quality 
Control Commission (WQCC) Regulations, will be used as the guidelines for 
determining organic contamination in ground water. 

• Certification of clean closure will be based on a review of analysis resuiL.-, 
showing that no 40 CFR Part 264, Appendix IX constituents remain above 
locally established background levels. Review of the analysis will be 
preformed to show that, for any of the contaminant remaining, the levels are 
below the those established by the risk assessment or below background .. 

The WQCC standards were chosen as guidelines for establishing acceptable contamination 
in ground-water only. No RCRA standards exist for volatile and semi-volatile compounds in 
soil. Therefore, risk assessment and TCLP values are used. 

Standards for closure were included for metals, volatile organics, and semi-volatile organics: 
these are the contaminants of concern to environment and human health. For se\ 
reasons, inorganic compounds such as nitrates and chloride were intentionally exclL, 
the proposed closure standards, even though they are included in the WQCC stanaaru.-;: 

• Nitrates and chlorides are not considered to be hazardous, ignitable, toxic, or 
corrosive, and are considered to be "harmful" or undesirable only when found 
in elevated concentrations in drinking water. 

34 



CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

• Nitrates and chlorides are naturally occurring in the native soils, and elevated 
concentrations would also be commonly found in soil that had come into 
contact with domestic wastewater. 

• Closure of domestic sewage lagoons and removal of soil containing nitrates 
and chlorides is usually not performed; therefore, removing soil that contains 
these compounds in excess of the WQCC standard is not required. 

6.2.3 Risk Assessment Theory 

As instructed by NMED, a risk assessment was performed on contaminants of concern in 
both the golf course soils and decorative pond sediment. This risk assessment was based on 
oral dose intakes for carcinogenic and non carcinogenic contaminants. The results of the 
risk assessment calculations are shown in table 6-1. Table 6-2 compares the allowable risk 
to other regulatory limits established by toxic contaminant leaching procedure (TCLP) 
allowable, land disposal restriction, maximum contaminant level (MCL), in water, and MCL 
x 20,000 for ballpark numbers of allowable contaminant levels in soil. Table 6-3 compares 
the lowest regulatory limit value to the highest value detected at the site. 

To prepare the risk assessment, KAFB was instructed to use two formulas provided by 
NMED. These formulas were taken from the Superfund Public Health risk evaluation 
Manual. The risk assessment formulas use the conservative approach of direct ingestion by 
humans of contaminant containing soil. This assessment method does not consider risks 
associated with inhalation of airborne contaminants contained in dust from the site. 
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TABLE 6.1 
KAFB Closure Plans - Calculated Risk limit Values 

For Noncarcinogenic 
Contaminants 

RfD 
c = X 1,000,000 Mg/Kg 

* 20 

C =Acceptable residual soil 
concentration in Mg/Kg 

RfD = Reference Dose in Kg x Day/Mg 

For Carcinogenic 
Contaminants 

R 
C = X 1,000,000 Mg/Kg 

PF X Dl 

C = Acceptable toxic concentration in Mg/Kg 

R = Risk set at 1 x 10 ·6 for clean closure 

* 200 Mg soil injested by 
10 Kg Child x Day 

PF = Cancer Potency Slope Factor in Kg x Day/Mg 

Dl = 100 Mg soil injested by 
70 Kg adult X Day 

RfD or Risk 
Carcinogenic ? PF Limit Value 

Contaminant Yes = 1, No= 2 (Mg/Kg/Day) ucu (mg/kg) 

Acetone 2 0.1 5,000.00 
Arsenic (Total) 1 0.001 700.00 
Bari~.rn (Total) 2 0.05 2,500.00 
Benzene (Total) 1 0.029 24.14 
Benzo[a]anthracene 1 0.04 * 17.50 
Benzo[b]fluoranthene 1 0.04 * 17.50 
Benzo[klfluoranthene 1 0.04 * 17.50 
Benzo[a]pyrene 1 0.04 * 17.50 
Berylli~.rn (Total) 2 0.005 250.00 
Bis(2·ethylhexyl) phthalate 1 0.02 35.00 
Caani~.rn (Total> 1 0.0005 1,400.00 
Chromi~.rn 2 Not Avail 250.DD 
Chromi~.rn (+3) 2 1.0 50,DDO.OO 
Chromi~.rn (+6) 2 O.OD5 250.00 
Chrysene 1 0.04 ***** 17.50 
Cobalt (Total> 1 0.00001 70,000.00 
Copper (Total) 2 0.055 ** 2,750.00 
Fluoranthene 2 0.04 2,000.0D 
lead (Total) 2 Not Avail 200.00 
Mercury (Total) 2 0.0003 15.00 
Methylene Chloride 2 0.06 3,000.00 
Nickel (Total) 2 0.02 1,000.00 
Pyrene 2 0.03 1,500.00 
Seleni~.rn (Total) 2 0.005 250.00 
Silver (Total) 2 0.003 150.00 
Toluene 2 0.2 10,000.00 
Vanadi~.rn (Total) 2 0.007 350.00 
Xylene (total) 2 2.0 100,000.00 
Zinc (Total) 2 0.2 10,000.00 

* Use Fluoranthene RfO • Recommended by John Rauscher, US Dept. Interior, 
Bureau of Reclamation, Albq. NM 

** RfO not available. Federal drinking water standard of 1.3 mg/l, 1.4 liters 
water consl.llled per day, so 1.82 mg copper can be safely consl.llled per day. 
1.3 mg/70 kg body weight • 0.026 mg/kg/day. Recent EPA data recommends range of 
0.04 to 0.07, therefore 0.055 is used as a midpoint of that range. 

**** 

*** 

*** Cleanup level recommended by the Centers for Disease Control is 500 to 1,000 ppm· not 

**** 

a regulatory limit, cleanup guideline only. NHED recommends cleanup level of 200 ppm. 

Assume conservatively that all Chromium in a total Chromium analysis is Chromi~.rn (+6), 
which is unlikely. Risk Limit Value is for Chromium is based on this worst case scenerio. 

