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ERRATA 
This 1s a correction to paqe ~~ of Enclosure 2 of the 
Laboratory's November 22, 1985 subm1ttal to the New ~tex1co 

Environmental Improvement Division (ElU) concerning the 
Compliance Order/Schedule dated May 7, 1985 (Docket Number 
001007). Enclosure 2 was a report entitled ''Core Analyses 
and Observation Well Data from Mesita del Suey Waste 
Disposal Areas and Adjacent Canyons.'' The correct1on is as 
follows: No cata should have been reported for drill hole 
number LLC-8~-15 tor the 68-69 ft depth interval (i.e., no 
!-butanol orssent). This sample was lost by the analytical 
laboratory, so no analytical results for volatile orqanic 
compounds are available for this depth interval. 
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EXECUTIVE SUMMARY 

This document provides the necessary information 
to comply with Tasks 5 and 6 of Paragraph 25 of the 
compliance order/Schedule issued to the Los Alamos Na
tional Laboratory on May 7, 1985. The compliance or
der/Schedule {Docket Number 001007) was issued by the 
New Mexico Environmental Improvement Division (EIO) un
der authority of New Mexico's Hazardous Waste Manage
ment Act. Paraqraph 25 requires the Laboratory to sub
mit to the EID, by November 30, 1985, core analyses 
(Task 5) and analyaea of perched water (Task 6). This 
report presents data obtained trom seven teat holes 
near waste disposal sites {Areas L and G) on Mesita del 
Buey and from seven observation wells in the adjacent 
canyons (Pajarito canyon and canada del Buey). 

water trom observation wells in Pajarito canyon 
was analyzed tor volatile orqanic, chemical and radio
chemical constituents. No volatile orqanics were 
found. All chemical and radiochemical constituents were 
at concentrations below primary and secondary maximum 
contaminant levels specified tor drinkinq water (US 
EPA, 1976; OS EPA, 1979), with the exception ot two 
manqaneae measurements. Radionuclides present in ob
servation well water are naturally occurrinq and do not 
indicate radioactive contamination. Cores from seven 
teat holes near Areas L and G were analyzed tor 
volatile orqanics and Extraction Process (EP) toxicity 
constituents. All inorqanic constituents were below 
the EP toxic requlatory standard (New Mexico Hazardous 
waste Manaqament Requlations (NM HWMR) 201.B.5.J. No 
"tarqet" (analytical laboratory termino1oqy defined in 
text) volatile orqanic compounds were found in the sam
ples. However, a number ot non-tarqet volatile orqanic 
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compounds, primarily common organic solvents, were de
tected at low concentration in some samples. 

This report provides data to further substantiate 
the Laboratory's ground water monitoring waiver appli
cation under New Mexico's Hazardous Waste Management 
Regulations Section 206.C.l.a(3). No data interpreta
tion is provided, this is forthcoming in the March 31, 
1986 submittal, required under Paragraph 25 of the com
pliance Order/Schedule (Docket Number 001007). 

I. DESCRIPTION OF STUDY AREA 

A. Physical Location 
The Los Alamos National Laboratory and the commu

nities of Los Alamos and White Rock are located on the 
Pajarito Plateau, situated west ot the Rio Grande on 
the eastern slopes of the Jemez Mountains (Fig. 1). 
Mesita del Suey is a narrow, southeast-trending mesa 
near the eastern margin of the Paj·arito Plateau (Fig. 
2). The mesa is bounded on the north by Canada del 
Buey and on the south by Pajarito canyon (Fig. 3). 

The Laboratory's waste disposal sites are situated 
on Mesita del SUey in Technical Area (TA) 54, beginning 
at the junction of Rex Drive and Pajarito Road (Figs. 
4,5). It is located at s 1/2, Section 31, T. 19 N, 
R7E, New Mexico Principle Meridian. The mesa is ap
proxiaately 2 •1 long and 0.25 mi wide. 1 Area G, com
prising an area ot 63 acres, is the Laboratory's site 
tor diapo•al and storage of solid radioactive wastes 
(Fig. 6). AreaL is a chemical waste disposal site 
(Fig. 7) and has an area of 3 acres. Wastes are placed 

Icommonly utilized units--English unit• for study area 
description and discussion of drilling methodology, and 
metric units for discussion of sampling and analytical 
methods--are used in this report. 
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in shafts or pits duq into the surface of the mesa at 
both waste disposal sites. A mo~ _ detailed description 
of these waste disposal facilities is in several refer
ences (Rogers, 1977; US DOE, 1979; Balo and Warren, 
1984) • 

B. General Geology 
Meaita del Buey slopes qently from an elevation of 

6900 ft near ita western edqe to about 6600 ft near its 
eastern edqe. Southeaat-trendinq canyons to the north 
and south (Canada del Buey and Pajarito Canyon, respec
tively) have cut 100 to 150 ft below the mesa surface. 
The mesa at Area L ia at an elevation of 6800 ft, and 
the adjacent canyon floors are at an elevation of 6650 
ft. At Area G, the elevation ia 6700 tt, while the 
canyon floors are at 6600 tt. 

Meaita del suey is part of the Pajarito Plateau, 
which forms a topoqraphic hiqh area alonq the western 
part of the Rio Grande depression in north central New 
Mexico. Pajarito Plateau ia formed by a series of ash
falls and ashtlows (Pleistocene Aqe) of Bandelier TUff. 
Sediments and basalts of the Santa Fe Group of middle 
Miocene to Pliestocene Aqe (Griqqs, 1964) are below the 
volcanic tuft. At Area L there is 340 tt ot unsatu
rated tuft underlain by 610 tt ot unsaturated volcanic 
rock and aedilaents above the main aquifer. At Area G 
there is 220 tt of unsaturated tuft underlain by 630 ft 
ot unaaturated volcanic rocks and sediments above the 
main aqgiter. Formations in the Santa Fe Group, from 
oldest to younqest, are the Tesuque and Puye with in
terbedded Chino Mesa basalts. The stratiqraphy of 
Mesita del Buey is summarized in Table I and shown in 
Fiq. a. A detailed qeoloqic section based on data from 

3 



supply and test wells is shown in Fiq. 8. Previous re
ports (Purtymun, 1966; Purtymun and Kennedy, 1971) dis
cuss the .qaoloqy in qreater detail. 

The uppermost layer of the Bandelier Tuft is the 
Tshireqe member, ranqinq in thickness from 125 to 200 
tt (Table I). The four units (2b, 2a, lb, 1a), formed 
by a series of ashflows of rhyolite tuff, are a moder
ately welded tuff composed of quartz and sanidine crys
tals and crystal traqmants, a taw small rock traqmants 
of latite, rhyolite, and soma dark qray pumice in a ma
trix of liqht qray ash (Table I). Thickness of the 
units thins eastward because the ashflow dips qantly to 
the southeast away from the source area in the Jemez 
Mountains to the wast. 

c. General Hydrology 
stra .. tlow in Canada del Buay, north of Area a L 

and G and in Pajarito Canyon south of Areas L and G, is 
intermi ttant. Intermi ttant atra..,. in the canyon 
recharqa water in the alluvium, which is parched on the 
underlyinq tuft. The alluvium in canada del Buey is 
thin and contains no perennial water due to both a 
small drainaqa area and small amount of runoff 
(Purtymun and Kennedy, 1971). 

The interaittant stream in Pajarito canyon 
recharqas a body of water in the alluvium. As is typi
cal of streaa-connected aquifers, the water tabla is 
hiqheat durinq the aprinq from snowmelt and in lata 
an .. ezo froa thundershowers. The water tabla declines 
in tall and early summer. Decline in the water tabla 
is due to hiqh evapotranspiration, especially in areas 
ot old qravel pita, which are near the top of the 
stream-connected aquifer in Pajarito canyon (Purtymun 
and Kennedy, 1971). 
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The only aquifer in Los Alamos capable of water 
supply is the main aquifer. The major recharqe area 
for the main aquifer is in intermountain basins formed 
by the Valles Caldera. Movement of water in the main 
aquifer is eastward toward the Rio Granda, where a part 
is discharged throuqh sprinqs and seeps into the river. 
It is estimated that the 11.5 mi reach throuqh White 
Rock Canyon below Otowi Bridqe receives a discharqe 
from the aquifer of 4300 to 5500 acre-ft annually 
(Purtymun, 1966). 

