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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (mi?) 2.590 square kilometer
Flow
foot per day (ft/d) 0.3048 meter per day
foot squared per day (ft2/d) 0.09294 meter squared per day
gallons per minute (gal/min) 0.06308 liter per second
gallons per day (gal/d) 0.003785 cubic meter per day
inches per year (infyr) 254 millimeters per year
Volume
gdlon (ga) 3.785 liter

Temperature: In this report, temperatureis given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the
following eguation:

°F = (9/5x C°) + 32

Sea Level: Inthisreport, "sealevel” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived from agen-
eral adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

Chemical concentration: Inthisreport, chemical concentration in water is expressed in metric units as milligrams per liter (mg/L) or
micrograms per liter (ug/L).

Other unitsused in report:

cubic feet per day ft3/d
cubic feet per milligram ft3mg
degrees Celsius °C
gram g

liter L
microgram Vls]
micrometer pm
microliter pL
milligram mg
milliliter mL
milliliter per minute mL/min

Abbreviationsused in thisreport:

bls
11DCA
11DCE
cDCE
MCL
PCE
pPvC
TCA
TCE
USEPA
USGS

below land surface
1,1-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
maximum contaminant level
tetrachloroethene

polyvinyl chloride
1,1,1-trichloroethane
trichloroethene

U.S. Environmental Protection Agency
U.S. Geological Survey
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Diffusion Sampler Testing at Naval Air Station North
Island, San Diego County, California, November 1999 to

January 2000

By Don A. Vroblesky and Brian C. Peters

ABSTRACT

Volatile organic compound concentrations
in water from diffusion samplers were compared
to concentrations in water obtained by low-flow
purging at 15 observation wells at the Naval Air
Station North Island, San Diego, California. Mul-
tiple diffusion samplers were installed in the
wells. In general, comparisons using bladder
pumps and diffusion samplers showed similar
volatile organic carbon concentrations. In some
wells, sharp concentration gradients were
observed, such asan increase in cis-1,2-dichloro-
ethene concentration from 100 to 2,600 micro-
grams per liter over avertical distance of only
3.4 feet. In areas where such sharp gradients were
observed, concentrations in water obtained by
low-flow sampling at times reflected an average
concentration over the area of influence; however,
concentrations obtained by using the diffusion
sampler seemed to represent the immediate vicin-
ity of the sampler. When peristaltic pumps were
used to collect ground-water samples by low-flow
purging, the volatile organic compound concen-
trations commonly were lower than concentra-
tions obtained by using diffusion samplers. This
difference may be dueto loss of volatiles by
degassing under negative pressuresin the sam-
pling lines induced while using the peristaltic
pump, mixing in the well screen, or possible
short-circuiting of water from an adjacent depth.
Diffusion samplers placed in buckets of free-
phase jet fuel (JP-5) and Stoddard solvent from
observation wells did not show evidence of struc-
tural integrity loss during the 2 months of

equilibration, and volatile organic compounds
detected in the free-phase fuel also were detected
in the water from the diffusion samplers.

INTRODUCTION

Low-density polyethylene diffusion samplers,
filled with deionized water or air, have been shown to
be an inexpensive aternative sampling method for
volatile organic compounds (VOCs) in contaminated
wells or in ground-water discharge zones beneath
surface-water bodies (Vroblesky and others, 1996;
Vroblesky and Robertson, 1996; Vroblesky and Hyde,
1997; Vroblesky and others, 1999; Gefell and others,
1999). The use of diffusion samplersin wells has gen-
erated substantial interest due to their capability to
sample ground water without the need for prior well
purging.

The Naval Air Station (NAS) North Island, in
San Diego County, California, has been used since
1917 as an air station, harbor, and training base. The
base is approximately 1 mile west across San Diego
Bay from the San Diego metropolitan area (fig. 1).
Activities at the base have resulted in ground-water
contamination by avariety of compounds, including
chlorinated aiphatic hydrocarbons and petroleum
hydrocarbons. In addition, free-phase JP-5 jet fuel and
Stoddard solvent (mineral spirits) are present locally
in the ground water. Stoddard solvent is arefined
petroleum product typically used as a thinning agent
for paints, coatings, waxes, printing inks, and
adhesives; a solvent in photocopy tonersand in dry
cleaning; and as a degreaser for engine parts.

The purpose of thisreport is to present the find-
ings of an investigation to determine whether the use
of polyethylene deionized-water-filled diffusion

Introduction
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Figure 1. Location of observation wells, Naval Air Station North Island, California.

samplersis aviable method of samplingVOCsin Acknowledgments
ground water at the base. VOC concentrationsin water
obtained from diffusion samplers set at multiplelevels
in wells are compared to VOC concentrations in water
obtained from low-flow sampling. Diffusion samplers
were placed in 15 observation wells, and 2 samplers
were placed in buckets of free-phase JP-5 and Stod-
dard solvent.

The Department of the Navy, Southwestern
Division Naval Facilities Command, funded thiswork.
The fieldwork was a cooperative effort between the
U.S. Geological Survey and OHM Remediation
Services Corp.
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METHODS

Diffusion samplers were tested in 15 wells at
NAS North Island, California. VOC concentrationsin
water from the diffusion samplers were compared to
VOC concentrations in water from low-flow sampling
ports open adjacent to each diffusion sampler. Low-
flow sampling was accomplished by using a peristaltic
pump at most sites and a bladder pump at selected
sites.

Diffusion-Sampler Construction and
Deployment

Each diffusion sampler consisted of a 2-inch-
diameter, low-density polyethylene (LDPE) tube heat-
sealed at both ends and containing deionized water. On
the outside of each sampler, an LDPE mesh provided
abrasion protection. This sampling methodology is
patented (patent number 5,804,743) and is available
for non-exclusive licensing from the U.S. Geological
Survey Technology Enterprise Office, Mail Stop 211,
National Center, 12201 Sunrise Valley Drive, Reston,

Virginia (telephone 703 648-4450; fax 703 648-4408).

Diffusion samplers were attached to intakes of
bladder pumps by means of plastic cableties. Attached
to each remaining diffusion sampler was a Tygon tube
extending from the sampler to land surface. The tubing
was secured to the diffusion sampler and to aweighted
line at approximately 10-foot intervals by using plastic
cableties. The purpose of the tubing was to allow
ground water to be collected adjacent to each diffusion
sampler by using low-flow methodology with a peri-
staltic pump.

The diffusion samplers were deployed in 15
wellsat NAS North Island during November 11, 1999
(table 1). All wells were constructed of 4-inch-
diameter casing. The samplers were attached by plas-
tic cable tiesto either aweighted line or a 1/2-inch
(outside diameter) PV C pipe. When multiple sections
of PV C pipe were required to reach the top of the cas-
ing, the sections were joined using stainless-steel
screws. The PV C pipe was secured to the top of the
well casing to prevent the diffusion samplers from
shifting during the equilibration period.

Two of the sampled wells (PW-15 and PW-55)
contained floating nonaqueous-phase liquid (LNAPL)
consisting of free-phase petroleum and Stoddard sol-
vent. To install diffusion samplersin these wells, a

Table 1. Summary of well information, Naval Air Station North Island, California

[ft, feet; ft bls, feet below land surface; ft mdl, feet relative to mean sealevel; Elev., elevation; NM, not measured; NA, not avail-
able; TOC, top of casing; A, bladder pump attached to the diffusion sampler; B, peristaltic pump using tubing attached to individual
diffusion samplers; C, same as B, except one depth was sampled using a bladder pump attached to a diffusion sampler; D, same as

B, except the well was resampled using a bladder pump following removal of the diffusion samplers]

Site or Depth to Depthto Saturated Depthto Elev. of Low-flow
bgilding id:r\:ﬁlflier screen Egitec?nrl screen water water sampling
designation top(ft bls) (ft bls) length (ft) (ft bls) (ft msl) method

653 MW-10 5 20.0 13.0 7.01 2.65 B
653 MW-13A 4 14.0 8.18 6.01 181 D
653 MW-13B 24.3 29.2 5.00 6.15 153 D
653 MW-13C 44.8 49.8 5.00 6.00 161 D
472 MW-68 C2 37 63.0 25.0 NM NA B
472 MW-68A 14 24.0 2.76 21.38 234 B
472 MW-68B 33 40.0 5.00 21.42 2.33 B
472 MW-68C 64.3 70.5 5.00 21.6 1.99 B
379 PW-15 20 35.0 9.94 23.34 261 B
379 PW-55 20 35.0 9.33 24.32 2.34 B
379 PW-66 20 35.0 10.0 25.10 2.40 B
Site11 MW-12 30 39.7 13.7 NM NA C
Site11 MW-5D NA 60.0 355 NM NA C
Site11 MW-9 23 319 4.10 28.18 5.64 A
Site2 S2-MW-6A 5 20.0 14.3 5.64 2.35 B

Methods
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rubber cap was placed on the lower end of a section of
2-inch-diameter PV C pipe and lowered into the well to
adepth below the LNAPL. The top end of the pipe
extended to land surface. A smaller diameter pipe then
was used to pound out the rubber cap, which was
recovered from the well along the outside of the
2-inch-diameter pipe by means of arope attached to
the cap. The diffusion samplers were lowered into the
well through the 2-inch-diameter pipe, thereby avoid-
ing direct contact with the LNAPL. The pipe was
secured in place to alow the diffusion sampler to be
recovered without contact with the LNAPL.

Collection of Pumped Ground-Water Samples

The diffusion samplers were alowed to remain
undisturbed in the well water for 65 to 71 days
(table 2). The wells were sampled at the time of sam-
pler recovery using low-flow techniques. Low-flow
sampling consisted of purging the well by means of
using a dedicated bladder pump or a peristaltic pump
connected to the Tygon tubing that had been attached
to each of the diffusion samplers prior to deployment.
Purging was done at arate of 120 milliliters per minute
until measurements of pH, water temperature, and spe-
cific conductance stabilized. In general, purging
involved about 20 minutes of pumping and removal of
less than 1 gallon of water from each sampling port.
Decontamination of equipment was not required
because each sampling interval had dedicated tubing.

A variety of methods were used to retrieve the
diffusion samplers and to low-flow sample the well.
The first method of sample retrieval involved recover-
ing the diffusion sampler from the well immediately
following low-flow sampling by using a bladder pump
from the depth at which the diffusion sampler had
equilibrated (well MW-9 only). A second method
involved using a peristaltic pump to low-flow sample
ground water adjacent to each of the diffusion sam-
plers by means of the dedicated Tygon tubing attached
to each diffusion sampler. The depths were low-flow
sampled beginning with the shallowest and proceeding
to the deepest. In some wells (MW-5 and MW-12),
one of the depths was sampled using a dedicated blad-
der pump while the remaining depths were sampled
using a bladder pump attached to dedicated tubing.
Two wells (MW-13A and MW-13B) were |ow-flow
sampled by using a peristaltic pump, the diffusion
samplerswere recovered, a bladder pump was inserted
into each well, and the wells were then immediately

4 Diffusion Sampler Testing at Naval Air Station North Island,
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resampled by low-flow methodology using the bladder
pump.