*****Use benzo[a]pyrene PF, from letter to Bruce Swanton from EPA, Enclosure Ill 
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TABLE 6.2 
KAFB Closure Plans - Regulatory Low Limit Values 

E X T R A c T I 0 N s L I M I T s T 
L a n d o i s p o s a l R e s t r i c t i o n L i m i t s 

CC\IE CC\1 
\laste Extract Raw \laste Low Limit SO lolA 

TCLP Limit w NW w N\1\1 Value MCL Value 
Contaminates of Concern (mg/l) (mg/l) (mg/kg) (mg/l) (mg/kg) (ppm) (mg/l) 

Acetone 0.05 0.59 0.28 160.00 iii 0.050 
Arsenic (Total) 5.00 5.00 # 5.00 5.000 0.050 
Barium (Total) 100.00 
Benzene (Total) 0.50 
Benzo(a]anthracene 
Benzo[b]fluoranthene 
Benzo[klfluoranthene 
Benzo[a]pyrene 
Beryllium (Total) 
Bis(2-ethlhexyl) phthalate 
Cadmium (Total) 1.00 
Chromium <Total) 5.00 
Chromium (+3) 
Chromium (+6) 
Chrysene 
Cobalt (Total) 
Copper (Total) 
Fluoranthene 
Lead (Total) 5.00 
Mercury (Total) 0.20 
Methylene Chloride 0.20 
Nickel (Total) 
Pyrene 
Selenium (Total) 1.00 
Silver (Total) 5.00 
Toluene 1.12 
Vanadium (Total) 
Xylene (total) 0.05 
Zinc (Total> 

CC\IE = Contaminant Concentrations in \laste Extract 
CCIJ = Contaminant Concentrations in lolaste 
\1\1 = lolaste \later 
N\1\1 = Non lolaste \later 

100.00 

1.00 
5.00 

5.00 
0.20 
0.96 

5.70 
5.00 
0.33 

0.15 

100.00 100.000 1.000 
0.07 3.70 iii 0.070 0.005 

0.059 * 8.20 iii 0.059 
0.055 * 3.40 iii 0.055 
0.059 * 3.40 iii 0.059 
0.061 * 8.20 iii 0.061 

None 
None 

1.00 1.000 0.010 
5.00 5.000 0.050 

None 
None 

0.059 * 8.20 iii 0.059 
None 
None 1.000 

0.068 * 8.20 iii 0.068 
5.00 5.000 0.050 
0.20 0.200 0.002 
0.44 0.200 0.100 

None 
0.067 * 8.20 iii 0.067 

1.00 1.000 0.010 
5.00 5.000 0.050 
0.08 * 28.00 iii 0.080 1.000 

None 
0.32 * 28.00 iii 0.050 0.620 

None 10.000 

0 T A L s L I M I T s 

SOIJA MCL 
NM \IQCC or NM \JOCC Risk Low Limit 
Value Low Value Value Value 

(mg/l) I( 20,000** (mg/l) (mg/l) 

No Value 5,000.0 5,000.0 
0.100 1,000.0 700.0 700.0 
1.000 20,000.0 2,500.0 2,500.0 
0.010 100.0 24.1 24.1 

No Value 17.5 17.5 
No Value 17.5 17.5 
No Value 17.5 17.5 
No Value 17.5 17,.5 
No Value 250.0 250.0 
No Value 35.0 35.0 

0.010 200.0 1,400.0 200.0 
0.050 1,000.0 250.0 250.0 

No Value 50,000.0 50,000.0 
No Value 250.0 250.0 
No Value 17.5 17.50 

0.050 1,000.0 70,000.0 1,000.0 
1.000 20,000.0 2, 750.0 2,750.0 

No Value 2,000.0 2,000.0 
0.050 1,000.0 200.0 200.0 
0.002 40.0 15.0 15.0 

2,000.0 3,000.0 2,000.0 
0.200 4,000.0 1,000.0 1,000.0 

No Value 1,500.0 1,500.0 
0.050 200.0 250.0 200.0 
0.050 1,000.0 150.0 150.0 
0.750 15,000.0 10,000.0 10,000.0 

No Value 350.0 350.0 
0.620 12,400.0 100,000.0 12,400.0 

10.000 200,000.0 10,000.0 10,000.0 

NH IJQCC =New Mexico \later Quality Control Commission G:\PROJECTS\0508\004\REGLEVEL 
SO\IA = Safe Drinking \.later Act 
HCL = Maximum Contaminant level 
# = This treatment standard has bee based on EP leachate analysis but does not preclude the used of TClP analysis 
* = Based on analysis of composite samples 
** =Suggested by NMEID as a guideline 
@ = Treatment standards for this organic constituent were established based upon incineration in units operated in accordance with the technical 

requirements of 40CFR Part 264 Subpart 0 or Part 265 Subpart 0, or based upon combustion in fuel substitution units operating in accordance with 
applicable technical requirements. A facility may certify compliance with these treatment standards according to provisions 40 CFR section 268.7. 



TABLE 6.3 
KAFB Golf Co"' r·iltive Ponds - Regulator~ ·~s Compared to Highest Value Detected 

-· 

E X T R I• •J N S 
A N A s 

uRY 
Regulatory SEDIMENT 
Low Limit High Value 

Value Detected 
Contaminates of Concern (ppm) (ppm) 

Acetone 0.050 NT 
Arsenic (Total) 5.000 NO 
Barium (Total) 100.000 2.3 
Benzene (Total) 0.070 NT 
Benzo[a]anthracene 0.059 NT 
Benzo[bJfluoranthene 0.055 NT 
Benzo[kJfluoranthene 0.059 NT 
Benzo[aJpyrene 0.061 NT 
Beryllium (Total) None NT 
Bis(2-ethlhexyl) phthalate None NT 
Cadmi urn (Total) 1.000 0.026 
Chromium (Total> 5.000 NO 
Chromium (+3) None NT 
Chromium (+6) None NT 
Chrysene 0.059 NT 
Cobalt (Total) None NT 
Copper (Total) None NT 
Fluoranthene 0.068 NT 
Lead (Total) 5.000 NO 
Mercury (Total> 0.200 NO 
Methylene Chloride 0.200 NT 
Nickel (Total) None NT 
Pyrene 0.067 NT 
Selenium (Total> 1.000 NO 
Silver (Total) 5.000 NO 
Toluene 0.080 NT 
Vanadium (Total) None NT 
Xylene (total) 0.050 NT 
Zinc (Total) None NT 

