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The comparison of water to acid extracts for borehole C4105 sediments suggests that there are
unnaturally high percentages [i.e., Tc-99: 60 to 100%; Mo: 3 to 50%; Ru: 30 to 85%] of water-leachable
te netium-99, molybdenum, and ruthenium at deg s of between ~70 to 121, 70 to 110, and 87 to 121 ft
bgs ft bgs, re  zctively.

There is also high water-extractablc sodium, sulfate, and chromium in the Cold Creek upper subunit
and the bottom of the Cold Creek lower subunit. [n both depth zones the percentage of water- to acid-
leachable concentrations for these species ranges from 15 to 30% while in most other depth regions less

an a few percent of these species is water leachable. The water- to acid-extractable uranium
percentages for the C4105 sediments do not show any high values ( are <1%) such that we do not
believe there is measurable quantities of tank  rived uranium in the C4105 sediments.

The acid-extractable concentrations of major cations in the sediments at C4105 show significantly
less sodium than the sediments at C4104 as would be expected if the tank leak fluids were interacting
with the sediments and sodium were to get incorporated into or onto the sediments in a form that readily
dissolves in strong acid. Both ion exchangeable and secondary mineral sodium would dissolve in the
strong acid. There also appears to be slightly less acid soluble phosphate in the C4105 sediments than the
C4104 sediments, suggesting that | osphate present in the T-106 tank fluid that leaked deposited
measurable amounts in the vicinity of C4104. With the exception of the acid extract for C4104 sediments
at 63.4 ft bgs in the Hanford formation H2 unit, which has significantly higher values for zinc, copper and
vanadium, there are no significant differences between the acid-extractable concentrations of most other
metals between the two boreholes” sediments. A comparison of the acid-extractable, potentially mobile
fission products technetium-99, chromium, molybdenum, ruthenium, and uranium shows that there 1s
elevated technctium-99 values shallow int Hanford formation H2 unit at C4104 that do not occur at
C4105. There is higher acid-extractable ur  um and chromium in sediments at C4104 than at C4105.
There are also larger concentrations of acid extractable molybdenum between 58 and 64 ft bgs in the
(4104 sediments than found in the C¢ )5 sediments. These comparisons suggest that a portion of the
truly mobile constituents such as technetium-99 descended deeper from the tank bottom near C¢ )4 while
another portion spread out horizont. y towards C4105 sediments. Other water extract .ta suggests that
the Cold Creek upper subunit was the stratum that promoted most of the horizontal migration. Uranium
must be interacting quite significantly with the sediments because it is not observed at elevated
concentrations at C4105. Some interaction is also indicated for chromium and molybdenum because
acld-extractable concentrations are less at C4105, which is farther from the leak source.
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4.4.6 Total Carbon, Calcium Carbonate, and Organic Carbon Content of Vadose Zone
Sediment from Borehole C4 )5

The total, inorganic, and organic carbon contents of the C4105 sediments are reported in Table 4.58.
The lower Cold Creek subunit (caliche) sam] s obtained between 93.3 to 97.1 and 102 to 103 ft bgs
contain significant amounts of calcium-carbonate equivalent material with 16 to 60% by weight. The
sediment from the upper Cold Creek subunit and the deepest sample of Hanford H2 sediment at
81.2 ft bgs also contain about 3% by weight calcium-carbonate content. As found in most vadose
sediments from the Hanford Reservation  zre is very little (<0.1% by weight) organic carbonin =
vadose zone sediments, excepting the sedime¢ s with the highest calcium carbonate content. These
samples are difficult to measure for organic carbon so that values as high as 0.3% by weight are likely not
accurate.

The caliche at borehole C4105 corre  or  quite well to the high values (quantity) and depth of

occurrence as the data from borehole C4104. This suggests that the caliche lenses are fairly continuous
between these two boreholes.
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Figure 4.56. Particle Size ibution for Selected Borehole C4105 Sediments
4.4.8 Mineralc " of C4105 S« ients

This section discusses the minerals identified in XRD patterns for vadose zone samples collected
from borehole C4105. Phase identification was based on a comparison of the peak reflections and
intensities observed in each pattern t¢  1e mineral Powder Diffraction Files (PDF™) published by the
Joint Committee on Powder Diffraction Standards (JCPDS) International Center for Diffraction Data
(ICDD).

Each pattern is shown as a function of degrees 26 based on CuKa radiation (A=1.5406 A). The
vertical axis represents the intensity or relative intensity of the XRD peaks. The XRD patterns show for
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Detailed XRD examination of the clay fraction from each sediment sample (exc t 11A) was
conducted and the results are presented below. XRD tracings of the Mg-saturated air dried and
Mg-saturated ethylene y rcol solvated <2.0 pum fractions are shown in Appendix C. The clay fraction is
dominated by four clay minerals: smec 2, ¢ orite, illite, and kaolinite with minor amounts of quartz and

feldspar.

°20

Figure 4.57. XRD Tracing for Sediment Sample 10A (88.2 ft bgs) Collecte From Borehole C4105,
With Matching PDF™ Fil
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(Serne et al. 2002a, b, ¢, d, e, t and Lindenmeier et al. 2002) identified kaolinite using electron
microscopy.

Trace amounts of quartz in the <2.0 um fractions are evident by the  ffraction peak located at
20.85° 268. The 100% reflection for quartz (26.6° 20) is hidden by the third-order basal reflection of illite
located at 26.6° 20. Plagioclase feldspar is also identified in the clay fractions by the minor diffraction
peak at 27.8° 26. Semi-quantification results of clay minerals in the <2.0 pm fractions are presented in
T le4.61. Total recoveries were normalized to 100%. Smectite concentrations range from 26 to
56 wt% w 1an average of 41 wt%. Illite concentration varies from 33 to 50 wt% with an average
concentration of 42 wt%. Chlorite and kaolinite are the least. undant of the clay minerals identified in
the samples with concentrations equal to or less than 20 and 7 wt%, respectively. Quartz and feldspar
minerals were present as trace amounts in the clay fraction and therefore were not included in totals
presented in Table 4.61.
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Figure 4.59. XRD racing of Clay Fraction frr | Sediment Sample 19A (120.9 ft bgs) Collected
From Borehole C4105, W 1 Matching PDF™ Files
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Table 4.61. Semi Quantitative XRD Res1 s of Clay Minerals in <2 um Fraction of Sediment
Samples Collected From Borehole C4105. Results are given in wt%.

[ Depth -
Sample ID (ft bgs) | Smectite Illite Chlorite | Kaolinite
7A 70.1 76 47 20 7
10A 88.2 35 50 10 S
16A 106.9 48 42 6 S
19A 120.9 56 33 S
20A 123.9 40 40 13 7
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In 1956, groundwater flow direction changed again and started flowing towards the nor east due to
the increasing influence of the groundwater mound under 216-U pond and a decreasing influence of the
mound under 216-T pond (Figure 5.4B). Discharges to 216-T pond ended in 1976 but continued at
216-U pond until 1984. As discharges to the 216-U pond declined in the early 1980s, groundwater flow
shifted to a more northerly direction as the groundwater mound began to decrease and discharges to the
216-U-14 ditch continued. The slight westerly component to the groundwater flow direction between
early 1980s and mid 1990s (Figure 5.4C) is probably a result of the discharges to the 216-U-14 ditch,
located southwest of WMA T. All non-permitted discharges  he ground ceased and the influence of the
216-U pond mound on the groundwater beneath the T tank f  diminished in 1995. Consequently, the
flow direction changed again in about 1996 and began to return toward an easterly direction
(Figure 5.4D).

These large shifts in groundwater flow direction have broad implications for contaminant distribution
in the uppermost aquifer beneath WMA T. 1 the late 1940s and early 1950s, contamination was spread
south in the aquifer. Then, in the late 1950s and until the mid-1990s, that same contamination returned to
the north along with any new contaminatior  at entered the aquifer after the 1950s. Today, groundwater
contamination beneath the WMA and surrounding area is generally migrating east.

Recently, two trend-surface analyses, using August and September 2002 data, yielded groundwater
flow directions of 98° to 96° (azimuth) and a water table gradient between of 0.00114 and 0.00132
(Spane et al. 2002). An earlier trend-surface analysis yielded a flow direction of 85° and a water table
gradient of 0.00172 (Spane et al. 2001a,b). All trend-surface analysis data are shown in Table 5.1.
Although the flow direction may differ from well to well due to heterogeneous aquifer sediments, the
groundwater flow direction at WMA T, as determined by the trend surface analyses, is consistent with the
data shown in Figure 5.4D and the current regional groundwater map (Figure 5.5).

Borehole tracer dilution and tracer pumpback tests were conducted in three new RCRA monitoring
wells at the T tank farm between fiscal years 1999 and 2001. These tests permitted some inferences about
flow rate and aquifer homogeneity. The tests allowed direct observation of the effect of lateral
groundwater flow through the screened interval of the wells and, thus, provided an indication of the
variability of flow through the screened intervals. Details of the test methods, computations, and the
results are included in Spane et al. (2001a,b and 2002).

A significant feature of the tracer dilution test results is evidence for downward, vertical hydraulic
gradients within the upper portion of the aquifer in wells 299-W11-39 and 299-W11-40. Table 5.2
summarizes the test results for these wells. Vertical flow within 200 West Area wells was first indicated
by tracer-dilution studies and later confirmed (for two wells at WMA TX-TY) by vertical tracer tests
specifically designed to detect vertical flow within a boreht : (Spane et al. 2001a, b). Downward vertical
flow was subsequently confirmed by electromagnetic flowmeter surveys (Waldrop and earson 2000).
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in recharge due to increased irrigation in the Cold Creek Valley which would results in a higher water
table. The model results probably better r  -esent the future condition and suggest that the elevation of
the current water table will continue to decrease another 5 to 7 meters in the T tank farm area.
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Figure 5.6. Historic Water Table Elevations in Selected Wells at WMA T. Well 299-W][-23
is now dry.