The diffusion samplers were recovered from the
wells by means of the attached weighted line or PVC
pipe. The samplers were cut open, and the water was
slowly decanted into glass vials pretreated with hydro-
chloric acid. The water sampleswere sent to a contract
laboratory for analysis by using Environmental Pro-
tection Agency Method 8260B (U.S. Environmental
Protection Agency, 1999). Replicate samples were col-
lected from approximately 10 percent of the sampling
sites. In general, both diffusion samples and |ow-flow
samples compared well with their respective replicate
samples (tables 3 and 4).

RESULTS AND DISCUSSION

VOC concentrations in water obtained from dif-
fusion samplers were similar to concentrations
obtained by using low-flow sampling methods for
most of the tested wells (tables 5 and 6, respectively).
Aswill be shown, most concentration differences
between the two sampling methods probably can be
attributed to VOC degassing during peristaltic-pump
sampling or to in-well mixing.

Comparison of Diffusion-Sampler Results to
Bladder-Pump Results

Tests showing the most direct comparison
between diffusion sampling and low-flow sampling
were in wells where a bladder pump was used to low-
flow sample. The test producing the least amount of
well-water disturbance wasin well MW-9 where a dif-
fusion sampler was recovered immediately following
low-flow sampling using a bladder pump from the
same depth. Concentrations of 1,1-dichloroethene
(1,1-DCE) and trichloroethene (TCE) obtained using
the diffusion sampler agreed well (12 and 3 percent
difference, respectively) with those obtained using the
bladder pump (table 7). The difference is about the
same as the differences (approximately 12 percent) in
1,1-DCE and TCE concentrations measured in repli-
cate samples collected by using a dedicated bladder
pump at well MW-5D (table 4). Thus, 12 percent is
within the sample-collection variability for 1,1-DCE
and TCE. Agreement between the methods was poorer
for tetrachloroethene (PCE) concentrations. The PCE
concentration in water from the diffusion sampler was
21 percent lower than the concentration in water



Table 2. Sampler deployment and recovery information, Naval Air Station North Island, California, November 1999 to January

2000
[repl, replicate sample; NA, not applicable; *, low-flow bladder-pump sample; #, datafrom OHM Remediation Services Corporation (2000)]
Site or Sampling Low-flow Diffusion- dl?fiﬁtsr:c:r? Negq:ye.srm
building _ ngl_ interval sample sampler sampler _ Date Date diffusion
designation identifier identifier Igbora_ltpry Igborqt_ory center installed  recovered sampl(_ers
identifier identifier (7t bls) were in
wells
653 MW-10 A 779679-0091 779679-0099 7.75 11/12/99 1/18/00 67
653 MW-10 B 779679-0092 779679-0100 9.15 11/12/99 1/18/00 67
653 MW-10 C 779679-0093 779679-0101 111 11/12/99 1/18/00 67
653 MW-10 D 779679-0094 779679-0102 131 11/12/99 1/18/00 67
653 MW-10 E 779679-0095 779679-0103 151 11/12/99 1/18/00 67
653 MW-10 F 779679-0096 779679-0104 171 11/12/99 1/18/00 67
653 MW-10 G 779679-0097 779679-0105 18.8 11/12/99 1/18/00 67
653 MW-10 G repl 779679-0098 NA 18.8 11/12/99 1/18/00 67
653 MW-13A A 779679-0030 779679-0042 6.50 11/10/99 1/17/00 68
653 MW-13A B 779679-0031 779679-0043 7.95 11/10/99 1/17/00 68
653 MW-13A C 779679-0032 779679-0044 9.35 11/10/99 1/17/00 68
653 MW-13A D 779679-0033 779679-0045 109 11/10/99 1/17/00 68
653 MW-13A E 779679-0034 779679-0046 12.4 11/10/99 1/17/00 68
653 MW-13A*# NA NA NA NA NA 1/17/00 NA
653 MW-13B A 779679-0035 779679-0047 24.8 11/10/99 1/17/00 68
653 MW-13B B 779679-0036 779679-0048 26.1 11/10/99 1/17/00 68
653 MW-13B C 779679-0037 779679-0049 275 11/10/99 1/17/00 68
653 MW-13B*# NA NA NA NA NA 1/17/00 NA
653 MW-13C A 779679-0038 779679-0054 45.4 11/10/99 1/17/00 68
653 MW-13C B 779679-0039 779679-0055 46.6 11/10/99 1/17/00 68
653 MW-13C B repl 779679-0041 NA 46.6 11/10/99 1/17/00 68
653 MW-13C C 779679-0040 779679-0056 48.0 11/10/99 1/17/00 68
653 MW-13C*# NA NA NA NA NA 1/17/00 NA
472 MW-68A A 779679-0023 779679-0025 217 11/9/99 1/17/00 69
472 MW-68A B 779679-0024 779679-0026 23.0 11/9/99 1/17/00 69
472 MW-68B A 779679-0016 779679-0020 345 11/9/99 1/17/00 69
472 MW-68B B 779679-0017 779679-0021 37.0 11/9/99 1/17/00 69
472 MW-68B B repl 779679-0018 NA 37.0 11/9/99 1/17/00 69
472 MW-68B C 779679-0019 779679-0022 38.5 11/9/99 1/17/00 69
472 MW-68C A 779679-0027 779679-0050 56.0 11/9/99 1/17/00 69
472 MW-68C B 779679-0028 779679-0051 57.5 11/9/99 1/17/00 69
472 MW-68C C 779679-0117 779679-0116 59.0 11/9/99 1/19/00 71

Comparison of Diffusion-Sampler Results to Bladder-Pump Results



Table 2. Sampler deployment and recovery information, Naval Air Station North Island, California, November 1999 to January
2000—Continued

[repl, replicate sample; NA, not applicable; *, low-flow bladder-pump sample; #, data from OHM Remediation Services Corporation (2000)]

. . Depth to Number

Site or Sampling Low-flow Diffusion- diffusion- of days

building _ We_ll_ interval sample sampler sampler _ Date Date diffusion

designation identifier identifier Igbore}t'ory Igborgtpry center installed recovered sam plgrs

identifier identifier (ft bls) were in

wells

472 MW-68C2 A 779679-0166  779679-0181 37.2 11/11/99 1/20/00 70
472 MW-68C2 B 779679-0169  779679-0182 39.1 11/11/99 1/20/00 70
472 MW-68C2 B repl NA 779679-0183 391 11/11/99 1/20/00 70
472 MW-68C2 C 779679-0171  779679-0184 40.5 11/11/99 1/20/00 70
472 MW-68C2 D 779679-0173  779679-0185 42.0 11/11/99 1/20/00 70
472 MW-68C2 E 779679-0176  779679-0186 441 11/11/99 1/20/00 70
472 MW-68C2 F 779679-0178  779679-0187 46.0 11/11/99 1/20/00 70
472 MW-68C2 G 779679-0180  779679-0188 47.8 11/11/99 1/20/00 70
472 MW-68C2 H 779679-0179  779679-0189 49.8 11/11/99 1/20/00 70
472 MW-68C2 | 779679-0177  779679-0190 51.9 11/11/99 1/20/00 70
472 MW-68C2 J 779679-0174  779679-0191 53.9 11/11/99 1/20/00 70
472 MW-68C2 Jrepl 779679-0175 NA 53.9 11/11/99 1/20/00 70
472 MW-68C2 K 779679-0172  779679-0192 55.5 11/11/99 1/20/00 70
472 MW-68C2 L 779679-0170  779679-0193 57.5 11/11/99 1/20/00 70
472 MW-68C2 M 779679-0168  779679-0194 59.5 11/11/99 1/20/00 70
472 MW-68C2 M repl NA 779679-0195 59.5 11/11/99 1/20/00 70
472 MW-68C2 N 779679-0167  779679-0196 61.5 11/11/99 1/20/00 70
379 PW-15 A 779679-0083  779679-0089 254 11/13/99 1/19/00 67
379 PW-15 B 779679-0084  779679-0118 271 11/13/99 1/19/00 67
379 PW-15 B repl NA 779679-0119 27.1 11/13/99 1/19/00 67
379 PW-15 C 779679-0085  779679-0156 285 11/13/99 1/19/00 67
379 PW-15 D 779679-0086  779679-0157 30.2 11/13/99 1/19/00 67
379 PW-15 E 779679-0087  779679-0158 317 11/13/99 1/19/00 67
379 PW-15 E repl NA 779679-0159 317 11/13/99 1/19/00 67
379 PW-15 F 779679-0088  779679-0164 331 11/13/99 1/19/00 67
379 PW-55 A 779679-0077  779679-0109 27.1 11/13/99 1/19/00 67
379 PW-55 B 779679-0078  779679-0110 28.9 11/13/99 1/19/00 67
379 PW-55 B repl NA 779679-0114 28.9 11/13/99 1/19/00 67
379 PW-55 C 779679-0079  779679-0111 30.6 11/13/99 1/19/00 67
379 PW-55 D 779679-0080  779679-0112 319 11/13/99 1/19/00 67
379 PW-55 E 779679-0081  779679-0113 331 11/13/99 1/19/00 67
379 PW-55 E repl 779679-0082  779679-0115 331 11/13/99 1/19/00 67
379 PW-66 A 779679-0106  779679-0145 255 11/10/99 1/18/00 69
379 PW-66 B 779679-0107  779679-0146 27.3 11/10/99 1/18/00 69
379 PW-66 B repl NA 779679-0151 27.3 11/10/99 1/18/00 69

6 Diffusion Sampler Testing at Naval Air Station North Island,
San Diego County, California, November 1999 to January 2000



Table 2. Sampler deployment and recovery information, Naval Air Station North Island, California, November 1999 to January
2000—Continued

[repl, replicate sample; NA, not applicable; *, low-flow bladder-pump sample; #, datafrom OHM Remediation Services Corporation (2000)]

