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Figure 4-1. Location of the 100-NR-2 OU



DOE/RL-2021-52, REV. 0

2021 Sampling Locations
®  Groundwater Well
Aquifer Tube

Boreholes Drilled and
Decommissioned in 2021

Seep

KX Extraction Well
KX Injection Well
Apatite Barrier - Treated

© e 4p» 0O 9

Apatite Barrier - Untreated
Well prefix '199-' and '699-' omitted.

Waste Site

Facility

Groundwater Interest
m Area Boundary

I___—L Former Operational Boundary

Ringold Upper Mud Well (Confined)

/ 26-D,M~
AT—K—G—D,S\

Roads
0 100 200 300 m
[ S pu
| B
N
0 500 1,000 ft | C6320\N 19/8 / D03}7N 56 $~N-186
GW21NR02-5/17/2022 N 172 69 116-N-1
C7937,38,39—N y“ \
C7934,35,36— UPR-100-N-17
C6317,18,19—= ¢ 2N-371 \ o 57  eN64
P& N3t /S
/ ®N:372
/105N Reactor!
62636465\ / /
N-376

) C6324 N-367
S o587 N-366
¥ N-365
o N-185- 004K N-364
N-363
6§ Cosgoy o N3E:
© N116mArray- 11A\ 61
N-358, N-99A N-360, N-298
N116mArray-9A o N-359
N-281 &N\-76
N-268, N-355 N-357
N-356
N-352 N-354 ¢-N-75
NT16mATay-6AN_ o788, \ Ensss o A—N-189
NVP2-116.0 798 N-105ne
N-122, N-46 321 \
N Seep 89-1 N 8o \
N116mArray-4A N-147
N-164,N-146 N-136 N-187
N116mArray-2A~ APT1 /®N-103A &
N-347 23 N2
NO6A N-182
C9586~ )
N116mArray—C¢\r N-183 ‘N-184 o N-67 ‘K 233
N-173, N-201 Door2
C6132~—. ‘N-1 T _N-171
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Apply one additional round of apatite injections within 5 years of completing all first-round
apatite injections.

Status: Additional rounds of injections were not performed in 2021. Apatite injections will be
conducted within a traditional cultural property boundary. Additional injections to build out the
barrier have been delayed pending establishment of a memorandum of agreement to conduct the
project activities deemed to have an adverse effect on the traditional cultural property. Future PRB
injections are deferred until fiscal year 2025 to allow completion of the National Historic Preservation
Act Section 106 process when additional information on remedy decision becomes available with
completion of the 100-N RI/FS (DOE/RL-2012-15) for a final ROD determination
(DOE/RL-2001-27, as modified by TPA-CN-0821 and Federal Facility Agreement and Consent
Order Change Control Form-M-15-22-03).

Use MNA.

Status: Strontium-90 naturally attenuates by radioactive decay. Groundwater monitoring wells are
periodically sampled in accordance with Appendix A of the RD/RAWP (DOE/RL-2001-27) to assess
the ongoing decline in contaminant concentrations in the 100-NR-2 OU.

Decommission the existing 100-NR-2 OU groundwater P&T system building and components.
The P&T system has not operated since March 2006.

Status: Completed.
Maintain existing ICs.

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

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.

Perform periodic groundwater monitoring.

Status: Performance monitoring of the expanded 311 m (1,020 ft) long PRB continued during 2021.
Periodic groundwater monitoring is performed in accordance with Appendix A of the RD/RAWP
(DOE/RL-2001-27). Section 4.3 provides further discussion.

The selected interim action remedy to address petroleum hydrocarbon 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 present as light nonaqueous-phase liquid (or 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. Smart sponge assemblies were used to absorb
and remove petroleum hydrocarbons from well 199-N-18.
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In 2017, smart sponge assemblies were also installed in well 199-N-183, which was drilled near
well 199-N-18 as a replacement well. Diesel odor and an oil sheen have periodically been observed
in the new well during sampling. Removal of petroleum hydrocarbon light nonaqueous-phase liquid
from wells 199-N-18 and 199-N-183 continued during 2021 (see Section 4.5.2).

Other contaminants identified in the interim action ROD (EPA/ROD/R10-99/112) include
nitrate, chromium (total), Cr (VI), tritium, manganese, and sulfate. Monitoring information for these

groundwater contaminants is provided in Chapter 6 of the 2021 annual groundwater report
(DOE/RL-2021-51).

Draft B of the 100-N Area RI/FS report (DOE/RL-2012-15) was issued to Ecology in November 2019 for
regulatory agency review. Ecology review comments were provided in July 2020 and disposition of
comments with Ecology continued through 2021. The RI/FS report will be used to support future cleanup
decisions that will be specified in a proposed plan and ROD.

4.2  Water-Level Monitoring

Water-level monitoring is conducted in the 100-N Area to assess groundwater flow direction.
Groundwater generally flows north and northwest toward the Columbia River beneath the 100-N Area
(Figure 4-6). Groundwater flow in the 100-NR-2 OU is influenced by Columbia River stage. The river
stage can change daily (£1.5 m [5 ft]) and seasonally (+2.4 m [7.8 ft]), which affects the saturated
thickness of the aquifer and may create temporal flow reversals (Section 1.1 in PNNL-16891, Hanford
100-N Area Apatite Emplacement.: Laboratory Results of Ca-Citrate-PO4 Solution Injection and Sr-90
Immobilization in 100-N Sediments). The river stage is controlled by releases of water at Priest Rapids
Dam, upstream from the Hanford Site. Figure 4-7 provides a hydrograph of 100-N Area river stage from
2017 through 2021. The daily average river elevation in March 2021 ranged from 117.1 to 117.5 m (384.3
to 385.5 ft). The high river-stage period in 2021 occurred from May through July, with the highest
elevation recorded in June at 119.6 m (392.2 ft). The low river-stage period was from September through
December, with a low of 116.3 m (381.5 ft) in September.

Groundwater flow in the southwestern portion of the 100-N Area is also influenced by groundwater
extraction and injection through wells installed as part of the KX P&T remediation system for the
100-KR-4 OU (Chapter 3). A groundwater mound approximately 1.0 m (3.3 ft) high surrounding the
KX P&T system injection wells in the southwestern portion of the 100-N Area creates local radial flow.
A water table depression is also present around 100-KR-4 OU groundwater extraction wells along the
100-NR-2 OU/100-KR-4 OU boundary.

4.3  Groundwater Contaminant Sources and Monitoring

This section describes strontium-90 and petroleum hydrocarbon sources and groundwater monitoring
performed in 2021.

4.3.1 Strontium-90

The primary source of strontium-90 in groundwater at the 100-N area was liquid waste disposed to two
liquid waste disposal facilities (LWDFs) from N Reactor: the 116-N-1 Crib and Trench, and the
116-N-3 Crib and Trench (Figure 4-2). Concentrations in groundwater vary with fluctuating water levels
and due to installation of the PRB along the shoreline. However, the size and shape of the strontium-90
plume (Figure 4-8) changes very little from year to year because of the low mobility of strontium-90

in groundwater, and its preference to bind (through sorption) to the soil matrix.
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Reference: ECF-HANFORD-21-0117, Preparation of the March 2021 Hanford Site Water Table Map.
Figure 4-6. 100-N Area Water Table Map, March 2021
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Figure 4-8. Strontium-90 Plume Map for the 100-N Area, 2021
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The strontium-90 plume extends beneath the LWDFs to the Columbia River at concentrations above the
DWS (8 pCi/L) (Figure 4-8). The highest concentration portion of the strontium-90 groundwater plume
(i.e., the area with concentrations >800 pCi/L) primarily underlies the 116-N-1 Trench and extends
northwest to near the Columbia River shoreline. The highest strontium-90 concentration in 100-NR-2 OU
groundwater in 2021 was 11,700 pCi/L at well 199-N-67, located in the main body of the plume beneath
the 116-N-1 Trench. Concentrations were also >800 pCi/L in well 199-N-188 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 LWDFs (areas of the highest original concentrations)
and elongated toward the river parallel to the 116-N-1 waste site. Additional details on development of
the strontium-90 plume interpretation are provided in Chapter 6 of the 2021 annual groundwater report
(DOE/RL-2021-51).

Because strontium-90 adsorbs strongly to sediment grains, the majority of the strontium-90 remaining in
the subsurface at the 100-N Area is in the soils beneath the LWDFs and spreads laterally in the lower
vadose zone at the Hanford/Ringold interface, and upper portion of the unconfined aquifer sediments.
Approximately 99% of the strontium-90 in the subsurface is adsorbed to the soil particles, and 1%
remains in solution in the groundwater (Section 4.3.2 of DOE/RL-2008-46, ADDS, Integrated 100 Area
Remedial Investigation/Feasibility Study Work Plan, Addendum 5: 100-NR-1 and 100-NR-2 Operable
Units). Some strontium-90 is remobilized by seasonal water-level increases that release strontium-90
from sediments within the lower vadose zone that are 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, 100-NR-2 Apatite Treatability Test: High-Concentration Calcium-Citrate-Phosphate
Solution Injection for In Situ Strontium-90 Immobilization, Final Report). As a result of the low mobility
of strontium-90 in groundwater, high strontium-90 concentrations (>150 pCi/L) are limited to the upper
portion of the aquifer, binding to the soil in that area instead of migrating vertically through the aquifer
thickness (DOE/RL-2019-66, Hanford Site Groundwater Monitoring Report for 2019).