Below the mesa tops the depth to the main aquifer 
ranqe• from about 1200 ft alonq the we•tern marqin of 
the plateau to about 600 ft alonq the eastern part of 
the plateau (Kelly, 1974). The main aquifer lies at an 
averaqe depth of about 950 ft at Area L and 850 ft at 
Area G. There are no perched aquifer• on Me•ita del 
Buey in the vicinity of Areas L and G between the mesa 
top and upper •urface of the main aquifer. This con
clu•ion is based on data collected durinq construction 
of two supply well• (Well Numbers PM-2, located 1 mi to 
the we•t, and PM-4, located 2 mi to the northwest) 
drilled into the main aquifer (Purtymun, 1984; Cooper 
at al, 1965). Three test hole• (two in Pajarito 
canyon--T-•erie•-- and one in Area G--test hole ST-1) 
were completed dry into the basalts (Fiq. 9) (Griqqs 
1964; Purtymun, 1978). Three test hole• (PCM series), 
60 to 127 ft deep, drilled at the flank of Pajarito 
canyon were dry. The•e test hole• document that perched 
water 1ft Pajarito Canyon, adjacent to Me•ita del Buey, 
is confined to the alluvium in the stream channel, and 
does not extend under the adjacent mesa. 
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II. METHODOLOGY/EXPERIMENTAL METHODS 

A. Canyon Observation Wells 

1. Drillina Methodology. Seven observation 
wells--tour in Canada del Buey (CDBO series, Fiq. 9) 
and three in Pajarito Canyon (PCO aeries, Fiq.9)--were 
drilled on April 16 and 17, 1985 by Los Alamos National 
Laboratory. The wells were auqered throuqh the allu
vium into the underlyinq tuff usinq a truck-mounted 
central Mine Equipment (CME) model 45 drillinq riq2 and 
a 7-in. auqer. Wells were cased with 4-in.-diameter, 
schedule 40, polyvinyl chloride (PVC) casinq (no qlue 
couplinqs). The wells were screened with stainless 
steel, perforated with 0.25 in. hole wire wrap. 
screens were set opposite the saturated alluvium into 
the top of the tuff (see Table II). The annular space 
between the hole wall and the casinq was qravel-packed 
to within approximately 2.0 ft of the qround surface. 
The remainder of the annulus was filled to the surface 
with concrete. A 9-in. steel casinq with a lockinq cap 
was installed. Each well was developed by jettinq and 
pumpinq with a Home Lite centrifuqal pump. 

Details of well construction are shown in Fiq. 11. 
The wells in caftada del Buey were dry7 those in Pajar
ito canyon contained perched water. Drillinq loqs tor 
the obaervation wells in canada del Buey and Pajarito 
canyon are qiven in Tables III and IV, respectively. 

a. sampling Metbodoloqy. Water levels are 
recorded and well water samples are taken quarterly. 

2Any use of trade names and trademarks in this report 
is tor descriptive purposes only and does not consti
tute endorsement by Los Alamos National Laboratory. 
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Water levels are measured using a weighted steel tape 
with measurements taken to the nearest 0.01 ft. Water 
samples are obtained after bailing the well dry, or at 
least three times, with a 2-in.-diameter, 3-ft-long 
brass bailer. After sampling the bailer is washed with 
distilled water prior to sampling the next well. 

sampling was conducted in accordance with Environ
mental Protection Agency (EPA) procedures {US EPA, 
1985). Three water samples were taken from each well; 
one sample for volatile organic analyses and two sam
ples for inorganic (i.e., chemical and radiochemical) 
analyses. 

a. Inorganic Analyses. Water samples for 
inorganic analyses were collected in 4 L (for radio
chemical) and l L (for chemical) polyethylene bottles. 
The 4 L bottle was acidified with 5 mL of concentrated 
nitric acid and returned to the laboratory within a tew 
hours ot sample collection tor filtration through a 
0.45 ~m pore membrane filter. 

Each sampling container tor inorganic analyses was 
tilled with well water, capped, given a sample label, 
chain of custody form (Fig. 12), and parafilm seal 
(intended to ensure sample integrity). The seal had to 
be broken to open the container._ Information pertinent 
to sampling was recorded in a field log book. Samples 
were placed in boxes tor transport to the laboratory. 
At the laboratory, sample custody was transferred to an 
inorganic cheaist and samples were stored in a locked 
laboratory. A sample analysis request sheet was com
pleted to track laboratory analysis of samples. 
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b. Volatile Organic Samples. Prior to sam
ple collection, sample containers (500 mL glass wide
mouth bottles) were washed with soap and rinsed with 
distilled water. The jars were stored at 105°c until 
taken to the field for sample collection. 

Sampling containers for organic analyses were 
filled with well water, and the jar cap sealed with 
teflon. Each jar had a sample label, chain of custody 
form and parafilm seal (intended to ensure sample in
tegrity). The seal had to be broken to open the con
tainer. Information pertinent to sampling was recorded 
in a field log book. In the field, samples were stored 
on ice in ice chests immediately after sample collec
tion. 

Samples were transported to the laboratory in ice 
chests and sample custody transferred to an organic 
chemist. Until analyses were conducted, samples were 
stored in a locked refrigerator, in a locked labora
tory. A sample analysis request sheet was completed to 
track laboratory analysis of samples. 

3. Analytical Methods. The laboratory performing 
analyses on these samples was the Health and Environ
mental Chemistry Group (HSE-9) at Los Alamos National 
Laboratory. 

Water samples were analyzed for inorganic chemical 
contaainants specified in EPA primary and secondary 
drinkinq water requlations (US EPA, 1976; US EPA 1979), 
radiocb .. ical.constituents (governed by EPA regulations 
contained in 40CF.Rl41) and volatile organics (US EPA, 

1985). 

The samples are analyzed for the following inor
ganic chemical constituents: (l) Ag, As, Ba, Cd, Cr, F, 
Hg, Pb Se, and nitrate regulated under the primary 
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standards (US EPA, 1976) and (2) Ce, cu, Fe, Mn, zn, 
sulphate, total dissolved solids, and pH requlated un
der the secondary standards (US EPA, 1979). 

The samples were analyzed radiochemically for cs-
137, Pu-238, PU-239, Pu-240, H-3, and total U, as well 
as tor qross alpha, qross beta, and qamma activities. 

The volatile organic compounds analyzed tor are 
qivan in Tabla VI. These compounds are referred to as 
"target" volatile organic compounds. This is analyti
cal laboratory terminology; it has no regulatory sig
nificance. Other volatile organic compounds present 
were identified using a Gas Chromatograph/Mass Spec
trometer (GC/MS) (sea the Appendix for additional de
tail on methodology). 

4. Quality Assurance/Quality Control, Documented 
quality assurance/quality control (QA/QC) procedures 
ware followed (US EPA, 1985: Gautier at al, 1985). The 
QA proqraa ia aanaqad by a Quality Assurance Coordina
tor who heads an independent Quality Assurance, Sample 
and Data Management Section within HSE-9. Daily QC is 
the responsibility of the analysts. 

The QA involves concurrent analysis of matrix
based certified QA materials with every batch of sam
plea. The laboratory maintains traceability to the Na
tional Bureau of Standards (NBS) standard reference ma
terials (SRK) whenever matrix-baaed SRM'a are avail
able. When SRM'• are not available, reference materi
als troa national and international aqancies (e.g., us 
EPA tor cheaical reference materials, Department of En
arqy Environmental Measurements Laboratory tor radio
chemical reference materials) are uaad. A QA computer 
database contains the following information tor each 
sample: sample number, owner, matrix, analysis, request 
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number, requestor, request date, project number, ana
lyst, technique, symbol, result, uncertainty, units, 
completion date, status, and analytical comment. 

The QA evaluates accuracy and precision trom re
sults ot analysis ot reterence materials. Accuracy is 
the deqree ot difference between averaqe test results 
and true results, when the latter are known or assumed. 
Precision is the deqree ot mutual aqre .. ent amonq 
replicate measur .. ents (frequently assessed by calcu
latinq the standard deviation ot a set ot data points) . 

The standard deviation is a measure ot precision. 
Precision is a function ot the concentration ot ana-. 
lyte1 that is, as the absolute concentration approaches 
the limit ot detection, precision deteriorates. For 
instance, the precision tor some H-3 deterainations is 
quite larqe because aany standards approached the lim
its ot detection ot a measur .. ent. The laboratory ad
dresses this by calculatinq a quality assurance parame-
tar: 

where Xz and Xc are experimentally determined and 
certitied/concensus mean el .. ental concentrations, re
spectively. The Sz and Sc parameters are the standard 
deviations associated with Xz and Xc, respectively. An 
analysis is considered under control when this condi
tion ia satisfied tor a certain el .. ent in a qiven ma
trix. 

The •int.ua detectable aaount is the smallest 
amount ot an analyte in a sample that will be detected 
with a beta probability ot non-detection (Type II er
ror) while acceptinq an alpha probability ot erro
neously detectinq that analyte in an appropriate blank 
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sample (Type I error). The alpha and beta probabili
ties are commonly set at 0.05. Further details on QA 
are presented elsewhere (Gautier et al, 1985). 

The number of QC analyses is a minimum of lOt of 
all analyses. The QC samples include duplicates, 
spikes, and appropriate sample blanks, in this case 
distilled water. Documented QC procedures tor each in
strument and analytical method are followed (Gautier et 
al, 198S). The appendix discusses blanks, spikes, and 
QC procedures used tor volatile orqanic analyses. 