. . Depth to Number

Site or Sampling Low-flow Diffusion- diffusion- of days

building _ We_ll_ interval sample sampler sampler _ Date Date diffusion

designation identifier identifier Igbore}t'ory Igbora}tpry center installed recovered samplgrs

identifier identifier (ft bls) were in
wells

379 PW-66 C 779679-0073  779679-0147 29.1 11/10/99 1/18/00 69
379 PW-66 D 779679-0108  779679-0148 30.8 11/10/99 1/18/00 69
379 PW-66 E 779679-0074  779679-0149 323 11/10/99 1/18/00 69
379 PW-66 F 779679-0075  779679-0150 33.9 11/10/99 1/18/00 69
379 PW-66 Frepl NA 779679-0152 339 11/10/99 1/18/00 69
Site11 MW-12 A 779679-0006  779679-0012 30.5 11/13/99 1/17/00 65
Site11 MW-12 B 779679-0007  779679-0013 321 11/13/99 1/17/00 65
Site11 MW-12 C 779679-0008  779679-0014 33.7 11/13/99 1/17/00 65
Site11 MW-12* D 779679-0009  779679-0057 351 11/13/99 1/17/00 65
Site11 MW-12* D repl NA 779679-0060 351 11/13/99 1/17/00 65
Site11 MW-12 E 779679-0010  779679-0058 36.9 11/13/99 1/17/00 65
Site11 MW-12 F 779679-0011  779679-0059 385 11/13/99 1/17/00 65
Site11 MW-5D A 779679-0121  779679-0128 50.8 11/12/99 1/18/00 67
Site11 MW-5D B 779679-0122  779679-0129 52.3 11/12/99 1/18/00 67
Site11 MW-5D C 779679-0123  779679-0130 54.2 11/12/99 1/18/00 67
Site11 MW-5D Crepl NA 779679-0134 54.2 11/12/99 1/18/00 67
Site11 MW-5D* D 779679-0124  779679-0131 55.75 11/12/99 1/18/00 67
Site11 MW-5D D repl 779679-0125 NA 55.75 11/12/99 1/18/00 67
Site11 MW-5D E 779679-0126  779679-0132 574 11/12/99 1/18/00 67
Site11 MW-5D F 779679-0127  779679-0133 59.0 11/12/99 1/18/00 67
Site11 MW9* NA 779679-0154  779679-0155 31 11/12/99 1/19/00 68
Site 2 S2-MWG6A A 779679-0062  779679-0135 6.5 11/13/99 1/18/00 66
Site 2 S2-MW6A B 779679-0063  779679-0136 7.85 11/13/99 1/18/00 66
Site 2 S2-MWG6A C 779679-0064  779679-0137 9.2 11/13/99 1/18/00 66
Site 2 S2-MW6A D 779679-0065  779679-0138 10.6 11/13/99 1/18/00 66
Site2 S2-MW6A E 779679-0066  779679-0139 11.95 11/13/99 1/18/00 66
Site 2 S2-MWG6A F 779679-0067  779679-0140 133 11/13/99 1/18/00 66
Site2 S2-MW6A G 779679-0068  779679-0141 14.65 11/13/99 1/18/00 66
Site 2 S2-MW6A H 779679-0069  779679-0142 16.05 11/13/99 1/18/00 66
Site 2 S2-MW6A | 779679-0070  779679-0143 175 11/13/99 1/18/00 66
Site2 S2-MW6A J 779679-0071  779679-0144 18.95 11/13/99 1/18/00 66
Site 2 S2-MW6A Jrepl 779679-0072 NA 18.95 11/13/99 1/18/00 66

Comparison of Diffusion-Sampler Results to Bladder-Pump Results 7



Table 3. Comparison of replicate samples collected by diffusion-sampler methodology, Naval Air Station North Island,
California, January 2000

[repl, replicate sample; ft bls, feet below land surface; (pug/L, micrograms per liter; J, estimated value; U, value was below the analytical quantitation limit;
11DCA, 1,1-dichloroethane; 11DCE, 1,1-dichloroethene; cDCE, cis-1,2-dichloroethene; TCE, trichloroethene]

Well Depth to dif-

oo I SSTMI ooy wpee e (S qe WM

e tar?gode) center tion (Hg/L) (HoiL) (Hg/L) (ug/L) (Mg/L) L) (ug/L)

p (ft bls)

MW-12 (D) 35.1 Site11 864J 1,500 100 100 U 1,800 100U 100 U
MW-12 (D-repl) 35.1 Site 11 89J 1,500 110 100U 1,700 100U 100U
MW-5D (C) 54.2 Site 11 170 2,800 E 61 50 U 930 50 U 50 U
MW-5D (C repl) 54.2 Site 11 170 2,900 E 61 50 U 930 50 U 50 U
MW-68C2 (B) 39.1 472 2,500U 4,100 1,000J 2,500 U 47,000 2,500U 2,500U
MW-68C2 (B repl) 39.1 472 5,000 U 4,300J 960 J 5000U 52,000 5,000 U 5,000 U
MW-68C2 (M) 59.5 472 500U 350J 500U 500U 7,000 500U 500U
MW-68C2 (M repl) 59.5 472 500U 360J 500U 500U 6,800 500U 500U

PW-15 (B) 27.1 379 52 8 130 15 7 72 52

PW-15 (B repl) 27.1 379 54 8 130 17 5J 75 57
PW-15 (E) 317 379 500 U 500U 1,900 500 U 5,500 500 U 500 U
PW-15 (E repl) 317 379 500 U 500U 1,900 500 U 5,600 500 U 500 U
PW-55 (B) 289 379 2,500U 2,500 U 6,500 2,500 U 39,000 2,500U 2,500U
PW-55 (B repl) 28.9 379 2,500 U 2500U 6,700 2500U 36,000 2,500 U 2,500 U
PW-55 (E) 33.1 379 2,500U 2,500 U 6,300 2,500 U 33,000 2,500U 2,500U
PW-55 (E repl) 33.1 379 2,500U 2,500 U 6,100 2,500 U 31,000 2,500U 2,500U
PW-66 (B) 289 379 500U 500U 3,400 500U 9,000 500U 500U
PW-66 (B repl) 28.9 379 500 U 500U 3,200 500 U 9,200 500 U 500 U
PW-66 (F) 33.1 379 5U 130 5U 5U 13 5U 5U
PW-66 (F repl) 331 379 5U 120 5U 5U 18 5U 5U

obtained using the bladder pump (table 7). The reason
for the difference in tetrachloroethene concentrations
is not known.

The data from well MW-5 (site 11) show that
the diffusion samplers performed favorably. At well
MW-5, where a bladder pump was used to obtain
water adjacent to a diffusion sampler and where peri-
staltic pumps were used at the other depths, the differ-
ence between the TCE concentration in water from the
adjacent diffusion sampler and the average concentra-
tion (300 pug/L) in water from the bladder pump was
relatively small (17-percent difference) (table 7).
Moreover, the higher TCE concentration in water from
the diffusion sampler compared to the concentration in
water from the bladder pump implies that the sample
collected by the diffusion method was more discrete
than the sample collected by using the bladder pump.

8 Diffusion Sampler Testing at Naval Air Station North Island,
San Diego County, California, November 1999 to January 2000

A comparison between diffusion sasmples and a
bladder pump sample at well MW-12 showed that the
TCE concentration in water from the diffusion sampler
was similar to the TCE concentration in water from
the bladder pump (1,800 and 2,100 pg/L, respec-
tively); however, the cis-1,2-dichloroethene (cDCE)
concentration in water from the diffusion sampler was
substantially lower (78 percent) than the concentration
in water from the bladder pump (table 7 and fig. 2).
This difference may be due to in-well mixing by low-
flow sampling in achemically stratified part of the
screened interval. Data from diffusion samplers show
that the VOC concentrations substantially increased
with depth over adistance of only 3.4 ft and that the
bladder pump was positioned at atransition zone
between two depths of differing concentrations
(table 5 and fig. 2). The bladder pump was sampled



Table 4. Comparison of replicate samples collected by low-flow methodology, Naval Air Station North Island, California,

January 2000

[repl, replicate sample; *, sample collected by using bladder pump - low-flow samples without * were collected by using a peristaltic pump; #, datafrom
OHM Remediation Services Corp. (2000); ft bls, feet below land surface; (Ug/L, micrograms per liter; J, estimated value; U, value was below the analytical
quantitation limit; 11DCA, 1,1-dichloroethane; 11DCE, 1,1-dichloroethene; cDCE, cis-1,2 dichloroethene; TCE, trichloroethene]

Depth to
- Well diffusion  Site gr build- 11DCA 11DCE ¢DCE Ethyl- TCE mel Total
Identifier and (depth ~ sampler ing (ugll) (ug/L) (ug/L) benzene (ug/L) chloride xylenes
code) center designation HO g g (ug/L) HO (ng/L) (ug/L)
(ft bls)

MW-10 (G) 18.8 653 5U 0J 5U 5U 5U 3J
MW-10 (G repl) 18.8 653 5U 5U 13 5U 5U 5U
MW-13B*# 26 653 5U 5U 3,100 5U 5U 1,600 5U
MW-13B*# (repl) 26 653 5U 5U 3,200 5U 5U 1,400 5U
MW-13C (B) 46.6 653 5U 5U 3J 5U 5U 5U 5U
MW-13C (B repl) 46.6 653 5U 5U 2] 5U 5U 5U 5U
MW-5D (D)* 55.7 Site11 51 760 2337 25U 320 25U 25U
MW-5D (D repl)* 55.7 Site11 44 670 227 25U 280 25U 25U
MW-68C2 (J) 53.9 472 2,500 U 2,500J 2,500 U 2,500 U 38,000 2,500 U 2,500 U
MW-68C2 (Jrepl) 53.9 472 2,500 U 2,600 2,500 U 2,500 U 38,000 2,500 U 2,500 U
MW-68B (B) 37.0 472 5,000 U 4,400J 5,000 U 5,000U 34,000 5,000 U 5,000 U
MW-68B (B repl) 37.0 472 5,000 U 4,900J 5,000 U 5,000 U 33,000 5,000 U 5,000 U
PW-55 (E) 331 379 2,500 U 2,500 U 5,500 2,500 U 29,000 2,500 U 2,500 U
PW-55 (E repl) 331 379 2,500 U 2,500 U 5,700 2,500 U 29,000 2,500 U 2,500 U
S2-MW-6A (J) 18.9 Site2 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A (Jrepl) 18.9 Site2 5U 5U 5U 5U 5U 5U 5U

following low-flow sampling from three overlying
depths using a peristaltic pump; thus, the concentra-
tion interface potentially shifted upward toward the
bladder pump intake. It is possible that in-well mixing
was more pronounced for cDCE than for TCE because
there was a greater percentage of change in concentra-
tions with depth for cDCE than for TCE. The cDCE
concentration increased by afactor of 26 (100 to
2,600 pg/L) over adepth of 3.4 feet, whereas TCE
increased by only afactor of 4.6 over the same depth
interval (1,700 to 7,800 pg/L) (fig. 2). The VOC con-
centration data indicate that in well MW-12, the diffu-
sion samplers collected point samples of ground water,
whereas the bladder pump either collected water from
agreater radius of influence or from water induced up
the well bore by low-flow sampling at shallower
depths.

