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.1 Terms

100-KW 100-K West Area

ALARA as-low-as-reasonably-achievable

ARAR applicable or relevant and appropriate requirement

bgs below ground surface

CERCLA Comprehensive Environmental Response, Compensation, and Liabilitly Act
of]1980

CFR Code of Federal Regulations

COC contaminant of concern

Cr(III) trivalent chromium

Cr(VI) hexavalent chromium

DO dissolved oxygen

DOE U.S. Department of Energy

DQA data quality assessment

DQO data quality objective

Ecology Washington State Department of Ecology.EPA U.S. Environmental Protection Agency

gpm gallons per minute

HEIS Hanford Environmental Information System

Mn(II) divalent manganese

Mn(IV) manganese

NEPA National Environmental Policy Act of]1969

NPL National Priorities List

OU operable unit

P&T pump-and-treat

QA quality assurance

QC quality control

RL U.S. Department of Energy, Richland Operations Office

ROD Record of Decision

RUM Ringold Upper Mud

SAP sampling and analysis plan

TOC total organic compound

TTP treatablilty test plan
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. 1 1 Introduction
2 This document presents a treatability test plan (TTP) for evaluating the practicality of in situ
3 bioremediation in the vadose zone at the 1 00-K West (I100-KW) Area of the Hanford Site. Specifically,
4 the test is designed to determine if chemically reducing conditions suitable for remediating hexavalent
5 chromium (Cr(V)) contamination can be established by stimulating anaerobic microbes via infiltration of
6 an organic nutrient solution from the ground surface.

7 1.1 Basis for the Treatability Test
8 The U.S. Department of Energy's (DOE's) Hanford Site is a 1,517 km2 (586-mi 2) federal facility located
9 in southeastern Washington State along the Columbia River. For administrative purposes, the Hanford

10 Site was divided into four National Priorities List (NPL) sites1 under Comprehensive Environmental
11I Response, Compensation, and Liability Act of 1980 (CERCLA). The 100 Area, which is one of these NPL
12 sites, comprises a string of former reactor sites or "~areas"~ a long the Columbia River (Figure 1).
13 Single-pass coolant reactors were active from 1944 (B Reactor startup) to 1971, when KE reactor shut
14 down. Those reactors were cooled with river water that had been treated with sodium dichromate to retard
15 corrosion. Because of historical releases during operation of these reactors, Cr(VI) is the primary
16 groundwater contaminant of concern (COC) at most of the former reactor sites within the 100 Area. Some
17 of these former reactors sites (e.g., the 100-K, 100-D, and 100-H) are the focus of intensive efforts to
18 remediate groundwater contaminated with Cr(VI) and to mitigate the discharge of this contaminant to the
19 river.

Hanfordr Site

1 00 AARaA

21 ~ ~ ~ ~ ~ ~ ~~0- Fur1.LctoMafothHARdE Ant 100 Are Reactor SiEs. 1 40Code o Federl Reguations(CER) 100 3 AtioA i n aadu usacsPluinCnignyPa,
Appendix B.w
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1 Ion exchangec-based pumnp-and-trcat (P&T) systemns have been installed at 1 00-K, I 00-D, and I 00-H as the
2 primary component of the interim actions implemented to address Cr(VI) groundwater contamination at
3 these sites. The P&T systems originally implemented in these areas were inadequate to contain or remiediate
4 the Cr(VI) plumes or to protect the river. Consequently, these ion exchange treatment systemns in 1 00-K,
5 1l00-D, and 1 00-lH have been, or are in the process of being, substantially expanded to meet the interim
6 remedial action objectives (U.S. Environmental Protection Agency [EPA] et al. 1996, Declaration (417C
7 Record( o/ Decision for- the 100-HR -3 and I 00-KR-4 Operiable Units at the Hanford Site [Inter-im Remedial
8 Actionsl) and to achieve the objectives of the 2012 and 2020 Tni-Party Agreement Milestones for river

9 protection and groundwater remediation, respectively.

10 Even with the planned expansions, the P&T systems only address contamination that has reached
11I groundwater. Given that the Cr(VI) must have passed through the vadose zone to reach groundwater and
12 that yellow staining associated wvith Cr(VI) has been recently observed in vadose zone soils in 100-K. it is
13 likely that the unsaturated soils contain residual Cr(VI) contamination. Further, it is possible that
14 contamination within the vadose zone represents one or more active sources of Cr(VI) feeding the
15 groundwater contamninant plumes. Therefore, the implementation of a remedial technology capable of
16 remediating! Cr(VI) within the vadose zone would be a useful complement to the P&T systems.

17 In situ bioremediation has been identified as a teelmology having the potential to reduce elevated levels of
18 Cr(VI) rapidly and effectively in both unsaturated and saturated soils. Consequently, in situ
1 9 bioremediation of the vadose zone is being evaluated as a potential action for the remecdiation of identified
20 or suspected Cr(VI) contamination in the vadose zone of sites in the 100 Area ( e.g.. Il00-D, 1 00-K,
21 and 1 00-H).

22 The efficacy of in situ bioremnediation has been demonstrated for remnediation of Cr(VI) in groundwater at
23 1 00-D (PNNL- 18784. Hanford( I]00-D Area Biosltnulation Test1 Results). H-owever. there are Iinsuff Mcit
24 site-specific data to perform a defensible detailed analysis of biorermediation as a component of the final
25 remnedy selected for the remecdiation of Cr(VI) remaining i the vadose zone. CERCLA "Luidanice
26 recognizes that Tier 11 treatabilitv testing is appropriate when insufficient data are available for remedy
27 selection (EPA,";4OiR-92/07 Ia). Consequentl%,, a treatabilitv test wNIll be conducted at a Il00-KWA site to
28 evaluate in situ bioremecdiation of the vadose zone as a potential comnponent of the final remedy selected
29 for the remediation of Cr(VI) in the 100 Area.

30 Because the vadose zoneC is thle target for the planned test. thle nutrient Solutions needed to establish
3 1 bioremnediation (Chapter 3)) will be introduced to the unsaturated soils by infiltration fromn the ground
.32 surface (described in Chapter 5). 1llence. in the balance of this report, the method is referred to as
3 3 bio-infiltration.

34 The primary objective of the proposed I100-KW bio-infiltrationi treatability test is to evaluate the
35 performance and potential long-term effectiveness of bie-infiltration for establishing, within the Nvadose
36 zone, the chemnically reducing (anoxic) conditions needed for Cr(VI) remnediation. If this objective is mnet.
37 sufficient data will be obtained to determnine if this technology represents a cost-citletive alternative or a
38 complement to removal, transport, and disposal actions for Cr(VI)-contamninated vadose zone soils. A
39 secondary objective of the test is to obtain system operations data that will help optimize the performance
40 of any future bio-infiltration systemn implemented for the remediation of Cr( VI) in the 100 Area.

41 1.2 Document Organization
42 This document Constitutes tile Work plan for the proposed 1 00-KW Vadose Zone InI Situ Bio-Infiltration
4 3 Treatability Test. The chapters that f'1ollo describe the proposed test site, the purpose of thle test, the
44 treatment technology, the test objectives and performance criteria, and the monitoring plans. B~efore the

2
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1 test is started, detailed instructions will be developed for the operation of the system. This document is.2 organized as follows:

3 * Chapter 2 summarizes the geology and hydrology of 100-K, its groundwater geochemistry, and the
4 nature and extent of groundwater contamination. This chapter includes the most current depiction of
5 the Il00-KW chromium plume, the upgradient end of which is the target area of the bio-infiltration
6 test.

7 * Chapter 3 is a brief description of the biologic and geochemical processes that form the basis of the
8 treatment technology.

9 e Chapter 4 presents the primary test objective and the criteria needed to evaluate the results of the
10 planned testing campaign.

11I * Chapter 5 describes the test site and the method of nutrient infiltration. It also specifies a phased
12 approach to testing, including pre-test activities, startup operating parameters, the logic of process
13 adjustments, and general requirements for process control and monitoring.

14 e Chapter 6 lists major equipment needed for fluid handling and nutrient infiltration. In addition, it
15 describes activities needed to prepare the test site and proposes locations for the three new
16 monitoring wells.

17 o Chapter 7 lists the requirements for soil sampling and analysis during well construction, and for
18 periodic sampling and analysis of groundwater and pore water.

19 e Chapters 8 and 9 discuss data management, analysis, and interpretation..20 * Chapters 10 through 13 present requirements for health and safety, waste management, reporting, and
21 environmental and regulatory compliance, respectively.

22 * Chapter 14 is the current project schedule.

23 * Chapter 15 reflects project management organization.

24 * Chapter 16 lists references consulted in preparing this work plan.

25 2 Project Description
26 The proposed I 00-KW test site is located within 1 00-K approximately 46.3 km (31 mi) north-northwest
27 of the city of Richland, Washington. The 100-K area is situated between 100-BC and 100-N in the
28 northern section of the Hanford Site (Figure 1).

29 2.1 Background
30 The Il00-KW reactor area is located on the west end of the l 00-KR-4 groundwater operable unit (OU).
31 The Il00-KW P&T system is one of three P&T systems in the I 00-KR-4 OU that are removing Cr(VI)
32 from groundwater; it has been operational since January 30, 2007 and was expanded from a 6.3 to
33 12.6 liter per second (L/s) (100- to 200-gallons per minute [gpm]) capacity in April 2009. Figure 2 depicts
34 the KW Cr(VI) plume map. Details regarding the I100-KW P&T system and the other Il00-KR-4 OU P&T
35 systems are available in the most recent annual groundwater summary report (DOE/RL-2010-l 1).

3
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IConcentrated sodium dichiromate stock solution arrived south of the 100-KE Reactor in railcars, and soil.2 staining discovered during treatment system demolition indicates that spills occurred during offloading. It
3 is likely that some coolant water effluent and leaked concentrate remain within the vadose zone soil
4 column as potential groundwater contamination sources.

5 2.2 Site Hydrogeology
6 The following discussion summarizes vadose zone soil descriptions from geologic logs of
7 Wells 199-K-35 and 199-K- 175, which are located near the proposed treatability test site (Figure 2 shows
8 the well locations).

9 2.2.1 1 00-KW Area Geology
10 The geologic units relevant to the 100-KW Reactor area include minor surficial Holocene deposits,
I11 imported fill material, the Hanford formation, and the Ringold Formation (Figure 3). The 100-K area
12 geologic units are discussed in detail in WHC-SD-EN-T1-155, Geology of the 100-K Area, Hanford Site,
13 South-Central Washington.

