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1 Introduction

The Hanford Site’s 200 Area Effluent Treatment Facility (ETF) processes contaminated aqueous wastes
derived from Hanford Site facilities. Treated water from the ETF is discharged to the 600-211
State-Approved Land Disposal Site (SALDS), which is authorized to receive the discharge by Stare Waste
Discharge Permit Number ST 4500 (Ecology, 2000) (hereafter referred to as the “Permit”). The Permit
allows disposal of ETF effluents to the SALDS drain field, located 360 m (1,200 ft) north of the

200 West Area (Figure 1-1). The Permit requires that groundwater samples be collected quarterly from
the point of compliance monitoring wells 699-48-77A, 699-48-77C, and 699-48-77D (i.e., the proximal
wells) located at the SALDS facility (although well 699-48-. . .\ became dry during fiscal year [FY] 2012
and can no longer be sampled). It is required that the samples be analyzed for 17 constituents, 11 of
which have groundwater limitations (i.e., concentration limits) specified in the Permit. Collection of
water-level measurements is also required. The U.S. Department of Energy (DOE) has taken the position
that its compliance with the Permit is a matter of intergovernmental comity and cooperation, and that the
Permit has no jurisdiction over radionuclides, which are regulated by DOE under its Atomic Energy Act
of 1954 authority.

Much of the effluent disposed to the SALDS contains tritium because there is no cost-effective treatment
technology to remove tritium from wastewater (DOE/RL-2009-18, 2009 Evaluation of Tritium Removal
and Mitigation Technologies for Wastewater Treatment). Thus, a tritium plume exists in groundwater
beneath the SALDS, and the Permit requires that this plume be tracked. The wells used for this purpose
are located farther from the facility than the proximal wells; they are referred to as the tritium-tracking
wells. These wells are sampled either annually or semiannually. The Permit also requires that computer
modeling of the tritium plume be performed, and that a groundwater monitoring and tritium-tracking
report be submitted annually.

In addition to this annual report, the results of groundwater sampling and analysis of the proximal wells
during 2012 were also reported in the following quarterly discharge monitoring reports:

e CHPRC-1200505, “Quarterly Discharge Monitoring Reports for the 200 Area Effluent Treatment
and Treated Effluent Disposal Facilities Covering the October 2011 Through December 2011
Reporting Period™

e CHPRC-1201772, *Quarterly Discharge Monitoring Reports for the 200 Area Effluent Treatment
and Treated Effluent Disposal Facilities Covering the January 2012 Through March 2012
Reporting Period”

e CHPRC-1203231, “Quarterly Discharge Monitoring Reports for the 200 Area Effluent Treatment and
Treated Effluent Disposal Facilities Covering the April 2012 Through June 2012 Reporting Period”

e CHPRC-1204563, “Quarterly Discharge Monitoring Reports for the 200 Area Effluent Treatment and
Treated Effluent Disposal Facilities Covering the July 2012 Through September 2012
Reporting Period™

Details of the SALDS groundwater monitoring program are described in the current groundwater
monitoring plan (PNNL-13121, Groundwater Monitoring and Tritium-Tracking Plan for the 200 Area
State-Approved Land Disposal Site).
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Figure 1-1. Location of the SALDS and Related Infrastructure
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1.2.3 Groundwater Modeling

The Permit requires an update to the tritium groundwater plume numerical model at least once during

a five-year Permit cycle to predict the distribution and movement of tritium in the aquifer as a result of
SALDS discharges. The Permit also requires that the model be reapplied “within 6 months of detection of
[the] tritium plume in a new monitoring well.” This requirement indicates that the numerical model will
be reapplied when the tritium plume associated with the SALDS is positively identified in a location not
predicted by the most recent model run, or within a well not previously affected by SALDS-derived
tritium. To date, no positive indications of SALDS-derived tritium have been detected in a new
monitoring well.

The groundwater model was last updated in 2011, and Chapter 4 provides a summary of the results,
including the predicted tritium concentrations in groundwater near the SALDS for the year 2030.

The model incorporated recent refinements to the Central Plateau (CP) groundwater model
(DOE/RL-2009-38, Description of Modeling Analyses in Support of the 200-ZP-1 Remedial Design/
Remedial Action Work Plan; CP-47631, Model Package Report: Central Plateau Groundwater Model
Version 3.3) and included the SALDS discharge volume and tritium release information reported through
June 2011. The model also included the latest information regarding the forecast operation of the
200-ZP-1 final remedy pump-and-treat (P&T) system. The P&T system began operating during

July 2012, and future model updates will include actual P&T system operational parameters at the time
the model update is performed. Appendix B of SGW-51085 provides a more detailed description of the
modeling performed during 2011.

