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PURPOSE OF DOCUMENT 

. A. This preliminary assessment and site 
investigation report documents the 
Investigation of Four Waste Sites and 
was prepared to comply with the In
stallation Restoration Program. In
formation contained in the report will 
also be used to support the Resource 
Conservation and Recovery Act cor
rective action program where appli
cable. The regulatory framework for 
each of the sites investigated is sum
marized in the report. This document 
was prepared for, and in cooperation 
with, the Base Environmental Office: 
49 CES/CEV, 550 Tabosa Avenue, 
Holloman AFB, NM, 505/479-3931. 

B. The site-specific sections of the report 
contain investigation summaries, re
sults, conclusions, and recommenda
tions. 

C. Site closeout or further investigation 
is recommended for each of the four 
sites. Detailed recommendations are 
provided for sites requiring further 
investigation. The data evaluation 
criteria used to develop conclusions 
and recommendations are presented 
in a separate section of the report. 
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Introduction 

Section 1 
INTRODUCTION 

T he investigation of four waste sites 
(shown in Figure 1-1) at Holloman 
Air Force Base (AFB), New Mexico, 

was conducted as part of the U.S. Air 
Force (USAF) Installation Restoration Pro
gram (IRP). The investigation had three 
overall objectives: 

0 Determine the presence or ab
sence of contamination at four 
waste sites; 

@ Determine significance of con
tamination, if present; and then 

fD Recommend site closeout or fur
ther investigation. 

Section 1 contains information about 
the regulatory structure of the investiga
tion, a brief project history, and a sum
mary of conclusions and recommenda
tions. Section 1 concludes with an over
view of the remaining sections of this 
report. 

1.1 Regulatory Overview 
1.1.1 Regulatory Programs 

Holloman AFB is implementing the 
IRP. to ensure that routinely generated 
hazardous wastes are properly character
ized and managed, and that past disposal 
sites are identified and remediated, as 
necessary, to eliminate hazards to human 
health and the environment. The IRP 
follows the requirements of the Compre
hensive Environmental Response, Com
pensation, and Liability Act (CERCLA) 
and the 1986 statutory amendments to 
CERCLA (the Superfund Amendments 
and Reauthorization Act [SARA]) requir
ing federal facilities to comply with the 
National Contingency Plan. 
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Figure 1-1 Locations of the 
Four Sites at Holloman AFB 

Furthermore, Holloman AFB is sub
ject to the requirements of the Resource 
Conservation and Recovery Act (RCRA) 
corrective action program because of their 
RCRA permitto operate an on-site storage 
facility for currently generated hazardous 
wastes. The Hazardous and Solid Waste 
Amendments (HSW A) portion of the 
Base's RCRA permitrequires thatthe Base 
investigate and remediate the release of 
any hazardous waste or constituents from 
active and inactive solid waste manage
ment units (SWMUs) listed on Tables 1, 2, 
and 3 of the HSW A permit. 
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As appropriate, the Base must com
ply with the requirements of the two pro
grams. Figure 1-2 presents a side-by-side 
comparison of the primary phases for 
implementation of the IRP and the RCRA 
corrective action program. Both programs 
are similarly phased and ultimately in
tended to ensure remediation of contami
nated sites that pose a threat to human 
health or the environment. In the pre
amble to the proposed RCRA corrective 
action rules, the U.S. Environmental Pro
tection Agency (EPA) encourages coordi
nation of the two independent programs. 
The activities necessary for these programs 
have been coordinated as appropriate to 
reduce duplicative efforts. Integration of 
the programs has already been imple
mented and accepted for the RCRA Table 
1 SWMUs in the Remedial Investigation (RI) 
Report -Investigation, Study and Recommen
dation for 29 Waste Sites (Radian, 1992). 

1.1.2 Project Regulatory Framework 
The four sites included in this report 

were selected for investigation under the 
IRP by Holloman AFB. The four sites are 
listed in Table 1-1 by their IRP and SWMU 
names and numbers. 

Table 1-1 

RCRA Facility 
Assessment 

(RFA) 

.......................... · ... ·.·.· ...••. · .• ·.·.·:= 

RCRA Facility 
Investigation 

<RFD 

Corrective 
Measures Study 

(CMS) 

RCRA Facility 
Assessment 

(RFA) 

Section 1 
Introduction 

Preliminary 
Assessment/ 

Site Inspection 

(PA/SI) 

Remedial 
Investigation 

(RI) 

Feasibility 
Study 

(FS) 

(RO/RA) 

Figure 1-2 Comparison of RCRA 
Corrective Action and IRP Phases 

The Four Sites Under Investigation at Holloman AFB 

IRP Site 

Number Name Number 

SS-12 JP-4 Fuel Line Spill Site AOC-K 

SD-27 Pad 9 Washrack Area 141 

SWMU 

Name 

Northeast Base Spill 

Pad 9 Drainage Pit 

HSWA 
Permit 
Table 

NA 

2 

OT- 35 Spent Solvent Disposal PRI-2 & PRI-5 Solvent Burn Area and NA 
Area Area Solvent Evaporation Area 

LF-58 Incinerator /Landfill *231 Incinerator /Landfill 3 

Note-NA =Not applicable. 
*Class 1 Permit modification under review . 

1-2 
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Sites SS-12, SD-27, and OT-35 were 
identified and recommended for further 
investigation in the Installation Restoration 
Program Records Search for Holloman AFB, 
NewMexico(GI2MHill, 1983). SiteLF-58 
was identified subsequent to the IRP 
records search and was addressed for the 
first time in this investigation. Site inves
tigations were conducted at each site to 
determine whether any of the sites would 
require further investigation. Since Site 
LF-58 was newly identified, it also re
quired a preliminaryassessment(P A). The 
PA is the first step in the IRP process, and 
involves an intensive literature search to 
determine whether site investigation is 
needed. 

IRP Sites SS-12, SD-27, and OT-35 are 
all SWMUs identified in the RCRA Facility 
Assessment Preliminary Review/Visual Site 
InspectionReport(A.T. Kearney, 1987), but 
only SD-27 was listed in the HSWA per
mit(Table2). Therefore Site SD-27(SWMU 
141) is required to undergo the RCRA 
corrective action program, and Sites SS-12 
and OT-35 are not subject to these require
ments. This investigation for Site SD-27 
(SWMU 141) was approved in the RCRA 
Facility Investigation (RFI) 28 Sites Phase I 
Work Plan (Radian, 1993). 

Furthermore, Section IV of the HSWA 
permit requires that newly identified 
SWMUs be included in the HSW A permit 
and be addressed in an RFI. A Class 1 
permi~ modification requesting that Site 
LF-58 be included on Table 3 of the permit 
is currently under public review, and the 
Chemical Data Acquisition Plan (CDAP) 
(Radian, 1993) for this investigation has 
been submitted with the request for per
mit modification for EPA Region VI ap
proval. 
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This is the IRP report for all four sites, 
so all names, references, and recommen
dations are in IRP terminology. 

1.2 Summary of Investigation 
The investigative phases and activi

ties for this project are presented in Figure 
1-3. 

All field work was performed as de
scribed in the CDAP (Radian, 1993). Data 
validation program procedures and find
ings are presented in the Sampling and 

INVESTIGATION 
PHASES 

Literature Search/ 
Preliminary 
Assessment 

Plan 
Preparation 

ACTIVITIES 
• Site visits 
• Records searches 
• Personnel interviews :: 

. . . . . . . ~~ 

• Soil gas screening 
• Determine sampling 

methods &: locations 
&: laboratory analyses ~ 

'°="""""""""""""'""""""--~----- -----------··-········ ........................ · 

Field 
Work 

~ • Soil sampling 
~ • Groundwater sam-
: pling 
: • EM surveys 
: • Waste excavation &: 

characterization 
) • Surveying 

""·-·.·=.•-•.-.=-.•.·.=•.·.-.=·-·.··•""'"'""'·"'""······=· . ..-.=•.•.·.·=-w-,,,-.;·_w: ""-····"""··'·""······""······"'"······""'······"'······~-- """"==~~ 

Data ) • Evaluate quality of 
Validation : analytical data 

........................ .. ... ........ : - ~--- ~r-~-~~~ -S?~~~---··········' 

Reporting 
• Present results, 

conclusions, &: 
recommendations 

Figure 1-3 Phases and Activities for 
the Investigation of Four Waste Sites 



Investigation of Four Waste Sites 
Holloman Air Force Base, NM 

Quality Control Summary Report (SQCSR) 
(Radian, 1993). This PA and site investi
gationreportpresentsresults,conclusions, 
and recommendations for each of the four 
waste sites. Conclusions address the pres
ence or absence of contamination, and the 
significance of contamination for each site 
on the basis of a comparison of results to 
data evaluation criteria presented in Sec
tion 3. Recommendations for site closeout 
or further investigation were made based 
on the significance of contamination and 
the completeness of information for each 
site. Recommendations are summarized 
in Table 1-2. Detailed recommendations 
are provided in the site-specific sections. 

1.3 Report Organization 
There are a total of nine sections in 

this report. The contents of Sections 2-9 
are outlined below. 

Section 2-Environmental Setting. Pre
sents infonnationaboutphysiography, ge
ology, and hydrogeology. This informa
tion is fundamental to the technical devel
opment of the investigation, and provides 
background information that is referred 
to throughout the report. 

Section 1 
Introduction 

Section 3-Data Quality Objectives and 
Evaluation Criteria: Provides the guide
lines used to evaluate analytical results 
and formulate conclusions, including dis
cussions of data validation findings, labo
ratory reporting limits, statistical back
ground levels, conceptual site models, and 
action levels. 

Sections 4, 5, 6, and 7-Site-Specific Re
sults, Conclusions, and Recommenda
tions: Contain the results, conclusions, 
and recommendations for Sites SS-12, SD-
27, OT-35, and LF-58, respectively. De
tailed site-specific discussions cover the 
following: 

Q Regulatory status; 
a Description of site history and 

features; 
a Summary of specific field activi

ties; 
a Interpretation of site geology and 

hydrogeology,includinggeologic 
cross sections; 

Q Presentation and discussion of 
analytical results; 

a Discussion of the presence or ab
sence of contamination and the 
significance of rontamination; and 

Q Recommendations. 

Table 1-2 
Summatj7 of Relevant Findings and Recommendations for Four Waste Sites 

Site Findings Recommended Actions 

SS-12 Minimal presence of fuel hydrocarbons. Site closeout 

SD-27 Fuel hydrocarbons detected; limited PCB contamination; Site closeout 
radioactivity levels within normal range. 

OT-35 No volatile organic compounds detected; radioactivity 
levels within normal range. 

Site closeout 

LF-58 Diesel, aniline, and unknown volatile and semivolatile Further investigation of soil in 
organic compounds detected in surface soils near the incin- waste areas and near the incinera
erator; buried drums and other debris encountered in waste tor; collect groundwater data 
areas. 

1-4 



Section 1 
1mroductlon 

Section 7 also serves as the PA report for 
Site LF-58. The contents of this section 
follow the site investigation format used 
for the other site-specific sections, since 
the site investigation, rather than the PA, 
represents the most comprehensive work 
done at the site. PA requirements are 
incorporated into appropriate subsections, 
and a photographic log (a PA require
ment) is included. PA references are listed 
at the end of the section. 
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Section8-Acronyms and Symbols: Con
tains a list of acronyms used throughout 
the report and their meanings, as well as 
the footnote and site map symbols used to 
indicate footnotes in the tables and site
map reference points found in the site
specific sections. 

Section 9-References: Contains a list of 
references cited in the report. 
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ENVIRONMENTAL SETTING 

T he following section describes the 
environmental setting of Holloman 
AFB, New Mexico. Detailed dis

cussions of physiography, geology, and 
hydrogeology are included to meet the 
needs of the PA for Site LF-58. These data 
were compiled from existing Base records, 
published literature, previous reports, and 
this field investigation. 

2.1 Geography 
Holloman AFB is situated in south

central New Mexico, in the northwest
central part of Otero County (Figure 2-1). 
The Base occupies about 50,000 acres in 

l 

the northeast quarter of Section T.17S., 
R.8E. Additional land extending north
ward is occupied by the White Sands Mis
sile Range testing facilities. Privately and 
publicly owned lands border the remain
der of the Base. The major highway serv
ing the Base is Highway 70, which runs 
sou th west from Alamogordo and forms a 
boundary between the Base and public 
lands. Alamogordo is located approxi
mately 7 miles east of the Base. With a 
population of approximately 31,000, it is 
the only town of appreciable size within 
40 miles of the Base. Holloman AFB has a 
population of approximately 5500. 

• ID too --·-
Figure 2-1 Location of Holloman AFB, NM 
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2.2 Physiography 
The Base is located in the Tularosa 

Basin, which is bounded by the San Andres 
mountains in the west and the Sacramento 
mountains in the east. The basin's interior 
plain has low relief, with altitudes rang
ing from about 4000 ft in the southwest to 
about 4400 ft in the northeast. The sur
rounding mountains rise abruptly to alti
tudes of 7000-12,000 ft. 

The climate in the Tularosa Basin is 
arid, with low annual rainfall and low 
relative humidity. The surrounding 
mountain ranges greatly influence local 
weather. They modify approaching 
weather systems and provide orographic 
lifting, which produces summer thunder
storms. Mean annual precipitation is 7.9 in., 
mostly from thunderstorm activity from 
May through October. Winter is gener
ally dry and is characterized by clear skies 
and erratic snowfall. The period from 
March through May is characterized by 
strong southerly wind flow and periods 
of blowing dust and sand. 

The mean annual lake evaporation 
rate, commonly used as an estimate of the 
mean annual evapotranspiration rate, is 
approximately 67 in. per year. Therefore, 
the annual net precipitation (mean annual 
net precipitation minus mean annual 
evapotranspiration) for the Holloman AFB 
area is approximately minus 59 in. per 
year, representing a net loss in groundwa
ter due to evapotranspiration. 

2.3 Geology 
The Tularosa Basin is a bolson, or a 

basin that has no surface drainage outlet. 
Bolson deposits are sediments carried by 
water into a closed basin. The bolsonfill in 
the Tularosa Basin is derived from the 
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erosion of limestone, dolomite, and gyp
sum in the surrounding mountains. 
Coarser material is deposited at the base 
of the mountains; finer material is carried 
to the basin's interior. The near-surface 
bolson deposits consist of sediments that 
are of alluvial, eolian, and lacustrine or 
playa origin. 

Alluvial fan deposits are characteris
tically laterally discontinuous units of 
interbedded sand, silt, and clay. The eo
lian deposits consist primarily of gypsum 
sand. Alluvial and eolian deposits are 
often indistinguishable due to the rework
ing of alluvial sediments by eolian pro
cesses. Lacustrine or playa deposits in the 
area consist of clay containing gypsum 
crystals. Lacustrine deposits are juxta
posed with alluvial fan and eolian depos
its throughout the Base (Radian, 1992). 

2.4 Hydrogeology 
2.4.1 Surface Water 

Since the Tularosa Basin is a closed 
basin with no surface water outlet, water 
is lost to evaporation, transpiration, and 
infiltration, or collects in Lake Lucero, the 
lowest point in the basin, approximately 
20 miles southwest of Holloman AFB. 

The Base is crossed by several south
west-trending arroyos that control sur
face drainage in the undeveloped part of 
the Base (see Figure 2-2). These arroyos 
consist of Hay Draw, in the far northern 
part of the Base; Malone Draw and Ritas 
Draw, which drain into Lost River; and 
Dillard Draw to the east, which runs in a 
southwesterly direction along the eastern 
and southern boundaries of the Base. Lost 
River, the largest arroyo, is dammed near 
the western boundary of the Base. Runoff . 
from Lost River, Malone Draw, and Ritas 
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Draw collects in the dammed area. Drain
age within the developed portions of the 
Base flows through ditches and culverts 
to various outfall areas. 

The wastewater treatment system at 
Holloman AFB consists of seven aeration/ 
evaporation lagoons. Southwest of these 
lagoons, a natural playa lake known as 
Lake Holloman receives some runoff from 
the Base as well as effluent from the sew
age lagoons. A dam/ dike has been con
structed across the southern quarter of 
Lake Holloman. Seepage through and 
overflow of the dam have created a small 
playa lake known as Lake Stinky. 

Seal e 
1 

Miies 

Investigation of Four Waste Sites 
Holloman Air Force Base, NM 

2.4.2 Groundwater 
Groundwater Flow 
Groundwater occurs under uncon

fined conditions in the unconsolidated 
bolson deposits beneath Holloman AFB. 
The primary source of recharge for 
groundwater in the bolson aquifer is per
colation of rainfall and stream runoff 
through the coarse, unconsolidated allu
vial fan deposits along the western flank 
of the Sacramento Mountains. Water mi
grates downward into the bolson fill aqui
fer and flows down gradient through pro
gressively finer grained sediments into 
the basin. Beneath Holloman AFB the 
depth to groundwater ranges from less 
thanS ft to nearly 50 ft below ground level 
(BGL). 

Figure 2-2 Surface Drainages at Holloman AFB 

2-3 
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A Base-wide synchronous water-level 
survey was conducted in March 1993. A 
potentiometric surface map of the aquifer 
is shown in Plate 1. In the vicinity of 
Holloman AFB, groundwater generally 
flows toward the west and southwest, 
following surface topography. Local 
groundwater flow direction, however, is 
influenced by the arroyos that drain the 
Base. In the southeastern portion of the 
Base, regional groundwater flows south
west, toward the Dillard Draw surficial 
drainage system. In the northern and 
western portions of the Base, groundwa
ter flows in a more westerly direction, 
toward the Ritas Draw, Malone Draw, 
and Lost River drainages. Localized ef
fects occur in areas immediately adjacent 
to arroyos, where groundwater flows di
rectly toward drainages regardless of re
gional flow patterns. 

Groundwater Quality 
Water quality in the Tularosa Basin is 

good near the recharge areas at the base of 
themountains,butgroundwaterbecomes 
progressively more mineralized as it flows 
downgradient toward the interior of the 
basin. This decrease in water quality can 
be attributed to slow groundwater migra
tion from recharge to discharge areas, and 
the presence of readily soluble minerals in 
the bolson sediments. 

On the basis of New Mexico Water 
Quality Control Commission Regulations 
(NM WQCC 82-1, as amended through 
August 18, 1991, Parts 3-100 through 3-
103), the groundwater beneath Holloman 
AFB is designated as unfit for human con-
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sumption because it exceeds New Mexico 
human health standards (HHSs) for total 
dissolved solids (TDS) and sulfate. 

According to the EPA document 
Guidelines for Graundwater Classification 
Under the EPA Graundwater Protection Strat
egy (EPA, 1986), the groundwater beneath 
Holloman AFB can be classified as III B. 
Class III groundwater is characterized by 
having a TDS concentration greater than 
10,000 mg/L, and is not considered a 
source or a potential source of drinking 
water. Class III B groundwater is charac
terized by a low degree of interconnection 
to adjacentsurfacewatersorgroundwaters 
of a higher class. Because the Tularosa 
Basin is a closed basin, its groundwater 
.does not discharge or connect to any adja
cent aquifers. Adjacent surface waters 
include Lost River and Lake Holloman, 
which also have high concentrations of 
TDS and thus are not potential drinking 
water sources. 

Groundwater Use 
No water supply wells are located on 

Base because of poor groundwater qual
ity. The nearest production well 
downgradient of Holloman AFB is a live
stock well located 10 miles southwest of 
the site (USGS, 1992). No other down 
gradient or near-Base potable or irriga
tion wells exist. Because groundwater 
beneath the Base is not potable, drinking 
water for the Base is obtained from the 
Alamogordo municipal water supply, and 
from well fields at the base of the Sacra
mento mountains. 
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DATA QUALITY OBJECTIVES and 
EVALUATION CRITERIA 

T his section presents the data quality 
objectives (DQOs) for the project, 
the evaluation criteria used in data 

interpretation, and the process used to 
develop conclusions and recommenda
tions. 

3.1 Data Quality Objectives 
To ensure that the goals of this inves

tigation were met, DQOs for data collec
tion and data interpretation activities were 
developed. DQOs are a statement of the 
"quality'' of data required to meet project 
objectives. DQOs include detailed speci
fications of the following: 

0 Thetypesofdatarequiredtomake 
a decision; 

0 The quantity of data required to 
make a decision; and 

0 Measurement objectives for each 
type of data collected. 

Historical Sources 

• Historical Contractors 

DQOs are established to ensure that 
sufficient data are available for de~~ l{-\"-'L 

makers to resolve project objectives. Fig- '\'.\-"'-:> 12.. B<?<>.>-:.:> 

ure3-1 presents the individuals and agen- 2-;,-.:..;.. &_t•:Awo:. 

des who will interact in the decision-mak-
ing process for these sites. Ultimately, the 
decision maker for the IRP is the New 
Mexico Environment Department 
(NMED), and the decision maker for the 
RCRA corrective action program is EPA 
Region VI in conjunction with the NMED. 

The DQOs presented in this section 
are not complete for any forthcoming 
phases of investigative or remedial activ
ity. Asmoreinformalionisgatheredabout 
contamination at any of the sites, and as 
project objectives are refined, DQOs will 
be defined iteratively for each activity. 

'..,. _____ Project Review/Audit 

DECISION MAKERS • Contractor QA Staff 

Technical Support 
• Holloman AFB • EPA Region VJ 

• Holloman AFB Personnel • USAGE • NMED 
• USAGE Technical Program Manager 

• Contractor 

--Geologists/Hydrogeologists 

-Engineers 

- T oxioologists 

-Statisticians 

-Analytical Chemists 

• Contractor 

• EPA Region VI (RCRA Corrective Action Program) 

• NMED(IRP) 

• USAGE QA Staff 

Public Review 

---- • Local Commun~y 

Figure 3-1 Decision-Making Pathway for Four Sites, Holloman AFB 
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The primary objective of the investi-' 
gation is to determine the presence or 
absence of contamination at each of the 
four sites. The primary decision is to 
recommentl site closeout or further ac
tion. There are only two options for this 
primary decision for each site: to dose out 
the site or to investigate the site further. 
Table 3-1 presents the objectives and data 
needs of the investigation. 