CHRONOSTRATIGRAP-Y GEOLOGY LITHOSTRATIGRAPHY HDROGAH

4 w 100-BfC,-K,-N.-D Area Horn/lOO-H Area
0

Lu ft

10 ka -HOLOCENE
m ft

LU 126
Z -400

0 Hanford I'm

WInterbedded Silt, Sand, GravelVdoeZn
-j i00-

2.614 _______

PLIOENE Ringold Fm Rigl Unit!E-0

Fluval and GrvelUpper
6,3M -?- -- Unconfined 76-~ >. Aquifer

tu W
o o-

Woodd Utit CI I 60-

Lu

LU 4, 26

0 C

Cou6i Uni 0A

RvrFluvial Sand & Gravel Confined Basalt
Basalt Columbia River&

a BasaltInterbed Aquifers

14Ellensburg F'm _26- 0

15 Figure 3. Generalized Hydrogeology of the 100-K Area

16
17
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1 2.2.1.1 Imported Fill and Holocene (Recent) Deposits
2 The log of Well 199-K-35 drilled in 1992 indicates that the top 8.8 mn (29 ft) of soil are imported fill
3 material composed of sandy gravel similar to the underlying Hanford formation soil. Holocene aeolian
4 sand is present at the surface in undisturbed areas. The Well 1 99-K-35 log also indicates that the soils
5 were saturated from 1.8 to 7.6 mn (6 to 25 ft) below ground surface (bgs) because of a leaking water line.

6 2.2.1.2 Hanford Formation
7 The Hanford formation soils beneath the 183.1 KW Head House vicinity are sandy gravel with minor silt
8 down to the contact with the underlying Ringold Formation Unit E reached at a depth of 20.7 mn (68 ft) in
9 Well 199-K-35 and 15.2 mn (50 ft) in Well 199-K- 174. Well 199-K- 174 is located on the east side of the

10 former 1 00-KW sedimentation basins.

11 2.2.1.3 Rin gold Formation
12 The Ringold Formation Unit E extends from the bottom of the Hanford formation to the top of the
13 Ringold Upper Mud (RUM), which also is the bottom of the uppermost unconfined aquifer in 1 00-K. The
14 unsaturated portion of the Ringold Unit E is composed of sandy gravels with local silty layers and is
15 generally denser and less permeable than the overlying Hanford formation. The water table was reached
16 at a depth of 28.2 m (92.6 ft) in Well 199-K-174 on March 16, 2009 and 30.2 mn (99 ft) in Well 199-K-35
17 on September 25, 1992.

18 2.2.2 General Hydrology and Groundwater Chemistry
19 The uppermost unconfined aquifer in the 1 00-KW Reactor area is entirely within the Ringold Unit E and
20 was about 28 mn (92 ft) thick in Well 199-K-173 located outside the test area about 300 m (984 ft)
21 northwest of the proposed location of the bio-infiltration test. This well has been included in the
22 discussion of the Ringold Unit E because it fully penetrates the unit. The RUM, a silt-dominated aquitard,
23 defines the bottom of the shallow unconfined aquifer.

24 The thickness of the unconfined aquifer (Ringold Unit E) is quite variable over 100-K as a whole (e.g.,
25 ranging from about 5.8 to 32 mn [ 19 to 104 ft] thick). Near the 1 00-K west area, however, the aquifer is
26 uniform, appearing to range between about 21.3 to 25 mn (69.8 to 82 ft) in thickness. Groundwater in the
27 100-K west area generally flows to the northwest (downgradient) to the Columbia River. However, the
28 direction of groundwater flow can be affected strongly on a seasonal basis by large variations in the stage
29 of the Columbia River imposed by upstream hydroelectric dams. High river stages during the spring and
30 summer temporarily reverse the hydraulic gradient near the river and the dominant direction of near-shore
31 groundwater flow is away from the river during these periods. The daily and seasonal gradient reversals
32 are thought to promote a groundwater flow component that is subparallel to the shoreline than when the
33 river is at a low stage. During the seasonal periods of high river stage, Cr(VI) concentrations typically
34 decline in wells located near the shore where the influx of river water inland can be substantial.
35 Concentrations of Cr(VI) typically increase in the fall, when the river stage drops, the gradient steepens,
36 and groundwater flow toward the river is re-established.

37 The general chemistry of the shallow unconfined aquifer at the 100-K west area groundwater can be
38 described as moderately alkaline with dissolved oxygen (DO) concentrations that are at or near
39 equilibrium with air (e.g., 8 to 10 mg/l). The major cationic species are dominated by sodium, calcium,
40 and magnesium and the non-carbonate anionic species are dominated by sulfate and nitrate. The average
41 specific conductance of the groundwater is 397 g~S/cm and the pH typically lies between 7.5 and 8.

6
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2 Although Cr(VI) is the primary COC in thelOO-KW Area, other groundwater constituents of interest
3 include strontium-90, tritium, carbon-14, nitrate, and sulfate. With the exception of nitrate and sulfate,
4 elevated concentrations of these constituents appear to originate from localized source areas and are
5 generally not collocated with the chromium plume as a whole.

6 The 1 00-KW Cr(VI) plume extends from near the 183.1 KW Head House and chemical storage facility
7 approximately 600 m (1,968 ft) downgradient to extraction Wells 199-K-132 and 199-K-138 (Figure 2).
8 A substantial portion of the plume contains Cr(VI) above federal drinking water standards (100 pig/L). In
9 late December 2009, elevated chromium concentrations were measured at Well 199-K-35, a former

10 injection well near the 183.1 KW Head House that was converted to a monitoring well in November
11 2009. Frequent monitoring of this former injection well began in December 2009 with Cr(VI)
12 concentrations steadily increasing from 193 to 726 pig/L by late January 20 10. The concentrations of
13 Cr(VI) decreased abruptly to about 300 jig/L in early February 2010. Between February and the middle of
14 April 20 10 (when the last available data were collected from this well), the measured concentrations
15 generally varied slightly below or above 300 jig/L.

16 Concentrated sodium-dichromate released to and possibly still present within the vadose zone is
17 considered the most likely source for chromium near the 183.1 KW Head House. Concentrated
18 (70 percent) sodium dichromate solutions were routinely delivered to the K West site by railcar and
19 transferred to a 158,987 liter (L) (42,000-gallon [gal]) storage tank (Site Il00-KW-5) that was located
20 adjacent to the 183.1 KW Head House (Figure 4). These concentrated feed solutions were piped from the
21 storage tank through the 1 83-KW complex and to the adjacent 190-K Building (Figure 4) where the. 22 concentrated solutions were diluted and mixed with river water to produce coolant water. The Remedial
23 Investigation/Feasibility Study Work P/an for the IOO0-KR-4 Operable Unit, Hanford Site, Richland,
24 Washington (DOE/RL-90-2 1) provides detailed descriptions of these facilities and the processes used to
25 generate, use, and discharge reactor coolant after use.

26 The presence of yellow-stained soils around the sodium dichromate storage tank area (Site 120-KW-5),
27 indicates that spills and leaks occurred during transfer operations from the railcars to the storage tanks.
28 Releases of 70 percent dichromate solutions that occurred near the storage tank likely seeped into the soils
29 or were sluiced into a nearby French drain (Figure 5). The volume of 70 percent sodium dichromate
30 solutions lost to the vadose zone in this area (or elsewhere near the 183.1 Head House) and the maximum
31 depth that these spills may have penetrated into the vadose zone is unknown. However, given the acidity,
32 high density, and extremely elevated Cr(VI) concentrations of these solutions, spills of even several
33 gallons could introduce hundreds or thousands of mg/L of Cr(VI) several feet into the vadose zone.
34 Larger spills would have the potential to penetrate well into the deep vadose zone where the Cr(VI) would
35 likely act as a long-term, continuing source of groundwater contamination. The recent identification of
36 elevated groundwater Cr(VI) concentrations (i.e., 726 j ig/L) in monitoring Well 199-K-35, located near
37 the former 120-KW-5 (Figures 2, 4, and 5), suggests the presence of one or more potentially deep residual
38 vadose zone sources of Cr(VI) in this area.

7
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2 Figure 4. Facilities in the 1 00-KW Area that Handled High-Concentration Sodium Dichromate, Solutions
3 and the Proposed 100O-KW Bio-lnfiltration Test Area

8



DOEIRL-2010-73, DRAFT B
AUGUST 2010

Figure 5. Photographo dthe n of the 5fWaeSt ro oDDadEcvto

3 3 Treatment Technology Description
4 This chapter summarizes the technical basis for the proposed vadose zone bio-infiltration treatability test.
5 Section 3.1 presents an overview of the microbial and geochemical processes that are necessary to lead to
6 reductive remediation of Cr(VI) within the vadose zone. Section 3.2 briefly discusses the stability of
7 Cr(IIl) phases produced by bioremediation once oxygenated conditions are re-established.

8 3.1 Overview of Relevant Chemical and Microbial Processes
9 The chromium released to the vadose zone and groundwater in the 100 Area was typically in the form of

10 Cr(VI), a highly mobile anionic species that is stable in oxidizing natural environments. Numerous
11I studies have demonstrated that the sufficient addition of simple organic carbon compounds (e.g., lactate
12 or ethanol) will stimulate the rapid growth of the native microbial assemblage in an aquifer, ultimately
13 resulting in the development of localized reducing conditions. This approach has been successfully used
14 to bio-remediate Cr(VI) by converting it to less toxic trivalent chromium (Cr(III)). Once formed, Cr(Ill)
15 will typically sorb to mineral substrates or precipitate as an insoluble solid phase such as Cr(OH) 3 and is
16 therefore effectively immobile in an aquifer (Hansel, et al., 2003).

17 Similar microbial and related geochemical processes are known to occur in the vadose zone as well as in
18 the saturated aquifer soils. Laboratory studies have demonstrated the processes, showing that adding
19 water and organic nutrients to columns packed with vadose zone materials contaminated with Cr(VI)
20 cause the effective conversion of Cr(VI) to Cr(III) (Tokunaga et al., 2003, "In-situ reduction of Cr(VI) in

*21 heavily contaminated soils through organic carbon amendment," and Oliver, 200 1, Microbial Reduction
22 of Hexavalent Chromium Under Vadose Zone Conditions).

9
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1 The 100O-KW treatability test is specifically intended to determine if infiltration of a mixture of water and
2 the nutrient compound from the ground surface into the vadose zone is a practical approach for
3 establishing the reducing conditions needed to convert Cr(VI) to Cr(III).

4 The reduction of Cr(VI) to Cr(III) because of microbial activity can be achieved by one or both of the
5 following two general mechanisms:

6 * Indirect microbial conversion (chemical reduction) of Cr(VI) to Cr(III) by a reduced electron acceptor
7 in solution or in a solid phase that was produced as a byproduct of anaerobic microbial respiration
8 (e.g., ferrous iron or sulfide)

9 * Direct (enzymatic) reduction of Cr(VI) to Cr(III) by one or more members of the in situ
10 microbial assemblage

11 3.1.1 Indirect Microbial Reduction (Chemical Reduction) During Bioremediation
12 The application of in situ bioremediation as a groundwater remediation technology for Cr(VI) uses the
13 injection of simple organic carbon compounds (ethanol, lactate, cheese whey, sugar syrups such as
14 molasses or corn syrup, and vegetable oils) to stimulate microbial activity within the subsurface.
15 If a sufficient amount of an organic compound is added, the population of microbes in the subsurface will
16 grow exponentially and the dissolved oxygen content of the groundwater will be progressively depleted
17 by the microbial metabolism of organic carbon.

