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PREFACE

The procedures and preliminary interpretations in this document refiect
conditions in 1988 and are thus subject to change as a result of ongoing
technical audits and reviews,

Concentrations of ground-water consiituents are compared to federal
drinking water standards throughout this document for reference purposes.
All drinking water supplied from the sampled aquifer meets regulatory
standards for drinking water quality.






ABSTRALT

Federal and state regulations governing the operation of landfills
require utilization of ground-water monitoring systems fo determine whether
or not Tandfill operations impact ground water at the point of compliance
{ground water beneath the perimeter of the facility). A detection-level
ground-water monitoring system was designsd, installed, and initiated at the
Hanford Site Solid Waste Landfill {S¥L}. Chlorinated hydrocarbons were
detected at the beginning of the ground-water monitoring program and continue
to be deftectad more than 1 year later. The most probabie source of the chlo-~
rinated hydrocarbons is washwater discharged to the SWL between 1985 and
1987, This is an interim report and inciudes data from the characterization
work that was performed during well installation in 1987, such as field
ohservations, sediment studies, and geophysical logging resulis, and data
from analyses of ground-water samples collected in 1987 and 1988, such as
field parameter measurements and chemical analyses.






EXECUTIVE SUMMARY

The Hanford Site Solid Waste Landfill (SWL) is owned by the U.S. Depart-
ment of Energy (DOE) and is presently operated by Westinghouse Hanford
Company. In 1986, Rockwell Hanford Operations was the SWL operator and
requested the services of the Pacific Northwest Laboratory (PNL) to design,
install, and maintain an independent ground-water monitoring system at the
SWL.

Federal and state environmental requlations require that landfill
operators monitor ground water at their facilities to detect possible con-
tamination resulting from landfill operations. To comply with State of
Washington Administrative Code (WAC) 173-304, governing solid waste Tand-
fills, six ground-water monitoring wells were installed and hydrogeologic
characterization was begun in 1987 at the SWL. These six wells were com-
pleted in April 1987. Seven existing ground-water monitoring wells, designed
to comply with WAC 173-303, governing hazardous waste landfills, had been
completed in 1986 at the adjacent Nonradicactive Dangerous Waste Landfill
{NRDW}) .

The ground-water monitoring system at the SWL was designed to be a
detection-Tevel system based on WAC 173-304. The purpose of all detection-
level monitoring systems is to characterize the local hydrogeology and to
evaluate water chemistry data to determine whether facility operations are
affecting the ground water. Operations at either the SWL or the NRDW were
found to be impacting the ground water. A group of chlorinated hydrocarbons
were detected in the first ground-water samples collected at the SWL. Analy-
ses for these constituents are not required by WAC 173-304. These constitu-
ents were included in the first round of SWL analyses because they recently
had been detected in a Hanford Site well that was downgradient from the SWL.

Resampling was immediately initiated and the original findings were con-
firmed. Simultaneously, state and local officials were notified by the DOE.
Drinking water standards were exceeded for coliform bacteria, primarily in
NROW weils, and for 1,1,2-trichloroethylene {(TCE), primarily in SWL weils.
Pacific Northwest Laboratory expanded the ground-water monitoring program at
the SWL to include constituents covered by WAC 173-303 because the presence



of chlorinated hydrocarbons raised the possibility of other contaminants.
Expansign of the ground-water monitoring program at the SWL was appropriate,
in the opinion of PNL, because hazardous constituents had been detected in
SWL wells, and begcause of the proximify of the NRDW and it §rnund~ﬁata?
monitering program, which follows WAC 173-303.

0f the seven NRDW monitoring wells, three are upgradient and four are
downgradient. OFf the six SWL wells, one is upgradient and five are down-
gradient. Characterization work conducted during the cemstruction ¢f the six
SHL wells included sediment, geologic, hydrologic, ard geophysical field and
laboratory studies. The subsequeni ground-water monitaring effort imcluded
measurements of ground-water parameters and analysis of ground-water con-
stituents, The results of seven rounds of sampling and analysis are included
in this interim report.

In general, data from driliing and aquifer tesiing suggest that the
stratigraphy and hydrogeclogy beneath the SWL is essentially the same as that
beneath the NRDW. The water table is approximately 125 fi beneath the land
surface, and the vadose zone comprises mostly unconsolidated sediments that
can be divided into two units Jocally: an upper sandy unit and a lower
gravelly unif. The direction of ground-water flow 15 generally west-
northwest to zast-southeast. Because of nigh transmissivities and an
extremely flat hydraulic gradient {about ©.0001}, data from nearby Hanford
Site wells will be collected and evaluated to determing if the ground-water
flow direction has been accurately calculated based on the SWL and NRDW well
natwork data,

Results of the May 1987 chemical analvses indicated that four species of
chlorinated hydrocarbons are present in the ground water at the SWL. Resulis
from the next twoe samplings in June and July confirmed these findings. An
additional species was detected (carbon tetrachloride}. Thus far, the data
are too limited for & trend anmalysis. One of the chlorisatad hydrocarbons
1.1,2-¢richloroethylene, was above the U.S. Eavirvommental Frolection Agency
(EPA) maximum contaminant level (MCL) of 5 parts per billian (ppb}; concen-
trations ranged from 4 to 10 pphk, The other chlorinated hydrocarbons
detected were 1,1,1-trichiorpethane {MCL is 200 ppb}, perchlorsethylene, and
1,1-dichlorocethane. The extent of the contamination to the south and east of
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the SWL is unknown. Because of the NRDW ground-water menitoring well net-

work, the extent of the chlorinated hydrocarbons to the north and northwest
is known: chlorinated hydrocarbons occur only in the two NRDW downgradient

wells closest to the SWL and only in concentrations below the MCLs.

Samples were analyzed for additional constituents Tisted in WAC 173-303
hazardous waste regulations in June 1987. No additional types of hazardous
constituents were detected. However, the July sampling did detect small
{just at or below the MCL of 5 ppb) concentrations of carbon tetrachloride,
another volatile organic compound. The other three detected species have
been consistently present in concentrations below MCL standards.

Possible sources for the contamination at the SWL were investigated.
The NRDW was created in 1975 to dispose of nonradioactive but hazardous
materials. The SWL received office trash, Tunchroom garbage, sewage and
construction debris (e.g., asphalt, barrels, and drums). In addition,
solvent-containing washwater from the 1100 Area bus maintenance operations
was discharged to the SWL from January 1985 to January 1987. It is this
washwater that has been identified as the probable source of contamination,
based on two lines of evidence: 1) analyses of washwater samples taken from
the 1100 Area show the same chlorinated hydrocarbon species, and 2} the
spatial distribution of the contaminants in the ground water at the SWL are
all downgradient from the trenches where the washwater was discharged. The
large volumes of washwater and sewage involved may have resulted in a rapid
transit time to the water table.

Disposal of the washwater and sewage has been discontinued to comply
with state and federal solid waste regulations. Results of the detection-
tevel ground-water monitoring project required DOE to notify the Washington
State Department of Ecalogy {(hereafter called Ecoiogy), the district EPA, and
the Tocal jurisdictional health department. Ecology and EPA representatives
requested that they be sent a "plan of action” concerning the contamination
at the SWL. One was prepared by PNL and presented to Westinghouse Hanford
Company in July of 1987.

Assessment of the contamination at the SWL has included expanding the
constituent Tist for SWL wells (based on WAC 173-303) and performing monthly
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water leve)l measurements at SWL in conjunciion with NROW wells and nearby
Hanford Site wells to more accurately determine the groeund-water flow direc-
tion at the S¥L.

Information that is needed to adeguately assess the extent of contami-

nation includes the following:

»

source {quantities) of chlorinated hydrocarbons

direction and velociiy of ground-water flow at the SWL and NRDW,
determined as accurateiy as possible

guantity and distribution of residual chiorinated hydrocarbgns in
the seil column

guantity and distribution of chlerinated hydrocarbons in the
ground water to the east and south of the SWL and their vertical
distribution in the aquifer

expected future impacts to the ground water {based on residual
quantities and determination and evaluation of transport
mechanisms in the soil column and unconfined aguifer).

The purpose of the assessmeni-level program is te determine what

further actions need tg be taken.
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The distribution of calcium carbonate cement in the unconsolidated sand
layers is highly variable. Many of the samples from the sand subunit contain
small (<1-in.) clumps of calcium carbonate-cemented sands that react moder-
ately strongly to HCl. Some of these clumps of moderately cemented sands
occur around roots of plants. These generally occur in the upper 20 ft of
the sand subunit.

The irregularity in calcium carbonate distribution at the NRDW has been
attributed to calcitic clastic dikes observed in trenches (Weekes, Luttrell,
and Fuchs 1987). Clastic dikes were also observed in excavated trenches at
the SWL. Similar features may be responsible for some of the calcitic cemen-
tation in the drill samples. Caliche coatings on gravel clasts in the sand
subunit are most abundant within 5 to 20 ft of the surface. These coatings
are thin and are found on one side of the gravel clasts.

Overall in the sand subunit, gravel content ranges from 0 to 25% of sam-
ple volume. [Appendix C presents grain-size data based on the Phi grain-size
scale described in Folk {1968) for selected intervals and correlates it with
stratigraphic units.] However, the two most abundant sand types encountered
within the sand subunit are sand containing O to 5 vol% gravel and gravelly
sands containing 10 to 25 vol% gravel. The gravel clasts are composed of a
wide variety of Tithologies. The most abundant compositions are basaltic,
granitic, gneissic, quartzitic, and other assorted metavolcanic and meta-
morphic clasts. (lasts of basaltic compositions are by far the most abun-
dant. Clasts range from rounded to subangular but most are rounded to
subrounded on unbroken surfaces.

In contrast with the abrupt dune sand/Hanford formation contact, there
is a gradational contact between the sand and gravel subunits within the
Pasco Gravels facies. The sand subunit coarsens to gravelly sand at depths
ranging from 40 to 87 ft beneath the land surface {492 to 444 ft above MSL).
The gravelly sand ranges in thickness from 3 to 30 ft and forms the grada-
tional layer between the two subunits. The appearance of coarse gravel
clasts in the gravelly sand usually occurred where the driller changed from
drive-barrel to the hard-tool drilling technigue, and together often
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gstablished the lower boundary of the sand subunit., The boundary between the
sand and gravel subunits ranged from 88 te 105 ft beneath the land surface
(462 to 431 ft above MSL}.

Gravel Subunit. The gravel subunit of the Pasco Gravels is conformable
with the overlying sand subunit. On the east side of the SWL, the top of the
gravel subunit ranges from approximately 70 ft below the land surface {462 ft
above MSL} near the southeast end (well 689-23-34) to approximately 90 ¥i
helow the surface (441 ft above MSL) at the northeast end {well $839-25-34(),
The contact is somewhat lower on the west side of the SWL (well £989-24-35),
baing 105 ft beneath the land surface {431 fi above MSL}. The lower boundary
of the gravel subupit was not intersected by drilling &t the SWL, but drill-
ing at the NRDW indicates that the gravel subunit extends downward to the
contact beiween the Hanford Formation and the upper Ringold Formation at
approximately 340 ft above MSL {Weekes, Luttrell, and Fuchs 1987).

Only two wells, €39-23-34 and £99-24-34A, peneirated the gravel subunit
Using the drive-barrel drilling methed. Drilling at the other wells changed
aver to hard iools at or above the sand-gravel contact. Drilling rates
decreased sharply across the sand-grave) contact, whether drilling with drive
barrel or hard tools. Typical driil rates ranged from 10 to 60 fi/h in the
sand subunit and Trom 1 tg 3 ft/h in ihe gravel subumit. {onselidated gravel
was rarely encountered at the SWL, but where it was found, the drive barrel
was used. The material associated with cementation was calcium carbonatse.
None of the gravel clasts were cemented enough Lo survive disaggregation
during hard-tool drilling.

Gravel c¢lasts observed in the gravel subunit are similar te those sam-
pied in the sand subunit. Howsver, the gravel in the sand subunit contains a
stightly greater percentage of basait ¢lasts and perhaps & greater percentage
of cobbles., Basaitic clasts are the mest abundant variely, with quarizite
and granitic clasts the next most abumdant. Seldom is there more than a i0%
variance between the percentage of basalt ¢lasts over a 5-ft interval.
Although there is a decrease in the percentage of basalt gravel ¢lasts near
the bottom of most boreholes at the SWL, data from NRDW boreholes show ihat
this decrease does not appear Lo indicate that the upper Ringold Formation
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was intersected (Héekes, Luttrell, and Fuchs 1987). The gravel content in
the gravel subunit ranges from 30 to 80% of sample volume. The percentage of
gravel clasts is fairly constant in the gravel subunit, with variances of 10
to 30% gravel observed between 5-ft sample intervals. Gravel clasts range
from very fine pebbles to small cobbles; most clasts are medium to very
coarse pebbles, but drilling with hard tools makes particle-size analyses of
coarser materials somewhat unreliable. @Gravel clasts are typically rounded
to subrounded, but occasionally a subangular clast was observed. The appear-
ance of worn surfaces was the only indicator of original clast size.

Layers of gravel (i.e., 280 vol% gravel) appear to be discontinuously
distributed under the SWL. Figure 16 shows several gravel lenses within
predominantly sandy gravel, the largest of which extends across wells
699-24-34A, 699-24-34B, and 699-24-34C,

Narrow zones of highly permeable material {relatively unconsolidated
sands and gravels) were encountered in the gravel subunit. These zones pro-
vided an avenue of "escape" for the drilling fluids (water) away from the
well bore. These zones also prevented the production of viscous drilling
mud, thereby decreasing the drilling rate. Unrepresentative samples were
obtained from these zones that contained a predominantly sand-sized fraction.
The coarser materials were not sampled because they could not be entrained in
the drilling mud. One 7-ft-Tong interval was not sampled in well 699-24-34A
because drilling mud could not be generated.

COMPARISON OF SOLID WASTE LANDFILL AND NDNRADIOACTIVE DANGERDUS WASTE
LANDFILL STRATIGRAPHY

Based on characterization work performed during drilling at the SWL, the
two major lithostratigraphic units of the Hanford formation, the sand subunit
and the underlying gravel subunit, can be correlated across the SWL and NRDW
(Figure 13). However, the division of the Hanford formation into two sub-
units at the SWL differs from that at the NRDW (Weekes, Luttrell, and Fuchs
1987} where the Hanford formation is divided into four subunits: upper sand,
upper gravel, lower sand, and lower gravel.
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On the eastern side of the 3WL, the northernmost SWL well (699-25-340)
nearest to the NRDW does intersect two gravelly sand layers within the gravel
subunit. From 95 to 105 1 beneath the Tand surface {438 to 428 fi above
MSL}, the sand is a mixture of basalt and quariz in the upper 5 ft, and
basaltic sand in the lower 5 ft; gquartzose sand occurs from 115 to 130 i
beneath the land surface {418 to 403 ft above MSL}. These sand layers within
the SWL's lower gravel subunit appear fo pinch out to the southwest; they are
not chsarved at other SWL well locations.

At the NRDH, the upper sand unit is approXimately 63 ft thick, basaltic
in composition, with thin, discontinucus silt layers, variable calcium
carbonate contents, thin gravelly zones, and am increase in gravel content
toward the boltom of this subunit {Weekes, Luttreld, and Fuchs 1987}, The
upper sand suybunif at the NRDW appears to covrelate with the upper sand
subunit at the SWL. The upper gravel subunii at the NRDW was typicaily
epcountered at about the 80-to-90-ft depth {450 to 440 i above MSL) and was
shserved to contain highly variabie gravel contents of predominantly basaitic
compusition, followed by quartzite and granitic compositions. Thigc "upper
gravel™ subunit described by Weekes, Luttrell, and Fuchs {1387} correlaties
with the gravel subunit observed at SWL well lTocations.

At all of the NRDW well locations, a Tower sand subunit 3.5 1o 18 7t
thick was encountered at about 400 £t above MSL, ranging from 405 ft above
MSL on the wast side of the NRDW ton 387 ft above M8L on the sast side of the
HRDW (Weekes, Lutirell, and Fuchs 19B7). It is distinguishable from the
gravel subunits above and below it by a finer grain-size distribution and a
basaltic composition {Weekes, Luttrell, and Fuchs 1987). This fine-grained
basaltic sand subunit may correlate with the basaitic sand Tayer found at
only one well Tocation (699-25-34C) at the SWL, located clasest to The NRDW
on the sast side. ‘

The lower gravel subunit encountered beneath the lower sand subunit at
the HROW s similer to the upper gravel subunit; there are no significant
differences between the ypper and lower gravels {Weekes, Lutirell, and Fuchs
1987). The thickness of the lower gravel subunii cbserved at the NRDW ranged
from 30 to 47 f1. Based on NRDW characterization work, the lower gravel
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subunit of the Hanford formation ends at about 340 ft above MSL, where it is
underiain by two units of the Ringold Formation to a depth of 271 ft above
MSL (255 ft beneath land surface}, deeper than the deepest borehole driiled
at either the NRDW or SWL.

The two units of the Ringold Formation described in Weekes, Luttrell,
and Fuchs (1987) include the upper Ringold, a fine-grained unit that was
informally divided into three subunits; and the middie Ringold, a coarse
gravelly unit, encountered at about 310 ft above MSL on the west side of the
landfi1l and 307 ft above MSL on the east side of the landfill. The upper
Ringold unit at the NRDW was found to contain a hard clayey silt layer 2 to
12 ft thick, which was a low-permeability unit, hydrologically, and defined
the Tower boundary of the unconfined aquifer at the NRDW (Weekes, Luttrell,
and Fuchs 1987} at approximately 325 ft above MSL. Detailed stratigraphic
data on units beneath those encountered at the SWL can be found in Weekes,
Luttrell, and Fuchs (1987).

In general, the two major units at the SWL appear to correlate with
units described at the NRDW: the upper SWL sand subunit with the upper NRDW
sand subunit, and the SWL gravel subunit with the upper NRDW gravel subunit.
In addition, within the SWL gravel subunit, the basaltic sand layer described
in SWL well 699-25-34C may correlate with the Tower basaltic sand subunit
described in all NRDW wells. Based on trench observations, two silt Tayers
in the upper sand subunit apparently correlate across both the SWL and NRDW.
The narrow thickness of these silt Tayers, generally on the order of inches,
accounts for their oversight during drilling operations because samples were
only cellected at 5-ft intervals.

Weekes et al. (1987) present a much more complete picture of the stra-
tigraphy in the vicinity of the SWL and NRDW because, in addition to five
shallow-depth wells (only slightly beiow the water table), there were five
deeper wells drilled over 200 ft beneath land surface at the NRDW. The
reader is referred to that report for a more complete description of the
local stratigraphy.
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HYDROLOGY OF THE SOLID WASTE LANDEILL

Hydrologic studies at the SWL and vicinity {(e.g., Heller, Gee, and Myers
1984; Weekes, Luttrell, and Fuchs 1987) provide local information on the
unconfined aquifer. Weekes, Luttrell, and Fuchs (1587) reported the depth to
ground water at the NRDW to be about 125 ft. The water table in the vicinity
of the SWL has risen approximately 10 ft over the last two decades because of
Hanford operations in the 200 Areas. Figure 18 shows the changes in water
level elevation through time for well 699-24-33, which is approximately
500 ft east of the SWL.

PREVIOUS STUDIES

Weekes, Luttrell, and Fuchs (1987) used several different techniques to
determine the flow direction beneath the NRDW, but the magnitude of the
hydraulic gradient was found to be on the order of 0.1 ft per 1300 ft or
0.0001, too low to define the flow direction any more specifically than
generaf]y west to east.

415

410+—

Water Table Elavation in ft {MSL)

380 —_ ] | | | ] | |
1948 1963 1958 1963 1968 1973 1978 1983 1988
Date

FIGURE 18. Water Level Measurements for Well 699-24-33 Through Time
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Beneath the SWL and NRDW approximately the Tower 50 to 70 ft of the
Hanford formation is saturated, and the entire thickness of the Ringold is
saturated (Weekes, Luttrell, and Fuchs 1987}, Typically, on the Hanford
Site the base of the unconfined aquifer is bedrock, which is the top of the
Saddle Mountain Basait (Weekes, Luttrell, and Fuchs 1987),

Representative hydraulic properties of the unconfined 2quifer in the
Pasco Basin, taken from Gephart et al. (1978}, are given in Table 2. Work at
the NRDW by Weskes, Luitrell, and Fuchs {1987} indicated that transmissivity
values range from 100,000 to 300,000 ftz/d, and hydraulic conductivity values
range from 1700 to 5000 fi/d, based on a saturafed thickness of 80 fi for the
Hanford formation. This saturated thickaess is an average based on borehole
sampies ¢ollected during NRDW drilling. Beneath the 50 to 70 Tt of saturated
Hanford formation, the sediments are finer-grained with more silt and clay,
which are interpreted as the Ringold Formation {Weskes, Lutirell, and Fuchs
1887}. These values are in good agreement with previous studies of nearby
we'll §99-24-33 by Bierschenk (1959), who reported an aguifer transmissivity
of 390,008 fzg/d. Based on their studies, Weskes, Luttrell, and Fuchs (1987)

caiculated a ground-water velincity of 2 to § fi/d.

The primary purpose of the hydrologic characterization at ths SWL wasg to
datermine the direction and rate of ground-water movement beneath the site.
These aquifer characteristics would be needed to deierming the exteni of

JABLE 2. Representative Hydraulic Properties of the Unconfined
Aquifer in the Pasco Basin {from Gephart et ai. 1979}

Hydraulic conductivity

Stratigraphic Interval oo Amsdy {f1/d)
Hanford 180 to 6,100 560 to 20,300
Undifferentiated
Hanford and Middie Ringold 30 te 2,100 100 to 7,800
Middiz Ringuid 6 to 186 20 to &GQ
Lower Ringold 03 to 3.0 8.1 to 10.0



possible contamination and its rate of movement at the SWL. Hydrologic
studies at the SWL have included water level measurements and testing of the
aquifer at two SWL wells, 699-24-34A and 699-24-35.

Water level measurements taken at the six SWL ground-water monitoring
wells indicate a hydraulic gradient on the order of 0.0001. This is in good
agreement with NRDW water level data (Weekes, Luttrell, and Fuchs 1987}, but
illustrates the very real problem associated with efforts to determine
ground-water flow direction more precisely than "generally west to east.”
Table 3 presents two sets of water level measurements. All the water level
measurements within each set were collected on the same day. The two sets of
data were collected about 10 months apart. These data show a Tow hydraulic
gradient from west to east under the SWL, as well as a negligible gradient in
the north-south direction at the SWL. Water levels are shown on a map of the
tandfiltls in Figure 19. Appendix E presents water level measurements for the
period April 1988 through September 1988. Water level data are still being
collected and analyzed. More definitive interpretations of ground-water flow
and velocity are not available at this time.

Two of the principal hydrologic properties of the unconfined aquifer are
the hydraulic conductivity (K) L/t and transmissivity (T) Lz/t. Both hydrau-
1ic conductivity and transmissivity express the capacity of a porous medium

TABLE 3. Water Table Elevations [ft above mean sea
level (MSL}] at the Solid Waste Landfill

Well Number Elevation/5-87 Elevation/4-88
Upgradient:

6-24-35 404 .35 404 .66
Downgradient:

6-23-34 404 .27 44,60
6-24-34A 404.27 4Q4 .60
6-24-34B 404,28 404 .62
6-24-34C 404 .27 404 .60
6-25-34C 404 .67 404.62
Downgradient Hanford Site Well:

6-24-33 {(no measurement) 404.51
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FIGURE 19, Agquifer Tests and Water Levels at Wells Near the Solid
Waste and Nonradicactive Hazardous Waste Landfills

to transmit water. Hydraulic conductivity is defined as the volume of water
{at | centipeise viscosity) that will move in & unit time under a unit hyd-
raulic gradient through a unit area of & porous medium, Transmissivity is
defined as the rate at which water moves through the vertical section of an
aguifer 1 1 wide over the full saturated thickness of the aguifer under s
ynit hydraulic gradient (Freeze and Cherry 19783,

Orly aquifer parameters for the uppermost hydrostratigraphic unit were
meastured at the SWL because 811 the SWL wells were completed in the top of
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the unconfined aquifer. One upgradient well (699-24-35) and one downgradient
well (699-24-34A) at the SWL were tested by the constant-discharge method,
designed to pump the well at a constant-discharge rate for a period of 8 h.
The maximum pumping rate was intended to stress the aquifer system to the
greatest extent possible to produce a measurable drawdown within the test
wells and nearest observation wells. The nearest monitoring wells were used
as observation wells. The aquifer test at well 699-24-35 used well
699-24-34A, which was more than 1000 ft away, as the observation well (Fig-
ure 19). The aquifer test at well 699-24-34A used well 699-23-34, which was
about 400 ft away, as the observation well (Figure 19). Appendix E contains
a description of each test and discussion of the test results.

Neither test at the SWL was conducted for the full 8-h period because of
mechanical pump problems (Appendix E). Consequences of the shorter test
durations are fewer data points and Tess reliable data. However, drawdown
equiiibrium was obtained relatively early in the test. Transmissivities
could thus be estimated, but boundary effects were not observed, if present.

An aguifer thickness of 60 ft was used for calculations, based on
studies done at the NRDW (Weekes, Luttrell, and Fuchs 1987). The most prob-
able values for transmissivities ranged from 125,000 to 250,000 th/d for
well 699-24-34A and 250,000 ftz/d for well 699-24-35. Calculated hydraulic
conductivities ranged from 2100 to 4200 ft/d for well 699-24-34A and
4200 ft/d for well 699-24-35. These results may be Tess reliable, but they
are similar to those reported by Weekes, Luttrell, and Fuchs (1987).

Recharge at the Solid Waste Landfill

At the time the ground-water monitoring well network was designed for
the SWL, rainfall of about 6.2 in./yr was assumed to be the major source of
recharge. Gee (1987) summarizes a variety of field programs carried out at
the Hanford Site since 1970 to evaluate recharge and other water balance com-
ponents {(e.g., precipitation, infiltration, evaporation, and water storage
changes). Vadose zone studies had been performed on borehole samples col-
lected about 4 mi southeast of the SWL (Heller, Gee, and Myers 1984), where
the distance from surface to ground water was about 130 ft. These studies
estimated the time necessary for water to move from the soil surface to the
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ground waler as ranging from less than 100 years to more than 600 years for
annual water infiux rates ranging from 2.0 to 0.02 in./yr.

Artificial Recharge

Estimates of sewage discharged to the WL is on the order of
100,000 gal/yr {Table 1} and at jeast a million gal over a 10-year periad.
In addition, between January 1985 and Janyary 1987, about 100,000 gal of
washwater was discharged to the SWL in the same trenches being used at the
time for sewage disposal. Although this 1iguid discharge does not appear to
have affected the elevation of the water table beneath the SWL {Figure 18},
evidence suggests that it has affected ground-water chemistry.
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GROUND-WATER CHEMISTRY

The SWL wells were first sampled in May 1987. Because chlorinated
hydrocarbons had been previously detected in a downgradient well about 500 ft
to the east, a suite of volatile organics was included for analysis, in addi-
tion to the basic constituent Tist outlined in the compliance plan for the
SWL (DOE 1986a). The constituent 1ist was expanded in June 1987 after detec-
tion of four chlorinated hydrocarbons, and that expanded 1ist was used again
in the July 1987 sampling and analysis. The results of the first seven sam-
pling rounds are presented in this section and in Appendix F. In addition,
because of the proximity of the SWL and the NRDW, and because some constitu-
ents detected at the SWL were also detected at the NRDW, results of analyses
from the compliance ground-water monitoring project at the NRDW are also
included.

HANFORD SITE GROUND-WATER CHEMISTRY

The chemistry of ground water is influenced by the proximity of the
ground water to recharge areas, rate of ground-water movement, and the chem-
ical and physical nature of the sediments through which the ground water
flows. The U.S. Geological Survey has measured the water chemistry for the
unconfined aquifer outside the Hanford Site, and PNL has determined it within
the Hanford Site. These analytical results are reported in annual documents
by PNL {(e.g., Environmental Monitoring at Hanford for 1987, PNL 1988). More
recently, PNL determined average background values for a large number of
trace constituents across the Site {(Evans, Mitchell, and Dennison 1987). The
waters are primarily of a calcium-bicarbonate type with a wide range of com-

positions attributed to natural variability of the water within the aquifer.
The Basal Ringold water is sodium-bicarbonate in nature, whereas the glacio-
fluvial water of the Hanford formation is primarily a calcium-bicarbonate
type (Graham et al. 1981). Table 4 compares averages for a number of mea-
surements made in the Pasco Basin unconfined aquifer off and on the Hanford
Site (from Graham et al. 1981}).

Some of the variation is attributable to Tiguid waste disposal at
Hanford. Thermal pollution from irradiated fuel processing and past
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1A 4. Water Quality of the Unconfined Aquifer for the Pasco

Basin and the Hanford Site {from Graham 1981}

Constituent _

{unit) Location n{a)  x{b) s{c) Range
Tewperature  Pasco Basin 193 13.5 26 3.1-21.2
{°C} Hanford 89 19.2 3.2 14.5-39.1
Spec. {ond. Pasco Basin 184 323 182 128-1,250
{mhos/cm} Hanford 9% 409 117 194-927
pH Pasco Basin 3 7.8 0.5 7.2-8.1
(pH Units) Hanford 104 7.3 0.3 7.0-9.4
Cas++ Pasco Basin 15 31.5 9.2 20.0-54.0
{mg/L} Hanford 101 41.4 i2.8 12.0-92.0
Mg+t Pasco Basin 15 11.6 4.0 5.9-23.0
{mg/L} Hanford 101 11.1 3.7 3.1-2%9.0
Nzt Pasco Basin 17 15.8 9.6 5.9-43.¢
{mg/L} Hanford 101 22.6 10.4 2.5-84.0
Kt Pasco Basin 16 3.1 1.0 1.4-4.9
{mg/L) Hanford 101 6.2 1.9 1,9-13.0
HCOS Pasco Basin 16 166 44 82-244
{ag}i) Hanford 101 146 38 53-314
L1 Pasco Basin 18 4.7 4.1 2.6-19.0
{mg/L} Hanford 101 1.1 6.5 2.5-32.0
S03 Fasco Basin 16 i0.9 9.2 5.1-33.¢
(md/L) Hanford 100 47.2  33.5  2.7-190.0
N3y as NOj Pasco Basin {not availabie}

(mg/L) Hanford 101 26.0 39.0 0.05-270.0
{a} n = number of samples

{b} x = mean

{c) s = standard deviation

speration of production reactors is evidenced by the significantly higher
nean temperature oF the Hanford aguifer water compared to the mean temper-

sture of the Pasco Basin aguifer waiter (Eddy 1979).

High nitrate concen-

trations are related to waste disposal at Hanford, particularly ta the
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large-volume process condensates. The nitrate plume is extensive and covers
much of the Site. The most recent documentation of the nitrate plume can be
found in the annual environmental monitoring report (PNL 1988). Agricultural
practices also may add to the ambient nitrate concentrations in the Pasco
Basin ground water.

SOURCES OF GROUND-WATER CHEMISTRY DATA

The ground-water chemistry data compilted here came from the following
four sources:

1. NRDW - data from the RCRA Interim-Status Detection-lLevel Program
initiated October 1986

2. SWL - data from the WAC 173-304 Detection-lLevel Program initiated
May 1987

3. Hanford Well 699-24-33 - data from PNL’s Hanford Site-wide
Hazardous Materials Monitoring Project initiated for this well
January 1986

4. Hanford Well 699-24-33 - radiological and hydrological data from
continuous well samples since the early 1950s.

The types of data collected for hazardous waste constituents under the
first three projects are summarized in Table 5. The data are not consistent
because the three projects were designed for different purposes. Few data
are available for some constituents.

A summary of the results and the raw data for those constituents that
had at least one value reported as above the contractually required detec-
tion level are contained in Appendix F. This summary includes data from
seven rounds of sampling collected in 1987 and 1988 at the SWL and NRDW
wells.

STATISTICAL ANALYSIS OF GROUND-WATER CHEMISTRY DATA

The data from both SWL and NRDW programs are analyzed to provide
assistance with overall site characterization.
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JABLE 5. Samples Taken at the Solid Waste Landfill Through August 1988(33

e 5992433 --
dui
Dot
Jan M’Zf}i ----- HRDW - = < v v m e
BEF Apr  wemeramoconeew S R et May Apr
Jan May  Gul May  Jun Jul  How dan Apr Jub Jdan gl Mo Jden A
£4 87 &7s% 87 &ar 87 & a2 a8 na Ba/7 8 &F 88 8
pH, Fieid ¥ %« ¥ ¥ X X x & o VY v v e
P, lab X X ¥ 1 X 4 & ¥ & [
Specific comdugtance, field ¥ 4 X X ¥ ¥ 4 X 4 4 3 u g & &4
Specific sorvhetame, lab % b S 4 4 X 4 A
Totel srganic zarben X % X ¥ b1 ¥ X o4 % i U u & 4
Total organic hailogens i i
Totat organic halogens,

Low &Y, x 4 . o 4 ¥ 4 [ i 4 i
Catiforms A 4 % x ¥ ¥ X X X X 4 X X
Gross alpha % X X % X ¥ X b4 X X ¥ % X
Gross Dera % X ¥ # x X ¥ X X * 4 E ¥
Radi o ¥ ¥ b4 * X *
0P Metals, undiitered gée8? X E ¥ E E E £ X X E £ E
1P metals, fittered £ 3 X £ ¥ £ E E g X E E 3
Other metais, wifiitered X X £ x X £ % X E . Fd
QOther metais, fiivered % ¥ X E E O £ ¥ E % %
Aniong % X ¥ X X X X £ E E ¥ x ¥ X E
yoiatile orgonics * X 3 3 £ £ £ £k E 3 £ £ E
Fiuoride, low DL X X X ox X ¥ % X
Fhergi, fow O X ¥ X A ¥ ¥ X X
ARpacriiim * * 4 ¥ X % X o
Alkilinity X X o % X " ¥ ¥ X X
Total sarbon E X X X 3 X X X . %
Yoral dissolved gaiids ¥ X % X ¥ x ¥
sai-volatile organics ¥ k4 £ % E %
fitrus red X
Lyanide X X * X
Zipgin X
Direet Ageous Injection X ¥
Ethylene yeal H
Rerpicides X £ X & % X
PCE's X X i
Sestinides X E X [ k4 b
Phasphorous pesticides X 3
Thimirea, ephanced A

a3} This tabie describes the majority of the differermt smmles taken, but soss net acoount for
gvery sample

(b Two deen weils not sample at %80 in October 1986

(cy Weil 6-285-36C not sampled af B i Hovesber 1987

(d) X - irgdicates cormstituent or group of gonstituents was sompled

{e) 4 - indicates quadruplicate semoles faken in ail wells

f3 U - indicates gumiruplicate samples raken in w-gradient welis

tgr £ - indicates erhgnced oroup of constitusnis was sanied
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Any of the constituents that had at Teast one value above the con-
tractually required detection limit are candidates for statistical analysis.
However, several constituents were not statistically analyzed because the
number of data was small and/or most constituents were reported as below
detection; these constituents or measurements include coliform bacteria,
radium, laboratory pH, many of the filtered and unfiltered metals (e.g,
strontium, cadmium, chromium, nickel, copper, aluminum, manganese, arsenic,
lead, and iron}, and some organic compounds (carbon tetrachloride and
methyiene chioride). The general approach used to analyze the remaining
data was based on the RCRA Technical Enforcement Guidance Document {EPA 1986)
in the areas where guidance was provided. This approach jis as follows:

~» any replicates were averaged before statistical analysis

o for data reported below detection 1imit, the detection 1imit
was used as the data value

» the sampling month was used as a blocking factor to account for
temporal variability that would make the statistical test more
sensitive to differences

» the data were analyzed using an analysis of the variance pro-
cedure to test each downgradient well against the variability
exhibited by the three upgradient wells.

Summaries of results of the statistical analyses are given in Table 6. The

average value for each constituent analyzed in the upgradient wells is given
in the first column. Each subsequent column gives the average for the con-

stituent at the identified well.

Also included are resuits of the statistical tests of wells that are
different from the upgradient wells at the probability {p) = < 0.01 sig-
nificance level. These differing wells are marked with two asterisks (**);
wells at the p = < 0.05 significance level are marked with one asterisk (*).

Results of these analyses compared with the upgradient wells show that
the four southernmost dewngradient wells from the SWL and well 699-24-33
exhibit differences for several major constituents, pH and conductivity,

several trace elements, and volatile organics. Because volatile organic
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compounds are not expected to naturally scour and are not present in sigrifi-
cant amounts in the upgradient wells, it must be assumed that they are coming
from the SWL and/or the NRDW. Local differences in sedimentary geochemistry
could be the source of differences in trace-element concentrations in the
aquifer; however, the association of high trace-element concentrations with
chiorinated hydrocarbons suggests that these trace elements may represent
either additional impacts from the SWL or, more probably, leached materials
from the sediments caused by the liquid discharge. Thus, ifrace-glement
analyses combined with sediment chemistry and mineralogical analyses would
help to characterize the sources of the contamination and the mechanisms of
contaminant transpori through the vadose zone.

