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FIGURE 2-1.

COMPARISON OF GAMMA ENERGY SPECTRA

35% SGLS (HPGe) vs RAS Large Detector (Nal)
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majority of Hanford geologists.
Cold Creek unit first defined (informally) in DOE (2002)

Ringold Formation formally defined in Newcomb (1958) and Newcomb, Strand and Frank (1972)

This stratigraphic nomenclature conforms to most of the guidelines presented in:
(1) North American Stratigraphic Code (2005), A4PG Bulletin. v. 89, No. 11, pp. 1547-1591

(2) Inte  -ional Stratigraphic Guide (1994), International Subcommittee on Stratigraphic Classification, co-published International Union of Geological Sciences and Geological Society of America, 2nd edition

(3) Owen, DE (2009) "How to use stratigraphic terminology in papers, illustrations, and talks", Stratigraphy. v. 6, No. 2, p. 106-116.
(4) Stratigraphic Nomenclature and Description, http://www.nwre.usgs.gov/techrpt/sta08 pdf
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FIGURE 3-1.  STRATIGRAPHIC UNITS AT 216-T-3 AND 216-T-6 WASTE SITES

299-W11-1 (A7275) Stratigraphic Units atthe T-3 & T-6 Waste Sites
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(LaRiviere 1968), approximately 5 ft (1.5 m) of gravel was to be placed in the bottom of the excavation to
1 {t (0.3 m) above the distribution pipe. The distribution pipe is approximately 4 ft (1.2 m) from the
bottom of the excavation and follows the center of the excavation. A polyethylene barrier was placed on
top of the gravel before backfilling the excavation. The supply line for the crib was to connect to a 3-in.
(7.6 cm) stainless steel pipe stub located 38 ft 11.6 m) south of the head of the 216-S-9 crib.

Contaminated soil from the northern portion of unplanned release UN-216-W-30 was placed on the
216-S-23 crib and was also interim stabilized in 1992 as described above for the 216-S-9 crib (Smith
1995).

The design flow for the system was 36,000 gallons (136,260 L) per day and the crib distribution system
was designed to uniformly distribute a flow of 5 to 75 gallons (18.9 to 283.9 L) per minute over the entire
length of the crib (LaRiviere 1968).

The . >-S-9 and 216-S-23 waste sites both received REDOX process condensate from the D-2 Receiver
Tank in the 202-S Building (WIDS). According to DOE (1992) the waste was radioactive and acidic,
mainly composed of nitric acid. The 216-S-9 crib received waste from 1965 to 1969 and the 216-S-23
crib from January 1, 1969 to January 1., 1972.

An unplanned release UPR-200-W-108 was discovered on January 8, 1969. During the tie-in of the
216-S-9 waste line to the new 216-S-23 crib, contaminated water was encountered coming from a break
at the junction of the two crib lines. Further excavation disclosed a severed expansion buckle in the line
at that point. There was no way of determining how long the line had been leaking or how much waste
was discharged to the ground (WIDS).

4.3 PREVIOUS INVESTIGATIONS

Fecht et al. (1977) evaluated scintillation log profiles of four boreholes in the vicinity of the 216-S-9 crib.
The boreholes are 299-W22-25 (A7846), 299-W22-26 (A4968), 299-W22-34 (A7853), and 299-W22-35
(A7854). Fecht et al. concluded that radioactive contaminants were detected from the crib bottom to the
water table. It was also noted that the radiation intensity in these monitoring wells had been decreasing
with time due to radionuclide decay. It was stated that the data indicate breakthrough to groundwater
could have occurred.

Further evaluation of log data for the 216-S-9 crib was conducted in DOE (1992). That evaluation was in
agreement with Fecht et al. (1977) in regard to possible breakthrough of contamination to groundwater
and that gamma activity was declining due to radionuclide decay. It was also concluded that most of the
waste disposed in the crib percolated into the vadose zone at the southern end of the crib and that the areal
extent of elevated gamma activity is not known due to a lack of wells further from the crib boundaries.

icht et al. (1977) also evalu  d the borehole log data around the 216-S-23 crib. In 1976, the
scintillation probe profiles from five boreholes showed near background vels of radiation indicating no
breakthrough to the groundwater.

An evaluation reportc  n DOE (1992) concurred with the Fecht et al. (1977) conclusions. There has
been no geophysical logging in the vicinity of the 216-S-23 crib since 1976.

4.4 SUMMARY OF LOG DATA

Evaluating the “historical” geophysical record is important to determine the past existence of very
short-lived radionuclides, the maximum extent of contamination at depth, and whether any influx or
migration of cont  inants has occurred over time since active disposal stopped.
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Figures 4-5, 4-6, and 4-7 suggest a similar history for boreholes 299-W22-26 (A4968), 299-W22-34
(A7853), and 299-W22-35 (A7854), although the activity levels appear to be somewhat less. In general,
there are three common characteristics in all of these boreholes: High gamma activity exists at varying
thicknesses in all the boreholes between approximately 25 and 60 ft (7.6 and 18.3 m) primarily within the
Hfl. A second interval of relatively higher gamma activity exists from approx ately 136 to 149 ft (41.5
to 45.4 m) within the Hf2 and CCu. A third zone of higher activity is what appears to be the depth of
groundwater at approximately 200 ft (61 m) bgs. Cross section A-A’ (Figure 4-8) can be used to illustrate
the current gamma contamination and stratigraphic relationships that most likely created these common
characteristics.