18 As oxygen is progressively depleted in the groundwater and anaerobic conditions develop, the microbial
19 assemblage will shift toward those species that are able to use chemical species other than oxygen for
20 respiration, such as nitrate, manganese, chromate, ferric iron, and sulfate.

21 When ferric iron (e.g., from iron hydroxides) and sulfate are used as electron acceptors, the strongly
22 reducing byproducts ferrous iron and sulfide are produced. These chemical species, or solid phases that
23 contain them, will rapidly reduce Cr(VI) in solution to Cr(III) (Lan et al., 2007, "Influence of Soil
24 Minerals on Chromium( VI) Reduction by Sulfide under Anoxic Conditions").

25 3.1.2 Direct Microbial Reduction
26 Many varieties of microbes are known to directly (enzymatically) reduce Cr(VI) to Cr(III) under aerobic
27 and anaerobic conditions using a variety of electron donors (Wiley InterScience, 2003, Coinetabolism of
28 Cr(Vl,) by Shewanclla oneidensis MR?- I Produces Ce/I-A ssociated Reduced Chromium and Inhibits
29 Growth). The common sulfate reducing bacteria Desulfovibric vulgaris, for example, is known to reduce
30 Cr(VI) to Cr(III) enzymatically, under anaerobic conditions (Lovely and Phillips, 1994, "Reduction of
31 Chromate by Desulfovibric vulgaris and its C3 Cytochrome"). Although some microbes are able to obtain
32 energy using Cr(VI) as a primary electron acceptor during respiration, others (e.g., Shewanella
33 oneidensis) are only able to reduce Cr(VI) to Cr(I1I) in the presence of another primary electron acceptor
34 (e.g., oxygen or nitrate). The cometabolic reduction of Cr(VI) does not provide energy for the microbe but
35 may serve as a detoxification mechanism that protects the organism from elevated levels of Cr(VI)
36 (Wiley InterScience, 2003). In either case, the enzymatic reduction of Cr(VI) to Cr(III) by microbes is
37 generally a much slower process than the chemical reduction of Cr(VI) to Cr(III) in the presence of
38 ferrous iron and sulfide.

39 If in situ bioremediation of Cr(VI) is applied at Hanford sites, it is expected that direct microbial
40 reduction will not contribute significantly to remediation.
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2 The oxidation of Cr(III) phases by dissolved oxygen under environmental conditions is essentially
3 non-existent (Rai et al., 1989; Eary and Rai, 1987, "Kinetics of Chromium (111) Oxidation to
4 Chromium (VI) by Reaction with Manganese Dioxide"). Consequently, Cr(III) compounds precipitated
5 during bioremediation activities will not be re-oxidized to Cr(VI) by dissolved oxygen, even after fully
6 oxygenated conditions are re-established in the aquifer or vadose zone. The stability of Cr(III) compounds
7 under oxygenated groundwater conditions comprises the fundamental basis for the implementation of in
8 situ bioremediation as a potentially effective remedial approach for Cr(VI).

9 4 Test Objectives
10 The primary objective of thelI00-KW bio-infiltration treatability test is to evaluate the performance and
11I potential long-term effectiveness of an in situ bio-infiltration system as a remedial technology for Cr(VI)
12 contamination in the vadose zone. The following criteria will be used to evaluate the performance of the
13 bio-infiltration technology:

14 * Confirm whether Cr(VI) is present in the vadose zone of the test area and demonstrate whether the
15 infiltration technology can produce sufficiently reducing conditions in the vadose zone to convert
16 Cr(VI) to Cr(III) such that the observed concentrations of Cr(VI) will decline to less than 48 [tg/L in
17 the pore water of the vadose zone.

18 * Determine the extent that Cr(VI) is not treated (immobilized) in the vadose zone and is transported to
19 the water table by the enhanced unsaturated flow condition produced during the test.

20 * If the conversion of Cr(VI) to Cr(III) in the vadose zone of the test area cannot be confirmed,
21 dmntaethat reducing conditions known to reduce Cr(\JI) to Cr(II1) are established within the
22 vadose zone.

23 * Determine whether (and, if so, for how long) the proposed treatment approach can produce conditions
24 in the shallow groundwater beneath the test site that are sufficiently reducing to convert Cr(VI) from
25 the overlying vadose zone to Cr(III).

26 * Provide evidence that any iron, manganese, or arsenic released into the vadose zone pore water and
27 subsequently transported to the water table is ultimately attenuated by oxygenated conditions within
28 the aquifer.

29 e Demonstrate that long-term Cr(VJ)-reducing capacity has been established in the vadose zone as
30 a result of the infiltration treatment.

31 o Provide evidence that Cr remaining in the vadose zone is not remobilized by the infiltration of
32 oxygenated water after bio-infiltration has been completed.

33 5 Experimental Design

34 This chapter describes the test site, presents the method by which the nutrient solution is infiltrated from
35 ground surface, and explains operational test design.

36 5.1 Test Site Description
@37 Concentrated (70 percent) sodium dichromate solutions were routinely delivered to the Il00-KW site by

38 railcar and transferred to a 158,760 L (42,000 gal) storage tank (l00-KW-5 site) that was located adjacent

11
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1 to the 183.1 KW Head House (Figure 4). These concentrated feed solutions were piped from the storage
2 tank through the 183-KW complex and the adjacent 190-K and 165-K Buildings where the concentrated
3 solutions were diluted and mixed with river water to produce coolant water. The facilities and processes
4 used to generate, use, and discharge reactor coolant after use are described in greater detail in
5 DOE/RL-90-2 1, Remedial Investigation/Feasibilily Studyv Work Plan for the 1 00-KR-4 Operable Unit,
6 Hanford Site, Richland, Washington.

7 The presence of yellow-stained soil near the sodium dichromate storage tank indicates that spills and
8 leaks occurred during transfer operations from the railcars to the storage tanks. Released dichromate
9 solutions would likely have either seeped into the soils or been sluiced into a nearby French drain

10 (Figure 5). The volume of sodium dichromate solutions lost to the vadose zone in this area and ultimately,
11 to the underlying aquifer, is unknown.

12 The recent identification of elevated groundwater Cr(VI) concentrations in former injection well
13 199-K-35, located near the former 120-KW-5 storage tank, effectively locates the upgradient head of the
14 1 00-KW chromium plume at or near the storage tank. The increase in Cr(VI) in the well is consistent with
15 dissipation of an essentially chromium-free groundwater mound caused by injection of treated water from
16 the P&T plant. The post-injection source of the increased Cr(VI) in the well may be an active local
17 vadose zone source, or the increase may be due to advective movement of contaminated groundwater
18 toward the well.

19 Based on geological data collected during the installation of Wells 1 99-K-35 and 199-K-I175, the vadose
20 zone in this area is estimated to be 24.4 to 27.4 mn (80 to 90 ft) thick near the storage tank. Most of the
21 vadose zone in this area is composed of boulders, gravel, sand, and silt typical of the Hanford formation,
22 although the lower vadose zone is believed to grade into the Ringold Unit E at a depth between 18.3 to
23 24.4 mn (60 and 80 ft) bgs. The thickness of the Ringold Unit E in this area is not known. Based on data
24 obtained from downgradient wells, it is expected to be about 30.5 mn (100 ft) thick near the 183.1 KW
25 Head House.

26 5.2 Nutrient Infiltration
27 The planned bio-infiltration test system (Figure 6) will be implemented within the excavated area of the
28 former 183.1 KW Head House and associated facilities (Figure 7). The system will use treated effluent
29 from the 1 00-KW treatment system as the primary source of water for infiltration. During the test, the
30 treated P&T effluent will be piped to a surge (holding) tank. Some of the water will be amended with
31 a carbon source (sodium lactate) concentrate and a fluorescent flow tracer in a separate tank. This
32 amended solution and water from the surge tank will then be metered into a drip infiltration system for
33 distribution into the vadose zone. The infiltration of this carbon-amended water will stimulate rapid
34 microbial growth in the vadose zone, depleting the available oxygen, and facilitating the development of
35 Cr(VI)-reducing conditions in the treated section of the vadose zone.
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2 Figure 7. Expected Areas of Excavation, Proposed Bio-Infltration Test Site, and
3 Proposed Monitoring Well Locations
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* 5.3 Operating Parameters
2 Although a simple design in concept, the field-scale bio-infiltration system planned for the vadose zone in
3 1 00-KW will face site-specific design and implementation challenges that cannot be resolved by
4 preliminary laboratory testing or vadose zone modeling activities alone. Probable lateral and vertical
5 variations in subsurface lithology, the hydraulic properties of the 100-KW vadose zone, and the potential
6 for changes in infiltration pathways under different flow rates, require that the bio-infiltration treatability
7 test system have sufficient design and operational flexibility to test a range of infiltration approaches
8 (e.g., different combinations of infiltration rates and carbon concentrations).

9 5.3.1 Hydraulic, Microbial, and Geochemical Considerations
10 A one-dimensional vadose zone modeling sensitivity analysis was conducted to identify the probable
11I range of water infiltration rates that will be necessary to support the treatment of a 0.2 ha (0.5-ac) test site
12 at I100-KW under both saturated and unsaturated conditions. Values of vadose zone soil hydraulic
13 parameters were derived from previously conducted sampling studies in the 100 Area. Travel times based
14 on these parameter values suggest that a rate of 1.9 L/s (30 gpm) over 0.5 ac would be able to maintain
15 partial saturation while leading to the infiltration of three pore volumes in 90 days. (Note: a pore volume
16 is defined as the volume of water required to fill the effective porosity of the targeted vadose zone.)
17 However, the values of saturated porosity and saturated hydraulic conductivity are lower than 'typical'
1 8 values of sandy-gravel samples. Therefore, an additional simulation was conducted in which the assumed
19 saturated porosity was doubled and the hydraulic conductivity was increased by a factor of 100.

20 The results of this analysis suggest that under the assumed conditions, an irrigation rate of 5.0 L/s
21 (80 gpm) over 0.5 ac will lead to the unsaturated infiltration of three pore volumes in approximately

*22 90 days. These modeling results provide initial guidance on the potential range of infiltration rates
23 (5.0 to 1.9 L/s [80 to 30 gpm]) that could be implemented during the test. The actual infiltration rates
24 initially used at the start of the test will be based on updated vadose zone modeling that will incorporate
25 soil descriptions, grain-size analyses, and hydraulic parameters obtained from core samples collected
26 during installation of the three monitoring wells that are proposed for the test site. The infiltration rates
27 implemented during the test will be kept well below the values expected to result in saturated flow. The
28 implementation of a slow infiltration rate should also reduce the extent of channeled or fingered flow that
29 could develop in coarse sand soils if infiltration rates are too high (Yao and Hendrick, 1996, "Stability of
30 Wetting Fronts in Dry Homogeneous Soils under Low Infiltration Rates"). Frequent monitoring of the
3 1 treatment area during operations will be critical for assessing the ability of the vadose zone to receive the
32 volume of carbon-amended water that is supplied.

