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disposed to the 216-S-9 Crib remain in the vadose zone. The CSMs illustrate the primary
hydrogeologic intervals that caused lateral liquid waste spreading within the vadose zone

beneath the waste sites.
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Figure ES-1. Location of 200-DV-1 OU Waste Sites near the S-SX Tank
Farm Waste Management Area and Extent of Associated Subregions

These zones typically include the Hanford formation unit contacts boundaries (and in
some cases may include thin localized lenses within the Hanford formation), and the
regional contact between the Hanford formation and the underlying Cold Creek

unit (CCu).

In most cases, the borehole gamma logging data for the deep vadose zone—within the
CCu and the underlying Ringold Formation under the 200-DV-1 OU waste sites—are too
limited to definitively prove or disprove that waste liquids reached the groundwater in

significant quantities. There are no useful direct vadose zone sediment measurements of
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o The vadose zone site-specific geology beneath the facilities

e The current distribution of key constituents in the vadose zone

e Historical and current groundwater concentrations below and proximal to the facilities

e The conceptual models for how key constituents migrate from the disposal facility toward the water
table, including subsequent migration into the unconfined aquifer and within the groundwater

In addition, information on the regional and site-specific geology and physical, hydrologic, and
geochemical properties of the lithostratigraphic units below the S-SX Complex Area are summarized.
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Figure 1-1. Location of 200-DV-1 OU Waste Sites near the S Complex Area Tank Farm Complex and Extent of

Associated Subregions
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Note: Flood deposits of the Hanford formation are thickest (~100 m [328 ft]) beneath Cold Creek flood bar east of the
S Complex Area. A smaller portion of Cross section A-A' (L4-L4") is presented in Figure 2-2 (DOE/RL-2002-39, Standardized
Stratigraphic Nomenclature for Post-Ringold-Formation Sediments within the Central Pasco Basin).

Figure 2-1. Major Landforms and General Lateral Distribution of the Three Principal
Hanford Formation Facies Within the Central Pasco Basin
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Note: Chapter 9 provides complete reference citations.

Sources: WHC-MR-0391, Field Trip Guide to the Hanford Site (Reidel et al., 1992); PNNL-14753, Groundwater Data Package for
Hanford Assessments (Thorne et al., 2006); Lindsey, 1996, The Miocene to Pliocene Ringold Formation and Associated Deposits of
the Ancestral Columbia River System, South-central Washington and North-central Oregon; PNNL-12261, Revised Hydrogeology
for the Suprabasalt Aquifer System, 200-East Area and Vicinity, Hanford Site, Washington (Williams et al., 2000); DOE/RL-2002-39,
Standardized Stratigraphic Nomenclature for Post-Ringold-Formation Sediments Within the Pasco Basin (DOE, 2002).

Figure 2-2. Correlation of 200-DV-1 OU Stratigraphy to Generalized Hanford Site
Suprabasalt Stratigraphy
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Figure 2-4. Stratigraphic Units Representative in the Vadose Zone Beneath S Complex Area
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Figure 2-5. Exposure Showing Hanford Formation Sand- and Gravel-Dominated
Facies in the Northeastern 200 East Area

2.4.2.1 Hanford Formation Gravel-Dominated Sequence (Hf1)

The Hanford formation gravel-dominated sequence overlies the Hanford formation sand-dominated
sequence over most of the central Hanford Site, including the S-SX Complex Area. Based on
observations of outcrop and intact core samples, the Hanford formation gravel sequence is interpreted to
consist of the high-energy, gravel-dominated facies interbedded with lenticular and discontinuous layers
of the sand-dominated facies. Occasional silt-dominated lenses may also be present, although they
constitute a relatively small percentage of the total. Figure 2-6 shows sediment typical of Hf1 (see also
“A” in Figure 2-4). Most of the material used for backfill around S-SX Complex waste facilities is from
the gravels and sands of Hf1 removed during tank installation. Within the S-SX Complex Area, the Hf1
consists of sandy granule-to-pebble-cobble-size gravel (Figure 2-6). Variable amounts of silt may also be
present in the matrix. Overall, the Hf1 grain size decreases to the south away from the main paleo-flood
channel paths.

Note: Distinguishing characteristics are its subangular to subrounded clasts of mostly basalt in a brownish gray, poorly sorted,
silt and sand matrix; from borehole 299-W11-39, 23 to 24 ft depth.

Figure 2-6. Drill Cuttings of Gravel-Dominated Facies of the Hanford Formation (Hf1)
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2.4.2.2 Hanford Formation Sand-Dominated Sequence (Hf2)

The contact between Hf1 and Hf2 is typically distinct and indicated by an abrupt change from
gravel-dominated to sand-dominated lithofacies. When the contrasting unit grain sizes are significant
enough, the contact and units can be distinguishable on borehole geophysical total- and spectral-gamma
logs. Often total gamma counts increase below the Hf1-Hf2 contact downward into the finer-grained Hf2
(this is associated with increases in naturally occurring potassium-40 [K-40] and, to a lesser degree,
naturally occurring uranium-238 [U-238] and thorium-232 [Th-232]).