Wells MW-13A and MW-13B were tested using
diffusion samplers and low-flow sampling with a peri-
staltic pump. Following sample collection with the
peristaltic pump, the diffusion samplers were recov-
ered and the wells were sampled by using a bladder
pump (bladder-pump data from OHM Remediation
Services Corporation, 2000). The data show that at
well MW-13A, the cDCE and vinyl chloride concen-
trations in water obtained using the bladder pump
were within the concentration ranges for water
obtained from diffusion samplersthat bracketed the
depth interval of the bladder pump intake (table 7). At
well MW-13B, the cDCE concentration also was
within the range measured in those diffusion samplers
bracketing the depth of the bladder pump intake
(table 7 and fig. 3). Although vinyl chloride concentra-
tions differed between the two methods by 16 to

Comparison of Diffusion-Sampler Results to Bladder-Pump Results 9
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Table 5. Concentrations of selected chlorinated volatile organic compounds in water from diffusion and low-flow sampling, Naval Air Station North
Island, California, January 2000

[ug/L, micrograms per liter; D, sample was diluted; U, value was bel ow the analytical quantitation limit; J, estimated value; NA, not applicable; E, the detected result is between the sample-
specific estimated quantitation and the method detection limit; *, sample collected by using bladder pump; #, data from OHM Remediation Services Corporation (2000)]

1,1-Dichloroethane 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene Trichloroethene Vinyl chloride
well I?fzr;tt;l (hg/L) (mg/L) (ng/L) (Hg/L) (ng/L) (mg/L)

Diffusion Low flow Diffusion  Low flow Diffusion Low flow Diffusion Low flow  Diffusion Low flow Diffusion Low flow
MW-5D 50.8 260 200 1,500 1,900 D 66 62 50 U 25 U 690 660 50 U 25U
MW-5D 52.3 260 210 3,600 4,300 D 120 J 63 250 U 50 U 1,200 1,100 250 U 50 U
MW-5D 54.2 170 95 J 3200 D 1,400 61 36 J 50 U 100 U 930 590 50 U 100 U
MW-5D* 55.8 65 51 1,500 D 760 27 23 ) 5U 25U 510 D 320 5U 25U
MW-5D 574 50 U 20 460 360 D 50 U 11 50 U 5U 160 120 50 U 5U
MW-5D 59.0 50 U 6 190 94 10 J 6 50 U 5U 55 36 50 U 5U
MW-9* 27.6 270 270 4,000 3,500 250 U 250 U 260 330 3,300 3,200 250 U 250 U
MW-10 7.8 5U 5U 5U 2] 5U 5U 5U 5U 5U 30 5U 5U
MW-10 9.2 5U 5U 5U 1 5U 5U 5U 5U 5U 18 5U 5U
MW-10 11.2 5U 5U 5U 17 1 5U 5U 5U 5U 17 5U 5U
MW-10 13.2 5U 5U 5U 17 5U 5U 5U 5U 5U 13 5U 5U
MW-10 15.2 5U 5U 5U 0J 5U 5U 5U 5U 5U 10 5U 5U
MW-10 17.2 5U 5U 5U 0J 5U 5U 5U 5U 5U 9 5U 5U
MW-10 189 5U 5U 5U 0J 5U 5U 5U 5U 5U 6 5U 5U
MW-12 30.5 SZN| 73 1,500 970 D 9 J 77 100 U 4] 1,700 1,400 D 100 U 5U
MW-12 322 91 J 52 1,500 510 D % J 57 100 U 2 1,700 800 D 100 U 5U
MW-12 337 91 J 87 1,500 780 D 93] 140 100 U 2] 1,900 960 D 100 U 5U
MW-12* 351 86 J 260 1,500 2,200 100 450 100 U 100 U 1,800 2,100 100 U 100 U
MW-12 37.0 230 890 2,600 3,700 500 1,500 100 U 500 U 2,400 3,800 100 U 500 U
MW-12 385 1,600 1,800 8,800 7,900 2,600 3,000 500 U 500 U 7,800 7,600 500 U 500 U
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Table 5. Concentrations of selected chlorinated volatile organic compounds in water from diffusion and low-flow sampling, Naval Air Station North Island,
California, January 2000—Continued

[Mg/L, micrograms per liter; D, sample was diluted; U, value was below the analytical quantitation limit; J, estimated value; NA, not applicable; E, the detected result is between the sample-
specific estimated quantitation and the method detection limit; *, sample collected by using bladder pump; #, data from OHM Remediation Services Corporation (2000)]

1,1-Dichloroethane 1,1-dichloroethene Cis-1,2-dichloroethene Tetrachloroethene Trichloroethene Vinyl chloride
we  Oepth (hglL) (hg/t) (hg/L) (ho'L) (ho'L) (ho'L)

Diffusion Low flow Diffusion  Low flow Diffusion Low flow Diffusion Low flow Diffusion Low flow Diffusion Low flow
MW-13A 6.5 5U 5U 5U 5U 39 47 5U 5U 5U 5U 4] 6
MW-13A 8.0 5U 5U 5U 5U 78 46 5U 5U 5U 5U 9 6
MW-13A 9.4 5U 5U 5U 5U 7 47 5U 5U 5U 5U 9 6
MW-13A 10.9 5U 5U 5U 5U 74 53 5U 5U 5U 5U 8 7
MW-13A 124 5U 5U 5U 5U 46 55 5U 5U 5U 5U 5 7
MW-13A*# 12.0 NA 5U NA 5U 61 NA 5U NA 5U NA 7
MW-13B 249 5U 5U 4] 4] 3,100 D 2,600 D 5U 5U 4] 5 1,900 D 1,900 D
MW-13B 26.2 5U 5U 43 5U 2,600 D 2,600 D 5U 5U 4] 6 2,000 D 1,600 D
MW-13B 27.6 5U 5U 51J 517 2,700 D 2,900 D 5U 5U 8 7 2400 D 1,700 D
MW-13B*# 26.0 NA 5U NA 5U NA 3,100 NA 5U NA 5U NA 1,400
MW-13C 455 5U 5U 5U 5U 2 5U 5U 5U 5U 5U 5U
MW-13C 46.7 5U 5U 5 5U 5U 3J 5 5U 5U 5U 5U 5U
MW-13C 48.1 5U 5U 5 5U 5U 2 5 5U 5U 5U 5U 5U
MW-13C*# 46.0 NA 5U NA 5U NA 1J NA 5U NA 5U NA 5U
MW-68A 217 73 4] 25U 5U 140 81 73 2] 570 320 D 25U 5U
MW-68A 230 50 U 51 50 U 5U 160 87 50 U 177 730 190 50 U 5U
MW-68B 345 85J 5000 U 5,800 4,700 J 87 J 5,000 U 93J 5000 U 49,000 D 28,000 250 U 5,000 U
MW-68B 370 5,000 U 5,000 U 7,700 4,400 J 5,000 U 5,000 U 5000 U 5,000 U 62,000 34,000 5,000 U 5,000 U
MW-68B 38.5 5,000 U 5,000 U 8,300 5,000 J 5,000 U 5,000 U 5000 U 5,000 U 130,000 62,000 5,000 U 5,000 U
MW-68C 56.0 50 U 50 U 20 J 50 U 50 U 50 U 50 U 50 U 1,400 680 50 U 50 U
MW-68C 575 100 U 50 100 U 10 J 100 U 50 U 100 U 50 2,700 880 100 U 5 U

MW-68C 59.0 250 U 50 U 250 U 50 U 250 U 50 U 250 U 50 U 4,100 1,100 250 U 50 U
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Table 5. Concentrations of selected chlorinated volatile organic compounds in water from diffusion and low-flow sampling, Naval Air Station North Island,
California, January 2000—Continued

[Mg/L, micrograms per liter; D, sample was diluted; U, value was below the analytical quantitation limit; J, estimated value; NA, not applicable; E, the detected result is between the sample-specific
estimated quantitation and the method detection limit; *, sample collected by using bladder pump; #, datafrom OHM Remediation Services Corporation (2000)]

1,1-Dichloroethane 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene Trichloroethene Vinyl chloride
Well I?fz;;tt? (ug/L) (ug/L) (hg/L) (ug/L) (hg/L) (ug/L)

Diffusion  Low flow Diffusion  Low flow Diffusion  Low flow Diffusion Low flow Diffusion  Low flow Diffusion Low flow
MW-68C2 373 1,000 U 500 U 2,400 1,200 490 J 360 J 1,000 U 500 U 19,000 9,100 1,000 U 500 U
MW-68C2 391 2,500 U 2,500 U 4,100 3,400 1,000 J 2,500 U 2,500 U 2,500 U 47,000 34,000 2,500 U 2,500 U
MW-68C2 40.5 5,000 U 2,500 U 5,400 2,700 5000 U 2,500 U 5,000 U 2,500 U 84,000 39,000 5,000 U 2,500 U
MW-68C2 421 10,000 U 2,500 U 14,000 2,800 10,000 U 2500 U 10,000 U 2,500 U 200,000 46,000 10,000 U 2,500 U
MW-68C2 442 10,000 U 2,500 U 7,800 J 3,600 10,000 U 2500 U 10,000 U 2,500 U 110,000 54,000 10,000 U 2,500 U
MW-68C2 46.1 10,000 U 1,000 U 7,500 J 1,200 10,000 U 1,000 U 10,000 U 1,000 U 110,000 17,000 10,000 U 1,000 U
MW-68C2 47.9 10,000 U 5,000 U 7,400 J 4,300 J 10,000 U 5,000 U 10,000 U 5,000 U 110,000 55,000 10,000 U 5,000 U
MW-68C2 49.9 10,000 U 2,500 U 7,200 J 4,400 10,000 U 2500 U 10,000 U 2,500 U 100,000 53,000 10,000 U 2,500 U
MW-68C2 52.0 2,500 U 2,500 U 3,000 2,800 2500 U 2,500 U 2,500 U 2,500 U 42,000 42,000 2,500 U 2,500 U
MW-68C2 53.9 1,000 U 2,500 U 1,100 2,500 J 1000 U 2500 U 1,000 U 2,500 U 14,000 38,000 1,000 U 2,500 U
MW-68C2 55.6 500 U 1,000 U 600 1,000 500 U 1,000 U 500 U 1,000 U 8,800 14,000 500 U 1,000 U
MW-68C2 575 500 U 500 U 450 J 710 500 U 500 U 500 U 500 U 7,300 9,100 500 U 500 U
MW-68C2 59.5 500 U 500 U 350 J 920 500 U 500 U 500 U 500 U 7,000 11,000 500 U 500 U
MW-68C2 61.5 500 U 500 U 280 J 740 500 U 500 U 500 U 500 U 6,500 11,000 500 U 500 U
PW-15 254 45 53 4] 12 42 200 E 5U 2 4] 15 82 66
PW-15 271 52 52 B 22 130 850 D 17J 8 7 92 72 29
PW-15 285 733 773 36 J 66 J 1,500 2,200 100 J 250 U 180 2,500 100 U 250 U
PW-15 30.2 97 J 500 U 250 U 500 U 2,900 1,600 59 J 500 U 3,000 4,700 250 U 500 U
PW-15 318 500 U 500 U 500 U 500 U 1,900 1,800 500 U 500 U 5,500 5,800 500 U 500 U
PW-15 33.2 500 U 500 U 500 U 500 U 2,400 2,100 120 J 130 J 7,500 7,300 500 U 500 U
PW-55 271 2,500 U 2,500 U 2500 U 2500 U 7,300 5,700 2,500 U 2,500 U 39,000 31,000 2,500 U 2,500 U
PW-55 28.9 2,500 U 2,500 U 2500 U 2500 U 6,500 5,900 2,500 U 2,500 U 39,000 32,000 2,500 U 2,500 U

