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This annual summary report describes the operations and results of these groundwater
treatment remedies during 2016 including details on the volume of water treated,
contaminant mass removed, efficiency, the effectiveness of the interim remedial actions,
and the resulting effect on groundwater concentrations. Since the interim remedies were
implemented in the 1990s, additional characterization activities (i.e., the remedial
investigations), along with infc  ition gained from continued operation of the remedial
systems and expansion of well networks, have improved the understanding of the nature
and extent of contaminants of interest in groundwater. Data evaluation and presentation
has been improved through implementation of enhanced contaminant plume interpolation
proc id development of a method to evaluate the degree of river protection

affo the :dial sys s in place.

Although the interim remedial actions are effective and have demonstrated improvement
inbothp ecting the Columbia River and reducii  zgroundwater contaminant

conce  tions, remedies are not yet complete. Interim remedial action operations will
continue, al  ; with monitoring: vities remedial process optimization. Routine

monitoring and optimization activities include the following:

¢ Evaluating results from analytical samples collected from wells, aquifer tubes, and

treatment process locations
¢ Evaluating individual extraction and injection well performance
¢ Evaluating estimated hydi ¢ capture by remedial systems
¢ Evaluating treatment process performance

¢ Adjusting P&T system operations to optimize system performance in response to
observed conditions. System adjustments have included modifying the treatme
plants in the 100-K Area to expand treatment capacity by reducing the nur r of

resin vessels in each treatment train to use the ion-exchange resin more effectively

¢ Evaluating 100-N apatite PRB performance for additional apatite chemical injectiol
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323 KXPumpandT t System

The KX P&T system was primarily designed to treat the Cr(VI) located between the northern end of the
116-K-2 Trench and the N Reactor fence line (also known as the K North plume). However, in its current
well configuration, the KX P&T system is responsible for remediating the inland portions of the
remaining Cr(VI) outside the influence of the KW P&T system. This includes the commingled Cr(VI)
contamination from the 116-K-1 Crib, 116-K-2 Trench, and the 183-KE Head House, the central
segment from the 116-K-2 Trench, and the northeastern portion of the 116-K-2 Trench which ex 0
100-NR-2. This system began partial operation in November 2008 and was fully operational in early
February 2009. Since startup, the system has treated more than 8,992 million L (2,375 million gal)

of water and removed approximately 248.5 kg (547.8 1b) of Cr(VI).

3.2.3.1 KX Pump and Treat System Configuration and Changes

The KX P&T was originally designed to receive and pro  : groundwater at a rate of up to

2,300 L/min (4 ‘min). Over the past  eral ye = optimization activities have increased the
operational capacity of the system to 3,407 L/min (900 gal/min). At the end of 2016, the KX P&T system
included 21 extraction wells and 10 injection wells (Figure 3-13). The following highlights modification
to the KX P&T system during 2016:

e  Operating KX extraction well 199-K-182, was taken offline in the early part of 2016 to install a large
capacity pump. This increased potential flow rates at this well from 45 gal/min to 75 gal/n

e KR4 injection well 199-K-179 was realigned to the KX P&T system to increase injection capacity.

o KR4 extraction well 199-K-144 was realigned to the KX P&T system to reduce the KR4 average
influent Cr(VI) concentration, allowing the KR4 system to operate for hydraulic containment only.

e Well 199-K-225, which was drilled in 2016 and is located downgradient of the 183-KE Head house
and operating extraction well 199-K-220, was aligned to the KX P&T system for mass removal
downgradient of the head house. Well 199-K-225 and well 199-K-220 are set up to run only one at a
time. The current plan is to switch between these wells every 3 to 6 months de;  ling on the Cr(VI)
concentrations exhibited at each location.

During 2016, the KX P&T system continued to operate using the SIR-700 IX resin in the treatment
process. The average influent pH for KX P&T system in 2016 was 6.63 units; the average Tuent pH
(i.e., treated water returned to the aquifer) was 7.01 units. No changes in treatment process chemistry
were implemented during 2016.