The Hf2 consists of predominantly sand-dominated facies (Figure 2-7). Internally, this Hanford formation
sequence contains multiple beds of moderately to well-sorted, loose, plane-bedded sand to pebbly sand

1 m (3.3 ft) or greater thick. Sand-dominated beds occasionally grade upward and are capped by thin
(<10 cm [0.4 in.]) beds of sandy silt or silt (Figure 2-7, right). The total calcium carbonate (CaCOs3)
content is generally a few weight percent or less. Typically, this unit consists of loose, moderately sorted,
fine-to coarse-grained sand. It is often described as “salt and pepper” owing to its combination of
light-colored felsic and dark-colored mafic sand grains.
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Note: Left: Fine silty sand separates two layers of medium to coarse sand. This sequence appears to represent deposition
during two flood pulses, separated by an interval of slack water sedimentation.

Right: Horizontal to low-angle cross-laminated sand with multiple internal micro-gradations is typical of Hf2. Curving
laminations are drag-folding created during drilling.

Figure 2-7. Core Samples of the Sand-Dominated Facies of the Hanford
Formation (Hf2) from Borehole 299-W10-27

The Hf2 is continuous beneath the S Complex Area; the base is well defined by a change from
well-stratified, fine- to coarse-grained, salt and pepper-like sands to silt-dominated deposits of the upper
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CCu (Figure 2-8). A diagnostic increase in total natural gamma and/or K-40 activity, as well as moisture,
typically distinguish this unit contact boundary at the base of Hf2.

Note: Loose, gray, fine- to medium grained, “salt and pepper” sands of the Hf2
immediately overlie compacted, yellowish-brown, laminated to massive,
micaceous and calcareous, silty fine sand to fine sandy silt of the CCuz subunit.

Figure 2-8. Sharp Contact between the Hanford Formation Hf2
and the Underlying Cold Creek Unit Silt in Borehole 299-W11-39
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Figure 2-10. Thickness (Isopach) Map of the CCuz Subunit near the S Complex Area
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Figure 2-11. Structure-Contour Map Showing Relief Atop the CCuz Subunit
Near the S Complex Area
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zone beneath the S Complex Area; the suprabasalt aquifer in the 200 West Area comprises the lower
RFwie, RFlm, and RFwia units.

In the 200 West Area, erosional remnants of the RFtf consist of fine-grained fluvial sand and overbank
facies with localized stringers of calcium carbonate. The RFtf is discontinuous and only locally present
beneath the 200 West Area® (Figure 2-2).

RFwie, on the other hand, completely underlies the 200 West Area and the S Complex Area. It is the
thickest of the Ringold Formation units present in the Central Plateau and the 200 West Area and contains
the unconfined aquifer beneath the region. It consists of well-rounded gravel in a sand and silt matrix
deposited by the ancestral Columbia River. Gravel lithologies are varied with sources outside the
Columbia Basin, predominantly quartzite, granite, and gneiss as well as indigenous basalt. Consolidation
varies from well to poorly indurated. The thickness of the RFwie is largely influenced by structural

(i.e., Cold Creek syncline) and differential erosion (i.e., Cold Creek and Missoula floods) processes.
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Figure 2-14. Example Geophysical Log, Well 299-W23-08

5 Complete reference citations provided in Chapter 9.
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Figure 2-17. Subregion 1 - Location Map for Facilities and Wells near the 216-S-9 and 216-S-23 Cribs,
S Complex Area
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Source: DOE/RL-2010-11, Hanford Site Groundwater Monitoring and Performance Report for 2009 Volumes 1 & 2.

Figure 2-18. Subregion 2 - Location Map for Facilities and Wells near the 216-S-21 and 216-S-25 Cribs,
S Complex Area
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Source: PNNL-16069, Development of Historical Water Table Maps of the 200 West Area of the Hanford Site (1950-

Figure 2-23. Maps Showing the Historical Water Table in 200 West Area
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cribs represents 12 percent of the total nitrate released to the S Complex Area. The wastes disposed to the
two cribs did not contain any chromium. I-129 disposed to 216-S-9 constitutes 36 percent of the total
1-129 released to the S Complex Area, but only 0.3 percent of the total Tc-99 disposed to the S Complex
Area came from the two cribs and essentially all of it was disposed in 216-S-9.
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/ ~ Geophysical trend line (HGLP-OTH-015, Rev.0)

N\ Geologic cross section ‘
[ Roads -

7] DV-1 Waste Sites E T g : ‘
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Figure 3-1. Subregion 1 - 216-S-9 and 216-S-23 Cribs, 200-DV-1 Operable Unit
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spectral gamma) taken through well casings of nearby boreholes and available soil resistivity field
surveys that were performed at the S Tank Farm.

