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3.0 Vadose Zone 'k

D. G. Horton

Radioactive and hazardous wastes in the soil col-
umn from past intentional liquid waste disposals,
unplanned leaks, solid waste burial grounds, and under-
ground tanks at the Hanford Site are potential sources
of continuing and future vadose zone and groundwater
contamination. Subsurface source characterization
and vadose zone monitoring, soil-vapor monitoring,
sediment sampling and characterization, and vadose
zone remediation were conducted in fiscal year 1999
to better understand and alleviate the spread of sub-
surface contamination. This chapter sumnmarizes
major findings from these efforts, focused primarily on
vadose zone soil contamination associated with reac-
tor operations, past single-shell tank leaks, and liquid
disposal to ground as a result of spent fuel processing.

An overview of the major soil column sources of
groundwater contamination is provided in PNNL-
13080. This section discusses vadose zone contamina-
tion that could impact groundwater in the future. Much
of the evidence for continuing ifnpact on groundwater
from vadose zone contamination is discussed in Sec-
tion 2.0. An overall evaluation depends, to a large
degree, on a synthesis of vadose zone and groundwater -
monitoring and characterization data to present a com-
prehensive picture of contaminant fate and transport.
Significant fiscal year 1999 vadose zone results are
summarized here but the bulk of the data synthesis on

- impact to groundwater is presented and discussed in

Section: 2.0.

B 3.1 @



3.1 100 Areas ‘_

The Hanford Site 100 Areas are located in the
notthem part of the site along the Columbia River.
Eight nuclear reactors were located in the 100 Areas.

- They operated from the mid 1940s until 1987 and
were used for production of defense related nuclear
material. Considerable vadose zone contamination is
associated with those past-practice activities. Current
- decontamination and remediation activities focus on

sites in the 100 Area because they are located near the
Columbia River.

This section describes the significant vadose zone
related activities that occurred in the 100 Areas in
fiscal year 1999. These activities include soil sampling
and analysis to support remediation of the 116-C-1
process effluent trench and the 1301-N and 1325-N'
cribs and trenches, sampling and analysis to select a
waste site for initial deployment of technology for
in situ reduction of hexavalent chromium, and labora-
tory studies to measure the distribution coefficient and
leachability of chromium in sediment to support future
remedial action goals and plans. This section does not
discuss excavation done to remediate contaminated

sites. Those efforts are described in the appropriate
parts of Section 2.0.

3.1.1 Soil Remediation at 116-C-1 Trench
D. G. Horton

The 116-C-1 process effluent trench was remedi-
ated in 1997, and a test pit was dug to groundwater in
early 1998 by Bechtel Hanford, Inc. Analysis of data

from the pit became available in 1999 (CVP-98-00006, -

Rev. 0). This section sumnmarizes the results of those
analyses. For a full description of the work, see CVD-
98-00006, Rev. 0.

The 116-C-1 trench is located within the
100-BC-1 Operable Unit in the 100 B/C Area of the
Hanford Site (see Plate 1), The trench is 167 meters
long, 32 meters wide, and 5 meters deep. The 116-C-1

site is an unlined trench that was used to dispose of
700 million liters of contaminated cooling water from
the 100 B/C Area retention basins after ruptured fuel
elements were detected in the reactors. The 116-C-1
trench continued to receive contaminated cooling
water until reactor operations ceased in 1968, An
additional 40 billion liters of high-temperature reactor
cooling water was discharged to the trench during a
150-day infiltration test in 1967. That water contained
700 ppb chromium as the major contaminant. The
infiltration likely influenced the distribution of con- -
taminants beneath the site. -

The most mobile contaminants at the
116-C-1 trench have been flushed through
the vadose zone to groundwater as'a result
of infiltration testing in 1967,

The contaminants of concern at the 116-C-1
trench include americium-241; cobali-60; cesium-137;
europium-152, -154, and -155; nickel-63; plutonium-
238, -239/240; strontium-90; uranium-238; total chro-

“ mium; hexavalent chromium; mercury; and lead.

The remedial actions taken at the 116-C-1 trench
included (1) excavating the site to the extent required

to meet specified soil cleanup levels, (2} disposing of

contaminated excavation materials at the Environ-
mental Restoration Disposal Facility at the 200 Areas,
and (3) backfilling the site with clean soil to adjacent
grade clevations and support subsequent revegetation.
As part of the remediation activities, a characteriza-
tion test pit was excavated to groundwater.

The vadose zone beneath the 116-C-1 site con-
sists of the Hanford formation and is predominantly
sand and gravel with various amounts of silt and cobble-

- size material. The groundwater is ~12.8 meters below

the surface.
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The test pit was 38 by 38 meters square and was
located in the southwestern third of the trench. The
test pit was centered at an ares of elevated activity
near the trench inlet pipe. The material was removed
_in1.5-meter [ifts using a backhoe, Soil samples were

taken from each quadrant of the test pit and ‘cOmpdsi_ted
for each of the eight lifts. Figure 3.1-1 shows a cross
section of the 116-C-1 trench with the locations of
the test pit and samples.

Figure 3.1-2 shows the distribution of the éonstitf
uents of concern with respect to depth beneath the
trenich. The results were obtained using U.S. Environ-
mental Protection Agency approved methods on the
bulk sample. The figure shows that most remaining
contamination in the vadose zone is within ~5 meters
of the base of the remedial action excavation. More
mobile contaminants, such as strontium-99, however,
are slightly deeper in the soil column. The most
mobile contaminants, such as hexavalent chromium,
that was present at ~700 pg/L in the cooling water,
have been flushed through the vadose zone to ground-
water as a result of the infiltration test done on the
trench after disposal of contaminated cooling water.
See Section 2.2 for discussions of groundwater under
the 100 C Area.

The maximum concentration of total chromium
is ~10 times higher than background values. It is pos-
sible that some of the hexavalent chromium was
reduced in the vadose zone to form the distribution of
total chromium seen in Figure 3.1-2. Alternatively,
some trivalent chromium may have been disposed to
the trench. .

As part of the remedial action, the RESRAD com-
puter code (ANL 1997) was wsed to model the impact
- of residual contaminants of concern on the vadose
zone, groundwater, and Columbia River. A rural resi-
dential exposure scenario was used, though future land
use of the 100 Area is not yet defined (CVP-98-00006,
Rev. 0). The model predicted a maximum dose rate of
8.2 mremfyr at the present, decreasing to 0.066 mrem/yr
in 1,000 years from direct exposure to the soil. The

)

total excess cancer risk from direct exposure to radio-
nuclides was calculated to be the largest, 7.7 x 107, at
the present and decreasing to 1.8 x 107 in 1,000 years.

All conecentrations of the non-radionuclide con-
taminanis of concern (total chromium, hexavalem;
chromium, lead, and mercury) were below remedial -
action goals, or cleanup levels, for direct exposure to the
soil. The excess cancer risk from hexavalent chromiurﬁ
in the overburden and the excavated zone was well
below the individual and cumulative risk limits.

The estimated radionuclide dose via the ground-
water and/or the Columbia River was well below the
4-mrem/yr dose rate limit. Also, the remaining con-
centrations of total chromium, hexavalent chromium,
lead, and mercury in the soil were either less than
100 times the maximum contamination level, less
than background concentration, or modeled with

RESRAD to be less than remedial action goals.

Remediation of the 116-C-1 trench meets cleanup
standards and the site is reclassified as closed in accor-
dance with the Tri-Party Agreement (Ecology et al.
1989). A more complete description of the project

~ and the results can be found in CVP-98-00006, Rev. 0.

3.1.2 Soil Sarﬁpling and Analysis at
1301-N and 1325-N Trenches

D. G. Horton

Bechtel Hanford, Inc. collected and analyzed four
subsurface soil samples from test pits excavated in each
of the 1301-N and 1325-N trenches in 1998. They
also cqﬂected and analyzed four samples of surface soil
from each of the 1301-N trench and the 1325-N erib.
Plate 1 shows the locations of the facilities. Fig-
ures 3.1-3 and 3.1-4 show the sample locations. The

purpose of the activity was to facilitate the remedial -
action design and disposal process of contaminated

soil that will be excavated from the site. This section
summarizes the sampling activities and the analytical
results. A much more complete description can be SN

found in BHI-01271, Rev. 0. RN
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The 1301-N and 1325-N cribs and trenches
received radioactive liquid waste containing activa-
tion and fission products as well as small quantities of
cotrosive liquids and laboratory chemicals generated
by various N Reactor operations. Overflow from the
cribs was discharged to the trenches. As the liquid

waste percolated thréug_h' the vadose zone soil bencath _

the trenches, radioactive and hazardous materials were
sorbed onto the soil. Different contaminants would
have migrated to different depths based on adsorption
characteristics of individual constituents.

Previous investigations had shown that soil con-
tamination was highest near the surface of the facil-
ities and decreased dramatically with depth. The
contaminants of concern were cesium-137, chromium,
cobalt-60, europium—154 and -155, mercury, nitrate,
plutonium-239/240, strontium-90, and tritium at both
1301-N and 1325-N.

Samples from test pits in the 1301-N
and 1325-N trenches show that radionu-
clide concenfmtions drop sharply in the
upper 0.6 meter of the surface or the base
of the backfill.

* Four samples of soil were obtained from the surface
of the 1301-N trench and four from the surface of the
1325-N crib. The samples were collected in sample ‘
bottles that were attached to a telescopmg painter pole
The sample bottles were lowered through hatchways
in the covers of the crib and trench: The upper 50 to
75 millimeters of séil were scraped into the sample
bottle and removed from the facility through the access
port.

The samples from 1301-N trench were sandy silt
with between 5% and 50% organic debris. The sam-
ples from the 1325-N crib ranged from semi-dry to
slightly moist silt to coarse sand and silt. One sample
contained ~50% pebbles; a second sample contained
some animal hair and pieces of wood; and a third
sample contained a piece of clay.

100 Areas

Figure 3.1-5 shows the results of the analyses of
radionuclide concentrations in the surface samples
from the 1301-N trench. Radionuclide concentrations
are plotted according to their distance down the wench
from the crib. Also shown on the figire are the aver-
age values of process sample data collected between
1980 and 1985 for comparison. All older data were
decay corrected to January 1999. One value for
plutonium-239{240, collected in 1982 at 147 meters
from the ¢rib, is not included in the calcuiated aver-

age because it was considered unrepresentative.

The 1999 data show that, within a factor of 10, '
concentrations of radionuclides are fairly constant along
the length of the rench. There is a slight increase in
the concentrations of all constituents in the 1999
samples obtained ~150 meters from the crib and this
is mirrored for some radionuclides at 112 meters dis-
tance in the older data set. The exact Jocations of the.
older data are not known with certainty because each
set of data included only nine locations, yet there are
10 access ports in the trench. BHI-01271, Rev. 0
assumed that ports 1 through 9 (the closest to the crib)
were historically sampled. However, if it were assumed
that ports 2 through 10 were sampled, the older data
would be shifted one location farther from the crib.
This would improve the match between the 1999 and
the historical 150-meter sample for several isotopes.

Figure 3.1-6 shows the results of the analyses of
radionuclide concentrations in the surface samples
from the 1325-N crib. Radionuclide concentrations
are plotred according to their position within the crib.
Also shown on the figure are the average values of
process sample data collected between 1985 and 1987
for comparison. The older data were decay corrected
to January 1999. The 1999 data show1 fhat, within a
factor of 10, concentration levels are fairly constant
across the crib. Also, the 1999 valugs are within a
factor of 10 of the average 1985 to 1987 process data.

A hydraulic excavator was used 1o dig one test pit
in each trench. The excavator bucket was used to
collect three discrete grab samples of soil at selected
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depths. Also, one composite soil sample was taken at
each trench by combining and homogenizing a portion
of each grab sample.

The samples from the 1301-N trench were col-
lected from depths of 0 to 0.3 meters, 0.3 to 0.6 meters,
and 0.6 to 1.5 meters. The samples were from the
Hanford formation and were moist, sandy gravel to
. gravel. The gravel content increased with depth.
Samples from the 1325-N trench were obtained from
depths of 0.61 to 1 meters, 1 to 1.4 meters, and 1.4 to
" 1.8 meters. A 0.61-meter layer of backfill was removed
before collecting the shallowest sample. The Hanford
formation sediment was poorly sorted sandy grafrel o
gravel, and the gravel content increased with depth in
the 1325-N trench pit. '

'Field instruments were used to map the $0i1 in
each excavation bucket to locate the highest alpha
and beta—gammé concentration.. Samples were col-
lected from the areas of highest concentration, placed
in a clean stainless steel bowl, homogenized, and then
- transferred to sample bottles for transport to the
" laboratory.

Figure 3.1-7 shows the results of analysis of the
radionuclides in samples from the pits in both trenches.

- The average depth of each excavation bucket is used
as the sample depth. The data from 0 meter for the
1301-N trench in Figure 3.1-7 are the average values
of the surface samples taken from that trench. Also,
the top of the first sample from the 1325-N trench is
placed at a depth of 0.6 meter because 0 meter was the
top of the grave.l backfill, which was removed. The
data on Figure 3.1-7 show that the concentration of

most radionuclides d_i:ops off rapidly with depth by a
factor of 10 to 100 within, the first 0.6 meter of the
surface at the 1301-N trench or the base of gravel back-
fill at the 1325-N wench. However, the concentration
of most isotopes below 0.6 meter remains substantial.

See Section 2.4 for discussion of groundwater beneath
the 1301-N and 1325-N facilities.

# 3.6

3.13 Iﬁ Situ Gaseous Reduction Approach

E. C Thornton, K. J. Cantrell, J. M. Faurote,
T. J Gilmore, K. B. Olsen, R. Schalla

This section summarizes the fiscal year 1999 activ-
ities to identify a waste site for initial deployment of
the in situ gaseous reduction approach to remediation
of hexavalent chromium. A full account of the activ-
ities.can be found in PNNL-13107. '

In situ gaseous reduction is a technology currently
being developed by the U.S. Department of Enetgy
(DCE) for the remediation of soil waste sites contam-
inated with hexavalent chromium. The chemical
reaction of primary interest is the reduction of hexa-
valent chromium to trivalent chromium, with subse-
quent precipitation as a non-toxic solid product. The
technique involves injection of a dilute hydrogen sul-
fide gas mixture into the vadose zone at a hexavalent

In fiscal year 1999, investigators i

searched for suitable locations to test an’ -
innovative method of removing chromium
from the vadose zone. The best site for ini-
tial use of the method was found to be the
183-DR facility in the 100 I Area.

chromium waste site through a central botehole (Fig-
ure 3.1-8). The gas mixture is then drawn through
the waste site by vacuum applied at extraction bore-
holes located at the site boundary. Monitoring the
breakthrough of hydrogen sulfide at the extraction
wells provides a basis to assess treatment progress.

Field testing of the in situ gaseous reduction .
approach was demonstrated at White Sands Miésil_e ‘
Range in 1998 by injecting 200 mg/L hydrogen sulfide
into chromate-contaminated soil. Final findings indi-
cate that 70% of the hexavalent chromium present at the
site was reduced to trivalent chromium during the test.
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. The primary objective of the Hanford Site 1999
study was to select one or two waste sites for an initial
deployment of the in situ gaseous reduction technology.
Six sites were selected for screening. The selected

 sites were suspected to contain small but highly con-
taminated vadose zone plumes. As such, the chance

" of detecting a vadose plume was less than that for a

larger plume such as those associated with retention

basins or cribs.

The selected sites were the 100 C plutonium crib,
the 183-DR head house and filter plant, an area near
the 108-D Building, the 190-D complex, the 183-H
solar evaporation basins, and the 183-KE and 183-KW
chromate transfer stations. The soil samples collected
at the 100 C plutonium crib were obtained from an
excavation pit. Subsurface samples collected at the
other sites were obtained by Geoprobe™ and cone
penetrometer. In addition, surface samples were col-
lected for analysis at several of the above sites.

One hundred eighty-three soil samples were col-
lected and analyzed in the laboratory for hexavalent
chromium by colorimetry. Also, 70 samples were col-
lected from 7 new borcholes drilled in the 100 D Area
to supportin situ reductionfoxidation (redox). These
samples were also analyzed for hexavalent chromium.
This section summarizes the results of those analyses.
A detailed description of the work will be finalized

and published in fiscal year 2000 (PNNL-13107).

3.1.3.1 Summary of Characterization
Activities

Characterization data collected during this study
is summatized below.

100 D Well Cuttings

Bechtel Hanford, Inc. drilled 12 new groundwater
monitoring wells at 100 D Area in fiscal year 1999.
Pacific Northwest National Laboratory (PNNL} par-.
ticipated in this effort by analyzing vadose zone sam-
ples (cuttings) from seven of these wells for hexavalent
chromium. The objective of this effort was to obtain
information regarding sources of hexavalent chromium

100 Areas

contamination associated with. the plume west of the
DR Reactor. The wells chosen for sediment analyses
were 199-D4-20 and 199-D5-38 through 199-D5-43

(Figure 3.1-9). The samples ranged from depths of 1.5

to 24 meters (top of the unconfined aquifer).

All sample analytical results ﬁer_e non-detections
(less than 0.4 mg/keg hexavalent chromium). These
negative results may be related, in part, to the loca-

. tions of the wells. The wells were not drilled near the

vadose zone source, which appears to be in the vicinity
of the 183-DR facility (see Figure 3.1-9). However, it

also appears that hexavalent chromium may be reduced

during the drilling process. Reduction may be brought
about by iron released during abrasion of the drill bic '
or by exposure of fresh ferrous iron-bearing surfaces of
basalt cobbles fractured during drilling. It is concluded
that future efforts to characterize the distribution of
hexavalent chromium in the vadose zone by drilling
should be undertaken by collecting unaltered core
{e.g., split spoon) samples. '

100 € Plutonivm Crib

The 100 C plutonium crib (116-C-2A on Plate 1)
in the 100 C Area is being remediated, primarily by
excavation. Following recent excavation of surface
material at this site, sediment samples were collected
from the pit for analysis of hexavalent chromium. All
samples were below the limits of detection for hexa-
valent chromium for the analytical method used. Thus,
this site is eliminated from the list of candidate test
sites for deployment of the in situ gaseous reduction
technology.

183-DR Head House and Filier Plant

The location of the 183-DR facﬁiq\r is shown in
Figure 3.1-9. This facility appears to be the source of
hexavalent chromium present in the plume west of
the site. This facility was originally used to remove
suspended solid material from the cooling water and
to add hexavalent chromium as a corrosion inhibitor
before passing the water into the DR Reactor.
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A series of Geoprobe™ holes were driven in the
vicinity of the former head house and filter plant by
CH2ZM Hanford, Inc. and PNNL staff to obtain sedi-
ment samples for analysis of hexavalent chromium.
The locations of these holes are shown in Figure 3.1-10.
The Geoprobe™ had difficulty obtaining samples at
depths greater than ~4.6 meters, which appears to be
the top of an open-framework gravel. However, some
samples were :_:oll.ected down to 7.2 meters. Essen-
tially no hexavalent chromium was detected in any of
these samples. ' '

A cone penetrometer, operated by Applied Re-
search Associates, Inc., was used to obtain sediment
samples at a depth of 3.9 meters near the center of the
site (see Figure 3.1-10). Possible hexavalent chromium
contamination was found at less than or at 0.5 mg/kg
in these samples.

Groundwater monitoring data étréngly suggest
that the 183-DR facility was responsible for the hexa-
valent chromium groundwater plume present in this
area. However, it appears that hexavalent chromium
has migrated too deeply in the vadose zone at this site
to be reached by Geoprobe™ or cone penetrometer.
Vadose zone borcholes should be drilled and sediment.
samples analyzed to determine the vertical distribu-
tion of hexavalent chromium contamination at the
183-DR site. '

108-D Site

This facility is located north of D Reactor (see
Figure 3.1-9). It appears that the 108-D facility may
have been the source of the hexavalent chromium
groundwater plume located north of the reactor and
may originally have been a chromate transfer station.
Access to this site is difficult because of the presence
of underground radionuclide contamination. However,
a Geoprobe™ sampling location was set up a short

distance to the west of a fence surrounding the area of = -

subsutface radioactivity. Hexavalent chromium was
detected at low concentrations (less than or at 1 mgfkg)
in samples collected by Geoprobe™ at the site.

It is concluded that the 108-D site is not suitable
for a demonstration of the in situ gaseous reduction

~ technoiogy because of underground radionuclide con-

tatnination, which would increase the costs and com-

plexity of conducting a demonstration, and because of

the low levels of hexavalent chromium contamination

observed.

190-D Complex

This facility is located west of D Reactor. Hexa-
valent chromium was added to cooling water at this
facility before entering the reactor, and fairly wide-
spread contamination is present in the area. Hexa-
valent chromium staining of soil and concrete debris

is visible in surface materials, commonly reaching

levels of several hundred to greater than 1,000 mg/kg.

The locations of ten Geoprobe™ and two cone

penetrometer holes at this site are shown in Fig-

uré 3.1-11. The highest value of hexavalent chromium
obtained was 6.3 mg/kg from a sample collected from
depths of 3 to 3.6 meters at location GPD26. This is
the same location where a value of 6.96 mg/kg was
reported by Bechrel Hanford, Inc. (BHI-01185, Rev. Q)
from a sample collected at a depth of 4 meters. Samples
from two cone penetrometer holes, which were drilled
to a depth of 9.7 meters, suggest that the depth of
contamination dqeé not exceed 6.1 meters.

It is concluded that significant levels of hexavalent
chromium contamination exist in the soil at the 190-D
site. However, the contamination appears to be local-
ized and restricted to shallow depths. Thus, in situ
remediation probably is not a viable option at this site.

183-H Solar Evaporaftion Basins

The 183-H solar evaporation basins were a former
waste storage facility in the 100 H Area. The basins
are associated with contaminated soil and groundwater
in the area. A total of four Geoprobe™ and four cone

" penetrometer holes (Figure 3.1-12) were driven at this

site and sediment samples were collected and analyzed
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for hexavalent chromium, Levels of hexavalent chro-
mium in all samples were at or below the limits of
detection {less than or at 0.4 mgfkg).

183-KE and 183-KW Chromate Transfer Stations

The 183-KE and 183-KW chromate transfer sta-
tions are located in the 100 K Area. They are sites
where hexavalent chromium stock solutions were
unloaded from railcars near the head house of the water
treatment basins. As at 183-DR and 190-D, hexavalent
‘chromium was added to reactor cooling water as a cor-
rosiont inhibitor. Surface soil stained by hexavalent
chromium is particularly noticeable at 183-KW, where
an area containing ~400 mg/kg hexavalent chromium
has been identified. Chromium contamination of
groundwater at 183-KE also has been monitored in
the past several years.

Geoprobe™ sampling was undertaken at both

183-KE and 183-KW. Samples collected to a depth of

~2.3 meters at. 183-KE did not contain detectable
hexavalent chromium. Deeper sampling could not be
achieved because of gravel or cobble beds. It is prob-
able that hexavalent chromium contamination exists
at depth in light of existing groundwater contamina-
tion but is apparently deeper than 3 meters. A field
demonstration would be difficult to undertake at this
site because the facility is still being used and access is
limited because of utilities. ' '

Hexavalent chromium was detected in sediment
samples obtained from several Geoprobe™ holes at
183-KW. Geaprobe™ hole GPKW2 (Figure 3.1-13)
had especially high concentrations, up to 420 mg/kg
at depth of 2.6 meters. Signif_icaﬁt hexavalent chro-
mium concentrations were also detected in samples
collected from hole GPKW3, which was driven in the
area of surface soil contaminated with hexavalent
chromium. A concentration of 11 mgfkg was measured
in a sample collected at depths of 0.6 to 1.3 meters.
Hexavalent chromium concentrations decreased to
3 mg/kg between 1.3 to 1.8 meters. Two cone pene-
trometer holes were also driven at 183-KW, but analysis

100 Areas

of samples indicated that hexavalent chromium con-
centrations are relatively low (less than or at 2 mg/kg).

The 183-KW site was originally considered to be
a ﬁotential test site for in situ gaseous remediation be-
cause of the presence of elevated levels of hexavalent
chromium in the soil and because the site has been
identified for remediation.” However, Geoprobe™ and
cone penetrometer refusal was commonly encountered
at ~3 meters, due to a gravel or cobble layer, so that
no samples could be collected below that depth. In
addition, contamination appears to be sporadic and
may be largely found on the surface. Finally, site utili-
ties limit access to the site. - '

3.1.3.2 Conclusions and Recommendations

The 190-D site has significant concentrations of
hexavalent chromium in the soil (as high as 7 mgfkg).
However, contamination is limited to depths shallower
than 6 meters and is in localized areas. Significant
concentrations of hexavalent chromium also occur in
sediment at the 183-K'W site, but the distribution
appears to be sporadic. At the 183-KW site, the use
of the Geoprobe™ and cone penetrometer was limited
to shallow sampling activities because of refusal at
depths of 3 meters. '

The 183-DR site is judged to be the best site avail-
able for undertaking an initial deployment of the in -
situ gaseous reduction technology at the Hanford Site.
Geoprobe™ and cone penetrometer sampling at this
site were severely hampered by the presence of concrete
and construcfion debris and fill. Nevertheless, recent
groundwater monitoting data strongly-indicate thata
deep vadose zone source of hexavalent chromium
exists at 183-DR, and several sediment samples were
obtained that appear to have low concentrations of
hexavalent chromium. It is recommended that sev-
eral vadose zone boreholes be drilled to groundwater
at 183-DR. Sediment and groundwater samples should
be collected and analyzed to verify that this site is the
source for the groundwater plume.
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3.1.4 Bench Scale Distribution Coefficient
and Leach Studies on Hexavalent Chromium
in Contaminated Vadose Zone Sediment
from 100 D Area .

R. J. Serne and D. G. Horton

~ Itmportant decisions affecting the cost and extent
of remedial actions in the 100 Areas are currently based
on the predictions of the very conservative computer
model RESRAD. To date, the RESRAD code has
used only the distribution coefficient (K_), and not
leachability, to evaluate impact to groundwater. K, is
a measure of the relative concentration of contami-
nant sorbed on the sediment to that dissolved in solu-
tion; the smaller the K, the mote contaminant is in
solution (groundwater). The modeling results indicate a
potential impact to groundwater from contaminated
vadose sediment at the 100 D Area, assuming a hexa-
valent chromium K , value of zero.

Scientists performed laboratory tests
in 1999 to study factors that affect the way
chromium moves through the vadose zone.
Preliminary results suggest that relatively
insoluble forms of chromium may be present.

Use of the distribution coefficient assumes that
hexavalent chromium is adsorbed on exchange sites of
minerals in the sediment. Altematively, hexavalent
chromium, in 100 D Area contaminated sediment,

may be present as an insoluble precipitate. Batch and

flow-through leach tests are appropriate to evaluate
this alternative. The results of leach tests combine
the effects of desorption and dissolution. Currently,
results of leach tests for hexavalent chromium in sedi-
ment are not as readily available in the lterature as
are K, results, and chromium leach tests have not been
performed on Hanford Site sediment.

The rate of hexavalent chromium movement
through the vadose zone to groundwater will depend

on which mechanism, desorption or dissolution, releases -

hexavalent chromium to pore water. Therefore, experi-
ments were done in 1999 to measure both the leach
rate and K, of hexavalent chromium using sediment
samples from the 100 D Area, The RESRAD computer
model can evaluate hexavalent chromium impact on
groundwater using leachability parameters, which rep-
resent combined dissolution and desorption effects.
I'rhplementing the results of the 1999 experiments will
provide a more accurate picture of actual potential
impact to groundwater and support future remedial
action cleanup goals and planning.

3.1.4.1 Samples and Methods -

The 116-D-7 retention basin site, located north of
the 100-DR-1 Operable Unit, was selected as the field
area to obtain samples for K , and leachability tests.
Both contaminated and uncontaminated samples were
obtained for use in the bench-scale testing. The primary

objectives of the bench-scale tests were to estimate -

K, and leach rates for hexavalent chromium specific
to the Hanford formation sediment in the 100 Areas.

Batch adsorption tests were run using 50 grams of
oven dry Hanford formation sediment and 200 millili-
ters of Hanford Site groundwater spiked with hexa-
valent chromium. Three different spike levels, 0.1,
1.0, and 10 mg/l. of hexavalent chromium (as sodium
dichromate) were used. Triplicate container blanks,
consisting of spiked groundwater without sediment,
were analyzed to account for hexavalent chromium
stability in groundwater and container adsorption of
hexavalent chromium. Triplicate sediment blanks,
consisting of uncontaminated Hanford formation sedi-
ment and deionized water, were analyzed to determine
whether native chromium was leached from the sedi-

ment. Tests were run in triplicate for contact times of

4 and 14 days.

In addition, one leach test was performed using
contaminated Hanford formation sediment from the
100 D Area. The test was done by packing a vertical
column with a measured amount (weight and volume)
of sediment and allowing a source of water to flow
through the column at a constant rate for 43 days,
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Hexavalent chromium was measured by colorime-
try in solutions from the batch tests and by both color-
imetry and inductive coupled plasmafmass spectrometry
in column leach tests.

3_.1 4.2 Results

The results of the K, batch experiments are shown
in Tables 3.1-1 and 3.1-2. The conclusion from the
tests is that there is no significant hexavalent chromium
adsorption onto the Hanford formation sediment. The
average K for hexavalent chromium from the most
dilute concentration tests after both 4 and 14 days of
contact is 0.2 £ 0.1 mLfg. The K, was found to be O at
higher hexavalent chromium concentrations. The
very low K, measured from the smallest hexavalent
chromium concentrations may well be an artifact of
(1) the use of batch tests for very low sorbing con-
stituents combined with (2) testing very near the de-

tection limit for the analytical method used.

The results of the column leach test are shown in
Figure 3.1-14. The results show that typical Hanford
Site groundwater does not readily leach chromium
bound to the. Hanford formation sediment. After
43 days, less than 1% of the chromium present in the
sediment was removed by ~12 pore volumes of solu-
tion. The 12 pore volumes represent the total amount
of water that would flush through the vadose zone for
a scenario with 15 centimeters of rainfall and 0.76 meter
of irrigation per yeat.

A direct mass balance measurement of the hexa-
valent chromium in the sediment before leaching and
after 43 days of leaching showed no measurable loss of
hexavalent chromium from the sediment; within the
analytical error both the pre- and post-leached sedi-
ment samples gave the same result. This corroborates
the leachate solution analyses that found less than 1%
of the hexavalent chromium was removed from the
sediment.

Additional batch water leach tests, using con-
taminated sediment, showed that less than 1% of the

100 Areas

hexavalent chromium was leached after 16 hours of
vigorous shaking. The exact amount removed varied
from 0.04% to 0.71% depending on which analytical
téchnique was used to measure chromium.

3.1.4.3 Conclusion

_ The findings of this study suggest that there is
very little soluble chromium in the vadose zone sedi-
ments of the 100 D Area. This is contrary to the
existence of high chromium concentrations in ground-
water from some 100 D locations. The apparent incon-
gruity may be an artifact of sampling (i.e., samples
were collected outside areas of chromium contamina-

. tion) or may represent some, as vet, unidentified

geochemical process.

All solutions generated by mixing the contami-
nated sediment with uncontaminated Hanford Site
groundwater resulted in hexavalent chromium concen-
trations between 0.002 to 0.05 mg/L. Also, the column
effluents reached a steady state chromium concentra-
tion of either 0.003 or <0.01 mg/L depending on the
analytical technique. These data suggest that a hexa-
valent chromium-beéring precipitate that is very
insoluble in Hanford Site groundwater may be present
in the sediment. Alternatively, the chromium in the
sediment may be trivalent chromium that slowly oxi-
dizes when leached with water. Therefore, the result-
ing leachate would contain very small concentrations
of oxidized chromium as hexavalent chromium.

If hexavalent chromium in solution is controlled
by slow oxidation of sediment containing trivalent.
chromium, then more kinetic testing is needed. More-
kinetic testing would allow extrapoiétion of the short-
term laboratory leach data 1o the longer time spans to
reflect natural dissolution of chromium from Hanford
formation sediment in the 100 Areas. More column

leach tests need to be performed using contaminated

sediment with higher hexavalenit chromium levels and
at several flow rates slower than those used for the
irrigation scenario in this work.
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Table 3.1-1. Average 4-Day Contact Time K, and Standard Deviation for Hexavalent Chromlum
(CrfVI]) and Total Chromium Adsorption

Ce(VI) : Standard - . ' Standard

Concentration K, for Cr{VI} Deviation _ K, for Total Cr Deviation
{mg/L) - _(mljg) (ml/fg) (mL/p) - __(mlfg)
ol : 03 0.1 0.0 0.3
1.0 0.0 0.0 02 : 0.3

10.0 0.0 ' 0.05 - 03 0.3

Table 3.1-2. Average 14-Day Contact Time K, and Standard Deviation for Hexavalent Chromium -

~ {Cr[VI]) and Total Chromium Adsorption - _
Cr(VI)  Standard o - Standard

Concentration " K, for Ce(V1) Deviation Ky for Total Cr Deviation
(mgl) - (mL/g) - (mL/g) {mL/g) (mLjg)
0.1 C : 0.2 0.1 C.0 0.1
1.0 0.0 ¢:0 0.1 : 0.1
10.0 0.0 : 0.0 . 0.2 0.1
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Figure 3.1-1. Cross Section of the 116-C-1 Trench Showing Location of the Test Pit and Distribution of Samples (adapted from CVP-98-00006, Rev. 0)
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Figure 3.1-3. Map of the 1301-N Crib and Trench Showing the Locations of Samples Collected
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3.2 200 Areas

The Hanford Site 200 Areas are located in the
central part of the site. Weapons grade plutonium was
exiracted from irradiated fuel at these locations. These
areas are the location of the most significant vadose
zone contamination at the Hanford Site.

This section presents the results of the character-
ization, monitoting, and remediation activities accom-

plished in the 200 Areas in fiscal year 1999.

3.2.1 200 Areas Characterization
Activifies .

Several vadose zone characterization activities
were undertaken at the 200 Areas in fiscal year 1999.
. At the SX Tank Farm, samples were collected and
characterized from the decommissioning of one bore-
hole drilled to characterize deep vadose zone contami-
nation and from a second, new borehole adjacent to
tank SX-115. Also, in SX Tank Farm, preliminary
temperature and neutron capture borehole logging was

accomplished. . During 1999, baseline spectral gamma-

ray logging at two single-shell tank farms (T and B)
was completed and logging of the highest count rate
zones at the tank farm was initiated.

Additional characterization activities were begun
in 1999 at Gable Mountain Pond, 216-B-3 pond, 216-
S-10 pond, and 216-B2-2 ditch, where test pits were
dug and sampled and/or boreholes drilled and sampled.
The results of these activities will be presented in cal-
endar year 2000,

3.2.1.1 Decommiésioning of Borehole
41-09-39 at the $X Tank Farm

R. J. Serne, D. G. Hmt@, D. A. Myers

Borehole 41-09-39 is located adjacent to single-
shell rank SX-109 in the SX Tark Farm in the Hanford

Site’s 200 West Area. This borehole was originally

constructed in 1996 by driving a closed end casing to
a depth of 40 meters. The primary purpose of the

borehole was to determine the presence of cesium-137
at depths of 24 to 40 meters below ground surface. The
borehole was then deepened in 1997 by milling out
the end of the initial 18-centimeter casing and extend-
ing the bore using the percussion drilling method,
while collecting near continuous soil samples. The
borehole was temporarily finished as a monitoring
well to allow collection of groundwater samples and
ultimately 'for.injecting sodium-bromide as a tracer to
assess groundwater movement beneath the tank farm.

Tn fiscal year 1999, sediment samples
were collected from a borehole in the SX Tank
Farm. Resulis from adepth of 18 to 25 meters
showed the highest levels of cesitm-137 found
under leaking tanks in the past 35 years.

In fiscal vear 1999, the borehole was decommis-
sioned to eliminate it as a potential pathway for con-
taminants to readily reach the groundwater. As part
of the decommissioning effort, samples of the previ-
ously unsampled portion of the hole were collected
and submitted for chemical and radiological analysis,
After complete removal of the inner 10-centimeter-
diameter casing, the outer 18-centimeter casing was
hydraulically jacked out of the ground in stages. Side--
wall samples were collected below the casing at pré—
scribed depths. After complete removal of both casings, -
the borehole was filled with bentonite and grout.

Based on drilling records and geophysical logs, 16
sampling horizons were selected. These horizons were -
satnpled using side-wall sampling rechriques, with
three aliquots of soil collected from each horizon.
Details on the sampling and analysis data qualitative -
objective process and the sampling and analysis plans
are found in FINF-4380, Rev. 1. Discussions of ground-
water beneath the SX Tank Farm are in Section 2.8.
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Either two or three aliquots of fifteen of the six-
teen selected horizons were successfully sampled. One
of the aliquots obtained at 19.8 to 20.1 meters was ten
times more radioactive than the other two aliquots
from this depth, so the highly radicactive aliquot was
kept separate. All aliquots from each depth interval,
except those from 19.8 to 20.1 meters, were mixed
together to form one composite sample for each depth.

‘Analytical results show that the sediment has very
high concentrations of cesium-137 and represents the
most radioactive materials obtained from under leak-
ing tanks in the past 35 years. Table 3.2-1 lists the

~ descriptive lithology and the results of measurements

made directly on the sediment. There appears to be
some correlation between the particle size of the sedi-
ment and the cesium-137 content between depths of
18.3 and 33.2 meters; the finer grained the sediment,
the higher the cesium-137 concentration. The region
between depths of 18.3 and 25.3 meters has the highest
concentration of cesium-137. A smaller region with
high cesium-137 concentration exists between depths
of 31.1 and 33.2 meters. o

Several of the samples obtained from borehole-
41-09-39 contained insufficient pore water to obtain a
sample large enough for chemical analyses. A water
extract, using 1 ‘part water to 1 part dry sediment, was
done on those samples to obtain sufficient leachate for
analysis. The water extract gives an indication of
which contaminants are readily leached and, therefore,.
fairly mobile. Table 3.2-2 lists the analytical results of
water extracts from the sediment.

The data in Table 3.2-2 show large amounts of .
water leachable chromium (presumably hexavalent
chromium, chromate), nitrate, sodium and -
technetium-99 in the sediment. Some selenium and
cesium-137 were also leached from some samples in
concentrations greater than background concentra- -
tions. (See DOE/RL-92-24, Rev. 3 and DOE/RL-96-12,
Rev. O for background values.) Data for other-anions
(chloride, nitrite, sulfate, and phosphate) and other
cations {arsenic, barium, cadmium, lead, molybdénum,
silver, and uranium) are available from Pacific North-
west National Laboratory. Analyses of other major

cations (aluminum, calcium, iron, magnesium, manga-
nese, and potassium) will be available in fiscal year
2000. The pH of the water extract is elevated slightly
above natural pH values of 8.0 to 8.5 for samples from
18.6 to 25.3 meters below ground surface. The original
tank liquor had pH values above 14 and free hydrox-
ide concentrations perhaps as large as 1 M or higher.
The water extract pH values show that the sediment
has substantially buffered the pH of leaked fluids.

Analytical results of a strong acid (8 M nitric acid)
leach of the sediment samples are shown in Table 3.2-3.
These results approximate the total amount of contami-
nant in the sediment that would be environmentally
available per U.S. Environmental Protection Agency
suggestions in SW-846. The data in Table 3.2-3 show
that greater than background levels of chromium,
molybdenum, selenium, and technetium-99 are leached
from the sediment. Concentrations of americium-241,
neptunium-237, plutonium-239, and strontium-9¢ do
not appear to be present in the sediment at levels above
1 pCAifrg. Analytical results for aluminum, arsenic,

 barium, cadmium, copper, iron, lead, manganese, sili-

con, silver, and strontium will be documented in fiscal
year 2000. Except for aluminum and iron, preliminary
results for these metals show no concentration versus
depth trends to suggest there is a major source. of con-
tamination in the vadose zone. Concentrations of
aluminum and iron may be slightly elevated in samples
from shallower depths where cesium-137, chromium,
nitrate, and sodium are definitely p'resent.

Table 3.2-4 shows the percent of cesium-137 that
was leached from the sediment by the water extract
compared to the total cesium-137 present in the sedi-
ment. The table also shows the percentages of chro-
mium and technetium-99 that were leached by water
compared. to the amounts leached by the strong acid
extract. The latter is an approximation of the total
technetium-99 and chromium in the sediment.

* Very little cesium-137 was leached by the water
extract, indicating that most cesium-137 in the sedi-
ment from borehole 41-09-39 is not soluble and is
bound to the sediment. Conversely, significant per-
centages of the chromium and technetium-99 were
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leached by the water extract. These data can be used
to estimate in situ distribution coefficients (K,) for
each chemical in each sediment sample. The calcu-
lated K s are shown in Table 3.2-5.

TheK ;s in Tabl_e 3.2-5 are based on analysis of
one aliquot of sediment from each depth being used
for the water leach test and a second aliquot used for

the acid leach test. In Table 3.2-5, any inhomogene-

ities in contaminant distribution that may have existed
in the sediment are magnified due to the way that K s
are calculated. Note, howe\s}er, that none of the acid
leached samples contained less mass than the water
extracted samples for the two mobile contaminarts,
technetium-99 and chromium. This suggests that
gross inhomogeneities were absent in the samples.
The reason for the large variation in cesium-137 K,
values is unknown and will require further work.

The apparent large in situ K, values for technetium-
99, and perhaps chromium, in selected samples merit
additional testing or more detailed investigations on
the molecular scale to determine whether the sediment
contains adsorbed or co-precipitated technetium-99
and chromiuvm. The chromium K, values for some of

the samples that did not contzin elevated total chro-

mium concentrations represent native trivalent chro-
mium in the sediment. The K, values for the samples
from 7.6 meters, 13.4 meters, 17.1 meters, and the
38.8 meters, in Table 3.2-5 may represent immobile -
native trivalent chromium. Large in situ K , values
for chromium in samples from other depths are unex-
plained at this time. More detailed geochemistry
studies on borehole 41-09-39 sediment will be done
in fiscal year 2000, and a final report of all results will
be issued.

3.2.1.2 New Vadose Zone Borehole at
Single-Shell Tank $X-115

D. A. Myers

The River Protection Project’s Vadose Zone Proj-
ect completed a charactetization borehole (299-W23-
19} in the SX Tank Farm adjacent to tank SX-115.
This tank was selected for investigation because it is
the source of the largest measured leak in the SX Tank

200 Areas

Farm. This tank had a measured loss of 189,000 liters
during a sodium nitrate retrieval effort in the mid-
1960s; this volume contained a significant amount of
technetium-99. Groundwater monitoring wells to the
southeast of the tank were some of the first to show
increased technetium-99 concentmations at this Resource
Conservation and Recovery Act of 1976 (RCRA-) site.
The borehole was sited near the tank adjacent.to a
zone of high pamma fhux reported in BNWL-CC-701.
The borchole was advanced using the reverse air-rotary
method in a drive and drill mode.- Near-continuous
samples were collected through the Hanford formation
by driving a split-spoon sampler shead of a casing string.
After samples were retrieved, the borehole was reamed-
out using reverse air rotary methods and the casing

A new vadose manitoring borehole was
installed in the SX Tank Farm in fiscal year
1999. Analytical results from sediment
samples will be available in 2000. The
borehole was turned into a groundwater
monitoring well after high concentrations of
technetium-99 were detected in a ground-
‘water sample.

advanced to the next sample location. All air-lifted
cuttings wete treated as if contaminated and all efflu-
ent air was passed through high-efficiency particulate
air (HEPA }filters before being discharged to the atmos-
phere. No contamination was detected by field instru-
ments during drilling. Action levels were exceeded
due to the presence of naturally occurting potassium,
uranium, and thorium isotopes in the fine-grained
sediment associated with the Palouse soil and Plio-

* Pleistocene Unit. The well was drilled into the ground-

water to allow sampling for the RCRA monitoring
program. Analysis of the groundwater samples revealed -
technetium-99 concentrations up to 48,000 pCi/fL,
the highest levels found to date on the Hanford Site.
Because of this finding, the well is to be completed as

a RCRA assessment well rather than decommissioned
as originally planned. Analysis of the sediment will

be doné in fiscal year 2000.
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3.2.1.3 Temperature and Other Geophysical
Logging at Single-Shell Tank Farms

D. A. Myers

- Geophysical logging beyond the baseline logging
program conducted by MACTEC-ERS and reported
in Section 3.2.1.4 was conducted in both the 41-09-39
borehole and in the 299-W23-19 borehole. This spe-
cial logging consisted of moisture, temperature, and
neutron capture gamma spectroscopy logs. Moisture
distribution was logged tising a neutron moisture probe
to assess the distribution of water throughout the vadose
zone in both boreholes. Water in the vadose zone
provides the mobilizing force to transport contami-

“nants to the groundwater. Temperature logs were

obtained in single-cased portions of both boreholes,

- and borehole wall temperatures were logged in 41-09-39
~ as the borehole was decommissioned. Temperatures
"were taken using a side-looking infrared instrument

so that the temperatures represent the casing or
borehole wall conditions and not the air inside the
casing. The results of the temperature log of 41-09-39
are presented in Figure 3.2-1. The temperature distri-
hution corresponds to an increase in gamma activity as
scen on the gross gamma-ray log and to the distribution
of radionuclides as determined by laboratory measure-
ments (see Section 3.2.1.1).

Other geophysical logs were run in both bore-
holes, including spectral gamma, using a high-purity
germanium (HPGe) tool and a neutron capture spec-
troscopy log. This latter log is generared by exciting
formation elements with neutrons from a californium
source and measuring gamma-ray energies emitted
following excitation. These spectra are then analyzed
to provide a distribution of specific elements. The
tool was developed for Idaho National Engineering
and Environmental Laboratory and is calibrated for
chlorine only; providing only a relative abundance of
other-elements.

Eig'ure‘3.2-2 shows the neutron-gamma capture
spectroscop;% log from borehole SX-115. An attempt
was made to use the tool to assess sediment dragdown

during drilling operations by salting the borehole with

gadolinium sand. The sand was added to the bore at
~49 meters and then the bore was deepened normally.
Unfortunately, the sand was added too rapidly and it
bridged in the casing, so that the results represent some
dragdown as well as some smearing inside the casing.

- Figure 3.2-2 shows the gadolinium distribution in the

borehole as indicated by the neutron-gamma log. The
hydrogen log in Figure 3.2-2 shows very fine changes

'in what is interpreted to be water content in the Han-

ford formation, as well as a major change in water con-
tent as the borehole passed through the Plio-Pleistocene
Unit into the Ringold Formation. The high calcium
content at a depth of ~47 meters reflects the calcium-
rich Plio-Pleistocene caliche layer. The_reéponse on
the 1778 keV log in Figure 3.2-2 is due to both alumi-
num and silicon.

3.2.1.4 Baseline Spectral Gamma-Ray
Logging at B and T Tank Farms

R. G. McCain

" ‘Baseline vadose zone characterization in single-
shell tank farms has been conducted by the U.S. Depart-
ment of Energy (DOE), Grand Junction Office and its
subcontractor, MACTEC-ERS, since 1993. By the
end of fiscal year 1999, tank summary data reports had
been issued for all 133 single-shell tanks with capaci-
ties of 2 million liters or greater (100 series tanks),

and tank farm summary teports had been issued for 11

of 12 single-shell tank farms. Results of the Tank Farms
Vadose Zone Characterization Program are posted on

the Internet at: http:/jwww.doegjpo.com/programs/
hanf/HTFVZ.html. :

Baseline characterization measurements were com-
pleted ar boreholes in the B and the T tank farms in
fiscal vear 1999. A down hole, spectral gamma-ray
logging system was used for the characterization. Tank

 summary data reports were published for each 100 series

tank in both farms and a comprehensive report was
published for the T Tank Farm (GJO-HAN-27). A
similar report is in preparation for B Tank Farm.
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Also during fiscal year 1999, a high rate logging
system was developed and deployed to quantify high
levels of radionuclides in zones where the spectral
' gamma logging system detector saturated. High rate
logging operations will be completed in fiscal year
2000. This will complete the baseline vadose 2one
characterization logging for single-shell tank farms.

Speciral Gamma-Logging Methods and Procedures

A description of the system used by the DOE,
Grand Junction Office and MACTEC-ERS during
spectral gamma-ray logging of the single-shell tank
farms is presented in PNNL-13080. The spectral
gamma logging system data were collected in accor-
dance with procedures documented in MAC-VZCP
1.7.1C-1, Rev 2 and analyzed in accordance with MAC-
VZCP 1.1.9, Rev 1. Details on other aspects of the
project are provided in MAC-VZ(CP-1.7.2, Rev. 1;
MAC-VZCP-1.7.3, Rev. 1; MAC-VZCP-1.74, Rev. ;
and P-GJPO-1779, Rev. 1.

Spectral gamma-ray logging of all single-
shell tanks with capacities greater than 2 mil-
lion liters was completed in ﬁ_scal year 1999,
Results of the 1995 to 1999 logging are a
baseline for future logging in the tank farms.

The spectral gamma-tay logging system was initially
calibrated at the DOE, Grand Junction Office Bore-
hole Calibration Facility (GJPO-HAN-1). Continu-
ing calibration measurements were made at the Hanford
Site calibration facilities, and the most recent calibra-
tion {October 1998} is documented in GJO-HAN-26.

The tank farm vadose zone monitoring networks
consist of steel-cased boreholes (also known as drywells)
-+ arranged around the perimeter of each tank. Most
of the single-shell tank monitoting networks were
installed in the late 1960s and early to mid-1970s.
The borehole depths range from ~23 to 46 meters
below ground surface. Most are ~30 meters deep.

200 Areas

Borehole diameters are typically 15.2 to 20.3 centime-
ters, although holes as small as 10.Z centimeters or as
large s 30.5 centimeters exist.

Borehole designations within the tank farm are
xXx-yy-22, where xx refers to the numerical tank farm
designation, yy refers to the tank number (06 is tank
106), and zz refers to the clock position of the bore-
hole relative to the tank, where 12 o’clock is north.

A borehole with the designation 50-06-05 is at the

5 o’clock position of tank T-106. A borchole with the
designation 50-00-06 is in the T Tank Farm, is not
directly' associated with any tank, and is at the approx-
imate 6 o’clock position on the tank farm perimeter.

All depths in the discussion of results are relative
to the top of the borehole casings.

Spectral Gamma-Ray Logging Results at B Tank Farm

By the end of fiscal year 1999, all tank summary
data reports were completed for the twelve 100 series
tanks in the B Tank Farm. These repotts are pub-
lished as GJ-HAN-112 through GJ-HAN-114 and
(GJ-HAN-125 through GJ-HAN133. Tank summary
data reports were not prepared for the four 200 series
tanks because there are few boreholes in the vicinity
of those tanks. The tank farm report for B Tank Farm
is in preparation and will be published by March 2000.
Figure 3.2-3 shows the layout of tanks and boreholes for
B Tank Farm. Tanks that are assumed to have leaked
are indicated by shading. Borehole depths range
from 18.3 t0'48.5 meters; most are ~30.5 meters deep.

Spectral gammma-ray baseline logging in the B Tank
Farm identified cesium-137, cobalt-60, europivm-152,
and europium-154. In the following discussions both
europium-152 and -154 generally will be consid-
ered as europium-154 because this isotope occurs at
greater activity levels and is more widespread than
europium-152. The two isotopes are chemically identi-
cal and would be expected to have the same migration
characteristics. Copies of all logs can be found in the
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- individusl tank summary data reports, and log data will |

. be posted on the internet at the DOE, Grand Junction
web site. ‘

Cesium-137 was found at ground sutface and 4t

sﬁallow depths over much of the B Tank Farm, appar-

ently as the result of surface spills and pipeline leaks.
Cesium-137 associated with previous leaks from tanks
B-110, B-111, B-107, B-105, and B-101 was encouﬂ—
tered at depthis between 17.4 and 26.5 meters.

Cobalt-60 was identified in boreholes associated
with tanks B-101, B-105 and B-110. Europium-154
was detected in the area between tanks B-107 and
B-104 and appears to be associated with a leak from
tank B-107. Minor amounts of europium-154 were

also detected in boreholes at tanks B-101 and B-11C. |

" Anomalously high gross gamma counts, which
could not be attributed to a specific isotope, were

detected at depths of 21 to 25 meters in 3 boreholes to

the northeast of tank B-11¢ {boreholes 20-10-02,
20-07-11, and 20-08-07). Examination of spectra
within this depth interval shows an anomalously large
amount of incoherent gamma energy in the Compton
continuum. This suggests the presence of one or more
beta-emitting radionuclides, such as strontium-90, in
the vicinity of the boreholes. This zone extends at
least 25 meters northeast of tank B-110 because it is
encountered in borehole 20-08-07. An extensive
zone of detector saturation was encountered from 7.6
o 30.5 meters in borehole 20-10-12, located immedi-
ately notth of tank B-110. The thick interval of very
high activity suggests this borehole is very close to the
source of the contamination. Review of drilling
records and historical gross gamma data indicates that
the borehole encountered contamination beginning at
~7.6 meters when it was drilled in July 1973, indicat-
ing that the leak pre-dates the borehole. The leak
may have been from the cascade line between tanks
B-110 and B-111 or from tank B-110.” Strontium-90
(inferred from the gamma-ray-spectra) from this leak
extends to depths of at least 25 meters and laterally at
least 25 meters to the northeast.

Borehole geophysical data suggest that a leak also
may have occurred on the southern side of tank B-106
prior to 1972. A contaminant zone at 14.3 to

17.1 meters in borehole 20-60-06 was observed when .

the borehole was drilled. This zone may be as much as

5 meters thick, based on samples obtained during drill-

ing. Originally, the leak was attributed to tank B-105;
however, it appears more likely that the contamina-
tion originated from tank B-106 based on subsurface
contaminant distribution). Although, the possibility
of a cascade line leak cannot be completely ruled out,
the preseénce of contamination beginming 2 to 3 meters
below the base of the tank excavation is vei‘y sugges-
tive of a leak from tank B-106.

Spectral Gamma-Ray Logging Resulis at T.Tank
Farm :

During fiscal year 1999, tank summary data
reports were_complét'ed for ten of the twelve 100 series
tanks in the T Tank Farm. These are published as
GJ-HAN-115 through GJ-HAN-124. Tank summary
data reports for the remaining two tanks (T-107 and
T-110) were completed in 1995 (GJPO-HAN-1 and

 GJ-HAN-2). Tank summary data reports were not pre-

pared for the four 200 series tanks because there are
few boreholes near those tanks. The tank farm report
for T Tank Farm was.completed in fiscal year 1999
and published as GJO-HAN-27. Figure 3.2-4 shows
the layout of tanks and boreholes for the tank farm.
Tanks that are assumed to have leaked are indicated
by shading. ‘Borehole depths range from 26.5 to
76.8 meters; most are ~30.5 meters deep.

Two factors affect evaluation of both historical
gross gamma data and spectral gamma-ray data for the
T Tank Farm. First, the existing 15.2-centimeter cas-
ing in most boreholes was perforated near the bottom
and top, and a 10.2-centimeter casing was installed
with grout between the two casings. This was done in
the 197Cs to-minimize the movement of near-surface
contamination along the outside of the borehole cas-
ings. The retrofitted annular seals resulted in signifi-

* cant attenuation of gamma rays reaching the detector
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so that the spectral gamma logging system had to

~ double the count time from 100 to 200 seconds per
measurement during 1999 logging., Observed count
rates could be corrected for the effects of two casing
thicknesses, but the attenuation associated with an
unknown thickness of grout cannot be accounted for
in the analysis. For this reason, most reported concen-
trations from the T Tank Farm probably are less than
actual concentrations and, therefore, are considered as

apparent concentrations. Also, the attenuation asso-

ciated with the double-cased intervals precludes the
use of shape factor analysis to identify the location of
contamination with respect to the borehole.

The second factor affecting the evaluation of the
logs is the periodic flooding of the T Tank Farm. The
farm is locate& in a natural depression that tends to
pond surface runoff so that surface flooding occurs as a
result of rapid snowmelt and/or excess precipitation.
Infiltration of this water may have carried contamina-
tion down the outside of boréholc—_: casings or may have
. drained and deposited contamination on the inside of
some boreholes.

Baseline spectral garnma logging in the T Tank
Farm identified cesium-137, cobalt-60, europium-154,
and europium-152. As for the B Tank Farm, evropium:
will be discussed in terms of europium-154 because
this isotope-occurs at greater concentrations and is
more widespread than europium-152. Limited and
relatively isolated occurrences of antimony-125,
niohium-94, tin-126, uranium-235, and uranium-238
were detected around several boreholes. Copies of all
logs can be found in the individual tank summary data
reports, and log data are posted on the internet at the
DOE, Grand Juncrion Office web site.

Near-surface and shallow subsurface cesium-137
contamination was detected primarily in the central
portion of the T Tank Farm. This contamination
resulted most likely from surface spills or leaks from
piping systems that were related to routine tank farm
operations. The highest near-surface cesium-137 con-
centration was ~105 pCi/g and was detected in the
backfill material between tanks T-104 and T-107.

200 Areas

The thickest, nesr-surface distribution of cesium-137
(~8 meters) was also detected in this region around
horeholes 50-04-03 and 50-04-07 (Figure 3.2-5), sug-
gesting a relatively large spill or that several spills.or
leaks may have occurred in this area. Small, near-
surface cesium-137 concentrations detected at

~6 meters in boreholes 50-06-03, 50-06-04, 50-06-18,
and 50-06-05 may be the result of a transfer-line leak
near the southeastern side of tank T-106.