33 Once treatment starts, the infiltration of sufficiently carbon-amended water into the vadose zone will lead
34 to rapid microbial growth in the affected area. There will, however, be a lag period of several days or
35 more between startup of infiltration and the expansion of, and compositional changes in, the microbial
36 assemblage sufficient to induce strongly reducing (e.g., sulfate reducing) conditions. Consequently, if the
37 initial volume of amended solution and the infiltration rates are too high, a non-reducing wetted front
38 could migrate downward through the vadose zone well ahead of a much more slowly advancing reducing
39 front. Such a rapidly advancing wetted front could solubilize and transport a substantial fraction of the
40 Cr(VI) in the vadose zone affected prior to the arrival of the reduction front. Saturated flow-leaching tests
41 performed on Hanford soils containing Cr(VI) suggested that as much as 95 percent of the Cr(VI) in the
42 test soils was leached from the column during the first pore volume (PNNL- 17674, Geochemical
43 Characterization of Chromate Contamination in the 100 Area Vadose Zone at the Hanford Site). To

*44 prevent or greatly diminish this effect in the field, the rate of infiltration and the extent of carbon loading
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I will be carefully nmanaged to maintain unsaturated conditions by maximizing the rate that reducing(

2 conditions are established in the vadose zone during infiltration.

3 Additional geochemnical effects of infiltrating carbon-amended water into the vadose zone Include the

4 reduction of Cr( VI) to Cr(1II) and the mnicrobiallv mediated reductive dissolution of matrix-bound ferric

5 iron and mranganese (Mni(I\/)) oxides and hydroxides in the vadose zone. Arsenic traces arc associated

6 with fierric iron and Mn(IV) oxides and hydroxides in the Hanford soils. Therefore. reductive dissolution

7 of these phases is expected to result in the mobilization of arsenic as well as elevated levels of ferlrous
8 iron and divalent manganese (Mn(ll)) into the pore water offthe vadose zone. Release of arsenic was

9 observed during the bioremnediation test performed at I 00-D (PNNL-l 8784). Consequently, thle transport
10 of detectable levels of dissolved ferrous iron, Mn(Il). As (mostly as As(lII)), and other reduced
I I constituents to the wvater table is expected dturing the test. The changes in the concentrations of these

12 constituents over time will be monitored in the vadose zone and the water table beneath the test area.

13 However, ferrous iron. NMn(ll). and As( Ill) that enter the \,vater table during, the treatabilitv test are

14 expected to be oxidized and attenuated relatively quickly once exposed to the oxygenated groundw'ater in
1I the aquifer.

16 A description of the operational strategy that will be tused for the treatability test is presented below. The
17 primary operational factors that will be varied durig operation of the system will be the concentration of

1 8 carbon in the solution applied and thle rate ol application. (Generally. the higher the carbon concentration

19 Ii the solution, the farther the reducie conditions will penetrate Into the vadose zone for a given volumec
20 of solution. Different flow rates wivll result in different infiltration properties. For example. at very high

21 application rates, flow will occur largely through coarser grained materials, potentially bypassin
2~~~~~~~~ fieoanmtras tlwIudapications rates. flow, wvill occur throughI all pore sizes, wvith a (greater

2 3 relative proportion of the fluid passing through!I finer pore throats associated with slits and fine sands.
24 Detailed operating procedures for the proposed test w ill be presented in a test implemnentation plan that

25 will be prepared after the design of the treatment system is finalized.

26 5.3.2 Pre-Test Activities
27 Three monitoring, wells and six Ivlysimters will be installed prior to startup to monitor shallow

28 uroulndwater and vadose zone pore water Ii the area for the test (FiguLre 7). The monitoring wells and
29g lysimeters will be grouped into three separate moitoring( clusters, each at a different location Within thle

30 test area. Each of these three monitoring12 Clusters will consist of a monitoring well, and two lv simecters

31 (one shallow\ and one deep) (Fig-ures 6 and 7). Section 6 presents additional information about the
32 installation and design of these newx monitoring wells and lvsimeiters.

33 One month prior to startup oIfthe bio-infiltration system, the approximately 5 L/s (80 -pmn) of treated
34 effluent that are currently beingL re-injected by Well 199-K- 175 (located Just tipgradient of the

35 bo-iflratin trge -ara) wil hreitribted to other Iinjectioni wellIs in the I 00-KW systemn. This

36 diversion of the upgradint re-injection activities prior to startup Of the test will reduce the high fIlushing1
37 rate of treated effluent through21 thle saturated zone beneath the proposed treatm-rent system. As a result, thle

_38 groundwater chemiistry beneath the test site, both prior to (baseline) and during the test, will not be
39 affected by the nearby re-injection of treated effluent. Once the treatability test starts. some or all of this

40 5 L/s (80 gTpml) will be used as the water Supply for thle test.

41 Prior to the start of the test, a work plan will be developed and preparations will be made for a
42 conting(ency action to address the possibility that uniacceptably high concentrations of Cr(VI) may be
43 flushed out of the vadose zone and into thle underlying shallow water table during11- thle test. Tis
44 contingecncy action will consist of using one or- more of the three test site monitoring wells to extract (and

16



DOE/RL-2010-73, DRAFT B
AUGUST 2010. 1 contain for future treatment) the shallow groundwater beneath the site, if it receives an unacceptably high

10 2 mass of Cr(VI) from the overlying vadose zone during the test.

3 5.3.3 Test Phase 1
4 During the first week of the initial stage (Phase 1) of the test, the treatment solution will be applied to the
5 vadose zone on a daily basis as a series of small-volume batches. These batch solutions will be amended
6 with moderate to high concentrations of lactate (e.g., 250 to 1,000 mg/L as carbon). This approach is
7 intended to supply sufficient substrate to expand the microbial assemblage rapidly (including iron and
8 sulfate reducing bacteria) in the shallow vadose zone, while minimizing the initial flux of water into the
9 vadose zone. This approach is expected to promote strongly reducing conditions in the upper vadose zone

10 without producing a significant non-reducing wetting front that might mobilize substantial amounts of
11I Cr(VI) rapidly downward into the deeper vadose in advance of the reducing conditions.

12 Lysimeters installed at different depths in the treatment area (Figure 6) will be used to track the
13 downward progress of the wetting fronts (and associated chemical changes) through the vadose zone.
14 Throughout Phase 1, samples will be collected from the lysimeters and monitoring wells twice each week
15 and submitted for chemical analysis. During the first week of Phase 1, pore water samples will also be
16 collected from the lysimeters on three additional days, visually examined for evidence of a tracer
17 compound and tested for selected field parameters (e.g., DO or conductance).

18 Once the monitoring data from the shallow lysimeters confirm that the wetting front and strongly
19 reducing conditions are present in the upper vadose zone (e.g., 10 to 20 ft bgs), the volume and substrate
20 concentrations of the successive batches of the infiltration solutions will be adjusted. The solutions will
21 be adjusted based on field observations and lysimeter data to promote sufficient depth of penetration of.22 carbon into the vadose zone without bio-fouling the upper few feet. This approach will promote the

1 23 steady migration of the wetted zone, TOC, and strongly reducing conditions to progressively deeper
24 sections of the vadose zone. The downward transport of reduced byproducts (e.g., ferrous iron and
25 sulfide) produced by ferric iron and sulfate reducing bacteria is expected to help extend reducing
26 conditions progressively deeper into the vadose zone. Continued monitoring of the samples from the
27 lysimeters and monitoring wells will be used to confirm that the reducing front and the wetting front
28 maintain a close spatial association with depth in the vadose zone as Phase 1 proceeds.

29 This step-by-step batch infiltration approach will be used until the wetting front and associated reducing
30 front have migrated entirely through the vadose zone and have been detected in the shallow water table.
31 This will be documented using geochemnical and tracer data collected from the three monitoring wells that
32 will be screened over the upper 3 mn (10 ft) of the water table in the target area. Although this careful
33 approach to infiltration should minimize the potential for the transport of Cr(VI) out of the vadose zone,
34 some Cr(VI) may be transported to the water table. However, it is anticipated that most of any Cr(VI) that
35 reaches the water table will either be converted to Cr(III) once reducing conditions are established in the
36 shallow groundwater or captured and treated by the downgradient 100-KW P&T system.

37 5.3.4 Test Phase 2
38 Phase 2 of the test will begin once the reducing front has migrated through the entire vadose zone
39 (Phase 1). Phase 2 infiltration will be conducted on a continuous or semi-continuous basis (e.g., 24 hours
40 a day to 4 hours a day) as dictated by field conditions and lysimeter and monitoring well sampling
41 (Appendix A). The infiltration rate (gpm) and lactate content will be varied as necessary to optimize
42 overall treatment system performance. For example, the infiltration rates could be varied between high
43 and low values periodically during Phase 2 to promote flow through suspected highly transmissive layers.44 and through any tighter, fine-grained materials that may have been be identified by coring activities.
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1 Phasc 2 of the infiltration test will continue until monitoring well data indicate that reducing conditions
2 have been established in the upper few feet of the water table beneath the treatment zone, or until five
3 pore volumes of lactate-amnended water has been infiltrated through the vadose zone. The geochemnistry of
4 the vadose zone and the shallow groundwater beneath the test area will be monitored throughout Phase 2)
5 and these data will be used to help identify which operating conditions used during Phase 2 were most
6 effective. After Phase 2 is complete, carbon infiltration activities will be terminated.

7 5.3.5 Test Phase 3
8 In Phase 3, infiltration is termninated and the last pore volume of treatment solution that was applied
9 during Phase 2 is allowed to undergo transient drainage for a period of one month. Monitoring of the

10 lysimeters and monitoring wells will continue on a weekly basis throughout Phase 3. If the concentrations
I11 of Cr(VI) exceed 48 tg!l_ in the pore water samples collected from the deep lyslimeters for two
12 consecutive samnpling events, an additional pore volume of carbon -amended water may be infiltrated into
13 the system to further increase the effectiveness of hioremediation.

14 Once transient drainage rates and the wAater content of the vadose zone have decreased substantially (e.g.,
15 based on changes in lysimeter sample volume over time), two additional boreholes will be installed
1 6 through the vadose zone. Samples will be collected for visual, chemical, and mineralogical analysis
17 (Section 7).

1 8 5.3.6 Test Phase 4
1 9 Phase 4 is the final phase of the test and virtually all the Cr( VI) or]inally present in the vadose zone is
20 expected to be converted to Cr (111) during the previous phases of the test. The purpose of Phase 4 is to

21 demonstrate that post-treatmi-ent flushing of the vadose zone with oxygenated water will not result in the
-~ solubihization and transport of Cr(VI) to the water table at concentrations above the groundwater standard

23of 48 tg/L. If, however, the groundwater and lysimieters rnonitoring data collected during the earlier
24 phases of the test (or the post-treatment core data) indicate that substantial amounts of Cr(VI) may remain
25 in the vadose zone after Phase 3,then Phase 4 will not be conducted.