To complete the objectives listed in 
Table 3-1 and resolve the primary deci
sion, a variety of types of data were col
lected during the field investigation. The 
types of data collectoo, data collection 
procedures, contaminants of concern, and 
the quality assurance/quality control 
(QA/QC)programforvalidatingthedata 
are presented in the CDAP (Radian, 1993). 
A complete discussion of the QA/ QC pro
gram and data validation can be found in 
the SQCSR (Radian, 1993) 

Sectlon3 
DQOs & Evaluation Criteria 

3.2 Data Evaluation Criteria 
To determine the presence or absence 

and significance of contamination at the 
individual sites, analytical results were 
compared with the various evaluation cri
teria, presented in Table 3-2. 

Detailed discussions of data evalua
tion criteria are provided in Appendix A. 
All of the criteria shown in Table 3-2 were 
taken into account when assessing the 
presence or absence and significance of 
contamination; and developing recom
mendations. Detection limits and upper 
tolerance limits (UTLs) for background 
conditions were used to determine the 
presence or absence of contamination. 
Conceptual site models were used to de
tenninewhetherexposurepathways were 
complete for detected constituents to pose 
a risk to human health or the environ
ment. Proposed Subpart S action levels 
were used both as a basis of comparison 
among the sites and to estimate whether 
detected constituent concentrations might 
require further investigation. 

Table 3-1 
Summary of Investigation Objectives and Data Needs 

Objectives Data Needs 

C.lOl§i'Hi' 
Determine tlie presence 
or absence of contaminati n at 
eaCh of the sites. 

"l§'iUHil 
Determine the significance of 
contamination (i.e., recom
mend site closeout of further 
investigation). 

• Presence or absence of organic contaminants at 
concentrations greater than quantitation limits; 
and 

• Presence or absence of inorganic contaminants at 
concentrations greater than background. 

• Contaminant transport mechanisms; 
• Dispersion potential; 
• Proximity of populations and environments at 

risk; 
• Routes of exposure; and 
• Nature and extent defined 
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Table 3-2 
Data Evaluation Criteria 

CRITERIA 

Laboratory 
reporting limits 

Statistical 
background 

............. ~.::.:~.~--~~~-.................. J 
Background radio-

.... -.~~~~~~~~~~;.~~-;~-~: ..... J 
Conceptual 

site 
models 

....................... -.-.•.•.•.•.•.-..... ·.-.·.-.-.·.·.·.·.·.•.•.·.• ........... -............... :; 

Proposed RCRA 
Subpart S 

action levels 

.·.·.·· ....... -.-.·-·-·.·-·.· .... ·.···················-·.·.-................. ·.·.· . ..-.·.· ... J~ 

CONCLUSIONS 

Data acceptability and l 
defensibility :. 

Presence or absence 
of analytes 

Presence or 
absence of 

metal compounds 
..... ·.·······--··-···············-·.· .................. -........ · ............ ..:: 

Presence or absence of l 
elevated levels of ! 

radioactivity ! 
·.·.·.·.·.·.·.·.-.·.•.•.•.·.·.·.·.·.•.v.·.•.•.·.·.·.•.·.·.·.-... ·.•.•.·.·.·.-..... ·.•.·.•.•.•.·:· 

Significance of 
contamination with 
respect to migration 

pathways and 
t ~ 

..,., •..• = •. ·.·.=·.·.·.=· ..... = ..... ~= •• ·r::e=.·.-.. ,,.; . ..P,,,, .... o=.·.·.rs= ... ·.·.=·.·.·.=·.····=·.·····=.·.·.·""'···) 

Significance of 
contamination with 
respect to risk-based 

regulatory criteria 

•waste Acceptance Criteria for Radwactive Solid Waste 
Disposal at SWSA-6. Oak Ridge National Laboratory, 
1993 (ORNL criteria). 

Figure 3-2 illustrates . the decision
makingprocess for determining site close
out or further investigation. The qualita
tive assessment of risks posed by the pres
ence of contamination and the need to 
define the nature and extent of contami
nation were the primary basis for recom-
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mendations. Site-specific recommenda
tions for further investigation are an esti
mate of the information needed to assess 
the nature and extent of contamination, 
assess risk posed by contamination, and 
support a corrective measures study, if 
necessary. 
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Objectives 

Determine 
Presence or 
Absence of 
Contamination 

Significance of 
Contamination 

Criteria 

• Reporting : 
Limits : 

• U1Ls 
• ORNL 

Criteria 

• Conceptual 
Site Models 

• Action 
Levels 

Conclusions 

Contamination: 
Present 
OT 

Absent 
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Potential Risk: : 
• DoesNot 

Exist 
OT 

• Exists 

Recommendation 

Site Closeout 

~ Contamination Nature and 
~ Absent Extent Defined 

~1.~;;~t~-~---J OR l;;~t~-~ ... ...li OR 

Further Investigation 

Nature and 
Extent Defined • 

Nature and Extent • 
Not Defined 

..-~~~--.·oR..-~~~--. 

.. l~_?_~_n_ti_al ___ .,,,I. l _;~~--- · ··· ..... 11 

Figure 3-2 Decision-Making Process for Determining 
Site Closeout or Further Investigation 
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SITE SS-12-JP-4 FUEL LINE SPILL SITE 

S ection 4 details the results of the IRP 
site investigation for Site SS-12. 

4.1 Site Description 
The JP-4 Fuel Line Spill Site is located 

immediately east of the main Base hous
ing area near the Standard Transpipe JP-4 
pipeline, the main pipeline serving the 
petroleum, oil, and lubricant (POL) area. 
Site features are illustrated in Figure 4-1. 

In 1975, approximately 2000 gal. of 
JP-4 were spilled at the site. The spill was 
the result of a rupture in the fuel line from 
excessive pressure. The majority of the 
fuel was reportedly recovered when it 
collected in a pit and was pumped into a 
tank truck shortly after the spill. The date 
of occurrence, the quantity of fuel spilled, 
and the location of the spill could not be 
confirmed during the literature search. 

Bose Housing Area 

CJ t 
Norlh 

In early 1992, an alleged fuel product 
was encountered while digging a trench 
for a storm sewer being installed approxi
mately 250 ft west (hydrologically 
upgradient) of the pipeline. 

4.2 Site Investigation 
This investigation focused on two 

principal areas of possible contamination: 

0 The segment of the JP-4 pipeline 
that ruptured in 1975 (BH-12-01, 
02, 04, and 05); and 

@ An area where the alleged fuel 
product was encountered during 
storm sewer installation (BH-12-
03 and 06). 

Soil and groundwater sampling loca
tions are shown in Figure 4-1 (see Section 
8 for explanation of symbols). A total of 

SCALE 
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Feet 

I 
1 / Approximate 
\ Location of 
' JP- 4 Pipeline 
\ 
I 

\ 
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Figure 4-1 Site SS-12 Features 
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Site SS-12--JP-4 Fuel Line Spill Site 

Table 4-1 
Site SS-12 Investigation Summary 

Suspected Types of Samples 
Contaminants Collected 
JP-4 One soil sample each from six 

soil borings 

One groundwater sample each 
from three groundwater 
monitoring wells 

Results Summary 
Kerosene in 1 sample; unidentified organics in 
diesel analysis in 1 sample* 
Unidentified organics in diesel analyses for 2 wells* 
Toluene in 1 well; possible (unconfirmed) toluene 
in 1 other wellt 
Benzene in WL-12-01and12-02 
Ethylbenzene, xylenes, and gasoline in WL-12-02 

Note-Samples were analyzed for total fuel hydrocarbons (TFH). •Diesel analyses of both soil and groundwater 
samples showed the presence of organic species not matching the diesel pattern. tToluene result did not meet 
confirmation criteria, indicating probable presence of compound other than toluene. 

six soil samples and three groundwater Table 4-2 
samples were collected at Site SS-12 and Concentrations of TFH Analytes 

submitted for chemical analysis. Table 4-1 in Site SS-12 Soils 

lists the nature of the contaminants of SW8015ME-
Extractable Fuel 

concern, types of samples collected, and a Hydrocarbons (µgig) 
summaryofresultsforSiteSS-12. Soilgas 

Qepdt Diesel Kerosene 
surveys were conducted at the site in No- Location ,lft) Result (RL) Result (RL) 
vember 1992, and results were reported in BH-12-01 0-2 ND (32) ND (6.5) 
the CDAP (Radian, 1993). 

BH-12-02 0-2 ND (3.1) 35 (6.1) 

Three of the soil borings were com-
pleted as monitor wells. The wells were 

BH-12-03 3-S ND (3.1) ND (6.2) 

installed in potential source areas to de- BH-12-04 1.5-2 ND (3.0) ND (6.0) 
termine local groundwater flow direction 

BH-12-05 0.5-1 ND (32) ND (6.5) 
and whether there has been a release to 
groundwater. Results of both the soil and BH-12-06 2-4 3.1GBO (2.9) ND (5.8) 
groundwater analyses are summarized in Note-RL = Reporting limit ND =Not detected. 
Tables 4-2 and 4-3, respectively. Refer to Chapter 8 for explanation of footnote(s) . 

Table 4-3 
Concentrations of TFH Analytes in Site SS-12 Groundwater 

SW8015ME* ~ Wii..n ("'_, 'jf'yC_,,; 

(µg/L) SW8015MP-Purgeable Fuel ljydrocarbons (µg/L) 

Diesel Benzene Ethyl benzene Gasoline/ Toluene Xylenes (total) 

Location Result (RL) Result (RL) Result (RL) Result (RL) Result (RL) Result 

WL-12-01 ND (48) 0.49C0 (0.3) ND (0.3) ND (50) 0.66c• (0.3) ND 

WL-12-02 17QGB@ (48) o.4c• (0.3) 3.6c (0.3) 670C (50) 5_3ce (0.3) 1.2G@ 

WL-12-03 17QGBO (40) ND (0.3) ND (0.3) ND (50) ND (0.3) ND 
Note-RL = Reporting limit. ND =Not detected. Refer to Chapter 8 for explanation of footnote(s). 
•Extractable Fuel H drocarbons 
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4.3 Geology and Hydrogeology 
The subsurface conditions at Site SS-

12 were defined by direct sampling and 
observation of the drilling operations at 
the site. Drilling logs located in Appendix 
B provide a detailed description of site 
stratigraphy. 

To correlate and interpret site stratig
raphy, cross section A-A', presented in 
Figure 4-2, was constructed from drilling 
logs and water-level data for Site SS-12. 
Figure 4-1 shows the location of the cross 
section. Site stratigraphy consists prima
rily of clay and clayey sand. Silt and silty 
sand lenses, ranging in thickness from 4 to 
6 ft, are interbedded with the sand and 
clay in three of the four soil borings. This 
stratigraphy is typical of the alluvial, eo
lian, and playa deposits in the Tularosa 
Basin. 

Groundwater occurs in clayey sand in 
a shallow unconfined aquifer approxi
mately 3 ft BGL. A three-point plot using 
March 1993 water-level data was calcu
lated to determine local groundwater flow 
direction and hydraulic gradient. Ground
water flow at the site is to the east-south-

Scolo 
0 1S so ,., 

vontAt.t~IATlOM: IOX 

~Clay 

~ Sll1 

f?:a Cloyoy Sond 

O] Siity Sond 
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east toward Dillard Draw, as shown in 
Figure 4-1. The magnitude of the hydrau
lic gradient is approximately 1.8 x 10-3. 
All water-level measurements and calcu
lations are provided in Appendix B. 

4.4 Conclusions 
4.4.1 Presence or Absence of 

Contamination 
Soil 
As shown in Table 4-2, kerosene was 

detected in one soil sample from Site LF-
12 (BH-12-02, 0-2-ft depth). Very low lev
els (just over reporting limit) of unidenti
fied organic compounds eluting in the 
diesel range were also detected in one soil 
sample from the 2-4-ftdepthat BH-12-o6. 
As discussed in Appendix A, unidenti
fied organic contaminants were detected 
at similar concentrations in laboratory 
blanks analyzed together with samples 
from Site LF-12. Therefore, the unidenti
fied species detected in the sample from 
BH-12-o6 are likely attributable to this 
low level laboratory contaminantion 
rather than to the presence of organic 
compounds in the sample itself. In both 
the field sample and the blank, the or
ganic compounds detected were notiden-

S.nd 

0-::_c11 Locallon 10 

y Wot.,. L .... L (:1'6 WAR 93) 

Figure 4-2 Site SS-12 Geologic Cross Section 
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tified as diesel, and were "G" flagged as 
not matching the diesel pattern. 

Kerosene detected in the soil sample 
from BH-12-02 is located adjacent to the 
JP-4 pipeline and ditch that receives run
off from the storm sewer. The concentra
tion of kerosene was 35 µg/ g, which is not 
indicative of a release from the JP-4 pipe
line. Instead, it is more likely a result of 
runoff from the storm sewer that accumu
lates in the ditch. Furthermore, the con
centration of kerosene is significantly less 
than the NMED cleanup criteria for fuel
contaminatedsoil (l(XX)mg/kgtotal recover
able petroleum hydrocarbons, TRPH) at 
Holloman AFB. Although TRPH is deter
mined byusing EPA 418.1, thetotal ofmodi
fied SW8015 extractable compounds (i.e., 
kerosene) provides a meaningful compari
son with EPA 418.1. By using the modified 
SW8015 results, potential TRPH concentra
tion of soil cuttings are estimated to be 35 µg/ 
g, which is orders of magnitude below the 
New Mexico 1RPH standard of l(XX)mg/kg. 

Groundwater 
As indicated in Table 4-3, benzene, 

ethylbenzene, and toluene were detected 
at low concentrations in groundwater 
samples from WL-12-01 and WL-12-02. 
However, diesel fuel was not detected in 
any of the samples from Site LF-12. As 
indicated in Table 4-3, unidentified or
ganics eluting in the diesel range were 
detected in the diesel analyses of ground
water samples collected at WL-12-01 and 
WL-12-03. These unidentified compounds 
werequantitated by the laboratory against 
a diesel standard, but were "G" flagged, 
indicating that they did not match the 
characteristic pattern for diesel. The re
sults in Table 4-3 are also annotated with 
the "G" flag. This is explained in more 
detail in Appendix A. 
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Table4-3 also shows one ground
water sample (from WL-12-012) as having 
unidentified organic compounds eluting 
in the gasoline range, but not matching 
the characteristic pattern for gasoline. The 
unidentified analytes were quantitated 
against the gasoline standard, but reported 
with a "G" flag to indicate that they do not 
meet the identification criteria for gaso
line. 

Oneofthetolueneresultsreported 
in Table4-3 is also flagged "G" to indicate 
that the analyte does not meet all of the 
identification criteria for toluene. In this 
case, the "G" flag has a slightly different 
connotation than it does when used for 
analyses in which the target analyte is a 
complex mixture of compounds identi
fied by pattern matching (e.g., gasoline, 
diesel). Toluene is a single compound that 
shows up as a single chromatographic 
peak. Confirmed identification by modi
fied Method 8015 (purgeables) consists of 
getting a peak of the same magnitude at 
the characteristic retention times for tolu
ene on two dissimilar chromatographic 
columns. The "G" flag on the toluene re
sult indicates that the peaks on the pri
mary and confirmation columns were of 
significantly different magnitudes. This is 
typically due to the presence of an un
known compound eluting at the toluene 
retention time on one or both of the col
umns. It is possible that toluene is also 
present, but its presence cannot be con
firmed because of the interfering analyte. 

Benzene and toluene were detected in 
groundwater from WL-12-01 at 0.49 and 
0.66 µg/L, respectively. Benzene and 
ethylbenzene were detected in ground
water from WL-12-02 at 0.4 and 3.6 µg/L, 
respectively. These monitor wells are lo
cated along the JP-4 pipeline. Soil gas re-
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Figure 4-3 Site SS-12 Conceptual Site Model 

suits presented in the CD AP (Radian, 1993) receptors. The fuel hydrocarbon constitu-
also indicated thatfuelhydrocarbonswere ents detected in soil and groundwater 
present where WL-12-01 and WL-12-02 from the site could migrate through the 
were installed. However, soil gas results environment via several different mecha-
sou theast (downgradient) of the pipeline nisms. Volatilization and fugitive dust 
do not indicate the presence of fuel hydro- generation could transport contaminants 
carbons. On the basis of these results, it is to ambient air since the physical nature of 
believed that the volatile organic fuel hydrocarbons is conducive to volatil-
compounds(VOCs) detected in the ization. This is unlikely, however, be-
groundwater from WL-12-01 and WL-12- cause minimal levels of fuel hydrocar-
02 are restricted to the area along the bons were detected in site soil samples. 
pipeline. There is no evidence to suggest 
that they have migrated downgradient. 
Furthermore, the detected concentrations 
and field results indicate that free product 
is not present at the site. Finally, no fuel 
hydrocarbons were detected in ground
water from WL-12-03, located between 
the houses adjacent to the storm sewer. 

4.4.2 Significance of Contamination 
Figure 4-3 depicts possible migration 

pathways to both human and ecological 
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Surface water runoff could carry dis
solved constituents and particulate mat
ter. This is possible, because surface water 
runoff does collectnextto the storm sewer 
outfall at the site; however, it is unlikely 
that there is sufficient contamination at 
the site to pose an exposure risk via this 
mechanism. 

Infiltration and subsequent percola
tion could result in constituent transport 
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to groundwater. Some fuel hydrocarbons 
were detected in groundwater, though 
their presence is probably due to surface 
runoff from the street rather than from a 
release at the site. 

Off-Base residents are not expected to 
be affected by the site. Receptors in the 
area include residents in the nearby hous
ing area, and any wildlife and vegetation 
that are at the site. · Exposure would be 
primarily the result of children or adults 
playing at the site or in Dillard Draw and 
ecological receptors being exposed 
through derinal contact or incidental in
gestion of water and/ or sediments. Shal
low groundwater in thearea is nonpotable, 
so exposure via ingestion of contaminated 
groundwater is unlikely. Inhalation of 
volatile compounds and contaminated 
particulate matter could also lead to hu
man as well as ecological exposure. The 
potential for exposure for plants and ani
mals is typically much higher than for 
humans because they are generally much 
more dependent on the environment for 
subsistence and may live their entire life 
in one area. 

Given the levels of constituents de
tected in soils and groundwater, it is un
likely that exposure by any of these path
ways poses a risk to human health or the 
environment. No constituents in soil 
samples were detected at concentrations 
above risk-based action levels. 

Unidentified organic compounds 
eluted in the gasoline range, but did not 
match the characteristic pattern for gaso
line. If the compound was gasoline, it 
would have exceeded the RCRA Subpart 
S health-based action level for gasoline. 

·However, the action level used was 
for carcinogenic risk from drinking water, 
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which is not a realistic comparison, since 
the water at the sitE'. is nonpotable. In
stead, an action level for recreational ex
posure was derived. Assumptions were 
that children swam in water from the site 
and were being exposed to contaminants 
dermally and by incidental ingestion for 
2.6 hours per day for 20 days per year for 
seven years. Twenty days per year is an 
estimate of the number of days per year of 
rainfall sufficient to result in standing 
water at the site. 

Exposure from swimming is a conser
vative assumption because there is never 
sufficient water for swimming at the site. 
In reality, the children would only play in 
the mud; thus the actual potential for der
mal exposure and incidental ingestion 
would be far less than if the children were 
actually swimming. The calculated recre
ational exposure action level based on 
these assumptions is 123.75 mg/L, and 
the detected concentration in the ground
water sample for the unidentified organic 
compound from WL-12--02 was 670 µg/L. 
Therefore, even if the unidentified organic 
compound was gasoline, it is well below 
the action level derived for recreational 
exposure. 

4.5 Recommendations 
Fuel hydrocarbon constituents were 

detected at the site. The extensive soil gas, 
soil, and groundwater investigation de
fined the nature and extent of contamina
tion. Furthermore, on the basis ofa quali
tative risk assessment, detected con
centrations do not pose a potential risk to 
human health or the environment. There
fore, site closeout is recommended. 

Preparation of proposed plans and 
decision documents for public review will 
be required for official site closeout of Site 
SS-12. 
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SITE SD-27-PAD 9 WASHRACK AREA 

S ection 5 details the results of the IRP 
site investigation for Site SD-27. This 
site is also SWMU 141 on Table 2 of 

Holloman AFB' s HSW A permit, and must 
be addressed under the RCRA corrective 
action program in an RFI. The work done 
for this field investigation was submitted 
and approved in the 28 Sites Phase I RFI 
Work Plan (Radian, 1993), and the results 
of this investigation will be used to sup
port the Phase I RFI. 

5.1 Site Description 
The Pad 9 W ashrack Area is located 

east of Taxiway F near Building 882. The 
washrack was reportedly used to wash 
down drones and manned aircraft that 
had flown through clouds of nuclear blast 
materials in the late 1940s and early 1950s. 

Colonel Forrest Spresster, formerly of 
the Holloman AFB Bioenvironmental of
fice, was contacted to obtain more infor
mation about the site. In the early 1970s, 
Colonel Spresster interviewed civilian 
employees who knew of activities at the 
Pad 9 washrack. The planes washed atthe 
site were reportedly involved in a project 
studying fallout from nuclear explosions. 
The planes were equipped with air sam
pling devices and were flown through 
blast clouds to collect fallout samples. The 
samples were reportedly analyzed on site 
at a building that no longer exists. The 
location of the building could not be con
firmed during the literature search. Fol
lowingsampling activities, the planes were 
washed down with water. According to 
Colonel Spresster, the pad has not been 
used for aircraft maintenance since these 
activities took place. 

~1 

All runoff from the washrack drained 
into an unlined pit directly south of the 
pad area. The pit was approximately 12 ft 
deep. In May 1976, Colonel Spresster 
collected soil samples from the bottom of 
the pit and submitted them for analysis. 
The analytical results indicated no radia
tion above normal background levels. The 
pit was backfilled after this soil sampling 
event. 