PW-55 30.6 2,500 U 2,500 U 2500 U 2500 U 6,600 5,900 2,500 U 2,500 U 38,000 34,000 2,500 U 2,500 U
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Table 5. Concentrations of selected chlorinated volatile organic compounds in water from diffusion and low-flow sampling, Naval Air Station North Island,
California, January 2000—Continued

[Mg/L, micrograms per liter; D, sample was diluted; U, value was below the analytical quantitation limit; J, estimated value; NA, not applicable; E, the detected result is between the sample-specific
estimated quantitation and the method detection limit; *, sample collected by using bladder pump; #, data from OHM Remediation Services Corporation (2000)]

1,1-Dichloroethane 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene Trichloroethene Vinyl chloride
wen  oepth (h/L) (hg/L) (holL) (holL) (holL) (hg/L)

Diffusion  Low flow Diffusion Low flow Diffusion  Low flow Diffusion  Low flow Diffusion  Low flow Diffusion  Low flow
PW-55 319 2500 U 2,500 U 2,500 U 2,500 U 6,800 5,300 2,500 U 2,500 U 38,000 29,000 2,500 U 2,500 U
PW-55 331 2500 U 2,500 U 2,500 U 2,500 U 6,300 5,500 2,500 U 2,500 U 33,000 29,000 2,500 U 2,500 U
PW-66 255 1,000 U 500 U 1,000 U 38 J 2,000 1,600 1,000 U 599 U 17,000 13,000 1,000 U 500 U
PW-66 27.3 500 U 500 U 500 U 500 U 3,400 1,000 500 U 500 U 9,000 6,400 500 U 500 U
PW-66 291 50 U 500 U 38 J 500 U 237 500 U 50 U 500 U 770 9,800 50 U 500 U
PW-66 30.8 25U 500 U 49 500 U 25U 500 U 25U 500 U 180 5,600 25U 500 U
PW-66 32.3 5U 500 U 72 500 U 5U 500 U 5U 500 U 48 6,200 5U 500 U
PW-66 339 5U 500 U 130 500 U 5U 500 U 177 500 U 13 6,000 5U 500 U
S2-MW-6A 6.5 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 7.9 5U 5U 5U 5U 5U 5U 5U 5U 5U 2 U 5U 5U
S2-MW-6A 9.2 5U 5U 5U 5U 5U 5
S2-MW-6A 10.6 5U 5U 5U 5U 5U 5U 5U 5U 2] 2] 5U 5U
S2-MW-6A 12.0 5U 5U 5U 5U 5U 5U 5U 5U 5U 2J 5U 5U
S2-MW-6A 13.3 5U 5U 5U 5U 5U 5U 5U 5U 177 5U 5U 5U
S2-MW-6A 14.7 5U 5U 5U 5U 5U 5U 5U 5U 5U 2J 5U 5U
S2-MW-6A 16.1 5U 5U 5U 5U 5U 5U 5U 5U 5U 2] 5U 5U
S2-MW-6A 175 5U 5U 5U 5U 5U 5U 5U 5U 5U 2J 5U 5U
S2-MW-6A 19.0 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U 5U




Table 6. Concentrations of benzene, ethylbenzene, toluene, and total xylenes in water from diffusion and low-flow
sampling, Naval Air Station North Island, California, January 2000

[ug/L, micrograms per liter; U, value was below the analytical quantitation limit; J, estimated value; NA, not applicable; *, sample collected by
using bladder pump; #, datafrom OHM Remediation Services Corporation (2000)]

Benzene Ethylbenzene Toluene Total xylenes
Well l?figtt'; (Hg/L) (Mg/L) (/L) (/L)

Diffusion  Low flow Diffusion  Low flow Diffusion  Low flow Diffusion Low flow
MW-5D 50.8 50 U 25 U 50 U 25U 50 U 25U 50 U 25 U
MW-5D 52.3 250 U 50 U 250 U 50 U 250 U 50 U 250 U 50 U
MW-5D 54.2 50 U 100 U 50 U 100 U 50 U 100 U 50 U 100 U
MW-5D* 55.8 5U 25 U 5U 25U 5U 25U 5U 25 U
MW-5D 574 50 U 5U 50 U 5U 50 U 5U 50 U 5U
MW-5D 59.0 50 U 5U 50 U 5U 50 U 5U 50 U 5U
MW-9* 276 250 U 250 U 250 U 250 U 250 U 250 U 250 U 250 U
MW-10 7.8 5U 5U 5U 5U 5U 5U 5U 5U
MW-10 9.2 5U 5U 5U 5U 5U 5U 5U 5U
MW-10 11.2 5U 5U 5U 5U 5U 5U 5U 5U
MW-10 132 5U 5U 5U 5U 5U 5U 1J 5U
MW-10 152 5U 5U 5U 5U 5U 5U 5U 5U
MW-10 17.2 5U 5U 5U 5U 5U 5U 5U 5U
MW-10 189 5U 5U 5U 5U 5U 5U 5U 5J
MW-12 305 100 U 5U 100 U 5U 100 U 5U 100 U 5U
MW-12 322 100 U 5U 100 U 5U 100 U 5U 100 U 5U
MW-12 337 100 U 5U 100 U 5U 100 U 5U 100 U 5U
MW-12* 35.1 100 U 100 U 100 U 100 U 100 U 100 U 100 U 100 U
MW-12 37.0 100 U 500 U 100 U 120 U 100 U 500 U 100 U 360 U
MW-12 385 500 U 500 U 500 U 500 U 500 U 500 U 500 U 500 U
MW-13A 6.5 5U 5U 5U 5U 5U 5U 5U 5U
MW-13A 8.0 5U 5U 5U 5U 5U 5U 5U 5U
MW-13A 94 5U 5U 5U 5U 5U 5U 5U 5U
MW-13A 109 5U 5U 5U 5U 5U 5U 5U 5U
MW-13A 124 5U 5U 5U 5U 5U 5U 5U 5U
MW-13A*# 12.0 NA 5U NA 5U NA 5U NA
MW-13B 249 9 5 5 5U 5 5U 5 5U
MW-13B 26.2 5 4] 5 5U 5 5U 5 5U
MW-13B 276 1J 4] 5 5U 1 5U 5U 5U
MW13B*# 26.0 NA 5U NA 5U NA 5U NA 5U
MW-13C 455 5U 5 5 5U 5U 5U 5U
MW-13C 46.7 5U 5U 5U 5U 5U 5U 5U 5U

14  Diffusion Sampler Testing at Naval Air Station North Island,
San Diego County, California, November 1999 to January 2000



Table 6. Concentrations of benzene, ethylbenzene, toluene, and total xylenes in water from diffusion and low-flow
sampling, Naval Air Station North Island, California, January 2000—Continued

[mg/L, micrograms per liter; U, value was below the analytical quantitation limit; J, estimated value; NA, not applicable; *, sample collected by
using bladder pump; #, data from OHM Remediation Services Corporation (2000)]

Benzene Ethylbenzene Toluene Total xylenes
Well '?fil;tt;' (ug/L) (ug/L) (ng/L) (ug/L)
Diffusion  Low flow Diffusion  Low flow Diffusion  Low flow Diffusion Low flow

MW-13C 48.1 5U 5U 5U 5U 5U 5U 5U 5U
MW-13C*# 46.0 NA 5U NA 5U NA 5U NA 5U
MW-68A 217 25U 5U 25U 5U 25U 5U 25U 5U
MW-68A 230 50 U 5U 50 U 5U 50 U 5U 50 U 5U
MW-68B 345 250 U 5,000 U 250 U 5,000 U 250 U 5,000 U 250 U 5,000 U
MW-68B 37.0 5,000 U 5,000 U 5,000 U 5,000 U 5000 U 5,000 U 5,000 U 5,000 U
MW-68B 385 5,000 U 5,000 U 5,000 U 5,000 U 5000 U 5000 U 5,000 U 5,000 U
MW-68C 56.0 50 U 50 U 50 U 50 U 50 U 50 U 50 U 50 U
MW-68C 575 100 U 50 U 100 U 50 U 100 U 50 U 100 U 50 U
MW-68C 59.0 250 U 127 250 U 50 U 250 U 50 U 250 U 50 U
MW-68C2 373 1,000 U 500 U 1,000 U 500 U 1,000 U 500 U 1,000 U 500 U
MW-68C2 39.1 2,500 U 2,500 U 2,500 U 2,500 U 2500 U 2500 U 2,500 U 2,500 U
MW-68C2 40.5 5,000 U 2,500 U 5,000 U 2,500 U 5000 U 2500 U 5,000 U 2,500 U
MW-68C2 421 10,000 U 2,500 U 10,000 U 2,500 U 10,000 U 2,500 U 10,000 U 2,500 U
MW-68C2 442 10,000 U 2,500 U 10,000 U 2,500 U 10,000 U 2,500 U 10,000 U 2,500 U
MW-68C2 46.1 10,000 U 1,000 U 10,000 U 1,000 U 10,000 U 1,000 U 10,000 U 1,000 U
MW-68C2 479 10,000 U 5,000 U 10,000 U 5,000 U 10,000 U 5,000 U 10,000 U 5,000 U
MW-68C2 49.9 10,000 U 2,500 U 10,000 U 2,500 U 10,000 U 2,500 U 10,000 U 2,500 U
MW-68C2 52.0 2,500 U 2,500 U 2,500 U 2,500 U 2500 U 2500 U 2,500 U 2,500 U
MW-68C2 539 1,000 U 2,500 U 1,000 U 2,500 U 1,000 U 2500 U 1,000 U 2,500 U
MW-68C2 55.6 500 U 1,000 U 500 U 1,000 U 500 U 1,000 U 500 U 1,000 U
MW-68C2 575 500 U 500 U 500 U 500 U 500 U 500 U 500 U 500 U
MW-68C2 59.5 500 U 500 U 500 U 500 U 500 U 500 U 500 U 500 U
MW-68C2 615 500 U 500 U 500 U 500 U 500 U 500 U 500 U 500 U
PW-15 254 4] 2 16 9 7 31J 75 28
PW-15 271 3] 3] 15 3] 51J 5U 52 7
PW-15 285 100 U 250 U 100 U 250 U 100 U 250 U 100 U 250 U
PW-15 30.2 250 U 500 U 250 U 500 U 250 U 500 U 250 U 500 U
PW-15 318 500 U 500 U 500 U 500 U 500 U 500 U 500 U 500 U
PW-15 332 500 U 500 U 500 U 500 U 500 U 500 U 500 U 500 U
PW-55 271 2,500 U 2,500 U 2,500 U 2,500 U 2500 U 2500 U 2,500 U 2,500 U
PW-55 289 2,500 U 2,500 U 2,500 U 2,500 U 2500 U 2500 U 2,500 U 2,500 U
PW-55 30.6 2,500 U 2,500 U 2,500 U 2,500 U 2500 U 2500 U 2,500 U 2,500 U