26 If Phase 4 is imnplemnited. three to five pore volumnes of treated effluent from the K-West Plant (amended
27 with I mg/L tracer) will be infiltrated into the vadose zone under a range of infiltration rates. Samples
2)8 xvll be collected from the lysimeters and monitoring wells on a daily basis during the first week of
29 Phase 4 and hi-weekly thereafter. The data from these samples will be used to ascertain the followine(:

30 * Determine the extent that residual Cr(VI) is present and mobilized from the vadose zone after
31 treatment is complete by the infiltration of oxidizing effluent.

32 * Evaluate the effects of the Phase 4 infiltration on the shallow groundwater beneath the site.

33 * Based on the mnonitoring results obtained during Phase 4. estimate the potential longevity of the
34 residual reducing (Cr(VI) treatment) capacity in the vadose zone, under natural infiltration conditions.

35 The shallow groundwater beneath the treatment area is expected to be sufficiently reducing to remediate
36 any Cr(VI) that may be transported to the water table during Phase IV. Nevertheless, if the average
37 Cr(VI) concentrations exceed 48 pig/L in the vadose zone pore water samples collected from the deep
38 lysimeters over two consecutive samnpling events, further infiltration will be placed on hold. Monitoring
39 will continue as scheduled while the available monitoring data is reviewed. Based on this review, a
40 decision will be made to initiate one of the following options:

41 *Cease all further infiltration activities and begini long-term monitoring.,
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2 9 Continue Phase 4 activities as planned while extracting and containing for future treatment the
3 shallow groundwater beneath the site that is impacted by elevated levels of Cr(VI) (or other COC)
4 during Phase 4.

5 After the Phase 4 activities are completed, weekly sampling will continue for one additional month during
6 transient drainage. Afterwards, quarterly monitoring of the vadose zone and groundwater beneath the
7 treatment area will continue for one year to confirm that no adverse effects develop.

8 6 Equipment and Materials
9 This chapter presents the major surface site facilities needed to conduct bio-infiltration. The chapter

10 includes major site preparation activities and monitoring infrastructure requirements. Flow rates, nutrient
I11 concentrations, tank volumes, and the like are subject to change during the final system design.

12 6.1 Major Equipment, Materials, and Process Description
13 Descriptions of the equipment and materials for the planned bio-infiltration system are discussed below
14 and illustrated in Figure 6. The descriptions are preliminary and subject to change in1 the final process
15 design specifications.

16 6.1.1 Surge Tank
17 A maximum of 5 L/s (80 gpm) of the estimated 12.6 L/s (200 gpm) treated effluent from the 100-KW
1 8 Plant will be diverted as needed for use at the bio-infiltration treatability test. The diverted water will be.19 piped to a 37,854 L (1 0,000-gal) surge tank for temporary storage. If the water supply from the I100-KW
20 Plant is temporarily disrupted, this 37,854 L (10,000-gal) tank will be able to supply water at 5 L/s
21 (80 gpm) for approximately two hours of operation of the treatment system.

22 6.1.2 Reagent Storage and Mixing System
23 Some water from the surge tank will be pumped to the reagent storage and mixing facility where it will be
24 amended with 30 to 60 percent food-grade sodium lactate and a fluorescein flow tracer and mixed in the
25 carbon source tank. This system will require one Underwriters Laboratory-listed, double-containment
26 carbon source tank with a volume of approximately 15,140 L (4,000 gal) to store concentrated sodium
27 lactate solutions safely. The diluted and mixed solution will be metered into the infiltration system along
28 with additional water from the surge tank. Flow meters and totalizers will be used at the inlet and outlet of
29 the reagent storage and mixing tank. A centrifugal booster pump will supply the necessary dynamic head
30 to pressurize the drip system.

31 6.1.3 Infiltration System (Drip-Emitter System)
32 A drip-emitter system manufactured by Ore-Max will be used to deliver the amended solution to the
33 vadose zone. The drip-emitter lines, which branch off a central supply line, are designed to distribute
34 treatment solutions evenly across a large area using patented plug-resistant drip emitters.

35 The drip system should be deployed on the ground surface of the bottom test site, over the targeted area,
36 and covered with six inches of pea gravel. The gravel layer will provide some physical and cold weather
37 protection and minimize the potential for wildlife to access any surface expressions of the infiltration
38 solution. Drip-emitter systems are well suited for this application and they are commonly used for similar.39 processes such as chemical heap leaching of mine spoils and tailings.
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1 6.1.4 Clean Out System
2 A clean out system (not shown in Figure 6) will be uscd as needed to prevent or remove biofouling or
3 carbonate scaling of the drip infiltration systemn, which can develop over time. A separate waterline that
4 bypasses the reagent storage and mixing systemn will be needed to periodically flush the drip-emitter
5 system and supply water for the preparation of a treatment solution.

6 An 11,355 to 15,140 L (3,000- to 4,000-al) polypropylene mnixing tank will be needed to contain the
7 treatment reagent and to dilute it with water to the necessary strength and volume. Once the drip system is
8 disconnected from the water supply line, a small pump would be used to slowly transfer the solution from
9 the mixing tank to the drip system (for up to two hours), ensuringy that the solution is reaching and

10 discharging through all the drip emitters. The clean out solution that is used should have biocidal and
11I scale-dissolution properties. Citric acid is one commnonly used option and has the advantage of being
12 biodegradable once it is flushed into the vadose zone after the drip systemn has been sufficiently treated.

i1 6.2 Test Site Preparations
14 The main activities associated with site preparation are removal of existing facilities, excavation of
15 surface soils and fill. and construction of new monitoring wells and vadose zone sampling equipment.

16 6.2.1 Demolition and Excavation
17 The 183.1 KW Head House and associated facilities (Figure 7) will be demolished and the contaminated
18 soils in the area will be excavated to an expected maximumn depth of 6.1 mn (20 ft) bgs. leaving an
19 estimated 18.3 to 2 1.3 mn (60 to 70 ft) of vadose zone in place. The treatabi lity test site will be located
20 within this excavated area and is expected to cover a 0. 1 to 0.2 ha (0.25- to 0.5-ac) area that completely

21includes the former location of the 158,970 L (42,000-gal) dichromate storage tank ( 120-KWX-5 site) and,
22 potentially, part of the former location of the 183 .1 KW Head H-ouse. Although the remaining vadose
23 zone in the proposed test area is expected to contain elevated levels of Cr(VI), this has not yet been
24 conclusively demonstrated. The precise location and dimensions of the test area may change, as they will
25 be based on field observations and soil analyses conducted during and after the excavation.

26 6.3 Monitoring Wells and Associated Vadose Zone Lysimeters
27 As previously discussed, three mnonitoring wells and six lysimeters will be installed within the infiltration
28 targyet zone to monitor the shallow aroundwater and the vadose zone pore water beneath the target area,
29 immediately before, during. and after the test (Figure 7). The monitoring wells and lysimneters will be
30 grouped into three separate monitoring clusters, each at a different location within the test area. Each of
31 these three monitoring clusters will consist of a monitoring well, and two lysimeters (one shallow and one
32 deep) (Figures 6 and 7). Each monitoring well will be screened over the upper 1 .5 to 3 mn (5 to 10 ft) of

33the shallow unconfined aquifer. Two lysirneters will be installed within the vadose zone near each well.

34 The shallow lysimeters will be installed over a depth range of between 4.6 to 6.2 m (15 to 20 ft) bgs and
35 the deep lysimneters will be installed over a depth range of 12.2 mn to 183 mn (40 to 60 ft) bgs. These
36 monitoring well and lysimeter clusters will provide data that will be used to estimate the depth and rate of
37 downward m-igration of the substrate-amended infiltration solution and to identify changes in the vadose
38 zone pore water chemistry over time. Design specifications for the new wells and vadose zone lysimtr
39 will be presented inthe sampling and analysis plan (SAP) for this project.

40 A general area within the former sedimentation basin has been identified as the possible location of a
41 fourth monitoring well that may be installed to test for possible impacts of the treatability test on
4 2 down-radient groundwater (Figure 7). The decisions of the necessity of this well, the precise surface
43 location. and the screened interval, will be based on groundwater monitoring data collected, during
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2 location of a monitoring well, 199-K- 186, which is not part of the treatability tests and will be installed as
3 part of the CERCLA remedial investigation of 100-K West. This well is planned for installation at the
4 location of the former 120-KW-5 sodium dichromate storage tank and an associated French drain. Soil
5 and water samples collected during the installation of this CERCLA well will be used to characterize the
6 vadose zone and groundwater quality at this site. After installation, monitoring well 1 99-KW- 186 will be
7 used to monitor the water quality and water levels in the uppermost semi-confined water-bearing zone of
8 the RUM, beneath the unconfined aquifer.

9 7 Sampling and Analysis
10 The types of data that will be collected as part of the investigation include the following:

11 I Chemical and physical properties of soil cores or cuttings collected during monitoring well
12 installation

13 9 Baseline groundwater and vadose zone pore water sampling to verify' aquifer and vadose zone
14 conditions prior to commencement of the treatability test

15 e Process control sampling to evaluate the carbon content of the substrate and substrate-amended
16 groundwater prior to infiltration

17 * Vadose zone pore water and groundwater monitoring during and after the test to evaluate the
18 effectiveness and longevity of the proposed treatment

*19 The remainder of this section presents a brief summary of the general monitoring requirements of this
1 20 treatability test. Appendix A presents a comprehensive SAP for this treatability study.

21 7.1 Groundwater and Vadose Pore Water Sampling and Analysis
22 The proposed analyte list and sampling frequency for the monitoring wells and lysimeters are presented in
23 Appendix A. The scope and objectives of the groundwater and porewater data that will be collected
24 during the test includes, but is not limited to, the following:

25 * Monitor selected field parameters, concentrations of TOC, and a fluorescent tracer compound in
26 samples collected from the lysimeters and monitoring wells. These data will provide information on
27 the rate that the wetting front is migrating through the vadose zone and the rate that organic carbon is
28 being consumed by microbial reactions.

29 * Monitor Cr(VI) and total chromium in the lysimeters and monitoring wells to determine whether
30 Cr(VI) is present in the vadose zone and, if so, how quickly and effectively will the Cr(VI) be
31 converted to Cr(III) or transported to the water table during the test.

32 e Use the concentrations of dissolved iron, dissolved manganese, nitrate, and sulfate to monitor the
33 timing, depth, and intensity of the reducing conditions that develop in the vadose zone and underlying
34 shallow groundwater during the different phases of the test.

35 e Monitor dissolved arsenic to determine the extent that this constituent is mobilized in the vadose zone
36 during the test and the concentrations and fate of this constituent in the underlying groundwater.
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1 7.2 Vadose Zone Soil Sampling and Analysis
2 During the installation of the three monitoring wells. cores samples will be collected at intervals ranging
3 from every 1.5 to 3.0 m (5 to 10 ft). In addition, two additional cores will be collected through the vadose
4 zone during Phase 3 of the test. The core samples taken prior to the test and during Phase 3 will be
5 described in the field and, based on field observations, up to 1 0 samples per borehole will be submitted
6 for the analyses listed in Appendix A. If warranted by the results of visual inspection and chemical
7 analysis, selected core samples will be collected for microbiological characterization (e.g., Phospholipid
8 Fatty Acids) and mineralogical analysis by scanning electron microscope (SEM). These microbiological
9 and mineralogical data will be used to help characterize the nature, extent, and magnitude of the

10 biogeochemnical changes in the vadose zone produced by the bioremediation activities.