Site features are illustrated in Figure 
5-1. The pad is in fair condition, exhibit
ing some cracks mainly along concrete 
seams. The sump in the middle of the pad 
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is filled with soil and has plants growing 
in it. The drainage gallery from the sump 
to the southern edge of the pad is filled 
with dirt. It is not known whether the dirt 
in the sump and drainage gallery is un
derlain by concrete, or whether runoff 
drained through a pipe or a lined or un
lined ditch. 

The area of the former pit is now 
surrounded by a slightly damaged wire
mesh fence and is overgrown with bushes 
and small trees, most of which were re
moved for this investigation. An aban
doned transformer is located adjacent to 
the fence west of the former pit. The 
abandoned transformer is surrounded by 
a chain-link fence. The ground around the 
abandoned transformer is stained. 

Sections 
Site SD-27-Pad 9 Washrack Area 

5.2 Site Investigation 
This investigation focused on three 

principal areas of possible contamination: 

0 The former Pad 9 drainage pit 
(BH-27-02 and 03); 

@ The fenced transformer area (BH-
27-04); and 

@) An area south of Pad 9 near the 
former drainage pipe (BH-27-01). 

A total of six soil samples were col
lected at Site SD-27. Table ~1 lists the 
nature of the contaminants of concern, 
types of samples collected, and results for 
Site SD-27. The results of soil analyses for 
organic constituents, radioactivity, and 
PCBs are summarized in Tables 5-2, 5-3, 
and 5-4, respectively. Soil sampling loca
tions are shown in Figure 5-1. 

Table 5-1 

Suspected 
Contaminants 

PCBs 

Alpha, beta, and 
gamma radiation 

Fuels 

Site SD-27 Investigation Summary 
Types of 

Samples Collected 

One surface sample from the abandoned 
transformer area analyzed for PCBs 

One sample from just south of the pad 
Three samples from the two borings in the 
former pit area; one background sample 

One sample from former pit 

Table 5-2 

Results 
Summary 

PCBs detected 

Alpha and beta radiation de
tected at levels comparable 
to background 

Fuel hydrocarbons detected 
in sample from base of 
former pit area 

Concentrations of TFH Analytes in Site SD-27 Soils 
SW8015ME 

Extractable Fuel 
Hydrocaibons (µgig) 

SW8015MP 
Purgeable Fuel Hydrocaibons (µg/kg) 

Depth _____ K_e_r_o_se_n_e __ ~ Ethylbenzene 
Results (RL) 

Toluene Xylenes (Total) 
Results (RL) Location (ft) Results (RL) Results (RL) 

BH-27-03 8-10 430 (68) 680C (41) 51°' (41) 27ooc (68) 

Note-RL = Reporting limit Refer to Section 8 for explanation of footnote(s). 
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Table 5-3 
Radioactivity Levels in Site SD-27 Soils 

SW9310 
Gross Alpha and Gross Beta (pCi/g)) 

Depth Gross alpha Gross beta 

Location (ft) Result (RL) Result (RL) 

BH-27--01 0-2 8.95 (3.63) 16.69 (5.52) 

BH-27--02 6-8 19.29 (3.76) 15.31 (5.22) 

BH-27--03 8-10 13.5 (3.71) 12.15 (5.92) 

BH-27--05• 4--6 7.35 (3.61) 7.68 (5.94) 

Note-RL = Reporting limit Refer to Section 8 for explanation of footnote(s). •Background sample. 

Table 5-4 
Concenaationsof PCBs 

in Site SD-27 Soils 

SW8080-PCBs (µg/kg) 

Depth PCB-1254 
Location (ft) Result (RL) 

BH-27-04 0-2 2000 (87) 
Note-Refer to Section 8 for explanation of 
footnote(s). 

5.3 Geology and Hydrogeology 
The subsurface conditions at Site SD-

27 were defined by direct sampling and 
observation of the drilling operations at 
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four soil borings. Drilling logs located in 
Appendix B provide a detailed descrip
tion of site saatigraphy. 

To correlate and interpret the site 
stratigraphy, cross section B-B', shown in 
Figure 5-2, was constructed from boring 
logs for Site SD-27. Figure 5-1 shows the 
location of the cross section. Site lithology 
consistsprimarilyofsiltinterbedded with 
lenses of clay and sandy clay. In the 
vicinity of the former waste disposal pit, 
shown in Figure 5-1, fill material was en
countered at a depth of 8 ft. A clayey sand 
unit with caliche underlies the pit. 

B' 

Figure 5-2 Site SD-27 Geologic Cross Section 

5-3 



Investigation of Four Waste Sites 
Holloman Air Force Base, NM 

5.4 Conclusions 
5.4.1 Presence or Absence of 

Contamination 
As presented in Table 5-3, gross alpha 

and beta radioactivity were detected at 
comparable levels in potentially affected 
areas and background. In addition, de
tected radioactivity levels were compared 
with Waste Acceptance Criteria for Radioac
tive Solid Waste Disposal at SWSA-6 (Oak 
RidgeNationalLaboratory[ORNL],1993). 
Solids with alpha activityexceeding30 pCi/ g 
are considered radioactive waste by 
ORNL. None of the samples at Site SD-27 
exceeded these levels; thus~ radioactivity 
is not a problem at this site. 

Stained soil with a fuel odor was en
countered at the base of the former pit 
below the water table. However, soil above 
the water table was not stained (it is pri
marily fill used to cover the former pit). 
Fuel staining was observed in all of the 
three soil borings below the water table; 
soil was stained from approximately 8 to 
16 BGL. It is believed that the extent of 
affected media is limited to the saturated 
soil below the former pit. The source of 
fuel staining is most likely the result of 
runoff from Pad 9 that drained into the 
unlined pit. 

A sample of the stained soil was col
lected and analyzed for TFH (modified 
SW8015) from one of three soil borings 
(BH-27-03) drilled in the former pit, and 
theresultsarepresentedin Table4-2.Kero
sene, ethylbenzene, toluene, and xylenes 
were detected in the sample. The total 
concentration of these analytes (both ex
tractable and purgeable compounds) is 
3.8 mg/kg. The New Mexico standard for 
remediation of fuel-contaminated soil 
(1RPH determined by EPA 418.1) is 1000 
mg/kg. Although the samples from Site 
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SD-27 were analyzed using modified 
SW8015, the total concentration of the ex
tractable and purgeable compounds pro
vides a very conservative comparison for 
1RPHusingEPA418.1 (this method only 
determines concentrations of extractable 
compounds). Therefore, by using the 
modified SW8015 results, potential 1RPH 
concentration of saturated soil cuttings 
may be 3.8 mg/kg, which is orders of 
magnitude below the New Mexico 1RPH 
standard of 1000 mg/kg. 

Soiladjacenttotheformertransformer 
area was collected and analyzed for PCBs. 
PCBs were detected at a concentration of 
200 µg/kg. On the basis of visual observa
tions, the affected soil is restricted to an 
area on the north side of the Pad, which is 
approximately 3 ft wide by 5 ft long by 2 ft 
deep. 

5.4.2 Significance of Contamination 
Figure 5-3 depicts possible contami

nant migration and exposure pathways 
for both human and ecological receptors. 
The constituents detected in site soils could 
migrate through the enyironrnent via sev
eral different mechanisms. Volatilization 
is likely to be minimal, given the 
semivolatile nature of PCBs, and the fact 
that the fuel hydrocarbon contamination 
is at the base of the former pit and is 
buried. Fugitive dust generation, which 
can transport contamination to ambient 
air, is of minimal concern because radio
activitywas detected at levels comparable 
to background, the surface area of PCB 
contamination is very small, and the pe
troleum hydrocarbons detected at the site 
are buried. 

Migration via surface water runoff, 
which can carry dissolved constituents 
and particulate matter, is minimal. There 
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Figure S:-3 Site SD-27 Conceptual Site Model 

is no known area where surface water 
runoff from the site collects, and the only 
surface contamination at the site is a very 
small area of PCB-contaminated soil. In
filtration and percolation of contaminants 
to groundwater are the most likely modes 
of contaminant transport at this site. The 
sample in which petroleum hydrocarbons 
were detected was taken from below the 
water table. However, groundwater is 
nonpotable and does not discharge any
where near the site. 

Off-Base residents are not expected to 
be affected by the site. Access to the site is 
severely restricted, since it is across the 
flightline. Ecological receptors may be 
exposed, via dermal contact or ingestion, 
to the PCBs at the surface in the former 
transformer area, and to fuel hydrocar-

S:-5 

hons from the former sump pit through 
uptake by plants. Access to the PCB-con
taminated soil is restricted because the 
abandoned transformer area is sur
rounded by a chain-link fence. 

The ARARs presented in the RI report 
(Radian, 1992) specify cleanup criteria for 
PCBs specified in 40 CFR Part 761, Sub
partG. Requirements for cleanup of PCBs 
in outdoor electrical substations are con
tained in 40 CFR Sections 761.125(c)(2)(i) 
and (ii). Contaminated soil will be cleaned 
to either 25 or 50 mg/kg by weight pro
vided thata label ornoticeis visibly posted 
in the area. Concentrations of PCBs at the 
site (200 µg/kg) are well below EPA-re
quired cleanup criteria for PCBs. Appen
dix A provides a summary of the ARARs 
presented for PCBs at Holloman AFB. 
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The rule also states thatin exceptional 
spill situations, site-specific risk factors 
may warrant cleanup to more stringent 
concentration levels. A site-specific health
based concentration was detennined to 
evaluate whether a potential risk could 
exist, given existing and potential future 
exposure scenarios. 

To evaluate potential risk for current 
and potential future occupational expo
sure scenarios, a risk-based concentration 
was calculated by using realistic yet con
servative exposure scenarios. The site-re
lated risk-based concentration for PCB-
1254 is based on dermal exposure for an 
adult worker. This is based on a carcino
genic slope factor of 7.7 mg/kg/ day; ex
posure for 5 days/week, eight hours/ 
day, and 250 days/year for 25 years. Since 
no inhalation unit risk or inhalation slope 
factor exists, a risk-based concentration 
for air could not be detennined. The risk
based concentration was calculated to be 
987 µg/kg. This is not generated as a 
cleanup level, but as a check to detennine 
what concentrations may present unac
ceptable risk. Appendix A contains calcu
lations used for this risk-based level. 

The concentrations of PCBs detected 
in the soil was 200 µg/kg, which is signifi
cantly lower than the estimated occupa
tional exposure concentration of 987 µg/kg. 

Sections 
Site SD-27-Pad 9 Washrack Area 

5.5 Recommendations 
Unsaturated soil has not been affected 

by the operations at Pad 9. Therefore, no 
ongoing source of contamination is present 
in the unsaturated zone at the former pit. 
The saturated soil does contain some fuel 
hydrocarbons that are a result of runoff 
from the tarmac. The concentrations of the 
fuel constituents are, however, signifi
cantly lower than the NMED standard for 
remediation. Because there is no ongoing 
source of contamination in the unsatur
ated soil, and fuel concentrations are well 
below the 1000-mg/kg cleanup criteria, 
no further investigation is warranted for 
the former pit at Site SD-27. 

PCBs present in the soil at the trans
former pad are below reasonable health
based levels anticipated for existing and 
potential future occupational exposure 
scenarios. Furthermore, concentrations are 
below cleanup levels specified for "other 
restricted access areas" in 40 CFR Section 
761.123. Therefore, no further action is 
recommended for the soil adjacent to the 
transformer. 

Preparation of CERCLA proposed 
plans and decision documents for public 

. review will be required for official site 
closeout. In addition, a RCRA Gass 3 
pennit modification is necessary for a 
change to no-further action status. 
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SITE OT-35-SPENT SOLVENT 
DISPOSAL AREA 

S ection 6 details the results of the IRP 
site investigation for Site OT-35. 

6.1 Site Description 
The Spent Solvent Disposal Area is 

located near the Primate Research Labo
ratory (PRL). Spent solvents containing 
radioactivetracers(carbon-14and tritium) 
had reportedly been disposed of intermi t
tently on the ground at the site since the 
1950s. Information obtained during the 
literature search was supplemented by a 
site visit with Mr. Harry Ridge, a long
time PRL employee. 

New PRL facilities have been under 
construction near the former solvent 
evaporation area since 1991. The area sus
tains heavy vehicle traffic and appears to 
have been graded. Site features are illus
trated in Figure 6-1 . 

6.2 Site Investigation 
This investigation focused on three 

principal areas of possible contamination: 

0 An area of stressed vegetation 
behind Building 1264 (BH-35-01); 

@ A slightly vegetated area near 
Building 1269 where stained soils 
were observed (BH-35-02); and 

@ An area several hundred yards 
south of Building 1269 that was 
identified as the former solvent 
evaporation area wherespentsol
vents were set out in evaporation 
pans for disposal (BH-35-03). 
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Figure 6-1 Site OT-35 Features 

A total of six samples were collected 
at Site OT-35 and submitted for chemical 
analysis. Table 6-1 lists the nature of the 
contaminants of concen, types of samples 
collected, and a summary of results for 
Site OT-35. A background sample was 
collected approximately 500 ft northeast 
of the site and analyzed for alpha, beta, 
and gamma radioactivity only. Soil bor
ing locations are shown in Figure 6-1. The 
results of soil analyses for radioactivity 
are summarized in Table 6-2. 
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Table 6-1 
Site OT-35 Investigation Summary 

Suspected Contaminants Types of Samples Collected Results Summary 

Two samples each No VOCs detected; Solvents with 
radioactive tracers from three soil borings at 

potential source areas 
Gross alpha, beta, and gamma 
radioactivity detected at 
background levels. 

6.3 Geology and Hydrogeology 
The subsurface conditions at Site OT-

35 were defined by direct sampling and 
observation of the drilling operations for 
three soil borings. Drilling logs located in 
Appendix B provide a detailed descrip
tion of site stratigraphy. 

To correlate and interpret site stratig
raphy, cross section C-C', shown in Fig
ure 6-2, was constructed from the boring 
logs for Site OT-35. The location of the 
cross section is shown in Figure 6-1. Site 
stratigraphy consists primarily of two 
broadly defined lithologic units. The up
permost unit consists of 10 ft of silt and 
silty sand; 25 ft of clay underlies the up-

c 
4121 .. -»-01 "RLlkiMdtftfs 

permost unit. Interbedded lenses of sand 
and silt, ranging in thickness from 1to6 ft, 
occur within the clay layer. The clay layer 
grades into clayey sand in the southern 
portion of the site. 

6.4 Conclusions 
6.4.1 Presence or Absence of 

Contamination 
Detected radioactivity levels were 

comparable to levels in the background 
sample. Radioactivity levels were also 
compared with Waste Acceptance Criteria 
for Radioactive Solid Waste Disposal at SW 
SA-6 (Oak Ridge National Laboratory 
[ORNL], 1993). Noneoftheradioactivity 
levels detected in Site OT-35 soils samples 
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Figure 6-2. Site OT-35 Geologic Cross Section 
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Table 6-2 
Concentrations of Inorganic Analytes in Site OT-35 Soils 

E901.1-Gamma 
SW9310-Gross Alpha and Gross Beta (pCi/g) Radiation (pCi/g) 

Depth 
Gross Alpha 

Location (ft) Result (RL) 

BH-35-01 0- 2 21.21 (3.97) 
25-27 15.08 (3.83) 

BH-35-02 2.5-4.5 4.01 (3.52) 
10-12 12.06 (3.51) 

BH-35-03 0-2 6.61 (3.16) 
5-7 ND (3.0) 

BH-35-04 0-2 7.87 (2.93) 

Note-RL = Reporting limit. ND = Not detected. 

exceeded ORNL criteria. Radioactivity, 
therefore, is not a problem at the site. No 
voes were detected in site soil samples. 
There does not appear to be any contami
nation at the site. 

6.4.2 Significance of Contamination 
Although there does not appear to be 

any contamination at Site OT-35, Figure 
6-3 is included to show possible migra
tion pathways to human and ecological 
receptors had contamination been present. 
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Gross Beta Total Gamma 
Result (RL) Result (RL) 

19.08 (5.18) 0.33 (100) 
19.51 (5.15) ND (100) 

5.83 (5.43) ND (100) 
17.94 (5.47) ND (100) 

ND (5.05) ND (100) 
ND (5.5) ND (100) 

5.95 (5.61) ND (100) 

6.5 Recommendations 
There is no contamination at the site, 

and thus no risks to human health or the 
environment. Therefore, site closeout is 
recommended. Preparation of CERCLA 
proposed plans and decision documents 
for public review will be required for offi
cial site closeout. 
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SITE LF-58-INCINERATOR/LANDFILL 

S ection 7 details the results of the PA 
and the site investigation for Site LF-
58 under the IRP. Site features are 

illustrated in Figure 7-1. Site LF-58 is a 
new site, and thus requires a PA in addi
tion to a site investigation under the IRP. 

Section IV .F of Holloman AFB' s 
HSWA permit requires that newly identi
fied SWMUs be addressed under the 
RCRA corrective action program in an 
RPI.A permitmodificationrequestingthat 
Site LF-58 be included on Table 3 of the 
permit is in progress, and the CDAP was 
submitted for approval as the Phase I RFI 
work plan for the site. The proposed 
SWMU number is 231. Pending approval 
of the CDAP, this investigation will be 
used to support the Phase I RFI. 

7.1 Introduction 
7.1.1 PA/Investigation Overview 

Preparation of a PA is part of the 
remedial response process within the IRP. 
The purpose of the PA is to collect infor
mation about the site, assess potential 
threats to human health and the environ
ment, and determine the need for further 
action at the site. The PA was conducted in 
accordance with guidelines set forth by 
CERCLA as amended by SARA, and as 
prescribed in Guidance for Performing Pre
liminary Assessments Under CERCLA (U.S. 
EPA, 1991). The scope of the PA includes 
a review of available file information, site 
reconnaissance, and a comprehensive re
ceptor identification. 

Following the PA, a site investigation 
was performed. The site investigation is 
the step prior to an RI in the IRP process. 
The purpose of the site investigation is to 
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confirm the presence or absence of con
tamination in suspect areas identified 
during the PA. 

7.1.2 Organization of Section 7 
Information from both the PA and the 

site investigation is incorporated in this 
section. Since the site investigation repre
sents the most comprehensive work done 
at the site, this section follows the format 
used in the other site-specific sections of 
this report. PA data are included where 
applicable; a photographic log is included 
at the end of the section; PA references are 
provided in Appendix C. Photos are refer
enced throughout the text where appli
cable. 

7.2 Site Description 
Site LF-58 is located on a dirt road off 

De Zonia Road, several hundred yards 
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storage area (now the Base equestrian fa
cility). 

The incinerator is a small (10-ft square) 
brick structure with a metal roof, a burner, 
and a 30- to 40-ft-tall stack (see Photo A). 
According to Mr. Marvin Weber, a former 
project officer for the unconventional fu
els program, the incineratoroperated from 
1955 to 1960, and was used to dispose of 
unconventional fuels used forthe Aero bee 
sounding rocket, including aniline, xyli
dine, and furfuryl alcohol (PA Reference 
1). Duringtheinitialsitevisit,old warning 
signs mentioning aniline, xylidine, and 
furfuryl alcohol were found several hun
dred yards east, west, and north of the site 
(PA reference 2). 

Unconventional fuels were reportedly 
transported to the site in tank trucks that 
parked north of the incinerator at a stain
less steel fill line with an electrical ground 
(see Photo B). Fuel was pumped into the 
fuel line in much the same way the gaso
line tank of a car is filled. Approximately 
100 ft southwest of the incinerator is an
other fill line, presumably for conven
tional fuel, like kerosene or diesel, used to 
start the burner (PA Reference 2). The 
burner was lit using conventional fuel, 
then a valve was opened, exposing the 
unconventional fuel to the flame (PA Ref
erence 1). 

Several areas of purple stained soil 
were found neartheincinerator(see Photo 
E). Waterwasobserved poolingoverthese 
stained areas during rainfall, so they were 
easily located (PA Reference 3). One of the 
purple stained areas is approximately 100 
ft north of the incinerator, next to the 
stainless steel fill line and electrical ground. 
The source of the staining is not known, 
but it may be the result of spillage of 
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unconventional fuels while unloading 
tank trucks (PA Reference 2). 

The suspected burial areas under in
vestigation are located in a 700 ft x 700 ft 
study area northwest of the incinerator, 
which exhibits disturbed soils and a vari
ety of debris, including some stainless 
steel equipment. The areas of disturbed 
soil include the suspected landfill men
tioned in the scope of work (USA CE, 1992) 
and several other possible burial areas. 
The suspected landfill is located several 
hundred feet north of the incinerator and 
isapproxirnately350ftlongand lOftwide 
(PA Reference 2). The northwest trending 
depressions of disturbed soil located 
throughout the study area are also pos
sible burial areas. 

7.3 SHe Investigation 
This investigation focused on two 

principal areas of possible contamination: 

0 The area around the inactive in
cinerator (soil boring investiga
tion), and 

@ A larger area characterized by de
bris and disturbed soil that in
cludes the suspected landfill men
tioned in the scope of work 
(USACE, 1992) and other sus
pected burial areas (EM surveys 
and waste excavation and charac
terization). 

Site features are illustrated in Figure 7-1. 

7.3.1 Soil Boring Investigation 
A total of six soil samples were col

lected from Site LF-58 and submitted for 
chemical analysis (see Table 7-1). Soil 
borings were drilled near the incinerator 
in suspect areas as indicated by soil gas 
survey results and observed purple stain-
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survey results and observed purple stain
ing (see Photos D and E). Soil boring loca
tions are shown in Figure 7-2. The results 
of soil analyses for organic compounds 
are summarized in Table 7-2. Tentatively 
identified compounds (TICs) were de
tected in volatile and semi volatile organic 
analyses and are listed in Table 7-3. These 
compounds have not been positively iden
tified and their concentrations are uncer
tain. The results of soil analyses for inor
ganic compounds are sununarized in Table 
7-4. 