SGW-50194 provides an analysis of all historical and recent borehole gamma logs. The following
material is summarized from the report. The borehole geophysical log data evaluation for wells near the
216-S-9 Crib, suggest that gamma-emitting contaminants affected the deep vadose zone all the way to
groundwater by February 1968. The gamma activity significantly decayed by 1976, suggesting short-lived
fission products such as ruthenium-106 was the dominant radionuclide.

The current contaminant profile shows cesium-137 existing from approximately 9.1 to 18.3 m (30 to

60 ft) bgs with concentrations up to 50,000 pCi/g near the crib. This contamination remains mostly within
the Hf1, above the Hf1/Hf2 geologic contact and near the crib. Most of the gamma emitting radionuclides
that were evident in the deep vadose zone in 1968 have decayed away. Data also indicate that the upper
unconfined aquifer became polluted with gamma emitting contamination around the same time as the
vadose zone. The data suggest that mobile non-gamma emitting contaminants present in the waste stream
could be present throughout the vadose zone down to the water table. The location (lateral and vertical
extent) of the non-gamma contaminants is a data gap for this crib.

The 216-S-23 Crib was activated in 1969 after the 216-S-9 Crib was closed. There is some evidence in
two boreholes east of the crib that short-lived radionuclides contaminated the deep vadose zone to
groundwater (SGW-50194). Activity exhibited in these two boreholes was much less than that found near
the 216-S-9 Crib. The activity in the two boreholes near 216-S-23 decayed away by 1976, similar to the
activity measured near the 216-S-9 Crib. No significant cesium-137 was found in the boreholes around
the 216-S-23 Crib. At the time of logging in the two wells, groundwater contamination was noticeable at
the artificially elevated water table.

Another source of vadose zone information was the surface soil electrical resistivity field survey of the
S Tank Farm just west of the 216-S-9 Crib. Figure 3-6 shows the array of surface electrodes that were
used to interrogate the subsurface sediments of this subregion.

SGE Surveys
DOE/RL-2007-46

SGE Surveys
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Figure 3-6. Soil Resistivity Profiling near the 216-S-9 and 216-S-23 Cribs
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Three SGE resistivity profiles were acquired along a SE-NW orientation over 216-S-9 (Figure 3-6).

SGE investigations at 216-S-9 were also scoped to image subsurface conditions beneath UPR-200-W-108
and UPR-200-W-164, both of which are located immediately to the south and southwest of 216-S-9.

A two-dimensional (2D) computer modeling exercise of the raw soil resistivity data yielded the soil
resistivity conceptual model shown in Figure 3-7. The lowest resistivity regions, which indicate either
metallic infrastructure or soils with high salt and/or moisture content, are depicted with blue and green
colors. Regions with high resistivity, such as dry native sediments, are depicted in brown, red, and purple
colors. The conceptual model shown in Figure 3-7 has been interpreted to show high-resistivities

(>350 ohm-m, brown-to-red colors) within the upper 40 m (131 ft), which is consistent with the presence
of unsaturated sands and gravels of the Hanford formation. Relative lower resistivities (180-280 ohm-m)
are modeled to 6 to 10 m (20 to 33 ft) in depth under most of 216-S-9, and form a broader region trending
vertically downward from the southeast end of the waste site (cyan and magenta outline). Lower
resistivities at depth are most likely due to salt laden sediments. Contractor interpreted the anomaly near
profile coordinate 220 m (721.8 ft) (magenta oval) as caused by buried pipes. The SGE electrode lines did
not extend far enough to interrogate the 216-S-23 Crib.
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Note: See Figure 3-6 for profile location.
Figure 3-7. Two-Dimensional Modeling

3.1.4 Subregion 1 - Vadose Zone Conceptual Model for 216-S-9 and 216-S-23 Cribs

The conceptual model for the distribution of contaminants below the 216-S-9 and 216-S-23 Cribs
subregion relies almost exclusively on historical gross gamma field logs, recent spectral gamma logs
coupled with the detailed geological model of stratigraphy and lithology, and knowledge of the volumes
of liquid released to each facility. The soil electrical resistivity survey information adds some information
on the location of moderate salt within the subsurface around the 216-S-9 Crib, but is not as definitive on
the vertical extent of the past liquid waste migration.

3-11






SGW-50280, REV. 0

for the lateral spread or the volumetric water content in the vadose zone through which the wastes
percolated appears to be overestimated. However, for conservatism, it will be assumed that all the
inventory of mobile contaminants disposed of to the 216-S-9 Crib remain in the vadose zone sediments.

o DV-1 well/borehole
e  Other well/boring
N\ Geologic cross section

[ Roads
77 DV-1 Waste Sites

FREESTONE

I £ VI RONMENTAL SERVICES, INC

Note: The dark red-orange area represents the region with currently detectable cesium-137 210 pCi/g contamination
(less mobile) and the faint yellow-orange area represents the region of past historical gamma contamination (mobile short
half-life [e.g., ruthenium-106]).