From September 1995 through March 2006, an interim action P&T system was operated to remove and
treat strontium-90 contamination in the groundwater. During 11 years of operation, the P&T system
extracted 1.1 billion L (305 million gal) of groundwater. The P&T system removed 10 times less
strontium-90 from the aquifer than the amount removed by natural radioactive decay (DOE/RL-2004-21).
The P&T system had limited success in removing strontium-90 from the aquifer since most of the
strontium-90 is bound to the aquifer sediments and not readily removed using pump-and-treat technology.
The interim action ROD Amendment (EPA et al., 2010) placed the P&T system in standby for
decommissioning and deployed the apatite sequestration technology for remediation of strontium-90 in
the 100-NR-2 groundwater OU. Table 4-1 lists the strontium-90 concentrations in selected monitoring
wells and aquifer tubes, as well as information on how concentrations have changed between 1994
(pre-interim remedy P&T) and 2021.
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Table 4-1. Strontium-90 Concentrations in Monitoring Wells and Aquifer Tubes

Percent
Change,
Well/Tube 1994 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Earliest Data
Name (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) |Date to 2021
Monitoring Wells
199-N-2 121 80.7 1,100 160 NS NS 3,300 1,040 777 164 261 1,630 1,210 274 834 192 59
199-N-3 927 1,330 1,200 1,060 870 1,200 1,300 960 938 859 768 863 675 552 585 507 (45)
199-N-14 1,210 1,070 1,300 1,360 1,400 1,730 960 1,200 1,120 1,380 1,360 1,380 1,350 1,370 1,250 1,290 7
199-N-16 0.34 -0.08(U) 0.06(U) -0.04(U) -2.70(U) -0.12(U) 0.11(U) Decommissioned 12/18/2012 NC
199-N-18 392 NS 290 -12(U) 260 203 In use for TPH-D remediation NC
199-N-19 43.6 28.2 NS NS 23 26.4 23 22 23¢# 17.1 16.3 11.9 17 15 16 17 (60)
199-N-21 1.50 NS NS -2.60(U) -7.6(U) 1.22 1.2 1.8 0.31(U) -0.193(U) 0.944(U) 0.278(U) 0.49 NS 0.428(U) NS NC
199-N-27 171 167 160 130 125 194 200 130 129 126 127 184 145 114 107 90 47)
199-N-28 120 25.1 21 25 20 34.9 35 24 33 325 30.1 27.4 26 38 29 35 (71)
199-N-32 1.27 0.358(U) -1.40(U) -1.60(U) -4.8(U) 0.15(U) 0.36(U) 0.77(U) 0.37(U) 0.06(U) -0.606(U) | -0.494(U) 0.581(U) 0.896(U) 1.88(U) -0.306 (U) (124)
199-N-34 69.3 53.5 67 44 37 57.4 45 42 42 35.9 39.3 51.9 47 40 41 33 (52)
199-N-41 0.004(U) -0.10(U) -0.41(U) -1.20(U) -1.80(U) 0.50(U) 1 NS 0.48(U) 0.50(U) 0.26(U) -0.519(U) 0.204(U) 1.52(U) 0.89(U) | -0.0079 (U) NC
199-N-46 5,850 2,690 630 580 530 1,220 1,035 1,400 1,570 1,730 1,190° NS 2,230 NS NS NS NC
199-N-50 -0.02(U) NS NS NS -0.20(U) -0.13(U) 0.23(U) 0.8(U) 0.17(U) 0.73 0.348 NS 0.131(U) 0.219(U) 0.228(U) 0.071 (U) NC
199-N-51 0.254(U) 0.11(U) NS N -5.30(U) 0.52(U) 0.26(U) 0.78(U) 0.16(U) -0.54(U) 0.972(U) -0.869 0.123(U) 0.659(U) 0.518(U) | -0.0087 (U) NC
199-N-56 164¢ 317 170 140 -7.5(U) 490 560 380 338 246 NS NS NS NS NS NS NC
199-N-57 26 9.71 8.51 2.90 5.80 15.2 15.5 12 10 6.86 5.18 10.7 11 6 16 5 (79)
199-N-64 0.185(U) 0.785(U) 0.256(U) -5.30(U) -4.60(U) 0.48(U) 3 0.49(U) 1.2(U) 0.35(U) 0.857 0.016 2 0.67(U) 0.523(U) 0.182 (U) NC
199-N-67 3,680 9,710 10,000 9,000 9,800 13,500 11,550 14,000 15,500 13,600 12,600 10,400 11,600 11,400 15,700 11,700 218
199-N-69¢ -0.09(U) 0.21(U) NS NS -3.20(U) 2.96 12 4.8 3 0.57(U) NS NS NS NS NS NS NC
199-N-70¢ 0.321(U) 0.156(U) -2.60(U) -2.40(U) -3.80(U) 0.79 1.2 1.2 0.54(U) -0.27(U) NS NS NS NS NS NS NC
199-N-71 0.55 NS 0.38(U) -0.05(U) -2.80(U) -3.90(U) |0.29(U); 1.1 | 0.65(U) 0.60(U) 0.27(U) 0.21(U) NS NS NS NS NS NC
199-N-72 2.59¢ NS -1.00(U) NS -1.70(U) -2.60(U) NS NS NS NS 1.475¢ NS NS 0.999(U) NS NS NC
199-N-73 0.53 NS NS NS NS NS NS NS NS NS 0.83¢ NS NS NS 0.41(U) NS NC
199-N-74 0.415 -0.08(U) 2.3¢ 405¢ -2.0(U) -3.60(U) NS NS NS NS -0.54(U) 0.611(U) 0.191(U) 0.679(U) 0.544(U) 0.094 (U) (77)
199-N-75° 2,110 307 2,500 3,000 2,400 NS 3,200 2,500 2,540 3,200 3,050 2,420 2,410 NS 3,130 3,170 50
199-N-76 84.9 216 180 180 120 387 1,120 690 440 177 302 222 295 154 151 131 54
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Table 4-1. Strontium-90 Concentrations in Monitoring Wells and Aquifer Tubes

Percent
Change,
Well/Tube 1994 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Earliest Data
Name (pCi/L) (pCi/L) (pCGi/L) (pCGi/L) (pCi/L) (pCGi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCGi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) |Date to 2021
199-N-77 0.45 NS NS NS NS NS NS NS NS NS 2.225¢ 1.55¢ 0.614(U) NS NS NS NC
199-N-804 0.734(Q) -0.154(U) 0.82(U) -0.07(U) -5.9(U) 0.22(U) 0.77(U) 1.5 2 0.06(U) 0.502(U) 0.63(U) 0.132(U) 0.688(U) 0.694(U) 0.222 (U) (70)
199-N-81 746 734 970 400 320 395 450 490 475 513 493 473 523 305 413 367 (51
199-N-92A 0.59(U) 0.92 1.22 3.50 -9(U) 0.60 0.47(U) 0.69(U) 1 -0.05(U) 0.487(U) 0.209 1.34(U) 0.264(U) 0 0 (o1)
199-N-96A 4.90¢ 5.74 1.65 -1.30(U) 3.94 9.90 2.04 5.9 2 4.36 7.15 1.62 1 2 2 4 (26)
199-N-99A 2,8608 1,270 1,200 1,400 1,500 1,020 666.5 1,230 1,600 1,540 NS NS NS NS NS 1,200 (58)
199-N-103AF%P 4.08¢ 422 1,200 1,200 1,400 1,360 1,600 1,300 1,420 1,560 1,090 916 824 1,030 1,000 1,110 27,106
199-N-104A 5.688 NS NS NS NS NS 380 260 NS NS 290 NS NS 254 428 423 7,347
199-N-105A%" 1128 1,360 1,900 1,500 1,600 6,580 6,100 1,900 2,210 1,150 1,180 2,280 2,760 1,370 1,330 1,510 1,248
199-N-106A%" 2,8908 3,260 2,200 1,800 NS 2,370 3,035 2,200 2,240 1,580 2,010 2,320 2,300 1,010 1,420 1,190 (59)
199-N-119 — 280 250 210 220 274 56 41 29 14.5 NS NS NS NS NS NS NC
199-N-120¢ — 10.1 6.55 NS 1.40(U) 6.93 58 5.7 4 1.93 NS NS NS NS NS NS NC
199-N-1214 — 0.272(U) 0.0169(U) NS -2.00(U) -0.02(U) 0.23(U) -0.21(U) 0.33(U) 0.52(U) NS NS NS NS NS NS NC
199-N-122 — 730 1,160 260 800 740 656 560 907 1,100 1,580 1,120 961 972 829 913 25
199-N-123 — 871 255 -1.60(U) 280 1,770 204 140 120 55.8 133 162 221 87 269 138 (84)
199-N-146 — 318t 412 260 300 328 215 270 256 200 286 503 307 437 461 308 3)
199-N-147 — 5221 791 250 250 478 250 120 231 157 244 238 190 226 222 181 (65)
199-N-165 — — — -1.90(U) -6.60(U) 0.14(U) 0.57(U) 1.6 -0.39(U) 0.24(U) -0.166(U) 1.92¢ NS 6 NS NS NC
199-N-173 — — — 16 23 19 14.5 22 25 21.5 23.6 20.8 23 20 16 20 26
199-N-182 — — — — — — 110 140 144 83.9 NS NS NS NS NS 38 (66)
199-N-183 — — — — — — 120 100 82 81.2 89.3 80 112 143 136 91 (24)
199-N-184 — — — — — — 5,000 1,100 1,150 320 212 1,590 3,810 454 547 208 (96)
199-N-185 — — — — — — 3.9 7.6 8 6.43 NS NS 4 NS NS NS NC
199-N-186 — — — — — — 810 390 420 207 193 433 860 244 210 147 (82)
199-N-187 — — — — — — 8,600 11,400 12,800 9,860 10,100 14,200 11,300 9,790 8,720 7,540 (12)
199-N-188 — — — — — — 1,500 2,500 2,280 1,520 1,780 3,230 2,110 1,600 1,710 1,250 17
199-N-189 — — — — — — 0.02(U) 0.39(U) 0.85(U) 0.27(U) NS NS 1.22(U) 0.634(U) 0.673(U) 0.074 (U) NC
199-N-371 — — — — — — — — — — 1.76(U) 1.59(U) 0.267(U) 0.257(U) 1 0.171 (U) NC
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Table 4-1. Strontium-90 Concentrations in Monitoring Wells and Aquifer Tubes