7 .3.2 Electromagnetic (EM) Surveys 
Two electromagnetic (EM) surveys 

were conducted at Site LF-58 to identify 
locations of buried waste and guide sub
sequent waste excavation and character
ization activities (see Photo C). One sur
vey was conducted at 50-ft intervals over 
theentire site, and another was conducted 
atl~ftintervalsovertheareaofthesuspected 
landfill. 'The EM survey areas are shown in 
relation to site features in Figure 7-1. 

Data for both the quadrature and in
phase components were collected to mea
sure the terrain conductivity and mag
netic field, respectively. The terrain con
ductivity and magnetic field were con
toured and are shown in Figures 7-3 and 
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7-4, respectively, for the large grid, and in 
Figure 7-5 for the small grid. Potential 
buried wastes were identified by anoma
lous contour patterns that look like holes 
or mounds. Some anomalies were reflected 
on both terrain conductivity and mag
netic field results, whereas others were 
reflected only on one or the other, de
pending on the nature of the anomaly. 

Table 7-1 

Suspected Contaminants 

Unconventional Fuels 

Buried Waste 

Site LF-58 Investigation Summary 
Types of Samples 

Collected 

Two samples each from three 
soil borings, analyzed for 
TFH, volatile and semivola
tile organic compounds, 
and metals. 

Two EM surveys 
Waste excavation and 
characterization 
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Results Summaiy 

Aniline and unknown volatile and 
semivolatile organic compounds 
present. Somemetalsdetected above 
background in soil samples. 

See discussion in text. 
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Table 7-2 
Soil Analyses for Organic Compounds from Site LF-58 

SW8270-
Semivolatile 

SW801SME (µgig) SW8240-Volatile Organics (µg/kg) Organics (µg/kg) 

Depth 
Diesel Methylene Chloride Xylenes Aniline 

Location (ft) Result (RL) Result (RL) Result (RL) Result (RL) 

BH-58-01 0-2 12oocs (29) 13° (5.7) 9.7" (5.7) ND (11,{XX)) 
25-27 ND (3.0) ND (6.7) ND (6:7) ND (440) 

BH-58-02 0-2 2608 (14) ND (5.7) ND (5.7) 15,ooou (3800) 
20-22 3.5cso (3) ND (6.1) ND (6.1) ND (410) 

BH-58-03 0-2 ND (3.2) ND (6.4) ND (65) ND (430) 
20-22 3_5cso (3) ND (6.1) ND (62) ND (410) 

Note-RL =Reporting limit. ND= not detected. Refer to Section 8 for explanation of footnote(s) . 

Table 7-3 
Tentatively Identified Compounds (TICs) from Site LF-58 

SW8240-Volatile Organics (µg/kg) 

Tetrahydro- Unknowns 

Depth furan B Unknown B 62 B3 CaH.,02N Alcohol 

Location (ft) Result Result Result Result Result Result Result 
BH-5S..01 0-2 8 ND 24 23 45 26 8 

25-27 8 ND 72 36 ND 6.6 ND 

BH-5S..0'2 0-2 8 ND 5.7 160 ~ ND ND 
W-22 11 ND 15 26 33 ND 30 

BH-5S..03 0-2 10 ND 78 26 ND ND ND 
20-22 ND 27 62 ND ND ND ND 

SW8270-Semivolatile Organics (µg/kg) 

Unknowns Unknown Dimethylanilines 

Unknown B UD 2 3 4 5 
Result Result Result Result Result Result Result 

BH-SS..01 0-2 ND ND 140,(XX) 120,<XXJ 64,(XX) ND ND 
25-27. ND ND ND ND ND ND ND 

BH-SS-0'2 0-2 ND ND 19,000 15,000 2700 3100 6500 
20-22 ND ND ND ND ND ND ND 

BH-5S..03 0-2 210 430 ND ND ND ND ND 
20-22 ND ND ND ND ND ND ND 

Note-UD = Unknown dimethylaniline. ND =not detected. TICs do not have detection limits. Their presence 
and concentration are uncertain. 
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Table 7-4 
Concentrations of Inorganic Anlytes in Site LF-58 Soils 

BH-58-01 BH-58-02 BH-58-03 
Depth (ft) Depth (ft) Depth (ft) 

0-2 25-27 0-2 20-22 0-2 20-22 
Analyses Analyses Analyses 

Analytes Result (RL) Result (RL) Result (RL) Result (RL) Result (RL) Result (RL) 

SW6010-Metals (mg/kg) 

Aluminum 6400 (19) 670 (20) 7800 (18) 1600 (18) 6600 (21) 2600 (17) 

Barium 63 (0.96) 34 (0.98) 76 (0.89) 26 (0.9) 65 (1) 31 (0.87) 

Beryllium 0.44• (0.19) ND (02) 0.44• (0.18) ND (0.18) 0.31• (021) 024• (0.17) 

Calcium 170,000 (390) 240,000 (390) 150,000 (360) 210,000 (360) 180,<xxl (410) 120,000 (350) 

Chromium 5.9 (0.96) 1.4• (0.98) 72 (0.89) 1.6• (0.9) 5.7 (1) 2.9• (0.87) 

Cobalt 23• (0.96) ND (0.98) 2.5• (0.89) ND (0.9) 2.1• (1) 0.93• (0.87) 

Copper 5.6• (1.9) ND (2) 6.8• (1.8) i.8• (1.8) 4.8• (2.1) ND (1.7) 

Iron 5300 (4.8) 740 (4.9) 6900 (4.5) 1500 (4.5) 5200 (52) 2400 (4.4) 

Magnesium 4300 (96) 970 (98) 6300 (89) 1100 (90) 5600 (100) 1300 (87) 

Manganese 120 (0.96) 120 (0.98) 170 (0.89) 17 (0.9) 110 (1) 19 (0.87) 

Nickel 5.1• (1.9) ND (2) 52• (1.8) ND (1.8) 3.8• (2.1) ND (1.7) 

Potassium 1900 (290) ND (290) 2400 (270) 2909 (270) 2000 (310) 6909 (260) 

Sodium 900 (96) 1200 (98) 900 (89) 810 (90) 1300 (100) 1200 (87) 

Thallium ND (9.6) 10- (9.8) ND (8.9) 9.4• (0) 14° (10) ND (8.7) 

Vanadium 10 (1.9) ND (2) 11 (1.8) 32• (1.8) 9.6• (2.1) 4.6• (1.7) 

Zinc 16 (1.9) ND (2) 23 (1.8) 52• (1.8) 16 (2.1) 6.79 (1.7) 

SW706G-Arsenic (mg/kg) 

Arsenic 1.79 (0.38) ND (0.41) 1.9 (0.36) 0.599 (0.37) 22 (0.4) 1.3• (0.36) 

SW7421--Lead(mg/kg) 

Lead 2.1 (0.29) ND (0.31) 5.6 (1.1) 0.38• (0.28) 2 (0.3) u• (0.27) 

SW7740-Selenium (mg/kg) 
Selenium 2.9 (0.48) 2.4• (0.51) 2.8 (0.45) 2.1• (0.46) 3 (0.5) 2.3• (0.45) 

Note-RL = Reporting limit ND =not detected. Refer to Section 8 for explanation of footnote(s). 

7.3.3 Waste Excavation and 
Characterization 

Waste excavation and characteriza
tion activities were conducted in locations 
where anomalies were detected during 
the EM survey. A total of 33 exploratory 
pits were dug (see Photo I). The locations 
of pits 1 through 19 are shown in the 
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overlays to Figures 7-3 and 7-4. Pit 20 was 
dug in the mound near De Zonia Road, 
which was not part of the EM survey grid 
and is not shown in the figures. Following 
the excavation of the first 20 pits, 13 more 
pits were dug near pits where waste was 
found in order to determine the approxi
mate lateral extent of the waste bodies. Pit 
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locations, dimensions, and contents are 
listed in Appendix B. 

Waste was found in five distinct 
"waste areas" across the site. The waste 
areas are shown in the overlays to Figures 
7-3and 7-4,and are labeled A, B, C, D,and 
E. The sizes and contents of the waste 
areas are described in Table 7-5. 

Pits 11-15 were dug in the suspected 
landfill area north of the incinerator where 
a detailed EM survey over a small grid 
was conducted. Survey results indicated 
only small magnetic and conductivity 
anomalies, and though the soil in the exca
vated pits appeared to be disturbed, no 
evidence of waste burial was found (see 
PhotoG). 

Section 7 
Site LF·S~lnclnerator/Landf/11 

Pits 20 and 33 were dug in a large dirt 
mound west of De Zonia Road and south 
of the dirt access road for the site. The 
mound was not included in the EM sur
veys, but looked as though it could be a 
burial site. A concrete retaining wall was 
encountered in one of the pits, but there 
was no other evidence of buried material 
in either pit. 

7 .4 Environmental Setting 
7.4.1 Physiography 

Figure 7-6 is a physiographic map of 
the area surrounding Site LF-58. The site 
is located at 32° 53' 3" north latitude and 
106°6'10" west longitude (PA Reference 
4). The site is remote and uninhabited. 
Site topography is flat, and local vegeta
tion consists of grasses, cacti, and shrubs. 

Table 7-5 

Waste 
Area 

A 

B 

c 

D 

E 

Waste Area Description for Site LF-58 

. Waste Area 
Dimensions (ft) 

120X30X5 

150X30X4 

30 X.30 X 4 

50X30X5 

50X30X10 

Contents 

Highly deteriorated, rusted drums and other debris (see Photos 
J, K, and L). Samples of yellow-and pink-stained soils, soil that 
looked burned, and friable green crystalline material were 
collected for HazCat analysis (see Photos M and N). All had a 
neutral pH and were nonoxidizing and nonflammable. 

Aluminum drums, approximately 55 gal. in capacity and in 
good condition, with "Acid, Nitric, White, Fuming" or "Acid, 
Nitric, Red, Fuming" stenciled on the side (see Photos 0, P, and 
Q). The pH of wipe samples from the drums was 7, so the 
drums appear to have been rinsed out prior to burial. 

Metallic debris. 

Deteriorated rusted drums. A sample of purple soil found in 
the pit was collected for HazCat analysis. The sample had a pH 
of 7 and was nonoxidizing and nonflammable. 

Deteriorated, rusted drums and a corrugated metal pipe. 
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There is no surface water drainage or col
lection area at the site. The nearest surface 
water drainage is Ritas Draw, approxi
mately 1 mile north of the site. Ritas Draw 
is an arroyo with an intermittent stream. 
The 100-year floodplain for the area lies 
entirely within the arroyo (PA Reference 
5). The nearest body of surface water is 
Lost River, approximately 2 miles west of 
the site. Groundwater occurs at a depth of 
25 to 30 ft in a shallow, unconfined, 
nonpotable aquifer. 

7.4.2 Geology 
· The subsurface conditions at Site LF-

58 were defined by direct sampling and 
observation during the drilling of three 
soil borings. Drilling logs located in Ap
pendix B provide a detailed description of 
site stratigraphy. 

To correlate and interpret site stratig
raphy, cross section D-D', shown in Fig
ure 7-7, was constructed from the drilling 
logs for Site LF-58. The location of the 

D Incinerator 

4018 BH-511-<13 

40911 
d 409, 
!:i 4092 

~ 40llO 

"' 40llll 

~ 401111 =--~ 4082 

i 4080 
40711 e 4078 

": 4074 
l!i 4072 

~= w 4065 

4064 
4082 

Scale ~ 
0 10 20 30 ~ 

VERTICAL EXAGGERATION: 2X • 
Clay 

Slit 

Sand 

Section 7 
Site LF-5~/ncinerator/Landtill 

cross section is shown in Figure 7-2. Site 
stratigraphy consists mainly of silts and 
sands. The upper unit is 8 ft of silty sand, 
underlain by 8 ft of silt that extends across 
the site. The silt is underlain by interbedded 
sand and silty sand. Interbedded clay and 
sandy clay lenses were seen in all borings, 
but do not form a continuous confining 
layer beneath the site. 

Drilling activities for soil borings at 
LF-58 and monitor wells at IRP Site 36 
(located 2000 ft southeast) indicate that 
groundwater occurs under water-table con
ditions approximately 30 ft BGL. Further
more, as seen at IRP Site 36, groundwater 
is estimated to flow westward at a gradi
ent of approximately 10-3• 

7.5 Conclusions 
7.5.1 Presence or Absence 

of Contamination 
Aniline was detected in the surface 

soil sample from BH-58-02, and unknown 
volatile and semivolatilecompounds were 
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Figure 7-7 Site LF-58 Geologic Cross Section 
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detected in the surface soil samples from 
BH-58-01 and BH-58-02. Both of these 
borings were in purple stained areas where 
unconventional fuel spills are suspected 
(see Photos D and E). Unknown volatile 
and semivolatileorganic compounds were 
also detected in all site soil samples. 
Aniline is an unconventional fuel, and the 
detection of various unknown compounds 
may indicate the presence of other uncon
ventional fuels that are not on the analyte 
lists used for this project. 

Diesel fuel was not detected in any of 
the samples from Site LF-58. However, as 
indicated in Table 7-2, unidentified or
ganics eluting in the diesel range were 
detected in the diesel analyses of soil 
samples collected at the 0-2-ft depth at 
BH-58-01 and BH-58-02. These unidenti
fied compounds were quantitated by the 
laboratory against a diesel standard, but 
were flagged with a "G" to indicate that 
they did not match the characteristic pat
tern for diesel. The results in Table 7-2 are 
also annotated with the "G" flag. 

Very low levels of unidentified or
ganics eluting in the diesel range were 
also detected in soil samples from the 20-
22-ft depth at BH-58-02 and BH-58-03. As 
discussed in Appendix A, unidentified 
organic contaminants were detected at 
similarconcentrationsinlaboratoryblanks 
analyzed together with samples from Site 
LF-28. Therefore, the unidentified species 
detected in the samples from the 20-22-ft 
depth are likely attributable to this low
level laboratorycontaminationratherthan 
to the presence of organics in the samples 
themselves. In both the field samples and 
the blanks, the organic compounds de
tected were not identified as diesel, and 
were "G" flagged as not matching the 
diesel pattern. 

7-12 

Section 7 
Site LF-58-lnclnerator/Landfill 

The metals chromium, copper, iron, 
manganese, and zinc were detected at 
concentrations exceeding their UTLs in 
the 0-2-ft sample from BH-58-02. Thal
lium wasdetectedataconcentrationabove 
its UTL in the 0-2-ft sample from BH-58-
03. No metals were above their UTLs in 
BH-58-03. Theseresultsareconsistentwith 
the organic analytes that were mostly de
tected in BH-58-02. 

It is important to note that contami
nants detected in the soil (i.e., aniline and 
metals) were only in the surface samples 
and were not in the soil samples at depth. 
This suggests that surface contaminants 
have not vertically migrated and ground
water is most likely unaffected by the 
release. 

7.5.2 Significance of Contamination 
The conceptual site model in Figure 

7-8 depicts possible contaminant migra
tion and exposure pathways for both hu
man and ecological receptors. Contami
nants in surface soils at the site could 
migrate through the environment via sev
eral different mechanisms. Volatilization 
and fugitive dust generation could trans
port the contaminants to ambient air, 
which is likely since the majority of con
tamination is believed to be in shallow 
surface soil, and the physical nature of the 
detected constituents is conducive to vola
tilization. Infiltration and subsequentper
colation could resultin contaminanttrans
port downward to groundwater; how
ever, the groundwater beneath the site is 
not potable and does not discharge nearby . . 

Surface water runoff could carry dis
solved constituents and particulate mat
ter off site, though this is unlikely because 
there are no known areas at or near the site 
where surface water runoff accumulates. 
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Furthermore, the site receives only infre
quent rainfall, which typically infiltrates 
or evaporates quickly. 

Off-Base residents are not expected to 
be affected by the site. There are no fisher
ies or drinking water intakes downgradient 
of the site (PA Reference 6). The nearest 
downgradient production well is a live
stock well located approximately 10 miles 
southwest of the site (PA Reference 7). 
Human receptors in the area are restricted 
to visitors on horseback from the Base 
equestrian facility located approximately 
1I4-mile east of the site. Since contamina
tion is primarily at or near the surface, 
dermal contact with, or incidental inges
tion of, fugitive dust is the most likely 
route of exposure. Potential human re
ceptors within 4 miles of the site include 

Investigation of Four Waste Sites 
Holloman Air Force Base, NM 

the 7900workers and 5400 residents (some 
of whom are included in the number of 
on-Base workers) (PA Reference 8). How
ever, these people are unlikely to come in 
contact with site contamination, since the 
site is remote and contaminant trans
port mechanisms are limited. The Main 
Base area where the majority of workers 
and residents are located is approximately 
2-3 miles from the site. 

Ecological receptors include any wild
life and vegetation that are present at the 
site. The potential for exposure is typi
cally much higher for plants and animals 
than for humans because plants and ani
mals are generally much more dependent 
on the environment for subsistence and 
may live their entire life in one area. Ritas 
Draw and Malone Draw are habitats for 

Vololilirolio11 1 .. ... :~ ~ 
, .• . ";'..::,. .~.·'!-.~~l""'-~-t-· .. •· 

Remcins 
of Buried 

Drums 

Stain.ct Soll 

Figure 7-7 Site LF-58 Site Conceptual Model 
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the White Sands Pupfish, which is listed 
as endangered (Group 2) by the state (PA 
Reference 9). However, these areas are not 
downgradient of the site. The peregrine 
falcon, a federally designated endangered 
species, has been seen near the sewage 
treatment system and Lakes Holloman 
and Stinky, located 3-'.l miles south of Site 
LF-58 (PA Reference 10). For a more ex
tensive listing of endangered species in
habiting the surrounding areas, refer to 
the Risk Assessment Report for the Remedial 
Investigation- Investigation, Study and Rec
ommendation for 29 Waste Sites, Appendix 
K (Radian, 1992). 

No positively identified analytes were 
detected at concentrations above risk
based action levels. Since the presence 
and concentration of TICs are uncertain, 
they cannot be compared with risk-based 
action levels. 

7 .6 Recommendations 
Contamination was detected in sur

face soil samples, arid buried waste was 
found in five areas at the site. The nature 
and extent of contamination associated 
with surface soils and waste areas is un
known. Further investigation is recom
mended to determine the nature and ex
tent of contamination, and to support a 
risk assessment and a corrective measures 
study, if required. The objectives for fur
ther investigation at the site are as follows: 

0 Determinethe volumeof affected soil 
in the vicinity of the incinerator; 

0 Determine whether there is con
tamination associated with the 
waste·areas; and 

0 Determinewhethergroundwater 
has been affected. 

7-14 

Section 7 
Site LF-58-lncinerator!Landtill 

Each of these objectives and the recom
mended means of obtaining the required 
data are discussed below. 

7.6.1 Surface Soil 
Surface soil contamination was en

countered in the vicinity of the incinera
tor. The following actions are recom
mended to determine the nature and ex
tent of soil contamination: 

0 Collect surface and shallow sub
surface soil samples on a grid cov
ering potentially contaminated 
areas in the vicinity of the incin
erator. Determine the number and 
location of samples through field 
observations and results from 
these investigations. Collect 
samples from a variety of depths, 
depending on their location. 
Depths will range primarily from 
Oto 6 ftBGL. 

0 Analyze samples for any or all of 
the following, depending on their 
location: 

• TCLPVOCs(collectatworst
case location for disposal pur
poses); 

• voes, including unconven
tional fuels; 

• TCLP semivolatile organic 
compounds (collectatworst
case location for disposal pur
poses); and 

• Semivolatile organic com
pounds,includingunconven
tional fuels. 

0 Include the following unconven
tional fuels on analyte lists for 
volatile and semivolatile organic 
compounds: NMDA, dimethyl
anilines, xylidines, hydrazines; 
and furfuryl alcohol. 
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Such compounds can be detected by 
SW8240 and SW8270 analysis if the gas 
chromatogram is calibrated using the ap
propriate standards. 

7 .6.2 Waste Areas 
Waste burial activities may have re

sulted in soil contamination. The follow
ing actions are recommended to deter
mine the presence or absence of soil con
tamination in the waste areas: 

0 Drill eight soil borings in the fol
lowing locations: 

• Two borings in Waste Area A; 
• - Three borings in Waste Area 

B;and 
• One boring each in Waste 

Areas C, D, and E. 

0 From each boring collect a com
posite sample from intervals in 
the potentially contaminated 
zone, and a sample from the in
terval below the potentially con
taminated zone. 

0 Analyze samples for the follow
ing: 

• VOC:s, including unconven
tional fuels; 

• Semivolatile organic com
pounds, including unconven
tional fuels; 

• Metals; and 
• TCLP, as necessary for disposal. 

These are general recommendations 
for planning purposes only. They may 
change as DQ0s for further investigation 
at the site are refined. 

Further investigation at this site will 
be conducted under the RCRA corrective 
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action program in a Phase II RFI. A Phase 
IIRFIWorkPlan will be prepared and submit
ted toEP A Region VlandNMEDforapproval. 

7 .6.3 Groundwater 
Groundwater contamination below 

stained surface soil is not expected, since 
soil samples taken from just above the 
water table indicate that contamination 
has not reached that depth. However, 
groundwater contamination could result 
from infiltration and percolation of sur
face contamination in the waste areas (if 
present). If soil samples collected from 
below the waste areas suggest that verti
cal migration of waste constituents has 
occurred, then groundwaterinvestigation 
is recommended. The following actions 
are recommended to determine the pres
ence or absence of groundwater contami
nation pending analytical results of soil 
samples: 

0 Collect groundwater samples 
downgradient {W-NW) of each of 
thefollowinglocations(pending 
soil results): 

• Waste Area A; 
• Waste Areas Band C; and 
• Waste Areas D and E. 

0 Samplegroundwaterandanalyze 
for the following: 

• voes, including unconven
tional fuels; 

• Sernivolatile organic com
pounds, includingunconven

. tional fuels; and 
• Metals. 