11 8 Data Management
12 The Sample Management and Reporting Organization, in coordination with the Project Manager, is
1 3 responsible for ensuring analytical data are appropriately reviewed, managed, and stored in accordance
14 with the applicable programmatic requirements governing data management procedures. Electronic data
15 access, when appropriate, will be via a database (e.g., Hanford Environmental Inform-ation System [HEIS]
1 6 or a project specific database). Where electronic data are not available, hard copies will be provided in
1 7 accordance with the Han/'d Feder-al Fac-ility Agrieceent aid Consncit Or-der Action Plani

18 (Ecology et al.. 1989b).

19 8.1 Sample Collection and Analysis
20 Planning for sample collectin and analysis will be in accordance with the programmatic requirements
21 governing fixed laboratory sample collection activities, as discussed in the sample team's procedures.
22 In the event specific procedures do not exist for a particular work evolution, or it is determined additional
23 guidance to complete certain tasks is needed. a work package will be developed to control the activities.
24 as appropriate. Examples of the sample team's requirements include activities associated with the
25 following tasks:

26 e Contaminant of concernvsample analysis requests

27 * Project and sample identification for sampling services

28 e Control of certificates of analysis

29 * Loghooks

30 e Checklists

.31 0 Sample packaging and shipping

.32 Approved work control packages and procedures will be used to documnent field activities, including
33 radiological measurements. All field activities will be recorded in the field logbook. Examples of the
34 types of documentation for field radiological data include the following:

35 * Instructions regarding, the minimum requirements for documeniting radiological controls inform-ation
36 as per 10 CFR 835, "Occupational Radiation Protection."

37 e Instructions for managing the identification, creation. review. approval, storage tase.ndrrIea
38 of primary contractor radiolo-zical records.

39 e The minum standards and practices necessary for preparing, performing. and retaining radiological
40 related records.
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2 e The requirements associated with preparing and transporting regulated material.

3 9 Daily reports of radiological surveys and measurements collected during conduct of field
4 investigation activities. Data will be cross -referenced between laboratory analytical data and radiation
5 measurements to facilitate interpretation of the investigation results.

6 * Daily reports of radiological surveys and measurements collected during the field investigation
7 activities. Data will be cross-referenced between laboratory analytical data and radiation
8 measurements to facilitate interpreting the investigation results.

9 8.2 Resolution of Errors
10 Laboratory errors are reported to the Sample Management and Reporting Organization on a routine basis.
11I For reported laboratory errors, the sample issue resolution process will be initiated in accordance with
12 Contractor procedures. This process is used to document analytical errors and to establish their resolution
13 with the Project Manager.

14 9 Data Analysis and Interpretation
15 This chapter discusses the data analysis and interpretations used to determine whether the data meet the
16 project objectives.

17 9.1 Data Validation and Usability.18 The following sections address the quality assurance (QA) activities that occur after the data collection
19 phase of the project is completed. Implementation of these elements determines whether data conform to
20 the specified criteria, thus satisfying project objectives.

21 9.1.1 Data Review, Verification, and Validation
22 The criteria for verification may include review for completeness (all samples were analyzed as
23 requested), use of the correct analytical method/procedure, review for transcription errors, correct
24 application of dilution factors, appropriate reporting of dry weight versus wet weight, and the correct
25 application of conversion factors. Laboratory personnel may perform data verification.

26 Data validation will be performed to ensure that the data quality goals established during the planning
27 phase has been achieved. Data validation will be in accordance with internal procedures. The criteria for
28 data validation are based on a graded approach. The primary contractor has defined five levels of
29 validation, A through E. Level A is the lowest level and is the same as verification. Level E is
30 a 100 percent review of data (e.g., calibration data or calculations of representative samples from the
31 dataset). Validation will be performed to contractor Level C, which is a review of the quality control (QC)
32 data. Level C validation specifically requires verification of deliverables, requested versus reported
33 analyses, and qualification of the results based on analytical holding times, method blank results, matrix
34 spike/matrix spike duplicate, surrogate recoveries, duplicates, and analytical method blanks. Level C
35 validation will be performed on at least 5 percent of the data by matrix and analyte group. Analyte group
36 refers to categories, such as radionuclides, volatile and semnivolatile chemicals, metals, and anions.

37 Relative to analytical data in sample media, physical data, and/or field screening results are of lesser
38 importance in making inferences of risk. Data validation will not be performed for physical property data.39 and/or field screening results.
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1 9.1.2 Verification and Validation Methods
2 Validation activities will be based on EPA functional guidelines, EPA/540/R-99/008, US EPA Contract
3 Laboratory, Pro gramn National Functional Guidelines fir Organic Data Rex'iev'. Data validation may be
4 performned by the analytical laboratory, Sample Management and Reporting, and/or by a party
5 independent of both the data collector and the data user.

6 Data qualifiers assigned during data validation will be compatible with HEIS.

7 When outliers or questionable results are identified, additional data validation will be performed. The
8 additional validation will be performned for up to 5 percent of the statistical outliers and/or questionable data.
9 The additional validation will begin with Level C and may increase to Levels D and E as needed to ensure

10 that data are usable. Level C validation is a review of the QC data, while Levels D and E include review of
I I calibration data and calculations of representative samples fromn the dataset. Data validation will be
12 documented in data validation reports. One example of questionable data is when the positive detections are
1 3 greater than the practical quantitation limit or reporting limit in soilaquifer soil from a site that should not
14 have exhibited contamination. Similarly. results below background, which would not be expected, could
15 trigger a validation inquiry.

16 9.1.3 Reconciliation with User Requirements
17 The data quality assessment (DQA) process comnpares completed field sampling activities to those
18 proposed in corresponding sampling documents and evaluates the resulting data. The purpose of the data
19 evaluation is to determine whether quantitative data are the correct type and of adequate quality and
20 quantity to meet the project DQOs. The Project Manager is responsible for determining whether a DQA is
21 necessary and ensuring that it is performed, if required. The results of the DQA will be used in
22 interpreting the data and determining if the objectives of this activity have been met.

23 The DQA (if perfbrmned) wvith be in accordance with EPA's DQA process, EPA'240/1B-06,'002. Data
24 Qulit/iY Assessment: A Reviewers Guide. EPA QA/G-9R, and EPA '240B1-06/003. Data QualitY
25 Assessment: Statistical Methods /br Practilioncrs. EPA QA! G-9S.

26 9.1.4 Corrective Actions
27 The responses to data quality defects identified through the DQA process will vary and may be data
28 specific or measurement specific. Table I identifies some pre-identified corrective actions.

29 9.2 Data Interpretation
30 Data interpretation will be performed to assess the performance of the bio-infiltration. The primary
3 1 interpretation of the data will be to assess the results of the testing programn with respect to experimental
32 objectives presented in Section 4.

33 10 Health and Safety
34 All field operations will be performed in accordance with CH2M HILL Plateau Remecdiation Company
35 health and safety requirements, outlined in the latest revision of the Soil and Groundwater health and
36 safety plan. Radiological contamnination is possible during performance of the drilling and sampling
37 activities. The sampling processes and associated activities will consider exposure reduction and
38 contamination control techniques (e.g.. as low as reasonably achievable [ALARAI and Integrated Safety
39 Management System) that will mninimize chemical exposure to the sampling teamn. Health and safety

40
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AUGUST 2010. 1 personnel will use data collected during the activities addressed in this TTP as input to determine

2 exposure levels to workers, and to conduct health and safety assessments during all field activities, in
3 accordance with the health and safety plan.

4 11 Waste Management
5 All regulated waste generated from this treatability test plan, including sampling activities, will be
6 managed in accordance with the waste management plan for the 100-HR-3 and 100-KR-4 GUs
7 (DOE/RL-97-01, Interim Action Waste Management Plan for the 100-HR-3 and i00-KR-4 Operable
8 Units). Disposition of purge water and miscellaneous solid waste will he conducted in accordance
9 with DOE/RL-97-01.

10 Unused samples and associated laboratory waste for the analysis will be dispositioned in accordance with
11I the laboratory contract and agreements for return to the project site. Pursuant to 40 CFR 300.440,
12 "Procedures for Planning and Implementing Offsite Response Actions," DOE-RL Project Manager
13 approval is required before returning unused samples or waste from offsite laboratories (as applicable).

14 12 Reports
15 Following completion of the treatability test, a final treatability test report will be prepared summarizing
16 the results of the test. Interim reports may be produced during the implementation of the test, as
17 determined by the project team.

18 13 Environmental and Regulatory Compliance
19 Laws and regulations pertaining to the response actions are identified through the applicable or relevant
20 and appropriate requirements (ARAR) identification process. The ARARs identification process are based
21 on CERCLA guidance (EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and
22 Feasibility Studies Under CERCLA; EPA/540/G-89/006, CERCLA Compliance with Other Laws Manual:

23 Interim Final; EPA/540/G-89/009, C'ERCLA Compliance with Other Laws Manual-Part II, Clean Air
24 Act and Other Environmental Statutes and State Requirements). CERCLA Section 121 requires, in part,
25 that any applicable or relevant and appropriate standard, requirement, criterion or limitation under any
26 federal environmental law, or any more stringent state requirement pursuant to a state environmental
27 statute, be met (or a waiver justified) for any hazardous substance, pollutant, or contaminant that will
28 remain onsite after completion of remedial action.

29 This TTP is conducted under EPA/ROD/R 10-99/039, Interim Action Record of Decision for the

30 100-BC-i, i00-BC-2, 100-DR-i, i00-DR-2, 100-FR-i, 100-FR -2, 100-HR-i, i00-HR-2, 100-KR-i,
31 1 00-KR -2 , I00-JU-2, I 00-JU-6, and 200-C W-3 Operable Units, Hanford Site, Benton County,
32 Washington (100 Area Remaining Sites Record of Decision [ROD]). The ARARs identified in the
33 100 Area Remaining Site ROD apply to general response actions that could be implemented at waste sites
34 identified within the I 00-KR-2 OU. The selected interim remedial actions for the Il00-KR-2 OU that will
35 be conducted under this TTP are protective of human health and the environment, comply with ARARs,
36 and are cost effective.

37 Under DOE 0 45 1. 113, National Environmental Policy Act Compliance Program, Section 5.a.(l 3), DOE
38 will ". ..incorporate NEPA values, such as analysis of cumulative, offsite, ecological, and socioeconomic

*39 impacts, to the extent practicable, in DOE documents prepared under the Comprehensive Environmental
40 Response, Compensation, and Liability Act." These National Environmental Policly Act of 1969 (NEPA)
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1 values Include, but arc not limited to, cumulative, ecological, cultural, historical. and socioeconomic
2 impacts, and irreversible and irretrievable commitments of resources. This treatability test occurs in
3 a previously disturbed area within the I100-KW Reactor area and as such does not have the potential to
4 impact NEPA values. A general discussion of NEPA values anticipated to be addressed for the 100 Area
5 can be found in DOE/RL-2008-46, 100 Area Inwc(1aied RIIFS Work Plan. The complete analysis will be
6 provided in the future feasibility study.

