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Summary

Waste Management Area (WMA) TX-TY at the Hanford Site contains the TX and TY single-shell
tank farms and their auxiliary equipment. These tank farms, located in the northemn portion of the
200 West Area, include 24 single-shell carbon steel tanks constructed in the 1940s and early 1950s.
During operations, tanks received mixed waste from plants that processed spent reactor fuel to recover
plutonium as part of Hanford’s defense mission. The tank farms ceased active operations in 1980 but are
currently storing waste and are currently regulated as Resource Conservation and Recovery Act (RCRA)
Interim Status Facilities.

The water table is declining and groundwater flow directions are changing in the vicinity of WMA
TX-TY. These changes are a result of the cessation of effluent discharge to ground in 1995 and the
initiation of a major pump-and-treat operation in 1997. To meet the changing groundwater monitoring
needs, twelve new RCRA monitoring wells have been constructed since 1997 and two others are in the
planning stage.

Monitoring at WMA TX-TY indicates that chromium occurs above the drinking water maximum
contaminant level at one well east of the WMA. Although the nearest potential so e for the chromium
is the WMA, the high concentrations of chromium appear to be deeper in the aquifer than the maximum
concentrations of technetium-99. The most likely source for the technetium-99 and associated nitrate is
WMA TX-TY. These constituents are located on the downgradient (east) side of the WMA and are
currently migrating to the southeast.

A second plume is located south of the WMA. This technetium-99 plume is found in one well and
is the result of altered groundwater flow directions in the area caused by the 200-ZP-1 pump-and-treat
operations.

Data gathered during drilling indicate that carbon tetrachloride, tritium, and much of the nitrate result

from past-practice activities and are distributed relatively deep in the upper part of the aquifer. Tank
waste is found predominantly near the surface of the aquifer.
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The following is based on the Hanford Cleanup, Constraints and Challenges Team strategy for
groundwater protection, monitoring, and remediation. This strategy provides a common, sitewide
_ spective to guide the devell . =nt of assessment activities for individual operable units and when
appropriate, oups of waste sites. Guiding principles are summarized in the following list:

® When a new plume/contamination is discovered within an existing plume, assessment of the new
plume/contamination should tie with the ongoing assessment of the existing plume as long as the
cleanup goals/objectives of both are the same. For other plumes, assessment actions will be under-
taken once contaminant concentrations are detected in groundwater above an agreed to  reshold.
Whenever possible, predictions of future conditions with reliable estimates or known inventory
information will be utilized as a tool to locate future monitoring wells and determine future
monitoring requirements.

» Assessment will focus on sites where there is adequate data to indicate sufficient mass of contaminant
is present to leave the core zone at concentrations above the maximum concentration level, or signifi-
cantly impact groundwater or the Columbia River.

e If ¢ tamination from an operating facility is observed, an evaluation will be performed to identify
what needs to be done to correct problems at source.

e Predictions of future conditions will be used to establish the thresholds for triggering assessments and
identifying the mass of contaminant that constitutes a tt it to groundwater degradation.

Hodges and Chou (2001) described the objectives and general approach for assessment of groundwater
quality at WMA TX-TY. Those objectives, as required by 40 CFR 265.93 (d) and AC 173-303-400,

are to determine

(i) the rate and extent of migration of the hazardous waste or hazardous waste constituents in the
groundwater

(ii) the concentration of hazardous waste or hazardous waste constituents in the groundwater.

In addition to  :requirements of the “RA implementing regulations that gor dan; Husor
hazardous waste constituents, the U.S. Department of Energy (DOE) has issued D( )rder 5400.1 to
ensure a groundwater protection program that demonstrates compliance with all federal, e, and local
laws and regulations including the Atomic Energy Act of 1954 (AEA). The objectives of groundwater
monitoring under DOE Order 5400.1 are

(i) Obtain data for the purpose of determining baseline conditions of groundwater quality

(ii) Demonstrate compliance with and implementation of all applicable regulations and DOE Orders
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200-ZP-1 pump-and-treat operation such that these two wells currently are located upgradient or lateral to
the WMA with respect to groundwater flow direction. Thus, the spacing between these two wells is of
minimal concern to monitoring contaminants originating from the WMA until the pump-and-treat opera-
tions are stopped. The well spacing at WMA TX-TY is considered adequate if contaminant plumes can
be mapped sufficiently for decision making purposes.