B. Test Holes 

1. Drilling Metbodoloqy. Seven test holes--a 
backqround hole at the western end ot Mesita del Buey, 
4 at Area L and 2 at Area G (Fiq. 10)-- were drilled 
from Auqust 13, 198S throuqh Auqust 19, 198S by Fox En
qineerinq Company. Hollow-st .. -auqer, continuous cor
inq ot the tuft was accomplished using a truck-mounted 
CM! model ss drilling riq. A surface casinq, 8 in. in 
diameter, was cemented 4 ft into the tuff. The hole 
was continuously cored throuqh the surface casinq usinq 
a 3-in. diameter, s-tt-lonq, split-barrel sampler at
tached to the center drill sta of standard 6-5/8 in. 
o.o. hollow-ata auqers. 

core was o~tained in 5-ft intervals. Core aliqn
ment vas .. intained ~y markinq core with a lenqthwise 
crayon stripe once it was removed from the core barrel. 
core sections. tor sample analyses were not marked. The 
core ~arrel was wiped clean between each core run. 
Each hole was cored to a depth ot 100 tt. core samples 
tor laboratory analysis (detailed below) were taken at 
10 tt intervals. 
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After each hole was cored to 100 tt depth, the 
continuous sampling system was removed !rom the center 
drill stem and replaced with the standard canter drill 
bit. The hole was than extended, in most casas approx
imately 20 !t below the desired final hole depth. As 
the canter drill stem and auger flights ware removed 
from the hole some cuttings dropped downhole, filling 
the hole to the approximate desired depth. The depth 
of each hole, recorded during geophysical loqging, is 
greater than 100 ft. The average hole diameter was 7 
1/4 in., determined from the 3-arm caliper log. 

Downhole equipment (e.g., auger flights, canter 
drill stem, and continuous sampler) was decontaminated 
between drilling each hole using the following proce
dures. For drill holes in and around Area L, the 
equipment was steam-cleaned, than rinsed in methanol 
and allowed to air dry in successive tanks. For drill 
holes in Area G, all equipment was first •onitorad for 
radioactive contamination by Laboratory personnel (nona 
was discovered): then downhole equipment was decontami
nated using the same procedure as abova. 

During all drilling activities, cuttings brought 
to the surface by auger flights were imaediately placed 
in 55-gallon druas to •inimize potential for spreading 
contamination if encountered while the holes were beinq 
auqarad. In addition, for each 5-ft interval cored, 
measur...nta were taken in the hole and in the 
drill~'• breathing zone usinq an organic Vapor Meter 
(OVM) and an Explosimeter, in accord with established 
procedures (BPIC, 1985a: BFEC, 1985b). The OVM moni-
toring indicated no respiratory protection was needed 
durin; the drilling phase of the study. Measurements 
with the explosive concentration mater in and adjacent 
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to each hole indicated no detectable concentration of 
explosive vapors present. 

The hole numberinq system is based on the purpose 
for each hole and the drillinq sequence. The first 
letter, L, refers to Los Alamos National Laboratory. 
The second letter {G or L) identities the waste dis
posal area in or around which the hole is located. The 
third letter indicates the purpose tor the hole, as
siqned accordinq to the tollowinq desiqnations: 

- M: Moisture Holes-To be used to determine intrinsic 
permeability and hydraulic conductivity of the tuft. 

- c: core and Pore-Gas Samplinq Holes-To be used to 
collect samples for EP toxicity and volatile orqanic 
analyses, and for tha installation ot pore qas sam
plinq apparatus. 

- P: Psychrometer Bolas-To ba used tor installinq 
thermocouple psychroaetars and pressure transducers 
to determine local moisture conditions, temperature, 
and pressure. 

- N: Neutron Moisture Access Holes-To be used tor 
moisture measur .. ents. 

The middle designation, 85, indicates the year (l98S) 
that these holes were drilled. The final two diqits 
refer to drillinq saquanca. 

This report discusses only LLC and LGC holes: a 
backqround hole at tha western end of Mesita del Buey 
(Test Bola HUaber LLC•SS-13), 4 at AreaL (LLC-aS-12; 
LLC-15-141 LLC-85-151 LLC-85-16) and 2 at Area G (LGC-

85-091 LGC•85-10). 

2. Sampling Metb;doloqy. Samplinq was conducted 
in accordance with EPA procedures {US EPA, 1985). From 
each 10 ft section ot core, two representative samples 
were taken--one tor volatile orqanic analyses and one 

13 



tor inorqanic analyses, respectively. samples were 
collected in 500 mL widemouth qlass bottles. The labo
ratory pertorminq analyses on these samples was the 
Health and Environmental Chemistry Group (HSE-9) at Los 
Alamos National Laboratory. 

a. Inorganic samplea. Each aamplinq con
tainer tor inorqanic analyse• waa tilled with crushed 
soil core, qivan a aample label, chain ot cuatody form 
and paratilm teal (intended to enaure aample in
teqrity). The teal had to be broken to open the con
tainer. Information pertinent to tamplinq wa• recorded 
in a field loq book. Sample• ware placed in boxea tor 
trantport to the laboratory. At the laboratory, sample 
cuttody wa• tranttarrad to an inorqanic ch .. itt and 
sample• ware ttorad in a locked laboratory. A aampla 
analytil raquatt ahaat waa completed to track labora
tory analyaia of aamplaa. 

b. Vglatile Organic Samples. Prior to sam
ple collection, sample jara ware washed with soap and 
rinaad with diatillad water. The jar• ware stored at 
l05°C until taken to the field tor aampla collection. 

Samplinq container• tor orqanic analy••• were com
pletely tilled with cruahad toil cora, and the jar cap 
sealed with teflon. Each jar had a tampla label, chain 
ot cuatody fora and paratilm teal (intended to inture 
sample intaqrity). The teal had to be broken to open 
the oantainer. Information pertinent to tamplinq wa• 
recorded in a field loq book. In the field, tamplea 
were atorad on ice in ice cheat• immediately attar •am
ple collection. 

For each drill hole, a field blank wa• tubmitted 
with the aamplaa. It wa• a jar with orqanic-traa water 
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open to the atmosphere at the site while the hole was 
beinq drilled. 

Samples were transported to the laboratory in ice 
chests and sample custody transferred to an orqanic 
chemist. Until analyses were conducted, samples were 
stored in a locked refriqerator, in a locked labora
tory. A sample analysis request sheet was completed to 
track laboratory analysis of samples. 

3. AnAlytical Methods. Core samples were ana
lyzed tor inorqanics (i.e., toxic metals) and volatile 
orqanics as defined in Table v. The volatile orqanic 
compounds analyzed tor are listed in Table VI. These 
compounds are referred to as "tarqet" volatile orqanic 
compounds. This is analytical laboratory terminoloqy, 
and has no reCJUlatory siqnificance. Other volatile or
qanic compounds present were identified usinq GC/MS. 
Any non-tarqet compounds detected are detailed in sec
tion III. Analysis used an atomic·absorption spec
trophotometer tor metals. A purqe and trap/GC/Flame 
Ionization Detection (FID) procedure, usinq GC/MS to 
identity non-tarqet compounds, was used for volatile 
orqanic analyses. The methods of extraction and analy
sis tor volatile orqanic compoun~, detailed in the Ap
pendix, are modifications and compilations ot recom
mended procedures (OS EPA, 19847 OS EPA, 1985). 

t. Quality Assurance/Quality Control. Documented 
quality assurance/quality control (QA/QC) procedures 
were followed (OS EPA, 1985: Gautier at al, 1985). The 
QA proqraa is manaqed by a QUality Assurance coordina
tor who heads an independent Quality Assurance, Sample 
and Data Manaq .. ant section within HSE-9. Daily QC is 
the responsibility ot the analysts. 

15 



The QA involves concurrent analysis of matrix
based certified QA materials with every batch of sam
ples. The laboratory maintains traceability to the Na
tional Bureau of Standards (NBS) standard reference ma
terials (SRM) whenever matrix-based SRM's are avail
able. When SRM's are not available, reference materi
als from national and international aqencies (e.q., us 
EPA for chemical reference materials) are used. A QA 
computer database contains the followinq information 
for each sample: sample number, owner, matrix, analy
sis, request number, requestor, request data, project 
number, analyst, technique, symbol, result, uncer
tainty, units, completion data, status and analytical 
comment. 

The QA evaluates accuracy and precision from re
sults of analysia of reference materiala. Accuracy is 
the deqree of difference between averaqe teat results 
and true reaul ta, when the latter are known or asaumed. 
Preciaion ia the deqree of mutual aqre-ent amonq 
replicate measurements (frequently assessed by calcu
latinq the standard deviation of a set of data points). 

The atandard deviation is a meaaure of precision. 
Precision ia a function of the concentration of ana
lyte; that ia, aa the abaolute concentration approaches 
the limit of detection, preciaion detarioratea. The 
laboratory addreaaea thia by calculatinq a quality as
surance parameter: 

where x1 and Xc are experimentally determined and 
certifiedjconcenaua mean elemental concentrations, re
spectively. The s1 and Sc parameter• are the standard 
deviations associated with XE and Xc, respectively. An 
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analysis is considered under control when this condi
tion is satisfied for a certain element in a qiven ma
trix. 