7 14 Schedule
8 A draft project field schedule is shown in Figzure 8. This working schedule may be modified as necessary.

9 15 Management and Staffing
10 CH2M H-ILL Plateau Remediation Company is responsible for planning and managing all project

II activities, ensuring that the project has defined goals. ensuring the project team understands the goals and
12 approaches used, and ensuring the planned outputs are appropriately documented. Project management
13 roles and responsibilities discussed in this chapter apply to the major activities covered under the TIP.
14 The project lead maintains a list of individuals or organizations as points of contact for each functional
15 element in Ficure 9. For each functional primary contractor role, a corresponding oversight role exists
16 within DOE Richland Operations Office (RL).

17 The followine- sections describe the project organization for the characterization borings and lvsimeter
18 installation. bio-infiltration. health and safety, and the various sampling and characterization tasks.

1 9 Lead Regulatory Agency Project Manager. The Lead Regulatory Agency (EPA) has assigned Project
20 Managers responsible for overseeing the cleanup projects and activities. As the lead regulatory agency,
21 EPA has approval authority for the work performned under this TTP. EPA will work wvith DOE-RE to
22 resolve concerns regarding the work as described in this TTP in accordance with the Tni-Party Agreement
2 3 (Ecology et al.. 1989a).

2~4 Tri-Party Agreement Project Manager and RL Technical Lead. The Tni-Party Agreemrent Project
25 Manager is responsible for authorizing remnedial investigation/feasibility Study activities for the 100 Area
26 OUs. In addition, the Tri-Party Agreement Project Manager is responsible for obtaining lead regulatory
27 agency approval of the TIP that authorizes the activities under the Tri-Party Agreement (Ecology et al.,
28 1 989a). The RL technical lead is responsible for overseeing the contractor in perform-ing the work scope,
29 working with the contractor and the reglulatory agencies to identify and work through issues. and providing
30 technical input to the Tni-Party Agreement Project Manager.

31 Project Lead. The project lead is responsible for managing field activities and subcontracted tasks, and
32 for ensuring the project file is properly maintained. The project lead ensures that the test plan design
33 requirements are converted into field instructions (e.g.. work packages) and provides specific direction for

34 field activities. The project lead works closely with the field engineer lead, QA, health and safety, drilling
35 lead, and sampling lead to integrate these and other lead disciplines in planning and implementing thle
36 work scope. The project lead maintains a list of individuals or organizations filling each of the functional
37 elements of the project organization. In addition, the project lead is responsible for version control to
38 ensure that personnel are working to the most current job requirements. The project lead also coordinates
39 with RE and the task leads on test plan implementation and sampling activities. The project lead supports
40 RE in coordinating sampling activities with the regulators.
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2 Figure 9. 100O-KW Bio-Infiltration Treatability Test Organization

3 Environmental Compliance Officer. The environmental compliance officer provides technical
4 guidance, direction, and acceptance of project and subcontracted environmental work and develops
5 appropriate mitigation measures with a goal of minimizing adverse environental impacts. The
6 environmental compliance officer also reviews plans, procedures, and technical documents to ensure that
7 environmental requirements have been addressed; identifies environmental issues affecting operations and
8 develops cost-effective solutions; and responds to environmental and regulatory issues or concerns raised
9 by RL or the regulatory agencies. The environmental compliance officer also may oversee project

10 implementation for compliance with applicable internal and external environmental requirements.

11I Quality Assurance Engineer. The QA point of contact is matrixed to the project lead and is responsible
12 for QA issues on the project. Responsibilities include, as appropriate, overseeing implementation of the
13 project QA requirements; reviewing project documents, including data needs summary reports, field
14 sampling plan, and the quality assurance project plan; and participating in QA assessments of sample
15 collection and analysis activities. The QA point of contact must be independent of the unit generating
16 the data.

17 Field Engineering Lead. The field engineering lead provides technical guidance and direction of project
18 and subcontracted work. The field engineering lead also reviews plans, procedures, and technical
19 documents to ensure technical requirements have been addressed, identifies potential issues affecting
20 operations, and develops cost-effective solutions. The field engineering lead oversees implementation of
21 subcontractor tasks such as injection boring installation and nutrient injection.
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1 Drilling Lead. The drilling lead has overall responsibility for planning, coordinating, and executing.2 drilling activities. Specific responsibilities include coordinating with the geological and drilling
3 contractors. The drilling lead also communicates with the field engineering lead to identify field
4 constraints or emergent conditions affecting sampling design or execution, and directs the procurement
5 and installation of materials and equipment needed to support fieldwork.

6 Waste Management Lead (Waste Coordinator). The waste management lead communicates policies
7 and procedures and ensures project compliance for storage, transportation, disposal, and waste tracking in
8 a safe and cost-effective manner. In addition, Waste Management is responsible for identifying waste
9 management sampling and characterization requirements to ensure regulatory compliance, interpreting

10 the characterization data to generate waste designations and profiles, and preparing and maintaining other
11I documents that confirmn compliance with waste-acceptance criteria.

12 Sampling Lead. The sampling lead has overall responsibility for planning, coordinating, and executing
13 sampling activities. Specific responsibilities include converting the sampling design requirements into
14 field task instructions that provide specific direction for field activities, as well as directing training,
15 mock-ups, and practice sessions with field personnel to ensure the sampling design is understood and can
16 be performed as specified. The sampling lead also communicates with the field engineering lead to
17 identify field constraints or emergent conditions affecting sampling design or execution, directs the
18 procurement and installation of materials and equipment needed to support fieldwork, and prepares data
19 packages. The shipping lead reports to the sampling lead for shipment authorization. No sample material
20 will be transported on or off the Hanford Site without permission from an authorized shipper or designee.

21 Radiological Engineering. The radiological engineering lead is responsible for the radiological/health
22 physics support within the project. Specific responsibilities include conducting ALARA reviews,

0 23 exposure, release modeling, and radiological controls optimization for work planning. In addition, the
W24 radiological engineering lead identifies radiological hazards and implements appropriate controls to

25 maintain worker exposures ALARA (e.g., requiring personal protective equipment). The radiological
26 engineering lead also interfaces with the project health and safety contact, and plans and directs
27 radiological control technician support for activities.

28 Sample Management and Reporting. Sample Management and Reporting coordinates laboratory
29 analytical work, ensuring the laboratories conformn to Hanford Site intemnal laboratory QA requirements,
30 or their equivalent, as approved by DOE, EPA, and Washington State Department of Ecology. Sample
3 1 Management and Reporting receives analytical data from the laboratories, enters data into HEIS, and
32 arranges for data validation. Sample Management and Reporting is responsible for inform-ing the field
33 engineering lead of any issues reported by the analytical laboratory. Sample Management and Reporting
34 develops and oversees implementation of the letter of instruction to the analytical laboratories, oversees
35 data validation, and works with the project lead to prepare a characterization report on the sampling and
36 analysis results.

37 Additionally, the Sample Management and Reporting organization is responsible for performing the data
38 needs process, or equivalent. Additional related responsibilities include developing the SAP, including
39 documenting the data needs and the sampling design, preparing associated presentations, resolving
40 technical issues, and preparing revisions to the SAP. Samples collected in the field and released for
41 shipping and analysis, as well as the resulting data, will be managed in accordance with applicable
42 procedures and work plans.

43 Laboratories. The laboratories analyze samples in accordance with established procedures, provide.44 necessary sample reports, and explain results in support of data validation. The laboratories must meet
0 45 site-specific QA requirements and must have an approved QA plan in place.
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I Health and Safety. Health and Safety is responsible for coordinating industrial saf'ety and health support
2 for the project through health and safety plans. job hazard analyses, and other pertinent safety documnlts
3 required by federal regulation or by internal primary contractor work requirements. In addition, Health
4 and Safety assists pro ject personnel iii complying with applicable health and safety standards and

5 requirements. Health and Safety coordinates wvith radiological engineering odtrieproa

6 protective clothing requiremnnts.
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. Terms

ALARA as low as reasonably achievable

CERCLA Comprehensive Environmental Response, Compensation, and Liability1 Act
qf]1980

Cr(Ill) trivalent chromium

Cr(VI) hexavalent chromium

DOE U.S. Department of Energy

DQA data quality assessment

DQO data quality objectives

EP Washington State Department of Ecology

EPA U.S. Environmental Protection Agency

HASQARD Hanford Analytical Services Quality Assurance Requirements Document

HEIS Hanford Environmental Information System

ORP oxidation-reduction potential.OU Operable Unit

PLEA phospholipid fatty acid

QA quality assurance

QAPjP quality assurance project plan

QC quality control

RCRA Resource Conservation and Recovery Act of 1976

RCT radiological control technician

RI. U.S. Department of Energy, Richland Operations Office

RPD relative percent difference

SAP sampling and analysis plan

SEM scanning electron microscope

TOC total organic carbon

TIP treatability test plan

Tni-Party Agreement Hanford Federal Facilit-Y Agreement and Consent Order

2
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.I Al Introduction
2 This appendix describes the process sampling and analysis requirements to monitor and evaluate the
3 effectiveness of the in situ bio-infiltration treatability test. The objective of the bio-infiltration treatability
4 test is to evaluate the performance and potential long-term effectiveness of an in situ bio-infiltration
5 system as a remedial technology for hexavalent chromium contamination in the vadose zone.

6 AI.1 Test Data Needs and Analytes
7 Project-specific data needs and technology performance standards for sampling and analysis were
8 determined during development of the treatability test plan (TTP). Refer to the TTP for a discussion of the
9 treatability test objectives and performance criteria.

10 Process sampling during the test will include collection of vadose zone soil samples associated with well
11I installation and groundwater samples during the four phases of the treatability test. Groundwater sampling
12 will be conducted at different frequencies (weekly or quarterly) depending on the test phase.

13 Samples of groundwater collected as part of the treatability test will be analyzed for field and laboratory
14 parameters as listed in Table A-i. These data will provide information on the effectiveness of the
15 technology's performance. The analytical performance requirements for analytes, including the analytical
16 method and required detection limits, are provided in Section A2.

Table A-I. Soil and Groundwater Sample Analytes and Field Parameters
Soil Analytes Soil Physical Properties

Arsenic PLFA microbial assemblage
Arsenic (TCLP) Total organic carbon
Chromium SEM analysis of mineralogy
Chromium (TCLP) Grain size
Hexavalent Chromium Moisture content
Iron Permeability
Iron (TCLP)
Manganese

Groundwater Field Parameters Groundwater Analytes

Dissolved oxygen (DO) Arsenic (total and dissolved)
Oxidation-reduction potential (ORP) Calcium (total and dissolved)
pH Chromium (total and dissolved)
Temperature Chromium (hexavalent)
Specific conductivity Eosine (fluorescent tracer)

Fluorescein (fluorescent tracer)
Iron (total and dissolved)
Manganese (total and dissolved)
Nitrate (N in nitrate)
Nitrite (N in nitrite)
Sulfate
Total organic carbon (TOC)

PLFA = phospholipid fatty acid TCLP =toxicity characteristic leaching procedure
SEM = scanning electron microscope
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i AI.2 Project Schedule
2 Chapter 14 of the TTP describes the schedule for this treatability test.