3.2.3.2 KX Pump and Treat System Performance

Table 3-6 presents an overview of the operational parameters and total system performance for the
KX P&T system during 2016. Groundwater was processed at an annual average pumping rate of
3,121 L/min (825 gal/min) and operated 99 percent of the time during 2016.

The average Cr(VI) concentration in the P&T system influent for 2016 was 16.9 pg/L, about 10 percent
lower than 2015 (Table 3-6; Figure 3-14). The influent concentrations varied from 14 to 21 pg/L
(Figure 3-15).
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¢ Decommission the existing IOO-NR ~ OU groundwater P&T system building and components.
The T system has not been operated since March 2006.

Status: The 100-NR-2 P&T system was demolished, excavated, and removed in 2016. Demolition
debris was disposed of at ERDF. The former pump and treat extraction wells were converted to support
groundwater monitoring prior to the start of demolition. Piping was removed from the former injection
wells in January 2017.

¢ Maintain existing ICs.

-Status: Existing ICs include entry restrictions (security), escorts and badging of site visitors, excavation
permits, surveillance, posted signs, deed notifications to restrict land and groundwater
use (DOE/RL-2001-27). Existing ICs are being maintained.

e Maintain the riprap cover along the shoreline.

Status: The riprap cover was placed over the groundwater seeps and springs along the shoreline.
The existing riprap cover is being maintained.

e Perl nperiodic rundwater monitoring.

Status: Performance monitoring of the expanded 311 m (1,020 ft) long PRB continued through 2016.
Periodic groundwater monitoring is performed in accordance with Appendix A of DOE/RL-2001-27
(Section 4.3).

The selected interim action remedy to address TPH contamination in 100-NR-2 OU groundwater
(EPA/ROD/R10-99/112) consists of the following:

¢ Remove petroleum hydrocarbon (free-floating product) from any groundwater monitoring well.

Status: Petroleum hydrocarbon contamination as free product was occasionally observed at

wells 199-N-17 and 199-N-18. Well 199-N-17 went dry and was taken out of service and
decommissioned in 2002. Removal of petroleum hydrocarbon light nonaqueous-phase liquid (LNAPL)
from well 199-N-18 continued in 2016.

4.2 Water-Level Monitoring

Groundwater monitoring is conducted at the 100-N Area to assess the direction of migration of the Sr-90
and TPH-D contaminant plumes relative to the Columbia River and influences from the neighboring
100-K P&T operations.

Groundwater generally flows northwest toward the Columbia River beneath the 100-N Area.

The magnitude of the difference in groundwater hydraulic head across the 100-N Area in March 2016 was
about 1 m (3.3 ft) (Figure 4-6). Groundwater flow in 2016 continued to be influenced by groundwater
extraction and injection through wells installed in the southwestern portion of the 100-N Area as part of
the KX P&T remediation system for the 100-KR-4 OU (Chapter 3). A groundwater mound approximately
1 m (3.3 ft) high surrounding the KX P&T system injection wells creates local radial flow.
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In April 2016, the PRD-derived river stage increased by 1.9 m (6.3 ft). Water levels in well 199-N-2,
170 m (557.7 ft) from the river, increased 0.71 m (2.3 ft), with a lag time of approximately 24 days
(Figure 4-9). Water levels in well 199-N-50, 425 m (1,394.4 ft) from the river, increased 0.59 m (1.9 ft)
and had a shorter lag time than well 199-N-2. The water table at well 199-N-50 appears to respond more
quickly than at well 199-N-2, which is located closer to the river. This suggests that the saturated
formation between the river and well 199-N-50 is more permeable than between the river and

well 199-N-2.

Figure 4-9. Daily Average Water Level for Wells 199-N-2 and 199-N-50 Compared to River Stage, 2016

Vertical hydraulic gradients in the 100-NR-2 OU vary from consistently upward gradient at inland
well pair 199-N-81/199-N-70 to variably upward/downward at the well pair closest to the river
(199-N-119/199-N-121). The strongest vertical gradient in 2016 was 8.3 x 10~ m/m upward in
199-N-81/199-N-70.