2.2 Description of New Wells

Details on the drilling and construction of new wells and on the geologic conditions encountered
during drilling can be found in the borehole completion reports (Horton and Hodges 1999, 2000, 2001;
Horton 2002).

Twelve new wells have been installed at WMA TX-TY since 1998. Three of t e wells
(299-W10-26, 299-W14-13, and 299-W 14-18) were drilled as replacements for existing, downgradient
wells. Two of the new wells (299-W15-40 and 299-W 15-765) were drilled as replacements for the
original upgradient wells that have gone dry. Three of the new wells (299-W10-27, 299-W14-14, and
299-W14-15) were installed as new downgradient wells in response to changing groundwater flow
directions. Two new wells (299-W14-16 and 299-W14-17) were installed as downgradient wells to
address the extent of contamination (Hodges and Chou 2001). The remaining two new wells
(299-W15-41 and 299-W15-763) were installed south of the 241-TX tank farm as downgradient wells
in response to changes in flow directions due to the 200-ZP-1 pump-and-treat operations. Table 2.1 lists
the new wells and information about each well pertinent to hydrogeologic characteristics of the screened
intervals.

Some indications of aquifer properties are found from information in the geologist’s logs made during
drilling. Of particular interest are textural descriptions that may indicate variations in permeability. In
general, better sorted sediments and sediments with less fine-grained material are e: ected to be more
permeable than poorly-sorted or fine-grained sediments. For example, the description of the sediments
through e screened interval of well 299-W 15-765 notes changes from silty sandy gravel to relatively
clean gravel in specific zones in the screened interval. Thus, the silt-poor zones are expected to be more
permeable than the silt-rich zones in this well. Similar lithologic changes are suggested by wireline geo-
physical surveys for the screened interval in wells 299-W15-40 and 299-W 15-763 and by the geologist’s
1t and/or sieve analyses for wells 299-W10-27, 299-W14-14 ~179-W14-15, 299-W 14-16, and
299-W14-18. The geologists’ logs, borehole geophysical logs, and sieve data are in the borehole
completion reports for the wells (Horton and Hodges 1999, 2000, 2001; Horton 2002).

Other potentially useful information can be gained by the geologists’ comments. For example, the
geologist noted that well 299-W 14-16 took a long time for the water level to recover during drilling at a
depth of 68.3 meters, suggesting that this part of the screened interval is relatively less permeable than
other p s of the screened interval. This interpretation is supported by the available data from sieve
analyses which show that the sediment at a depth of 68 meters is silty sandy gravel whereas the sediment
at 73 and 77 meters is sandy gravel. Also, the geologist noted differences in the water level during
drilling of well 299-W15-41 depending on the depth of the temporary casing. These differences suggest
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specific capacity for each well is also shown on the table. The specific capacities were calculated from
the pumping rate and drawdown measured during well development. The specific capacity is a measure
of the yield of a well per unit of drawdown. All wells in Table 2.2 are screened in the Ringold Formation
hydrogeologic unit 5 (Williams et al. 2002).

- ..e data in Table 2.2 suggest that the screened interval in most wells is relatively permeable with
little difference between the lower and middle portions of the screened intervals. Wells 299-W10-27 and
299-W14-18, however, appear to be screened in a much less permeable formation than the other wells.
This is particularly so for well 299-W10-27, which had extreme drawdown with low pump rates and to
which water had to be added during development to maintain a water level above the pump.

Als of note is the very transmissive nature of the screened interval in wells 299-W15-41 and
299-W15-765. Finally, the sediment around the screened interval in well 299-W15-763 appears to vary
in permeability from relatively tight near the bottom of the screen to relatively transmissive near the
middle of the screen.