Comparison of Diffusion-Sampler Results to Bladder-Pump Results



Table 6. Concentrations of benzene, ethylbenzene, toluene, and total xylenes in water from diffusion and low-
flow sampling, Naval Air Station North Island, California, January 2000—Continued

[ug/L, micrograms per liter; U, value was below the analytical quantitation limit; J, estimated value; NA, not applicable; *, sample collected
by using bladder pump; #, datafrom OHM Remediation Services Corporation (2000)

Benzene Ethylbenzene Toluene Total xylenes
well '?fiztt? (HgL) (Hg/L) (Hg/L) (ug/L)
Diffusion Low flow Diffusion  Low flow Diffusion  Low flow Diffusion Low flow
PW-55 319 2500 U 2500 U 2,500 U 2,500 U 2500 U 2500 U 2,500 U 2,500 U
PW-55 331 2500 U 2500 U 2,500 U 2,500 U 2500 U 2500 U 2,500 U 2,500 U
PW-66 255 1,000 U 500 U 1,000 U 500 U 1,000 U 500 U 1,000 U 500 U
PW-66 273 500 U 500 U 500 U 500 U 500 U 500 U 500 U 500 U
PW-66 291 50 U 500 U 50 U 500 U 50 U 500 U 50 U 500 U
PW-66 30.8 25U 500 U 25U 500 U 25U 500 U 25U 500 U
PW-66 323 5U 500 U 5U 500 U 5U 500 U 5U 500 U
PW-66 339 5U 500 U 5U 500 U 5U 500 U 5U 500 U
S2-MW-6A 6.5 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 7.9 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 9.2 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 10.6 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 12.0 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 133 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 14.7 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 16.1 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 175 5U 5U 5U 5U 5U 5U 5U 5U
S2-MW-6A 19.0 5U 5U 5U 5U 5U 5U 5U 5U

20 percent, the concentrations obtained using the dif-
fusion samplers were slightly higher than those con-
centrations obtained using the bladder pump. The
concentrations obtained using the diffusion samplers
in well MW-13B were dlightly higher, but similar to
the concentrations obtained using the peristaltic pump
(fig. 3). Concentrations of toluene and total xylenes
were present in water obtained from both the diffusion
samplers and the peristaltic pump (fig. 3); toluene and
total xylenes were not detectable (lessthan 5 pug/L) in
water from the bladder pump. The data suggest that
the diffusion samplers performed equally well with the
bladder pump in wells MW-13A and MW-13B for
cDCE. The higher concentrations of vinyl chloride,
toluene, and total xylenesin water from the diffusion
samplers relative to water from the bladder pump indi-
cate that the diffusion samplers obtained more discrete
samplesfrom these wells; however, disturbing the well
water by using the peristaltic pump and removing the

16 Diffusion Sampler Testing at Naval Air Station North Island,

diffusion samplers prior to sampling with the bladder
pump may have induced mixing and affected the qual-
ity of the water sampled by the bladder pump.

Comparison of Diffusion-Sampler Results to
Peristaltic-Pump Results

The remaining comparisons between diffusion-sam-
pler and low-flow sampler methods utilized multiple
diffusion-sampling and low-flow sampling points
within screened intervals. At most depths, |ow-flow
sampling was conducted by using peristaltic pumps. In
contrast to bladder pumps, using peristaltic pumpsin
some wells potentially could cause degassing of sam-
ples during recovery, which could result in underesti-
mating actual VOC concentrations. Thus, VOC
concentrations in water obtained using peristaltic

San Diego County, California, November 1999 to January 2000



Table 7. Comparison of concentrations of selected volatile organic compounds in water from a diffusion
sampler and in water from low-flow purging using a bladder pump at the same depth, Naval Air Station North

Island, California, January 2000

[*, average percent difference; -, concentration measured in diffusion sampler was lower than concentration measured in low-flow

sample]
Diffusion samples Low-flow bladder-pump samples
Constituent Depth, in feet Concentration, Depth, in feet Concentration, !Dercent
below land in micrograms below land in micrograms difference
surface per liter surface per liter
Well MW-9
1,1-Dichloroethene 31 4,000 31 3,500 20
(1,1-DCE)
Tetrachloroethene (PCE) 31 260 31 330 -21.0
Trichloroethene (TCE) 31 3,300 31 3,200 30
Well MW-5
Trichloroethene (TCE) 55.75 360 55.75 280, 320 17*
Well MW-12
cis-1,2-Dichloroethene 35.1 100 35.1 450 -78
(cDCE)
Trichloroethene (TCE) 35.1 1,800 35.1 2,100 -14
Well MW-13A
cis—%éZD-gliEc;hl oroethene 109- 124 26- 74 12 61 Within range
Vinyl chloride 109-124 5-8 12 7.4 Within range
Well MW-13B
cis-1,2-Dichloroethene 24.85- 26.15 3,100 - 2,600 26 3,100 Within range
(cDCE)
Toluene 24.85 - 26.15 9 26 <5 Not applicable
Total xylenes 24.85- 26.15 111- 110 26 <5 Not applicable
Vinyl chloride 24.85 - 26.15 1,900 - 2,000 26 1,600 18*

pumps may be representative of concentrationsin
ground water at some wells but may underestimate
actual concentrations in ground water at other wells.
Moreover, when multiple depths within a screened
interval are purged using low-flow methods, thereisa
potential for each low-flow sampling event to disturb
the equilibrated water column. If the pumping rate
during low-flow sampling is low enough to prevent
drawdown in the well, then all of the pumped water is
replaced by ground water from the aquifer; however,
the zone of influence contributing water to the well
may not be adjacent to the pump. Thus, in a chemi-
cally stratified screened interval where multiple depth
intervals are sequentially sampled, water entering the
well screen from early low-flow samplings may influ-
ence concentrations obtained in later samplings as a
result of vertical transport and mixing in the well
screen. Despite these uncertainties, the use of
multiple-level low-flow sampling methods using

peristaltic pumps sometimes can provide an estimate
of contaminant vertical distribution in the screened
interval, which can be used as a comparison for the
diffusion samplers.

In most of the observation wells, the vertical
concentration gradients obtained using the diffusion-
sampler and low-flow sampler methods were similar.
However, in several cases, the concentrations in water
obtained by using the peristaltic pump were lower than
the concentrations in water obtained by using the dif-
fusion samplers (figs. 4, 5, and 6). An example of this
is TCE concentrations measured in water from wells
MW-68A, MW-68B, and MW-68C. TCE concentra-
tions were approximately 43 to 73 percent lower in
water samples collected by using low-flow sampling
methods and peristaltic pumps than in samples col-
lected by the diffusion samplers. This substantial dif-
ference in concentrations between the two methodsis
expected if VOCswere lost by degassing as aresult of

Comparison of Diffusion-Sampler Results to Peristaltic-Pump Results 17
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Figure 2. Comparison of diffusion and low-flow samples in ground water at well MW-12,
Naval Air Station North Island, California, January 2000.
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Figure 3. Comparison of diffusion and low-flow samples in ground water at
well MW-13B, Naval Air Station North Island, California, January 2000.

using peristaltic pumpsor if mixing inthewell screens
occurred during pumping. The vertical concentration
distribution between the two methods implies that the
VOC concentrations measured in water from diffusion
samplers reflected the vertical distribution of contami-
nants in the agquifer adjacent to the screened interval
more accurately than the peristaltic-pump sampling.
Further comparison of TCE concentration data
from the two sampling methods indicates that diffu-
sion sampling provides a point sample, whereas
sequential low-flow sampling of multiple horizons
within asingle well screen can induce mixing. In gen-
eral, the vertical sequence of low-flow sampling in the
wells began with the shallowest depth interval and
ended with the deepest interval. In well PW-66, TCE
data show that concentrationsin water collected with a
diffusion sampler were highest in the shallowest sam-
pled depth, and then decreased sharply over the 5-ft
depth interval below this shallowest depth (fig. 7).

Although the highest TCE concentration obtained by
low-flow sampling also was at the shallowest horizon,
it was approximately 24 percent lower than the con-
centration obtained from the corresponding diffusion
sampler, and the vertical stratification was less sharply
defined. These data suggest that as low-flow sampling
with a peristaltic pump progressed vertically down-
ward, the pumping gradually mixed the TCE-contami-
nated water from the shallowest sampling depth with
water from deeper intervals, thus obscuring the origi-
nal contaminant stratification (fig. 7).

A similar effect can be seen in the data from
wells MW-12 and PW-15 (figs. 2 and 8). At these
wells, the shallowest interval was relatively uncontam-
inated. The comparison between diffusion samples
and low-flow samples at this shallowest depth showed
arelatively close match between cDCE and TCE con-
centrations. However, as sampling progressed
vertically downward toward the interface of the

Comparison of Diffusion-Sampler Results to Peristaltic-Pump Results 19
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Figure 4. Comparison of diffusion and low-flow samples in ground water at
well PW-55, Naval Air Station North Island, California, January 2000.

stratified contamination, the low-flow sample concen-
trations generally increased higher than the diffusion-
sample concentrations, which is to be expected if the
zone of influence for the low-flow pumping captured
the more contaminated ground water in the well. In
general, the data suggest that diffusion sampling pro-
vides a more precise delineation of the contaminant
stratification within the screened interval than low-
flow sampling.

Insight into the use of diffusion samplersin a
chemically stratified screened interval can be observed
in the data from wells at the MW-68 cluster (figs. 6D
and 6E). Unlike the other wells, two peristaltic pumps
were used to low-flow sample well MW-68C2. Start-
ing simultaneously from both the uppermost and the
lowermost sample depths, sampling progressed
sequentially toward the center of the 25-ft screened
interval. Results from both the diffusion samples and
the low-flow samples showed that the uppermost and
lowermost parts of the screened interval were rela
tively uncontaminated. Concentration data from the

20 Diffusion Sampler Testing at Naval Air Station North Island,
San Diego County, California, November 1999 to January 2000

diffusion samples show that substantially higher TCE
concentrations occurred between depths of approxi-
mately 40 to 50 ft, with a sharp peak at about 42 ft
(fig. 6D). Thus, the first water pulled into the well
screen from both ends of the screen was relatively
uncontaminated. As the low-flow sampling progressed
toward the center of the screened interval, the correla-
tion between concentrations obtained from the diffu-
sion samples began to differ substantially from those
obtained by low-flow sampling (fig. 6D). Between the
depths of approximately 40 to 50 ft, TCE concentra-
tions from low-flow sampling were approximately 47
to 84 percent lower than TCE concentrations from dif-
fusion samplers; additionally, the low-flow sampling
data did not indicate a TCE peak concentration at a
depth of 42 ft as shown by the diffusion sampling data.
A probable explanation for the concentration differ-
ences between the two methods is that initially, rela-
tively uncontaminated water was pumped into the
screened interval, thus mixing the ground water in the
well and diluting concentrations of TCE. As aresult,
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TCE concentrations were lowered in ground water col-
lected from subsequently sampled depths. Additional
VOC losses by degassing during the use of peristaltic
pumps probably resulted in further concentration dif-
ferences between the two sampling methods.