7.7 Photographic Log 
Pages 7-16 to 7- 27 present a photo

graphic log of field activities for Site LF-
58, a PA requirement. 
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PHOTOPLATE 1 

Section 7 
Site LF-58--lnclnerator/Landflll 

Site LF-58 Photodocumentation Log Captions 

A. The incinerator is a 6 X 10 X 6 ft brick structure with a 
metal roof, a burner/pump on one side, and a 3D-40-ft stack 
on the opposite side. It is located in a flat, sparsely 
populated area of the Base. 

B. The inlet to a stainless steel fuel line and an electrical 
ground for the tank trucks that unloaded unconventional 
fuels are located about 50 ft north of the incinerator. The 
fuel line runs underground to the burner/pump on the 
incinerator. 

C. Two EM surveys were conducted at the site: a large survey 
over the whole site and a small survey over the suspected 
landfill. 
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PHOTOPLATE 2 

Section 7 
Site LF-58-lnclnerator/Landfill 

Site LF~58 Photodocumentation Log Captions 

D. Three soil borings were drilled at the site to collect soil 
samples from areas where contamination was indicated by 
a passive soil gas survey. 

E. Purple stained soil was found in two of the three areas 
where soil samples were collected. 

F. Prior to waste excavation, the locations of conductivity 
and/or magnetic anomalies found during the EM surveys 
were staked. Shown is a staked excavation location along 
the suspected landfill. 
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PHOTOPLATE 3 

Section 7 
Site LF-58-lnclnerator!Landfill 

Site LF-58 Photodocumentation Log Captions 

G. Only native (undisturbed) soil was found in the five 
excavations at the suspected landfill. 

H. Most of the EM anomalies occurred in areas of disturbed 
soil northwest of the incinerator. Shown is a staked 
excavation location in such an area. 

I. Locations with EM anomalies were excavated in level C 
protection using a backhoe. Wa5te was found at several 
locations. 
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PHOTOPLATE4 

Section 7 
Site LF-58-lncinerator/Landfill 

Site LF-58 Photodocumentation Log Captions 

J. Degraded conventional 55-gal. drums were excavated 
from several locations. 

K & L. Purple- and yellow-stained soils and degraded drums 
were found in Waste Area A. 
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PHOTOPLATE 5 

Section 7 
Site LF-53-/nclnerator/Landflll 

Site LF-58 Photodocumentation Log Captions 

M & N. When stained soil was encountered, samples 
werecolleded for Raz Cat analysis. All samples 
were found to be nonreactive. The yellow and 
pink samples are from Waste Area A; the purple 
sample is from stained surface soil near BH-58-
01. 

0 . Aluminum drums were encountered in Waste 
Areas B and C. 
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PHOTOPLA TE 6 

Section 7 
Site LF-5~/ncinerator/Landfill 

Site LF-58 Photodocumentation Log Captions 

P. Aluminum drums were encountered in Waste Areas Band 
c. 

Q. Thirteen aluminum drums were removed from the ground; 
still nwre were encountered but not renwved. Twelve of the 
drums removed were labeled "White Fuming Nitric Acid," 
and one was labeled "Red Fuming Nitric Acid." The drums 
were empty. 

R. At the completion of excavation activities, all pits were 
backfilled. 
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ACRONYMS and SYMBOLS 

Section 1 Section 3 
AFB Air Force Base DQO Data Quality Objectives 
CDAP Chemical Data Acquisition NMED New Mexico Environ-

Plan ment Deparbnent 
CERCLA Comprehensive Environ- QA/QC Quality Assurance/ 

mental Response, Compen- Quality Control 
sation, and Liability Act UTLs Upper Tolerance Limits 

EPA U.S. Environmental Protec-
tion Agency Section 4 

HSWA Hazardous and Solid Waste 
POL Petroleum, Oil, and Amendment 

IRP Installation Restoration Lubricant 

Program TFH Total Fuel 

PA Preliminary Assessment Hydrocarbons 
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Footnote Symbols 

B = Detected in the method blank. 

C = Confirmed on second column. 

G = Analyte not confirmed. Ratio of results 
from primary and secondary GC columns 
greater than 3 (for analyses involving second
column confirmation); or characteristic pat
tern of target analyte(s) is not identifiable (for 
analyses involving pattern matching) . 

@ = Measured result is less than five times the 
detection limit. 
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A.1 

QA/QC Results 



Data Evaluation Conclusions 

Overall, QA/QC data associated with this investigation indicate that chemical 

measurement data are acceptable and defensible. Data show that QC mechanisms were 

effective in ensuring measurement data reliability within expected limits of sampling and 

analytical error. 

When interpreting data, the following potential limitations should be 

considered: 

• Field duplicate results indicate that the gross alpha and gross beta results are 
variable-perhaps because the concentrations approach the detection limit. 
The variability should not affect data quality since each reported 
concentration is provided with a sample-specific accuracy range. 

• Diesel results for sample WL-12-03-01 may be biased high due to an unknown 
contaminant in the blanks that elutes in the diesel retention time window. 



DETAILED EXPIANATION OF MODIFIED SW8015 RESULTS, 
SITES SS-12 AND LF-58 

As discussed in the body of this report, diesel fuel was not detected in any of 

the soil or groundwater samples from Holloman Sites SS-12 and LF-58. However, 

unidentified organics eluting in the diesel range were detected in the diesel analyses of both 

soil and groundwater samples. In some samples, these were at very low concentrations (less 

than five times the reporting limit), and are likely attributable to low-level laboratory 

contamination. This attribution is supported by method blanks analyzed contemporaneously 

with the SS-12 and LF-58 samples that showed similarly low concentrations of unidentified 

organics eluting at similar chromatographic retention times. However, for all of the soil 

blanks and all but one of the water blanks, the contamination was below the reporting limit 

and the result was reported as "ND." 

Much higher concentrations of unidentified organic compounds were seen 

during the diesel analyses of several of the SS-12 and LF-58 samples. Because the 

characteristic diesel pattern was absent in the chromatogram, these compounds are not 

considered to indicate the presence of diesel. However, the compounds seen in these 

analyses are not attributable to laboratory contamination but, rather, presumably represent 

the presence of organics other than those analyzed for. Indications of the presence of non

target organic species also were seen in the purgeable analyses for fuel hydrocarbons. 

Additional information on the low level contamination seen in some of the diesel blanks and 

on the higher levels of unidentified species seen in the samples is presented below. 

A.1 LOw-Level Laboratory Contamination 

Contamination was detected above the reporting limit in a single Holloman 

TPH diesel laboratory blank. This contamination was identified as not being attributable 

to diesel, and the reported result was flagged with a "G" flag to indicate that it did not meet 

the identification criteria for diesel. A copy of the chromatogram for this blank is shown 

in Figure 1. As indicated in the figure, the contamination shows up as several peaks eluting 

A-1 



very early in the diesel retention time window. A typical chromatogram of a diesel standard 

(the laboratory control sample, which is carried through the extraction step like a sample) 

is shown for comparison in Figure 2. Comparison of the two chromatograms clearly shows, 

first of all, that the contaminant is not diesel. It further shows that the contamination would 

not interfere with the detection of diesel if it were actually present in the field samples. 

This further illustrated in Figure 3, which shows a chromatogram of a diesel standard (a 

laboratory control sample analyzed at the same time as Holloman field samples) in which 

the contamination is present. In this figure, the characteristic diesel pattern is still clearly 

identifiable, despite the presence of the contaminant peaks. Finally, Figure 4 shows the 

chromatogram for the single Holloman sample analyzed at the same time as the blank 

shown in Figure 1. The characteristic contaminant peaks are visible, as are a number of 

other small peaks. However, the diesel pattern is clearly not identifiable in this 

chromatogram. The result of 170 µg/L reported for this sample was flagged as not 

matching the diesel pattern, as was done for the other results for diesel analyses reported 

above the reporting limit. 

The single diesel blank result above the reporting limit was a liquid method 

blank. Contamination was not detected above the reporting limit in any of the solid method 

blanks, and all results were reported as "ND." However, examination of the chromatograms 

for blanks reported as ND shows the same very small contaminant peaks as seen in the 

liquid blank that exceeded the reporting limit and in several of the field samples. This is 

illustrated in Figure 5, which shows the chromatogram for the soil sample from BH-12-04, 

which was reported as "ND." The same small contaminant peaks are clearly visible, but 

when quantitated against a diesel standard they represent only 2.6 µg/ g in this sample. 

Since the reporting limit for this sample was 3.0 µg/g, this result was reported as "ND." 

Figure 6 shows a very clean method blank, analyzed in the same batch as the sample in 

Figure 5, which also shows the contaminant peaks. Quantitated against the same diesel 

standard, this blank represents a contaminant concentration of 0.8 µg/ g, reported as "ND" 

because it was below the method reporting limit of 2.5 µg/ g. 
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Thus, examination of the chromatograms shows that the same peaks are 

present in the samples and blanks at similar concentrations. This indicates that the very low 

concentrations of unidentified organics in two of the LF-58 soil samples (BH-58-02; 20-22 

ft. depth and BH-58-03, 20-22 ft. depth) and in one of the SS-12 samples (BH-12-06, 2-4 ft. 

depth) are probably attributable to low-level laboratory contamination, rather than to the 

actual presence of these compounds in the field samples. Had the field sample results 

reported as "ND" been reported using an uncensored data reporting convention, they would 

have been reported as numerical values with "J" flags to indicate that they were less than 

the method reporting limit and with "G" flags to indicate that the observed peaks did not 

match the diesel pattern and therefore did not meet the identification criteria for diesel. 

Only a single Holloman sample was analyzed as part of the batch in which the 

blank contamination exceeded the diesel reporting limit. This sample was a duplicate of a 

sample extracted at a different time and analyzed as part of a different batch. The duplicate 

sample result confirmed the result obtained in the presence of the blank that exceeded the 

acceptance limits, indicating that the presence of the low-level contamination had no 

significant impact on the sample result. 

Radian has been working since the contaminant was first observed in the 

diesel analyses to identify and eliminate it, as part of the process of continuous improvement 

in Radian's laboratory. This work has shown the contaminant (or contaminants) to be 

attributable to surface interactions between samples and glass surfaces that have had contact 

with freon. Freon is used as the extraction solvent for TPH analyses using EPA Method 

9071 (Soxhlet extraction) for analysis by EPA Method 418.1 (IR). Historically, glassware 

used in the Method 9071 extractions was commingled with glassware from other extraction 

methods during the glassware washing steps. This appears to have been the primary route 

of contamination. Steps have been taken to segregate the glassware used in the Method 

9071 extractions, and this has resulted in a marked decrease in contamination levels seen 

in the diesel analyses. Radian is currently in the process of completely segregating the freon 

extractions from ·other extractions altogether, in an e{fort to further reduce both the 
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incidence and magnitude of contamination. Figure 7 shows a plot of results for diesel 

laboratory blanks covering a time period from July 1992 to the present. This time period 

includes all of the Holloman work (late February through early April, 1993). As indicated 

in the plot, the average level of concentration has been significantly reduced, particularly 

over the past six to eight months. The uncontaminated LCS shown in Figure 2, above, is 

an example of current performance. 

In summary, the low level contamination that was seen and reported in one 

diesel blank was not diesel. The contaminant peaks were quantitated and reported because 

they fell within the retention time window for diesel, but the results were clearly flagged in 

the laboratory reports as not matching the diesel pattern. Because the contaminant peaks 

eluted very early in the diesel window, they would not have interfered with the laboratory's 

ability to detect the characteristic diesel pattern had diesel been present in any of the field 

samples. The contamination also did not interfere with diesel quantitation, since diesel was 

not detected in any samples. 

Because the diesel results were reported using a censored data reporting 

convention, similar, but lower concentrations of contaminant were reported as "ND" in other 

blanks and in some samples because they fell below the method reporting limit. 

Finally, all diesel results are considered valid because all but one blank result 

met the blank acceptance criteria specified in the project QAPP, and the single sample 

result in that batch was confirmed by results for a duplicate sample extracted and analyzed 

separately. There is no impact on Holloman measurement data quality or on decisions 

based on the data due to either the nature or level of this contamination. 

A.2 Unidentified Organic Species 

Umdentified organic species eluting in the diesel range were detected in two 

Site SS-12 groundwater samples (Locations WL-12-02 and WL-12-03) and in two of the Site 
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LF-58 soil samples (0-2 foot depth at Locations BH-58-01 and BH-58-02). These 

unidentified compounds were quantitated by the laboratory against a diesel standard, but 

were flagged with a "G" flag indicating that they did not match the characteristic pattern for 

diesel. However, unlike the very low concentrations of contaminants seen in the samples 

discussed above, the compounds seen in analyses of these four samples are not attributable 

to laboratory contamination. Rather, the peaks seen in the diesel analysis presumably 

represent the presence of organic species other than those anal)'Zed for. It is also possible 

that some of the material in these samples is attributable to weathered fuel hydrocarbons, 

although this cannot be confirmed based on available analytical data. The chromatogram 

for one of these samples was shown in Figure 4, above. Chromatograms of the other thre_e 

samples are shown in Figures 8 through 10. The peaks seen in these chromatograms are 

clearly very different from the low level contaminant peaks seen in the previous 

chromatograms. These chromatograms also show that the organic species present in these 

samples are not identifiable as diesel, because they . clearly do not match the diesel pattern 

(Figure 2). 
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Figure 1. Example Chromatogram of Diesel Blank with Contamination 
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Figure 4. Chromatogram of SS-12 Groundwater Sample from Location WL-12-03 
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Figure 5. Chromatogram of a Soil Sample from Site SS-12 (Location BH-12-04) 
Reported as "ND" 



Areas. times, and heights stored in: M:CM267.ATB 
Data File= M:CM267.PTS Printed on 03-01-1993 at 10:52:56 
Start time: 0.00 min. Stop time: 39.00 min. 0-f-fse~: 
Full Range: 75 millivolts 

I 

~ 

t 
~ 

r 
L 
I 

l 

l ... OUN"'"_,, 

( 
r 
L. COM t: i1!!3 - Contaminant 

f :7.58 

1=8.78 
r=J.ll.4& Contaminant 

1-12.88 

-13.55 

1-15.13 

-17.23 

-21.67 

=22.89 

-PD-

-Pl>+ EPD- Surrogate (Octacosane) 

::.....::======::==::::::=======---29.88 t
i 
~ 1- PD- EPJ>+ 

0 mv. 

******************** 03-01-1993 10:52:44 Version 5.1 ********************** * Sa.mp le Name: 930227505A~'.B • METHOD BLANK Oat a Fi 1 e: M: CM2~ 7 * * Date: 02-26-1993 14:54:35 Method: M:DM033023 02-10-1993 13:49:07 # 24 * * Inter-face: 0 Cycle#: 7 Operator DKS Channel#: 0 Vial#: N.A. * * Starting Peak Width: 10 Threshold: .001 Area Threshold: 75 * 
*************************************************************************** * Instrument Type: MONTE Column Type: DB-1 * 

Solvent Description: 
~< Conditions: 
* Detector 0: FID Detectm- 1: * Misc. In+onna.tion: 

************************************************************************ 
Figure 6. Chromatogram of a Method Blank Reported as "ND" 

* 
* 



...-
C> 
~ ........ 

60 

50 

C> 40 
E ._. 
c: 
0 

+:i 30 co 
"....., 
c: 
Q) 
(.) 
c: 20 
0 
(.) 

10 

0 

WAMRL 
---- --- . .. ---·--

AZMRL 

Blank Acceptance Limit (5 x PRD.L) 

CA MDL, WI POL 

-----------------.......~--r-------=-----tt ------· 

Radian PRDL 

7/30/92 8/30/92 10/13/92 11116/92 12/07 /92 01/31 /93 02/18/93 03/05/93 05/24/93 09/14/93 

Date 

Figure 7. Laboratory Blank Results for Diesel - July 1992 through September 1993 



Areas, times, and heights stored in: M:GM0114.ATB 
Data File = M:GM0114.PTS Printed on 04-02-1993 at 08:57:01 
Start time: 0.00 min. Stop time: 39.00 min. Offset: 0 mv . 
Full Range: 75 millivolts l !lllrll 11&11 n&n »rH 

!-

~ ;-11.69 

:_J.2.67 

.§" 13. 68 

~14. 77 

=15.93 
Diesel Elution Window 

-
= 16.92 

~ 
---18.13 

t - 29.28 

=21.39 

~ -
-22.42 
--
-23.85 

-PD-

h ~-PD+ EPD-

rAC r-~ ~ 
Surrogate (Octacosane) 

-29.99 

******************** 04-02-1993 08: :.6: 3 :. '.Jer1s_i ~n : •• 1 ********************** * Sample Name: 930322802A, WL-12-02-01 eJ._f 3mf13 Data File: M:GM0114 * * Date: 04-01-1993 23:20:10 Method: DM033023 02-10-1993 13:49:07 ij 24 * * Interface: 0 Cycle#: 14 Operator DKS Channel#: 0 '.Jial#: N.A. * * Starting Peak Width: 10 Threshold: .001 Area Threshold: 75 * 
*************************************************************************** * Instrument Type: MOt-.ITE Column Type: DB-1 * 
* Solvent Description: * 
* Conditions: * * Detector 0 : FID Detector 1: * 
* Misc. Information: * 
*************************************************************************** 

Figure 8. Chromatogram of SS-12 Groundwater Sample from Location WL-12-02 
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*************************************************************************** 
Figure 9. Chromatogram of LF-58 Soil Sample from Location BH-58-02 
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Figure 10. Chromatogram of LF-58 Soil Sample from Location BH-58-01 
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A.2 

Laboratory Reporting Limits 



Laboratory Reporting Limits 

The presence or absence of organic constituents was determined by laboratory 

reporting limits. A laboratory reporting limit is the minimum concentration of a constituent 

that can be measured and reported with confidence. Constituents measured at 

concentrations above laboratory reporting limits in normal samples were considered to be 

present at the site unless they were also blank detected. Laboratory reporting limits are 

listed with detected concentrations in the site-specific analytical summary tables in Sections 

4, 5, 6, and 7. 



A.3 

Statistical Background Levels 



Statistical Background Levels 

The presence or absence of inorganic contaminants was determined by a 

companson of detected concentrations with established UTLs for background 

concentrations. Inorganic constituents detected at concentrations above UTLs were 

considered present at elevated levels at the site. 

An insufficient number of samples were collected during this investigation to 

perform statistical analyses to determine site-specific UTLs for inorganic analytes. Instead, 

inorganic results from this investigation were compared with the UTLs for Base-wide 

background concentrations for naturally occurring inorganic constituents established in the 

Base-wide Background Investigation (Radian, 1993) for Holloman AFB. This statistical 

comparison provided a valid method of determining whether detected concentrations differ 

from naturally occurring background concentrations. 



Aluminum SW6010 260.0000 6200.0000 

Antimony SW6010 -9.2980 7.8410 

Antimony SW7041 -0.0490 0.1400 

Arsenic SW6010 -9.2120 8.2380 

Barium SW6010 14.0000 6S.OOOO 

Beryllium SW6010 -0.0410 0.4000 

Boron SW6010 5.2000 .11.0000 
v:::i Ii 

Cadmium SW6010 -0.3762 O.S600 

Calcium SW6010 160000.000 250000.000 

Chromium SW6010 0.3600 4.8000 

Cobalt SW6010 0.2600 1.7000 

Copper SW60IO 1.8000 3.8000 

Iron SW6010 180.0000 4500.0000 

Lead SW6010 -22.0000 -9.8000 

Lithium SW6010 3.6000 15.0000 

Magnesium SW6010 1700.0000 12000.0000 

Manganese SW6010 7.SOOO 120.0000 

Mercury SW7471 -0.0640 -0.0080 

Molybdenum SW6010 0.2SOO 4.2000 

Table 2-1 

Summary Statistics for Soll 

3106.6667 1866.6548 . 2800.0000 

-0.6770 3.9327 -0.2114 

0.0674 0.0613 0.0640 

0.116S 3.3S48 0.1520 

35.7778 16.0295 30.0000 

0.1323 0.1152 0.1100 

8.8444 2.0348 8.5000 

0.1832 0.0929 0.0036 

223333.333 2S49S.0976 230000.000 

2.3400 1.4071 2.2000 

0.91S6 0.5179 0.7600 

2.9222 0.6340 3.1000 

2215.5556 1348.1015 2000.0000 

-14.0889 3.8822 -13.0000 

7.7778 3.3063 7.2000 

5411.1111 3050.1821 4500.0000 

46.1667 33.2378 37.0000 

-0.0270 0.0123 -0.02SO 

1.7289 1.2197 1.7000 

48SS.6696 8764.4972 Combine 

2.6865 7.2844 Field 

0.1249 0.2S33 Combine 

2.9842 6.8833 Field 

S0.1910 84.3632 Field 

0.0371 0.1500 0.4000 Field 

10.7510 15.0118 Combine 

0.2S38 1.0359 Field 

7412.8984 240000.000 250000.000 Field 

3.6584 6.6049 Field 

1.4008 2.4852 Field 

3.Sl63 4.8438 Field 

3538.6887 6361.6513 Field 

-10.4514 -2.3221 Field 

10.8757 17.7993 Field 

8269.0458 14656.2132 Field 

77.3095 146.9104 Field 

-0.0164 -0.0006 Combine 

2.8717 S.4258 Field 
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Table 2-1 

(Conti~ued) 

1

:

1:::i;; ij'.f!'11;,--·:i:=z:m:~J• 
Nickel SW6010 1.2000 4.7000 2.3889 1.063S 2.4000 3.38S4 S.612S 

Potassium SW6010 91.0000 1800.0000 917.8889 S22.4343 800.0000 1407.39SI 2S01 .3873 

Selenium SW60IO -12.0000 12.9100 -0.4608 S.4684 -0.96S4 4.2112 10.SJIO 

Silicon SW6010 180.0000 400.0000 276.6667 68.3740 280.0000 340.7312 483 .9082 

Silver SW6010 -l.Sl30 t.IS60 -0.2009 0.4628 -0.1800 0.1948 0.7342 

Sodium SW6010 590.0000 5000.0000 1550.0000 IS64.S207 900.0000 363.2320 3400.0000 S000.0000 

Strontium SW6010 800.0000 2600.0000 1600.0000 487.3397 1600.0000 20S6.6236 3077.1267 

II TI1alli11m SW6010 -9.9230 12.3300 0.9036 5.1710 0.7436 5.3226 1 t.JIS3 

Thallium SW7841 -0.0620 0.1600 0.0425 0.0030 -0.0098 0.0670 0.4977 

Tin SW60IO -3.7470 4.0780 -0.0122 1.S741 -0.0173 1.3340 3.1743 

Titanium SW60IO 0.6000 140.0000 73.8444 40.7666 7S.OOOO 112.0416 197.4081 

Uranium SW6010 -15 .0000 12.9200 -1.0999 6.6739 -t.217S 4.6080 12.4107 

Vanadium SW6010 1.3000 11.0000 6.6333 2.9120 6.7000 9.3618 15.4591 

Zinc SW60IO 0.3200 15.0000 6.7244 4.4612 I S.6000 10.904S 20.2464 

Field = tilatistics baHcd on field samples only . 
Combine = Htatistics hased on combination field and blank data. 