The drawdown data from development pumping at well 299-W15-763 are also of note. Based on the
drawdown information, there appear to be vertical differences in permeability of the sediments through
the scr  ed interval with the upper part being more permeable than the lower part. The geologist noted
cemented zones interlayered with non-cemented zones in the upper part of the aquifer during drilling of
this well.

Well-to-well variability in the permeability of the screened intervals noted at WMA TX-TY  similar
to variability noted among the new wells installed at WMA T, slightly to the north of WMA TX-TY.
Changes in the formation permeability seem to occur over  ort distances and are probably localized.
This is ustrated by the variation in apparent permeability among wells 299-W 10-26, 299-W10-27, and
299-W14-18 all of which are located in the northeast part of the WMA.

Ch. resinthe| meability of the aquifer formation influence the results of groundwater sampling
in that samples will contain a larger proportion of water from the more permeable zones. Also, hetero-
geneities in permeability can influence the distribution of contaminants in the aquifer. Contaminants
entering the aquifer may not migrate vertically through a “tight” zone in the formation.

2.3 Planned Network Upgrade

The 200-ZP-1 pump-and-treat operations have changed flow directions at the south part of the WMA.
The pump-and-treat operations are expected to continue until a record of decision is reached. Therefore,
the drilling of an additional downgradient well on the south end of WMA TX-TY is planned in fiscal year
2003. Also, one additional well is planned for the east side of WMA TX-TY, south of well 299-W 14-14
near the non-WAC compliant well 299-W 14-6.
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replacement well for well 299-W14-12 that went dry in early 1999. The last sampling of well 299-W14-12
took place in January 1999 and sampling of replacement well 299-W14-13 started in December 1998,
allowing a sampling overlap between the two adjacent wells. The last samples collected from well
299-W14-12 represent the top of the aquifer. The samples collected from well 299-W14-13 represent
water throughout the screened interval, which extends from the water table to 10 meters below the water
table. The pump intake is at 4.8 meters below the water table.

Trend plots for several key constituents are shown in the series of Figures 4.1 to 4.4. The results for
technetium-99 are particularly interesting. The concentration of technetium-99 in the last sample from
well 299-W14-12 was about 6,000 pC/L. This represented the concentration of technetium-99 at the top
of the aquifer in January 1999. The sample from replacement well 299-W14-13, taken about the same
time, contained about 2,500 pCi/L technetium-99. That sample represented the technetium-99 concen-
tration throughout the upper 10 meters of the aquifer. The conclusion is that technetium-99 exists at the
top of the aquifer at about 6,000 pCi/L and the concentration decreases with depth in the aquifer. The
2,500 pCi/L technetium-99 value from well 299-W14-13 is a mixture of the technetium-99 from the entire
screened interval.

Technetium-99 in the area of well 299-W14-12 began decreasing from a maximum of ~13,500 pCi/L
in 1993 and continued to decrease until about January 1997. At that time, technetium-99 began to
increase and reached 6,000 pCi/L in January 1999 when the well went dry. The increasing technetium-99
trend was continued in the replacement well until early 2000 when technetium-99 concentrations climbed
to ~8,000 pCi/L. In early 2000, technetium-99 again began to decrease and reached about 3,300 pCi/L in
early 2001. Since that time, technetium-99 concentration had increased in well 299-W14-13 to about
5670 pCi/L at the end of the reporting period.

The results for nitrate in wells 299-W14-12 and 299-W14-13 show a trend similar to that seen for
technetium-99. The concentration of nitrate in the last sample from well 299-W14-12 was about
600,000 pg/L, and this represented the concentration of nitrate at the top of the aquifer. The sample from
well 299-W14-13, taken at about the same time, contained only about 315,000 pg/L of nitrate. Just as for
technetium-99, that sample represented the nitrate concentration throughout the upper 10 meters of the
aquifer. ne conclusion is that nitrate existed at the water table at about 600,000 g in January 1999,
and the concentration decreases with depth in the aquifer. The 315,000 pg/L nitrate value from well
299-W14-13 it mixt  of the high nitrate-be 1gw att voft _ 1 withloy
bearing water deeper in the aquifer.