COMPARISON OF SOLID WASTE |ANBFILL AMD SITE-WIDE GROUND-WATER CHEMISTRY

The ground-water chemistry at the SWL is discussed in the context of the
SWL, NRDW, and Site-wide ground-water monitoring programs because constitu-
ents discharged to the SWL have been detected at SWL and NRDW wells, and at
Hanford Site well 699-24-33. Consequentiy, the following discussions and
graphs include data from ail three ground-water moniforing programs.

Concentrations for selected constituents in the ground-waler of upgra-
dient and downgradient wells at the SWL comparad with average Site-wide back-
ground concentrations are shown in Table 7. The averages for ithe Site are
takan from the compilation of Evans, Mitchell, and Dennison (1987). Their
date are based on averages of approximately 40 walls Tocated in the 600 Ares
that arse assumed to be unaffected by Hanford wasie disposal practices, at
teast for the constituents under consideration. HNo attempt was made to cai-
culate a background level for nifrate, because a large part of the 600 Area
is affectsd by nitrate contamination. The area affected by nitrate includes
the SWL, which has ground-water nitrate cencenirations about 40 iimes higher
than those of ground-water samples taken upgradient of the 200 Areas.

Table 7 does noi contain data for chlorinated hydrocarbons. Chlorinated
hydrocarbon contamination is low in the 300 Area and relatively high in the
200-West Area and envivens, The principal chlorinated hydrocarbon contami-
nant found in the 200-West Area is carbon tetrachloride. The contaminant
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TABLE 7. Estimated Background Concentration Levels for Selected Constituents
in Hanford Ground Water Compared to Samples from Upgradient and
Downgradient Wells at the Solid Waste Landfill and Nonradicactive
Dangerous Waste Landfill

Constituent

Ag (ug/L)(b)
Al {ug/1)
As (ug/L)
Ba (ug/L)
Ca (mg/L)
Cd {pg/L)
€1 (mg/L)
CN {pg/L)
Cr {(ug/L)
Cu {ug/L)
Foo(ug/L)
Hg (ug/L)
K (mg/L)
Mg (mg/L)
Mn (ug/L)
Na (mg/L)
NH, (ua/L)
Ni (ng/L)
Pb (n9/1)
PO, (wa/L)
Se (ug/L)
S0, (mg/L}
Sr (ug/L)
V (ug/L)
Zn (ug/L)

Alkalinity (mg/L)

pH
T0C (ug/L)

Conduc- {umho/cm)

tivity

Gross Alpha {pCi/L)
Gross Beta (pCi/L)

Radium {pCi/L)

600 Area(a)
"Background”

A
L

oo

w

o

P AA A A A DA PP
—
o

OV bt =

7 %
2
20.5 £ 6.
4

0

123 + 21
7.64 +0.16
586 * 347
380 + 82

2.5 +1.4
19 + 1218
< 0.2

SWL (WEST-
side)
upgradient

{1 well)

< 180
<5

21.6 0.7
6l + 11

< 10

< B

< 1000

<5

47.8 £ 2.1
< 300

20 £ 1

22 + 11

132
7.37
442
358

239
15

H+ 1+

4.1
23 + 1
< 0.2

SWL (EAST-
side)
downgradient

(3 wells)

< 10
< 150
<5

£~
+ +
o

[ ]

.5 0.3

—
o oo

o

W oo

H o~ 4

o [=3)}

. ~d
v fad

Wi A BAAAAUMNAHSIAONMAAADGA OO
o o-
4]
=+
o
(=]

W

(a} The 600 Area background Tlevels are based on data from other Hanford

Site wells,

(b) Concentrations are approximately equivalent to parts per billion {ppb).
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plume is relatively Tocalized, however, and no chlorinated hydrocarbon can-
tamination has been identified to date in the 200-East Area or environs.

None of the sampled wells Tocated between the 200-East and 200-West Arsas and
the SWL have shown any evidence of chlorinated hydrocarben contamination.
This suggests that chlorinated hydrocarbon contamination detected in the
vicinity of the SWL originates somewhere within the SKL.

Concentrations for SWL downgradient wells (shown in Table 7} are
calculated for averages of the three wells showing the highest levels of
chlorinated hydrocarbons {699-23-34, §99-24-34A, and 699-24-348). This
grouping is intended to test the premise that chlorinated hydrocarbaons can be
uysed as tracers for the jocal source of contamination. A single well,
699-24-35, was used to determineg the upgradient ground-water concentrations.
The average concentrations for the epgradient well match the Site-wide
averages. The averages for the downgradient wells, by comparison, show some
noteworthy features for the same species found te be anomalous in the sta-
tistical analysis. Species that are significantly higher in the downgradient
wells than in sither the upgradient wells or Site-wide averages include the
atkali earths (barium, calcium, magnesium), alkalinity, and conductivity.
Zinc may also be slightly elevated.

8 standard indicator of potential ground-water contaminaition is pH. The
pH is clearly lower in the downgradient walls at the SWL. These values were
consistent in both the field and Taboratsry readings. The reason for the
ffect is probably related fo the formation of grganic and inorganic agids
resylting from oxidatien of organic material [sewage} discharged to the land-
fi11. Oxidation of organic material te organic acids, huffered to a pH of 5,
commoniy occurs in municipal landfills {Drever 1982}. It is for this reason
that there is & step in both the Exiracted Procedure Toxicity Test and the
U.S. Environmental Protection Agency {EPA}-proposed toxicity characteristic
Leaching Procedure for buffering leaching solutions to a pH of 5.

The following figures are graphical presentations of water-sample chem~
ical data from both SWL and NROW wells and Hanford Site well 8995-24-33. Most
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SYNOPSIS AND CONCLUSIONS

A synopsis and conclusions based on the characterization work performed
at both the SWL and NRDW during well installation, and the initial results of
both the SWL and NRDW detection-level ground-water monitoring efforts are
presented in this section. Information is still needed to provide adequate
characterization of the hydrogeologic environment and assessment of the con-
stituents detected at the SWL. PNL has based the assessment activities on
EPA (1986) and the constituent 1ist WAC 173-303, where the chlorinated hydro-
carbons found in SWL wells are listed. Chlorinated hydrocarbons are not spe-
cifically covered in WAC 173-304, the state regulation concerning facilities
such as the SHWL.

GEOLOGY

The geology at the SWL is similar to that at the NRDW because of their
proximity. In the vicinity of the SWL there are 500 to 600 ft of sediments
(Hanford and Ringold formations) overlying approximately a mile-thick basait
sequence (Columbia River basalts). Structurally, the SWL and NRDW are on the
north flank of the Cold Creek syncline.

Locally, the Hanford formation is about 180 ft thick, based on NRDW
characterization work. Drilling extended to about 140 ft at the SWL; within
this thickness the two major lithostratigraphic units, a sand subunit over-
lying a gravel subunit, correlate across the SWL and NRDW. Several near-
surface, very narrow silt layers also appear to extend across the SWL and
NRDBW, based on trench observations.

Composition of the geologic units is hased on field observations only;
no petrographic or chemical analyses have been done to date.

HYDROLOGY

The top of the unconfined aquifer at the SWL occurs in a highly trans-
missive portion of the Hanford formation, about 125 ft below the Tand sur-
face. Hanford Site water table elevation data indicate a general flow
direction from west to east across the Site with Tocalized exceptions caused
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by buried structures and artificial recharge from site operations. The
bydraul ic gradient in the vicinity of the SWL and KEOW is exiremely low {on
the order of 0,0001). Because of this, neither characterization work per-
formed st the SWL nor at the NRDW was able te¢ precisely detarmine the
ground-water flow dirvection. Data collected during well installation at the
SWL and NROW indicate ground-water flow direction iz generally west to east.
Ground-water chemistry data from the SWL monitaring program indicate the flow
direction may have a northwest fto southeasi vector. The Tow hydraulic
gradient also suggests that the ground-water flow direction in the vicinity
of the SWL may be very responsive to inflyences from 5ite aperations and
could vary considerably over space and time.

Transport through the vadose zone has been accelerated because of sewage
and washwater discharges to the SWL. So far the data 4o not indicaie whether
or not these disposal practices have affected the hydraulic gradient in the
vicinity of the SWL. Al7 liquid dispesal at the SWL was discontinued in
April 1987; travel times should increass im the vadose zone, and the amount
of chiorinated hydrocarbons introduced to the ground water should decrease,

GROUND-WATER CHEMISTRY

I 1985 at Hanford, a Site-wide ground-water monitoring program was
initiated tn moniftor the unconfined aquifer for hazardous constituents, in
addition to the ongoing radiological ground-water monitoring effort. Four
specigs of chlorinated hydrocarbons were detected by this program in the
January 1986 sampling of well 639-24-33, approximately 500 ft downgradient
from the SWL. Transport of chlorinated hydrocarbons through the vadose zons
{110 ft from the bottom of the trenches) and unconfined agquifer {absut
15800 £t} to downgradient well £%9-24-33 was accomplished in less than 1 ysar.
This was the result of large volumes of washwaler and sewage studge being
discharged to the same SWL pits during the same Lime period: sewage sludge
from 1982 through April 1987; washwater from January 1885 through January
1887 .

The same four species of chlorinated hydvocarbons were detected by the
first {May 1987} analyses of the initial SWL ground-water monitoring effort.
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An immediate resampling was initiated to confirm these findings. The pres-
ence of chlorinated hydrocarbons was confirmed by the June sampling. Carbon
tetrachloride was also reported in three wells in the August sampling.

A number of constituents appear to have either lower or higher concen-
trations in the ground water at the SWL compared with background values for
the Hanford Site. These values include pH and conductivity, some major
ground-water constituents, several trace elements, several volatile organics,
and coliform bacteria. Of these constituents, 1,1,2-trichloroethylene {TCE},
carbon tetrachloride, and coliform bacteria have reported values that have
exceeded regulatory limits. The EPA’s maximum contaminant level for TCE is
5 ppb, compared with the 5- to 10-ppb range observed at the SHL.

SOURCES OF CONTAMINATION AND_IMPACT TO THE GROUND WATER

The specific source of the volatile organic compounds at the SKWL
appears to be the steam cleaner washwater originating from the steam pad
catch basins at the 1100 Area bus maintenance garage. Several hundred thou-
sand gallons of this washwater were discharged from January 1985 to January
1987 to short trenches excavated on the west side of the north section of
the SWL (Figure 3). Analysis of similar washwater (Table 8) shows that the
same mix of chlorinated hydrocarbons including carbon tetrachloride, all
common industrial solvents, are typically present. The concentrations of
solvents in the washwater may vary with time because of the uncentrolied
nature of the cleaning operations. Although the types of contaminants pilaced
into the SWL are known, along with their dispesal locatiens, their concen-
trations or quantities are not.

Tanks of sewage siudge were also discharged to the SWL from 1973 until
April 1987. The sewage sludge was placed in shallow trenches along the east
and west inside perimeter of the SWL (Figure 3). An estimated total of 1 to
1.5 million gai of sewage sludge was disposed of at the landfill. Approxi-
mately 3000 gal/d may have been discharged into trenches. Trucks brought
septic tank waste from the Fast Flux Test Facility, the Washington Public
Power Supply System construction sites, and other chemical toilets and septic
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tanks on the Hanford Site. This sewage is the most Tikely source of coliform
bacteria detected in several of the NRDW welis.

Removal of surface vegetation, excavation, and especially discharge of
large volumes of liquid associated with the sewage sludge {and washwater)
accelerated the transport of contaminants through the vadose zone and into
the ground water, Additiona) impacts from the sewage sludge probabiy include
decreased pH values of the ground water and disselution of soluble minerals
in the soil column, and may have also supplied sodium ions that replaced
adsorbed cations in the soil column. Organic degradation of the sewage
sludge may have produced methane, organic acids (Drever 1982), or large
amounts of carbon dipxide, which may be partiy responsible for some of the
changes in ground water from background composition. The Tgwer pH and higher
fluid flux may be responsible for the elevated calcium, magnesium, alkalin-
ity, and barium observed in downgradient wells. The scil column may have
acted Jike a cation-exchange complex, with a redistribution of cations
ascurring.

Organic degradation may be the source of the few positive coliform bac-
teria detected. These bacteria were found in several upgradient wells, beth
deeper monitoring wells, and several downgradient wells at the northern end
of the NRDW. Coliform was not detected in most of the SWL wells, possibly
because the chlorinated hydrocarbons kill the coliform bacteria. The coli-
form appears 1o increase and decrease in seweral of the wells; there are no
apparent trends and no explanation ai this time.

The large volumes of washwater, on contact with acids produced from
organic degradation, would have a lower pH value than they did imitially, and
this would increase the potential fo dissoclve any carbonate-rich horizons.
This would not increase sedimeat porosity perceptibly, because carbonate is
not a major component of the soil.
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ASSESSMENT ACTIVITIES

After chlorinated hydrocarbons were reported and confirmed at the SWL,
the scope of the project was expanded to assess the persistence of the con-
tamination and better define its extent. The following actions have been
taken:

« The Washington State Department of Ecology {hereafter called
Ecology), district EPA, and the city of Richland Health Department
were informed of the detection of contamination at the SWL; Ecology
and the district EPA requested copies of a plan of action in
response to the detection of contamination.

» A plan of action was presented to Westinghouse Hanford in July
1987.

« The SWL’s constituent 1ist was expanded, based on WAC 173-303, to
continue monitoring chlorinated hydrocarbons, and to determine if
other impacts to the ground water were occurring.

+ In FY88, the frequency of water-level measurements and the number
of wells were increased to more accurately determine the ground-
water flow direction.

At the SWL, the source of chlorinated hydrocarbons seems likely to be
washwater from the 1100 Area, discharged to shallow trenches. These con-
stituents have been distributed in the vadose zone to a totally unknown
extent. Their extent in the ground water is known in part. The NRDW well
network provides evidence that significant concentrations of chlorinated
hydrocarbons in the ground water have not extended to the northern {either
east or west) side of the NRDW. Hanford Site well 699-24-33, which is about
500 ft east (downgradient) of the SWL, provides evidence that concentrations
of chlorinated hydrocarbons persist in this direction, but concentration
levels decrease.

The SWL well network, although successful for detection-level monitor-
ing, does not provide adeguate assessment monitoring either laterally, along
the southern and southeastern sides of the SWL, or vertically in the uncon-
fined aquifer (all SWL monitoring wells are completed at the point of
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compliance, in the upper 13 ¥t of the aquifer}. The chlorinated hydrocarbons
in the ground water at the SWL are dense, non-aqueocus phase liquids {ONAPLs),
which can be expected to sink in the ground waler until a confining layer is
reached, There are no SWL wells that extend to the first confining zone in
the uncenfined aquifer. Efficient siting of additional ground-water monitor-
ing wells at the SWL would benefit from understanding the following:

sgurce {quantifies) of chlorinated hydrocarbons

« quantity and distribution of residual chlorinated hydrocarbons in
the 5511 column

o+ quantity and distribution of chlorinated hydrocarbons in the
ground water to the east and south of the SWL and their vertical
distribution in the aquifer

s expected future impacts to the ground water (based on residual
quantities and determination and evaluation of transport mech-
anisms in the soil celumn and uncosfined aquifer).

Assessment would aisc benefit from including additional Hanford Site wells in
the hydrology effort to determine the direction of ground-water flow and
velocity {confirming that the local directicn and velocity of ground-water
flow determined at the SWL and NRDW are consistent with the regional
hydroiogy).

Assessment of the contamination in the vadoss zone would provide useful
information concerning future impacts to the ground water. Expansion of the
ground-water monitoring network at the SWL is needed to provide adequats
assessment-level monitoring.
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GLOSSARY

GEOLOGIC/HYDROLOGIC TERMS

Alluvial Plain - A valley deposit resulting from the deposition of muds,
sands, or gravels by flood waters or streams.

Anticline - A geologic structure referred to as a fold, in which the layers
dip away from the center (axis) of the feature on both sides; the geologic
units are convex upward.

Aquifer - A permeabie geologic unit that can transmit significant quantities
of water.

Basalt - In general, any fine-grained, dark-colored rock formed by the
solidification of molten (igneous) material that has been extruded onto a
planetary surface.

Confined Aguifer - An aquifer that is bounded above and beiow by less
permeable layers. Ground water in a confined aquifer is under a pressure
greater than atmospheric pressure.

Epiclastic - A textural term applied to mechanically deposited sediments of
mud, sand, and gravel, consisting of weathered products of older rocks.

Fanglomerate - A sedimentary unit composed of heterogeneous materials that
were originally deposited in an alluvial fan but that became cemented into
solid rock after deposition.

Flood Basalt (plateau basalt) - A term applied to those basalts that occur in

very thick sequences over a large regional area and appear to represent
multiple fissure eruptions spanning a considerable length of geologic time.

Fluvial - Pertaining to, produced by, or formed in rivers.

Ground Water - This is broadly defined as subsurface water that is in the
pore spaces of soil and geclogic units; the term is usually reserved for the
subsurface water that occurs beneath the water table, in soils and geologic
formations that are fully saturated.

Hydraulic Conductivity - This term is used to describe one of the principal
hydrologic properties of soil and geologic units. It is one way of express-
ing the capacity of a porous medium to transmit water. Hydraulic conductiv-
ity is defined as the volume of water (at 1 centipoise viscosity) that will
move in a unit time under a unit hydraulic gradient through a unit area of a
porous medium.

Lacustrine - Pertaining to, produced by, or formed in lakes,

Paleosol - A buried soil.
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saturated Zopne - A subsurface zone below which all s0il or rock pore space is
filled with water under pressure greater than that of the atmosphere.

Syngline - A geologic structure referred to as a fold, in which the layers
dip inward toward the center {axis) from both sides of the feature; the geo-
togic units are ¢oncave upward.

Transmissivity - This term {s one way of expressing the capacity of & porous
medium to transmit water. Transmissivity is defined as the rate at which
water moves Lhrough the vertical section of an aquifer 1 ft wide aver the
full saturated thickness of the aquifer under a unit hydraulic gradient.

Unconfi Aquifer - An aquifer thai is not confined abave by relatively
jmpermeable rocks, The pressure at the iop of the unconfined aguifer is
equal to that of the atmosphere.

Unsaturated Zone (same as “vadose zone") - A subsurface zone containing water
under less than atmospheric pressure, and air or gases generally under atmo-
spheric pressure. This zone is bounded above by the land surface and below
by the surface of the 2one of saturstion, i.e., ihe water itable,

¥olcaniclastic - A textural term applied to mechanically deposited sediments
of mud, sand, and gravel, consisting of the weathered products of alder.
volcanic rocks,

#aler Table - A theoretical surface that is representsd by the elevation of
water surfaces in wells penetrating only a shert distance into the uncanfined
aquifer,

ANALYTICAL TERMS

Blank - An artificial sample designed to moniior the introduction of
artifacts into the process. For water samples, reagent waler is usaed as a
blank matrix sample. Blanks are subjected to the ususl analytical or
measurement process ig establish a zerp baseline or background value that is
used 1o determine the axisience and magnitude of conltamination problems.
Blank data values cam be uysed 1o adjust or correct routine analytical
resuits. Blasks used to evaluaie sampling conditions can be divided inte
several types, each measuring the quality of a different phase of sampling:

» Method Blank {previously called reagent blank] - An aliquot of analyte-
free water or solvent analyzed with sach analytical batch, used a8 2
baseline for the anaiytical portion of the method. It contains ai} rea-
genis, internal standards, and surrogate siandards, and is processed
through an entire analytical method. It must be carried through the
compiete procedure as the sampie. The method blank is used to define
the Tevel of Taboratory background contamination.

+« field Blank - A biank that is prepared, handled, and analyzed in the

same manner as normal carrying agents except that it is nol exposed to
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the material to be selectively captured. Field blanks are used to
evaluate ambient conditions. Equipment blanks and trip blanks are two
specific types of field blanks.

e [quipment Blank - A blank that is used to measure the cleanliness of
sampling equipment used for sampling at several locations. Equipment
blanks are prepared in the field by simulating the collection of a
sample through a decontaminated piece of equipment or by pouring the
bTank over/through the sample collection device, collecting the equip-
ment blank in a sample container, and returning it to the laboratory for
analysis.

« Trip Blank - A trip blank is prepared in the laboratory by filling a
sample vial with organic-free reagent water and carefully capping to
ensure integrity. These samples are transported from the laboratory to
the field and are carried back to the Taboratory along with all other
samples collected. Trip blanks are used to determine whether any cross-
contamination occurs during sample collection or between samples while
in transport to the field or back to the Taboratory.

Calibration - The establishment of a relationship between various calibration
standards and the measurement{s) of those standards obtained by a measurement
system, or a portion of a measurement system. The levels of the calibration

standards should, at least, bracket the range of levels over which the actual
measurement (s) are to be made.

Detection Limit - A detection 1imit in anaiytical chemistry represents the
maximum practical sensitivity of the analytical method for a particular
analyte in a given sample matrix. For a given analytical method and constit-
uent, the actual detection Timit (the concentration below which the constit-
uent is not detected) will depend upon many factors, including objective
criteria such as instrument calibration and more subjective factors such as
analyst experience. A detection Timit cannot be used to extrapolate preci-
sion at any detectabie concentration, and it is never an indicator of accur-
acy. Just as there are different types of "blanks," "standards," and
"spikes," there are a number of different types of "detection limits."
Definitions for "detection limits" used in this report are given below:

o Contractually Required Detection Limit (CRDL) - The CRDL is the detec-
tion 1imit stated in an analytical lTaboratory’s contract that will be
achieved by the analytical laboratory with 99% confidence.

e Instrument Detection Limit (IDL) - The instrument detection limit is the
actual detection Timit (i.e., the minimum concentration of the consti-
tuent that can be observed by the instrument, distinguished from back-
ground or instrument noise, and measured) achieved by a specific
instrument and analyst. This varies depending upon the given instrument
and analyst, but it can be estimated by the analyst and supported by
interlaboratory comparisons. Based on interlaboratory comparisons, for
example, the UST GC/MS instrument detection limit for TCE {in water) is
between 2 and 3 ppb.
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Quplicate and Replicate Samples - Field duplicates and laboratory replicates
are used to assess the reproducibility of sample collection techniques and
method variability, respectively.

» [Duplicates - Duplicates are two {or more} sampies collected inde-
pendently and placed in separate sample containers at a sampling
ipcation during a single sct of sampling. Duplicates are used to mea-
sure sampie variance related to field conditijons are field sampling and
to assess precision.

» Replicates - Replicates are single samples that are divided into two
equal parts for the purpose of analysis. These samples are often
referred to as “"splits.”

internal Standard - A compound of known concentration that can be added to 2
blank, matrix spike, matrix spike duplicats, sample, sample extract, or
another standard prior to analysis. Internal standards are used fo quantify
compounds of interest or to determine the accuracy and/or precision of an
instrument. Internal standard has a specific meaning for GC/MS work:
internal standards are used to estimate concentrations of organic compounds
not vontained within the calibration standard by comparing masy spectral
response of the compound with that of an interpal standard. Several types of
internal standards follow:

o Calibration Standard - A standard used to quantify the relationship
between the output of 2 sensor and a property to be measursd, Cali-
bration standards should be traceable to Standard Reference Materials
{SRM}, Certified Reference Materials (CRM), or a primary standard.

¢« Check Standard {or check sample} - A blank that has bsen spiked with the
analyte{s) from an independent source in order to monitor the execution
of the analytical method. This is also caiied the calibration check.
Check samplies are prepared from stock solution different from that used
toc prepare standards. The known composition of this material is meas-
red periodically. The results of these muitiple measurements are
frequently ploited on control charts to provide & visuat trend of the
calibration of the instrument.

s Contrel Standard - A materia)l of known compesition that is anaivzed
concurrently with test samplies to evaluate the measurement process.

» Primary Standard - A material having a Known property that is stabie,
that can be accurately measured or derived from established physical or
chemical constants, and that is readily reproducible.
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Secondary Standard - A material having a property that is based upon
comparison with some primary standard. Once its value has been estab-
lished, a secondary standard can become a primary standard for some
other user.

Internal Standard (for volatile organic analysis-VOA-and semi-volatile
analysis) - Compound added to every standard, blank, matrix spike,
matrix spike duplicate, sample (for VOAs) and sample extract (for
semivolatiles) at a known concentration, prior to analysis. Internal
standards are used as the basis for quantitation of target compounds and
are used to estimate concentrations of other compounds not contained
within the calibration standard.

Quality Control Reference Sample (or working standard) - A material used
to assess the performance of a measurement or portions thereof. It is
intended primarily for routine intra-laboratory use in maintaining con-
trol of accuracy and would be prepared from or traceable to a calibra-
tion standard.

Surrogates (surroqate standard) - Organic compounds that are similar to
analytes of interest in chemical composition, extraction, and chromato-
graphy, but that are not normally found in environmental samples. These
compounds are spiked into all blanks, standards, samples, and spiked
samples prior to analysis. For organic, GC/MS methods, surrogates are
brominated, fluorinated, or isotopically Tabeled compounds not expected
to be detected in environmental {natural) media.

Analytical or Reagent Blank - A blank used as a baseline for the analy-
tical portion of a method. For example, a blank consisting of a sample
from a batch of absorbing solution used for normal samples but processed
through the analytical system only, and used to adjust or correct rou-
tine analytical results.

Blind Sample - A sample submitted for analysis for which the composition
is known to the submitter but is unknown to the analyst. A blind sample
is one way to test the proficiency of a measurement process.

Blind Standard - A standard submitted for which the composition is known
by the submitter but not by the analyst. A blind standard is one way to
test the proficiency of a measurement process.

Double Blind Standard - A standard submitted as a sample for which its
identity as a check standard and its composition are known to the
submitter but not to the analyst. This is currently not part of the UST
program.

Matrix - The predominant material of which the sample to be analyzed is
composed.
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Matrix Spike - Ap aliquot of a matrix spiked with known guantities of spe-
cific compounds and subjected to the entire analytical procedure in order io
indicate the appropriateness of the method for the matrix by measuring
recovery.

Hatrix S Duplicate - A second aliquot of the same matrix &s the matrix
spike that is spiked in order te determine the precision of the analytical
method. The relative percent difference between the samples is calculated
and used to assess analytical precision.

Method Quantification Limit {M0LY - The MGL is the 1imit of detection for an
analytical method and is the minimum concentration of the constituent that
can be observed by the {instrument} method, measured, and reperted, based on
comparisons of many laboratories’ results.

Practical aggntifiaatién Limit {PQL) - The PGQL is the lowest Tevel that can
be raliably achieved within specified limits of precision and accuracy during
routine laboratery operating conditions {based on an individual Taboratory’s
resuits}.

Random Sampie ~ A sample selected from a popuiation, using a randomization
process.

Reference Material {RM} - A material for which the properties are suffici-
ently well astablisked to be used for the calibration of an spparatus, the
assessment of a method, or the assigament of values to materials,

» Certified Reference Material (CRM) - A material for which the property
vajues are certified by a technically valid procedure, accompaniad by or
tracesble to a certificste or other documentation issued by a certify-
ing body.

+« Standard Reference Matgrial {SRM} - A material produced in guantity, of
which certain properties have been certified by the National Bureau of
Standards (NBS) or other agencies io the exteni possible te satisty its
intendad use. The material should be in a matrix similar to sctual
sampies to be measured by a measurement system or shouid be used
directly in preparing such a matrix. Intended uses include 1) stan-
dardization of solutions, 2) calibration of equipment, and 3} auditing
thae accuracy and precision ef measurement systems.

« Standard Reference Sample [SRS} - A carefully prepared material produced
from or compared against an SRM {or other equaily well characterized
material) such that there is Tittle loss of accuracy. The sample shouid
have a matrix similar to actual sampies uged in the measuremeni system.
These samples are intended for use primarily as reference standards
1} to determine the precision and accuracy of measurement systems, 2} to
gevaluate calibration standards, and 3} o evaluale quality control
reference samples. They may be used "as 13" or as a compunent of a
calibration or qualiiy control measurement sysiem,
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Spiked Field Sample - A normal field sample of material [gas, solid, or
Tiguid} to which is added a known amount of some substance of interast., The
extent of the spiking is unknown to thosa analyzing the sample. Spiked
samples may be used to check on the performance of a routine analysis or the
recovery efficiency of an analytical method {(not part of the UST procedures).

Standardization - A physical or mathematical adjustment or correction of 2
maasurement system to make the measurements conform to predetermined values.
The adjustments or corrections are usually based on a single-point calibra-
tion level {as opposed to a multi-point “calibration"}.

system Performance Check Compounds {SPCCY - Targel compounds designated to
monitor chromatographic performacce, sensitivity, and compound instability or
degradation on active sites. Minimum response factor ¢riteria for the SPCCs
are defined in the analytical pretocol.
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ABBREVIATIONS AND ACRONYMNS

ASTH American Society for Testiag and Matarials
BHC - benzene hexachlorids

#:108 - calcium carbonate

Carbon Tet - carbon tetrachloride

CCly - carbon tetrachloride

CFR - Code of Federal Regulations

ora - gentimeise

cm/sec - ¢entimeter per second

CRBL - contractually reguired detection Timit
{RM - Qertified Refegrence Material

(o 5 -~ ¢ounts per second

D - depth

Dy - deuterated

d - day

DCA - 1,1-dichloroethane {1,1-DIC)

oD - dickiorodiphenyidichioroethane

BOE - dichlorodiphenyidichioroethylene

DBT - dichiorodiphenyitrichliorsethane

dia. - diameter

DL - Detection Limit

DNAPLS - dense, non-aqueous-phase 1iguids

DHBP - 2-se¢-Buiyl-4,6-dinitrophensi

pot - U.S. Department of Energy

B/ - depth to water

DWS - drinking water standards

E ~  east

ECD - electron capture detector

Ecology - Washington State Deparitmeni of Ecology
EMSL - Environmental Monitoring Support Laboratory
EPA - U.S. Environmental Protection Agency
EPAP - EPA proposed Maximum Contaminant Level Goals
EPAS - EPA Secondary Maximum Contaminant Levels
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E-tape
FID

Icp
10L
in.
Inc.
ISE

KW

1h

LDL
Lpm
LSD

max
MCL

electric sounding tape
flame jonization detector
Federal Register

foot

square foot

cubic foot

feet per day

square feet per day

fiscal year

gram

galtlon

Gas Chromatography/Mass Spectrometer
gallons per day

gallons per minute

hour

hydrogen chioride

water

horsepower

ion chromatography
inductively coupled plasma atomic spectroscopy
instrument detection limit
inch

Incorporated

ion-specific electrode
conductivity

kilowatt

titer

pound

lower detection Timit
liters per minute

land surface datum

meter

maximum

maximum cencentration Timit
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m/d
me/d
MDL
mg/L
mi
miZ
min
mL.

MP

MPN

MGL

MSL
myr
/L
umho
gimha/cm

NGS
NROW
PCB
PCE
pCi/L
PE
PNL
ppb
POL
PSPL
PUREX
aa/tc
RCRA
RM
e
RET

meters per day

square meters per day

method detection 1imit

milligrams per liter

mile

square mile

minuie

miltiiliter

miliimeter

measuring point

most probable number

method gquantitation timit

Mean Sea Level

mitiion years

micrograms per liter

micro-~mhos

micro-mhos per centimetar

north

National Geodetic Survey
Nonradioactive Dangerous Waste Landfilil
polychorinated biphenyl
perchleroethylene [PERCENE)
picocuries per liter

Performance Evaluation

Pacific Norihwest Laboratory
parts per biliion

Practical Quantitalion Limit
Puget Sound Power and Light
Fiutonium Uranium Extraction Plant
Quajity Assurance/Quality Control
Respurce {onservation and Recovery Act of 1976
Reference Material

revalutions per minute

Radiation Proteciion Technologist

101



RSD

s.d.
sec
SPCC
SRM
SRS
$.S.
S-tape
SWL

T

t

T/C
TCA
TCE
T.D.
TETRANE
™

TOC
TOX
UsT

VOA
Vol,
vol%
W
WAC
WDOE
W.L.
WP
WS
wt
Wt

Relative Standard Deviation
second

standard deviation

second

System Performance Check Compound
Standard Reference Material
Standard Reference Sample
stainless steel

steel tape

Solid Waste Landfill
transmissivity

time

top of casing
1,1,1-trichloroethane (1,1,1-T)
1,1,2-trichloroethene (trichlorcethylene, TRICENE)
total depth

carbon tetrachloride

trademark

total organic carbon

total organic halogen

United States Testing Company, Incorporated analytical
laboratory

Volatile Organic Analysis

volume

volume percent

width

Washington Administrative Code
Washington State Department of Ecology
water level

Water Pollution

Water Supply

weight

weight percent

times
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yhp - years before present

yr - year
x - plus or minus

! - foot

* - inch

- - approximately

°C - degrees Celsius
2,4-D - 2,4-dichlorophenaxyacetic acid
2.4,5-T - 2,4,5-trichlorophensxyscetic acid
2,4,5-TP - 2,4,5-trichlorophenoxypropionic acid
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APPENDIX A

SUMMARIES AND FINISHED WELL SPECIFICATIONS

The first part of this appendix contains wel] construction summaries for
wells 699-24-35 (SW-1), 699-23-34 {SW-2), 699-24-34A (SW-3), 698-24-34B
(SW-4), 699-24-34C (SW-5), and £95-25-34C (SW-6) at the Solid Waste Landfill.
The second part 1ists finished specifications for these wells.

WELL CONSTRUCTION SUMMARIES

Well construction summaries provide information about the drilling
techniques, borehole, well design, and construction materials used. A
separate summary is provided for each of the six SWL wells. Diagrams of each
well and boreheie are aiso included.
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FINISHED WEELL SPECIFICATIONS

Finished well specifications include surveyed elevations (National
Geodetic Survey-NGS) and horizontal coordinates (Lambert), drilling
information, well completion data, well development and aquifer test
descriptions, and remarks on well construction and pump installation.

Well 699-24-35

Well location and Elevation

Temporary Well Number: SW-1

Permanent Well Number: 699-24-35

Lambert Coordinates: N 429,562.90, E 2,260,059.50

Well-Pad Elevation (brass plate): 536.52 ft

Stainless-Steel Casing Elevation: 538.81 ft

Depth Water First Encountered: 132.5 ft below surface (2/13/87)

Water Surface Depth Before Development: 132.3 ft below surface (2/17/87)

Drilling Information

Drilling Company: Onwego Drilling

Dritied Depth of Well: 14.5 ft

Measured Depth of Well: 146.0 ft

Drilled Diameter of Well: 10 in.

Drill Rig Type: Bucyrus Erie 22W Cable Tool

Depth Drilled by Drive Barrel: surface to 85 ft

Depth Drilled by Hard Tool: 85 to 145.5 ft

Lithologies Encountered in Drilling: sand, slightly silty sand, silty
sand, slightly gravelly sand,
gravelly sand, sandy gravel, gravel

Qate Began, Completed Drilling: 2/3/87, 2/13/87

Well Completion Information

Depth of Temporary Steel Casing: 146.6 ft
Permanent Casing Type, Length, and Diameter: 304 stainless steel; 129.86 ft;
6-in. dia

Screen Type, Slot-Size, and lLength: 304 stainless steel, continuous slot
with bottom plate; 10-in. dia 40-slot
and 6-in. dia 30-slot; each 15.25 ft
long

Screened Interval: 127.75 to 143 ft below surface

Total Length of Casing and 6-in.-dia Screen in Well: 145.16 ft

Filter Material: 8-12 and 10-20 mesh Colorado Silica Sand

Filter Placement: 8-12 sand from 146.0 to ~128 ft; 10-20 sand from -128 ft

to ~125 ft
Quantity of Filter Materials {dry wt): 800 1b of 8-12 sand; 200 1b of
10-20 sand
Annular Seal Materials: bentonite-based Volclay pellets and grout and
Portland Cement
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Annular Seal Placement: Volclay pellets from ~125 to 118.5 ft;
Volclay grout from 118.5 to 5 ft; Portland Cement
from 5 ft to the surface
Quantity of Annular Seal Materials (dry wt): 200 1b of Volclay pellets;
1352 1b of Volclay grout;
564 1b of Portland Cement
Type and Placement of Centralizer: stave - 123 ft below surface
Height of Casing Stick-Up Above Pad: 2.27 ft
Date Well Completed: 3/2/87

Well Development Information

Method of Well Development: Dart bailer - step drawdown (4 steps) and
continuous discharge aquifer tests
Duration and Magnitude of Discharge: bailed for 5.5 h - 420 gpm for 50 min,
520 gpm for 15 min, 750 gpm for 50 min,
775 gpm for 20 min; 750 gpm for 2 h
Water Appearance After Development: clear, after pump tests

Aquifer Test Information

Type of Aquifer Test Performed: step drawdown and continuous discharge
Pumping Rates Achieved: 420, 520, 750, 775 gpm

Maximum Drawdown of Water Surface: 0.98 ft

Date(s) of Aquifer Test(s): 2/18/87 and 2/20/87

Remarks on Well Construction

On completion of the geophysical logging, a 10-in.-dia telescoping
stainless-steel screen was set on a sand pack of 8-12 mesh silica sand. The
screen settled to 143 ft after pulling the carbon steel casing back to expose
the screen. The well was developed for 5.5 h using a dart bailer before a
turbine pump was installed in the well. After the aguifer tests were per-
formed and the turbine was removed, a 6-in.-dia stainless-steel screen and
casing was set inside the 10-in.-dia screen.