5.2 Existing Groundwater Cor mination

This section discusses the current and historical groundwater contamination at WMA T. The
evaluation of contamination includes descriptions of the types and concentrations of contaminants in the
groundwater, the depth distribution of contaminants in the aquifer, and the areal extent of contamination
in the area.

Monitoring results from new and existing wells, results of depth sampling during and after
installation of new monitoring wells, and comparison of groundwater chemistry in old wells and their
adjacent replacement wells, provide new insights into the occurrence and nature of groundwater
contamination in the T tank farm area. ~ @ information given in this section is taken largely from Horton
et al. (2002) and is updated with more current groundwater data.

Groundwater at the T tank farm contains elevated concentrations of carbon tetrachloride, chromium,
nitrate, technetium-99, and tritium. This contamination is a result of mixing of wastes from a number of
ast waste-disposal activities, including: 1) the disposal of process water and steam condensate at nearby
onds, cribs, and trenches, 2) the disposal of plutonium processing waste at cribs and trenches associated
with the Plutonium Finishing Plant, and . leaks from single-shell tanks and transfer lines within the
T tank farm.
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521 Extent of Contamination — Depth Distribution

Determining the vertical extent of contaminants within the uppermost aquifer is part of the RCRA
groundwater quality assessments currently underway at WMA A variety of data sources including
discrete depth sampling iring drilling, comparison of adjacent wells that sample different parts of the
aquifer, and detailed specific conductance profiling rovide important information about the depth
distribution of contaminants.

5.2.1.1 Specific Conductance Profiling

1 September 2002, specific conductance measurements were taken at 0.5 to 1 meter intervals
throughout the screened intervals of four groundwater monitoring wells around the T tank farm.
Significant differences in specific conductance with depth were found in three of these wells. The
remaining well (299-W10-24) showed no variation of specific conductance with depth.

Figure 5.7 shows a plot of specific conductance versus depth in well 299-W10-28, an upgradient well
at WMA T. The specific conductance data show a marked increase with increasing depth through the
upper 4 meters of the screened interval below whi  specific conductance remains unchanged.
general, specific conductance reflects nitrate (and sodium and calcium) concentration in the T tank farm
area. Atwell 299-W10-28, the data suggest that the nitrate concentration increases from the water table
to about 4 meters depth within the aquifer. Also shown on the figure are the values of specific
conductance measured after purging the well for the four routine quarterly groundwater samples taken
prior to the specific conductance profile. The red squares to the left of the curve, representing the pumped
values, are at the depth of the pump intake. The pumped values are all less than the measured ambient
values and appear to be an average of the low cor  ctance water at the water table surface and the
relatively high conductance water deeper ir e screened interval.

A specific conductance profile measure n well 299-W11-39, a downgradient well at WMA T, has a
shape very similar to that of well 299-W10-28, in Figure 5.7, although the absolute values of the specific
conductance are much smaller and the magnitude of the change is much less for well 299-W11-39. A
specific conductance profile measured inw  299-W  [-42 (Figure 5.8), another downgradient well at
WMA T, also looks similar to that of well 299-W10-28 except that the increase 1n specific conductance
occurs between 6 and 9 meters below the water table and, again, the magnitude of the change is much less
than that shown for well 299-W10-28. The data from well 299-W11-42 allow for a continued increase in
specific conductance below the screened interval.

Comparison of nitrate concentrations in well 299-W11-28 (now dry) with replacement well
299-W11-42 indicate that the nitrate concentration is relatively low at the water table and increases at
some depth in the aquifer (see Section 5.2.1.3, “Sampling During Drilling”). The specific con ictance
profile in well 299-W11-42 supports the interpretation of the nitrate data. These data also are interpreted
to reflect the regional nitrate trend found in the WMA T area and suggest that the main part of the
regional plume is located at some depth be w the water tal
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5.2.1.2 Comparison of Chemical Data From New and Replaced Wells

Replacement wells, when located immec :ely adjacent to the older wells, offer an opportunity to
look for vertical variation within the upper part of the aquifer. Three well pairs at T tank farm show
variable vertical stratification of contaminants in the upper part of the aquifer.

In each case, the old well and its replace  mnt well are separated by only a few meters. In addition, in
each case, the older well was last samj :d w 1 there was a fraction of a meter of water within the
screened interval and the replacement well v sampled with a pump placed at least 3 meters below the
water table within a 10.7-meter screened interval. Thus, the last samples from the old well represent the
top of the aquifer and the samples from the r lacement well represent a composite of water pumped from
the length of the screened interval that inc .des both the water table and deeper parts of the aquifer.

Wells 299-W11-27 and 299-W10-24 are about 3 meters apart and are located near the northeastern
comer of WMA T. Well 299-W10-24 is the replacement well for well 299-W11-27 that went dry in early
1999. The last sampling of well 299-W11-27 took place in March 1999 and sampling of replacement
well 299-W10-24 started in December 1998, allowing a sampling overlap between the two adjacent wells.
The last samples collected from well 299-W |27 represent the top of the aquifer. The samples collected
from well 299-W10-24 represent water thrc  hout the screened interval, which extends from the water
table to 10 meters below the water table. T  sample pump was at 5.0 meters below the water table when
sampling began.

Well 299-W11-27 reached a peak technetium-99 concentration of 21,700 pCi/L in February 1997 and
dropped to 6,000 pCi/L for the last sampling in March 1999 before going dry. This sample represented
the technetium-99 concentration at the tt  « the aquifer. The first analysis of technetium-99, from the
December 1998 sampling of replacement well 299-W10-24, contained 2,090 pCi/L technetium-99, about
4,000 pCi/L less than the older, dry well (Figure 5.9). The sample from well 299-W10-24 represented the

technetium-99 concentration throughout pper 10 meters of the aquifer after ambient water was
purged from the well. The interpretatio: at, in early 1999, the technetium concentration at the water
table at the northeast comer of T tank fa 15 6,000 pCI/L and the concentration decreased with depth

in the aquifer.

Well 299-W11-39 is the replacement well for now dry well 299-W11-23; both are located near the
northeast corner of the T tank farm. Comy ison of technetium-99 concentration in the two wells
indicates essentially no difference betweer e last samples from well 299-W11-23 and the first samples
from 299-W11-39 (Figure 5.9). The situation here, however, is complicated by the downward in-well
flow and very tight formation at the bottom of the well screen in well 299-W11-39. One possib  ty is
that there are no vertical technetium-99 concentration gradients at these wells. A second possibility is
that the tight formation near the bottom of  :l1 299-W11-39 does not contribute sufficient water to the

umped sample to effectively dilute a higl  chnetium-99 concentration in water from near the water
table. Because other evidence suggests a technetium-99 concentration gradient in the area, the second
possibility is preferred.
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Figure 5.9. Technetium-99 Concentrations in Two Well Pairs at the Northeast Corner of T Tank
Farm

Figure 5.10 shows the concentration of  rate versus time for two well pairs at T tank farm. The well
pair 299-W11-28 and 299-W11-42 is locate 1ear the center of the downgradient side of WMA T. Well
299-W11-42 is the replacement well for now dry well 299-W11-28. For both well pairs in the figure, the
replacement well, which samples the upper ) meters of the aquifer, has higher concentrations of nitrate
than did the older well as it went dry. These data suggest that nitrate concentration in groundwater

beneath WMA T is relatively low at the w  table and increases with depth in the aquifer. This is
consistent with the specific conductance p les.
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Figure 5.10. Nitrate Conc tration in Two Well Pairs Downgradient of WMA T
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Figure 5.11 shows the chromium concentration versus time for two well pairs at the T tank farm.
These data indicate that the chromium conce ations in the area are relatively low at the water table and
higher at some depth in the aquifer. The wel air 299-W11-23 and 299-W11-39 shows essentially the
same trend althoughk 1e older well, 299-W11-23, had a carbon steel casing so that some of the chromium
data may be questionable.

Finally, the same kind of information is  own in Figure 5.12 for fluoride. Like chromium, the
fluoride concentration appears to be larger at some depth below the water table than it is at e water
table. As will be discussed later (Section 5.2.2, “Extent of Contamination”), both chromium and fluoride
appear to have a source in one or more of the upgradient cribs at WMA T.
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Figure 5.11. Concentrations of Chromium in Filtered Samples from Two Downgradient Well
Pairs Near the T Tank Fa
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Figure 5.12. Concentrations of Fluori in Two Downgradient Well Pairs Near the T Tank Farm

52.1.3 Sampling During Drilling

Groundwater and saturated sediments brought to the surface during drilling can give an indication of
vertical chemical variations within the aqui . New well 299-W10-24 was sampled in this way in 1998.
Well 299-W10-24 was drilled at the northeast corner of T tank farm and through the lower mud unit of
the Ringold Formation (hydrogeologic unit  prior to be 2 completed as a top-of-the-aquifer monitoring

well. The well was sampled with a pump-¢  |-packer assembly at 5 depths in the aquifer (Horton et al.
2002).