Percent
Change,
Well/Tube 1994 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Earliest Data
Name (pCi/L) (pCi/L) (pCGi/L) (pCGi/L) (pCi/L) (pCGi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCGi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) |Date to 2021
199-N-372 — — — — — — — — — — 1.85(U) 1.5(U) 0.6(U) 0.662(U) 1 0.143 (U) NC
199-N-374 — — — — — — — — — — 14 33 29 18 24 31 116
Aquifer Tubes
C7934 — — — — 300 NS 93 310 321 344 361 260 189 220 156 179 (40)
C7935 — — — — 300 NS 190 280 356 331 320 275 161 189 168 208 3D
C7936 — — — — 69 NS 55 96 83 80.4 85.6 59.7 51 40 54 44 37
APT-1 — 3,400 NS NS 500 530 840 270 211 331 480 699 651 414 424 434 &7
APT-5 — 2,100 NS NS 450 420 270 120 184 238 216 181 173 211 128 191 (C2Y)]
Nll6mArray-3A — 379 1,750¢ 500 110 248 240 170 190 120 144 202 146 172 NS NS NC
Nl1l6mArray-4A — 1,260 7,000° 340 270 226 250 280 342 186 200 209 237 287 376 384 (70)
NVP2-116.0 — 3,200 2,550° 1,100 1,200 1,100 733 700 845 1,680 2,070 2,390 2,740 2,080 1,870 36 99)
N1l6mArray-6A — 477 370¢° 95¢ 110 170 190 130 251 75.2 155 183 142 145 70 281 4D
Notes: Data are maximum values reported from the fall of the year, unless otherwise noted.
Cells with “—” indicate that the well or aquifer tube was constructed after this date.
Yellow-shaded cells indicate wells with concentrations above the drinking water standard (8 pCi/L).
a. Sampled on January 20, 2015.
b. Sampled on July 1, 2016.
c. Not sampled in 1994. Value from 1993 is used for this table.
d. Screened at depth in the Ringold Formation.
e. Value calculated from gross-beta data(no strontium-90 data available). Value listed is one-half of the gross-beta value measured.
f. Former P&T extraction well.
g. Not sampled in 1994. Value from 1995 is used for this table.
h. The P&T system was operated from 1995 through 2006.
i. Not sampled in 2005. Value from 2006 is used for this table.
NC = not calculated Q = associated with out-of-limits quality control samples
NS = notsampled for strontium-90 or gross beta TPH-D = total petroleum hydrocarbons-diesel
P&T = pump and treat U = undetected

4-15



DOE/RL-2021-52, REV. 0

This page intentionally left blank.

4-16



DOE/RL-2021-52, REV. 0

Strontium-90 concentration trends in monitoring wells near the 116-N-1 waste site increase during higher
water-level periods and decrease as water levels decline. 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. As the water table decreases, strontium-90 resorbs to sediment and
concentrations in the groundwater decrease. Figure 4-9 shows strontium-90 concentration and water-level
trends in well 199-N-67 (located downgradient of the liquid waste disposal end of the 116-N-1 Trench).
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 4-10 shows the
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 retured to pre-pumping levels, and
strontium-90 concentrations in well 199-N-105A increased. The increase in groundwater concentrations
at this well is due to the resaturation of strontium-90-contaminated sediments.

High water table elevations in 2011 and 2012 caused an increase in strontium-90 concentrations observed
in several monitoring wells downgradient of the 116-N-1 Trench and 116-N-3 Crib (see information for
wells 199-N-2, 199-N-105A, 199-N-184, and 199-N-188 in Table 4-1). Strontium-90 concentrations
again increased with higher river stage in 2017 and 2018 (Figure 4-7). The positive correlation of
strontium-90 concentrations with water-level changes is more evident near the 116-N-1 and

116-N-3 waste sites, which presumably have more residual strontium-90 in the lower vadose zone

than locations farther from the waste sites. Strontium-90 concentrations in well 199-N-81 (monitoring
downgradient of the 116-N-3 Trench) do not fluctuate as much with changing water elevations as wells
near and downgradient of 116-N-1 (Figures 4-9 and 4-10). Strontium-90 concentrations, as well as the
water table elevation in well 199-N-81, have declined since the late 1990s (Figure 4-11).
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Figure 4-9. Strontium-90 Trend Plot and Water Levels for Well 199-N-67
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Note: Well was a former pump and treat extraction well from 1995 through 2006.
Figure 4-10. Strontium-90 Trend Plot and Water Levels for Well 199-N-105A
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Figure 4-11. Strontium-90 Trend Plot and Water Levels for Well 199-N-81
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The highest strontium-90 concentrations in groundwater in the nearshore area along the Columbia River
are found near well 199-N-122, which is used to monitor the original segment of the apatite PRB and
downriver to the northeast (Figure 4-8). This region of the 100-N Area river shoreline was impacted by
contaminated effluent during 116-N-1 waste site operations. Effluent discharged to the 116-N-1 waste site
emerged at the steeply sloping, nearshore surface as springs along the shoreline (also known as N Springs)
because of the artificially elevated water table. The N Springs are no longer present because the artificially
elevated water table has returned to ambient conditions. This contaminated area has been the focus of
increased monitoring and remediation.

Strontium-90 concentrations in aquifer tubes are consistent with concentrations in monitoring wells.
Concentrations greater than the DWS are present only above approximately 115 m (377 ft) in elevation
(i.e., the top 2 to 3 m [6.5 to 9.8 ft] of the aquifer); thus, most of the aquifer tubes are screened at this
elevation. Table 4-1 provides the maximum concentrations observed in the aquifer tubes during 2021.

A general increase in strontium-90 concentrations has been observed in this aquifer tube from 2010

to 2018 but has stabilized with slightly lower concentrations in 2019 and 2020, which correlates with the
yearly river stage peaks (Figure 4-7). Historically, the highest strontium-90 concentrations in the 100-N
shoreline aquifer tube were measured at NVP2-116.0, which is screened about 1 m (3 ft) below the
surface with concentrations above 1,000 pCi/L (Table 4-1). In 2021, strontium-90 concentrations at
NVP2-116.0 was 36 pCi/L from the sample collected on September 30, 2021, compared to 1,870 pCi/L in
2020. The September 2021 sample result is considered suspect and will be further evaluated with
subsequent sampling at this location.

The only strontium-90 concentrations above the DWS outside of the main plume (described above) are
defined by well 199-N-374 and aquifer tube cluster C7934/C7935/C7936, downgradient of N Reactor
(Figure 4-8). In 2021, the maximum concentrations in this plume ranged from 31.1 pCi/L at

well 199-N-374 to 208 pCi/L at the aquifer tube cluster. Concentrations at well 199-N-374 and aquifer
tube cluster C7934/C7935/C7936 fluctuate with changes in river elevation, but concentration trends
are generally stable or decreasing. The presumed strontium-90 sources were unplanned releases from
the N Reactor FSB and associated facilities and pipelines (UPR-100-N-3, UPR-100-N-7, and
UPR-100-N-12). The aquifer tubes are located near the engineered fill around the 1908-N outfall,
which suggests that outfall construction created a preferential pathway for contaminated groundwater
migrating to the river (Section 4.2 in SGW-49370, Columbia River Pore Water Sampling in 100-N Area,
December 2010).

Two seeps along the 100-N shoreline were sampled in 2021: N Seep 89-1 (located near well 199-N-123
in the main strontium-90 plume) and N Seep 8-13 (located north of well 199-N-92A, downriver from the
main strontium-90 plume) (Figure 4-8). Strontium-90 concentrations were 74.2 pCi/L in N Seep 89-1 and
below detection in N Seep 8-13, consistent with Sr-90 distribution in the aquifer.