A centralizer was affixed to the stainless-steel casing, 20 ft above the
bottom of the screen. This screen was sealed in the Volclay pellet zone to
minimize potential contamination arising from ground water coming into
contact with welds on the centralizer. These welds were not performed in a
helium atmosphere (as requested by the drilling company), but instead were
welded using a flux. The flux is a potential aquifer contaminant when
allowed to interact with vadose-zone water.

The annular space was filled with silica sand, Volclay pellets and

grout, and Portland Cement. Each was added as the carbon-steel casing was
withdrawn from the well following the specifications outlined in the

A.9



statement of work,(2) Only the Velclay grout was added to the well via the
tremie pipe method, After filling the annhular space, the well was checked

for development using & dart bailer for 30 min. The water was clear {from

the aguifer tests) so the pad and posts were set to complete the well.

A Peabody Barnes 1/2-horse power electric submersible pump was instailed
approximately Z ft above the bottom of the well (water intake located about
& ft bsneath the water surface). The pump is attached teo 1.5-in.-dia ABS
plastic pipe that extends fo the surface.

Well 899-23-34

011 iogcation and vatig

Temporary Well Number: SW-2

Permanent Well Number: 699-23-34

L.ambert Coovdinates: N 428,374.81, € 2,261,074.22

Well-Pad Elevation (brass piate}: $530.50 fi

Stainless-Steel Casing Elevation: 3532.86 ft

Depth Water First Encountered: 125.9 ft below surface {1/22/87)

Water Surface Depth Before Development: 125.9 ft below surface {1/36/87;

Priiting Information

Dritiing Company: Onwege Drilling

Drilied BDepth of Well: 139 fi

Measured Depth of Well: 139 fi

Driiled Diameter of Well: 10 in.

Drill Rig Type: Bucyrus Erie 22¥W Cable Tool

Depth Dritled by Drive Barrsl: surface to 95 f%

Oepth Orilled by Hard Tool: 95 1o 139 ft

Lithologies Encountered in Drilling: sand, slightly silty sand, silty
sand, siightly graveily sand,
gravelly sand, silty sandy gravel,
sandy gravel

Date Began, Compieted Driiling: 1/9/87, 1/21/87

Well Completion Information

Depth of Yemporary Steel Casipg: 138 Tt
Permanent Casing Type, Lenglh, and Diameter: 304 st§§n1ass steel; 123.42 i3
6-in. diz

Screen Type, Slot-Size, and Lenglh: 304 stainless steel, continuous slot
with bottom plate; 30-slet; 15.25 ft.

Screened Interval: 120.8% to 138.2 ft below surface

Total Length of Casing and &-in.~di2 Screen in Well: 138.67 f1

Filter Material: 8-12 and 106-20 mesh {oloradse Silica Sand

{a} Pacific Northwost Laberatory, 1986, T“Siatement of Wark, ¥ell Driliing,
500 Area Solid Waste lLandfill.® PHL-SOW.E00SW, Pacific Northwest
Laboratory, Richland, Washington,
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Filter Placement: 8-12 mesh sand placed from 139 to ~122 ft; 10-20 sand
placed from ~122 to 118 ft
Quantity of Filter Materials (dry wt): 900 1b of 8-12 mesh sand; 250 1b
of 10-20 mesh sand
Annular Seal Materials: bentonite-based Volclay pellets and grout and
Portland Cement
Annular Seal Placement: Volclay pellets from 118 to 112 ft; Volclay grout
from 112 to 7 ft; Portland Cement from 7 ft to
surface
Quantity of Annular Seal Materials {(dry wt.): 200 1b of Volclay pellets;
1248 1b of Volclay grout;
1598 1b of Portland Cement
Type and Placement of Centralizer: stave - 113 ft below surface
Height of Casing Stick-Up Above Pad: 2.35 ft
Date Well Completed: 1/30/87

Well Development Information

Method of Well Development: dart bailer

Duration of Development: nearly 2 h

Water Appearance After Development: Water contains fine to very fine sand;
color is light brown

Remarks on Well Construction

This well was constructed following the specifications outlined in the
statement of work. The centralizer was placed 8 ft above the top of the
screen within the Volclay pellet-grout zone to keep it away from the filter.
Because the welds on the centralizer were made using a flux [{stick-welded),
a potential contaminant source], the centralizer should not come into contact
with ground water.

The drive shoe contained two cracks after it was removed from the well.
None of the annular materials were added to the well via the tremie pipe
method,

A small amount of Volclay bentonite grout was found on the steel tape
used in measuring the depth of the well after the well was completed. This
grout may have entered the well from a loose joint in the stainless-steel
casing, because, when the last piece of stainless steel casing was attached
after all the grout was added, the casing string turned more than necessary
to screw on the Tast piece of casing. This grout was removed by bailing the
well for about 2 h.

A Peabody Barnes 1/2-horse power electric submersible pump was installed
approximately 2 ft off the bottom of the well {water intake located approxi-
mately &6 ft below the water surface). The pump is attached to 1.5-in.-dia
ABS plastic pipe that extends to the surface.
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Hell 599-24-344

Well Location and Elevation

Temporary Well Number: S¥-3

Permanent Well Number: ©6995-24-34A

Lambert Coordinates: N 428,758.47, E 2,261,193.41

¥ell-Pad Elevation (brass plate): 531.71 ft

Stainless-Steel Casing Elevation: 533,89 ft

Depth Water First Encountered: 127.6 ft below surface {(1/28/87)

Water Surface Depth Before Development: 127.1 ft below surface (1/30/87)

Prilling Information

Dritling Company: Onwego Drilling

Pritled Depth of Well: 141.5 i

Measured Depth of Well: 140.0 ft

Drilled Diameter of Well: 10 in,

Orill Rig Type: Bucyrus £rie 22W Cable Tool

Depth Drilied by Drive Barrel: surface to 107 ft

Bepth Drilled by Hard Tool: 107 1o 141.5 ft

Lithologies Encountered in Driiling: sand, gravelly silty sand, gravelly
sand, sandy gravel, grave!l

Date Bagan, Completed Drilling: 1/19/87, 1/29/87

Kell Completign Information

Depth of Temporary Steel Casing: 141.5 ft
Permanent Casing Type, lLength, and Diameter: 304 stainless steel; 124.756 ft
Tong; 6-in. dia
Screen Type, Stot-5ize, and Length: 304 stainless steel, continuous slot
with bottom plate; 10-in.-dia 4Q-slet,
6-in.-dia 30-5lot; each 15.25 £ long
Screened Inferval: 122.3 to 137.5 fi below surface for the 8-~in.-dia.
screen; 122.75 to 138 ft for the 10-in.-dia
telescoping scraen
Total Length of Casing and é-in.-dia Screen in Well: 140.01 ft
Filter Hatevial: 8-12 and 10-20 wmesh Colorado Silica Sand
Filter Piacement: B8-12 mesh sand from 140 to ~138.5 ft; 10-20 sand from
~138.5 to 138 ft; 8-12 mesh sand from 138 o 122.8 i3
10-20 mesh sand from 122.8 to 118 ft
Quantity of Filter Materials (dry wt}: 600 1b of 8-12 mesh sand; 350 1b
af 10-20 mesh sand
Annular Seal Materials: bentonite-based VYoliclay pellets and grout and
Portland Cement
Annular Seal Placement: Velclay pellets from 118 to 113 ft; Velclay grout
from 113 to B ft; Portiand Cement from & ft to
the surface
Quantity of Amnular Seal Materials {dry wt): 200 1b of Volclay pelletis;
1872 1b of VYolclay groul;
658 1b of Poriiand Cement
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Type and Placement of Centralizer: stave - 117.5 fi below surface
Height of Casing Stick-Up Abave Pad: 2,17 ft
Date Well Completed: 2/9/87

Well Development Infermation

Method of Well Development: dart bailer; step-drawdown (3 steps) and
continuous discharge aguifer tests
Buration and Magnitude of Discharge: bailed for 1 h; pumped for 1 h at
33 gom, 1 h at 450 gpm, 1 h at
680 gpm: 45 min hetween 4386 to 700 gpm
Water Appearance After Developmeni: clear

Aguifer Test Information

Type of Aquifer Test Performed: step-drawdown and continuous discharge
Pumping Rates Achieved:s 330, 450, 68¢, and between 43& 1o 700 gpm
Maximum Drawdown of Water Surface: 0.8 1t

Date(s} of Aquifer Test(s): 1/31/87

Remarks gn Well Construction

{n completion of drilling and geophysical logging, 10-in.~dia telescop-
ing stainless-steel screen (40-slot) was set on a sand pack of 8-12 and
10-20 mesh silica sand. When the carbon-steel casing was pulled back to
128.6 ft, the screen botiem settled to 138 ft. The well was then developed
for 1 h using & dart bailer., A turbine pump was installed in the well and an
aquifer test was performed. On completion of the agquifer test, ihe depth to
bottom in the screen was 137.5 ft below the surface, A 6-in.-dia stainless-
steel screen was then set in the well {the 10-in.-dia screen was not
removed). The centralizer was placed 20 ft abeve the bottom of the screen in
grder to locate it in the Yoliciay pellet zone; this was done 1o minimize the
amount of contamination that may occur when water contacts the welds on the
centralizer. These welds were not made in a helium aimosphere bui instead
were performed using a flux. As & result, these welds are less stable in an
oxidizing enviromment {i.e., within the vadose zone} and the flux may release
contaminants to the aguifer unless kept from water,

The annular space was filled, according to the specifications given in
the statement of work, with silica sand, Voliclay tablets and grout, and
Portland Cemeni as the temporary carbon-steel ¢asing was withdrawn {sece above
information for filled annylus intervals}. Only Voiclay grout was added to
the well using & iremie pipe. The weil was checked for developmeni using a
dart bailer for 14 min., The water was ¢lear, so the well needed no further
development,

A Peabody Barnes [/2-herse power electiric submersible pump was installed
about 2 1 of f the bottom of the well (water intske Yocated approximately
& ft beneath the water surface). The pump is atiached to 1.5-in,-dia ABS
plastic pipe thal exiends to the surface.
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Well 699-24-34B

Well Loégtion and Elevation

Temporary Well Number: SW-4

Permanent Well Number: 699-24-34B

Lambert Coordinates: N 429,093.43, E 2,261,297.36

Well-Pad Elevation (brass plate): 531.28 ft

Stainless-Stee] Casing Elevation: 533.50 ft

Depth Water First Encountered: 127.0 ft below surface (3/4/87)

Water Surface Depth Before Development: 127.0 ft below surface {3/9/87)

Drilling Information

Drilling Company: Onwego Drilling

Drilled Depth of Well: 145 ft (as measured by driller)

Measured Depth of Well: 142.3 ft (steel tape)

Drilled Diameter of Well: 10 in.

Drill Rig Type: Bucyrus Erie 22W Cable Tool

Depth Drilled by Drive Barrel: surface to 90 ft

Depth Drilled by Hard Tool: 90 ft to 145 ft

Lithologies Encountered in Drilling: sand, gravelly sand, sandy gravel,
gravel

Date Began, Completed Drilling: 2/11/87, 3/3/87

Well Completion Information

Depth of Temporary Steel Casing: 144.0 ft
Permanent Casing Type, Length, and Diameter: 304 stainless steel; 124.03 ft
long; 6-in. dia
Screen Type, Slot-Size, and Length: 304 stainless steel, continuous slot
with bottom plate; 30-slot; 15.25 ft
Screened Interval: 121.6 to 136.8 ft below surface
Total Length of Casing and 6-in.-dia Screen in Well: 139.28 ft
Filter Material: 8-12 and 10-20 mesh Colorado Silica Sand
Filter Placement: 8-12 mesh sand placed from 142.3 to ~139 ft; 10-20 mesh
sand placed from ~f139 to ~136 ft; 8-12 mesh sand from
~136 to ~128 ft; 10-20 mesh sand from ~128 to 125.5 ft;
8-12 mesh sand from 125.5 to ~121 ft; 10-20 mesh sand
: from ~121 to ~119 ft
Quantity of Filter Materials (dry wt)}: 1000 1b of 8-12 mesh sand; 370 1b of
10-20 mesh sand
Annular Seal Materials: bentonite-based Volclay pellets and grout and
Portland Cement Annular Seal Placement:
Volclay pellets from ~119 to 112 ft; .
Volclay grout from 112 to 4.3 ft; Portland Cement
from 4.3 ft to surface
Quantity of Annular Seal Materials (dry wt): 350 1b of Volclay pellets;
1820 1b of Volclay grout;
1410 1b of Portland Cement
Type and Placement of Centralizer: stave - located at 114 ft below surface
Height of Casing Stick-Up Above Pad: 2.21 ft
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Date Well Completed: 3/11/87

Well Development Information

Method of Well Development: dart bailer

Duration of Development: 3 h '

Water Appearance After Development: water contained very fine sand and
some coarse sand (from filter); water
color was Tight brown

Remarks_on _Well Construction

This well was constructed following the specifications outlined in the
statement of work. Because the centralizer was welded together using flux
from stick-welding techniques rather than welding in a helium atmosphere, the
centralizer was placed 23 ft above the bottom of the screen so as to seal it
in the Volclay pellet and grout. This was done to minimize the quantity of
water coming into contact with potentially reactive flux on the welds of the
centralizer and thus minimize potential contamination from corrosion of these
welds.

This well needed three additional buckets of Volclay pellets because of
an open zone at approximately 116 to 120 ft below the surface. Of all the
annular materials placed in the well, only the Volclay grout was added using
a tremie pipe.

The drive shoe at the end of the casing string had at least three iong
{2 to 4 in.) cracks at its lower-most end.

A Peabody Barnes 1/2-horse power electric submersible pump was installed
approximately 2 ft off the bottom of the well (water intake located about 6
ft below the water surface). The pump is attached to 1.5-in.-dia ABS plastic
pipe that extends to the surface.

Note: Chevron Poly FM Grease 2 (food grade) was used on stainless steel
joints (threaded ends) during casing assembly.

Well 699-25-34C -

Well location and Elevation

Temporary Well Number: SW-5

Permanent Well Number: 699-25-34C

Lambert Coordinates: N 429,472.15, E 2,261,409.71

Well-Pad Elevation (brass plate): 530.67 ft

Stainless-Steel Casing Elevation: 532.58 ft

Depth Water First Encountered: 126.3 ft below surface (3/12/87)

Water Surface Depth Before Development: 126.0 ft below surface (3/20/87)
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Prilling Information

Dritling Company: Onwego Brilling

Drilled Depth of Well: 140-141 ft

Heasured Depth of Well: 139.1 ft

Drilied Diameter of Well: 10 in.

Drill Rig Type:r Bucyrus Erie 22W Cable Tool

Depth Drilled by Drive Barrel: surface to 77 ft

Depth Drilled by Hard Teol: 77 to 141 ¢

[ithologies Encounterad in Drilling: sand, silty sand, stightly gravelly
sand, gravelly sand, sandy gravel,
gravel

Date Pegan, Completed Brilliing: 3/2/87, 3/13/B7

Well Completion Information

Depth of Temporary Steel Casing: 133,56 ft
Permanent Casing Type, Lenyuth, and Diameler: 304 stainless steel; 123.4-f1
Tong; &-in. dia
Screen Type, $31ot-Size, and Length: 304 stainless steel, continucus slot
with bettom plate; 38-370t; 15.33 ft
Screened Interval: 120 .8 tp 136.2 ft balow surface
Total Length of Casing and 6-in.-dia Screen in Well: 138.72 ft
Filter Material: 8-12 and 10-20 mesh Colerado Silica Sand
Filter Placement: 8-12 mesh sand placed from 139.1 tp ~118 ft; 10-20 mesh
sand from ~118 to ~117 ¥%
Quantity of Filter Materials (dry wt): 1300 1b of 8-12 mesh sand; 100 1b of
10-20 mesh sand
Annular Seal Materials: bentonite-based VYalclay pallets and grout and
Portiand Cement
Amnnular Seal Placement: Volclay pellets from ~117 to ~112 t;
Volclay grout from ~112 o 6.5 fi;
Portland Cement from £.5 ft to surface
fuantity of Annular Seal Materials {dry wt): 200 b of Volclay pellets;
1812 1b of Volciay grout;
£64 1b of Portland Cement
Type and Placement of Centralizer: stave - placed at 113 fi below surface
Height of Casing Stick-Up Above Pad: 1.88 fi
Date Well Completed: 4/86/87

Well Development Information

HMethod of Well Development: dart batler

Duration of Development: 3.5 b

Water Appearance After Develeopment: water contained fine sand and was
Tight brown in color
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Remarks on Mell Construction

This well was constructed following the specifications given in the
statement of work. Any deviations from this procedure are given below.

The centralizer was placed 23 ft above the battem of the serzen to
Tocate it within the Yolclay pellet and grout zone; this was necessary 1o
minimize the potential contact betwesn ground water and welds on the
centratizer, These welds were not made in a2 helium atmosphere (heli-arg
walding}, but were instead "stick-welded” with a fiux. This flux may be a
contaminant if it comes inioc contact with the aquifer. WNone of ihe annular
materials were added to ihe welil using the itremie pipe methad, See the above
information for depth intervals of materials placed in the well annulus,

A Peabody Barnes 1/Z-horse power electric submersible pump was instailed
approximately 2 i above the boltom of the well {water intake located absut &
ft below the water surface}. The pump is attached to 1.5-in.-dia ABS plastic
pipe that extends to the surface,

Note: Chevron Poly FM Grease 2 (food grade] was used on stainless steel
Joints (threaded ends} during casing assembly.

Well §39-25-34C

Well Location and Elevation

Temporary Hell Number:; SW-§

Parmanent Well Number: 699-25-34

Lambert Coordinates: N 429,967.73, E 2,261.561.70

Well-Pad Elevation {brass plate}: B533.35 1

Stainless-Steel Casing Elevation: 535.46 ft

Depth ¥ater First Encountered: 129.6 fi below surface {3/27/87}

Water Surface Uepth Before Development: 128.9 i below surface {4/9/87)

Drilling Information

Driiling Company: Onwego Drilling

Brilied Depth of Well: 143 ft

Measured Depth of well: 143.0 fi

Orilled Diameter of Well: 10 in.

Brill Rig Type: Buryrus Erie 22W Cable Tool

Depth Drilled by Drive Barrel: surface to 87 ft

Depth Drilled by Hard Tool: 87 to 143 %

Lithologies Encountered in Drilling: sand, silty sand, slightly gravelly
sand, gravelly sand, sandy gravel

Date Began, Completed Drilling: 3/16/87, 3/27/87

A7



Well Compietion_Information

Depth of Temporary Steel Casing: 141.0 ft
Permanent Casing Type, Length, and Diameter: 304 stainless steel; 125.54-ft
long; 6 in. dia
Screen Type, Slot-Size, and Length: 304 stainless steel, continuous slot
with bottom plate; 30-slot; 15.33 ft
Screened Interval: 123.2 to 138.5 ft below surface
Total Length of Casing and 6-in.-dia Screen in Well: 140.87 ft
Filter Material: 8-12 and 10-20 mesh Colorado Silica Sand
Filter Placement: 10-20 mesh sand from 143.0 to ~139 ft; 8-12 mesh sand
from ~139 to 122 ft; 10-20 mesh sand from 122 to 120.6 ft
Quantity of Filter Materials (dry wt): 900 1b of 8-12 mesh sand; 400 1b
of 10-20 mesh sand
Annular Seal Materials: bentonite-based Volclay, Hydrophyllic pellets,
Volclay grout, and Portiand Cement
Annular Seal Placement: Bentonite pellets from 120.6 to ~114 ft;
Volclay grout from -114 to 3.5 ft; Portland
Cement from 3.5 ft to surface
Quantity of Annular Seal Materials {dry wt)}: 200 1b of Voliclay and
Hydrophyllic pellets; 2860 1b
of Volclay aront; 188 1h
- of Portland Cement
Type and Placement of Centralizer: stave - 115.5 ft below surface
Height of Casing Stick-Up Above Pad: 2.11 ft
Date Well Completed: 4/15/87

Well Development Information

Method of Well Development: dart bailer

Duration of Development: 3 h

Water Appearance After Development: water contained fine to very fine
sand; color was light brown

Remarks on Well Construction

This well was constructed following the specifications given in state-
ment of work. After the well was drilled, the stainless-steel screen and
casing were set on 10-20 mesh silica sand (8-12 mesh sand was unavailable at
that time). Sand (8-12 mesh) was placed around the entire length of the
screen, and then 10-20 mesh sand was placed above the screen.

After the bentonite peliets were set, the site geologist added water
before leaving for the day. This water caused the pellets to swell and
bridge across the inside of the 10-in.-dia casing. When the 10-in. casing
was pulled back, the stainless-steel casing was brought up also. A bumper
bar was used to tap on the bottom of the screen to reset the stainless-steel
screen and casing. The stainless-steel screen was reset to within 6 to 7 in.
of the desired placement by this method. Voiclay grout was added to the well
before beginning this process to provide positive pressure on the bridge to
help break it.



A zone of lost circulation was intersected when adding the Volclay
grout. During 1 day’s operabions nearly ane half of the toial amount of
VYoliciay grout used (1404 1b dry weight} was installed in the well; this
raised the grout level in the borshole from 87 to 80 £t below the surface. A
plug of grout 40-ft thick was left in the borehole the previcus night.
Another grout plug, which was B-ft thick, was left in the borehole gvernight
after adding the Targe quantity of grout. The grout that moved inte the
formation and hardened, however, was probably responsible for sealing this
open zone because much betler progress was made when adding grout the next
day. ¥olclay grout was the only annular material added to the wall by the
tremie pipe method.

A Peabody Barnes 1/2-horse power electric submersible pump was installed
approximately 2 ft off the bottom of the well {water intake Yocated about
8 ft below the water surface}. The pump is attached te 1.5-in.-dia ABS
plastic pipe that extends to the surface.

Note: Chevron Poly FM Grease 2 {food grade) was used on stainless steel
Joints {threaded ends} during casing assembly.
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APRPENDIX B

This appendix contains a completion diagram, lithologic diagram based

on field chservations, and the natural gamma geophysical log for =ach of the
wells drilled near the Solid Waste Landfill. These wells are

* & ® 9 %

£33-24.35 {upyradient}
693-23-34 {downgradient}
639-24-344 {downgradient)
£33-24-34B {downgradient}
899-24-34C (downgradient)
699-25-34C {downgradient].

Please note that the natural gamma geophysical Tegs are uncalibrated.
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APPENRIX €

S?&ﬁTIGRﬁ?&ZC COLUMNS EITH FIELD DESCRIPTIONS OF UNITS, FIELD

Stratigraphic columns are presented in this appendix, along with remarks
and field descriptions of the units encountered during driiling. Samples
were typically cellected at 5-ft intervals, and in addition toc field descrip~
tions, laboratory analyses are provided for selected samples for moisture
content and grain-size distribution. "Sample type® refers to the drilling
technique employed at that interval,

Weight percent moisture content and the particle-size distribuiion using
the Phi (¢} scale are taken from tables of raw data presented in Appendix 0.

The 6" prefixing the well numbers in the following diagrams refers to
the "899" prefix that identifies wells in the 600 Area of the Hanford Site.
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APPENDIX D

Sediment was analyzed from samples cellected from selected borehoie
intervals of wells drilled at the Solid Waste Landfill. This appendix
presents descriptions and results of these analyses,

Sampies were taken from six different wells and submitted for study
during April and May 1987. Tabie 0.1 lists the well numbers and the various
depths identified for andliysis.

Al1 samples submitied were sieved io determine size distiribution:
samples that were obtained with a hard fool wers wet-sieved and oven-dried
before rotapping. Moisture retention and saturated hydraulic conductivity
were determined on a tool of 20 specified samples from wells 63%-24-35 and
§99-24-34C, :

HYDRAULIC CONDUCTIVITY

Hydrauliec conductivity was determined for each of the 20 predetermined
samples using 2 constant-head method {Kiute and Dirksen 1988}, In this
method, the sample is placed in a container (5.36 om dia, 3 ¢m high) and
enclosed with 1ids having an inflow valve at one end and an gutflow valve at
the gther. The infiow valive is connected to a constant-head device; the
putflow valve is copnected to a collection vessel. The sample is saturated
before any test are run. Ap dnitial time is recorded, and water is allowed
to flow through the sample for a predesignated amount of time. The amount of
discharge is recorded. The hydraulic conductivity is determined using the
following equation:

K= (L/R) (0/At) (E.1)

where L = length of the sample
H = hydraulic-head difference

B.1



§ = volume of water that passed through the sampie in known time, 1
A = cross-sectional area of the sample.

Table D.2 presents the results of the analyses,

TABLE B.1.

LOG NUMBER/
CEPTH (FT)

S¥-1 8’
SW-1 107
Sw-1 117
SW-1  18°
SW-1 257
Sw-1 30!
SW-1  31°
SW-1  35°
Sw-1 37.5°
SW-1 38.8°
SW-1 40’

S¥-3 10.8°
SwW-3 257
Sw~3 357
SW~-3 40’
Sw-3 807
SW-3 607
SW-3 707

SW-5 &5
S¥-5 167
SW-5 137
SW-5  18°
SW-5 207
Sw-g 237
SW-5 287
SW-5 307
SW-5 337
SW-5 387
SW~-8  4¢°
SW-5 45’
SW-5  BG°

¥ell Numbers and Sampled Intervals (Depth fram Surface)

LOG NUMBER/

DEPTH (FT)

SW-1
SW-1
SW-1
SW-1
SW-1
SW-1
SW-1
SW-1
SW-1
SW-1
SW~1

SW-3
SW-3
SW-3
SW-3
SW-3
SW-3

SW-B
SW-§
SW-5
S5W-8
SW-&
SW-§
SW-5
SW--5
SW-5
SW5
SW-5
SW-8

BG?
52.8°7
80°
70°
75°
85’
106 W
110°%
120°'W
1307W
145 W

807

gag’
1007
1i57%
131°%
140°'W

87’
60’
637
557
767
767
8BS 'W
S8 W
115°%
125°W
135°W
141°W

LOG NUMBER/

DEPTH (FT)

SW-2
SW-2
SW-2
SW~-2
SW~2
SW~2
SW-2

55
5’
24.8°7
40’
55°
5%°
70.5°

10°
157
17
257
35’
587
70°

107
187
G
38°
50’
58’
65°

LOG NUMBER/
DEPTH (FT)

SW-2
SW~2
SW-2
SW-2
SW~2
SW-2

SW-4
SW-4

SW-4

SW-6
SW-6
SW-6
SH-6
SW-5
SW-8

» W denctes a hard toe!l sampls that was wet-siaved

0.2

85 °
85’
108°W
115°W
125°W
138°'W

85°

90’
105°'W
115°W
122°W
135°W
145°¥

88"’

05w
105'W
120°W
135°W
143°W

prior to rotapping



TABLE B.2. Hydraulic Conductivity

SAMPLE HYDRAUL.IL CONDUCTIVITY SAMPLE HYDRAULTIC CONDUCTIVITY

{em/sec) (em/sac}
SW-1 190’ 2.00e~02 SW-5 10° 3.94e-02
S¥-1 117 4.04e-03 SW-5 157 $.00e~04
S¥W-1 2%° 2.13a-02 SW-5 237 5.60e~04
S¥~1 31° 7.80e~03 SW-5 25° 1.608-03
SW-1 38° 7 .00e~04 SW-5 33° 3.,10e~03
SW-1 37.%° 4.80e-04 SW-5 48° 5.680e~-03
SW-1 40° 1.06e-02 SW~-5 877 . 1.776-02
SW-1 BG° 1.04e~02 S¥-8 70° 3.00e~04
SW-1 707 1.03e~02 SW-5B 837 2.358-02
SwW-1 By’ 3.9%e~02 SW~-5 78? 2.30e~02
WA 1EN

Water reiention characteristics were measurad at 0.1, 0.3, and 1.9 bars
{Table D.3) applied pressure using a pressure plate extractor (Soiimoisture
Equipment Corporation, Santa Barbara, Califorpia). Equilibrium waler
contents were ohtained by packing sampies in containing rings on a porous
plate whers they were saturated and pressure-drained in the extractor.

Both the samples and the porous plate were brought to saturation by
allowing an excess of water to stand on the surface of the plate for 24 h.
On completie saturation, the plate was placed in the extracior vessel and the
internal air pressure raised to the desired ifest level. Equilibrium was
reached when drainage ceased., At the end of aach pressure run, each sample
was carefully weighed and oven-dried to determine the moisture contents at

that pressure level. This procedure was modified from that given by Klute
{1985}.

PARTIELE-SIZE ANALYSIS

Particle-size analysis was determinad using both dry sieve and wel sieve
analysis. QDry samples were weighed, fotal sample weight was recorded, and
the sampie was sieved through 8-in. sieves for a total of 20 min. The sieve
sizes included 2.00 mm, 1.00 mm, G.50 mm, 0.25 mm, €.125 mm, and 0.63 mm
{Table D.4). Sampies obtained by hard tool were weighed, wet-sieved through
G,83-mm-sized sieves, and oven-dried for 24 h before dry-sieving; it was

0.3



TABLE D.3. Water Retention Characteristics

Watsr Ratantion
(Waser Contant}

Sample d.5 bar B.3 bar  1.89 bar
{a/9) (9/9) fa/9)
EW.3 18’ #. 05836 5.04480 &.0437
Sw-1 13i° &.2588 2, 38es5d B.praR
SW-1 2% 22581 a,d4358 B.237%
S¥-3 33%° 2.1918 #.13148 & .BEBE
SW-3 38 2.1848 8. 2484 . E448
EW.1l 37.87 g 2248 .47t G .0882
Ew.l 4! &.2453 #.9289a ?.2181
W1 B’ 2.B398 2,380 2.9168
§Wwl T@7 &.B237  8.82098 9.0166
S¥-1 857 %.8488 g.83287¢ #.9175
%5 19 B.0348 &.83252 3.9228
W5 15* 2.06824 #8400 &.8351
.5 23 #.1962 B.97488 Q. 0437
SW.£ 257 #2367 B.22342 g.o170
5w-5 33° B.9194 2.o8288 3.2608
SwW-5 44%°* B.9845 g.85818 B.04%7
Sw-5 57 #.08399 @.21763 g.gire
SW-5 83° 8. 9718 &.96830 B.8393
SW-§ 7@ §.1881 9.29838 . 2043
SW-5 784 g.8241 9.924%a &.2188

necessary to wet-sigve these sampies to remove the fine grains from the
targer ones for a more accurate particle analysis. The sieve analysis was
done in accordance with ASTM procedure D 422 {ASTM 1986b) and Uebelacker
{1985).

FIELD MOISTURE CONTENT

Field moisture content was determined on all samples taken above the
water table. In the field, samples for field moisiure content were placed in
air tight containers, taped, and placed in plastic bags. In the lab, after
the plastic bag and tape were removed, the entire container of soil was
weighed and dried to determine the water content {Table D.5}. This was done
in accordance with ASTM procedure D 2216 {ASTM 1986a).
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TABLE D.4. Particie-Size Distributign

PERCENT OF SAMPLE PASSING

Sample 2.6 mm 1.06 mm ©.50 mm ©.25 mm 2.125 mm 3.063 mm
SW-1 5§’ 100.80 99,980 98.38 70.84 18.84 4,20
SW-1 10° 99.96 98.058 54.19 9.23 4.94 2.41
SW-1 11° 99.88 95.080 76.82  52.93 23,58 5.27
SW-1 15° 99.82 95.578 65.44 18.26 8.43 3.33
SW-1 25° 106.80 $9.560 86.47 15.42 5,77 3,13
SW-1 30° 98.80 B83.488 36.33 9.77 4.28 1.78
SW-1 31° 99.88 99.768 99.51 98.84 85.87 32.41
SW-1 35° 99.78  97.452 88.88  62.72 33.33 18.84
SW-1 37.5°’ 99.95 99.9500 99.56  98.49 87.99 38.74
SW-1 38.5° 96,21 91.888  68.86  33.78 20.71 9.56
SW-1 4@’ 96.47 B82.898  43.28 18.95 9.19 5.18
SW-1 5@° 84.89 58.520 16.78 8.87 8.48 3,58
SW-1 52.5° 72.22 40.890 11.04 5.12 3.48 1.82
SW-1 86° 99.38 95,190 87.94 17.42 8.48 3.68
Sw-1 78* 95.08 84.850 58.19  10.89 3.9l 1.42
SW-1 78° 77.48 38.318 18.84 19.18 8.21 4.19
SW-1 85° 88.24 38.978  21.94 12.38 7.80 5.48
SW~-1 108’ 71.89 55.978  44.84 35.74 34.83 24 .80
SW-1 110’ 71.72 §7.933  468.8¢  38.07 38.12 26,08
SW-1 120° 98.78 92.588 64,77 38,03 32.96 26,38
SW-1 1130’ 91.34 82.858  T4.71 68.78 87.39 82.70
SW-1 145° 81.27 62.288  32.38 20,44 18.87 11.44
SW-2 5° 98.93 79.790 20,81 8,88 4.25 2.27
SW2 15° 16.8¢ 99.156  95.31 80.30 55.32 13.89
SW-2 24-25.5’ 97.28 989.292 48,83 8.98 4.095 2.59
SW-2 48° 190.00 94.500 37.94 8.71 2.92 1.28
5W-2 55-56.5° 84.76 58.89¢ 25,38 14.45 16.33 8.42
SW-2 59-80° 1890.00 99.890 99,43 87.55 26.15 7.41
SW-2 78.5° 70.26 38.360 22.84 16,54 11.53 8.28
SW-2 85’ 43.57 38.140 21.30 14.88 19.89 7.58
SW-2 96’ 46.74  32.468 23.15 15.89 11.18 7.78
SW-2 186’ 53.23 44.260 37.98 3l.88 36.52 25.24
SW-2 115’ '48.98  37.050 29.29  22.18 21.42 14.38
SW-2 125’ 88.08 55.822 46.40 30.56 38.84 27.01
SW-2 135’ 75.72 62.880 52.863  42.83 35.99 29.20
SW-3 10.5’ 99.82 89.790 22.77 4,72 2.97 1.38
SW-3 25° 100.00 99.870  98.44 78.51 32.35 15.18
5W-3 35’ 98.55 94.178 74.28  18.78 4.49 2.01
SW-3 40’ 98.46 88.108 48.50  14.58 5.74 3.28
SW-3 59’ 82.88  49.948 13.82 5.89 3.98 2.22
SW-3 8o’ 96.71 56.440 12.19 3.33 2.13 1.85
SW-3 70’ 98.92 89.858  48.58 14.09 5.47 2.78
SW-3 8o’ 27.28  19.548 14.83 12.88 8.17 8.17
SW-3 908’ $5.30 43.648  33.38 24.31 18.09 12.95
SW-3 100’ 43.78 32.848  24.52 17.98 13.41 9.31
SW-3 115’ 48.79 40.578 33.12  25.21 23.45 15. 40
SW-3 131° 78.36 57.13@  46.9S 36.38 29.81 23.38
SW-3 148° 94.87 ©4.556 83.568  33.83 21.97 8.44
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TABLE D.4. ({contd)

PERCENT OF SAMPLE PASSING

Ssmgila 2.8 Tm 1.5 mr E.50 mx $.25 an B, 128 mm 2083 mm
w_‘_ A - -« o wa
gw" %g) gg%g ;g-gfg 17.42 %.848 2.48 &, 8%
Su-d 15> 9918 96.840 B5.78  6.eg 4399 14.38
SHed 170 87.17 §1.19  33.27  19.82 11.4¢ 448
Su-4 257 5318 83.01 31.12 .58 4.9 1.74
Sw-e 28] 34'14 ’Eg‘z ] 87,42 3.7y 12.2p 5.03
g4 58 84.14 §3‘§§§ 1546 448 2.28 1.38
St 76 v9.26 2.7 80.28  27.83 18,73 .87
SH-4 86 99.94 99.943 9972 37.02 §7.29 21.28
sw-4 582, 32.96 27.088  2.89 1853 12.23 7.37
SH-4 15 §9.79  41.62 38.54  27.18 2800 17.97
S¥es 115" 69,73 5. 7 3833 28,18 28,32 17.87
$¥-4 135 8087 Selsee 3118 sesy sagic eSS
SWed 145° 81.88 37.718  17.p4  12.87 132%5 12'22
. *
fEh pEomm onmo e us s
sw- e 782 78 18.33 a.e1 280 5. 04
S5 13 180.56 718 89.18  26.8% .66 2,99
S¥-5 28° 9919 gg'ggg gg'gg sg,gg ERT 3¢+
-5 28" ) ) . . 2.13 .
§§_§ 23 169.00  99.538  93.68 @213 54.34 12 gg
sw-5 25" sz.gg ga,sze 17.11 3.20 1.88 5.82
s¥- 38 92.73 9§,§§a 42.38  18.21 8.14 7.77
$H-5 33 99.44  97.2 2  SB8.85«  79.77 §7.48 11,81
Sh-5 35 §9.5¢  St.60¢  57.23 8.1a 3.33 1.22
Shes 42 9835 87.126  21.18 6.24 4,03 1.589
S8 45 39.99 95.756  97.23 6214 21,28 8.65
$e-5 56 g7.60 818 27.10 .83 £.29 1.982
sw-s £7; 2283 gg.zsﬁ 53.82 14,45 7.13 2.78
S¥-s 62 120.40 $3.986  98.11  28.32 8.5 2.88
SU-5 3° 63.00 199.000  99.58  37.51 57.47 21.71
Sw-s g5 g8.4s st §3.95  28.1% 7.83 3.26
sw-¢ 7 99.68  96.296  88.81  73.1e #4.35 31.87
W5 85’ se.ar  drate 3w .03 2888 518
SW.5 95° B6.14 49.918 ©  39.48  31.68 30,12 21 87
- ’ . . . 3.12 .87
E:Lg iég* ;g‘gg ;g,gsa 33.48  25.17 23,50 fé.gﬁ
SW.5 135¢ 84,53 7212?3 :g‘ié gg'?i gg'fé e
W5 141’ £3.31 233.83¢  19.49  11.83 11,20 i
23:2 ie; §9.00  98.88 241 4879 13.64 1.22
Se-8 15 (3731 ar.ses  3sap 1028 5.39 3.82
s¥-8 28 2600 . 97,22  51.14 16,84 3,49
S¥-¢ 36 96.28 e9.840  15.81 $.13 3.85 1.18
sh-s ga’ g8.0e  95.840 7627  31.77 17.86 &, 58
s-6 g6 99.36  39.340 95.38  9p.27 8. a8 37.49
Sh-8 &5 9584 098  29.88  1e.38 .42 2,34
$u-8 85 85.45 65. 543 27,88 Y 88 8.17 2.589
S¥H-8 96" 33.26 §§'§§§ 74 .51 48.67 29,18 12.82
sw-8 195" .76 31.gea 2888 2211 21.56 15.88
SH8 138° $5.80 12.130 35 sk %568 3239 %8
SW-8 143° 75,38 61.860  35.59 o4 .04 32 07 4
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SAMPLE FIELD H20D
Sw-1 8° 2.77
SW-1 8’ 4.38
Sw-1 1@’ 5.04
Sw-1 11° 9.88
SW-1 16’ .47
Sw-1 2¢' 4.33
Sw-1 28° 4.02
Sw-1 39° 3.099
Sw-1 31! 9.32
Sw-1 32.57 4.87
Sw-1 38’ €.83
SW-1 37.5° 9.99
SW-1 38.5° 2.56
Sw-1 48’ 2.4
SW-1 4B' 2.18
Sw-1 B8 2.27
Sw-1 62.5 2.31
SW-1 66’ 2.28
Sw-1 &8’ 3.18
SwW-1 8E* 2.47
Sw-1 787 2.73
Sw-1 76’ 2.21
SW-1 88’ 2.22
Sw-1 85° 2.18
SwW-2 2-4° 2,72
Sw-2 B’ 3.09
SW-2 18° 4.23
SwW-2 16-167 20.39
Sw-2 28-21° 8.22
SW-2 24-26.5° 5.29
Sw-2 29-38° 6.45
SW-2 34.5-35.5° 5.37
SW-2 49’ 3.47
SW-2 44-45° 3.08
SW-2 B3’ 2.44
SW-2 56-56.5° 2.48
SW-2 59-88’ 6.79
SW-2 65’ 2.08
Sw-2 68’ 2.02
Sw-2 78.5° 2.07
Sw-2 75° 1.594
Sw-2 8@’ i1.81
SW-2 85’ 2.81
Sw-2 9o’ 2.24
Sw-2 85’ 2.54
SW-3 5 3.7
Sw-3 18.5° 4.68
Sw-3 15° 4.40
SW-3 29° 4.47
SW-3 28’ 2.8
Sw-1 3g’ 4.05
Sw-3 a5’ 3.37
SN-3 48’ 5.82
SW-3 45’ 31.88
Sw-3 &2’ 2.32
Sw-3 SB’ 2.32

TABLE D.5.