The results from the pump-and-packer samples are shown in Figure 5.13. The maximum
technetium-99 concentration occurs at the  ter table, whereas the maximum concentrations of tritium,
nitrate, and carbon tetrachloride were foun it about 20 meters or greater below the water table. e
Ringold formation lower mud unit (hydrogeologic unit 8), a local aquitard, occurs between 52 and
53 meters below the water table in well 26 W10-24, Concentrations of all four key contaminants in
Figure 5.13 decrease across the lower mud unit.
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A regional nitrate plume underlies WMA T and much of the north part of the 200 West Area
“igure 5.17). However, unlike carbon tetra  oride, trichloroethene, and tritium, there also appears to be
a source of nitrate local and upgradient to Waste Management Area T. All monitoring wells in the

WMA T monitoring network have nitrate :ntrations in excess of the 45,00C  g/L maximum
contaminant level. The highest nitrate col -ations at the Hanford Site in fiscal year 2003 were from
two upgradient wells at WMA T: 1,985.C /L in well 299-W10-4 and 1,835,000 pg/L in well 299-
W10-28. The nitrate concentration began srease in well 299-W10-4 in about 1997 when the

groundwater flow direction changed from northerly to easterly (Figure 5.18). Concentrations continued
to rise until just recently. Since it was drille n 2001, the nitrate concentration in well 299-W10-28 has
always been high and parallel to concentrati 5 in well 299-W10-4. The most likely source for the nitrate

in this area is one or more of the past-practice liquid disposal facilities up gradient of the T tank 1rm
(Table 5.7).
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Figure 5.17. Average Concentra nsof! rate in the North Part of 200 West Area, Top of the
Unconfined Aquifer (from Hart n et al. 2003)
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plots for chromium in those wells. (Chromium was also elevated in well 299-W10-3, located inside the

tank farm fence between the 216-T-7 cril ile field and the 216-T-32 crib and upgradient of the tank
farm. This well was sampled only in 20 ng its decommissioning when the chromium concentration
was 257 pg .) Prior to about 1997 whe adwater flow direction was toward the north, several wells
on the north (then downgradient) side of ste management area had relatively high chromium

concentrations. Also, prior to 1997, well 299-W10-1, which was parallel to the tank farm with respect to
groundwater flow direction but downgradient of the 216-T-5 trench, the 216-T-7 crib and tile field, and

e 216-T-32 crib, had chromium concentr ons exceeding 200 pg/L. After the flow direction changed
toward the east in about 1997, chromium concentrations dropped to <40 pg in well 299-W10-1,
decreased in all of the northern wells (Figure 5.21), ar began increasing in well 299-W10-4. The most

likely source for the chromium west and n f Waste Management Area T is one or more of the
disposal facilities upgradient of the WMA le 5.7). Chromium from these fac ties would have been
moving north across well 299-W10-1 prio! 997 and then east across the northern wells and the rest of

the waste management area after 1997.

Finally, since December 2000, chromiu: has exceeded the maximum contaminant level in two
downgradient wells, 299-W11-41 (average for fiscal year 2003, 141 pg/L) and 299-W11-42 (average for
fiscal year 2003, 132 pg/L). These wells are located downgradient of the disposal facilities east of
WMA T but appear to be too far away for chromium to have migrated from west of the WMA to the
wells since the 1996 change in groundwater flow direction, given a flow rate of 0.025 meter per day.

Fluoride concentrations exceeded the d  king water standard of 4,000 pg/L in three wells at Waste
Management Area T in 2003 and exceeded :secondary drinking water standard of 2,000 pg/L in four
additional wells. Currently, the highest concentrations are in downgradient wells (Figure 5.22) but
historically, the highest fluoride concentration was in upgradient well 299-W10-4 in late 1999
(5,250 pg/L). A fluoride plume appears tc ~ ve passed well 299-W10-4 between mid-1997 and late
2000. Although a tank farm source for the 1oride contamination has not been ruled out, one or more of
the nearby cribs are believed to be amore  :ly source for two reasons. The first reason is the high
concentrations of fluoride in upgradient w  located near potential fluoride sources (see Table 5.7).
Second, the fluoride/technetium-99 ratios -y from w.  to well at WMA T and with time in some wells
(see Figure 5.23 for example). If the technetium-99 has a source within the waste management area, as
suggested below, the fluoride/technetium-99 ratios suggest a different source for the fluoride. The most
likely source or sources are past practice facilities located upgradient of the waste management area.
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Figure 5.23. Technetium-99 and 1 1oride Concentrations in Downgradient Well 299-W-10-24

A technetium-99 groundwater plume exists northeast and east of Waste Management Area T

(Figure 5.24). The highest technetium-¢
downgradient well 299-W11-39. The m
management area.

Technetium-99 began to increase in
farm, in late 1995, coincident with the ¢
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concentrations in well 299-W11-27 sub
(1998) suggested that technetium-99 ha
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ch (DOE/RL-91-61) until 1995. The subsequent decrease in
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between 4,160 and 5,010 pCi/L, indicating contamination of the upper portion of the aquifer at this well.
Subsequently, = technetium-99 concentration rose to a high of 10,400 pCi/L in February 2003 and
began a small decline in August 2003.

In early 2002, technetium-99 concentrations began to increase in well 299-W11-42, south of well
299-W11-39 and, 1n early 2003, technetium-99 began to increase in well 299-11-41, south of
299-W11-42. Apparently, the technetium- ' contamination that was detected in the northeast corner of
241-T tank farm 1s spreading southward along the east and downgradient side of the WMA. As shown in
Section 5.2.1.3 (“Sar ling 'ring Dr ing’" the highest recent technetium-99 concentrations are at or
near the water table and concentrations decrease rapidly with increasing depth in the aquifer. This points
to a nearby source for ¢ technetium-99 because the contaminant has not traveled far enough to disperse
vertically in the aquifer. The apparent nea  ss of the technetium-99 source suggests that WMA T is the
most likely origin for the technetium-99.

Also, Hodges (1998) explains that even though most tank waste is a multi-molar sodium nitrate brine,
calcium is the first cation to increase in concentration when tank waste enters groundwater. This is
because 1) tank leaks and tank pipeline leaks are relatively small in volume (relative to the releases sent to
cribs and tile fields) and 2) the sodium in the aked fluids replaces the exchangeable calcium and
magnesium in the vadose zone sediment. This results in a high calcium porewater that is pushed ahead of
the sodium to the groundwater (see discussions in Serne et al. 2002b, 2002¢, 2002d, 2002¢ and 2 4).
Figures 4.18 and 4.46 in this report show s phenomenon in the vadose zone sediments and Figure 5.25
illustrates it in the groundwater at the T tank farm.

Figure 5.25 is a series of modified Stiff diagrams for groundwater samples from well 299-W11-27 in
which technetium-99 was found in early I '6. (Nitrate has been added to the traditional Stiff diagram
because nitrate is a major component in the groundwater beneath the 200 West Area.) The diagrams
show that calcium, and not sodium, increases in the groundwater at the time technetium-99 is detected.
Also, nitrate begins to increase at the same time as the increase in calcium. This argues for a relatively
small, nearby source for the technetium-99 contamination in the area because a large volume source
would have saturated the exchange sites in the vadose zone, and breakthrough of sodium to groundwater
would have been detected.
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5.3 Comparison of Groun: water, Vadose Zone Porewater, and Tank Leak
Compositions

The previous section discussed the geographic distribution of contaminants and related the
distribution to potential contaminant sources. This section compares the chemical composition of
groundwater with the composition of 2 vadose zone porewater and with the composition of tank leaks
and discharges to nearby cribs in an attempt to more accurately pinpoint specific sources for the
contamination  the groundwater at WMA T.

The earliest evidence of groundwater contamination around WMA T as found in the HEIS® database
is high levels of gross beta in wells located at the cribs and trenches west of WMA T. By 1955 and 1956
levels of gross beta had reached values in excess of 1,000,000 pCi/L in well 299-W10-2, located about
20 meters south of the 216-T-7 tile field (Figure 5.26). The gross beta contamination was accompanied
by nitrate levels in excess of 3,000,000 pg/L in the general area and up to 6,900,000 pg/L in
well 299-W10-2. It is possible that gross beta and nitrate groundwater contamination pre-dates 1955, but
there are no available analyses.

The oldest available analysis for cobalt-60 in groundwater in the area is from well 299-W10-4 in
1957; it showed that the cob. -60 concentration was 2000 pCi/L at that time. Cobalt-60 was later found
in well 299-W10-2 in 1969 at a concentration of 680 pCi/L. Finally, ruthenium-106 was first noted in
groundwater in 1972 at wells 299-W10-2 ar  299-W10-4 at concentrations of 140 pCi/L and 400 pCi/L,
respectively.

Two things should be remembered about these early analyses. First, they are the oldest available
analyses and do not represent the first arrival of contamination in groundwater in the area. Second, the
concentrations should be considered approximate since detection limits and analytical accuracies have
improved through the years.

This early groundwater contamination pre-dates any reported tank leak from the 241-T tank farm.
The most likely source for this contamination is either the 216-T-7 crib and tile field, which operated
between 1947 and 1955 and received 110,000,000 L of effluent, or the 216-T-32 crib, which operated
between 1946 and 1952 and received 29,000,000 L of waste. Groundwater at that time was flowing
toward the south from the disposal facilities ward the contaminated wells (Figure 5.4).