4.21 Strontium-90

The primary source of the strontium-90 contamination in the subsurface of the 100-N Area was liquid
waste disposal to the 116-N-1 and 116-N-3 waste sites. The size and shape of the strontium-90 plume
changes very little from year to year, except near the apatite PRB. The plume extends from beneath the
116-N-1 and 116-N-3 waste sites to the Columbia River at concentrations above the DWS (8 pCi/L)
(Figure 4-10). The highest concentration portion of the strontium-90 groundwater plume (i.e., the area
with concentrations exceeding 800 pCi/L) primarily underlies the 116-N-1 Trench and extends northwest
to near the Columbia River shoreline. Concentrations also exceed 800 pCi/L in one well beneath the
116-N-3 Crib. The lateral distribution of the groundwater plume with concentrations between 8 and

800 pCi/L is consistent with historical radial flow away from the two waste sites (areas of highest original
concentration) and elongated toward the river parallel to the 116-N-1 waste site (Figure 4-10).
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Because strontium-90 adsorbs strongly to sediment grains, the majority of the strontium-90 remaining in
the subsurface in the 100-N Area is in the lower vadose zone above the aquifer and upper portion of the
unconfined aquifer. Approximately 99 percent of the strontium-90 in the subsurface within the

100-NR-2 OU is adsorbed, and 1 percent remains in solution in the groundwater (DOE/RL-2008-46-ADD5,
Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Addendum 5: 100-NR-1 and
100-NR-2 Operable Units). Although primarily adsorbed, some strontium-90 is remobilized by seasonal
water-level increases that release strontium-90 from sediments within the lower vadose zone not usually in
contact with groundwater (PNNL-16891).

The high sorption (i.e., a high distribution coefficient) of strontium-90 also causes its rate of transport in
groundwater toward the Columbia River to be approximately 100 times slower than the groundwater flow
rate (PNNL-19572). Table 4-2 provides the strontium-90 concentrations in selected monitoring wells and
aquifer tubes.

The highest strontium-90 groundwater concentration detected at 100-NR in 2016 was 12,600 pCi/L in

a sample from 199-N-67, which is dov  rradient of the 116-N-1 Trench. Because of the low mobility of
stront” 190 in groundwater, high strontium-90 concentrations (greater than 150 pCi/L) ¢  limited to the
upper portion of the aquifer. The seasonally low water table elevation in this area ranges from 116.8 m
31 tol1l7 m 4 ft) rontium-90 w :asured at 83.91] /L in20 atwell 199 -182,
which monitors the lower portion of the unconfined aquifer. The top of the well screen is at 114.8 m
(176.5 ft), which is 2 to 3 m (6.5 to 9.8 ft) below the low water table. Strontium-90 concentrations in
monitoring wells screened deeper than well 199-N-182 range from non-detect to less than 8 pCi/L (with
one measurement of 12 pCi/L at well 199-N-69 in 2012). This demonstrates that high strontium-90
contamination above 150 pCi/L in the unconfined aquifer is likely not lower than 3 m (9.8 ft) below the
low water elevation of the periodically rewetted zone.

Strontium-90 concentration trends in monitoring wells near the 116-N-1 waste site show no obvious
long-term decline but do show significant variability related to water levels. Figure 4-11 shows
strontium-90 concentrations and water levels in well 199-N-67 (located just downgradient of the liquid
waste disposal end of the 116-N-1 Trench). When the water table rises, some of the residual strontium-90
adsorbed to sediment in the deep vadose zone is released to groundwater, and concentrations in the
groundwater increase. When the water table decreases, strontium-90 resorbs to sediment, and
concentrations in the groundwater decrease. Annual concentration peaks are correlated with periods when
the water table was higher and saturated the lower vadose zone (Ringold Formation) containing residual
strontium-90 contamination. Figure 4-12 shows strontium-90 concentrations and water levels in former
extraction well 199-N-105A. From 1996 until 2007, groundwater extraction lowered the water table to a
deeper part of the aquifer where strontium-90 concentrations are lower. After extraction ceased, water
levels increased to normal vels and strontium-90 concentration in well 199-N-105A increased as the
periodically rewetted zone with strontium-90 adsorbed on the sediments became re-saturated.