CDNTENT (wt%)

0.7

Field Moisture Contents

SAMPLE FIELD H20D
CONTENT (wtk)
SwW-3 88’ 2.39
Sw-3 &5’ 2.19
SW-3 70° 2.49
SW-3 75 2.a3
S%-3 BO* 1.82
Sw-3 95’ 1.82
Sw-3 8¢ 2.78
SW-3 9B° 1.78
5W-3 1087 1.7
Sw-3 105’ 3.85
5W-4 B° 3.38
Sw-4 19° 3.62
Sw-4 13! 9.28
5w-4 1B' 15.62
Sw-4 177 8.86
SwW-4 28’ 1d.82
SW-4 21-22° 4. 84
Sw-4 26’ 3.38
Sw-4 28-27° 6.44
Sw-4 28-29' 12.44
SW-4 38° 12.81
Sw-4 36’ 7.88
SW-4 48’ 3.96
SW-4 4B 2.81
SW-4 BB’ 2,24
SW-4 BB’ 2.24
SW-4 89’'-A 2.95
Sw-4 84°-B 2.75
S5W-4 85’ 2,84
SwW-4 78° 2.18
SW-4 757 2.08
Sw-4 88° 6.83
SW-4 86’ 8.26
SW-4 87° 3.91
SW-4 92° 2.28
SW-6 5° 3.87
Sw-5 7° 3.68
Sw-6 19’ 3.61
SwW-6 13° 4.51
‘SW-6 15’ 12.98
SW-5 18° 6.18
SW-5 20° 5.456
SW-6 23 22.87
SW-6 25’ 4.17
SW-E aa*’ 9.87
SW-5 33° 15.39
SW-B 36’ 5.39
SW-6 48’ 4.1
SW-6 43 7.87
SW-6 45’ B.74
SW-6 48° 3.03
Sw-5 &’ 3.39
Sw-5 5B 3.23
Sw-5 57’ 4.38
SW-b 80’ 4.94
SW-5 &3° 9.95

SAMPLE

SW-6
SW-6
S5W-6
SW-E
5w-6
SW-E
SW-8
5w-8
5w-8
Sw-¢
Sw-¢
SW-8
S5w-8
SwW-6
SW-6
Sw-8
SW-6
SwW-8
SwW-8
Sw-6
SW-8
Sw-8
SW-8
Sw-8
Sw-8
SW-6
SW-é

85’
87’
T8
72.5°
76’
78°
5,
12’
12°
15’
28’
26°
3@
36’
38’
49’
45’
47
1M
EE’
se’
e’
85*
12’
76°
Bd’
85’

FIELD H20
CONTENT (wtX)

4.56
15.47
16,57

3.72

2.88

3.13

4.08

4.20

4.85
.87
.05
.17
.22
.89
.31
.36
.93

6.92

.16
1B.24

4.55

5.29

4.28

4.85

3.78

3.42

3.81
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APPENDIX &

AQUIFER TESTING, WELL CONSTRUCTION SUMMARY, AND WATER LEVEL DATA

During 1987, two aguifer tesis were performed at the Selid Waste lLand-
111 {SWL} during installation of the ground-water monitoring network, These
were single well tests in that nearby observation wells were not driiled spe-
cifically for aguifer test purposes. Instead, previously drilied menitoring
wells were used for ohservation during the aquifer tests. The first aguifer
test was conducted at well €99-24-34A with well 899-23-34 as the observation
well; the second aquifer test was at well £99-24-35 with well 6599-24-34A ag
the observation well.

This appendix includes a discussion, summary, and the field data shaets
for each aguifer test; water level measurements taken from 8pril to Sepiember
for each SWL well are also provided.

F.1 AQUIFER TEST DESIGH

The aguifer tests were designed to stress the sguifer as much as pos-
sible by pumping at a maximum discharge rate and measuring changes in water
levels in the pumped well and the nearest monittoring well, which was used as
an ¢bservation well, These were single well tests in that nearby ophservaiion
weils were not drillied specifically for aquifer test purposes. The constant-
discharge tests were conducted by first placing a turbine pump in a well
driilled to depth. A temporary 10-in. dia. casing and & parmanant No. 40
siot, 10 in, dia. continuous-wound stainless-steel telsscoping scroen were
instailed approximately 5 ft above the water table and about 1D ft dnto the
aquifer. The screen was exposed ts the farmation by backpulling the drive
casing.

The wells were planned to be pumped at a censtant-discharge rate for up
te 8 h. Water Tevels were monitored during the drawdown period of pumping
and, subsequently, during the recovery of the water jevels afier pumping was
terminated.



The aquifer tests were preceded first by bailing and then by a pumping
period to develop the well and determine the optimal discharge rate and
anticipated drawdewn. The wells were developed for up to 2 h by pumping at
variable discharge rates begimning with a low rate and increasing the rate in
an incremental step-Tike manner. A1l data pertaining to the development of
the well were recorded on the field data sheets along with the actual aquifer
test data.

Water samples were not collected before, during, or after agquifer test-
ing for chemistry analyses. The SWL wells were installed before the 200 Area
wells, which encountered carbon tetrachloride contamination during the drill-
ing phase. The information provided by the operafions contractor concerning
Tandfill operations did not indicate any hazardous materials had been dis-
charged to the SWL, and no water analyses ware planned before initiation of
the ground-water menitoring phase.

E.1.1 Data Collsciion Methods and Eguipment

Data collected during the aquifer tests conducted on the weils at the
SL¥ may be considered in two categories: discharge-rate measurements and
water-ieve] mgasurements,

E.1.1.1 Bischarqe-Rate Measurements

ischarge was measured with an in-iine Precision® fiowmeter No. 8337808
and corroborated with either a 4- or 5-in. orifice mounted on an 8-in. dis-
charge pipe. The meter reading was recorded at the start of pumping and
again after the pump had been siopped. An attempt was made to maintain dis-
charge at a constant rate with variations of no more than + or - 10%. MWater
was discharged at a distance sufficient to prevent possible recharge to the
aquifer during the period of the aguifer fest, normally at least 1000 ft from
the pumping and ohservation well{s). The toial quantity of water discharged
is recorded on ihe aquifer-test data sheets in this appendix.

£.2



£.1.1.2 Hater-ievel Measurements

Water Jevels were measured manually with an electric sounding tape
{E-tape) and a steel tape, incremented in 17100 of ft. The steel tape was
used primarily to obtain absoluie measurements at ihe begimning and end of

each test.

£.2 AQUIFER TEST FOR WELL 699-24-34A

Rell £98-24-34A, with a total depth of 141.5 ft, was installed within
the top 13 ft of the uppermost hydrosiratigraphic unit, approximately 50 to
70 ft thick at this location {Weeks, Luttreld, and Fuchs 1987)., For aguifer
testing, & temporary 10-in. dia. casing and & permanent telescoping screen
was set fram 137.% to 122.5 f1. Well £99-23-33, located 4062 i distant from
the pumped well, was measured during the itesting of well 533-24-344, Well
666-23-34 was completad with 158 f1 of screen set from 136 to 121 L. Appen-
dix B summarizes the stratigraphy and well consiruction for sach weil.

On January 31, 1887, well 699-24-34A was develcped by step-pumping for
2.7% h. The pump intake was sei at approximately 137 ft below the land sur-
face during the step-drawdown and constant-discharge tests. Water-level mea-
'surements were made from the top of the casing when the s1i{l1ling hose
suspended in the well was pinched off against the side of the casing by the
turbine pump. The static water level in well 6399-24-34A was 127.08 ft below
land surface {404.15 ft asbove mean sea level {ms1)] at the time of the
constant-discharge test, on the same day. Before the constant-discharge
test, the static water ievel was 126.30 ft {404.20 1 above msl1) below the
Tand surface in the observation wel)l {689.23.34),

£.2.1 Description of the Aguifer Test

The constant-discharge pumping test was conducted January 31, 1987. The
water level was measured manually with E-tapes dedicated te both the pumped
well and the observation well., Flow rates during the test were measured with
the PrecisionR flow meter and a 4-in. orifice at the end of an 8-in. dis-
charge pipe. Flow measurements were recorded primarily using the flow meter,
and the measurements were corroborated by the height water rese ip a piezo-
meter tube set back from the orifice opening.
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The flow-meter measurements are considered to be more accurate in this
particular instance because of the water loss between the pump and the ori-
fice at the end of the discharge line. The total discharge volume during the
test was approximately 30,000 gal; when divided by 43 min of pumping, this
gives a value of 700 gpm. The discharge rate was monitored throughout the
pumping phase of the aquifer test. The pumping rate apparently did not vary
more than 20 gpm during the test, a variation of less than 3%. The discharge
data are documented on the field data collection sheets presented in the back
of this section. The water from the test was discharged about 1000 ft down-
gradient from the pumped well.

The pumping was terminated after 43 min because water levels had appar-
ently equilibrated in the pumping well and the generator driving the turbine
pump was overheating. The maximum drawdown was 0.56 ft at the time pumping
stopped. The specific capacity of well 699-24-34A was approximately
1250 gpm/ft. Well 699-23-34 did not provide data useful for calculating
aquifer characteristics,

Water levels were observed in the pumping and observation wells imme-
diately following termination of pumping. The observation well did not show
any change in water level following cessation of pumping. The water level in
the pumped well recovered above the static level by 0.04 ft within 30 s of
pump shutoff and 0.09 ft within 1 min of pump shutoff. The water level fluc-
tuated from 0.01 to 0.14 ft above static for the 60 min during which recovery
was measured. Because of the fluctuations and sudden recovery in the pumped
well and the lack of visible effects of pumping on the observation well,
recovery measurements could not be used to determine aquifer coefficients.

£.2.2 Transmissivity Calculations for the Drawdown Test

Although the drawdown in well 699-24-34A was only 0.56 ft, corrections
are probably required for collected data because the well penetrated 15 ft of
the aquifer’s total saturated thickness of approximately 60 ft; these correc-
tions would only be necessary if the unconfined aquifer ranged from the
static water table to the top of the Ringold Formation and the layer depth
was correlated from nearby wells. However, after briefly examining the data
and applying Jacob’s equation {Jacob 1963}, the maximum drawdown of 0.56 ft
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wouid be corrected to 0.5574 ft, suggesting little difference between cor-
rected and uncorrected water levels. Therefore, the data were not corrected
for partial penetration.

The data considered most representative of the aquifer are taken during
the latter portion of the test, unless some hydraulic boundary is encoun-
tered. For this test, an attempt was made to analyze data for the period
from 1.5 to 43 min. Plotied water-level data earlijer than 1.5 min into the
test indicate pumping rate adjustments or borehole storage effects. The
plotted data from the drawdown-versus-time curve fall on the flattened por-
tion of the Theis-type curve (Theis 1963), which makes it difficult to inter-
pret. However, a least-squares analysis was done on the drawdown data and a
regression line drawn and matched to the Theis-type curve. Transmissivity is
approximately 360,000 ftz/d. Test results are shown in Figure E.1.

Because water levels in the observation well did not respond to the
pumping of well 699-24-34A, storativity values could not be calculated. A

100
O Linear Regression Data 360,000 flzfday
® Aquifer Test Data Wiu) = 10
s =03ft
0E t = 2 min
E 1/u = 1E+08
= R
§ e
2 F A ml cusaomd®
o B
0.1
0.01 bl L Lo L Lol Lot lien
0.01 0.1 1 10 100

Time (min}

FIGURE E.1. Aquifer Test Results for Well 699-24-34A
Based on the Theis-Type Curve
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line could be fitied to the data using the Cooper-Jacob {Coopor and Jaceb
1946) method only by fitting a trend Tine delermined by a Teast-sguares fit
{as is evident from the semilogarithmic plot of the drawdown data presented
in Figure E£.1). A Vine drawn to match the least-sguares trend indicates a
transmissivity of about 350,060 ftzfd {Figure £.2}.

A specific capacity approximation was also used to estimate the trans-
missivity from data collected during this aquifer test. The specific capac-
ity approximation of transmissivity is given by the formula from Theis
(1963):

T" = gstimated transmissivity of the well {gpd/fi}
T =0/ (K - 264 1og16 55 ¢ Zagla t)

where T° it the estimated fransmissivity of the well {(gpd/ft)
¢ is the discharge rate, in gpm
s is the drawdown, in ft
K is a constant to ebtain transmissivity from specific capacity
5 is the storativity of the aquifer, dimensionless
t is the duration of the pumping period, in days.

If the storativity is estimated 3t 0.1, t is 43 min or 0.03 d, and the well
screen 15 10 in, in diameter; then the following formula may be written:

T’ = 700 gpm/0.56 £t [1,575 - 264 log {5 x 0.1} + 264 log 0.03]
T/ = 1,250 gpm/$t {1,575 + 79 - 402)

T/ = 1,250 (1,575 - 323) gpd/ft

T = 1,250 x 1,252 gpd/ft = 1.565 x 108 gpd/ft

T' = 210,000 ft2/day

The astimated transmissivily using the Jacob modification of the Thels non-
sguitibrium formula {Jacoh 1963a,b) would resyll in & value of 250,000 ftézd
if the same parameters are used as for the above estimate.
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FIGURE E.2. Aquifer Test Data for Well 69%-24-34A Based on the
Cooper-Jacob {modified Theis) Method of Analysis

No data for the aquifer test could be pioited because of the quick
response and fluctuations in the pumped well and the lack of response in the

gbservation well. The water level in the pumped weli recoverad within 30 sac
of the time the pump was shul off.

An average transmissivity of 300,000 ft2/d was calculated from the draw-
down data by using cyrve-matching and straight-line amalytical methods and a
specific capacity estimation. The recovery data could nof be analyzed
because the water level recovered too guickly. The turve-matching and
straight-1ine methods gave transmissivities of 360,000 and 350,000 fté/d,
respectively. The estimated fransmissivity calculated from the specific
capacity is 210,000 to 290,000 ft/d. The hydraulic conductivity for the
unconfined aquifer at well 6989-24-344 s approximately 3500 to 6000 fi/d,
and averages 5,000 ft/d, if the aguifer thickness is aboult 80 fi at this
location, The aquifer testing data and the construction data for well

599-24-34A are swmmarized n ithe next section. The field data are presented
afier that.
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E.2.3 Aguifer Testing and Well Comstruction Summary
WELL: 599-24-34A (5H-3) DATE OF TEST: 1/31/87

LAND SURFACE DATUM {L3SD} ELEVATION (ft above MSL}: 531,71
{brass cap) -

TGP OF CASING (ft above MSL): 533.89

STATIC WATER LEVEL {date of test): 127.06 ft below LSD
ELEVATION: 404.15 ft ahove MSL

MAXIMUM PUMPING WATER LEVEL: 127.62 ft below LSD
ELEVATION: 403.59 ft above MSL

MAXIMUM ORAKDOWN: 0.56 ft

PUMPING RATE: 700 gpm

PUMPING TIME: 43 min TOTAL DISCHARGE: »30,000 gal

ESTIMATED DEPTH T0:

TOP OF (LAY 210 ft below LSO 321.71 f1 above MSL
(Weeks, Luttrell, and Fuchs 1987)

ESTIMATED THICKNESS OF AQUIFER: &0 ft (18.3 m)
{Weeks, Luttrell, and Fuchs 1987

TOP OF SCREEN: 122.5 ft below LSD ELEVATION: 409.21 ft above MSL
SOTTOM OF SCUREEN: 137.0 11 below LSD ELEVATION: 394.21 ft above M50
OBSERVATION WELLS:

#1 Well 699-23-34 {S¥W-2} 0P OF SCREEN: 121 ft

BOTTOM OF SCREEN: 136 ft
DISTANCE FROM PUMPED WELL: 402 ft

E.8



Aguifer Test Data Summary

PARAMETER PUMPED WELL
DRAWDOWN

TRANSMISSIVITY;
ft=/d (m~/d}

Specific Capacity
Estimation 250,000 {23,225}
{Theis) ft (m)
RECOVERY

TRANSMISSIVITY:

ft2/d (mé/d)

PROBABLE VALUE 250,000 (23,225)
ft/d (ml/d)

STORATIVITY:

CONDUCTIVITY: 4200 (1281)

ft/d (m/d)

E.9
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E.3 AQUIFER TEST FOR WELL 699-24-35

Well 699-24-35 was tested at an average pumping rate of 760 gpm for
120 min. Appendix B illustrates the site stratigraphy and well construction
at well 699-24-35. The screen was set from 128 to 143 ft. Well 699-24-34A,
approximately 1000 ft distant from well 699-24-35, was used as an observation
well while pumping well 699-24-35. Well 699-24-34A was completed with 15 ft
of screen set from 122.5 to 137.5 ft, as documented in Appendix B.

On February 18, 1987, the well was developed by step-pumping for approx-
imately 60 min until the radiator on the generator overheated. Development
was continued for another 70 min on February 20, 1987. The pump intake was
set at approximately 141.5 ft below the land surface during the step-drawdown
and constant-discharge tests. Discharge was measured with a PrecisionR flow
meter No. 8337808 and corroborated with a 5-in. orifice and an 8-in. dis-
charge pipe. .The water from the test was discharged nearly 1000 ft down-
gradient from the pumped well.

Water Tevels were measured by an E-tape and recorded manually. Measure-
ments were taken from the top of a stiiling hose suspended in the well. The
static water level in well 699-24-35 was 132.45 ft below the land surface
(404.07 ft above ms1) measured at the time of the constant-discharge test.
Before the constant-discharge test, static water level in well 699-24-34A was
127.53 ft (404.18 ft above msl) below the land surface.

The constant-discharge pumping test was conducted on February 20, 1987.
Water Tevels were measured manually using E-tapes dedicated to the pumped
well and the observation well. The pumping was terminated after 120 min
because water levels had apparently equilibrated in the pumped well. The
maximum drawdown was 1.19 ft at the time pumping stopped. The specific
capacity of well 699-24-35 was approximately 640 gpm/ft. Observation well
699-24-34A did not provide data useful for calculating aquifer coefficients.

Flow rates during the test were measured with a 5-in. orifice at the end
of an 8-in. discharge pipe and the Precision® flow meter. Flow measurements
were recorded primarily using the flow meter, and measurements were corrobo-
rated by the height water rose in a piezometer tube set back from the orifice
opening. The flow meter measurements are considered to be more accurate, in

£E.18



this particular instance, because of the loss of water between the pump and
the orifice at the end of the discharge line. The fotal discharge in the
test was approximately 91,000 gal, which, when divided by the 120 min of
pumping, gives & figure of 760 gpm. The discharge rate was monilored
throughout the pumping phase of the aquifer test. The pumping vate appar-
ently d1d nol vary more than 40 gpm during the test, & variation of less than
6%. The discharge data are documented on field data collection sheets at the
end of this section.

Water levels were observed in the pumping well and the observation well
immediately following termination of pumping. The observation well did not
show any changs in waler level following cessation of pumping. The water
Tevel in the pumped well recovered and equilibrated at a static water level
§.04 ft below the original static Tevel within 2 min of the start of recovery
measurements. After the initial 30 s of recovery, water levels fluctuated
only O,uz ¥¢ below the avigine] static Tevel for the entire 30 min recovery
was measured. Because of the sudden recovery to a static water level in the
pumped well and the lack of visible effects of pumping on the chservation
well, recovery measurements could not be used to determine aguifer
coafficients,

£.3.1 Transmissivity Calculations for fhe Drawdown Test

The maximum drawdown in wall 699-24.35 wa¢ 1.19 ft, and corrections to
the collected data were necessary because the well oniy partially penetrated
the aguifer’s total salurated thickness of approximately 60 fi. Howaver,
after briefly examining the data and appiying Jacob’s equation (Jacob
1963a,b} and Hantush’s {1984) correction, the maximum drawdown of 1.19 fL.
would be corrected to 1.18 ft, suggesiting very 1ittle differance beiween
corrected and uncorrected water levels. Therefore, corvections were not
applied to the data collectied from this well,

The Theis {1935) and Cooper-Jaceb {modified Theis) (Cooper 1963) methods
are used to anaiyze portions of the drawdown data. The Theis plot of the
drawdown data is presested in Figure [£.3. The assumptions are the same as

E.1%
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those mentioned for the previous tsst. For this test, data are anatyzed for
the period from 10 to 100 min, Plotted water-level data earlier than 10 min
into the test indicate pumping rate adjustmenis or borehole storage effects.
The plotted data from the drawdown-versus-time curve fall on the flattened
portion of the Theis iype curve, which makes it difficult to interpret.
However, & transmissivity was determined by this method of anaiysis. The
fransmissivity calculated using the Theis curve matching method is

230,000 Ft2/d. The transmissivity calculated using the Cooper-Jacob method
is 276,900 ftz/di The Cooper-Jacob semilogarithmic giot of the drawdown data
is presented in Figure E.4.

Recovery data were not plotted because of the quick response and equiii-
bration in the pumped well and the lack of response in the observation well.
The water level in the pumped well recovered to its approximate initial sta-
tic tevel within 30 s of the time the pump was shut off.

The aquifer testing data and the construction data for well 699-24-35
are summarized in the next section. The Lransmissivity ranges from 230,000
to 270,000 fté/d. The average transmissivity is approximately
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FIGURE E.4. Aquifer Test Data for Well 699-24-35 Based on the
Cooper-Jacob (Modified Theis) Method of Analysis

250,000 ftZ/day.

If the highly transmissive Hanford formation is considered

to have an aquifer thickness of 60 ft, the average hydraulic conductivity is
4200 ft/d, similar to that reported by Weeks, Luttrell and Fuchs (1987).
Field data are presented at the end of this appendix.
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£.3.2 Aquifer Testing and Well Construction Susmary

WELL: 899-24-35% (SW-1} DATE OF TEST: 2/20/87

LAND SURFACE DATUM (1sd) ELEVATION (ft above MSL): 536.52
(brass cap}

TOR OF CASING {ft above MSL): §$38.81

STATIC WATER LEVEL (date of test): 132.45 ¥t below LSD
ELEVATION: 404.07 ft ahove MSL

MAXIMUM PUMPING WATER LEVEL: 133.84 ft below LSD
ELEVATION: 402.88 ft above MSL

MAXIMUM DRAWDOWN: 1.1% ft

PUMPING RATE: 7860 gpm

PUMPING TIME: 120 min  TOTAL DISCHARGE: 91,000 gal

ESTIMATED DEPTH T0:

0P OF CLAY: 210 ft below LS8 326.57 ft above MSL

TGP OF BASALT: 142 Tt below LSD  243.62 ft above MSL

ESTIMATED THICKNESS OF AQUIFER: 60 ft {18.3 m)

TOP OF SCREEN: 128 ft below LSD  ELEVATION: 408.52 ft above MSL

BOTTOM OF SCREEN: 143 ft below LSD ELEVATION: 393,52 ft above MSL

OBSERYATION WELLS:
#1 Well B£99-24-34A {S¥-3) TOP OF SCREEN: 122.5 ft

BOTTOM OF SCREEN: 137.5 ft
DISTANCE FROM PUMPED WELL: 402 ft

£.22



Aquifer Test Data Summary

PARAMETER PUMPED WELL
DRAWDOWN

TRANSMISSIVITY;
£t2/d (mé/d)

Curve Match 230,000 {21,367)
{Theis)
W(u) = 10
1/u = 3.5E49
s (ft) = 0.5
t {min) = 10
Q (gpm) = 760
Straight-Line
Semilog Plot 270,000 (25,083)

{Cooper-Jacob) ft {m)
RECOVERY

TRANSMISSIVITY:
ft2/d (m¢/d)

PROBABLE VALUE 250,000 {23,225)
fté/d (mé/d)

STORATIVITY:

CONDUCTIVITY: 4200 (1281)

ft/d (m/d)

E.23
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Aquifer Test Data
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E.4 WATER LEVEL DATA

Table E.1 lists water level data collected April through September 1988
for SWL wells. The 6 under the well name stands for 699.

TABLE E.1. Water Level Measurements at the Solid Waste Landfill

Casing Depth Water

Well Elevation Collection to Water Table
Name (ft above MSL} Date {ft) {ft above MSL)

6-20-20 505.58 01APRES 103.17 402.41

09MAY88 103.14 402.44

02JUN88 103.17 402.41

07JUL88 103.17 402.41

29JUL88 103.14 402 .44

02SEP88 103.05 402.53

6-20-39 539.98 01APR88 135.13 404 .85

09MAY88 135.43 404.55

02JUNS8 135.39 404 .59

07JUL88 135.34 404 .64

29JuL 88 135.26 404.72

025SEP88 135.25 404.73

6-23-34 532.86 01APR88 128.26 404 .60

O9MAYSS8 128.44 404.42

02JUN8S 128.52 404 .34

07JuUL88 128.33 404 .53

29JUL88 128.28 404 .58

02SEP88 128.18 404 .68

6-24-33 524.21 01APR88 119.70 404.51

09MAYB8 119.89 404.32

02JUNB8 119.96 404,25

07JUL88 119.78 404 .43

29JUL88 119.73 404 .48

02SEP88 119.63 404.58

6-24-34A 533.89 01APRE8 129.29 404 .60

09MAYE8 125.4¢6 404 .43

02JUN8B8 129.55 404 .34

07JUL88 129.35 404 .54

29JUL88 129.30 404.59

02SEP88 129.20 404 .69

6-24-348 533,50 01APR88 128.88 404 .62

Q09MAY88 129.06 404 .44

02JUNB8 129.15 404 .35

07JUL88 128.94 404 .56
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TABLE E.1. ({contd)

{asing Depth Water

Well Elevation Coliection to Water Table
Name {f1 aboye MSL} Date {ft) (ft above MSL}

239Ju1 88 128.%0 404 .60

GZSEP8S 128.78 404.71

6-24-34C 532.58 G1APRES 127 .98 434,80

{8MAYASR 128.15 404 .43

2JURSE 128.24 404,34

gratiLes 128.04 404.54

280188 128.00 404.58

02sepas 127.89 404.65

§-24-38 538.81 QIAPRBS 134,15 404 .66

GUMAYSES 124.34 304.47

GZ.IUNBS 134,42 404 .29

g7JyLas 134.21 404 .60

25JuLeR 134.17 404,64

G25eP88 134.06 §04.7%

§-25-348 $29.13 Q1APR8E 124.53 404.60

OSMAY S8 124,70 404 .43

02JUNSR 124.79 404 .34

GrauLe8 124.58 404 .55

2531188 124 .54 404.59

0258P88 124.44 404 .69

65-25.34C 535.45 QIAPRES 130.84 404 A2

(OMAYRS 131,02 404 .44

02JUN88 131,10 404 .38

Q7JUi88 130.9] 404 55

29J.88 136.86 40G4.50

02SEPSS 130.7¢6 404.70

5-26-33 535 .49 G1APRSS 136.%¢ 494 .59

EMAYSS 131.08 404,43

2JUNBS 131.15 a44 .24

g7JuLes 130.94 404 .55

29JUL88 130.50 404,59

p2sepPes 130.79 404 .78

6-26~34 528.08 D1APRER 123,46 404 .63

09MAYES 123.6¢ 404.47

02JUNBS 123.72 404 .37

Q7JUL B8 17%.4% 404.580

29.Ji1.88 123.46 404,453

025EP88 123.33 406. 76
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TABLE £.1. {contd}

fasing Depth Yater

Well flevation Collection i{o Water Table
Name {ft above MSL} Date {ft) {ft aboye M5}

6-26~354 £32.37 {1APRSS 127.66 404.71

OSQMAYBS 127.87 404.5%0

{2JuNgs 127.95 404,42

473t188 127.73 404 .84

25301 88 127.69 404.68

pzstpag 127 .58 404,749

6-28-40 854,44 " Q1APRB8 154 .23 405.21

OgMAYAR 154 .58 404 .86

{7 uNas 154,89 404,85

07JULS8 154.33 405.11

25JU188 154.32 405.12

$25EP88 i54.1¢9 4905.25

£-31-31 529.32 QiAPRBE 124.74 404,58

QoMAYES 124.93 404 .39

N2JUNBS 125.01 404 .31

07JULES 124.8¢ 404 .52

24930188 124.7¢ 404 .56

0Z2SEPE8 174,865 404 .87

5-34-384 537.07 G1APRES 131.7 4035, 37

GYMAYSS 132.04 405.03

(G23UNB8 132.09 404.98

G73UL88 131.70 405,37

2831188 131.78 405,249

£25Epag 131.53 405,54
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APPENDIX F

RAW ANALYTICAL DATA FOR GROUND-WATER SAMPLES
COLLECTED FROM WELLS AT THE SOLID WASTE EANDFILL

F.1 SUMMARY OF ANALYTICAL RESULTS

A simple summary of the results is presented in Table F.1 with the
following information:

e [latabase Constituent Code
s [latabase Abbreviated Constituent Name

o Analysis units: MPN = most probable number

i

pCi/L = picoCuries per liter
umho = micro-mhos
ppb = parts per bililion

e Number of samples analyzed to date
¢ Number of samples below Detection Limit (see Section F.2)

o [ndication (*™**) that ALL samples were below Detection Limits.
Note that no further data summaries will be given for these.

® Reguiatory Limits {. indicates no 1imit at present)
o Regulating Agency for Limit

e [Indication {xxx) that one or more results have exceeded a
regulatory limit

¢ Full Name for Constituent.
The main uses for Table F.1 are to

e summarize the scope of the sampling efforts near the Solid Waste
Landfill (SWL) and Nonradicactive Dangerous Waste Landfill (NRDW)

¢ give a full description of the computerized information for each
constituent

F.1
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TABLE F.3.
Constituent
Code Name Units Bamples
(88 CONGLAR umho 156
109 COLIFRH MPH P4
111 BETA poifi 23
181 RADIUNM pLisi 4%
131 CONDFLD umho F31
19% PHFIELD 244
207 PH-LAR 162
212 awrna pli/lL 93
L48 10X peb 36
el S €1 nob 238
TR CYANIBE ppb 18
B¢ AMMURIU ppb LY
81 ETHYGLY ppb &
CBE DIOKIE pob &
CB? CITRUSE ppb é
#16 TC ppb .3
K1Y TO3 ppb 34
42 TORLDL ppb 128
HE7 LPHENOL ppb 71
H58 ALEALIN pphb 63
#&Z LHYDRAZ ppb 1
K53 LFLUDRD pob g
H&4 BISHUTH ppb 1
73 KiB¥ fapl 1
Constituant
Code Mame Units Samples
A9 1,1-DIP ppb Z
A98 1,2-D1M ppb S
£53 #YDRAZI ppb 2
(B8 CYANBRT ppb z
8% CYANDHL ppb é
L%} PARALOE ppb 5
L94 ACRYIDE ppb 8
LR ALLYLAL ppb 8
%4 THLDHRAL ppb 2
L97 CHLALET pob 8
CP8 CHLPRDP s 8
C99 CYAKUGH ppb )
801 DIGCPROP ppb 2
H403 ETHCARE ppb &
#04 ETHLYAN ppb 8
207 FLUDROA ppb 2
HOB GLYCIDY ppb 2
#89 IS03UYY ppb B
Hif HETZINE ppb 2

SWi and NRDW Ground-watey Monitoring Compliance Projects
Sample Summary for Data Collected Through Auguzt 1988

Beiow
Fetection
0
Y|
1)
|
4]
f
8
i
..
0
18 L+ 4
ér
6 b 4.4 3
6 wkk
& xkt
]
1]
a
&2
g
1 LS 2]
i
’2 e
i
Seloy
Devection
2 * ok
2 *kk
8 ok ok
2 E RS 3
2 ek
F:1 L1 T
8 3 33
R Rax
2 o e e
8 "
8 #* %k W
2 LT 1Y
2 "
8 LR 2
5 e
2 LE T}
Z AW
8 E2 2
2 EZ 2]

Drisnking Water Standards
Standard Agency Exceeded

~ BROVP=Individusl Analysss

Futl name

793  WDGE Bpecific condustance, laboratery
% 341 XXX Coliform bscteris
58 BPK Gross bets
5 EP& Totel radium
700 WRGE xxx  Specific tonguctanve, field
8.5 EPAS pH, field
8.5  EPag pi, laberatory
1% &Pk Gross oiphs
. Fatasl organic halogen
. Fotal organic carbon
. Cyanide
" asmaniue fon
. frhviene plycol
. Dioxin
. titrus red
. Toatal sarbon
540000 EPAS xxx  Total dissoived solids
. Tatal ergenie halagens, tow DL
. Phencl, fow Bl
. Total atkaiinity, as CaCcol
. Kydrazine, ioum i
40608 EPa Flucride, low Bi
. Bismuth
. 4-methyl-Z2-pentancone
GROUP=Direst AQqueous injsctisn ---mr-- R e AL AR LR AT

fipinking Watgr Standards
Standard Agency Exceeded

* % % ¥ ¥ ¥ ¥ 4 £ B & e 4 4 N H 4

EPAP

Full nome

1, 1<Bigethyibydrazine
1,é-bimethyihydrazine
Hydrezine

Syanpgen bromide
£yanogen chloride
Paratdehyde
Acrylamide

Atiyl atcohaol

thioral
Chiorascetaldehyde
I-chlarapropionitrile
Lysoegen
Dichlicsroprapanol
Ethyl carbonste

Ethyl ¢yanide
Fluorcaseifc azid
Glyeidyiaidehyde
Isobutyl aicohol
Hothyl hydrazine
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Constituent
Code Mame

Units

K11 PROPYLA ppb
H12 PROPYNO ppb

H13

2,4-D

FpPb

H14 2,4,5TP ppb

Code

Constituent

Name

Units

K15 2,4,5-T ppb

Code

H18
Hi9
H20
H21
H22
H23
H24
H2%
K2é
K27
H28
H2¢
H30
H31
H32

Constituent

Name

FZINC

FCALCIU
FBARIUM
FCADMIU
FCHROME
FSILVER
FSODIUM
FNICKEL
FCOPPER
FYANADI
FALUMIN
FMANGAN
FPOTASS
FIROX

FMAGNES

Units

pPb
ppb
ppb
ppb
ppb
ppb
ppPb
pPb
ppb
FPb
ppb
PPR
ppb
ppb
ppb

Samples

10000
8000

Samples

12

Samples

21
21
21
o1
1
%1
21
@1
21
91
1
91
91
21
91

Below
Detection

8
8
47
47

Below
Detection

12 *kk

Below
Detection

40
0
0
86
&g
%1 W
0
91 o
g0
0
91 kW
73
0
463

Code

Constituent

Name

Units

#H33 FBERYLL ppb
H34 FOSMIUM ppb
H35 FSTRONT ppb
H36 FANTIMO ppb

Samples

65

9
65
45

8elow
Detection

65 waw
9 & ki
9

65 & dr dr

TABLE F.1.