Figure 3-8. Depiction of Vadose Zone Lateral Spread of Contamination Proximal to the 216-S-9
and 216-S-23 Cribs
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Table 3-2. Tank 241-S-104 Comparison with 216-S-9 and 216-S-23 Cribs

241-S-104/
216-S-9 216-S-9 & 216-S-9 & 216- | 241-S-104 % of
& 216- 216-S-23 S-23% of Total S Total S
S-23 241-S-104 Total Complex Area | Complex Area
Total Volume Released (ML) 83.65 0.0908 1.09E-03 18.2 0.02
Mass Released (kg)

Sodium (Na) 1185.9 443.9 1185.9 62.6 37.4
Nitrate (NO3) 43698.0 1913.2 43698.0 95.6 4.4
Nitrite (NO») 1696.5 1696.5 1696.5 0.0 100.0
Phosphate (POs4) 0.000 0 0
Sulfate (SO4) 0.001 1.01E-03 0.001 0.0 100.7
Fluorine (F) 0.000 0 0
Uranium (U) 275.6 1.57E-05 275.6 100.0 0.0
Chromium (Cr) 0.001 1.28E-03 1.28E-03 0.0 100.0
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Figure 3-11. Estimated Lateral Extent of Contamination below S Tank Farm Based on Soil Resistivity Data Looking Northeast
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Figure 3-12. Estimated Vertical Extent of Contamination Below S Tank Farm based on Soil Resistivity Data
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The 216-S-21 Crib is located northwest of the 241-SX Tank Farm, due west from the southernmost row
of tanks in 241-S Tank Farm and north of the 216-S-25 Crib. It was used in November 1954 through
either February 1969 (SIM, Rev. 1 [RPP-26744]) or perhaps December 1970 (WIDS) to accept mainly
condensates recovered during cooling of the stored SX tank wastes using air circulators.
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Figure 3-13. Subregion 2 - Location of the 216-S-21 and 216-S-25 Cribs, S Complex Area
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Figure 3-17. Subregion 2 - Location of 216-S-21 and 216-S-25 Cribs and Boreholes
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Note: The dark red-orange area represents the region with currently detectable cesium-137 210 pCi/g contamination
(less mobile) and the faint yellow-orange area represents the region of past historical gamma contamination (mobile short
half-life [e.g., ruthenium-106]).

Figure 3-18. Subregion 2 - Conceptual Model for Lateral Spread of Residual Contamination in the
216-S-21 and 216-S-25 Cribs
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Figure 3-28. Estimated Lateral Extent of SX Tank Farm Contamination based on
Soil Resistivity Data

Figure 3-29. Location of Soil Resistivity Surface Electrode Lines

3-54




SGW-50280, REV. 0

Log Resistivity

0o 40m BGS

K|

28
Sin inkpencium

26
24

22

2

1.8
16

Figure 3-30. Estimated S-SX Tank Farm Lateral Extent of Contamination based on Soil Resistivity
Modelling at 40 m (131 ft) bgs

The most conductive regions vary with depth, but were grouped into three areas within the SX Tank
Farm. A large, highly conductive feature is indicated near the center of the SX Tank Farm. Two small
conductive features are indicated to the northwest of tank 241-SX-103 along the fence line and to the
northeast of 241-SX-102 near the 241-S-302A tank. It is expected that the low resistivity responses likely
represent the combined effects of increased soil moisture and waste salts and the influence of conductive
infrastructure. The authors of RPP-RPT-42513 suggest there was sufficient variation in the correlation of
infrastructure to resistivity responses to suggest that areas containing the lowest resistivity values provide
the highest confidence in locating subsurface contamination. Figure 3-31 shows a stack of the 0.8 log
ohm-meter isopleths for depths bgs. Contrary to the direct sediment measurements from 299-W23-19 and
several of the SX probe holes, the surface-to-surface resistivity response shows little indication of
increased soil moisture or salts near SX-115, which reportedly leaked 193,056 L (51,000 gal), but there is
good correlation between the conductive response and the SX-107/108 combined 211,983 to 401,253 L
(56,000 to 106,000 gal) release. Conductive responses for depths 60 and 70 m (197 and 230 ft) bgs are
proximal to the 56,781 L (15,000 gal) released at SX-113. There are no reported surface or tank waste
releases near the two low resistivity responses to the northeast of SX-102 and northwest of the SX-103.
Therefore, these smaller, isolated low resistivity responses were most likely caused by infrastructure or
unreported surface and-or pipeline leaks in the vicinity. The fact that the soil resistivity conceptual models
do not show indications of tank waste around and west of tank SX-115 is particularly puzzling because
the Borehole 299-W23-19 and probe holes C7172, C7158, and C7170 all suggest that tank fluids reside in
the vadose zone that likely originated from SX-115. It is true that the waste leaked from SX-115 is more
dilute than most of the other SX tank waste fluids; however, the ionic strength of the SX-115 fluids is
large enough such that it should be causing low resistivity anomalies.