NM ~QCC =New Mexico ~ater Quality Control Commission 
SD~A = Safe Drinking ~ater Act 

--·---
T 0 T ~ 

A N A L I s 

Regulatory SEO't<tNT 
Low Limit High Value 

Value Detected 
(ppm) (ppm) 

5,000.0 0.19 
700.0 NO 

2,500.0 236.00 
24.1 NO 
17.5 NO 
17.5 NO 
17.5 NO 
17.5 NO 

250.0 0.64 
35.0 NO 

200.0 NO 
250.0 37.20 

50,000.0 NT 
250.0 NT 

17.5 NO 
1,000.0 5.50 
2,750.0 57.90 
2,000.0 NO 

200.0 NO 
15.0 NO 

2,000.0 NO 
1,000.0 16.20 
1,500.0 NO 

200.0 NO 
150.0 18.30 

10,000.0 NO 
350.0 27.10 

12,400.0 NO 
10,000.0 67.20 

I 

@ = Indicates that Highest Value Detected in analysis exceeds Regulatory Low Limit Value 
NT = Not Tested 
NO = None Detected 
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TABl 
KAFB Golf Course- Regulatory L• ·xnpared to Highest Value Detected 

E X T R A C T I 0 N S T s 
ANALYSIS A N , , I S 

Regulatory SOIL Regulatory SOIL 
Low limit High Value Low Limit High Value 

Value Detected Value Detected 
Contaminates of Concern (ppm) (ppm) (ppm) (ppm) 

Acetone 0.050 NT 5,000.0 NT 
Arsenic (Total) 5.000 NT 700.0 NT 
Barium (Total) 100.000 NT 2,500.0 NT 
Benzene (Total) 0.070 NT 24.1 NT 
Benzo[a]anthracene 0.059 NT 17.5 NT 
Benzo[blfluoranthene 0.055 NT 17.5 NT 
Benzo[klfluoranthene 0.059 NT 17.5 NT 
Benzo[a]pyrene 0.061 NT 17.5 NT 
Beryllium (Total) None NT 250.0 NT 
Bis(2-ethlhexyl) phthalate None NT 35.0 NT 
Cadmi lJl1 (Total) 1.000 NT 200.0 NT 
ChromilJll (Total) 5.000 < 0.1 250.0 NT 
ChromilJll (+3) None NT 50,000.0 NT 
ChromilJll (+6) None NT 250.0 NT 
Chrysene 0.059 NT 17.5 NT 
Cobalt (Total) None NT 1,000.0 NT 
Copper (Total) None NT 2, 750.0 NT 
Fluoranthene 0.068 NT 2,000.0 NT 
lead (Total) 5.000 NT 200.0 NT 
Mercury (Total) 0.200 NT 15.0 NT 
Methylene Chloride 0.200 NT 2,000.0 < 0.25 
Nickel (Total) None NT 1, 000.0 NT 
Pyrene 0.067 NT 1,500.0 NT 
SelenilJll (Total) 1.000 NT 200.0 NT 
Silver (Total) 5.000 NT 150.0 NT 
Toluene 0.080 NT 10,000.0 NT 
VanadilJll (Total) None NT 350.0 NT 
Xylene (total) 0.050 NT 12,400.0 NT 
Zinc (Total) None NT 10,000.0 NT 

@ = Indicates that Highest Value Detected in analysis exceeds Regulatory low Limit Value 
NT = Not Tested 
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ENCLOSURE Ill 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
OFFICE OF RESEA,.CH .A.NC OEVEl..OPMENT 

ENV!f!IONMINTAL ClltiTEIItlA ANC ASSESSMENT O,,ICI 
CII'IICi~NATI. OHiO ~152el 

Or. Bruce 8wanton 
New Mexico Environcental Department 
500 Copper Avenue s.w., St. 200 
Albuquerque, NM 87102 

RE: Oral Slope Factor• and Reference Oo1e1 tor Cobalt, Copper 
and Chrysene (Xirtland Air Force Baae/ New Mexico) 

Dear Dr. Swanton: 

F.C! 

Thil memo ia in reaponae to a requeat from Mike Silva of 
GeoScience Consultants for oral •lope factors and reference doses 
for copper, cobalt and chryaene. Encloaed pleaae find the 
followinq: 

Encloaure I: Risk Assessment Issue Paper tor the Interim oral 
Slope Factor and Reference Coae tor Copper 

Enclosure II: Riak A•••••ment Ia•u• Paper tor the Interim Ora. 
Slope Factor and Reference Doae tor Cobalt 

Enclo1ure III: Riak A•••••ment I••ue Paper for the Interim Oral 
Slope Factor and Raferance Ooae tor Chryaene 

Please feel !rea to contact ECAO at (513) 569-7300 if we can 
be of further aaaiatance. 

Respectfully,~ , _ , 
/1_,~A~~~ 

Enclosures 

cc: J. Dinan (OS-230) 
J. Dollarhide (ECAO-Cin) 
B. Meana (OS-230) 
J. Rauacher (Reqion VI) 

~d~~~ich-Mullin, Chief 
Chemical Mixture• Assessment Branch 

M. Silva (GeoScience Cons.) 
S. Weldert (ECAO-Cin) 



ENCLOSURE Ill CONCLUDED 

EDoloaure %%% 

Rilk Alsessmant Iaaue Paper fori 
Oral llope ractor an4 Reference Dose tor Ohrysene 

'oxicity I~tormation 

:r. l.fDI/I.!CI 

Oral 

Only 6 PAHs have interim oral RfDa. Table 1 lists the 
chemical• with oral RtDa alon; with the critical study, apeciea, 
critical ettect and reference dose. For the 5 chemicals that 
have been verified, the date of verification ia lilted, ana the 
RfDa are available on IRIS. 