GROUP=Herbicides

{continued)

Drinking Water Standards

Standard Agency Exceeded Full neme
8 hww n-Propylamine
8 wwa . 2-Propyn-1-ol
LT Kk 100 EPA 2,4-D [2,4-Dichlorophencxyacetic ecid]
4T EkE 10 EPA 2,4,5-TP silvex
GROUP=Herbicides, enhanced liBt -«-=------c--ccomcmmm i cintectiennennn e -
Drinking Water Standards
Standard Agency Exceeded Full name
2,4,5-T
GROUP=ICP HMetals, filtered =-=-ssecumcaenuiraruaueannaarerarr s m e e
Drinking Water Standards
Standard Agency Exceeded Full name

5000 EPAS 2inc, filtered
. Calcium, filtered
1000 EPA Barjum, filtered
10 EPA Cadmium, filtered
50 EPA Chromium, filtered
50 EPA Silver, filtered
. sodium, filtered
. Nickel, filtered
1300 EPAP Copper, filtered
. Vanadium, filtered
. Atuminum, filtered
50 EPAS XXX  Manganese, filtered
. Potassium, filtered
300 EPAS XXX Iron, filtered
. Megnesium, filtered
GROUP=1CP Metals, filtered, enhanced list ----c-v-m--oooomcmmmmr e e e e

Drinking Water Stendards
Standard Agency Exceeded

Full name

Beryllium, filtered
Osmium, filtered

Strontium, filtered
Antimony, filtered



1

TARBLE F.1. {continued)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ prmsmsmccmcesweve s GROUPEIEP Metals, wnfiltered wrvcvmrmmirrrnin it b
Constdtuent Balaw Brisking Water Stenderds
Code Hama inits Sampies Betection Stansdard Agency txceeded  Full name
AQ04 ZIRC ppb 95 i %GO EPAS Zine
AD% CALCIUM ppb 25 0 " Coleium
A0 BARIUM ppb 28 0 1000  EFA Barius
407 CADMIUM ppb SR 2] 10 FPa Cadmius
AGE CHROHUM ppb o8 4 50  EPa Chromfum
410 SILVER ppb o8 gg  wr 50  EPA $ilver
A1Y SOBIUM  ppb 98 a2 ’ Sodium
A2 RISKEL ppb o8 93 . Hinkn!
a13 copPeER  mpb 98 74 1368 EFap Lepper
Al4 VARARUN ppb o8 1 ‘ Vensdium
A15 ALUMKUN ppb o8 o7 . Aluminum
A17 HANGESE ppb 28 76 50 EFAS Xxx  Manganese
£#318 POYASUM ppb ¢ [t} . Potassium
419zl ppb g8 " 309 EPAS EAX Lron
ARG RAGNES ppb 95 9 . Magnesium
------------------------------------------- GROUP=14f Metais, unfiltered, enhanced L¥8% +vsr---cmmmmmrrrunr s e i e r s
Constituent Below Drinking Matsr Standards
fiode dame ity Eamplies Betection Standard Agency Excesded  Full name
A1 BERYLUM ppb ¥4 57 ke . derylLium
ADZ GSRIUM  ppb £ & wAw . Gsmium
AUS SYRONUM ppb 57 5 v Sirontium
A1% Amricuy ppb &4 -1+ B Al . antimony
---------------------------------------------------- GROUE=Ich Chromatagraphy - m e e w y sy e e o MW W o swdkw T
fonstituent Kelow grinking Water $tandards
fode Hame Units Sampies Detection Standard Agency Exceeded  Full name
C72 ¥iIRAYE pob W0y 1} L8840 EPA ¥igrate
C73 SULFRTE pob 0¥ g 255088 EPAS suifate
£74 FLUDRID ppb 0¥ 3 LA 4 A fluaride
C?5 CHLORID ppb ey 4] 25005 EPAS Chiorids
£74 PHOSPHA ppb oy 167 ¥wx - Phosphste
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ srecrmww v eneene s GRGHDLIgn Chromatography, anhsnced Bigl sesc e e mcsramtinii st h e r e
gonstitusnt gatow primking Water Standards
Code Hame ity Samples pazsction Standard Agency Exceeded  Full name
H&S BROMIDE ppb 34 I3 . Bromids
K&7 RUTRITE ppb 34 3z . Hitrite
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Constituent
Code Name Units

A20 ARSENIC ppb
A21 MERCURY ppb
A22 SELERUM ppb
A51 LEADGF ppb

Constituent
Code Name Units,

A23 THALIUNM ppb

Canstituent
Code Mame Lnits

H37 FARSENI ppb
H38 FMERCUR ppb
H39 FSELENT ppb
H41 FLEAD  ppb

Constituent
Code Name Units

H4O FTHALLI ppb

Constituent
Code WHame Units

A33 ERDRIN ppb
A34 METHLOR ppb
A35 TOXAENE ppb
AZH a-BHC ppb
A37 b-BHC ppb
A38 g-BHC ppb
A39 d-BHC ppb

Below Drinking Water Standards
Samples Detection Standard Agency Exceeded Full name
8é 76 50 . EPA Arsenic
85 A4  Awx 2 EPA Mercury
8s 84 10 EPA Selenium
86 81 50 EPA Lead (graphite furnace)
GROUP=0Other metals, enhanced Lligt -<-+vcemmcenrerrerarommmmm oo oo
Below Drinking Water Standards
Samples Detection Standard Agency Exceeded  Full name
18 18  wew . Thallium
GROUP=0ther metals, filtered
Below Drinking Water Stendards
Samples Detection Standard Agency Exceeded  Full name
72 61 50 EPA Arsenic, filtered
7 77 kkw 2 EPA Mercury, filtered
72 72 kN 10 EPA Selenium, filtered
73 72 50 EPA Lead, filtered
---------------------- GROUP=0ther metals, filtered, enhanced list
Below Drinking Water Standards
Samples Detection Standard Agency Exceeded Full name
19 19 **x . Thattium, filtered
-------------------------------------------------------- GROUP=Pesticides
Below Drinking Water Stendards
Samples Detectian Standard Agency Exceeded Futl name
&7 47 il 0.2 EPA Endrin
47 47 bl 100 EPA Methoxychlor
47 47 *x*x 3 EPA Toxaphene
&7 47 il [ EPA Alpha-BHC
L7 47 *dkok [ EPA Bete-BHC
L7 47 *hk [ EPA Gamma-BHC
L7 47 Fkok 4 EPA Delta-BHC

TABLE F.1.

--------- GROUP=Other metals

(continued)
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JABLE F.1. {continued)

----------------------------- Wemmmemrmr-r------n- GROUP=Pesticides, enhancod LISE vrvrrrrr e ittt Rttt e
Sonstituent delow Brinking Water Standards
Cote Name gnits Bamples Qetection $tandard Agency Exceeded Full name
AGD GDOD ppb 12 12 wR¥ . BED
447 DDE pEbh 12 12 wwe . BOE
A42 DDT pob 32 12w . oy
&43 HEPTLOR ppb 12 12 e g EPAP Heptachier
k44 HEPTIDE ppb 12 18w g Erap Heptachicer epoxide
&4&% DIELRIN ppb 12 12 wEw - Dieldrin
A&7 ALORIN pphb H e e . Aldrin
A4S DHLDANE ppb 12 12 ReR §  EPAF thilordane
ALY ENDOY ppb i 1E Rwe . Endosulfan | (elpha}
A52 FHDUZ prb 12 1E A . Endosulfan 11 (bets)
C82 LHLLAYE ppb 12 12 % . Lhiotobenzilate
R L L L R SROUPsFhosphorus pesticides wwemevmvomanuanmnuanan. R
Constituent delow firinking ¥ater Standards
tatde Name Unigs samples Detection S$tandard Agency Exceeded  Full name
451 TETEPYR ppb 12 12 kR . tetraethylpyrophasphate
U£3 CARBPHT ppb ie G2 e - Carbophenothien
L&4 DISULFL pph 12 12 AR . Pisulfoton
4% DIMETHE ppb 12 g FEE . timethoate
Che RETHFAR pob 12 12 wEw . Methyl parathion
CH7 PARRYHY ppb 12 12 b v Earatkian
FHMME ML ks me Rt s s v v ur s ek wsnennmnnns e~ SROMGF2Polyehlor inated bBiphenylg sremeesan R L R T “vnn
Constituent Below Brinking Water Standards
tode Name Units Samples Detrecticn Starslerd Agency EXceeded  Full name
AL ARYDVS ppb 15 15 hww 4 EFAP Aroechior 1818
AL%% ARTZ2Y ppb 1% 15w g EpAp Arochior 1221
A56 ART232 ppb % 1§ *e & EpaAP Arochlor 1232
A37 AR1E42 ppb 13 15wy & EPAp Arachlor 1242
ASB AR1248 pob 15 I5 wee & EPAP Arcchlor 1248
ASD AR1284 ppb 15 15w 0 EPAP srochlor 1254
£50 ARIZE8 ppb 1% 5 R 0 ERAP Arocchlor 1250
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ v+ GROUP=Sesmivolatile Organics - ---rrrro v s v s s s e e e
Constitumnt Below grinking wWater Standsards
Code Mame Uniss Samples bgtection Standaed Agency Exceeded  Fuli name
8451 2-dben ppb 3B b4 S . 1,2-Bichinrobenzene
842 13-dben ppb 32 3y www . 1,3-6icklerobenzene
263 3a-dben pph 38 35 wEw . 1,4-0ichlorobenzene

889 uEXL8EN ppb I 3B v Hexachlorobenzene
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TABLE F.1. (coatinued)

*************************************************** GEOUPsSamivolBtile Urganicg «--v---essmavevmsrmsr it s T s
Constituent Beinw grinking Water Standards

Code Neme Units Samples Detection standard Agency Exceeded  Full name

L2646 PENTCHE ppb 38 3 s . pentashiorobenzens

C37 TETRCHB pob 38 35 wex . 1,2,4,9Yetrachicrobensene
43 TREICHLB pph 38 3| mww . t1,2,5-Trichioroheniene

B4 HEXACHL ppb 35 in e - Hexachlorophene

L85 NAPHTEA ppb 38 35 wer . Kaphthalens

36 1231%% pph he:3 35 wwe ) 1,2,%-vrichlorobenrene

€57 PHENDL ppb i 38 wex . Phanol

c58 135181 ppb k1.1 38w . 1.3,5-Trichiorobenzens

C59 12347 ppb 38 38 wxw N t.2, 3 . 4-Tetrachlorabenzene
Cal 123518 ppb 38 35w . {:2,3,.5-Tetrachliorobenzene
C?¥ KEROSEM ppb & I8 s p Kerogens

121 TRIBUPH ppo 9 ¥ wew . Tributylphosphoric acid
***** Fed e s ssts e e e GROHPwSemivalatite Qrganics, erbhanced [igY secvrmmrr oo rrssrser v n s na b s e

Lanstituant Beiow prinking Waier $tandards

Lode Hame Hnits Samples Betectian Standard Agency Exceeded  Full name

B2 ACETGPE ppb 12 12 k¥ . Acetophencne

821 WARFRIN ppb 12 - . Warfarin

E22 ACEFENE ppb 12 12 Rww . 2-Acetylaminnftvorens

BE3 AMINOYL ppb 12 12w " 4 -aminobiphenyi

824 AMIIS0X% ppb iz 12 W . L-(aminomethyi)-3-iscxezolipl
B2% AMITAOL ppb 12 1E v " dmitrole

#26 AMILINE pph 12 12 wee . Anitine

BR27 ARANITE ppb 12 g ARE - Arsmite

B28 AURANIR ppb i2 g www . Auramine

B9 BEHZCAT ppb 12 12 RE¥ . Benziciacridine

B30 BENIAAN pphb 12 12 wRE - Behiial anthrecens

831 HENDICN ppb 12 12 wew . genzene, dichlioromethy!

832 AENTHOL ppb iz 12 *** . Benzenethisi

B33 BENDIKE ppb 12 2 www - Beangidine

B34 BENZAFL ppb i 12 e . Benzolbl fluoranthens

B35 BER2IFL ppb 12 12 . genzcl il fluoranthene

B34 PRENZOU pob 12 17 R . g~ Bentoguinone

B3¢ BENZZHL ppb 12 12 e . Benzyi chloeride

238 BIS2CHM ppb 12 1E wEE - Bis{2-chlicroethoxy) methang
33% BIS2CHE ppb t2 18 kxR . Bis{2-¢hioroethyl’ ether
20 BIS2EPH ppb 12 183 wad . Big(2-ethylhexyt) phthalate
241 PROPHEN ppb 12 12 wuw . 4-Aromaphenyl pheayl sther
842 BUTBERP ppb 12 12 e . #utyl benzyl phthaiste

B43 BUTDINP ppb 12 18 www . 2-sec-Butyl-4,6~dinitrophgnol (DHBP)
Bi4 CHALETH oph 12 12 xxA . thioroalkyl ethers

B4 CHLAHIL ppb 12 12 R . p~Chioroanitine

B46 CHLLRES ppb 12 12 xae . p-Lhicro-merasol

847 CHLEPOY ppb 12 12 wEw &  EPAP 1-¢hiore-2, B-apoxyprapane
B4B CHLHNAPH ppk 12 12 Was N 2-thioronaphthaleng

84% CHLPHEN prb t2 g AWk 2-Chicrophanst
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fonstityent

Lode

B50
B%1
852
5%
854
833
858
B37
BS58
BS%
B&D
B4
B6&s
Bé&&
He7r
68
g4y
87¢
87%
872
B73
874
B75
B7%6
877
BY8
B79
B&D
ag1
gk
883
984
B85
8RS
B&7
g8&
80
BV
592
B3
BYL
BYS
a%4
a7
ave
399
ooy
502
63

¥aree

CHRYSEN
L[RESCLS
CYCHDIN
DIBAHAC
DIAAJAL
OTHARAN
GIACGCA
GIHAEPY
DIRAHPY
DIBAIPY
G1BPHTH
DiLRBER
24 v sdohp
2&-dehp
DIEPHTH
DTHYSAF
DIMETHR
DIMEAMB
HIMBENZ
DIMEYLE
THIORDX
DIRPHAN
DINFHER
DIRPHTH
DINBERZ
GINCRES
DINFHEN
25-dint
26-¢dding
BIOPHTH
DIPHAMI
SUPHUYD
DIPRNEY
ETHMINE
ETHMETS
FLUORAN
HEXCBUT
HEXLELYL
HEXCEYH
{NDENGS
IS0S0LE
HALO1LE
HMELPHAL
METHAPY
METHNY L
METAZIR
HETCHAN
METYBLSC
BETACTO

ynits

samples

12
12
e
12
32
32
H
i
12
i2
12
12
12
12
12
12
1z
iz
12
12
1g
i2
i
12
12
12
12
12
12
kT
12
32
-
i
12
12
12
12
12
12
12
12
1Z
12
12
12
12
12
12

Below

12
12
12
ie
12
32
12
3Z
12
12
32
12
12
12
12
12
12
12
iz
12
32
12
i
12
12
T2
12
12
12
12
12
1?2
12
12
@2
12
12
12
12
12
12
12
12
R
2
12
12
t2
12

Detection

iy i
L2 E
ik w
ok
whw
L33
e
LS
Kk
-
Lx 2
w* &
LT3
e 2
ki
ok h
Ek W
*kw
Rk W
EEN
W
o
e
EZ 20
L £
ied
ES 24
kW
ik
xkk
*W R
& dr e
LE 4 4
whkw
*hF
whF
[ T3
Ls ¢4
W
whw
E2 3
L
Ll s
kW
ke
o
(Y2 2
ke
ek

TABLE F.1.

{continued}

SROUP=Semivolatiie Organics, enhenead List ----n----- R Tawnrs

Brinking Water Stendards
Standard Agency Exceeded

LI T Y

L T T T )

= % £ R M A+ x o om o= 4 K E 4 A A K £ £ T T 4 + ¥ = ¥

Futll namne

Ehrysene

Lregeis
2+Lyclehexyi-4,4-dinitrophenol
Dibenzia,hlasridine

Dibenzia, jiacridine

Dibenz{a, bisnthrazene
FH-Dibenzols,gicarbazate
Dibentola,elpyrene

Dibenzola, h)pyrens

Zibenzola, ipyrens

Bi+n-butyi phthalate
3,3+-Bichigrobenzidine
£,4~Bichiorophenocl

Z .S pienlprophenal

piethyl phthalate
bitrydresafrole

k53 -pinethoxybenzidine
p-Dimethylanincazobeniena

7, 12-Dimethyibent falanthracene
Y. 3t-Dimethylbenzidine
Thiofenex
slpha,alpha-Gimethyiphenethytamine
2. 4-Dimethylphenat

dimethyl phthealate
pinttrobenzens

£, &-Binitru-o-eresol and salss
2,4-pinttrophencl
2,%-Dinttrotoluene
Z,6-Binfteatolusne

Bi+n-oetyl phthatate
Riphenyliamine
1,2-Dighenythydrazine
Di-mpropyinitrosaming
Ethyleneimine

£thyl methanesulfonsts
Flupranthene
Hzxachlorobutadiens
Hexachiorocyclopentadiene
Hexachioroathane

indens(1,2, 3-cdipyrens
isosafrole

Noionoaitriie

Melphsian

Methapyritense

Metholonyt

2-Methyiazividine
3-Methylchatanthrene

4,4 -Methylenebis{2-chioroanitine)
2-Hethyllsptonitriie
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L{ode

05
04
£a?
LOB
Loy
o))
£1t
£12
c13
c14
£1%
clé
£17
£i8
1
£2¢
33
22
£23
Lk
3%
ga?
28
29
30
31
£3Z
£33
{34
£35
£3s
5.5
£4G
41
Caé
Ché
Ch4s
Cht
Le7
£48
naéy
50
chf
{he
51
vl