A vertically continuous cesium-137 zone, with
concentrations between 1,000 and 10,000 pCifg, was
detected near the southeastern side of tank T-101 near
borehole 50-01-04 (see Figure 3.2-5). The zone extends
from 6 meters to the bottom of the logged interval at
37.3 meters. This zone is probably the result of a leak
through a spare fill line that occurred in 1969 when
the tank was ovetfilled. The horizontal extent of this
zone is pootly defined, as it was only detected in one
borehole. Available data suggest the lateral extent is
less than ~8 metets because it is not encountered in
adjacent boreholes, but the vertical extent is unknown -
because the zone extends below the bottom of the
borehole (37.3 meters). '

Cobalt-60, up to ~10 pCifg, and europium-154,
up to ~12 pCifg, were identified near the southern side
of tank T-101 in borehole 50-01-06 (see Figure 3.2-5).
Previous investigations suggested that the contamina-
tion originated from the vicinity of borehole 50-01-04 '-
and that the probable source was a leak from the spare
fill lines on tank T-101. Evaluation of historical gross
gamma data suggests that the cobalt-60 may have
migrated laterally in a southwesterly direction from
borehole 50-01-06 to boreholes 50-04-10 and 50-04-08
between 1973 and 1976. The baseline logging effort
identified cobalt-60 at concentrations up to ~1 pCifg
in the Iatter two boreholes. However, this does not
preclude that the contamination detected in bore-
holes 50-04-08 and 50-04-10 originated from the
T-106 leak. Itis also possible that the observed con-
tamination originated from both sources.

Cesium-137, up to ~300 pCife, was detected near

" the western side of tank T-101. This contamination
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was present in 1973; when the borehole was drilled
and may have resulted from a leak in the cascade line
connecting tanks T-101 and T-102. '

Cesium-137 and cobalt-60 were detected near the
southeastern side of tank T-102 around borehole

50-02-05 (see Figure 3.2-5). This contamination was -

present when the borehole was drilled in 1974 and
probably resulted from a leak in the spare fill lines.
Tank T-102 is not designated as an assumed leaker,
but a leak from the spare fill lines is possible because
leaks are known to have occurred at the other two
tanks in the cascade series as a result or overfilling.

Cobalt-60 and europium-154 were detected along
the southeastern and southern sides of tank T-103
around boreholes 530-03-04, 50-02-08, 50-03-03, and
50-03-06. This contamination is attributed to a leak
from the spare fill line on the southeast side of the
tank. Evaluation of spectral gamma logging system
data and historical gross gamma data suggest that con-
tamination has migrated downward and lateraily to
the south, and that it has intermingled with the con-
taminant plume from the T-106 tank leak.

A broad plume of contamination was detected
below ~10 meters in all of the boreholes on the east-
ern, western, and southern sides of tank T-106. This
contamination is the result of a major leak from tank
T-106 that occurred in 1973. The primary constitu-
ents are cesium-137, cobalt-60, europium-154, and
europiutn-152 with lesser amounts of antimony-125,
tin-126, uranium-235, and uranium-238. Figure 3.2-6
shows representative logs from the area.

Zones of extremely high gamma radiation flux were
encountered around most of the boreholes that inter-
sected this plume. The intense gamma flux caused
saturation of the spectral gamma logging system detec-
tor in the core of the plumé, vielding little useful data.
High—rate logging of these boreholes is scheduled for
fiscal year 2000. The rate of decrease in gamma activity
observed on historical gross gamma logs indicate that
cesium-137 is the predofinant remaining gamma-
emitting radionuclide. This is consistent with total
 activity reported in RHO-ST-14 that indicated the leak

contained ~40,000 curies of cesium-137, 14,000 curies
of strontium-90, and 270,000 curies of radionuclides

 with half-lives of less than 3 years (99% of which was

attributed to ruthenium-106). The highest gross gamma
count rates were measured on the southeastern side of
tank T-106 in boreholes 50-06-05 and 50-06-17
between 10 and 12.8 meters. This suggests that the
leak probably originated at or near the bottom of the
tank in this area. (The bottom of tank T-106 is at
12.2 meters.) Substantial contamination was encoun-
tered to the total depth logged in all but one borehole
(50-06-18) in the atea. Therefore, the maximum depth
of contamination is not known. Spectral gamma log-
ging system data from nearby borehole 50-06-05 (see
Figure 3.2-6) indicate that cesium-137 has migrated to

‘a depth of at least 36.3 meters. Freeman-Pollard

(BHI-00061) reported the leading edge of the plume
{(as indicated by cobalt-60) to be at 36.8 meters with
small amounts of the most mobile radionuclides
(technetium-99) reaching 44.2 meters in borehole
50-06-18, also called borehole 299-W10-196
(BHI-00061).

3.2.2 200 Areas Monitoring Activifies

Vadose zoné monitoring in fiscal year 1999
included spectral gamma-ray logging at specific reten-
tion facilities in the 200 East Area, which are some of
the most significant remaining potential sources of
groundwater contamination. Also, remediation and
monitoring of carbon tetrachloride in the 200 West
_Ai’ea continued during 1999. An additional 832 kilo-
grams of carbon tetrachloride were removed from the
vadose zone in fiscal year 1999.

3.2.2.1 Carbon Tetrachloride Moniforing and
Remediation

V. J. Rohay, D. G. Horton

Soil-vapor extraction is being used to remove cat-

bon tetrachloride from the vadose zone in the 200 West

- Area. The U.S. Environmental Protection Agency

and the Washington State Department of Ecology

- authorized DOE to initiate this remediation in 1992 as

a Comprehensive Environmental Response, Compensation,

w334 %

®

VAN
] }




and Liabiliry Act of 1980 (CERCLA) expedited response

action. The primary focus in the following discussion
is on fiscal year 1999 activities associated with the
carbon tetrachloride removal. For descriptions of past
work, see BHI-00720, Rev. 3 and Section 4.5 in
PNNLIZOSﬁ

The 14.2 m*/min soil-vapor extraction system
operated from March 29 through June 28, 1999, at the
216-Z-9 well field and from June 30 through Septem-
ber 30, 1999, at the combined 216-Z-1A/-12/-18 well
field. (See PNNL-13080 for location maps of the well
fields.) The system was shut down for the winter
(October 1, 1998, through March 28, 1999). The 283
and 42.5 m*/min. soil—vap.or extraction systems were
maintained in standby mode during fiscal year 1999.

Remediation of carbon tetrachloride in
the 200 West Area vadose zone continued
in fiscal year 1999. Ower 76,000 kilograms
of carbon tetrachloride have been removed
by soil-vapor extraction since the system
began operating in 1992. '

To track the effectiveness of the remediation
effort, soil-vapor concentrations of carbon tetrachloride
wefe monitored at the inlet to the soil-vapor extrac-
tion system and at individual on-line extraction wells
during the 6-month operating period. To assess the
impact of hon—operation of the soil-vapor extraction
system, soil-vapor concentrations of carbon tetrachlo-
ride were monitored at off-line wells and probes dur-
ing the entire fiscal vear.

Monitoring at the Soil-Vapor Extraction Sysfem

-Boil-vapor extraction to remove carbon tetrachlo-
ride from the vadose zone resumed March 29, 1999, at
the 216-Z-9 well fieid. Initial on-line wells were
selected close to the 216-Z-9 trench. As extraction
continued, wells farther away from the crib were
brought on-line. Each selection of on-line wells
included wells open near the groundwater and wells

200 Areas

open near the less-permeable Plio-Pleistocene zone,
where the highest carbon tetrachloride concentrations
have consistently been detected. Initial carbon tetra-
chloride concentrations measured at the soil-vapor
extraction inlet were <90 ppmv (Figure 3.2-7). After
3 months of extraction, concentrations had decreased
to ~30 ppmv. The daily mass-removal rate increased
significantly twice during the 3. months of extraction
as a result of adjustments in the mix of on-line wells
and the flow rate (see Figure 3.2-7).

Soil-vapor extraction resumed June 30, 1999, at
the 216-7-1A/-12/-18 well field. Extraction wells
open near the Plio-Pleistocene Unit were selected
within the 216-Z-1A tile field to optimize mass removal
of contaminant. Initial cathbon tetrachloride concen-
trations measured at the soil-vapor extraction inlet
were ~40 ppmv. After 3 months of extraction, con-
centrations had decreased to ~23 ppmv. The daily
mass-removal rate increased significantly twice during
the 3 months of extraction as a result of adjustments
in the mix of on-line wells and the flow rate (see
Figure 3.2-7). '

During 185 days of soil-vapor extraction in fiscal
vear 1999, 832 kilograms of carhon tetrachloride were
removed from the vadose zone. OF this total, 447 kilo-
grams were removed from the 216-Z-9 well field during
93 daiys of operation and 385 kilograms were removed
from the 216-Z-1A/-12/-18 well field during 92 days of

operation.

As of September 1999, ~76,500 kilograms of car-
bon tetrachloride had been removed from the vadose -
zone since extraction operations started in 1992 (see
Table 3.2-6). Since initiation, the extraction systems
are estimated to have removed 7% of the residual mass
at the 216-Z-1A/[-12/-18 well field and 22% of the
mass at the 216-Z-9 well field. This estimate assumes
that all of the mass that has not been lost to the atmos-
phere (21% of the original inventory), dissolved in
groundwater {2% of the originad inventory), or biode-
graded (1% of the original inventory) is still available
in the vadose zone as residual mass (BHI-00720, Rev. 3;
WHC-SD-EN-TI-101).
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Moniforing at Off-Line Wells and Probes

During October 1998 through March 1999, soil-
vapor concentrations of carbon tetrachloride were
monitored_neér the groundwater and near the ground
surface to assess whether non-operation of the soil-
vapor extraction system was allowing carbon tetrachlo-
ride to migrate out of the vadose zone. The maximum
concentration detected near the ground surface
~ (between 2 and 10 meters below ground surface) was
8 ppmv. Near the groundwater, at depths ranging
from 58 to 64 meters below ground surface, the maxi-
mum concentration was 29 ppmv. '

" Soil-vapor concentrations were also monitored
near the Plio-Pleistocene Unit to provide an indication
of concentrations that could be expected during restart
of the soil-vapor extraction system. The maximum
concentration detected near the Plio-Pleistocene Unit
(between 25 and 41 meters below ground surface) was
561 ppmv in well 299-W15-217 (35 meters deep) at
the 216-Z-9 site. During fiscal year 1997 and fiscal
year 1998 monitoring, the highest carbon tetrachlo-
ride concentrations were also detected in this well.
These tesults, after 6 to 9 months of non-operation of
the soil-vapor extraction system, are similar to those
obtained during the 8-month rebound study conducted
in fiscal year 1997 (BHI-01105) and during the
6 months of non-operation during the winter of fiscal .
year 1998 (BHI-00720, Rev. 3).

During April through June 1999, soil-vapor moni-
toring was continued at the 216-Z-1A/-12/-18 well
field, while the soil-vapor extraction system was opet-
ated at the 216-Z-9 site. Concentrations detected dur-
ing these additional 3 months of rebound were similar
to those observed during the previous 6 rﬁonths. Near
the Plio-Pleistocene Unit, magimum concentrations
ranged from 0 to 492 ppmv. The highest concentra-
tion was detected in well 299-W18-158L (37 meters ,
deep) in the 216-Z-1A tile field, the well at which the
highest concentration was detectéd during the fiscal
year 1998 monitoring. These results were obtained
after. 9 months of rebound and are similar to those
obtained during the 8-month rebound study conducted
in fiscal year 1997 (BHI-01105).

~ During July through September 1999, soil-vapor -
monitoring was resumed at the 216-Z-9 site while the
soil-vapor extraction system was operated at the

216-Z-1A/-12/-18 site. The highest concentration ‘

detected near the ground surface was 4 ppmiv and the
highest concentration detected near the groundwater
was 24 ppmv. The maximum concentration detected
was 267 ppmv at the Plio-Pliestocene Unit in well
299-W15-217. These results were obtained after only
3 months of rebound. '

Because carbon tetrachloride concentrations did
not increase significantly at the near-surface probes
monitored in fiscal year 1999, temporarily suspending
operation of the soil-vapor extraction system for 6 to
9 months appears to have caused minimal detectable

vertical transport of carbon tetrachloride through the

soil surface to the atmosphere. Because carbon tetra-
chloride concentrations did not increase significantly

near the water table during this time, temporarily sus-

pending operation of the soil-vapor extraction system
appears to have had no negative impact on groundwa-
ter.quality. '

Carbén Tefrachloride Migraﬁdn _

Three major pathways through the vadose zohe to
gr_o_undwa-ter are possible:

¢ sinking and lateral spreading of a heavier-than-
air vapor phase down to the top of the aquifer .

® transport of an organic liquid phase, or dense, -
non-agueous-phase liquid, down through the
vadose zone over time, which eventually reaches
the water column, dissolves, and settles through
the saturated zone to an unknown depth

~e transport of carbon tetrachloride dissolved in the

. aqueous phase either through disposal of aqueous

-waste or by contact betweén infiltrating recharge

" and ¢carbon tetrachloride soil vapor and/or residual, °

dense, non-aqueous-phase liquid (WHC-SD-EN-
TI1-248). '

A schematic representation, or conceptual‘ model,
of the subsurface behavior of carbon tetrachloride
beneath the 216-Z-9 trench is shown in Figure 3.2-8.
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A numerical model was developed (BHI-00459)
to simulate the primaty transport processes shown in
Figure 3.2-8, using local stratigraphy and published
input parameters for the source term and soil proper-
ties. Results of initial simulations suggested that over
two-thirds of the discharged carbon tetrachloride
would be retained in the soil column and that a dense,
non—aqueous—phaée liquid would continue to drain
slowly through the vadose zone and be transported
into the underlying aquifer for years into the future.

.The initial modeling results indicated that the dense, -
non-aqueous-phase liquid dissolved in the groundwater
and the depth of perietration was dependent on the
groundwater flow rate. ‘Additional modeling is needed
to assess the influence of effective porosity and ground-
water velocity. Nevertheless, the modeling results
support the concéptualization of the liquid-phase

. transport illustrated in Figure 3.2-8. The vapor-phase
results were less definitive but suggested that vapor-

- phase transpott is secdndary to dense, non-aqueous-

phase liquid as a groundwater contamination paithway

in the vicinity of the disposal site.

Field measurements of carbon tetrachloride vapor
concentrations are not completely consistent with the
nurnerical modeling results. If a major fraction of the
carbon tetrachloride originally discharged to the

216-Z-9 trench were still present in the soil column as

a non-aqueous phase, a relatively high soil-vapor con-
centration would be expected. For éxample, a pure,
non-aqueous, carbon tetrachloride, liquid phase in the
soil-pore space should result in a maximum soil-vapor
concentration of 120,000 ppmv at 20°C (DOE/RL-
91-32, Draft B). "As a rule of thumb for soil saturated
with an organic contaminant, standard soil-vapor
extraction will produce a vapor stream containing
one-tenth to one-half the expected concentration
(EPA 510-R-93-001). Therefore, vapor-extraction
concentrations >12,000 ppmv of carbon tetrachloride
would indicate that the soil near the extraction well is
saturated with non-aqueous-phase liquid.

During initial extraction operations at the
216-Z-9 well field, soil-vapor carbon tetrachloride
concentrations extracted from wells open above the
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Plio-Pleistocene Unit were >12,000 ppmv, suggesting
the presence of a non-aqueous phase. Soil vapor
extracted from wells open below the Plio-Pleistocene
wete an order of magnitude lower and would not sug-
gest the presence of a non-aqueous-phase liquid. How-
ever, the depths and locations of the extraction wells
below the Plio-Pleistocene may not have been optimal
to detect the presence of a non-uniformly distributed
contaminant, and the presence of a non-aqueous-

phase liquid cannot be ruled out.

During the soil-vapor monitoring of rebound con-
centrations conducted in fiscal year 1997 through 1999,

the carbon tetrachloride vapor concentrations moni- -

tored deep within the vadose zone at the 216-Z-9
trench did not exceed 60 ppmv. These low vapor
concentrations do not indicate the presence of a non-
aqueous-phase liquid remaining in the vadose zone
below the Plio-Pleistocene Unit; however, these meas-
urernents were not taken directly under the 216.Z.9
trench or at depth-discrete, narrow zones above the

water table. Although carbon tetrachloride volatiliz-

“ing from a residual non-aqueous-phase liquid source

may have been diluted by the time the vapor reached
the sampling locations, the data suggest that soil-
vapor extraction may have removed much of the
remaining deep, vadose zone, non-aqueous-phase,
liquid source in the area of the 216-Z-9 trench and
that the continuing groundwater source may now be
within the aquifer (BHI-01105).

The apparent discrepancy between the numerical
modeling results and the field measurements may be a
result-of

‘& non-uniform discharge, migration, and distribiition
of the non-aqueous-phase carbon tetrachloride
* non-optimal locations for mo'n_itoring
. non-equilibﬁum partitioning of carbon tetrachlo-
ride within the vadose zone .

¢ discharge of carbon tetrachloride organic liquid
mixtures rather than pure phase liquids

* vadose zone geologic heterogeneities and geostruc-

wural dips.
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Vertical and areal distribution of dissolved carbon '

tetrachloride discussed in Section 2.8.1.2 is consistent
with a dense, non-aqueocus-phase, liquid transport
mechanism. If the numerical model predictions are
correct, for example, slowly dissolving carbon tetra-
chloride distributed with depth in the aquifer should
continue to emanate from the point of origin over
time, with the highest concentrations at the source,
and should result in dissolved carbon tetrachloride
distributed with depth in the aquifer (BHI-00459). If
vapor-phase transport was a primary pathway, the top
of the aquifer should have the highest concentrations
and should decline rapidly with depth over a 1- to

‘2-metet interval.

The carbon tetrachloride plume map and vertical
profiles discussed in Section 2.8.1.2 suggest there is a
continuing source of groundwater contamination that
produces somewhat uniform carbon tetrachloride con-
centrations with depth in the aquifer. A dense, non-
aqueous-phase liquid that drained from the vadose
zone into the aquifer and is slowly dissolving could
produce such a pattern. One alternative explanation for
the depth-distribution pattetn is that a secondary source
of water passing near or through an area containing a
dense, non-aqueous-phase liquid and soil-vapor carbon
tetrachloride could absorb this slightly soluble chlori-
nated hydrocarbon and carry it into the aquifer under
saturated flow conditions. This would theoretically
drive the contaminated water deep into the aquifer.

The continuing presence, 35 years after termina-

tion of disposal operations, of relatively high, dissolved,

carbon tetrachloride concentrations in groundwater in

‘the immediate vicinity of the 216-Z-9 trench suggests

that a dense, non-aqueous-phase liquid is slowly dis-
solving within the aquifer. Although this iiquid phase
may be slowly draining from the vadose zone to ground-
water, the soil-vapor concentrations monitored deep
within the vadose zone during fiscal year 1997 through .
1999 suggest that soil-vapor extraction remediation
may have removed much of the vadose zone source
and that the continuing groundwater source resides
within the aquifer. ‘Carbon tetrachloride concentrations
in the soil vapor and underlying groundwater do not

appear to be in equilibrium, and the expected direc-
tion of catbon tetrachloride migration is from the
groundwater to the vadose zone (BHI-01105).

Carbon tetrachloride rebound concentrations
indicate that, in many areas much of the readily acces-
sible mass has been removed during soil-vapor extrac-
tion operations and that the supply of additional carbon
tetrachloride is limited by desorption and/or diffusion
from contaminant sources (e.g., lower-permeability
zonies such as the lower Hanford formation silt, Plio- -
Pleistocene Unit). Under these conditions, the removal
rate of the additional carbon tetrachloride using soil-
vapor extraction is controlled by the desorption and
diffusion rates of the containinant.

3.2.2.2 Rapid Scan Gross Gamma-Ray
Logging at Single-Shell Tank C-106

D. G. Horton, S. E. Kos

Waste removal operations (sluicing) at single- SN
shell tank C-106 were initiated in_,November 1998. S
Waste Management Federal Services, Inc., Northwest

- Operations collected sodium iodide gross gamma log-

ging data at tank C-106 on a monthly basis from Feb-
ruary to September 1999 in support of the operations.
Six boreholes were logged. Figure 3.2-9 shows the
locations of the boreholes logged. The logs did not
show any contribution to vadose zone contamination
resulting from the sluicing operations during the months
that log data were collected. Figures 3.2-10 and 3.2-11
show typical data from boreholes 30-06-02 and 30-06-03.
The small variation among the gross gamma logs is
due to the presence of radon gas and to statistical pre-
cision of the logging system. Levels of radon, from the
decay of naturally occurring uranium in the sediment,

Waste from a single-shell tank in the
C Tank Farm was shiced to remove radionu-
dides and reduce in-tank temperature during
fiscal year 1999. Geophysical logging indi-
cated no additional vadose zone contamina- /—3\
tion resulted from shicing activities. ' S
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increase inside the bor_éhole casings duting periods of
low barometric pressure. This increase of radon causes
a larger gross gamma count rate during periods of low
atmospheric pressure than during petiods of high
atmospheric pressure.

The only borehole to show any significant devia-
tions during the period from February to September is
borehole 30-06-03 (see Figure 3.2-11). A thin zone at
adepthof ~1 to 2 meters shows large month-to-month
variations in gross gamma count rate. There is no pat-
terri, such as continual increase or decrease in count
rate, to the variations, and a reason for the variations
is not known. In February, water from an undeter-
mined source was standing in the bottom of borehole
30-06-03 at ~26 meters. The monthly logging moni-
tored the decrease in the water level until the water
dropped below the bottom of the borehole in Seprem-
ber 1999. The variation in gross gamma count rate
near the botrom of the plot in Figure 3.2-11 is due to
* the decreasing water level. The variation in count rate

at the 1- to 2-meter zone and the water in the bottom.

of the borehole are probably not related.

3.2.2.3 Speciral Gamma-Ray and Neuiron
Moisture Monitoring of 200 East Area Specific
Retenfion Facilities

D. G. Horton

The Hanford Groundwater Monitoring Project
monitored 25 inactive liquid waste disposal facilities
in the 200 East Area of the Hanford Site in 1999.
The monitored facilities consisted of 6 cribs and 19
specific retention facilities. Specific retention facili-
ties were chosen for monitoring because they are among
the highest priority sites as determined by an evalua-
tlon of past-practice, liquid waste disposal facilities
{PNNL-11958, Rev. 2). Specific retention facilities
were liquid waste disposal sites designed to use the
moisture retention capability of the soil to retain con-
taminants. Ideally, liquid disposed to specific retention

‘facilities was to be limited to 6% to 10% of the soil
volume between the facility and the groundwarer so
that the liquid would be retained in the soil and not
reach the groundwater (WHC-MR-0227). No such
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limits were imposed at normal cribs and trenches. The
relatively small volumes of liquid discharged to spe-
cific retention facilities was probably insufficient to
flush contarninants through the vadose zone to ground-
water such that the discharged contaminants remain
in the soil column. Thus, these sites represent poten-
tial sources for future contamination of groundwater

.at the Hanford Site.

Geophysical monitoring of the vadose
zone beneath 25 inactive waste sites in the
200 East Area showed movement of
cesium-137 and cobalt-60 beneath two
facilities. Given the rate of movement and
the half-lives of these contaminarits, they
are expected 1o decay before reaching
groundwater.

Monitoring consisted of spectral gamma-ray and
neutron moisture logging of 28 wells and boreholes.
The work was done by the Hanford Groundwater Moni-
toring Project within the Pacific Northwest National
Laboratory in conjunction with Three Rivets Scien-
tific and Waste Management Federal Services, Inc.,
Neorthwest Operations. The 1999 monitoring was
designed 1o address the question “What is the configu-
ration of subsurface contamination beneath the facili-
ties and has the contaminant distribution changed
since it was last measured?” The results of previous
borehole logging, where available, provided the base-
line data to help answer this questior.

This section briefly discusses the monitoring
activities. A more detailed discussion can be found in

PNNL-13077.

Facility Descriptions and Previous Monitoring

The facilities monitored in fiscal year 1999 can be

~ placed into three groups based on geographic location

and the type of effluent received. The three groups are
¢ Plutonium-Uranium Extraction (PUREX) facilitics
¢ BC controlled area facilities

¢ BX trenches.

= 3.39 w



Groundwater Moniforing for FY 1999

Table 3.2-7 lists the facilities that were monitored
in each group. Figure 3.2-12 shows a map of the gen-
eral locations of the monitored facilities.

The PUREX facilities include the 216-A-2, -4,
and -7 specific retention cribs and the 216-A-18 spe-
cific retention trench. The 216-A-2 and -4 cribs are
located 80 meters south of the 202-A (PUREX) Build-
ing and are ~46 meters apart. The 216-A-2 crib was
active between January 1956 and January 1963 when
it received 230,000 liters of low salr, neutral/basic
‘waste (RHO-CD-673).

The 216-A-4 crib was active from December 1935
to December 1958 when it received 6.2 million liters
of low salt, neutral/basic waste. Based on the volume
of effluent disposed to the crib and on estimates of the
pore volume in the sediment beneath the crib (DOE/
RL-92-04), the 216-A-4 crib does not appear to have
been operated as a specific retention facility.

The 216-A-7 crib is located inside the 200 East
~ Axea perimetef fence extension, 100 meters east of the
A Tank Farm. The 216-A-7 crib was active between
November 1955 and November 1966, when it received
326,000 liters of low salt neutral/basic waste. Based
on the volume of effluent disposed to the crib and on
estimates of the pore volume in the sediment beneath
the crib (DOE/RL-92-04), the 216-A-7 crib does not
appear to have been operated as a specific retention

facility.

The 216-A-18 trench is located 150 meters east
of AZ Tank Farm outside of the 200 East perimeter
fence. The specific retention trench was active from
November 1955 to Janwary 1956, when it received -
488,000 liters of depleted uranium waste from a cold
start-up run at 202-A Building (DOE/RL-92-04).

The BC controlled area is located south of the
200 East Area (see Figure 3.2-12) and includes the
' 216-B-14 through -19 cribs and the 216-B-23, .25
through -27, =30 through -33, -52, and -53A trenches.
The 216-B-14 through -19 cribs operated between
January 1956 and December 1957 and each received

)

between 3.4 to 8.7 million liters of effluent. A com-
plete operating history for each crib is given in DOE/
RIL-92-05. The cribs received high salt, neutral/basic,
scavenged tributyl phosphate waste. DOE/RL-92-05
and RHO-CD-673 state that the BC controlled area
cribs were deactivated affer specific retention capacity
was reached. However, comparing the volume defined

* by the crib dimensions and the thickness of the vadose

zone with the volume of disposed effluent indicates
that the specific retention capability of the cribs was
exceeded. :

The BC controlled area 216-B-23, -25 through
-27, -30 through -33, -52, and -53A trenches are
located south of the 200 East Area. Each trench was
active for 1 to 3 months between October 1956 and

January 1958, except the 216-B-58 trench that was

active from November 1965 to June 1967. A com-
plete operating history for each trench is given in
DOE/RL-92-05. The 216-B-23 through -33 and -52
trenches received high-salt, neutral/basic scavenged
tributyl phosphate waste; the 216-B-33A trench —
received neutral/basic waste from the Plutonium

Recycle Test Reactor in the 300 Area. Detailed inven-

tories for the BC controlled area facilities can be found

in DOF/RL-92-05.

The BX specific retention trenches (216-B-35,
237, -38, 41, and -42) are located ~60 meters west of
the BX Tank Farm. The trenches operated for 1 to
2 months each between February 1954 and February
1955. A complete operating history for each trench is

given in DOE/RL-92-05. The 216-B-37 trench received

first cycle bottoms from the 242-B waste evaporator;.

the 216-B-42 trench received high-salt, neutral/basic

scavenged tributyl phosphate supernatant waste from
the 221U Building; and all other BX trenches received

 high-salt, neutral/basic, first cycle supernatant waste

from the 221-B Building.

Mefhods

High-resolution gamma spectroscopy instrumen-
tation and a neutron moisture tool were used to log D
the boreholes. Details concerning the logging methods,
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data analysis, and data interpretation can be found in
PNNL-13080 and PNNL-13077. The data collection
and log analysis procedures are described in WMNW-
CM-004. :

Four of the wells logged in 1999 were previously
logged with the high-resclution spectral gamma log-
ging instrument. Time-lapse comparison of spectral
log data was done for those boreholes. Interpretations
of contaminant redistribution were based on changes
among the data scts.

~ Historical pross gamma logs were compared with
the gross gamma logs collected by the spectral instru-
ment in 1999. The older logs were obtained with
instruments that were operated only in the gross gamma
mode. The detectors were typically scintillator erystal
detectors, which have poor energy resolution compared
to the high-purity germanium detectors used in the
1999 logging. '

Differences in the detector cornposit_ion and size
result in different efficiencies for the gross gamma
response. As a result, the comparison of older gross
gamma log results with the 1999 gross gamma response
‘was done qualitatively by plotting each log on a differ-
ent scale i the same plot. Also, because the scaling
factors are not known, no decay corrections were
attempted for any comparisons of older gross gamma
logs with 1999 gross gamma logs. However, changes
in the depﬂl distribution of contaminants can some-
timnes be evaluated using the gf_oss gamma time-lapse
comparison performed.

All depths.refe_rred to in the following discussions
are relative to ground surface.

Results

This section contains brief descriptions of the
spectral gamma-ray and neutron moisture logging
results. A more detailed discussion is found in PNNL-
13077. The complete data set can also be found in
PNNL-13077 or on file at Pacific Northwest National
Laboratory. '
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PUREX Fuacilities. The isotopes cesium-137,
cobalt-60, europium-154, uranium-233, and uranium-
238 were identified on the spectral gamma logs from
boreholes monitoring the PUREX specific retention
facilities. No previous spectral gamma logs are avail-
able for comparison to the 1999 logs, but several older
gross gamma logs exist. One gross gamma log obtained
in 1976 was digitized for comparison with the 1999
log (borehole 299-E24-53 at the 216-A-2 crib). The
presence of several manmade, gamma-emitting radio-
nuclides made the comparison very difficult, but the
two logs showed the same general character suggesting
no vertical movement of radionuclides (Figure 3.2-13).
Lateral movement cannét be ruled out by the com-
parison. Qualitative, visual (not digitized) comparisons
of the other 1999 gross gamma logs with historical gross
gamma logs, from thé monitored PUREX facilities,
suggest that no vertical movement of radionuclides
has occurred since the previous logging events. Most
differences between historical logs and the 1999 logs
can be explained by decay of relatively short-lived
radionuclides.

BC Controlled Area Cribs and Trenches. The
isotopes antimony-125, cesium-137, cobalt-60, and.
europium-154 were identified on the spectral gamyma
logs from boreholes monitoring the BC controlled area
cribs and trenches. Three of the wells in this area had
been previously logged in 1992 with a spectral gamma
tool. The 1992 logs were compared with the 1999 logs.
In two of the three wells with both 1992 and 1999
logs, zones were identified where cesium-137 concen-
tration has increased since 1992. Cesium concentra-
tion increased by ~20% between 20 and 27 meters in
well 299.E13-1, at the 216-B-14 crib, and by ~32% at
~25 meters in well 299-E13-5 (Figure 3.2-14), at the
216-B:18 crib. The movement of cestum-137 in well
299-E13-5 is interpreted to be lateral because there is
no change in cesium-137 concentration above and
below the zone of increase. The increase in cesium-137
concentration in well 299-E13-1 could result from
vertical movement but more information is needed to
make a definite interpretation.
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There is an apparent increase in cesium-137
concentration between 7.3 and 8.5 metets in well
299.E13-3 at the 216-B-16 crib, but the increase may
be the result of differences in the depths at which the
1992 and 1999 measurements were taken. Well
299.E13-1 also showed a small increase in cobalt-60
concentration between depths of 58 and 61 meters.
All three wells with 1992 dara showed a decrease in
antimony-125 concentration that can be explained by
natural decay.

Historical gross gamma logs from two wells,

. 299.E13-2 and 299-E13-4 were digitized to allow com-
parison with 1999 gross gamma logs (Figures 3.2-15
and 3.2-16). Differences between the 1976 and 1999 7
logs can be explained by natural decay of relatively
short-lived radionuclides; the compatison, h{\‘)weverg is
qualitative. Similarly, most of the differences between
the 1999 logs and the other historical logs in ARH-
ST-156 reflect the decay of relatively deeper, short-
lived isotopes and the much slower decay of the
shallower and longer-lived isotopes.

BX Specific Retention Trenches. The isotopes

. antimony-125, cesium-137, and cobalt-6C were identi-
fied on the spectral gamma logs from boreholes at the
BX specific retention trenches. The antimony-125
and cobalt-60 were identified only at or near detection -
limits by the summing technique described in Appen-
dix A of PNNL-13077.

A 1984 gross gamma log from borehole 299.E33-
289 was digitized and compared to the 1999 gross
gamma results. The different instrument efficiencies
allow only qualitative comparison. The depth profile
of the contaminants match very well (Figure 3.2-17),
but possible depth control errots in the 1984 data make -
any conclusion regarding vertical changes in contami-
nant distribution inconclusive. However, it is believed
that no vertical migration of contaminants has occurred
in the borehole since 1984.

One borehole at the BX trenches, 299-E33-290 at
the 216-B-38 trench, was previously logged with a
spectral gamma tool in 1992, Cesium-137 was the only

manmade radioisotope noted in both the 1992 and

1999 logs (Figure 3.2-18). Comparison of the 1992

and 1999 gross gamma logs indicated that a change in

the distribution of cesium-137 was highly unlikely. -

Most of the qualitative differences between the 1999
logs and the historical logs from the BX tenches in

ARH-ST-156 reflect the decay of short-lived isotopes, -

primarily ruthenium-106.

Summary

Only four of the boreholes logged in 1999 had
previous spectral gamma logs for comparison. Two of
those logs showed that changes in the subsurface dis-
tribution of manmade radioisotopes had occurred
since 1992. Although the changes are not great, they
do point to continued movement of contaminants in
the vadose zone. The logs obtained in 1999 create a
larger baseline for comparison with future logs.

None of the facilities monitored in 1999 have
been used for at least 30 years and some for 40 years.
Thus, the driving force for the changes is not known
for certain but must be either natural recharge, residual
moisture from facility operations, or moisture from
adjacent facilities. There are several facilities, includ-
ing cribs and tank farms near the BX trenches, that
may contribute moisture to the subsurface under the
trenches. There are no nearby liquid waste disposal
facilities near the cribs and trenches in the BC con-
trolled area, so the driving force there must be residual

moisture from past operations or natural recharge.

The radionuclides that were observed to have
moved since 1992 are cesium-137 and cobalt-60. Given
the amount of movement and the half-lives of the iso-
topes, it is expected that they will decay to insignifi-

cant amounts before reaching groundwater. Although

not seen to have moved in 1999, the same is expected
for all of the other detected isotopes except those of

uranium.

Unfortunately, gamma-ray logging cannot detect
many of the contaminants of interest such as tech-
netium-99, nitrate, and iodine-129, all of which can
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be highly mobile in the vadose zone and, for the ra-
dionuclides, have long half-lives. The time series of
gross gamma logs given in ARH-ST-156 for many of
the specific retention facilities show large decreases in
gamma- intensitfr between the late 1950s and 1976.
The maximum intensity is generally between a depth
of 10 and 20 meters. The rapid decay is probably due
to ruthenium-106 (half-life 1.C2 years), and the -
ruthenjurmn-106 probably reached a maximum depth of
10 to 20 meters with the original slug of water disposed
in the short time (generally ~1 month) the facilities
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operated. Depending on the chiemical characteristics
of the waste stream, the mobility of iodine-129 and
technetium-99, as gauged by experimentally deter-
mined K s, is either near that of or greater than that of
ruthenium-106. Thus, the minimum depth that
iodine-129, nitrate, and technetium-99 probably .
reached during facility operation is indicated by the
depth of rapid ruthenium-106 decay. Subsequent
movement of the long-lived and mobile constituents
cannot be measured with the available geophysical
logging tools. '

#343 =



Groundwater Monitoring for FY 1999

B34 w

e
’Z\J ;
Table 3.2-1. Composition of Sediment from Borehole 41-09-39 in SX Tank Farm
Direct Measures on Dry Sediment
.  Moisture  Total Organic
~ Depth . ' Content Carbon  Catbon  Cesiumn-137  Europium-152  Cobalt-60
(10 bgs)™ Lithology (e %) (we. %) (we %) (pCig) (pCifg) (pCiig)
7679 Very fine- to medium-grained sand 812 0.16 0.06 6.059E+02 <0.217 0.66 + 0.27
13.4-13.7 . Medium-grained sand 857 0137 0.03 1.113E+03 <0103 <0.0262
17.1-174  Very fine-grained sandy, clayey silt. 16:27 0.18 0.03 - 2.600E+04 <1.03 <0.229
18.6-18.9  Silty, very fine- to medium-graired sand 12.84 025 0.14 1.246E+05 <1.73 - =<L79
19.8.20.1  Fine- ro medium-grained sand 4.71 0.27 0.13 6.258E+05 <39.2 < 10.1.
19.8-20.1  Fine-grained sand 5.29 0.19 0.08 4.092E+06 <133 =41
21.0-21.3  Fine- to coamse-grained sand 436 0.23 007 9.493E+03 <0.148 <0.0349
22.6-22.9  Fine- to medium-grained sand 5.17 0.25 Q.08 2.342E+06 <65.4 <17.1
24.0-244  Silty, clayey sand 10.71 0.30 0.06  2.557E+06 <145 <25.6
25.0-25.3 ¢ Fine- to medium-grained sand 8.41 0.31 0.03 1.759E+07 <2660 <1240
27.4 Fine-grained sand 10.25 027 004  4378E+04 <0.15 <0041 |
29.0-29.3  Fine-grained sandy silt 8.12 0.28 0.06 3.825E+04 <1.03 <0.263
311314  Clayeysilt 1040 030  0IZ  L6I9E+06 <117 <28.2
329332 Very fine- to fine-grained sand/silt 12.01 0.45 0.28 3.374E+05 <7.19 <2.2
341 Very fine- to medium-grained sand 8.17 0.27 0.04 1.492E-+03 <0.0965 <(0.0202
38.8 Vety fine- to fine-grained silty sand 12.66 0.44 0.08 4.199E+03 <0123 <0.0271 N
’ . 4
(a) bes = Below ground surface. N
Table 3.2-2. Water Leaglmblle Chemicals in Sediment from Borehole 41-09-39 in SX Tank Farm
1:1 Water Extracts
. Specific
Depth Conductance Nitrate Sodiu/m Technetium-99 - Cesium-137 Chromium Selenium
{mbgs)® ~ pH {uS/cm) (pg/g soil) {ugfe soil) {pCi/g soil) {pCi/g soil) (ug/g soil) {ug/g soil)
7619 8.4 188 13 ) 0 N.D.® 50E-04  <5.00E-03
13.4-13.7 ‘85 226 13 44 1 N.D. 2.9E-03 <5.00E-03
17.1-174 8.3 287 13 44 1 6.9 34E-03 <5.05E-03
18.6-18.9 8.6 355 13 90 1 9.6 8.1E-03 <5.00E-03
19.8-20.1 9.2 899 29 131 4 245 34E-01 <5.00E-03
119.8-20.1 9.8 504 18 232 8 3,974 34E-01 <5.00E-03
21.0-21.3 9.2 752 33 0 6 15 5.1E+00 <5.00E-03
12.6-22.9 9.6 719 44 201 8 261 4.1E+00 <5.C0E-03
24.0-24.4 9.6 1,722 371 . 432 - 18 267 7.2E-01 © <5.00E-03
25.0-25.3 8.70 8,293 2,838 2,343 393 38,150 7.53E+Q2 8.6E-02
214 833 41,820 28,036 12,515 2,749 .221 7.1E+02 14E-01
29.0-29.3 1.9 41,010 32,770 11,899 7,076 747 2.6E+02 2.2E-01
31.1-31.4 8.0 © 41,910 31,656 12,581 6,140 9,665 5.3E+02 2.3E-01
329.33.2 81 56,480 42,488 19,095 11,897 1,636 4.8E+02 _ 3.9E.01
34.1 8.1 42,770 32,821 12,600 8,560 63 1.8E+02 29E-01
38.8 7.9 16,550 12,813 1,889 334 6.3 1.1E-02 . 3.1E-Q2 N
(2) bes = Below ground surface. N
(b) ND = Notdetected.




200 Areas

Table 3.2-3. Acid Extractable Chemicals from Sediments from Borehole 41-09-39 in SX Tank Farm

: Acid Extract
Technetium-99 Technetium-99 Uranium-238

Depth (pCife) {pCi/g) Radiolog- - {(pCifg) Chromium °  Molybdenum Selenium
(1 bgs)™ ICP/MS® ical Analysis® T_ICP/MS® . (ug/e) (Mgfa) (pgfg)
7.6-7.9 <19.95 - 47 0.14 6.5 7.89E-02 9.73E-02
13.4-13.7 <5.94 500 0.23 6.0 4.01E-01 1.23E-01
17.1-17.4 28 o 292 0.20 24.1 6.C1E-01 9.39E-02
18.6-18.9 11 -18 0.21 130.3 © 2.00B-01 6.85E-02
19.8-20.1 26 -12 0.13 80.3 1.03E+00 1.21E-01
19.8-20.1 (134 4) 0+122 0.13 69.5 . 3.99E-01 7.91E-02
21.0-21.3 <25.3 96 0.15 42.3 9.72E-01 1.09E-01
22.6-22.9 <35.3 12 0.15 122.0 1.50E+00 7.83E-02
24.0-24.4 2,400 . 3,000 0.15 597.4 1.08E+01 8.29E-02
25.0-25.3 1,088 £ 336 1,160 + 280 0.21 1,458.6 1.28E+01 1.66E-01
274 3,241 3,586 0.15 1,277.8 8.23E+00 1.14E-01
29.0-29.3 7,618 7,468 0.16 710.7 1.71E+00 1.61E-01 -
31.1-31.4 12,979 13,036 0.21 1,169.6 4.39E+00 1.56E-01
32.9.33.2 13,766 13,877 Q.19 783.9 2.29E+00 2.59E-01
34.1 9,840 9,9C6 . 0.12 298.5 - 4,39E-01 2.16E-D1
38.8 405 405 15.8 . 2.26E+00 5.10E-02

(2) bgs = Below ground sul;face.
(b) ICP = Inductively coupled plasma emission spectroscopy.
(c) Rad = Radiological analysis.

0.16

Table 3.2-4. Estimates of Mobility of Cesium, Technetium, and Chromium in Samples from Borehole 41-09-39,
‘ Based on the Percent of the Constituent Leached by Water

% Cesium-137 Leached

Depth - by Water Versus Total
{in bgs)}® Cesium in the Sediment
7.6-1.9 NA
13.4-13.7 NA
17.1-174 0.03
18.6-18.9 0.01
19.8-20.1 0.04
19.8-20:1 0.10
21.0-21.3 0.79
22.6-22.9 0.0l
24.0-24.4 0.01
25.0-25.3 . 0.22
27.4 0.50
29.0.29.3 1.95
31.1-31.4 0.60
32.9.33.2 0.48
34.1 0.42
38.8 0.15

(a) bgs = Below ground surface.

% Technetium-99 Leached

% Chromium Leached
by Water Versus Total by Water Versus Total.
Acid Extractable Technetium Acid Extractable Chromium
>81 0.01
>16 0.05
1.8 0.01
6.5 0.01
15.8 0.43
60.1 0.50
>12 11.97
- >22 3.35
- 0.8 0.12
36.1 51.09
84.8 55.71
92.9 36.63
47.3 45,14
86.4 61.34
87.0 58.73
82.4 0.07

345 n
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Table 3.2-5. Calculated In Situ Distribution Coefficients (K,) for Samples from
Borehole 41-09-39 in SX Tank Farm
' Cesium - Technetium Chromium
Depth . InSimK; In Situ Ky In Situ K,
‘ (1 bgs)® ©_{mlfm) ' {mL/g) ‘ (mLfg)
7.6-1.9 ' ND® <130 13,059 -
13.4-13.7 ~ ND® 517 . 2,090
17.1-17.4 3,772 . 54.97 7,047
18.6-18.9 13,017 _ 1444 15,994
19.8-2C.1 2,554 533 234
19.8-20.1 1,030 0.66 201
21.0-21.3 127 3.58 7.4
22.6-22.9 ' 8,989 3.58 28.8
24.0-24.4 9,589 131.22 832 .
25.0-25.3 ' 461 1.97 1.0
27.4 _ 199 0.18 0.8
29.0-29.3 : 51 0.08 1.7
311314 168 111 1.2
32.9-33.2 206 0.16 0.6
- 34.1 237 0.15 : 0.7
388 53,262 0.21 . 1,377
- .'/-M\\
(2) bgs = Below ground surface. !\\% /}
{(b) ND = Not detected. -
Table 3.2-6. Carbon Tetrachloride Inventory in Primary Disposal Sites
_ i ‘ Mass Removed Using
Estimated Mass . i Estimated Mags Lost to Soil-Vapor Extraction
Well Field Discharged 1955 to 1973® (kg) Atmosphere 1955 to 1990 (kg) 1991 to 1999 {kg)
216-Z-1A . 270,0C0 . 56,700 ©23,508W
216- 2.9 : 130,000 tc 480,000 27,300 to 100,800 52,954
216-7-18 170,000 35,700 -
Total o 570,000 to 920,000 119,700 to 196,800 76,462
{(2) Based on DOE/RL-91-32, Draft B.
(b) Based on WHC-SD-EN-TI-101.
{c} Based on BHI-00720, Rev. 3. .
(d) Includes mass removed from 216- 2—18 site; reported as a combined value because the well fields overlap.
‘\,\-—-})

# 3.46 w
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Table 3.2-7. Liquid Disposal Facilities and Associated Boreholes and Wells Monitored
with Spectral Gamma-Ray and Neutron Moisture Tools, Fiscal Year 1999

Well or

_ Well or
Facility Borehole Facility Borehole
PUREX Facilities®™
216-A-2 crib 299-E24-53 216-A-7 crib 299-E25-54
216-A-4 ctib . 299-E24-54 216-A-18 trench 209-E25-10
BC Controlled Area Facilities 7
216-B-14 crib 299.-E13-1 216-B-26 trench. 299.E13-12
216-B-15 crib 299.E13-2 216-B-27 trench 299.E13-57
216-B-16 crib 299.E13-2 216-B-30 trench 209.E13-52
299-E13-21
216-B-17 crib 299.E13-4 216-B-31 trench 299.E13.58
216-B-18 crib 299.E13-5 216-B-32 trench 299-E13-59
216-B-19 crib 299.E13-6 © 216-B-33 trench 2_99-E13-60
216-B-23 trench 299.E13-55 216-B-52 trench 299.E13-54
216-B-25 wench 299.E13-56 216-B-533A trench 299.E13-61
BX Trenches
216-B-35 trench 299.E33-286  216.B-41 trench 209.E33-8 )
216-B-37 trench 299.-E33-287 216-B-42 trench 299.E33-10 .
299.E33-288
216-B-38 trench 299.E33-289
299.E33-290

(a) PUREX = Plutonium-Uranium Extraction.

W 347 m
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1999 Gross Gamma-Ray Response (counts per second)
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Figure 3.2-13. Comparison of 1999 and 1976 Gross Gamma-Ray Logs from Borehole 299-E24-53 at the
216-A-2 Crib
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Figure 3.2-14. Comparison of 1999 and 1992 Spectral Gamma-Ray Logs for Cesium-137 from Well 299-E13-1
at the 216-B-14 Crib and Well 299-E13-5 at the 216-B-18 Crib
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Figure 3.2-15. Comparison of 1999 and 1976 Gross Gamma-Ray Logs from Borehole 299-E13-2 at the

216-B-15 Crib
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Figure 3.2-16. Comparison of 1999 and 1976 Gross Gamma-Ray Logs from Borehole 299-E13-4 at the
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Figure 3.2-17. Comparison of 1999 and 1984 Gross Gamma-Ray Logs from Borehole 299-E13-289 at the
216-B-38 Crib
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3.3 Additional Vadose Zone Related Investigations

In fiscal year 1999, several vadose zone related
activities were accomp]is}{ed that have potential appli-
cability across the Hanford Site. The 175 lysimeters of
the Hanford Site were inventoried and described in -
fiscal year 1999, Also, 4 years of field data from the -
Hanford Site prototype surface barrier were analyzed
and interpreted. Those data have impottant applica-
bility to contaminated sites that may be left in place
and monitored during natural attenuation. Finally,
tritiute and helivm-3/helium-4 were obtained from
vadose zone sediment to extrapolate concentrations in
the soil to concentrations in groundwater. This sec-
tion discusses these activities.

3.3.1 Hanford Site Lysimeters
D. G. Horton, R. R. Kirkham

In fiscal year 1998, the participants of a data qual-
ity objective process for vadose zone monitoring iden-
tified moisture content and moisture movement as
elements of concern for vadose zone monitoring of
past-practice liquid waste disposal facilities. Conse-
quently, the Hanford Groundwater Monitoting Project
undertook an inventory of existing lysimeters and their
conditions in fiscal year 1999, That inventory is sum-
marized in Table 33-1. '

Lysimeters measure the amount of water percolat-

ing through soil. Approximately 175 lysimeters exist
at the Hanford Site. Most of these are inactive and
need repair before they can be used. Active lysimeters
are at the Field Lysimeter Test Facility and the Solid
Woaste Landfill. Some water storage data are collected
from the lysimeters at the Fizzner/Eberhardt Arid Lands
Ecology Reserve via data loggers and radio link to
backup tapes, but currently, the data are not used.

Drainage from the lysimeter at the Solid Waste
Landfill is sampled at least monthly and the leachate
analyzed for several constituents of concern. The

. Lysimeters measure moistire content
and movement in the vadose zone.  There
are 175 lysimeters on the Hanford Site;
most are nactive and need repair.

U.S. Department of Energy (DOE) reports results

quartetly to the Washington State Department of
Ecology. At the Field Lysimeter Test Facility, the
weighing Iyéimeters are monitored hourly and the
drainage lysimeters are monitored monthly for water

storage. ' ' S

Most of the lysimeters at the Hanford Si_te were
designed for specific studies. As such, their applica-
tion to vadose zone monitoring in the 200 Areas is
limited. The limitation stems from the soil filling the
lysimeters and the surface conditions of the lysimeters
being different from the soil and surface conditions of
most past-practice liquid-disposal facilities. The
lysimeters at the Field Lysimeter Test Facility and at - _
the S-11 facility are the easiest to modify for potential

" vadose zone monitoring use.

3.3.2 Hanford Site Surface Barrier
Technology |

G. W. Gee, A. L. Ward

A field-scale prototype surface barrier was con-
structed in 1994 over an existing waste site as part of a
Compfehensi've Environmental Response, Compen&aa’on,
and Liability Act (CERCLA) treatability test. The bar-
rier was designed to be used at waste sites in arid _
climates and to have a 1,000-year performance. The

barrier was monitored for 4 years to ascertain its sta-

bility and long-term performance. The 4 years of data

were compiled and analyzed in 1999. This section
summarizes that work; a more complete discussion is

found in DOE/RL-99.11.
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Natural construction materials {e.g., fine soil, sand,
gravel, cobble, basalt riprap, asphalt) were selected
because of the demand for the barrier to perform for at
least 1,000 years without maintenance. Most of these
natural construction materials are available in large
quantities on the Hanford Site and some are known to
have existed in place fot thousands of years (e‘.g., basalt).
The current barrier consists of & 2-meter-thick, fine-soil
layer overlying other layers of coarser materials that
include sénds, gravels, and basalt rock (riprap) and a
- low permeability asphalt layer. The barrier is designed
to limit recharge to <0.5 millimeter per year. Fig-

ure 3.3-1 shows the construction details of the barrier.

A prototype surface barrier was con- '
structed in 1994 to isolate a waste site from
infiltrating moisture. Data collected since
thet indicate the barrier successfully pre-
wents surface water and precipitation from §
reaching the waste site.

Each layer serves a distinct purpose. The fine soil
fayer acts as 2 medium to store moisture until the proc-
esses of evaporation and transpiration recycle any
excess water back to the atmosphere. The fine soil
layer also provides the medium to establish plants that
are necessary for transpiration to take place. The
coarser materials placed directly below the fine soil -
layer create a capillary break that inhibits downward
percolation of water through the barrier. The place-
ment of fine soil directly over coarser materials also -
encourages plants and animals to limit their biclogical
activities to the upper, fine soil portion of the barrier,

- thereby reducing bicintrusion into the lower layers.
The coarser materials also help to deter inadverterit *
human intruders from digging deéper into the barrier
profile. ' '

Low-permeability layers are placed below the cap-
illary break to (1) divert any percolating water that
crosses the capillary break away from the waste zone
and (2) limit the upward movement of noxious gases

.from the waste zone. The coarse materials located

" above the .low_-p'eﬁneability lavers also serve as a drain-

age medium to channel any percolating water to the
edges of the barrier.

In addition to testing the performance of a capﬂ-
lary bartier, the prototype is being used to test two
different side-slope designs: -

» arelatively flat apron (10:1, horizontal:vertical)
of clean fill gravel

* arelatively steep (2:1) embankment of fractured
basalt riprap (PNL-8391; Ward and Gee 1997).

A shrub and grass cover was established on the soil
surfaces of the prototype in November 1994. Shrubs
were planted at a density of two plants per square meter
with four sagebrush {Artemsid tridentata) plants to
every one rabbitbrush (Chrysothamnus nauseosus) plant.

3.3.2.1 Results of Field Tests

Designing a maintenance-free barrier requires an

understanding of how natirral processes affect barrier

performance. A series of tests was designed to provide
a better understanding of these processes.

From November 1994 through October 1997, soil
plots on the northern half of the prototype barrier were
irrigated such that the total water applied, including
natural precipitation, was 480 millimeters per year or

© 3 times the long-term annual average for the water
* year (November 1 through October 31). This treat-

ment included application of sufficient irrigation water

on 1 day, during the last week of March for 3 years
(1995 through 1997), to mimic a 1,000-year storm

event (70 millimeters of water).

" Survival rates of the transplanted shrubs have been

remarkably high; 97% for sagebrush and 57% for rab- -

bitbrush {PNNL-11367). Heavy invasions of tumble-

weed (Salsold kali) occurred in 1995 but were virtually-

absent in 1996, Grass cover, consisting of 12 varieties
of annuals and perennials, incliuding cheatgrass, several

- bluegrasses, and bunch grasses, dominated the sur-
faces, particularly those that were irrigated. Approxi- .

mately 75% of the surface was covered by vegetation;

a cover value typical of shrub-steppe plant communities,
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In all respects, the vegetated cover appeared to be
healthy and normal. Theré was neatly twice as much
grass cover on the irrigated surfaces than on the non-
irrigated surfaces (PNNL-11367).

Figure 3.3-2 compares temporal changes in mean
soil water storage on the irrigated and non-irrigated
portions of the prototype barrier through September
1998. All irrigation and natural precipitation plus all
available stored soil water were removed via evapo-
transpiration during the first year of surface barrier
operation. By late summer of each year, water was
removed from the entire soil profile so that the soil
water content of both irrigated and non-irrigated plots
reached a relatively uniform lower limit of 5 to § vol-
ume percent throughout the soil profile. Correspond-
ingly, vwater storage was reduced to levels of 100 o
150 millimerers (i.e., lower limit of plant-available
water), for both the irrigated and non-irrigated soil
surfaces. This is approximately one-fifth the amount
of water required for drainage. Based on these obser-
vations and considering the irrigation treatment to
represent the extreme in wet climate, the soil cover
would not be expected to drain, even under the wet-
test Hanford Site climate conditions.

Figure 3.3-2 also shows that all of the water was
removed from the soil profile following each simulated
1,000-year storm. Because no drainage occurred, the
change in storage is-attributed to water loss by evapo-
transpiration, thus demonstrating the continued posi-
tive benefits of having vegetation on the bartier surface.
Evapotranspiration for the irrigated plots was nearly’
double that for the non-irrigatéd (ambient) plots, sug-
gesting that vegetation is capable of adjusting to water
applications. It is apparent that the capacity of veg-
etation for water consumption has not been exceaded
even at three times the long-term amualqaverage pre-
cipitation tates. This further supports the hypothesis
" that the combination of vegetation and soil storage
capacity is more than sufficient to remove all applied
water under the imposed test conditions.

Drainage did not occur .from the soil covered part
of the prototype barrier until the third year and then

Additional Investigations

only in a minute amount (less than 0.2 millimeter)
for one of the soil plots subjected to irrigation. The
drainage was attributed to lateral flow from water
diverted off an adjacent roadway. These obsetvations
agree with the results of extensive lysimeter testing of
capillary barriers designs (PNL-7209; PNL-8911} and
suggest that the water storage capacity of the soil is
well in excess of three times the long-term annual
avetage (480 millimeters) precipitation. In contrast,
both side-slope configurations drained, though the
amount of drainage was significan‘d‘f less than pre-
dicted, based on the lysimeter testiﬁg that has been
done with coarse materials (PNL-8911).

Figure 3.3-3 compares cumulative drainage from
the gravel and riprap slopes through October 31, 1998.
On the non-irrigated trearments, the total amount of
drainage from the clean fill side—siope was greater than
that from the basalt riprap side slopes. A similar trend
was observed on the irrigated slopes up until Novem-
ber 1995. Whereas irrigation of the soil surfaces started
in February 1995, irrigation of the side slopes did not
start until November 1995. A closer look at these
results show a seasonal influence on drainage. Whereas -

drainage from the gravel side slope was continuous,

there was essentially no drainage from the riprap in
the summer. In the wintet, both side-slope configura-
tions drained at sirnilar rates. Advective drying simi--
lar to that described by Stormont et al. (1994) and
Rose and Guo (1995) may be partly responsible for
the lower drainage on the riprap side slopes and may
also have an effect on water storage in the fine-soil
cover. Additional testing-and numerical modeling

will be used ro test this hypothesis.