The trends in nitrate concentration through time are the same as those seen for technetium-99. Nitrate
began to decrease from a maximum or about 540,000 pg/L in 1993 to about 200,000 pg/L in early 1997.
(The analytical result for February 1997, shown on Figure 4.2 is probably an invalid data point, but it is
not flagged in the database so it was included on the plot.) Then nitrate began to increase, reaching
580,000 pg/L in January 1999. The increasing nitrate trend was continued in the replacement well until
early 2000 when concentrations reached ~440,000 pg/L. Nitrate began to decrease a second time until
early 2001, at which time it began a second increasing trend that lasted to the end of the reporting period.
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The analytical results for tritium in wells 299-W14-12 and 299-W14-13 show a different situation
than that seen for technetium-99 and nitrate. Tritium concentrations in the well pair are shown on
Figure 4.3. The concentration of tritium in the last sample from well 299-W14-12 was 1,170,000 pCy/L.
The sample from well 299-W14-13, obtained about one month later, contained 1,160,000 pCi/L tritium.
Following the same logic as used for technetium-99 and nitrate, the sample from well 299-W14-12
represents the tritium concentration at the top of the aquifer, whereas the sample from well 299-W14-13
represents the upper 10 meters of the aquifer. Both results are the same, indicating little, if any, vertical
concentration differences for tritium. Thus, unlike nitrate and technetium-99, the upper part of the aquifer
is homogeneous with respect to tritium concentration.

Tritium does show the same trends with time as shown by nitrate and technetium-99. Tritium
began to decrease in concentration in 1993 and began to increase in early 1997 to a maximum of
2,940,000 pCi/L in early 2000. At that time, tritium began to decrease until early 2001 when tritium
concentrations began to increase again.

The concentrat s of chrt  "urr | filtered samples from wells 299-W14-12 and 299-W14-13 are
shown in Figure 4.4. The data show a different distribution of chromium in the upper part of the aquifer
than the distributions of nitrate, technetium-99, and tritium. The concentration of chromium in the last
sample from well 299-W14-12 was about 45 pg/L.. This represented the concentration of chromium at the
top of the aquifer. The sample from replacement well 299-W14-13 contained 180 pg/L chromium. That
sample represented the chromium cc  entration throughout the upper part of the aquifer. The conclusion
reached from the chromium data is the opposite as that concluded from the technetium-99 and nitrate
data. That is, the concentration of chromium is small at the top of the aquifer and increases to a maxi-
mum at some depth below the water table. The 180 pg/L. chromium value from well 299-W14-13 is a
mixture of the low . omium-bearing water found at the water table with water containing higher
chromium concentrations deeper in the aquifer.

Finally, chromium concentrations through time display the same increasing and decreasing trends
noted for technetium-99, nitrate, and tritium. If the chromium plume and the technetium-99 plume are
imse| ate sources, it is unclear why the two (and tritium and nitrate) show parallel fluctuations in
concentration through time. Depth discrete sampling is planned for well 299-W14-13 to learn more about
the vertical distribution of technetium-99 and chromium in the well.

Wells 299-W10-18 and 299-W10-26. Wells 299-W10-18 and 299-W10-26 are located ~5 meters
apart on the downgradient side of 241-TY tank farm. Well 299-W10-26 is the replacement well for well
299-W10-18 that went dry after last being sampled in August 1999. Sampling of the replacement well
299-W10-26 started in December 1998, allowing a sampling overlap of four samples between the two
adjacent wells. The last samples collected from well 299-W10-18 represent the top of the aquifer. The
samples collected from well 299-W10-26 represent water throughout the screened interval, which extends
from 0.1 meter above the water table to 10.6 meters below the water table. The sampling pump intake is
at 4.3 meters below the water table in well 299-W10-26.

Concentrations  technetium-99, tritium, nitrate, and chromium in samples from both wells in the
well pair are shown on Figures 4.5 through 4.8. The graphs of data from this well pair are much different
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than those shown for well pair 299-W14-12 and 299-W14-13. None of the constituents shown for wells
299-W10-18 and 299-W 10-26 show significant stratification with depth in the aquifer.