4.3.2 Total Petroleum Hydrocarbons-Diesel

The primary source of the total petroleum hydrocarbons-diesel (TPH-D) groundwater contamination was
a 1966 diesel fuel tank spill (UPR-100-N-17). A small, relatively narrow groundwater plume persists
downgradient from the spill location to the river (Figure 4-12). The data used to prepare the TPH plume
map for 2021 included routine groundwater monitoring data and monitoring data for the in situ bioventing
project (Section 4.5.1). Groundwater samples for in situ bioventing performance monitoring were
collected in 2021 (June and November).

The two highest concentrations in 2021 were in wells 199-N-18 and 199-N-171 (55.5 and 35.0 mg/L,
respectively). In 2021, the maximum aquifer tube concentration was in C6135 (1.0 mg/L). TPH-D was
not analyzed in shoreline seep samples in 2021.
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Figure 4-12. TPH-D Plume Map for the 100-N Area, 2021
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The TPH concentrations in groundwater generally decreased from 2012 through 2016, likely due to in situ
bioventing in the vadose zone (see Section 4.5.1). However, TPH-D concentrations in most groundwater
monitoring wells downgradient of the UPR-100-N-17 spill have increased since 2017. Increasing TPH-D
concentrations at wells 199-N-169 and 199-N-171 and corresponding depletion of dissolved oxygen are
an indicator of a continuing source deep within the vadose zone and are likely related to the high water
table in 2017 and 2018 remobilizing petroleum hydrocarbon contamination in the vadose zone

(Figures 4-13 and 4-14, respectively). Dissolved oxygen concentrations increased in 2021 with the lower
water levels since the 2017 and 2018 peaks and corresponding lower TPH-D concentrations. Manganese
and sulfate concentrations have also increased in the TPH plume area corresponding with the reducing
conditions created by the depletion of dissolved oxygen in the TPH plume (Figures 4-15 and 4-16).
TPH-D concentrations were lower in 2021, correlating to the lower peak water levels in 2021.
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Figure 4-13. Dissolved Oxygen and TPH-D Data at Well 199-N-169
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Figure 4-14. Dissolved Oxygen and TPH-D Data at Well 199-N-171
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Figure 4-15. Manganese and Sulfate Data at Well 199-N-169
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4.4 Strontium-90 Remediation

During 2021, the 311 m (1,020 ft) long treated portion of the apatite PRB continued to reduce the flux
of strontium-90 contamination in groundwater along the majority of the apatite PRB. Performance
monitoring indicates that about one-third of the apatite PRB is showing reduced performance

since 2015, with two locations in the apatite PRB having concentrations that have returned to
pre-injection concentrations.

The apatite PRB was formed by injecting a high-concentration calcium-citrate-phosphate solution into

Figure 4-16. Manganese and Sulfate Data at Well 199-N-171

Collection Date

the aquifer through a network of vertical wells (i.e., the barrier well network). After the solution was

injected, biodegradation of the citrate results in formation of apatite, a calcium phosphate mineral

(Cas[PO4]3[F, C1, OH]). Strontium ions (including strontium-90) in groundwater substitute for calcium
ions in apatite via isomorphic substitution and eventually become trapped as part of the mineral matrix
during apatite crystallization (PNNL-16891). The strontium-90 is sequestered within the apatite PRB as
contaminated groundwater flows through the barrier. The sequestered strontium-90 continues to decay
in place within the barrier.

4.4.1 Permeable Reactive Barrier Performance Evaluation

Groundwater samples are collected from the apatite PRB performance monitoring wells and aquifer

during high and low river-stage periods to monitor river-stage effects. Table 4-2 compares the

Sulfate, mg/L

spring 2021 (high river) and fall 2021 (low river) data to the pre-treatment baseline conditions. Table 4-3
lists the monitoring points for the 760 m (2,500 ft) long apatite barrier and indicates which points are
being used to monitor the three treated barrier segments. Table 4-4 lists the injection wells for the 760 m

(2,500 ft) long barrier and indicates which sections have been treated as of 2021.
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Table 4-2. Performance Monitoring at the Apatite PRB, 100-NR-2 OU

Strontium-90 Concentration

(®CiL) Percent Reduction in
Number of | Number of Minimum Strontium-90
Well Baseline Baseline Detected Maximum Spring Fall (Compared to Baseline
Name Samples Nondetects Baseline Baseline 2021* 2021° Maximum)*®
Upriver Apatite PRB
4/6/2010 Spring 2021 Fall 2021 Spring 2021 Fall 2021
199-N-96A 56 8 1.54¢ 37.9¢ 0.6 3.6 98 90
199-N-347 1 1 7¢ 7° - 53 - 24
199-N-348 1 0 1,800 1,800 40 68 98 96
199-N-349 2 0 220 230 74 97 68 58
Central (Original) Apatite PRB
(See footnote g) (See footnote h) Spring 2021 Fall 2021 Spring 2021 Fall 2021
199-N-122 10 0 657 4,630 358 913 92 80
199-N-146 4 0 318 985 152 308 84 69
199-N-147 3 0 522 1,842 181 164 90 91
199-N-123 6 0 689 1,180 84 138 93 88
Downriver Apatite PRB
7/28/2010 and 7/29/2010 Spring 2021 Fall 2021 Spring 2021 Fall 2021
199-N-350 1 0 240 240 109 48 55 80
199-N-351 1 0 350 350 209 503 40 -44
199-N-352 1 0 580 580 283 534 54 7.9
199-N-353 1 0 &3 83 32 114 61 -37

0 ‘'A3¥ '2S-1202-14/300
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Table 4-2. Performance Monitoring at the Apatite PRB, 100-NR-2 OU

Strontium-90 Concentration
(pCi/L)
Percent Reduction in
Number of | Number of Minimum Strontium-90
Well Baseline Baseline Detected Maximum Spring Fall (Compared to Baseline
Name Samples Nondetects Baseline Baseline 2021* 2021° Maximum)*®

a. Spring 2021 samples were collected from June 18 through June 23.

b. Fall 2021 samples were collected from September 17 through September 23, except at monitoring well 199-N-96A, which could not be sampled due to low water levels in the
well. Well 199-N-96A was sampled on November 17, 2021.

c. The percentage reduction in strontium-90 concentration is calculated as ([baseline value] — [reporting year value])/[baseline value]) x 100. The maximum baseline value was
used for comparison.

d. Between 1995 and 2011, the maximum baseline was measured on December 6, 1995. The minimum detected baseline was measured on June 13, 2006, and June 22, 2007.

e. Strontium-90 is a beta emitter. Gross-beta concentrations are approximately two times the strontium-90 concentrations (PNNL-17429, Interim Report: 100-NR-2 Apatite
Treatability Test: Low-Concentration Calcium-Citrate-Phosphate Solution Injection for In Situ Strontium-90 Immobilization). The strontium-90 concentration was
1.1(U) pCi/L. The gross-beta concentration, 14 pCi/L, was divided by two to approximate the strontium-90 concentration of 7 pCi/L.

f. The sampling frequency for monitoring well 199-N-347 was reduced due to strontium-90 concentrations being historically below the 8 pCi/L drinking water standard at this
location.

g. From Table 8.1 in PNNL-17429.

h. From Table 4.1 in PNNL-19572, 100-NR-2 Apatite Treatability Test: High-Concentration Calcium-Citrate-Phosphate Solution Injection for In Situ Strontium-90
Immobilization, Final Report.

PRB = permeable reactive barrier
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Table 4-3. Apatite PRB Performance Monitoring Wells and Aquifer Tubes

Well Name/ID Well Type Well Name/ID Well Type Well Name/ID Well Type
C6132 AT NVP2-116.0m/C5251 AT 199-N-359/C7452 MW
199-N-173/C7038 MW N116mArray-6A/C5259 AT N116mArray-11A/C5265 AT
N116mArray-0A/C5514 AT 199-N-147/C5116 MW 199-N-360/C7453 MW
199-N-346/C7442 MW APT-5/C5386 AT N116mArray-12A/C9589 AT
C6135 AT 199-N-350/C7443 MW 199-N-361/C7454 MW
199-N-96A/A9882 MW C7881%* AT 199-N-362/C7455 MW
C6136/C9586 AT 199-N-351/C7444 MW 199-N-363/C7456 MW
199-N-347/C7441 MW 199-N-352/C7445 MW N116mArray-13A/C9587 AT
N116mArray-1A/C5255 AT 199-N-353/C7446 MW 199-N-364/C7457 MW
199-N-348/C7440 MW N116mArray-8A/C5261 AT 199-N-365/C7458 MW
N116mArray-2A/C5256 AT 199-N-354/C7447 MW N116mArray-14A/C9588 AT
199-N-349/C7439 MW N116mArray-8.5A/C9590 AT 199-N-366/C7459 MW
199-N-123/C4955 MW 199-N-355/C7448 MW 199-N-367/C7463 MW
APT-1/C5269 AT 199-N-356/C7449 MW 199-N-92A/A8878 MW
N116mArray-3A/C5257 AT 199-N-357/C7450 MW N116mArray-15A/C5512 AT
199-N-146/C5052 MW N116mArray-9A/C5263 AT
N116mArray-4A/C5258 AT 199-N-358/C7451 MW
199-N-122/C4954 MW N116mArray-10A/C5264 AT

Note: Yellow-shaded cells indicate locations currently being monitored for the treated portion of barrier.