1.2.4 State-Approved Land Disposal Site Discharge Information

The SALDS effluent infiltration gallery (i.e., 619-A Crib) isa 35 m by 61 m (115 ft by 200 ft) rectangular
drain field with 4 in. diameter porous pipe laterals coming from an 8 in. diameter header at 1.8 m (6 ft)
intervals. The drain field pipes are 15 cm (6 in.) below the surface of a 1.8 m (6 ft) deep gravel basin.

The gravel basin is covered by a minimum of 30 cm (12 in.) of natural, compacted cover soil.

Discharge of tritium-laden water to the SALDS began in December 1995, with 220 Ci of tritium released
in the first 7 months (which amounted to approximately 52 percent of the total activity released to date).
Discharge volumes until FY 2004 were about 95 million L (25 million gal) each year. Discharges
between March 2005 and August 2007 were sporadic and included intermittent campaigns to treat
242-A evaporator process condensate and K Basins project waste streams, both of which supplied much
of the tritium recently discharged to the SALDS. Discharge volumes increased in September 2007 when
the ETF began treating wastewater from the interim action P&T system at the T Tank Farm; however, the
tritium activity in this stream was low. Because the final action P&T system for the 200-ZP-1 OU began
operating during July 2012, the interim action P&T system was shut down on June 5, 2012, and will no
longer be operated. The final action system has its own treatment plant and returns water to the aquifer
using injection wells, so the ETF/SALDS will not receive wastewater from this system.

During the period from August 2011 through July 2012, 52.0 million L (13.7 million gal) of water were
discharged to the SALDS compared to 89.2 million L (23.6 million gal) during the previous one-year
period. The primary source of FY 2012 effluent was from ETF treatment of the low-tritium-bearing
groundwater stream from the T Tank Farm interim action P&T system. Prior to shutdown in June 2012,
the pumping rate from this system during FY 2012 averaged 82 L/min (22 gal/min), excluding downtime
when the pipeline was used to transfer batches of leachate from the Environmental Restoration Disposal
Facility (ERDF) to the Liquid Effluent Retention Facility (LERF). In November 2011 and from June
through August 2012, the ETF treated and discharged 8.89 million L (2.35 million gal) of a mixture of
high-tritium-bearing wastes from K Basins and ERDF leachate. LERF Basin 44 has been used to store
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these waste streams since 2002, and the accumulated water is treated in intermittent campaigns.
Discharges from the ETF to the SALDS did not take place in August and September 2011 or in
March 2012 due to maintenance outages. The total discharge volume to the SALDS since startup in
December 1995 through July 2012 is approximately 1.168 million L (307 million gal) (Figure 1-4).

Figure 1-5 shows the monthly and cumulative activity of tritium discharged to the SALDS (not corrected
for radioactive decay). The total quantity of tritium discharged during FY 2012 was calculated to be
4.25 Ci based on sampling at the ETF prior to discharge. Of this amount, 3.60 Ci were from treatment
of K Basins/ERDF leachate and the remainder was from treatment of T Tank Farm groundwater.

The 4.25 Ci discharged in FY 2012 is slightly less than the 4.70 Ci reported to have been released during
FY 2011 (the FY 2011 value was thought to be biased high by an off-trend tritium sample result)
(SGW-51085). Recent release activities are relatively small compared to historical releases (Figure 1-5).
. .iis reflects the relatively low concentration of tritium in the waste streams currently being treated.

The total amount of tritium discharged to the SALDS from December 1995 through July 2012 is 425 Ci.
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Figure 1-4. Monthly and Cumulative Discharge Volumes for the SALDS
from Inception Through July 2012
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There were no confirmed exceedances of a Permit limit during FY 2012. Acetone, benzene, cadmium,
chloroform, and tetrahydrofuran were reported below detection limits in both proximal wells for each of
the samples collected during FY 2012. Mercury was detected at 2.4 pg/L in an unfiltered sample from
well 699-48-77C during November 2011, which was above the Permit limit of 2 pg/L. The sample was
re-analyzed, yielding a result of 1.8 pg/L. However, these sample results were deemed invalid and not
representative of the aquifer for the following reasons:

e Mercury was not detected in the filtered sample.

¢ Mercury was not detected in either of the filtered and unfiltered duplicate samples collected at the
same time for quality assurance purposes.

e Sample results of effluent from the ETF indicate little or no mercury present in the water discharged
to the SALDS. The maximum historical effluent sample result was 0.090 pg/L. (November 2008),
but mercury has not been detected in most of the effluent samples.

o The reported result of 2.4 pg/L is similar to the practical quantitation limit check standard of
2.0 pg/L, which is analyzed at the same time, suggesting a possible mix up in labeling sample bottles
at the analytical laboratory.

e Mercury was not detected in any subsequent samples collected from this well during FY 2012.