IABLE F.1. {continued)
~~~~~~~~~~~~ Memmmmkamessbssm e e ee e GRIGIRzSenmivalatila Organics, enhanced ligf vrevessrrvcrsrooooooo

Censtityent deiow Crinking Water Starngdards

Hame gnits Bamples Detection Standard Agency Exceeded Full name

#ETRSuL pph 12 12 Awew . Methyl methanesuifonate
HEYPROP ppb 12 12 AR . ZeWethyl -2-¢methyithio) propionuidehyde-
METHFOU ppb ié 12 EEx . sethyithisuracii

RAPHGUT ppb 12 - ‘ 1,4-Naphthoguinane

t-napha pph 2 12w . T~Naphthyianine

Z-naphs ppb ¥ 12 www . 2-Haphthytamine

HETRAHT ppb 12 12 wex . prifirsenitine

HiTBENZ ppbs 12 T2 wER . Hitrobeniene

NITPHER ppb 12 12 wEE " 4-sitraphenal

HY1BUTY ppb 12 12 *%e* . #-pitresediyn-butylamine
NHIDIEA ppb 12 12 E%% . N-pitrogodiethanolemine
NHIDIEY pub 12 1R wRw . #-nitrosodigthylemine
NHIDIME opb 12 12 rn . N-nitrosodimethylemine
HHIHETH ppb j2 - O . K-nitrasamethylethylamine
¥HIUREY ppb i 12 wes . K-nitrose-n-methylurethsne
HUTVIKY pph 1& EVAN . H-nitrosomethylvinylanine
H#TMORP ppb 12 12 e . K-nitrosomarpitoling
KKIKICO ppb iz 12 wEe R H-nitresencriicoting
KKIPIPE pph 12 g ¥kw . H-nitrosopiperiding
KITRPYR ppb 12 12 wEw . Nitrosopyrrolidine

NITRTGL ppb iz 12 waw . Sedftro-a-totluiding
FENTCHR pob 12 12 wwE . Pentachioronitrabenzene
PENTCHR ppb 12 12 R 224 EFAP pentazhioropbanol

PHENTTH ppb 12 2 www . paensentin

PHEHIRE mpb 12 12 raE . Fhanyiened iamine

PHYHESY npb 12 ¢ REe . Fhthatic acid esters
PigoLin ppb 12 12 rer ' e-pizating

PROGUIDE ppb 12 L P Pronamide

RESERRY pph 12 12 A% . Raserpine

RESGRCE pph iz 12 wwR . Resarcinol

SAFROL  ppb 12 & wew . safrol

TETRCHP ppb 12 12 AeR . 2,34, 6-Tetruchioraphenol
THIURAM ppb 3z 12 wew - Thiuram

TOLUDIA pgb 12 12 wwx - Toluenadianing

OTOLHYD opb 12 12 wm# . a-Toluidine hydroshloride
PES-rrp ppb 12. 12w . 2,4,5-Trichiercphenol
245-trp prb 12 j2  wwx . Z.4,6-Trichiorophenol
JFRIPHGE ppd 12 ig vk« . O,.9,0-trizthyl phosphorothioste
SYMIRIN ppb 12 1d  ERx% . $ym-trindtrobenzens
TRISPHD ppb 12 g EEe R Yris¢2,3-dibromopropyl) phoszphate
pENZORY opb 12 12 wew . Benrolalpyrens

LHLNAPL ppb i2 g www . Shiornaphazine

#1826 ppb 12 2 e . His¢d-chloroisopropyld ether
HEXAERE ppb 12 1d W . Hexachlarepropens

STRYCHN pph 12 12 k= . Steychnine

HALYYDR ppk iz 12 *a% . Maleic hydrazide

KICDTIN ppb 12 12 +wk . Nicotinic agid

75}
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JABLE F.1. ({continued)
""""""" FrmoAAMLSLLL LY sl SRR ARSI AR GRO@P“??’JGUPE&( enflantced LigY »- - remam v e AW R T s b T e ey
Zonstituent Helow prionking Water Standsrds
Code Name units 4ampleg berection Standard Agersy Excesded Full nane
AZH THIGURA ppb 5 & kRN . thiourea
k25 ACETREA ppd & I . 1-Acetyl-Z-thipurea
A4 CRLOREA ppb 4 §  wEE . 1-¢o-thiarophenytt thioures
Azl DIETROL ppb & & wws . Diethytatiibestgral
228 ETHYREA ppb & & kE% . Ethytenoibiocures
R P et R GROuP=volatiie Organitg ~--vrvwr—-vn mamm——— R LR L L et B R R
constituent Below prinking Matar Standards
tode Name Units Samples zetection Stenddard Agency Excesded  Full name
£29 HBAPHREA prb [ & AR . f-Naphthyl-2-thicurssa
K32 PHENREA ppb & 6  wEx . k-phenylthiourea
AST TETRAKE ppb %8 $G 5 EFA x#x  Yetrachforomethans [Carbun Tetrathicsride
£64 METHORE ppb e M e : Mathyl sthyl ketone
A5T 1,1,1-F pob 98 41 20 EpA t1,1,1-Trichiorosthane
ASE 1,1,2-7 ppb $8 98  wax . i:1, 8- Irichioroethanse
ABG TRICEME ppb 2% &7 5 ERA xax  Trichiorasthylena {1,1,2-Trichlorcethene
A0 PERCERE pph S8 &8 . Perghlorosthylene
A7Y OPXYLE pub 1) PR ke L4l EBAR ¥¢lene-o,p
ABG CHEFORM pphb % 93 100 EPA thioroform {Yréichloromethane)
£9% METHYLHS ppb $5 & . Methyiene chleride
#14 M-X¥iLE ppb %8 g8 &k 440 ERAF Kytare-m
HBE HEXONE ppb 60 60 wEw . Hexone
-------------------- e a s s v e wws GROUESVolatile Organicd, enhancsd LISt crsmssssmmcaccinm s s e A e
Constituent Below Brinking Water Stenderds
Dode Kexe Units Sampies Setection Standard Agency Excecded il name
A62 BENZERE ppb 96 25 wk 5 EPA fenzeng
AGS PIONANE ppb g4 94 A . Dioxane
A58 PYRIZIN ppb $5 $4 W . Pyridine
64 TOLUERE ppb 25 94 huiaked Fetiesy] EPA# faluene
AT2 ACROLIE pgob 3 93 ek . Acrolein
AT3 ACRYILE ppb 93 93 s - Acrytlenttrite
#74 BISTHER ppb $3 g3 wae . Bis({chicromethyl} ether
A7% BROMURE ppb ?3 93 vk . Browoacatone
ATS METHBRU ppb 3 93 ke “ Meshyl bromide
ATT CARBIDE ppb 93 9% Aas . Carbon disulfide
ATR CHLBENZ ppb 43 $3  we &0 EPAP Chiorebenzene
AT9 LHLTHER ppb g% 3  tae . Z-thiproethyl vinyl sther
ABY METHCHL ppb 93 P3 e . Methyl chioride [Chloromsthanel
ABE CHHTHER ppi 93 g% waE . Chipromethyl methyl ether
AA3 CROTBHA bpb 3 b T . Leotensidehyde
484 DIBRCEL ppb 3 . G3 Axw #  EPAP ¥,2-Dibromo-J-chlorapropane
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Canstituent

Lude Mame

A8S OIBRETH
ABS DIBRHET
K87 DiBUTER
EBE SICDIFN
ABZ 1,.1-000
A%0 1,2-DIL
AST TRANDCE
AR2 DICETHY
A%4 DICPARE
A%S DI{PERE
ATS NERIEHY
ASP HKYDRSUL
BSY IODOMET
HG2 METHACR
803 METHTYHE
BD4 PENTALH
BOS t112-tc
BD& YiZ2-tco
08 BHOMORM
B8% TRUMEOL
B18 TROMELM
B11 TREPANE
B1iZ 123-trp
Bi% vinving
BYS BIETHY
819 ALETILE
LO4 METACRY
L1 FORMALH
H05 EYEGHID
HBE ETHRETH

IABLE F.1. {coniinued)
------------------- wemwwnr s vennwas s GEOUPsYotatiis Organics, enbanced [ist ~vwrememoororrrsviverccrr e e
geiow firinking Water $tandards
Units Bamples petection standard Agency Exceeded  Full name
zob 733 93 w%s . 1. 2-Nibromosthens
eph 3 93 kRx - Gibromomathans
erb Q= G3 A . 1,4-Dicklore-2-Hutene
ppb 93 G3  wex B Dichlerediftuoromethoare
ppk 93 Fy: \ i,4-Bicktoroathanse
b 95 gy Aww 5 EBA i1,Z2-bizhtoroethsne
st % %2 T¢  gpap trans-1,2*Bichloraethene
ppby ¥3 92 7 EPA 1.1-bichloroethyicene
ppb % 91  #as 4  EPAP 1,2-Bichloroprapane
pph 0% g3 kes . 1,3-Bichlorspropens
ppb 3% 93 k%% . N h-diethythydrazine
ppb 93 PI www . Hydrogern sulfide
pob 93 g% Ak + Todompthone
pob ¥3 g3 www . #ethaorylonitrile
ppb 7 g% waw . sethanethiol
ppis ¥1 gy ke . Pantachloresthane
ppb 9% D3 Rmw . 1,1,1,2-Tetraghlorethsns
pob 73 g3 wke . 1,%1,2,2-Fetrachlorethans
ppb 93 93 AEH 100  £pa Bromeform {Tribromcmethane}
ppb @3 93 e . Trichioromethanethist
ppb 33 a8 . Trichioromonoflusromethane
ppb 3 93wk . trichloropropane
pub ¢x 9% www . 1,2,3-Trichlisropropane
ppk &3 2 S L 2 EPA Vinyl chioride
ppb 3 £%  kEx . Piethylarsine
by a2 §2  hEw . Avatonitrile
ppb 9% I3 e . ¥athyt mathacryiats
ppbs $6 F6  kEx . Formalin
pph &2 I Y- i . Ethyiene oxigde
opb #3 03 we# . Ethyl methascrylate

ke . ornsioates
2% ~ indicates

all sanpley were belaw detection lismits
that Drinking Mater Standards were exceeded

ERA - based on
Kationst
EFAR -~ bassd on
Appandix
EPARP ~ Based on
EFAS - based on
Hational
WDOE - based op

¥aximum Contaminant Levels piven in 40 CFR Part 41 {July, 1987
Primary Drinking Mater Regulations as smendsd by %2 FR 25650
Hational Interim Primary Srinking Water Reglsisztions,

IV, EPA-STL/F-T4-003

prepesed Maximum Contaminsnt Level Goris in 50 FR 48935
Secandary Maximum Contaminant Levels given in 48 LFR Part 153
Secondary Drinking #ater Regulations

additionst Secondary Haximum Centeminant Levelg given in

WAL 248-%4, Publi¢ Water Supplies



s easily identify those constituents thal were never detecied

» easily identify those constituenis that have exceeded regulatory
limiis.

Review of Table F.1 shows that the constituents detecied near the SHL
and NKDW inciude the Resource Lonservalion and Recovery Act iadication
parameters (conductivity, pH, tetal organic carbon, total orgamic halogens),
major ground-water constituents, some minor ground-water constituents,
anions, and organics. Additional constituents on the extended
WAC 173-303-9905 Tist were not detected in the ground water. All raw data
for those constituents that had at least one value reporied as above
detectton are listed in Table F.2.

Table ¥.2 presenis raw data for those constituents thal were detected at
teast once in samples collected near the SWL and NRDW between January 1888
and July/August 1988,

The following codes have been used in marking the data:

* = vadiocactive dats where the reportad result was less than the
2-sigma counting error

m = data point is missing because scheduled sampling was not
caliected

= = data point is missing because it was not scheduled to be sampled.

F.2 ACCURACY AND PRECISION OF CHEMICA{ ANALYSES

Accuracy and precision of chemical analysis data generated by the SWL
monitoring project may be estimated using a variety of methods., These
methods include matrix spike and surrogate recovery statistics from the
analytical laboratory, U.S. Testing Company (UST}; accuracy and precision
regression formulas from Environmental Protection Agency (EPA} method
studies; and EPA Parformance Evaluation (PE} Studies. The applicability of
these methods depends both on the analysis and on the relaticaship of the
analysis value to the {instrument or method) detection limit.

F.i?2
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TABLE £.2 Longtituents Detecied 8% Least Once ot the Central Langfitl Jamvary, 1988 to August, 1988

Upgradiant wells

Dosngradient Metls

constituent  Ssmple  Rep co----- R T S W o R e LL R TP {Beep)
Hame Paricd Kus  2&-35 2E-35A EA-34 25-35C 23-34 24-%44 24-348  F4-%3 24-340 25-%40 75-34B 25-%4A 246-33 S5-3%A
1.1,1-% Jarfid . . . . . - . 30 . 3 . . . .
1 . . . . . . .o . . . . . .
2 « - M N v . N 27 N « . . M .
Hards . . . " - - . 41 . . - . . -
May87 5 @ <2 «2 5¢ % 54 17 24 3 2 <2 <2 <d
Juns? 3 . . . 49 41 48 . 25 4 . + . -
Juld fRogBT 3 2 < <2 54 42 46 18 28 k.| 3 <2 «2 <2
Dot fMovly 3 <Z g <2 47 &2 LA 23 35 - 3 5 <2 <2
1 . . . . " . 61 . . . « . . P
Jan/Fehif 3 2 <Z ] # 14 S8 23 28 5 g «2 <@ <7
AprEB 3 L= <2 «2 37 32 %1 1% Zh 4 <2 <3 <2 «2
i . . « .74 41 . . p - - . -
2 . . . . . 2 . . . . . . . .
Jud FRUGER X <2 43 <2 3G 26 35 28 &3 E: 3 3 2 <2
PERCENE JanBE - . . . ] . . <10 . . . . . "
1 . . . . . «if - . - - - .
2 . . . . - . . <18 . . . . "
Mars7 - . . . - . - .3 . . - . . .
Mayly < <2 <2 <2 8 [ ? 3 4 <2 <2 <2 «2 <2
Sy <2 . . . ? 5 % . X <2 . . . .
Jut fAugBY <2 <2 < <2 6 4 5 3 ) “2 2 R4 «2 <2
GotMovl? <& wd <2 <2 ? & B 3 4 . «2 <2 Lvd <3
Jan/Feb3s <2 <2 <2 2 0 7 8 3 4 <g <2 <2 <3 2
Aprig 2 <2 «d <2 B 3 & 3 4 <2 <2 <2 < <3
1 - - . . . & 8 . . . . . . .
2 . . . . . S . . . - - - . -
Ut fAughs <z <& «2 < ¥ 5 ? 4 5 < <2 <2 2 <
H . - . . 7 - . . . . .
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TABLE ¥.2 (eortired)
upgradient welis fiowngradient Hells

tonstituent  Sample  Bapi mrovevesmmromeaeneoos {beap}  cormmmmesvmaooee Ferresmesuvm=n R AR e m o e Mxwmmoe A {ieep)
Nane Period N 24-3% 26-35%  20-34 #4-35C 2334 B4-35a 2A-34R A~ 24340 25-%A0 5-FE 25-%A  26-33 254334
TRICEME Sanh - . N . N - <10 N . . M . s
1 . . . . - . . =1 - . . - . .
e . . . ‘ . . . «i0 ' . . p . .
Harg¥ . . . . p N 5 4 . . “ . . M
MayR7 <2 <2 w2 <2 1 8 10 3 5 2 «2 <2 <2 ¢
Junf? <3 . : . £ B g . 4 <7 . . . .
il FAuglT <2 <2 =2 <2 8 7 & 3 5 “F <& <Z «2 <2
QetFiavl! <2 <2 <2 <2 ? [ 8 3 & . <2 3 <2 g
1 - . . . . . Fe . . . - . . .
JundfebB8 <2 3 <2 <2 9 7 a 3 3 L7 <2 <2 «Z <2
Apr88 @ <2 <Z <2 [ % [ 2 3 <2 7 2 <2 <2
1 . . " . . 5 & ¢ . - ' - . "
3 . . . - . é v . - . . - . .
Jui faugBa 2 <2 <z <2 5 5 5 3 3 %3 < <2 <2 <2
i . . » . ' . & - . . - ¢ N

1,1-6iE MayB7 L <2 <2 «2 3 5 4 . 3 <2 <2 <2 “@
dunfi? <3 ‘ . . 5 4 & . 2 < N - " .
Jut FAugh? <2 €2 L 2 5 4 5 <2 2 < <2 2 <Z <
ety Roeit? <2 <2 « «d 4 4 5 L4 <2 . “2 3 <2 <%
JarFFehbbg “2 < ¢ <2 (3 5 5 <@ «2 <z <& <2 <2 2
AprED <2 2 <2 <« & 4 4 <2 <2 <2 <« <3 2 <2
3 . . . . . 4 & . . . . - . .
JulzaugBa s <2 < <2 k- 3 4 <Z <g «é <2 <2 <z <«
1 v . . . & . - . s . . “
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TEBRLE £.2  {continued)

dpgradient Welis

Howngradient Wells

Constituent Sample  Rep »-vexor--ooovvsmcmoo @igap) meemaves R A ARBRRMS L {Denn)
(BT verfad N 24-3% 26-35& 26-34 24350 23-34 Z46-B4K 24-34B  24-33 24-34C B5-3wL 25-34B 25-%4K  26-33 25-334
IRCHFEM HayBT <5 =5 <5 <% < < <5 . <5 <5 5 51 <5 <%
dnd? <& . . ' <5 <5 <5 - <% <§ - . B .

Jul fALpB? <5 <K <3 <% <5 <5 <5 <3 <5 <% <& < <5 <5

Dot /Npwll? <% <5 <& <& <5 5 & 3 R . <% <5 <& «5

1 . . " - ' . 6 ' . . - . . .

JanfFebBl <5 <% 5 <5 <& <5 =5 <5 <5 <5 <5 <% % <5

Apris <5 <3 <5 «5 <% <5 <5 <5 <3 & «5 <5 <% <3

1 s . ' . . <5 <5 N . . * . » v

2 . . . . - <% . . . . . - . .

Jul S4Bl 5 <5 <% <5 <3 <5 <5 <4 <5 «5 <% 53 <3 %

1 . . . | . S . . . . . .

CHLEORH farg? . N . . . “ . <5 . B . . . .
¥aya? <5 <5 <5 %5 <5 <5 5 <5 <5 <5 «5 <5 <3

Hundf <5 N . . % <5 <5 . <5 <5 . - - -

Jul FAugB? S <5 & < SR . S S S S T S S

Dot /Hovl? <% <5 <5 <5 <5 <% «5 <% <5 . <5 <3 <% <5

1 B R N . R R <5 . . - B . . .

Jan/FerBs <5 <3 <% 5 <5 <5 <5 <5 <H <3 <5 <5 <5 <5

Aprég <% <% <5 <% <5 <% <& <5 <8 <5 <5 <% <3 <%

1 . " . v . <5 < . " . . . - .

ki " . . . . <5 . . « . . . . -

Al FAvoia <3 %5 <5 <5 <5 <5 < <5 <§ «5 <5 <5 <5 <5
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IABLE F.Z  ¢oomtinued

Upgradient Welis

Howngradient Wells

Conztituent Sanpls Lo I e R RE e Rt £11=T:7 w3 e W e R et LR LS S LT AL g £: 75143
Nane Period  Rum  24-35 Z-384 26-34 26-350 23-34 26-34A 24-348  26-3F 25-340 25-248 25-348 25-B4A 26-3% 2531
BETHYCH — Barl7 . . - . . . N <13 « . . . . v
MayB7 <ig <10 <1 <t <38 <30 <16 <i¢ <i0 <i0 220 <t <10 «ig

Junl? <10 . . . <19 <10 i . <1} 10 . . . "

Jul FagBT <A <1 <30 %60 <10 <& <H <18 <13 <13 <10 €18 <1 <10

Dot ot <t <15 <10 <%t <i6 <9 <10 <& «<1g . <10 3% <} <i0

1 . . . . - . <1G . . . - . . .

Jan/ Fetdd <10 <10 <@ <if <19 <14 <18 <1 <18 <13 <10 <10 <13 <id

AprGd <1t <if <10 A1 «<1i} <33 < <10 <14 <30 <1 <i§ <10«

1 . . R v <14 %10 - . p . - . .

2 . v - N . <10 . . . . N . . .

Jud FgBa 316 <15 <@ <10 <10 1200 i a3l 160 «}f <10 <§0 i <10

k: . . . . . <1 . . . . . B -

TETRANE Jarids . R - . R <40 R . . . .
t . . . - . ‘. <1; N . . . B .

2 . . ’ . - » . «13 . . - . . .

Mars? . . . . . . . L¥ . . . . . .

W87 5 <3 <2 <2 <2 <2 «2 <2 <7 %2 <2 <2 <2 v

danE? < - . . <2 <2 <2 N =< 2 - . . .

Jud FAuaBT 2 <2 <2 <2 ? 5 & o <2 wZ <2 <2 <2 «2

Dok HovlT «g <2 <3 <2 <2 =2 2 @ < . e 2 2 <

1 - . . . . . <2 . - . . . . .

480/Feblil < <2 2 < 7 5 & 3 3 < <2 2 « <&

Apria <2 «Z <2 <2 <2 < < <2 g < 2 <2 <3 <2

H . . . . . <z <2 . ‘ . . . . .

Jul Faunbs <2 «Z <2 <2 <@ <2 <2 <2 <3 <& <@ 32 <2 274

H . . . . . < , . . . . " .
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TABLE 1.2 (oontipugd)
Uogradient wWeils Downgradient jcils
constituent Sample Bogpy weswerenavmcvaniasunffiogn]  cuaann R L LR R R Ewmm s MR ER » v EREDI Y
Nesne: Paricd  Hum 2435 25-35% 2534 26-35C 238 A 26-34B 24-3% L4340 25-345 5-04B 25-3A 26-33 25-3%A
ALKALIN HarB? - B : P . “ . P9ZBOG - - . . . v
HayB7 . v . . . . ¢ 18POGE N " . . . .
JunB? 122006 . . . 237006 200000 213008 ~ 198000 136000 - . p »
dul fhaglY - ‘ . . . . . 1RAO0 . . . . . -
Set HenB? 132000 20006 111008 123000 222000 243060 215000 194000 208500 » 122000 1346000 V1060 124000
Junifelli 134000 117040 (08650 122000 25000 263080 227000 196000 2080400 138048 1235000 119000 113005 129040
Apr&3 13000 117060 108000 1184000 EALGR ZOHEOD 218000 19500¢ 210880 YRGS 122000 115000 {10008 1520406
Jui FAUGES 136468 115460 104000 122005 593580 195000 212000 . SO0GHE 135000 119000 115568 111000 131000
ALFHA Jandé . . . . v “ « &8 . . * - B «
Octdg » LTS 484 . - . - - . . 2.25  3.63 1,43 -
Sandiy . A 278 LM - . P . . - 372 3.04 2.7 1.64
¥urs? “ . . B - . B W » . “ . . .
Kayh? - ALY 2.4 1.78 . - . 3.5 x . 243 3.%% 2,18 3.3
Juel? 4£.13 - . . 3.8 232 2.3 . 372 508 - - . .
Jut FAugBT . 29 278 1.2t . . . 2.9 . . L% 256 2.8 2.64
Det/Hovh? 4.1 2.v2 34 2.85% 406 2.76 3.2% %88 2.15 . 285 131 113 3a
% . . v . . . 2.9 M = - « . . .
RELTEE 312 349 2,07 ~3.832 4,28 3,854 4.57 3.7 5.0F 2,58 R e(.Ere 245 £.%%
Apris 1.7 1.83% 2,15 "0.917 1 &3 176 2.5 4.78 1.8 149 242 2.58 2.5
1 . . . " . « 4.3 . . - - . - "
dul fAughs 3.73 b 2. 1% 1.8 YT 30140 563 ~ BER O3A 1T 23 1.3 1.8%

3 E]

. P IS . . . - - . .
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TABLE F.2 {wontinusgl

Upgradient Wells

posngeadient Weils

Corstituent  Sample R vr--ssmmermmacciiens {DEEDE  mos s vwmmmmmr e o e ~u s (huep)
Hawte beriod N 24-%% 26-35A4 2634 26-35¢ 2534 24-FhA 24348 24-3% 24-%ae 23-340 25348 25-34A 26-33 25-33A
AL SEndh . . “ . - . . <150 . . . - - .
1 . . . . . . - =150 . . . . . .

2 . . . . . . . <0 . . . " . -

Dotls . <150 «156 . . . . - . . w150 <188 <150 .

Jand7 . <iSB <130 «i58 . . . . . , <150 2150 <130 «150

MayB? <155 822 «i3¢ <50 <150 <158 <150 . <150 <130 <153 <180 <158 «iS0

Jns? <150 . - . <158 <150 <150 . <0 <158 - . . .

ol FAuGBT <%0 <150 <150 <%0 <350 <150 <15 . 138 <150 <150 «150 <150 <58

Dot FHovE? <158 <150 <150 «150 <380 <135 <50 . <15 <153 <150 %0 <150

Jan/Falbs «i50 <130 <38% <150 <158 <150 <150 - «<i50  «i%8 <150 <138 «150 <150

AprBE <150 <3G 2150 <150 <153 <150 <158 Lo <130 <156 <180 <158 <150 <150

Jul FAughS «155 <153 <10 <150 <150 <150 <150 . <132 <150 <158 <150 <150 «i5¢

ANMONTL) Sando . . . . . . . . 195 . . . . “ .
1 . . v . . . 110 . . . . . .

2 . . . . . . 45 . - R . . .

HurBY . P . . . . . <5y . " . N ' N

WeyE? I . ) . &2 51 T <50 &5 5 . - " .

Jund? 54 . . . 7E 34 58 . a8& o8 . - . .

Jub FAUGHET <53 N <58 35 <50 <58 <58 <50 - " - .

Gotfleva? . . - . . p . B - . . - " .

1 . . . . . . <58 . . " - . . .

Jan/Faafs . . - . . . . <50 . . - - . .

#prBB <50 . . . <5 L HERL <G <30 <5 . . . .

1 . . . . . . <53 . . . - . . .

Jul FALgSE S H . . . <50 <% <50 . 3:33] <5 . . . .

1 . <51 . . . - . .
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TABLE F.Z <{(continued)

Upgradient ¥ells Downgradient Wetis

Constituent  Samples  Rep  ~----rreesswaecuoonas T o B AR b At Deap)
Nasiz Period Num o 26-35 26334 2634 26%¢ 23-34 2434 26-348 2633 24-340 250 25-34B PH-3eA 26-33 ZH-334

ARSERIL Janbd f . H N . M . <% “ » . ' M ’

1 R . . - - . . <% . . . . . .

Octis . <5 <5 . . . " . . . 5 <5 <5 .

JenE7 . <5 <5 <9 v . . . . . <5 <5 <5 <3

Haydv . 5 <& <5 . . - . - . <5 5 <5 &

Jnifl? <5 . . . <5 <% <5 . <5 <% . . N "

JI S AGBT . <5 <8 <5 . . . . . . <5 % =% <5

Jex fiovity « <3 <% <= < <5 <5 <% - <& <5 «5 <5

Jen/ Fetll <% <5 7 <5 % <5 <5 . <% <5 % <3 <5 <5

AprEf <5 <5 3 <5 5 <5 <5 . =5 <3 <5 5 5 =5

Jith FAughS <5 <% <% <5 <5 <5 1) . 5 <5 <5 % <5 <5

ARBENIT Karg? » . . . . . R B . v . - . .

MayB? . <5 <% <5 . . . <5 . . <5 << 5 3

Sunli? <% . . . <5 <% «% - <5 <% . - . .

sl fAugBY v <% % «3 . . . 5 . . <5 ®5§ <% 3

Do fRoviE? <% <% <% H <5 <5 <% €5 <5 . 5 ke < <%

H . . . . . <5 . . . - ‘ . .

Jan/Febll g " . - <5 <% <3 <% <5 «% - . - .

A8 <5 5 5 <5 <& =5 <5 <5 ] =5 <5 6 5 <5

H . . . . . . « . . . . . . .

vul /st <% <5 <% <5 <5 <5 <5 . & & B <5 % <5



£d 4

TABLE F.2  (oontinued’

Upgradieny Hells

powngradient Uaiig

Constituent  Sample Bep cwmmvessosssesaavens (DEREED  mmmems s w s it o e i o e T s e {Deep)

Hearne Period  Ram 2435 26-352 26-34 26350 2334 26-34R 24348 24-33 246-B4C 25-T4E 25-3a8 25-348  24-33 25-33A

BARIIM Janis . « - - 2] " . . -
3 . « - . . 4 . - . . .

2 - . . . - “ - 48 - . “ - .

Qcris - 30 27 - . - * 33 3% 3% *

dani¥ . k- 28 53 . . . . . n 33 31 5

HayB? 42 4 29 35 74 43 &3 46 34 32 34 = 15

Jurd? 48 . . . 77 &1 & 55 42 . . . *

Juk FRUATT &3 34 30 55 Eis G4 68 3 35 34 3% 35 Z3

OctHovs? 43 3 27 3 73 %8 &5 . 48 . 35 xr L1 2%

e/ Fehii 4h 30 27 5] 7% 45 46 . 48 41 3a 34 .54 30

Apr B 43 35 23 45 73 62 64 . 50 40 33 k1.3 %% 23

Jud FRugBS8 a2 31 26 48 i &% 23 - a2 49 18 35 30 28

BARIUME Marl7 « . . " . . . 5X ~ . . . - .

Hay87 “ 3 a7 b 71 58 62 b1 4 X% 31 32 36 14

Jung? 3% . . . ki &3 .74 “ 47 &0 " . . -

Jul FAueET 4 k! z8 &4 .16 a2 66 57 5% 3% 3% 37 * 28

DetiNovB7? 48 35 32 ® a3 &G 62 &1 49 - % 40 a3 3

1 . . . . . . &8 . . . < . . .

JaniFendd #3 k3] x2 52 ¥ 63 ® 45 33 38 33 % 33 26

Apriia AL 34 2% 47 7 & &7 & 52 i 35 k1. 3% 2é

1 . . . . . . &7 . . . . - -

Ju fRUgBA 43 3 36 47 &8 &1 &7 i8 35 1 18 2 5
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TA8LE F.2  (continued:
Upgradient Wells powngradient Wells

Comstituent  Sanpie Regs  ormesesmccnenen cesaes fhaRn) R e AL e ~={Boep}
Hamea Period  Hum  24-35 26-3%4 26-% 26-350 2334 24-34K 24-34B  24-3%3 24340 25-X6T FS-34B 25-34A 26433 253K
BETA JanBb . . . . - N . 285 . - . « - "
14731 ’ 8.2 36.1 N . " . . “ . .6 288 8.5 M
Jang? . kY B 2.5 . . . R . . 323 32.% B9 58
Mard¥ . . . - . . . 27.8 . . . " . -
Hayd7 . E? O3 X255 . . - 23 - . 3z 27 2.6 w9
SHnR7 i7.8 . . “ a8 z2ne 22N . 2.9 187 . ¥ « -
Jut FAUgB7 . 3.7 2.3 185 » . . laB . . 5.2 2.8 P35 T4
GorHovar 6.2 .2 M3 2341 .t 24,2 2.3 %% 1A% . .8 229 229 AN
1 . . R . - . er.v . . . M . . N
Jun/Febas 7.2 7.7 21.4& % 2.8 258 F7 25.7 W1 2B.a 31 33,6 287 B
Aprid 2L 305 34.E W4 2.2 9.1 KA BB B2 35 2.4 30.7 313 B3
1 . . . v - . 29 . . . . . . .
Jud 73R 21,4 M3 3563 225 28.4 #8.5% ZJ . Oy O FS5 O3 X4 a8
i N . . v . . 5.6 . . . - . . -
BRORIDE Jan/Febis <1504 N * . <1306 <1000 <1080 N 764 <1000 . . “ -
AprB8 <HED <1000 <1000 <3058 <5000 <1000 <1060 . <00 <1000 <3300 <1000 <1000 <00
H . . . . . . RIB0G . - . . « . .
Sl FBgBR <1000 <1000 <HME <1000 <1008 <3488 <1060 . <1000 <3003 «tIGD  <JO00  <IGO0 <0G
i . . R . “ « <1000 M - . " . . .
LARRILF Har BY . N - . - M N <2 . N . v . -
R8T <2 «2 <2 @ < “2 52 <2 @ 2 2 <2 <2 <2
Junds? < ' . N <@ <2 <2 . <2 <2 . . . -
dul FAuB? 2 < <2 <2 2 <2 g <2 <P <@ < <2 < <&
Dct/sovs? <2 <@ 2 | 2 3 2 <2 < . <2 <2 <% <2
1 . . . . - - <z . - . . . N -
Jah/FeblB < <2 «3 «2 <2 b <2 3 2 <z ¥4 «Z <2 2
ApeBa L4 2 <2 £] <2 @ <2 <2 <2 <g «2 <2 <2 ¢
il . . . . . v «? . . - . - . .
Jud FAughs fv4 e <3 Y < <3¢ <2 . e <z <2 &2 <2 <2

3 . . R . - . <2 . . - . . .
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TABLE F.2 tzonginued)

upgradient Hetls Downgradient Wells

Constituent  Sample Rep  cmwmmmnmTesaauan e, EDREP) n oo e o s MR SR A s {Dewp}
Kame Period Hum  24-35 24-354  J6-34 24-35¢ 23-34 24-34A Z4-3AB BS-33 H-B40 25-MAC Z5-34B 25-34A  26-3% 533
LADM UM Jarsid . . . M . N - @ - . - - . v
§ . “ . . . - - L74 . - . . , .

b . - - . . . . «Z . - . . .

ar18a < <2 <2 . . . . . . <2 < <2
JaniT . <g <2 g " ' - - . . <2 <2 < <2
Hay? <2 « <2 <2 <2 <2 2 . 2 <2 <z <2 71 <2
Junb? 2 . . . <z xZ <2 2 %2 - - . .
Jud fAugB? 3 <2 2 <2 < & <2 <3 <& <2 < <2 <2
et /NavET : @ 2 2 2 @ < € . o« 2 & o«
JanfFelds %2 =2 <2 <3 < <2 <3 s <¢ <2 <2 <2 2 <Z
AprBé 2 3 <2 <2 «Z <Z 2 . <2 %g <2 <2 2 <2
Jul gk <« <2 <2 «2 < <2 <2 . < «2 <3 <2 L4 <2
CALTIUF Harg? - - - . . . . Beasd . . . . . .
MayB7 43100 38508 100 48500 70600 49400 £P500 43700 4R%G00 49308 A7700 J4UO0L 35200 27200
Jurd7 42500 . . . ET300 46700 45540 « 34200 39800 . ' - .
dut FAugh? 346100 30960 268560 3VBOS B394G S08G0 SRF00 49300 51340 M1200 30400 X0sD0  24%00  2E20D
Dat fHovE? 42366 JIM0 2684n | 0400 51000 R490C 58D %4100 . 35108 43400 TU00 28360
1 . - . - . . 58400 . v - N = . .
Jan/FebiB LH500 39ELD 000 44000 TYRO0 TIS0O BZF0D 49200 73100 44000 43400 XG00  3¥7Da 35500
#pri8 42800 38500 35450 43900 72600 G700 TDRLD 49100 AH2LE 4VP00 39455 IITGH 35A00 3
1 . p . . N v TG . . . - . . .
Jul sAugBR AEEGD &LF0D 33ITI6 44100 GFGON  &8308  7ATGG - G&T00 43%58 IFN0 41208 FR0D ME0G

% . . . . . . &3300 . ' “ . . . .
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TABLE F.Z2  {continued)

Upgradient Weils

Cowngradignt Wetis

Lorstituent Sampie L T I e (RBEET oo e s e e e R {Deepd
Feevng Periad ¥um  24-35 2&-35a  26-34 26-350 23-34 24-34& 24-348 A% 26-34C 25-%40C B5-34B 25-344  26-33 25-334
CALCHM  OotBS SEAIG B&RCD . . . . . 40100 37900 36voe .
danB? . B8300 3500 45100 - . - . - . XOT00  ATEOC 35705 33300
MY 4620C  A4%8G 35700 49V0B O GOAGO L0 . SBA0G 44800 3AYO0 38940 3730 26700
Jung? 41398 . . . AR100 &TIBS 55600 .~ 58000 ADOOD . . p .
Sl FAaughy iBI80 000 28560 3BDGG 63200 2502 8500 . 57900 THY00 342060 N0 300 38N
ot /MovBT 37810 32¥00 29368 39000 54400 SE0G00 58200 . 55400 . 3RADG 3M900 39608 26500
Jan/Febis 52700 38300 35800 44700 7H860 16300 T3TOR . SUBO0 44300 42200 BTG 37308 H900
Apr 43200 39700 X300 AATIG I T0T0 TR0 « TEGOD 45100 40900 35200 H6100 RSO0
Jid FRugBe 42700 39400 34000 445838 TOB00  6BABG  FESGO . 7MEEN 42000 40000 35160 34900 31000
CHLORIS 4an3s . . - -FESE - . *
i . - - B3SO . . . - v
F - . . « - . - B3 - . . * - .
SerBs - B4 B200 - - = . B0 BIIG 8500 .
Sard? - BRAG &80 WD - e - . FFG 8950 49B0 &36u
Har 87 . . " . * - »  FORG . - » - * .
MayBT T2EG 7RO 74D W04 811 8100 BRUG  YYED TTOR ¥5AR 8)1D 7ER0 &Rk oW0
Jung? 84610 N . " 310 8580  BY&D . BABG 9120 - . - «
Jui Faugh? BABE  E010 ABSD Q49 BABD @550 8381 H280 8B20  THAC TS0 YA TOM0 &550
Get /Mot gast  BED YIS0 WG 8950 B&G5  BA6D ARG wZhG . TE50 8310 T80 &BEG
1 . - . . - +  B6%0 - . x - . . -
Jan/FehBs 0 TEBO 7ML BTN0 7888 8240 £IGD  BEIG TRED TRO0 X063 TOBG  AZC TOI0
Apris 8080 7400 S840 WIRD 822 8360 V026 6590 MWL ?53¢ 47RO 4900 4750 675D
b - N . - . » 791 . - . . . . -
dul fAughs THRG  &0g 6130 B4z fisl e 7710 «  TR30 698D 68 A0 63B)  B470

7870



AN

TABLE F.Z (rontinued)

Uperadient Helils fowngradient delis
fomstituent  Sample Bap --eemeeesomemvneoeas EOREPY oo e s s e S T S ML = (Goenl
Hame Feriod Num 2433 26-388  26-34 24-35g 233 20-344 24348 2433 F4-%L 23-3A0 25-348 Z5-34K 24433 245-334
CHEOMIF #arg? ‘ - - . - . . <10 . . . . . “
Hayi7 <18 13 <il <13 <10 <1g <10 <10 14 <18 <t <16 <10 <16
8 <10 . . . <1 <10 <3 . <10 <1 . . . .
Jut 7 2ug8Y <16 <10 <i% <10 1" Lty <10 <10 <% <i0 <10 <18 <10 <Hj
Octsnvis? < <ig <1 M <13 <G =19 <38 <% - <{@ <16 <G <t}
1 . . . . . . <10 . . . i . . .
Juntrebdl <16 <30 <iG <10 <1 <310 <10 <10 <13 <1 <10 <G <i0 <Hl
AprEs <) <G <10 <id <10 <9 <19 <i8 <1% <1 <10 L3 ] ¢ <1 <1
1 : . . . . . <if . . . . . - .
Jud 7AugBB <10 <if <id <10 <10 <15 <40 . <14 <10 <10 <3¢ <10 <10
1 . . . . . . <10 - . . . . - .
CHEROMM FuNSA v . . . . . . 10 v " . . . v
1 . . . . . . . i1 . . . . . -
2 . R . . . “ « 10 - . . P . «
Detds . 21 <1 . 3 . . . . . 3 {1 i3 <10 "
Jand? . <3 <10 <38 . . . . . . <1 «10 <1l <13
Hoyfl? <%0 <10 <& 18 <t <1 <13 . <43 4374 i} <1l 411 16
Hung? <10 . « . <10 <§ <10 . <ig <16 . . a .
Jul FRagB? <i <if} £10 i <if «i0 <10 . <10 <0 «ig <14 <10 <if
GetMovET <0 <10 <14 13161 <1t «10 <1} . <10 . <10 <13 <t <10
Jan/Febh <10 <4} <I{ 10 <10 <D <10 R <36 Sals <19 <15 <10 <18
AprB& <l «iit <10 <1 <18 <14l <10 - =10 3 1] «i <10 <l <1t

Jul FALG BB <1 <18 <1} 23] 1 «0 <Hi . <if <t <10 €18 <16 <18



TAN

TABLE F.2 {oontinved)

Uparadient Heils

Downgradisnt Wells

Tonstituent Sample RED --mmmeveemaaaa. ERREEE £42:0: 23 BN e SRttt b R R bl {Deepy
Rame Fardod Hum  24-3% 24-358 2434 256-35C 23-34 24-ThA B4-BAB 24-33 26-340 25-34C 25-W4p 25-3h4 26-33 25-83A
COMDFLE Janié F . . . . - . . ¥ - - . . - -
OctBé - 411 L4 - - . . . . . 456 K 8 %7 -
1 - 41 397 . - . . . . - . . . -

< . %10 394 . - - - “ ~ - . . . .

3 . 410 o7 . * . « * . - - - . -

Jand7? p 355 34 337 . . . “ . - 3840 Jan 380 ns
1 . 361 354 348 . - - . . . . « “ «

2 + 342 55 39 . . . . . . . . - “

3 p 385 w7 338 p . . . . . . - « «

Rarh? - . . . . . - 445 . . . . . .
HayB7 32 k¥4 f.5¥4 370 524 214 508 442 505 3ra 63 187 39 318
1 . 383 e Y0 . . - . . . + " - .

2 . 358 357 k¥4 . - . . - - . - - .

3 . 35 ¥R 37 - . . . . . . - . -

Hng¥ X - . . 452 458 485 . 4B 3353 . " “ -
Jut FRugBY E 3 342 Zna 359 &7 43% 459 . {27 31z 387 St 350 n
1 « 381 e Bt . N . . - - . . -

P . 346 273 354 . . . . . « - ‘ . .

3 . h e 288 357 R - . . . . - . . "

e s Ty 416 37 361 424 s87 554 573 454 54 p 437 574 in 413
1 . i B 424 v - . - . . - . % »

2 . i 358 424 - - . - - . - . . -

3 . 350 358 423 . . . . . « - . . .

Jiing Febdl 358 394 36 162 508 -1 64 420 44 287 358 FAd 233 273
i . 194 20 362 . . - . . - 45 20% 254 272

. . X 341 362 . . . . . . Al 289 254 a4

X . 3% 341 381 - . . . . . 40 249 534 273

Apr B8 4285 382 513 A4t 512 563 631 561 744 84 a1 390 319 &9
1 8% 384 1% 442 512 583 630 : 7 483 22 Wt 418 M9

é 483 38 413 #43 613 588 42¢ . 725 B84 520 Wi 418 71

3 A6 385 44 443 613 3BF &% . Yeb  AB4 5200 393 A1 47D

HnB88 . - . . « - . . . 337 . » .
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TABLE F.2 (eontinued)
Upgradient Walls posegradient Wells
Constituent Saople Bep meeswssessmnsceasanas (BB o A e b s R e SR e s (heep)
Hame Pariod  Num  24-35 26-3%4 26-34 26-35C 23-34 26-34A 26-BLB  24-3% 24-34T 25-30 25-348 25348 26-3% 25-134
CORGFLD Jul fAogls 281 267 el 222 287 458 2685 bo¥4'3 08 34d 39 7 an 26
H 220 247 a4 g¢t 265 456 86 59 348 o8 304 b4 48]
2 480 27 24 228 255 463 285 8B M4 X8 307 e8¢ 69
3 280 207 rel &2e b &60 285 R08 245 309 n7 280 270
CONDLAR  Dxt/Hovd7 &1y 3133 333 LT3 63 453 4% 458 . &% K7 3 RS
Jen#fFeblil 4354 396 e %59 £54 k13 584 B6% 448 356 43 401 3¢
4 5 B9E AN . - . . . 96 M am &2
2 3% 396 45¢ ' - , . . 204 oz 2R 292
3 - AUk 396 45 v . . - . 4066 x97 Parrd 29t
ApeBE 437 388 s dos 543 552 458 417 344 3 73 ¥ 3
H &37 25 b 143 406 563 be¥d | (33 . 417 344 13 Ir 3s stF
2 &7 s 8 375 L0& 563 521 A7 N 417 344 3z 35 g ¥ 5 AT
3 “r 36 3 A0 552 521 #17 . 417 %4 MX I 348 243
R FhugBs 458 409 38% 427 897 542  B57 626 AVhR 463 459 ¥ 408
1 113 412 3|y 424 &HEh 543 87 . &16 505 468 451 399 399
aGT  A13 ma L2 K85 3 &7 &22 BT 48% 441 I 3
3 &7 410 M|y 422 £88 541 L% $1% S0 461 £59 wE 39
COL PO Jantid . <3 . -
1 . <3 - N
Z - . . . . <3 a - * > . ‘
Gotfd - 6 <22 - - . 2.2 <22 «2.2 N
Jani? . <22 22 2.2 . . " . . «  <B.2 2.2 @2 <22
Hay87 2.2 *1 »14 =% 2.2  <2.2 .2 . .2 5.1 <22 «2.72 <2.2 *»16
Junds? 2.2 . 3 - 2.2 <2.2 <2.2 <2.2 a9 . - . -
Sl fAug8? 2.2 @2 2.2 »16 2.2 <«2.2 <22 2.2 «g.d 2.2 2.2 <3 <22
Ot HoeE7 2.2 2.2 <2.2 214 2.2 <. <2.2 . 2.2 . wAE 2.2 2.2 <2.2
Jan/Febds @R.2 2.2 2.2 <22 2.2 <28 <22 I - O k2.2 ¥ i ]
kpris 2.8 <2.2 2.2 <2.2 2.8 «g.2 <22 2.2 <. <22 2.2 22 2.2
i Fughd «g.2 <2 <22 <32 2,2 <2, «g.2 «t.2  <2,2 2.2 <. @2 2.2
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{ABLE F.2  (continued)

tpgradient Wells

Dowsgradient Welis

Canstituent Sample Rep ----- armmasweeaas wner {DEBPY  rrreeewer v ———— e i wwy A ooyl
Name Period  dum  o4-35 26-352 263 26-350 2334 24-344 R6-340 24033 P4-340 T5-340 25840 25-34a  26-33 ZH-E3A
{OPPER dandd . . . . . . - <if} . - v * - -
1 . . - . . . R <1 M . - « N N

4 . . . . " N <if . % . . . .

DetB& . <1 <34 " . . . . ‘ <13 <G < -

Jerl7 . <th <40 <i% . . . . . . A tt: <0 <16 17

Hayss <10 <1} =1 <10 <10 <13 <18 . <1 <8 <10 <1D <16 28

Juri7 <10 . . . <18 <%0 <10 . «i8 03 1] . . s .

Jul Faugh? 51 <40 «10 <0 <16 bl <10 . <10 <t <1 <33 =10 <10

Dot /NovB7 <4 <10 <1f] <19 <§9) <10 19 » <0 . <13 3 i I S wi{

Jan/F ebas <H] <10 B3 T <1 <1fl <10 <13 . <il <16 <4 s [ <10 xa

Apr88 <14 <10 <13 <15 <10 <18 <1 . <10 <1 <16 «1Q <i0 <i{s

Sl Al <10 <14 <183 <19 <10 45 <t . <16 3 1 i <10 <10 <1

COPPERF Hor8Y . R v M P " “ <316 " v - . - -
Mayl? <1 1% <10 <10 <1 <10 <10 Le11] <0 <10 <1 i} <4k <10

Jundy <18 . . . L H <10 <11 . <1 «10 . . . .

Julk fAGERT <t <10 <14 31 <10 <0 < =1 <10 <1 <13 <10 <10 <10