Inhalation 
Inhalation RfCa have not been calculated for any of the 
PAHs. 

Caroinogeoio AlleltleDt 

:r • Baatqro\U'14 

The Office of Emerqency and Remedial Responae (OERR) is 
working on a dratt approach for riak asaeaament of PAHa at 
Superfund aitea. !CAO-Cin haa been involved in the development 
ot an cow document tor PAHs and ia currently workinq on a 
Multimedia document for PAHa, both ot which diacuaa toxicity 
equivalency factors tor PAHa. There i• presently no Agency 
position on thia iaaue. It it likely that benzo(aJpyrene will J 
aerve •• the reference point tor TEF approaches to PAH riak 
••••••manti. The majority of PAH likely to be found in the 
cnvironmant ~ppoar to bo lOCI potent than ben2oC~J~yrAnA. Thera 
are data, however, to indicate th~methylated PAH ana those 
containin; oxy;•n and nitrogen may be more potent than 
benzo(a]pyrene. 

II. llopa ~aotora an4 %nteria Approach 

Benzo(aJpyrena hal been claaaified a• a B2, probable human 
carcinogen, however, there are no slope factor• on IRIS. u.s. 
EPA (1980, 1984) derived an upper-bound oral slope factor of 
11.5 per (mq/kq)/day usinq a linearized rnultiataqe procedure and 
the data of Neal and Rigdon (1967). u.s. EPA (1984) derived an 
upper-bound inhalation slope factor of 6.1 per (mqjkq)/day based 
on the data ot Thyaaen et al. (1g81). These values could be 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

The formula used depends on whether the contaminant is a suspected carcinogen or not. 
The formula for carcinogenic contaminants uses a slope factor (PF) and the non
carcinogenic formula uses a reference dose (RID). Each of these values were used in the 
appropriate formula to calculate an acceptable risk level. (i.e., an acceptable value for 
contaminants in soil) 

Reference dose and slope factors were obtained from the IRIS data base, which provides 
data on the current level of contaminant research and is updated quarterly. In some cases 
the RFD or PF has not been established. When a value has not been established by IRIS, 
then data from the Health Effects Assessment Summary Table (HEAST) was used as a 
surrogate value. 

For the contaminants of concern at the site, table 6-1 shows the calculated values that 
establish the acceptable risk level. Once the risk levels were established, they were 
compared to other regulatory limits. Table 6-2 shows the results of this comparison. The 
controlling regulatory limit is shown in the column on the right side of this table for both 
extractions and totals. Table 6-3 compares the regulatory limit value to the highest value 
detected. The "@" symbol indicates an exceedance of a limiting value. 

This risk assessment was preformed as detailed in the June 13, 1991, NOV and is based on 
oral intake dose routes only. 

Also included in the Risk Assessment are regulatory limits based on extracts of samples. 
This limit is established by comparison of CWE, CCWE and TCLP values. The lowest 
value of the three becomes the limiting value. Land disposal restrictions (LDR) values are 
found under 40 CFR part 268. The regulatory limit values are based on extraction tests 
done on waste. The limits establish acceptable CCWE and CWE limits with specified 
treatment levels (or simply types of treatment) for each chemical. This information is 
compared to TCLP testing that is also based on extracts of a sample. Not all Appendix IX 
contaminants listed have an extract limiting value, and the calculated risk value is therefore, 
used to establish a low limit value. 

The risk assessment generates numbers based on slope factors and reference doses. These 
factors are part of calculations that establish values measured in total levels of contaminants 
that can remain in soil. These values are based on mg of contaminant per kilogram of soil 
(ppm). For comparison, the lower value of either the New Mexico Water Quality Control 
Commission limit values, or the Safe Drinking Water Act (SDWA) Maximum Contaminant 
Levels (MCL), were multiplied by 20,000 to obtain a comparative value. Since this is used 
for comparison purposes, the risk-assessed values are the actual governing limit for totals. 
However, the low values shown on table 6-2 and 6-3 use the_ lower value of either the risk 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtklnd Air Force Base 

calculation or MCL/WQCC times 20,000. This provides more conservative approach for a 
lower limiting value for the risk assessment. 

Allowable contaminant levels in ground-water are controlled by both the Federal Safe 
Drinking Water Act (SDWA), Maximum Contaminant Level (MCL) and the State of New 
Mexico Water Quality Control Commission (WQCC). The lower value of the two 
regulations establishes the high limit for concentration of contaminants in ground-water. 

The results of the risk assessment as shown on table 6-3 demonstrate that only some of the 
contaminants in sludge exceed the risk assessment values. Since the sludge will be removed 
from the site during closure activities, this risk will be removed. If the sludge will be used 
as nonhazardous fill material, it must be below the limits of regulatory concern in a TCLP 
analyses. If the sludge is greater than these TCLP limits, then the sludge will be disposed 
of as a hazardous waste. 

The above risk assesment calculations are based on situations involving single contaminants. 
This method was considered acceptable for this application since the established risk levels 
were multiple orders of magnitude larger than the contaminants on site. Restated, the 
contaminant levels that exist at the site are so small compared to the allowable risk levels 
being so large that the above risk assesment approach was considered acceptable to 
NMED*. 

If site contaminant levels were near the same order of magnitude the calculations for 
multiple contaminants would have been used to consider an increased relative risk effect 
due to multiple contaminants. 

*Communication by telecon, Dr. B. Swanton of NMED, toM. Silva of GCL on 8/23/91. 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

6.3 Clean Closure Methods 

Not required for no action closure alternative. 

6.4 Contingency Plan 

Not required for no action closure alternative. 

6.5 Health and Safety During Closure 

Not required for no action closure alternative. 

6.6 Equipment Decontamination 

Not required for no action closure alternative. 

6.7 Cost Estimate 

Not required for no action closure alternative. 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

7.0 REGULATORY REQUIREMENTS 

7.1 Facility Conditions 

7.1.1 Maximum Amount of Inventory 

Contaminated materials do not exist, therefore, there is inventory of materials was not 
performed. 