. The rapid establishment. of vegetation on the soil
surface was thought to be responsible for at least three
positive benefits to surface barrier performance. First,
the vegetation was dominant in the water removal
process from the soil surfaces. Second, the surface was
stabilized against water erosion and runoff. Runoff
from the 1,000-year storm in 1995 was 1.8 millimeters
(~2% of the 70 millimeters applied). There wasno.
runoff in 1996, The improvement was attributed to
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plant growth. Finally, there has been a positive ben-
efit in controlling wind erosion. There has been no
measurable loss of soil from the surface of the proto-
type barrier by wind erosion since the establishment of
plants in November 1994.

Four years of testing provide important but lira-
ited information for long-term barrier performance
estimates. Because only a finite amount of time exists
to test a barrier that is intended to function for a mini-
mum of 1,000 years, the testing program has been -
designed to stress the prototype so that barrier perfor-
mance can be determined within a reasonable time

frame,
- 3.3.2.2 Conclusions

The study of surface barriers at the Hanford Site
has evolved into an integrated demonstration of key
" features of barriers desighed to minimize water intru-
 sion, erosion, and biointrusion. The results of field
tests, experiments, and lysimeter studies provide base-
line information on which barriér designs can be based.
Test results show that a well-designed capillary barrier
limits drainage to near-zero amounts in the Hanford
Site’s arid climate. A subsurface asphalt layer provides
additional redundancy. Data collected under extreme
conditions {excess precipitation) provide confidence
that the barrier has the ability to meet its performance
objectives for the 1,000-year design life. Data from
the prototype surface barrier confirte eatlier observa- -
tions with lysimeters and field plots and show that
virtually all available water can be removed from the
soil surfaces by evapotranspiration, under the tested

elevated precipitation conditions. Side slopes, in con- - -

trast, drain because they are barren. The side-slope
drainage is less than predicted because of advective
heating and wind action but is non-zero. Thus, this
drainage must be accommodated in the final design.
Asphalt sublayers can be successful in extending areas
of surface protection and can divert drainage water
away from underlying waste but the durability of the
asphalt must be evaluated.

3.3.3 Measurement of Tritium in Soil _
Moisture and Helium-3 in Soil Gas at the
Old Hanford Townsite and KE Reacior

K. B. Olsen, G. W Patton, E. P. Dresel,
J. C. Evans

The Hanford Groundwater Monitoring Project
sampled and analyzed soil gas and soil moisture in fis-
cal year 1999 to

* demonstrate the adaptability of soil gas sampling
techniques to the measurement of tritium and
helium-3 concentrations in Hanford Site soil

» determine tritium and helium-3 concentrations
in soil gas at two locations on the Hanford Site

® attempt to extrapolate tritium and helium-3 con-
centtations in the soil to tritium concentrations
in groundwater at the 100 K Area.

In fiscal year 1999, investigators meas-
ured tricium and helium-3 in soil vapor at
. two-vadose zone sites. Results indicate
heliurm-3 may be useful to trace vadose zone
or groundwater sources of titium.

Tritium/helium-3 age dating of shallow aquifer
groundwater was successfully applied in the late 1980s
by Poreda et al. (1988). The technique is based on
the presence of the radioactive isotope tritium and its
decay to the stable, inert isotope of helium, helium-3.
At the Hanford Site, tritium was released to the soil
column as effluent from past operations. In some areas
of the Hanford Site, the effluent migrated through the
vadose zone to mix with groundwater. In other areas,
the efflient was retained in the vadose zone. Subse-
quently, moisture laden with tritium volatilized from
the flow path and the water table and began to diffuse
ﬁpward through the vadose zone toward the surface.

At the same titﬁe, helium-3 began to build up in
both the groundwater and the vadose zone at the rate
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of tritium decay (the half-life of tritium is 12.3 years)
and diffuse upward to the surface. Throughout this
process, helium-3 is expected to act as a conservative
(non—reactivé) tracer moving through the vadose zone.
Tritium, as tritiated water, would be a reactive tracer
freely exchanging with hydroxyl groups on the surface
of sediment and thus retard its movement through the
vadose zone. Based on the above principles and con-
ceptual model, soil gas and soil moisture samples were
collected and analyzed to obtain a better understand-
ing of their vadose zone properties and attempt to map
vadose zone and groundwateln_'. tritium distribution.

3.3.3.1 Experimental Methods -

Two areas of the Hanford Site were chosen to
investigate: south of the Old Hanford Townsite and
east of the KE Reactor. The Old Hanford Townsite
was chosen because it is an area with a known tri-
tium plume at groundwater depths similar to those in
the 100 Areas and the site had easy access. The KE
Area was chosen to study because there is a known
tritivm plume but there is some uncertainty as to its
distribution. It was hoped that the helium-3/helium-4
method would help better define the existing

groundwater contamination.

Eight sampling points, in two clusters, were
installed between 1.5 and 9.7 meters below ground
surface adjacent to well 699-41-1A, south of the Old
Hanford Townsite (Figure 3.3-4). Sixteen sampling
points between: 2.1 and 3.1 mefers below ground sur-
face were installed to the north and east of the

KE Reactor (Figure 3.3-5). Soil gas and soil moisture

samples were collected in mid-July and in early Sep-
tember from the Old Hanford Townsite and in early
September from the KE Reactor.

Soil meisture samples wete collected from all eight
sampling locations at the Old Hanford Townsite and
the eight locations at the KE Reactor. Soil moisture
samples were collected using a flexible diaphragm
sampling pump. The samples were passed through a
single 18-centimeter-long, silica gel column to adsorb
soil moisture. Samples were collected at a flow rate of
1 liter per minute for a period of ~24 hours.

Additional Invesﬁgaﬁons

Soil gas samples, for helium-3 measurements, were
collected at all sampling points using a sémpling appa-
ratus constructed from a 3_O-milliliter stain]ess steel
cylinder. One end of the cylinder was fitted with a
high-vacuum needle valve and the other end sealed
with a pipe plug. Each cylinder was evacuated to less
than 5 torr before sampling. '

Two different sampling configurations were used
to sample soil gas. During the July sampling at the
Old Hanford Townsite, a silica gel trap, identical to
that described above for soil moisture samples, was
placed in the soil gas stream to remove all soil mois-
ture, The soil gas sampling point was allowed to purge
at 1 liter per minute for a minimum of 60 minutes. At
the end of the purge period, a hose was connected to
the pump and the cylinder was pressurized to the maxi-
mum pressure of the pumnp.

During a subsequent sampling event at the Old
Hanford Townsite in September, cluster SG-1 was
resampled for helium-3. Silica gel was not used because
tritium was not observed in the soil moisture samples
previously collected. Instead, a rotometer and pump

. were hooked in series to the riser tube that extended

from the soil gas sampling point to the sampling cylin-
der. Flow was adjusted to 1 liter per minute, and the
sampling point was purged for a minimum of 60 min-
utes. Atthe end of the purge, the cylinder was con-
nected to the pump and allowed to pressurize to the

pump’s maximum pressure.

Soil moisture samples were sent to Quanterra Envi-

_ronmental Services laboratory in Richland, Washington

for analysis. In brief, the sample was heated to desorb
the soil moisture from the silica gel. The eritium con-
tent of the desorbed water was determined by liquid
scintillation counting. Detection limit in the liquid,
using a 10-milliliter sample aliquot; is estimated at

240 pCGifL.

Soil gas samples were sent to the University of
Rochester for helium analysis. Helium isotope ratios
and concentrations were analyzed on 2 VG 5400 Rare
(Gas Mass Spectrometer fitted with a Faraday cup
(resolution of 200 counts) and a Johnston electron
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multiplier (resolution of 600 counts) for sequential .

analyses of the helium-4 (Fataday cup) and helium-3
(multiplier) beams. All helium-3/helium-4 ratios are
reported relative to the atmospheric ratio (R, ), using
air helium as the absolute standard. .

© 3.3.3.2 Results and Discussion

Analysis of the soil moisture samples found no
detectable tritium (minimum detection limit less
than 240 pCi/L) in the soil moisture from either the Old
Hanford Townsite or KE Reactor sampling points.
This suggests that tritiated moisture from groundwater
is not migrating upward to the sampling points at the
Old Hanford Townsite. This is in spite of the fact
that tritium in groundwater from well 699-41-1A, adja-
cent to the soil moisture sémpling points, occurs at a
concentration of 117,000 pCiflL at a dép&x to ground-
water of 21 meters. These data indicate that the soil
moisture can be attributed to recharge of natural pre-
cipitation into the vadose zone at the Old Hanford
Townsite, which agrees with work done by Fayer et al.
{1997). Concentrations of tritium in natural pre-
cipitation normally range from 50 to 100 pCL/L, well
below the detection limit of the analytical method
used to measure tritium. The lack of critium in soil
moisture at the KE Reactor also suggests that there are
no vadose zone sources of tritium. in the immediate
study area.

Results of the helium analyses of the soil gas sam-
ples from the Old Hanford Townsite showed significant
enrichment of helium-3 concentrations, compared to
ambient air, and an inverse relationship between
helium-3 concentration and distance from the source
{groundwater). Helium-3/-4 ratios at the Old Hanford

~ Townsite location ranged from 1.012 at 1.5 meters

below ground surface to 2.157 at 9.7 meters below
ground surface (Figure 3.3-6).

. Helium-3/-4 ratios show a significant variability

~ with time. Figure 3.3-6 shows the helium-3/-4 ratios

from samples taken at the beginning and at the end of
the 24 hour July sampling event. In all but one sample,
the ratios at the end of the event are greater than at
the beginning of the event. The variability with time

is even more pronounced by comparing the July and
September sampling events. The greatest difference is

. shown by the helium-3/-4 ratios from the 5.9 meter

samples from the SG-1 cluster nearer well 699-41-1A.
Comparing the two results shows a 62% increase in
enrichment of helium-3 in the September sample.

The temporal variations might be ateributable to
atmospheric pumping in the vadose zone because of
fluctuations in atmospheric pressure. That is, higher
atmospheric pressure may dilute the helilim33 in the
vadose zone with low helium-3/-4 atmospheric air. This
dilution might occur through the soil-atmosphere
interface at the surface or through a well if the vadose
zone is exposed to perforations or open screen above
the water table. At the time of soil gas sampling, there

‘was ~0.3 meters of screened interval open to the

atmosphere in well 699-41-1A directly adjacent to
one of the sampling clusters SG-1. Thus, atmospheric
pumping may have affected the helium-3/-4 ratios.

Helium-3/-4 ratios in the soil gas samples collected
near the KE Reactor ranged from 0.972 to 1.131 (see
Fipure 3.3-5). The greatest helium-3 enrichment
(sample point SG-16) is.in the southeastern part of
the study area suggesting that there may be a tritium
source around that location. Because there was no
tritium found in the soil moisture in the immediate
area of 8G-16, helium-3 must be cormning from a source
greater than 3 meters from SG-16. This source may
be located in the vadose zone or groundwater. The
source could possibly be the solid waste burial ground
or one or more of several cribs east of the KE Reactor.
Alternatively, the source could be from the groundwa-
ter plume in the area. However, a groundwater moni-
toring well, 199-K-111 located adjacent to several soil
gas monitoring points at the southeastern end of the
study area has no measurable tritium (minimum detec-
tion level <240 pCi/L). This suggests that a tritium
groundwater plume, if it exists, could be located far-
ther to the south of the study srea. Further investiga-
tion is necessary to define and identify the source of
helium-3 around the southeastern corner of the study
area. The helium-3 results from all the sampling points
near the KE Reactor suggest no tritium plume is located
within the study area. '
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3.3.3.3 Conclusions

Measurements of tritium in soil moisture do not
appear to be useful for delineating tritium groundwa-
ter plumes or estimating concentrations of tritium in

" groundwater. The major source of moisture in the

vadose zone at the two investigared sites appears to be
natural precipitation and not upward migration of
moisture from groundwater into the vadose zone. How-
evet, analysis of vadose zone moisture samples for trit-
ium may be helpful in identifying vadose zone sources
of tritium near the sampling sites.

Amnalyses of soil gas from samples collected at the
Old Hanford Townsite area show that the gas is
enriched in helium-3. This enrichment is due to decay
of tritium in the groundwater beneath the site. The
amount of enrichment appeats to vary with time, most
likely because of armospheric pumping. Nevertheless,

Additional lnvesﬁgaﬁon.s;

helium-3 can be a useful tracer for either vadose zone.
or groundwater sources of tritium.

Because atmosphére pumping can affect the results
of helium-3 analysis, the entire suite of samples for
such analysis should be collected in as shott a time
span as possible. This is particularly important if sam-
ples are to be collected deep in the vadose zone near a
groundwater well screened across the water table.

~ Helium-3 results from samples from the KE Reac-
tor area do not suggest the presence of tritiated ground-
water beneath the study area. Based on the relative
enrichment facrors for helium-3, there may be a ground-
water or vadose zone source of tritium southeast of the
study area. Potential sources include a groundwater -
tritium plume, the solid waste burial ground, the
116-KE-1 gas condensate crib east of the KE Reactor,
or KE Fuel Storage Basins. ‘
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5, \.“,/
Table 3.3-1. Lysimeters at the Hanford Site
Lysimeter Type Potential for
and Number Purpose Current Status Future Use
Field Lysimeter Test Facility
Drainage, 14 Test water balance in Active, requires minor High potential for future infiltra-
Weighing, 4 layered soils common maintenance tion studies
Clear tube, 6 to engineered barriers ' s
Buried Waste Test Facility
Drainage, 6 Test water balance in Inactive, requires mainte- Potential for infiltration studies
Weighing, 2 coarse-grained sediments nance, 5 of § drainage in coarse sand and no vegetation
: lysimeters leak . .envitonment. Potential test
_ environment for sensors
Commercial Waste Lysimeters
Drainage, 10 . Test commercial low-level  Tnactive ‘Scheduled to be decommissioned
wiste solidification ' in fiscal year 2000
Solid Waste Landfill
Drainage,1 - Monitoring Active Continued monitoring
Fitzner/Eberhardt Arid Lands Ecology Reserve
. . 7 . ,/—“ =
Weighing, 2 Examine water balance in  Intermittent data Potential for studies of site ;
sagebrush and bunchgrass collection conditions but not 200 Areas ' S’ _
* . community after a fire conditions
" Small Tube Lysimeters
Drainage and Weighing, Examine statistical Inactive, requires minor Too small for most purposes.
105 total : repetition of lysimeter maintenance Poteéntial for small scale tests
data
S 11 Lysimeters
Storage, 24 . Water bajance effects of Inactive, requires minor Possible use for chemical tracer
barriers on plant intrusion  maintenance studlies
and infiltration
- 200 East Area Lysimeters
Drainage, 1 Infiltration studies Inactive, requires mainte- ' Limited potential for future use
. : nance, limited access in because of high expense to
radiological zone operate :
:'/q‘\L
\\.-__,/ }

% 3.76 %




Additional Investigations

(a)

Existing Grade

Clean Fill Side Slope

(pit run gravel)
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Access Tube
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Access Tube

= p-Lateral Drainage

v
Vertical
Drainage

Waste Crib

Upper Silt -
wirAdmix 1.0m

Lower Sit1.0m ———»
Sand Filter 0.15m —»

Gravel Filter 0.3 m — "

Basalt Side Slope

Basalt Rock
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Figure 3.3-1. Cross Section of the Hanford Site Prototype Barrier Showing (a) Interactive Water Balance
Processes, (b) Gravel Side Slope, and (c) Basalt Riprap Slope
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Figure 3.3-2. Temporal Variation in Mean Soil Water Storage at the Prototype Barrier, November 1994
to September 1998
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Figure 3.3-3. Cumulative Drainage from November 1994 through September 1998 from Four Side-Slope Plots
and One Soil Plot that Drained
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Additional Investigations
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Figure 3.3-4. Location of Soil Gas Sampling Points Adjacent to Well 699-41-1 Near the Old Hanford Townsite
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Figure 3.3-5. Helium-3/Helium-4 Ratios at the Study Site Near KE Reactor
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Helium-3/Helium-4 Ratio
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Figure 3.3-6. Comparison of Helium-3/Helium-4 Ratios for Samples Collected at the Old Hanford Townsite.
Cluster SG-1 is ~12 meters from well 699-42-1A and cluster SG-2 is ~48 meters from

well 699-42-1A
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4.0 Groundwater Modeling

This section describes groundwater modeling
activities being conducted at the Hanford Site that are
relevant to the site-wide Hanford Groundwater Moni-
toring Project. Recent activities under the groundwater
modeling task have focused on efforts to consolidate
the site-wide groundwarer models into a single model
to eliminate redundancies and promote consistency in
groundwater modeling analyses at the site. A discussion
of this consolidation effort taken from a newly pub-
lished U.S. Department of Energy (DOE) document
(DOE-RL-2000-11, Rev. 1) is described in Section 4.1.

Section 4.1 also provides an overview of ongoing
specific applications of the site-wide groundwater flow
arid transport model developed by the groundwater
project.

Section 4.2 describes efforts by the environmental
restoration contractor to apply other groundwater
models at a local scale to design and evaluate pump-
and-treat activities for the remediation of contami-
nated groundwater. These models were used to describe
_ the capture and injection zones for extraction and
injection wells, respectively, and to estimate the area
affected by the pump-and-treat operations at different
times. '

4.1 Site-Wide Groundwater Model
Ccnsolidaﬁon_ Prqcess |

P. D. Thorne, M. P. Be-r_'geron, S. K Wurstmer

Until recently, the Hanford Site has maintained
multiple versions of site-wide groundwater flow and
contaminant transport models. These different pround-
water models have developed among different con-
tractors since the Hanford Site mission changed from
producing special nuclear materials to environmental

Objectives of Hanford Site
Groundwater Model
A computer model of Hanford Site ground-
water must be able to
» assess performance of wasie-disposal

facilities

» predict movement of contaminants

» evaluate remediation sfrategies.”

restoration. The Project Hanford Management Con-
tractor, Fluor Hanford, Inc., maintained a vadose zone
and groundwater modeling capability to support active
and planned disposals in the 200 Areas and operational
issues at the site. The environmental restoration con-
tractor, Bechtel Hanford, Inc., implemented a site-wide
groundwater model in support of past-practice oper-
able unit investigations and cleanup activities. Pacific
Northwest National Laboratory (PNNL} maintains
groundwatef modeling capabilities to support the site-
wide groundwater project and vadose zone modeling
capabilities for a variety of site and national programs.

In response to both internal and external recom-
mendations, DOE initiated a site-wide groundwater
model-consolidation process, which included the par-
ticipal_:ion of all affected Hanford Site programs. The
objective of this process is to eliminate redundancies
and promote consiétency in groundwater analyses pro-

duced for Hanford Site programs. On September 5,

1996, John Wagoner issued a Letter of Instriction to
affected programs, and site contractors® that said “...
with DOE and contractor customers, tribal and stake-
holder participation, PNNL will develop and maintain a
predictive Hanford standard groundwater model....”

{(a} Letter from U.S. Department of Energy, Richland, Washingron, to Pacific Northwest National Laboratory and Westing-
house Hanford Company, dated September 5, 1996, “Single Groundwater Project for the Hanford Site.”
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| *a,_/
In a letter® to regulators and stakeholders dated July 28, -~ - ® evaluation of groundwater remediation strategies
1997, DOE also made a commitment to initiate the ' including natural attenuation, hydraulic controlf
model-consolidation process in fiscal year 1998, ' containment, and contaminant removal/cleanup
The pu.rp ose of the model consolidation process ® design and evaluation of groundwater-monitoring
3 ' : ' networks
is to _ \
o - foster consistency in assﬁmptions and applications » misk assessments.
aCToss programs The key uses of the site-wide model over the
e provide model enhancements based on new data/ next 5 years include modeling support to '
information and improved technical capabilities | e the groundwater project
* provide model flexibility to meet and support new e future iterations of the composite analysis of
program needs and decisions. _ waste sites Jocated in the 200 Areas plateau
* » L ] . -
4.1.1 Recommendations for a Site-Wide a‘ss:fmems o Sflppc;tt tm;ff} Cme‘l:uve a‘;uons’
a . : ta t iy , i
Groundwater Flow and Transport Model waste retrieval, and tapk farm Sosure o
- the Office of River Protection
As an initial step, DOE established the scope of e assessment of the facilities being considered for
- the model consolidation. This included defining the disposal of immobilized low-activity tank waste
needs and requirements of a Hanford site-wide ground- " and solid waste disposal - '
water model, an evaluation of current site-wide ground-

* the system assessment capability being developed
as part of the Hanford Site Groundwater/Vadose R
Zone Integration Project

water models and codes, and specific recommendations
for a consolidated site-wide groundwater model.
External review of the recommendations for the consoli-

dated site-wide groundwater model was also initiated. ' Groundwater modeling analysis may also be needed .
L to support
The specific needs and requirements of the site- PP
wide groundwater model were developed based, in * the Hanford Canyon Disposition Initiative
part, on a review of current and future groundwater o the 200 Areas Soil Charactetization and Remed-
modeling activities conducted for various Hanford jation Project - T

Site programs. The needs and requirements also o assessments of solid low-level waste burial grounds

reflect input collected from external stakeholders. ,

* permitting for liquid discharge facilities

e ypdates of the Hanford Site-Wide Groundwater
Remediation Strategy (DOE[RL-94—95,lRev. 1)

Based on input received from Hanford Site con-
tractors and stakeholders, the consolidated site-wide

groundwater model needs to meet a variety of Hanford

Site project objectives including e the development of final records of decision for

" " ¢ 1 contamination being managed by interim remedial
* gite- hy Tman ro : S .
Site-speciiic petto ce assessments of propose measures {e.g., pump-and-treat remediation) in

waste disposal facilities the 100 and 200 areas.

o assessment of environmental impact involving

the modeling of contaminant transport and expo- A technical evaluation was conducted of site-wide

sure prediction conceptual and numerical Imodels apd preliminary

(b)Y Letter from U.S. Department of Energy, Richland, Washington, to 11.S. Environmental Protection Agency and Washington N
State Department of Ecology, dated July 28, 1997, “Completion of the-Columbia River Comprehensive Impact Assessment : -
(CRCIA) Hanford Federal Bacility Agreement and Consent Order (Tii-Party Agreement) Interim Milestone M-15-80-8.”
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recommendations for the consolidated site-wide
groundwater model were developed in 4 series of inter-
nal workshops attended by representatives of Hanford
contractors involved in groundwater modeling. Two
most recently used site-wide groundwater modeling
efforts were considered. One was conducted for the
groundwater project and the other for the developrnent
of the Hanford Site-Wide Groundwater Remediation
Stategy (DOERL-94-95, Rev. 1).

In general, the evaluation showed that both are
capable of mesting many of the needs and require-
ments for a consolidated site-wide groundwarer model.
However, DOE concluded that the model developed
by the groundwater project has broader capabilities to
meet the anticipated needs of the site. Therefore, this
model was selected for the initial phase of the site-
wide groundwater model consolidation process. Capa-
bilities of the groundwater project model include

-* model resolution - The model contains a higher
level of resolution in its representation of the
Ringold Formation than used in the groundwater
remediation strategy model. This framework can
be more easily used to evaluate and investigate
the importance of three-dimensional hydrostrat-
igraphic complexity in the Ringold Formation.
This is expected to have an increasing influence
on future flow and contaminant transport as the
water table declines. '

» extent of model - The areal extent of the model
includes the area south of the Hanford Site
between the Yakima and Columbia Rivers. Includ-

‘ing this area in the model provides the capability
to address the potential movement of contami-
nant plumes off the Hanford Site.

® natural recharge - The model incorporates the
. effect of natural recharge as an upper hydrologic
* boundary condition. The importance of natural
recharge on future groundwater flow conditions
and contaminant transport is increasing as the
effect of artificial recharge on the warer-table
dissipates.

w43
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DOE also initiated an evaluation of computer codes .

‘to implement the consolidated site-wide groundwater

model. Only two computer codes were reviewed in
this initial phase of the model-consolidation process:
(1) the VAM3D-CG code developed by Hydrogeo-
logic, Inc., in Hemdon, Vitginia, and {2) the CFEST-96
code developed by the CFEST Co. in Irvine, California.
The groundwater remediation strategy model is imple-
mented based on the VAM3D-CG code. The ground-
water project model is based on the CFEST-96 code.
In a qualitative compatison of the two computer codes,
both VAM3D-CG and CFEST-96 were found to be
technically acceptable.

In the interest of minimizing the impact of initial
cost and schedule, DOE selected the CFEST-96 code
as an interim code for implementing the consolidzted
site-wide grouhdwater model. DOE deferred decisions
on final selection of the code until the external peer
review of the consolidated site-wide groundwater model
and the resulting final refinements and modifications
have been completed. .

~ 4.1.2 External Peer Review of the

Recommended Site-Wide Groundweter
Model -

As a part of the model consolidation procéss, the
selected site-wide model was reviewed by outside
experts in the fall of 1998. The three member review
panel consisted of Dr. Steven M. Gorelick of Stanford
University, Panel Chair; Dr. Charles Andrews of
S. 8. Papadopulos and Associates, Inc.; and Dr. James
W. Mercer of HSI-Geotrans, Inc. The review panel
commented on three specific issues:

. ade.quacy of the conceptual model and its tech-
nical capabilities to meet the anticipated uses
and needs

* possible improvements to the modeling framework/
implementation

» jmmediate need for new data.
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Computer Modeling Plans

Computer modeling experts reviewed the
Hanford Site groundwater model and recom-
mended some improvements. Responses to
these recommendations included plans to

» re-evaluate calibration of the model
» develop aliernative conceptual models

» analyze uncertainties associated with the
model.

| . )

* The panel’s comments and recoromendations for
each issue summarized from Gorelick et al. (1999a) -
are described below.

(1) The panel recommended that the highest prior-
ity is to adopt a broader modeling framework that
accepts conceptual model uncertainty. Within
this new framework, the site-wide model would
serve as an important tool to help guide new data
collection efforts. First, the degree of potential
impact of the various sources of uncertainty can .
be assessed through analysis of all uncertainties
including those introduced by alternate concep-
tual models. Second, the worth of new data for
reducing model uncertainty can be evaluated. The
integration of the site-wide model with a geo-
graphic information system is an excellent means

“ to preserve the Hanford Site data for applicatioﬁs
at a variety of spatial scales. The panel tecom-
mended that databases (original field measure-
ments) and information bases (interpretations or
interpolations) both be maintained. For example,-
this would enable details in well logs found in the
database to be used to develop_ a geostatistical
model for scales smaller than those found in the
interpreted hydrogeologic facies information base.
The panel also recommended that the site-wide
groundwater model be thought of as a flexible and
evolving platform for analyzing groundwater flow
and contaminant transport. The model itself

W44 =

must not be stagnant because, as more data are
collected, it is likely that the conceptual model of
the eroundwater system will change. In addition,
new predictive capabilities will be desired. The
mode] framework must be one in which new con-
cepfs can be tested and enhancements readily

-included. The framework must have the capabil-

ity of being modified to test alternative concep-
tual models, reflect the most recent consensus
conceptual model, and address concerns regarding
water resources and water quality.

The panel recommended that a new modeling
framework be established that accepts the inherent
uncertainty in model conceptual representations,
inputs, and outputs. Given such a framework,
the expected values of hydraulic heads and con-
taminant concentrations, as well as the range
(distribution} of predictions, would be products of
the site-wide groundwater model. A priority item
is to construct a list of alternate conceptual model
components and assess each of their potential
impact on predictive uncertainty. The panel
recommended a series of important improve-

. ments to the current site-wide modeling effors:

* The model should be recalibrated using a
three-dimensional, transient inverse
calibration.

¢ The existing representation of chemical
reactions is limited to first-order decay and
linear sorption. Although potentially adequare
for some of the prevalent contaminants
found in Hanford Site groundwater, for most
of the contaminants of concern found in the

" vadose zone, reactive transport needs to be

repiesented.

. Boundary conditions and boundary fluxes
should be re-inspected because of some incon-
sistencies with existing information and
because there is an insufficient conceptual
basis for use of these conditions for applica-
tions of the site-wide model at both large

and small scales.




¢ The spatial representation of recharge should
be represented as a parameter having an
expected value and estimated uncettainty,

(3) The panel commended the modeling team for their
efforts in dealing with voluminous data, complex
field conditions, and integrated/interdisciplinary
approach to model building. With regard to the
issue of model adequacy, the spectrum of antici-
pated uses and needs is so broad (ranging from
time scales of less than 1 day to thousands of
years and spatial scales of meters to kilometers)
that this or any general, site-wide model cannot

be expected to be adequate for all potential uses.

It was suggested that an initial task should be to
specify a narrower, and perhaps more pragmatic,
list of model uses.

4.1.3 Response to Peer Review

This section presents an overview of the project
plan that will be followed to address technical issues
and concerns raised by external stakeholders and the
external peer review panel on the site-wide groundwa-
ter model.

Based on specific advice provided by the external
peer review panel (Gorelick et al. 1999b), the consoli-
dated groundwater model project will focus on
high-priority tasks that represent the key model
improvements and modifications recommended by the
panel:

® re-evaluation of the calibration of the site-wide
mode! using a transient inverse calibration of
Hanford Site historical operations, which will
provide valuable information on parameter uncer-
‘tainty and sensitivity coefficients

¢ development of realistic alternative conceptual
models that will assist in bounding the uncer-

tainty in flow and transport simulation results.

" Each of the alternative conceptual models will be

individually calibrated to Hanford Site historical

opetations

e development and implementation of an uncer-
tainty analysis framework that cah receive a range

Groundwater Modeling

of uncertain inputs taken primarily from the
results of the development and calibration of the
several alternative conceptual models and gener-
ate a range of related model results.

In the latter half of fiscal year 1999 and in fiscal
year 2000, the consolidated site-wide groundwater
modeling task has been performing some work in all
three areas outlined above. However, the primary
focus of the first effort is on calibration of the site-
wide model to cbservations of hydraulic head, hydraulic
testing results, and contaminant concentration data.
This is a significant departure from previous approaches

to site-wide model calibration that were limited to

conditions observed in 1979. The 1979 period was
assumed to represent a short period of unchanging
hydraulic conditions that was suitable for a steady-state

calibration of the site-wide model.

Efforts that will lead to the transient calibration
of the current site-wide groundwater model and the
alternative conceptual models involve four broad tasks
telated to

e gathering and analysis of historical data on hydrau-
lic head, hydraulic testing information, artificial
recharge, natural recharge, Columbia River and
Yakima River stage changes, and otherrelated
information that will be needed to simulate the .
historical period of Hanford Site operations

* acquisition and testing of a universal inverse code,
called UCODE (Poeter and Hill 1998)

o linking the UCODE to the current site-wide ground-
water model code, CFEST-96, to allow efficient
and effective execution of the UCODE/CFEST-
96 package in the transient iﬁve_rse calibration

* preparing historic observation data and informa-
tion into required model data input files for use
in the transient inverse calibration.

The consolidated groundwater modeling project
plans to complete the transient inverse calibration of
the current site-wide groundwater model using the
UCODE/CFEST-96 computational framework in fis-
cal year 2000. Results of this work will be published
in September 2000.
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The consolidated groundwater model team will
also work to define alternative conceptual models, Tt
is anticipated that three to five alternative conceptual
models will emerge that will reflect different credible
combinations of boundary conditions and interpreta-
tions of the hydrogeologic framework.

In fiscal year 2000, a strategy for an uncettainty
analysis framework will be developed. Uncertainties
associated with prescribed processes, physical features,
initial and boundary conditions, system stresses, field
data, and model parameter values will be addressed.-

~ This analysis framework will ultimately be used to

assess uncertainty in results produced by the range 'of
alternative conceptual models.

Communication with the external peer review
panel, regulators, Tribal Nations, stakeholders, and
model users is being facilitated by means of an internet-
based forum." A web page (available at http:/f
etd.pril.gov:2080/gwmodelingf) has been dedicated to
the purpose of tracking technical issues and concerns
and posting of other related information. This approach
will provide for instant, widely available communica-
tion on technical issues and provide concern resolu-
tion with all parties, as well as enhancing feedbaék
from concerned parties. The process of regulatot and
stakeholder interaction has already been initiated in
the consolidation process and will continue through
the web-based approach.

4.1.4 Model Applications

During fiscal year 1999, PNNL used the site-wide

‘groundwater flow and transport model to predict water

quality impact. This wotk continued into fiscal

‘year 2000, and tesults will be presented in the Solid

Wastes Environmental Impact Statement when it
is completed. The purpose of this analysis is to calcu-
late concentrations of contaminants in groundwater
from source areas defined in each of the environmen-
tal impact alternatives. The analysis also assesses the
impact to accessible surface water resources from con-
taminated groundwater. Calculated concentrations of
key contaminants are compared with drinking water

burial grounds.

| 4.2 Modeling to Support Pump- ,
‘and-Treat Operations

standards and provide the basis for estimates of poten-
tial human health risk and ecological risk for compari-
son between the alternatives.

The site-wide model wads applied to an
 environmental impact statement for solid
waste in fiscal year 1999. Resulss will be
“available after the work is completed in 2000.

_ The potential sources of groundwater contamina-
tion are solid radicactive and hazardous waste con- .
tained in burial grounds located in 200 East and West
areas. This waste include past low-level waste buried
since 1970, newly generated Category I and III low-
level radioactive waste, mixed low-level radioactive
waste, and transuranic waste retrievably stored in
trenches and caissons located in several of the existing

W. J. McMahon, L. C. Swanson

Groundwater models were used at a local scale in
operable units in the 100 and 200 areas to assess the
petformarnce of groundwater pump-and-treat systems

"to remediate contamination within the unconfined

aquifer system. These models evaluated system peifor-
mance and overall progress toward remediation objec-
tives and goals, including evaluating different extraction
and injection well configurations, 'prédicﬁt_ing effects of
different operational and pumping schedules, assessing
extent of hydraulic influence, and evaluating ground-

water travel times and extent of the capture zone.,

Modeling was conducted using Micro-FEME, a two-
dimensional finite-element code. The MicroFEM®
model was used to evaluate the following remedial
action sites and contaminants of concern in the 100 K,
100N, 100 D, 100 H, and 200 West areas:

* 100-KR-4 Operable Unit (100 K Area) - hexaval-
" ent chromium

»
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* 100-NR-2 Operable Unit (100 N Area) -
strontium-90

* 100-HR-3 Operable Unit (includes both 100 D
and 100 H areas) - hexavalent chromium

® 200-UP-1 Operable Unit (200 West Area) -
technetium-99 and uranium

e 700-ZP-1 Operable Unit (200 West Area) -
carbon tetrachloride. :

Additional information on pump-and-treat opera- -

tions and figures showing the modeled capture zones
are presented in Section 2.

42.1 Model Results for 100-KR-4,
100-NR-2, and 100-HR-3 Operable Units

Numerical modeling for these pump-and-treat
operations provides a quantitative method to evaluate
the hydraulic capture and optimize the pumping rates
of the pump-and-treat system wells. Results of the mod-
eling indicated that pump-and-treat extraction wells
intercepted ~70% of the groundwater flow through
the targeted area in the 100-KR-4 Operable Unit
(DOE/RL-99-13). The capture zone is shown in Fig-
ure 2.3-18. Optimizing the pumping rates increased
the capture to ~84%. Much of the incaptured ground-
water passing through the targeted plume area occurs
in a culrurally sensitive area. The decision to add wells
to the network must balance the benefits of improved
capture with the consequences of disturbing the sensi-
tive area. '

Computer modeling of pump-and-treat
systems in the 100 Areas estimate that most
of the contdminated groundwater in the tar-
get plumes is intercepted before it reaches the
Columbia River. In fiscal vear 1999, model
results were used to optimize pumping rates
and recommend locations for new wells to
increase the effectiveness of the systems.

Groundwater Modeling

At the 100-NR-2 Operable Unit during the same
time, the model results indicated that the pump-and-

 treat system was reducing the net groundwater flow to

the Columbia River through the targeted plume area
by ~96% (DOE/RL-99-C2). The captire zone is shown
in Figure 2.4-6. . .

The 100-HR-3 Operable Unit includes both 100
and 100 H areas. At 100 D Area, the model results
indicated that the extraction wells intercepted over
90% of the groundwater passing through the targeted
plume area. At 100 H Area, the model results indi-
cated that the extraction wells intercepted ~82% of
the groundwater passing through the tdrgeted plume
area (DOE/RL-99-13). The capture zone is shown in

- Figure 2.6-16.

The analyses were run for the Novernber[ljecember
time frame, which corresponds to the low flow time of
year in the Columbia River when groundwater dis-
charge to the river is greatest. During cher_ fimes of
the year, when the river stage is higher, the extraction
wells intercept a higher percentagé of the flow. For
additional discussion on the 100-KR-4 and 100-HR-3
models, refer to DOE/RL-99-13. For additional discus-
sion on the 100-NR-2 model, refer to DOE/RL.-99-0Z.

4.2.2 Model Results for 200-UP-1
Operable Unit

Numerical modeling for this pump-and-treat
operation was performed to evaluate effectiveness in
containing the targeted area of the technetium-99 and
uranium plumes and to track the progress of remedi-
ation. On the basis of the modeling results, the steady
state capture flow lines extend outside and contain the
entire targeted area of the plume (sec Figure 2.8-40).
Thus, the one extraction well (299-W19-39) appears
capable of capturing and containing the entire high
concentration area of the technetium-99 and uranium
plumes. By the end of September 1999, the extrac-
tion well had removed at least one pore volume from-
the entire targeted plume area. The plume capture
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efficiency was ~71%, which is the ratio of the amount

_ of water removed from the target area of the plume to

the total amount of water removed from the aquifer.
For additional discussion on the 200-UP-1 model,
refer to DOE/RL-99-02 and DOE/RL-99-79.

Computer models of two pump-and-
treat systems in the 200 West Area esti-
maie the capture zone of pumping wells.

4.2.3 Model Results for 200-ZP-1
Operable Unit

Numerical modeling was also performed to evalu-
ate the remedial action at this putrip-and-treat opera-
tion. The modeling results show the capture flow lines
of the extraction wells extending outside the targeted
carbon tetrachloride plume area and converging in
the areas between the wells (DOE/RL-99-79). Thus,

modeling indicates that the pump-and-treat extraction

wells contain the entire high concentration area of the

plume, and provide a continuous hydraulic barrier to
plume movement. The capture zone is shown in
Figure 2.8-17.

The three northernmost extraction wells have
operated since 1996, and the areas of capture for indi-
vidual wells have merged. The numerical modeling
predictions indicate that pump-and-treat operations
have removed 1 pore volume of water from the upper
15 meters of the aquifer from an area of 332,000 square
meters around the northernmost extraction wells.
The three southernmost extraction wells began oper-
ating in 1997, and the areas of capture for individual
wells have not merged. The modeling predictions indi-
cate that wells 299-W15-32, -36, and -37 have removed
1 pore volume of water from an area of 12,000, 24,000,
and 31,000 squére meters, tespectively, around those
wells. For a more detailed description of 200-ZP-1
modeling, refer to DOE/RL-99-02 and DOE/RL-99-79.
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5 0 Well lns’rqllahon, Maintenance and
- Decommissioning

R. B. Mercer, B. A. Williams, J. E. Auten

This section describes well installation, mainte-
nance, and decommissioning activities conducted on
the Hanford Site during fiscal year 1999.

5.1 Well Installation

The Hanford Groundwater Monitoring Project
defines needs for new monitoring wells in a description

of work between Pacific Northwest National Labora-

tory and Bechtel Hanford, Inc. Each year, the ground-
water project installs new wells to maintain network
compliance with the Resource Conservation and Recov-
ery Act of 1976 (RCRA) groundwater monitoring
requirements and U.S. Department of Energy {DOE)
orders. These compliance issues include ongoing
RCRA facility groundwater assessments, replacement
of monitoring wells that go dry because of the declin-
ing water table, replacement of wells that pose con-
tamination risks to the environment, improvement of
spatial coverage of the monitoring networks, and ver-
tical characterization of groundwater contamination.
The environmental restoration contractor also deter-
mines its needs for new wells annually.

Well Installation

Twenty-six new wells were insialled on the
Hanford Site in fiscal year 1999:

> 8 for RCRA monitoring

» 16 for CERCLA investigations or
remediation

» 1fora proposed low-level waste site

> 1 for vadose-zone characterization at a
tank farm.

Each year DOE and the Washington State Depart-
ment of Ecology (Ecology) approve RCRA wells
through a process that integrates data quality objec-
tives. This process integrates the data needs of various
Hanford Site projects in the proposéd wells (i:e., Com-
prehensive Environmental Response, Compensation, and
Liability Act of 1980 and Tank Waste Remediation
System).

Milestone M-24-00K (Ecology et al. 1989} required
the instaliation of eight new RCRA groundwater moni-
toting wells {Table 5.1-1) by February 29, 2000. Well
data packages will be published in fiscal year 2000
with more detailed information about these new wells,
including the detailed geologic and geophysical
desctiptions and a complete set of sampling data results.
Sixteen new wells were installed in the 100 Areas for
activities related to environmental restoration. One
well was installed to support characterization for a
proposed immobilized low-activity waste repository
and another for vadose zone characterization at the

SX Tank Farm (see Table 5.1-1),

5.2 Well Maintenance

Maintenance of groundwater wells is performed
to meet regulatory requirements as part of a scheduled
preventive maintenance cycle (routine) or in response
to problems identified in the field (non-routine).
Non-routine maintenance includes both surface and
subsurface tasks. Surface tasks include conducting field
inspections, well labeling, maintenance and replace-
ment of locking well caps, casing repairs, and diagnosis
and repair of surface electrical and pump-discharge
deficiencies. Subsurface tasks include repairing and
replacing sampling pumps; petforming camera surveys;
brushing casing perforations or screens; developing
wells to improve yield, recovery, and sample quality;

~ or removing sediment accumulation. Routine mainte-

nance is performed on a 5-year cycle in support of
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groundwater sampling and to minimize non-routine
maintenance activities. At a'minimum, routine main-
tenance includes the following tasks:

¢ removal of groundwater sampling pump system
“and/or aquifer testing instrumentation/equipment

_® inspection and repair or replacement of sam-
pling pump system and/or aquifer testing
instrumentation/equipment '

* brushing/cleaning of well casing perfofatiqns/well
screen ‘

* removing debris and fill material
e developing the well
e performing borehole video camera survey

s reinstallation of sampling andfor aquifer-testing
instrumentationfequipment

o documenting well conditions and maintenance
activities.

About 110 wells were repaived or
cleaned and 6 wells were decommissioned
in fiscal year 1999.

Norn-routine tasks are performed in responise to a
problem identified in the field. Non-routine mainte-
‘nance tasks are varied and dependent on the specific
problem encountered at a well.

A summary of the number of maintenance activi- .
ties by regulatory program, on which routine and
maintenance tasks were performed in fiscal year 1999,
is presented in Table 5.2-1.

5.3 Well Decommissioning

Decommissioning activities result in the petma-

" nent removal of a well from service and from the

Hanford Site well inventory. Well decommissioning
is performed in accordance with Ecology standards
(WAC. 173-160). A well becomes a candidarte for
decommissioning if its use has been permanently dis-
continued; if its condition is so poor that its continued
use is impractical; or it poses an environmental, safety,

‘or public health hazard.

Wells that present the tisk of being immediate
hazards to the public health or safety are categorized
into basic risk groups (high, medium, and low). These
categories identify wells that have the potential to

O

provide preferential pathways that allow movement of
contaminants deeper into the subsurface strata. Well
classifications are shown in Figure 5.3-1.

At this time, well décommissionihg is generally
driven by the long-range environmental restoration
schedule (DOE/RL-96-105, Rev. 1). During fiscal
vear 1999, six Hanford Site wells were decommis-
sioned (Table 5.3-1). Wells decommissioned to date
on the Hanford Site are illustrated also in Figure 5.3-1. -

O
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Well Number

199.D4-19
199-D4-20
199-D4.21
199.4.22
199-D4.-23
199-D5-36
199.D5.37
199.D5.38
199.D5-39
199-D5-40
199.D5-41
199.D5.42
199.D5.43
199.D5.44
199-H4.65
199-K-126
299.E17-21
299-E33-334
299.E33-335
209.W15-41
299-W22-48
299-W22-49
299-W22-50
299.W/23-19
299.-W26-13
699-43-44

Well installation, Maimenance, and Decommissioning

Table 5.1-1. Well Installations for Fiscal Year 1999

Well ID

B8746
B8750
B8755
B8718
B8779
B8744
B8745
B&747
B8748
B8749
B8751
B8752
B8753
B8754
B8759
B8760
B85C0
B8SI10
B8811
B8815
B8812
B8813
B8814
B8809
B8817
B8758

Program . Project
CERCLA 100-HR-3 Operable Unit
" CERCLA 100-HR-3 Operable Unit
CERCLA 100-HR-3 Operable Unit
"CERCLA - 100-HR-3 Opetable Unit
CERCLA 100-HR-3 Operable Unit
CERCLA 100-HR-3 Operable Unit
CERCLA 10C-HR-3 Operable Unit
CERCLA 100-HR-3 Operable Unit
CERCLA 100-HR-3 Operable Unit
CERCLA 100-HR-3 Operable Unit
CERCLA 100-HR--3 Operable Unit
CERCLA 100-HR-3 Operable Unir
CERCLA 100-HR-3 Operable Unit
CERCLA 100-HR-3 Operable Unit
CERCLA 100-HR-3 Operable Unit
CERCLA 100-KR-4 Operable Unit
LAY ILAW
RCRA B-BX-BY tank farms
RCRA B-BX-BY tank farms
RCRA TX-TY tank farms
RCRA 5-8X tank farms
RCRA $-5X tank farms
RCRA S-8X tank farms
RPP RPP
RCRA 216-5-10 pond and ditch
B Pond

RCRA

TLAW = Immobilized low-activity waste.

RPP = River Protection Project.

Table 5.2-1. Well Maintenance Summary

Program

RCRA
CERCLA
Surveillance
Total

Routine

11
5
14
30

Nonroutine

42
23
16
81

RCRA = Resource Conservation and Recovery Act of 1976,
CERCLA = Comprehensive Environmental Response, Compensation,

and Liabifity Act of 1980.
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_ Well Name

199.D5-12 -

© 299.E25-27
299.E25-33
299.E25.49
299.E25-50
299.W23-234

r'/——\x
: 1
Table 5.3-1. Wells Decommissioned in Fiscal Year 1999
Well ID Location Date
A4560 100D September 30, 1999
A4772 200 East December 9, 1999
A4781 200 East December 9, 1999
AB038 . 200 East December 14, 1999
AB039 200 East December 10, 1999
B282§ 200 West August 30, 1999
N
;/\
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Figure 5.3-1. Classification of Wells for Decommissioning
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- Appendix A

Supporting Information

M. J. Hartman

This appendix lists supplemental information for
waste disposal facilities on the Hanford Site requiring
groundwater monitoring and regulated under the Wash-
ington Administrative Code (WAC) (Figure A.1).
Most of these are regulated wnder the Resource Conser-
vation and Recovery Act of 1976 (RCRA) (WAC 173-

.303), on which this appendix is focused. Three treated
effluent disposal facilities (WAC 173-216), one solid
waste landfill (WAC 173-304), and various ground-
water operable units {Comprehensive Environmental
Response, Compensation, and Liability Act of 1980
[CERCLA ate also included. Exceedance of drink-
ing water standards and derived concentration guides
are also discussed for each geographic region. Infor-
mation required by the regulations (e.g., assessing the
adequacy of the monitoring networks) is included for

each RCRA unit.

Table A.1 lists the monitoring status for RCRA
facilities at the end of fiscal yéar 1999, Estimates of
groundwater velocity, and supporting data, are shown
for RCRA sites in Table A.2. Table A.3 lists wells
exceeding drinking water standards for each regulated
unit during fiscal year 1999.

The supplémental information includes tables
of wells, constituents, and statistical evaluations
(Table A.4 through A.51) and maps of well locations
'(Figures A.2 through A.23). The tables provide refer-
ences to applicable monitoring plans. Wells that are
sampled jointly with other RCRA umits or to meet the
requirements of other regulations or U.S. Department
of Energy (DOE) orders are noted in the “other net-
works” column.

A.1 100 B/C Area

The 100 B/C Area continued to be monitored in
accordance with CERCLA (100-BC-5 Operable Unit)
and the Atomic Energy Act of 1954. The CERCLA
well network and constituent list were revised in fiscal

year 1999 and are documented in Federal Facility

- Agreement and Consent Order Change Control Form

No. M-15-99-03, dated July 14, 1999. Sampling sched-
ules and analyte selection are coordinated to meet the
requirements of both regulations. '

Moniroring wells in the 100 B/C Area are sam-
pled biannually to quarterly. Strontium-90 and trit-
ium exceeded their interim drinking water standards
locally. Gross beta also exceeded its standard, corre-
sponding to the wells with high strontium-90. Chro-
mium exceeded the maximum contaminant level in
two wells, nitrate in one well. No radiclogical con-
raminants were detected at levels above the derived

‘concentration guides.

A2 100K Area

Regulatory compliance issues related to ground-
water it the 100 K Area include monitoring associ-
ated with the KE and KW Fuel Storage Basins and
CERCLA environmental restoration activities.

A2.1 KW cm.d KE Fuel Storage Basins

Groundwater monitoring in fiscal year 1999 indi-
cated there were no new leaks from these basins. DOE
moritots groundwater around these facilities to ensure
compliance with requirements for nuclear fuel and
waste storage facilities (DOE Order 5400.1 [IVIgh).
The regulatory basis for monitoring these facilities is
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further descﬁbed in the Hanford Site environmental

monitoring plan {DOE/RL-91-50, Rev, 2). The imple-

mentation of these monitoring and reporting require-
ments is contained in a groundwater monitoring and

assessment plan (WHC-SD-EN-AP-174).

A.2.2 100-KR-4 Operable Unit

The environmental restoration contractor con-
tinued to operate a pump-and-treat system for chro-
mium in 100 K Area in fiscal year 1999, The system
is an interim action in response to a 1996 record of-
decision (ROD 1996a).

The specific objectives of the pump-and-treat sys-
tem are to protect aquatic receptors in the Columbia
River bottom substrate from contaminants in ground-
water entering the Columbia River, protect human
health by preventing exposure to contaminants in the
groundwater, and provide information leading to a
final remedy. The performance evaluation and annual
summary reports indicated that the pump-and-treat sys-
tem reduces contaminant flux to the Columbia River
by creating a hydraulic barrier that extends along the
length of the trench. The extraction wells and treat-

_ ment system capture and remove contaminants from
the groundwater passing between the trench and the
river that otherwise would enter the Columbia River.
Institutional controls prevent access to groundwarer,
thereby protecting human health. Water-level, con-
taminant, system treatment cost and efficiency, and
geologic data all serve to provide the decision basis for
the future final remedy. This area is discussed in more
detail in Section 2.3 of the main rext. ‘

CERCLA characterization of groundwater con-
tamination also continued in fiscal year 1999. The
groundwater monitoring schedule consists predomi-
‘nantly of ahnual sampling of wells, with analyses for
anions, metals, and radiclogical indicators (BHI-00916).
The list of wells, frequency of sampling, and analyses

tobe perforfnec_i are described in National Priorities
List Agreement/ Cha_rige Control Form No. 108, dated
November 20, 1996. DOE/RL-96-90 and DOE/RL-
96-84 describe sampling and monitoring required as
part of the interim action.

A.2.3 Drinking Water Standards and

Derived Conceniration Guides

In fiscal year 1999, strontium-90 exceeded the
1,000-pCi/L derived concentration guide in well
199.K-109A, near the 116-KE-2 crib. Tritium
exceeded the 2 million pCi/L derived concentration
guide in well 199-K-30, Wells downgradient of the
KW and KE Reactors exceeded the drinking water
standards for tritium, strontium-90 (and gross beta),
carbon-14, and nicrate. ‘Chromium exceeded the
100-pg/L maximum contaminant level near the

KE Reactor and the 116-K-2 liquid waste disposal

trench. Trichloroethylene exceeded the 5-pg/L maxi-
mum contaminant level near the KW Reactor. Two
wells upgradierit of KE Reactor exceeded the 0.1 mg/L.
limit for nickel. Single samples exceeded the maximum
contaminant levels for cadmium and thallium in fil-
tered samples from wells 199-K-34 and 199-K-36,
respectively. Isolated exceedances of secondary limits
for iron, manganese, and nickel also were observed.

A.3 100 N Area

Regulatory compliance of the groundwater in the

100 N Area includes RCRA monitoring, CERCLA
environmental restoration activities, and a National
Pollutant Discharge Elimination System permit under
the Federal Water Pollution Control Act.

A.3.1 RCRA Units

The 1301-N, 1324-N/NA, and 1325-N liquid-
waste disposal facilities are monitored in accordance
with RCRA interim status indicator evaluation pro-

. grams (40 CFR 265, WAC 173-303-400). During fis-

cal year 1999, upgradient and downgradient wells were
sampled twice for contamination indicator parameters
(pH, specific conductance, total organic carbon, and
total organic halides) and once for groundwater quality
and site-specific parameters (Table A.4 and Figure A.2).
The critical mean values for indicator parameters
were all revised in December 1999 for evaluating the
data from September 1999 and from fiscal year 2000
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{Tables A.;j through A.7). The new values are- based

-~ on recent data (1997 through 1999) from the upgra-

dient wells.

© At the 1301-N facility, total organic carbon in
downgradient well 199-N-3 exceeded the critical mean
value in January, March, and September 1999. Wash-
ington State Department of Ecology (Ecology) was
notified in February 1999. Because no organic constitu-
ents of concermn have been identified in 1301-N waste
or sediment, the contamination is assumed to come

" from another source, -and the site remains in indicator

evaluation status.

Specific conductance in wells 199-N-59, 199.N-72,
and 199-N-73 downgradient of the 1324-N/NA site

continued to exceed the critical mean value in fiscal

year 1999. A groundwater quality assessment indi- -

cated that the high specific conductance is caused by
the non-hazardous constituents sulfate and sodium
(WHC-SD-EN-EV-003, Rev. 1). Because an assess-
ment has already been completed and non-hazardous
constitiients caused the high conductance, no further
action was needed.

Concentrations of total organic carbon in one

- downgradient well (199-N-59) continued to exceed the

critical mean value in March 1999 at the 1324-N/NA
site. Ecology has agreed that the contamination is
from another source so assessment monitoring is not
required. In accordance with Ecology’s instruction, a
detection monitoring program continues for this site.
Total organic carbon data from September 1999 did
not exceed the revised critical mean value.

The revised critical mean value for specific con-
ductance at the 1325-N facility was lower than the
previous value, and two of the downgradient wells
exceeded the revised mean in September 1999. DOE
notified Ecology and submitted an assessment report
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that concluded the exceedance did not indicate con-
tamination from the facility (see Section 2.4 of the
main text).

Of the dangerous waste constituents or byproduct
discharged to these facilities, only nitrate exceeded
the maximum contaminant level, and the sources are
unclear (see Section 2.43 of main text). The 1301-N
and 1325-N facilities have contaminated the ground-
water with tritiim and strontium-9Q, but radionuclides
are not monitored as part of the RCRA program at
these facilities. The 1324-N/NA site has contami-
nated groundwater with sulfate and sodium, which are
not dangerous waste constituents. Table A.3 lists
constituents that exceeded drinking water standards
in fiscal year 1999. '

The closure plans for these facilities were revised
and incorporated into a modification of the Hanford
Sire RCRA Permit (Ecology 1994). The modification
became effective in fiscal year 1999. Remedial actions .
will be integrated with the 100-NR-1 and 100-NR-2
Operable Units. The closure plan (DOE/RL-96-39)
states that RCRA monitoring during and after closure
activities will continue, according to the existing
interim status monitoring plan (WHC-SD-EN-AP-038,

" Rev: 2). The current well neeworks adequately moni-

tor the sites, and there are no plans to modify the net-
works in fiscal year 2000.

A.3.2 100-NR-2 Operable Unit-

A pump-and-treat system for strontium-90 con-
tinued to operate in 100 N Area in fiscal year 1999,
The environmental restoration contractor operates
the system in response to-an action memorandum®™
and a record of decision signed in September 1999
(Ecology 1999). :

{a) Letter from D. Butler (Washington State Department of Ecology) and R. E Smith (U.S. Environmental Protection Agencv)
to R. Izatt (U.S. Department of Energy, Richland Operations Office, Richland, Washington) dated September 13, 1994, “Action
Memorandum: N-Springs Expedited Response Action Cleanup Plan, U.S. Depattment of Energy, Hanford Site, Richland,

. Washingron.”
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"The goals of this pump-and-treat system are to:

» reduce strontium-90 contamination flux from the
groundwater to. the Columbia River '

* cvaluate commercially available treatment options
for strontium-90

s provide data necessary to set demonstrable
strontium-90 groundwater cleanup standards.

The system met these goals in fiscal year 1999
(see Section 2.4.1 of the main text), The pump-and-
treat operation is-successfully intercepting and captur-
ing groundwater containing elevated concent_rationé_
of strontium-90, and preventing that groundwater from
discharging into the Columbia River. The pump-and-
treat program collects hydraulic monitoring data, con-
taminant monitoring data, and treatment system
operation data to assess treatment system performance,

and to provide the basis for selecting the final remedy.

National Priorities List Agreement/Change Con-
trol Form No. 113, dated March 25, 1997, sp_ecifi.es
performance mdnitoring‘requirements for the N Springs
pump-and-treat system. The basic requirement is to

sample the process influent and effluent streams
" monthly for strontium-90 analysis and to place the
a'malytical results in a database to which the regulator
~ has access. An update to the original monitoring plan
(i.e., BHI-00164, Rev. 1) identifies and summarizes all
current groundwater monitoring being conducted in

the 100 N Area (BHI-01165).