The concentrations of technetium-99 (see Figure 4.5) are much lower than those seen in well
299-W14-13 and are very similar to the regional background in the area of WMA TX-TY. Thus, the
technetium-99 plume found in the upper part of the aquifer at well 299-W14-13 is not present at well
299-W1 26.

The values for nitrate in Figure 4.6 are within the range of the regional background. They are lower,
however, than the values found in well 299-W14-13. Thus, the nitrate seen in well 299-W14-13is a
mixture of the regional nitrate plume with nitrate associated with the technetium-99 plume.

The concentration of tritium (see Figure 4.7) and the concentration of chromium (see Figure 4.8) in
well 299-W10-26 are within the range of the regional background near WMA TX-TY. Thus, the tritium
and chromium plumes noted at well 299-W 14-13 are not found 130 meters to the north at well 299-W10-26.

Wells 299-W15-765 and 299-W15-12. Wells 299-W15-12 and 299-W15-765 are located ~4.5 meters
apart upgradient of the north part of the WMA. Well 299-W15-765 is the replacement well for well
299-W15-12 that went dry after last being sampled in March 2000. Sampling the replacement well
299-W15-765 began in November 2001 so that no overlap occurs among samples from the two wells.
The last samples collected from well 299-W15-12 represents the top of the aquifer. e samples col-
lected from well 299-W15-765 represent water throughout the screened interval that extends from the
water table to 10.7 meters below the water table. The sampling pump intake is at 2.9 meters depth in
the aquifer.

Concentrations of technetium-99, tritium, nitrate, and chromium in groundwater samples from wells
299-W15-12 and 299-W15-765 are shown in Figures 4.9 through 4.12. The technetium-99 in the last
sample from well 299-W15-12 was ~960 pCi/L, representing the concentration of technetium-99 at the
top of the aquifer at that time. The sample from replacement well 299-W15-765, taken about eight
months later, was ~120 pCi/L technetium-99. That sample represented the technetium-99 concentration
throughout the upper 10 meters of the aquifer. The conclusion is that technetium-99 existed at the water
table at ~960 pCi/L at the time upgradient well 299-W 15-12 went dry, and technetium-99 concentration
decr with depth in the aquifer. The 1201 /L technetium-99 value from well W15-765is a
mixi the relatively high technetium-99 water at the top of the aquifer with lower technetium-99
water deeper in the aquifer. Alternatively, a less probable explanation is that the technetium-99 concen-
tration decreased at the well pair during the eight months between sampling events.

Nitrate data from wells 299-W15-12 and 299-W15-765 are shown in Figure 4.10. Nitrate concen-
trations in the new well 299-W15-765 are similar to the latest values from the now dry well 299-W15-12.
This suggests that is no vertical concentration gradient for nitrate at the location of well 299-W15-765.
Data from samples collected during drilling appear to contradict this conclusion (see Section 4.1.2.3).
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Contamination from two areas near WMA TX-TY warrants consideration: east and downgradient of
the WMA in the area of well 299-W14-13 and south of the WMA near well 299-W15-41. The contami-
nants of interest east of WMA TX-TY are technetium-99, tritium, iodine-129, nitrate, and chromium. The
contaminant of interest south of the WMA is technetium-99.

4.2.1 Contaminants Upgradient of WMA TX-TY

Wells 299-W15-40 and 299-W15-765 are the current upgradient wells at WMA TX-TY. Fig-
ures 4.14 through 4.17 show the levels of technetium-99, tritium, nitrate, and chromium in these wells. In
addition, well 2909-W15-22 was used as an upgradient well from September 1991 to August 1998 when it
went dry and well 299-W15-12 was used as an upgradient well from 1988 to May 2000 when it went dry.
Data from those wells also are shown in Figures 4.14 through 4.17.

The increase in technetium-99 in well 299-W15-22 beginning in mid-1997 (Figure 4.14) is the result
of the 200-ZP-1 pump-and-treat operations causing technetium-99-bearing groundwater to be moved
southwest from under the 241-TX tank farm. The source of the technetium-99 is most likely WMA
TX-TY.