*Aquifer tube N116mArray-7A was monitored from June 2006 through September 2009. The aquifer tube became unusable in 2009 and was replaced
with aquifer tube C7881 at the same location.

AT = aquifer tube
ID

identification

MW = monitoring well (6 in.)
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Table 4-4. Apatite PRB Injection Wells

Well Name/ID Depth Well Name/ID Depth Well ID Depth Well Name/ID Depth
199-N-200/C7327 | Shallow | 199-N-222/C7305 | Shallow; core | 199-N-144/C5050 |  Shallow,deep | 199-N-250/C7343 Deep
199-N-201/C7326 | Deep | 199-N-223/C7304 Deep 199-N-161/C6179 Deep 199-N-251/C7344 Shallow
199-N-202/C7325 | Shallow | 199-N-224/C7303 |  Shallow | 199-N-145/C5051 | Shallow,decp | 199-N-252/C7345 Deep
199-N-203/C7324 | Deep | 199-N-225/C7302 Deep 199-N-160/C6178 Deep 199-N-253/C7346 Shallow
199-N-204/C7323 | Shallow | 199-N-226/C7301 Shallow | 199-N-136/C5042 |  Shallow,deep | 199-N-254/C7347 Deep
199-N-205/C7322 | Deep | 199-N-227/C7300 Deep 199-N-159/C6177 Deep 199-N-255/C7348 Shallow
199-N-206/C7321 | Shallow | 199-N-228/C7299 |  Shallow | 199-N-137/C5043 | Shallow,decp | 199-N-256/C7349 Deep
199-N-207/C7320 | Deep | 199-N-229/C7298 Deep 199-N-235/C7328 Shallow 199-N-257/C7350 Shallow
199-N-208/C7319 | Shallow | 199-N-230/C7297 |  Shallow | 199-N-236/C7329 Deep 199-N-258/C7351 Deep
199-N-209/C7318 | Deep | 199-N-231/C7296 Deep 199-N-237/C7330 Shallow 199-N-259/C7352 Shallow
199-N-210/C7317 | Shallow | 199-N-232/C7295 |  Shallow | 199-N-238/C7331 Deep 199-N-260/C7353 Deep
199-N-211/C7316 | Deep | 199-N-233/C7294 Deep 199-N-239/C7332 Shallow 199-N-261/C7354 Shallow
199-N-212/C7315 | Shallow | 199-N-234/C7293 |  Shallow | 199-N-240/C7333 Deep 199-N-262/C7355 Deep
199-N-213/C7314 | Deep | 199-N-138/C5044 | Shallow, deep | 199-N-241/C7334 Shallow 199-N-263/C7356 Shallow
199-N-214/C7313 | Shallow | 199-N-139/C5045 | Shallow, deep | 199-N-242/C7335 Deep 199-N-264/C7357 Deep
199-N-215/C7312 | Deep | 199-N-140/C5046 | Shallow, deep | 199-N-243/C7336 Shallow 199-N-265/C7358 Shallow
199-N-216/C7311 | Shallow | 199-N-141/C5047 | Shallow, deep | 199-N-244/C7337 Deep 199-N-266/C7359 Deep
199-N-217/C7310 Dcf;g; 199-N-164/C182 Deep 199-N-245/C7338 Shallow 199-N-267/C7360 Shallow
199-N-218/C7309 | Shallow | 199-N-142/C5048 | Shallow, deep | 199-N-246/C7339 Deep 199-N-268/C7361 Deep
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Table 4-4. Apatite PRB Injection Wells

Well Name/ID Depth Well Name/ID Depth Well ID Depth Well Name/ID Depth
199-N-219/C7308 I(’;ig; 199-N-163/C6181 Deep 199-N-247/C7340 Shallow 199-N-269/C7362 Shallow
199-N-220/C7307 Shf(l)lr‘;W; 199-N-143/C5049 | Shallow, deep | 199-N-248/C7341 Deep 199-N-270/C7363 Deep
199-N-221/C7306 = Deep | 199-N-162/C6180 Deep 199-N-249/C7342 Shallow 199-N-271/C7364 Shallow
199-N-272/C7365 | Deep | 199-N-291/C7384 Shallow 199-N-310/C7403 Deep 199-N-329/C7422 Shallow
199-N-273/C7366 | Shallow | 199-N-292/C7385 Deep 199-N-311/C7404 Shallow 199-N-330/C7423 Deep
199-N-274/C7367 | Deep | 199-N-293/C7386 Shallow 199-N-312/C7405 Deep 199-N-331/C7424 Shallow
199-N-275/C7368 | Shallow | 199-N-294/C7387 Deep 199-N-313/C7406 Shallow 199-N-332/C7425 Deep
199-N-276/C7369 | Deep | 199-N-295/C7388 Shallow 199-N-314/C7407 Deep 199-N-333/C7426 Shallow
199-N-277/C7370 | Shallow | 199-N-296/C7389 Deep 199-N-315/C7408 Shallow 199-N-334/C7427 Deep
199-N-278/C7371 | Deep | 199-N-297/C7390 Shallow 199-N-316/C7409 Deep 199-N-335/C7428 Shallow
199-N-279/C7372 | Shallow | 199-N-298/C7391 Deep 199-N-317/C7410 Shallow 199-N-336/C7429 Deep
199-N-280/C7373 | Deep | 199-N-299/C7392 Shallow 199-N-318/C7411 Deep 199-N-337/C7430 Shallow
199-N-281/C7374 | Shallow | 199-N-300/C7393 Deep 199-N-319/C7412 Shallow 199-N-338/C7431 Deep
199-N-282/C7375 | Deep | 199-N-301/C7394 Shallow 199-N-320/C7413 Deep 199-N-339/C7432 Shallow
199-N-283/C7376 | Shallow | 199-N-302/C7395 Deep 199-N-321/C7414 Shallow 199-N-340/C7433 Deep
199-N-284/C7377 | Deep | 199-N-303/C7396 Shallow 199-N-322/C7415 Deep 199-N-341/C7434 Shallow
199-N-285/C7378 | Shallow | 199-N-304/C7397 Deep 199-N-323/C7416 Shallow 199-N-342/C7435 Deep
199-N-286/C7379 | Deep | 199-N-305/C7398 Shallow 199-N-324/C7417 Deep 199-N-343/C7436 Shallow
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Table 4-4. Apatite PRB Injection Wells

Well Name/ID Depth Well Name/ID Depth Well ID Depth Well Name/ID Depth
199-N-287/C7380 | Shallow | 199-N-306/C7399 Deep 199-N-325/C7418 Shallow 199-N-344/C7437 Deep
199-N-288/C7381 Deep 199-N-307/C7400 Shallow 199-N-326/C7419 Deep 199-N-345/C7438 Shallow
199-N-289/C7382 | Shallow | 199-N-308/C7401 Deep 199-N-327/C7420 Shallow
199-N-290/C7383 Deep 199-N-309/C7402 Shallow 199-N-328/C7421 Deep

Notes: “Core” indicates that a core was taken at this well for jet injection study (2010).
Blue shading indicates downriver barrier extension wells treated in September 2011.
Green shading indicates original barrier wells treated in 2006 through 2008.

Pink shading indicates upriver barrier extension wells treated in September 2011.

No shading indicates that wells are not yet treated.

Wells identified with “shallow” depth are screened in the upper region (typically about 2 m [6 ft]) of the unconfined aquifer. Wells identified with “deep” depth are screened
below the shallow wells (typical screen length of 2.5 m [8 ft]) about 0.6 m (2 ft) below the depth of shallow screened wells. Wells identified with “shallow, deep” depths are
screened across both the shallow and deep depths.

ID = identification

6
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The treated central (original) segment of the apatite PRB extends 91 m (300 ft) along the Columbia River
shoreline (Figure 4-4). Sixteen injection wells form the PRB well network in the central segment, and
four performance monitoring wells are located between the river and the barrier wells (Table 4-4).
Apatite-forming solutions were injected into the Hanford formation and Ringold Formation over a period
of 3 years (from 2006 through 2008).

The treated 110 m (360 ft) long upriver and 110 m (360 ft) downriver segments of the apatite barrier were
injected with apatite solutions in fall 2011 (Figures 4-3 and 4-5). The barrier well networks in each of
these segments consist of 24 injection wells (Table 4-4). The apatite barrier extensions increased the
length of treated 100-N Area shoreline to sequester strontium-90 from 91 to 311 m (300 to 1,020 ft)
(SGW-56970, Performance Report for the 2011 Apatite Permeable Reactive Barrier Extension for the
100-NR-2 Operable Unit). The barrier was expanded in accordance with the design optimization study
(DOE/RL-2010-29), which had seven objectives for evaluating barrier implementation and effectiveness.
Data from the injections and subsequent performance monitoring are used to evaluate the objectives
identified in SGW-56970.