Groundwater contamination was firstn  d north of WMA T in well 299-W10-8 in October 1973,
when ruthenium-106 was found at a concentration of 430 pCi/L and quickly increased to 1,100 pCi/L in
March 1974. Cobalt-60 was first noted in the well in early 1974 at 20 pCi/L. Groundwater had shifted
flow direction from southerly to northeasterly in about 1957. This direction places well 299-W10-8
downgradient of the 216-T-7 tile field and 216-T-32 crib. Well 299-W10-8 is about 150 meters northeast
0f 216-T-32 crib and 180 meters northeast of the 216-T-7 tile field. Given a typical groundwater flow

(a) HEIS is the Hanford Environmental Information System. A URL is located at http://www.hanford.gov/docs/1l-
Q2A_AQ/F1I_QA_AQ nAf Thic linl ic ta DNE/RT _QAAQ Raovicinn A Tvi Davhay Aavnowmnnt Natnhacoe Annoce
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Figure 5.26. Gross Beta Contamination in Wells West and Southwest of WMA T

rate of 0.02 meter per day, contamination could have traveled about 130 meters from the disposal
facilities between January 1956 and October 1973. It is possible that the groundwater flow rate was
greater than 0.02 m/d in the 1960s driven by the groundwater mound under U pond. A groundwater
velocity of 0.03 m/d would allow for transport of contam ants from the 216-T-7 tile field well beyond
well 299-W10-8 by late 1973 (assuming no contaminant retardation). Clearly, however, a groundwater
flow rate of 0.03 m/d is not sufficient to drive contaminants from the vicinity of tank T-106 to well 299-
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W10-8, a distance of about 105 meters, in the 4 month time period between the reported tank leak in June
1973 and the first detection of ruthenium-106 at the well.

To determine whether tank leak T-106 has impacted groundwater quality, one or more components of
the leak need to be detected in groundwater. Estimates of the leak composition are available (Jones et al.
2000) but, unfortunately, the major, mobile components in the tank leak for which we have groundwater
data, are also major, mobile components disposed in the nearby cribs and trenches.

Hodges (1998) used tritium/technetium-99 and nitrate/technetium-99 ratios from analyses of wells at
WMA T to distinguish waste disposed of to cribs, trenches and tile fields in the area from evaporator
condensate wastes and waste discharged frc  the Plutonium Finishing Plant. This section attempts to use
the same ratios, and others, to distinguish tank leaks from wastes disposed to cribs and trenches west of
WMA T.

Table 5.8 gives the estimated concentration of selected components found in two tank leaks at WMA
T and in effluent disposed to three disposal facilities located west of WMA T. The constituents listed in
Table 5.8 were dictated by the available analytes from groundwater analyses that also might be in tank
and crib wastes. The data in Table 5.8 show that there are significant differences (2 or more orders of
magnitude) in the concentrations of chromi 1, fluoride, tritium, cobalt-60, technetium-99, and
ruthenium-106 between tank leaks and the waste streams of interest. Using these components plus
nitrate, eight ratios (pairs of constituents) were examined: technetium-99/fluoride, technetium-99/nitrate,
technetium-99/chromium, technetium-99/trittum, technetium-99/cobalt-60, cobalt-60/ruthenium-106,
ruthenium-106/technetium-99, and chromium/cobalt-60.

Analyses for cobalt-60 and ruthenium-106 were common in the 1950s through 1970s but much less
so in the 1980s and 1990s, mostly because these two radionuclides have short half-lives and decayed
quickly. Analyses for metals (chromium), anions (fluoride), and technetium-99 are rare or non existent in
the 1950s through 1970s but become more  mmon in the 1980s and are abundant in the 1990s.
Therefore, insufficient data were available for the analyte pairs of ruthenium-106 and cobalt-60 with
technetium-99 or chromium. Some potentially useful information could be obtained from all other
analyte pairs.

5.3.1 Technetium-99 — Chromium

The relative groundwater concentrations for technetium-99 and chromium behave quite differently at
different wells within WMA T (Figure 5.2 The concentrations of both constituents track each (both
increase with time since 797)o :rthrou time in upgradient wells at the WMA (Figure 5.27 A). The
same relationship holds for wells northof ~ WMA; however, the concentrations are dropping with time
(Figure 5.27 B). The technetium-99 — chromium concentration relationship is different in wells located at
the northeast corner (Figure 5.27 C) and ea of the WMA (Figure 5.27 D) where the concentration of the
two constituents do not track each other.
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Figure 5.28 shows the technetium-99/chromium groundwater concentration ratios versus time for

samples from selected wells at WMA T. The figure also shows the concentration ratios expected in the

leaked tank waste from tanks T-101 and "
trenches located west of WMA T (Sir s
technetium-99/chromium ratio in sample:
upgradient crib and trench disposal sites.
have a similar composition as those from
Figures 5.28A and B, suggest that the cor
that found upgradient of the WMA and is

Figure 5.28C suggests a different sou
technetium-99, chromium, nitrate, and tri
early 1996. Since that time, the technetit
evolved toward tank waste compositions.
technetium-99/chromium compositions g
agreement with the data from vadose zon
report) and probably reflect the slight ret
Section 6.6 (see Table 6.5 for in situ desc

Since monitoring began in 1997, the te
WMA T are intermediate between those frc

(Jones et al. 2000) and waste disposed to the cribs and

1. 2000). The data plotted in Figure 5.28A show that the
upgradient wells have a signature similar to the

¢ 5.28B shows that samples from wells north of WMA T
dient wells. This information, and the information in
ation detected in wells north of WMA T is very similar to
1ated by crib waste.

‘the contamination at the northeast cornerof WI' T, A
lume was first detected in this area in well 299-Y  [-27 in
chromium composition of the groundwater in that well has
:other w s in the area support this hypothesis. The

‘han the estimated tank waste compositions are in

waters from boreholes C4104 and C4105 (Section 4 of this
m of chromium relative to technetium-99 as discussed in
K4 values).

letium-99 to Cr ratio for groundwater from wells east of
wells upgradient (west and north of the WMA) and those

northeast of the WMA. Samples from these wells indicate that the tank waste initially identified at the
northeast corner of the WMA is migrating south along the eastern edge of the WMA and is mixing with

the crib waste that was initially sampled in

> eastern wells.
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5.3.2 Technetium-99 — Nitrate

The compositional relationship betweer :chnetium-99 and nitrate at WMA T is complicated by the
regional nitrate plume in the area. Unlike technetium-99 and chromium concentrations, the
concentrations of technetium-99 and nitrate 1ck each other through time in all monitoring wells at
WMA T although there are about 3 orders « nagnitude difference in the technetium-99/nitrate
groundwater concentration ratios across the WMA (Figure 5.29). However, when plotted against time
and compared to crib and tank waste compositions, the technetium-99/nitrate concentration ratios suggest
the same conclusions reached with the technetium-99/chromium ratios (Figure 5.30).

Tc-99/NO3 vs NO3

1
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Figure 5.29. Technetium-99 and Nitrate Concentrations in Samples from Selected Wells
at WMA T

Figure 5.30A shows the technetium- itrate concentration ratios in samples from upgradient wells
at WMA T and compares the ratios to those expected for tank and crib wastes. The figure shows that the
groundwater from the upgradient wells has a strong crib waste component. Figure 5.30B shows the same
relationship as in Figure 5.30A for the mo1 Hring wells located on the north side of the WMA.
Groundwater sampled from the northern w s is essentially indistinguishable, with respect to
technetium-99/nitrate composition ratios, from groundwater in the upgradient wells.
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Water sampled from wells located in the northeast corner of WMA T has a very different technetium-
99/nitrate signature than water from the upgradient and northern wells. Groundwater in the northeast
corner of the WMA tends toward the technetium-99/nitrate ratios that are indicative of tank waste
(Figure 5.30C). Well 299-W10-24 appears to be an exception. However, well 299-W10-24 has a
technetium-99 concentration near 2000 pCi , which is an order of magnitude greater than that in western
(upgradient) or northern wells and samples a deeper part of the aquifer than did wells 299-W11-23 and
299-W11-27. (Both wells 299-W11-23 ar  299-W11-27 are now dry and the last, high technetium-99
samples from those wells were collected from near the water table.) Horton et al. (2001) showed that
nitrate concentration in the aquifer at we 299-W10-24 increases with depth to about 20 meters below the
water table. Thus, the relatively low technetium-99/nitrate ratios from samples from well 299-W10-24
are a mixture of the relatively high techneti  -99, low nitrate water near the water table surface with the
low technetium-99, high nitrate water from deeper in the aquifer. Although less distinct, the same
relationship can be seen for chromium (Figure 5.28C) and for tritium (Figure 5.31C). The nitrate, tritium,
and chromium are more regional plumes di :rsed deeper in the aquifer beneath WMA T.

Finally, Figure 5.30D shows the technetium-99/nitrate ratios from samples from wells locate zast of
the WMA. As was the case for technetiu /chromium concentrations, the technetium-99/nitrate
concentrations from the eastern wells have a strong crib signature for the first samples collected from the
wells in 1997 and then evolve toward tas  waste compositions with subsequent samples, especially after
2001.

Figure 5.29 showed the technetium-99/nitrate concentration ratio versus nitrate concentration for
several wells at WMA T. The figure shows that water sampled from upgradient wells is distinct with
respect to technetium-99 and nitrate from  2r sampled from wells at the northeast corner of the T tank
farm. Water sampled from the eastern we  and well 299-W10-24) is a mixture of the two.

5.3.3 Technetium-99 — Tritium

Technetium-99 and tritium serve as a final example. Figure 5.31 shows the compositional
relationship between technetium-99 and tritium at WMA T. As for nitrate, the tritium and technetium-99
relationship is complicated by a regional tritium plume in the area. However, the technetium-99/tritium
ratios lead to the same conclusions as do the technetium-99/chromium and technetium-99/nitrate ratios.
That is, groundwater from wells in the west (upgradient) and north sides of WMA T appear to be highly
influenced by wastes disposed to the cribs and trenches on the west side of the WMA (Figures 5.31A and
B). Groundwater from wells at the northeast corner and the east side of the WMA appears to be evolving
towards tank waste from T-101 or T-106  aracteristics (Figures 5.31C and D).
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The contact between the laminated silty sediments of the upper CCU and the calcic paleosol sequence
of the lower CCU lies at 92.5 ft (28.2 m) bgs. Sediments from the CCU, unit consist of mostly poorly
sorted, massive mixtures of weathered, pale yellow sand, mud, and gravel, variably cemented with
whitish pedogenic calcium carbonate. Some weak secondary pedogenic b  ding may also be apparent.
The base of the lower CCU is defined by the depth of pedogenic weathering and calcic soil development
and occurs at 108 ft bgs. Moisture in the CCU, core samples ranged from slightly moist to moist.