There were also issues associated with the unfiltered metals results from well 699-48-77D. This well is
nearly dry (Figure 2-10), and during purging, the water level frequently declined to near the same level as
the pump intake, making it difficult to purge the required three borehole volumes. Many of the samples
were aerated because air was drawn into the pump intake. Also, the samples had high turbidity because of
the inability to fully purge the well, and potentially because aeration agitated the water and entrained
particles that are not normally mobile during the sampling process.

High turbidity adversely affects sample results for some metals. Metal samples are preserved with nitric
acid to prevent alteration of the sample chemistry by chemical and biological processes prior to sample
analysis (Soil Water and Groundwater Sampling [Wilson, 1995]). Acid is also added to metals samples
at the laboratory in preparation for analysis. However, when the turbidity is high, the acid causes metals
adsorbed or precipitated on the sediment to become dissolved, resulting in elevated metals results that
are not representative of the aquifer. For instance, the turbidity averaged 200 nephelometric turbidity
units (NTU) for the December 2011 sampling. which resulted in elevated results for cadmium, copper,
and lead in the unfiltered samples (Table 3-2). Under these conditions, the filtered sample results are
more representative of aquifer conditions. During December 2011, the filtered samples had copper and
lead concentrations of 0.63 pg/L and 0.25 ng/L, respectively, which is much lower than the unfiltered
results of 36.3 and 10.9 pug/L. Cadmium was not detected in any of the filtered samples collected from
well 699-48-77D during FY 2012,

Field pH measurements were within the 6.5 to 8.5 criterion in all samples collected from the proximal
wells during FY 2012. The minimum and maximum pH values of 7.9 and 8.2 occurred in well
699-48-77D. The maximum sulfate concentration was 20,100 pg/L in 699-48-77D, well below the Permit
limit of 250,000 pg/L. The maximum total dissolved solids value was 248,000 pg/L in 699-48-77D,
below the 500,000 ug/L Permit limit,

During FY 2012, gross beta results ranged from below detection limits to a maximum of 7.5 pCi/L in the
proximal wells, which is below the Hanford Site background value of 8.96 pCi/L (95 percentile value

provided in DOE/RL-96-61, Hanford Site Background: Part 3, Groundwater Background). Strontium-90
results ranged from below detection limits to a maximum of 3.8 pCi/L. The maximum value is above the
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Hanford Site background value of 0.020 pCi/L, but is below the 8 pCi/L drinking water standard.
Gross alpha analyses in the proximal wells yielded results ranging from nondetects to 3.01 pCi/L.
There are no Permit limits associated with gross alpha, gross beta, or strontium-90.

3.2 Results of Tritium Analyses (Tritium Tracking)

The proximal wells are sampled quarterly for a suite of constituents that includes tritium, but the other
SALDS network monitoring wells are sampled annually or semiannually for tritium only (i.e., the
tritium-tracking wells). Eight tritium-tracking wells were sampled between January and June 2012.

Due to generally declining water levels throughout the 200 West Area, 11 of the 19 tritium-tracking wells
listed in the monitoring plan (PNNL-13121) have gone dry and are no longer in use. Five of the wells that
were successfully sampled are screened in the upper portion of the aquifer near the water table; the other
three wells are screened at greater depths, including one well (699 -75P)that afp ome \
within well 699-51-75 but is completed 41 m (135 ft) deeper in the aquifer. Four of the tritium-tracking
wells are also sampled as part of monitoring for the 200-ZP-1 OU (Table 3-1). The tritium results for

this program, as well as the results collected specifically for the SALDS well network, are provided

in Appendix A.

3.21  Tritium in the Proximal Monitoring Wells

Groundwater in the proximal wells has been affected by tritium discharges since 1996 (Figure 3-1). From
FY 2011 to FY 2012, the average tritium activity changed by 20 percent or more in both proximal wells,
699-48-77C and 699-48-77D, indicating substantial changes in concentration (Figure 3-2). The average
concentration increased from 101,000 pCi/L to 156,000 pCi/L in 699-48-77C between FY 2011 and

FY 2012, and the average concentration decreased from 138,000 pCi/L to 110,000 pCi/L in 699-48-77D.
The maximum tritium concentrations in the proximal wells during FY 2012 and the associated sampling
dates are shown in Table 3-2.

3.21.1 Long-Term Trends

Figure 3-1 shows tritium concentrations in the proximal wells compared to the amount of tritium released
at the SALDS. Peak tritium concentrations occurred in September 1997 (2,000,000 pCi/L) and

February 1998 (2,100,000 pCi/L) in wells 699-48-77A and 699-48-77D, respectively, in response to
initial discharges to the SALDS between December 1995 and June 1996. The tritium concentration trend
in well 699-48-77C is attenuated and time-lagged compared to the other wells. The peak concentration in
this well occurred in February 2001, which is 3 years after the peak occurred in 699-48-77D, and the
concentration was lower at 980,000 pCi/L. This is because 699-48-77C is screened approximately 20 m
(65 ft) below the water table, and it took longer for the plume front to migrate to this depth, which
allowed for more dispersion of the plume. Radiological decay would also have been a factor in the
reduced concentration because tritium has a relatively short half-life (12.3 years), but dispersion was the
primary factor.