7.1.2 Inventory of Auxiliary Equipment 

No contamination exists; there.fore, inventory of auxiliary equipment is not required. 

7.1.3 Schedule For Final Closure 

Approval by the Administrator of this closure plan constitues completion of closure for th;., 
unit. Within 60 days of completion of closure of this unit, and within 60 days of com~· 
of final closure, KAFB will submit by registered mail a certification that the hazardou .. 
unit has been closed in accordance with the specifications in the approved closure plan. 
certification will be signed by both the current or acting operator of the unit at KAFB, and 
also signed by an independent registered professional engineer. Documentation supporting 
the certification will be made available and furnished as requested until KAFB is released 
by the Administrator for closure completion. 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

8.0 POST CLOSURE CARE PLAN 

Since the golf course requires no action for closure, a post closure care plan is not required. 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 

9.0 SECURI1Y 

Access to all parts of KAFB is controlled by security personnel. Unauthorized persons will 
not be allowed into the work area during closure, operations, and access to the site will be 
restricted using a perimeter fence. 
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CLOSURE PLAN FOR GOLF COURSE AT KAFB 

Kirtland Air Force Base 
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The following data summaries are the result of sample programs conducted at the Kirtland 
Air Force Base golf course facility. 

The first summary (table 1) section gives data from soil analyses performed by Biospherics 
Incorporated of Beltsville, MD. This sample program was conducted by the Bio
environmental Engineering Service, USAF Hospital KAFB. The scope of the sample 
program was soil from the golf course fairways and associated irrigation system. The 
following analyses were performed: E.P. Toxicity Pesticides and Metals (Method 8080) and 
Halogenated Volatile Organics (Method EPA 8010). All samples tested negative for 
hazardous constituents. Results are detailed in KAFB EMD letter to NMED dated 6 June 
1989. 

The second data summary (table 2) is from a sample program conducted by the United 
States Geological Survey. Samples of interest have the following client ID number: 

KAFB070101 KAFB070201 KAFB070301 

These soil samples were taken from the three beautification ponds resident at the KAFB 
golf course complex. The performing laboratory was ENSECO-Rocky Mountain Analytical, 
Arvada, Colorado. 

The following analyses were performed: Purgeable Volatile Organic (Method 8240), Semi
volatile Organics (Method 8270), and E.P. Toxicity Pesticides and Metals (Method 8080). 
Again, all analysis values were negative for hazardous constituents. Results are extractec' 
and summarized from ENSECO Reports 9880 and 9954. This information is also con· 
in the Interim Technical Information Report (ITIR) by USGS September 1990, and 
contained in pages G733 to G766. 

The third summary (table 3) contains a list of non-Appendix IX tentatively identified 
compounds. 

Review of quality assurance data revealed no discrepancies related to generation and 
analysis of this data. All standards and surrogate recoveries are within the allowable limits 
detailed in the Sampling and Analysis Plan (SAP). Pertinent portions of the SAP have been 

included in the Base Wide Closure Plan in appendix E for reference. 



TABLE 1 
KAFB Golf Course (Site 07) - Summary of Soil Analysis 

USAF OEHL/SA May 18, 1989 

Sample #'s # Samples GT890108 GT890089 GT890097 GT890096 GT890095 GT890090 GT890091 GT890092 GT890093 GT890094 
High Containing GT890127 GT890109 GT890110 GT890111 GT890112 GT8901 13 GT890114 GT890115 GT890116 GT890117 

Location Value Compound Background 1 2 3 4 5 6 7 8 9 

EP TOX (ppb) 
Arsenic 0 0 NT NT NT NT NT NT NT NT NT NT 

Barillll 0 0 NT NT NT NT NT NT NT NT NT NT 
Cadmillll 0 0 NT NT NT NT NT NT NT NT NT NT 

Chromil.lll (ppb) 0 0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 
Lead 0 0 NT NT NT NT NT NT NT NT NT NT 

Mercury 0 0 NT NT NT NT NT NT NT NT NT NT 
Selenillll 0 0 NT NT NT NT NT NT NT NT NT NT 

Silver 0 0 NT NT NT NT NT NT NT NT NT NT 

VOLATILE HALOCARBON$ 
Lab Practical Quanitation Limit (ug/kg) 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 

--------- --------- --------- --------- --------- --------- --------- --------- --------- ---------
Methylene Chloride 0 0 BQL SOL BQL BQL BQL BQL BQL BQL BQL SOL 

Lab Practical Quanitation Limit (ug/kg) 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 
--------- --------- --------- --------- --------- --------- --------- --------- --------- ---------

Vinyl Chloride 0 0 BQL SOL BQL SOL BQL SOL BQL SOL BQL BQL 
Chloroethane 0 0 SOL SOL BQL BQL BQL SOL SOL SOL SOL SOL 

Trichlorofluoromethane 0 0 SOL SOL BQL BQL BQL BQL BQL SOL BQL SOL 
1-1-Dichloroethene 0 0 BQL SOL BQL BQL SOL BQL BQL BQL BQL BQL 
1-1-Dichloroethane 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

trans-1,2-Dichloroethene 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Chloroform 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

1,2-Dichloroethane 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
1, 1, 1-Trichloroethane 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Carbon Tetrachloride 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Bromodichloromethane 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

1,2-Dichloropropane 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
trans-1,3-Dichloropropene 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

Trichloroethene 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
cis-1,3-Dichloropropene 0 0 BQL BQL BQL BQL BQL BQL BQL SOL BQL BQL 

Dibromochloromethane 0 0 SOL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Bromoform 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

1, 1,2,2-Tetrachloroethane-ene 0 0 BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
-----------

NT = Not Tested 
BQL = Below Quantitation Limit 

age 1 



TABLE 1 CONT. 
KAFB Golf Course (Site 07) - Summary of Soil Analysis 

USAF OEHL/SA May 18, 1989 

Saq:>le #'s GT890098 GT890099 GT890100 GT890101 GT890102 GT890103 GT890104 GT890105 GT890106 GT890107 
GT890118 GT890119 GT890120 GT890121 GT890122 GT890122 GT890123 GT890124 GT890125 GT890126 