Figure 4-8 shows the interpreted stratigraphy, contaminant profile at the current time (i.e., 2006 and
2007), the general groundwater level at the time of drilling (Chamness and Merz 1993), interpreted
groundwater from gamma activity data while the crib was in use in about 1968, and the groundwater level
in 2006 and 2007. The Cs-137 exists in the aforementioned depth interval discussed for historical logs
from approximately 25 to 60 ft (7.6 to 18.3 m) and resides above the Hf1 and Hf2 contact interface.
Relatively high activity in the historical logs between 136 to 149 ft (41.5 to 45.4 m) bgs appears to be
associated with the CCu and perhaps the RFtf finer- grained sediments. The groundwater level appears to
be at approximately 242 ft (73.7 m) depth bgs in 2006. This depth is in contrast to approximately 212 ft
(64.6 m) bgs (Chamness and Merz 1993) when the boreholes were drilled in December 1963 and January
1964 and a depth of approximately 200 ft (61 m) in 1968 that is interpreted by gamma activity data. Also
of note, are remnants of Cs-137, Co-60, and Eu-154 at various locations in the vadose zone where
historical gamma logs suggested extensive contamination. In particular, the numerous detections of
Cs-137 and Co-60 beginning at about the 1968 groundwater level and extending to the bottom of the
logged interval may have an explanation. It is interpreted that these detections are the result of formerly
contaminated groundwater that contained these radionuclides along with other shorter-lived
radionuclides. s hypothesized the contaminants adsorbed to the steel casing and remained fixed to the
casing as the groundwater level receded. This phenomenon has been referred to as a ‘bathtub ring” and is
observed in older wells throughout Hanford. Although borehole 299-W22-69 (C4969) only shows a total
gamma log, it was screened for gamma emitting contaminants and none were detected. This borehole,

icated south of the 216-S-9 crib, suggests lateral spread of Cs-137 was not significant in this direction
but it cannot be used to definitively suggest the dominant short-lived contaminants did not invade the area
in the 1960s. A visualization of the current contaminant distribution is shown in Figure 4-9.

4.4.2 216-S-23 CRIB

The 216-S-23 crib was constructed in 1968 to replace the 216-S-9 crib and was placed in service in
January 1969 (WIDS). In accordance with waste management practices at the time, a crib was removed
from service when the concentration of long-lived radioisotopes (e.g., Sr-90, Cs-137, and Co-60) in the
groundwater beneath the disposal site reached one-tenth the maximum permissible concentration
(MPCyw). Analysis of groundwater samples taken near the 216-S-9 crib indicated Sr-90 and Co-60 at
0.1 MPCy in the groundwater on several occasions (LaRiviere 1968).

Five boreholes were drilled during November and December 1968 to monitor the new 216-S-23 crib.
3se boreholes were designated as 299-W22-37 (A7856), 299-W22-38 (A7857), 299-W 19-5 (A7734),

299-W19-6 (A4959), and 299-W19-7 (A7735). The borehole locations are shown in Figure 4-2. At the

time of drilling, these boreholes indicated the groundwater level to be at approximately 216 ft (65.8 m)
.. None of these boreholes indicated any contamination in the vadose zone or elevated activity in the
undwater in January 1969, when they were first logged.

Fifteen months later in March 1970, only two boreholes (299-W19-5 and 299-W19-6) indicated any
increased gamma activity and are included as Figures 4-10 and 4-11, respectively. Contamination may be
indicated from approximately 72 ft (22 m) to the probable groundwater level at approximately 207 ft
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FIGURE 4-2. 216-S-9 AND 216-S-23 BOREHOLE AND CROSS SECTION LOCATION MAP
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216-S-9 CRIB CROSS SECTION

FIGURE 4-8.

200-DV-1
216-S-9 CROSS SECTION (A-A') North to South
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FIGURE 4-9. VISUALIZATION OF Cs-137 AND C0O-60 CONTAMINATION NEAR THE 216- S-9 CRIB VIEWED FROM THE WEST
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FIGURE 4-12. 216-S-23 CRIB CROSS SECTION
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FIGURE 4-13. 216-S-9 7O 216-S-23 CRIBS CROSS SECTION
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FIGURE 5-1.

Northing (WA State Plane)
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CROSS SECTION FROM THE 216-S-21 CRIB TO 241-SX FARM

FIGURE 5-2.
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FIGURE 5-4.

VISUALIZATION OF Cs-137 AND C0O-60 CONTAMINATION FOR THE 216-S-21 CRIB
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FIGURE 5-5.
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VISUALIZATION OF Cs-137 AND C0O-60 CONTAMINATION FOR THE 216-S-21 AND 216-S-25 CRIBS AND WEST OF 241-SX FARM
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