The minimum detectable amount is the smallest 
amount of an analyte in a sample that will be detected 
with a beta probability of non-detection (Type II er
ror) while accepting an alpha probability of erro
neously aetectinq that analyte in an appropriate blank 
sample (Type I error). The alpha ana beta probabili
ties ara·commonly set at o.o5. Further details on AQ 
are presented elsewhere (Gautier at al, 1985). 

The number of QC analyses is a minimua of lOt of 
all analyses. The QC sample• include duplicates, 
spikes ana appropriate sample blanks. Alao, ten sam
ples selected at random were split with an outaide con
tract laboratory. Documented QC procedure• tor each 
instrument ana analytical method are followed (Gautier 
at al, 1985). The Appendix 4etaila blanks, spikes and 
QC procedure• used tor volatile organic analyses. 

Standard reference materials do not exist tor EP 
toxicity analysea. They were generated by makinq a 
sample tor each EP toxic conatituent at 20t of the max
imum concentration liait. The sample waa split--analy
ses were run on spiked and unapiked parta. 

III. DATA 

Quarterly water level• tor the obaervation wells 
are qiven in Table VII. Radioch .. ical and chemical 
quality of water from the obaervation walla, from sam
plea taken June 11, 1985, ia in Table VIII. All chemi
cal and radioch .. ical constituents were at concentra
tion• below primary and secondary maximum contaminant 
levels specified tor drinkinq water (US EPA, 1976; US 
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EPA, 1979), with the exception ot two manqanese mea
surements. Radionuclides present in observation well 
water are-naturally occurrinq and do not indicate ra
dionuclide contamination. None ot the "tarqet" 
volatile orqanics in Table VI were detected in observa
tion well water, samples September 12, 1985 (see the 
Appendix tor turther detail). 

Results ot analyses ot corea from test holes tor 
EP toxicity are in Tables IX to XV. All EP toxic pa
rameters were below the EP toxic requlated concentra
tion (Hazardous Waste Manaqemant Raqulationa 201.B.5). 
All EP toxic parameters ware below the detection limit 
(Tables IX-XV) with the exception of one measurement 
tor bariua. Barium was detected in the 0-10 tt depth 
ot drill bola number LGC-85-10 at 1.5 +/- 0.4 mq/L 
(TGla X). 

Nona ot the "tarqat" volatile orqanica listed in 
TGla VI ware detected in samples trOll any ot the drill 
holes. Soma non-target compounds,. primarily common or
qanic solvents, ware detected in some samples (Table 
XVI). Approximate concentrations ranged trom the detec
tion limit to about 1.5 times the detection limit. 
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(Figure is at the back ot the report in the pocket.) 

Fiq. 10. Location ot teat holes (see text for explanation 
ot hole numberinq scheme). 
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..___ WITH LOCKED 
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1--7 in.~ 
Fiq. 11. Schematic of observation well construction. 
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~ESCRIPTION I .... 
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"' "' ~ : I Q 
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~EQUESTED ANALYSIS Q. z 
5 
"' 
SAMPLED BY: (PRINT AND SIGN) LOG REFERENCE 

TAG NO, ____ OF ____ 

CHAIN OF CUSTODY 
RELEASED BY: DATE RECEIVED BY: 
(PRINT AND SIGN) AND PURPOSE (PRINT AND SIGN) TIME 

• 

FINAL DEPOSITION BY: (PRINT AND SIGN) 

Fiq. 12. Chain of custody form. 
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BA~iDEL I ER TUFF 

Tshi rege r1ember 

Otowi Member 

Guaje Member 

SANTA FE GROUP 

Chino Mesa Basalt 

Puye Conglomerate 

Tesuque Formation 

TABLE I - Stratigraphy at Mesita eel Buey 

Unit 2b 

Unit 2a 

Unit lb 

Unit la 

Aooroxif'1ate 
Trickness Feet 

60 

30-85 

25 

10-30 

120 

10-30 

t 

250-300 

700-750 

+1200 
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lJescriC~tion 

Rhyolite tuff, light gray to ~~:~ 
moderately welded, for:-s u::er 
surface of Mesita del Buey. 

Rhyolite tuff, light gray ~u~ice: 
moderately welded, outcrops on 
walls of Mesita del Cuey, thin 
from west to east. 

Rhyolite tuff, grayish brown, 
moderately welded, outcrop on wal 
of Mesita del Bue.v. 

Rhyolite tuff, light orange to 
light brown pumiceous tuff, non
welded to moderately welded, out
crops in lower slopes of Mesita 
del Suey, thin west to east. 

Rhyolite Tuff, light gray, non
welded, pumiceous, does not 
outcrop at Mesita del Suey is 
found in subsurface. 

Rhyolite pumice, light gray, 
nonwelded, an ashfall pumice. 

Composed of basalt flow rocks anc 
interbedded sediments. 

Upper 600-650 feet is volcanic 
debris, lower 70 feet is poorly 
consolidated channel-fill. 

Silty sandstones, sandstones wit~ 
lenses of clay and pebbly con
glomerate, many contain inter
bedded basalts. 



TABLE I! - Observation Well 
. 

Constructior .... 

Cas in~ Perfora~ed 
Height of Total Depth Depth.) 

!iill2 
· Steel casing Depth Interval Interval 

(ft) {ft) (ft} (ftl 

PCO-l 1.2 12.3 0-4.3 4. 3-12.3 
PC0-2 1.0 9.5 0-l. 5 1.5-9.5 
PC0-3 1.2 17.7 0-5.7 5.7-17.7 
CDBO-l 1.37 13.1 0-5.1 5.1-lJ.l 
COB0-2 1.30 17.9 0-5.9 5.9-17.9 
CDB0-3 l. 20 12.4 0-4.4 4.4-12.4 
CDB0-4 l. 30 12.1 0-4.1 4.1-12.1 

1All numbers in this taDle are measured from the land 
surface datum. 

2well abbreviations are: PCO • Pajarito Canyon Observation 
Well and CDBO • canada del Buey ODservation Well. 3All holes were cased with 4-inch diameter Polyvinyl 
Chloride (PCV) pipe. See Fiq. ll for schematic of well 
construction. 
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TABLE III - Geologic Logs of Observaticn Wells in Cana~a :e: =~~· 

C::lB0-1 

Alluvium, light brown, silty, sand with 
some clay 

Tuff, brown, weathered, ouartz and sanidine 
crystal and crystal fragments 

Few rock fragments, (tuff weathered contains 
est. 20 to 30% silt and clay). 
(Drilled 4/17/85, Dry} 

CDB0-2 

Alluvium, light brown as in Obs. Well COBO-l 

Tuff, brown, as in Obs. Well COBO-l 
(Drilled 4/18/85, Dry) 

CDB0-3 

Alluvium, light brown, silty, sand, with 
' some clay 

Tuff, light gra~·, auartz, and sanidine crystal 
and crystal fragments. 

Some small rock fragments, slight amount of 
clay as result of weathering. 
(Drilled 4/18/85, Dry) 

CDB0-4 

Alluvium, light brown as in Obs. Well CD00-3 

Tuff, light gray as in Obs. Well CDB0-3 
(Drilled 4/18/85, Dry) 

36 
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12 
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0 9 
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12 

18 
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12 
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12 



TABLE IV- Geologic logs of Jcservation ~ells ~n :a~ari:: .ar!:-

Fro~ ~ 
-

PC0-1 

Alluvium, light brown, gravels, cobbles, and boulders 
intermixed with clays, silts, and sands 0 

Tuff, light reddish brown, non- to moderately-welded 
quartz and sanidine crystals and crystal fragments, 
few small rock fragments 11 
(Drilled 4/16/85) 

Water level 5/23/85 1.12 ft (from land surface datum) 

Alluvium, same as PC0-1 

Tuff, same as PC0-1 
(Drilled 4/17/85) 

0 

9 

Casing driven in hole to a depth of about 10 ft. Unable to clean out 
to total depth of hole. 
water level 5/28/85 3.25 ft (from land surface datum) 
PC0-3 

Alluvium, light brown, gravels, a few cobbles 
in a matrix of silty sand 0 

Tuff, light gray to light brown, weathered, 
some quartz and sanidine crystals and fragments, 
a few small rock fragments in a matrix of 
weathered tuff, mostly silts and clay 12 
(Drilled 4/17/85) 

Water level 5/23/85 1.71 ft {from land surface datum) 