Judging from the blow-count data, it appears that the middle portion of the CCUj is the most strongly
cemented.

Almost 20 ft of Ringold Formation sediments were penetrated within C4104 before the probe hole
met refusal and was terminated at 127.46 ft bgs. = ¢ Ringold Formation member of Taylor Flat in probe
hole C4104 extends from 108 to 120.9 ft bgs and is 12.9 ft thick. The Ry unit consists of mostly
compacted, well-laminated, well-sorted, olive-brown to yellowish-brown ¢ dy silt with lesser amounts
of sand to slightly gravelly sand. The conc ration of calcium carbonate appears to decrease with depth
and distance from the overlying Cold Creel 1it. Observed moisture in Ry core samples was slightly
moist to moist and samples measured in the boratory had the highest moisture  all the stratigraphic
units measured with an average of 14.9 +/- 5.5 wt% water. The contact between 1e-grained Ry unit with
the underlying coarse-grained R, unit lies at  20.9 ft bgs. The borehole advanced only 6.6 ft into the R,,;
unit before the borehole was abandoned. Based on core samples alone, all that can be said about the R,
unit is that it consists of a multi-lithologic sandy gravel. During drilling, much pulverization naturally
occurred when trying to drive the splitspoon into clast-supported gravels that are larger than the diameter
of the splitspoon. As a result, the drilling destroyed the original structure and fabric of the material while
adding fines and producing abundant angul rock fragments to the mix.

Based on past studies using other, less-destructive drilling methods as well as outcrop investigations,
undisturbed Ringold Formation member of Wooded Island (Unit E) is described as a fluvial, clast-
supported, bimodal, pebble to cobble gravel, with well-rounded clasts of basalt, quartzite, porphyritic
volcanics, and greenstone, in a well-sorted matrix of quartzo-feldspathic sand (Lindsey 1995). The colors
of most facies of the Ringold Formation are shades of brown due to a pervasive iron-oxide film, a
weathering product that coats most sand and gravel clasts within the Ringold Formation to varying
degrees.

The backfill at C4105 extends from the ground surface to a depth of about 40.6 ft (12.4 m) where it
lies in contact with the Hanford formation . :unit. The exact depth of the base of the backfill is
uncertain but tank construction is known to have occurred to a depth of about 37-40 ft. Core run #4,
composed of a silty gravelly sand, is identical to samples of backfill above; the contact apparently lies
below, but not much below, the 40.53 ft depth. The contact is thus estimated at 40.6 ft bgs. The backfill
material consist of predominantly gray to grayish-brown, poorly to very poorly sorted, silty gravelly sand
to sandy gravel, which is unconsolidated and weakly to moderately calcareous. The gravimetric moisture
content was relatively low, averaging 4.8 +/- 1.7 wt% water, in the backfill material from C4105.

About 45 ft of Pleistocene cataclysmic od deposits of the Hanford formation underlie backfill
materials in C4105. Only the sand-d¢  nated Hanford formation H2 is represented; all of the
coarser-grained Hanford formation H1unit was removed during tank-farm construction and later used as
backfill around the tanks. The Hanford formation 2 unit is preses  stween 40.6 to 85.5 ft bgs in
C4105. The Hanford formation H2 sediments consist of mo vy fine- to coarse-grained sand with
occasional layers of gravelly sand or silty fine sand. The fine to coarse sand beds are loose, massive to

6.5






interbedded layers of sand, silt, and clay. T  strata are mostly fine-grained, compacted and cohesive,
well-laminated, and well-sorted, in various  ades of brown (gray, olive, and yellow). The concentration
of calcium carbonate generally decreases with depth and distance from the overlying Cold Creek unit,
Gravimetric moisture contents for the Riyse  nents are highly variable — two are relatively high while the
other two are low. The average gravimetric 10isture was 14.7 +/- 10.7 wt% water. The contact between
fine-grained R.funit and the underlying coarse-grained R,,; unit lies at 122 ft bgs. The borehole advanced
only ~9 ft into the R,,; unit before the boreh: : was abandoned at 130.9 ft bgs. The gravimetric moisture
measured in the R,; samples averaged about 9.1 +/- 7.6 wt% water.

6.3 Stratigraphy and Moisture Content

In general, heterogeneities including fine-grained thin lenses in the Hanford formation and the
relatively thick Cold Creek unit likely cause anisotropy in water flow. Increased moisture was found to
correlate with each of the fine-grained thin lens intercepted by the coring; other fine-grained lens are
inferred to be present in the Hanford forma n H2 unit based on the field neutron logging profiles.
Recall that only about 25% of the profiles in the boreholes were cored. Several findings and hypotheses
on the relationship between moisture conter ind water and contaminant flow that are gleaned from the
characterization efforts reported herein incl  =:

e The highest concentrations of moisture in the vadose zone at T Tank Farm appear to lie within the
Cold Creek unit and Ringold Formatic mnember of Taylor Flat (Rys). Moisture is naturally high in
these strata and not necessarily from t: : leaks.

e Occasional, thin fine-grained lenses w  in the Hanford formation H2 unit also display higher
moisture content.

e Relatively low moisture contents are { 1d in gravelly facies, which include backfill materials,
Hanford formation HI unit, and the R >ld Formation member of Wooded Island.

¢ Sand-dominated facies of the Hanford rmation (H2 unit) are also relatively low in moisture
content.

¢ Average moisture content for the Hanford formation H2 unit and the upper CCU is about the same in
the background hole as in the probe 3 (C4104 and C4105) within the T Tank farm. This suggests
movement of water under both artif ind natural recharge is transient in nature and may be
difficult to distinguish with depth in the vadose zone.

6.4 Vertical Extent of Contam ation

The following paragraphs describe me:  -ements of various parameters that help us determine the
extent of vertical migration of tank or ancil / equipment leaks. We used several parameters including
moisture content, pH, electrical conductivity, nitrate, technetium-99 (and other mobile fission products
[i.e., ruthenium and molybdenum]), sodium, and uranium concentrations in water and acid extract for our
main indicators to determine the leading ¢ e of the plume. The concentrations of water-extractable (for
mobile constituents) and acid-extractable or directly measured constituents in the sediment (for sorbing
constituents) were used to delineate the tot: nventory of constituents within the plume. For
technetium-99, the water-extractable data were judge to be a more accurate indication of past tank leaks
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than acid-extractable concentrations. In this section, we discuss all of the parameters measured except
uranium and sodium. The uranium data suggest that only small quantities were present in the leaked fluid
and the sodium data set shows obvious ion exchange interactions with the sediments that retard its
migration in comparison to the most mobile constituents in the leaked fluids.

Based on evaluating all these measurer  ts, we conclude that the borehole data do not est  lish the
vertical extent of tank contamination, espec  ly in boreholes C4104 and C4105, because contamination
was found at the bottom of these boreholes  hich met refusal before contamination could be shown to be
absent.

The first parameter, moisture content, is a direct measure of the mass of water in the vadose zone
sediment. One would logically assume tha  etter than normal conditions would represent the existence
of leaked tank liquor but, as found at most  he boreholes studied to date, the moisture content in the
T boreholes is indicative mainly of grain si

The second parameter measured was the pH of water extracts of the vadose zone sediment. Based on

the assumption that tank fluids are gener istic and, oft , very caustic (>1 M free hydroxide),
elevated pH profiles should be indicative zones impacted by leaked fluids. The pH profiles for
sediments from the two new boreholes (' and C4105) show consistently elevated pH (pH values
range from 8.6 to almost 10) in only bor 4104 from 47 to 92.6 ft bgs. But the pH data at all other
depths in borehole C4104 and at all dept yrehole C4105 show no indication of significantly

wvated pH values. Based on observati ther tank farms (SX and X) where it is certain that
caustic wastes are in the vadose zone, ye extract pH values never exceed 10, we have concluded
that pH is not a very sensitive parameter for evaluating the extent of plume migration in the vadose

zone. A recent paper that provides a technically based conceptualization of the evolution of pH in
sediments in contact with caustic fluids is Wan et al. (2004).

The third parameter that was assessed to estimate the vertical extent of the leaked plume was
dilution-corrected water extract electrical ¢ ductivity (EC). The EC depth profiles for the two new
T Tank Farm boreholes (C4104 and C4105) do show elevated EC in comparison to the background
sediments from borehole 299-W10-27. W¢ 3o found that 1e background borehole for the T Tank Farm,
299-W11-39, had suspiciously elevated EC  lues in the Hanford formation H2 unit above 78 ft bgs so
that we used the background borehole fromr = TX Tank Farm as a more appropriate background well.
There is elevated EC in the C4104 borehole sediments from 47 ft bgs to the bottom of the borchole near

127 ft bgs. At 46 ft bgs, EC of the C4104 - - extracts and actual porewaters are 6 times higher than
background values and differences reach v. of ~ 40 times larger than background at 116 ft bgs. The
dilution-corrected (calculated) porewaters : lso quite . :vated between 59 and 76 ft bgs. These data

show that tank liquors from the T-106 leak yresent in the sediments from C4104. The highest values
of dilution-corrected porewater EC found ¢ 104 (33.4 mS/cm at 16 ft bgs) are equivalent to a pore
solution of 0.21 M KCl, the salt solution us y calibrate the conductivity probe.