Strontium-90 concentrations, as well as the water table elevation in well 199-N-81 (downgradient of the
116-N-3 Trench), have declined since the late 1990s (Figure 4-13). High water table elevations in 2011
and 2012 caused a slight increase in the strontium-90 concentration that continued into the fall 2015
sampling. The water table elevation returned to more normal elevations from the high-water table
elevations observed in 2011 and 2012 and strontium-90 concentrations in well 199-N-81 have stabilized
in 2016. The positive correlation of strontium-90 concentration with water-level changes may be more
pronounced at wells nearer to the 116-N-1 waste site because it received a much larger mass of
strontium-90 than the 116-N-3 waste site and presumably has more residual strontium-90 in the lower
vadose zone.
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Results: The P&T system was not effective at removing strontium-90 from the groundwater because
strontium-90 strongly adsorbs to sediment grains; therefore, the P&T system was placed in ¢ y
status on March 9, 2006. The P&T facility was demolished and removed in 2016. The only ¢ ;
of the P&T system remaining are the former extraction wells and injection wells. Piping was

from injection wells in January 2017.

The apatite PRB was installed along the section of the 100-N Area shoreline with the highest histoi
groundwater contamination. The injection design provides emplacement of sufficient apatite in ** >
to sequester the strontium-90 flux to the river for the duration needed for the upland strontium-<.
groundwater contamination to naturally decay.

Smart sponges deployed in well 199-N-18 removed 950 g of TPH-D free product in 2016.

A full-scale bioventing system for remediation of TPH-D in the deep vadose zone near waste site
UPR-100-N-17 was implemented in De  1ber 2012 and continued to operate in 2016. The
performance evaluation for 2016 is documented in separate reports (DC ... RL-2016-34 and
DOE/RL-2017-29.

RAO #3: Obtain information to evaluate technologies for strontium-90 removal and evaluate
ecological receptor impacts from contaminated groundwater.

Results: A 311 m (1,020 ft) long apatite PRB is installed near the Columbia River shoreline. The
remainder of the planned PRB extension to approximately 760 m (2,500 ft) willbep ormed in
the future.

Three other types of strontium-90 remediation technologies were tested for potential use in the
100-NR-2 OU in addition to the apatite PRB. Passive infiltration did not prove to be a viak'~ 1
emplacement of apatite-forming chemicals along the 100-N Area shoreline. Jet injection tc... -
that the technology could effectively place apatite or apatite-forming chemicals into the upper vadose
zone with good coverage. Phytoextraction has the potential to remove strontium-90 from the shore™”
area, as demonstrated by greenhouse and laboratory (growth chamber) studies of strontium-9

and field studies in a contaminant-free location at the 100-K Area. No additional work on these
technologies occurred in 2016.

"

* for

Technologies for remediation of strontium-90 are being evaluated in the RUFS report Hr the 100-NR-1
and 100-NR-2 OUs (DOE/RL-2012-15, Remedial Investigation/Feasibility Study for the 100-NR-1 and
100-NR-2 Operable Units, Draft A).

RAO #4: Prevent destruction of sensitive wildlife habitat. Minimize disruption of cultural resources
and wildlife habitat, in general, and prevent adverse impacts to cultural resources :  threatened or
endangered species.

Results: The interim remedial action ROD (EPA/ROD/R10-99/112) establishes ICs that must be
implemented and maintained throughout the interim action period. These provisions include
the following:

— Access control and visitor escorting requirements

— Maintain signs prohibiting public access (new signs were placed along the river and at major road
entrances at each reactor area)

— Excavation permit process to control all intrusive work (e.g., well drilling and soil excavation)

— Regulatory agency notification of any trespassing incidents
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