37 

11 

9 

22 

12 

20 



TABLE V - Analysis Parameters and Analytical Methods 

Parameters 

EP Toxicity 

Arsenic 
. Selenium 

Barium 
cadmium 
Chromium 
Lead 
Silver 

Mercury 

Volatile organics 

Purqe and Trap/GC/FI02 

1 

Analytical Method 

EP Toxicity Extraction 
and 

Graphite Furnace Atomic 
Absorption Spectrophotometry 

EP Toxicity Extraction 
and 

Direct Aapiration Atomic 
Abaorpiton Spectrophotometry 

EP Toxicity Extraction 
and 

Manual Cold Vapor Teachnique 

38 

, 
Reference-= 

sw 1310 

sw 7060 
SW 7740 
sw 1310 

sw 7080 
sw 7130 
SW 7190 
sw 7420 
sw 7760 
sw 1310 

sw 7470 

624;SW: 
US EPA: 
Appendix 

1982. Met~od 



TABLE VI - Characteristics ot Target Volatile Organic Compounds 

Retention 
tl1t1;t~2n t..1.m.1.~1 

Water Soil Internal 
co:mt)g:f.Ul~ l:~ml !m.1.Dl !m;~ .. l (~s:L:t;l i~ID!:il[g~ 

11 Dichloroethylene3 4.26 
Methylene chlori~e 4.36 5 521 BCM 
T 1,2 Dichloroethylene 4.63 5 521 BCM 
11 Dichloroethane 4.76 lO 1042 BMC 
Chlorofora 5.27 10 1042 1C2BP 
111 Trichloroethane 5.68 15 1563 BCM 
12 Diehloroethane 5.72 8 833 BCM 
Benzene 5.96 521 SCM BCM 
carbon Tetrachlori~e !.98 20 2083 BCM 
Trichloroethylene 6.65 5 !21 1C2BP 
12 Dichloropropane 6.69 5 521 BCM 
Bromodichloroaethane 6.86 10 1042 14 DCB 
Toluene 8.36 ! 521 1C2BP 
112 Trichloroethane 1.37 15 1!27 1C2BP 
Chlorodibroaoaethane 9.15 10 1042 14 DCB 
~etrachloroetbylene 9.52 20 2083 lC2BP 
Chlorobenzene 10.56 12 1250 1C2PB 
Ethylbenzene 10.83 8 833 14 DCB 
Bromo tom 11.71 10 1042 14 DCB 
1122 Tetrachloroethane 12.35 20 2083 14 DCB 
Bromobenzene 12.95 22 2292 1C2BP 
13 Dichlorobenzene 14.75 ! !21 14 DCB 
14 Dichlorobenzene 14.91 
12 Dichlorobenzene 15.48 5 !21 14 DCB 

lThe detection limit ia baaed on the intercept ot the 
external atandard calibration curve and aaauaea lOOt 
recovery. 

2The internal atandarda are abbreviated, and their retention 
tim•• qiven aa fo1lova: 
BCM • bromochloroaethane, retention tiae • 5. 237 
1C28P • l-chloro•2•broaopropane, retention tiae • 8.527 and 
14DCB • 1,4 dicblorobutane, retention time • 12.1!. 3slank linea indicate no quantitation atandard available. 
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TABLE VII - Quarterly Water Levels for Observation ~ells 
, ?., 

Date Water Level Measured frof"1 Land Surface Datu~ ~ft) 

PC0-1 PC0-2 PC0-3 COBO-l COB0-2 CDB0-3 CDB0-4 

5-28 Dry Dry Dry Dry 

6-ll 1.25 3.63 2.98 

9-4 Dry Dry Dry Dry 

9-12 1.29 5.05 3.30 
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Table YIII (coot) 

Priaarv Cbeaical Oualitv (concentrations in aq/Ll 

Cl cu Fe Mn so. Zn TDS pH 
-

PC0-1 68 0.014 0.095 0.018 18.5 0.029 298 6.7 
PC0-2 14 <0.005 0.072 0.371 10.0 <0.01 143 6.89 
PC0-3 22 0.038 0.005 0.388 7.6 0.052 251 7.5 

Secondary 250 1~0 0.3 0.05 250 5.0 500 6.5-8.5 
Contaa-
inantd 
Level 

~ 
N 



Table VIII (cont) 

Priaarv Cheaical oualitv_!cOncentr~tions in aa/Ll 

A a As ___ __ Ba- Cd cr _r_ Hq JL_ _Pb Se 

PC0-1 <0.001 0.004 0.196 < 0.001 0.006 0.5 < o. 002 1.7 <0.003 '0.003 
PC0-2 <0.001 0.001 0.069 < 0. 001 0.006 0.3 < 0. 002 0.3 0.006 -0.003 
PC0-3 <0.001 0.001 0.104 < o. 001 0.005 0.7 < o. 002 0.5 <0.003 <0.003 

I 

Primary 0.05 0.05 1.0 0.01 0.05 2.0 0.002 - 0.05 0.01 
Contaa-
inant 
Level a 

~ 
w 



Table VIII (coot) 

lliacellaneous Cheaical Analyses lconcentrations_in aa/Ll 
Total Cond 

§J.Ql ~ Hg __IL lfA ~l ~3 __f._ Hard (mS/m) 

PC0-1 31 33 9.9 5.7 47 0 97 < 0.2 122 48 
PC0-2 26 18 5.1 3.9 18 0 66 < o. 2 62 19 
PC0-3 35 40 9.8 3.6 24 0 150 <0. 2 141 38 

0 Reference (US EPA, 1976). 
bThe Environaenta1 Protection Agency's HCL for gross alpha is 15 x l0-9 laCi/aL. However , gross 
alpha results froa the distribution systea that exceed EPA's screening liait of 5 x 10-9 

1.Ci/mL 
require isotopic analysis to deteraine radiua content. 

~ ~Level reco .. ended by International co .. ission on Radiological Protection. 
~ Reference (US EPA 1979). 

Note: The ± value represents twice the uncertainty tera for the analysis. 



TABLE IX - EP Toxicity Analytical Results for Core froa Drill-Hole Number LGC-85-09 

EP Toxic 
Regulated 
concenira- Detection Deoth Intervals in Feet 

tion Liait 
Paraaeter {aa.lLl {aalLl ~ l.Q-ag ag-Jg lQ-jg jQ-~g ~Q-§Q 60-70 70-80 80-90 90-lQQ 

Arsenic 5.0 0.1 ± 0.05 ND NO ND ND ND ND NO NO NO ND 
Bariua 100.0 1.0 ± 1.0 ND ND NO ND ND ND NO NO NO NO 
Cadaium 1.0 0.1 ± 0.1 ND ND ND ND ND ND NO NO NO ND 
Chroaiua 5.0 0.2 ± 0.2 ND ND ND ND ND ND NO NO NO ND 
Lead 5.0 0.5 ± 0.5 ND ND ND ND ND NO NO NO NO ND 
Mercury 0.2 0.01 ± 0.01 ND ND ND ND ND NO NO NO ND ND 
Seleniua 1.0 0.05 ± 0.02 ND ND ND ND ND NO NO NO NO NO 
Silver 5.0 0.5 ± 0.5 ND ND ND ND ND NO NO NO NO ND 

~ 
U1 

lnazardous Waste Manageaent Regulations (HWMR) 201.8.5. 
2ND • Not detected. 
The ± value represents the uncertainty tara fo~ the analysis. 



TABLE X - EP Toxicity Analytical Results for Core from Drill-Hole Number LGC-85-10 

EP Toxic 
Regulated 
Concenira- Detect~on DeRtb Intervals in [eet ------------

tion Liait 
Parameter Cag/L) (119/L) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-9Q 2Q-}fl0 

Arsenic 5.0 0.1 ± 0.05 ND NO ND ND ND NO NO NO ND ND 
Barium 100.0 1.0 ± 1.0 1.50 NO NO ND NO NO NO NO NO NO 

±0.40 
Cadmium 1.0 0.1 ± 0.1 NO ND NO ND ND NO NO NO ND ND 
Chromium 5.0 0.2 ± 0.2 ND NO ND ND ND NO NO NO ND Nl> 
Lead 5.0 0.5 ± 0.5 NO ND NO NO NO NO NO NO ND Nl> 
Mercury 0.2 0.01 ± 0.01 NO ND NO ND NO NO NO NO ND ND 
Selenium 1.0 0.05 ± 0.02 NO ND NO NO NO NO NO NO ND Nl> 
Silver 5.0 0.5 ± 0.5 NO NO NO NO NO NO NO NO NO Nl> 

~ 
0\ 

~Hazardous Waste Manageaent Regulations (HWMR) 201.8.5. 
NO = Not detected. 
The ± value represents the uncertainty tera for the analysis. 



TABLE XI - EP Toxicity Analytical Results for Core froa Drill-Hole Number LGC-85-12 

EP Toxic 
Regulated 
Concentra- Detection Deotb Interyals_ in Feet 

tion Liait 
Parameter lag/L) (WJ/L) Jl.=lQ 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-lQO 

Arsenic 5.0 0.1 ± 0.05 NO NO NO ND ND NO NO ND NO NO 
Bariua 100.0 1.0 ± 1.0 NO NO NO ND ND ND ND ND NO ND 
Cadaiua 1.0 0.1 ± 0.1 NO ND ND ND ND ND ND ND NO ND 
Chroaiwa 5.0 0.2 ± 0.2 NO NO ND ND ND ND NO NO NO ND 
Lead 5.0 0.5 ± 0.5 ND NO ND ND ND NO NO NO NO ND 
Mercury 0.2 0.01 ± 0.01 NO ND ND ND ND ND NO NO NO ND 
Selenium 1.0 0.05 ± 0.020 NO ND ND NO ND ND NO NO NO ND 
Silver 5.0 0.5 ± 0.5 ND NO ND ND NO NO ND NO NO ND 

~ 
........ 