Location 10 11 12 13 14 15 16 17 18 Driving Range 

EP TOX (ppb) 
Arsenic NT NT NT NT NT NT NT NT NT NT 
Bariun NT NT NT NT NT NT NT NT NT NT 

Cadniun NT NT NT NT NT NT NT NT NT NT 
Chromiun (ppb) <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 <100.0 

Lead NT NT NT NT NT NT NT NT NT NT 
Mercurv NT NT NT NT NT NT NT NT NT NT 

seleniun NT NT NT NT NT NT NT NT NT NT 
Silver NT NT NT NT NT NT NT NT NT NT 

VOLATILE HALOCARBONS 
Lab Practical Quanitation Limit (ug/kg) 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 

--------- --------- --------- --------- --------- --------- --------- --------- --------- ------------
Methylene Chloride BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

Lab Practical Quanitation Limit (ug/kg) 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 
--------- --------- --------- --------- --------- --------- --------- --------- --------- ------------

Vinyl Chloride BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Chloroethane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

Trichlorofluoromethane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
1-1-Dichloroethene BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
1-1-Dichloroethane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

trans-1,2-Dichloroethene BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Chloroform BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

1,2-Dichloroethane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
1, 1, 1-Trichloroethane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Carbon Tetrachloride BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Bromodichloromethane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
1,2-Dichloropropane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

trans-1,3-Dichloropropene BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Trichloroethene BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

cis-1,3-Dichloropropene BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
Dibromochloromethane BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

Bromoform BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 
1, 1,2,2-Tetrachloroethane-ene BQL BQL BQL BQL BQL BQL BQL BQL BQL BQL 

---

NT = Not Tested G:\Projects\0508\004\GCSOIL 
BQL = Below Quantitation limit 

1ge 2 



TABLE 2 
KAFB Golf Course Decorative Ponds (Site 07) - Summary of Dry Sediment Analysis 

Enseco Lab June 6, 1990 

# Saq>les 
High Containing KAFB 070101-1 KAFB 070201-1 KAFB 070301-1 KAFB 070401-1 

COMPOUND Value Corrpound Location 01 Location 02 Location 03 Location 04 

PURGEABLE VOLATILE ORGANICS (mg/kg) 
Vinly chloride 0 0 NO NO NO NO 

Chloroethane 0 0 NO NO NO NO 
Methylene chloride 0 0 NO NO NO NO 

Acetone 0.19 1 NO 0.19 NO NO 
Carbon disulfide 0 0 NO NO NO NO 

1,1-Dichloroethene 0 0 NO NO NO NO 
1,1-Dichloroethane 0 0 NO NO NO NO 

trans-1,2-Dichloroethene 0 0 NO NO NO NO 
Chloroform 0 0 NO NO NO NO 

1,2-Dichloroethane 0 0 NO NO NO NO 
1,1, 1-Trichloroethane 0 0 NO NO NO NO 
Carbon tetra chloride 0 0 NO NO NO NO 
Bromodichloromethane 0 0 NO NO NO NO 

1,2-Dichloropropane 0 0 NO NO NO NO 
trans-1,3-Dichloropropene 0 0 NO NO NO NO 

Trichloroethene 0 0 NO NO NO NO 
Oibromochloromethane 0 0 NO NO NO NO 

1, 1,2-Trichloroethane 0 0 NO NO NO NO 
Benzene 0 0 NO NO NO NO 

cis-1,3-Dichloropropene 0 0 NO NO NO NO 
Bromoform 0 0 NO NO NO NO 

4-Methyl-2-pentanone 0 0 NO NO NO NO 
1, 1,2,2-Tetrachloroethane 0 0 NO NO NO NO 

Tetrachloroethene 0 0 NO NO NO NO 
Toluene 0 0 NO NO NO NO 

Chlorobenzene 0 0 NO NO NO NO 
Ethyl benzene 0 0 NO NO NO NO 

Xylenes (total) 0 0 NO NO NO NO 
Trichlorofluoromethane 0 0 NO NO NO NO 

Acrolein 0 0 NO NO NO NO 
Acrylonitrile 0 0 NO NO NO NO 

SEMIVOLATILE ORGANICS (mg/kg) 
Phenol 0 0 NO NO NO NO 

2-Chlorophenol 0 0 NO NO NO NO 
Hexachloroethane 0 0 NO NO NO NO 

Nitrobenzene 0 0 NO NO NO NO 
lsophorone 0 0 NO NO NO NO 

2-N i trophenol 0 0 NO NO NO NO 
2,4-Dimethylphenol 0 0 NO NO NO NO 
2,4-Dichlorophenol 0 0 NO NO NO NO 

1,2,4-Trichlorobenzene 0 0 NO NO NO NO 
Naphthalene 0 0 NO NO NO NO 

Hexachlorobutadiene 0 0 NO NO NO NO 
2,4,6-Trichlorophenol 0 0 NO NO NO NO 
2,4,5-Trichlorophenol 0 0 NO NO NO NO 

2-Chloronaphthalene 0 0 NO NO NO NO 
Dimethylphthalate 0 0 NO NO NO NO 

Aceaphthylene 0 0 NO NO NO NO 
Acenaphthalene 0 0 NO NO NO NO 

2,4-Dinitrophenol 0 0 NO NO NO NO 
4-Nitrophenol 0 0 NO NO NO NO 

2,4-Dfnitrotoluene 0 0 NO NO NO NO 
2,6-Dinitrotoluene 0 0 NO NO NO NO 

Diethylphthalate 0 0 NO NO NO NO 
4-Chlorophenyl phenyl ether 0 0 NO NO NO NO 

Fluorene 0 0 NO NO NO NO 
2,4-Dinitro-2-methylphenol 0 0 NO NO NO NO 
4-Bromophenyl phenyl ether 0 0 NO NO NO NO 

Hexachlorobenzene 0 0 NO NO NO NO 
Pentachlorophenol 0 0 NO NO NO NO 

Phenanthrene 0 0 NO NO NO NO 
Anthracene 0 0 NO NO NO NO 

Di-n-butyl phthalate 0 0 NO NO NO NO 
Fluroanthene 0 0 NO NO NO NO 

Pyrene 0 0 NO NO NO NO 
Butyl benzyl phthalate 0 0 NO NO NO NO 
3-3'-Dichlorobenzidine 0 0 NO NO NO NO 