The remedial investigation for the 100-NR.2 Oper-
able Unit also collected groundwater data in fiscal year
1999. Monitoring results, along with information
gained By operating the pump-and-treat system, will
be used to support selection of a fi_hal remediation

alternative for the operable unit. Federal Facility Agree- -

ment and Consent Order Change Control Form No.
M-15-96-08, signed on October 9, 1996, lists the wells
and analyses to be performed to satisfy groundwater
monitoting requirements for the 100-NR-2-Operable
Unit (CERCLA) and the 1301-N, 1325-N, and
1324-N/NA facilities (RCRA).

The Sitewide Environmental Surveillance Project
collects riverbank seepage annually. Authority for
this activity comes from DOE orders for environmen-
tal monitoring. The results are presented in an annual
report (e.g., Section 4.2 in PNNL-11795). The Near-
Facility Environmental Monitoring Program, which is
also mandated primarily by DOE orders, conducts
additional groundwater and surface water monitoriﬁg.
Samples are collected from 13 near-river well casings,
which have been driven into the shoreline gravels,
and also from a neat-river monitoring well. The moni-
toring supports activities for waste management and
environmental restoration and helps determine the
effectiveness of effluent treatment and control practices.
Results are presented annually (e.g., HNF-EP-0573-6)..

A.3.3 Pollution Permit

Until May 1999, the National Pollutant Discharge
Elimination System permit required that 100 N Area
well 199-N-8T be sampled quarterly for ammonium,
chromium, grease, iron, oil, and temperature. The
ongmal purpose of this sampling was to monitor the
effects of effluent discharge that was associared with
thé 1301-N and 1325-N facilities at a near-river loca-
tion. Because neither facility has been in operation
since 1991, the permit was revised to eliminate this
requirement.

A.3.4 Drinking Water Standards and
Derived Concentration Guides |

Strontiurn-90 continued to exceed the 1,000-pCi/L
derived concentration guide in well 199-N-67. Nitrate,

~ strontium-90 (and gross beta), sulfate, and tritium

continued to exceed maximum contaminant levels or
drinking water standards in the 100 N Area. Filtered
manganese exceeded its secondary maximum contami-

nant level in two wells. Filtered chromium exceeded

its maximum contaminant level in one well completed

in a locally confined unit.
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A.4 100 D Area

RCRA and CERCLA govern groundwater moni-
toring in the 100 D Area. CERCLA environmental
restoration activities include remedial investigations
and performance monitoring associated with the

groundwater interim action pump-and-treat system.

A.4.1 120-D-1 Ponds

The 120-D-1 ponds well network (Table A8 and
Figure A.3)} was sampled once in fiscal year 1999. ‘After
that, Ecology implemented modification E of the Han-
ford Site RCRA Permit (Ecology 1994} and the site
was clean closed. This means that all dangerous waste
or dangerous waste constituents or residues associated
with the operation of the ponds have been removed.
The closure plan (DOE/RL-92-71, Rev. 2) is a demon-
stration of clean closure, and there are no requirements
for a landfill cover, postclosure care, or further ground-
water monitoﬁng. '

Statistical evaluations of indicator parameter data
indicated that the ponds have had no adverse impact
on groundwater quality. Mercury is the only listed
waste that may have been discharged to these ponds
and was never detected inany of the downgradient
monitoring wells. Chromium and nitrate from upgra-

dient sources exceeded maximum contaminant levels
{see Table A.3). '

A.4.2 100-HR-3 Operable Unit

The extraction well network in the northern region
of the 100 1) Area centinued to operate through fiscal
year 1999, The purpose for the interim remedial action
is to decrease the amount of hexavalent chromium
that is entering the Columbia River via groundwater.
The key documents that pertain to this interim action
are the record of decision to proceed {ROD 1996h)
and the performance monitoring plan (DOE/RL-96-84).

The specific objectives of the pump-and-treat sys-
tem are to protect aquatic receptors in the river bot-
tom from contaminants in groundwater entering the
Columbia River, protect human health by preventing
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exposure to contaminants in the groundwarter, and
provide information leading to a final remedy. The
performance evaluation and annual summary reports
indicated that the pump-and-treat reduces contami-
nant flux to river by creating a hydraulic barrier that
extends parallel along the length of the trench. The
extraction wells and treatment system capture and
remove contaminants from the groundwater passing
between the trench and the river that otherwise would
enter the Columbia River. Institutional controls pre-
vent access to grounidwater, thereby protecting human
health. Water-level, contaminant, system treatment
cost and efficiency, and geologic data collected in sup-
port of the project all serve to provide the decision basis
for the future final remedy. It is discussed in more
detail in Section 2.5 of the main text. '

Groundwater monitoring in other 100-HR-3 wells
in 100 D Area also continued during fiscal year 1999.
The list of wells to be sampled-and the analyses to be
performed have been agreed on and are described in
National Priorities List Agreement/Change Control
Form No. 107, dated November 20, 1996. Most wells
are sampled anmually, and the samples are analyzed for
anions, metals, and radiological indicators. DOE/RL-
96-90 and DOE/RL-96-84 describe monitoring required
as part of the interim action.

The U.S. Environmental Protection Agency
(EPA), Ecology, and DOE signed an amended record

 of decision for the 100-HR-3 Operable Unit in Octo-

ber 1999 (ROD 1999). The amendment adds a require-
ment for implementing in situ redox manipulation to
remediate the chromium plume in the southwestern
100 D Area. The goal of this treatment system is to
reduce concentrations of hexavalent chromium to
20 pgfl. or less in compliance wells, which are yet to be
determined. A design reportfwork plan is being pre-
pared to define groundwater monitoring requirements.

A.A.3 Drinking Water Standards and
Derived Conceniration Guides

Nitrate and chromium exceeded the maximum
contaminant levels or drinking water standards during
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fiscal year 1999 in a fairly broad area. Strontium-90
and tritium exceeded interim standards in one well in
the central 100 D Area and another well in the north-
ern 100 D Area; tritium contamination that migrates
from the 100 N Area is present in the southwestern
100 D Area at levels ahove the drinking water standard.

No tadiological constituents exceeded the derived -

concentration guides.

A5 100 H Area

RCRA and CERCLA govern groundwater moni-
toring in the 100 H Area. Environmental restoration
activities under CERCLA include remedial investiga-
tions and performance monitoring associated with the
groundwater interim actidn pump-and-treat system.

A.5.1 183-H Solar Evaporation quins

This RCRA unit continued to be monitored under
a final status corrective-action program during fiscal
year 1999 (WAC 173-303-645). The location was
incorporated into the Hanford Site RCRA Permit
(Ecology 1994) in 1998. Groundwater remediation is
integrated with the 100-HR-3 Operable Unit, where
* remediation for chromium is under way. While the
pump-and-treat system is operating, RCRA monitoring
consists of annual sampling of four wells for chromium,
fluoride, nitrate, technetium-99, and uranium (PNNL-
11573; Table A.9 and Figure A.4). The wells were
sampled in November 1998. '

The current monitoring network was designed to
accommodate groundwater flow imposed by the pump-
and-treat system. The network remains adequate, and
no changes are planned for fiscal year 2000.

A.5.2 100-HR-3 Operable Unit

The extraction and injection well networks in the
100 H Area continued to operate through fiscal year
1999, ' '

The purpose for the inferim action is to decrease
the amount of hexavalent chromium that is entering
the Columbia River via groundwater movement. The

key documents that pertain to this interim action are

the record of decision to proceed (ROD 1996a) and
the remedial action work plan (DOE/RL-96-84).

The specific objectives of the pump-and-treat sys-

tem are to protect aquatic receptors in the river bottom.

substrate from contaminants in groundwater entering
the Columbia River, protect human heaith by pre-
venting exposure to contaminants in the groundwater,
and provide information leading to a final remedy. The
performance evaluation and annual summary reports
indicated that the pump-and-treat system reduces
contaminant flux to the river by creating a hydraulic
barrier that extends parallel along the length of the
trench. The extraction wells and treatment system
capture and remove contaminants from the ground-
water passing between the trench and the river that
otherwise would enter the Columbia River. Instita-
tional controls prevent access to groundwater therehy

protecting human health, Water-level, contaminant, -

systern treatment cost and efficiency, and geologic data
all serve to provide the decision basis for the future
final remedy. The interim action is discussed in more
detail in Section 2.6 of the main text.

Groundwater monitoring in other 100-HR:3 wells
in the 100 H Area also continued during fiscal year
1999. The list of wells to be sampled and the analyses

to be performed have been agreed on and are described
~ in National Priorities List Agreement/Change Con-

trol Form No. 107, dated November 20, 1996. Most

 wells are sampled annually, and the samples are ana-

lyzed for anions, metals, and radiological indicarors.
During fall 1998, aquifer sampling tubes and riverbank
seepage were sampled. DOE/RL-96-90 and DOE/RL-
96-84 describe additional monitoring that is required
as part of the interim action.

A.5.3 Drinking Water Standards and
Derw_ecl Conceniration Guides

Maximum contaminant levels were exceeded in
the 100 H Area for the following constitients durf.ﬁg
fiscal year 1999: chromium and nitrate throughout
the 100 H Area, gross beta near the former 183-H
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solar evaporation basins and 107 -H retention basins,
strontium-90 near the former 107-H retention basins,

and uranium near the former 183-H basins, In ali cases,

the fiscal year 1999 values exceeded the limits by rela-
tively small margins. Another contaminant of con-
cern, technetium-99, remained below the 900-pCifL
standard in fiscal year 1999. No radiological constitu-
ents exceeded the derived concentration guides.

A.6 100 F Area

CERCLA (100-FR-3 Operable Unit) and the
Atomic Energy Act of 1954 govern groundwater moni-
toring in the 100 F Area. The CERCLA monitoring
network and constituent list were revised in fiscal year
1999 and are documented in Federal Facility Agree-
ment and Consent Order Change Control Form No.
M-15-99-02, dated July 14, 1999. The Hanford
Groundwater Monitoring Project coordinates sampling
schedules and analyte selection to meet the require-
ments of both regulations. Wells are sampled biannu-
ally to quarterly. '

Nitrate exceeds its maximum contaminant level
beneath most of the 100 F Area and downgradient.
Gross beta, strontium-90, trichloroethylene, tritium,
and uranium also exceeded standards locally. No
radiological constituents exceeded the derived con-
centration guides.

A.7 200 West Area

RCRA, CERCLA, and state dangerous waste regu-
lations govern groundwater monitoring in the 200 West
Area. Groundwater is monitored at eight RCRA sites
and two groundwater operable units.

A.7.1 Waste Management Area 5-5X

This RCRA site continued to be monitored under
an interim status assessment program duting fiscal year
1999. DOE initiated the assessment program in
response to a directive from Ecology in 1996. The
directive cited anomalous trends in technetivm-99 and
high specific conductance as primary reasons for the
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assessment. An assessment plan was submitted in
August 1996 (WHC-SD-EN-AP-191). A report on
the results of the assessment (PNNL-11810) concluded
that this waste management area contributed to ground-
water contamination. Accordingly, investigation of -
the rate and extent of the co_ntaminatibn is required.
Current monitoring wells and constituents are listed
in Table A.10. Well locations are shown in Figure A.5.
Three new wells were installed in 1999 to improve
spatial coveragé and to replace wells going dry. Addi-
tional wells are needed to replace upgradient wells -
that will be dry in 2000 and in the following years.
However, any new drilling for fiscal year 2000 is sub-
ject to funding availability.

“The rate of movement (see Table A.2) and extent
of contamination at this site are discussed in Section 2.8
of the main text. -

A.7.2 Waste Management Area T

This RCRA site continued to be monitored under
an initerim status assessment program during fiscal year
1999 (Table A.11 and Figure A.6). Waste management
areas T and TX-TY began assessment anitOting in
November 1992 because of high specific conductance
in downgradient wells (WHC-SD-EN-AP-132).
Assessment fin&ings (PNNL—l 1809) indicated: that

. contaminants in well 299-W10-15 are a result of sources

outside the waste management area. There is strong
evidence, however, that contaminants observed in

~well 299-W11-27, which include chromium, cobalf—ﬁO,

nitrate, technetium-99, and tritium, are a result of
sources within the waste Mmanagement area, SO assess-
ment work bas continued. The plume detected in well
299-W11-27 has reached well 299-W11-23, located to
the east of 299-W11:27, apparently as a.result of
changed groundwater flow direction at Waste Man-
agement Area T.

The rate of groundwater flow (see Table A.2) and
the extent of contamination at this site is discussed in
Section 2.8. o
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The current network of wells is inadequate for
assessment monitoring. A minimum of two and prob-
ably three new wells are needed along the eastern
margin of the waste management area. Two have.
been proposed, one between wells 299-W11-23 and
299-W11-24, and one between wells 299-W11-24 and
- 299-W/11-12. However, the evidence from the
technetium-99 plume (PNNL-11809) indicates that
an appropriate well spacing is ~35 meters. Thus, two
new wells between 299-W11-24 and 299-W11-12
would be appropriate. In addition, there is inadequate
upgradient coverage because of the change in ground
water flow direction.

A.7.3 Waste Management Area TX-TY

This RCRA unit continued to be monitored under -

an interim status assessment pfogram during fiscal year
1999 (Table A.12 and Figure A.6). Waste Management

Area TX-TY began assessment monitoring in Novem- .

ber 1991 because of high specific conductance in wells
299-W10-17 and 299-W14-12 (WHC-SD-EN-AP-
132). The exceedance in well 299.W14.12 was
accompanied by elevated cobalt-60, iodine-129,
technetium-99, and tritium. Assessment results -
(PNNL-11809) indicated that contaminants in well
299-W10-17 are a result of sources outside the waste
management area. Assessment results for well 299-
W14-12 indicate that the contamination is consistent
with a source within the waste management area,
though upgradient sources are also possible. Because
there was no direct evidence for upgradient sources,
assessment continues at the site. Well 299-W15-40
was drilled near the 216-T-25 trench in fiscal year
1999 to evaluate its potential role in providing the
observed contamination. Results indicate that the

trench. is not the source of contamination.

The rate of groundwater flow (see Table A.2) and
the extent of contamination at this site is discussed in
Section 2.8.

The well network is inadequate for assessment
monitoring. The average distance between monitor-
ing wells along the southeastern margin of the waste

_ management area is ~70 meters, and a plume could

pass through undetected. In addition, because well
299-W14-12 is expected to go-dry, there are no wells
located at intermediate or farther distances to track
plume movement, and there are no upgradient wells

for the northern portion of the waste management
area (TY Tank Fatm)

A.7.4 Waste Management Area U

Monitoring continued in accordance with RCRA
interim status indicator evaluation requirements in fiscal
vear 1999. The site is sampled qﬁarterly because con-
taminant concentrations fluctuate rapidly and because
of the evidence that low levels of technetium-99 from
the waste mzmagément area are contaminating ground-

water. (Juarterly samplirig provides assurance that -

changes will be detected rapidly. The wells are sarmpled
for a broader suite of constituents than specified under
the RCRA interim status requirements (Table A 13
and Figure A.5).

Indicator parameter data from upgradient wells
were statistically evaluated, and values from down-
gradient wells were compared to valies established
from the upgradient wells. Two downgradient wells
{299-W18-30 and 299-W19-42) continue to exceed
the critical mean value of total organic halides during
the first and second quarter of fiscal year 1999. The
exceedance is caused by an upgradient source of carbon
tetrachloride, and a letter of notification and assess-
ment report were submitted to Ecology in August 1998.

Field specific conductance in two new downgradi-
ent wells {299.W19.-41 and 299-W1942) exceeded
the critical mean value in December 1998 and February
1999. However, laboratory analyses and relationships
between cationsfanions and specific conductance did
not support the field measurements. Verification sam-
pling was not necessary. Anomalous, high field meas-
urements were ateributed to a bad batch of calibration
solution.and thie problem was corrected. '

The critical range for pH was exceeded in one
downgradient well (299-W19-12) during February
1999. This well was a pre-RCRA well that has had
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higher pH historically. A new groundwater monitor-
ing plan is being prepared, recommending that this
well be replaced by a new RCRA standard well and -
during the interim, this well will be used for informa-
tion only. Background levels were re-established to
reflect this change.

Critical mean values were revised in December
1999 based on recent upgradient data (Table A.14).
The revised values were applied to data from August
1999. Recent specific conductance values in the upgra-
dient wells have been lower and have had less variabil-
ity than in the past, so the revised critical mean value is
lower. Consequently, downgradient well 299-W/19-41
exceeded the revised critical mean in August 1999.
An assessment plan is being prepared.

The well network generally is adequate for detec-
tion monitoring. Well 299-%19-12, an older non-
RCRA well, is being used temporarily to fill a gap in
the downgradient network between wells 299-W19-41
and 299-W19-42. Thiswell is used for indication only
and a replacement well has been proposed. The upgra-

- dient network will be reduced to one well within the
next year when the water level in well 299-W18-25
drops-too low for sampling.

Only catbon tetrachloride and gross beta exceeded
maxitum contaminant levels in fiscal year 1999. The-
carbon tetrachloride is discussed above. The gross
beta is caused by technetium-99, which is present in

the downgradient wells at concentrations below its
900.pCi/L drinking water standard.

A.7.5 216-5-10 Pond and Ditch

During fiscal year 1999, this facility continued to
be monitored semiannually under a RCRA interim
status indicator evaluation program (Table A.15 and
Figure A.7). Statistical evaluation of indicator
parameter data from downgradient wells indicates
that the site is not impacting groundwater. Because
downgradient well 299-W26-10 could not be sampled
during this fiscal year, background concentrations
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were re-established using the fiscal yéa: 1999 nerwork
of one upgradient and two shallow downgradient wells
(Table A.16). A new well was installed for use begin-
ning in fiscal year 2000.

Sample results that exceeded drinking water stan-
dards and maximum contaminant levels are presented
in Table A.3. Chromium remains elevated above the
100-pg/L standard in upgradient well 299-W26-7.
Because the upgradient well is located adjacent to the
216-5-10 pond (see Figure A.7), it is unclear if the
elevated chromium is from an upgradient source or
from past discharges to the pond. To assess the chro-
mium source further, a proposal is being drafed to
reclassify this well as a downgradient well and replace
it with a new upgradient well in calendar year 2000.

Currently the 216-$-10 pond and ditch are moni-
tored by only one upgradient well and two shallow
downgradient wells because other wells have gone dry.
The groundwater monitoring network:is not adequate
for RCRA interim status monitoring. One new down-
gradient well (299-W26-13) is being installed down-
gradient of the pond and will provide gromdmter' data
for the continued evaluation of the elevated chromium.
Two additional wells, one upgradient and one down-
gradient, are proposed for installation in calendar year
2000.

A7.6 216-U-12 Crib

This RCRA unit continued to be monitored under
an interim status assessment program in fiscal year
1999. Assessment monitoting began in 1993 because
of high specific conductance in two downgradient wells
(299-W22-41 and 299-W22-42) (WHC-SD-LEE-EV.-
001). Infiscal year 1999, network monitoring wells

‘were sampled quarterly for constituents of interest

(Table A.17 and Figure A.8).

Based on the results of the assessment investiga-
tion (PNNL-11574), the site remains in interim status
assessment monitoring because of continued elevated

levels of nitrate and technetium-99. However, the
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objective of the assessment monitoring, rather than
delineating the existing plumes, is focused on (1) deter-
mining whether the flux of constituents into the
groundwater is increasing, staying the same, or decreas-
ing; (2) monitoring the known constituents until a
near-term interim cortective action is defined; and
(3) monitoring until afinal status plan is implemented.
The rate of groundwater flow (see Table A.2) and the
extent of contamination at this site is discussed in
Section 2.8. C

The crib will not receive additional effluents and
is scheduled, according to provisions of the Hanford
Site RCRA Permit (Ecology 1994}, to be closed under
RCRA final status regulations in 2005.

Currently the 216-U-12 crib is monitored by only
~ one upgradient well (299-W22-43) and two downgra-
dient wells (299-W22-79, and 699-36-70A). Declin-
ing water levels have rendered downgradient wells
299-W22-41 and 299-W22-42 dry in the past year
(both wells last sampled in March 1999), The ground-
water monitoring network is not adequate for RCRA
interim status monitoring. One new well, 299-W22-79,
was installed in calendar year 1998 to replace the down-
gradient wells projected to go dry (PNNL-12127).

The upgradient well, 299-W22-43, is now projected to -

go dry before the end of calendar year 2000. Two addi-
tional wells, one upgradient and one downgradient,
are proposed for installation in calendar year 2000,

Sample results that exceeded drinking water stan-
dards and maximum contaminant levels are presented
in Table A.3. Nitrate, which had a source at this crib,
remained elevared above the 45-mg/L standard in all
downgradient wells. '

A7.7 Low-level Waste Mdnagement
Area 3 ' o

This RCRA site continued to be monitored under
interim status indicator evaluation requirements.
Groundwater monitoring wells were sampled twice in
fiscal year 1999 (Table A.18 and Figure A.9). Indica-
tor parameter data from upgradient wells were statisti-
cally evaluated, and values from downgradient wells

O

were compared to values established from the upgra-
dient wells. Critical mean values for the contamina-
tion indicator parameters were not exceeded in any of
the wells monitoring this waste management area.
Tables A.19 and A.20 list revised critical meat, values.

The network continues to adequately monitor
this waste management area. Several of the ground-
water monitoring wells are approaching the point
where representative sampling will no longer be pos-
sible because of the declining water table. Additional
well installations are planned in calendar year 2000.

A.7.8 Low-Level Waste Management
Area 4

Wells are sampled semiannually for contamination
indicator parameters in accordance with RCRA interim
status regulations (Table A.21 and Figure A.10). Back-
ground concentrations for the general contamination
indicator parameters were re-established during the N
second quatter of fiscal year 1999 because the influ- L
ence of a nearby pump-and-treat system is causing a
reversal in the groundwater flow direction. The criti-
cal mean value for total organic halides was exceeded
in one downgradient well (299-W15-16) in January
and July 1999. This well used to be an upgradient
well, and the exceedance is believed to be caused by

carbon tetrachloride from an upgradient source.

Updated critical mean values are listed in Table
A.22. Howevert, indicator parameters will not be
evaluated statistically until groundwater flow stabilizes.
Meanwhile, wells are sampled semiannually to deter-
mine when flow stabilizes and fo maintain continuity

in the database.

- This monitoring network is marginally adequate
to detect releases from Low-Level Waste Management.
Area 4. Additional monitoring wells may be necessary
in the future, as the water level continues to decline
and to provide greater downgradient coverage. There
are tentative plans to change the designation of this
waste management area so that it will no longer be a

VN
RCRA facility. If this change occurs, additional S
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monitoring wells will not be installed, and proindwa-

ter monitoring will defer to surveillance monitoring.

A.7.9 200-UP-1 Operable Unit

The environmental restoration contractor con-
tinued to operate a pump-and-treat system in fiscal
vear 1999 (Figure A.11).

The interim action objectives (ROD 1997) include
the following: :

¢ reduce contamination in the areas of highest
concentration of technetium-99 and uraniom to
below 10 times (480 mg/L) the cleanup level under
the Model Toxics Contral Act (WAC 173-340) for
uranium, and 10 times (9,000 pCi/L) the maxi-
mum contaminant level for technetium-99 -

s reduce potential adverse human health risks
through reduction of contaminant mass

¢ prevent further movement of these contaminants
from the highest concentration area

* provide information that will lead to the devel-
opment and implementation of a final remedy

that will be protective of human health and the

environment.

~ Asof July 1999, the high concentration portions
of the technetium-99 and uranium plumes were hydrau-
lically contained. However, they were not remediated

to the levels required by the interim action objectives -
(ROD 1997). Significant progress was made in reduc- -

ing the size and concentrations of the technetium
plume. Less progress has been made in remediating
the uranium plume because of its tendency to sorb o
the soil. Section 2.8.3 of the main text discusses
groundwater remediation in more detail.

A.7.10 200-ZP-1 Operable Unit

The pump-and-treat system continued to operate
in fiscal year 1999 (Figure A.12). The purpose of the
pump-and-treat system is to prevent further move-
ment of groundwater contamination from the high
concentration portion of the carbon tetrachloride
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plume and to reduce contaminant mass (ROD 1993).
Section 2.8.3 of the main text discusses groundwater
remediation in more detail.

The interim action objectives (ROD 1993} include
the following: : '

¢ prevent further movement.of contamination
from the highest concentration area of the plume
{i.é., containing carbon tetrachloride inside of
2,000 to 3,000 pg/L contour)

* reduce contamination in the area of highest car-
bon tetrachloride concentrations '

* provide informartion that will lead to development
of a final remedy that will be protective.of human
health and the environment.

Data through fiscal Veaf 1999 indicate that the
plume center {greater than 3,000 pg/L) is moving
primarily in a northerly and easterly direction toward
the four northernmost extraction wells. The concen-
trations of carbon tetrachloride east of the extraction
wells may be decreasing, as indicated by a decrease in
concentrations in monitoring well 299-W14-9 (from
~100 pg/L in mid-1997 to ~20 pg/L at the end of fiscal
year 1999). However, the area of the 4,000 Mg/L con-
tour has apparently increased in size since 1996.

" Spreading of the 4,000 pg/L contour is attributed to

the effects of pumping.

A.7.11 State-Approved Land Disposal
Site j _ '

A state waste discharge permit (WAC 173-216)
requires groundwater monitoring at this site. The per-
mit was granted in June 1995, and the site began to
operate in December 1995, Groundwater monitoring
for tritium only is conducted in 17 wells near the facil-
ity {Table A.23 and Figure: A.13). The permit stipu-
Iates requirements for groundwater monitoring and
establishes enforcement limits for concentrations of
16 constituents in 3 additional wells immediately sur-
rounding the facility and in background well 299-W8-1
{see Table A.23). :
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During fiscal year 1999, groundwater monitoring
wells immediately downgradient of the facility con-
tinued to reflect discharges of high levels of tritium to ’
the facility that occurred from 1996 through 1998,
Quanitities of tritium discharged to the facility during -
fiscal year 1999 have been minimal. No permit enforce-
ment limits were exceeded during fiscal year 1999.
Evaluation of the well network indicates that well
cbverage is currently adequate to satisfy groundwater
monitoring requirements. .

A.7.12 Environmental Resi'orcﬂibn -
Disposal Facility '

This facility is a landfill authorized by CERCLA ¢
that is desigriated to meet RCRA requirements of Sub-
part N, 40 CFR 264. The groundwater monitoring het-
work consists of one upgradient and three downgradient
wells that are sampled semiannually (Table A.24). In
addition, the facility has a system to collect and remove
leachate that helps evaluate whether the liner system
 is performing within design standards. The groundwa-
ter protection plan for this landfill is published in
BHI-00079 and the samplihg plan for groundwater
monitoring is documented in BHI-00873. o

Monitoring wells for this facﬂity were sampled
twice in fiscal year 1999. Groundwater data collected
" from the monitoring network indicate that the facility

is not contaminating groundwater.

A.7.13 Drinking Water Standards and
'Derived Concentration Guides

The highest tritium concentration in the 200 West
Area was slightly below the derived concentration
guide in fiscal year 1999 in well 299-W14-2. This well,
located near Waste Management Area TX-TY and
associared facilities, exceeded the derived concentra-
tion guide in fiscal year 1998, Total uranium analyses
of samples from wells near U Plant that indicate the
derived concentration guides for uranium-234 and
uranium-238 were exceeded. lodine-129, technetium- -
99, and tritium were found at levels above the interim

E “’i“.xl
: i

drinking water standards in the 200 West Area. Ura-

nium was found at levels above its proposed maximum
contaminant level.  Nitrate, carbon tetrachloride,
chloroform, chromium, fluoride, manganese, nickel,
and trichloroethylene were detected at levels above
the maximum contaminant levels.

A.8 200 East Area

Regulatory compliance issues related to ground-
water in the 200 East Area include monitoring for
RCRA and CERCLA requirements. There is also one
state regulated disposal unit in this region.

A.8.1 Waste Management Area A-AX

This RCRA site continued to be monitored under
an interim starus indicator evaluation program in fiscal

year 1999, Wells were sampled twice for indicator and

site-specific parameters (Table A.25 and Figure A.14).
Indicator parameter data from upgradient wells were
statistically evaluated, and values from downgradient
wells were compared to those established from the
upgradient wells, The indicator parameters (specific

conductance, total organic carbon, pH, and total

organic halides) did not exceed critical mean values
during fiscal year 1999. Table A.26 updates the criti-
cal mean values based on recent upgradient data.

Because of uncertainty in flow directions, the well
network for this site may not be adequate for RCRA
monitoring. The aquifer ranges from 2.2 to 4.5 meters
thick in RCRA network wells. The rate of water-
table decline has increased from 9.1 centimeters per
year in 1997 to 30.5 centimeters per year in 1999. If
this rate continues, three of the RCRA compliant
wells at Waste Management Area A-AX will become
unusable in 6 years,

A.8.2 Waste Management Area B-BX-BY

RCRA assessment monitoring continued at this
waste management area in fiscal year 1999. Exceed- P

ances of the critical mean value for specific conduc- NS
tance in February 1996 at well 299-E33-32 initiated
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assessment monitoring. .An assessment monitoring
plan (WHC-SD-ENV-AP-002) was issued in Septem-
ber 1996, followed by an assessment investigation.
Results indicated that tank waste from this waste man-
agement area had reached the groundwater (PNNL-

" 11826). The assessment program is continuing to

investigate the rate of movement and extent of ground-
water contamination at this site (see Section 2.9.1 and

Table A.2}. Wells are monitored at least quarterly,

and in some cases, monthly.

For fiscal year 1999, iodine-129, nitrate,
technetium-99, and uranium exceeded maximum .
contaminant levels or drinking water standards in
RCRA compliant wells, with corresponding exceed-
ances of gross beta and gross alpha standards. A fur-
ther discussion of contaminant trends can be found in

Section 2.9.1.

Originally, the RCRA groundwater monitoring
network was designed for groundwater flow toward the
northwest, based on regional plume maps. This method
was used to determine flow direction because the water
table is almost flat in the immediate area of the farms.
As part of the ongoing studies, a series of steps are
being taken to refine water-level measurements to allow
a better determination the approximate flow direction
based on the local gradient. Although the aquifer is
thin through this area, ranging from 2 to 3 meters for
RCRA compliant wells, it is anticipated that these
wells can be used for at least 5 years.

In fiscal year '1999, the monitoting network was
expanded to include suttounding wells (Table A.27
and Figure A.15). Some of these wells are RCRA
comphant, while others are older welis installed to
monitor past-practice waste dlsposal sites. The choice
of monitoring wells is reviewed either monthly or -
quarterly to track contamination moving through the

site. One new well, 209-E33-44, was installed in fiscal

year 1998 on the eastern side of BX Tank Farm in sup-
port of the assessment work. A discussion of results from
monitoring this well can be found in Section 2.9.1.
Two new wells will be drilled in fiscal year 2000 to

provide monitoring coverage in the southwestern cor-

ner of the site.
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A.8.3 Waste Management Area C

This RCRA site continued to be monitored under
an interim status indicator evaluation program in fis-
cal year 1999, .Monthly sampling began in fiscal year
1999 to assess the potential impact of waste removal
and sluicing of tank contents. In addition, the required
detection sampling was conducted twice for indicator
and site-specific parametets (Table A.28 and Fig-
ure A.14). Indicator parameter data from upgradient
wells were statistically evaluated. Values from down-
gradient wells were compared to values established
from the upgradient wells. The indicator parameters
(specific conductance, total organic carbon, pH, and
total organic halides) did not exceed critical mean
values during fiscal year 1999. Table A.29 lists revised
critical mean values based on recent data from upgra-
dient wells.

Currently, the well network for this site appears to

" comply only marginally with the required placement of

groundwater monitoring wells because of changes and
uncertainty in the direction of flow (see Section 2.9.2).

A.8.4 PUREX Cribs

The 216-A-10, 216-A-36B, and 216-A-37-1 cribs
were monitored under a RCRA assessment program in
fiscal year 1999 (Table A.30 and Figure A.16). The
sites are monitored together because they have similar
hydrogeology and waste constituents. The groundwa-
ter monitoring plan (PNNL-11523) was changed from
an indicator parameter evaluation program to a ground-
water quality assessment program because of evidence
of contamination. Combininé these ctibs into one
RCRA groundwater monitoring area saves sampling
and analysis costs because the number of near-field
wells is reduced.

~ Many of the far-field wells that formerly. were sam-
pled annually are now sampled every 3 years. These
wells mainly track the extent and flow rate of the exten-
sive jodine-129, nitrate, and tritium plumes that change
very little in a 3-year period. This change was incor- -
porated in two updates of the groundwarer monitoring
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‘ plan along with corrections to inappropriate procedural
references (PNNL-11523 R0.1 and R0.2).

The rate and extent of contamination are discussed
in Sections 2.9.2.1 through 2.9.2.7 of the main text.
Knowledge of the groundwater flow direction and
flow rate in the southeastern portion of the 200 East

Area did not change significantly during fiscal year
1999 (see Table A.Z). Therefore, the combi_ried near-
field and far-field monitoring well networks are ade-
quate to continue to monitor both the extent and
rate of flow of the contaminant plumes emanating

from the PUREX cribs.

During fiscal year 1999, iodine-129, gross beta,
manganese, nitrate, strontium-90, and tritium con-
tinue to exceed interim drinking water standards or
maximum contaminant levels in areas downgradient .
of the PUREX cribs (see Table A.3). Strontium-90, a
beta emitter, and gross beta exceed the interim drink-
ing water standards only in well 299-E17-14, which is
near the 216-A-36B ciib. Elevated manganesé is found
in wells 299-E25-19 and 299-E25-17 (both near the
216-A-37-1 ¢crib). However, manganese exceeded
the 50-ug/L maximum contaminant level only in well
299.E25-19. Iodine-129, nitrate, and tritium are maior
plumes that extend beyond the near-field monitoring
well network at the PUREX cribs, These more exten-
sive plumes are monitored by the far-field monitoring
well network.

A.8.5 216-B-3 Pond

In fiscal year 1999, groundwater monitoring at
B Pond continued_ under an interim status indicator
evaluation program. The RCRA site was monitored
under an assessment program from 1990 until January
1998 because of elevated total organic halides in two
downgradient wells (699-43-41E and 699-43-41F).
* Assessment results (PNNL-11604} concluded that no
hazardous waste constituents had affected groundwater
quality beneath B Pond despite erratic, low levels of
total organic halides. Groundwater beneath the site

apparently has been affected by tritium and nitrate

from past discharges to B Pond. The site was returmned
to an indicator evaluation program.

A8.6 216-A-29Dich

The current network includes eight downgra-
dient wells and one upgradient well (Table A.31 and
Figure A.17). One new well was drilled near the end
of fiscal year 1999 that will be added to the network
during fiscal year 2000. The network is designed to
intercept potential contamination entrained in
groundwater at some distance from the facility (e.g.,
well 699-44-39B) and contamination potentially
entering groundwater from the vadose zone near the -
facility (e.g., well 699-42-42B). With the addition of
the new well in 2000, the network is adequate to
detect potent_ial contamination from the facility.

Statistical evaluations of indicator parameters in
fiscal year 1999 indicated the site has not adversely
affected groundwater quality. All replicate averages
for contamination indicator parameters were below
critical mean values or limits of quantitation during
fiscal 1999. Table A.32 lists critical mean values.

" This RCRA unit continued to be monitored under
an interim status indicator evaluation program in fiscal
year 1999 (Table A.33 and Figure A.16). Indicator
parameter data from upgradient wells were statistically
evaluated, and values from downgradient wells were
compared to values established from the upgradient
wells. All replicate averages for contamination indi-
cator parameters were below critical mean values or
limits of quantitation during fiscal year 1999. Critical
mean values are listed in Table A.34.

The groundwater monitoring plan was revised in
fiscal year 1999 (PNNI.-13047). The current network

1is adequate for detection monitoring.

A.8.7 216-B-63 Trench

In fiscal year 1999, RCRA monitoring continued
to provide no evidence that dangerous non-radioactive
constituents from the site have entered groundwater;
The well network was sampled twice for the indicator
parameters pH, specific conductance, total organic
carbon, and total organic halides (Table A.35 and Fig-
ure A.18). All replicate averages for contamination
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indicator parameters were below critical mean values
or limits of quantitation during fiscal year 1999. Criti-
cal mean values are listed in Table A.36. The network
is considered adequate.

A.8.8 Liquid Effluent Retention Facility

This RCRA facility is subject to final status moni-
toring and is included in the Hanford Site RCRA Per-
mit (Ecology 1994). Until the final status plan is
approved by the regulators, groundwater is monitored
under the existing interim status plan (WHC-8D-EN-
AP-024).

In fiscal year 1999, groundwater monitoring pro-
vided no evidence that dangerous, non-radiocactive
constituents from the site have entered the ground-
water. The RCRA indicator parameters are pH, specific
conductance, total organic catbon, and total organic
halides (Table A.37 and Figure A.19). Specific con-
ductance in two downgradient wells {299-E26-9 and
299-E26-10) exceeded the critical mean value in
. January 1999. DOE notified Ecology and submitted a
groundwater quality assessment plan and report in
March 1999. The plan concluded that the Liquid
+ Effluent Retention Facility was not the source of the
high specific conductance and detection monitoring
should continue.

In June 1999, downgradient well 299-E26-9 was
removed from the monitoring network because it went
drjr. In September 1999, Ecology directed DOE to
continue the cuttent monitoring using three wells
(one upgradient and two downgradient) for 18 months.
Durihg this period, an alternative method of monitor-
ing should be identified. Background conditions were
re-established to reflect the most recent site condi-
tions (Table A.38).

A.8.9 Low-Level Waste Management
Area' 1

Groundwater monitoring under interim status
requirements continued at this RCRA site in fiscal
year 1999. The well network was sampled twice for
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indicator and site-specific parameters (Table A.39 and
Figure A.20). Downgradient monitoring well 299-E33-
34 exceeded the critical mean for specific conductance
in samples from December 1998 and June 1999. This
exceedance appears to be related to the nitrate plume -

and is not related to Low-Level Waste Management

Area 1. A letter of notification was submitted to
Ecology on March 18, 1999. Because no waste has
been placed in the northern portion of this siteand
there is a known nitrate plume from an upgradient

- source, no further acton is necessary. Critical mean
“values were updated based on recent upgradient data

(Tabl¢ A40).

The groundwater monitoring network for Low-
Level Waste Management Area 1 is adequate for the
RCRA requirements. No new wells are planned for
this area. ‘

A.8.10 Low-Level Waste Management
Area 2

This RCRA site continued in RCRA interim sta-
tus indicator evaluation in fiscal year 1999. Wells
were sampled twice for indicator and site-specific
parameters {Table A.41 and Figure A.18). Statistical
evaluations for this area determined that upgradient
well 299-E34-7 exceeded the critical mean for specific
conductance. The major contributors to the increase .
are sulfate and calcium. The source of these constit-

uents is not known. However, there is only 0.6 meter

of water remaining in this well, which is completed at
the top of basalt, and the increase may be related to the

- basalt chemistry. An additional exceedance occurred

in the quadruplicate average for total organic halides
at well 299-E34-3 in Janiuary 1999. The average result
of 42 pg/L is above the critical mean value of 21 ug/L.
Two of the four reported results. (30.4 and 131 pg/l.)
are probably erroneous and have been flagged in the
database. The quadruplicate average from April 1999
(2.75 pgfL) is well below the ¢ritical mean value.
Table A.42 updates the critical mean values based on
recent data from the upgradient wells,
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The monitoring network for Low-Level Waste
Management Area 2 is adequate to detect releases

from the facility. However, the continued water-level

decline may cause additdonal wells to go dry. Moni-
toring wells in this area are all completed at the top of
basalt and if more wells become dry, alternatives to
groundwater monitoring may be required to detect
contamination from this facility. -

A.8.11 200 Areas Treated Effluent
Disposal Facility

A state waste discharge permit (WAC 173-216)
governs groundwater sampling and analysis in the
three monitoring wells at this-facilify {Table A.43 and
Figure A.17). The constituent list and frequency of
sampling are specified in the permit. Wells were sam-
pled quarterly during fiscal year 1999, but may be
reduced to semiannually during fiscal year 2000 when
a new permit is issued.. '

. No permit criteria for constituents in groundwater
were exceeded in fiscal year 1999. The groundwater
monitoring network serves to demonstrate that efflu-
ent from the facility is not taking a direct route to the
uppermost aquifer and to differentiate the potential
effects of the facility from those of the 216-B-3 pond
facility. The well configuration is adequate for this

purpose.

A.8.12 200-PO-1 Operable Unit

This groundwater operable unit, which encom-
passes the area of the tritium plume southeast of the
200 East Area, has the same monitoring objectives as
monitoring for the Atomic Energy Act of 1954 (surveil-
" lance) and RCRA (PUREX cribs assessment}. See
Section A.8.4 for additional discussion.

A.8.13 200-BP-5 Operable Unit

This groundwater operable unit, which encom-
passes the northem portion of 200 East Area, has the
same monitoring objectives as the Atomic Energy Act
of 1954 (surveillance). See Section A.8.14 for addi-
tional discussion.

A.8.14 Drinking Water Standards and
Derived Concentration Guides

Tritium was detected at levels above the 2 mil-
lion pCi/L derived concentration guide at one well

~ south of the PUREX Plant. Tritium contamination at

levels above the 20,000-pCi/L interim drinking watet
standard was found throughout much of the 200 East
Area. Strontium-90 was detected at levels above the
1,000-pCi/L derived concentration guide in two wells
near the 216-B-5 injection well. Strontium-90 con-
tamination was found at levels above the 8-pCifL
interim drinking water standard in several wells near
the 216-B-5 injection well and in one well south of the
PUREX Plant. The following constituents also were
detected at levels above standards in the 200 East Arca:
aluminuin, cesium-137, cyanide, iodine-129, manga-
nese, nitrate, sulfate, technetium-99, and uranium.

A.9 400 and 600 Areas

- This section discusses compliance issues for the
400 Area process ponds, 400 Area water supply wells,
Nonradioactive Dangerous Waste Landfill, and Solid

 Waste Landfill.

A.9.1 400 Area

The 4608 B/C ponds (also called the 400 Area
process ponds), are regulated under WAC-173-216.
The permit, issued on August 1, 1996, and modified
on February 10, 1998, defines groundwater enforce-
ment limitations {Table A.44 and Figure A.21).
Groundwater quality met perrmt conditions in flscal :
year 1999,

The water supply in the 400 Area, which comes
from wells, is also monitored to maintain compliance
with drinking water standards. Tritium was detected

. at levels above the 20,000-pGi/L standard in the backup

1 A16

water supply wells for this area. Because the backup
water supply wells are seldom used, however, the
monthly water supply sampling indicates that tritium
in the drinking water is maintained at a level below
the 4-mrem/yr dose equivalent standard.
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A.9.2 Nonradioactive angerous Waste
Landfill

This RCRA site continued to be monitored under
an interim status indicator evaluation program in fiscal
year 1999 (Table A.45 and Figure A.22). Statistical
evaluations indicated the site has not adversely affected
groundwater quality. Table A 46 updates critical mean
values based on recent data from upgradient wells.
The groundwater monitoring plan for the landfill was
rewritten during fiscal year 1999 (PNNL-12227) o
update the operating procedures and bring the plan up
to date with the current monitoring well network and
constituents monitored. It is pending approval from
government regulators,

Groundwater flow direction and rate did not
change significantly during fiscal vear 1999, and the
wells in the network are still functioning. Therefore,
the monitoring well network is adequate to fulfill the
needs of the current groundwater monitoring plan.

A.9.3 Solid Waste Landfill

State dangerous waste regulations (WAC 173-304)
govern groundwater monitoring at this landfill. The
final closure plan for the site has not been implemented.
Wells are sampled quarterly for constituents specified
in WAC 173304 plus the site-specific constituents
chlorinated hydrocarbons and tritium (Table A.47
and Figure A.22).

Statistical evaluations of the constituents speci-
fied in WAC 173-304 for landfills (Tables A.48 and
A49) revealed that three exceeded their background
threshold levels during fiscal year 1999:

(1) Specific conductance exceeded its 550-uSfcm
" threshold l_evel in'9 of the 10 wells in the moni-
toring network.

(2) Sulfate exceeded its 51.5-mg/L threshold level in
2 of the 10 wells.

(3) Filtered zinc exceeded its 34-ug/L threshold level
in one well.
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Tritium exceeded its interim drinking water stan-
dard at many of the monitoring wells on the eastern
side of the landfill, but the source is upgradient. Six
chlorinated hydrocarbons exceeded WAC 173-200
groundwater quality criteria in at least one well of the
monitoring network. They are as follows, with the
numbers of wells having exceedances and the WAC
limit: : .

* (Carbon tetrachloride (3} (0.3 pg/L)
¢ 1,1-dichloroethane (8) (1.0 pg/L)

* 1,2-dichloroethane (2) (0.5 pe/L)

¢ Tetrachloroethylene {10) (C.8 pg L)
® Trichloroethylene (3) (3.0 ug/L)

o 1,1,1-trichlofoethane (10) (0.2 pg/L). -

The monitoring network for the Solid Waste Land-
{ill has two upgradiént wells and eight downgradient
wells and is adequate for meeting the requirements of

WAC 173-304.

A.9.4 Drinking Water Standards and
Derived Concentration Guides

No radionuclides exceeded derived concentration
guides in the 600 Area. Contamination from other
operational areas impacted the 600 Area at levels that
exceeded the interim drinking water standards or maxi-
mum contaminant levels, as discussed in Section 2.0.
Contamination from 600 Area sources at levels exceed-
ing standards includes strontium-90 near Gable Moun-
tain Pond, uranium in the vicinity of the 618-10 burial
ground and 316-4 crib, and chromium in the southern
Central Plateau and southwest of the 200 West Area.
Nitrate concentrations that exceeded the maximum
contaminant level were found upgradient of the opera-
tional areas and probably result from offsite agriculture,

* Nitrate exceeded the 45 mgfL maximum contam-
inant level in the 400 Area. Tritium from upgradient
sources exceeded the drinking water standard.
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A.10 300 and Richland North
Areas ' L

Groundwater in these areas is monitored for one
RCRA site and the 300-FF-5 and 1100-EM-1 ground-

water operable units.

A.10.1 316-5 Process Trenches

This RCRA site continued to be monitored with
_ afinal status corrective-action network. The objective
of groundwater monitoring during the corrective-
action period is to monitor the trend of the constitu-
ents of concern to confirm that they are naturally
attenuating, as expected by the CERCLA record of
decision for the 300-FF-5 Operable Unit (ROD 1996b).
A proposed groundwater monitoring plan for correc-
tive action calls for samples from the same wells as in
the compliance period, but with fewer independent
samples from each well during each sampling period
(i.e., four to one). Also, each well showing an exceed-
ance of one of the constituents of concern will be sam-
pled quarterly to better follow the trends of contaminant
concentration. The other wells in the network will
continue to be sampled semiannually. The proposed

" plan is still being reviewed by the regulator.

Until the proposed plan is implemented, the final
status compliance monitoring program (WHC-SD-
EN-AP-185) remains in effect (Table A.50 and Fig-
ure A.23). This plan calls for four indeépendent
groundwater samples from each network well (eight)
during each semiannual sampling period (i.e., 64 well
trips per year). The monitoring network for the 316-5
process trenches includes two wells upgradient and six
wells downgradient. One of the upgradient wells and
three of the downgradient wells monitor the bottom -
of the unconfined aquifer, and one upgradient well

and three downgradient wells monitor the unconfined

aquifer near the water table. The rnorﬁtoring network
has eight wells and is adequate to ensure that the
316-5 process trenches complies with a RCRA final sta-
tus corrective-action network and the current ground-
water monitoring plan {(WEHC-SD-EN-AP-185).

e

Uranium, trichloroethylene, and cis-1,2-dichloro-
ethylene continued to exceed concentration limits
specified in the permit (Table A.51). Uranium, gross
alpha, and tetrachloroethylene exceeded maximum
contaminant levels in one or more wells monitoring
near the water table (see Table A.3). Cis-1,2-dichloro-
ethylene and trichloroethylene exceeded standards in
one downgradient well that monitors the base of the
unconfined aquifer. Concentrations of uranium and
various volatile organics rose sharply in 1995 after the
large quantities of relatively clean waste cooling water
ceased to be discharged to the 316-5 process trenches.
However, since that time, concentrations of those
constituents have begun a slight downward trend as
was expected. ’

A.10.2 300-FF-5 Operable Unit

Groundwater in this operable unit is monitored to
assess whethet the contaminants of concern (uranium,
uichloroerhylene_, and cis-1,2-dichloroethylene) are

. naturally diminishing over time. The remedial action S

is an interim action that involves imposing restrictions -
on the use of the groundwater until these contami-
nants meet health-based criteria (ROD 1996b). This
is an interim action because there are other constitu-
ents (e.g., tritium) migrating into the unit that have
not yet been fully addressed and because a portion of
the unit is overlaid by uncharacterized waste sites in
the 300-FF-2 Opetable Unit. A final action decision
for the 300-FF-5 Operable Unit will be made after
these issues have been addressed.

~ An operation and maintenance plan for the
300-FF-5 Operable Unit (DOE/RL-95-73} identifies
tasks necessary to verify the effectiveness of the reme-
dial action. The plan describes the monitoring program
and administrative tasks thar are part of the remedial
action. The routine operation and maintenance

activities include groundwater and river monitoring.

As discussed in Section A.10.1, the constituents
of concern actually increased in concentration in the o
groundwater of the 300-FF-5 Operable Unit immedi-
ately after discharges from the process sewers to the
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316-5 process trenches stopped. The previously lower
concentrations in the groundwater were apparently
due to the dilution of the constituents by the larpe
quantities of relatively clean waste cooling water.
When the trenches ceased to be used and the dilution
no longer occurred, the concentrations rose to the
high levels discovered in 1995-1997. More recently
the constituents of concern have begun to decrease in
concentration slightly, as was predicted (ROD 1996a).

- A.10.3 1100-EM-1 Operable Unit

The 1100-EM-1 Operable Unit contains the Homn
Rapids Landfill. Results of the CERCLA investigation
for this operable unit are presented in the final reme-

- dial investigation study (DOE/RL-92-67, Draft B) and

the record of decision (ROD 1993). The selected

" remedy for groundwater is monitored natural attenua-
tion of volatile organic compounds, with institutional
controls on drilling of new water supply wells. Moni-
toring includes analysis for trichloroethylene, its break-
down products (vinyl chloride and 1,1-dichloroethene),
and nitrate in wells downgradient of the Horn Rapids
Landfill, as recommended in the sampling plan (DOE/
RL-95-50), which was updated in 1999 (PNNL-12220).
Pacific Northwest National Laboratory has been respon-
sible for groundwarer monitoring at the 1100-EM-1
Operable Unit since 1997. Five years of monitoring
are now complete (1995 to 1999), and the data will be
reviewed to evaluate the progress of natural attenua-
tion of trichloroethylene (DOE/RL-95-80). Although
not specified in the record of decision, chromium is

moenitored annually in one well downgradient of the
1171 Building. '

Trichloroethylene levels did not exceed 5 pg/L at
the point of compliance wells 699-527-E12A, 699-
S28-E13A, and 699-529-E13A in fiscal year 1999.
These wells form a line downgradient of the Horn
Rapids Landfill that is approximately perpendicular to
the prevailing path of the trichloroethylene plume.
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A.10.4 Drinking Water Standards and
Derived Concentration Guides

No“radiological constituents in 300 Area ground-

water were detected at levels above their derived con-

centration guides in fiscal year 1999. Uranium.
exceeded the proposed maximum contaminant level
in much of the eastern part of the 300 Area. Trichlo-
roéthylene and cis-1,2-dichlorocthylene were found at
levels above standards in the deeper part of the uncon-
fined aquifer system at one well (399-1-16B). Trichlo-
roethylene was detected in 22 other wells in the upper
portion of the inconfined aquifer of the central and
southemn parts of the 300 Area, but only wells 399-1-
16B and 399-4-1 exceeded the maximum contaminant
level. Tetrachloroethylene was detected at 12 wells in
the 300 Area, but exceeded its standard in only one
well in the upper part of the unconfined aquifer south-
east of the 316-5 process trenches. Nitrate exceeded
its maximum contaminant level at four wells in the
southern portion of the 300 Area.

In the Richland North Area, fluoride, nitrate,
and trichloroethylene were detected in groundwater at
concentrations above their respective maximum con-
taminant levels. High levels of gross alpha suggest that
uranium tmay also have been above its standard during
fiscal year 1999, Likely sources of these constituents
include offsite industry and agriculture.
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TSD Units,
date initiated

1301-N ENWDE
December 1987

1324-N/NA LWDE,
December 1987

1325-N LWDF,
December 1987

120-D-1 ponds,
April 1992

183-H solar evaporation
basins, June 1985

WMA S5-8X%,
QOctober 1991

WMAT,
February 1990

WMA TX-TY,
September - October 1991

WMA U,
Qctober 1990

216-5-10 pond and
ditch, August 1991

216-U-12 crib,
September 1991

N

Table A.1. RCRA Interim and Final Status Groundwater Monitoring Projects, September 1999

Interim Status TSD Unit
__ Groundwater Monitoring

Final Status TSD Unit

Indicator
Parameter
Bvaluation®”

X, clean
closed in

FY 1999

()

WAC 173-303-400

Groundwater Monitoring -
Groundwater o . Year
Quality Cottective Scheduled
Assessment, date Detection Compliance Action, date for Part B
initiated Evaluation Evaluation initiated Regulations or Closure
Xk 40 CFR 265.93(b) 1999t
WAC 173-303-400
CXB 40 CFR 265.93(b} 1999t
_ WAC 173-303-400 .
Kb 40 CER 265.93(b) 19990
WAC 173-303-400
40 CFR 265.93(b) 1999@
WAC 173-303-400
X, 1998 40CFR 264 1994k
: WAC 173-303-645(10)
X, 1996 40 CFR 265.93 {d) >20006
WAC 173-303-400
X, 1993 " 40 CFR 265.93(d} >2000%
' WAC 173-303-400 -
X, 1993 40 CFR 265.93(d) >2000%
WAC 173-303-400
40 CFR 265.93(h) >2000
WAC 173 -303-400
40 CER 265.93(b) >2000%)
WAC 173-303-400 o
X, 1993 40 CFR 265.93(d) >2000«
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TSD Uniks,
date initiated

Table A.1. (contd)

Final Status TSD Unit
Groundwater Monitoring

Interim Status TSD Unit
Groundwater Monitoring

LLWMA 3,
October 1988

LLWMA 4,
October 1988

WMA A-AX,
February 1990

WMA B-BX-BY,
February 1990

WMA C,
Februaty 1990

PUREX cribs®
1988

216-B-3 pond,
November 1988

216-A-29 ditch,
November 1988

216-B-83 trench,
August 1991

LERE July 1991

LLWMA 1,
September 1988

LLWMA 2,
September 1988

WAC 173-303-400

_ Groundwater Year
" Indicator © Quality ‘ Corrective Scheduled
Parameter Assessment, date Detection  Compliance Action, date + for Part B
Evaluation® injtiated Evaluation Evaluation initiated Regulations ot Closure
X ' 40 CFR 265.93(b} TBDE
' WAC 173-303-400
X - 40 CFR 265.93(b) TBDe"
WAC 173-303-400 )
X 40 CFR 265.93(b} >2000%
WAC 173-303-400
X, 1996 40 CFR 265.93(d) >2000%
. WAC 173-303-400
X 40 CFR 265.93(h) >2000(
WAC 173-303-400
X, 1997 40 CFR 265.93(d) >2000
WAC 173-303-400
X 40 CFR 265.93(b) 20004
WAC 173-303-400
X 40 CFR 265.93(b) 2000
' WAC 173-303-400 C
X 40 CFR 265.93 (b)
WAC 173-303-400 - >20000
X, 1998& 40 CFR 265.93(h) 1998t
WAC 173-303-400
X 40 CFR 265.93(b) TRD'sh _
WAC 173-303-400
X 40 CFR 265.93(b) TBD(e
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{a)

Table A.1. (cdntd)

" Interim Status TSD Unit ' Tinal Status TSD Unit

- Specific parameters (pH, specific conductance, total organic carbon, and total organic halides) used to determine if a facility is affecting groundwater quality. Exceed-
ing the established.limits means that additional evaluation and sampling are required-(i.e., groundwater quality assessment). An X'in the assessment column indicates

".whether an evaluation was needed or an assessment was required.

(b}
(c)
{d)
(e)
n
{2

(h)
i)

Monitored according to interim status plan as specified in closure plans.

Closirefpostelosure plan; TSD unit will close under final status.

Closure plan approved in fiscal year 1999; facility groumdwater monitoring not required after clean closute.

Part B permit; TSD unit scheduled to operate under final status regulations beginning in year indicated.

Famhty Part B permit and final status groundwater monitoring plan contingent on completion of solid waste environmental impact statement‘

216-A-10, -A-368,-and -A-37-1 combined into one RCRA monitoring unit. RCRA monitoring will be petformed according to interim status groundwater quahty
assesstnent requirements.

Will monitor groundwater under interim status until final status groundwater monitoring plan is approved.

Closure plan pending Ecology approval.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
LERF = Liquid effluent retention facility.
LLWMA = Low-level waste management area.
LWDF = Liquid waste disposal facility.
NRDWL = Nonradioactive Dangerous Waste Landfill.
. PUREX = Plutonium-uranium extraction {plant}. -
RCRA = Resource Conservation and Recovery Act of 1976.
TBD = To be determined. :
TSD = Treatment, storage, or disposal (unit).
WMA = Waste management atea.
> = Beyond the year 2000.