Oat /6 ovB8Y < <1i L33t | «10 <t <8 <16 <i0 . <44 <10 <10 <10

1 . . . . . ‘ < . . . . . . .

Jan/Fobla <10 <13 Bl <10 <10 <48 <{0 i <48 <19 <10 <10 <9 il

AprB5 <H} =1 <10 <10 <3 <1a =10 <t <) <10 <10 <1} <14 (S [

] . . - . . " <17 - " . . s . -

Sul FAuphl <1 <10 <§{ <4 <13 <10 «1% - «i0 <10 <1 =43 <10 <10

1 v « . . - <1 . ' . . - » -
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TABRLE F.Z2  £oontinued)

Upgraciient wWetls besngradient Wetis

Coratitusnt  Spuple B ~o-ceswernrecccavunns (DERGT o e s b e L L T L L e RS L (Deep)
H e Paariod Him 2655 26-35A BB-34 24-3NC FA-30 Za-3L4 P4-R4B 24-33 244340 25-TC 25-34B Z5-34A 26-%% I5-33A
FLUGRID  Jan8& . . . . . . P .14 . . . . . .
. . . v . . ik . . . . . N
erss . =550 <500 - . . . . . o <20 < <800 *
Jan87? . <BBB <500 <508 . " . . - . <B08 <500 <B0B «500
Maréy . . . . . . PR 5114 . . . . - -
Raya? 419 581 01 <505 &t 5114 &2% <500 &34 &35 ¥i2 577 585 602
JirB7 547 " . . <H0G0 50% 532 . 568 550 , . » .
Sul FAugS? 483 6t Eit 555 £50 4B £ <39 433 82 8% 4T3 &3 &38
Bt ZNovhd Fel &b 594 <500 737 Fob &74 674 653 . 756 64 Bt 545
1 v . . - " . &34 ' « . “ N . .
Jar/fFebis &74 675 30 34 749 8 75 0 o B4 &84 K] b g ¥4 672
AprB8 1 538 SBG <500 045 LT &68 551 504 o0 a17 585 543 <500
Juk gl 5@ AR 15 <S04 <5OE <500 «AGH W BB <B00  «<BOD SO0 <500 <Bot

1 N . . N " . <500 . " . - . "
iRON JanBs . - . . . . . <50 . . - - . «
1 . . . . - <50 . . . . v
2 N . . ‘ . . . 543 . . . - - .
Datis ) 28 5% . . . . . . - <50 263 <40 .
JanB? . <SF 0 <0 51 ; . . . . .o S0 G WY
MayB7 <A 4410 A 76 152 43 S . (1. & <B0 <59 <30 258
Jurfly 6 . . . 124 225 k¥ . 92 P8 . . p s
Juat FALuRT 147 A% 50 <53 481 355 i32 ' 41 &6 <58 <5 <3 H6
DetHovl? 30 494 126 3% 488 447 fi2 . 128 " 4 247 <33 gy
an/f Fetdd ¥ <3 <% &6 12 4% A2 - 388 &2 <30 <3 <A 32
AprB3 a8 43 <30 H-33 28 584 V70 " &2 G957 b4 <30 71 ¥4
Jud FRugBS <30 389 <30 14 &6 a4 [ v 37 125 <30 <30 31 95
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FARLE FL2  (oowdinued)

pgradient Ueliils tovewgradiont Wells
Comstituent Sample REp ~oessssoserenironnaan et B R L R e R (Daep)
Hame Feried fum 435 24-35A& 2634 26-358 3-8 Z4-T4A 24-M4B 25-3% 24340 F5-3A0 25-B4B 25-MhA 26-33 25453
IRONF Mard? . . N . . . . <50 . . . - - .
Mayli7 <50 & 50 <59 <50 <54 <50 L 3H <%0 <56 30 <50 55 45
Jun8? <5 . . N <50 54 &2 . <50 &5 . . . .
dul FagET 56 <3l <55 <50 <5 <50 ¥ <50 £ <& <SG et <%0 <5
ot Rova? 34 <33 <30 M 43 54 5% <35 k! . <38 37 <36 3
1 . . . . . . {4 - . . - . . .
Jan/Feb3B <30 <%0 <30 <38 34 42 11 <30 41 K5 S 1) 3¢ <30 . 17]
Ape&5 <33 <30 <30 <30 &% &8 LS s A% <3 30 <30 <34
1 . . . . . . 3 . . . . . . .
dul FAug a8 <350 <34 <33 A6 86 2 <30 - <3 <30 <33 <30 < <30
i . . ¢ . N P <30 . . . . « . .
LEATF Hur87 . . . - . . - <5 R . . . . -
Hayh? - <5 < <5 ' . . <% . . <} <5 5 <5
JunB? <5 . . . <5 <5 <5 . <5 & . . . .
dut FRoB7 . <5 <& % . - - <% . . <5 <% <5 <5
Dot iiovBy <% <5 <& <5 | & <5 <5 <5 <5 . % <% <5 <4
Jan/§ehsa <5 . . . <& <% <5 05 <5 <5 . - . .
AprBS <5 <% <5 <% o <5 <5 <5 <5 <5 <5 <5 <5 <5
Sul FRugBB <5 <5 <5 <5 <5 <5 <5 . <% <5 «5 <% <3 <5
k] . . . . - . <5 . v - . - N .
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TABLE F.2 (continued]
uUpgradient Welis Sowagradient Wetls
Cormtituent  Sample Rap ~vewwmesmmivemersnvunn {Beep) | oreemoomeemeeos mrn bbb W e e e wem. =-{Deop}
Name Period Hum 235 26-8A 0 Teol4 26-35C 23-34 24-34R 24-348  24-3% M-XAC 25-34C 75-343 25-MA 25-33 533
LEAREF dandb . ~ . N . . . 5 . M . . « N
H v . . . N - <5 . . . . . N
Fy . - . - . . " <5 . . . . . .
SueBs . «5 <5 - . . . . . . <5 <% 5 .
Jan47 . <% <5 <% . . , . - . <5 5.1 <5 5.8
MayR7 . <5 8 <5 . . . . . . 5 <3 & <5
JueB? <5 . . - <% <5 <5 . <3 <5 . . . .
St S BY . <5 <5 <5 . . . s - . <5 <5 <% <3
setfHovB7 <& <5 %5 B <3 <5 <5 . <3 . & 3 <5 =5
Janif ebbe <5 <5 <5 <5 5 <5 <5 - <5 <% <5 <5 <5 %
AprBd <5 <% <5 <3 <5 5 «& . <5 <5 <4 <3 <5 ]
Jut FriughB 3] <5 <5 <% <5 <3 <3 . % <3 <% % L+ <5
LEELDRR dul RGBT . . . . . . . 494 . . - . .
Oet fioydy 525 % G2 420 440 470 A8 AN 510 . 80 540 490 494G
dan/ FobSB 513 6D %2 455 450 485 LT 428 483 540 620 3 A%h
Aprid 432 457 &%E 343 358 372 i £25 353 450 482 475 LY.} 395
i . . . . " " 37 . " s . . . .
dusl FAUgES %% 498 549 347 »a h32 306 - (5.4 498 533 %8 481 364
3 . . . . . N 454 . . . - . -
LERERGL GotBa . 4.1 4.4 . . - . - . . 2 3.2 2.9 -
Jang? . <% 3.8 <1 - - - . PO %3 B - B ... <3
Nayh? . <1 <1 <l . . . . . . <1 <1 <t <1
Jud FRugh? . < <} <i v . - + . . <t <) <1 <¥
Get /Rova? <1 <% <} <1 <1 <1 <1 . <1 . <9 <1 %% <4
Jam7¥ebll <1 «1 <1 «t <1 <i <1 . <3 «i <1 «% <1 13
AprEs <1 <1 <% <1 <i <1 <% . <1 <1 <4 <1 <f <4
Sl FAug 88 . <4 <] <t . . - . . <1 <1 «t <1
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TABLE F.2 {coniimued)

pgradient welis

Downgradient Melis

Tonstituent  Sample e I R 130 I e e e e A L e {Deep}
N ame Pariod Hun Z24-35 Z5-33% 26434 &35 23-BL 24-F48 24-34B 25-33 25-J40 25T 25-340 Ph-RAA 26-713 B5-33A
MAGNES Cct8& . 11MOG 10%00 . . . N - » « TIS00 1080 30800 .
Jangd? . 80D Mnad 1800 . - - - . o TO300 10760 t0NG0 TRO0

MayB7 108 11600 WS ERsD 16200 15300 15402 L AN 11400 10800 10600 10400 7250

JunBY 316086 . » . 14508 14400 15300 . IS30D 1TROD . v . .

Jul FAUgET 0808 10500 S8R0 12000 16208 15400 160D REG0  HIDG 10400 10400 10000 8450

2ot /Novh? 109002 10900 9980 12300 15208 15700 18000 . 500 L 11300 11400 9690 9410

JansFebBs TIA00  1VI0e 10400 11800 14800 6400 16 . TAALG 1210 11R00 12900 10200 9420

Apr g 1400 11200 9946 11636 15808 35600 15800 . RO0G 12206 11300 10700 10000 9350

Jul FAugBs HZ00 11600 10700 12300 15500 90 15800 . Y200 12858 11380 100G 10200 B8&0

MAGHESS Marfy v . . . . . B 18] . . - - - .
HayR? 10808 1700 10200 12800 15800 14900 15200 19000 149040 11200 10600 10MWC 940 V510

BT 11805 . . . 14300 16060 16300 « YRTGG 1Toe - . . a

Juil FAugHY Wron 104800 $370 11900 15100 18400 15400 144460 1480G 0500 10380 10400 9380 88%10

et/ Had? 12600 WD 18300 M T7A00 14600 TS1G0 14200 15408 . 300 12700 8300 AW

H - . . . . . 159006 . . . . . . R

Jan/foblid 1H0G 11108 10400 121060 16500 15000 TRA00 4300 14006 125406 11180 VIO 10580 984D

AprBl 10808 11300 10500 11700 1570 14700 15400 18000 15606 1140¢ $OBOC 15800 4580 5998

1 - - . . ’ . 15900 . - - - - - -

Jut AAugte 16908 {1706 ¢9I0 11500 15360 15506 1600 . 15000 11800 1080% 1vmG 983G WsD

k] . . . . « 14200 . « . - . . .
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fanLE F,2  {continued)

Upgr selfent Wells

Bowgradient Welie

fomstituent  Sampie Rep  »eemssswsssoamcoroanan (8BRS oo e e e (Deep}
Name Berisgd  Hum  24-35 26-35% 24-34 26-35%0 P3-34 24-34R Z4-36B 2433 24-34C 25-34C 25-340 53 26-33 25-334
MAKGAKF Har®f - . . . . . . <5 - . . . . s
Mayh? <5 11 ] $56 <5 ] 6 <% 35 5 <5 <5 <5 8

iy <5 . . . <3 < 5 . 8 <% . . . .

Jud FAugdY <% <% <% 160 & <% <5 <5 <5 <5 <5 <5 «h &

oot NovET <% o <5 M <3 <4 L <3 <5 <5 . <5 <3 <5 5

Jan/FebB8 <5 <5 <5 21 <5 <% <5 5 <85 L) <5 <3 <% 7

AorB& <& <% <5 (7.3 <8 <5 <5 <& <% «5 <5 <5 <% 6.

dul fhughd <& <5 <5 45 <5 <5 5 . <5 <5 <5 <5 7

H R . . <5 . - - . .

MANGESE JanBs . v = - <5 - - N v . -
i . s . y - . <5 . . . "

Z . . p - « . <5 i . . . . .

Outb . <& <% . . . s . <5 <5 <% .

RE . % L) 152 - . . . . & <5 <5 11

MayB7 «5 44 <% 120 <5 « 7 3? <% <5 «5 <5 4

Sunlt? <& . . . 5 8 ) . g <5 . s . -

Jul JRugET < <5 <5 W03 5 < 5 . 3 <5 <5 <5 <5 ]

Bt Hov8T <5 & <5 104 & <5 < . <% . <5 <% ] $

Jan/FehBE % <4 <5 95 <5 <5 <5 - & <5 <5 <% <5 5

AprBS <& 7 <5 2 <5 <5 <5 » <% <5 <8 5 <5 .3

dul 7ausghid <5 <5 =5 5% <3 <5 <5 . 3 <5 <5 < <5 <5
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TABLE F.2 f{eontirued:

Ypgradient wells

Posngradisnt Welis

Gonstituent Sample By ov=ammeanvmnm it {Deep)y  ----o-- e L L PR A mm e e e £ 11--0-
Nare Pariod  Rus  24-35 26-352 7635 26-350 EE-34 24-344 24-3A8  24-%% 2440 25-TRE 5348 25-MA 633 2513
BIQKEL Jards . - N . . . . <10 . . - . . .
1 . . . - . - 4 <10 . . . . . .

2 “ . - . . . . <3ib . - . . . .

fictds . <16 <1 . . . . . . . <t <10 <18 .

Janl? . <t <0 <1 - . - . - . <} <10 <} <10

Mayf? <3G <t 10 <1 <30 it <] . <16 <18 <10 <1l <14 12

dunii? 36 . . . <10 <ih <10 . i <l . . . .

st FAgBY <15 <10 <19 <0 <13 <38 <10 - «i4 <10 41 <14 <19 14

St fHovaT <10 < <18 <T0 <1l <30 <16 , <14 . 1] <10 314 <D

Jan/febil <1l < <10 <D <} <10 <14 , <10 L31c <id <10 <tg <10

AnrBE <1k <13 <0 <1¢ <10 <13 <18 " «18 <%d <10 314 <13 <10

Gl FAugBS < <4 <10 <} <10 (31 10 M <13 <10 =10 £3 ] <19 <18

HETRATE Jands « - ,. R . R . 20906 . - “ . N .
k . . . - . . . 20500 . . . . . .

Oes8s . 25460 29300 . N . . . - . 28100 24508 25560 "

HarBf . M0 27200 ZREH “ N . » - . 27300 FH O ZTV00 44D

Har&7 . . . . . e - . 2% - N . v . o,

MayB7 ZI00 24900 FMHG 20500 JI4B0 22400 23600 25408 24000 25800 YLD 26700 MM 4180

duedtd 20700 . . . o0 22100 2300 . 238006 25500 . . * .

dULFAunRT 18760 22800 24500 19600 18200 19400 8700 F1200 21760 24400 23900 24100 24000 5TRO

Dctirovs? 29BLG 25300 30800 2A0G 2200 24400 Z7Y0H 28300 28060 . cBE0D 27360 9100 £540

i . » . » = - EFdul . . . . . . »

Jary FebBd 19100 30000 31066 20800 19566 2300 26300 ZE200 I7I00 V200 3OTO0 30900 R 5630

Aprds 22300 3iwad 35200 1A500 FI200 25400 ZB200 9200 WH00 ZREG FPACO 36O 33162 S5A0

Jud Fhunlfls 22000 X3RO0 35400 22300 22100 29200 A0 B9 3TI00 MO0 G W0 %0

RITRITE Jang Feblil <$000 . - . <1008 <1000 <100 . 11%H <1008 . . . -
Apraa 4 <1000 <16 <183 1400 {008 <IN00  <100¢ . <1000 <100 <1000 <100 <1000 <100

Jul fanliy <1000 <1006 <10 <1000 <G <{DO0 <1068 L <1000 <HMG <3000 <100 <1008 <1000

<1
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JARLE F.2  (continued)

Uparadieny Walls

Dowrigradient Vells

fonstituent  Saaple e [ S R i i s A « - £ Haep)
Kome Fariod Rum  24-35 26380 26-34 28550 E3-34 D4-34R 24348 24-33 24-34C 25-JAC £5-348 2H-34A Zo-33 25-334
PH-LA8 Mar87 . . . . - . . 7.4 ’ « . . . .
WMeyB7 . . . - . . . T.26 * . = . - .

durdt7 7.5¢ . - . .92 6.9% &.&7 . RS2 7.6 . . - .

Jul JAglT . . - . * . . T.hh « . . . - .

Dot MavE? TS P BOe B.OS 1.8 7.88 .12 T.4E  1.BB . RO OTW B

Jon/FebBs 747 2B T P 48 &9 79 VR T2 1S & Y TR e

i «~ 7.8 Fre 1.7 . . - . . . TS TR T8 B4

2 . 1.8 7 1.8 - - . . . . FiNg 7.8 195 a4

3 . LB 1Y s . . . . . . 7.8 7.9% 8.02

Aprill .7 8 8 8.3 7.3 7.3 .5 7.& 7.8 Fif’ 4 a & 8.1 8.2

i 7.8 8 8 8.1 .3 7.5 F - 7.7 ¢ &.1 a8 8.1 8.2

7.8 8 S E,1 7.3 ¥.2 3 7.8 8 & 8 8.1 8.2

7.7 a & 2.t 7.2 7.2 7.3 - 7.6 7.9 & £ B 8.2

Jul fRuglE T.8 7.7 7.9 7.8 7.1 I ?.é - 7.3 7.7 7.9 & & 8.1

1 7,7 84 #.8 7.8 7.41 7.2 7.3 . 7.3 ry 7.9 7.9 g 8

2 7.7 1.7 7.8 t.8 7.3 7.1 7.3 - 7.3 e 7.9 2.9 8 8.1

3 7.7 4 7.8 7.8 7.2 7.2 7.5 . 7.3 7.8 7.9 7.9 8 8



Ged

IEBLE P (continued)

Upgradient Welis

Downgradient Ysils

Congtituent Sarple Riy rrmmrmcmreemnn e {Deep)  mmwes W e e wh s e mAm e «{lreep)
Name Period K 2435 26-33A4 2543 24-750 P33 24-%48 24-34B  24-33 24-340 25-F4C 25-34B 25-3%A 2633 23-F3A
FHFIELD Jands F . . . . . . . 7.5 . . . . . .
Gothé 7 T . . . . . . . 6.8 .4 7 +
3 . 7 7.1 . - . . . . v . . .
Fd ¥ 7.2 . . . s . « . s
3 Tl 7.2 . . . ' . s . v " -
darB? . &% a8 7.6 . . s . . . 7 7.1 7.3 7.4
1 - 6.% ? 7.8 . . x - . v - . .
2 . 5.9 7 7.3 . . - - . . - . .
3 6.9 7. 7.2 * ’ ¢ . . . - . .
Maré? . . . - - . . 7.3 . . " . " -¢
Mayl? T 7.5 7.5 7B 6.5 6.7 .5 b9 &9 Fod 7.4 2.5 7.6 8.%
1 . 7.5 75 7.5 . . . . . . . . .
2 . 7.5 7.6 7.6 . . . . - - - . - .
3 . .5 7.6 T + x v . " + - ¥ . .
Hunfi? 5.9 . . N 5.8 5.9 5.9 . 6.3 (N3 . M M .
Jul 7augh? 7.2 7.4 6.9 7 6.1 4.2 &1 . 5.5 7.4 .4 7.4 7.5 7.8
1 7.5 7 7 ’ . . . . * # . ' "
& . 7.5 4 7.1 . . . . - - . . . a
3 . 7.5 7 7l . . . . . . ‘ . . .
St fRovBY 5.8 5.9 6.7 &.B 5.1 &9 £.8 7.3 5.2 . 8.1 6.8 7.1
1 . &.8 6.7 4.4 . . . . - . - . "
P . H.8 6.6 4.5 . . . . . . . . . -
3 . 6.8 6.5 4.4 - . . . . . . - . “
Jan/ Febia 7 5.4 7.B 7.6 5.3 3% 3.5 5.9 &.5 3% 5.8 7.9 8.1 8.2
H 5.4 7.8 7.6 . - . . . . 5.8 e 4. 8.2
P4 5.4 7.8 7.6 . . v . . 5.8 8 B.¢ 2.2
K] . 5.4 7.8 7.6 N . . . . . 5.9 & 8.1 8.2
Aprgs 6 8.2 8.5 3.2 4.4 6.7 7.1 6.8 .9 7.8 7.5 8.4 3.z t.8
1 &1 8.2 a.3 &.2 8.4 6.7 71 . 7.1 7.8 7.5 83 2.3 7.9
2 5.1 §.3 a.4 8.2 G.h 6.8 7.1 - 7 7.8 7.8 8.4 8.5 7.8
3 &1 8.3 8,4 8.2 4.5 .8 7.1 . 7 7.8 2.3 B4 8.3 a
Jundii . - . . - . . . . 7.5 . . -
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THRLE F.2  {eontinued

Upgradiant Wells

Drwngradient Yelis

Constitugnt Sample L i B e e R L (Peep)
Hane Porixd Kas  24-35 26-354  26-34 24350 2334 24-3hA 34348 2633 26-340 25-340 S5-348 FMA 0 26+3% 25-X3A
PHFIELD JUl FATgBR 7.3 7.2 7.6 7.4 4.3 6,6  b.4 7.1 6.8 4.8 ? 7.5 7.8 7.9
1 .2 7.3 ré 7.4 4.2 .6 b.4 - £.9 6.9 7 7.5 7.8 '3

2 73 7.3 7.6 7.4 8,2 6.6 6.5 4.8 6.9 1.1 .5 7.8 7.9

3 7.3 7.3 7.6 7.4 £.3 4.6 &5 .8 6.9 7.1 7.5 7.8 7.9

POYASSE ¥ard7 . . R . B . . T2 . - = . - N
MayB7 635 6280 SUB0 &340 220 7970 S99 T30 sBs0 SUID A0S &050 HOTD BMLG

Jung? e} - R . ThAG A0 TLED . N3 &5. . ¥ " R

Sul fAughT G700 S9ED 5590 SBAD THG  &9BS  TITD &850 000 S1EG S57SO S91B SH4G 0 5780

GaviMovB? 7810 MsB 8270 M @ed TYOR 73A0  BYM0 TS&p . 6848 7380 ARG ADBD

1 . . . . . . TEY . . . . - . .

Jar/Fetdid £5510  BTAD OB ¥ EG7¢  F0R0 TR0 TIID 4800 K430 70 4010 57HO  8%0

Aprad S4G 5450 6240 9 GETD  &590 TRTD  FOD F140 &40 5210 AMI00 S0 NXRO

H . . . . . 141 . “ B - . .

Ju FaugBR 580 6/ S5FG kAN &850 TLBO 73D 68918 A20  A0%T A%B0 TRA0 8340

1 - - . . . 10 s . . « -

POTASLIM dands . P YalH " . B " B
i - - . . « S0 . . ‘ " . .

2 . . “ . « S . . - . -

QutBs . B30 M . . " . 2080 5540 5470 .

Sard7 . BINB BEMG 054 . . . . # . BRAN A240  5BBE 5520

MayR7 500 5400 UL 62%0 i W0 7eni £79G 110 h2ba &20)  &iBG B44)

JursB7 &858 . R . 7858 020 A . TERL &30 . R . -

Jul fhagB 6RO MG STAD R8G MK 7ESn TS0 - 6960 623G 4350 4180 020 4D

Qe MovE7 6360 4150 B30 425D B0 TARG A0 330 « S5 4020 374 B0

dary/ Febld 70RO 438G SY11D 5980 7828 T0E0 1400 4990 S380 5540 930 B3N 5430

Aprig &658  £440 ZRES 5940 A9 T ™S 5900 648G 4100 A090  SR00 5180

Jul fAaghs G503 stan S0 SRAG H/EO  TWG 495D 100 &BA: 4220 S7E 584D 4O
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TABLE F.2 {¢ontinued:

Upgradien: Wellis

Oowrgradiznt Welis

Constituent Sample B8R --eremrnrracaswewswy {Dmep) R R {Prep}
Hame Period Mun  24-35 2A-35&4  35-34 26-%5C 23-%4 24-34A 24-%48 2433 24-340 25340 25-34B #5-3A 24-33 25-33A
RADIUM Jardfis . N . . a N . 0.% . . N . . .
DetBs . *BUI0B *G.0%R v . . . . . S-0.058 #0108 Y075 .

JanB7 < 079 F0.08T7 LR . . . . ’ . *G.BR2 D658 *0.07 "0.043

Mar8? . . . . . . - 0,264 - . . . . .

Maya7 L VOG-0, 018%- 0,079 . . 0,008 + - RO_O5E%-0, 006 0,029 .204

dul FAuGEY « *0,056 *0.012 *0.03% . - . - - A-L013 26,006 #0659 *0.0317

ApcBR #).104 . . . T.148 *0.085 0.26% . LB LY . - . -

Jul FAupRR *0.05¢ v v . =D AT *0.014*-0.045 00N ARG 0E8 . - . »

SELENIM Jankis - . . - . . . <5 . . . . . "
1 . . v . - . . 3 . . - . “ .

2 - R . . - . » <5 » - . - - "

OctBé . <5 <5 . . . . . . . & -5 <5 -

Jani? . <5 <5 < . - ‘ . - - <& <% <5 <5

Hayf? . <3 <5 4% . . . - . . <5 <5 <5 <&

JUnl¥ <% . . - & <5 <R . <7 <3 v . M .

Jusl FRugY . <5 <5 <% . . . - - <5 <h <& <3

ot /NovE7 5 <5 <3 <5 5 <5 <5 . <% - <5 <5 <8 <%

Jan/Feb8l <5 o <% <% <% <5 <3 . <% <5 <5 <$ <5 <5

Apr8s <5 % <5 - b <5 <5 - <% <5 <5 <5 <& <&

Jui Al «8 <% <} <5 < 5 <5 . <% <5 <2 <5 <% <%



#E

TABLE F.2  {continued)

Upgredient wWells

Bonmgraddient Weiis

Corstifusnt Samels Riggy oo memmenumrom s 0+ I e R {Deep)

N Period Hem 24-3% 26-358  H-34 26-35¢ 2334 24-Bh4 24-348  FA-33 24-%40 25-340C 25-B4B 25348 P43 25-33a
WROM Jangt - « 22500 R .
3 - . » . 23009 . . “ M .

2 s . . 5 . 2SS . . . * -

iy 36 28508 23500 . ,. - 2Z500  21IBD 22000 .

JanB7 . 225G 22850 1938 . . . . . . 22300 300 23400 24200

HayB7 21260 23100 23200 20600 21800 Z3FC 22400 . 21V0G FEAGD 23240 23300 200 42800

g7 224040 . . N SFFN 21500 ZTAG . 23700 ¥3tm . « ' ~

Jisl FRugdT 21300 22100 22500 19700 23200 23360 23808 21800 23000 ZT800 23%0G 23200 38AUDR

Oet/HovB? SYAE 22300 28500 21200 Ss00 22004 23300 23308 . 23100 24800 e 3KY00

dons Febis 23200 234D 24F0E BGTI0 72803 21100 2800 200 2236¢ 20000 22008 20300 31aM

Aprif 21500 23350 22900 19500 293465 22300 210 21905 JNAD0  Z2BO0 227064 22500 TG

Jul FAugsE 224 24100 24900 20600 23500 22400 21805 22508 B0 233n8 22000 24380 28300

HDIIMF #®ardy . . . . : . . 23700 . . . . . -

HayB? 21306 23400 N0 26 21960 21800 M08 24000 22108 22200 229DG 22000 23700 4320

JUdT 25568 . . . Z2H00 2400 23900 . 22708 22800 . M . .

Jut FAugd? 22360 22680 21BOG 1900 22560 21804 22800 2N100 22200 22750 21700 XA 21700 37300

Dot 7iaB? 2R400 F3103 23700 H 25005 23200 22408 24800 2 2380 243006 ZXr00 38108

1 . . . s ¥ . 23600 . s " » . . .

danfFebid 20462 21200 25580 20800 23400 21804 23200 23464 21400 2RGEG 21000 22800 22200 30200

AprBl 20000 ZRon 21200 $7F 21208 21200 15750 23V05  IBA0D 19500 08 20306 20700 B3NS

1 . . . M . . 20OGG " . . . » .

Jut FAugSE #1630 24800 23580 19200 20400 26808 22T00 - 21500 2806 22660 25300 2t/ 29100

2o
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TABLE ¥.& {oontinued}

Upgradient ssils Bowngradiant Wells
{onstituent  Sample ABR —r-oorrromnreareveems EDGEDT et e N et e v e marE e Me kWA MLk oo {heep)
Name Fariung Hum  24-35 26234 2634 25350 23-34 24-34K 24-FAR Z4-33 24-35C 25-Bh0 25-34B Z5-368 2633 25-33A
SYRONTF sards . . N . . . . REOG . - “ . . .
Mayl7 . . v . . . . 4300 . . " . . .
Jung? <304 . . . <346 <358 <30 . XB0E <300 . . . -
Jul FRugHY . . . . . . . <300 v . . . p .
Oct/ovl? 216 7% 164 o] 217 2483 276 Bk ¢ . 18t 210 150 231
1 . . . . “ . 290 N . . N - . -
JdansFebBE 201 178 62 225 k1H| 277 3m 218 2 2% 180 178 123 w7
A RE 149 17 161 221 280 A% 267 274 :ET 188 173 171 m 97
1 . . - . . N Z7% - , . - - . -
Jul fRun 88 153 193 361 224 257 26 280 . Qb4 ™ 174 o 161 208
1 . . . . . . 258 . . " ‘ . . v
STRUKUM Junb? <368 . R . G <388 <G . <300 <D0 N . . .
Qot Moel? 196 175 154 235 251 256 et . 274 . 189 wi 160 225
JanfFebBé Fabr] 179 164 232 3654 284 284 " 253 282 154 1wy 169 212
AprER s 175 5% 218 85 287 21 . 27¢ %7 186 e 143 piz

Jut FAugh Wy 92 168 24 28 a7 2N " A Fi3 180 141 167 193
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TABLE £.3 (continued)
Usgradient Welis Dowrgtadient Kells

Comstituent  Sample Rep o cesmvmmmna e v {Daep)  mmeeeesrres e R R e R {Genp)
Hawse B dod o 24-35 25-B%R 26-34 A-3NC €3-35 26-04A 24-358  Z6-33 24-340 25340 25-34H 25-34%  26-XS R334

SULFATE Jands . . . . - . . SHTB . . . . - .

1 . . . . - . . %h400 . . . . . -

2 . v . . . . . 35100 . p . . . .

octiib . 41199 38806 . . . . . . . &0600 3%Ao60 39400 .

Janfl? . AGIER AT100 55900 . v . . . « L2800 42100 AIED0 25700

#5087 . . . - . . . A0 . . " . . .

MayB7 AGG8 43100 ¥BG 70590 45900 44000 43200 41800 42040 41500 41400 42100 300 Ss00n

JunB7 50408 . R . 40700 #9200 4TT0 « KETO0 45480 . . . .

Jul ZAugBTF Y7600 #2108 37800 THAGH AEP00  A5790 A3700 451R8 43900 I8POG 39830 HM0G 38508 43700

ot Fdover 1500 43000 3BS00 49400 51200 47500 43500 46500 44650 . A2700  ASSO0 41000 47300

1 . . . . . . HE8GS . . . . N » "

Jen/Febd8 A0SED 41400 40005 40809 GROGO 43000 43500 4B3GD L2000 A0500 A0 33900 37100 4B&UD

Apr8h 4600 41550 38500 55706 28300 S¥MS0 45100 41900 44700 42300 3900 42200 4D6GG  ABADD

1 . . . . - « AsE0D . « . . . . .

Juid FRugds 8358 L3000 3STSL 54500 4¥600 47300 44808 . A&508 41400 38BO0 34560 34300 43880

44700
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TRELE F.2  {(combirwed}

Upgradient Welis powngradient Yeils
fonstituent  Saaple Hopr ~mmmmccmmcmmesemmasa {Geep) S L e MM aa e TP LER S {boepd
Harnes Period  Hum 24435 25-35% 2534 24-35C 2334 24-34A 2A-TAB  24-3% 24-33L 25-34C Z5-34H 25-A 26-33 Zm-3RA

TC Octdh . #8400 26000 . . ; - . . . 2Y30C 2BOOG 27400 .
$an87 . EF300 27B00  2OBIG . . - . . . 30RO 0 28500 324900

Mayf? « 29500 26200 28288 - . - . v - 27930 IFS0U 26800 25400

Jul Faugl? . 200 26100 28500 . . . 4510 - . 28300 2¥H00 500 29300

ot fhovE? 30700 26500 25400 Z74O0 59500 52400 7ML ATTO0 51200 . 28100 310 25200 28200

Jan/Foblil 3100 27760 SYIER) 29800 49400 STS00 45300 49800 53902 32400 ZV300 27BOC 25900 30200

Apr83 3900 2Zvaeoe 25500 27100 &05G 52960 STA00  SO30% S2300 31460 JHO00 2700 25R0D A0

Jul faugsh iBaGo Z7A00 00 28400 SO0 H1E0D 56300 . 48903 31400 27200 26400 2i0G8 30000

s Oct/HovB ZE3000 255000 244006 373004 44000 337000 358030 - 2000 - ZES050 257000 Z36000 284{H10
San/Febds ZO00 26TO00 262000 ZBIG00 XVI000 ABA0C0 33000 » 359000 173000 272000 148000 2450060 257060

AprB% 290000 249000 256650 255000 349000 ISFO00 B6000Q . TEEO0L 2TEORC 27B0G0 Z8AN00 2BAL00 £39000

Jud ARl 2BFO00 2530060 256000 F7GN00  A6BOGR 358000 M0N0 - 343000 290060 254000 252000 2808 235060



et d

TABLE F.2 {oontinued)

Upgradiant dells Downgradient Weiis
Comstitusnt  Sampie R ~rmo-scemmmanrsmrrsumnn (Degpry  -nmmees A R L e R AR AR LS R AR Tttt R heep?
Nane: Pericd Bum  24-3% 26-35%  Z6-34 H-35E R0 24-MAK Z4-34B 2433 24-R6L 25-340 25-34B 2H-%4A 26433 25-33A

fut Janis . - - - - - - 383 - . . - . *

1 R . . . v . v 402 » - . " .
2 ¢ . - . R . . %31 . - . - . N
11 403 . 32 17 . v . . R . . 282 145 548 +
JanB? . X8 37 225 . . . . . v 4%3% 483 284 218
1 . 293 326 2% v . . . - . . . . .
2. . 272 343 214 . . . . . . . . v -

3 v 345 279 239 . . . . - . . =

Mart7 . . . . . . ' 294 . . . . . .
Mayl7 1856 %1 302 292 140 138 201 562 250 s 231 285 1470 &9
1 . 12 /52 313 . . . . - . . - . .
. 515 159 25t v . . . . v . - . .
3 . a8 37 412 . . P - " 5 . - p .
Jurl? 569 « . . 272 3 282 - 389 514 . - . .
Jid FRupB7 520 495 44 34 TS 514 ToR 288 5% a7 I 354 s 3
1 . 395 04 3re . . - . . “ . " N .
Fd ' 378 440 510 . \ . - . . . . B =
1 . 352 500 29 . . . . - " ¥ - . *
Oct Mewi? 284 Al .Y 4 . 264 L34 AL 154 423 . 58% &3 1220 130
1 . X8 Fail3 407 M . . - a . . . - -
544 426 bial « . . . “ . . . p .
3 . 126 kT 235 . . - . - . . . . .
dan/ Fehis 224 295 34 183 315 £t8 274 b 295 421 Ire 394 2% &
H . gt 33 a2 . - v . « - 3 o7 3z Xo
P4 . 415 456 212 . . . - . - M5 k] 355 2%
3 . 387 K45y 31 . . . - v . 32 &g 331 233
Aprf8 22 xrs 362 240 186 365 3t £33 5y LA £ L¥¢] 402 h Lt 225
1 279 b 380 35 13243 532 34 . R 458 b A 564 420 Z4B
&2 w3 ok 432 &% 174 250 et . 97 509 ZE8 521 433 202

3 26 34 YT 2% 24 BT 326 . 34y 35z 3B MY e 225
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TABLE F.2 {continued]

Upgradient welts

Downgraxdient Welis

Constituent Sample Bepp --mmmmees Fommme e, {DERp)  m-eemmveemaerre AR LR L bR L O R e L {1 11"
Hame Pariod Mt 24-33 Zh-BHA 26-3% 25350 23-34 WA 26-34B e-33 F4-34% 5.4 25-34B E-34AA 26-33 2535
L5 dui fAugBE 408 3o 564 38t 75 352 158 . 338 #17 430 22500 &5 343
E 419 377 445 295 454 455 38 . 415 382 &03 507 A5% 512
3ns 415 1000 272 1040 333 3 . 5445 &3 413 473 X80 22¥
3 339 588 503 245 KT a6 AL - 613 ATP LYA #H¥ 506 16
TOX SE986 - . . . N . . 454 - x . . . .
1 . . . ) - . . 5i.é . . . . . -
2 - . . - . -~ 234 « “ + . " .
Ootds . 3.7 7 - . - . - . . 18.4 114 &3 .
4anB¥ L,ooRNE0 <3 <1 . - . - . . =l <0 <100 <D
H - 90 < <1 - - . . - . . . “
2 . R <G 4100 . v . . - - - . - -
3 < <0 <G . . “ - . - " " .
Wiy &7 - 2.3 9.6 3.4 . . i “ - . 270 <88 <100 <500
1 . &1 31 % . . . N " - « p . .
Z . & 253 o . R . . . - - - . -
3 « 1A2 2.4 ncd - R N - « - . - -
Jul fAugBY . .53 3.3 Pl . . “ . . L Y4 5.6 3t 5.1
1 . 6% 18 2% . . . . . . . . .
|4 . 1.3 3.4 5 . . . . - . - * . N
E - 2.8 7.4 ) . . - . . . . . . -



b4

TRELE F.2  {contimsxd)

Uporadient delly

Songradicnt Welis

fonstituent  Saspie  Rep --vwrom—ssmvosoweeeso (PRSP} mrosemecmesenenoas e mna e T T TP S OO RO FYe0)
Hame Period  Num  725-55 26-95% 2634 28-35C  25-34 S4-BhA Z4-MB  Z4-03 24940 25-540 75-34R 25-34A 26-33 25-33
TORLGL dand? " 20 <20 <20 . . . » . . “20 <20 <20 <23
Ners? . . . . . ; . 8.8 . . . . . .

MeybT . R . . . . . #3.8 . . . . . .

87 7.7 . ) . 8.8 302 3468 . %4 8.2 , ; . .

Jul /amB? . ] . . . . . 14 . ) . . . .

ot Hov? 34 4.8 123 5.4 9.5 488 833 178 5.6 . 2B .Y ¥ 2

1 R SR O S 9 . . . . ) . . . . .

2 . B4 &3 43 . . . . . . . . . .

3 N &.& .64 &.7 . . - . . . N N . -

Jan/Febld 3.6 6.4 L1 £3 5.6 792 SP.Z 2% 25 358 B3 149 M.z 0.8

1 . 5.4 45 4.3 ) . - . . .22 %2 Ws R4

2 ¥ 1.8 20 3 . . - M M M 5.7 9.7 14,1 48

b .98 L2 24 . . . . . . 62 95 %8 9.8

Aped 1 4 3 2 56 31 ws M 28 9 B 42 5 &

1 3 5 4% 2 49 AR 7. . 2% ¢ 1% Ve 3 18

2 5 4 i 5 & 277 28 . .73 T B2 13 H 4

3 6 3 2 4 % 3 3% . 2 2t 28 2 7 13

T R . R . . ] . . . . B3 . . .

1 . . . . . . . . . . i3 . . .

2 . . . . . . . . . . A2 . . .

3 . . . . . . . . . . B3 . . .

Tl hughs 830 . ] ] 49.6 798 43.8 . B2 16.3 8.8 5.4 ) ]

224 ) ) . 50.2 i6B8 52.9 . 58,2 16.8 9.7 k.4 . .

Z 33 . . . 38.3 428 33.0 . K& IT.¢ M6 1.2 . .

244 . . ] 46.3 1000 49.0 . &5.2 125 6.7 8.9 . .

¥ANAQIF Napr &7 ) ) . ) . . 18 ) . ) N i X
Kay8? 21 32 2 9 1 1% 1 % 1% 22023 2T 2 1%

JunB? 26 - N M 13 20 19 - 10 19 - . w "

Jut ZAugS? w 23 5 7 1715 v Yr % 2% 7% 2% ¥ 11

Dot fHoeRT 2% 27 M " W 18 18 1B . D18 %10

13
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TABLE F.2 ({continued)

Constituent

Upgradient Wells
Sample  Rep -----------o-o-o----- (Deep)

Downgradient Wells

Name Period Num  24-35 26-354 26-34 26-35C 23-34 24-34A 24-34B  24-33 24-34C 25-34C 25-34B 25-34A 26-33 25-33A
VANADIF Jan/Feb83 18 24 21 8 13 15 16 17 14 20 24 25 25
{contd} Apraa 18 26 26 12 " 13 13 15 23 24 25 26

1 . . . . v . 10 . . . . . . .

Jul /aug88 16 24 23 1" 13 16 14 . 15 21 23 25 24 7
1 . . . . . 14 . . . -

VANADUM Jands . . . - " . . - . .
1 . . . . . 10 v . . . . .

2 . . . . . . " . . . . .

Oct8é . 19 22 - . . . . . 26 25 23 -
Jan87 . 23 24 11 . . . - . . 22 23 23 1"
MayB7 18 26 26 13 12 16 15 . 15 23 24 25 23 17
Jun87 21 . . v 17 17 16 . 13 26 - . . .
Jul /Aug87 22 23 24 @ 17 18 15 . 16 27 22 30 30 1"
Oct/Nov87? 19 26 26 8 16 16 7 . 15 . 26 18 21 8
Jan/Feb88 20 18 24 1" . 12 8 13 22 23 24 27 10
Apri8 20 23 25 g 14 12 1" 13 2k 23 25 23 7
Jul /aug88 17 21 21 1t " 13 14 v 14 16 23 21 3 <5
ZINC Oct86 . 8 5 . . . . . . <5 <5 <5 .
Jang7 . <5 <5 <5 . . . . . . <5 <5 <5 &
May87 18 17 [ 7 30 36 24 . ~ 37 5 7 [ 10
Jund7? 30 . . . 42 95 L7 . 130 57 . . . .
Jul /Aug8y7 43 1.3 <5 <5 58 61 3 . 37 8 g 7 9 9
Oct/NovB? 11 12 28 26 & 92 62 . T . 10 53 <5 15
Jan/Feb88 <5 <3 <5 <5 9 15 <5 . 37 38 <3 <5 <5 <5
Apr&i <53 <5 <D <5 13 30 9 . 35 33 <5 5 <5 <5
Jul faugB8 <5 <5 <5 <5 <5 10 <5 . 13 15 <5 <5 <5 <5



9% " 4

TAALE F.2  {continued)

Upgradient Wells

bowvaradient Welis

Conatituent Sampls Rep ~-rmowwwmsmmonsad o (630 3 I R e R R {ieep}
o Peiriod Nun  24-35 24-33A 2634 25-35¢C 2334 24-344 24358 26-33 F 350 25-34C 25-348 25-344  B6-33 75-334
RIRCF Hyray . . . . = v . 9 - . . " . N
HayS7 15 14 3 <5 bl k74 {4 %5 &9 n <5 & <5 <5
SungT %4 . . . 3 B3 40 115 4% . . . .
JULFRuEBT 1% <5 <5 <5 It 30 Féd <5 3% 7 7 ES a 5
D U7 RereB7 ef & % H 15 23 18 <5 44 . <5 49 <% <5
H . . . . - . T P . . . . . .
Jan/FebB8 8 <5 <3 <5 11 1 7 <% 46 2% <% <5 <5 <%
AprBB 13 <H <H “5 g Fii 7 <% 29 26 <5 <% <& 1
1 - . . . . . B . ” . ' . .
Jul fhois <5 5 <% <& =1 10 <5 i3 ¢ <5 5 <5 <%
1 . . . . <% . ' . . R

..



This section includes several tables Tisting constituenis that have been
detected in the ground water at the SWL, arranged by analysis method. The
first two numeric columns in these tables (see Table F.3}) Tist the UST
Contractually Reguived Detection Limits (CROLs) for these constituents and
typical values for each constituent from the SWL menitoring project, The
third numeric column is the SWL value divided by the CRDL, which is labeled
“N TIMES DL.” This factor is important in determining appropriate error
Vimits far certatn of the analysis methods,

This summary of accuracy and precision is based on typical analysis
values for the SWL. However, these methods mey be appiied f¢ a range of
analysis values, appropriate for other projecis.

F.2.1 Defianitions

Accuracy is defined in SW-846, Third Edition, as nearness t¢ a result of
the mean {X} of a set of results to the true value. Accuracy is assessed by
means of reference samples and percent recoveries.

Precision means the measurement of agreement of a sel of replicate
results among themselves without the assumpiion of the true result. Pre-
ciston is assessed by means of duplicate/replicate sample analysis.

F.2.2 ¥olatile Organics by Gas Chromatography-Mass Spectrometry

Typical values for several volatile constituents found at the SKL are
at leveis approximately equal to the UST CROL. The comstituent causing the
most controversy, trichlorcethylene (TCE), has been detected at levels from 3
to 10 ppb in wel) 688-24-34B. The UST CRDL for TLE i¢ § ppb, which is the
towest concentration at which a calibration is run. However, the peak for
TCE 15 visible when the concentratien s below this concentration.

Table F.3 gives estimaies for the concentration of trichlorssthylene and
its precision (%2 §.d.), assuming thal tne typical "true concentration” of
JCE i3 B opb.  The column labeled "EPA METHOD DATA” gives an estimate based
gn the method accuracy and precision given in SW-84€, Third Edition,
method 8240. The regression formuTas on which the calculations are based are
from SW~-848, Third Edition, Table 7, and are given in Table F.4. Applying
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TABLE F.3.
UST
CRDL
Constituent {ppb)
A67 1,1,1-TCA 5
AGB 1,1,2-TCA 5
A6% Trichlorcethylene 5
A70 Perchlorothylene 5

&8% 1,3-Dichloroethane 10
A93 Methylene Chloride 10

(a)
(b)

Estimation of Analytical Variance for Volatile Analysis
by Gas Chromatography-Mass Spectrometry
Typical UsT Hafr;x EPA EPA Perfor- UST Matrix
SWL spike'® Method Data marce Data Spike Data usT
Analysis N Data Calculated Caleulated Calculated Surrogate(b)
Values Times Recovery sd t 28 t 2s t 25 Calculated
(ppb} DL (%) {ppb) {ppb) {ppb) * 2s
50 10.0 53.7  20.2 50.8 13.7 47.1 6.3
4 0.8 5.52 1.4 3.8 0.5
8 1.6 103 14.4 10.6 31 7.9 2.5 8.2+23 7.5 1.0
8 1.6 2.1 1.7 7.9 2.3 7.5 1.0
5 0.5 5.4 2.5 4.7 0.8
10 1.0 10.6 14.4 10.3 3.3 9.4 1.3

Matrix spike level 50 ppb for TCFE.
For the surrogate 1-2 Dichloroethane - D; at a level of 50 ppb.

JABLE F.4. Method Accuracy and Precision as Functions of Concentration
{SW-846, Method 8240, Table 7)
© EPA Method pata‘®’ EPA Performance Data‘
Accuracy, X', Single nnaly?t Overall f Accuracy, X Precision
Constituent as Recovery Precision,sr e Precision, gi(H) as_Recovery $

A&7 Carbon Tet 1.10C + 2,00 0.12>:( + 0.25 0.118 + 0,37 0.974C - 0.0077 0.165C + 0.104
AG67 1,1,1,-TCA 1.06C + 0.73 0.12% - 0.15 0.21X - 0.39 1.0146C +(010193 0.135C + 0.013
A68 1,1,2-TCA 0.95C + 1.71 0.14X + 0,02 0.16X + 0.00 *48
A6% Trichlorcethylene 1.040 + 2.27 0.13X + 0.36 0.12x + 0.59 0.973c + 0.0999 0.117C + 0.295
A70 Perchlorothylene 1.06C + 0.60 0.13x - 0.18 0.16X - 0.45 0.972C + 0.116 0.117C - 0199
AB9 1,1-Dichloroethane 1.05C + 0.36 0.13X - 0.05 0.16X + 0.47 *