Field 

Field 

Combine 

Field 

Combine 

Field 
-

Field 

Combine 

Field 

Combine 

Field 

Combine 

Field 

Field 



A.4 

Radioactivity Acceptance Criteria 



Background Radioactivity Levels and Acceptance Criteria 

Since very little regulatory guidance exists for radioactivity levels in soils, 

detected alpha, beta, and gamma radioactivity levels were compared with levels in site 

background samples, and to the Waste Acceptance Criteria for Radioactive Solid Waste 

Disposal at SWSA -6 (Oak Ridge National Laboratory [ORNL], 1993). ORNL waste 

acceptance criteria are as follows: 

• Gross alpha activity less than 30 pCi/g (unless transuranics are present, but 
no transuranics are expected at any of the four sites); and 

• Beta/ gamma emitting radioactivity less than 48.6 pCi/ g. 
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SVBJECT: WASTE ACCEPTANCE arrERlA 

Very Low Activity waste shall be stored in the appropriate facility at SWSA-6. 

9 .2 YINJC Cont.ajner Bo;uit;ments 

VLA waste shall be double bagged in 4-mil polyethylene bags, with Diagenta radiation markings. 
each bag se.aled with tape and placed inside an outer container. Large iteim that will not fit into 
a plastic bag must be double wrapped in plasti~ and securely taped. 

Very Low Activity Waste shall be pack.aged in 4' x 4• x 6' metal boxes. The RSWO group will 
assign a Low Level Number (LLN) to the box and a RSWO representative shall apply the LLN 
to all four sides of the box. 

hi the event that the ·generator's waste will not fill a 4' x 4• x 6' metal box. the waste may be 
staged at the SWSA for packagillg by SWSA persoMel. provided tbat the waste is ~table for 
transfer. 

Large items of Vrry Low Activity Waste that do not fit into a 4' x 4' x 6• metal box require 
approval from the RSWO supervisor prior to waste acceptance and tramfer. 

9 .3 Dose Rate Reguir;ments 

The radiation survey results shall not ~ceed 300 dpm/100 cm2 of alpha or 0.05 mrem/h of beta-
1amma to be classified as very low activity waste and st0red by RSWO. Also smearahle 
contamination shall not exceed tbe limits of subsection 4.1.11 above. 

,Free reh;aH limjti;: Transferable {smear) level: <20dpm/100 cm2 alpha, IDd <200 dpm/100 cm: 
beta-gamma•. Direct (probe) level: < 300 dpm/100 cm2 alpha, aDd < 1000 dpm/100 cm2 beta· 
gamma. For spil: Curie content less th~ or equal to 8.9 picocuri~gram (4.0 x lo-4' Ci/pound) 
alpha and 48.6 pieoamestgram (2.2 ··x 10'* Cilpo'Und) beta-gamma. ;: "' 

-Except 1~1. ~. IDd mAc which have a limit of 20 dpm/100 cm2 and 'H and 1'C which have a 
limit of 1000 dpm/100 cm2

• 

9.-i l.aJWin& Rcguiremcms 

Tbe waste container shall be labeled with a •Radiation Hazard Tag,• form UCN-2785. The R.SWO 
representative shall apply the Low Level Number to all four sides of the box . 

;_ . -·-··. · 
t..:w.-.,,,.:...-- •. 
~:~:~-· 

TOTRL P.012 



[18] From: Hal Butler at OKR_POOl 8/16/93 1:06PM (1414 bytes: 19 ln) 
To: Laura Maley at AUS P004 
Subject: Re: radioactivity levels 
------------------------------- Message Contents ----------------------------

Laura, 
Both results, gross alpha and gross beta, look a little 

higher than what one would expect to find in non enriched 
background samples. One of the facilities here in Oak Ridge(~ 
Y-12 Plant), where Uranium i~ ~~ndled ~n.abundance~trea~Lail\ 

·\solid samples having .a gross A--rpha activity ~~ceeding _____ _, 
~30pCi/g as rad waste.\Another facility( Oak Ridge National 
Laboratory), where transuranics are present,classifies soil 
having greater than 8.9pCi/g as rad waste( unless alpha spec 
analysis confirms the absence of transuranics). ORNL also __ 
classifiesJsoil having greater than 48.6pCi/g of beta/gamma j 
emitting radioactivity as rad waste. -~-~ 

ow con i ent are you of the data? What kind of error 
bars were used to quantify the data? Might look into / 
thatJCertainly nothing to be alarmed about with the gamma ( 
data. There has been approx. 6nCi/square foot of Cs-137 ( 
spread over the entire earth from weapons tests (fallout) . _, 

Ha B. 
483-9870 EX 283 
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Conceptual Site Model 



Conceptual Site Models 

Conceptual site models illustrate potential pathways and receptors through 

which site contaminants could cause health and environmental risks. Exposure pathways are 

complete if contaminants can come into contact with receptors, either through direct 

exposure or migration and dispersion. Conceptual site models for each site are included in 

the site-specific sections. 



A.6 

Proposed RCRA Subpart S Action Levels, PCB ARARs, 
and Site-Specific Health-Based Levels for PCBs 



Proposed RCRA Subpart S Action Levels 

The proposed RCRA Subpart S in 40 CFR Part 264 contains methodology and 

criteria for calculating risk-based action levels (action levels) for contaminants in soil, water, 

and air. Action levels derived according to these criteria represent valid, reasonable · 

estimates of levels in media at or below which corrective action is unlikely to be necessary. 

Action levels are not, however, cleanup standards. 

Soil action levels derived from reference doses (Rills) or carcinogenic slope 

factors (SFs). The more stringent level was chosen in cases where contaminants have both 

Rfd- and SF-derived action levels. Action levels for groundwater are Maximum 

Contaminant Levels (MCLs), New Mexico Human Health Standards (HHSs), or are derived 

from RfDs or SFs. In cases where multiple action levels were available for a specific 

contaminant, the most stringent value was used. Table 3-2 is a compilation of the most 

stringent action levels for soil and groundwater constituents detected at the four sites. 

Action levels for soil and water were calculated using recommended exposure 

assumptions from Appendix D of the proposed rule, equations from Appendix E of the 

proposed rule, and RfDs or SFs available from the EPA. Concentrations used as action 

levels for carcinogens are associated with a lE-06 upperbound excess cancer risk for Class 

A and B carcinogens, and a lE-05 upperbound excess cancer risk for Class C carcinogens. 

Action levels for systemic toxicants are based on concentrations at which the human 

population could be exposed on a daily basis without appreciable risk of adverse health 

effects. 

The Rills and SFs used were verified in The Electronic Handbook of Risk 

Assessment Values (EHRAV), April 15, 1993 edition. Values not listed in EHRAV were 

taken from EP N. s Health Effects Assessment Summary Tables (HEAST) FY 1992, or were 

derived from MCLs or HHSs. 



Table A-1 

Action Levels for Contamination Detected at the Holloman AFB Four Sites 

I )JMEJ&Jd 

Aluminum 5 --
Aniline 

Arsenic I A 

5.7E-03 a I -- 1.23E+02 -- 6.14E-03 

I I I 
3.0E-04 b 2 .40E+Ol -- 1.05E-02 0.05 0.1 --

Barium 7.0E-02 b I 5.60E+03 -- 2.45E+OO 2 --
Benzene 

I 
A 

Beryllium B2 

2.9E-02 b -- 2.41E+Ol -- 1.21E-03 

5.0E-03 a 4.3E+00b 4.00E+02 1.63E--01 1.75E-Ol 8.14E-06 

0.005 

0.004 

0.01 

Chromium Ill I D 

Chromium VI A 

1.0E+OOb 8.00E+04 -- 3.50E+Ol 

5.0E-03 b 4.00E+02 -- 1.75E--01 

0.1 

0.1 

0 .05 

0 .05 ---
Cobalt 

Copper I D 4.0E-02 d 3.20E+03 l.40E+OO 1.31 

0 .05 

Diesel 

I 
D 

Ethyl benzene D 

8.0E-03 g 6.40E+02 2.80E-Ol 

1.0E-01 b 8.00E+03 3.50E+OO 0 .7 0 .75 

Gasoline c 2 .0E--01 i l.7E--03 i 1.60E+04 4.12E+02 7.00E+OO 2.06E-02 

Kerosene D 2 .0E-02 h 1.60E+03 7.00E-01 

Lead B2 1.0E-03 d 8.00E+Ol 3.50E-02 0,0151 0.05 

Manganese D 1.4E-Ol b l.12E+04 4.90E+OO 

Methylene chloride B2 6.0E-02 b 7.5E-03 b 4.80E+03 9.33E+Ol 2 .lOE+O 4.67E--03 0.005 0.1 

Nickel I D 2.0E-02 b 1.60E+03 7.00E-01 0.1 0.2 --
PCB-1254 I B2 7.7E+00b 9.09E-02 4.55E--06 0 .0005 0.001 



Selenium D 5.0E--03 b 

Thallium 

Toluene D 2 .0E--01 b 

Vanadium D 7.0E--03 b 

Xylenes D 2 .0E+OOb 

Zinc D 3.0E--01 b 

Beta particle activity A 

Photon activity (gamma) A 

Gross alpha activity A 

Table Aal 

(Continued) 

·······:•11 1 •••'•····· 

·············~·,. ············ 4.00E+02 

l .60E+04 

5.60E+02 

l.60E+05 

2 .40+04 

il,I ! 
........ i•··~···~············ 1. 75E--Ol 

7.00E+OO 

2.45E--Ol 

7.00E+Ol 

l.05E+Ol 

a The Electronic Handbook of Risk Assessment Values, Electronic Handbook Publishers, Bellevue, WA. April 15, 1993 . 

b "EPA's IRS Chemical Information Data Base," L.H. Keith, ed . Lewis Publishers, Chelsea, MI. 1st Quarter, 1993. 

c Calculated based on drinking water MCL (EPA, April, 1991) 

d Calculated based on NM HHS. 

e From EPA "Drinking Water Regulations and Health Advisories ," May ,1993; except as noted . 

f From State of New Mexico Water Quality Control Commission Regulations," as amended through August 18, 1991 . 

g Value for marine diesel from EPA 1992. 

h Value for JP-5 from EPA 1992. 

Value for gasoline from EPA 1992. 

EPA, Office of Water, Action Level. 

B ill: 
0 .05 0 .05 

0.002 

0 .75 

10 0 .62 

10 

4 mrem 

4 mrem 

15 pCi/L 



B.2.6 Polychlorinated Biphenyls (PCBs) 

40 CFR Part 761, Subpart G 

The EPA has established regulations for the management of PCBs at 40 CFR 

Part 761. Generally, these rules apply to PCBs present in concentrations of 50 ppm or 

greater. 

B.2.6.1 PCB Spill Cleanup 

In 1987, EPA adopted amendments to the PCB regulations establishing spill 

cleanup requirements. These requirements only apply to PCB spills which occur after the 

effective date of the rule ( 4 May 1987). Existing spills (i.e., spills that occurred before the 

effective date of the policy) are excluded from the scope of the rules; cleanup requirements 

at these sites are established at the discretion of EPA, through its regional offices. 

The 1987 regulatory amendments do apply to the cleanup of PCBs in 

concentrations less than 50 ppm if the material that was originally spilled contained 

concentrations greater than 50 ppm. 

B.2.6.2 PCB Cleanup Criteria 

EP A's PCB spill cleanup rules use a risk-based approach which requires 

cleanup to different levels depending upon: 1) spill location; 2) the potential for exposure 

to residual PCBs remaining after cleanup; 3) the concentration of PCBs initially spilled; and 

4) the nature and size of the population at risk of exposure. 

B.2-20 



Requirements for the cleanup of high-concentration PCB spills (containing 500 

ppm or greater PCBs) and low concentration spills involving one pound or more PCBs by 

weight are contained in 40 CFR Sectfon 761.125. 

Restricted Access Areas 

Requirements for cleanup of PCB spills in outdoor electrical substations are 

contained in 40 CFR Sections 761.125 (c)(2)(i) and (ii). Contaminated solid surfaces (both 

impervious and nonimpervious) will be cleaned to a PCB concentration of 100 µg/100 cm2
• 

Contaminated soil will be cleaned either to 25 or 50 ppm PCBs by weight provided that a 

label or notice is visibly placed in the area. 

Other restricted access (nonsubstation) locations are "areas other than 

electrical substations that are at least 0.1 kilometer (km) from a residential/ commercial area 

and limited by man-made barriers (i.e;, fences and walls) ... [or] substantially limited by 

naturally occurring barriers such as mountains, cliffs, or rough terrain. These areas generally 

include industrial facilities and extremely remote rural locations" (40 CFR Section 761.123). 

In accordance with these guidelines and definitions, most Holloman AFB sites where PCB 

contamination occurs are considered to be "other restricted access areas." Cleanup criteria 

for PCB spills in other restricted access areas are 10 µg/100 cm2 for high-contact solid 

surfaces; 10 µg/100 cm2 for low-contact, indoor, impervious surfaces; 10 µg/100 cm2
, or 100 

µg/100 cm2 with encapsulation for low-contact, indoor, nonimpervious surfaces; 100 µg/100 

cm2 for low-contact outdoor surfaces; and 25 ppm by weight for soil. 

Nonrestricted Access Areas 

Requirements for cleanup of PCB spills in "nonrestricted access areas" are 

contained in40 CFR Sections 761.125 (c)(4)(i)-(v). "Nonrestricted access areas" are defined 

in 40 CFR Section 761.123 as "any area other than restricted access, outdoor electrical 

B.2-21 



substations, and other restricted access locations .. .in addition to residential/ commercial 

areas, these areas include unrestricted access rural areas." In accordance with this 

definition, the area outside the substation fence at Site 11 is considered a "nonrestricted 

access area." Soil cleanup criteria for PCB spills in nonrestricted access areas are 10 ppm 

by weight provided the soil is excavated to a minimum depth of 10 inches. The excavated 

soil will be replaced with clean soil (less than 1 ppm PCBs). 

The rules state that in exceptional spill situations, site-specific risk factors may 

warrant additional cleanup to more stringent numerical decontamination levels. Site-specific 

characteristics such as shallow depth of groundwater, type of soil, or the presence of a 

shallow well may pose an exceptionally high potential for groundwater contamination by 

PCBs. Under these circumstances the Regional Administrator may require additional 

cleanup in order to avoid unreasonable risk. 
t 
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Calculation of Health-Based Level for Occupational Exposure 

The equation is 

mg/kg = [risk]/[(CF x SA x AF x ABS x EF x ED/ BW x AT)] 

Risk = .00001 
CF = Conversion factor = .00001 
SA = surface area = 4300 (face, arms, hands) 
AF = soil to skin adherence factor = 1 (default) 
ABS = absorption efficiency ; 3.16E-06 (PCBs) 
EF = exposure frequency = 20 years 
BW = body weight = 70 kg 
AT = averaging time = 70 years x 365 years 
Result = 6840 µ/kg 



APPENDIX B 

Field Data 

B.1 Drilling Logs 

B.2 Well Construction Diagrams 

B.3 Well Development Logs and Photos 

B.4 Groundwater Sampling Logs 

B.5 Site 12 Groundwater Gradient Calculation 

B.6 Synchronous Water Level Survey Results 

B.7 Site 58 Waste Pit Contents 

B.8 Surveying Data 



B.1 

Drilling logs 



Key to Borehole Drilling Logs 

All boreholes were drilled by Southwest Engineering Inc. (SEI) using a CME hollow
stem auger drill rig. Augers were 4-inch I.D./8-inch O.D., and samples were taken with 2 
foot stainless steel split spoons. All boreholes were started and completed on the date listed 
at the top of the drilling log. The borehole location, and borehole elevation are listed in 
the surveying data (Appendix B.8). All measurements are recorded in feet. 

GRAIN SIZE: uses CLASS (ASTM D 2487): 

VF Very fine GW Well-graded gravel 
F Fine GP Poorly graded gravel 
M Medium GM Silty gravel 
C Coarse GC Clayey gravel 

SW Well-graded sand 
SP Poorly graded sand 

GRADING: SM Silty sand 
SC Clayey sand 

P Poorly graded ML Silt 
W Well graded MH Silt (elastic) 

CL Clay (lean) 
CH Clay (fat) 

MOISTURE: 

S Saturated 
W Wet 
M Moist 
D Dry 
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E °' 0 

Counts a- 0 
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SANO IV. PALE BRN 

Uthologic Description 

1·~ ~1 r I I 
Q; 
V) 
c '- ·- c ::::J (.!) Vl ... 

:::E (.!) 

1 OYR 8/3 I VF I P 

28 --SILTY CLAY Ill . YELLOW BRN l2.5Y 6/4 

- CLAYEY I SILT I BROWN 7.5YR5/4 

~-4 c:- I ]2 -
Q) -

- 0 Q) 
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E ., 0 
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B.2 

Well Construction Diagrams 



Project (PROJID) 
HOLLOMAN FOUR SITES 

(HOLL_4S) 

Well Owner (VVL WELCODE) 

USAF 

Installer 

LEM 

Location Coordinates: 
(NCO RD) 
(North) 667903.12 

Elevation Top of Cosing (MPELV) 

4066.39 FT. 

Well l.D. (LOCID) 

WL-12-01 

Well Type {WL WTCODE) 
MONITOR WELL 

(MNW) 

Dole Started I Dole Completed 
(INSDATE) 

18 FEB 93,18 FEB 93 

(ECORD) 
(East) 556211 .81 

Completion t.lelhod (VVL WCt.lCODE) 

GRAVEL PACK W/ SCREEN 
(GS) 

Sole Source Aquifer Code (VVL SAQCODE) 

N/A 

Drilling t.lethod I Completion Zone (VVL GZCODE) 

WATER TABLE AQUIFER 
HOLLOW STEM AUGEru (W) 

Remarks (REt.lARKS) 

x ..... 
0.. "' w Q. 
0 ..... .. 
0 0 

t:. C> 
c ·;; - 0 

~1 
u 

c 
0 ..... 

PROTECTIVE CASING ------~ 

TYPE OF 
PROTECTIVE CASING: STEEL LOCK BOX 

MONITORING WELL 
CONSTRUCTION DIAGRAM 

TOP OF WELL =El n f 
PROTECTIVE POSTS STICK-UP: -1.,L fl. - GROUND SURFACE 

CASING .. 
DIAMETER: 2 ,_,, __ ..... , 

"' 0.. 
0:: 

TYPE Of PIPE JOINTS: fLUSH 

TYPE Of BLANK CASING: PVC 
(CMACODE) 

li+'ll_ .... ____ < coNCRETE PAO 

MIN.____£_ THICKNESS 

SCREEN INFORMATION 

SCREEN DIA. : 2" (SCRDIAM) 

SLOT WIDTH: .010 (SOUA) 

PERCENT OPEN: 8.0 (PCTOPEN) 

;~ i 
BACKFILL/GROUT 
MIX ETC. ~ 

TOP Of SEAL 

TYPE Of SEAL: BENTONITE 

SCHEDULE:--'L><....-------

MATERIAL: [81 PVC 0 STAINLESS 
STEEL 

0 OTHER (DESCRIBE) 

Q ff. bgl 

TOP OF f'ILTERPACK 

TOP Of SCREEN 

x ... 
C> z z w 
w 

~~ ...J 

"' u UC> 
VI 

Vl z 
~ ...JW .......... 

f'ILTER PACK LENGTH ~ft. (FPL) 

- w 

~1 
3:: 

BOTTOM Of SCREEN 

BOTTOM Of WELL 

BOTTOM Of BORING 

BORING DIAMETER 1. ..1 

~ fl. bgl (SEOEPTH) 

_2 __ ft. bgl 

flLTERPACK MATERIAL 

TYPE: COLORADO SILICIA SANO 
(16-40) 

BACKFILL METHOO: _T'-'-R'-=E""M""IE'----

THROUGH AUGER 

12 ft . bgl 

12.5 ft. bgl 

_14 __ 11. bgl 

L.5. In. .... 
"' .... 
t2 



Project (PROJID) 
HOLLOMAN FOUR SITES 

(HOLL_4S) 

Well Owner (WL WELCODE) 

USAF 

Installer 

LEM 

Location Coordinates: 
(NCO RD) 
(North) 667768.80 

Elevation Top of Casing (MPELV) 

4068.06 FT. 

Well l.D. {LOCID) 

WL-12-02 

Well Type (WL WTCODE) 
MONITOR WELL 

(MNW) 

Dale Started I Date Completed 
(INSDATE) 

20 FEB 93120 FEB 93 

(ECORD) 
(East} 556217.94 

Completion Method (VVL WCMCODE) 

GRAVEL PACK W/ SCREEN 
(GS) 

Sole Source Aquifer Code (VVL SAQCODE} 

N/A 

Drilling Method j Completion Zone (VVL GZCODE) 

WATER TABLE AQUIFER 
HOLLOW STEM AUGERI (W) 

Remarks (REMARKS) 

-
~1 

'i' ,_ 
.s: a.. 

w 1i. 0 .. ,_ 
0 0 c "' c ·;; - 0 

;j u 

0 
0 ,_ 

'i' ,_ 
<.!) 
z 
w 
..J 

"' u e 
-
~1 

PROTECTIVE CASING ------~ 

TYPE or 
PROTECTIVE CASING: STEEL LOCK BOX 

MONITORING WELL 
CONSTRUCTION DIAGRAM 

TOe OF WElC =ll n' eROTErn'E eom ~Tl. CK-UP :~ fl . GROUND SURrACE 

t ~RETE PAD j ~ "~0 ">'"'·! MIN._L THICKNESS 
:~" :·:-:t:;\:~ ",;! 