RPP-RPT-47851 describes soil resistivity survey results for the region between the S and SX Tank Farms
where the direct push sediments described in RPP-47274 and shown in Figure 3-10 were obtained.
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Figure 3-31. Estimated S-SX Tank Farm Lateral Extent of Contamination based on Soil Resistivity
Modelling at Several Depths (m bgs)

3-57




SGW-50280, REV. 0

N Q— 4-00-03

41.0408 41.07-03 41-10-034. 10&3 41-00-05

_——41-0104 a1 cmo;r?(—* .
/ v
41-0}{11 N, 9t 04’3//’—\ l g ,z»" / ﬁo m1 10 /; P \

(sx 101 “4;‘“(8)(-104 }W— 2 }407} Csx 11[\ '/sﬁsmﬁ,?mL

1o // 410 11-eaker /,;1_040? st 10510;’0\1 /{?/)\J-&aﬁér
\‘—zn-/dme S—atoace a0 —
41.01-10 H.0407 . e /{/

41 07.08 41-10-10 41 10
-08.08 -1t M. 14.03

p A _f——a1ps04 / 411402
41-a'7>,-d§/ 5:.1 02:05 ?/}1/%@02 ; /& 411102 ; -11-05 /L ‘\\41 14-04

stw'z/ /ﬁ/ms? [ $x.708 A wuﬁé 111%#)(7414%(14&

1 /
/ Aot &éaﬁgw /

/lfea}
e Y i a1 17\"
7 "-4_-— 1-14-08
A oa.31-02:07 0510 ““1':30741‘11-104;:70'9'*” i S e
112 / 41-15-08
41-0G- ';l'»z-——n..41 0305 oo 41 0; 04 4112 cg____‘_ iz 15-?;_“\
" 00 N\
\L : ~ A11505
1-12-
areaf g X - 103440305 SX-106 4 m( 109 §ios SX-A12/f 2 g 15
pake ®
. e /41 géoﬁ@ 4109\ y" )/ Leakef sh1acr \1|— 3k'~‘*\’é1450?
. FR— 1R 41427 a.16 -
41.06.00 e 4 og a At 1200 1509
41.00.08 Siak
e |Leak-Detection Lateral | 55 ft l

O Caisson

Figure 3-32. Location of Laterals Below and Dry Well Monitoring Boreholes around the SX Tanks

A detailed vadose zone conceptual model that estimates in a quantitative fashion the residual
contamination below the SX Tank Farm is not possible at this time. However, the information reviewed
in this subsection makes it quite clear that the vadose zone below the SX tanks does contain significant
mass of mobile nitrate, Tc-99, chromium, and likely 1-129. Based on the concentrations measured in
vadose zone sediments around and below the SX-108 and SX-109 tanks and the inventories tabulated in
Table 3-3, the vadose zone below the SX Tank Farm contains more radionuclide and chromium
contamination than the two neighboring cribs (216-S-21 and 216-S-25) and considerable nitrate, as well.
As will be discussed in Chapter 5, the S and SX Tank Farms appear to be the source of current
groundwater chromium and Tc-99 in the S Complex Area.

If the tank wastes are released over one-tenth the footprint of each tank, the bottom of the SX tanks are
16.5 m (54 ft) bgs, and the fluids fill 25 percent of the volume, about 0.5 ML of tank fluid could be
retained in the vadose during the active leak period and, after years of gravity draining to a final
volumetric moisture content of 10 percent, 0.2 ML could be retained. For a larger footprint or porosity,
proportionally more fluids could be retained during the leak period. As shown in Table 3-3, the largest
estimated volume released from the SX tanks was 0.2 ML from SX-115. For conservative purposes, the
current best estimate of residual contamination within the vadose zone below the SX Tank Farm will be
set equal to the masses tabulated in Table 3-4, which essentially suggests that all the released mass is still
present despite the fact that groundwater plumes sourced to the two tank farms have been present for at
least the past decade. Section 6 will provide an estimate for the mass of these mobile contaminants
currently in the groundwater so a comparison with the mass released can be made.
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Very little data exist concerning the depth distribution of Tc-99 in the 216-S-9/216-S-23 Cribs. Five depth
discrete groundwater samples were collected and analyzed for Tc-99 when Well 299-W22-69 was drilled
in early 2006. One sample, from 7 m (23 ft) below the water table, had detectable Tc-99 at 1,080 pCi/L.
The four other samples, from deeper in the aquifer, did not contain detectable Tc-99. The sample from

7 m (23 ft) below the water table had a similar, but slightly higher, Tc-99 concentration than the first
sample collected after the monitoring well was completed from the screened interval, which is from 0.5 to
11.2 m (1.6 to 36.7 ft) below the water table. Because the screened interval included the depth discrete
sample, little can be said about the depth distribution of Tc-99 in the area.