S O

Groundwater Monitoring ~+ Groundwater Monitoring
TSD Units, o o
date initiated : Groundwater : : _ _ Year

(associated [CERCLA] Indicator Quality. _ Corrective Scheduled

“groundwater operable Parameter Assessment, date Detection.  Compliance Action, date : for Part B
. _units) Evaluation® initiated Evaluation Evaluation initiated . Regulations ot Closure
NRDWL, October 1986 X - ~ ' 40 CFR 265.93(b) - >2000

' _ ’ _ WAC 173-303-400 -

316-5 process trenches, : X, 1998 40 CFR 264 19960 -

June 1985 ' . : WAC 173-303-645(10)
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Table A.2. Fstimates of Groundwater Flow Rates at Hanford Site Facilities

Hydraulic
Flow - Conductivity Effective
Sire Direction Flow Rate {m/d) Method {mfd) (source) Porosity™  Gradient™ Comments
1301-N LWDF NW 0.045 t0 0.82 Darcy 6.1 ta 37 0.1t03 0.0022 Gradient caleulated between wells 199-N-34
: ' (PNL-8335) _ . and 199-N-2.
1324-N/NA NW . 0086 to 1.6 Darcy 6.1t037 0.1t00.3 0.0042 Gradient caleutated between wells 199-N-72
{PNL-8335) and 199-N-16. :
1325-N LWDF N 0.021 10 0.38 Dascy 6.1 to 37 0.1t03 0.0010 Gradient calculated between wells 199.N-28
{PNL-8335) and 199-N-81.
120-D-1 pends NW 0.0021 t0 0.22 Darcy 1.2 to 40 : 0.1 to 0.3 0.00055 Gradient caleulated between wells 199-D5-13
‘ (WHC-SD-EN-DP- . atxd 199-D8-4, '
043)

183-H solar B 0.12t03.2 Darcy 1510 140 0.1t00.3 0.0023  Gradient calculated between wells

evaporation (PNL-6728) 199-H3-2B and 199-H4-12B. Flow meter in

basins wells 199-H4-7 and 199-H3-2A (Section 3.3

in DOE/RL-96-01).
0.65 to 4.9 Flow meter . :
WMA 8.8X ESE 0.0023 t0 0.43 Datcy 0.43 to 27 01w03 0.0016 Lowet bound for hydraulic conductivity and
(WHC-SD-EN-DP- velocity.
042) ’ _ ‘
0.07 10 0.14 Contaminant Average gradient calculated from wells
: travel time 289-W1213-13 and 299-W22-45 at 8 Tank Farm
(PNNL-12114) andl wells 299-W23-14 and 299-W22-39 at
SX Tank Farm.
WMA'T E 0.04 t0 0.13 Darcy 10 0.1t 03 0.0013 Lower hound for hydraulic conductivityand
: {(WHC-SD-EN-TI- velocity, Gradient calculated between wells
147) : _ 299-W10-12 and 299-W11-27.
WMA TX-TY E (north half) 0.2t0 0.8 Darcy 55 0.It003 0.001 Lower bound for hydraulic conductivity and
S ot SW {south {WHC-SD-EN-DP- - velocity. Gradient calculated between wells
half) 042) 299.W15-12 and 299-W15-4.
WMAU - . E 0.028 10 0.52 Darcy 61037 0.1 0.3 0.0014 Lower bound for hydraufic conductivity and
(WHC-SD-EN-DP- velocity. Gradient calculated between wells
. 042) 209-W18-31 and 299-W19-32.

716-8-10 pond ESE 0,04 t0 4.8 Darcy 10. 0.0tc0.3 0.0011 to Gradient increases to the south. Gradients
(WHC-SD-EN-DP- 0.0032 calculated between wells 299-W26-8 and
052) - average of weils 299-W26-10 and 299-W26-12
2t 150 (north) and wells 299-W26-7 and 299-W26-9
{(BNWL-1709) (south).

216-U-12 c1ib ESE, changing 003 t0 0.1 Darcy 6.2 (see comments) 0.1t00.3 0.00165 Hydraulic conductivity is geometric mean of

toB

values in WHC-MR-0208. Gradient calcu~
lated between wells 299-W22-43 and
299.%/22-79.

b
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Site

Flow

Direction

Flow Rate-{m/d)

Method

Table A.2. {contd)

Hydraulic
Conductivity

(m/d} {source)

LLWMA 3

LIWMA 4

SALDS
WMA A-AX

WMA B-BX-BY

WMA C

216-A-10 ceib
216-A-36B

216-A-37-1 crib

216-B-3 pond

i

216-A-29 ditch

216-B-63 trench

LERF

LIWMA 1

NE
E

Radial to
NE

£?

SW?
SW

SE

SW

Radial

- WSW

NW

0.000% t0 0.13

0.2t 0.6

003t05.8

0.5to 0.7

0.9

0710 1.4

0.004 to 0:60

~0.018 t0 0.18

0.01t019.2

~0.02 to ~0.07

001 o 0.1

0.04 £0 6.0

0.5

Darcy
Darc-y

Darcy
Da:cy

Datcy

Darcy

Darcy

Darcy

Darcy; plume
mipration
Darcy

Darcy

Darcy

Darcy

0.02 10 9.8
{ENL-6820)

24

(PNL-6820)
3510363
(WHC-SD-CO18H-
RPT-003)

2,005 t0 2,519
{WHC-SD-EN-TI-
019)

1,615

(WHC-SD-EN-TI
019)

1,067 to 2,073
(WHC-SD-EN-TI-
019y .

60 te 3,000

- (WHC-SD-EN-TI-

019; PNNL-11515)

18 to 60
(WHC-SD-EN-DP-
047; PNNL-11515}

1 to 640 (WHC-SD-
EN-EV-00Z;
PNL-10195)

18 .
{WHC-SD-EN-DP-
047)

52 60200

(WHC-SD-EN-EV-
002)

6.1 to 120
(PNNL-11620)

73 to 760
(PNL-6820)

Porosity®

0.1t00.3

Effective
Gradient®

Comments

01003  0.0013
01003  0.0025

0.25¢ 0.0018 to

0.004
03 - ~0,00008
03 - ~0.00017,
. September
1999
0.3 0.00021,
September
1999
0.1tw00.3 ~0,00002
0.1t (3 ~0.0003
0.1 to 0.3 ~0.003
0.1toQ3 ~0.0004
01t003  ~0.00004
0.1 t0 0.3 0.002 to
0.005

<0.00006

Highet gradient was caleulated beiween wells
699-48-77A and 699-48-771.

Gradient calculared hetween wells 299-E25.41
and 299-E24-20. Flow direction unclear
because of flat water table.

Gradient calculated becween wells 299.E33.33

. and 299-E33-42, . Flow direction is not well

known; based on curent contamination .

. migration and water table.

Gradient calculated between wells 299-E27-7
and 299-E27-13. Rlow direction inferred from
hydrographs. _ .

Gradient estimated from regional water-level
contours.

Gradient estimated from regionat water-level
contours. :

Gradient c;dlculated between wells 699-44-42
and 699-43-45 (March 1999).

Uncertainty with gradient and rate of flow.
Flow direction inferred from plume maps.
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Table A.2. {contd) .

Hydraulic

(a) Effective porosity dssumed to be between 0.1 and 0.3, a representative range for the unconfined aquifer system.

(b) March 1999 unless noted otherwise.
(¢) RHO-ST-42, RHO-RE-ST-12, PNNL-11801.

LERF = Liquid cffluent retention facility.

LLWMA = Low-level waste management area.

LWDF = Liguid waste disposal facility.

NA = Not applicable,

NRDWL = Nonradioactive Dangerous Waste Landfifl.
" PCE- = Tetrachloroethylerie.

RCRA = Resoutce Conservation and Recovery Act of 1976,

SALDS = State-Approved Land Disposal Site.

SWL = Solid Waste Landfill. .

TEDF = Treated Effluent Disposat Facility.

WMA = Waste management area, ©

Flow . Conductivity Effective
Site Direction E"Iow Rate (m/d} ‘Method (m/3) (source) Porosity* Gradient®™ Comments
LIWMA 2 W ~0.06 to ~0.8 Darcy 430 to 2,000 0.1t0 03 ~0.00004 Gradient calculated between wells
(PNL-6820) 299-E27-16 and 299-E27-9.
200 Area TEDF SSW .004 ~ Darey 1.1 0.250 ~0.001.
’ . (WHC-SD-EN-ES- '
004) .

NRDWL 62 to 90° E of- See estimated NA - NA. NA - NA See Secticn 17.0 in DOE/RL-91-03, Sec-
N (based on below for SWL tion 5.2 in DOE/RL-93-88, and
water-level WHC-EP-0021 for direction of flow.
data); 125°E
of N (based on
plume and
tegional watet-
table maps)

SWL 96::28° E of N 1.2t0 1.8 Darcy NA NA NA See WHC-EP-0021 for Darcy velocity. See
to 139+£15° B Section 18.0 in DOE/RL-91.03; Section 19
of N (based on in DOE/RL-92.03, DOE/RL-93-09; Sec-
water-level 6 Recent plume tion 5.3 in DOE/RL-93-88; Scction 5.2 in
data); 125°E movement DOE/RL-94-136 for direction of flow.
of N {based on :
plume maps}

>30 “Tracer tests See HW.60601 for tracer tests. Hydraulic
gradient during tracer test was higher than
in 1997.

316-5 pracess SE 31 Movement of

trenches (DOE/RL-89-14)  PCE spill
) 0.35 to 105 Darcy . 150 to 15,000 011003 0.0007 Gradient from Place 2.

. (PNL-6716}
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Groundwater Monitoring for FY 1999

Table A.3. Monitoring Results Exceeding Maximum Contaminant Levels or Drinking Water Standards

(Regulated Units listed in alphanumeric order)®

: Upgradient/ Numberof ~ Maximum MCL ot
Constituent, units Filter = Well Name Downgradient - Exceedances Result DWS® Level
100 N Area
Gross beta, pCi/L N 199-N-105A Down 3 3,710 50
E N 199-N-3 - Down I 1,980 50
Nitrate, pg/L N 199-N.2 Down 1 51,000 45,000
N 199.N-81 Down 1 - -52.000 45,000
Nitrogen in Nitrate, pg/l N 199-N-2 . Down 1 20,200 10,000
N 199-N-59 Dowri 3 22,900 10,000
. N 199-N-81 Dovwn 1 11,300 10,000
Strontium-90, pCi/L N 199-N-105A Down 3 1,870 8
. N - 199-N.28 Down 1 85.8 8
N 199-N-3 Down 3 TLITO . 8
N 199-N.34 Up 1 549 8
N 199-N.57 Up- 1 14.6 8
N 199-N-81 Down 2 1,210 8
Y 199-N-81 . Down 1 1,220 8
Tririum, pCi/L N 199-N-105A Down 3 23,800" 20,000
: N 199-N-28 Down 1 25,800 20,000
N 199-N-32 : Down 2 32,600 20,000
N - 199-N.34 Up 1 24,100 20,000
120-D-1 Ponds
Chromium, ugfL. "N 199.D5-13 - Up 1 317 100
. N 199.D8-5 Down 1 228 100
Y 199.D5-13- Up 2 366 100
Y 199-D8-4 Down 1 101 - 100
Y 199-D8-5 . Down - 3 251 100
Y 199-D8-6 Down 1 107 100
Hexavalent Chromiim, pg/L Y 199.D5-13 Up - 3 416 100
Nitrogen in Nitrate, pg/L N 199.D5.13 Up 2 19,000 10,000
N 199-D8-4 Down. 2. 15,500 16,000
N 199-D8-6 Down 1 116,500 I0,0QO
183-H Solar Evaporation Basins )
Chromium; pgfl. N 199-H4-12C . Down. -1 244 100
N 199-H4-3 Down 1 168 100
Y . 199-H4-12A Down 1 132 100
Y 199-H4-12C Down: i 201 100
Y - 199-H4-3 . Down 1 150 100
Gross beta, pCifL N 192-H4-3 Down 1 63.5 50
Hexavalent Chromium, pgfi. Y 199.H4.12C Down. 2 200 100
Y 199-H4-3 Down 2 L204 100
Nitrogen in Nitrate, pg/L N 199-H4-12A Down 1 " 31,900 10,000
N 199-H4-3 Down 1 122,700 10,000
N 199-H4-7 Down 1 10,500 10,000
Uranium, pg/L N 199-H4-12A ~ Down 1 331 20
N 199-H4-3 Down 1 213 20
_ 216-B-63 Ditch
lodine-129, pCifL N 299.E33.33 . Down 3 4.07 1
N 299-E33-36 Down 4 - 6.5 1

wA32 ®




Appendix A

Table A.3. (contd)

: Upgradienty ~ Numberof  Maximum MCL or
Constituent, units Filter Well Name Downgradient  Exceedances Result . DWS® Level
216-8-10 Pond
Carbon tetrachloside, pg/L N 299-W26-12 Down 1 6 5
Chromitm, pg/L Y 299-W26-7 Up 1 175 100
Nickel, pg/L Y 299-W2Y-2 Down 1 121 100
216-U-12 Crib
Carbon. tetrachloride, pg/L N 699-36-T0A Down 1 7 5
lodine-129, pCifl. N 299-W22-42 Down 1 9.31 1
Nitrate, pgfL N 699-36-70A Down 1 110,000 45,000
Nitrogen in Nitrate, pg/L N 299-W22-41 Down 2 4,5800 10,000
: "N 2992242 Down 3 25,100 10,000
N 299-%W22-19 Down 3 18,000 10,000
N 699—_36—70A Down 3 26,000 10,000
Nitrogen in Nittite and Nitrate, pg/L N 699-36-70A Down 1 24,600 10,000
Tritium, pCifL N 299-W22-42 Down 3 49,200 20,000
N 2992299 Down 2 22,300 20,000
N (99-36-70A Down 3 95,000 20,000
© 316-3 Trenches
cis-1,2-Dichloroethylene, pgfL N 399-1-16B- Down 8 180 70
Gross alpha, pCifl. N 399-1-17A Down 2 673 15
Tetrachloroethylene, pgfl N 399-1-16A Down 1 7 5
Trichlorcethylene, pg/l N 399-1-16B Down 2 [ 5
Uranium, pgfL N 399.1-10A Down 6 61.1 20
N 399.1-16A Down 7 111 20
N 359-1-17A Down 6 166 20
400 Area
Nitrogen in Nicrate, pgfL N 699.2.7 Down 4 20,800 10,000
Tritiumm, pCifL N 499.80.7 ND 1 20,200 20,000
N 499-50-8 ND 4 33,800 20,000
N 699.-2-6A Down 1 22,300 20,000
N 699-8-17 Up 2 68,400 20,000
Low-Level Waste Management Area 1
Gross beta, pCi/L N 299.E32.10 Down 3 413 50
N 299-E33-34 Down 2 1,410 50
N 299.E33-35 Up 3 441 50
Nitrogen in Nitrate, pg/L N 2199-E28.26 - Up 2 10,900 10,000
N 299.E32-10 Down 3 17,700 10,000 .
N 299-E32-2 Down 2 11,600 10,000
N 299.E32.3 Down 2 11,300 10,000 -
N 299-E32-6 Down 2 11,400 10,600
N 299-E33-34 Down 2 44,600 10,000
N 299.E33-35 Up 3 20,500 10,000
Technerium-99, pCi/l. N 299-E33-34 Down 1 3,210 9Co
N 299-E33-35 Up A 1,720 900
Uranium, pgil N 299-E33-34 Down 1 211 20

i A33 m
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Table A.3. {contd)

Upgradient/ Number of Maximum MCL or
Constituent, units Filter - Well Name Downgradient  Exceedances Result DWS® Level

&

Nitrogen in Nitrate, pg/L

Carbon tetrachloride, pg/L

Nitrogen in Nitrate, pg/L

Trichloroethylene, pg/L

Cadmium, ug/L
Carbon tetrachloride, pg/L

Gross alpha, pCi/L
Nitrogen in Nitrate, pg/l.

Trichloroethylene, pg/L

Tritium, pCifl-

7 ZZAZLZLZE L ZAZAZLZRZZLZ 227 4

z

P g 2L LA,

2 AZZZAZ 2222242 Z

Low-Level Waste Management Area 2/

mA3M w

299.E34.7 Up 2
Low-Level Waste Management Area 3
299-W10-13 Up
299-W10-19 Up
299.W10-20 Up
299-W10-21 Up
. 299.W6-2 Down
299-W7 -4 Down
299-W17.5 Down
299.W8-1 Down
299-W10-1% Up
299-W10-20 Up
299-%10-21 Up
299.W6-2 Down
299-W7-4 Down
299-W7-5 Down
299-W10-21 Up _
_Low-level Waste Management Area 4
299.W18-26 Up
299-W15-15 Up .
299-W15-16 Down
299-W15-17 - Down
299-W15-18 Down
299.W18-21 Up
299-W18-23 Up
299.%/18-24 Down
269.W18-26 Up
209-W18-27 Up
. 299-W18-32 Up
- 299-W18-21 Up
299-W15-15 Up
299-W15-16 Down
299.W15.18 Down
299.W18-21 Up
299.W18-23 Up
299-W18-24 Up
2199-%/18-26 Up
©299-W15-16 Down
MNonradicactive Dangerous Waste Landfifl
699-25-34A Down - 2
699.25-34B Down 2
699.25.34D Down 2
699.26-33 Down 2
699-26.34A Up 2
699.26-34B Down 3
699-26-35A. Up 4
699-26-35C Up 2

e R e b e e e e e e e e e

17,200

89
1,300
400
130
450
110

19,500
25,400
45,600
10,900
21,500
13,800

10.8

510
53,800

1,900
200
190

1,400
120
410

16.5

20,300
16,500
23,100
18,200
11,600
18,10
17,600

80,800
78,800
73,700
85,600
73,200
81,700
73,700
31,100

10,000

L Ln Ut L bR L L

10,000
10,000
10,000
10,000
10,000

10,000

tiintina A i b e b

—
wun

10,000
10,000
10,000
10,000
10,000
10,600
10,000

20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000




Appen.dix A

. Nickel, pgfl.
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Table A.3. {contd)
Upgradient/ Nurmber of Maximum MCL or
Constituen, unirs Filrer Well Name Downgradient  Exceedances Result DWS® Level
Plutonizm-Uranium Extraction {PUREX) Cribs

Gross beta, pCifL N 199.E17-14 Down 4 110 50
Iodine-129, pCi/L N 299.E17-1 Down 1 9.76 1
: N 299.E17-14 Down 4 12.5 1

N 299-E17-17 Down 3 9.41 1

N 299-E17-19 Down 2 9.42 1

N 299.E17-9 Down 2 11.1 1

N 299.E24-16 Down 4 122 1

N 299.E24-18 Up o1 1.54 1

N 299-E25.17 Bown 1 3.49 1

N 199.E25-19 Down 2 1.91 1

N 299-E25-31 Up 1 2.8 T

. N 699-37-47A Down 1 248 1

Nitrogen in Nitrate, pg/L "N 299-E17-1 Down 2 22,000 10,000

N 299.E17-14 Down 4 26,900 10,000

N 299.E17-19 Down 2 22,400 10,000

N 299.E17-9 Down 2 43,300 10,000

Strontium-90, pCifL N 299.E17-14 Down 4 17.2 8
Tritium, pCifl. N 299.E17-1 Down 2 919,000 - 20,000
N 299.E17-14 Down 4 901,000 20,000

N 299-E17-11 Down - 3 285,000 20,000
— N 299-E17-19 Dowmn 2 730,000 20,000
{ ) N 299.E17-9 Down 2 3,870,000 20,000
N 299.E24-16 Down, 4 385,000 20,000

N 299-E24-18 Up 2 93,800 20,000

N 299.E25-19 Down, . 4 174,000 20,000

N 699-37-47A Down 2 36,000 20,000

State-Approved Land Disposal Site-

Carbon tetrachloride, pg/L N 299-W8-1 ND 1 6 5
N 699-48-77C Down Z 7 5

Tritium, pCi/L N 699-48-77A Down 3 140,000 20,000
N 699-48-77C Down 3 717,000 20,000

N 699-48-77D ) _ Down 5 730,000 20,000

Solid Waste Landfill )

Tetrachloroethylene, pg/L N 699.-23-34A Down. i 10 5
N 699-23.34B Down 1 1 5

N 699-24-33 Down 1 11 5

N 699-24-34A Down 1 9 5

N 699-24-34B Down 1 9 5

N 699-24-34C Down i 9 5

_ N 699-25-34C Down 2 7 5

Tritium, pCifL ‘N 699-24-33 Down 4 49,300 - 20,000
N 699-24-34C Down 4 49,700 20,000

N 699-25-34C Down 5 72,000 20,000

N 699-26-35A Up 4 73,700 20,000

Waste Management Area A-AX

Chromium, pg/L Y 299-E24-19 Down 6 2,820 100
) Y 299.E25-46 Down 1 131 100

Lodine-129, pGijL N 299.E24-19 Down 2 5.14 1
pemen, N 299-E24-20 Down 1 4.54 1
i N 299-E25-40 Up 2 6.65 1
N 299-E25-41 Up 2 4.7 1

N 299.E25-46 Down. 2 4.39 1

Y 299.E24-19 Down 6 883 100



Groundwater Monitoring for FY 1999

ST
R
Table A.3. (contd)
Upgradient/ Number of Maximum " MCLor
Constituent, units 3 Filter Well Name. Downgradient - - - Exceedances Result DWS™ Level
Waste Management Area B-BX-BY
Cadmium, pg/L- Y 299-E33.7 - Down 1 54° - . 5
Cyanide, ug/L N 299-E33.7 . Down C 4 291 200
Gross alpha, pCifL N 299.E33-13 “ Down 10 37.2 15
N . 299-E33-18 Down 9 100 15
N 299.E33-26 Down 3 310 15
‘N 299-E33-38 Down 4 68.9 15
N 299-E33-44 Down 12 201 15
o N 299-E33-5 Down 3 41 15
Gross beta, pCif/L N 299.E33-13 Down 12 1,220 ) 50
N 299.E33.15 Down 1 59.4 50
N 299.E33-16 Down 5 700 50
N 299-E33-18 Down 9 476 . 50
N 299-E33-26 Down 3 71,080 50
N o 299-E33-31 . Down 13 609 50
N 299-E33-32 Dowm, 11 434 ' 50
N 299-E33-34 Dovwn 2 1,410 50
N 299.E33-35 Down 3 441 : 50
N 299.E33-38 Down . 3 2,460 50 .
N 299-E33-41 Down 12 532 50
N 299.E33-42 Down | 12 763 50
N 299.E33-44 Down 10 2,140 ' 50 .
N 299-E33-5 Down 3 2,220 50 i
N 299-E33.7 .. Down 8 2,620 50 N
N 299-E33-8 Down 5 ‘541 50
N 699-50-53A " Down 1 8.8 50
Y 299-E33-8 Down. 1 452 50
Todine-129, pCi/L N 299.E28-8 Down 2 3.54 : 1
"N 299-E33-15 Down 1. 3.88 1
N 299-E33-17 Down 2 6.54 1
N 299-E33-18 Dovwn 1 5.86 1
N .299.E33.20 Down 2 5.25 1
N 299-E33-21 Down 2 3.81 1
N 299.E33.26 - Down 1 4,95 1
N 299-E33-31 © Down 1 437 1
N 299-E33-32 Down 3 4.11 1
N 299.E33-33 Up 3 407 1
N 299-E33-36 Up 4 6.5 1
N 299-E33-41 Down 1 4.53 1
’ N 299-E33-42 Down 1 4.92 1
N 299-E33-43 Down 3 4.31 1
"N 299-E33-44 Down 1 456 1
N 299-E33.8 Down 1 448 1
Nitrogen in Nitrate, pg/L N 299-E33-13 Down 12 58,700 ' 10,000
N 299.E33.15 " Down 4 71,100 10,000
N 299.E33-16 Down 5 116,000 10,000
N 299.E33-17 Déwn 5 49,500 10,000
"N 299-E33-18 Down 8 31,600 10,000
N 299-E33-20 Down: "3 50,500 10,000
N 299-E33-26 Down 4 39,400 10,000
N 299.E33-31 Down 13 - 26,300 10,000
N 199.E33-32 . Down 11 15900 - 10,000
N 299-E33-34 Down 2 44,600 10,000 o
- N 299.E33.35 Down 3. 20,500 10,000 S K
N 299.E33.38 Down 4 47,900 10,000 LA
N 299-E33-42 Down 12 16,200 10,000
N 12 31,100 10,000

299-E33-44 Down

WA36E




Table A.3. (contd)

Appendix A

Upgradient/ Nutber of Maximum MCL or-
Constituent, units Filter Well Name Downgradient  Exceedances Result DWS® Level
N 299.E33-5 Down 2 42,300 10,000
N 299.E33.7 Down 8 85,100 10,000
N 299-E33-8 Down. 6 17,200 10,000
N 699-49.57A Down 1 26,000 10,000 -.
N - 699-50-53A Down 1 37,000 10,000
Technetium-99, pCi/L N 299-E33-13 - Down 12 3,660 900
N 299-E33-16 Down 5 2,200 900
N 299.E33-18 .. Down 6 1,490 900
N 299-E33-26 Down 4 3,750 900
! N 299.E33-31 Down 13 1,860 900
N 299-E33-32 Down 4 1,210 900
N 299.-E533-34 Down 1 3,210 9c0
N 299-E33-35 Down 2 1,720 930
N 299-E33-38 Down 4 5,750 900
N 299-E33-41 Down 9 1,450 900
N 299-E33-42 Down 12 1,730 920
N 299-E33-44 Down 12 4,700 900
N 299-E33.5 Dowr 3 5,000 900
N 299-E33-7 Down 8 6,850 900
N 299-E33-8 Down 5 1,560 900
N 699-49.5TA Down 1 2,470 200
Y 299-E33-8 Down. 1 1,300 900
Uranium, pg/l N 299.E33-13 Down 12 63.7 20
N 299.E33-18 Down g 186 20
N 299-E33-26 Down 4 - 458 20
N 299-E33-34 Down 1 211 20
N 299.E33-38 Down 4 119 20
N 299-E33-41 Down 9 253 20
N 299-E33-44 Down 12 350 20
N 299.E33-5 Down 3 85.6 20
Y 299-E33-13 -Down 3 66.3 20
Y 299-E33-18 Down 2 156 20
Y 299-E33-26 Down 1 283 20
Y 299-E33-38 DPown 1 60.3 0
Y 299-E33-41 Down 2 252 20
Y 299-E33-44 Down 1 C 214 20
Y 209-E33-5 Down 1 52.5 20
‘Waste Management Area C
Gross beta, pCifL N 299-E27-13 Down 1 508 50
) : N 299-E27-14 Up 12 180 50
lodine-129, pCifL N 299-E27-12 Down 1 4.27 1
N 299-E27-13 Down 1 393 1
N 299.E27-14 Up 1 291 - 1
N - 299.E27-15 Down 1 347 1
N 299.E27-7 Up 1 454 1
‘ Waste Management Area S-8X
Carbon tetrachloride, pgfl. N | 299-W23-15 Down 1 12¢ 5
Girross alpha, pCifL N 299-W23-7 Down 1 128 15
Gross beta, pCifL N 299-%/22-45 Down 5 649 50
N 299-W22-46 Down 4 1,500 50 .
N 299-W23-7 Down 1 993 50
Nitrogen in Nitrate, ug/L N 299-W22-46 Down 1 10,100 10,000
N 299-W23-14 Up 3 20,600 10,000

# A3T ®m
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Table A.3. (contd)

Number of

: Upgradient/ Maximum - MCL or
Constituent, units Filter Well Name Downgradient  Exceedances Result DWS® Level
Technetium-99, pCifL N 299.%/22-45 Down 5 1,760 900
: . N 299-W12-46 Down 4 3,760 200
Teitium, pCi/L N 1299.W122-39 Down 4 24,800 20,000
N 299.W22-46 Down 4 41,700 20,000 -
N 299-W23-14 Up . 4 325,000 20,000
Uranium, pgfL N 299-W23.7 Down 1 4.3 20
l Waste Management Area T _
Catbon tetrachloride, pg/L . N 299.%/10-24 Dovm 6 1,600 5
Chromium, pg/l Y 299-W10-23 Down 4 153 100
Y 299-W10-24 Down 4 115 100
Y 299.%710-4 Up 4 192 100
Y 299-W/10-8 Down 3 115 100
Y - 299-W11-23 Down 2 129 100
Fluoride, ug/L N, 299.W1iC-12 Down 1 4,290 4000
N 299.W1i0-24 Down 2 4,960 4000
N 299-W10-4 Up 4 5,250 4000
Gross alphs, pCifL N 299.W11-27 Down, 1 90.1 15
Gross beta, pCi/L N 299-W10-12 Down 2 775 50
N 299.W10-23 Down 4 106 50
N 299-W10-24 Down 7 972 50
N 299.W10-4 - Up 4 106 50
N - 299-W10-8 Down 4 115 50
N 299-W11-12 Down 4 717 50
N 299-W11-23 Down 5 2,460 50
N 299.\711-24 Down 2 T70.7 50
N 299-W11-27 Down 1 2,050 50
N 299-%/11-28 Down - 4 122 50
Y 299.W10-24 Down 1 221 50
Methylenechloride, pg/L "N 299-W10-24 Down 1 8 5
Nitrogen in Nitrate, pg/L N 299.W10-1 Up 2 36,100 10,000
N 299.W10-12 Down: 2z 85,600 10,000
N 299-W10-22 - Dovwn .5 17,400 10,000
N 299-W10-23 Down 4 132,000 10,000
N 299.%710-24 Down 10 120,000 10,000
N 299.W10-4 - Up 4 186,000 10,000
N . 299.W10-8 Down 4 89,300 10,000
N 299-W11-12 Down 4 28,100 10,000
N, 299-W1l1-23 Down 5 23,400 10,000
N ©299.W11-24 Down 2 63,400 10,000
N 299-W1i-27 Down 1 16,300 10,000
N 299.W11-28 Down 4 41,300 10,000
‘ Y 299-W11-24 Dpwn 1 © 57,000 10,000
Technetiut-99, pCifL N 29-W10-24 Down 4 3,660 900 .
. N 299.-W11-23 Down 5 8,540 900
N 299.W11-27 Down 2 7,010 900
Trichloroethylene, pg/L N 299.W10:24 Down 4 11 -5
Tricium, pCi/L N 299WI0-12  Down 1 21,700 20,000
N 299.%/10-23 Down 4 25,500 20,000
N 299-W10-24 Down 3 29,300 20,000
N 299-Wi0-4 Up 2 23,700 - 20,000
N 296.W1C-8 Down 3 23,600 20,000
N Down 4 71,500 20,000

299-W11-12

mA38




Table A.3. {contd)

Appendix A

@ A39 5

. Upgradient/ Number of Maximum MCL or
Constituent, units Filter Well Name Downgradient  Exceedances Resuit DWS* Level
N 299-W1il-24 Down -3 28,200 20,000
N 299-W11-28 Down 4 41,100 20,000
Y 299-W1i0-24 Down 3 29,600 20,000
Waste Management Area T, Assessment Wells -

Carbon tetrachloride, pg/L N 299-W10-19 Down 1 89 5
N 299-W10-20 Down 1 1,300 5

N 299.%10-21 Down i 400 5
N 299-We-2 Down 1 130 5

Gross beta, pCifl. N 299.%6-10 Up 2 83.2 50
. Y 299.W11-31 Down 1 118 50
Nitrogen in Nitrate, pg/L N 299.W10-19 Down 1 19,500 10,000
’ N 299-W10-20 Down 1 25400 14,000

N 299-W10-21 Down 1 45,600 - 10,000

N 299\ 6-10 Up 2 -27,000 15,000

N 299-W6-2 Down 1 14,900 10,000

N 299-W6-4 Down 2 19,600 10,000

N 299.We6-9 Daown 2 14,600 10,000

Y 299-W11-31 Down 1 30,000 10,000

Trichloroethylene, pg/L N 299-W10-21 Down 1 7 5
Tritium, pCi/L. N 299-W6-10 Up 2 43,400 20,000
N 29937 6-4 Down 1 21,700 20,000

Y 299-W11-31 Down 1 52,500 20,000

Waste Management Area TX-TY ‘

Carbon tetrachloride, pg/L N 299.W14.14 Down: . 7 920 3
N 299-W15-4 Down 3 460 5

N 299-W15-40 Down. 1 950 5

 Chromium, pg/L Y 299-W14-13 Down 4 433 100
Gross alpha, pCifL. N 299-W14-12 Pown 1 264 15

Grass beta, pCI/L N 299WI0-17 Down 4 101 50 -

. N 299-W10-18 Pown I 525 50

N 299-W10-26 . Down 1 553 50

N 299-W14-13 Down 4 1,510 50

N 299-W14-14 Down 4 117 . 50

N 299-W14-2 Down 3 468 50

N 299-W14-5 Down 4 9L5 50

N 199 14-6 Down 3 58.5 50

N 299.3/15-12 Down 2 245 50

N 299-%W1i5-4 Down 4 418 50

Y 799-Wi4-14 Down 1 135 50

Todine-129, pCi/L N 299-W14-13 Down 2 311 1
N 299-Wl4-2 Down 3 474 L

Nickel, pg/L Y 299-W10-18 Down 3 360 100
Nitrogen i Nicrate, pg/l N 299.W10-17 Down 4 52,400 10,000
N 299.W10-18 Down 3 18,500 14,000

N 299-W10-26 Down 5 19,900 10,000

N 299-W14-12 Down 1 131,000 10,000

N 299.%W/14-13 Dovwn 4 78,500 10,000

N 299-%W/14-14 Down 5 51,000 10,000

N 299.\014-2 Down 4 19,300 10,000

N 299.W14-5 Daown 4 48,600 10,000

N 299\ 14-6 Down 4 20,100 10,000



Groundwatsr Monitoring for FY 1999

Table A.3. {contd)

: Upgradient/ Number of Maximum MCL or
Constitnent, units Filter Well Name N Downgradient Exceedances _ Result DWS® Level

N 299-W15-12 Down 2 37,100 18,000

N 299-W15-4 Down 4 29,800 1C,000

N 2196-W15-40 Down 4 32,300 1¢,000

Technetium-99, pCifl N 209-W14-12 Down 1 6,200 900
. N 299-W14-13 Down 4 5,130 900

N 299-W14.2 Down 2 1,450 900

N 299-W15.4 Down 1 982 900

Trichloroethylene, g/l N 299.W14-14 Down 4 10 5
N 299.W15-40 Down 1 15 5

Tririum, pCifL N - 299-W10-17 Down 3 27,200 20,000
N 299.W14-12 Down 1 1,170,000 20,000

N 299-W14-13 Down 4 2,000,000 20,000

N 299.%714-2 Down 4 1,970,000 20,000

N 299-W15-12 Down 2 29,900 20,000

N 299-W15-4 Down 1 21,400 20,000

‘Waste Management Area U -

Carbon tetrachloride, pgfL N 299-%W18-30 Down - 5 610 5
N 299-W19-41 Down 1 290 5

N 299.W19-42 Down t 2 510 5

Gross beta, pCi/L N 299.W19-12 Down 4 78.4 50
N 299.W19-31 Down 1 57.4 50

N 299.W/19-41 Down 4 148 50

N 299-W19-42 Down 3 124 50

- Treated Effluent Disposal Facility
Gtoss beta, pCi/L N 699-40-36 Down 1 130 50

{(a) Samples collecred between Ogtober 1, 1998 and September 30, 1999. Primary maximum contaminant levels and interim drinking

water standards. Excludes constituents where the detection limit is greater than the standard.

{b) MCL = Maximum contaminant level.

DWS = Drinking water standard.

ND = Not determined.
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Appendix A

Table A.4. Monitoring Wells and Constituents for 100 N Area Units (adapted from

WHC-SD-EN-AP-038, Rev. 2}

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Netwaorks
1301-N Liquid Waste Disposal Facility _
199.N-2% Top of uniconfined Semiannual Semiannual PRE 100-NR-2, ERA
199.1-36 Top of unconfined Semiannual - Semianmual PRE 100-NR-2, ERA,
Surveillance
199.N.348 Top of unconfined Semiannual Semiannual PRE Surveillance
199.N.57% Top of unconfined Semiannual Semiannual RCRA Surveillance
199-N-105A% Unconfined Semiannual - RCRA® ERA
1324-N/NA Liquid Waste Disposal Facilities
199-N-56% “Top of unconfined Semiannual Semiannual RCRA Surveillance
199.N.71% Top of unconfined Semiannual Semianrual RCRA Surveillance
199-N-72% - Top of unconfined Semiannual Semiannual RCRA - '
199.N.73 Top of unconfined Semiannual Semiannual RCRA -
199-N. 772 Bottom of unconfined ~ Semiannual Semiannual RCRA -
1325.N Liquid Waste Disposal Facility

199-N-28%® Top of unconfined Semiannual Semiannual PRE Surveillance
199.N.32% Top of unconfined - Semiannual Semiannual PRE 100-NR-2, Surveillance
199-N-41% Top of unconfined Semiannual Semiannual PRE Surveillance
199.N.-74 Top of unconfined Semiannual Semiannual RCRA 100-NR-2, Surveillance
199-N-81" Top of unconfined Semisnmnual Semiannual RCRA 100-NR-2, Surveillance

Contamination Indicator Parameters

" pH (field)
Specific conductance {field)

Total organic carbon

Site-Specific Parameters

Alkalinity®
Anions®

ICP metals (filtered )
Turbidity

Gross alpha'®

Total organic halides

(2) Exeracrion well; screened over entire thickness of aquifer.

(b} Used for supplemental information; no statistical evaluations.

(c) Annually for 1301-N and 1325-N liquid waste disposal facilities.
{(d} Gross alpha required for wells 199-N-59 and 199-N-77 only. '

Bold italic
Supetscript
ERA

Icp

PRE
RCRA

rn

monoao

Upgradient wells.

Year of installation.

Expedited response action.

Inductively coupled plasma emission spectroscopy.
Well not constructed to RCRA standards.

Well constructed to RCRA standards.

wA4L m
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Table A.5. Critical Mean Values for 1301-N Liquid Waste Disposal Facility®

Coﬁsﬁtuent, unit n
Specific
conductance, PSfcm 10
Field pH 10
Total organic carbon,
e/l ‘ 10
Total organic
halides,™ pg/L 9

8

Upgradient/
Average Standard- Critical Downgradient
t, Background ~—  Deviation Mean Comparison Value
4.7815 537.69 237.05 1,726_.5 1,726.5
5.2912 7.969 0.356 [5.99, 9.94] [5.99, 9.94]
47815 623.625 350.836 2,383.0 2,383.0
5.0420 6.162 3.377 4.1 241

(a) Based on semiannual sampling events from September 1997 to September 1999 for upgradient wells 199-N-57 and

199-N-34.:

(b) Excluding suspect data collected on September 30, 1997 from well 199-N-57.

df = Degrees of freedom (n-1).

n = Number of background replicate averages.
t, = Bonferrom critical t-value for appropriate df and 20 comparisons.

Table A:6. Critical Mean Values for .1324—N/NA Liquid Waste Disposal Facilities®

Constituent, unit n
Specific
conductance; pSfcm 5
Field pH 5
Total organic
carbon,® yafl. 5
Total organic halides,
he/L ) 5

df

4

_ Upgradient/
Averape Standard Critical Downgradient
t, Background Deviation . Mean . Compatison Value
81216 30525 - 18.694 4716 4706
9.7291 8.162 - 0.095 [7.15, 9.17] [7.15,9.17]
8.1216 237.25 180.157 1,840.1 1,840.1
8.1216 7.334 2286 77 211

(2) Based on semiannual sampling events from September 1997 to August 1999 for upgradient well 199—N—71
(b) Critical mean calculated from values reported below vendor’s specified method detection limit.

df = Degrees of freedom (n-1).

n = Number of background replicate averages. .
t, - = Bonferroni critical t-value for appropriate df and 16 comparisons.”

mA4L m
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Appendix A

Table A.7. Critical Mean Values for 1325-N Liquid Waste Disposal Facility®

Upgradient/
o Average Standard Critical Downgradient
Constituent, unit n df t, Background = Deviation . | Mean - Comparison Value

Specific ' : . h
conductance, pSfcm 5 4 8.1216 349.75 13.621 470.9 470.9
Field pH ' 5 4 9.7291 8.163 0.149 [6.37, 9.76] [7.46, 8.791®
Total c.n:ganic carbon, :
e/l 5 . 4 8.1216 307.5 156.774 1,702.3 - 1,702.3
Total organic halides, :
ug/L 5 4 81216 6.185 2.375 213 . 213

(a) Based on semiannual sampling events from September 1997 to September 1999 for upgradient well 199-N-74.

(b) Values calculated using data collected from August 1995 to September 1999 because the critical range calculated using
limited data is too large to be meaningful.

df = Degrees of freedom (n-1).

n = Number of background replicate averages.

t, = Bonferroni critical t-value for appropriate df and 16 comparisons.

Table A.8. Monitoring Wells and Constituents for 120-D-1 Ponds (adapted from

WHC-SD-EN-AP-048)
Hydrogeologic Unit Sa.tﬁpling Water-Level - Well
Well Monitored . Frequency™ Measurement Standard Other Networks
199.D5.13% Top of unconfined . Semiannual Serniannual RCRA 100-HR-3, Surveillance
199-D8-4% Top of unconfined Semiannual Semiannual RCRA ~ 100-HR-3
199-Dg-5% Top of unconfined Semiannual ~ Sernianmual RCRA 100-HR-3
199-D8-6™ Top of unconfined Semiannual Semiammual =~  RCRA Surveillance
Contamination Indicator Parameters Site-Specific Parameters
pH (field) Alkalinity ICP metals (filtered)
Specific conductance (field} Anions Merqury (filtered)
Total otganic carbon Gross alpha Tritivm
Total orga.nic halides Gross beta Turbidity (field)

(a) Through March 1999. S1te clean closed. No further RCR_A monitoting requu‘ed

Bold italic = Upgradient well.

Superscript = Year of instaliation.

ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards,

mA4 .



Groundwater Monitoring for FY 1999

Table A.9. Monitoring Wells and Constituents for 183-H Solar Evaporation Basins

(adapted from PNNL-11573)

: Hydrogeologic Unit Sampling © Water-Level Well : '
“Well Monitored Frequency Measurement Standard Other Networks
199.H4.3™ Top of unconfined Annual Semiannual FRE IRA, Surveillance
199.}4. 786 Top of unconfined Annual Semiannual RCRA  IRA, Surveillance -
199-H4-12A%W Top of unconfined Annual Semiannual - RCRA IRA '
199.H4-12(8¢ Mid-depth vnconfined Annual- ‘Semiannual RCRA IRA
Dangerous Waste Constituents Site-Specific Parameters
Chromium (filtered) ~Alkalinity pH
Nitrare Anions Specific conductance -
Fluoride ICP metals (filtered) Turbidity
Technetium-99
Uranium

{a) Extraction well.

Superscript
ICP

IRA

PRE
RCRA

oo

Year of installation.

Inductively coupled plasma emission spectroscopy.
Interim response action.

Well not constructed to RCRA standards.

Well constructed to RCRA standards.
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Table A.IO.- Monitoring Wells and Constituents for Waste Management Area S-SX (adapted from

WHC-SD-EN-AP-191)
Hydrogeologic Unit Sampling Water-Level Well
Well - Monitored Frequency Measurement Standard Other Networks
299-W22-39% Top of unconfined Quarterly Quarterly RCRA Surveillance
299.W22-44% Top of unconfined ‘Quarterly Quarterly " RCRA - '
209.W22-45% Top of unconfined Quarterly Quarterly RCRA -
299.W22-46" Top of unconfined Quarterly Quarterly RCRA Surveillance
299-W22-487 " Top of unconfined Quarterly Quarterly RCRA -
299.W/22-49% - Top of unconfined Quarterly Quarterly RCRA -
209.W/22-50% Top of unconfined Quarterly Quarterly RCRA -
299-W23-7% Top of unconfined Quarterly Quarterly PRE Surveillance
209.W%/723.9% Top of unconfined Quarterly Quarterly PRE -
299-W23-13% Top of unconfined Quarterly Quarterly RCRA -
299.-W23-14% Top of unconfined Quatterly Quarterly, RCRA Surveillance
299.%/23-15% Top of unconfined Quarterly Quarterly RCRA Surveillance,
Contamination Indicator Parameters Site-Specific Parameters
pH . Anions Strontium-90
Specific conductance Cesium-137 Technetium-99
Total organic carbon Gross alpha Tritium
Total organic halides Gross beta Turbidity
Hexavalent chromium ~ Uranium

Bold iralic
Superscript
ICP

PRE
RCRA

|

= Upgradient wells.

Year of installation.

Inductively coupled plasma emission spectroscopy.
Well not constracted ro RCRA standards.
Well constructed to RCRA standards.

#wA4S T
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Groundwater Monitoring for FY 1999

Table A.11. Monitoring Wells and Constituents for Waste Management Area T (adapted from
WHC-SD-EN-AP-012, Rev. 1 and WHC-SD-EN-AP- 132) '

)

)

Hydrogeologic Unit Sampling Wateral.evel Well :

Well Monitored Frequency Measurement . Standard Other Netrworks
299-W6-281= Top of unconfined Semiannual Semiannual " RCRA  LLWMA 3, Surveillance
299.W6-4°1) Top of unconfined Semiannual Semiannual RCRA -
299-W6.9524:) Top of unconfined Semiannual Semianmual RCRA -
299-W6-10% Unconfined ' - Semiannual Semiannual RCRA .
299.-W10-1¥ Unconfined : Semiannuai Semiannual FRE - Surveillance
299-W10-2° Unconfined Semiannual Semiannual ~PRE -
299.%10-4 Unconfined Quarterly Quatterly PRE Surveillance
299-W10-87 . Top of uniconfined Quarterly Quarterly - -PRE -
299.%/10-12# Top of unconfined Semiannual Semiannual PRE Surveillance
299.W/10-19%= Top of unconfined Semiannual Semiannual RCRA LIWMA3
299.3%10-20% Top of unconfined Semiannual . Semiannual RCRA LIWMA3 -
299.W10-219%= Top of unconfined Semiannual Semiantual RCRA LIWMA 3
299-W10.22% Unconfined - Quarterly Quarterly RCRA Surveillance
299-W10.23% Unconfined Quarterly Quarterly RCRA .
290-W10.24% Unconfined Quarterly Quarterly RCRA Surveillance
299.W11.7% Unconfined Semiannual Semiannual PRE -
299-W11-12% Unconfined Quarterly Quarterly . PRE -
299-W11-237 Top of unconfined Quarterly Quarterly " PRE -
299.W11.247 . Top of unconfined Quarterly Quarterly PRE -
290.W11.27* Top of unconfined Quarteﬂy Quarterly RCRA e
299.%/11.28% Top of unconfined Quarterly Quarterly RCRA Surveillance
299-W11-307 Unconfined Semiannual Semiannual RCRA 200-ZP-1
299-W11.317 Top of unconfined Semiannual Semiannual RCRA -
299.%15.127 Unconfined Semiannual Semiannual PRE .

Contamination Indicator Parameters Site-Specific Parameters™

pH ' . Anions ) Strontium-90

Specific conductance Gamma scan (cesium-137,  Technetium-99

Total organic carbon cobalt-60) Total dissolved solids

Total organic halides Gross alpha Tritium

' Gross beta Tufbidity ’

ICP metals (filtered) Volatile organic compounds
lodine-129

(2) Wells used for expanded assessment monitoring.
(b) Constituent list varies by well.

Superscript = Year of installation.

ICP = Inductively coupled plasma emission spectroscopy.
LLWMA = Low-level waste management area. .

FRE = Well not constructed to RCRA standaids.

RCRA = Well constructed to RCRA standards.
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Table A.12. Monitoring Wells and Constituents for Waste Management Area TX-TY (adapted from
WHC-SD-EN-AP-012, Rev. 1 and WHC-SD-EN-AP-132)

{(2) Limited wells.

Bold italic = Upgradient well.

Superscript = Year of installation.

ICF = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.

RCRA = Well constructed to RCRA standards.

m A47 #

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks
©O299-W10-17 Top of unconfined Quarterly Quarterly RCRA -
299-W10-18" Top of unconfined Quarterly Quarterly RCRA -
299-W10-26% Unconfined Quarterly Quarterly RCRA - )
299.-\14.2% Unconfined Quarterly Quarterly PRE -
299.W14.5% Unconfined Quarterly Quartetly PRE -
299-W14.6™ Unconfined Quarterly Quarterly PRE -
299-W14-12% Top of unconfined Quarterly Quarterly RCRA -
299-W14-13% Unconfined © Quarterly Quarterly RCRA .-
299-W14-14% Unconfined Quarterly Quarterly RCRA Surveillance
299.W15-4% Unconfined Quarterly Quarterly PRE 200-ZP-1
299.W15.229 Top of unconfined " Dry Dry RCRA --
299-W15-40% Unconfined Quartetly "Quarterly RCRA -
Contamination Indicator Parameters Site-Specific Parameters
pH Alkalinity Jodine-129
Specific conductance Anions Strontium-90@
Total organic carbon Gamma scan {cesium-137,  Technetium-99
cobalt-60) Total dissolved solids

Gross alpha Tritium

Gross bera ) Turbidity

LCP metals {filtered) Volatile .organic cbmpounds(‘"



Groundwater Monitoring for FY 1999

(¢} Wells 299-%19-41 and 299-W19-42 only.

(d) Annually.
Bold italic = Upgradient wells.
Superscript = Year of installation.

ICP

Inductively coupled plasma emission spectroscopy.

S
. Table A.13. Monitoring Wells and Constituents for Waste Management Area U (adapted from
WHC-SD-EN-AP-012, Rev. 1) '
Hydrogeologic Unit Sampling Water-Level Welt
Well Monitored Frequency Measurement Standard Other Networks
299.W18.25% Top of unconfined " Quarterly Quarterly RCRA Surveillance
299-W18-30* Top of unconfined Quarterly Quarterly RCRA 200-ZP-1
-299-W18-31% Top of unconfined Quarterly Quarterly RCRA -
299.%/19.128 Top of unconfined Quarterly Quarterly FRE -
299-W19-31% Top of uncondined . Dry® Dry® RCRA Sutveillance
299-W19-41% Top of unconfined Quarterly Quarterly RCRA Surveillance
299-%/19.42% Top of unconfined  Quarterly Quartetly RCRA Surveillance
Contamination Indicator Parameters Site-Specific Parameters .
pH Alkalinity - Todine-129%¢
Specific conducrance Anions Phenols®
Total organic carhbon Gamma scan'® Technetium-99
Total crganic halides Gross alpha Total dissolved solids
Gross beta Tritium
LCP metals (filtered) Turbidity
(2) Used for supplemental information; no statistical evaluations.
{b) Last sampled December 1998. ' -

C

PRE = Well not constructed to RCRA srandards.
RCRA = Well constructed to RCRA standards.
Table A.14. Critical Mean Values for Waste Management U®
_ Upgradient/
Average Standard Critical Downgradient
Constituent, unit n df £ Background Deviation Mean Comparison Value

Specific : . .
conductance, pSfcm 10 - 47815 218,175 10870 - 2727 . 272.9
Field pH 10 9 5.2811 '8.088 0.112 [7.46, 8.71] [7.46, 8.71] ‘
Total organic carbon,® '
ue/L 10 9 4.7815 - 465.250 125.069 1,092.5 1,153.7
Total organic halides, ‘ .
ug/L o9 4.7815 32.938 25.438 160.5 160.5

(a) Data collected from August 1998 to August 1999 for upgradient wells 299-W18-25 and 299-W18-31.
(b) Uperadient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1).

n = Number of background replicate averages.
t, = Bonferroni critical t-value for appropriate df and 20 comparisons.
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Appendix A

Table A.15. Monitoring Wells and Constituents for 216 S-10 Pond and Ditch (adapted from

WHC-SD-EN-AP-018)
Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks
299.-W26.-7%1 Top of unconfined Semiannual Semiannual RCRA Surveillance
299.W26-8%° Top of unconfined Dry® NA RCRA Sutveillance
299-W26-9% Top of unconfined Dry® NA RCRA ) e
299-W26-10% Top of unconfined Dryt NA RCRA -
299-W26-12% Top of unconfined Sernfarmual Semiannual RCRA Surveillance
299-W27.2% Base of unconfined Semiannual Semiannual RCRA Surveillance

Contamination Indicator Parameters
pH
Specific conductance
Total organic carbon
Total organic halides

{a) Well dry; last sampled March 1998,
{b) Well dry; last sampled June 1999.
{c) Well dry; last sampled March 1999,

(d) Used for supplemental information; no statistical evaluation.

Site-Specific Parameters

Alkalinity ICP metals {filtered)
Anions Phenols

Gross alpha Tubidity

Gross beta

Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
NA = Not applicable.
RCRA = Well constructed to RCRA standards.
Table A.16. Critical Mean Values for 216-S-10 Pond and Ditch®
Upgradient/
Average Standard Critical Downgradient
Constituent, unit n df t, Background Deviation Mean Comparison Value
Specific .
conductance, US/cm 5 7.5288 276.6 5.504 322.0 322.0
Field pH 5 4 9.0292 8.101 C.089 [7.22, 8.98] [7.22,8.98]
Total organic _ _ '
carbon,® pg/L 5 4 7.5288 274.45 111.93 1,197.6 1,197.6
Total organic halidés, ' ‘
g/l 5 4 7.5288 3.584 2.175 23.5 235

(a) Datacollected from December 1996 to December 1997 for upgradient well 209.W26.7, except for toral organic carbon
that was collected from December 1995 to December 1997,
{(b) Critical mean calculated from values reported below vendor’s specified method detection limit.

df = Degrees of freedom (n-1).
n = Number of background replicate averages.

t. = Bonferroni critical t-value for appropriate df and 12 comparisons.
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Table A.17. Monitoring Wells and Constituents for 216-U-12 Crib (adapted from -
. WHC-SD-EN-AP-019 and WHC-SD-EN-AP-108)
Hydrogeologic Unit Sampling Water-Level - © Well
Well ~ Monitored Frequency Measurement Standard Other Networks
299.322-40°%° Top of unconfined Removed NA RCRA Surveillance
299-W22-41%0 Top of unconfined Dryt) _ NA RCRA -
299.\722-42% Top of unconfined Dry®® NA RCRA -
.299.W22.43% Top of unconfined Quarterly Quarterly RCRA .-
299.%22.79% Top of unconfined Quarterly Quarterly RCRA .-
699-36-T0A™ Top of unconfined Quarrerly Quarterly ‘RCRA ERDF
Contaminarion Indicator Paramerers Site-Specific Parameters
rH Alkalinity lodine-129®
Specific conductance Anions Technetium-99
Total organic carbon Gross alpha Total dissolved solids
Total organic halides Gross beta Tritium
ICP metals {filtered}®  Turbidiey
(a) Well is dry; last sampled March 1999.
(b) Analyzed annually.
Bolditalic = Upgradient well.
Superscript = Year of installation. e
ERDF = Environmental Restoration D1sposal Facility. :
1ICP = Inductively coupled plasma emission spectroscopy N
NA - = Not applicable.
RCRA = Well constructed to RCRA standards.




Appendix A

Table A.18. Monitoring Wells and Constituents for Low-Level Woaste Management Area 3
{adapted from WHC-SD-EN-AP-015) :

Contamination Indicator Parameters

pH
Specific conductance

Total organic carbon

Total organic halides

Bold italic = Upgradient wells.

Superscript = Year of installation.

RCRA = Well construcred to RCRA standards.
SALDS = State-Approved Land Disposal Site.
WMA = Waste management area.

Hydrogeologic Unit Sampling Water-Level Well
Well o Monitored - Frequency. Measurement Standard Other Networks
299-We-287 Top of unconfined Semiannual  Semiannual RCRA  WMAT, Surveillance -
200-W7-1% Top of unconfined - Semiannual Semiannual RCRA . SALDS
299-%7-2¢7 Top of unconfined Dry Dry RCRA -
299.%/7.3% Deep unconfined Semiatrual Semiannual RCRA SALDS
299-W/7-4% Top of unconfined Semiannual Semiannual RCRA - :
299-W7-587 Top of uncenfined Semiannual Semignnual RCRA SALDS, Surveillance
299-W17-6%7 Top of unconfined Semiannual Semiannual RCRA-  SALDS, Surveillance
299-WT-7% Top of uncenfined Semiannual - Semiannual RCRA SALDS:
209.\%/7-8% Top of unconfined Semiannual Semiannuai RCRA SALDS, Swrveillance
299-W'7.9% Top of unconfined _ Semiarmmual Semiannual RCRA . SALDS
- 299.W7.10% Top of uncenfined Semiannual Semiannual RCRA _ -
299.W7-11% Top of unconfined Semiannual Semiannual RCRA SALDS, Surveillance
200-W7-12% Top of unconfined Semiannual Semiannual RCRA  SALDS, Surveillance
209.-W/8-1%7 Top of unconfined Semiannual Semiannual RCRA SALDS, Surveiliance
299-W9.-1% Top of unconfined Semiannual Semiannual RCRA ‘Surveillaﬁce
299-W10-13% Top of unconfined Semianmuaal Semiannual RCRA Surveillance
299-Wi0-14% Deep unconfined Semiannual Semiannual RCRA -
299-W10-19% Top of unconfined Semia:mual Semiannual RCRA . - WMA'T
299-W10-20% Top of unconfined Semiannual Semiannual RCRA WMA T, Surveillince
209.W10.21% Top of uniconfined Semiannual Semiannual

RCRA WMA T, Surveillance

Site-Specific Parameters

Alkalinity

Anions

Gross alpha

Gross beta

ICP metals (filtered)
Lead (filtered)

# AL =

Mercury (filtered)
Phenols

Triciom

Turbidity

Volatile organic compounds
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Table A.19. Critical Mean Values for Low-Level Waste Management Area 3 (area not
affected by upgradient contamination)®

Constituent, unit n df
Specific ‘
conductance, PS/cm 9 8
FieldpH = 9 8

Total organic ‘
carbon,® pgfl 8 7

Total organic halides,

pg/lL - g8 7

Upgradient/-

Ayerage Standard Critical Downgradient
t Background Deviation Mean Comparison Value
5.3168 445,472 24.948 585.3 583.3
59119 8.287 0226 = [6.88,9.69]  [6.88,9.69]
5.7282 169.062 49.945 472.5 1,153.7
5.7282 9.10 7.137 525 525

(a) Data collected from December 1994 to Septetnber 1995 for upgradient wells 209-W9-1 and 299-W10-13. Critical means
caleulated for area not impacted by upgradient source of contamination. ’

- {b) Critical means calculated from values reported below vendor’s specified method detection limit.