The original apatite PRB segment has been in place for 13 years, and the upriver and downriver
extensions have been in place for 10 years. The objective of the PRB installed under treatability test plan
was a 90% reduction in strontium-90 groundwater concentrations in the performance monitoring wells
(Section 4.4.3 in DOE/RL-2005-96).

Qualitative assessments for performance of treated PRB segments are shown in figures presented in
Sections 4.4.1.1 through 4.4.1.3 using colored circles at each injection well location to represent the 9 m
(30 ft) design injection radius:

e Green color fill: Indicates that strontium-90 concentrations at the monitoring well meet the target
strontium-90 reduction, are less than the DWS, or continued strontium-90 reduction is observed with
stable or decreasing trend.

o Yellow color fill: Indicates that the calculated strontium-90 reduction does not meet the target
strontium-90 reduction, and there is an increasing strontium-90 concentration trend at the
monitoring well.

e Red color fill: Indicates that the calculated strontium-90 reduction does not meet the target
strontium-90 reduction, there is an increasing strontium-90 concentration trend at the monitoring well,
and the injection criteria were not met. Injection criteria include meeting target injection volumes and
phosphate concentrations, and radial distribution of amendment (identified in DOE/RL-2010-29).

4.4.1.1 Original Permeable Reactive Barrier Segment Performance

Following apatite injections in wells in the central (original) segment of the barrier in 2008, strontium-90
concentrations declined in the performance monitoring wells (Figure 4-17). The wells showed temporary
higher strontium-90 concentrations immediately following apatite solution injection, which had higher
ionic strength than groundwater and displaced cations and anions from the sediments, causing the
concentrations in groundwater to increase. Strontium-90 concentrations in performance monitoring

well 199-N-123 (near the upriver end of the central barrier segment) temporarily increased following
injections into the nearby upriver barrier extension wells in 2011 (Figure 4-17). The injection effects
were temporary, as concentrations declined following the injections when strontium-90 was incorporated
through initial precipitation and adsorption/slow incorporation into the apatite and as the reagent

plume dissipated.

4-30



DOE/RL-2021-52, REV. 0

The strontium-90 concentration fluctuation (Figure 4-17) is associated with high and low river-stage
sampling periods, where concentrations tend to be lower during high river stage, indicating some

dilution from river water. Strontium-90 concentrations at well 199-N-122 have been trending upward
(Figure 4-17) but remain lower than the pre-injection baseline concentration of 4,630 pCi/L. The percent
reduction in strontium-90 concentrations ranged from 84% to 93% in the spring of 2021 and from 69% to
91% in the fall 0of 2021 (Table 4-2; Figure 4-18).

Aquifer tubes monitored downgradient of the original PRB segment continue to show decreased
concentrations compared to the pre-injection strontium-90 concentrations (Figure 4-19).

Original PRB Segment MW Concentration Trends
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Figure 4-17. Strontium-90 Data for Performance Monitoring Wells
Along the Central Segment of the Apatite PRB
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Figure 4-18. Original Apatite Performance Monitoring Wells Percent Strontium-90 Reductions
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Figure 4-19. Strontium-90 Data for Aquifer Tubes Along the Central Segment of the Apatite PRB
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Tables 4-5 and 4-6 list the percent reduction in strontium-90 concentrations since 2011 for the original
PRB segment monitoring wells and aquifer tubes, respectively. Well 199-N-147 continues to show
reduced strontium-90 concentrations near the 90% reduction target. The percent reduction in strontium-90
concentrations at monitoring well 199-N-122 was 80% in the fall 0of 2021. This monitoring well had the
highest baseline strontium-90 concentration of the PRB monitoring wells at 4,630 pCi/L. Three injection
wells (199-N-161, 199-N-144, and 199-N-163) did not meet one or more of the injection criteria
(PNNL-19572). The assessment indicates that the portion of the original PRB segment (near monitoring
well 199-N-122) is colored yellow in Figure 4-20 (i.e., below target reduction with an increasing trend)
and should continue to be monitored to determine if this area should be reinjected. Strontium-90
concentrations have been trending upward in well 199-N-146, but concentrations were lower in 2021.
The percent reduction in fall 2021 was 69% compared to 53% in fall 2020. The overall concentration
reduction for 2021 over a high and low river-stage period at well 199-N-146 was 77%. Injection wells in
this area (199-N-140 and 199-N-141) are among the farthest apart of the PRB injection wells. Injections
in well 199-N-141 did not meet the target radial extent of amendment distribution, and the results were
inclusive for injections to well 199-N-140 (PNNL-19572). The assessment indicates that the portion of
the original PRB segment near monitoring well 199-N-146 is below target reduction with

an increasing trend (i.e., colored yellow in Figure 4-20) and should continue to be monitored to determine
if the concentration trends have stabilized and if the area should be reinjected. The remaining length of
the original PRB segment continues to provide strontium-90 reduction.

The aquifer tubes downgradient from the original PRB segment continue to show strontium-90 reductions
and stable trends. Concentrations in aquifer tube NVP2-116.0 increased in 2017 and 2018, corresponding
with increases in monitoring well 199-N-122 with higher river stages in 2017 and 2018. Concentrations
at aquifer tube NVP2-116.0 have decreased in 2019 and 2020. In 2021, strontium-90 concentrations at
NVP2-116.0 was 36 pCi/L from the sample collected on September 30, 2021, compared to 1,870 pCi/L in
2020. The September 2021 sample result is considered suspect and will be further evaluated with
subsequent sampling at this location.

The assessment indicates that the original PRB segment continues to provide strontium-90 reduction, but
trends for wells 199-N-122 and 199-N-146 and for aquifer tube NVP2-116.0 indicate that PRB
performance in this area may be declining (Figure 4-20).

4.4.1.2 Upriver Permeable Reactive Barrier Segment Performance

The upriver PRB segment forms the upriver portion of the barrier, near the outside edge of the
strontium-90 groundwater plume. Strontium-90 concentrations are below the DWS at performance
monitoring wells 199-N-96A and 199-N-347, and the target strontium-90 reduction is being met at
well 199-N-348. However, these goals have not been achieved near well 199-N-349.
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Table 4-5. PRB Monitoring Well Performance Summary, 2011-2021

Concentration (pCi/L)

Pre- (Percent Reduction from Baseline)
Monitorin | Injection | Month/Year
g Well Baseline® Treated 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020¢ 2021
Upriver Apatite PRB (Treated in 2011)

199-N-96A 379 September 4 2.3 4.1 1.6 3.8 3.04 1.6 1.1 1.7 1.9 2.1
' 2011 (94%) | (89%) | (96%) | (90%) | (92%) | (96%) | (97%) | (95%) | (95%) | (94%)

199-N-347 7e September 4 7.8 6.9 5.1 4.7 4.8 6.0 6.4 6.2 5.3 5.3
2011 12%) | (14%) | 27%) | (33%) | (32%) | (14%) | (8.6%) | (12%) | (24%) | (24%)

190N-348 | 1.800 September y 54 34 35 71 7 37 57 55 73 54
’ 2011 (97%) | (98%) | (98%) | (96%) | (96%) | (98%) | (97%) | (97%) | (96%) | (97%)

190N-349 | 230 September y 37 46 87 111 90 67 129 72 100 86
2011 (84%) | (80%) | (62%) | (52%) | (61%) | (66%) | (44%) | (69%) | (57%) | (63%)

Central (Original) Apatite PRB (Treated 2006—2008)

366 656 472 637 809 1,083 821 1,070 688 735 635
199-N-122 1 4,630 July 2008 (93%) | (86%) | (90%) | (86%) | (82%) | (77%) | (82%) | (77%) | (85%) | (84%) | (86%)

204 215 225 204 184 232 323 273 308 359 230
199-N-146 983 July 2008 (79%) | (78%) | (77%) | (79%) | (81%) | (77%) | (67%) | (72%) | (69%) | (64%) | (77%)

272 250 135 230 174 235 225 216 221 221 173
199-N-147 1 1,842 July 2008 1 500y | (86%) | (93%) | (88%) | (90%) | (87%) | (88%) | (88%) | (88%) | (88%) | (91%)

704 204 125 91 96 126 137 202 84 146 111
199-N-123 1 1,180 July 2008 1 4000 | (83%) | (89%) | (92%) | (92%) | (89%) | (88%) | (83%) | (93%) | (87%) | (91%)
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Table 4-5. PRB Monitoring Well Performance Summary, 2011-2021

Concentration (pCi/L)
Pre- (Percent Reduction from Baseline)
Monitorin | Injection | Month/Year
g Well Baseline® Treated 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020°¢ 2021
Downriver Apatite PRB (Treated in 2011)
199-N-350 240 September 4 34 21 27 76 78 75 74 51 54 79
2011 B6%) | (91%) | (89%) | (68%) | (68%) | (69%) | (69%) | (79%) | (77%) | (67%)
199-N-351 350 September o 26 39 95 376 388 258 276 372 433 356
2011 93%) | (89%) | (73%) | (-7%) | (-11%) | 27%) | (21%) | (-6%) | (-23%) | (-1.7%)
199-N-352 580 September 4 30 29 42 368 683 494 487 437 581 408
2011 95%) | (95%) | (93%) | (B7%) | (-17%) | (15%) | (16%) | (25%) (0%) (31%)
199-N-353 83 September 4 5.0 32 4.0 7.3 39 31 23 61 66 73
2011 94%) | (96%) | (95%) | (91%) | (54%) | (63%) | (72%) | (26%) | (20%) | (12%)

a. Pre-injection baseline concentrations for the upriver and downriver PRB monitoring wells are based on samples collected in 2010. Pre-injection baseline concentrations for
the central PRB monitoring wells are from Table 4.1 in PNNL-19572, 100-NR-2 Apatite Treatability Test: High-Concentration Calcium-Citrate-Phosphate Solution Injection
for In Situ Strontium-90 Immobilization, Final Report.

b. The percentage reduction in strontium-90 concentration is calculated as ([pre-injection value] — [average value for the year] + [pre-injection value]) x 100.

c. Average concentrations for 2020 is average of 2019 and 2020 samples since samples were only collected in the fall of 2020 due to work restrictions related to the
COVID-19 pandemic.

d. Injections were performed in September 2011 so performance was not calculated for this year.

e. Strontium-90 is a beta emitter. Gross-beta concentrations are approximately two times the strontium-90 concentrations. The strontium-90 concentration was 1.1(U) pCi/L.