TCE concentration datain diffusion samplers
collected from wells MW-68B and MW-68C and con-
centration data in diffusion samplers collected from
adjacent well MW-68C2 support the vertical distribu-
tion indicated by the diffusion sasmplersin well
MW-68C2 (figs. 6B, 6C, and 6D). Diffusion samplers
from well MW-68C2 indicate that the lowest concen-
trations in the screened interval are below a depth of
approximately 55 ft, and the detected concentrations
are similar to those from the same depth in the adja-
cent well MW-68C (fig. 6E).

Similarly, diffusion samplers from wells
MW-68C2 and MW-68B both indicate TCE concen-
trations increasing with depth between approximately
35 and 40 ft (fig. 6E). The TCE concentrationsin dif-
fusion samples from well MW-68B are higher than
those from the corresponding depth in well MW-68C2
(fig. 6E). The reasons for the concentration difference
between wells MW-68C2 and MW-68B are not
known; however, two explanations can be postul ated.
One explanation is that the contaminant concentra-
tionsin well MW-68C2 may have been shifted down-
ward as aresult of avertical hydraulic gradient within
the well. Water-level measurements are not shown for
well MW-68C2 because they would reflect only com-
positing across the screened interval; however, evi-
dence for such a hydraulic gradient can be seen in the
water-level datafor wells MW-68B and MW-68C. The
water level in well MW-68B is 0.34 ft higher than the
water level in well MW-68C, indicating a net down-
ward hydraulic gradient between the two depths (table
1). Water levels remeasured in March 2000 confirmed
the hydraulic gradient. Because well MW-68C2 is
only about 5 ft from wells MW-68B and MW-68C,
and because the screened interval of well MW-68C2
hydraulically connects the depths sampled by wells
MW-68B and MW-68C, the probability is high that
there also is a downward hydraulic gradient within
well MW-68C2. An aternative explanation is that
lithologic heterogeneities in the screened zone place
the contamination at slightly different depthsin differ-
ent wells. Evidence for such heterogeneity is the clay
layer at adepth of 37.5to 40 ft in well MW-68C
(driller'slog, Richard Wong, OHM Remediation, writ-
ten commun., 2000). Despite the uncertainty regarding
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concentration differences between wells, the diffusion
samplers appear to have been successful in approxi-
mately locating the zone of highest concentrations
between the depths of 37 to 52 ft (fig. 6E).

VOC concentrations in water collected from
well MW-13A varied less and generally were lower
for peristaltic pump sampling compared to diffusion
sampling (fig. 9). Following low-flow sampling using
a peristaltic pump, well MW-13A was immediately
resampled by low-flow sampling using a bladder
pump. Although subject to the same mixing potential
as the peristaltic pump, the bladder pump has less
potential for volatilization loss than the peristaltic
pump, and thus, probably provides a more representa-
tive sample than the peristaltic pump. The concentra-
tions of cDCE and TCE in water obtained using low-
flow sampling methods with a bladder pump approxi-
mated the average of concentrations obtained in water
from the diffusion samplers directly above and below
the bladder pump (fig. 8). These findings suggest that
data obtained by using the diffusion samplers provided
depth-specific VOC concentrations while the data
from low-flow sampling represented a mixing of
watersin well MW-13A.

In well MW-10, low-flow peristaltic-pump sam-
pling detected low concentrations (30 pug/L or less) of
TCE, whereas diffusion sampling detected none
(table 5). This difference in concentrationsis unusual
because the potential for volatilization loss using the
peristaltic pump usualy results in underestimating
ambient concentrations, while diffusion samplers are
capable of producing representative samples even at
low (lessthan 20 pg/L) concentrations. According to
historical data (OHM Remediation Services Corpora-
tion, 2000), TCE has never previously been detected in
well MW-10 (sampling dates July 1998, March 1999,
June 1999, and September 1999). Furthermore, aresa
mpling of the well using low-flow methodology at
multiple horizons in February 2000 also showed that
TCE was not present. Thus, it seemsthat the diffusion
samplers accurately reflected VOC concentrationsin
ground water; the source of low TCE concentrations
found in water obtained from low-flow, peristaltic-
pump sampling is unknown, but may represent a
cross-contamination source not related to local ground
water.

Wells S2-MW-06A and MW-13C contained no
detectable VOCs (less than 5 pg/L) in water from
either the diffusion samples or from the low-flow
samples. Thus, the construction materials used in the
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Figure 9. Comparison of diffusion and low-flow samples in ground water well
MW-13A, Naval Air Station North Island California, January 2000.

diffusion samplers did not contribute contaminants to
the water.

Diffusion Samplers in Free-Phase Fuel

The diffusion samplers deployed in buckets con-
taining free-phase JP-5 and Stoddard solution from
wells MW-11 and PW-17 did not show evidence of
structural integrity loss during the 2 months of equili-
bration. The VOCs detected in the free-phase fuel also
were detected in the water from the diffusion samplers
(table 8). The VOC concentrations in water from the
diffusion samplers were lower than the VOC concen-
trationsin the fuel; however, thisis to be expected
because thefirst is an aqueous solution and the second
is an organic solvent concentration. The diffusion sam-
plers provided an aternative method for showing that

the free-phase fuel in ground water from well MW-11
aso contained TCE (table 5).

Contaminant Stratification in Well Screens

The data from this investigation show that sub-
stantial stratification of VOCs can be present within a
10-ft well screen. At four observation wells (MW-12,
MW-5, PW-66, and PW-15), the data showed a sharp
layering of VOCs within the screened interval (figs. 2,
5, 7, and 8). The diffusion-sampler data show that the
vertical change in TCE concentrations over a distance
of about 5 ft was approximately 17,500 pug/L in well
PW-66, approximately 7,300 ug/L in well PW-15, and
approximately 5,900 pg/L inwell MW-12. At well
MW-5, the 1,1-DCE concentration changed by
3,410 pg/L, and the TCE concentration changed by
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Table 8. Concentrations of selected volatile organic compounds in free-phase jet fuel (JP-5) removed from ground water and
in water from diffusion samplers deployed in a bucket containing the free-phase fuel, Naval Air Station North Island, California,
January 2000

[ug/L, micrograms per liter; J, estimated value; U, value was below the analytical quantitation limit]

1,1-Dichloroethane

1,1-Dichloroethene

cis-1,2-Dichloroethene

Tetrachloroethene

Trichloroethene

(Hg/L) (Hg/L) (ng/L) (Hg/L) (Hg/L)
Sample - - - - - - - - - -
source Diffusion Free- Diffusion Free- Diffusion Free-phase Diffusion Free-phase Diffusion Free-phase
sampler phase sampler phase sampler sampler sampler
fuel fuel fuel
water fuel water fuel water water water
Free product 4] 5,000 U 5U 5,000 U 391 5,000 U 5U 5,000 U 2] 5,000 U
from well
PW-17
Free product 10 U 5,000 U 10 U 5,000 U 10 U 5,000 U 73 4,300 J 65 5,200
from well
MW-11
Vinyl chloride Benzene Ethylbenzene Toluene Total xylenes
(Hg/L) (Hg/L) (ng/L) (Hg/L) (Hg/L)
Diffusion Free- Diffusion Diffusion Diffusion Diffusion
Free- Free-phase Free-phase Free-phase
sampler phase sampler sampler sampler sampler
phase fuel fuel fuel fuel
wate fuel water water water water
Free product 5U 5,000 U 5,000 U 70 21,000 112 1,100 J 350 100,000
from well
PW-17
Free product 10 U 5,000 U 10 U 5,000 U 13 5,700 10 U 5,000 U 120 43,000
from well
MW-11

1,145 pg/L over avertical distance of about 7 ft

(fig. 5). The concentrations decreased with depth at
some wells [MW-5 and PW-66 (figs. 5 and 7, respec-
tively)] and increased with depth at others [MW-12
and PW-15 (figs. 2 and 8, respectively)].

The presence of contaminant stratification in
well screens has importance for ground-water sam-
pling. In an environment with a sharp concentration
gradient, small disturbancesin the water column can
obscure the stratification. Thus, small amounts of mix-
ing during low-flow sampling can result in large varia-
tionsin VOC concentrations from pumped samples.

In addition, the potential for stratification is an
important consideration when selecting a sampling
depth. For example, the data indicate that if the dedi-
cated bladder pump at well MW-12 had been set about
3 ft deeper, the pump would have been in contact with
water containing approximately 6,000 pg/L more TCE
than was present at the original sampling depth. If the
dedicated bladder pump at well MW-5 had been set
about 3 ft shallower, the pump would have been in
contact with water containing approximately 690 pg/L
higher concentrations of TCE. This consideration is
even more important for diffusion samplers, which
sample only the water in the immediate vicinity of the
sampler. Therefore, when using diffusion ssmplersina
well where chemical stratification is suspected within
the screened interval, multiple diffusion samplers can

be used to at least initialy delineate the stratification.
Analytical costs during such an investigation can be
minimized by using field gas chromatography to
delineate the stratification and to select particular sam-
ples for more detailed laboratory analyses.

SUMMARY

The ground-water VOC concentrations obtained
by using water-filled polyethylene diffusion samplers
were compared to the ground-water VOC concentra-
tions obtained by using low-flow sampling methods
with a peristaltic pump and dedicated bladder pumps
in observation wells at Naval Air Station North Island,
Cdlifornia. Comparisons of VOC concentrations
obtained by using bladder pumps and diffusion sam-
plers showed a generally good correlation. Concentra-
tions of 1,1-dichloroethene (1,1-DCE) and
trichloroethene (TCE) in ground water obtained from
well MW-9 obtained using the diffusion sampler
agreed well (12 and 3 percent difference, respectively)
with those samples obtained using the bladder pump.
At well MW-5, the TCE concentration in water from
the diffusion sampler was higher than in water from
the bladder pump, implying that the sample collected
by the bladder pump may have underestimated actual
concentrations as aresult of mixing. Similarly, the
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higher concentrations of vinyl chloride, toluene, and
total xylenesin water from the diffusion samplersin
wells MW-13A and MW-13B compared to water from
the bladder pump imply that the concentrations
obtained by the bladder pump may have underesti-
mated actual concentration as aresult of mixingin
these wells. Concentration differences between the
diffusion sampling and bladder-pump sampling meth-
ods were noted in samples from well MW-12, and
probably are related to mixing in achemically strati-
fied part of the screened interval. The findings of this
investigation suggest that diffusion samplers provide a
viable sampling alternative for VOCs in ground water
in most tested wells at NAS North Island.

Comparisons of volatile organic compound
(VOC) concentrations in water obtained by using dif-
fusion samplers to concentrations obtained by |ow-
flow sampling using a peristaltic pump were used to
gain information on the vertical distribution of con-
tamination in the wells. In several wells, the probable
effects of mixing or volatization during pumping
resulted in lower VOC concentrations in water
obtained by using the peristaltic pump compared to
concentrations obtained by using the diffusion sam-
plers; however, the data from the low-flow sampling
supported the vertical VOC stratification identified by
using the diffusion samplers.