{c) Upgradient/downgradient comparison value is the limit of quantltatmn discussed in Appendix B.

df = Degrees of freedom (n-1).

1 = Number of background replicate averages.

t, = Bonferroni critical t-value for appropriate df and 28 compatisons.

. Table A.20. Critical Mean Values for Low-Level Waste Management Area 3 (area affected
by upgradient contamination)®

Constituent, unit n df
Specific
conductance, uSfcm 11 10
Field pH 15 14
Total crganic .
carbon, ¥ g/l - 15 14

Total organic halides,

ug/L. 136 12

o Upgradient/
Average Standard Critical Downgradient
t, Background Deviation Mean Comparison Value
5.0494 561.296 54.4 8482 848.2
4.8656 8.059 0316 [6.47,9.65] " - [6.47, 9.65]
4.49§5 336.9167 126.77 926.0 1,153.7
47168 784492 374.522 26177 2,617.7

{a) Dara collected from March 1997 wo Maxeh 1998 for upgradient wells 269-W10-19, 299 WIO 20, and 299-W10-21.

Critical means calculared for area impacted by upgradient source of contamination.

(b)Y EBxcluded cutliers.

(¢) Critical means calculated from values reported below vendor’s specified method detection hmlt
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom {n-1).

n = Number of background replicate averages.

t, = Bonferroni crifical t-value for appropriate df and 40 comparisons.
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Table A.21. Monitoring Wells and Constituents for Low-Level Waste Management Area 4
(adapred from WHC-SD-EN-AP-015) ' ‘

Hydrogeologic Unit . Sampling Water-Level Well
Well Monitored Frequency Measurement Srandard Other Networks
299.-W15-15% - Top of unconfined Semiannual Semiannual RCRA 200-ZP-1
299-W15-16% Top of unconfined Semiannual Semiannual RCRA -
299.W15-17% Deep unconfined Semianmual Semiannual RCRA -
299.W15-18% Top of unconfined Semiannual Semiannual RCRA -
299.W15.19%° Top of unconfined Dry Dry RCRA 200-ZP-1, Surveillance
299-Wis5.-20% Top of unconfined Dry - Dry RCRA -
200.W15-23% Top of unconfined Dry Dry RCRA .
299.W15-24% Top of unconfined Dry Dry RCRA -
299.W18-21% Top of unconfined Semiannual Semiannual RCRA 200.Zp-1
299-W1i8-22% Deep unconfined Semiannual Semiannual RCRA Surveillance
299.W18-23% Top of unconfined Semiannual ‘Semiannual RCRA 200-7P-1-
299.-W/18.24% Top of unconfined Semiannual Semiannual RCRA -
299.-W18-26% Top of unconfined Drey Dry -
299-W18-27 Top of unconfined Semiannual Semizmnual ’ RCRA 200-ZP-1
299-W18.-28* Top of unconfined Semismnual Semiannual RCRA -
299-W18-29 Perched zone Dey Dry RCRA »
299-W18-32% Top of unconfined Dry Dry RCRA 200-ZP-1
Contamination Indicator Parameters Site-Specific Patametets
pH _ . Alkaliniry Mercury (filtered)
Specific conductance Anions Phenols
Total organic carbon Gross alpha Tritium
" Total organic halides Gross beta Turbidity
ICP merals (ﬁltered) Volatile organic compounds
Lead (filrered) :
Bold italic = Upgradient wells.
Superscript = Year of installation.
icp = Inductively coupled plasma emission spectroscopy. .
RCRA = Well constructed to RCRA standards.
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Table A.22. Critical Mean Values for Low-Level Waste Management Area 4

Constituent, unit n
‘Specific
conductance, USfcm 16
Field pH 16

Total organic
carbon,®™ pgfl. 16

Total organic halides,

e/l 16

daf

15
15

15

15

Upgradient/
Average Standard Critical Downgradient
ot Background Deviation’ Mean Comparison Value
4.2395 377.156 68.587 676.9 6769
4.5857 7.958 0.130 [7.34, 8.57] [7.34,8.57]
4,2395 543.438 236.054 1,375.C 1,575.0
4.2395 262.510 199.616 1,134.8 1,134.8

(a) DBased on semiannual samphng events from July 1997 to January 1998 for uppradient wells 299-W15-15, 299-W18-21,

299-W18-23, and 299-W18.26.

(b) Critical means calcilated using data below vendor’s specified method detection limit,

df = Degrees of freedom (n-1).

n = Number of background replicate averages.

t, = Bonferroni critical t-value for appropriate df and 28 comparisons,
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Table A.23. Monitoring Wells, Constituents, and Enforcement Limits for State-Approved
Land Disposal Site (adapted from WHC-SD-C018H-PLN-004, Rev. 1)

(a) Monitored for full constituent list. Other wells analyzed for tritium only,

Bold italic = Upgradient well. :
LIWMA = Low-level waste management area.

PRE = Well not constructed to RCRA standards.
RCRA = Well constructéd to RCRA standards.

# A5

. Hydrogeologic Unit Sampling Well :

Well . Monitored Frequency Standard Other Networks
299.W6-6 Top of unconfined Annual RCRA Sutveillance
299-We-7 Top of unconfined . Annual RCRA Surveillance
299.W6-8 ~ Top of unconfined Semiannual RCRA -
299.W6-11 Top of unconfined ~ Annual RCRA -

299.%/6-12 Top of unconfined Annual RCRA Surveillance
299.W17-1 " Top of unconfined Semiannual RCRA LEWMA 3
299-W7-3 Top of unconfined Annual "RCRA " LINVMA 3

- 290.W17-5 Top of unconfined Annual RCRA LINVMA 3, Surveillance
299.W17.6 Top of unconfined Semiannual RCRA LINVMA 3, Surveillance
299-W7.7 Top of unconfined Annual RCRA LEWMA 3
299.%7-8 Top of unconfined Annual RCRA LIWMA 3, Sutveillance
299-W17-9 Top of unconfined Annual RCRA LIWMA 3
299.W7-11 Top of unconfined Semiannual RCRA LIWMA 3, Surveillance
299.W7-12 Top of unconfined Annual RCRA LIWMA, 3, Surveillance
299.W§.1w Top of unconfined Quarterly RCRA LEWMA 3, Surveillance
699-48-71 Unconfined Annual PRE Surveillance
699.48-771A® Confined Ringold Quarterly RCRA -

unit E; upper
699.48.77C® Confined Ringold Quarterly RCRA Surveillance
unit E; mid to lower ‘
699-48.-77D@ Confined Ringold Quarterly RCRA Surveillance
_ unit E; upper '
699.49.79 Top of unconfined Annual+ FRE -
699-51-75 Confined Ringold(?) Annual PRE -
Constituent ' Enforcement Limit (pg/L} Constituent Enforcement Limit (pgfL)

Acetone 160 Lead, total 7 50
Ammonia 1,100 Mercury, total 2
Benzene 5 pH 6.5 - 8.5 pH units
Cadmium, total ] 10 Strontium-90 . Moniror only
Chloroform ‘ 6.2 Sulfate 250,000
Copper, total 70 Tetrahydrofuran 100
Gross alpha Monitor only Total dissolved solids 500,000
Gross beta Monitor only Tritium Monitor only
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Table A.24. Monitoring Wells and Constituents for Environmental Restoration Disposal Facility
{adapted from BHI-00873)

_ Hydrogeologic Unit Sampling Water-Level - Well
Well Monitored Frequency Measurement - Standard Other Networks
699-35-66A77 Top of uncenfined Semiannual Semiannual FRE Surveillance
699-36-67% Top of unconfined Semiannual Semiannual RCRA -
699.36-70% Top of unconfined Semiannual Semiannual RCRA 216-U-12
| 699.37-68% Top of uncenfined Semiannual Semiannual - RCRA -

Contamination Indicator Parameters

Site-Specific Parameters

RN

-pH Alkalinity ICP metals (filtered)
) Specific conductance Anions lodine-129
Turbidity Arsenic (filtered) Radium
Carbon-14 Technetium-99
Carbon tetrachloride Total dissolved solids
Gross alpha Total organic halides
Gross beta Uranium
Bold italic = Upgradient well.
. Superscript =" Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.
Table A.25. Monitoring Wells and Constituents for Waste Management Area A-AX
(adapted from WHC-SD-EN-AP-012, Rev. 1) ‘ '
Hydrogeologic Unit - Sampling Water-Level Well
Well Monitored -Frequency Measurement Standard - Other Networks
299-E24-19® - Top of unconfined Semiannual Quarterly RCRA Surveillance
299.E24.20% Top of unconfined ‘Semiannual Quarterly RCRA Surveillance
299.E25.2%@ ° Top of unconfined - Quarterly PRE -
299-E25.-40% Top of unconfined Semiannual Quarterly RCRA - -
299.E25-41% " Top of unconfined Semiannual Quarterly . RCRA Surveillance
299-E25-46" Top of unconfined Semiannual Quarterly RCRA Surveiliance
Contamination Indicator Parameters. Site-Specific Parameters
pH Anions Low-level gamma
Specific conductance Gross alpha Phenols
‘Total organic catbon - Gross beta Technetium-99
Total organic halides ICP metals (filtered) Tritium
lodine-129 Turbidity

{(a) Used for supplemental information; no statistical evaluations.

Bold italic = Upgradient wells.
Superscript = Year of installation.
icp = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.
- RCRA = Well constructed to RCRA standards.
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Appendix A

Table A.26. Critical Mean Values for Waste Management Area A-AX®

Upgradient/
Average Standard Critical Dovwngradient
Constituent, unit n df t, Background Deviation Mean Comparison Value

Speéific _ . '
conductance, BSfcm 6 5 6.8688 313.50 29.838 534.9 5349
Field pH 8 7 6.0818 8.066 0.182 [6.89,9.24] [6.89, 9.241
Total organic carbon, ' :
pg/L 8 7 5.4079 724.315 168.522 1,691.0 - 1,691.0
Total organic A ‘ '
hatides, 9 pg/L 8 7 5.4079 2.552 0.791 7.1 17.9

(a) Based on semiannual sampling events from February 1998 to June 1999 for upgradient wells 299—E25-40 and 299-E25-41.
{b) Outlier excluded. ' ‘

{c) Critical mean calculated from values reported below vendor’s specified method detection limit.

(d) Upgradientfdowngradient comparison value is the limit of quantitation discussed in Appendix B.
df = Degrees of freedom (n-1).

n = Number of background replicate averages.
t. = Bonferroni critical t-value for appropriate df and 20 comparisons.
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Groundwater Monifering for FY 1999

Well constructed ro RCRA standards.

m AS8 W
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Table A.27. Monitoring Wells and Constituents for Waste Management Area B-BX-BY®
(adapted from WHC-SD-EN-AP-012, Rev. 1 and WHC-SD-ENV-AP-002)
Hydrogeologic Unit Sampling Water-Level Well _
“Well Monitored Frequency Measurement Standard Other Networks
299-E28-87 Unconfined Quarterly Quarterly FRE -
299.E33.5% Unconfined Quarterly® Quarterly PRE Surveillance
299.E33.7% Unconfined Quarterly® QJuarterly FRE Surveillance
299.E33.8% Unconfined Quarterly® Quarterly PRE -
299.E33-13% Unconfined Quarrerly® Quarterly PRE Surveillance
299-E33-15% Unconfined Quarterly Quatterly PRE -
299-E33.-16% Unconfined Quarterly Quarterly PRE ‘ .-
209.E33-17% Unconfined - Quarterly Quarterly PRE -
- 299-E33-18% Unconfined > Quarterly PRE - Surveillance
299-E33.21%7 Uncenfined Quarterly Quarterly PRE -
299.E33-277 Unconfined Quarteriy™ Quarterly PRE -
299.E33-28%¥7 Unconfined Quarterly® Quarterly RCRA  LIWMA 1
299.E33.29¢7 Unconfined Ouarterly® Quarterly " RCRA E -
299.E33-31% Unconfined Quarterly® Quarterly RCRA -
299.E33.32% TUnconfined Quarterly Quarterly RCRA Surveillance
299.E33-33% Unconfined Quarterly Quarterly RCRA 216-B-63 trench, ‘
: _ ' Surveillance - N
299.E33-35% Unconfined Quarterly® Quarterly RCRA  LLWMA I, Surveillance \_//J
299.E33-36% Unconfined Quarterly Quarterly RCRA 216-B-63 trench,
Surveillance
299-E33-38% Unconfined Quarterly Quarterly RCRA Surveillance
299-E33.39% Unconfined Quattetly Quarterly . RCRA Surveillance
299-E33.41* Unconfined Quarterly Quarterly RCRA Surveillance
299-E33-42% Unconfined (Juarterly Quarterly RCRA Surveillance
299-E33-43% Unconfined Quarterly Quartetly RCRA -
299-E33-44% Unconfined | Quarterly® Quarterly RCRA -
* Contamination Indicator Parameters Site-Specific Parameters
pH Anions (nitrate, nitrite) ~ Low-level gamma (cobalt-60)
Specific conductance Cyanide Strontium-90
Total organic carbon Gross alpha Technetium-3%
Total organic halides Gross beta Tritium .
ICP metals (filtered) Turbidity
Iodine-129 Utanium
(a) Well list varies, dependiﬁg on assessment requirements and changes in contaminant conditions.
(b) Mot sampled entire year.
{c} Sampled monthly for selected constituents only.  Subject to monthly revision.
Bold italic = Upgradient wells.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
LLIWMA = Low-level waste management area. s
PRE = Well not constructed to RCRA standards. ! \\‘
RCRA = .

.



Appendix A

Table A.28. Monitoring Wells and Constituents for Waste Management Area C‘“} (adapted from

WHC-SD-EN-AP-012, Rev 1)
Hydrogeologic Unit’ Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks
299.E27.7520) Top of unconfined Semiannual Quarterly PRE Surveillance
299-E27-12% Top of unconfined Semiannual - Quarterly RCRA : -
299-E27-13% Top of unconfined Semiannual Quarterly RCRA : -
209.E27.14% Top of unconfined Semiannual Quarterly RCRA Surveillance -
299.E27-15% Top of unconfined Semiannual Quarterly RCRA Surveillance
Contamination Indicator Paramerers Site-Specific Patameters

pH . Anions Phenecls
Cyanide Gross alpha Technetium-99-
Specific conductance Gross beta Total uranium
Strontium-90 ICP metals (filtered) Tritium
Total organic carbon lodine-129 Tharbidiry
Total organic halides Low-level gamma

{a) Sampling increased January 1999 to monthly with: lt:ruted constituent list to provide adequate temporal coverage for

sutface sluicing activities at Tank C-106.

(b) Used for supplemental information; no statistical evaluauon.

Bold italic = Upgradient wells.

Superscript = Year of installation.

1ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well fiot constructed to RCRA standards.
RCRA = Well constructed to RCRA standards.

Table A.29. Critical Mean Values for Waste Management Area C®

Upgradient/
_  Average Standard Critical Downgradient
Constityent, unit n df 13 " Backeround Deviation Mean Comparison Value
Specific :
conductance, uS/cm 46 3 11.9838 349.812 15.202 553.5 553.5
Field pH 6 5 7.6037 8.345 0072 - [7.76,8.93] [7.76, 8.93]
Total organic )
carbon," pg/L _ 5% 4 8.1216 516.25 128.871 1,662.9 1,662.9
Total organic - _
halides,*® pg/L : -6 5 6.5414 3.021 1.076 10.6 17.9

(a) Based on semiannual sampling events from February 1997 to June 1999 for upgradient well 299-E27:14.

(b)Y OQurliers removed.

{c) Critical mean calculated from values reported below vendor's specified method detection limit.
(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1).

n = Number of background replicate averages.

t. = Bonferroni critical t-value for appropriate df and 16 comparisons.
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Groundwater Monitoring for FY 1999
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Table A.30. Monitoring Wells and Constituents for PUREX Cribs 216-A-10, 216-A-36B, and
; 216-A-37-1 (adapted from PNNL-11523) ' 3
|
Hydrogeologic Unit Sampling Water-Level - Well : ' !
Well Monitored Frequency Measurement Standard Other Networks : ‘
' Upgradient Wells . ’ : o
. : B _ [ . ;‘
299.E24-18% Tpp of unconfined Semiannual - Semiannual RCRA Surveillance : |
.- 299.E25.31% Top of unconfined - Semiannual Semiannual RCRA - - E
_ Near-Field Wells - 216-A-10 Crib ' |
299.E17-1 " Top of unconfined 'Sezﬁiannual Semiannual - PRE - E
299-E17-19% Top of unconfined Semiannual Semiannual RCRA - .
299-E24-16% Top of unconfined Quarterly Quarterly RCRA Surveillance :
' Near-Field Wells - 216-A-36B Crib ;
299-E17.9% Top of unconfined Semiannual Semiahnual PRE Surveillance
299'E17."1485 Top of unconfined Quarterly Quarterly ‘RCRA Surveillance '
299-E17-17% Top of unconfined Semiannual Semiannual RCRA -
Near-Field Wells — 216-A-37-1 Crib
299.E25.17% Top of unconfined Semiannual Semsiannual "PRE o
299.E25.197 Top of unconfined Quarterly " Quarterly PRE . Surveillance ‘
699-37-47A% ‘Top of unconfined Semiannual Semiannual RCRA - ;'/_x“‘i T
A
Far-Field Wells ' e !
57 wells Unconfined Triannual® Trimual(a) RCRA, PRE Sitewide
Contamination Indicator Parameters Site-Specific Parameters
pH® Alkalinicy ' ICP metals (filtered)
Specific conductance® Ammonium ion Todine-129¢
Temperature® Anions® Phenols _
Turbidity®™ Arsenic (filtered) Strontium-90 5
' Gross alpha Tritium® ;
Gross beta ,
- {a) Some far-field wells sampled annually.
{b) Far-field wells analyzed for these constituents only. 5
Superscript = Year of instaflation.’ !
ICp = Inducrively coupled plasma emission spectroscopy. ’
PRE = Well not constructed to RCRA standards. f
PUREX = Plutonium-uranium exrraction (plant). i
RCRA = Well constructed to RCRA standards. i
|
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- Appendix A

Table A.31. Monitoring Wells and Constituents for 216-B-3 Pond (adapted from

(a) Analyzed annually.

. Bold iralic
Superscript
ICP
LERF

LIWMA
RCRA

o

o N

Upgradient well.
Year of installation.

Inductively coupled plasma emission spectroscopy.

Liguid Effluent-Retention Facility.
Low-level waste management area.

Well constructed to RCRA standards.

A6l =

WHC-SD-EN-AP-013)
Hydrogeologic Unit Sampling Water-Level Well

Weil Monitored Frequency Measurement Standard Other Networks
299.E26-11% Bottom of uppermost Semiannual Semiannual RCRA LERE, Surveillance
299.E32.457 Top of uppermost Semiannual Semiannual RCRA LIWMA 1 -
699-40.39 Lower uppermost Semiannual Semiannual RCRA .
699-41-42% Top of uppermost Sernianrual Semiantnual RCRA .-
699.42-39B% Lower uppermost Setniannual Semianual RCRA - .-
699-42-42B% Top of uppetmost Semiannual Semiannual RCRA -
699-43-41G" Top of uppermost Semiannual Semiannual ‘RCRA -
699-43-45% Top of uppermost Semiannual Semiannual RCRA 216-A-29 ditch .
699-44-39B% Top of uppermost Semiannual Semiannual RCRA Surveillance

Contamination Indicator Parameters Site-Specific Parameters

pH Alkalinity ICP metals (filtered)®
Specific conductance Anions' Phenols®
Total organic carbon Gross alpha Turbidity
Total organic halide_s Gross beta



Groundwater Monitoring for FY 1999

Table A.32. Critical Mean Values for 216-B-3 Pond®

Upgradient/

Total organic carbon

Total organic halides

(a) Analyzed annually.

Bold italic = Upgradient wells.

Superscript = Year of installation.

ICp = Inductively coupled plasma emission spectroscopy.
RCRA =

Well constructed to RCRA standards.

A6

Awverage Standard Critical . Downgradient -
Constituent, unit n df t. . Background Deviation Mean _ Comparison Value
Specific .
- -conductance, uSfcm 15 0 14 4.4445 417.667 7.215 450 8 450.8
Field pH 15 14 4.8903 . 1.704 0.262 [6 40, 9.01] [6.40, 9.01]
Total organic :
carbon,® pgfL 15 14 4.4445 174.150 123.011 738.8 1,153.7
Total organic . o '
hahdes b pgfll 14 13 4.5400 3.980 2.242 14.5 17.9
(a) Based on semiannual sampling events from January 1994 to january 1997 for upgradlent well 299 E32- 4,
(b) Critical means calculated from values reported below vendor’s specified method detection limit.
(¢) Upgradient/downgradient comparison. value is the limit of quantitation discussed in Appendix B.
df = Degrees of freedom {n-1). :
- n = Number of background replicate averages,
t, = Bonferrom critical t-valne for appropriate df and 36 compatisons.
Table A.33. Monitoring Wells and Constituents for 216-A-29 Ditch (adapted from
WHC-SD-EN-AP-045, Rev. 0-A and WHC-SD-EN-EV-032)
Hydrogeologic Uniz Sampling Water-Level Well
Well : Monitored _ Frequency Measurement Standard Qther Networks
299.E25-26% ~ Upper uwnconfined Semiannual Quarterly RCRA -
299-E25.28% ~ Deep unconfined Semiannual Quarterly” RCRA -
299.E25.32pP% Top of unconfined Semiannual Quarterly RCRA Surveillance
299.E25.-34% Top of unconfined Semiannual Quartetly RCRA .
295.E25-35% Top of unconfined Semiannual Quarterly RCRA Surveillance
299.E25-48% Top of unconfined Semiannual Quarterly RCRA -
299.E26.12° Top of unconfined Semiannual Quarterly RCRA -
299.E26-13% ~ Top of unconfined Semiannual Quarterly RCRA - -
699.43-43% - Top of unconfined Semiannual Quarterly RCRA 216-B-3 pond
699-43.45% Top of unconfined. Semiannual Quarterly RCRA 216-B-3 pond
Contamination Indicator Parameters ) Site-Specific Pa:rz_ameters
pH Alkalinity ICP metals (filtered)®
Specific conducrance - Anions Turbidity

—




Appendix A

. Table A.34. Critical Mean Values for 216-A-29 Ditch®

Upgradient/
Average Stemdard Critical Downgradient
Constituent, unit n df t, Background Deviation = Mean Comparison Value

Specific : . _ .
conductance, WSfcm, & 7 5.9757 207.50 22.003 347.0 347.0
Field pH 8 7 6.6987 8.364 0.238 [6.68, 10.03] [7.26, 9.39]%
Total organic carben, | '
pefL 8 7 5.9757 467.03 150.309 - 1,419.7 1,419.7
Total organic ‘ . .
halides,® pafL 8 7 5.9757 4.951 1.985 17.5 17.9

(2) Data collected from January 1998 to October 1998 for upgradient wells 699-43-43 and 699-43-45.

(b} Values calculated using data collected from October 1997 to April 1999 (wells 699-43-43 and 699-43-45) because the
critical range calculated using only four quarters of data is too large to be meaningful.

(c) Upgradient/downgradient comparison value is the limit of quanntatwn discussed in Appendix B,

df = Degrees of freedom (n-1).

n = Number of background replicate averages.

t. = Bonferroni critical t-value for appropriate df and 36 comparisons.
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Groundwater Monitoring for FY 1999

Table A.35. Monitoring Wells and Constituents for 216-B-63 Trench (

O

adapted from
WHC-SD-EN-AP-165) ‘
Hydrogeologic Unit Sampling Water-Level Well
Well Monirored Frequency Measurement Standard Other Networks
299.E27-8% Top of unconfined Semiannual Quarterly RCRA LIWMA 2
299.E27.9% Top of unconfined Semiannual Quarterly RCRA LEWMA 2
299.E27-11% Top of unconfined Semiannual Quarterly RCRA LEWMA 2
299.E27-16" Top of unconfined Semiannual Quarterly “RCRA .-
299-F27-17% Top of unconfined Semiannual Quarterly RCRA  LIWMA 2, Surveillance
299.E27-18% Top of unconfined Semiannual Quartesly RCRA .
299-E27-19% Top of unconfined Semiannual Quarterly RCRA -
269-E33-33% Top of unconfined Semiannual Quarterly RCRA WMA B—BX—BY;
. ‘ ' ‘ ' ‘ Surveillance
299.E33-36% Top of unconfined Semiannual " Quarterly RCRA WMA B-BX-BY
299.E33.37% Top of unconfined Semiannual Quarterly RCRA Sutveillance
209.E34.8%° Top of unconfined Semiantual Quarterly RCRA Surveillance
299.E34-10° Top of unconfined Semiannual Quarterly RCRA  LIWMA 2, Surveillance
Contamination Indicator Parameters Site-Specific Parameters - '
"pH . Alkalinity® ICP metals {filtered)t®
Specific conductance Anions® Phenols®@
Total organic carbon (Gross alpha Turbidity
Total organic halides Gross beta

(a) Analyzed annually.

‘Bolditalic = Upgradient wells.

Superscript = Year of installarion.

ICP = Inductively coupled plasma emission spéctroscopy.
LIWMA = Low-level waste management area.

RCRA = Well constructed to RCRA standards.

WMA = Waste management area.
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Table A.36. Critical Mean Values for 216-B-63 Treﬁch‘a) ‘

. Upgradient/
: Average Standard Critical Dovmgradient
Constituént, unit n df Background Deviation Mean Comparison Value

Specific l o
conductance, pSfem 8% 17 4371 360.889 23.830 - 467.9 467.9
Field pH 20 19 4.572 8.029 C.179 [7.19, 8.87] [7.19, 8.87]
Total organic carbon, . ‘ ' '
pgfL 20 19 4.267 474.375 200.588 1,351.5 1,351.5
Total organic ‘ .

* halides,” pg/L 20 19 4.267 3.520 1.549 10.3 - 17.9

{a) Based on semiannual sampling events from November 1997 to April 1999 for upgradient wells 299.E27-8, 299-E27.9,

299-EZ27-11, 299.E27-17, and 299-E34-10.

{b) Excluded outliers.
{c) Upgradient/downgradient comparison value is the limit of quanrtitation discussed in Appendix B.
df = Degrees of freedom {n-1). :

n = Number of background replicate averages.

t. = Bonferroni critical t-value for appropriate df and 48 comparisons.

Table A.37. Monitoring Wells and Constituents for Liguid Effluent Retention Facility

(adapted from WHC-SD-EN-AP-024)

(a) Well dry in June 1999.
(b} Analyzed annually.

Bold italic
Superscript
ICP
RCRA

nnon

Upgradient well.
Year of installation.

Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard Other Networks
" 299.E26.987 Top of unconfined Semiannuyal® Quarterly® RCRA Surveillance
299-E26-10% Top of unconfined Semiannual Quarterly RCRA Surveillance
299.E26.11% Top of unconfined Semiannual Quarterly RCRA 216-B-3 pond,
) Surveillance -
299.E35-287 Top of unconfined Semiannual Quarterly RCRA Surveiilance
Contamination Indicator Parameters Site-Specific Parameters
pH Alkalinity® _ ICP metals (filtered)®
Specific conductance Ammonium® Phenols™®
Total organic carbon Anions® Temperature
Tortal organic halides Gross alpha®™ Turbidity
Gross beta® Volatile organic compounds

Inductively coupled plasma emission spectroscopy.
Well constructed ro RCRA standards.
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Groundwater Monitoring for FY I???

Table A.38. Critical Mean Values for Liquid Effluent Retention Facility®

Constituent, unit n -
Specific
conductance, US/cm 6
Field pH 6

Total organic carbon,®™

ng/L 5

" Total organic

halides,® pg/L . 4

{a) DBased on semiannual sampling events from July 1997 to June 1999 for upgradient well 299-E26-11.
(b) Critical means calculated from values reported below vendor’s specified method detection limit.

af = Degrees of freedom (n-1).

af

3

' ‘ Upgradient/
Average Standard Critical Downgradient
t, Background Deviation Mean Comparison Value
6.1384 382.833 9.617 446.6 446.6
7.1464 8.131 - 0.092 [7.42, 8.85] [7.42, 8.85]
7.5287 362.00 191,788 1,943.7 1,943.7
10.8688 315 1.912 26.4 26.4

n = Nurober of background replicate averages.
t, = Bonferroni critical t-value for appropriate df and 12 comparisons.
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Appendix A

Table A.39. Monitoring Wells and Constituents for Low-Level Waste Management Area 1.
{adapted from WHC-SD-EN-AP-015)

wm A.67 B

Hydrogeologic Unit Sampling Water-Level Well
Well . Monitored Frequency Measurement Standard - Other Networks
299.E28.265 Top of unconfined Semiantiual Semiannual RCRA Surveillance
299.E28-27% Top of unconfined Semiannual Setniannual RCRA WMA B, Surveillance
299.E28.28% Top of unconfined Semiannual Semiannual RCRA Surveillance
299-E32.2% Top of unconfined Semiannual. Semiannual RCRA -
299.E32.3% Top of unconfined Semiannual Semiannual RCRA -
299-E32-45 Top of uhconfined Semijannual Semiannual " RCRA 216-B-3 pond
299.E32.5% Top of unconfined Semiannual Semiannual RCRA Surveillance
299.E32-6% Top of unconfined Semiannual Semiannual RCRA Surveillance
299.E32-7! Top of unconfined Semiannual Semiannusl RCRA Surveillance
299-E32-8% Top of unconfined Semiannual Semiannual RCRA -
299.-E32.9% Top of unconfined Semiannual Semiannual RCRA Sutveillance
299.E32.107 Top of unconfined Semiannual Semiannual RCRA Sutveillance
299-E33.28% Top of unconfined ‘Semiannual Semiannual RCRA WMAB
299.E33.29% Top of unconfined Semiannual Semiannual RCRA = WMA B
299-E33-30% Top of unconfined Semiannual Semiannual " RCRA .
299.-E33-34% Top of unconfined Semiannual Semiannual RCRA WMA B
299.E33.35% Top of unconfined Semiannual Semiannual RCRA WMA B, Surveillance
Contamination Indicator Parameters Site-Specific Parameters
pH , Alkalinity Lead {filtered)
Specific conductance Anions Mercury (fileered)
Total crganic carbon Gross alpha Phenols
Total organic halides Gross beta Tritium
ICP metals (filtered) Turbidity
Bold italic = Upgradient wells.
Superscript = Year of installation, :
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.
WMA = Waste management area.



Groundwater Monitoring for FY 1999

Table A.40Q. Critical Mean Values for Low-Level Waste Management Area 1%

: Upgradient/
) Average Standard =~ Critical Downgradient
Constituent, unit n df t, Background Deviation - Mean Compatison Value
Specific ' ' : S
conductance, uSfcm 27® 26 41774 390.259 - 53332 617.1 617.1
- Field pH 28 27 44138 7.968 0.216 [7.00, 894} [7.00, 8.94]
Total organic carbon,!® ' :
“pgflL . 28 27 41542 465.615 263.589 1,580 1,580
Total organic ‘ ' ' ' :
halides,® ugfL 7% 26 41774 3.132 1.891 R B W - 179

(a) Based on semiannual sampling events from December 1997 to June 1999 for upgradlent wells 299-E28-16, 299-E28.27,
299.E28.28, 299.E32-4, 299.E33.28, 299-E33-29, and 299-E33-33.

(b) Excluding outlier or data eéxceeding the holding tirne requiremnent.

{c} Critical mean calculated from values reported below vendor’s specified method detection limit.

(d) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1). :

n = Number of background replicate averages.

o= Bonfertom crmcal t-value for appropnate df and 68 comparisons.
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Appendix A

" Table A.41. Monitoring Wells and Constituents for Low-Level Waste Management Area 2
(adapted from WHC-SD-EN-AP-015)

' Hydrogeologic Unit Sampling Water-Level Well .

- Well Monitored Frequency Measurement Standard - Other Networks
299-E27-8¢ Top of unconfined Semiannual Semiannual - RCRA 216-B-63 trench
299.E27.9% Top of unconfined Semiannual | Semiannual RCRA 216-B-63 trench
299.E27-10°" Top of unconfined Semiannual Semiannual RCRA -
299.E27-11¥ Top of inconfined Semiannual Semiannual RCRA 216-B-63 trench
299-E27-17% Top of unconfined Semiannual Semiannual RCRA 216-B-63 ench,

’ Surveillance
299.E34.2% " Top of unconfined Semiannual Semiannual RCRA Surveillance
299.E34-3% Top of imconfined Semiannual Semiannual RCRA -
299.E34-4% " Top of wiconfined Dry Dry RCRA -
299.E34.5% Top of unconfined - Sémiannual Semiannual RCRA Surveillance
299.-E34-6% Top of unconfined Dry Dry RCRA -
299.E34.7% Top of unconfined Semiannual Semiannual RCRA Surveillance
299.E34.9% Top of unconfined Semiannual Semiannual RCRA Surveillance
299.E34.10% Top of inconfined Semia.tinu'a_l " Semiannual RCRA 216-B-63 trench,

: Surveillance
299-E34-11% Top of unconfined Semiannual  ° Semiannual RCRA -
299-E34.12% Top of unconfined Semiannual Semiannual RCRA . ' -
299.E35-1% Top of unconfined . Dry Dy = RCRA - p
_ Contamination Indicator Parametets ' Site-Specific Parameters

pH o - : Alkalinity Mercury (filtered)
Specific conductance ' ’ . Anions Phenols
Total organic carbon Gross alpha Polychlorinated biphenyls
Total organic halides Gross beta Tritium

ICP metals (filtered) Turbidity

Lead (filtered) .
Bold italic = Upgradient wells.
Superscript = Year of installation.
ICp = Inductively coupled plasna emission spectroscopy.
RCRA =

Well constructed to RCRA standards.
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Groundwater Monitoring for FY 1999

Table A.42. Critical Mean Values for Low-Level Waste Management Area 2

Upgradient/
_ Average .. Standard . Critical - Downgradient
Constituent, unit . n_ df t, Background Deviation Mean Comparison Value

Specific . |
conductance, USfem - 7 6 7.0210° . 448321 46.78 799.4 799.4
Field pH | 12 1t 54261 8.0246 0.126  [7.31,8.74] [7.31,8.74]
Total organic ca:rbon, . :
Mg/L 12 11 4.9785 554.375 . 253.489 1,867.9 1,867.9
Total organic o : .
halides,® pgfL 12 11 49785 3.013 1.148 90 17.9

{a) Data collected from January 1998 to April 1999 for upgradient wells 299-E27-10, 299-E34-3, and 299-E34-7, except for
specific conductance that included data collected in the same period for upgradient wells 299-E27-10 and 299-E34-3.
{bY Critical mean calculated from values below vendor’s specified method detection limit.
{¢) Upgradient/downgradient comparison value is the limit of quantitation discussed in Appenchx B.
df = Degrees of freedom (n-1). : :
n = Number of background replicate averages.
= Bonferroni critical t-value for appropriate df and 48 comparisons.

. ! I
Table A.43. Monitoring Wells, Constituents, and Enforcement Limits for 200 Areas Treated R
Effluent Disposal Facility (adapted from WHC-SD-EN-WP-012, Rev. 1) ' '
- ) Sampling Well
Well Hydrogeologic Unit. Frequency Standard Other Networlks
" 699-40-36%7 Ringold confined © Quarterly RCRA -
- 699-41-35% Ringold confined Quareerly RCRA -
699-42-37 Ringold confined . Quarteriy . RCRA -
Constituent®® _ Enforcement Limit (pg/L)
Cadmium ) 5
Cyanide ‘ 30
Lead 10
Total trihalomethanes 66
Trichloroethane 5 :
gH ' 6.5 - 8.5 pH units
(a) Also monitored for ICP metals, anions, trace metals, volatile and semivolatile organic compounds,
total petroleum hydrocarbons, ammonia, alkalinity, specific conductance, rotal dissolved solids,
turbidity, total organic carbon, oil and grease, gross alpha, gross beta, radium-226, a.nd
radium-226/228. No enforcement limits for those constituents.
Bold italic = Upgradient well.
Superscript = Year of installation.
ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards. y
j R
a\\\_'/.'
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Appendix A

Table A.44. Monitoring Wells, Constituents, and Enforcement Limits for 400 Area
Process Ponds (specified in state waste discharge permit)

Hydrogeologic Unit Sampling Water-Level. C Well
Well oo " Monitored Frequency Measurement Standard Other Networks

699-2-6A5" Unconfined aquifer Quarterly Annual RCRA -

699-2-77 Unconfined aquifer Quarterly - Annual PRE -
- 699-8-17% Unconfined aquifer Quarterly Semianmual PRE .

Constituent _ . Enforcement Limit (pg/L)e®

Cadmium (unfiltered) 10

Chromium (unfiitered) 50

Lead (unfiltered) ‘ 50

Manganese (unfiltered) _ 50
_ Mercury (unfiltered} ' A

pH Monitor only

Specific conductance Monitor only

Sulfate . - ' Monitor only

Temperature Monttor only

Total organic carbon : Monitor only

Turbidity . Monitor only

(2) Defined as the average of four quarterly measurements from a well. Average to be calculated using the four most recent
quartetly measurements from a well.

(b) Enforcement limit in groundwarer shall be met in point-of-compliance weil 699—2—_7.

Bold italic = Upgradient well.

Superscript = Year of installation.

ICP = Inductively coupled plasma emission spectroscopy.
PRE = Well not constructed to RCRA standards.

RCRA = Well constructed to RCRA standards.
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Groundwater Moniforing for FY 1999

Table A.45. Momtonng Wells and Constituents for Nonradmactlve Dangerous Waste Landfill
‘ (adapted from WHC-SD-EN-AP-026)

Hydrogeologic Unit - Sampling Water-Level Well ‘ '
© Well " Monitored Freguency Measurement Standard Other Networks

699.25.33A% Top of LPU® Semiannual Semiannual RCRA -
699-25-34A% Top of unconfined Semiannual '~ Semiannual RCRA -
699-25-34B% "Top of unconfined Semiannual . Semiannual RCRA -
699.-25.34D* " Top of unconfined Semiannual Semiannual RCRA -
699.-26.33% Top of uncenfined Semiannual Semiannual RCRA Surveillance, DOH
699-26-34A% Top of unconfined Semiannual Setniannual RCRA -
699-26-34B* Top of unconfined Semiannual Semiannual RCRA -
699.26-35A56 Top of unconfined Quarterly Quarterly RCRA SWL
699-26.35C Top of LPU® Semiannual Semiannual RCRA -

Contamination Indicator Parameters

pH

Specific conductance
Total organic carbon
Total organic halides

(a) Low-permeability unit in upper Ringold Fo.rma.tion‘

Site-Specific Parameters

Alkalinity

ICP metals (filtered)

Phenols

Bold italic = Upgradient wells.

Supersctipt = Year of installation.

DOH = Washington State Department of Health.

1ICP = Inductively coupled plasma emission spectroscopy.
RCRA = Well constructed to RCRA standards.

SWL = Solid Waste Landfill.

Tritium
Turbidity
Volatile chlorinated hydrocarhons

Table A.46. Critical Mean Values for Nonradioactive Dangerous Waste Landfill

Constituent, unit o
. Specific
conductance, uS/cm 11
Field pH 11
Total organic carbon,®
g/l 11
" Total organic

halides, ™ pg/L 11

df

10
10

10

10

. Upgradient/
Average Standard Critical Downgradient
t, Background Deviation Mean Comparison Value
4.8092 452.89 29.427 600.7 600.7
5.2814 1450 0.164 f6.55, 8.351. [6.55, 8.35] .
1 4.8092 308.682 | 242.278 1,597.7 1,597.7
4.8092 4.278 2.054 14.6 17.9

(a) Data collected based on semiannual sampling events from August 1997 to February 1999 for upgradient wells

699.26-34A and 699-26-35A.

(b) Critical means calculated from values reported below vendor’s specified method detection limit.
(¢} Upgradient/downgradient comparison value is the limit of quantitation discussed in Appendix B.

df = Degrees of freedom (n-1),

n = Number of background replicate averages.
t, = Bonferroni critical t-value for appropriate df and 28 comparisons.

wATL s
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Appendix A

Table A.47. Monitoring Wells and Constituents for Solid Waste Landfill (adapted-from

WHC-SD-EN-AP-043)
: Hydrogeologic Unit Sampling Water-Level Well
Well Monitored Frequency Measurement Standard . Other Networks

699-22-35% Top of unconfined Quarterly Quarterly RCRA Surveillance
699-23-34A% Top of unconfined Quarterly Quartetly RCRA -
699-23.34B% Top of uncenfined Quarterly Quarterly RCRA -
699-24.33% Top of unconfined Quarterly® Quarterly PRE -
699-24.34 A% Top of unconfined Quarterly . Quarterly RCRA -
699-24-34B% Top of unconfined Quarterly Quarterly RCRA -
699-24-34C% Top of unconfined Quarterly Quarterly " RCRA Surveillance
699-24-35% Top of unconfined Quarterly Quarterly RCRA -
699-25.34CH Top of unconfined Quarterly Quarterly RCRA -
699.26.35A86 Top of unconfined Quarterly Quarterly RCRA NRDWL

Parameters/Constituents Required by WAC 173-304-490

Site-Specific Parameters

Temperature
Total coliform

Ammonia as nitrogen Nitrate
Chemical oxygen demand Nitrite
Chioride pH
Specific conductance Sulfate
Dissolved iton
Dissolved zinc

. Manganese

Gross alpha -

Gross beta

Total organic halides

Total organic carbon

{a) Well satnpied for supporting data.

"Bold italic
Superscript
NRDWL
PRE
RCRA

Ik

o

|

Upgradient wells.
Year of installation.

Nonradicactive Dangerous Waste Landfill,
Well not constructed to RCRA standards.
Well constructed to RCRA standards.

w AT E
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Groundwater Monitoring for FY 1999

- Table A.48. Sampling Results for Required Constituents® at Solid Waste Landfill

AT B

Tolerance Well Well Well Well
Constituent, unit Interval® Date 699.22.35 699-23-34A 699-23-34B 699-24-34A
Temperature, °C 21.0 December 1998 - 18.1 17.9 17.4 17.3
February 1999 17.3 18.0 17.6 18.1
May 1999 18.5 19.0 - 18.2 19.0
Angust 1999 18.4 18.8 19.3 -
Specific conductance, 550 - Detember 1998 8016 61306 714D 5814
uSfem ' February 1999 809 663D 74704 63008
May 1999 8266 67564 7668 64104
August 1999 - 822 686t 7726 -
Field pHt [6.2,8.46] December 1998 6.8 6.7 6.8 6.8.
' February 1999 7.1 6.7 6.9 6.6
May 1999 6.8 6.6 6.7 6.6
August 1999 7.0 6.7 6.8 -
Total organic carbon, . 1,154 December 1998 330 390 588 368
pg/L : February 1999 250 965 901 565
May 1999 <220 480 580 355
August 1999 455 315 . 342 498
" Chloride, pgfL 9.045 December 1998 5,190 5,680 6,360 - 5,840
. February 1999 5,790 5,270 3,645 5,540
May 1999 5,430 5,280 . 5,560 5,420
August 1999 5,620 5,540 5,570 .5,700
Nitrate, pe/L 33,800 December 1998 14,900 12,400 13,900 12,100
February 1999 15,600 11,700 15,100 12,700
May 1999 13,700 10,500 13,500 11,600
August 1999 15,500 11,700 15,200 12,300
Nitrite, g/l - 109 December 1998 <70 <70 <70 . <70
February 1999 <70 <70 <70 <70
May 1999 <70 <70 <70 - <70
August 1999 <70 <70 <70 <70
Ammonium, yg/L 165 December 1998 <37 <37 <37 <37
Tebruary 1999 <37 <37 <37 <37
May 1999 <37 <37 <37 <37
August 1999 <37 <37 <37 <37
Sulfate, g/l 51,500 December 1998 49,300 45,600 56,400 44,500
February 1999 56,4004 43,900 54,6501 42,500
May 1999 54,200« 43,600 53,200% 40,900
_ Aupgust 1999 56,100 46,400 55,000t 44,600
Tron, filtered, pg/L 137 December 1998 89.4 44,9 711 90.5
February 1999 51.3 38.9 46.5 47.1
May 1999 84.3 63.5 78.0 91.1
August 1999 51.1 70.4 58.8 117.0
Zing, filtered, g/l 34 December 1998 13.9 6.7 8.8 6.1
February 1999 3.9 6.6 5.0 3.7
May 1999 7.4 9.3 74 12.2
) August 1999 6.6 104 4.9 25.8
Manganese, filtered, 11 " December 1998 9.2 4.8 6.1 45
ug/L Febryary 1999 39 4.2 34 2.9
May 1999 57 . 5.2 6.3 5.6
August 1999 4.8 5.1 5.1
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Table A.48. (contd)

Tolerance Well Well Well Well
Constituent, unit ~ [nterval® Date 699-22-35 699-23-34A . 699-23-34B 699-24.34A
Chemical oxygen 5,000 December 1998 <3,820 <3,820 <3,820 ©<3,820
demand, pg/L February 1999 <3,820 <3,820 <3,820 <3,820
a May 1999 33,000 <3,820 25,000k 26,0004
August 1999 <3,820 <3,820 <3,820 <3,820
Coliform bacteria, 16 December 1998 0 -0 0 0
most probable. February 1999 0 0 0 0
number May 1999 Y 0 0 0
August 1999 0 0 0 0
Well Well Well Well Well
699-24-34B  699-24-34C  699-24-35 699-25-34C 699-26-35A
Temperarure, °C 21.0 December 1998 18.3 18.1 169 18.8 19.8
February 1999 17.8 18.7 172.1 18,5 19.4
May 1999 19.0 19.2 17.8 19.9 19.6:
August 1999 19.5 19.3 . 18.9 19.6 201
Specific conductance, 550 December 1998 612060 638D 510t 5764 454
WSfem February 1999 = 6326 6720 538t 5930 471@
May 1999 6456 6846 5536 601 484
August 1999 663 7086 5654 616% 507
Field pH [6.2,8.46] December 1998 6.7 7.1 6.9 7.2 7.3
February 1999 6.7 7.0 7.1 74 7.5
May 1999 6.7 6.9 7.0 7.2 7.4
August 1999 6.7 7.1 6.9 7.3 7.3
Total organic carbon, 1,154 . December 1998 458 292 525 203, 532
He/L February 1999 290 600 328 155 538
' May 1999 360 400 390 330 430
August 1999 488 465 342 505 348
Chloride, pg/L 9.045 December 1998 5,910 7,090 5,520 7,230 . 1,040
February 1999 5,650 6,890 5,640 7,430 7,120
May 1999 5,360 6,310 5,220 7,000 7,100
August 1999 5,540 6,620 5,840 6,520 7,500
Nitrate, pg/L. 33,800 December 1998 12,800 19,300 11,200 - 21,800 21,600
February 1999 12,70C 18,500 12,000 20,800 - 22,700
May 1999 11,600 16,200 10,900 19,500 19,700
August 1999 12,200 16,700 11,300 18,100 21,000
Nitrice, pg/L 109 December 1998 <70 <70 <70 <70 <70
February 1999 <70 <70 <70 <10 <70
May 1999 <70 <70 <70 <70 <70
. August 1999 <70 <70 <70 <70 <70
Ammonium, pg/L 165 December 1998 <37 . <37 <37 <37 <37
: February 1999 <37 <37 <37 . <37 <37
May 1999 <37 <37 <37 - <37 <37
August 1999 <37 <37 <37 <37 <37
Sulfate, pg/L 51,500  December 1998 44,300 45,100 45,700 43,550 41,800
February 1999 43,100 432,000 43,000 41,500 39,400
May 1999 41,000 40,000 42,400 39,300 - 36,800
August 1999 44,000 42,700 44,100 39,200 40,100

# AT B



Groundwater Monitoring for FY 1999

Table A.48. (contd)

Well

mATG m

Tolerance Well Well Well Well
Constituent, unit Interval® Date 699-24-34B  699-24-34C  699-24-35 699-25-34C -699-26-35A
Iron, filtered, pg/L " 137 - December 1998 56.4 76.4 56.8 49.9 38.4
February 1999 330 53.1 36.0 31.2 34.9
May 1999 71.9 103 578 . 54.1 55.2
. S . August 1999 - 703 70.6 44.7 39.6 37.9
Zine, filtered, pgfl. 34 December 1998 6.7 36.2¢ 12.4 10.1 8.6
February 1999 4.4 10.5 4.8 7.9 5.1
- May 1999 9.9 8.7 6.2 11.2 9.5
August 1999 146 13.5 11.2 6.6 6.6
Manganese, filtered, 11 December 1998 4.7 5.1 4.4 4.4 4.5
pgfL " February 1999 2.1 49 1.8 23 3.4
May 1999 5.3 5.7 48 5.0 4.1
‘  Augost 1999 44 4.5 4.0 <3 4.5
Chemical oxygen 5,000 - December 1998 <3,820 <3,820 <3,820 <3,820 <3,820
demand, pg/L. February 1999 . <3,820 <3,820 . <3,820 <3,820 <3,820
May 1999 25,0006 24,0000 =" 41,0002 50,000 38,000t
_ . August 1999 <3,820 <3,820 <3,820 <3,820 <3,820
Coliform bacteria, i 16 December 1998 0 ¢ ¢ 0 0
most probable Febryary 1999 0 0 e 0 0
number May 1999 ) C c 0 0
© Aupgust 1999 0 c Y 0 0
(a) WAC173- 304.
(b) Numbers obtained from Table A.49, background threshold value column
(e} FExceeding background threshold values.
(d) Field measurements wete suspect; values reported were laboratory analysis results.
(e} Suspect data,
< = Data values less than the method detection limit; number given is the respective limit.
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Table A.49. Results of Lilliefors Test for Normality and Background Threshold Values for Solid Waste Landfill

Test Statisric, Test-Stati_stic, Upper Background
Constituent, unit Raw Data Log Value Tolerance Limit ~ Thireshold Value®
Temperature, °C ' 0.115ns NA 21.0® 21.0
Specific conductance, uSfem 0.162 s 0.207s - 550 550
FieldpH 0.140 ns NA [5.7, 8.75]® 6.2, 8.46]
Field pH" 0.089 ns NA [6.2, 8.46)% o
Total organic carbon, pgfL 0.191s 0.181s 7501 1,568
: ' 1,568
Chloride, pg/L 0.104 ns NA 9,045® 9,045
" Nitrate, pig/L _ 0.168s 0.195s 33,800% 33,800
Nitrite, ugfl. , NC NC 109t 109
Ammonium, pg/l _ NC NC 100 165
_ - 165¢
Sulfate, pg/L ' 0.179s 0.190s 51,5000 51,500
Tron, filtered, pg/L NC NC 78 137
_ o ' 137@
Zinc, filtered, pg/L ' NC . NC 34 34
. 19
Manganese, filtered, ug/L NC NC 116 11
234
Col'ifo_rm, most probable ‘NC NC 16t 16
number 379 )
Chemical oxygen demand, NC ~ NC 5,000 5,000
e/l :

{a) Background threshold value for each constituent is the larger of the upper tolerance limit or the 3pp1icab1é limit of

quantitation.
(b} Based on normal distribution.
{c) Maximum value reported.
{d) Qutliers removed.
{(e) Based on limit of quantitation discussed in Appendix B.
(f) Based onmethod detection limit.
(¢} Based on laboratory practical quantitation limit.
NA = Not applicable. -~
NC Not calculated; insufficient measured values.
ns Not significant at 0.05 level of significance.
s Significant at 0.05 level of significance.
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R
Table A.50. Monitoting Wells and Constituents for 316-5 Process Trenches (adapted from
WHC-SD-EN-AP-185) a
Hydrogeologic Unit Sarﬁplihg Water-Level Well . . i
Well Menitored Frequency® Measurement Standard Other Networks ;
399-1-10A86 Top of unconfined Semiannual Semianmjal RCRA Surveillance
399.1-.10B" Bottom of unconfined - Semianhnual Semiannual RCRA Sutveillance
399-1-16A% Top .pf unconfined Semiannual Semiannual RCRA . Surveillance
399-1-16B% Bottom of unconfined - Semiannual Semiannual .RCRA~ = Suwveillance -
389.1-17A8% Top of unconfined Semiannual Semiannual RCRA Surveillance, DOH
399-1-17B% Bottom of unconfined Semiannual Semiannual - RCRA Surveillance
399-1-18A% . Top of unconfined Semiannual Semiannual . RCRA Surveillance i
399.1.18B% Bottom of unconfined Semiannual Semiannual RCRA Surveillance :
. Field-Measured Parameters Site-Specific Parameters ' - !
. pH . cis-Dichloroethylene Trichloroethylene :
Specific conductance ' " Tetrachloroethylene Uranium
Total organic carbon Thallium 5:

Total organic halides,

(a} Sampled and mesdsured monthly for 4 months for each semisnnual sampling period.
Bold italic = Upgradient wells.

Superscript = Year of installation. _ _ - _ . e
DOH = Washington State Departraent of Health. o . : \\_w/f
RCRA = Well constructed to RCRA standards. - .
Table A.51. Summary of Groundwater Sampling Results for 316-5 Process Trenches
' : : Concentration Well Exceeding Concentration
Sampling Time . Constituent of Concern Level (pg/L) Limit (Range, gg/L-)
December 1998, ]anuﬁry, Trichloroethylene 5 ' © 399.1.16B® (4 - 6)
February, March, June, .
July, August, September cis-1,2-Dichloroethylene 70 : 399-1-16B (120 - 180)
1999 S _
Uranium : 20 399.1-10A® (23.6 - 61.1})
g 399.1-16A (52.3.- 111} -
399.1-17A (88.8 - 166}
(a) Excluded cutliers. _ ' C2

~
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Figure A.12. Well Locations for 200-ZP-1 Groundwater Operable Unit
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Figure A.16. Monitoring Well Locations for PUREX Cribs and 216-A-29 Ditch
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Figure A.17. Monitoring Well Locations for 216-B-3 Pond and 200 Areas Treated Effluent Disposal Facility
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Figure A.19. Monitoring Well Locations for Liquid Effluent Retention Facility
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Figure A.20. Monitoring Well Locations for Low-Level Waste Management Area 1
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Appendix B

| Quality Assurance and.Quqliiy-Control .

_ This appendix presents fiscal year 1999 quality
assurance/quality control (QA/QC) information. for
long-term and interim action groundwater monitoring
at the Hanford Site. The phrase “long-term monitor-
ing” refers to monitoring performed to meet the require-
ments of the Resource Conservation and Recovery Act of
1976 {(RCRA) and the Atomic Energy Act of 1934.
Long-term monitoring also includes monitoring per-
formed at Comprehensive Environmental Response, Com-
pensation, and Liability Act of 1980 (CERCLA) sites
with no groundwater remediation. Pacific Northwest
National Laberatory (PNNL} manages long-term moni-
toting via the Hanford Groundwater Monitoring Project
{groundwater project). Interim action monitoring
encompasses monitoring at sites with active ground-
water remediation under CERCLA. Bechtel Hanford,
Inc. manages interim action groundwater monitoring,

The QA/QC practices used by the groundwarer
project assess and enhance the reliability and validity
of field and laboratory measurements conducted to
support these programs. Accuracy, precision, and
detection are the primary parameters used to assess
data quality (Mitchell et 2l. 1985). Representativeness,
completeness, and comparability may also be evaluated
for overall quality. These parameters are evaluared
through laboratory QC checks (e.g., matrix spikes,
laboratory blanks), replicate sampling and analysis,
analysis of blind standards and blanks, and interlabo-
ratoty compatisons. Acceptance criteria have been
established for each of these parameters.. When a
parameter is outside the criteria, corrective actions are
taken to prevent a future occurrence.

The QA/QC practices for RCRA samples are
based on guidance from the U.S. Environmental Pro-
tection Agency (EPA) (OSWER-9950.1; SW-846).

U.S. Department of Energy (DOE) orders and internal
requirements provide the guidance for the collection
and aﬁélysis of sainples for long—ferm monitoring.
The QA/QC practices for the groundwater project are
described in the project-specific QA plan. ‘Guidance
for interim action monitoring QA/QC practicés is
provided in project-specific documents (e.g., DOE/
RL-88-36; DOE/RL-90-08; DOE/RL-90-21; DOE/RL-
91-46; DOE/RL-91-53; Section 1.5 in DOE/RL-92-03;
DOERL-96-07; DOE/RL-96-90, Draft A).