Detectable I-129 has been found in 4 of 26 samples collected from Well 299-W22-26, located at the
216-S-9 Crib, since the beginning of 2000. The [-129 concentration was between about 1.5 and 1.7 pCi/L
in 2009 and 2010. The 216-S-9 Crib lies at the upgradient end of a large, regional 1-129 plume that
extends from the crib (and the 216-U1/2 Cribs that also contributes I-129 to the plume) to the east, past
the Environmental Restoration Disposal Facility (ERDF), and into the 600 Area (Figure 5-11). Part of the
[-129 forming the regional plume in the southern part of the 200 West Area could have come from the
216-S-9 Crib, which received effluent containing up to 903 pCi/L of I-129 (RPP-26744).

Chromium has been found above the DWS of 100 pg/L in one well at the 216-S-9 Crib (Figure 5-12).
The chromium concentration was low in Well 299-W22-26 before the late 2000s. The groundwater
chromium concentration began to increase in the well in 2006 concomitant with increases in the nitrate and
Tc-99 concentrations. The increasing chromium (and nitrate and Tc-99) concentrations are believed to result
from a plume emanating from the 241-S Tank Farm encroaching on wells at the 216-S-9 Crib (Figure 5-13).
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Figure 6-2. Technetium-99 Contamination Beneath the S Complex Area

Two downgradient wells (299-W22-50 and W22-47) intercept the plume farther east of 299-W23-19,
299-W23-15, and 299-W22-80. Tc-99 concentrations in 299-W22-50 and 299-W22-47 range from 3,000
to 13,800 pCi/L over the period 2005 to 2011, and 10,700 to 20,000 pCi/L over the period 2005 to 2011,
respectively. Well 299-W22-80 lies between the high Tc-99 groundwater concentrations at 299-W23-19
and the moderate Tc-99 concentrations measured in 299-W22-50 and 299-W-22-47. One would logically
assume that the Tc-99 concentration in the groundwater at 299-W22-80 would be intermediate to the
values near the “source” Well 299-W23-19 and the more distance Wells 299-W22-47 and 299-W-22-50.
However, Tc-99 measured at 299-W22-80 has varied between <5 to 20 pCi/L from 2001 to mid-2004 and
from 2006 to the present. From mid-2004 through the end of 2005, the Tc-99 concentration in
299-W22-80 ranged from 30 to 150 pCi/L. Overall, these values are much lower than would be expected
for this location within the plume. As mentioned in Section 2.6.1 the water inside the casing of
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discrepancy in the nitrate estimate in the groundwater and nitrate remaining in the vadose zone below the
T Complex Area (SGW-49924), because of the possibility of additional nitrate sources such as sewerage,
the nitrate mass balance for the S Complex Area is very good.

Maximum Nitrate

U Pond

5-10 & 11 Ponds

W%E Concentration 5-19 Pond
mg/L

20-45
0 50 100 150m 45-100
Lol bl 100-450
rl'l'l'ITI'l'l'l'l
0 250 500t i >450

Figure 6-4. Nitrate Contamination Beneath the S Complex Area

6.2.3 lodine-129

There is insufficient [-129 groundwater data in the S Complex Area to make a meaningful groundwater
plume map and, as shown in Figure 6-5 (from DOE/RL-2010-11); the 1-129 in this southern portion of the
200-W Area is sourced primarily from both U Plant and REDOX Plant disposal facilities. One plume
originates from the 216-U-1 & 2 Cribs, and a second plume originates from the southern portion of the
200 West Area. At the current level of monitoring detail, these plumes merge downgradient and become
indistinguishable. The 216-S-9 Crib may have sourced some of the I-129 feeding this relatively large
comingled plume. As shown in Table 3-5, the 216-S-9 Crib did receive the most [-129 released to the
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Figure 6-6. Chromium Contamination Beneath the S Complex Area
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200 West Area Water Table Map (2009)
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200 West Area Nitrate Groundwater Plume Map
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200 West Area Uranium Groundwater Plume Map
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200 West Area Technetium-99 Groundwater Plume Map
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200 West Area lodine-129 Groundwater Plume Map
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CCL4 Contaminant Plume Pump and Treat Network and Groundwater Flow
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Sub-Region 1 Hydrogeology
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SGE Profile at 216-5-9 Crib
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216-S-9 Crib Contaminant Conceptual Model
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Sub-Region 1 Hydrogeology
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Subregion 1 Contaminant Conceptual Model
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Sub-Region 1
[216-5-9 and 216-5-23 Cribs]
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Sub-Region 2 Hydrogeology
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216-S-21 Crib Contaminant Conceptual Model

Northwest Southeast

L17 —— L16116 L17

Gross Gamma geophysical log
Backfill (Hdb) Hanford formation Cold Creek unit Ringold Formation 7] W O Historical (pas) evated
unit 1 (Hfl) silt dominated (CCuz) member of Taylor Flat (RFtf) "[I' _— SR
- C,.m:mmmo) —_
unit 2 (H2) calcic geosol (caliche) (CCuc) member of Wooded Island-unit e (RFwie) "V Water Level §8E8 g FESL 2011 (512