Well 299-W15-12 was an upgradient well until it went dry after being sampled in May 2000. The
decreasing and later increasing trend of technetium-99 in well 299-W15-12 through time is difficult to
explain because there is no easily identifiable upgradient source for the technetium-99. Figure 4.18
shows hydraulic head elevations in four wells around the north end of WMA TX-TY. Hydraulic head
data show that flow direction was to the north prior to mid 1995. After mid-1997, flow direction was
to the east. Before mid-1995, the only nearby potential source for technetium-99 in upgradient well
299 W15-12 is the series of specific retention trenches west of 241-TX tank farm. The decrease in
technetium-99 occurred during the time period that flow changed from northerly to easterly, which would
be expected if these trenches were the technetium-99 source. However, this does not explain the increase
in technetium-99 beginning in 1998 after groundwater flow shifted toward the east.

Alternatively, the increasing technetium-99 beginning in 1998 could be from the specific retention

trenches west of 241-TX tank farm if the plume existed west of well 299-W15-12 prior to 1998. This,
however, cannot explain the increased technetium-99 concentration prior to 1995.
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The current upgradient levels of technetium-99 in the groundwater are between 50 and 100 pCi/L and
less than the drinking water standard of 900 pC/L.

Figure 4.15 shows the nitrate concentrations in the upgradient wells at WMA TX-TY. Three periods
of elevated nitrate were intercepted by well 299-W15-22 between early 1993 and the end of the life of the
well. The highest n ate concentrations from well 299-W15-22 are somewhat greater than nitrate con-
centrations in the new upgradient well west of 241-TX tank farm but are comparable with nitrate concen-

tions in the new 1 >nt well west of the 241 . . tank farm and now dry well 299-W __ 12. Data
from the upgradient wells show that regional nitrate concentrations at WMA TX-TY are on the order of
100,000 to 200,000 pg/L.

Figure 4.16 shows the tritium concentration in the upgradient wells. The data from well 299-W15-22
show that a tritium plume passed through the area between mid-1993 and near the end of the life of the
well (August 1998). Current upgradient concentrations of tritium at WMA TX-TY are below the drinking
water standard of 2( 30 pCv/L and on the order of 4,300 to 6,000 pCi/L.

Figure 4.17 shows the chromium concentrations in upgradient wells. Current chromium concentra-

tions upgradient of  VIA TX-TY are below the drinking water star rd of 100 pg/L and between 5 and
25 ng/L.
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extraction in the area. Both wells are currently dry; however, elevated technetium-99 continues in new
well 299-W15-41. The south to southwest groundwater flow direction imposed along the southern
margin of the WMA by the pump-and-treat operation, and the timing of the increase in technetium-99
concentrations, indicate that under the new flow patterns, technetium-99 is moving from a source area
wi 1 the WMA toward the pump-and-treat system. It is uncertain whether or not this source is related
tn the contaminant source that produced the contamination at wells 299-W14-12  d 299-W14-13. e
rn  ured groundwater flow velocity in well 299-W15-41 is the highest at WMA TX-TY and may be

a result of higher hydraulic gradients closer to the pump-and-treat operations. In addition, given the
proximity of the pump-and-treat operations to the southern margin of the WMA, there is a potential for
contaminants in this area to be drawn deeper into the aquifer.

~ Vadose zone characterization and monitoring, at the 241-TX and TY tank farms with wireline
geophysical methods, have shown the distribution of near surface contamination, which is probably the
result of spills associated with tank farm operations, and deeper contamination, resulted from tank leaks
(GJO-97-30-TAR; GJO-97-13-TAR). Monitoring also has indicated that contaminants continue to move
in the vadose zone at some locations. Also, drilling results at WMA S-SX and various modeling studies
(Johnson and Chou 2001; Knepp 2001) indicate that major vadose plumes within the tank farms may
contribute to groundwater contamination for decades. Thus, it is likely that any vadose zone )urces in
WMA TX-TY that are responsible for the contamination detected east and south of the WMA are still
active.
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