A glossary of QA/QC rerms-is provided in
PNNL-13080. B

B.1 Sample Collection and Analysis
C. J. Thompson
B.1.1 Sanjple Collection

Waste Management Federal Services, Inc., North-
west Operations conducted groundwater sampling for

fiscal year 1999, Their tasks included bottle prepara-

tion, sample set coordination, field measurements, -
sample collection, sample shipping, well pumping, and
coordination of purgewater containment and disposal.
Waste Management’s statement of work defines qual-
ity requirements for sampling activities. Groundwater
project staff review all sampling procedures before
the procedures are implemented. '

B.1.2 Sample Analysis

(Quanterra Incorporated, St. Louis, Missouri
{Quanterra, St. Louis) performed most routine analy-

-ses of hazardous and non-hazardous chemicals for the

groundwater project. Recra Environmental, Inc.,
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Lionville, Pennsylvania (Recra)} served as the project’s

“secondaty laboratory for chemical analyses of split sam-

ples and blind standards. In contrast, Recra performed
the majority of chemical analyses for interim action
groundwater monitoring. Quanterra, St. Louis also
analyzed samples from sites with active groundwater

remediation.

. Quanterra Incorporated, Richland, Washington
(Quanterra, Richland) served as the primary radiolog-
ical laboratory for the groundwater project. Thermo

" NUtech, Richmond, California also performed radio-

logical analyses on long-term monitoring samples. The
roles of these laboratories were reversed for interim
aétiqn groundwater monitoring (i.e., Thermo NUtech
served as the primary laboratory, while Quanterra,
Richland was used as a backup laboratory). '

B.2 Field Quality Control Samples
C. J. Thompson, R. W. Weiss

Field QC samples include field duplicates and three

" types of field blanks. Field duplicates are used to

assess sampling and measurement precision, while field
blanks provide an overall measure of contamination
introduced during the sampling and analysis process.

B.2.1 Long-Term Monitoring (Hanford
Groundwater Monitoring Project).

The groundwater project considers analytical
results of field QC samples acceptable if the following
evaluation criteria are met:

s  field duplicates — Results of field duplicates must
have precision within 20%, as measured by the
relative percent difference. Only those field dup-
licates with at least one result greater than five
times thie method detection limit or minimum
detectable activity are evaluated. -

* field blanks — Three kinds of blanks are used to
- check for contamination that may result from
field activities andfor bottle preparation: full

trip, field transfer, and equipment blanks. For

most chemical constituents, results above two

i J".\x

times the method detection limit are identified

. as suspected contamination. However, for com-
mon laboratory contaminants such as acetone,
methylene chloride, 2-butanone, toluene, and
phthalate esters, the limit is five times the method
detection limit. For radiological data, blank results
are flagged if they are greater than two times the
total propagated analytical uncertainty.

If a field blank does not meet the established cri-

teria, it is assumed that there are potential problems

* with the data for all associated samples. For full-trip

and field-transfer blanks, an associated sample is one
that was collected on the same day and analyzed by

the same method as a full-trip or field-transfer blank.
For equipment blanks, an associated sample is one that
has all of the following in common with an equipment

blank:
® collection date
¢ collection method/sampling equipment . ST

* analysis method, B

Data associated with out-oflimit field blanks are
flagged with a Q in the database to indicate a poten-
tial contamination problem. A Q is also applied to
both duplicate results when their precision exceeds

the QC limits.

The percentages of acceptable field blank (92%)
and duplicate (98%}) results evaluated in fiscal year
1999 were very high, in‘dicéting little problem with
contamination and good precision overall.- Tables B.1
through B.4 summarize the field blank and field dupli-
cate results that exceeded QC limits. To assist with
their evaluation, the tables are divided into the fol-
lowing categories, where applicable: general chemical
parameters, ammonia and anions, metals, volatile
organic compounds, semivolatile organic compounds,
and radiological parameters. Constituents not listed
in the tables had 100% acceptable field blanks and/or
field duplicates.

With the exception of semivolatile organic com-
pounds, all classes of constituents had results that were

)
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{lagged as potentially contaminated because of out-of-
limit field blank results. Generally, the out-of-limit
blank results were less than five times the method
detection limit {i.e., below quantifiable limits). How-
ever, the majority of the flagged blank results for vola-
tile organics were more than five times greater than
the method detection limits, resulting in quantifiable
contamination of 2-butanone, carbon disulfide, car-
bon tetrachloride, chloroform, methylene chloride,
and tetrahydrofuran. In general, these compounds
had low frequencies of detection (i.e., less than 10%)
in ficld blanks, and the impact on the data is minor.
Chlotoform and methylene chloride had relatively
high percentages of unacéeptable field-transfer blanks
results (25% and 41%, respectively). Chloroform may
have been present in the water used to prepare the
field blanks because of .incqmple'te removal by the
water-purification system. Methylene chlotide is.a com-
mon laboratory contaminant that was also detected at
. simnilar concentrations in several laboratory method
blanks, Thus, laboratory contarmination is the suspected
source of the methylene chloride.

Near the end of fiscal year 1998 and early in fiscal -

vear 1999, PNNL staff chserved thar the field blank
results for total organic carbon were slightly higher
than had been observed previously. Twenty-seven
percent of the fiscal year 1999 field blank results for
total organic carbon were out of limits, though none
of the results exceeded the method detection limit by
more than a factor of four. Based on this finding, it
was postulated that the elevated results were caused by
degraded performance of the water-purification system
used to prepare reagent water for the field blanks. To
test this hypothesis, seven replicate samples of certi-
fied, organic-free water, along with seven samples of
water from the sampler’s water-purification system,
were collected throughout the second quarter of fiscal
year 1999 and submitted in blind fashion to Quanterra,
St. Louis. The samplers also collected additional sam-
ples by filling sample bottles with the certified water
at the site where full-trip blanks are normally prepared.
The purpose of these latter samples was to determine
whether field blanks were being contaminated as a
result of conditions at the preparation site. The results
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from this study were somewhat inconclusive, because
the total organic carbon values for each sample type -
were highly variable and the laboratory changed total
organic carbon analyzers approximately midway through
the study. However, the data sugeest that the water
from the water-purification system was not signifi-
cantly different from the certified, organic-free water.
Although the cause of the elevated readings has not
been discovered, total organic carbon concentrations
in field blanks from the latter half of the year were
~15% lower than values from the first half. More-
over, the number of field blanks with detectable total
organic carbon dropped from 65% in the first half of

. the year to 37% in the second half.

Equipment-blank and full-trip blank results were
similar. This:suggests that the use of non-dedicated
sampling equipment at some wells did not have a sig-
nificant impact on data quality. -‘However, equipment
blanks had higher percentages of out-of-limit results
than full-trip blanks for anions and most metals.

The chemical class with the gi_‘eétest rumber of
out-of-limit field blank results was metals. Most of the
unacceptable results were within a factor of two of the
QC limits. Many of the out-of-limit values were prob-
ably false detections, resulting from the use of the instrur-
ment detection limit as a reporting limit for metals.
Instrument detection limits do not take into-aceount
sample-matrix effects, which can have.a negative
impact on analyte detection.

Duplicate results were flagped for oil and grease,
seven metals, six volatile organic compounds, and two
radiological parameters. Overall, the total number of
flagged duplicate results was very low, but the percent-
ages of unacceptable results were high for several metals
and volatile organic compounds based on the number
of duplicates that met the evaluation criteria. Most of
the out-of-limit duplicate results appear to be anoma-
lous instances of poor precision based on other QC
indicators such as the results from the blind standards
and laboratory duplicates {discussed in Sections B.4.2
and B.4.3). In several cases, the laboratory was asked
to reanalyze or investigate duplicate results with a very
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high relative percenf. difference, but the checks did
" not reveal the source of the problem. Especially poor:

agreement was observed between one or more pairs of
results for the following: 25,900 and 2,380 pg/L oil
and grease; non-detection and 11.7 ug/L copper; 2,150
and 5,880 pg/L; 1,010 and 350 ug/L iron; and non-
detection and 2 pg/L; 0.2 and 4 pgfL chloroform.
Mislabeled samples or procedural deviations at the
laboratory may have caused the unmatched results,

B.2.2 Interim Action Monitoring

Trained staff collected samples in accordance with
approved procedures. Field QC samples were collected
and evaluated according to site-specific requirements
(e.g., BHI-00038, Rev. 2; DOE/RL-90-08; DOE/RL-
91.03; DOE/RL-91-46; DOE/RL-92-76; DOE/RL-96-07;
DOE/RL-96-90, Draft A; DOE/RL-97-36, Rev. 2). In
general, field QC samples consisted of field duplicates,
splits, equipment blanks, and trip blanks. Field QC
data are evaluated as necessary to make decisions that
may modify or terminate a remedial action. In fiscal
year 1999, no evaluations were necessary for decision-
making purposes.

Field QC data were examined to monitor labora-
tory operations and to identify potential problem areas
where improvements were necessary. Evaluation cri-
teria were essentially the same as those used for the
groundwater project, with the following exceptions:

o The 20% relative percent differénce criterion for
field duplicate and split sample results was relaxed
for sample analytical results near (i.e., typically
within five times) the method detection limits.

e Bechtel Hanford, Inc. sent no blind standards as
part of interim action monitoring to the commer-
cial laboratories in fiscal year 1999. The great
sitnilarity of matrices between the long-term and
interim action monitoring samples and common
use of the same laboratories make additional

. analysis of blind standards redundant.

- For field blank samples,_%S‘I;% of all results were
returned as non-detected. G_reater than 80% of the
reported detected blank results wete common metals

‘ous year’s blank samples.

L

(e.g., calcium, iron, manganese, sodium) measured by
the inductively coupled plasma method (ICP) at

levels close to analysis procedure detection limits. All

detected organic constituents (i.e., ~10% of all reported
detected results} were common laboratory contami-
nants seen at very low levels (1 to 4 j.lg/L). ‘Minimal
radioactive contamination was reported, and the results
for all detected constituents except tritiom were very
near analysis detection limits. Two of seven tritium
results were above detection limits (values of ~600
and 6,000 pCi/L). Tritium is 2 known contaminant in
some water sources used for preparation of blanks.
However, the elevated result of 6,000 pCi/L was prob-
ably the result of a swapped sample. Evaluation of
other field blank sample results shows no evidence of
unexpected or excessive contamination of blanks in
the field or by the laboratory. The constituents and
levels of contamination found should have no impact
on decision making for interim action monitoring.
No changes were noted from evaluation of the previ- —
. \HM—//'

Field duplicate and split results showed ~8.5%
exceeding the criteria used for evaluation. It should
be noted that the criteria used are likely more restric-
tive than necessary because they are based on similar
criteria for laboratory replicate evaluation (i.e., analy-
sis of multiple aliquots from the same sample container
by the same laboratory in the same analytical batch).
Ower one-half of the high relative percent difference
results were from iron and vanadium analyses pez-
formed by the commercial laboratories. Poor agree-
ment was noted for iron in both interlaboratory and
intralaboratory comparisons. Most of the comparisons
are at low levels (less than 50 pg/L), and all of the
greater concentration samples were on unfiltered sam-
‘ples. Unfiltered samples would be expected to show
greater variability because of suspended solids. The
vanadium differences were all intralaboratory split
samples and were manifested in all but one sample.
All results reported were less than 30 pg/L, but in every
case, results reported by Qua.ﬁterra, St. Louis were
greater than the split laboratory (Recra). Slightly - |
different analytical technology is being used by the

O
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commercial laboratoties {i.e., traditiohal ICP spectros-
copy at Quanferra, St. Louis versus super trace [low
detection limits] ICP at Recra). If vanadium analysis
at low concentrations becomes of interest, the differ-
ences between analytical technology should be inves-

tigated. The other differences between the laboratories

appear to be essentially random ( i.e., the high or low-

. laboratories often switch places for the same analysis-
on different samples), with the following exception:
field volatile organic analysis consistently showed
slightly higher results than reported by the commer-
cial laboratories. Most of the results met the criteria,
and it would be expected that field analysis, typically
performed much closer to the time of sampling, show
less loss of volatile components. .

Overall evaluation indicates no significant issues
between procedures and analyses performed by the
laboratories providing services to Bechtel Hanford, Inc.
The overall performance for fiscal year 1999 appeared
essentially unchanged from the previous year.

B.3 Holding Times
D. S. Skiarew |

Holding time is the elapsed time period between
sample collection and analysis. Samples should be
analyzed within recommended holding times to mini-
mize the possibility of changes in constituent concen-
trations caused by volatilizatiori, decompoéition, or
other chemical changes. Samples are also refrigerated
to slow potential chemical reactions within the sample
matrix. Maximum recommended holdiﬁg times for
constituents frequently analyzed for the groundwater
project ate listed in Table B.5. Radiological constitu-
ents do not have recommended maximum holding
times because these constituents do not typically change
chemically under ambient temperatures when appro-
priate preservatives are used. Results of radionuclide /
analysis are corrected for decay from sampling date o

analysis date.

Of the 4,065 non-radiological samples analyzed
by Quanterra, St. Louis in fiscal year 1999 for the
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groundwater project, holding times were exceeded for
137 samples (3%). The constituents with the most
missed holding times were 136 phenols, 118 anions,
37 alkalinity, 25 total dissolved solids, 16 total organic
halides; 12 coliform, and 11 total organic carbon. This
information was discussed with Quanterra, St. Louis
to help the laboratory identify areas where improve-
ments are needed. Recra did not exceed holding times
for any of the samples that they analyzed for the
groundwater project.

Specific evaluation of adherence to analytical
holding times for interim action monitoring was not
performed for this report. Analyrical holding times are
monitored as part of ongoing sample and data man-
agement activities throughout the year. No remedi-
ation decisions were affected by missed holding times
in fiscal year 1999,

B.4 Laboratory Performance
D, S. Sklarew, D. L. Stewart, C. J. Thompson

Laboratory performance is measured by several:
indicators, including nationally based performance
evaluation studies, double-blind standard analyses,
laboratory audits, and internal laboratory QA/QC
programs. This section provides a detailed discussion.
of the performance indicators for Quanterra, St. Louis
and Richland. Brief summaries of performance meas- .
ures for Recra and Thermo NUtech ate also presentéd .

throughout this section.

B.4..l Nationally Based Performance
Evaluation Studies ‘

During fiscal year 1999, EPA; Environmental
Resources Associates, and DOE conducted nationally
based studies to evaluate laboratory performance for
chemical and fadiological constituents. Quanterra,
St. Louis and Recra participated in the EPA’s Water
Pollution and Water Supply Performance Evaluation
Studies, which ended in December 1998, Environ-
mental Resource Associates is currently conducting
similar, EPA sanctioned water pollution and water
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supply studies. Although fewer laboratories are par-
ticipating, both Quanterra, St. Louis and Recra are
among the participants. Quanterra, Richland and
Thermo NUstech take part in DOE'’s Quality Assess-
ment Program and EPA’s National Exposure Research
Laboratory Performance Evaluation Studies. The latter
study ended in December 1998. Quanterra, Richland
participates in the Environmental Resource Associates’
InterLaB RadCheM Proficiency Testing Program,
which has replaced the National Exposure Research
Laboratory studies. All four laboratories take part in
DOE’s Mixed Analyte Petformance Evaluation Pro-
gram. Results of those studies related to groundwater
monitoring at the Hanford Site are déscribed in this
section. )

B.4.1.1 Water Pollufion and Wuter Supply
Studies

The purpose of water pollution and water supply
studies is to evaluate the petformance of laboratories
in analyzing selected organic and inorganic commpounds.
Every month, standard water samples are distributed

as blind standards to participating laboratories. These
‘samples contain specific organic and inorganic analytes

at ¢oncentrations urknown to the participating labo-
ratories. After analysis, the laboratories submit resules
ta the study’s sponsor (i.e., EPA or Environmental
Resources Associates). The sponsor uses regression
equations to determine acceptance and warning limits
for the study participants. The results of these studies,
expressed in this report as a percentage of the results

~ that EPA or Environmental Resources Associates

found acceptable, independently verify the level of
laboratory performance. '

For the four studies in which Quanterra, St. Louis

_ participated this year (WS5030, WS035, WP040,

WP050), the percentage of acceptable results ranged
from 84% to 94% (Table B.6). Of the 30 constituents
with unacceptable results, 7 were out of limits twice
and 1 was out of limits 3 times. This discussion focuses
on the results for the eight constituents that were out
of limits more than once. Orthophosphate results
were unacceptable in both water supply studies and

one water pollution study; the latter was caused bya
reporting error. The method required by the EPA for
orthophosphate (i.e., Method 365.1, EPA-600/4-79-
020, a colorimetric method) is not routinely used for
analysis of Hanford Site groundwater samples, which

are analyzed by an ion chromatography method.
Because the two methods are very different, the unac-

ceptable results should have no effect on the interpre-
tation of data for Hanford Site samples. Alkalinity and-
Aroclor 1016 were unacceptable in two cases because
of reporting errors. Mercury and two volatile organics
were unacceptable because of analyst errors. Hardness
results were probably unacceptable in one case because
the sample was not freshly prepared for analysis and.
slight evaporation may have caused the high bias.
The cause of the second unacceptable hardness result
is not knowﬁ. No reason has been found for the unac-
ceptable kieldahl nitrogen results; however, no kjeldahl
nitrogen determinations were performed on Hanford
Site groundwater samples during fiscal year 1999. The
other 22 constituents were within limits three out of
four times; thus, Quanterra, St. Louis has shown that
it can achieve acceptable results for these constitu-
ents.

Recra participated in four water pollution and
water supply studies this year, WS030, WS035, WP040,
and WP048. The percentage of Recra’s acceptable
results ranged from 90% to 95% (Table B.7). Of the
26 constituents with unacceptable results, 4 were out
of limits twice. Total organic carbon was unaccept-
able in one of the two cases because of a sample prepa-
ration error. Recra found no obvious causes for the
two unacceptable results for dichlo;odiﬂuoromethane,
pentachlorophenol, and 1,1-dichloroethylene.

B.4.1.2 DOE Quality Assessment and Mixed
Analyte Performance Evaluation Programs

DOE’s Quality Assessment Program evaluates how
laboratories perform when they analyze radionuclides
in water, air filter, soil, and vegetation samples. This
discussion considers only water samples. The program

is coordinated by the Environmental Measurements
Laboratory (EML) in New York. EML provides blind
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standards that contain specific amounts of one or more
radionuclides to participating laboratories. Constitu-
ents analyzed can include americium-241, cestum-137,
cobalt-60, gross alpha, gross beta, iron-55, manganese-
54, nickel-63, plutonium-238, plutonium-239,
strontium-90, tritium, uranium-234, uranium-238, and
total uranium. After sample analysis, each participat-
ing laboratory forwards the results to EML for compati-
son with known values and with results from other
Iaborarories. EML evaluates the accuracy of the results
based on the historical analytical capabilities for the
individual analyte/matrix pairs. Using a cumulative
normalized distribution, acceptable performance yields
tesults between the 15th and 85th percentiles. Accept-
able with waining results are between the 5th and 15th

- percentile and between the 85th and 95th percentile.
Not acceptable results include the outer 10% (less
than 5th percentile or more than 95th percentile) of
historical data (EML-600, EML-604).

For the two studies conducted this year, QAP49
and QAP50 (EML-600 and EML-604), the percent-
ages of Quanterra, Richland’s acceptable results were
100% and 92%, tespectively (Table B.8). Uranium-238

was the only constituent that had a result that was not -

acceptable. ‘However, one constituent (7%) in the
first study and five constituents (38%) in the second
study had results that were evaluated as acceptable
with warning (Table B.8).

The percentages of Thermo NUrtech’s results that
were acceptable for the two studies were 80% and
100%, respectively (Table B.9). Constituents with
unaccepeable results in the first study were cesium-137,
cobalt-60, and manganese-54. Gross alpha results
were acceptable with waming in this study.

DOE's Mixed Analyte Performance Evaluation
Program examines laboratory petformance in the
anaiysis of soil and water samples containing metals,
volatile and semivolatile organic compounds, and
radionuclides. This report considers only water samples.
The program is conducted at the Radiological and
Environmental Sciences Laboratory in Idaho Falls,
Idaho, and is similar in operation to DOFE’s Quality
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Assessment Program discussed above. DOE evaluates
the accuracy of the Mixed Anslyte Performance Eval-

~ uation Program results for radiological and inorganic

samples by determining if they fall within a 30% bias
of the reference value.

All fiscal year 1999 results (MAPEP-98-W6) for
(Quanterra, Richland and St. Louis were acceptable
(Table B.8). All results for Thermo NUtech were also
acceptable, but plutonium-239/240 was acceptable
with warning. Two results {8%) were not acceptable
for Recra: acenaphthylene and 2,6-dinitrotoluene (see
Table B.9). |

B.4.1.3 National Exposure Research .
Laboratory and InterlaB RadCheM Proficiency
Testing Program Studies

As of January 1, 1999, the InterLaB RadCheM
Proficiency Testing Program study, conducted by the
Environmental Resources Associates, replaced the
EPA’s National Exposure Research Laboratory perfor-
mance evaluation studies, which were conducted at
the National Exposure Research Laboratory, Las Vegas,
Nevada. Thus, fiscal year 1999 samples were evaluated.
under either the EPA or the Environmental Resource
Associates program: The purpose of the studies was
and is to evaluate the performance of laboratories in
analyzing selected radionuclides. Both programs pro-
vide blind standards that contain specific amounts of

“one or more radionuclides in a water mattix to partici-

pating laboratories.. National Exposure Research
Laboratory standards and Environrnental Resources
Associates standards were prepared for the following
radionuclides/paréméters: barium-133, cestum-134, _
cesium-137, cobalt-60, gross alpha, gross beta, radium-
226, radium-228, strontium-89, strontium-90, tritium,
uranium, and zinc-63. In addition, National Exposure
Research Laboratory standards were prepared for
iodine-131 and plutonium. After sample analysis, the
results were forwarded to EPA or Environmental
Resources Associates for comparison with known values
and with results from other laboratories. EPA evalu-
ated the accuracy of the results by determining if they
fell within +3 standard deviations of the mean of all
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results reported in the intercomparison study (EPA-
600/4-81-004). Environmental Resources Associates
hases its control limits on the EPA’s National Stan-
dards for Water Proficiency Testing Studies Criteria
Document (NERL-Ci-0045 ).

All National Exposure Research Laboratory
results submitted by Quanterra Richland this year (see
Table B.8) were acceptable {95%} with the exception
of cesium-134 in one study. However, cesium-134 was
below the control limit for 43% of the laboratories
reporting for this study. All Environmental Resources
Associates results from Quanterra, Richland except one
set of data for natural yranium, were within the control
limnits (94%). Four constituents (24%) in the Environ-
mental Resources Associates study had results that were
evaluated as acceptable with warning (see Table B.8).

All National Exposure Research Lajqoratory resdlts

from Thermo NUtech this year were acceptable see
Table B.9). Thermo NUtech does not participate in
the Environmental Resources Associates program.

B.4.2 Double-Blind Standard Evaluation

The groundwater project forwarded blind QC stan-
dards to Quanterra, Richland and St. Louis, Recra,
and Thermo NUtech during fiscal year 1999. Blind
spiked standards were generally prepared in triplicate
and submitted to the laboratories to check the accu-
racy and precision of analyses. For most constituents,
the standards were prepared in a groundwater matrix

" from a background well. Cyanide standards and one

set of volatile organic compound standards in the first
quarter of fiscal vear 1999 were prepared in organic
free, deionized water. In all cases, the standards were
submitted to the laboratories in double-blind fashion
{i.e., the standards were disguised as regular groundwater
samples).

Tables B.10 and B.11 list the number and types of
blind standards along with the control limits used in
fiscal year 1999. Overall, 84% of the blind spike
determinations were acceptable. For Quanterra, 90%
of the results were within the control limits, which

* represents an improvement over fiscal year 1998 (i.e.,
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80% were within limits in fiscal year 1998). This
improvement is significant, considering that the fiscal
year 1999 blind standard program was more focused

" on those constituents that have had poor results in

the past. Fiscal year 1999 was the first year that the -
groundwater project submitted a complete set of blind
standards to Recra and Thermo NUtech. This was
done to provide performance information for the proj-
ect’s secondary laboratories. :

Quanterra’s blind standard results are listed in more
detail in Table B.12. One or more results were unac-
ceptably high for gross alpha, gross beta, plutonivm-
239, total organic carbon, and tritium. Similarly, one
or more results were biased low for carbon tetrachlo-,
ride, cyanide, total organic halides, trichloroethylene,
and tritium. Three constituents, carbon tetrachloride,
plutonium-239, and trichloroethylene, were out of
limits only once; the anomalous results appear to
reflect isolated instances of poor analytical precision.
Two tritium results were out-of-limits. One was a
non-detection result for a standard that had allegedly
been spiked at 211,600 pCifL. Since a re-analysis of
the standard confirmed the original result, it is believed
that the sample was either mislabeled or was not spiked
with tritium. Quanterra, St. Louis’ most problematic
constituents were gross alpha, gross beta, total organic

carbon, and total organic halides. Results for these

constituents are discussed below.

Three of sixteen of Qﬁantetra, St. Louis total
organic carbon results were out of limits, but most of
the total ‘organic carbon results were biased high., The
out-of-limit results were from the third and fourth
quarters of the fiscal year, and the out-of-limit recov-
eries ranged from 127% to 133%. The laboratory per-
formed data rechecks on the results and reanalyses on
the samples but was unable to identify a reason for the
discrepancies. Unlike other blind standard constituents,
all of the total organic carbon standards were prepared
at concentrations near the laboratory’s practical quan-

titation limit (1,000 pg/L), so a small percentage of

out-of-limit results is not unexpected. In the furure, the

- ‘groundwater project will continue to closely monitor

Quanterra’s performance for this importarit analysis.
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An additional backup laboratory for total organic car-
hon will also be evaluated if necessary.

Half of Quanterra’s total organic halide rgsﬁlts
were out of limits for the standards that were spiked
with volatile organic compounds. Individual out-of-
limit recoveries for these standards ranged from 55%
to 71%. The groundwater project performed in-house

/analyses on splits of the standards and confirmed that
the standards were spiked at the proper concentrations.
Because all of the results for the 2,4,6-trichlorophenol
standards were acceptable, the reason for the low bias
appears to be volatilization or weak retention of the
volé\tile_ analytes on the charcoal cartridges used in the

analysis. The laboratory investigated the out-of-limit -

results but was unable to determine the source of
error. Low-biased total organic halide results are of
concern because of the potential for not detecting
halogenated organics at RCRA sites. However, even
with a 50% negative bias, detection should occur at .
concentrations well below the limit of quantitation
{discussed in Section B.5). .

{Quanterra’s gross alpha results were acceptable for
all but the third quarter. Similarly, all of the gross beta
- results were within limits except for the second quarter
results. For hoth parameters, the blind standards may
have been spiked incorrectly. Splits of the beta stan-
" dards had similar results at 'Thermc_a NUtech, while
reanalysis of the gross alpha standards by Quanterra,
Richland confirmed two out of three of the results. In
general, the results for both parameters exhibited rela-
tively poor precision, but the average results tended to
be close to the expected concentrations. '

Table B.13 provides a detailed summary of Recra -

and Thermo NUtech’s blind standard results. Seventy-
one percent of the results for these laboratories were
within control limits, representing good performance
overall. However, severat high-biased results were
reported for total organic carbon, total organic halides,
and gross beta. In addition, the labs had two or more
unacceptably low results for cyanide and iodine-129.
Cyanide results were consistently low for Recra and
Quanterra, St. Louis; the problem is believed to be

Appendix B

associated with the standards because both laborato-
ries have had accéptable water supply and water pollu-
tion performance-evaluation results for cyanide. The

 low iodine-~129 results were non-detections that were

caused by an error at the laboratory. Subsequent
iodine-129 standards in. the second quarter were spiked
at lower concentrations, and all of Thermq NUtech’s
results were acceptable. Recra’s total organic halide
results were acceptable, except for the third quarter
results that were biased high, and one of the fourth
quarter results that was a non-detection. The reasons
for these abnormal results are unknown. All of Recra’s
total organic carbon results were biased high and two-
thirds were out of limits. Recta re-analyzed all of the
standards with unacceptable results; the re-analysis
results'were also out of limits. Due to the large number
of out-of-limit re_sults, the groundwater project does

. not plan to submit additional samples to Recra for

total organic carbon analyses. Finally, half of Thermo
NUtech'’s gross beta results were unacceptably high.
The second quarter results are believed to be high
because of incotrectly spiked standards, but the high
bias in the first quarter results appears to be a labora-
tory problem. Quanterra, Richland analyzed splits of
the standards and achieved acceptable results.

B.4.3' Laboraiory Infernal QA/QC
Programs

Quanterra, Richland and St. Louis, Thermo
NUtech, and Recra maintain internal QA/QC pro-
grams that generate data on analytical performance by
analyzing method blanks, laboratory contral samples,

‘mattix spikes and matrix spike duplicates; matrix

duplicates, and surrogates (see PNNL-13080 for defi-
nitions of these terms). An assessment of the labora-
tory QC data for fiscal year 1999 is summarized in this
section. Quanterra dafa are discussed in detail first and
presented in Tables B.14 through B.17. Constituents
not listed in these tables did not excéed Quanterra’s
QC limits. A brief summary of Recra and Thermo
NUtech data is presented at the end of the section.

Evaluation of results for method blanks was based
on the frequency of detection above the blank QC
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limits. In general, these limits are two times the method

detection limit or instrument detection limit for chem-
ical constituents and two times the total propagated
error for radiological components. For common labo-
ratory contaminants such as 2-butanone, acetone,

" methylene chloridé, phthalate esters, and toluene, the

QC limit is five times the method detection limit.
Table B.14 summarizes Quanterra’s method blank
results. The general chemical parameters, ammonia
and anions, and metals categories had the greatest
percentage of method blank results exceeding the QC
limits. For the general chemical parameters, orily spe-
cific conductance showed high method blank results,
with 100% above the method detection limit. These
high method blanks for conductance do not appear to
be a significant problem because 94% of groundwater

samples have conductance values that are at least

100 times higher than the highest blank value. For

ammonia and anions, only chloride had greater than
10% of the method blanks outside the QC limits. The
highest method blank for chloride was 0.194 mg/L, or
2.8 times the QC limit. For metals, the laboratory’s
instrurnent detection limits for Method 6010 (the ICP
method SW-846) are believed to be unrealistically low,
which resulted in the large number of method blanks
that exceeded the limits for this method. For volatile
organic compounds, only acetone and methylene chlo-
ride had greater than 10% of method blanks outside
the QC limits. Fewer than 4% of the method blanks
for acetone and 1% for methylene chloride exceeded
three times the QC limits. Acetone and methylene
chloride show frequent blank problems because of low-
level background contamination in the laboratories.

To assess the laboratory control samples, QC
limits for general chemical parameters, ammonia and
anions, and metals were between 80% and 120%:; those
for radiological parameters were between 70% and
130%. Tahle B.15 summarizes Quanterra’s results for
the laboratory control samples. For constituents with
10 or more measurements, none had greater than 10%
of laboratory control samples outside of QC limits.
Fewer than 3% of the volatile or semivolatile organics
were out of limits based on the QU limits that were

_effective in July. Previous limits were similar but were

not used for statistical data evaluation because the
limits were not reported electronically by the labora-
tory until July. ‘

Table B.16 summarizes Quanterra’s results for the
matrix spikes and matrix spike duplicates. Matrix spike
and matrix spike duplicate QC limits were between
75% and 125% for general chemical parameters,
ammonia and anions, and metals. Matrix spike QC
limits were between 70% and 130% for radiological
parameters. These limits are based on those incorpo-
rated into the database starting in July 1999. For the
volatile and semivolatile organic compounds, the QC
limits that were effective in July were-used to evaluate
the results, as described above, Fewer than 5% of the
volatile or semivolatile organic matrix spikes and
matrix spike duplicates were out of limits.

Matrix duplicates were evaluated by comparing
the relative percent difference ro the QC limit for
results that were five times greater than the method P
detection limit or the minimum detectable activity for M’
general chemical parameters, ammonia and anions,
and radioclogical parameters. The QC limit was 20%
for all three categories. Table B.17 lists the constitu-
ents that exceeded the relative percent difference limits.
Matrix duplicates were not analyzed for volatile organic
compounds, semivolatile organic compounds, or metals.

Surrogate data included seven compounds for
volatile organics and two for semivolatile organics.
Applying the QC limits electronically available from
Quahterra as of July 1999, none of the volatile organic
surrogate compounds and 16% of the semivolarile
organic compounds were outside the QC limits.

QC data for Thermo NUtech and Recra were
Timited for fiscal year 1999 because these laboratories
did not analyze many samples for the groundwater proj-
ect. Recra analyzed imethod blanks, laboratory control
samples, matrix spikes, and matrix duplicates for total
orgahic' carbon, total organic halides, selected arions,
metals, and selected volatile organic compounds. Most
results were within QC limits. However, the follow--

ol

ing data were outside limits: one total organic halide:
laboratory control sample, one trichloroethylene
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matrix spike, one silicon matrix spike, one horon and
one molybdenum matrix duplicate, and five metal
method blanks (barium, calcium, magnesium, sodium,
and silicon). Thermo NUtech analyzed method blanks,
laboratory control samples, matrix spikes, and matrix
duplicates for gross alpha, gross beta, and iodine-129.
One iodine-129 matrix duplicate was outside Hmits.

B.4.3.1 lIssue Rgsdluﬁon

Issue resolution forms are documents for record-
ing and resolving problems encountered with sample
receipt, sample analysis, and data reporting. The
forms are generated by the laboratory and forwarded
to the groundwater project as soon as possible after a
potential problem is identified. The forms indicate if
direction on the part of the project is required. The
documentation is intended to identify occurrences,
deficiencies, andfor issues that may potentially have
an adverse effect on data integrity. Table B.18 indi-
cates the specific issues identified during fiscal year
1999 and the number of times these occurred.

B.4.3.2 Laboratory Audiis/Assessmenfs

Laboratory activities are regularly assessed by sur-

- veillance and auditing processes to ensure that quality

problems are prevented andjor detected. Regular
assesstent SuPPOrts continuous process improvement.

Assessments of Quanterra, Richland and St. Louis
were conducted December 7 to 10,1998 and May 6 to
8, 1999, respectively.. The Hanford Site’s Integrated
Contractor Assessment Team, consisting of represen-
tatives from Bechtel Hanford, Inc. and Waste Manage-
ment Federal Services of Hanford, Inc. conducted the
audits. The purpose of the assessments was to evalu-
ate the continued readiness of both Quanterra labora-

tories to analyze and process samples for the Hanford

Site. Specific work requirements for the laboratories
are specified in the statement of work between Waste
Management Federal Services of Hanford, Inc. and
Quanterra (RESH-SOW-93-003, Rev. 5).

The assessment scope for these audits was hased

“on the analytical and QA requirements for both

groundwater and multi-media samples as specified in
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the statement of work. The primary focus of the
Quanterra, Richland audit was personnel training,
procedure compliance, sample receipt and tracking,
instrumenit operation and calibration, equipment

maintenance, instrumentation records and logbocks,

and the implementation of Quanterra’s QA manage-

ment plan. For Quanterra, St. Louis, the focus was on
the implementation of their QA program, compliance
to their technical operating procedures, and verifica-
tion of the cortective actions initiated in response to
the previous audit (May 1998). The specific areas
reviewed included sample preparation, instrument
calibration, QC sample data and acceptance criteria,
loghook reﬁew, and preventive maintenance.

Seven findings and five observations were noted
in the assessment of Quanterra, Richland, and ten
findings and five observations were identified during
the assessment of Quanterra, St. Louis. These find-
ings and observations related fo deficiencies in four
specific programmatic areas: document control, qual-
ity improvement, work processes, and calibration.
Corrective-action responses to the assessment findings
and observations have been evaluated. The laborato-
ries have addressed all findings and observations, and
the audits have been closed. -

The Hanford Integrated Contractor Assessment:
Team conducted an assessment of Quanterra, Rich-
land’s sample disposal practices on May 13, 1999.
This targeted system assesstnent was part of the con-
tinuing assessments required by the DOE, Richland
Operations Office Waste Programs division as a con-
dition of continuance of the commercial laboratory
disposal program. General waste handling processes
were reviewed, as well as sample handling, personnel
qualifications, records, and requirements for waste.
Results of the audit indicated that the commercial
laboratory has systemns in place for processing and man-
aging waste streams.  Laboratory staff were knowledge-
able and well trained.

Assessments of Thermo NUtech and its subcon-
tractor laboratory, Recra, were conducted by an assess-
ment team consisting of representatives from Bechtel
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Hanford, Inc., PNNL, and Waste Management Federal
Services of Hanford, Inc., March 18 to 20, 1999 and
June 22 to 24,.1999. The scope of these audits focused
on the analytical and QA requirements for sample ana-
lyses as specified in the contract with the laboratories.

Four findings and eight observations were identi-

fied during the audit conducted at Thermo NUtech.
The findings and observations were related to lack of
procedures, use of instruments past the calibration
dates, incomplete training records, and incomplete
followup to pteéious corrective-action responses for
past audits. All corrective-action responses have been
accepted, and the findings have been closed.

Five findings and ten observations were noted for
Recra. These findings and observations were related
to procedural non-cdmp_liance, lack of procedures,
incomplete training records, and reporting and soft-
ware deficiencies. Closure of this audit is still pending.

Continued assessments of the laboratories are
planned for the upcoming year to further evaluate per-
formance and to ensure those corrective actions for the
past findings and observations have been implemented.

B.4.3.3 Sumplé Collection Contractor
Surveillances

Groundwater project staff regularly reviewed sam-
ple collection activities performed by the sampling sub-
contractor, Waste Management Technical Services.
The pﬁrpose of the reviews was to ensure that samples
" were collected and submitted to the laboratories in
accordance with high-quality standards. Monthly sur-
veillances were conducted in the following areas: sam-
ple delivery and shipping, bottle preparation, sample
collection, calibration of instruments, standard certifi-
cations, procedure implementation, traiﬁing, and
paperwork processing. All issues identified during the
surveillances have been corrected.

B.4.4 Data Completeness and
Comparability

Data judged to be complete are data that are not
suspect, rejected, associated with 2 missed holding

time, out-of-limit field duplicate or field blank, or
qualified to indicate laboratory blank contamination.
For fiscal year 1999, 85% of the groundwater project
data were considered complete. Potentially invalid
data was flagged in the database. The percentages of
data flagged were 2.7% for field QC problems, C.6%
for exceeded holding times, 0.2% for rejected resulss,
(.3% for support values, and 13% for laboratory blank
contamination. :

For comparability, samples are split in the field
(i.c., collected in duplicate) and forwarded to two or
more laboratories when problems arise that require
confirmation of analytical results. During fiscal year

1999, 10 samples were split for one or more analyses of

alkalinity, anions, iodine-129, metals, strontium-90,

total dissolved solids, and tritium (27 constituents
total), Samples were analyzed for hazardous and non-
hazardous chemicals by Quanterra, St. Louis and Recra.

‘ Radiological analyses were performed by Quanterra,

Richland and Thermo NUtech. None of the split
sample results had a relative percent difference greater
than 20% for concentrations that were mare than five
times greater than the analyzing laboratories’ detection
limits. Thus, the laboratories showed excellent agree-
ment for constituents at mutually quantifiable concen-
trations, and the split samples were useful for confirming
out-of-trend results.

Specific evaluation of cqmpleten'ess and compara-

hility issues for interim action groundwater monitor-
ing was not performed for this report. Completeness
and comparability issues are primarily assessed as part’

of site-specific validation activities. No validation

activities were performed on interim action groundwa- -

ter monitoring data in fiscal year 1999.

B.5 Limit of Detection, Limit of
Quantitation, and Method Detection
Limit

C.J. Cho#, C. J. Thompson

Detection and quantitation limits are essential for
evaluating data quality and usefulness because they
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provide the limits of a method’s measurement. The -
detection limit is the lower limit at which a measure-
ment can be differentiated from background. The
quantitation limit is the lower limit where a measure-
. ment becomes quantifiably meaningful. The limit of
detection, limit of quantitation, and method detection
“limit are useful for evaluating groundvt}_ater data.

The limit of detection is defined as the lowest
concentration level staﬁstically different from a blank
(Currie 1988). The concentration at which an analyte
can be detected depends on the variability of the blank
response. - For the purpose of this discussion, the blank
is taken to be a method blank.

In general, the limit of detection is calculated as
the mean concentration in the blank plus three stan-
dard deviations of that concentration (EPA/540/P-87/
001, OSWER 9355.0-14): The blank-corrected limit
of detection is simply three times the blank standard
deviation. At three standard deviations from the
blank mean, the false-positive and the false-negative
error rates are each ~7% (Miller and Miller 1988).

A false-positive error is an instance when an analyte is
declared to be present but is, in fact, absent. A faise:
negative error is an instance when an analyte is declared

to be absent but is, in fact, preéent.

The limit of detection for a radionuclide is typi-
cally computed from the counting error associated with
each reported result (e.g., EPA 520/1-80-012) and
represents instrumental or background conditions at
the time of analysis. In contrast; the limit of detection
and limit of quantitation for the radionuclides shown
in Table B.19 are based on variabilities that result from
both counting errors and uncertainties introduced by
éample handling. In the latter case, distilled water,
submitted as a sample, is processed as if it were an
actual sample. Thus, any random cross-contamination .
of the blank during sample processing will be included
in the overall error, and the values shown in Table B.17
are most useful for assessing long-term variabﬂity in
the overall process.

The limit of quantitation is defined as the level
above which quantitative results may be obtained
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with a specified degree of confidence (Keith 1991). The

. limit of quantitation is calculated as the blank mean

plué 10 standard deviations of the blank (EPA/540/
P-87/001, OSWER 9355.014). The blank-corrected
limit of quantitation is simply 10 times the blank stan-
dard deviation. The limit of Quantitation_is most use-
ful for defining the lower limit of the useful range of
concentration measurement technology. When the
analyte signal is 10 times larger than the standard
deviation of the blank measuiements, there is a 95%
probability that the true concentration of the analyte
is within £25% of the measured concentration.

The method detection limit is defined as the mini-
mum concentration of a substance that can be meas-
ured and reported with a 99% confidence that the
analyte concentration is greater than zero, The method
detection limit is determined from analysis of a sample
in a given matrix containing the analyte (Currie 1988).
The method detection limit is 3.14 times the standard
deviation of the results of 7 replicates of a low-level
standard. Note that the method detection limit, as
defined above, is based on the variability of the response

- of low-level standards rather than on the variability of

the blank response.

For this report, total organic carbon, total orgah_ic
halides, and radionuclide field blank data are a{’ailable
for limit of detection and limit of quantitation deter- p
minations. The field blanks are QC samples that are
introduced into a process to monitor the performance
of the system. The use of field blanks to calculare the
limit of detection and the limit of quantitation is pre-

- ferred over the use of laboratory blanks because field

blanks include errot contributions from sample prepa-
ration and handling, in addition to analytical uncer-
tainties. Methods to calculate the limit of detection
and the limit of quantitation are described in detail in
Appendix A of DOE/RL-91-03. The results of the

. limit of detection and limit of quantitation determina- _

tions are lisj:ed in Table B.17.

Because of the lack of blank darta for other constitu-

- ents of concern, it was necessary to calculate approxi-

mate limit of detection and lirnit of quantitation values
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by using variability information obtained from low-
level standards. The data from the low-lével standards
are obtained from laboratory method detection limit
studies. If low-level standards are used, the variability
of the difference between the sample and blank response
is increased by a factor of V2 (Currie 1988, p. 84). The
formulas are summarized below: o

MDL=314xs

ILOD=3xW2 xs)
=424 xs

L0Q-10x{/Zx2)
=14.14xs

where s = standard deviation from the seven replicates
of the low-level standard.

The results of limit of detection, limit of quanti-
tation, and method detection limit calculations for
most non-radiological constituents of concern (besides
total organic carbon and total organic halides) are
listed in Table B.20. The values in the table apply to
Quanterra, St. Louis only. . '

Specific evatuation of detection-limit issues for
the interim action groundwater monitoring program
was not performed for this report. Detection-limit
issues are primarily assessed as part of site-specific vali-
dation activities. No validation activities were per-
formed on interim action groundwater monitoring
data in fiscal year 1999. .

B.6 Conclusions

‘Overall, assessments of fiscal year 1999 QA/QC
information indicate that groundwéter monitoting data
are reliable and defensible. Sampling was conducted
in accordance with reviewed procedures. Few contami-

nation or other sampling-related problems were encoun-

tered that affected data integrity. Likewise, Jaboratory
performance was excellent in most respects, based on
the large percentages of acceptable field and laboratory
QC results. Satisfactory laboratory audits and generally
acceptable results in nationally-based pefformanc_é
evaluation studies also demonstrated good laboratory

petformance. However, the following areas of concern
were identified and should be considered when inter-
preting groundwater monitoring results:

e A few QC samples were probably swapped in the
field or at the laboratory based on a small number of
unusually high field-blank results and duplicate

 results with poor precision. The same problem
likely occurred for a small number of groundwater
gamples. ' '

e Several indicator parameters, metals, and volatile
. organic compounds were detected at low levels .
in field andfor laboratory method blanks. Some
of these constituents were found at similar levels
in groundwater samples.

¢ Maximum recommended holding times were
exceeded for ~3% of groundwater proj ect samples.
Anions and phenols were the primary analyses
affected, though the data impacts are considered

" minor.

. Quanterra, St. Louis’ double-blind standard results
for total organic carbon were typically biased
~15% high, while the results for total organic
halides (volatiles only) were biased low by ~25%.

On average, Recra’s total organic carbon results
were biased ~40% high.

* Quanterra, Richland’s dop.ble«_blind standard
results for gross alpha and gross beta were incon-
~ sistent with biases ranging from 16% low to 88%
high. Thermo NUtech’s results for gross beta were
biased high Ey up to 51%. '-
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Table B.1. Full-Trip Blanks Exceeding Quality Control Limits .

(a) Because method detection limits may change throughout the year, the limits are presented as a range. .
was evaluated according to the method detection limit in éffect at the time the sample was analyzed.
(b) The limit for radiological analyses is determined by the sample-specific total propagated uncertainty.

Number -

_ "QOut of

Constituent Limits
"Alkalinity 1
Chemical oxygen demand 1
Specific conductance 42

Total carbon 2
Total dissolved solids 8
Tortal organic catbon 22
Total organic halides "3
Chloride 12
Nitrogen in nitrate 4
Suifate 3
Antimony 1

‘Beryllium 27
Calcium 11
Copper 4
fron 3
Magnesium 16
Manganese 17
Potassium 1
Sodium 27
Strontium (elemental) 4
Vanadium 9
Zinc. 13
Carbon tetrachloride 1
(ross beta 4
Tritium 3

Number of Percent Qut-
Analyses of Limits
General Chemical Parameters
27 3.9
3 333
45 93.3
3 ‘ 66.7
14 . 57.1
82 26.8
74 ' 4.1
Ammonia and Anions
41 26.5
47 - 8.5
47 6.4
Metals
38 2.6
38 . 5.3
38 289
38 10.5
38 7.9
38 421
38 44.7
38 2.6
38 711
38 10.5
38 23.7
38 - 34.2
Volatile Organic Compounds
14 7.1
Radiological Parameters
39 . 103
41 7.3

@ B.17 =

Range of QC
Limits®

598 - 4,460 ug/L
7,638 pgfL
0.09 pSfem

512 - 1416 ug/L
8,456 ugfL

4444 - 512 pgfL
4.76 - 8.54 ug/L

69.2 - 70 pgfL
4 - 21.2 ygfl.
194 - 216 pg/L

394 - 54.6 pg/L
0.4 -14 1L
1306 - 249 pg/L
4.6 - 8ugL
60.6 - 71.2 pg/L
68.2 - 201.4 pgfL
1-14ugL
1,152 - 3,355.2 ug/L
884 - 239.6 peflL
0.8 - 1.4 pg/l.
74 - %4 pgll
8.2 -84 pgfl

0.05 - 0.904 pefL

2.2 - 6.36 pCifL®
30 - 602 pCifL®

Range of Out-of-
Limit Results

-8,000 pe/L
34,000 ug/L
0.571 - 13 pSfem.
1,520 - 1,960 ug/L

9,000 - 31,000 pg/L

446 - 1,030 pg/L
5.8 - 15.2 pglL

70 - 167 pg/L
22 - 124 pgfL
239 - 329 ug/L

63.3 pgfL
0.52 - 14 gL
250 - 833 g/l
46 -9.2 ugll
78.2 - 528 pg/l.
73.1 - 1,080 pgfL
1.1-8.1pgL
2,690 pg/L.
245 - 1,120 pgfl.
32-49pgl
8.1 .25 pglL
8.8 - 45.6 g/l

0.4 pg/L

3.15 - 22.7pCifL
129 - 1,280 pCi/L

However, each result
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Constituent

2-Butanone

Carbon disulfide
Carbon tetrachloride
Chloroform
Methylene chloride
Tetrahydrofuran

Number
Qut of Number of - Percent Qut
Limits Analyses of Limits
1 79 13
-1 9 1.3
5 88 5.7
22 - 85 25.0
36 88 : 40.9
1 15 1.3

Table B.2. Field Transfer Blanks Exceeding Quality Control Limits

‘Range of QC Range of Out-of-
Limits® Limit Results
(ug/L) (ug/L)
0.84 - 1.78 4
0.26 - 0.296 0.4
0.284 - 0.904 04-1
0.18 - 0.572 02-4
1425-38 3-38
3.14 -3.92 17

(a) Because method detection limits may change throughout the year, the limits are presented as a range. However, each
tesult was evaluated according to the method detection limit in effect at the time the sample was analyzed.

NumBer of

Number
Out of
Constituent Limits
Specific conductance 18
Total dissolved solids 3
Total organic carbon 6
Total organic halides 2
Chloride 11
Fluoride 3
Nitrogen i nitrate 6
Sulfate 2
Barium 2
Calcium 7
Copper 5
Iron 1
Magnesium 7
Manganese 10
Nickel 1
Sodium ‘ 14
Strontium (clemental) 1
Vanadium 7
Zinc 7
Acetone 1
Carbon disulfide 1
Chloroform 1
Tritium 2

Percent Out
Analyses of Limits
General Chemical Parameters
20 90.0
4 75.0
20 300
16 : 12.5
Ammonia and Anions
20 55.0
20 15.0
20 30.0
20. 10.0
Metals
17 118,
17 41.2
17 - 294
17 . 5.9
17 412
17 ' 58.8
17 : 59
17 824
17 5.9
17 41.2
17 41.2
Volatile Organic Compounds
3 ‘ 33.3
3 . 333
3 o 333
Radiological Par_anieters
15 13.3
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Table B.3. Equipment Blanks Exceeding Quality Control Litmits

Range of QC Range of Qut-of-
Limits® Limit Resulis
0.09 pSfem 0.865 - 11.7 uS/em
8,456 ug/L 10,000 - 23,000 pg/L
444.4 - 512 pgfL 460 - 815 pg/L
4.76 - 8.54 ug/L 4.8 -152pg/L
69.2 - 70 pg/L 71 - 276 g/l
20.8 - 24 pgfl. 61 - 86 pelL
4.21.2 pgfL 13 - 150 pgll
194 - 216 ug/L 215 - 220 pgfL
1.8 - 2.2 pglL 5.6 - 5.9 pglk
130.6 - 249 ug/l. 254 - 439 ug/L
46 -8 gL 5.7 -39.7 pg/l
60.6 - 71.2 ugfL 132 pg/L
68.2 - 201.4 ug/l. 195 . 588 pgfL
1-14ugl - 1.7-54ugl
20 - 28.6 pigfL 103 pgfL
88.4 - 239.6 ugfl 234 - 838 ug/L
0.8 - L4 pg/L 33pgll
.74 -94ug/l 9.7 - 35.6 pgfL
8.2.84pg/L 83 - 145 g/l
1.65 - 9.7 pgfL . 2 pgll
0.26 - 0.296 yg/L fpgll
0.18 - 0.344 pg/L 11 pgll

34.8 - 432 pCi/L®

142 - 147 pCijL

-(a) Because method detection limits may change throughout the year, the limits are presented as a range. However, each result -
" was evaluated according to the method detection limit in effect at the time the sample was analyzed.
(b) The limit for radiological analyses is determined by the sample-specific total propagated uncertainty.
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-Table B.4. Field Duplicates Fxceeding Quality Control Limits

Total

Number of

Constituent Duplicates
(il and grease 1
Chromium 61
Copper - 55
kron 55
Manganese 55
Potassium 55
Vanadium 55
Zinc 55
'1,1,1-Trichloroethane 17
Acetone 14
Carbon tetrachloride 17
" Chloroform 17
cis-1,2-Dichloroethylene 17
Methylene chloride 17
Gross alpha 42
Technetium-99 17

Number of
Duplicates Number Qut
Evaluated® - of Limiss
General Chemical Parameters
! 1 1
Metals
27 2
1 1
1 6
32 7
17 3
33 2
14 4
Volatile Organic Compounds
2 1
1 1
4 1
4 2
A 2
1 1
Radiological Parameters
9 3
10 2

Percent Qut

of Limits

100.0

7.4
100.0
54.6
21.9
177
6.1
286

500
100.0
25.0
50.0
100.0
100.0

333
200

Appendix B

Range of
Relative Percent

Differences®

166.3

222414
100
37.2-97.1
22.8-68.9
20.4 - 26.2
274 -328
43.6-95.6

222
162

107.7
181
40

28.6

20.2 - 28.5
24.3-50.0

(a) Duplicates with both results less than five times the method detection limit or minimum detectable activity were excluded
from the evaluation. '

{b} In cases where a non-detected resulr was compared with a measured value, the method detection limit or minimum detect-
able activity was used for the non-detected concentration.
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Table B.5. Hanford Groundwater Monitoring Project Maximum Recommended Holding Times

Methods

8010/8020/8260 (SW-846}

8270 (SW-846)
8080 (SW-846)
8080 (SW-846)
8040 (SW-846)
6010 (SW-846)

Holding Times

Constituenis

Volatile organics
Semivolatile organics
Pesticides

Poly:chlorinated biphenyl

_ Phenols

Inductively coupled-plasma metals

14 days

7 days befote extraction; 40 days after extraction
7 days before extraction; 40 days after extraction
7 days before extraction; 40 days after extraction

7 days before extraction; 40 days after extraction
6 months : :

7060 (SW-846) Arsenic 6 months
7421 (SW-846) Lead 6 months
7470 (SW-846) - Mercury 28 days
7740 (SW-846) Selenium 6 months
7841 (SW-846) Thallium ~ 6 months
0012 (SW-846) Cyanide 14 days
9020 (SW-846) Total organic halides 28 days
9060 (SW-846) - Total organic carbon 28 days
300.0 (EPA-600/4-81-004) - Bromide - 28 days
300.0 (EPA-600/4-81-004) Chloride 28 days
300.0 (EPA-600/4-81-004). ~ Fluoride 28 days
300.0 (EPA-600/4-81-004) Nitrate _ 72 hours
300.0 (EPA-600/4-81-004) Nitrite 72 hours
300.0 (EPA-600/4-81-004) Phosphate 72 hours
© 300.0 (EPA-600/4-81-004) Sulfate . 28 days
310.1 (EPA-600/4-81-004) Alkalinity ' 14 days
410.4 (EPA-600/4-81-004) Chemical oxygen demand 28 days

Table B.6. Resulfs of U.S. Environmental Protection Agency Water Pollution (WP) and Water Supply (WS)
Performance Evaluation Studies ‘

WPO30 - WS8035 WP04Q WS050
February 1999 August 1999 November 1998 May 1999

: Percent ' Percent Percent Percent
Laboratory Acceprable . Acceptable Acceptable Acceptable
Quanterra Incorporated, 84 945 : 85t 914 _.

St. Louis, Missouri

(a) Unacceptable results were for alkalinity, orthophosphate, hardness, turbidity, boron, flucride, nitrate, nierite, 2,4,5-T, 2,4-
D, 2,4-DB, chlorobenzene, 1,2-dichioroethane, and 1,1,2-trichloroethane. '

(b) Unacceptable results were for orthophosphate, mercury, carbon tetrachloride, 1,1,1,2-tetrachloroethane, and 1,2,3-
wrichloropropane. .

(¢} Unacceptable results were for alkalinity, kjeldahl-nitrogen, Aroclor 1016/1242 in oil, Aroclor 1254 in oil, benzene,
ethylbenzene, toluene, three dichlorobenzenes, and total phenolics. .

(d) Unacceprtable results were for hardness, orthophosphate, mercury, Atoclor 1016, kjeldahi nitrogen, 1,2-dichlorobenzene,
1,3-dichlorobenzene, tetrachloroethylene, and rotal suspended solids.

m B.20 &
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Table B.7. Results of Water Pollution (WP) and Water Supply (WS) Performance Evaluation Studies
for Recra Environmental, Inc.