The gross-beta concentration (14 pCi/L) was divided by two to approximate the strontium-90 concentration of 7 pCi/L.
f. Increase in strontium-90 concentrations observed at monitoring well 199-N-123 in 2011 is attributed to injection treatment of the upriver segment in September 2011.

PRB = permeable reactive barrier
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Table 4-6. PRB Aquifer Tube Performance Summary, 2011-2021

Concentration (pCi/L)
Pre- (Percent Reduction from Baseline®)
Injection Month/
Aquifer Tube Baseline® Year Treated 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Upriver Apatite PRB (Treated in 2011)
. 528 | ol o ol w3l |
C6135 2.3 September 2011 (33%) | (0%) (89%) | (46%) (49%)
94 | 162 | 50 | 21 | 19 | a4
- __ g _ g _ g _ g _ g
Nll6mArray-1A 34 September 2011 (O (O %) | 94%) | (94%) | (87%)
4 | 29 | 16 | 16 | 17 | 15 | 2 | 37 | 40 | 37 | 7
N1l6mArray-2A 199 September 2011 1 5o/ | (8504) | (92%) | (92%) | (92%) | (93%) | (89%) | (82%) | (80%) | (81%) | (62%)
Central (Original) Apatite PRB (Treated from 2006-2008)
530 | 575 | 235 | 184 | 276 | 476 | 605 | 589 | 453 | 424 | 418
APT-1 1,454 July 2008 1 ca00) | (60%) | (84%) | (87%) | (81%) | (67%) | (58%) | (61%) | (69%) | (T1%) | (71%)
420 | 196 | 97 | 149 | 202 | 182 | 176 | 204 | 194 | 128 | 183
APT-5 420 July 2008 1 300y | (55%) | (78%) | (66%) | (53%) | (57%) | (58%) | (52%) | (54%) | (70%) | (57%)
] 185 | 202 | 185 | 162 | 125 | 132 | 157 | 149 | 146 ; ;
N116mArray-3A 379 July 2008 1 sh00y | (47%) | (52%) | (58%) | (67%) | (65%) | (59%) | (61%) | ©2%) | — |
230 | 207 | 215 | 245 | 202 | 180 | 209 | 237 | 307 | 376 | 384
NI16mArray-4A 1,220 July 2008 1 2106y | (83%) | (82%) | (80%) | (83%) | (85%) | (83%) | (82%) | (75%) | (69%) | (68%)
203 | 205 | 126 | 119 | 106 | 135 | 142 | 148 | 145 | 70 | 206
NI16mArray-6A 445 July 2008 1 sh00y | (5a%) | (12%) | (73%) | (76%) | (72%) | (68%) | (67%) | (67%) | (84%) | (54%)
1,078 | 588 | 633 | 639 | 1,146 | 1,733 | 1,810 | 2,035 | 2,080 | 1,870 | 36"
NVP2-116.0 3,466 July 2008 Gouey | (83%) | (82%) | (82%) | (67%) | (50%) | (49%) | (41%) | (40%) | (46%) | (99%)

0 ‘'A3¥ '2S-1202-14/300



LEY

Table 4-6. PRB Aquifer Tube Performance Summary, 2011-2021

Concentration (pCi/L)
Pre- (Percent Reduction from Baseline®)
Injection Month/
Aquifer Tube Baseline® Year Treated 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Downriver Apatite PRB (Treated in 2011)

Nll6émArray-7A/ 336 September 2011 755 73 32 23 27 36 65 121 102 76 80
C7881" P (0%)° | (78%) | (91%) | (93%) | (92%) | (89%) | (81%) | (64%) | (70%) | (77%) | (76%)

) 8.9 24 1.7 1.3 1.7 1.6 1.3 1.9 o o o

N116mArray-8A 7.8 September 2011 (0%)° | (68%) | (78%) | (83%) | (78%) | (79%) | (84%) | (74%)
N116mArray- i i i L L i 43 43 47 46 4
8.5A] 7 September 2011 (45%) | (45%) | (41%) | (42%)

a. Pre-injection baseline concentrations are based on a 95% upper confidence limit of pre-injection strontium-90 and gross-beta measurements. Strontium-90 is a beta
emitter. Gross-beta concentrations are approximately two times the strontium-90 concentrations. The gross-beta concentrations were divided by two to approximate the

strontium-90 concentration in determining pre-injection baseline concentrations.

b. The percentage reduction in strontium-90 concentration is calculated as ([pre-injection value] — [average value for the year] + [pre-injection value]) x 100.
c. Concentrations at C6135 are below the drinking water standard (8 pCi/L).
d. Aquifer tube is missing and/or in need of repair and could not be sampled.

e. Increased concentrations at aquifer tube attribute to residual spike from injection treatment.

f. Value calculated from gross-beta data (no strontium-90 data available); value listed is one-half of the gross-beta value measured.

g. Concentrations at N116mArrary-1A were below the drinking water standard (8 pCi/L) before the aquifer tube became damaged and could no longer be sampled.

h. Value is out of historic trend and considered suspect. Subsequent samples will be evaluated to determine if this aquifer tube needs to be repaired/replaced.

i. Aquifer tube C7881 is a replacement for N16mAurray-7A, which was installed in the same location.

j- N116mArray-8.5A is downgradient of the treated PRB but also reflects reduction from injection.

PRB = permeable reactive barrier

0 ‘'A3¥ '2S-1202-14/300



8¢-¥

N116mArray-3A
APT3 + y

APT2

N-123:
111 (91%)

N-146:
230 (77%)

V Shallow Zone Injection Well 2021 Strontium-90 Plume

V¥ Shallow and Deep Zone Injection Well [__] <8 pCi/L

V Deep Zone Injection Well [1=8 and <80 pCi/L

® Monitoring Well [ =80 and <800 pCi/L

+ Aquifer Tube [1=800 and <8,000 pCi/L
Well prefix '199-' omitted [1=8,000 pCi/L
—— Apatite Barrier 0 5 10m

Gravel Road I E—

PT21 NR13 0 20 40 ft

+ N116mArray-4A \ 100-N Area
NVP2-116.3 \ cn
NVP2-116.0 . o AN
NVP2-115.7 \ T ! ~
NVP2-115.4 AP ~ !
NVP2-115.1 N |
N-122: . / N
635 (86%)
—

Extent of
Map

4 TE

PRB Qualitative Performance Assessment
|:| Continued Strontium-90 Reduction
:] Below Target Reduction with Increasing Trend

Note: Text boxes in the figure show the 2021 yearly average strontium-90 concentrations and percent reduction (in parentheses) from baseline concentration for

permeable reactive barrier monitoring wells.

Figure 4-20. Original PRB Segment Performance Assessment for 2021
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In the performance monitoring wells along this PRB extension, the percent reduction in strontium-90
concentrations ranged from 68% to 98% in the spring 0of 2021 and from 58% to 96% in the fall of 2021 at
wells with baseline concentrations above the 8 pCi/L DWS. The baseline and the 2021 concentrations
were below the DWS at well 199-N-347 (Table 4-2; Figure 4-21). The 24% reduction at well 199-N-347
in the fall 0f 2021 reflects a low baseline strontium-90 concentration in this well (strontium-90 was
undetected, and the strontium-90 concentration estimated from gross beta was 7.0 pCi/L) and the low
concentrations detected in 2021 (5.3 pCi/L). Because concentrations in well 199-N-347 are below the
DWS, the percent reduction in strontium-90 concentration is not plotted in Figure 4-21. Concentrations in
well 199-N-96A have been below the DWS since 2012.