NO None Detected Page 1 



TABLE 2 CONT. 
KAFB Golf Course Decorative Ponds (Site 07) - Summary of Dry Sediment Analysis 

Enseco Lab ,June 6, 1990 

# Samples 
High Containing KAFB 070101-1 KAFB 070201-1 KAFB 070301-1 KAFB 070401-1 

COMPOUND Value Compound Location 01 Location 02 Location 03 Location 04 

Benzo(a)anthracene 0 0 NO NO NO NO 
bis(2-Ethylhexyl phthalate) 0 0 NO NO NO NO 

Chrysene 0 0 ND ND NO NO 
Benzo(b)fluroanthene 0 0 ND ND ND NO 
Benzo(k)fluroanthene 0 0 ND ND ND NO 

Benzo(a)pyrene 0 0 ND ND NO ND 
Indeno(1,2,3-cd)pyrene 0 0 NO ND ND NO 
Dibenz(a,h)anthracene 0 0 ND ND ND NO 
Benzo(g,h,i)perylene 0 0 ND NO ND NO 

Acetophenone 0 0 ND NO ND NO 
Aniline 0 0 NO ND ND ND 

4-Aminobiphenyl 0 0 ND ND ND NO 
Benzyl alcohol 0 0 ND NO NO ND 
Dibenzofuran 0 0 ND NO ND NO 

p-Dimethylaminazo-benzene 0 0 ND NO ND NO 
7-12-Dimethylbenz(a)-anthracene 0 0 NO ND NO ND 

a,a-Dimethylphenethyl-amine 0 0 NO NO ND NO 
Diphenylamine 0 0 ND NO NO NO 

Ethylmethanesulfonate 0 0 NO NO NO NO 
Methyl methanesulfonate 0 0 NO NO NO NO 

2-Methylnaphthalene 0 0 ND ND NO NO 
1-Naphthylamine 0 0 ND NO NO NO 
2-Naphthylamine 0 0 NO NO ND NO 
2-Nitroaniline 0 0 NO ND ND NO 
3-Nitroaniline 0 0 NO ND NO NO 
4-Nitroaniline 0 0 ND NO ND NO 

Pentachlorobenzene 0 0 NO NO ND NO 
Pentachloronitrobenzene 0 0 NO ND ND NO 

Phenacetin 0 0 ND ND NO ND 
2-Picoline 0 0 ND NO ND NO 
Pronamide 0 0 ND NO NO ND 

1,2,4,5-Tetrachlorobenzene 0 0 NO NO ND NO 
2,3,4,6-Tetrachlorophenol 0 0 ND NO NO NO 
N-Nitros-di-n-butylamine 0 0 NO NO NO NO 

N-Nitrosodimethylamine 0 0 ND NO ND NO 
N-Nitrosopiperidine 0 0 NO NO ND NO 

3-Methylcholanthrene 0 0 NO NO NO ND 
N-Nitrosodiphenylamine 0 0 NO NO ND NO 

Hexachlorocyclopentadiene 0 0 ND NO ND NO 

RCRA ORGANOCHLORINE PESTICIDES 
EP TOX (mg/L) 

gamma-BHC (Lindane) 0 0 NO NO NO NO 
Endrin 0 0 NO NO ND ND 

Methoxychlor 0 0 ND NO NO NO 
Toxaphene 0 0 NO ND ND ND 

TOTAL METALS (mg/kg) 
Aluminum 9,710.0 4 6,790.0 9,710.0 6,960.0 2,170.0 
Antimony 0.0 0 NO NO NO NO 
Chromium 37.2 4 25.7 37.2 18.8 8.8 
Arsenic 0.0 0 NO NO NO NO 

Barium 236.0 4 199.0 236.0 112.0 56.5 
Beryllium 0.64 3 0.40 0.64 0.52 ND 

Cacinium 0.0 0 NO ND NO NO 
Calcium 53,000.0 4 30,800.0 53,000.0 22,700.0 14,800.0 

Cobalt 5.5 2 NO 5.5 4.9 NO 
Copper 57.9 4 44.1 57.9 21.6 18.0 

Iron 15,000.0 4 8,540.0 15,000.0 11,300.0 4,640.0 
Lead 0.0 0 ND NO ND ND 

Magnesium 6,230.0 4 3, 790.0 6,230.0 4,300.0 1,830.0 
Manganese 315.0 4 168.0 315.0 202.0 105.0 

Mercury 0.0 0 NO NO ND NO 
Molybdenum 0.0 0 NO NO ND ND 

Nickel 16.2 3 10.3 16.2 8.7 NO 
Potassium 3,290.0 4 2,230.0 3,290.0 2,110.0 792.0 
Selenium 0.0 0 ND ND NO ND 

Silver 18.3 4 12.4 18.3 6.9 4.8 
Sodium 0.0 0 NO NO ND ND 

Thallium 0.0 0 NO ND NO NO 

NO None Detected Page 2 



TABLE 2 CONT. 
KAFB Golf Course Decorative Ponds (Site 07) - Summary of Dry Sediment Analysis 

Enseco Lab .June 6, 1990 

# Samples 
High Containing KAFB 070101-1 KAFB 070201-1 KAFB 070301-1 KAFB 070401-1 

COMPOUND Value Compound Location 01 Location 02 Location 03 Location 04 

Vanadillll 27.1 4 16.7 27.1 21.2 6.9 
Zinc 67.2 4 50.5 67.2 47.8 31.1 

EP TOX LEACHATE (mg/L) 
Arsenic 0 0 NO NO NO NO 

Barillll 2.30 4 1. 7 1.4 1.3 2.3 
Cadmillll 0.026 2 NO 0.026 NO 0.026 

Chromillll 0 0 NO NO NO NO 
Lead 0 0 NO NO NO NO 

Silver 0 0 NO NO NO NO 
Mercury 0 0 NO NO NO NO 

Selenillll 0 0 NO NO NO NO 
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TABLE 3 
KAFB Golf Course Decorative Ponds (Site 07) - Summary of Dry Sediment Analysis - Tentative Compounds 