There is also evidence of elevated EC  ting at 86.7.2 gs to the bottom of the C4105 borehole.
The EC values for 1:1 water extracts from  Cold Creek > sediments at C4105 range from 1.2 to
3.1 mS/cm, which is about 10 to 30 times | ier than found in dilution-corrected porewaters from nearby

background sediments. The six actual porc  ter EC values are quite similar to the dilution-corrected
(derived) porewater conductivities. The hi st values of dilution-corrected porewater EC in borehole
C4105 occur in two zones, between 87 to 1 ft bgs and at 123 ft bgs. The dilution-corrected EC and
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Potential contaminants of concern that have been selected for discussion include technetii 1-99, uranium,
cobalt-60, chromium(VI), and nitrate. For e technetium-99 inventory, we suggest that the water extract
data is most accurate and should be used to estimate technetium-99 inventory versus depth. However, we
do present the technetium-99 acid extractd | as the worst-case maximum inventory estimate. We
assume that all technetium is water solul - in the sediments, as found during our characterization studies
at SX and the BX WMAS (Seme et al. 2002b, 2002¢, 2002d, and 2002e), and that the acid-extract data are
biased high and are generally of lesser g y.

For uranium and chromium we has ) d that one must separate the natural background
concentrations from the “Hanford adde  aterial” in discussing risk potential. The natural uranium and
chromium are almost entirely resistantto w :r leaching and to becoming mobile, whereas the material
added by Hanford activities is somewhat mobile. We thus recommend using the water-extractable
uranium and chromium data as representative of the concentrations that could migrate to the water table
for future risk calculations. However, we present the acid-extractable chromium and uranium inventories
to allow very conservative risk calculations to be performed that assume all acid-extractable masses could
ultimately become released to percolating recharge waters. For the cobalt-60, we present the total activity
present in the sediments.

For nitrate, as for technetium-99, we assume that the water extract concentrations represent the total
inventory. We have no other method to measure nitrate besides the water extract method. We use 8 M

nitric acid to measure the total amount o nstituent that is acid leachable. Thus, the nitric acid
leachant overwhelms any nitrate present : sediment. We have also designated in the tables, using
yellow shading, samples that may conta iford-related wastes as opposed to samples that are likely

uncontaminated natural sediments.

Semi-quantitative estimates of desorption K4 values for the potential contaminants, identified in
Table 6.5 for C4104 and C4105 vadose zone sediments, can be calculated using the inventory estimates
(mass or activity per gram of sediment) - >d by the estimated porewater concentration of the
constituent. These values are found in T 4.30, 4.45, 4.60 {acid extract or direct measure; cobalt-60)
and 4.27, 4.42, 4.57 (porewaters) and 4.34 (cobalt-60 in water extracts), respectively. In Table 6.5, the K,
values for sediment samples where the bulk of the contamination is present are highlighted in yellow and
in bold red type. The faint blue (lighter) st ing in Table 6.5 designates data that are more dominated by
natural constituents or impacted by low pre  ion analytical values. From the table one can see two
trends. First, where there are significant concentrations of contaminants in the sediments (between 46.33
and 125 ft bgs for C4104 and 70 to 130 ft bgs for C4105), the K4 values for uranium and chromium are
smaller than their values at shallower and deeper depths. This is caused both by there being more saline
porewaters (competing ions) and higher ibutions of Hanford waste species for chromium and
uranium being present, which are genera ore water leachable than naturally present species.
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contained low concentrations of uranium. e acid-extractable chromium and molybdenum in the sample
at 58.4 ft bgs is the largest observed for these metals. The rest of the sediment profile does not show
atypically high values of acid-extractable chromium but the acid-extractable molybdenum values between
58 and 115 ft bgs do appear to be quite variable and larger than quantities that are acid extractable from
background sediment. The acid-extractal :ruthenium is also variable and higher than found in
background sediments and is likely indicative of fission product-derived material.

The water versus acid extract data for C4104 sediments shows distinct regions where the water to
acid extractable percentages are much larger than found for uncontaminated borehole (299-W10-27)
sediments. At C4104, there are clear indic  ons of tank fluids present in the vadose zone profile; the
following qualitative measure of mobility is inferred: technetium-99 and ruthenium are slightly more
mobile than molybdenum, sulfate, and chrc dum. Zinc and uranium are less mobile than these noted
species.

Upon comparing the acid extract dai borehole C4105 with similar lithologies in the
uncontaminated borehole 299-W10-27, - »f the variation in mass leached per gram of sediment versus
depth is found to be lithology related. T , for most major constituents there are no signs of elevated
values of acid-leachable constituents in sle C4105 sediments, excepting acid-extractable sodium in
the backfill, one elevated acid-extractab :lum value at 81.2 ft bgs near the bottom of the Hanford
H2 unit, sulfate throughout the profile, a : elevated technetium-99, ruthenium and molybdenum from

the tank leak. The high acid-extractable sodium in the shallow background sediments suggests some
waste was released on the sediment surface or from pipelines, the elevated calcium near the bottom of the
Hanford H2 unit may indicate that the ion exchange front from the tank waste plume has reached C4105
borehole via horizontal flow. For the mobile fission products technetium-99, molybdenum and
ruthenium, the C4105 acid extracts show elevated concentrations from 86.7 to the bottom of the borehole
~130,93.3 to 110, and 86.7 to 110 ft bgs, respectively. The comparison of water to acid extracts for
borehole C4105 sediments suggests that there are unnaturally high percentages (technetium-99: 50 to
100%; molybdenum: 3 to 50%; ruthenium: ) to 85%) of water-leachable technetium-99, molybdenum,
and ruthenium between the stated depths.

The acid-extractable concentrations « major cations in the sediments at C4105 show significantly
less sodium than the sediments at C4104 as would be expected if the tank leak fluids were interacting
with the sediments and having sodium get 1 orporated into or onto the sediments in a form that readily
dissolves in strong acid. Both ion exchangeable and sodium-rich secondary minerals would dissolve in
the strong acid. There. o appears to be acid-soluble phosphate in the C4105 sediments than the
C4104 sediments suggesting that phosph -esent in the T-106 tank fluid that leaked deposited
measurable amounts in the vicinity of C¢ out not in the vicinity of C4105.

These comparisons suggest that truly mobile constituents such as technetium-99 descended deep into
the sediment profile from the tank T-10¢ ym near C4104 as well as spreading out horizontally all the
way to the C4105 sediments. Other water-extract data suggests that the Cold Creek Formation uw  er
subunit was the stratum that promoted most of the horizontal migration. The water- to acid-extractable
uranium percentages for the C4105 sedime  do not show any high values (all are <1%) such that we do
not believe there are measurable quantities of tank-derived uranium in the C4105 sediments. Uranium
must be interacting quite significantly with = vadose sediments because it is not observed at elevated

6.22



concentrations at C4105. Some interaction is also indicated for chromium and molybdenum because acid
extractable concentrations at C4105 are lower than at C4104 in contrast to technetium-99, which is higher
in sediments from borehole C4105.

As part of our characterization strategy for contaminated sediments, other parameters that can control
contaminant migration were measured. For the T tank farm characterization, only calcium carbonate
content and the particle size and bulk sedi nt and clay-sized fraction mineralogy of selected samples
from C4105 borehole were measured. Phi  graphs provided in Appendix A and the field moisture log,

low counts, and laboratory m ire contents identify that several fine-grained thin lenses are present
within the Hanford formation nit t. 1 promote lateral spreading of leaked fluids. The upper, and
to some extent, lower drtions of the Ci eek unit also contain a high percentage of fines that can lead
to perched conditions and/or lateral spreading of percolating fluids. The Ringold Formation Taylor Flat
member is also relatively fine-grained. Xt  patterns for selected sediment samples from borehole
C¢ )5 are shown in Appendix C. Briefly, XRD analysis of C4105 borehole samples, excluding the Cold
Creek lower subunit (caliche), shows the sediments are mineralogically quite similar. The sediments are
dominated by quartz and feldspar (both plagioclase and a  1ili-feldspar), with lesser amounts of clay,
calcite, and amphibole. For the non-caliche bearing samples characterized, quartz concentrations range
from 27 to 54 wt%,) with an average quartz concentration of 38 + 10 wt%. Plagioclase feldspar is present
at concentrations between 12 to 43 wt% ar  otassium feldspar concentrations are between 4 to 15 wt%.
Plagioclase feldspar was more abundant th  sotassium feldspar in all C4105 samples. The amphibole
phase comprised <5 wt%. Calcite concent ons measured 55 wt% in caliche sample, with all other
samples having <4 wt%. Clay minerals consist primarily of chlorite, smectite) and mica and they make
up between 8 and 32 wt% of the bulk sediment samples.

The clay-sized fraction of the caliche-f  sediment is dominated by four clay minerals: smectite,
chlorite, illite, and kaolinite with minor am 1ts of quartz and feldspar. Smectite concentrations range
from 26 to 56 wt%. Illite concentration varies from 33 to 50 wt% with an average concentration of
42 wt%. Chlorite and kaolinite are the least abundant of the clay minerals identified in the samples with
concentrations equal to or less than 20 and 7 wt%, respectively.