Upriver PRB Segment Monitoring

50 — T
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Figure 4-21. Upriver Apatite Barrier Extension Performance Monitoring Wells
Percent Strontium-90 Reductions, 2021

In groundwater monitoring well 199-N-349, a 58% reduction in strontium-90 concentration was observed
in the fall 2021 sample (Table 4-2; Figure 4-21). The overall concentration reduction for 2021 at

well 199-N-349 was 63%. The low percent reduction in well 199-N-349 may be an indication of areas
with limited radial amendment distribution due to high injection rates. Table 4-7 lists the volume of
apatite chemicals injected into the injection wells near monitoring well 199-N-349. The injection flow
rate was not controlled for even flow distribution in all of the injection wells (SGW-56970), so some
wells received >150% of the target injection volume of 227,000 L (60,000 gal) and other wells received
only about 50% of the target injection volume.
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Table 4-7. Injection Volume in Upriver Injection Wells Near Well 199-N-349

Injected Volume (L [gal])
Injection Well Screen/Formation (Percent of Target Volume®*)

199-N-225 Deep/backfill 327,693 (86,511) (144%)
199-N-226 Shallow/backfill 320,655 (84,653) (141%)
199-N-227 Deep/backfill 368,818 (97,368) (162%)
199-N-228 Shallow/Ringold 348,163 (91,915) (153%)
199-N-229 Deep/Hanford 567,508 (149,822) (250%)
199-N-230 Shallow/Ringold 90,496 (23,891) (40%)
199-N-231 Deep/Ringold 122,814 (32,423) (54%)

*Target injection volume is 227,000 L (60,000 gal).

Figure 4-22 shows the strontium-90 concentration trends for the upriver PRB wells. Table 4-5 shows the
percentage reduction in strontium-90 concentrations each year since 2011. Downgradient aquifer tubes
continue to show decreased strontium-90 concentrations (Figure 4-23; Table 4-6).

Strontium-90 concentrations are below the DWS at monitoring well 199-N-347, and the target
strontium-90 reduction is being met at the remaining two monitoring wells. The assessment indicates
that the portion of the upriver PRB segment near monitoring well 199-N-349 is below target
reduction and is colored red in Figure 4-24 because of the increased concentrations since 2018

and decrease in strontium-90 concentration reduction. This area should continue to be monitored to
determine if reinjection is warranted. The remaining length of the upriver PRB segment continues to
provide strontium-90 reduction.
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Upriver PRB Segment MW Concentration Trends
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Figure 4-22. Strontium-90 Data for Performance Monitoring Wells
Along the Upriver Segment of the Apatite PRB
Upriver PRB Segment Aquifer Tube Concentration Trends
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Figure 4-23. Strontium-90 Data for Aquifer Tubes Along the Upriver Segment of the Apatite PRB
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4.4.1.3 Downriver Permeable Reactive Barrier Segment Performance

The downriver extension intercepts higher strontium-90 groundwater concentrations than the upriver
extension and indicated initial successful barrier performance. The percentage reduction in strontium-90
concentrations in 2021 at performance monitoring wells along the downriver barrier extension ranged
from 40% to 61% in the spring of 2021 and from 0% to 80% in the fall 02021 (Table 4-2; Figure 4-25).
The data indicate that performance in this segment of the PRB has declined since 2014, as shown by
generally increasing concentrations over time (Table 4-5; Figure 4-25).

Strontium-90 concentration trends for the downriver PRB segment monitoring wells (Figure 4-26) show
that concentrations at wells 199-N-351 and 199-N-352 returned to pre-injection levels in 2016. In 2019,
the strontium-90 concentration at well 199-N-353 increased to pre-injection levels, and the 2021 fall
sample reflects no concentration reduction. Concentrations at well 199-N-350 showed increasing trends in
2013 through 2015 but have since stabilized. Table 4-5 shows the percentage reduction in strontium-90
concentrations since 2012 for the downriver PRB segment monitoring wells. Decreased performance
along the PRB and increasing strontium-90 concentrations may be associated with inconsistent volume of
apatite-forming chemicals received in each injection well. Table 4-8 provides the volume of apatite
chemicals injected into the injection wells near the monitoring wells. Several wells received <30% of the
target injection volume; other injection wells received target injection volumes of >50% above the target
injection volumes. The injection flow rate was not controlled for even flow distribution in all injection
wells (SGW-56970), which contributed to the large contrast in injection volumes. This likely resulted in
variable radial amendment distribution in these areas of the downriver PRB segment. Downgradient
aquifer tubes for the downriver PRB segment continue to show reduction in strontium-90 concentrations
from pre-injection concentrations (Table 4-6; Figure 4-27).

Downriver PRB Segment Monitoring
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Figure 4-25. Downriver Apatite Barrier Extension Performance Monitoring Wells
Percent Strontium-90 Reductions, 2021
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Downriver PRB Segment MW Concentration Trends
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Figure 4-26. Strontium-90 Data for Performance Monitoring Wells
Along the Downriver Segment of the Apatite PRB

Table 4-8. Fall 2011 Injection Volume in Downriver Injection Wells
Near Wells 199-N-350, 199-N-351, and 199-N-352

Injected Volume
(L [gal])
Injection Well Screen/Formation (Percent of Target Volume¥)

199-N-237 Shallow/Ringold 79,739 (21,051) (35%)
199-N-238 Deep/Ringold 351,576 (92,816) (155%)
199-N-239 Shallow/Ringold 5,678 (1,499) (2%)
199-N-240 Deep/Ringold 85,648 (22,611) (38%)
199-N-241 Shallow/Ringold 112,553 (29,714) (50%)
199-N-242 Deep/Ringold 51,803 (13,676) (23%)
199-N-243 Shallow/Ringold 87,920 (23,211) (39%)
199-N-244 Deep/Ringold 58,610 (15,473) (26%)
199-N-245 Shallow/Ringold 247,591 (65,364) (109%)
199-N-246 Deep/Ringold 265,019 (69,965) (117%)
199-N-247 Shallow/Ringold 23,348 (6,164) (10%)
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Table 4-8. Fall 2011 Injection Volume in Downriver Injection Wells
Near Wells 199-N-350, 199-N-351, and 199-N-352

Injected Volume
(L [gal])

Injection Well Screen/Formation (Percent of Target Volume¥*)
199-N-248 Deep/Ringold 236,216 (62,361) (104%)
199-N-249 Shallow/Ringold 231,879 (61,216) (102%)
199-N-250 Deep/Ringold 256,856 (67,810) (113%)
199-N-251 Shallow/Ringold 437,163 (115,411) (192%)
199-N-252 Deep/Ringold 219,333 (57,904) (97%)

*Target injection volume is 227,000 L (60,000 gal).

Downriver PRB Segment Aquifer Tube Concentration Trends
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Figure 4-27. Strontium-90 Data for Aquifer Tubes Along the Downriver Segment of the Apatite PRB

The assessment indicates that the portion of the downriver PRB segment monitored by wells 199-N-351,
199-N-352, and 199-N-353 where injection wells received <30% of the target amendment volume
should be considered for reinjection (colored red in Figure 4-28). Portions of the downriver PRB near
well 199-N-350 should continue to be monitored to evaluate if these areas should be reinjected.
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Figure 4-28. Downriver PRB Segment Performance Assessment, 2021
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4.4.1.4 Summary of Permeable Reactive Barrier Performance Evaluation

Table 4-9 summarizes the qualitative PRB performance evaluation for each treated PRB segment.
The PRB performance evaluation for 2021 is summarized as follows:

Total length of treated PRB: 311 m (1,020 ft)
Green: continued strontium-90 reduction; 151 m (495 ft)

Yellow: below target reduction with increasing trend; 60 m (195 ft)

Red: performance compromised; 100 m (330 ft)

Table 4-9. PRB Performance Evaluation Summary

Length Identified as
Total Length | Length Identified as “Yellow — Below Length Identified as
of Treated | “Green — Continued Target Reduction with| “Red — Performance
PRB Sr-90 Reduction” Increasing Trend” Compromised”
Treated % % %
Year PRB Segment m ft m ft |Green| m ft |Yellow| m ft Red
Upriver segment 110 360 87 285 79 23 75 21 0 0 0
Original segment 91 300 91 300 100 0 0 0 0 0 0
200 Downriver segment 110 | 360 28 90 25 32 105 29 50 165 46
Total treated | 311 | 1,020 | 169 | 555 54 92 300 30 50 165 16
Upriver segment 110 360 87 285 79 23 75 21 0 0 0
Original segment 91 300 68 225 75 23 75 25 0 0 0
206 Downriver segment 110 | 360 14 45 13 46 150 41 50 165 46
Total treated | 311 | 1,020 | 169 | 555 54 92 300 30 50 165 16
Upriver segment 110 360 87 285 79 23 75 21 0 0 0
Original segment 91 300 55 180 60 36 120 40 0 0 0
2007 Downriver segment 110 | 360 14 45 13 46 150 41 50 165 46
Total treated | 311 | 1,020 | 156 | 510 50 105 | 345 34 50 165 16
Upriver segment 110 360 87 285 79 0 0 0 23 75 21
Original segment 91 300 55 180 60 36 120 40 0 0 0
2018 Downriver segment 110 | 360 14 45 13 46 150 41 50 165 46
Total treated | 311 | 1,020 | 156 | 510 50 82 270 26 73 240 24
Upriver segment 110 360 87 285 79 0 0 0 23 75 21
Original segment 91 300 55 180 60 37 120 40 0 0 0
2009 Downriver segment 110 360 9 30 8 23 75 21 77 255 71
Total treated | 311 | 1,020 | 151 495 49 60 195 19 100 | 330 32
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