~Hazardous Waste Manageaent Regulations (HWHR) 201.8.5. 
NO • Not detected. 
The ± value represents the uncertainty tara for the analysis. 



TABLE XII - EP Toxicity Analytical Results for Core froa Drill-Hole Humber LGC-85-13 

EP Toxic 
Regulated 
concenir•- Datection Deoth Intervals in Feet 

tion Liait 
Paraaeter (ag/L) (JMI/L) il::ll 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-lQQ 

Arsenic 5.0 0.05 ± 0.025 ND ND ND ND ND ND ND HD HD NO 
Bariua 100.0 1.0 ± 1.0 ND ND ND ND ND ND ND HD NO NO 
Cadaiua 1.0 0.1 ± 0.1 ND ND ND ND ND ND HD HD NO NO 
Chroaiua 5.0 0.2 ± 0.2 ND ND ND ND ND ND ND HD NO NO 
Lead 5.0 0.5 ± 0.5 ND ND ND ND ND ND ND HD NO NO 
Mercury 0.2 0.01 ± 0.01 ND ND ND ND ND ND ND ND ND NO 
Seleniua 1.0 0.05 ± 0.025 ND ND ND ND ND ND ND ND NO NO 
Silver 5.0 0.5 ± 0.5 ND ND ND ND HD ND ND HD NO NO 

-'=" 
00 

1uazardous Waste Manageaent Regulations (HWMR) 201.8.5. 
2ND •.Not detected. 

The ± value represents the uncertainty tara for the analysis. 



~ 
\0 

TABLE XIII - EP Toxicity Analytical Results for Core froa Drill-Hole Number LGC-85-14 

EP Toxic 
Regulated 
concenira- Detect jon Deoth Intervals in Feet 

tion Liait 
Paraaet_er faa/Ll fiKI/L) .Q::U 10-20 20-30 30-40 40-50 50-60 60-70 70-:80 80-90 90-lQ( 

Arsenic 5.0 0.05.± 0.025 ND NO NO ND NO NO NO NO NO ND 
Bariua 100.0 1.0 ± 1.0 ND ND ND ND ND ND NO NO NO ND 
Cad•iu• 1.0 0.1 ± 0.1 ND ND ND ND ND ND ND NO NO ND 
Chro•iua 5.0 0.2 ± 0.2 ND ND ND ND ND NO NO NO NO ND 
Lead 5.0 0.5 ± 0.5 ND ND ND ND ND NO NO NO NO ND 
Mercury 0.2 0.01 ± 0.01 ND ND ND ND ND NO NO NO NO NO 
Seleniua 1.0 0.05 ± 0.025 ND NO ND ND ND NO NO NO NO ND 
Silver 5.0 0.5 ± 0.5 ND ND ND ND ND ND NO NO NO ND 

~Hazardous Waste Manage•ent Regulations (HWKR) 201.8.5. 
NO • Not detected. 
The ± value represents the uncertainty tara for the analysis. 



TABLE XIV - EP Toxicity Analytical Results for Core froa Drill-Hole Number LGC-85-15 

EP Toxic 
Regulated 
concenira- Detact~on Deoth Intervals in Feet 

tion Liait 
Parameter (aa/L) faa/L) Jl=.lQ 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-!QQ 

Arsenic 5.0 0.05 ± 0.025 ND ND NO NO ND ND ND ND ND ND 
Bariua 100.0 1.0 ± 1.0 NO ND NO NO ND NO ND ND ND ND 
Cadaiua 1.0 0.1 ± 0.1 NO NO NO NO ND ND ND ND ND ND 
Chroaiua 5.0 0.2 ± 0.2 ND NO NO NO ND ND ND ND ND ND 
Lead 5.0 0.5 ± 0.5 ND NO NO NO ND ND ND ND ND NO 
Mercury 0.2 0.01 ± 0.01 NO NO NO NO ND ND ND ND ND ND 
Seleniua 1.0 0.05 ± 0.025 NO ND NO NO NO ND ND ND ND NO 
Silver 5.0 0.5 ± 0.5 NO NO NO ND ND ND ND ND ND NO 

U1 
0 

luazardous Waste Manageaent Regulations (HWMR) 201.8.5. 
2ND • Not detected. , 
The ± value represents the uncertainty tera for the analysis. 



TABLE XV ·- EP Toxicity Analytical Results for Core fro• Drill-Hole Number LGC-85-16 

EP Toxic 
ReCJUlated 
Concenira- Detection De:oth Intervals in Feet 

tion Liait 
Parameter Caa/L) C.a/L) JC1.2 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-lQ!_) 

Arsenic 5.0 0.05 ± 0.025 ND ND ND ND ND ND ND ND ND ND 
Bariua 100.0 1.0 ± 1.0 ND ND ND NO NO NO ND NO ND ND 
Cadaiua 1.0 0.1 ± 0.1 ND NO NO NO NO ND ND ND NO ND 
Chroaiua 5.0 0.2 ± 0.2 NO NO NO NO NO NO NO ND NO NO 
Lead 5.0 0.5 ± 0.5 ND NO ND NO NO NO ND ND NO ND 
Mercury 0.2 0.01 ± 0.01 NO NO ND NO NO NO ND ND NO NO 
Seleniua 1.0 0.05 ± 0.025 NO NO NO NO NO NO ND ND NO ND 
Silver 5.0 0.5 ± 0.5 NO NO NO NO NO NO NO ND NO NO 

c.n ....... -
lnazardous Waste Manageaent Regulations (HWMR) 201.8.5. 
2ND • Not detected. 

The ± value represents the uncertainty tera fo~ the analysis. 
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TABLE XVI - Identified Volatile Nontarget Pollutants 

Estiaated 
Depth Volatile Liait of Estiaated 

Drill Hole Interval Organic Detection Concentration1 
Nuaber fft} Co•oound. _ __lllalkal (~g/kg) 

LLC-85-12 38-39 2-Haxanona 3300 3710-41302 

LLC-85-133 48-49 2-Pantanone 3300 3300 

LLC-85-14 38-39 2-Pentanone 3300 3640 

48-49 1-Butanol 62,500 83,330 

LLC-85-154 18-19 Tetrahydrofuran 3000 4500 
28-29 1,4 Dioxane 1500 1500 
38-39 1,4 Dioxane 1500 1500 

1 butanol 62,500 100,000 
68-69. 1 butanol 62,500 93,750 
88-89 2-Pentanone 3300 3300 

1concentration estiaated using total ionization peak area relative to 
estiaated liait of detection. 

2Range given because two aaaples were prepared since portions of one sample 
were spilled. 

3This background hole is a considerable distance froa any waste disposal 
area. However, in volatile organic analyses it is difficult to determine 
whether ketones are artifacts or are actually present above the detection 
liait. 

4several other volatile coapounds were present in this drill hole, but they 
could not be definitively identified. The aass spectroaeter scans of 
these coapounds were consistent with small chain alcohols. They were most 
concentrated at depth intervals of 18-19, 2~-29, and 38-39 ft. 



APPENDIX: VOLATILE ORGANIC ANALYSES 

The contents of this appendix were prepared by the Health 
and Environmental Chemistry Group (HSE-9). 

I. SAMPLE PREPARATION 

The samples received consisted of larqe (approximately soo 
mL) jars of soil. Sample jars had minimal headspace and were 
sealed with a teflon liner between the jar and the lid. The jars 
were sealed with paratilm and initialed by the collector. Upon 
receipt, the samples were placed into a locked refriqerator and 
stored until extraction. 

The soil wa• extracted within 24 hours of receipt. Extrac
tion wa• carried out by first aqitatinq the soil in order to 
achieve some deqree ot ho•oqeneity~ The sample containers were 
opened and any odor• noted. The color and consistency of the 
soil was al•o transferred to a tared 10 mL reaction vial and the 
weiqht recorded to the neare•t 0.0001 qm. The vial was immedi
ately sealed usinq a teflon ••pta and tear-away seal. Four to 
five •oil• were weighted out in thi• manner and then the methanol 
extraction wa• carried out. There were 2.5 mL of absolute 
methanol injected into the •ample and the mixture was viqorously 
shaken tor approxiaately 2 minute• by hand. The vial was then 
opened and the liquid drawn ott by pipette and transferred to a 
1 mL reaction vial and aqain ••aled with a teflon septum and 
seal. The 10 ~ reaction vial was discarded. Immediately after 
the 4 qm aliquot of •oil was removed, the jar was sealed with 
tape to indicate completion of extraction. once extracted, the 
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soils were replaced in the refriqerator until returned to t~e 
submitters. The l mL reaction vials containinq the methanol:= 
extracts_wara placed in the refriqerator until analysis. All 
samples ware run tor the first time within 10 days. 