CL Confidence Level 
3 Confirmed ID 
2 Confident ID 
1 Tentative ID 

Enseco Lab ,June 6 1990 

TENTATIVELY IDENTIFIED 
COMPOUND 

Furan,2,5-Dimethyl -
Oxygenated Hydrocarbon 
Oxygenated Hydrocarbon 
Phytol 
Saturated Hydrocarbon 
Aldehyde 
Saturated Hydrocarbon 
Saturated Hydrocarbon 

Ethane, 1, 1,2-Trichloro-
1,2,2-Trifluoro

Ethanone,1-(3-Ethyloxiranyl) 
Saturated Hydrocarbon 
Saturated Hydrocarbon 
Saturated Hydrocarbon 
Saturated Hydrocarbon 
Unsaturated Hydrocarbon 
Saturated Hydrocarbon 
Unsaturated Hydrocarbon 
Saturated Hydrocarbon 
Ketone 
Oxygenated Hydrocarbon 
Cholestanol 
Sterol 
Sterol 
3-Heptanone,5-Methyl -
2-Pentanol,2,4-Dimethyl -

1H-Benzocyclohepene, 
2,4A,5,6,7,8-Hexa
hydro-3,5,5,9-Tetra
methyl -(R! 

Guaiol 

2-Naphthalenemethanol, 
D-ecahydro·· ,Alpha., 
Alpha.,4A-8-Tetra
methyl-,D! 

5-Azulenemethanol,1,2,3, 
3A,4, 5 ,6, 7··0ctahydro
.Alpha., .Alpha. ,3,8-
Tet! 

2-Propen-1-0ne, 1-(2,6-
0ihydroxy-4-Methoxy
Phenyl)-3-Phenyl-,(E)-

Saturated Hydrocarbon 

4H-1-Benzopyran-4-0ne, 
2,3-Dihydro-5-7-
Dihydroxy-2-Phenyl-,(S)-

4H-1-Benzopyran-4-0ne,5-
Hydroxy-7-Methoxy-2-
Phenyl-

Saturated Hydrocarbon 
Unknown 
Chrysin 
Aromatic Hydrocarbon 

Qualifers CON - Concentration 
B - Blank Contaminant 
I - Isomer 
C - Class 

KAFB 070101-1 
Location 01 

............................ 

~~coN 

21 
2C 
2C 
1 
2C 
2C 
2C 
2C 

mg/kg 

9.2 
64.0 
4.1 
3.9 
5.4 
5.0 

17.0 
4.2 

KAFB 070201-1 
Location 02 

.............................. 

~~coN mg/kg 

3 0.22 

2C 0.55 
2C 0.77 
2C 0.56 
2C 1.70 
2C 0.88 
2C 4.70 
2C 1.80 
2C 0.94 
2C 0.58 
2C 0.55 
1 0.54 
1C 0.94 
2C 1.50 
21 0.72 
11 0.14 

Page 1 

KAFB 070301-1 
Location 03 

............................. 
~~coN mg;kg 

1 I 

1 I 

11 

1 I 

2C 

2C 
1 
1 
2C 

1.3 

3.3 

1.3 

2.8 

6.5 

1.4 

8.8 

2.2 

6.8 
6.0 
5.7 

0.96 

KAFB 070401-1 
Location 04 

.. ............................ 

~~coN mg/kg 



TABLE 3 CONT. 
KAFB Golf Course Decorative Ponds (Site 07) - Summary of Dry Sediment Analysis - Tentative Compounds 

CL Confidence Level 
3 Confirmed ID 
2 Confident ID 
1 Tentative ID 

Enseco Lab June 6 1990 

TENTATIVELY IDENTIFIED 
COMPOUND 

2-Propen-1-0ne, 1-(2,4-4-
Dihydroxy-6-Methoxyphenyl) 
-3-(2-Hydroxyphenyl) 

Saturated Hydrocarbon 
Unsaturated Hydrocarbon 
Saturated Hydrocarbon 
Oxygenated Hydrocarbon 
Unknown 
Oxygenated Hydrocarbon 
Sterol 

Oxygenated Hydrocarbon 
Saturated Hydrocarbon 
Saturated Hydrocarbon 
Vitamin E Acetate 
Unknown 
Cholesterol 
Unknown 
Unknown 
.Gamma.-Sitosterol 
Unknown 
Stigmast-4-En-3-0ne 

Qualifers CON - Concentration 
B - Blank Contaminant 
I - Isomer 
C - Class 

KAFB 070101-1 KAFB 070201-1 KAFB 070301-1 KAFB 070401-1 
Location 01 Location 02 Location 03 Location 04 

....................................... -------------- ....................................... ... ...................................... 

~~coN mg;kg ~~coN mg;kg ~~coN mgtkg ~~coN mgtkg 

1 1.6 

2C 7.3 
2C 2.2 
2C 1. 1 
2C 0.98 
1 1.5 
2C 0.97 
2C 1.8 

1C 0. 79 
1C 1.0 
1C 1.6 
2 2.2 
1 1.4 
1 0.92 
1 0.77 
1 0.62 
1 1.7 
1 0.58 
1 0.82 
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APPENDIX B 

Details Of Closure Design 

Since the results of the sampling program show that no hazardous constituents were 
detected, it is recommended that alternative 1 from the Base-Wide Closure Plan be 
adopted. Thus, no action, disposal, or follow-up work activity is required to continue 
operating the facility as a golf course as intended. NMED approval of this closure plan for 
the golf course constitutes closure with no action required. 

KAFB will continue irrigation of the facility with ground water supplied from local on-base 
wells. 1bis water source has been used as a reliable source for irrigation since the Sewage 
Lagoon and Main Golf Course Pond irrigation system was taken out of service. 





APPENDIX C 

Contaminates Of Concern 

No Contaminants of concern exist at the golf course area in the fairways or decorative 
ponds. 