P " mFREESTONE

U.S. DEPARTMENT OF
ENERG 24

B-24




SGW-50280, REV. 0

Sub-Region 2 Hydrogeology
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Surface Geophysical Profiles Identifying Anomalous Regions
Beneath the 216-5-25 Crib
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216-5-25 Crib Contaminant Conceptual Model
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Temporal Conceptual Contaminant Migration Laterally and Vertically
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UPR-pipeline

SGW-50280, REV. 0
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Sub-Region 2
[216-S-21 and 216-5-25 Cribs]

Northing (WA State Plane)
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Temporal Changesin Gamma Contamination (Qualitative)
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S-SX Sub-Region 2
Contaminant Conceptual
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ENERGY 5
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200-DV-1 Waste
Sites and Regional

Contaminant
Plumes, 200 West
Area

- = |odine-129
(DWS=1pCi/L)

= Uranium
(DWS=30Ug/L)

. = Technetium-99
(DWS=900pCi/L)

I = DV-1 Waste Site

AE R, U-S: DEPARTMENT OF
@ ENERGY -
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299-W19-5 (A7734)

Historical {past} detectable
gamma contamination (as
total gammal

COUNTS PER MINUTE wvis 5

18? . 1% L o e - 1 163 ta* 10’
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R (2001)
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Contamination
) ' Detected —
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nel o 3-2-78 ]
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2, U.S. DEPARTMENT OF

JENERGY .

B-39

1 561

6¢-071-0HY



SGW-50280, REV. 0

299-W19-6 (A4959) e ey

total gamma)

COUNTS PER MINUTE Vis @
19 ' n 10 10t 10’7
: U siesascas P THIT) 70T 1011 ' 4 111K
18 J""'-'-"-"'-"I ]
=
» 1 \ -
’ Hf1 R
30 ""I v o]
Hf2
e \ - o ol
%) CC
Tse - P —
O RFtf J
E'Eu ‘ad - P,
- RFwie ‘;;7
—.:;n ———————————— R M B
0 o (~2001) —
O -
- ;'\ Groundwater -~
—
————— Gamma =+ — — =
T ) Contamination S——
Detected
100 S
1180 °© i -9-69 ]
°© 3-3-70
1200 S
138 ] L b L]} | b LB | Lt 11l
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S Complex Area
Groundwater Contaminant
Plume Source Determination

Volume and Inventory % of Total Released to S Complex Area

Residual Waste in VZ Sediments % of Total

Released to S Complex Area

Bold 9% values represent the largest releases or residual inventories for each parameter.

Total for Residual in VVZ Sediments does not sum to 100% because some inventory reached groundwater.

Vol
Dispose
Facility d NO, U Cr 129 9T NO, U Cr 129 9T¢
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
S-9 10.79 11.47 90.3 0.00 36.03 0.30 11.5 90.3 0.00 36.0 0.3
S-23 7.42 0.53 0.00 0.00 0.00 0.00 0.4 0.0 0.00 0.0 0.00
S-SST
(S-104) 0.02 6.44 4.34 5.04 476 8.38 5.8 3.9 45 4.3 75
S-21 18.97 0.13 0.03 3.77 0.40 0.61 0.04 0.0 1.2 0.1 0.2
S-25 62.7 6l.1 0.23 10.35 0.00 0.00 12.2 0.0 2.1 0.0 0.0
SX-SST 0.12 20.29 5.07 80.9 58.8 90.7 18.3 4.6 72.8 52.9 81.6
Total 100 100 100 100 100 100 48.2 98.9 80.6 93.4 89.7
Notes:

R, U.S. DEPARTMENT OF

ENERGY
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LSS

216-S-25 Cnp

Probable Nitrate
Groundwater Sources

216-5-23 Crib

S Complex Area, 200-DV-1 OU

In The Upper Unconfined
e Well Sampled in CY 2009 Waste Sites

4 Well Sampled in CY 2008

—n Nitrate, mg/L
(Dashed Where Inferred)

DWS = 45 mg/L
0 50 100 150 Meters
| IR S S|

| I I R |

/ ] 200 400 600 Feet

v Well Sampled in CY 2007 E Area Boundary

> \ Volume and Inventory % of Total Released to S Complex Residual Waste in VZ Sediments % of
Area Total Released to S Complex Area
Vol
bisso
Facility se NO, U Cr 129] NTc NO, U Cr 129 NTc
N
. W o\ @ | o | @ | o ||| ]| ]| w
N
S-9 1079\ 1147 4 90.3 0.00 36.03 | 0.30 115 | 903 | 000 | 360 0.3
N\
S-23 7.42 \B-G/ 0.00 0.00 0.00 0.00 0.4 0.0 0.00 0.0 0.00
S-SST Y \
1S 48-104) 0.02 6.44 4.34 5.04 4.76 8.38 5.8 3.9 4.5 4.3 75
1 18.97 0.03 3.77 0.40 0.61 0.04 0.0 1.2 0.1 0.2
‘\. d
Facilities S-25 B? 61.1 0.23 10.35 0.00 0.00 12.2 0.0 2.1 0.0 0.0
SX-SST | o1 2029 |/ s07 | 80.9 | 58.8 | 90.7 | 183 | 46 | 728 | 5209 | 816
Groundwater Operable Units Total 100N, 100 A 100 100 100 10 | 482 | 989 | 806 | 934 | 897
Notes: T
Total for Residual in VZ Sediments does not sum to 100% because some inventory reached groundwater.
gwf09171 Bold % values represent the largest releases or residual inventories for each parameter.