Based on the distribution of tank T-1 nstituents, potentially mobile tank constituents (nitrate,
technetium-99, cobalt-60, uranium, and « ium( V1), and the ion exchange fronts for sodium replacing
the native calcium and magnesium), it af that there is a large horizontal component to the path that

the leaked fluids took from the T-106 tank as it percolated into the vadose zone sediments at the three
boreholes described in this report (C4104,2 -W10-196, and C4105). That is, the fine-grained sediments
in the Cold Creek Formation and Ringold Taylor Flat Member have acted as a barrier to significant
vertical percolation of contaminants below - ¢ T-106 at least in the region probed by the three boreholes.
As discussed in more detail in Chapter 3 of ~ T-TX-TY field investigation report,’” based on gross- and
spectral- gamma field logging, it also appears that some of the horizontal migration of contaminants in the
southwesterly direction (towards borehole C  05) from the two boreholes just south of T-106 tank
occurred several years after the 1973 leak event. It is speculated that the large snow-melt event in
February 1979 may have provide he driving force for this post-tank leak horizontal migration of T-106
tank constituents.

(a) Field Investigation Report for Waste Manag  ent Areas T and TX-TY, by FJ Anderson (CH2M HILL Hanford
Group, Inc., Richland, Washington), under preparation.
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Water levels in the uppermost unconfined aquifer raised as much as 13.5 meters (above the
pre-Hanford natural water table) beneath WMA T because of artificial recharge from liquid waste
disposal operations active since the mid 1940s. The largest volumes of discharge were to the 216-T pond
system and the 216-U ) pond. The 216-T pond system is estimated to have received approximately
424 billion liters of effluent and the 216-U pond to have received about 158 billion liters of effluent. The
large-volume disposals to the ponds (and, lesser volumes to cribs and ditches) artificially recharged the
uppermost unconfined aquifer creating these large water-table mounds. The increase in water-table
elevation was most rapid from 1949 to 1956 and was somewhat stabilized between the late 1960s and the

ite 1980s. Water levels began to decline in the late 1980s beneath WMA T when wastewater discharges
in the 200 West Area were reduced. Hydrographs show that water levels have declined by about
6.5 meters since 1991 beneath the T tank farm. This decline, resulting from decreasing effluent discharge
in the 200 West Area, became much steeper in 1995 with the effective cessation of discharge to all non-
permitted facilities in this area. Between 1998 and 2004, the average rate of water table decline has been
between about 0.3 and 0.4 meter per year 1 all monitoring wells at WMA T. The rapid decrease in water
levels after 1995 has resulted in monitoring wells going dry more quickly than previously predicted and
has necessitated the drilling of 7 new monitoring wells since 1999. Recently, Bergeron and Wurstner
(2000) modeled the elevation of the water table beneath the Hanford Site. Their results predict a post-
Hanford Site influenced water table elevation of about 130 to 132 meters above sea level in the T tank
farm area.

Accompanying the changes in water level were changes in groundwater flow direction. Pre-Hanford
Site groundwater flow direction was toward the east; groundwater flow changed toward the south in the
area by the early 1950s. This shift resulted from the disposal of large volumes of liquid to the 216-T pond
system. In 1956, groundwater flow direction changed again and started flowing towards the northeast due
to the increasing influence of the groundwater mound under 216-U pond and a decreasing influence of the
mound under 216-T pond. Discharges to 2 -T pond ended in 1976 but continued at 216-U pond until
1984. As discharges to the 216-U pond declined in the early 1980s, groundwater flow shifted to a more
northerly direction as the groundwater mou  began to decrease and discharges to the 216-U-14 ditch
continued. The slight westerly component to the groundwater flow direction between early 1980s and
mid 1990s is probably a result of the discharges to the 216-U-14 ditch, located southwest of WMA T. All
non-permitted discharges to the ground ceased and the influence of the 216-U pond mound on the
groundwater beneath the T tank farm diminished in 1995. Consequently, the flow direction changed
again in about 1996 and began to return toward an easterly direction.

These large shifts in groundwater flow « ection have large implications for contaminant distribution
in the uppermost aquifer beneath WMA T. In the late 1940s and early 1950s, contamination was spread
south in the aquifer. Then, in the late 1950s and until the mid-1990s, that same contamination returned to
the north along with any new contamination  : entered the aquifer after the 1950s. Today, groundwater
contamination beneath the WMA and surrov  1g area is generally migrating east.

Recent more detailed characterization of monitoring wells found vertical flow gradients detected in
some wells, especially along the current dov  gradient edge of WMA T [eastern edge] that may have an
impact on contaminant distribution patterns in the area. Other hydrologic test data suggest higher or
lower hydraulic conductivity zones occur at certain depths wi  in the screened interval of some wells
relative to other depths. For example, tracer tests indicate that the upper 3 to 4 meters of the screened
interval of well 299-W10-24 is less permeable than the lower part of the screened interval. However, a
tracer test in nearby well, 299-W11-39, indicated that the lower 3 meters of the screened interval are
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(299-W10-23) and east (299-W11-7) of the waste management area. The carbon tetrachloride is believed
to be from pre-1973 waste from the PI'  mnium Finishing Plant and not from the WMA T farm.

The major sources for trichloroethene are disposal sites associated with the Plutonium Finishing
Plant. A second potential source is disposal near T Plant. The maximum trichloroethene concentration
found near WMA T in 2003 was 10 pg/l  h north (well 299-W10-23) and south (well 299-W10-4).
The T tank farm waste management area 1s not considered a source for trichloroethene.

The highest chromium concentrations  in upgradient wells 299-W10-28 and 299-W10-4 where
chromium reached 215 and 347 pg/L, res;  ively, in 2003. Chromium was also elevated in well
299-W10-3, located inside the tank fant | ¢ between the 216-T-7 crib and tile field and the 216-T-32
crib and upgradient of the current ground  r flow direction at T tank farm. This well was sampled only
in 2000 during its decommissioning when ~ chromium concentration was 257 ng/L. Prior to about
1997 when groundwater flow direction w:  »ward the north, several wells on the north (then
downgradient) side of the waste managenr  area had relatively high chromium concentrations. Also,
prior to 1997, well 299-W10-1, which was parallel to the tank farm with respect to groundwater flow
direction but downgradient of the 216-T-5 trench, the 216-T-7 crib and tile field, and the 216-T32 crib,
had chromium concentrations exceeding 2 ug/L. After flow direction changed toward the east in about
1997, chromium concentrations dropped to <40 pg/L in well 299-W10-1, decreased in all of the northern
wells, and began increasing in well 299-W 4,

The most likely source for the chromit ~ west and north of Waste Management Area T is one or more
of the disposal cribs and tile fields upgradi  of the T tank farm WMA. Chromium from these facilities
would have been moving north across well 299-W10-1 prior to 1997 and then east across the northern
wells and the rest of the waste manageme ea after 1997. Finally, since December 2000, chromium
has exceeded the maximum contaminant level in two downgradient wells, 299-W11-41 (average for fiscal
year 2003, 141 pg/L) and 299-W11-42 (av  ge for fiscal year 2003, 132 pg/L). These wells are located
downgradient of the disposal facilities east WMA T but appear to be too far away for chromium to
have migrated from west of the WMA to the wells since the 1996 change in groundwater flow direction,
given a flow rate of 0.025 meter per day.

A regional nitrate plume underlies WV T and much of the north part of the 200 West Area.
However, unlike, carbon tetrachloride, trict  octhene, and tritium, there also appears to be a source of
nitrate local, and upgradient, to Waste Man ment Area T. All monitoring wells in the WMA T
monitoring network have nitrate concentrations in excess of the 45,000 pg/L maximum contaminant
level. The highest nitrate concentrations at  : Hanford Site in fiscal year 2003 were from two upgradient
wells at WMA T: 1,985,000 pg/L inwe 2 -W10-4 and 1,835,000 pg/L in well 299-W10-28. The
nitrate concentration began to increase in w ~ 299-W10-4 in about 1997 when the groundwater flow
direction changed from northerly to easterly. Concentrations continued to rise until just recently. Since it
was drilled in 2001, nitrate concentrationi 11 299-W10-28 has always been high and parallel to
concentrations in well 299-W10-4. Them  .ikely source for the nitrate in this area is one or more of the
past-practice liquid disposal facilities upgr  nt of the T tank farm.

1 oride concentrations exceeded the di  :ing water standard (4,000 pg/L) in three wells at Waste

Management Area T in 2003. Currently, th  ghest conce: ations are in downgradient wells but
historically, the highest fluoride concentrati  was in upgradient well 299-W10-4 in late 1999
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(5,250 pg/L). A fluoride plume appears to have passed well 299-W10-4 between mid-1997 and late
2000. Although it is possible that there is  ank farm source for the fluoride contamination, one or more
of the nearby cribs are believed to be a more likely source.

A techn  um-99 groundwater plume exists northeast and east of Waste Management Area T. The
highest technetium-99 concentration in fiscal year 2003 was 9,200 pCi/L in downgradient well
299-W11-39. The most probable source i the technetium-99 is the T tank farm waste management area.
Technetium-99 began to increase in well 299-W11-27, located at the northeast comner of the 241-T tank
farm in late 1995, coincident with the cess  on of surface water disposal in the 200 West Area.
Concentrations reached a maximum of 21,700 pCy/L. in February 1997. Technetium-99 concentrations in
well 299-W11-27 subsequently decreasec 1 6,000 pCi/L in March 1999. Hodges (1998) suggested that
technetium-99 had arrived at well 299-W11-27 by the early 1990s, but was masked by dilution with water
from a leaking water line located immediately adjacent to the well. The water line carried cooling and

ventilation steam condensate, process cc water, and evaporator condensate from the 207-T retention
basin to the 216-T-4-2 ditch until 1995. subsequent decrease in technetium-99 in well 299-W11-27
since 1997 may be a result of changing dwater flow direction. In November 1997, technetium-99

began to increase in well 299-W11-23, 1 1 east of well 299-W11-27, coincident with the change in
groundwater flow to a more easterly direction. It increased to a high of 8,540 pCi/L. in November 1998;
subsequently, technetium-99 values fluc I between 7,110 and 840 pCi/L. before the well went dry.