WP040 WS030 WP048 | W8035

Novem’ber 1998 February 1999 March 1999 August 1999
Percent Percent Percent Percent
Laboratory Acceptable Acceptable  Acceptable . Acceptable
Recra LabNer, Philadelphia 95t o4m C 3@ oo

{a) Unacceprable tesults were for silver, total organic catbon, chemical oxygen demand, and Aroclor 1016/1242 in oil.
(b) Unacceptable results were for hardness, bis-(2-ethylhexyl}adipate, dichlorodiflucromethane, 1,1,1,2-perchloreethylene,
1,2,3-gichlorobenzene, 1,1-dichloroethylene, methyl-t-butyl ether, dinoseb, pentachlorophenol, 2,4-D, and dicamba.
- (¢} Unacceptable results were for cyanide, conductivity, and total organic carbon. :
(d) Unaceeptable results were for aluminum, chloride, flucride, carbon tetrachloride, 1,2-dichlorobenzene, 1,1-dichloroethylene,
1,1,2,2-tetrachloroethane, chloroform, roxaphene, pentachlerophenol, and dichiorodifluoromethane.
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w
Table B.8. Summary of Quanterra Incorporared Interlaboratory Performance, Fiscal Year 1999
: Numnbet of Results Numher Within
Radionulclides Reported for Each C Acceptable Control Limits
DOE Quality Assessment Program (EML-600, EML-604)
Environmental Measurements Laboratory -
Americium-241, cobalt-60, cesiﬁm—B?, _ 2 _ C2(=h)
gross alpha, gross beta, plutonium-238, '
plutonium-239, strontium-90, tritium,
uranium-234, uranium _ .
Uranium-238 2 ' 1@
Manganese -54, nickel-63 ' 1 o 16
. DOE Mixed Analyte Performance Evaluation Program (MAFEP-98.-W6)
Radiological and Environmental Sciences Laboratory
Americium-241, cesium-137, cobalt-57, . 1 1
manganese-34, nickel-63, plutonium-238, : ’
plutonium-239/240, strontium-90,
uranium-234/233, uranium-2353, .
uranium-238, zinc-65
Anthraceng, antimony, batiumn, beryllium, 1 ' ' i@
chromium, copper, 1,3-dichlorobenzene,
2,4-dichlorophenocl, diethylphthalate,
2,4-dimethylphenol, 2,4-dmitrotoluene, ' T
2,6-dinitrotoluene, fluoranthene, fluorene, ‘ . j
lead, Z-methylphenol, naphthalene, ' o ' : -

‘4-nitrophenol, phenanthrene, phenol
selenium, thalhum, zinc

EPA Laboratory Intercomparison Studies
National Exposure Research Laboratory

. Cesium-137, cobalt-60, gross alpha, ‘ 2 . 20
gross beta, Tadium-226, radium-228, :
uranium ) )
Cesium-134 2 1
Bartum-133, iodine-131, strontiuim-89, o1 ' 1

stroncium-90, tritium, zinc-65

EPA InterLaB RadCheM Proficiency Testing Program
: Environmental Resource Associates

Gross alpha, gross beta, radium-226, . 2 ' _ 2ée
radium-228, strontium-90 '

Uranium ' 2 _ 14
Cesium-134, cesium-137, cobalt-60, . 1 C 1k

strontium-89, tritium

{(a) Control limits from EML-600 and EML-604. _ :
(b) One result each for americium-241, cesium-137, cobalt-60, gross alpha, gross beta, and plutonium-238 was acceptable but
outside warning limis.
(¢) Results from Quanterra, Richland.
(d) Results from Quanterra, St. Louis.
(¢) Control limits from EPA-600/4-81-004. N
{f Control limits from National Standards for Water Proficiency Testmg Studies Criteria Document. S
{g) One result each for cesium-137, cobalt-60, gross beta, and strontium-89 was acceptable but outside warning limits, :
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Table B.9. Summary of Recra Environmental, Inc. and Thermo NUtech Interlaboratory Performance,

Fiscal Year 1999

Number of Results : Number Within

Radionulclides : Reported for Each Acceptable Control Limits .

DOE Quality Assessment Program (EML-600, EML-604)
Environmental Measurements Laboratory

Aunericium-241, gross alpha, gross beta, 2 pA

ron-35, nickel-63, plutonium-238,
plutonium-239, strontium-90, tritium,
uranium-234, uranium-238, uranium

Cobalt-60, cesium-137 2 1t
. Mangaﬁese—54 1 ) o=

DOE Mixed Analyte Performance Evaluation Program (MAPEP-98-W6)
Radiological and Environmental Sciences Laboratory

Americium-241, cesium-137, cobale-57, o1 . 168

cobalt-60, iron-55, manganese-34,
nickel-63, plutonium-238,
plutonium-239/240, strontium-90,
uranium-234/233, uranium-238,
zinc-65

Anthracene, antimony, barium, beryllium, 1 1t
chromium, copper, 1,2-dichlorobenzene,

1,3-dichlorobenzene, 2,4-dichlorophenol,

diethylphthalate, 2,4-dimethylphenol,’

2,4-dinitrotoluene, flucranthene, fluorene,

lead, 2-methylphenol, 4-nitrophenol,

phenanthrene, phenol, selenium, thallium,

zine

'Acenaphrhylene . 1 ‘ Ot
EPA Laboratory Intercomparison Stadies
National Exposure Research Laboratory

Cesium-134, cesium-137, cobalt-60, 2 20

gross alpha, gross beta, strontium-89, ' :

strontium-90 .

Barium-133, iodine-131, radium-226, 1 1@

radium-228, uranium, zinc-65

(2) Results from Thermo NUtech, Richmond, California. Control limits from EML-600 and EML-604.
(b) One result each for gross alpha was acceptable but cutside warning limirs. .

(c) Results from Thermo NUtech, Richmond, Califomia. -

(d) One result for plutonium-239/240 was acceptable but outside warning limits.

{(e) Results from Recra LabNet, Philadelphia.

(f) Results from Thermo NUtech, Richmond, California. Control limies from EPA -600/4-81-004.
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Table B.10. Summary of Quantefra Incorporated Double-Blind Spike Determinations

(2) Blind standards were submitted in triplicare or ciiiadruplicate.
(b) Quality control limits are given in the Hanford Groundwater Monitoring Project’s QA plan.
(c) Each result must be within the specified perceritage of the known value to be acceprable.

w B.24 w

Number of Number of Results
. Sample Results Cutside QC
Constituent Frequency Reported® Limits®
General Chemical Parametets

Specific conductance Antwally ©3 0
Total organic carbon (potassium Quarterly ' 16 3

hydrogen phthalate spike)
Total organic halides Quarterly 14 0

(2,4,6-trichlorophenol spike)
Total organic halides (carbon Quarterly 14 7

tetrachloride, chloroform, and -

trichloroethene spike)

. Anions
Cyanide - Quarterly 14 3
Fluoride Quarterly : 12 0
Nitrate Semiannually 6 0
' Metals
Chromium - Semiannually 6 0
Volatile Organic Compounds
Carbon tetrachloride Quarterly 16 1
Chloroform Quarterly 16 ¢
Trichlorethylene Quarterly 16 1
Radiological Parameters
Gross alpha (plutonium-239 spike) Quartetly 16 3
Gross beta (strontium-90 spike) Quarterly 16 3
. Cesium-137 Semiannually 6 0

Cobalt-60 Semiannualily 6 0
Todine-129 Semiannually 6 0
Plutonium-239 Quarterly 16 1
Strontium-90 Semiannually 6 0
Technetium-99 Quarterly 16 0
Tritium Quarterly 9 2
Uranium-238 Quarterly 16 0

Control

Limits® (%)

25
125

+25

+25

+25
25
125

120

+25
+25
125

+25
Lx25
+30
+30
+30
+30
+30
+30
+30
£30
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- Table B.11. Summary of Recra Environmental, Inc. and Therme NUtech Double-Blind Spike Determinations

{a) Blind standards were submitted in triplicate or quadruplicare.
(b} Recra Environmental, Inc. performed chetnical analyses, and Thermo NUtech performed radiological analyses.
{c) Control limits are given in the Hanford Groundwater Monitoring Project’s QA plan.

(d) Each resuit must be within the specified percentage of the known value to be acceptable.

wB25 =

Number of Nuraber of Results
Sampling Results Qutside QC
Constituent "Frequency Reported™ - Limies®
General Chemical Parameters

Total organic carbon (potassium Quarterly 15 10

hydrogen phthalate spike) _
Total organic halides (2,4,6- Quarterly 10 4

trichlorophenol spike)
Total organic halides (carbon Quarterly 11 4

tettachleride, chloroform, and

trichlorethylene spike)

Anions
Cyanide Semianﬁuaﬂy ' 6 4
Fluoride Anmually 0
' Metals
Chromium Annually 3 0
Volatile Organic Compounds
Carbon terrachloride Annmally 3 0
Chloroform Annually "3 0
Trichlorethylene Annually 3 0
' Radiological Parameters
Gross alpha (plutonium-239 spike) Semiannually 6 0
Gross beta (strontium-90 spike) Quarterly 12 6
Cesium-137 ' Annually 3 0
Cobalt-60 Annually - 3 0
. lodine-129 Semiannually 6 2

Plutonium-239 Annually -3 0
Sorontium-90 Annually 3 0
Technetium-99 Annually 3 0
Tritium Annually 3 0
Uranium-238 Annually 3 ¢

Control
Limits® (%)

+25
+25

+25
*25
125

+25
+25
+30
+30
+30
+30
+30
+30
+30
+30



Groundwater Monitoring for FY 1999

Table B.12. Quanterra Incorporated Blind Standard Results

Fiscal ' Relative
_ . Year Spike Average Average Standard -
Constituent - ‘ Quarter Amount Result Recovery (%) Deviation {%)
General Chemical Parameters (pe/L)
Specific conductance Ny Fourth 445 425 : 9 - 1
Total organic carbon® - First 805 808 - 100 19
: Second 1,002 1,155 115 5
Third 1,500 1,930 ' 129 4
Fourth 1,998 72,440 122 4
Total organic halides® - First ' 1,023 86.3 84 0
(phenol) Second 1,052 1,023 97 19
Thid . - 129 14.7 114 3
Fourth 130 113 87 6
Total otganic halides® First 103.5 64.3 62 11
(volatile organic mixture) Second 1,088 752.8 69 - i1
Third . 13.2 12.1 ! 13
. Fourth . 130 : 94.7 73 4
Anions (uglL) ' '

Cyanide : - First 100 70.6 - 1

. Second 100 71.6 78 1-
Third 300 ) 237 79 2
‘ . Fourth 400 307 (e 1
Fluoride First 1,000 1,237 124 1
: Second 1,000 1,190 119 1
Third 5,000 5,283 106 2
Fourth 2,000 2,353 ‘ 118 2
Nitzae: . First 10,166 10,220 101 2
" Second 10,166 10,600 104 1
Metals (pg/L) _
Chromium : First o300 288 .96 1
Second 300 296 99 : 1

S Volatile Orga_mic Compounds (ug/L) )

Carbon tetrachloride First - 9.8 . 9.0 92 11
: Second 414 387 ‘ - 93 6
Third 5.1 43 85 ' 13
Fourth 51 42.79 84 : 16

Chloroform ; : First 98.9 06.7 98 1.
| Second 435 460 106 9
| ' : Third 5.1 4.3 ' 85 13
| , Fourth 50 4.3 95 - 1
| Trichlotoetﬁylene : First _ 7.9 7.3 93 8
Second 394 - 383 97 8

i Third : 5 53. - 107 11
Fourth 50 40.3 81 . 10

e

.
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Appendix B

Table B.12. (contd)

Fiscal Relative

_ “Year .Spike Average Average Standard
Constituent Quarter Amount - Result Recovery (%) . Deviation (%)
Radiological Parameters (pCi/L) ’ :

Gross alpha (plutonium-239) First L2122 208 98 : 3
Second 292.22 272 : 03 6
Third 698 13.1 188 14
Fourth 101.45 107 106 13
Gross beta (strontium-90)@ First 13.08 10.9 ' g4 13
: Second - 2129 37.8 - 178 5
Third 58.86 - 649 110 24

Fourth 10585 - 121.0 114 4 -
Cesium-137 Fitst 6148 6437 105 6
' Second 1978 201.0 102 6
Cobalt-60 Fist 200.46 201.3 100 3
_ Second - 398.95 309.0 100 1
Iodine-129 First 3049 299 98 14
Second 24.59 18.8 76 5
Plutonium-239 First - 21.224 240 113 5
' Second 1.482 1.81 122 18
Third 6.978 7.02 © 101 4
Fourth 1.939 2.38 123 -5

Strontium-90 First 7.98 8.99 - 113 1z
Second 20.15 21.3 106 6
Technetium-99 First 4715 393.7 83 5
© Second 910.1 880.7 97 7

Third 202.1 2113 105 8 .
Fourth 97.1 1034 107 5
“Tritium Second - 38,080 36,867 97 1
_— Third 211,600 . 134310 63" 87
Fourth 199 246 124 18
Uranium-238 - First 61.881 614 99 5
. Second 144.48 144.0 100 2
Third 915.726 908.3 99 1
Fourth 318.21 330.0 104 2

(a) Total organic carbon standards were submitted in quadruplicate each quatter.

(b) Total organic halide {phenol) standards were submitted in quadruplicate during the first and fourth quarters. The stan-
dards were submitted in triplicate in the second and third quarters. ) '

(c) Total organic halide (volatile) standards were submitted in triplicate during the first and fourth quarters. The standards
were submitted in quadruplicate in the second and third quarters. '

(d) Assuming strontium-90 and ytrrium-90 are in equilibrium, spike amount is serontium-90 + yterium-90.

B B.Z? 2



Groundwater Monitoring for FY 1999

Table B.13. Recra Environmental, Inc. and_Thermo NUt.ech Blind Standard Results

Fiscal ' Relative
_ Year : Spike Average Average - " Standard
Constituent Quarter - Amount Resule® Recovery (%) ‘Deviation (%)
- General Chemical Parameters (pg/L)
Total organic carbon® First 805 978 121 3
Second 1,002 1,600 - 160 7
Third 1,500 1,933 129 13
: Fourth 1,998 . 2,975 ’ 149 8
Total organic halides® . Second ] 1,052 1,150 109 "8
(phenol} _ Third 12.9 219 170 10
' Fourth 130 88.8 © 68 59
Total organic halides® : Secqnd 1,088 1,063 - S 98 ] 8
{volatile organic mixtare) Third - . 132 214 © 162 19
Fourth 130 102 78 4
. Anions (pg/L) _
Cyanide o Second 100 74.0 4 5
" Fourth 400 - 277 69 17
" Fluoride : Second 1,000 1,100 110 _ 0
Metals (pg/L) _
Chromium | Second 300 302 101 2
- o _ Volatile Organic Compounds (pg/L)
Carbon tetrachloride " Second 414 . 383 i 93 6
Chloroform Second 435 410 94 2
Trichlorethylene " Second . 394 333 85 .
_ Radiological Parameters (pCifl.) _
Gross alpha (plutoniam-239) Second 29222 278.3 95 8
: Fourth 10145 - 94.6 . 93 15
Gross beta (strontiurm-90)© First - 113.08 198 151 8
’ Second 21.29 30.5 143 8
Third 58.86 68.9 117 1
: : Fourth 104.52 - 114.7 110 4
Cesium-137 Second 197.8 o 1937 98 3
Cobalt-60 : Second 398.95 361.0 ‘ 920 5
Todine-129 " Fimst 30.49 _ 14.8 49 73
Second 24.59 24.6 100 13
Plutonium-239 Second 1.482 1.26 -85 7
Strontium-90 _ Second 20.15 19.8 08 -5
Technetium-99 4 Second 910.1 998.7~ ‘ 110 2
Tritium _ Second 38,080 - 39,030 103 1
Uraniurm-238 : Second 144.48 167.0 ~ 116 i

{a)} Recra Environmengal, Inc. performed chemical analyses, and Thermo NUtech performed radiological analyses.

(b) Total organic carbon standards were submitted in quadnuplicate each quarter.

(c) Total organic halide (phenol) standards were submitted in triplicate during the second and thxrd quarters and in quadrupli-
cate during the fourth quarter.

(d) Total organic halide (volatile) standards were submitted in quadruplicate during the second and third quarters and in tipli-
cate during the fourth quarter.

(e) Assuming strontium-90 and ytirium-90 are in equilibrium, spike amount is strontium-90 + yttrium-90.

i B.ZS' "
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Appendix B

Constituent

Table B.14.

Total general chemical parameters

Alkalinity
Specific conductance

"Total dissolved solids

Total ammonia and anions

‘Chloride
Fluoride
Sulfate

Total metals
Aluminum
Calcium -
Chromium
Copper

Iron.
Magnesium
Manganese
Sodium

© Vanadium

Zinc

Total volatile organic compounds

Acetone
2.-Butanone
1,4-Dichlorobenzene
Methylene chicride
Vinyl chloride

Total semivolatile organic compounds

Total radiological parameters

Technetium-99

Tritium

Quanterra Incorporated Method Blank Results
Percent Qut * Number of Concentration Range
of Limit Analyses of Qut-of-Limit Results
General Chemical Parameters .
15.6 688 -
0.9 112 5.6 mgfL
100 105 0317 - 1.04 ySfem
14 74 : 39 mg/L
Ammonia and Anions _
3.7 1,104 -
26.2 : 210 0.07 - 0.194 mgfL
20 204 0.037 - 0.063 mg/l.
1.9 213 0.234 - 0.277 mg/L
Metals
14.4 2,028 .
55.9 102 39 - 161 mgfL
510 102 27.1 - 492 mglL
09 - 106 7.1 mg/L
11.8 102 59-11.7mg/L
89.2 . 102 128 - 918 mgl
11.8 : 102 - 123 - 276 mgfL
59 102 -11-25mgL
245 102 ' 59.4 - 241 mg/L
5.9 102 6.1 - 14.3 mg/L
294 102 . ‘ 32-17mglL
Volatile Organic Compounds
2.0 2,696 -
33.00 106 2. 19 mglL
0.9® 106 4 mgfL
0.8 123 : 0.4 mg/L.
12.6% 119 2 - 15 mg/L
1.7 119 0.3 mg/L
Semivolatile Organic Compounds
0 832 -
Radiological Parameters
02 1,076 -
1.4 70 54.9 pCi/L
12 82 23.6 pGifL

(2) Control limits are rwice the method detection Hmit. _
(b) Control limits for footmoted compoumds are five times the method detection limit.

f B.29 m



Groundwater Monitoring for FY 1999

Table B.15.

Constituent

Total general chemical parameters
Total ammonia and anions

Toﬁal metals
Silver

Total radiological parameters

. Cesium-137

Cobale-60

Gross alpha
Technetium-99 -
Tritium
Uranium
Uranium-235

Quanterra- Incorporated Laboratory Control Samples

Percent Out of Limit®
General Chemical Parameters
0
Ammonia and Anions

0

Metals
ol
2.0

Radiological Parameters

2.1
1.8
1.8
6.8
57
0.9
1.6
28.6

Number of Analyses

)

706

1,101

2,030
102

(a) QC limitsare 80% to 120% for genetal chemical parameters, ammonia and ations, and metals; 70% to 130% for

radiological parameters.

# B.30 ®
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Appendix B

Table B.16. Quanterra Incorpora{ted Matrix Spikes and Matrix Spike Duplicates

I
{

Constituent Percent Out of Limit® _ Number of Analyses
General Chemical Parameters ‘
Total general chemical parameters 4.2 . 212
Total carbon - ' 83.3 6
Total organic carbon 0.9 S 115
Total organic halides 3.3 : 91
: ' Amimonia and Anjons
Total ammoenia and anions 16.2 . 468
Chloride 10.8 . 83
Cyanide 6.9 29
Fluoride 12.0 83
Nitregen in nitrate _ 33.7 83
Nitrogen in nitrite ~18.1 83
Sulfate 12.6 _ : 87 -
Sulfide . 100 1
Metals .
Total merals 0.5 3,147
Cadmium 0.6 161
Chromium 1.2 163
Copper 1.3 157
Iron . 1.3 157
Lead ) 11.1 54
Selenium ‘ 50.0 ' . 4
Sodium 0.6 157
Zinc ‘ 0.6 157
Radiological Parameters
Total radiological parameters - 15.6 122
Technetium-99 . . 6.3 64
Uranium . 25.9 . 58 -

(a) Control limits are 75% to 125% for general chemical paramerers, ammonia and anions, and metals; 70% to 130% for
radiological parameters.
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Groundwater Monitoring for FY 1999

Table B.17. Quanterra Incorporated Matrix Duplicates

Constituent _ . . Percent Out of Limit®

General Chemical Parameters

Total general chemical parameters : 0.5
Specific conductance 13
Total carbon : 16.7
Total organic halides ‘ 1.1
Ammonia and Anions
Total ammonia and anions 0.6
Fluoride i.2
Nitrogen in nitrate 1.2
Sulfate ‘ 1.2
Radiological Parameters
Total radiological parameters : 0.9
(Gross alpha 1.4
Gross beta 1.4
lodine-129 : ‘ 59
Plutonium-239/240 8.3
Serontium-90 . : 1.8
Technetium-99 1.5
Uranium-234 : 14.3
Uranium-235 14.3
Uranium-238 . 14.3

(a) For values five times greater than the method detection limit, control limits for relative percent difference are 20% for gen—

eral chemical parameters, ammonia and anions, and radiological parameters.

Number of Analyses

" 400
75
o
91

459
81
81
85

1,128
70

71
34
12

56
68

7

7

7

Table B.18. Summary of Issue Resolution Forms Received for Fiscal Year 1999

" Number
Issue of Occurrences
Hold time missed 34
Broken: bortles® 11
Missing samples® ] 6
‘Temperature deviation' 7
pH variance® 3
Bottle sizeftype (insufficient volume) . 4
Chain of custody forms incomplete™ _ 16
Laboratory QC out of limits 29
Analytical prepatration deviations 5
Method failures/discontinued analyses 1

{a} Issue always originated before samples were received at the laboratory.
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Appendix B

Table B.19. Summary of Quanterra Incorporated Detection/Quantitation Limits Determined from

43

B33 w

Field Blanks Data
Number of  Standard
Period Samples Mean " Deviation
Constituent: Total Organic Carbon (jig/L)
10/01/98 - 12/29/98 22@ 225.89 121.44
01/19/99 - 02/23/99 8 325.47 80.80.,
02/24{99 - 03/18/99 12 141.21 166.36
04/19/99 - 06/28/99 - 14@ 163.03 156.78
07/14/99 - 08/24/99 13 122.89 115.37
Summary 69 150.55 165.93
Constituent: Total Organic Halides (ug/L)
10/01/98 - 12/29/98 25 0.18 2.24
01/19/99 - 03/18/99 256 1.37 1.40
04/16/99 - 06/28/99 16 -0.38 1.62
- 07/14/99 - 08{24/9% 13 0.66 1.79
Summary 79 0.52 1.81
Constituent: Antimony-125 (pCi/L)
10/13/98 - 12/16/98 6 -1.52 343
04/01/99 - 06/02/99 6 0.47 5.10
07/13/99 - 08/16/99 3 1.59 3.96
Summary 15 -0.10 4.28
: Constituent: Cesium-134 (pCifL)
10/13/98 - 12/16/98 6 -1.61 0.91
04/01/99 - 06/02/99 6 -0.29 0.81
07/13/99 - 08/16/09 3 -2.15 2.40
Summary 15 119 1.26
) Constituent: Cesium-137 (pCi/L)
10/13/98 - 12/16/98 6 0.92 0.54
04/01/99 - 06/02/99 6 0.01 1.33
07/13[99 - 08/16/99 3 -0.54 1.06
Summary 15 0.26 1.02
Constituent: Cobalt-60 (pCifL)
10/13/98 - 12/16/98 6 0.00 0.45
04/01/99 - 06/02/99 6 0.59 1.52
07/13/99 - 08/16/99 3 -0.23 1.09
Summary 15 0.19 111
‘ Constituent: Europium-154 {pCi/L)
10/13/968 - 12/16/98 6 .13 3.23
04/01/99 - 06/02/99 6 1.14 2.64
07/13/99 - 08/16/99 3 -2.36 397
Summary 15 0.03 3.14
Constituent: Gross Alpha (pCifL)
10/01/98 - 12/29/98 15 0.143 0.233
01/06/99 - 03/16/99 11 0.065 0.164
04/12/99 - 06/28/99 11 0.051 0.168
07/13/99 - 08/19/99 6 0.061 0.168
Summary 0.088

0.193

- Limit of

_Detecrion

590
568
499(c)
470
346
400

6.7
4.2
4.8
54
3.4

10.28@
15.29

S 11.88 _

12.8

2_74(::)
2.43
7.20
3.77

1.62@

3.98
3.19
3.07

1‘34(5)
4.56
3.27
3.34

9.69
© 791
11.90
9.42

0.70%
0.49
0.5
0.5
0.58

Limit of

1,440
1,133
1’664@
1,568
1,154
1,334

2240
14.0
162
17.9
18.1

34.26%
© 50.98

39.62

42.8

0,14

8.09
23.99
12.57

5.400
13.28 -
10.63
10.22

446
152
10.89
115

32.304+
2637
39.66

" 3141

2.33%
1.64
1.68
1.68
1.93



Groundwater Monitoring for FY 1999

Table B.19. (contd)

Number of Staﬁdard Limit of -
Period Samples Mean Deviation - Detection
' Constituent: Gross Beta (pCifL)
10/01/98 - 12/29/98 14 0.79 0.83 2.500
01/06/9% - 03/31/99 11 0.96 0.84 2.51
04/07/99 - 06/28/99 12@ 1.00 (.87 2.61
07/13/99 - 08/24/99 7 0.93 1.05 3.16
Summary 44 0.91 0.88 2.64
Constituent: Iodine-129 (pCi/L)
10/13/98 - 11/19/98 5 0.028 0.167 0.50%)
01/06/99 - 03/16/99 3 0.045 0.097 0.29
04/12/99 - 06/23/99 5 0.001 . 0.056 0.17
07/13/99 - 07/14/99 2 0.059 0.022 0.07
Summary 15 0. 026 0.114 0.34
_ Constltuent Sttontmm 90 (pCi/L)
10/13/98 - 12/16/98 6 0.096 0.145 0.43¢
01/06/99 - 02/01/99 3 -0.005 - _0.058 017
04/12/99 - 05/25/99 2 0.137 0.001 0.00
08/11/99 - 08/24/99 2 0.129 0.010 0.03
Surnmary 13 0.084 0.111 0.33
Constituent:. Technetium-99 (pCi/L)
10/01/98 - 12/29/98 8 3.01 341 10.236
02/01/99 - 03/31/99 3 11.60 7.81 23.43
04/07/99 - 06/23/99 - 7 - 1.67 432 12.95
07/13/99 - 08/24/99 5 -2.85 649 19.47
Summary 23 245 505 15.14
Constituent: Tritium (pCifl)
10/13/98 - 12/29/98 15 188.4 i62.2 486.5¢
01/06/99 - 03/16/99 13@ 169.4 71.5 214.4
04/01/99 - 06{23/99 12 76.4 83.8 251.5
07/13/99 - 08/24{99 -7 146.9 153.8 461.4
Surnmary 47 148.4 122.8 368.5
Constituent: Uranium (ng/l) .

10/01/08 - 12/29/98 6 0.0137 0.0141 0.056%
01/14/99 - 03/31/99 5 0.0104 - 0.0117 0.045
04/07/99 - 06/09/99 4 0.0079 0.0055 0.024
08/16/99 - 08/24/99 2 0.0030 0.0006 0.005
Summary - 17 0.011 0.044

(a) Excluded outliers.

0.010

@,

Limit of

Quantitation

8.34¢
8.36
8.72
10.53
8.81

L67¢
0.97

- 0.56
0.22
1.14

1456
0.58
0.01
0.10
1.11

()

3412
_78.09
43.16
64.90
50.50

1,621.8%
7147
838.3

1,538.1

1,228.3

0.155%
0.127
C.063
0.009
0.122

(b) Limit of detection equals the mean blank concentration plus 3 standard deviations; limit of quantitation equals the mean
blank concentration plus 10 standard deviations.
(¢} Limit of detection (blank corrected) equals 3 times the blank standard deviation; limit of quantitation {blank corrected)
equals 10 times the blank standard deviarion.
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Table B.20. Summary of Quanterra Incorporated, St. Louis Detection and Quantitation Limits

Inittal Initial = Initial Ending Values, Ending Ending Ending
_ Method ‘ Constituent ~ MDL® {ngfi.} LOD(pgfl} LOQ{ug/L) ~ Effective Date MDL® {pg/L) LOD (pgfL) LOQ (ug/L}
_ General Chemical Parameters :

_ EPA-600/4-81-004, 160.1 Total dissolved solids 4,218 5,713 T 19,042 ) :
EPA.-600/4-81-004, 310.1 Alkalinity 299 404 1,347 11/16/98 © 2230 o013 10044
EPA-600/4-81-004, 410.4 Chemical oxygen demand 3,819 5,160 17,200 .
EPA-600/4-81-004, 413.1 il and grease 699 944 3,148

‘ Ammonia and Anions
EPA-600/4-81-004, 300.0 Broinide 15 203 67.6 12/22/98 17.4 235 78.4
EPA-600/4-81-004, 300.0 Chloride 35 47.3 157.6 12/22/98 34.6 46.8 155.8
EPA-600/4-81-004, 300.0 Fluoride _ 12 16.2 34.0 12/22/98 10.4 . 141 46.8
EPA-600/4-81-004, 300.0 Nitrogen in nitrate 2 2.7 9.0 12/22/98 10.6 - 14.3 419
EPA-600/4-81.-004, 300.0 Nitrogen in nitrite 17 23.0. 76.6 12/22/98 7.4 100 333
EPA-600/4-81-004, 300.0 Phosphate ' 42 56.7 189 . 12/22/98 34.8 470 157
EPA-600/4-81-004, 300.0 Sulfate 97 131 ' 437 12/22/98 108 146 : 486
EPA-600/4-81-004, 350,1 Nitrogen in ammonia 8.76 11.8 395 - - 12/10/98 30.1 40.67 135.6
SW-846, 9012 Cyanide 133 ° 1.80 5.99 12/7/98 1.59 2.15 7.16
) . _ Metals

SW.846, 6010 Aluminum 38 51.3 171 1125/99 26.5 35.8 119
SW-846, 6010 Antimony 213 369 123 7/25/99 19.7 26.6 88.7
SW-846, 6010 Batium LI 1.5 5.0 25199 0.9 12 4.1
SW.846, 6010 . Beryllium 0.7 0.9 3.2 7125199 ' 0.2 03 0.9
SW-846, 6010 Cadmium _ 22 3.0 9.9 . 7125/99 2 27 9.0
SW-846, 6010 Calcium 124.5 168.2 560.7 7/25/99 - 653 88.2 - 294
SW.846, 6010 Chromium 27 3.6 12.2 1125199 2.7 36 : 12.2
SW-846, 6010 Cobalt 2.3 3.1 10.4 7/25/99 2.5 : 3.4 113
SW-846, 6010 Copper 2.3 31 104 . 72509 4 54 18.0
SW-846, 6010 Iron : 356 48.1 160 1125/99 303 40.9 137
SW.846, 6010 Lead 373 504 168 7/25/99 9 12.2 40.5
SW-846, 6010 Magnesium 34.1 46.1 154 C 25099 100.7 136.1 453.5

~ SW-846, 6010 Manganese 0.7 0.9 32 7/25/99 0.5 0.7 2.3
SW.846,6010 " Nickel 14.3 193 © 644 . 125199 10 13.5 45.0
SW-848, 6010 . Potassium . 1,677.6 2,266.7 7.555.7 7725109 576 778 2,594
SW-846, 6010 Silver 3.8 5.1 171 7/25{99 8 10.8 36.0
SW-846, 6010 Sodium ' 119.8 161.9 539.6 125199 44.2 59.7 199
SW.846, 6010 Strontium (elemental) 0.7 . 0.9 32 7125/99 0.4 0.5 1.8 .%’
SW-846, 6010 Tin . 70 94.6 315 7/25/99 27 36.5 122 §
SW.-846, 6010 Vanadium 3.7 50 - 167 7/25/99 4.7 6.4 212 a,
SW-846, 6010 ) Zinc - 4.1 55 18.5 7/25/99 4.2 - 5.7 ) 189 . ;
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“Method

SW-846, 7060
SW-846, 7131
SW.846, 7191

T SW-B846, 7421

SW-846, 7470
SW-846, 7740
SW-846, 7841

SW-846, 8010
SV.846, 8010
SW-846, 8010
SW-846, 8010
SW-846, 8010
SW-846, 8010
SW.846, 8010
SW-846, 8010
SW-846, 8010
SW-846, 8010
SW-846, 8010
SW-846, 8010
SW-84¢, 8010
SW-846, 8020
SW.846, 8020
SW.846, 8020
SW.846, 8020
SW-846, 8020

- 5W.-846, 8260

SW-846, 8260
SW-846, 8260
SW.-846, 8260
SW.846, 8260
SW-846, 8260
SW-846, 8260
SW-846, 8260
SW.846, 8260
SW.846, 8260
SW-846, 8260
SW.846, 8260

'/‘ -
NS

_ Table B.20. (contd)

1,2-Dichloropropane

) - Initial Initial Initial Ending Values, Ending Ending Ending
Constituent MDL® (ug/L) LOD (ug/L} LOQ {pgfl.)  Effective Date "MDL® {ugfly- LOD {ug/L) LOQ (ug/L)
Amenic 2 2.70 9.01 '
Cadmium 0.2 0.27 0.90
Chromium 0.3 041 135
Lead 0.8 1.08 3.60
Mercury 0.011 0.015 0.050
Selenium 0.9 1.22 4,05
Thallium 0.6 0.81 2.70
Volatile Organic Compounds
1,1,1-Trichloroethane T 0.028 0.038 0.126
1,1,2-Trichloroethane ¢.036 0.049 “0.162
1,1-Dichloroerhane 0.024 0.032 0.108
1,2-Dichloroethane 0.018 0.024 0.081
1,4-Dichlorobenzene -0.026 0.035 0.117
. Carbon tetrachloride 0.025 0.034 0.113
Chloroform 0.028 0.038 0.126
¢is-1,2-Dichloracthylene 0.025 0.034 0.113
Methylene chloride 0.207 0.280 0.932
Tetrachloroethylene _ 0.031 0.042 0.140
trans-§,2-Dichloroethylene 0.031 0.042 0.140
Trichloroethylene 0.028 0.038 0.126
Vinyl chloride 0.294 0.397 1.324
1,4-Dichlorobenzene 0.0Z8 0.038 0.126 11/16/98 0.52 0.703 2.342
Benzenc - 0.042 0.057 0.189 11/1698 0.26 0351 1171
Ethylbenzene 0.033 0.045 0.149 11/16/98 031 0.419 1.396
Toluene 0.089 0.120 - 0401 11/16/98 0.81 1.094 3.648
Xylenes {total) 0.065 0.088 0.293 11/16/98 0.59 0.797 2.657
'1,1,1,2-Tetrachloroethane 0.1134 0.153° 0.511 1/29/99 0.2 0.270 0.901
1,1,1-Trichloroethane 0.178 ¢.241 0.802 - 127799 0.14 0.189 0.631°
1,1,2,2-Tetrachloroethane 0.3 0.405 1.351 1/27/99 0.13 0176 0.586
1,1,2-Trichloteethane 0.1 0.135 0.450 1727199 " 0.23 0311 1.036
1,1-Dichloroethane 0.2 0.270 0.901 1/27/99 0.13 0.176 0.586
1,1-Dichloroethylene 0.194 . 0.262 0.874 - 1427799 0.15 0.203 0.676
1,2,3-Trichloropropane 0.1546 0.209 - (696 1/27/99 0.24 0324 1.081
1,2-Dibromo-3-chloropropane 0.24 . 0.324 1.081 12799 0.32 0432 1441
1,2-Dibromoethane 0.068 0,092 0.306 1/27/99 0.13 0.176 0.586
1,2-Dichlorocthane 0.144 0.195 0.649 1/27/99 0.14 0.189 0.631
1,2-Dichlorocthylene (total) 0.1028 0.139 0.463 1427/99 0.24 0.324 1,081
02 0.270 0.901 127199 0.1 0.135 0.450
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_ . Method

SW.846, 8260
SW-846, 8260
SW.846, 8260
SW.846, 8260
SW-846, 8260
5W.846, 8260
SW.846, 8260
SW.846, 8260
SW.846, 8260
SV0.846, 8260
SW-846, 8260

SW-846, 8260

SW-846, 8260
SW-846, 8260
SW.846, 8260
SW.846, 8260
SW-846, 8260
SW-846, 8260
SV-846, 8260.
SW-846, 8260
SW.846, 8260
SW.846, 8260
SW.546, 8260
SW.846, 8260
SW.846, 8260
SW-846, 8260
SW.-846, 8260
SW.846, 8260
SW.846, 8260
SW.846, 8260
SW.846, 8260
5W.846, 8260
SVW.846, 8260
SW.846, 8260
SVW/-846, 8260
SW.846, 8260
SW.846,; 8260

Table B.20. .(contd)

Initial Initial Inittal ~  Ending Values, Ending Ending

Constituent MDL® (ug/L} LOD (pg/L) LOQ (pglt)  Effective Date MDL® {ug/L} LOD (pgfL)
1,4-Dichlorohenzene 0.184 0249 0.829 1/27/99 0.17 0.230
1-Butanol 2.52 3.405 © 1135 1/27/99 7 9.458
Z-Butanone 0.42 0.567 1.892 1/27/99 0.89 1.203
2-Hezanone 0.36 0.486 1.621 127199 0.44 . 0.595
4-Methyl-2-pentanone 0.19 0.257 0.856 1/27/99 0.15 0.203
Acetone 1.94 2.621 8.737 1/21/99 0.33 0.446
Acetonitrile 4.7 6.350 21.17 1727199 4.4 5945
Acrolein 4.28 5.783 19.28 1/27/99 5.07 6.850
Acrylonitrile 1.7 2.297 7.66 1/27/99 1.0t 1.365
Bénzene 0.168 0.227 . 0.757 1/27/99 .13 0.176

Bromodichloromethane 0.0998 0.135 - 0.449 1/27/99 0.08 0.108 -
Bromoform 0072 0.097 . 0324 127199 0.14 0.189
Bromomethane 0.28 0.378 1.261 1/27/99 Q.11 0.149
Carbon disulfide 0.148 0.200 0.667 1/27/99 C 13 0.176
Carbon tetrachloride 0.142 0.192 0.640 " 1/27/99 Q.15 .203
Chlotobenzene 0.15 0,203 0.676 1727/99 0.25 0338
Chloroéthane 0.2 0270 0.901 1127159 0.23 0311
Chletoform 0.172 0.232 0775 1/27/99 0.09 0122
Chlotomethane 0.66 0.892 2.973 1/27/99 0.03 0.041
cig-1,2-Dichlorocthylene 0.1 0.135 0.450 1/27/99 0.15 0.203
cis-1,3-Dichloropropene ¢.102 0.138 0.459 1/27/99 0.07 0.095
Dibromochloromethane 0.066 0.089 0.297 1/27/99 Q.16 0.215
Dichlorodifluoromethane 04626 _0_.625 2.083 1/27/99 0.21 0.284
Ethyl cyanide . 0.96 1.297 4.324 1/27/99 " 1.47 1.986
Ethylbenzene 0.26 0.351 1.171 1/27/99 0.23 0311
Methylene chloride 0.76 . -1.027 3.423 1/27/99 041 0.554
Styrene 0.128 0.173 0.576 1727/99 0.17 0.230
Tetrachloracthylene 0.184 0.249 0.829 1/27/99 0.29 0.392
Tetrahydrofuran 1.96 . 2.648 8.828 1/27/99 1.57 2121
Toluene 0.158 0.213 0.712 1/27/99 0.26 0.351
- trans-1,2-Dichlorcethylene 0.13 0.176 0.586 1/27/99 G.11 0.149
trans-1,3-Dichloropropene 0.058 0.078 0.261 1/27/99 0.2 0.270
- Trichloroethylene - 0.4 0.540 1.802 1/27/99 Q.16 0.216

Trichloromonofluotomethane 0406 (.549 1.829 1/27/99 0.13 0.176 -
Vinyl acetate 072 0.973 3.243 1127199 0.17 0.230
Vinyl chloride Q.68 - 0.919 3.063 1727199 0.1 0.135
Xylenes (total) 0.142 0.192 0.640 1/27/99 Q.79 1.067

" Ending
LOQ (pg/L)

0.766
31.53
4.008
1.982
0.676
1.486
19.82
22.83
455
0.586
0360
0631
0.495
0.586
0.676
1.126
1.036
0.405
0135
0.676
0315
0.721
0.946
6.621
1.036
1.847
0.766
1.306
7071
L1
0.495
© 0901
0721
0.586
0.766
0.450
3.558
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"Table B.20. (contd)

Initial Initial Initial Ending Values, Ending Ending Ending
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Method ) . Constituent MDL® (ugfL)  LOD (ug/L) LOQ (pg/l)  Effective Date MDL® (pg/L)  LOD {pg/L} LOQ (e/L)
' " Semivolatile Organic Compounds
SW.846, 8040 2,3,4,6-Tetrachlarophenal 1.43 1.93 - 644 11/12/98 2.09 2.82 9.41
SW-846, 8040 24,5-Trichloropheniol 1.81 2.44 -8.14 11/12/98 T4 6.35 212
SW-846, 8040 2,4,6-Trichlorophenol 242 3.27 10.9 1112498 4,96 6.70 223
SW-846, 8040 - 24-Dichlorophenal 1.93 - 2.60 8.67 11412498 1.23 1.66 5.54
SW-846, 8040 2 4-Dimethylphenol 1.82 2.46 8.18 11/12/98 287 3.88 129
SW-846, 8040 24-Dinirophenol 053 0.72 2.39 "11/12/98 1.82 2.46 8.20
SW-846, 8040 2,6-Dichlorophienol 190 2.57 8.57 13/12/98 L1 1.49 4.95
SW-846, 8040 ~ 2-Chlorophenol 1.94 2.62 8.75 11/12/98 2.13 2.88 9,59
SW-846, 8040 " 2-Methylphenol (cresol, o-) 1.79 242 8.06 11112/98 N 243 . 328 10.9
“SW/-846, 8040 2.Nitrophenol 1.51 2.04 6.80 11/12/98 1.92 2.59 8.65.
SW-848, 8040 . 2-secButyl-4,6-dinitrophenol 0.52 0.71 2.35 11/12/98 2 .70 9.01
{DNBP) _ : _
SW.846, 8040 3,4 methyl phenol 3.54 479 1596 _
& SW.846, 8040 4,6-Dinitro-2-methylphenal 0.46 0.63 . 2.09 11/12/98 1.36 1.84. 6.13
o SW-846, 8040 4.Chloro-3-methylphenol 2.03 2.75 9.15 11/12/98 1.0 1.37 455
G SW-846, 8040 4-Nitrophenok 0.70 0.94 3.14 11/12/98 0.92 1:24 4.14
% SW-846, 8040 Pentachlorophenol 2.16 2.92 - 9.72 1171298 1.5 2.03 T 676
' SW.-846,8040 - Phenol . 0.94 1.28 T 425 15/12/98 © 054 0.73 243
SW-846, 8080 4,4-DDD : 0.007 - 0,009 : 0.032
SW-846, 8080 4,4'.DDE 0.005 0.007 0.023
SW-846, 8080 . 44.DDT Tt 0.014 T 0.045
SW-846, 8080 : Aldrin . ' 0.011 0.015 0.050
SW-846, 8080 Alpha-BHC - 0.006 0.008 0027
SW.846, 8080 Aroclor-1016 - . 0.08 0.108 0.360
SW.846, 8080 Aroclor-1221 - 0.08 0.108 0.360
" SW-846, 8080 Aroclor-1232 _ 0.08 0.108 0.360
SW-846, 8080 _ Aroclor-1242 0.08 0.108 0.360°
SW-846, 8080 Aroclor-1248 0.08 0.108 S 0360
SW.846, 8080 Aroclor-1254 0.03 - 0.041 0.135
SW-846, 8080 Aroclor-1260 0.03 0.041- - (135
SW.-846, 8080 Beta-BHC , 0:019 0.026 - 0.086
SW.846, 8080 Chlordane ' 0.098 0.132 0.441
SW-846, 8080 Delta-BHC 0.004 0.005 0.018
SW.846, 8080 Dieldrin 0.008 0011 0.036
SW.846, 8080 Endosulfan I _ 0.007 ~0.009 0.032
SW.§46, 8080 Endosulfan II 0.000 0.012 . 0,041
SW-846, 8080 Endosulfan sulfate 0.039 0.053 0.176
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Table B.20. (contd)

Initial Initial Initial Ending Values,

N Method Constituent _ MDL® {ugfll) LOD {ug/L) LOQ (ug/l)  Effective Dare
SW-846, 8080 Endrin 0.005 0.007 0.023
SW-846, B08O Endtin aldehyde 0.01 0.014 0.045
SW-846, 8080 Gamma-BHC (Lindane) 0.009 0.012 ' 0.041

- SW-846, 8080 Heptachlor 0.011 0.015 0.050
S5W.846, 8080 Heptachlor epoxide 0.005 0.007 0.023
SW-846, 8080 Methoxychlor 0.017 0.023 0.077
SW-846, 8080 Toxaphene 0.136 0.184 0.613

. 5W-846, 8150 2,4,5-T 0.257 0.347 1.157
SW-846, B150 2.4,5-TP 0.064 0.086 0.288
SW-846, 8150 2 4-Dichlorophenoxyaceticacid ~ 3.98 5.38 17.9
SW-846, 8150 2-secButyl-4,0-dinitrophenol 0.095 0.128 0.428

{DNBP) ' )

SW-846, 8270 1,2,4,5-Tetrachlorobenzene 4.9 6.62 22.1 11/17/98
SW.846, 8270 1,2 4-Trichlorobenzene 1.13 1.53 - 5.09 11/17/98
SW.8446, 8270 1,2-Dichlorobenzene 1.07 1.45 4.82 11/17/98
SV/-846, 8270 1,3-Dichlerobenzene 1.51 2.04 6.80 11/17/98
SW.-846, 8270 1,4-Dichlorobenzene 0.959 1.30 4.32 11/17/98
SW.846, 8270 . 1,4-Naphthoquinone 1.9 2.5% 8.56
SW-846, 6270 1-Naphthylamine 4.4 5.95 19.8
SW-846, 8270 - 2,2'-Ouxybis(1-chloropropane) 1.59 2.15 7.16 11/17/98
SW-846, 8270 2,3,4,6-Tetrachlorophenol 3.7 5.00 16.7
SW/-844, 8270 2,4,5-Trichlorophenol 115 1.55 5.18 11/17/98
SW/-846, 8270 2.4,6-Trichlorophenol 1.55 2.09 6.98 11/17/98
SW-846, 8270 2,4-Dichlorophenol 1.53 2.07 6.89 11/17/98
SW-846, 8270 2 4-Dimethylphenol : 1.36 1.84 6.13 11/17/98
5W-846, 8270 2,4-Dinitrophenol 1.15 1.55 5.18. 11/17/98
SW-846, 8270 2,4-Dinitrotoluene 10949 1.28 4.27 11/17/98
SW-846, 8270 2,6-Dichlorophenol 5 6.76 22.5
SW-846, 8270 2,6-Dinittotoluene 0.968 1.31 4.36 11/17/98
S5W-846, 8270 2-Acetylaminofluorene 4.3 5.81 19.4
SW-846, 8270 2-Chlotonaphthalene 1.65 223 743 11/17/98
SW-846, 8270 2-Chlorophenol 1.07 1.45 4.82 11/17/98
SW.846, 8270 2-Methyinaphthalene 1.25% 1.69 5.63 11/17/98
SW-846, 8270 2-Methylphenol (cresol, o-) 0.854 1.15 3.85 11/17/98
SW-840, 8270 2-Naphthylamine 4.4 5.95 19.8 :
SW-846, 8270 2-Nitzoaniline 1.07 1.45 4.82 11/17/98
SW-846, 8270 2-Nitrophenol 1.22 1.65 5.49 11/17/98
SW-846, 8270 2-Picoline 5.7 7.70 25.7

Ending Ending Ending
MDL® (ugl)  LOD(ugll)  LOQ (uglL)
1.03 139 4.64
0.97 131 437
0.89 1.20 4.01
09 1.22 4,05
0.93 1.26 4.19
1.18 1.59 531
0.78 1.05 3.51
0.66 0.89 2.97
1 1.35 4.50
0.97 .31 437
0.97 1.31 437
0.68 0.92 3.06
0.7 0.96 3.20
0.98 132 441
1.12 1.51 5.04
{ 135 450
1 1.35 4.50
0.59 0.80 .66
1.18 1.59 531
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Table B.20. (contd)

O

O

Initial Initial Initial Ending Values, Ending Ending Ending
* Method Constituent o MDLE (pgfly  LOD (pg/l) LOQ (pg/l)  Effective Date MDL® {ug/L) LOD (pgfL) LOQ {pg/L)
SW-846, 8270 2-secButyl-4,6-dinierophencl 4.2 5.67 18.9
- _ (DNBP) _

SW-846, 8270 3,3".Dichlorobenzidine 1.046 1.41 4.71 11/17/98 0.55 0.74 2.48
SW-846, 8270 3-Methylcholanthrene 17 23.0 76.6 '
5w-846, 8270 3-Nittoaniline 0.998 1.35 4.49 11/17/98 0.5 C.68 2.25
SW-846, 8270 4,6-Dinitro-Z-methylphenol 0.459 . 0.62 2.07 11/17/98 1.74 2.35 7.84
SW-846, 8270 4.Aminobiphenyl 3.7 5.00 16.7 )
SW-846, 8270 4-Bromophenylphenyl ether 1.44 - 1.95° 6.49 11/17/98 0.78 1.05 351
SW-846, 8270 4-Chloro-3-methylphenol 1.44 1.95 6.49 11/17/98 0.84 1.13 3.78
SW-846, 8270 4.Chloroaniline 1.37 1.85 6.17 . 11/17/98 0.88 1.19 3.96
SW.846, 8270 4.Chlorophenylphenyl ether 1.18 1.59 531 11/17/98 1.02 1.38 4.59
SW.846, 8270 - 4-Methylphenol (cresol, p-) 0.735 0.99 331 11/17/98 0.77 1.04 347
SW.-846, 8270 4-Nitroaniline 0.532 .72 2.40 11/17/98 0.87 . 1.18 392
SW-846, 8270 4.Nitrophenol 0.845 1.14 3.81 11/17/98 0.48 0.63 2.16
SW-846, 8270 4.Nitroquinoltne-1-oxide 2.8 3.78 12.6
SW-846, 8270 5.Nitro-o-toluidine 44 5.93 19.8
SW.846, 8270 7,12-Dimethylbenz[alanthracene -~ 4.4 5.95 19.8 :
SW-846, 8270 Acenaphthene ’ 1.1 1.49 4.95 11)17/98 0.87 L1 3.92
SW.846, 8270 Acenaphthylene 1.3 1.76 5.86 11417798 0.98 1.32 4.41
SW-846, 8270 Acetophenone 34 4.59 15.3
85W.-846, 8270 alpha,alpha-Dimethylphene- 50 67.6 125
i thylamine _
SW-846, 8270 Aniline 0.977 1.32 4.40 11/17/98 0.87 1.18 392
SW-846, 8270 Anthracene 0.929 1.26 4.18 11/17/98 0.48 0.65 © 216
-8W/-846, 8270 Azohenzene 0.736 0.99 3351 11/17/98 045 0.61 2.03
8W-846, 8270 Benzidine 2.52 3.40 114 11/17/98 0.87 - 1.18 3.92
SW-846, 8270 Benzo(a)anthracene 0.258 0.35 1.16 11/17/98 0.58 .78 2.61
SW-846, 8270 Benzo(a)pyrene 0.585 0.79 2.63 11/17/98 0.6 (.81 2.70
SW-846, 8270 Benzo(b)fluoranthene 0.462 0.62 2.08 11/17/98 0.88 L.19 396
SW-846, 8270 Benzo{ghi)perylene 0.938 1.27 4.21 11/17/98 0.95 1.28 4,28
SW/-846, 8270 Benzo(k)fluoranthene 0.869 117 39 11/17/98 0.74 1.00 3.33
SW-846, 8270 Benzoic acid 28 378 126 11/17/98 0.96 130 432
SW-846, 8270 Benzyl alcohol 0.917 1.24 4.13 11/17/98 1.1 149 495
SW-846, 8270 Bis(2-Chloroethoxy)methane 1.2 - 162 - 540 11/17/98 1.14 1.54 513
SW.846, 8270 Bis(2-chloroethyl) ether 0.518 - 070 2.33 11/17/98 1.12 - 1.51 5.04
SW-846, 8270 Bis(2-cthylhexyl) phthalate 0.45 0.61 2.03 11/17/98 1.29 1.4 5.81
SW.846, 8270 Butylbenzylphthalate 0.484 - 0.65 2.18 11/17/98 072 0.97 3.24
SW-846, 8270 Carbazole 1.392 1.88 6.27 )
SW-846, 8270 Chlorohenzilate 4.1 5.54 18.5
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Method

SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW.846, 8270
SW.-846, 8270
SW.846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW.846, 8270
SW-846, 8270
SW.846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW.-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW.-846, 8270
SW-846, 8270
SW.846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW.846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW-846, 8270
SW/-846, 8270
SW.846, 8270
SW-846, 8270
SW-846, 8270

Table B.20. {contd)

Initial Initial
~ Constituent MDL® (pg/L}  LOD (pg/L)
Chrysene 0.229 0.31
Di-n-butylphthalate 0.823 1.11
Di-n-octylphthalate 0.426 0.58
Diallate 7.3 9.86
Dibenz|a,hlanthracene 0.74 1.00
Dibenzofuran 1.19 1.61
Diethylphthalate 0.789 1.07
‘Dimethoate 3.7 5.00
Dimethyl phthalate 0.98 132
Disulfoton 33 446
Ethyl methanesulfonate 3.3 4.46
Famphur 49 66.21
Fluoranthene 0.135 0.18

- Fluorene 0.846 114
Hexachlorobenzene- 1.57 2.12
Hexachlorobutadiene 1.98 2.68
Hexachlotocyclopentadiene 1.66 2.24
Hexachloroethane 1.42 - 192
Hexachlorophene 100 135
Hexachloropropene 5.2 7.03

. Indeno(1,2,3-cd)pyréne 0.841 1.14
Isodrin 4.1 5.54
Isophorone 1.03 1.39
Isosafrole 4.1 5.54
Kepone 30 40.5
m-Dinitrobenzeng 38 5:13
Methapyrilene _ 26 35.1
Methyl methanesulfonate 1.5 2.03
Methyl parathion 35 473
N-Nitroso-di-n-dipropylamine ~ 2.22 3.00
N-Nittosodi-n-butylamine 5.3 7.16

. N-Nitrosodiethylamine 2.9 392
N-Nitrosodimethylamine 1.86 2.51
N-Nitrosodiphenylamine 0.588 0.79
N-Nitrosemethylethylamine 52 7.03
N-Nitrosomorpholine 29 392
N-Nitrosepiperidine 4.2 5.67
Naphthalene 1.59 2.15
Nitrobenzene 1.19 1.61

Inicial ~ Ending Values, - Ending

LOQ (ug/L}  Effective Date MDL® (ugfL)
. 103 11/17/98 042
371 11/17/98 1.05
197 - 11/17/98 1.35
32.9 _
3.33 11/17/08 143
536 11/17/98 0.77
3.55 11/17/98 1.5
167
441 11/17/98 3.04
149
14.9
221
0.61 11/17/98 .06
3.81 11/17/98 0.72
7.07 11/17/98 0.58
8.92 11/17/98 0.91
7.48 11/17/08 0.91
6.40 11/17/98 0.86
450
23.4
3.79 11/17/98 0.61
185 ,
4.64 11/17/98 0.86
18,5 :
135
17.1
117
6.76
15.8 ‘
- 10,0, 11/17/98 0.9
23.9
13.1 _
8.38 11/17/98 C 074
2,65 11/17/98 0.45 -
23.4 '
13:1
18.9
7.16 C11/17/98 1.09
536

Ending Ending
LOD (ugll) LOQ (ugll)
0.57 1.89
142 4.73
1.82 6.08
1.93 644
1.04 347
2.03 6.76
411 137
0.51 270
097 3.24
0.78 261
1.23 410
1.23 410
1.16 3.87
082 2.75
1.16 3.87
1.22 4.05
1.00 - 333
0.61 2.03
491

147
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Table B.20. (contd)

Ending Values, .

Tributyl phosphate 21 28.4

 Initial Initial Initial
B Method Constituent . - 7MDL‘“’ {(pg/L} LOD (p.g/L) LOQ {pe/L) Effective Date
SW-846, 8270 Nitrosopyreolidine  ~ 3.2 432 144
SW-846, 8270 0,0,0-TFriethyl phosphoro- - 5 6.76 225
: thicate . .
SW.-846, 8270 0,0-Diethyl O-2-pyrazinyl 35 4.73 15.8
phosphorothioate ' ] .
SW.846, 8270 o-Toluidine 32 432 144
© SW-846, 8270 p-Dimethylaminoazobenzene 4.8 6.49 21.6
SW-846, 8270 p-Phenylenediamine . 100 L 135 450
SW-846, 8270 Parathion : 3.7 5.00 16.7
SW-846, 8270, Pentachiorobenzene 34 4.59 15.3
SW-846,.8270 Pentachloronitrobenzene 4 540 18.0
' : (PCNB)
SW/-846, 8270 Pentachlorophenol - 0.84 1.13 3.78 11/17/98
SW-846, 8270 Phenacetin, 3.5 493 15.8 .
SW.846, 8270 - Phenanthrenc 0.679 0.92 3.06 11/17/98
SW.846, 8270 Pheriol 0.7 0.95 315 11/17/98
5W-846, 8270 ' ' Phorate 4.2 5.67 189
SW.846, 8270 Pronamide 3.9 ©52 17.6
- SW-846, 8270 Pyrene : - 0521 070 2.35 . 11/17/98
SW-846, 8270 Pytidine 0.96 " 130 4.32
SW-846, 8270 Safrol 4.4 5.95 19.8
" SW-846, 8270 sym-Trinitrobenzene ~ 12 29.7 99.1
SW.846, 8270 Tetraethyl dithiopyrophosphate ~ 4.6 - ¢ 6.22 20.9
SW-846, 8270 94.6

Ending Ending Ending
MDL® (ug/L) LOD (ugfl.}  LOQ {pg/l) -

0.87 1.18 3.92

046 0.62 2.07

0.55 0.74 248

© 0N 0.96 3.20

(a) MDLs for many constituents changed during the fiscal year. For these constituents, the initial MDL, LOD, and LOQ were in cffect uneil the date the values were updated (ending values,

effective date). In cases where the MDL did not change, no ending values are listed.
MDL = Method detection limit.
1.OD = Limit of detection.
LOQ = Limit of quantitation.
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