Substantial VOC stratification was observed in
the screened intervals of several observation wells
(MW-12, MW-5, PW-15, and PW-66). The diffusion-
sampler data show that the vertical changein TCE
concentrations over a distance of about 5 ft was
approximately 17,500 pg/L in well PW-66, approxi-
mately 7,300 pg/L in well PW-15, and approximately
5,900 pg/L in well MW-12. At well MW-5, the
1,1-DCE concentration changed by 3,410 pg/L, and
the TCE concentration changed by 1,145 pg/L over a
vertical distance of about 7 ft. Concentrations
decreased with depth at some wells (PW-66 and
MW-5) and increased with depth at others (MW-12
and PW-15). The presence of stratification in well
screensisimportant for ground-water sampling
because small disturbances in the water column can
mix the stratification, resulting in large variationsin
VOC concentrations from pumped samples. The data
imply that care must be exercised when selecting a
sampling depth. When using diffusion samplersin a
well where chemical stratification is suspected within
the screened interval, multiple diffusion samplers can
be used to at least initialy delineate the stratification.

Analytical costs during such an investigation can be
minimized by using field gas chromatography or
indicator-tube technology to delineate the stratification
and to select particular samples for more detailed |abo-
ratory analyses.

The diffusion samplers deployed in buckets con-
taining free-phase JP-5 and Stoddard solution col-
lected from observation wells did not show evidence
of structural integrity loss during the 2 months of
equilibration. The VOCs detected in the free-phase
fuel aso were detected in water from the diffusion
samplers.
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	653
	A
	779679-0091
	779679-0099
	11/12/99
	1/18/00
	67
	653
	B
	779679-0092
	779679-0100
	11/12/99
	1/18/00
	67
	653
	C
	779679-0093
	779679-0101
	11/12/99
	1/18/00
	67
	653
	D
	779679-0094
	779679-0102
	11/12/99
	1/18/00
	67
	653
	E
	779679-0095
	779679-0103
	11/12/99
	1/18/00
	67
	653
	F
	779679-0096
	779679-0104
	11/12/99
	1/18/00
	67
	653
	G
	779679-0097
	779679-0105
	11/12/99
	1/18/00
	67
	653
	G repl
	779679-0098
	NA
	11/12/99
	1/18/00
	67
	653
	A
	779679-0030
	779679-0042
	11/10/99
	1/17/00
	68
	653
	B
	779679-0031
	779679-0043
	11/10/99
	1/17/00
	68
	653
	C
	779679-0032
	779679-0044
	11/10/99
	1/17/00
	68
	653
	D
	779679-0033
	779679-0045
	11/10/99
	1/17/00
	68
	653
	E
	779679-0034
	779679-0046
	11/10/99
	1/17/00
	68
	653
	NA
	NA
	NA
	NA
	NA
	1/17/00
	NA
	653
	A
	779679-0035
	779679-0047
	11/10/99
	1/17/00
	68
	653
	B
	779679-0036
	779679-0048
	11/10/99
	1/17/00
	68
	653
	C
	779679-0037
	779679-0049
	11/10/99
	1/17/00
	68
	653
	NA
	NA
	NA
	NA
	NA
	1/17/00
	NA
	653
	A
	779679-0038
	779679-0054
	11/10/99
	1/17/00
	68
	653
	B
	779679-0039
	779679-0055
	11/10/99
	1/17/00
	68
	653
	B repl
	779679-0041
	NA
	11/10/99
	1/17/00
	68
	653
	C
	779679-0040
	779679-0056
	11/10/99
	1/17/00
	68
	653
	NA
	NA
	NA
	NA
	NA
	1/17/00
	NA
	472
	A
	779679-0023
	779679-0025
	11/9/99
	1/17/00
	69
	472
	B
	779679-0024
	779679-0026
	11/9/99
	1/17/00
	69
	472
	A
	779679-0016
	779679-0020
	11/9/99
	1/17/00
	69
	472
	B
	779679-0017
	779679-0021
	11/9/99
	1/17/00
	69
	472
	B repl
	779679-0018
	NA
	11/9/99
	1/17/00
	69
	472
	C
	779679-0019
	779679-0022
	11/9/99
	1/17/00
	69
	472
	A
	779679-0027
	779679-0050
	11/9/99
	1/17/00
	69
	472
	B
	779679-0028
	779679-0051
	11/9/99
	1/17/00
	69
	472
	C
	779679-0117
	779679-0116
	11/9/99
	1/19/00
	71
	Table 2. Sampler deployment and recovery information, Naval Air Station North Island, California,...
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	472
	A
	779679-0166
	779679-0181
	11/11/99
	1/20/00
	70
	472
	B
	779679-0169
	779679-0182
	11/11/99
	1/20/00
	70
	472
	B repl
	NA
	779679-0183
	11/11/99
	1/20/00
	70
	472
	C
	779679-0171
	779679-0184
	11/11/99
	1/20/00
	70
	472
	D
	779679-0173
	779679-0185
	11/11/99
	1/20/00
	70
	472
	E
	779679-0176
	779679-0186
	11/11/99
	1/20/00
	70
	472
	F
	779679-0178
	779679-0187
	11/11/99
	1/20/00
	70
	472
	G
	779679-0180
	779679-0188
	11/11/99
	1/20/00
	70
	472
	H
	779679-0179
	779679-0189
	11/11/99
	1/20/00
	70
	472
	I
	779679-0177
	779679-0190
	11/11/99
	1/20/00
	70
	472
	J
	779679-0174
	779679-0191
	11/11/99
	1/20/00
	70
	472
	J repl
	779679-0175
	NA
	11/11/99
	1/20/00
	70
	472
	K
	779679-0172
	779679-0192
	11/11/99
	1/20/00
	70
	472
	L
	779679-0170
	779679-0193
	11/11/99
	1/20/00
	70
	472
	M
	779679-0168
	779679-0194
	11/11/99
	1/20/00
	70
	472
	M repl
	NA
	779679-0195
	11/11/99
	1/20/00
	70
	472
	N
	779679-0167
	779679-0196
	11/11/99
	1/20/00
	70
	379
	A
	779679-0083
	779679-0089
	11/13/99
	1/19/00
	67
	379
	B
	779679-0084
	779679-0118
	11/13/99
	1/19/00
	67
	379
	B repl
	NA
	779679-0119
	11/13/99
	1/19/00
	67
	379
	C
	779679-0085
	779679-0156
	11/13/99
	1/19/00
	67
	379
	D
	779679-0086
	779679-0157
	11/13/99
	1/19/00
	67
	379
	E
	779679-0087
	779679-0158
	11/13/99
	1/19/00
	67
	379
	E repl
	NA
	779679-0159
	11/13/99
	1/19/00
	67
	379
	F
	779679-0088
	779679-0164
	11/13/99
	1/19/00
	67
	379
	A
	779679-0077
	779679-0109
	11/13/99
	1/19/00
	67
	379
	B
	779679-0078
	779679-0110
	11/13/99
	1/19/00
	67
	379
	B repl
	NA
	779679-0114
	11/13/99
	1/19/00
	67
	379
	C
	779679-0079
	779679-0111
	11/13/99
	1/19/00
	67
	379
	D
	779679-0080
	779679-0112
	11/13/99
	1/19/00
	67
	379
	E
	779679-0081
	779679-0113
	11/13/99
	1/19/00
	67
	379
	E repl
	779679-0082
	779679-0115
	11/13/99
	1/19/00
	67
	379
	A
	779679-0106
	779679-0145
	11/10/99
	1/18/00
	69
	379
	B
	779679-0107
	779679-0146
	11/10/99
	1/18/00
	69
	379
	B repl
	NA
	779679-0151
	11/10/99
	1/18/00
	69
	379
	C
	779679-0073
	779679-0147
	11/10/99
	1/18/00
	69
	379
	D
	779679-0108
	779679-0148
	11/10/99
	1/18/00
	69
	379
	E
	779679-0074
	779679-0149
	11/10/99
	1/18/00
	69
	379
	F
	779679-0075
	779679-0150
	11/10/99
	1/18/00
	69
	379
	F repl
	NA
	779679-0152
	11/10/99
	1/18/00
	69
	Site 11
	A
	779679-0006
	779679-0012
	11/13/99
	1/17/00
	65
	Site 11
	B
	779679-0007
	779679-0013
	11/13/99
	1/17/00
	65
	Site 11
	C
	779679-0008
	779679-0014
	11/13/99
	1/17/00
	65
	Site 11
	D
	779679-0009
	779679-0057
	11/13/99
	1/17/00
	65
	Site 11
	D repl
	NA
	779679-0060
	11/13/99
	1/17/00
	65
	Site 11
	E
	779679-0010
	779679-0058
	11/13/99
	1/17/00
	65
	Site 11
	F
	779679-0011
	779679-0059
	11/13/99
	1/17/00
	65
	Site 11
	A
	779679-0121
	779679-0128
	11/12/99
	1/18/00
	67
	Site 11
	B
	779679-0122
	779679-0129
	11/12/99
	1/18/00
	67
	Site 11
	C
	779679-0123
	779679-0130
	11/12/99
	1/18/00
	67
	Site 11
	C repl
	NA
	779679-0134
	11/12/99
	1/18/00
	67
	Site 11
	D
	779679-0124
	779679-0131
	11/12/99
	1/18/00
	67
	Site 11
	D repl
	779679-0125
	NA
	11/12/99
	1/18/00
	67
	Site 11
	E
	779679-0126
	779679-0132
	11/12/99
	1/18/00
	67
	Site 11
	F
	779679-0127
	779679-0133
	11/12/99
	1/18/00
	67
	Site 11
	NA
	779679-0154
	779679-0155
	11/12/99
	1/19/00
	68
	Site 2
	A
	779679-0062
	779679-0135
	11/13/99
	1/18/00
	66
	Site 2
	B
	779679-0063
	779679-0136
	11/13/99
	1/18/00
	66
	Site 2
	C
	779679-0064
	779679-0137
	11/13/99
	1/18/00
	66
	Site 2
	D
	779679-0065
	779679-0138
	11/13/99
	1/18/00
	66
	Site 2
	E
	779679-0066
	779679-0139
	11/13/99
	1/18/00
	66
	Site 2
	F
	779679-0067
	779679-0140
	11/13/99
	1/18/00
	66
	Site 2
	G
	779679-0068
	779679-0141
	11/13/99
	1/18/00
	66
	Site 2
	H
	779679-0069
	779679-0142
	11/13/99
	1/18/00
	66
	Site 2
	I
	779679-0070
	779679-0143
	11/13/99
	1/18/00
	66
	Site 2
	J
	779679-0071
	779679-0144
	11/13/99
	1/18/00
	66
	Site 2
	J repl
	779679-0072
	NA
	11/13/99
	1/18/00
	66
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