The most plausible explanation for the 97 arrival of the contaminant plume at well 299-W11-23 is
the change in groundwater flow direction.  this is the case, a narrow contaminant plume initially moved
northeast across well 299-W11-27 but not across well 299-W11-23. Changing groundwater flow
direction caused this plume to drift east ac well 299-W11-23. Sampling of replacement well
299-W11-39 in 2001 detected technetium-  :oncentrations between 4,160 and 5,010 pCi/L, indicating
contamination of the upper portion of the ¢~ fer at this well. Subsequently, technetium-99 concentration
rose to a high of 10,400 pCv/L in February )3 and began a small decline in August 2003.

In early 2002, technetium-99 concentra ns began to increase in well 299-W11-42, south of well
299-W11-39 and, in early 2003, technetium-99 began to increase in well 299-11-41, south of
299-W11-42. Apparently, the technetiur ontamination that was detected in the northeast corner of
241-T tank farm is spreading southward : the east and downgradient side of the WMA. The highest
recent technetium-99 concentrations are at or near the water table and concentrations decrease rapidly
with increasing depth in the aquifer. This p 1ts to a nearby source for the technetium-99 because the
contaminant has not traveled far enough to  cend vertically into the aquifer. The apparent nearness of
the technetium-99 source suggests that the ' ink farm is the most likely origin for the technetium-99.

A tritium plume lies beneath much of the north half of the 200 West Area. The plume geometry
suggests that the major tritium source is near the 242-T evaporator, the TY tank farm, and nearby cribs.
Other contributing sources are likely present 1 the vicinity of the T tank farm and include associated
cribs and trenches and potentially leaks from T farm tanks. The highest tritium concentration near
WMA T in 2003 was 52,100 pCy/L in well 299-W11-12, located at the southeast corner of the waste
management area. Waste Manageme Area T is not thought to be a major contributor of tritium to
groundwater in the area.

6.28






than does water from the upgradient and nc  1ern wells. Groundwater in the northeast corner of the
WMA tends toward technetium-99/nitrate 1 os indicative of tank waste.

The technetium-99/tritium ratios lead to the same conclusions as do the technetium-99/chromium and
technetium-99/nitrate ratios. That is, grow sater from wells in the west (upgradient) and north of
WMA T appear to be highly influenced by  stes disposed to the cribs and trenches on the west side of
the WMA. Groundwater from wells at the  rtheast corner and the east side of the WMA appears to be
evolving towards tank waste that has leaked from tank T-101 or T-106.
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Appendix A. Core P otographs
Al 3117 (299-W11-39)
A.2. C4104 (T-106)

A3. C4105 (T-1006)



Appendix A-1

C31 7 99-W11-39)
SPLITSPOON CORE

SAMPLE PHOTOGRAPHS






A-1.28.
A 29
A-1.30.
A-1.31.
A-1.32.
A-1.33.
A-1.34.
A 35.
A-1.36.
A-1.37.
A-1.38.
A-1.39.
A-1.40.
A-1.41.
A-1.42.
A-1.43.
A-1.44.

A-1.45.
A-1.46.

Hanford Formation (H2 unit) 67.5 ft — 68.5 ft .. ..o A-1.28

Hanford Formation (H2 unit) 69.0 ft — 70.0 [t ... A-1.29
Hanford Formation (H2 unit) 70.0 £t — 71.0 £t ... A-1.30
Hanford Formation (' unit) 71.5 ft = 72.5 ft. e A-1.31
Har  ird Formation (H2 unit) 72.5 ft — 73.5 ft.. A-1.32
Hanford Formation (H2 unit) 74.0 ft — 75.0 ft.....cooiii e A-1.33
Hanford Formation (H2 unit) 75.0 £t — 76.0 £t .. e A-1.34
Hanford Formation (H2 unit) 76.5 £t — 77.5 ft...oooo e, A-1.35
Hanford Formation (H2 unit) 77.5 ft — 78.5 ft ..o A-1.36
Hanford Formation (H2 = it) 79.0 ft — 80.0 ft.......coociiiiiiii e A-1.37
Hanford Formation (' unit) 80.0 ft — 810 ft......c.ooooiiiii e A-1.38
Hanford Formation (H2 unit) 81.5 ft — 82.5 ft .. e A-1.39
Hanfor Formation (H2 unit) 82.5 £t — 83.5 £t i, A-1.40
Hanford Formation (H2 unit) 85 ft —86.0 ft. ... A-1.41
Hanford Formation (H2 unit) 86.5 1t — 87.5 ft ... A-1.42
Hanford Formation (H2 unit) 87.5 £t — 88.5 ft ...t e, A-1.43
Hanford Formation (H2 unit) / Cold Creek Unit — Upper (CCU,)

B0 £ = 90.0 £l e A-1.44
Cold Creek Unit — Uper (CCU,) 90.0 ft =910 1 .o, A-1.45

Cold Creek Unit — Upper (CCU,) 91.5 f1 = 92.5 ft ooioiiii e A-1.46













































































































































Appendix A-2

C4104 (T-1 6)
S L SPOON CORE

SAMPL PHOTOGRAPHS











































































Appendix A-3

C4105 (T-106)
SPL TSPOON CORE

SAN PI.  PHOTOGRAPHS



Contents

ADPPENAIX A3 e et A-3.1
Figures
A-3.1. Backfill 14.16 £t — 15.00 fli.ooiiiiiiiiiiiii ettt A-3.1
A-3.2. Backfill 21.70 £t = 23.05 £l A-3.2
A-33. Backfill 35.74 f1 = 37.14 £l i A-33
A-3.4. Backfill 39.18 {1 —40.53 £l oo A-3.4
A-3.5. Hanford Formation (H2 unit) 47.  ft —48.03 ft. ... A-3.5
A-3.6.  Hanford Formation (H2 unit) 54  ft — 56.53 ft. ..o A-3.6
A-3.7. Hanford Formation (H2 unit) 68.  ft — 70.45 fl...cc.coiiiiiii e A-3.7
A-3.8.  Hanford Formation (H2 unit) SEE = 8158 £ A-3.8
A-3.9.  Cold Creek Unit — Upper (CCU,) 85.36 ft — 87.11 ft.ccooovivieiiiicce e A-39
A-3.10. Cold Creek Unit — Upper (CCU,) 87.22 ft — 88.52 ft...ooovvieeiioiiioeies e A-3.10
A-3.11. Cold Creek Unit — Lower (CCU; 224 £t —93.59 ft ... .o A-3.11
A-3.12. Cold Creek Unit ~Lower (CCU|) .01 £t —97.46 ft ..o A-3.12
A-3.13. Cold Creek Unit — Lower (CCU;)99.33 ft — 100.68 ft....c.ccoooviiiiiiiiiiieeeeeeeeee A-3.13
A-3.14. Cold Creek Unit — Lower (CCU)) 101.02 ft — 102.36 ft...occooiiiiiiiiieieeeeec e, A-3.14
A-3.15. Cold Creek Unit — Lower (CCU)) 102.17 £t —103.52 ft ... A-3.15
A-3.16. Cold Creek Unit — Lower (CCU) 105.89 ft — 107.24 ft ... A-3.16
A-3.17. Cold Creek Unit — Lower (CCU) 109.07 £t 11037 ft ..o A-3.17
A-3.18. Ringold Formation — Member of 1ylor Flat (Rys) 114.97 ft — 11630 ft .oocovveiiien A-3.18
A-3.19. Ringold Formation — Member of Taylor Flat (Rp) 119.85 ft 121.19 ft ..........ccooiiiiin. A-3 )
A-3.20. Ringold Formation - Member of ‘ooded Island (Ry;) 122.90 ft — 12424 ft..................... A-3.20
A-3.21. Ringold Formation — Member of ‘ooded Island (R,;) 128.91 ft — 130.12 ft.................... A-3.21
A-3.22. Ringold Formation - Member ol  ‘ooded Island (Ry;) 128.58 ft — 129.58 ft.................... A-3.22

M-I


































































Figure A-3.22. Ringold Formation - Member of Wooded Island (R,;) 128.58 ft — 129.58 ft

A=D.LL



Appendix B. Core Logs
B.1 C4104 (T-106)

B.2 C4105 (T-106)



Ap. >ndix B-

C4104 T- 06)
GEOLOGIC1 ISCRIPTION OF COR™

OBTAINED L 'RING OPENING IN LAB



Appendix B.1 C4104 (T-106) GEOLOGIC
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:SCRIPTION OF CORE






























Appendix B-2

C4105 (T-106)
GEOLOGIC DESCRI '"TION OF CORE OBTAINED

DURING OPFE [ING IN LABORATORY
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Appendix C. X-Ray  Tractio Patterns for C4105 (T- 06)

C.1 X-Ray Diffraction Patterns for Bulk Sediment from C4105 (T-106)
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Figure C.1 1 Ik Sediment X} Patt for Samples 7A and 10A from H2 and CCU, Units,
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Figure C.2. Bulk Sediment XRD atterns for Samples 11A and 16A from CCU, Unit
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Figure C.3. Bulk Sediment XF atterns for Samples 19A and 20A from R and R,,; Units,
Respectively
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C.2 X-Ray Diffraction P: erns for Clay Separates from C4105 (T-106)
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Figure C.4. XRD Patterns for ( 1y Separates -Sample 7A (Standard and Ethylene Glycol
Saturated)
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Figure C.8. XRD Patterns for Clay Separates -Sample 20A (Standard and Ethylene Glyc:
Saturated)
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