Since the time of peak concentrations in the proximal wells, the tritium concentration trends have
been generally downward. However, from 1999 to 2005, concentration changes in well 699-48-77A
were irregular (Figure 3-1), with periodic highs and lows of significant amplitude (sometimes two
order-of-magnitude changes). These fluctuations were likely caused by the annual campaigns of the
242-A evaporator wastewater during that time, which was high in tritium. In April 2008, the
820,000 pCi/L tritium concentration was the highest level seen in well 699-48-77A in a decade
(Figure 3-2). This was likely due to several intermittent ETF campaigns in 2006 and 2007 to treat
wastewater from the K Basins project, which had tritium levels similar to those of 242-A evaporator
wastewater.
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December 1995 (Figure 3-6), with values peaking at approximately 845 uS/cm in August 1996. This was
likely due to transport of dissolved soluble mineral species in the vadose zone during initial percolation of
SALDS effluents (PNNL-11633, Origin of Increased Sulfate in Groundwater at the ETF Disposal Site;
PNNL-11665, Tritium Monitoring in Groundwater and Evaluation of Model Predictions for the Hanford
Site 200 Area Effluent Treatment Facility). This spike in dissolved constituents was a temporary effect
associated with the initial wetting of the vadose zone sediments beneath the facility.

Currently, specific conductance in the proximal wells is related to the volume of effluent releases from
the SALDS. The SALDS effluent is very low in specific conductance. For example, the average value for
June 2012 was 1.98 uS/cm (CHPRC-1203231). The Hanford Site groundwater background for specific
conductance has a geometric mean of 348 pS/cm (DOE/RL-96-61). Thus, mixing of SALDS effluent
with groundwater reduces the specific conductance in the monitoring wells because of dilution, and the

unt of reducti 4 | nds on the vol  : of effluent released. Con  sely, during perior  of reduced
discharges, specific conductance in the monitoring wells increases because of less dilution. This occurred
between 2005 and 2007, when pumping ceased and a rebound study was conducted at the 200-UP-1 P&T
system, resulting in reduced effluent volumes released from the SALDS (Figure 3-6). Specific
conductance in shallow proximal wells 699-48-77A and 699-48-77D increased during this time and
peaked in late 2007 and early 2008. A slight peak in specific conductance was observed during early 2011
in deep proximal well 699-48-77C, which is likely the attenuated, time-lagged response to the 2005 to
2007 period of reduced effluent discharges. A map showing the low specific conductance values in the
proximal wells compared to other wells in the SALDS vicinity is shown in Figure 3-7.

During FY 2012, the maximum field conductivity readings in the proximal wells were 194 uS/cm in
699-48-77C and 276 puS/cm in 699-48-77D. The trend has been relatively stable in 699-48-77D since
2009, although a slight increasing trend is evident during FY 2012 (Figure 3-6). This may be in response
to the reduced effluent discharges between August 2011 and July 2012 (52.0 million L [13.7 million gal])
compared to the previous one-year period (89.2 million L [23.6 million gal]). Specific conductance
exhibits a slight declining trend in 699-48-77C, which is likely the attenuated, time-lagged response to the
increase in SALDS discharges during 2007.

During FY 2012, the maximum total dissolved solids in the proximal wells was 157 mg/L in 699-48-77C
and 198 mg/L in 699-48-77D. Concentrations are generally stable in 699-48-77C, but a slight upward
trend has been occurring at 699-47-77D since 2006 (Figure 3-8). The reason for this trend is unknown,
but it is not caused by SALDS discharges. During the same time, a decreasing trend occurred at
699-48-77A, which is the well most impacted by the effluent releases. Similar to specific conductance,
total dissolved solids in the proximal wells are diluted compared to other nearby wells (Figure 3-7)
because of the very low total dissolved solids in the SALDS effluent (e.g., less than 2 mg/L during

June 2012 [CHPRC-1203231]) compared to natural background in the aquifer (geometric mean of

201 mg/L [DOE/RL-96-61]).
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Figure 3-5. Tritium Concentrations in Wells South of the SALDS Showing

Remnant Effects of the Tritium Plume from the 200 West Area
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Figure 3-9. Chloride Concentrations in the SALDS Proximal Wells
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Figure 3-10. Sulfate Concentrations in the SALDS Proximal Wells
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Figure 3-11. Calcium Concentrations in the SALDS Proximal Wells
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