The samples ware prepared tor purqa and trap analysis imme
diately prior to purging. Tan samples (including blanks, spikes, 
and quality control samples) could be prepared and run at one 
time. Daily, an aqueous solution ot the internal standard mix
ture was prepared using a secondary dilution of a supelco mixtu~e 
containing 20 mg/mL ot bromochloromathana, l-bromo-2-chloro
propana, and 1.4 dichlorobutana in methanol. Five milliliters of 
the aqueous solution ware pipattad into a 5 mL purqinq vessel us
ing a glass pipette. Approximately 30 uL ot the mathanolic ex
tract was injected into this mixture, and the vassal assembled 
and placed on the purqa and trap apparatus. All 10 samplas·were 
prepared in the saaa m&Mar. 'l'ha exact uount ot the methanol~~;,._ 
extract used was recorded. to the nearest uL. The injection it 
salt was carried out by rinsing the syringa with methanol seve~al 
times, than drawing in several aliquots ot the sample and dis
carding. 'l'he syringa was than tilled with sample extract to ap
proximately 30 mL and all air bubbles removed. The exact volume 
of the syringa was than noted, including needle volume, and then 
the injection was aada by tully deprassinq the plunqer one time. 
The syringa was r .. ovad from the aqueous solution and the resid
ual volume noted. 'l'he actual injected volume was calculated and 
recorded. Rater to the instrumental section tor information on 
how the actual analysis was carried out. After an aliquot of 
mathanolic extract was ramovad from a l mL sample vial, the vial 
was raaaaled with a new teflon seal. 

These methods of extraction and analysis are modifications 
and compilations of several recommended procedures. Please refer 
to the following references tor mora information: 
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Characterization of Hazardous Waste Sites, A Methods Ma~~!: 
Volume 3. Available Laboratory Analytical Methods 

Lockheed Enqineerinq Manaqament Services Company 
Las Veqas, Nevada, May 1984. 
National Technical Information Service IPB84-l91048 
EPA-600/4-84-038 

by Russell Plumb, Jr. 

Check Chapter J, Sections J.l.l, J.2.l, J.J.l. 

Ttst Metbods for Eyaluatinq Solid Wasta 

Phyaical/Ch,.ical Methods SW-846 
United Statts Environmental Protection Aqancy 

Check section 8, Methods 8010, 8015, 8020, and 8030. 

II. INSTRUMENTAL PARAMETERS 

The instrumental ayataa was a five component system operat
inq in tand,. and controlled by either the operator or by a basic 
lanquaqe proqraa for automated operations. Each of these compo
nents is described in detail below. 

A. aaa Chroaatoqraphic System 

H.vlett-Packard Modal 5880A GC 
Plaaa Ionization Detector 
Hewlett-Packard "Ultra" capillary Column 

5' crosslinked Phenyl Methyl Silicone 
60 m Llnqth, 0.32 mm ID, 0.25 um Film Thickness 
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Gases 
carrier: Helium @ 2.0 ml/min (~0.2 mL/min) 
compressed Air @ 46 psi 
Hydroqan @ 35 psi 

Nota: No makeup qas was used. 

B. Purqa and Trap system 

Takmar Modal 4000 Dynamic Haadspaca Analyzer (DHS) 

The DHS embodied the trap, main temperatura controls, and 
purqa and trap controls. 

Trap: Tanax 
Temperatura settinqs: (daqraas C) 

Valves: 100-120 
Linea: 100-120 
Desorb: 180 
Desorb Preheat: 100 
Bake: 220 

Tiae Settinqs: (minutes) 
Purqe: 11 
Dry Purqe: 6 (to remove water from the trap) 

Desorb: 4 

Bake: 10-20 
Purqe Pressure: 20 psi 
Purqe Flow: 40 mL/min 
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c. Tekmar Automatic Liquid Sampler {ALS) 

The ALS housed lO samples and controlled the valving to 
switch between these samples as directed by the DHS. The heate~ 
was left at factory settinq of approximately 120°c. 

o. Tekmar Model lOOO Cryoqenic Capillary Interface 

The Model 1000 consisted of a small "cross" unit that was 
supplied with liquid nitroqen !or coolinq and equipped with a 
flash heatinq unit tor introduction of the cooled, concentrated 
sample into the GC. Initially, the column waa directly connected 
to the cross by pullinq it out of the GC oven and connecting it 
directly to the sample transfer line. In the course ot the anal
ysis, it was discovered that the portion ot the column exposed to 
flash heatinq broke down quickly. The bad portions ot the c~lumn 
were then broken ott and the column replaced in the oven and con
nected to the Model 1000 by means ot a zero dead volume union and 
hollow fused silica capillary column. Material desorbed off of 
the Tenax trap entered the cross that had been previously sig
naled by the DHS and GC to cool to -so0 c. The sample slugs were 
cold trapped on the portion ot the column or tubinq in the cross 
unit until the CC and DHS siqnaled the cross to flash heat and 
thus introduce the sample into the cc and beqin data acquisition. 

coolinq temperature: -so0 c 
Flaab beatinq time: 4-10 seconds 
Heatinq rate: approximately so0 c per second 

Note: Parameters were adjuated throuqhout the course of sample 
analysis as necessary. 
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E. GC/Mass Spectrometer System 

Hewlett-Packard 5993A GC/MS and Computer System Colu~n: 
SPB-5 
0.24 mm IO 
30 m 
1. 0 \.lm Film Thickness 

The samples displayinq suspicious or nonbackqround peaks 
were analyzed on GC/MS. A methanol blank, QC sample, and all 
samples from Drill Hole Number LL-85-15, were also submitted :or 
GC/MS analysis. Most samples were analyzed by injection of 5 ~L 

into the GC/MS, but more concentrated samples required smaller 
injections. Estimated limits of detection were used to estimate 
concentrations of the compounds found. 

F. Data Acquisition syst .. 

Hewlett-Packard 5880 Series Terminal Level Four. 

The terminal was the main controllinq module of the sys~em 
and maintained 2-way communication with the other modules. A ba
sic lanquaqe proqram entered into the terminal controlled unat
tended operations. The terminal was responsible tor sensing ~~e 
readiness state of the qas chromatoqraph (GC) and ot the purge 
and trap (PT) modules, and coordinatinq instrumental operatio~s. 

The terminal also served as a recorder and integrator, a~j 

proca~ all data qenerated by the GC. The temperature progra~, 
GC coftclitiona, and run table parameters were all controlled by 

the terminal. 
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G. Summary of Operation 

Ten individual samples were loaded into the ALS. Once t~e 
OHS reached the ready state, purqinq of the first sample was :~:· 

tiated. A basic proqram on the Level 4 terminal controlled the 
timinq of the cryoqenic coolinq that beqan once purging was co~

plete. When the cryoqenic cross reached -so0 c, desorption of the 
sample ott the Tenax Trap beqan. Flash heating of the cold i~
tertace followed desorption. The initiation of flash heat:ng co
incided with the beqinning ot the GC oven program and data acqu:
sition. While the GC was running, the DHS cycled to bake to re
move residual material from the Tenax Trap. When both the GC and 
the DHS had completed their cycles and returned to ready, the ALS 
valved to the next sample and repeated the process. This cycle 
was repeated tor the 10 loaded samples. When the last sample run 
was complete, the Tekmar system remained at ready, and the ~c was 
programmed to shut the oven ott attar reachinq ambient tempera
ture. 

III. RETENTION TIMES AND ESTIMATED DETECTION LIMITS 

Standard compounds were analyzed to determine retention 
times and reproducibility. The results ot these runs determined 
which compounds could be successfully identified and quantitated 
using the purge and trap apparatus described above. These com
pounds, listed below with their retention times and detection 
limits, are referred to as "tarqet" volatile orqanic compounds. 
"Target" is analytical laboratory terminoloqy. It has no regula
tory significance. 
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Detection !.imits 
Retention 

Time H2o Soil Interval 
Compound Cminutesl !ppb) Cuq/kgl Standa:::-:i 

1,1-Dichloroethylene 4.26 
Methylene Chloride 4.36 5 521 BCM 
T 1,2-Dichloroethylane 4.63 5 521 BCM 
1,1-Dichloroethane 4.76 10 1042 BCM 
Chloroform 5.27 10 1042 1C2 
1,1,1-Trichloroethane 5.68 15 1563 BCM 
1,2-Dichloroethane 5.72 8 833 BCM 
Benzene 5.96 5 521 BCM 
carbon Tetrachloride 5.98 20 2083 BCM 
Trichloroethylene 6.65 5 521 1C2BP 
1,2-Dichloropropane 6.69 5 521 BCM 
Bromodichloromethane 6.86 10 1042 14 DCB 
Toluene 8.36 5 521 1C2BP 
1,1,2-Trichloroethane 8.37 15 1527 • lC2BP 
Chlorodibromoaethane 9.15 10 1042 14 DCB · 
Tetrachloroethylene 9.52 20 2083 1C2BP 
Chlorobenzene 10.56 12 1250 lC2BP 
!thylbenzene 10.83 8 833 14 DCB. 
Bromoform 11.71 10 1042 14 DCB 
1,1,2,2-Tetrachloro- 12.35 20 2083 14 DCB 

ethane 
Bromobenzene 12.95 22 2292 lC2BP 
1,3-Dichlorobenzene 14.75 5 521 14 DCB 
1,4-Dichlorobenzene 14.91 
1,2-Dichlorobenzene 15.48 5 521 l4DCB 

Internal Standard• • 

Bromochloroaethane(BCM) 5.23 
1-Chloro-2-Broao- 8.52 

propane (1C:2BP) 
1,4-Dichlorobutane 12.15 

( l4DCB) 

The retention time of theae compound• chanqed durinq the 
cour•• of the analyaea a• the ayatem waa modified (part of the 
column wa• broken ott, qaa tlowa altered, etc.) but remained sta
ble and reproducible between run• made with similar parameters. 