A93 Methylene Chloride 0.87C + .88 0.15x + 1,07 0.32x + 4_00 0.953C + 0.742 0.153C + 0.125

(a)
(b)

is the true value for the concentration.
Average recovery found for measurements of samples containing a concentration of C (ug/L).
Expected single analyst standard deviation at an average concentration of X {ug/L).

(c) X* =
(dy X =
(e) Sr' =
(f)y &' =

X (pg/L).

gy *

NOTE :

Estimates besed on the performance in a single laboratory.
Estimates based on WS and WP data, compiled by Paul Britton 06/86.
Expected recovery for one or more measurements of a sampie containing concentration C (gg/L), where C

Units of pg/L are equivalent to ppb.

Constituent not 1nciuded in performance evaluation.

Expected interlaboratory standard deviation of measurements at an average concentration found of



this regression formula, the estimate of TCE concentration based on a "true
concentration" of 8 ppb is 10.6 = 3.1 ppb.

The column labeled "EPA PERFORMANCE DATA" gives the values, calculated
from regressions based on statistics from EPA Water Pollution (WP) and Water
Supply (WS) PEs, also given in Table F.4. The statistics from the WS and WP
PEs are compiled by Paul Britton of Environmental Monitoring Support
Laboratory (EMSL), Cincinnati. The regressions are based on the results from
a large number of Jaboratories that participate in the evaluations.

U.S. Testing has participated in these programs since 1986. The analytical

methods used include methods in addition to those listed in SW-846. The WP

statistics cited are based on results of six studies, each having sampies at
two concentration levels, and each with 33 to 44 laborateries participating,
or a total of about 450 samples.

The regression formula given for carbon tetrachloride is based on WS
data; a total of 75 samples. It is used in preference to the WP information
because the concentrations covered (2.5 to 6.7 ppb} are much closer to the
SWL values than the range of concentrations for the WP studies (10.5 to
52.9 ppb}.

The estimate of accuracy and precision (£ 2S) using the WP regression
formulas for TCE is 7.9 + 2.5 ppb.

The last two columns in Table F.3 and the last column in Tables F.7,
F.3, F.10, and F.11 are based on the most recent matrix spike and surrogate
recovery data from UST {(covering April 1 through June 30, 1988).
Trichloroethylene is the only one of the volatile compounds listed in
Table F.3 for which a standard is run. The estimate based on matrix spike
recovery is 8.2 £ 2.3 ppb. The recovery of surrogate deuterated
1,2-dichloroethane (1,2-dichloroethane-Dg) is used to estimate all the Tisted
volatile compounds. The estimate based on surrogate recovery is 7.5 + 1 ppb.

These four methods of estimating the accuracy and precision of the
reported values for TCE show that for a true value of 8 ppb, the range of
results expected is approximately 5 and 11 ppb.
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There is no question that the constituent may be detected at concentra-
tions less than the CROL. The UST CRDL is generally numerically equivalent
to the Practical Quantiftatien Limit (PQL) for the analysis, rather than at
the method detection 1imit {MDL). The uncertainty in the guantitation is
greater at values tess than the CRDL. The UST CRDL could be brought down
jower by UST {for a fee}, hy calibrating to a lower standard. The relation-
ship between the UST CRDL, the PQL, and the MOL for the analytes of interest
is given in Table F.5.

As an added assurance that TCE has been detected at the SWL, inter-
iaboratory comparisons have been parformed by the Pacific Northwest
Laboratory (PNL}, using the more sensitive gas chromatography/electron cap-
ture analysis, The quantitation of TCE by PNL has been very close to that by
UST; differences are on the grder of 1 ppb (see Appendix G).

F.2.3 Metals by Gas Furnace, Atomic Absorotion

Arsenic, selenium, and lead are analyzed by atomic shsorption, furnace
technique. Detection 1imits, sensitivily, and eptimum ranges of the metals
vary with the matrices and models of atomic absorption spectrophotometers.
Jable F.b compares UST CRDLs with the optimum concentration range and the

[ABLE F.5. Detection Limits, Uefined According to UST Contract and
SW-845, Method 8240

UST cROL  PaLid)  Method DL(P}

Constituent {pph) {ppb; {ppb}
Agl Carbon Tetrachloride 5 5 2.8
AB7 1,1,1-Trichioroethane 5 5 3.8
A8 1,1,2-Trichioreethane 5 5 5.0
ABS  Trichioroethylene 5 5 1.8
A70  Perchlioroethylene 5 5 4.1
A3¢ Chloreform 5 5 1.6
A8% 1,1-Dichloruethane 16 5 4.7
A93 Methylene Chloride 10 5 2.8

{a) SW-846, Third Edition, Method 8240, Table Z.
{b} SW-846, Secend Edition, Method 8240, Table 1.
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TABLE F.6. Detection Limits for Atomic Absorption, furnace
Technique from SW-846, Third Edition

UST CRDL Optimum Range I0L

Element Method {ppb} (ppb) {ppb)
Arsenic 7060 5 5 - 100 I
Selenium 7740 5 5 - 100 2
Lead 7421 5 5 - 100 i

instrument detection 1imit (IDL). The IDL refers to ideal conditions. The
UST CRDLs are in the practical range for the analyses.

At values close to the IDL, where most of the uncertainty is from
instrument noise, the uncertainty is greater than that for the optimal range.
At the IDL, the uncertainty is approximately +IDL. At the UST CRDL, the {95%
confidence 1imit) uncertainty is about 0.5 times the CRDL. At a ievel of
about 3 to 5 times the CRDL, the calculated error limits should apply.

Table F.7 lists the constituents arsenic, selenium, and lead (both fil-
tered and unfiltered}, which have been detected occasionally at the SWL. |
Because these constituents appear at about the CRDL, error limits of 0.5
CRDL, or 2.5 ppb, are presented in the table rather than values computed
using the matrix spike information.

F.2.4 Metals by Inductively Coupled Plasma Atomic Emission Spectroscopy

Inductively coupled plasma atomic emission spectroscopy (ICP) is used to
analyze a group of metals. Detection limits, sensitivity, and optimum ranges
of the metals will vary with the matrices, the model of spectrometer, and
wavelengths used. Approximate IDLs of selected metals are listed in
Table F.B and compared with the UST CRDLs. The UST CRDL for sodium is pur-
posely elevated to reduce unnecessary reporting of minor incidental blank

contamination.

According to SW-846, Third Edition, for wavelength dispersive instru-
mentation, multiple determinations of digestates with no detectable analyte
may be used to establish noise level. The detection 1imit of the instrument
is defined as three times the standard deviation of a series of 10 replicate
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TABLE F.7. HMetals Concentrations Apnalyzed by Gas Furnace,
Atomic Absurption

Typicai EPA EPA usT
4l us¥ Matrix Hethod Performome Matrix Spike

45T Amalyais # Matriy Spika ngii(& Data Getsa Data

Lang Values  Times Daty Level ) Catouiabed 2 28 Calouletedt + 2% Caloylsted ¢ 25

Conglitusmpt ieob) (b DL Heggovery sd {%) _{osb) {pnbs {prh) {pph)
AZ0 Arseric 5 g 1.6 9.9  7T.E 20 7.9 ¢ L2 7.9 1 3.2 i 2,549
222 Selenium 5 5 1.0 & .46 P 4.6 % 2.0 4 2,0 4.5 » 2.5
AST  Lead 5 g 1.0 197 v.58 20 5.3 % 2.1 5.3 ¢ 2.8 5.4 1 2,59
W37 F arsenic 5 2 1.6 975 B.YY 20 7.9 : %2 7.9 23,2 7.8 & 2.8
4359 F Selenimm 4 5 I 7 JE T 2% T 2a 4.6 ¢ 2.0 46120 4.6 ¢ 2.5
Wil f Lead 5 5 1.0 14 2 5.3 ¢ 2.1 534 2.8 5.1 3 2.5

tay Analysis value < 2DL. Msed ¢ 8.5 BL imstead of eslculated 2 & value.
{B) Matrix spike ievel for the mmjority of the reporting perisd from Aprit ¢ threugh June 38, 1988, was 206 ppby. the
meirix spike level was changed to 50 ppb in June 15988,



TABLE F.8. Detection Limits for Inductively Coupled Plasma Method

UST CROL I,
Constituent {ppb} f{opb)
Barium & 2
Chromium 10 7
Copper 10 8
Iron 34 7
Magnesium 5@ 30
Manganese 5 2
Hickel 10 15
Sodium 200 29
Vanadium B
Zinc 5 2z

measurements of reagent blank signal ai the same wavelength. The methed
quantitation Timit {MOL} is 5 times this Tevel.

At values clese to the IDL, the uncertainty of the analysis value is
greater than that for the optimal range. The Relative Standard Daviation
{RSD}, a measure of the reproducibility of the analysis, is defined as the
standard deviation from thres conseculive runs times 100 divided by the
average result.

At concentrations Texs than 100 times the IDL, the RSD is a linear
decreasing value {Dalager, Davison, and Ajhar 1875}, In this portion of the
RSO versus concentration curve, most of the uncertainty in the measurement is
attributed fo error generated from the [CP source. As the concentration
increases above a certain vaiue, the grror of the system is from the counting
statistic of the detector system.

Tha RSD 1s about 50% at the IDL, corvesponading to an uncertainty of DL
at the 95% confidence level. At the UST CRDL, thd error would be about squal
te 0.5 times the CRDL.

Table F.9 shows fypical values for {filtered} metals found at the SWL.
The naturally eccurring minerals calcium, sodium, potassium, and magnesium
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TABLE F.9. Filiered Metals by Inductively Coupled Plasma Atomic
Emission Spectroscopy

Typicai EPA EPA 18T
B st Halrix Method Per furmance Matrix Spike
UST  Analysis # Hatrix Spike Sptke date bata Data
CaoL Valupg  Times Dty level Calculated = 25 Calculated t & celovleted & 28
Constizuent ioohy {peb) B Rorovary ud (X3 (ppb) [{2.5)] [§%,7 2] LEvy )]
B F Zinc 5 19 80 WA S 500 11.7 & 14.5 16.3 & 3.9 9.3 ¢ 2.5
H19 § calcium 5 sS8,000 L0000 109 7.2 10,000 50,960 + 5,980 40500 & 4,740 84 580 e 17,208
W F Bariim & it &3 ¥4 [ 500 .71 M £1.9 2 .5 .3 x 64
W22 F Creemium 10 18 1.0 9.7 46 500 2.2 % 6.8 0.0 2 2.7 2.6 ¢ 58
H2& F Sodium 264 25,600 12%.6 b 20 S ¥ B, 000 25,360 £ 3,849 24,800 ¢ 2,448 LB A4
H2%  F Higkel 18 13 1,6 w7 4,52 L0G 12.2 2 13.4 8.1 2 3.4 .3 5{&
#2& F Lopper 10 10 1.0 911 347 500 B.2 % 5.9 18,11 2.3 3.2 ¢ 58
HE?  F Varadium 5 2 4.0 ¥h 4 .88 S0} 1%.6 ¢ £.4 8.1 ¢ 12,9 8.9 2 1.6
H29  F Manganese 5 4 B.O g4 &.01 503 Wi 85 .4 o &2 de 4.8
H3G f Pofassium 100 7,500 w0 96 77 2,000 5,865 2 1,330 7,370 ¢ 1,060 4,870 ¢ 1,760
#3Y F Irom 50 80 1.4 Fh.4& 4.9 S0 B2.4 x 43,4 B, ¢ M7 .5 7.Y
EEF OF Magnestum S0 15,000 300.0 o4 1.3 20 15,200 ¢ 1,740 14,600 ¢ 1, V80 14,700 ¢ 3,390
W3S F Stropntiiem 20 200 10,0 G4 4 4, 45 SGG 206 2 .3 20t & 28.3 189 ¢ 7.8

{ay  For walues rngar the DL, 0.5 DL is used instesd of 2 3s.



show up at much greater than trace levels. Strontium shows up with reguiar-
ity; trace amounits of zinc, chromium, nickel, and copper are detected
pccasionally. For constituents that appear at about the CRDL, error limits
of +3.5 CROL are presented in the table rather than values computed using
the matrix spike information. The concentrations of the metals Tisted arve
a1l below drinking water standards.

£.2.% Anions by lon Chromatography and Flucride by Ion-3Swecific Electirode

Table F.10 shows uncertainty estimales for anions by fon chromatography
{I1C) and fluoride by fon-specific glectrode {ISE}. The variability based on
matrix spike data is probably greater than the true variability of the
analyses, because the statistics from UST do not eliminate results where the
Timits do not actually apply. Limits do not apply when the concentration of
the sample is much grealfer than the spike level,

Performance Evaluation data are from an aggregation of methods used by
Taboratories on PE Studies, rather than strictly from the IC method. For
Tow-Tevel fluoride analysis, regression formulas based on WS {drinking water}
rathar than WP {waste water] PE Studies were used because they are applicable
to & lower concentration range.

F.2.86 Totazl Organic Halogen and Tetal Organic Carbon

Screaning analyses for total organic halogen {TOX) and total organic
carbon {TOL) are performed by SW-846, Second Edition, methods 9020 and 9060,
respectively. Table F.11 shows uncertainty estimates for these analyses.

Interferences can lead to inconsistent TOX results. Currently, inter-
ference in SWL samplies is being investigated.

F.3 REFERENCE
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TABLE F.10.

Ton-Specific tlectrode

Arion by lon Chromatography and Low-Level Fluoride by

?yp?cal UsY £RAE EPA UST
S Matrix Spike Matrix Methed Per farmance Matrix Spike
UST BAnalysis i Duta Spike Zata T4 pata
CEhL Valyes Times Recowery sd {¥3 Leve! Ceicolated t 23 faiculsted £ 2z Calcuiated ¢ 25
Longt i tugnt (b fpob) oL {epi) Lzt {opbyy Loty (fdss
£72 Hitrate 590 30,000 60,0 94.3 11,8 4,000 29,900 £ 3,670 38,304 & 7,080
7R Sulfats 334 55008 1100 it 22.2 4 000 56,500 & &,260 57,208 = 24 408
L% Fiunride it S06 G PLE 17.3  %,400 L97 & &% 2 5 173
s thioride SCO £,000 16,8 142 2001 1,560 E,065 & 1,83 8,960 & X%, 220
H&7 Hitrite 1,000 1,800 1.8 E10. 1.2 1,008 1,090 » 2B
HA3 i Fiupride 29 04 20.0 .1 15.4 500 08 & &7.8 36 1 123
IABLE f.311. Screening Analyses
Tygeicat EPA ERA LST
St ustT Harrix Mathod Performancs Matriz Spike
UsT  Analyeis ¥ Hatrix Spike Spike fata Data Data
CREL Yaluey Times Data fevel  Caloulated x 25 Calculated £ 28 faloulsted 2 Zs
¢oratitpent fpehy _{eepd 0 D Sgcovery sd (%r  (prbd 4z 558] 477 23] {ppbl
HEF  TOX iDL 20 300 15.0 F1.% 15.4 50 258 1 143 6 2 92
Ca9  Toe 1,008 1. 00¢ 1.4 5.3 4.6 5,000 W9 o+ 613 3 » 9F
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APPENDIX G

CHLORINATED HYDROCARBON MEASUREMENTS AT THE SOLID WASTE LANDFILL

Well 699-24-33 is located approximately 500 ft from the east fenceline
of the Solid Waste Landfill (SWL}. That well was sampled for volatile organ-
ics in January of 1986 as part of the 90-well Hazardous Materials Monitoring
Project. 1,1,1 trichloroethane {(TCA) was found in all three triplicate sam-
ples analyzed (27, 22, and 30 ug/L, respectively). Funding Timitations on
the project at that time prevented further followup of that observation. In
fiscal year 1987, the Hazardous Materials Monitoring Project was combined
with the Site-Wide Ground-Water Monitoring Project and given a greatly
expanded scope. Resampling of well 699-24-33 in March 1987 confirmed the
presence of contamination in that area. The SWL and Nenradioactive Dangerous
Waste Landfiil (NKDW) were considered as the most 1likely sources. A request
was made at that time to sampie the NRDW and the newly compieted SWL wells
for chlorinated hydrocarbons. Those samples taken in May and June of 1987
clearly showed the presence of chlorinated hydrocarbons downgradient of a
liquid waste disposal trench in the SWL. Species detected included TCA,
1,1,2 trichloreoethylene (TCE), perchloroethylene (PCE), and 1,1-dichloro-
ethane {DCA). Proportions of the individual species were similar to those
found in the Site-Wide well (699-24-33). Continued monitoring of those wells
on nine separate samplings has clearly confirmed those resuits. Seven rou-
tine sets of sampies have been collected to date by the Radiation Protection
Technology (RPT)} group. Those samples were analyzed at U.S. Testing (UST) by
the routine Gas Chromatography/Mass Spectrometer (GC/MS) method. Four of
those sample sets included splits made at the well and sent to Pacific
Northwest Laboratory (PNL) for Quality Assurance/Quality Control {QA/QC}
purposes. The PNL method employs electron capture gas chromatography, which
is at least 100 times more sensitive than the GC/MS method used by UST. 1In
addition to the routine sampling, a special study was undertaken by PNL in
June of 1988 to conclusively establish the existence of the contaminant plume
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and verify that the sampling methods used by the RPTs are representative.
Details of that study are discussed below.

WEL ~24-3

Well 69%-24-33 has been sampled nine times since early 1986, A summary
of the results is given in Table G.1. Only TCA was reported by UST in 1986
because i1t was not their policy at that time te report results below the
contractual detection Timit of 10 ug/l. Subsequent analyses are reported
relative to the quantifiable detection Timit for the instrument, which is
estimated to be 2 ug/l for the GC/MS methed. The contamination levels have
been remarkably constant over a period of 2.5 years.

JABLE G.1. <Chlsrinated Hydrecarbon Contaminants in Well 699-24-33 {ug/l)

1.1.1 TCA PCE TLE
__Date ee/Mslal  grdb) ©BC/MS GO GC/MS 6L
1/23/86 21 nate) <10 NA <36 NA
1/23/86 23 NA <il NA <10 NA
1/23/86 30 NA <10 NA <10 NA
3/23/87 21 NA 3 A 4 NA
5/14/87 17 NA 3 NA 3 NA
8/25/87 18 KA 3 NA 3 NA
11/10/87 23 NA 3 NA 3 NA
2/03/88 23 NA 3 NA 3 NA
§/28/88 19 NA 3 NA 3 N&
5/29/88 NA 26 NA 3.4 NA 4.0
6/29/88 NA 27 NA 3.8 NA 4.3
7/30/88 20 23 4 3.1 3 1.9

{a} GC/MS analysis conducted by UST. The lowest level at which consistent
agreement between laboratories is observed is 2.3 ug/L for all three
species.

{b} 6C analysis conducted by PNL. fJuantifiable detectipa limit estimated ig
be 0.02 ug/L for ail three species.

(c) NA = nonapplicable.
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The highest chlovinated hydrocarhon levels have been found in well
£99-24-348. A summary of the measuremenis conducted to date on that well are
inciuded in Table 6.2. Only the three most abundant species, TCA, PCE, and
TCE, are reported here. Chloroform, DCA, and carbon tetrachloride have alse
been detacted in that well as well as several others. Only TCE is present at
levels of poiential regulatory concern. The drinking water siandards (DWS)
and Maximum Contaminant Level (BCL} for TCE is 5 wg/L. Three other wells at
the SHL were atso found to have levels of TCE slightly above the DWS and MCL.
Well 699-24-348 has been included in the PNL GA/GC program this year.

TABLE G.2. Chicrinated Hydrocarbon Contaminants in Well 699-24-34B (ug/L)
.11 TCA _PCE . S S—
Date acms(@)  geibl GL/MS G GE/MS G
5/20/87 56 nate) 7 NA 10 WA
6/18/87 40 NA 6 NA 8 NA
7/28/87 4 NA g NA 8 NA
11/15/87 64 60 8 NA 8 NA
11/15/87 61 NA 8 NA 8 NA
1/18/88 58 47 5 6.9 8 NA
4/22/88 41 55 8 8.5 § HA
4/22/88 41 50 8 9.0 6 NA
£/27/88 NA 51 NA 3.5 NA 8.7
6727788 NA 50 NA 9.5 NA 8.5
7/07/88 NA 51 NA 9.4 NA 8.7
7/07/88 NA 50 NA 9.5 NA 8.6
/27788 14 36 7 7.6 6 5.7
7/27/88 35 NA 7 NA 5 NA

{a} HL/MS analysis conducted by UST., The lowest level at which consistent
agreement between Taboratories is observed is 2.3 pg/L for all three
sppcies,

{b} BU analysis conducted by BNL. Quantifiable detection Timit sstimated to
be 0.02 ug/L for all three species.

{c)} NA = nonapplicable.



Several split measurements by both GC/MS (UST) and GC (PNL) are reported in
the tabTe. Agreement is excellent in all cases, although the PNL measure-
ments in general have better precision because of the much greater sensi-
tivity of the GC methed. UST measurements below 10 upg/L are only reported to
one significant figure because of proximity to the detection limit.

PNt SPECTAL SAMP{ING STUDY AT THE SOtID WASTE LANDFILL

Pacific Northwest Laboratory personnel conducted a series of sampling
and analysis tests at the SWL from June 27 to July 11, 1988. The purpose of
the study was to: 1) intercompare sampling methods employing centrifugal
pumps, bladder pumps, and Teflon bailers; 2} obtain a full set of carefully
prepared samples for high-sensitivity GC analysis; 3) perform careful pH
measurements on all SWL wells with a flow-through pH cell; and 4) test soil-
gas analysis techniques and equipment. Al1l objectives were satisfactorily
met. The pH and soil results will be discussed in detail elsewhere. Bladder
pumps were added to two of the wells (699-24-34B and 699-24-35); however, the
pump in well 699-24-35 did not perform satisfactorily and was not used. To
facilitate rapid measurement of sampies, the PNL mobile GC laboratory was
moved to the SWL site. The laboratory was mounted inside a 30-ft motor home.
A portable 15-KW generator was also set up at the site to provide power.

Volatile organic analysis {(VOA) samples were collected in standard 40-mL
VOA bottles, transferred to the motor home, and analyzed immediately. The
wells were purged for time periods ranging from 20 to 40 min before sample
collection. A teeing system containing two throttling valves and a critical
orifice was used to provide a Tow flow path for VOA samples. VOA samples
from the centrifugal pumps were collected through a 1/4-in. Teflon tube at a
flow rate of approximately 1 Lpm. Bailer samples were taken with 1-L Teflon
bailers lowered into the wells with a balloon winch and nylon fishing Tine.
New dedicated bailers were used in the study. Approximately 20 ft of fishing
line was discarded after each use to avoid cross contamination.

Samples were analyzed with a Hewleti-Packard Model 5880A gas chromato-
graph. The GC was equipped with two identical J&W DB-624 30 m X 0.53 mm
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fused silica capillary columns. The DB-624 columns were coated with a cross-
1inked and bonded stationary phase composed of cyanopropyl, phenyl, and
dimethylsiloxane. The two columns were teed together at the inlet and were
routed to separate electron capture (ECD) and flame ionization (FID) detec-
tors. Sample introduction was via a Tekmar Model LSC-3 purge and trap unit.
The LSC-3 contained a Tenax sorption trap. Samples were thermally desorbed
from the Tenax trap and transferred to the columns through a heated transfer
line. The LSC-3 was modified by addition of a pneumatic valve actuator to
permit full automation of the purge and trap cycle by the GC run table. The
HP 5880A was equipped with two separate integrators to simultaneously inte-
grate data from both detectors. Analytical measurements were performed in
accordance with the guidelines set forth in EPA SW-846, Method’s 8010
(Halogenated Volatile Organics) and 8015 (Nonhalogenated Organics).

Analytical results for five species of interest in nine wells are
presented in Tabies G.3 inrough G.7. Table G.4 is of particular interest
because it provides rather conclusive evidence for the presence of TCE at
levels somewhat above the requlatory limit. TCE levels greater than the
5-ug/L 1imit were seen 25 times in four different wells in this study. It
should be noted that the regulatory limit is about 300 times the measured

system blank.

In addition to the measurements reported above, a time-dependent sam-
pling study was performed at upgradient well 699-24-35. The purpose of that
test was to determine if purging volume has any effect on the accuracy of the
results. The well was first sampied with a bailer without purge {although it
had been purged 4 days earlier). The well was then sequentially purged with
the centrifugal pump at a flow rate of 5 gpm for 10-min intervals. VOA sam-
ples were taken at the end of each 10-min interval, the pump turned off, and
bailer samples taken; the pump was then restarted immediately. Times were in
all cases measured from the appearance of water at the pump discharge line.
The sampling was continued for 1 hour. Each 10-min interval corresponded to
about 3.5 bore volumes. The analytical results for four species are shown in
TabTe G.8.
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Well Number

699-25-34C
£99.25.34C

599-24-34C
595-24-34C

69%-24-348
696-24-348
699-24-348
£99-24-348
£99-.24-348

699-24-34A
£89-24-344

£99-23-34
£99-23-34

699-24-33
699-24-33

699-24-35
£99-24-35

£89-25-348
€95-25-348

648-26-33
699-26-33

TA .3.

Date

Collected

§/29/88
5/29/88

6727788
6/27/28

6/27/88
6/27/88
7/07/88
7/07/88
7/07/88

6727788
6/27/88

6/29/88
6/29/88

6/29/88
5/29/88

7711788
7/11/88

7711788
7/11/88

7/11/788
7/11/88

System BTank

{a} NA = nonapplicable.

{b} S-mlL glass sampling syringe filled at well.

Centrifugal
Pump

6.6

5.9
5.9

33
33

a1
50
52

2 (b)

49
NA

49
50

26
27

4’9
4

.
[S i

Loy Lad

.6
5

B85
85

e L  }

0.014

1,1,1 Trichloroethane Results {ug/L}

Bladder

_Fump

gg(a)
NA

NA
NA

Bailer

6.1
6.1

35
34

NA
56
52

50
ALY
43
44

46

24
26

4.3
4.1

NA
NA

RA
NA



TABLE G.4. 1,1,2 Trichioroethene Results {ug/L}

Date Centrifugal Bladder
¥ell Number Collected Pump Pump Bailep
888-25%-34C 6/29/88 1.05 ﬁﬁia} 1.04
688-25-34C 6/29/88 1.05 NA 1.07
598 -24. 340 8/27/88 5.3 N& 5.7
£689-24-34¢€ §/27/88 E.4 NA 5.6
£95-24-~348 §/27/88 8.7 8.2 N&
§99.24-348 6/27/88 &.6 8.1 9.4
699-24- 348 7/07/88 8.1 8.8 2.1
699-24-348 7/07/88 8.1 8.2 8.0
699-24-348 7/07/88 g,2{b] 7.8(b) 7.6{b)
539-24-344A 6/27/88 7.8 HA 8.4
£89-24-34A 6/27/88 NR KA 8.6
£99-23-34 bh/249/68 8.8 HA 8.3
6949-23-34 6/29/88 9.0 NA 8.0
699-24-33 6/29/88 4.0 NA 3.6
6§99-24-33 6/29/88 4.3 NA 4.1
699-24-35 7/11/88 0.54 N& 4.5%
580-24-3%5 7/11/88 0.55 NA §.57
599 -25. 348 7711788 0.65 HA NA
699-25- 348 7711/88 0.63 NA KA
699-26-33 7/11/88 .21 NA NA
599-26-33 7/11/88 0.21 NA NA
System Blank §.017

{a) NA = nonapplicabie.
{t] 5-ml glass sampling syringe filied at waell,
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System Blank

TABLE G.5.
Date
Well Number Collected
699-25-34C 6/29/88
699-25-34C 6/29/88
699-24-34C 6/27/88
699-24-34C 6/27/88
699-24-348B 6/27/88
699-24-34B 6/27/88
699-24-34B 7/07/88
699-24-34B 7/07/88
699-24-348 7/07/88
699-24-34A 6/27/88
£99-24-34A 6/27/88
699-23-34 6/29/88
699-23-34 6/29/88
699-24-33 6/29/88
699-24-33 6/29/88
699-24-35 7/11/88
699-24-35 7/11/88
699-25-348B 7/11/88
£99-25-34B 7/11/88
699-26-33 7/11/88
699-26-33 7/11/88

{a) NA = nonapplicable.

(b} 5-mL glass sampling syringe filled at well.

Centrifugal
Pump

.70
.70

G.8

oo

o oo

i | Lo Qo0 0o WO WO non oo

CC WW o~

.55
.51

.092
.090

.003

1,1,2,2 Tetrachloroethene Results (ug/L)

Bladder
Pump

NA(a)
NA

2

~0mo X
S

o ~J

NA
NA

NA
NA

o

-~
o P N

o) Lo
h

Bailer

.70
.75

(b}

.58
.55



TASLE G.6. Chioroform Results {ug/L)

Date Centrifugal Bladder
Well Number Collected Pump Pump Bailer
699-25-34C 6/29/88 0.33 nala) 0.34
699-25-34C 6/29/88 0.34 NA 0.35
699-24-34C 6/27/88 0.99 NA 1.00
699-24-34C 6/27/88 0.88 NA 0.98
699-24-34B 6/27/88 1.29 1.33 NA
699-24-34B 6/27/88 1.33 1.28 2.06
699-24-34B 7/07/88 1.59 1.40 1.44
699-24-34B 7/07/88 1.52 1.46 1.51
699-24-34B 7/07/88 1.45(b) 1.17(b}  1.47(3)
699-24-34A 6/27/88 1.12 NA 1.10
699-24-34A 6/27/88 1.02 NA 1.19
699-23-34 6/29/88 1.40 NA 1.48
699-23-34 6/29/88 1.35 NA 1.58
699-24-33 6§/29/88 0.80 NA 0.60
699-24-33 §/29/88 0.82 NA 0.92
699-24-35 7/11/88 0.15 NA 0.15
699-24-35 6/11/88 0.15 NA 0.14
699-25-34B 7/11/88 0.34 NA NA
699-25-34B 7/11/88 0.33 NA NA
699-26-33 7/11/88 0.17 NA NA
699-26-133 7/11/88 0.18 NA NA
System Blank 0.040

{a) NA = nonapplicable.
{b) 5-mL glass sampling syringe filled at well.
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IABLE G. 7.

Well Number

649-25-340
699-25-34C

699-24-34C
699-24-34¢C

£99-24-34B
648 24-348
£99-24-348
699-24-348
£99-24-348

833-24-34A
689-24-24A

699-23-34
699-23-34

£99-24-33
639-24-13

699-24-35
689-24-35

£99-25-348
5989-25-348

6959-26-33
685-26-33

System Blank

Date

fnilected

6/23/88
6/29/88

6/27/88
€/27/88

6/27/98
§/27/88
7/07/88
7/07/88
7/07/88

6/27/88
6/27798

6/25/88
6/29/88

6/29/88
6/29/88

7711788
7/11/88

7/11/88
7/11/88

7/11/88
7711788

{a} NA = nonapplicable.

(B} S-wL glass sampling syringe filled at well.

Centrifugal
Pump

0.72
6.70

0.33
8.27

6,36
.28
.28

.28
.30(b}

0.28
0.23

0.28
0.31

[ e - Y o

g.4]
0.43

0.3§
0.31

§.82
§.80

0.43
0.43

<0.003

G.10

Carbon Tetrachloride Results {ug/L)

Rladder
Pump
Nﬁ(a}
NA

NA
HA

0.25
0.23
0.32
.29
g.29(b)

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Bailer

o o LT i3 O D Lot i B e T o B | fvoe T e Lo I

NA
NA

NA

.66
&6

.27
.36

.37
27
37(5)
.25
.26

.26
.30

.43

.31
.31



TABLE G.8. Chlorinated Hydrocarbons Collected by Sequential Purging of
Well 699-24-35, 211 Resulis in ug/L

Purge TCA ICE PCE CCLa
Time (min Pump Baller Pump Bailer Pusp Bailer Pump Bailer

0 Ml 381 A 045  NA 042 MR 0.3]
0 NA 3.50 NA 0.4% RA 0.42 NA 0.31
10 3.84 3.85 £.53 0.52 0.51 0.51 8.32 0.30
10 3.8 3.97 ¢.53 0.52 0.52 g§.5¢ 6.32 0,31
20 4.03 4.12 0.54 0.55 .51 0.5%3 0.30 ©8.3C
20 4.18 4,17 0.56 (.33 0.55 90.53 £.32 0.28
30 4.09 4.29 ¢.54 (.59 0.54 (.58 0.30  0.31
30 4.11 4,13 0.5 §.57 B.55 0.58 .31 0.31
40 4.67 4.18 0.54 0.5 0.53  0.5%3 0.31 0,28
40 4,13  4.97 0.5% 0.54 9.83 ©£.53 0.32  §.29
50 4.18 h.24 D.55 0.73 n,52 0.74 0.30 0.30
i3 2.1 5.41 8.85% 0.77 0.54 0.80 0.21  0.28
50 4.15 5.82 0.58  0.77 8.53 0.78 £0.32 0.29
60 4.64 D.4% 0.5 0.78 6.53 0.8] 0.31  0.28

{a} NA = acnapplicable.

CONCLUSIONS

The sampling program over the past 2 years has generated a large number
of chiorinated hydrocarbon data. While these daia have not yet begen sub-
Jected to a rigorous statistical review, a number of con¢iusions appear to be
definitive.

1. Widespread, Tow-level chiorinated hydrocarbon contamination is
detectable throughout the extended landfill area. The concen-
trations found in well £8%-24-33 suggest that the contamination has
been present at least since early 1986 and has undergone little
change since then. The relative concentrations of contaminants in
that well are simitar to these in cther wells cleser io the
landfili.
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Contaminants detected include chicoroform, 1,1,1 trichlisreethane;
1,1,2 trichloroethene; perchloroethene; 1,1 dichlorcethane; and
¢carbon tetrachloride. Chioroform is commonly found in chlorine-
treated water. 1t may aiso be a decomposition product of 1,1,1
trichlorcethane. 1,1,1 trichloroethane is the most abundant
species. It is commonly used as a degreaser solvent. The highest
Tevel found is only about 1/4 of the drinking water standard but
could be higher closer to the source {i.e., inside the landfill}.
Trichioroethylene is present in four of the wells at levels
stightly above the drinking water standard. The relative
concentrations of TCA, TCE, PCE, and DCA are similar in all wells
tested including the Site-Wide well and the upgradient well, In
contrast, carbon tetrachloride is relatively constant in 211 wells
tested although some increase was observed near the NRDW. The
carbon tetrachlovide data are difficuit to understand without
further study.

The three sampling methods tfested (centrifugal pump, bladder pump,
and bailer) produced identical resuits in all cases, The bladder
pump was Judged to be unsatisfactory for routine use because of the
high instantaneous flows produced during each pulse; however, the
results showed Tittle sensitivity to such effects.

Purge valume had Jittle affect on results for the centrifugal pump.
The bailer samples did show a small increase afier the first 40 win
of purge. The reason for the difference is unclear. During
routine sampling, the wells are purged for Z0 min before sampling.
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