CASING .. 
DIAMETER: 2 -· -- ·· · 

TYPE OF PIPE JOINTS: FLUSH 

TYPE OF BLANK CASING: PVC 
(CMACODE) 

w 
a.. 
n:: 
0 
:::; 

BACKFILL/GROUT 
MIX ETC. ~ 

0 
(/) 

.... 
0 

:c ,_ 
<.!) 

TOP or SEAL 
z 
w 
..J TYPE or SEAL: BENTONITE 

TOP or FILTERPACK 

TOP or SCREEN (SBDEPTH) 

z 
w 
w:c "',_ 
Uc.!) 
Ill z 
_,w _,_. 

l'ILTER PACK LENGTH~ fl . (FPL) 

w 
3: 

BOTTOM OF SCREEN 

BOTTOM OF WELL 

BOTTOM or BORING 

BORING DIAMETER 1 .. ..1 

SCREEN INroRMATION 

SCREEN DIA.: 2" (SCRDIAM) 

SLOT WIDTH : .010 (SOUA) 

PERCENT OPEN: 8.0 (PCTOPEN) 

SCHEOULE:--'X"-- ------ 

MATERIAL: 181 PVC 0 STAINLESS 
STEEL 

0 OTHER (DESCRIBE) 

Q ft. bgl 

~ fl . bgl (SEDEPTH) 

~fl. bgl 

FILTERPACK MATERIAL 

TYPE: COLORADO SILICIA SAND 

(16-40) 

BACKrlLL METHOD : --'T~R=E=M=IE~--
THROUGH AUGER 

12.5 ft . bgl ---
12.8 fl . bgl 

14 ft. bgl 

7.5 In. ..... 
N ..... 
I') ... 



Project (PROJID) 
HOLLOMAN FOUR SITES 

(HOLL_4S) 

Well Owner (YVL WELCODE) 

USAF 

Installer 

LEM 

Location Coordinates: 
(NCO RD) 
(North) 667716.05 

Elevation Top of Cosing (MPELV) 

4069.85 FT. 

Well l.D. (LOCID) 

WL-12-03 

Well Type (WL WTCODE) 
MONITOR WELL 

(MNW) 

Date Started I Dote Completed 
(INSDATE) 

1 9 FEB 93119 FEB 93 

(ECORD) 
(East} 555883.96 

Completion Method (YVL WCM.CODE) 

GRAVEL PACK W/ SCREEN 
(GS) 

Sole Source Aquifer Code (VVL SAQCODE} 

N/A 

Drilling Method I Completion Zone (VVL GZCODE) 

WATER TABLE AQUIFER 
HOLLOW STEM AUGERI (W) 

Remarks (REMARKS) 

.... 

~1 
:C ,_ 

"' a.. 
w 0. 0 " ,_ 

0 0 
t:. "' c 
::: ·;; 

0 

~1 
0 

Ci 
0 .... 

:C .... 
Cl 
z 
w 
...J 
0:: 
u 
VI 
~ 

::: 

~1 

PROTECTIVE CASING ------~ 

TYPE OF 
PROTECTIVE CASING: STEEL LOCK BOX 

MONITORING WELL 
CONSTRUCTION DIAGRAM 

TOP OF WELL ~ t 
PROTECTIVE POSTS 

CASING 
DIAMETER: 'r ,-....... '", 

TYPE OF PIPE JOINTS: FLUSH 

TYPE OF BLANK CASING: PVC 
(CMACODE) 

.... 
a.. 
a: 
0 
:::; 

BACKFILL/GROUT 
MIX ETC. ~ 

0 
VI 

.... 
0 

:c ,_ 
C> 

TOP OF SEAL 
z .... 
...J TYPE OF SEAL: BENTONITE 

TOP OF FILTERPACK 

TOP OF SCREEN (SBOEPTH) 

z .... 
~~ 
Uc.!> 
Viz 
_,w _,_, 

FILTER PACK LENGTH ~ ft . (FPL) 

w 
3: 

BOTTOM OF SCREEN 

BOTTOM OF WELL 

BOTTOM OF BORING 

BORING DIAMETER 1 .. 

STICK-UP:_O_ ft. - GROUND SURFACE 

""_,.._ ____ ' CONCRETE PAO 

..1 

MIN._L THICKNESS 

SCREEN INFORMATION 

SCREEN DIA.: 2" (SCROIAM) 
SLOT WIDTH: .010 (SOUA) 
PERCENT OPEN: 8.0 (PCTOPEN) 

SCHEOULE :__,""---------

MATERIAL: l8J PVC 0 STAINLESS 
STEEL 

0 OTHER (DESCRIBE) 

0 fl. bgl 

3 fl. bgl (SEOEPTH) 

_s _ _ fl . bgl 

FILTERPACK MATERIAL 

TYPE : COLORADO SILICIA SANO 
(16-40) 

BACKFILL METHOD: TREMIE ---- ---
THROUGH AUGER 

15 ft . bgl - -
15.5 ft . bgl 

16.5 ft . bgl 

7.5 in . ..... 
N ..... 
"' .... 



B.3 

Well Development Logs and Photos 



WELL DEVELOPMENT LOG 
SHEET~ OF _j_ 

PROJECT ::\~Rci.~tm 
HOLLOMAN LAKES AND LAGOONS 
(HOLL LL) 
PERFORMED BY ~~Oqq{),q~~ 

R.AD 

WELL ID K~,<;@P± 

WL-IZ-<.:>i 10 :-.:-0 

DEVELOPMENT METHOD SURGE TECHNIQUE 

WATER LEVEL ~lO:EBE 
INITIAL '-3 , t_,, i-~ '"FiNA'C 4 .0 I 

TOTAL DEPTH ,f$07tfl(DtNGJ~ LOWEST WATER LEVEL DURING 
INITIAL /5". s z_' FINAL / s. 'fo' DEVELOPMENT r~~§~g)1 

TOTAL VOL. REMOVED J:.!Q GALLONS 
PRODUCTION RATE (PRODRATE) 
RECOVERY DEPTH (DEPWAT) N/A 
RECOVERY TIME (RECTIME) N/ A 

- TIME ELAPSED f.:..§.~ HRS = PRODUCTION RATE 
ff~@i!A~*T~ -~._z_! ~ P ~ 

I I : to I</. <j<{ 15.( .. ~ \ _ TL(. 

11 ; 3u ;cs .n /(. . 3 7- 3'1 ;<.(. 3(,. 1voo D 1:..;:.l.Ar e.. I~ . 'S ....... 

1z:oo Z'1 ·B8 f~.'1 7 . 3 ·1 /'-{.of '180 D, :>c-' ... -<L - o .-:; - !?·""-

I Z.: 30 L/'-1 .ez IL . 3' 7.</C fl/ lo 880 D.s<..t-4:- ~ - o . ...f 
i'3 .' c() , <; . '1</ /'5.1 1.'-1~ /S . ?o 8oco D . :s.'-i...Ar -e.. - / . 3 r. p..,..,,, 

/'-/.'IC P..:,... OFF 

1 lf: .50 5.11 1'5.{ '7 . '-!<( :; .oz i z.oc i..Ar ~ - I . l... I?~ 

15 :00 "j'~ .tr_ 1-:>.'1 r'f.3'7 1'5 .IC Z ·1'{ D.;c._1-..13..r.z - 0.1..(c/ . ......., 

1s: 3o I Z<{. <it/ 1s.1 '] . ~(. 18.80 3Go D . :'.)c...k~' ~ 1. 33 c 

1l- :o{ 1'-11..:, . -;z.. /~. { 7 - ~/ 1s.~3 0 D. S.Li..A -o, Gt..~ ;'>"\, 

17.oo It. . () , .;-_ 5 1.38 15'.c:.G ·10 I) • ~<..~A:""'(~ - c. 33 >"""\. 

(8 .DO zz.o .o 1<.f. 8 J. 30 1&.(:,0 3'? l.. l) ,..,_ Lt._A. "- I.<-{ ,.,...,, 

Remarks ~(~ffi'.<J~~~},: 
Total Volume Re moved ____ gallons 

Time far Remova l----- hrs/min 

\ 

<D 
N .... 
"' 0 



WELL DEVELOPMENT LOG SHEET_l_OF _l_ 

PROJECT '.'.{PR()"J?io}8 
HOLLOMAN LAKES AND LAGOONS 
(HOLL_ LL) 

WELL ID t(~,ftgj; 

-Wf=\2 -07-. 
DEVELOPMENT METHOD 

!t1)Gt)';6;t[.)t 

3-).- ~3 

;{tgG'.ff~~ 

ll50 
SURGE TECHNIQUE 

WATER LEVEL t§fA!~~ TOTAL DEPTH if$(i'®fflJ"p)g LOWEST WATER LEVEL DURING 

INITIAL S.'-J I FINAL S .S2... INITIAL \5"' I FINAL IS°, 12 DEVELOPMENT t@ij~g[~ 3,g 
TOTAL VOL. REMOVED Jk5-_ GALLONS - TIME ELAPSED ~_:_$_ HRS = PRODUCTION RATE 
PRODUCTION RATE (PRODRATE) K~~~p~~~l -~-~-
RECOVERY DEPTH (DEPWAT) N/A 
RECOVERY TIME (RECTIME) N/ A 

1400 IC/,:> 1+.r '1-b60 >gcco c . S:- C-P t--'. 

l'-!Z5 30 73.f[) ?g'COO , ~bPi'v\ 

14So l/1.-s; 1-~oo 2$80 

1520 60 ?SCO 436 , b &P11..\ 

i5'1D G rS" l3zo /22-i :p.,\ ....... @_ b:::ittnv\. - 5D 11 ~: ~ .... d-

I to D~ <gz +.3) ·r-'1ro 6+b \,I G-PtV\ · 

f(;t.fS /oo .2c 8100 
i -:f-Ds 123-S- +.23 %7130 32'6 .. L{ ~ & PM \!. I; 

~ .32 '31 to 
1) / 65" f.l · ii.fa 2-12- 1.2 <?,-()(1.-1.. ' tr"Lcx. :>-<-.A: ~t--

Time 

~:a~~l~m~(~~:~?tcJ~ I b~ gallons 

Time for Removal 3 hr LfD ... ,~rs/min 
CD 
N .... 
"' 
0 



WELL DEVELOPMENT LOG SHEET_OF_ 

PROJECT =(P-~.d~0.)g 
HOLLOMAN LAKES AND LAGOONS 
(HOLL LL) 
PERFORMED BY l~q~~f 

i2AD 

WELL ID ~~Q~ID).: 

V'JL-l2-03 

DEVELOPMENT METHOD 

Pur¥ Puvvip 

(g[GjiATf)~ K:tf?Gf:~~~ 

·3-t.j-Cj 3 D9 30 
SURGE TECHNIQUE 

Pu•~ pu.Wi p 
WATER LEVEL ~{§fAtf!f:g::j 
INITIAL -,_ Q FINAL ~ .-

r- o L 2)-0~ 

TOT AL DEPTH ; ~$()'&1;f01NG:f 
INITIAL IS°', b FINAL ('.5-. (:, 

LOWEST WATER LEVEL DURING 
DEVELOPMENT t~@J[@.1 

TOTAL VOL. REMOVED _J~LJ GALLONS - TIME ELAPSED _415 HRS = PRODUCTION RATE 
PRODUCTION RATE (PRODRATE) ~r~~p~ _ _g,_Q_ 
RECOVERY DEPTH (DEPWAT) N/ A 
RECOVERY TIME (RECTIME) N/ A 

/0'1 D 

i ( 02 4 7- l~.3 .f,3 i.qz..o 
ll l-5 ,0 11.4 ~·bS" 2'Bb D \Aiu. tev Ye."' · de..c..<" · i VtCveaS:.d. ;.L 

1150 -=/-0 I .b G-b2 z.qzo I ,o &P,..._\ 

zo l~.b b,t,3 2.Cf20 ) 1-11 
g, f- l·~3 2'1 L\O 

Z.L/O ,g .. (o.C:3 2Cf3o ~b CJ , ~ GYM · "-"' ,1?c, -tl cvv-... 

!'330 1<6. 8 .lS' 3$V 
IL{oo lg, r 
I 15 I'&. q 2..'{20 ~).D 

Time 

Remarks (R~r-D:@R~)} It.{ I 
Total Volume Remci~~d ·_. ___ gallons 

Time for Removal l\ h(. lD ~"'•.V\ hrs / min 

:hci\ 



WL 12-01 

B~ FORE AFTER 

WL ~ 12- 02 
BEFD~E AFTfR 



B.4 

Groundwater Sampling Logs 



Tl'lLE: IRP Groundwater Sampling Log 

PROJECT l-\~\lo\N\.c:wt AFB Pov-'fSZt<s (!AvesnaQ-h'bv\. DATE "l&· ~Ydl"\ q3 
SHEET '. f:'. ·oF_t_ SHEEnS SUBJECI'~~~~~~~~~~~~~~~~ 

INSTALLATION ID (AFIDJ WB.L ID (LOCID) (LOGDATE) . (LOGTWEJ 

r\OLM_f\J WL.- 1?.-03 lg (~QY-wq3 llDD 
PERFORMB> BY (LOGCOOEJ TOTAL DEPTH (SOUNDINGJ 

f2AD RNAL INITIAL FINAL 
.~ b i . ~h 15.&,f, 

SATURATB> THICKNESS WB.LVOLUME AMOUNT TO PURGE 

7, '-( ::;, / 
PURGE METHOD: 

Te-fl O V\. Bd"c ( e-v-

SAMPLING METHOD (SMCODEJ 

WL-1~-0o-t:l2 !'IU~ p/ILltW /#1 #!FD 
cff/J/O~ t 

t>Jl - /'L-IJ5..(}~ '-/w~ 'pff L~w/ lll.f £'/3 
c96-fife>e,_ I/ 

..._ __ / 



INSTALLATION ID CARD) 

ftOiMt\J 
WELL M°htroaD) . w -[ft -ji 

PERFORMB> BY (LOGCOOEJ 

D 
SATURATB> THICKNESS WELL VOLUME 

. 7,61 /,? (onS 

PURGE METHOD: -fefl;n tfou 'le y 

D.A'D: l! il{~L / '!q 3 
SHEET~ .OF_/_, SHEETS 

(LOGDATE) (LOGlWE) 

1yM_a,,,, ??- /070 
TOTAL DEPTH (SOUNDING) 

FINAL INITIAL FINAL 
. 51./ I ;/ 2. . 2 

AMOUNT TO PURGE . 

11- ~//C*.S . 

v 



Tl'ILE: IRP Groundwater Sampling Log 
'(;. L- • - ~ - -/ _ p_'-k $ 

PROJECT ~,, v { s nj a-h P-¥1. tJ i rtnA.-Y- 16!... ~ u ..j.'f.. 

SUBJECT~~~~~~~~~~~~~~~~~ 

INSTALLATION ID (AFIDI 

rf0Ltv1N · 
PERFORMB> BY lLOGCODEI 

RAt> 
SATURATB> THICKNESS 

. l \ .1-

PURGE METHOD: Te.ffor.·· Saa.er 

o<E 
~{fl 

ot1 
ID2.~ 

Ot"t /D 

/J '?J? 

'f)JL-1~ -Df..ot 

WELL ID tOCIDI 

. ~-12..-0I 
WATER LEVEL (STATDEPI 

INITIAL 3 . f4 
WB.LVOLUME 

( • CJ Ga lloi.s 

CJ51?oD 

/F)/)@ 
1171 ioo 
!J (Jf)D 

,,,, 'f OD 

100 ;2 • .lbo 

DATE . . 1 ·'8' Mtt ~C-h I '1 j 8 -~ 
SHEET _i:, ·oF ._, _· SHEEIS 

TOTAL DEPTH (SOUNDINGI 

INITIAL , l $"". '-f ~ 

AMOUNT TO PURGE 

9,S- G-~lfo..,.5 

A 

I 

~( 
··--
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Site 12 Groundwater Gradient Calculation 



File N1m9: GradiontlOl<1 
08: 9(20/;1 
By: R. Harald Pewlnl 

Thia 1pre.-.-will~· ... f11811'bto Ind - ollha 
hy<toulic ~tor a ttne-pom proClam - on vec1..- analyolo. 

Th• lnp.rt 19quired I«"" •snadlhffl consilll of 1hr .. 1811 of 
x.y;z. (weM coordinlllao Ind - Ml elmltlon) In corwillent units 
nto the '1!U block. The coorOO.. ITIJSI be rahnnced such 11111 "9 
positM x dnction ii East. h pollWe y dnction ii N..-111, Ind the 
pos;t;.. z dnction is vertically upwwd. 

The spr~ celallalao h rnag1bto ol h 9'1dionl Ind b szimulh 
'1 degr9es clockwile t'om Nar1ll. Rttub .. AJlomlllically written lo 
1ha cutp.t block. For mwmedialt •pe. rm to h gadiont 
calculation begilnlng belowh lnput-oulpUI blocb. 

Ground - .,.locilils Ind tr.vel times could ..;iy be evllLlldad. 

Gradient Ma!J>bto and Dhclion Wel1 = 
X1 = 

Wl-12-01 
558211 .llO 
667ll03.10 
~.es 

Wl.-12-02 
558217.llO 
667758.llO 
~.58 

~bto • 1.830!£-03 longth/llngth 
y1 = OAction • 1= de!JMI CW 
z1 = 
Wel2 = 
x2 = 
y2 = 
z2 = 
Well3= 
x3 
y3 
Z3 

Wl-12-03 
5558&4.00 
667716.00 

4063.15 

GRADIENT CALCUlA TION: 

Create Diflorence Vect..-s A end B: 

A= 

B= 

dx1 
< -e.10E+OO 

dx2 
< 3.2eE+02 

Calculate N..-mal Vect..- to the pla'1: 

N= < -8.02E+01 

lnwrt ~ z component is negative 

d)'1 
1.34E+02 

dJ'2 
1.87E+02 

dz1 
7.00E-02 

dz2 
-5.00E-01 

1.9!lE+01 -4.52E+04 

nvx nvy nvz 
N= < 8.02E+01 -1.9'1E+01 4.52E+04 

Mag>~ ot Hyaoulic Gradient 

Grad= 1.8306E-03 

dx= 8.02E+01 

1.!XlE+01 

In "9 following, the vllLlo of 1.00E+s tor_.. lndic:Mtt flat 1tMt 
ccndilion beng *ltd is not true. H 1lle oondilion ii true fer 
cases 1 ..- 2, the correct vU.e ol lllPI• ii copied down to case 3. 