The limit ot detection ia based on the intercept of the ex
ternal standard calibration curve and assume• lOOt recovery. T~e 
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observed percent recovery of samples spiked with a known a::-::·~:-.-: 

ot a methanolic solution containing 1,2-Dichloroethane, benze~e. 
and ethyl benzene is as follows (see Section IV for discussio~ :: 
spikes): · 

compound 

1,2-Dichloroethane 
Benzene 
Ethyl Benzene 

Average 
Initial Runs 

81.5 
85.6 
23.0 

Recovery (%) 
Repeat Runs 

80.3 
86.5 
99.3 

Ethyl benzene recovery was low on initial runs due to machine 
problems described in Section II. Acceptable recovery was 
greater than 75t. 

IV. BLANJCS, SPIKES, AND QUALITY CONTROL 

A. Field Blanks 

Samples were delivered in batches ot approximately 10 sam
ples per hole drilled. For each batch, tield blanks were re
quested and received. Generally, one jar reportedly prepared ex
actly as a sample vessel waa taken to the tield tilled with or
ganic tree water. This jar was lett open to the atmosphere on 
site and then sealed aa the other samples upon completion of 
drillinq. A second blank empty jar was usually submitted, al
thouqh it waa decided that the water blank was of more value and 
most of the .. pty jar blanks were not processed. Five mL of the 
water vaa added to a purqe vessel and run as the other samples. 
The re.altinq chromatoqraphs were used to detine background peaks 
alonq with other backqround runs described below. 
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B. Methanol Blanks 

For each batch of samples extracted, a methanol blank was 
prepared usinq the same extraction technique as the soils. :~ese 

blanks were run alonqside the soil samples of the correspondi~g 
batch ana the resultinq chromatoqraphs used to help define back
qround peaks. 

c. System Blanks 

Five mL aliquots ot orqanic free water were purqed between 
most ot the samples. This practice was reaucea as the 7-day 
deadline tor completion ot the initial runs approached. If a wa
ter blank showed excessive carryover trom prior samples, the sys
tem was baked and it necessary, samples were rerun. Later runs 
ot orqanic tree water included approximately 10 uL ot methanol. 
The characteristic products ot intertace tUbinq ana column break
down were tound to be water insoluble but methanol soluble and 
thus problema with the intertace were ditticult to detect as t~e 
water blanks showed essentially no peaks. This problem arose 
twice durinq the course ot sample analyses. Once the problem was 
detected (usually durinq the runninq ot a methanol blank) it was 
corrected by breakinq ott the top ot the column and later by re
placinq the column with the zero dead volume/hollow capillary 
tUbinq arranqement. By the tilDe the problem was tinally solved, 
the deadline tor runninq the samples had passed so rerunninq them 
was not teaaible. However, all the samples had been run at least 
once. The elusion ot the breakdown products did not mask the 
elusion ot any ot the tarqet volatile orqanics or internal stan
dards and the rate ot recovery ot the internal standards remained 
qood. As an additional precaution, moat ot the samples run dur
inq times when breakdown was suspected were subjected to GC/MS 

analysis. 
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The results of the field blanks, methanol blanks, and sys~e~ 
blanks were combined in order to define background peaks for eac~ 
batch ot samples. Examples of blanks are given on the following 
pages. 

o. Spikes 

One soil sample per batch was spiked with a known amount of 
a methanolic solution containing 1,2 dichloroethane, benzene, and 
ethyl benzene. The spike soil was prepared by selecting a soil 
sample at randoa and weighing out approximately 4 qms as de
scribed in the sample preparation section. Prior to extraction, 
a aliquot ot the stock spike solution was injected into the 
sealed vial and the vial agitated. Extraction then proceeded as 
with all samples. The spike was then run along with the corre
sponding soil saaples. In all casas in the initial runs, the xe
covery ot the benzene and 1,2-dichloroathane was very good and 
that ot the ethyl benzene was low (sea Section III tor average 
percentage recovery). Subsequent runs made approximately l week 
later showed excellent recoveries on all ot the spikes. The re
covery ot the internal standards was in all cases acceptable, 
i.e., greater than 75t. The mean recovery ot spikes was 81.5%. 

E. Quality Control Samples 

QC samples consisted ot 10 soil samples selected at random 
that were split with an outside contract lab and 10 spiked soil 
sample• troa the QC section ot HSE-9. Spiked soil samples were 
extracted and run as the samples were. The spikes each contained 
six coapounda that ware all successfully identified each time 
they ware run. QUantitation ot the QC samples was performed both 
with and without adjusting for recovery (basad on the recovery 
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rates of the spikes). The first batch of 5 QC samples was ex
tracted within 8 hours of receipt, and the second batch sat a~ 
20°c for 24 hours prior to extraction. The calculated quant:~:es 
of four of the compounds in the first batch (benzene, 1,2-
dichloroethane, 1,1,1-trichloroethane, and bromochloromethane) 
aqreed well with the reported value (considerinq uncertainties) . 
The recoveries of trichloroethylene ana 1,3-aichlorobenzene were 
low. This trend repeated itself with the second batch of 5 sam-
ples except, where all recoveries were low. 
pected considerinq the headspace in storaqe 
delay between samplinq and extraction. All 

This was not unex
vials and the time 
soil samples were ex-

tracted within 30 minutes of beinq weiqhed, so the problem of 
volatile loss to headspace while awaitinq extraction should be 
minor. An example of QC results is qiven on the followinq page. 
To the riqht, values are adjusted for mean recovery of 81.5t. 

The expected area counts of the internal standards were also 
used also to interpret results and to flaq any sample aisplayin,Sr., .. 
unusually low recoveries for reanalysis. 
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V. OBSERVATION WELL WATER SAMPLE RESULTS 

ODaarvation wall water aamplas, taken September 9, 1985, 

ware analyzed uainq the aama inatrumantal procedures previously 
described. No aampla preparation (i.e., methanol extraction) was 
required; 5 mL of the water waa added to the purqinq vessel and 
analyzed. Syat .. blanks ware utilized a• da•cribad previously. 
one EPA quality control (QC) aample, received from the quality 
control aection of HSE-9, waa analyzed with the wall water sam
plea. Reaulta are qiven on the followinq paqe.Tha QC sample co~
tained nine volatile orqanic co~ounda; all nine ware detected 
and four quantitated (only tho•• compound• for which a valid cal
ibration curve waa available were quantitated). The values cal
culated aqreed cloaely with the •true" and averaqa reported val
uea. 

None of the target volatile orqanica were detected in the well 
water aaaplea. Only background peaks were noted on the chro
matoqrapha. 
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WATER ANALYSIS QUALITY CONTROL SA~P~~ 

QC SAMPLE ~UMBER: 00.010305 <EPA> 
VOA CONC Z WP483 

CONCENTRATIONS LISTED IN ug/ul <PPB> 

120CE 22.2 22.0 4.24 13.5-30.5 17.1 0.22 16.7-17.5 77.0 77.7 

I !lTC 14.3 12.7 2.91 &.9-18.5 11.9 0.17 11.6-12.2 83.0 93.7 

BOCM 7.9 7.8 I .45 4.9-10.7 6.6 0.25 6.1-7.1 

COMP • COMPOUND 
TRUE • EPA REPORTED TRUE CONCENTRATION 

X • EPA REPORTED MEAN CALCULATED VALUE 
SO • STANDARD DEVIATION 

95% CL • 95% CONFIDENCE LI"ITS 
CL X • CALCULATED "EAN VALUE OF ANALYSES 

XT • PERCENTA6E OF EPA TRUE VALUE 
XX • PEBCENTA6E OF EPA MEAN 

120CE • 12 OICHLOROETHANE 
IIITC • 111 TRICHLOROETHANE 
SOC" • BROMOOICHLOROMETHANE 
COBM • CHLOROOIBROMOMETHANE 

COMPOUNDS DETECTED BUT NOT QUANTITATED: 

CHCL3 CCHLOROFORM> 
112 TRICHLOROETHYLENE 
CCL4 CCARBON TETRACHLORIDE> 
1122 TETRACHLOROETHANE 
BRO"OFOR" 
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