U.S. DEPARTMENT OF

ENERGY
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(2!

216-5-23 Crib

R Probable Chromium
Groundwater Sources
S Complex Area, 200-DV-1 OU

Ll L Y
216-5-25Crib
AN
Yolume and Inventory % of Total Released to S Complex Residual Waste in VZ Sediments % of
\ Area Total Released to S Complex Area
Vol N
Dispo | N
In The Upper Unconfined A S -
o Well Sampled in CY 2009 //,/’q Waste Sites Facility sed NQa Y cr ad *Tc_| NO; U cr ad *Tc
. Well Sampled in CY 2008 “| Faciities L—j e ) | )N . (%) (%) (%) @ |l | e | w | e | %
. Well Sampled in CY 2007 Area Boundary \s-g 1079 | 1147 [790.3 | o000 | 36.03 | 030 | 115 | 903 | 000 | 360 | 03
Chromium. ug/L s23N | 742 | 053 | o 0.00 0.00 000 | 04 | 00 | 000 | 00 [ 000
(Dashed Vihers Inferred) H T e S-SST N »
DWS = 100 ug/L T ~ ? \
" =Mixed Detects and Nondetects o 450 300 450t (S-104) | 0.02 |> 6.44 4.34 5.04 4.76 8.38 5.8 3.9 4.5 4.3 75
_ -
U = Undetected S-21 1897 | o1s | 003 N377 0.40 0.61 0.04 | 00 12 0.1 02
, gwiog172 Ly N
S-25 62.7 | 61.1 | V23 | smms| 000 000 | 122 | 00 | 21 0.0 0.0
N 4 N
SX-SST | 012 | 20.29 507 § 809 ) 588 | 90.7 | 183 | 46 | 728 | 529 | 816
Total 100 100 100 100 100 100 48.2 98.9 80.6 93.4 89.7
U.S. DEPARTMENT OF Notes:
E N E RGY Total for Residual in VZ Sediments does not sum to 100% because some inventory reached groundwater.
Bold % values represent the largest releases or residual inventories for each parameter.
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B

T "fu;u

216-5-25Cib

216-5-21Cib

Probable Technetium-99
Groundwater Sources

S Complex Area, 200-

DV-1 OU

In the Upper Unconfined

®  Well Sampled in CY 2009 U = Undetected
4 Well Sampled in CY 2008
¥ Well Sampled in CY 2007

Technetium, pCi/L
— (Dashed Where Inferred)

Waste Sites

Area Boundary

Groundwater Op

DWS = 900 pCi/L Facilities
* = Mixed Detects and Nondetects ¢ 100 200 s00M
lgwios173 0 200 400 GOOFt

~
~
~
S
~ N Volume and Inventory % of Total Released to S Complex Residual Waste in VZ Sediments % of
~ Area Total Released to S Complex Area
Vol N
Dis| ~
po ~
Facility sed NO,N U Cr 129] NTc NO, U Cr 129 STc
<
~ (%) (%) (G (%) (%) (%) (%) (%) (%) (%) (%)
- N
559 1079 | 1147 | 90.3 | SNog0 36.03 | 0.30 115 | 903 | 0.00 | 36.0 0.3
r <~
S-23 [N7.42 0.53 0.00 0.00 N ~,0.00 0.00 0.4 0.0 0.00 0.0 0.00
-
_SST ~ ~ / \
S-SS ~ - 1 ’
(S-104) | 0.2 6.44 ] .34 5.04 4.76 8.38 5.8 3.9 45 43 75
N
S-21 18.97 0.13 0.03 4~ 3.77 0.40 \U'U/ 0.04 0.0 1.2 0.1 0.2
Bl \ |
S-25 62.7 | 61.1 [ o023 1035 [* @00 | mmon] 122 | 00 2.1 0.0 0.0
~ \
ble Units SX-SST | 012 | 20.29 5.07 80.9 | 58.8 1 90.7 | 183 4.6 728 | 529 81.6
Total 100 100 100 100 100 \10 48.2 98.9 80.6 93.4 89.7
Notes:

Total for Residual in VZ Sediments does not sum to 100% because some inventory reached groundwater.

U.S. DEPARTMENT OF

ENERGY

Bold % values represent the largest releases or residual inventories for each parameter.
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