C.. 1: tt nvx ii equal to zoro: 

Alpha= 1.00E+oe 

Case 2: tt nvx is goalor than mro: 

Alpha= 1.81E+OO 

C.. 3: tt nvx is ilso than zero: 

1.81E+OO 

ConwBion from Radians to degnles clod<wise from North: 

Angle (CW from North) = 1.04E+02 

from Nor1h 

> 

> 

> 

> 



B.6 

Synchronous Water Level Survey Results 



··<U<••<.•. <••. <• • • t •• foe <<><••·•.·•••><<:> • . <· <<$!:60@:• .. ·.•:·.· •... _• .. • .. •.·._·:•.-.• ... _· ... ··:·- .. ·.• ... •• ..• ·:·:·· .. •_•_ .. •• .. ·.: __ .• .. ·.• ..•. ·.·.·.:•.: .... ·_:•.·:·:··· .. $a····· .•• · ..• •· ..• • ..• • · ..• ··o·•· . .-_ m_•·.•a•· .. ·.: .. ·,t>
8
••·.•·.:_'.• ..•. e._·_.• .·_.• ·_.·.· ... ·· ..... :•:' .. ·· > >•••••tiw¥6ih <iGW:~68v~\· 

·····•···•···•···•···•·•·····•·•···•·•·•·•·••·······•·····•· .•.·.• •.• •• •. ' ..• •· ••. •.·.··.·.•.·.•.•.•.•.•.·.•:• .. • ..• •.• ..• •·.·· .• ·.• .• ·.• .• •.• .• •.• .• •.•e•'••i·.·e.·•·•.• v'·.••.·.·.•·.•.·.• .• •'.• .. ·•• ··•···•·····•::.::···>•'•.:••····•·•·•·•···•·······•···•···· •·•·•·••·•·····•·•·•···•···•·::.::·•·•••·•·•·•·:•·:·•·····: ·········•·•·>•·•·.·.·•·•·•·•·•·.·• .• .• ··.•.· •. • .. •.• .•. ·.·.•.•.•.·_:.•_•.·.·.··.•.•.·.·.•·.·:.·.·::·•:• .. • ..• •.•.·:•.· ...... •• .•. :.,, .. _.·•·.•·o'·.·.··:_··c···.··.·.·• ..• ·.• ..• • .• • .• • · .• ·.•_ .... •.·,• .... •_: •• •_:.·.·.·· .• ·.• .• •.• ..• •.•:· .• •.·.·.•.·.·.·.· .• •.••-:•:_··:·····:· .• • .• •·.· .• • .• • .• •M'•.•····s•'•·•L··.•·.·.· .• •.•_.•.• .• • .. • .• •• •• •·.: .. •.· •. •.··.·:.:: •·t ocatiorna:: . <<•' Ea$fin9< • . / Northing ? .. •<~1ev~ .•.. 
MWD-01 4030.66 540864.7 663846.3 4028.34 MAR 1993 8.39 4022.27 
MWD-02 
MWD-03 
MWD-04 
MWD-05 
MWD-06 
MWP-01 
MWS-01 
MWS-03 
MWS-04 
MWS-05 
MWS-06 
MWS-07 
MWS-08 
MWS-09 
MWS-10 
MWS-11 
MWS-12 
MWS-13 
MWS-14 
MWS-15 
MWS-16 
MW-01 
MW-02 
MW-02&5-05 
MW-03 
MW-03-01 
MW-04 
MW-04-01 
MW-04-04 
MW-05 
MW-06 
MW-07 
MW-08 
MW-08-02 
MW-09 
MW-09-01 
MW-10 
MW-11 
MW-12 
MW-12-01 
MW-12-02 
MW-12-03 
MW-13 

4023.30 542460.1 
4047.41 547567.4 
4031 .86 544323.1 
4039.34 544355.8 
4030.20 537661.0 
4047.51 547500.0 
4041 .72 547227.9 
4042.66 544339.4 
4034.46 544926.6 
4033.47 543989.3 
4031.52 539431 .7 
4030.24 538199.2 
4033.15 539393.4 
4020.67 537626.8 
4030.00 539545.0 
4027.23 541772.1 
4048.31 547576.0 
4032.34 544352.9 
4032.43 544338.7 
4037.71 544342.9 
4029.46 537775.9 
4053.42 548658.6 
4039.78 544566.9 
4094.35 555464.1 
4037.38 544469.1 
4094.18 555557.4 
4030.30 545215.8 
4110.71 545657.8 
4073.69 545632.8 
4039.30 544358.3 
4031 .21 544970.0 
4039.88 544379.9 
4040.50 544474.4 
4088.16 554746.0 
4042.59 . 546285.9 
4085.85 554157.3 
4043.39 546007.9 
4039.71 543896.9 
4040.25 543686.8 
4066.39 556211 .8 
4068.06 556217.9 
4070.44 . 555884.0 
4036.49 543927.9 

658545.0 
665970.9 
661959.6 
664708.0 
659274.1 
666007.6 
664038.4 
666310.3 
662213.7 
662360.6 
663611 .0 
662546.3 
660347.2 
655436.3 
657713.6 
660788.6 
665999.0 
661961 .1 
661960.5 
664406.4 
659637.6 
666311 .5 
663814.8 
674168.2 
662878.2 
673929.6 
660699.4 
689476.9 
689997.7 
664831.0 
661445.2 
665147.6 
664520.5 
672220.7 
665312.4 
672320.6 
666135.8 
665207.0 
664672.2 
667903.1 
667768.8 
667716.0 
664216.1 

4021.37 
4045.48 
4030.19 
4036.86 
4027.98 
4045.09 
4038.99 
4040.93 
4031 .49 
4031 .32 
4029.44 
4028.22 
4031 .02 
4018.42 
4027.85 
4025.17 
4046.01 
4030.05 
4030.20 
4034.86 
4027.46 
4050.54 
4037.08 
4092.45 
4034.71 
4092.12 
4027.65 
4108.86 
4071 .45 
4036.55 
4028.45 
4037.37 
4037.90 
4086.19 
4040.34 
4085.85 
4040.97 
4037.76 
4038.36 
4064.54 
4066.22 
4070.44 
4035.13 

MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 
MAR 1993 

5.46 
5.05 
6.84 
6.19 

11.45 
5 .16 
5.33 
6.68 
8.72 
9.15 

11.83 
12.02 

14.8 
9.60 

13.65 
9.8 

7.43 
8.53 
8.27 
4.59 

10.92 
9.95 
5.50 

14.28 
8.06 

13.91 
5.90 

40.34 
5.6 

5.19 
6.98 
5.74 
6.01 

10.38 
8.00 
7.98 
7.94 
7.90 
9.85 
3.74 
5.48 
6.70 
6.10 

4017.84 
4042.36 
4025.02 
4033.15 
4018.75 
4042.35 
4036.39 
4035.98 
4025.74 
4024.32 
4019.69 
4018.22 
4018.35 
4011 .07 
4016.35 
4017.43 
4040.88 
4023.81 
4024.16 
4033.12 
4018.54 
4043.47 
4034.28 
4080.07 
4029.32 
4080.27 

4024.4 
4070.37 
4068.09 
4034.11 
4024.23 
4034.14 
4034.49 
4077.78 
4034.59 
4077.87 
4035.45 
4031 .81 

4030.4 
4062.65 
4062.58 
4063.74 
4030.39 



MW-14 4034.13 543904.8 662841.7 4031 .95 MAR 1993 7.70 4026.43 
MW-15 4032.70 544403.8 662252.2 4030.85 MAR 1993 7.66 4025.04 
MW-16 4031.84 537886.9 660473.0 4029.71 MAR 1993 13.24 4018.6 
MW-16-01 4076.90 553922.9 669399.4 4074.93 MAR 1993 7.23 4069.67 
MW-17 4032.17 537585.9 658079.3 4030.17 MAR 1993 14.08 4018.09 
MW-18 4019.42 538105.1 656338.2 4018.60 MAR 1993 8.13 4011.29 
MW-19-01 4048.74 548304.9 663965.6 4046.60 MAR 1993 7.38 4041 .36 

MW-21 -01 4046.59 542925.4 . 667762.0 4044.18 MAR 1993 7.29 4039.3 
MW-22-01 4038.99 540855.9 666347.3 4037.70 MAR 1993 11 .58 4027.41 
MW-23-01 4037.11 540402.0 666077.7 4035.79 MAR 1993 10.62 4026.49 
MW-24-01 4049.39 538127.5 669683.2 4047.97 MAR 1993 14.36 4035.03 
MW-24-05 4041.24 538415.0 666973.6 4040.24 MAR 1993 11 .86 4029.38 
MW-26-01 4062.28 543091 .7 673624.0 4060.45 MAR 1993 6.56 4055.72 
MW-28-01 4092.94 548805.6 676265.7 4091 .19 MAR 1993 12.53 4080.41 
MW-29-01 4103.37 549358.1 677999.6 4102.16 MAR 1993 24.33 4079.04 
MW-30&33-01 4104.70 552710.9 676333.3 4103.31 MAR 1993 23.48 4081 .22 
MW-36-01 4105.03 546510.7 684691 .6 4102.13 MAR 1993 31 .24 4073.79 
MW-36-03 4099.71 545646.3 684024.6 4097.34 MAR 1993 28.07 4071 .64 

MW-37-01 4077.22 537843.1 686025.1 4076.08 MAR 1993 31.53 4045.69 
MW-37-03 4079.66 538441.3 687430.9 4077.62 MAR 1993 28.69 4050.97 
MW-37-06 4085.29 539149.3 688953.5 4084.13 MAR 1993 35.76 4049.53 
MW-BG-01 4207.73 554457.1 708995.7 4206.10 MAR 1993 36.57 4171 .16 

MW-BG-02 4199.28 556491.9 703541 .4 4197.40 MAR 1993 43.80 4155.48 
MW-BG-03 4138.28 554937.2 695648.9 4136.14 MAR 1993 11.83 4126.45 

MW-BG-04 4074.51 544874.4 689873.8 4072.65 MAR 1993 4.62 4069.89 



B.7 

Site 58 Waste Pit Contents 



Table B-1 

Waste Characterization Pit Summary 

•••••••••••P~t•••••••:• • l :••i •1~~41 1¢~!!~1 !~••••• ·•: i iH :::: • • l!!#i~#~~6it~ ···-1 253 N, 407 W 8x4x5 Rusted drums, purple soil 

2 297 N, 352 W 8x6x4 Aluminum drums 

3 357 N, 407 W 1) 15x10x4 Aluminum drums 
10 ft W-NW 2) 5x3x4 Aluminum drums 
20 ft W-NW 3) 5x3x4 Aluminum drums 
30 ft W-NW 4) 10x3x5 Aluminum drums 
40 ft W-NW 5) 4x3x3 Native soil 

4 473 N, 352 W 20x10x4 Rusted drums, yellow soil 

5 259 N, 302 W 1) 10x5x4 Metallic debris 
10 ft E-NE 2) 5x5x4 Metallic debris 
30 ft E-NE 3) 5x5x4 Native Soil 
70 ft E-NE 4) 8x3x4 Native Soil 

6 184 N, 443 W 1) 6x6x4 Native Soil 
30 ft NE 2) 8x6x10 Rusted drums 

7 313 N, 653 W 8x5x3 Native Soil 

8 378 N, 550 W 8x5x4 Native Soil 

9 513 N 400 W 10x6x5 Rusted drums, burned soil 

10 637 N, 508 W 1) 5x5x4 Native Soil 
20 ft NW 2) 5x5x4 Native Soil 

11 67 N (small grid) 10x2x6 Native Soil 

12 144 N (small grid) 12x2x6 Native Soil 

13 265 N (small grid) 12x2x4 Native Soil 

14 310 N (small grid) 10x2x6 Native Soil 

15 350 N (small grid) 12x2x6 Native Soil 

16 435 N, 550 W 8x8x3 Native Soil 

17 0 N, 350 W 6x6x4 Native Soil 

18 10 N, 450 W 10x10x3 Native Soil 



Table B-1 

(Continued) 

19 35 N, 200W 6x4x8 xN ative Soil 

20 Mount W of De Zonia Road 8x2x6 Concrete retaining wall 

21 Between Pits 1 and 6 8x3x4 Native Soil 

22 W of Pit 6 10x10x6 Native Soil 

23 E of Pit 6 10x2x8 Rusted drums 

24 NE of Pit 6 5x2x3 Native Soil 

25 NE of Pit 6 5x2x3 Corrugated pipe 

26 E of Pit 1 4x3x3 Rusted drums 

27 E of Pit 1 5x3x4 Native Soil 

28 W of Pit 1 5x4x4 Native Soil 

29 Between Pits 2 and 3 5x2x3 Aluminum drums 

30 Betweenn Pits 4 and 9 8x4x4 Metallic debris, pink soil 

31 NW of Pit 9 1) 8x2x5 Metallic debris 
NW of Pit 9 2) 4x2x3 Native Soil 

32 E of Pit 4 8x8x4 Metallic debris, green soil 

33 Mound W of De Zonia 80x2x5 Clean Fill 
Road 

Large grid over entire site 



B.8 

Surveying Data 



WESTERN LANDS SURVEYING 00000 

JOB NAME ... . . RADIAN FILE . . RADIANOO 

0 1993 TIME 15:06:45 
POINTS . . ... .. . COORDINATES ... N/E/EL/DESCR.------- ------ --210 

# NORTH EAST ELEVATION DESCRIPTION 

686015 .974000 544105.322000 4007.47 HCP1 NE COR 
2 685267. 137000 544134.992000 4005 .38 HCP2 SE COR 
3 685266.906935 544133.978236 0.00 
4 0.000000 0.000000 0.00 
5 685413 . 412837 544029.210427 0.00 PT 1 NAIL 

6 685359.924412 544005.496133 4005.00 57-2 PT2 
7 685352 .853115 543977.609161 4004.96 57-3 PT3 
8 685442.525544 544014.212348 4005.47 57-1 PT4 
9 685627.245984 543961.156882 4095.24 PT5 
10 685634 .209903 543966. 120150 4005.82 GRPT6 NW 

-------------------------------------------------------------------------------
11 685635.809657 543936.265587 4095.58 GRPT7 SW 
12 686003 .497749 543985.693677 4007.30 GRPT8 NE 
13 686005.037688 543955. 103988 4007.24 GRPT9 SE 
14 685990.633012 544100.536982 0.00 MISC 10BH 
15 685966.388963 544089 .469112 0.00 MISC11BH 

--------------------------------------------------------------------------
686004 .685182 544100.475716 0.00 MISC12BH 
686004 .720675 544100 .357258 0.00 MISC13BH 
688460.271000 550428.167000 4127.35 HCP3 35-1 

19 687914 .804000 551686.584000 4135 .62 HCP4 CP 
20 687912 .715836 551685 .906576 0.00 

21 688858.563237 550691.609539 4127.08 BH3504 
22 688460.655083 550428.016727 4126.88 BH3501 
23 687729 .970357 550285.341855 4122.00 BH3502 
24 686685.295271 550461.616155 4118. 25 BH3503 
25 668336.803000 556168.675000 4066.40 HCP5 IR 

-------------------------------------------------------------------------------
26 667737 .410000 556145 .300000 4067.08 HCP6 IR 
27 667768.802229 556217 .936663 4068.06 WL1202CA 
28 667903 .120324 556211.811369 4064.54 WL 1201GR 
29 667903.120324 556211.811369 4066 .39 WL1201CAS 
30 667846 .277138 556208 .853676 4064.60 BH1204 

-------------------------------------------------------------------------------
31 667768 .802229 556217.936663 4066 . 22 WL1202GR 
32 667788.795171 556236.224572 4064.86 BH1205CAS 
33 667709.933299 555952.487945 4070 .63 BH1206B 
34 667714 .449126 555948.162639 4070 . 55 BH1206A 
35 667712 .332106 555885. 176052 4070 .14 BH1203 

-------------------------------------------------------------------------------
36 667716 .047543 555883.961657 4070. 44 WL1203 CAS 

673873 .625000 544272.337000 4066.57 HCP7 IR 
673713.211000 543753.767000 4064.83 HCP8 BH2701 

39 673553.224037 543730 .880341 4061 .43 BH2703 
40 673564 .616122 543728 .778523 4062.63 BH2702 

41 667716 .047543 555883.961657 4069.85 WL1203CA 



42 
43 

673581.855948 
674369.538599 

543643.092619 
544117.602806 

4063.92 
4066.99 

BH2704 
BH2706 
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Telephone conversation log with Mr. Marvin Weber, former project officer 
for the unconventional fuels program, 22 and 28 October 1992. 
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Laura Maley's field notes. Radian Corporation. pp. 1, 4, 13, 14, and 15. 
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C.3 

Telephone conversation log with Mr. Craig Sovka, Northeast Research Institute, Inc. 
(passive soil gas subcontractor), 3 December 1992. 



RADIAN 
CORPORATION 

TELE~ONE CALL RECORD 
>B' Incoming Call 

0 Outgoing Call 

Perfn Call ing 

vnt-l - So v l"-

General Subject 

. v; 6/)t-

, ) 

I 

.5 ~ --rvi{}.. { i 

Project No. .ffur -OIPC/ -~3--t'B 

Date Time 

lft10 

TOPICS DISCUSSED AND ACTION TAKEN 

fo 
' 

I e, !}!; -· 

Distribution 

/ 
/ 

~jBS-21364 



C.4 

U.S. Geological Survey. 7.5-Minute Topographical Quadrangle Maps of New Mexico: 
Holloman, 1982; Garton Lake, 1982; Malone Draw, 1982; Lost River, 1982: 

• Not included due to size. 



c.s 

Flood Plain Maps--reference verbage pending.* 

· Not included due to size. 
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Telephone conversation: log with Mr. R. Wilkson, Holloman AFB, 1 April 1992. 
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U.S. Geological Survey. Data from the groundwater site inventory, 1992.* 

• Not included due to size. 
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Cost Analysis. Economic Resource Impact Statement. Holloman Air Force Base, 
New Mexico, 1991. p.7. 
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General Schedule 
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Civilian BX 
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Air Force 
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Coast Guard 
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3 
0 

86 
2,498 
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14 
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(#) 
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86 
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6,198 
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245 
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Interview with Mr. R.E. Jennings, Radian Corporation, 2 April 1992. 
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C.10 

New Mexico Department of Game and Fish. Handbook of Species Endangered 
in New Mexico, 1988. pp. C-176-1 and 2.1 
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WHITE SANDS PUPFISH (Cyprinodon tularosa} 

NiF rr 
Mtfl.oFS 

Account: C-176 

Listing status: New Mexico: Endanqered (group 2), first listed Jan. 24, 1975 
(NMGF Reg. 563); Federal: Notice of review as endangered/threatened. 

Distinguishing features: The White Sands pupfish is a member of the family 
Cyprinodontidae, which is characterized by small body size (usually less than 
60 1lllll total lenqth), a branched third ray in the anal fin, rounded dorsal and 
caudal fins, and a more-or-less protruding lower jaw--with the mouth upwardly 
directed (Eddy and Underhill 1978). Cyprinodont fishes can be further 
distinguished from the related livebearer family (Poeciliidae) by the male 
anal fin: in cyprinodonts this is unmodified, but in poeciliids it is an 
elongated intromittent orqan (qonopodium). Pupfish differ from other 
cyprinodontids in their compressed, tricuspid jaw-teeth and typically chunky 
build. The White Sands pupfish is best identified by its range, which is 
confined to the TUlarosa Basin (Propst et. al. 1985). Its geographically
nearest congener, the Pecos pupfish (£. pecosensis}, differs in having few or 
no scales on the breast or abdomen; these areas are fully scaled or almost so 
in the White Sands species (Miller and Echelle 1975). 

Other descriptive details: Non-breeding White Sands pupfish are light, 
brownish-gray dorsally and white to silvery ventrally (Miller and Echelle 
1975; Suminski 1977). In breeding males, the belly is whitish to pale 
orange, and the remainder of the body is pale to deep metallic biue. The 
fins are bright orange, except for the caudal--which is pale to yellowish 
green. Breeding females are whitish to silvery, slightly suffused with 
greenish-yellow. Their pectoral and pelvic fins are pale yellow, and the 
remaining fins are nearly colorless to watery-white. Both sexes have grayish 
to golden vertical bars along the length of the body, plus a dark blotch or 
spot at the posterior base of the dorsal fin. The maximum total length is 
about 48 mm. 

Distribution: The White Sands pupfish is endemic to central-southern New 
Mexico (Miller and Echelle 1975). New Mexico: The species is restricted to 
the TUlarosa Basin, where found in Malpais Spring and the Lost River (Otero 
co.), Salt creek (Socorro co.), and Mound Springs (Lincoln Co.): these are 
the key habitat areas for the species (Propst et al. 1985). An introduced 
population tormerly occurred near Alamogordo (Suminski 1977). 

Enlargement of Los ~ 
Alamos Co. (see dark 
area on the •map.) 

solid circle: indicates a county where ~t---------'-~ 
the listed species is known or is highly 
likely to occur regularly in recent time 
(i.e., 1960 or later). 

half-solid circle: indicates a county 
where the listed species is known to 
occur less than regularly, but where 
regular occurrence is likely in recent 
time (i.e., 1960 or later). 

open circle: indicates a county where 
the listed species is known to occur 
less than regularly, and where regular 
occurrence is unlikely in recent time 
(1960 or later). Included here are recent 
reports that are unsubstantiated or are 
otherwise questionable, as well as past 
(pre-1960} records of regular occurrence. 

*See Introduction for the names and 
locations of the other counties. 
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Biologv: ~~e White Sands pupfish occupies shallow pools and calm sprin 
runs, which are characterized by high fluctuations in daily temperature; 
very saline water, and substrates of silt, sand, and gravel (Miller and ' .. -s 
Echelle 1975; Suminski 1977). Salt grass (Distichlis stricta) and salt Ced-~ 
(Tamarix chinensis) border these areas, and pondweed (Potamogeton) is the a.r -· 
only aquatic vascular plant present. The White Sands pupfish feeds mainly 

0 algae and mosquito larvae, but it will also consume its own eqqs and fry. n 
Spawning begins when a water temperature of 18 c is reached, this normally 
being in early April and continuing through Auqust. Most spawning occurs in 
the shallow periphery of the habitat, where males establish their 
territories. The species is apparently polygamous, meaning that a male mates 
with more than one female. Females spawn several times in each season, 
emitting 12-15 eggs during any single spawning episode. The number of mature 
ova per female is up to 338. The White Sands pupfish grows quite rapidly in 
the first year of life, attaining a total length of up to 35 llllll. Subsequent 
growth rates diminish, as the fish ages. Mean longevity is about two years, 
and few fish survive to age four. 

Status: The White Sands pupfish is abundant and reasonably secure in its 
limited habitat, which is the remnant of the much larger, Pleistocene Lake 
Otero (Miller and Echelle 1975). Potential threats to the species are 
dewatering, pollution, and other disturbance to the habitat (Propst et al. 
1985). In addition, given that this pupfish has probably been isolated for 
millennia and remains the only fish occurying its habitat, it can be presumed 
that the introduction of non-native aquatic species would have detrimental 
affects upon White Sands pupfish populations--notably in the form of 
increased predation ar.d/or competition. 

conservation: Mainte~ance of the habitat of the White Sands pupfish is 
essential for the species• survival (Propst et al. 1985). In addition, 
non-native acquatic species must be excluded from its habitat, including 
fishes, bullfrogs (Rana castesbeiana), and the like. currently, a 
conservation plan for the White Sands pupfish is being developed. 

Bibliography: Echelle. A.A., A.F. Echelle, and D.R. Edds. 1987. Population 
structure of four pupfish species (Cyprinodontidae: CVprinodon) from the 
Chihuahuan Desert region of New Mexico and Texas: allozymic variation. 
copeia 1987: 668-681: Eddy s. and J.C. Underhill. 1978. How to know the 
freshwater fishes. Wm. c. Brown Publishers, Dubuque, IA: Miller, R.R. and 
A.A. Echelle. 1975. cyprinodon tularosa, a new cyprinodontid fish from the 
Tularosa Basin, New Mexico. Southwest. Nat. 19:365-377: Propst, D.L., M.D. 
Hatch, and J.P. Hubbard. 1985. White Sands pupfish (CVprinodon tularosa). 
New Mex. Dept. Game and Fish, Handbook Spec. End. in New Mexico:FISH/CT/CY/ 
TU:l-2~ Sumi nski, R.R. 1977. Life history of the White Sands pupfish and 
distribution of Cyprinodon in New Mexico. New Mex. St. Univ., MS thesis. 

citation: New Mexico Department of Game and Fish (Santa Fe, NM 87503). 
1988. Handbook of Species Endangered in New Mexico, C-176:1-2 . 