3 A2 Quality Assurance Project Plan
4 The quality assurance project plan (QAPIP) establishes the quality requirements for environmental data

5collection, including planning, implementation, and assessment of sampling, field measurements, and
6 laboratory analysis. This QAPJP complies with the requirements of the followintt:

7 e DOE/RL-96-68, Hanford Analytvical Sen 'ices Qualiti', Assuranice Requiremntns Documnti

8 (HASQARD)

9 * DOE 0 414. 1 C. Qutality, Assurance

10 o 10 CFR 830, "Nuclear Safety Management," Subpart A, "Quality Assurance Requirements"

11I * EPA'240'B3-0 11003. EPA Requiremnents for Quality Assurance Project Plans, EPA QA/R-5

12 Sections 6.5 and 7.8 of Ecology et al., 1989b. Hanford Federal Faciliti Agrement and( Consent Order
13 Action Plan (Tni-Party Agreement Action Plan) require that quality assurance (QA)/quality control (QC)
14 and sampling and analysis activities specify the QA requirem-ents for treatment, storage, and disposal
15 units. as well as past-practice processes. Therefore. this QAPjP follows the QA elements of
16 EPA1 '240/B3-0l 1/003. The QAPJP demonstrates conformance to Part B requirements of QualiiY Sistemns/br
1 7 Envir-onmnental Data and Technologny ProgrPams: Requireinents -it~ih Guiidance fir U'se
18 (ANSI/ASQ E4-2004).

19 In addition to the requirements cited above, EPA-505-B3-04-900A. Intergo701I'1elnnetal Data Qu1alitY Task
20 Force, Uniforin Federal Policy fior Quatlty Assutrance Project Plans, Evaluating. Asscssing(,, anld
21 Documenting Enyironm;ental Data Collection and' L(e Programis, Part I.- UFP-OAPP Alanu1al
2' (UFP-.QAPP Manual) also was used as a resource for identifying QAPjP elements. The UFP-QAPP
2 3 Manual is not imposed through1 the Tni-Party Agreement. However, the UFP-QAPP Manual is a valuable
24 resource and provides a comprehensive treatment of quality elements that should be addressed in any
25 samrpling and analysis plan (SAP). The UFP-QAPP Manual also was designed to be compatible with
26 EPA/24O/B3-0 1003, wich forms the basis for this QAPjP.

27 A2.1 Project Management and Organization
28 The followingw subsections address project mnanagement to ensure that the project has a defined goal, the
29 participants understand the goal and the approach to be used, and the planned outputs are appropriately
30 documented. The project organization is shown in Figure A-]. The mnanaging contractor will be
31 responsible for collecting, packaging, and shipping samples to the appropriate laboratory.

32 A2.1.1 Management Responsibilities
33 Management responsibilities and i nter-relationshifps are described in the following subsections.
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1 are converted into field instructions (e.g., work packages) and provide specific direction for field
2 activities. The project lead works closely with the field engineer lead, QA, health and safety, drilling lead,
3 and sampling lead to integrate these and othcr lead disciplines in planning and implementing the work
4 scope. The project lead mnaintainsh a list of individuals or organizations filling each of the functional
5 elements of the project organization (Figure A- I). In addition, the project lead is responsible for version
6 control to ensure that personnel are working to the most current job requirements. The project lead also
7 coordinates with RL and the task leads on test plan implementation and sampling activities. The project
8 lead supports RL in coordinating sampling activities with the regulators.

9 A2. 1.1.4 Quality Assurance Engineer
10 The QA point of contact is matrixed to the project lead and is responsible for QA issues on the project.
11I ResponsibilIties include, as appropriate, overseeing implemnentation of the project QA requirements;
12 reviewing project documents, including data needs summary reports and field sampling plan; and
13 participating in QA assessments of sample collection and analysis activities. The QA point of contact
14 must be independent of the unit generating the data.

15 A2. 1.1.5 Waste Management Lead (Waste Coordinator)
16 The waste management lead communicates policies and procedures and ensures project compliance for
17 storage, transportation, disposal, and waste tracking in a safe and cost-effective manner. In addition,
1 8 Waste Management is responsible for identifying waste management sampling and characterization
19 requirements to ensure regulatory compliance, interpreting the characterization data to generate waste
20 designations and profiles, and preparing and maintaining other documnents that confirm compliance with
21 waste acceptance criteria.

22 A2.1.1.6 Environmental Compliance Officer
23 The environmental compliance officer provides technical guidance, direction, and acceptance of project0
24 and subcontracted environmental work and develops appropriate mitigation measures with a goal of
25 minimizing adverse environmnental impacts. The environmental compliance officer also reviews plans,
26 procedures, and technical documents to ensure that environmental requirements have been addressed;
27 identifies environmental issues affecting operations and develops cost-effective solutions; and responds to
28 environmental and regulatory issues or concerns raised by RL or the regulatory agencies. The
29 environmental compliance officer also may oversee project implementation for compliance with
30 applicable internal and external environmental requirements.

3 1 A 2.1.1.7 Field Engineering Lead
32 The field engineering lead provides technical guidance and direction of project and subcontracted work.
33 The field engineering lead also reviews plans, procedures, and technical documents to ensure technical
34 requirements have been addressed. This position also identifies potential issues affecting operations, develops
35 cost-effective solutions, and oversees implementation of subcontractor tasks such as injection boring
36 installation and nutrient injection.

37 A 2.1.1.8 Sampling Lead
38 The sampling lead has overall responsibility for planning, coordinating, and executing sampling activities.
39 Specific responsibilities include converting the sampling design requirements into field task instructions
40 that provide specific direction for field activities, as well as directing training, mock-ups, and practice
41 sessions with field personnel to ensure the sampling design is understood and can be performed as
42 specified. The sampling lead also communicates with the field engineering lead to identify field
43 constraints or emergent conditions affecting sampling design or execution, directs the procurement and

44 installation of materials and equipment needed to support fieldwork, and prepares data packages. The
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to 2 transported on or off the Hanford Site without permission from an authorized shipper or designee.

3 A2.1.1.9 Drilling Lead
4 The drilling lead has overall responsibility for planning, coordinating, and executing drilling activities.
5 Specific responsibilities include coordinating with the geological and drilling contractors. The drilling
6 lead also communicates with the field engineering lead to identify field constraints or emergent conditions
7 affecting sampling design or execution, and directs the procurement and installation of materials and
8 equipment needed to support fieldwork.

9 A2. 1.1.10 Radiological Engineering
10 The radiological engineering lead is responsible for the radiolIogical/health physics support within the
11I project. Specific responsibilities include conducting as low as reasonably achievable (ALARA) reviews,
12 exposure, release modeling, and radiological controls optimization for work planning. In addition, the
13 radiological engineering lead identifies radiological hazards and implements appropriate controls to
14 maintain worker exposures ALARA (e.g., requiring personal protective equipment). The radiological
15 engineering lead also interfaces with the project health and safety contact, and plans and directs
1 6 radiological control technician support for activities.

17 A2. 1.1.11 Sample Management and Reporting
18 Sample Management and Reporting coordinates laboratory analytical work, ensuring the laboratories
19 conform to Hanford Site intemnal laboratory QA requirements, or their equivalent, as approved by DOE,
20 EPA, and Washington State Department of Ecology. Sample Management and Reporting receives

* 21 analytical data from the laboratories, enters data into Hanford Environmental Information System (HEIS),
22 and arranges for data validation. Sample Management and Reporting is responsible for informing the field

W23 engineering lead of any issues reported by the analytical laboratory. Sample Management and Reporting
24 develops and oversees implementation of the letter of instruction to the analytical laboratories, oversees
25 data validation, and works with the project lead to prepare a characterization report on the sampling and
26 analysis results.

27 Additionally, the Sample Management and Reporting organization is responsible for performing the data
28 needs process, or equivalent. Additional related responsibilities include developing the SAP, including
29 documenting the data needs and the sampling design, preparing associated presentations, resolving
30 technical issues, and preparing revisions to the SAP. Samples collected in the field and released for
31 shipping and analysis, as well as the resulting data, will be managed in accordance with applicable
32 procedures and work plans.

33 A2.1.1.12 Laboratories
34 The laboratories analyze samples in accordance with established procedures, provide necessary sample
35 reports, and explain results in support of data validation. The laboratories must meet site-specific QA
36 requirements and must have an approved QA plan in place.

37 A2.1.1.13 Health and Safety
38 Health and Safety is responsible for coordinating industrial safety and health support for the project
39 through health and safety plans, job hazard analyses, and other pertinent safety documents required by
40 federal regulation or by internal primary contractor work requirements. In addition, Health and Safety
41 assists project personnel in complying with applicable health and safety standards and requirements..42 Health and Safety coordinates with radiological engineering to determine personal protective clothing
43 requirements.
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1 A2.1.2 Problem Definition/Background
2 The test system will be installed within the geographic boundary of the 100-KR-4 operable unit (OU) to

3test its eff'ectiveness for rcduICIngI hexavalcut chromium to trivalent chromium in vadose zone soil. Test
4 data are required to dcterine the effectiveness ol the technology and optimize system design and
5 operations in order to maximize remedial action efficiency.

6 A2.1.3 Project/Task Description
7 This SAP governs sampling in support of the treatability test system. Soil samples will be collected
8 durin- drillinei. Groundwater monitoring will be performed weekly and quarterly. depending on the phase
9 of testing. Samples collected will be analyzed for constituents and parameters shown in Table A-I.

1 0 Chapter A3 summarizes the test work to be performed under this SAP. Additional sampling may occur
I I based onl the observation of the field engineering lead duingII testing. Thle data gecnerated during samrpling"
12 and analysis activities will be used iii the development of the Treatability Test Report. InI addition, these
1 3 data may also be used in developing interim technical reports and presentations. FIL'Ure A- shows the
14 proposed treatability test area.

15 A2.1. Quality Objectives and Criteria for Measurement Data
16 Thle QA objective of this SAP is to develop implementation guidance for providing data of knowvn and
1 7 appropriate quality. Data quality for this SAP may be assessed by five criteria: representativeness,
1 8 accuracy, comparability, completeness, and precision. The applicable QC gidelines, quantitative targyet
19 limits, and levels of effort for assessing data quality are dictated by the intended use of the data and the
20 nature of the analytical methods. The applicable QC guidelines and level of effort are addressed in the
21 followinu subsections and Summarized in Table A-2.

22 A 2. 1.4. 1 Represent ativeness
23- Representativeness is a measure of how closely analytical results reflect the actuial concentration and
24 distribution of the constituents in the matrix sampled. Sampling plan design. sampling techniques. and

25samnple-handl ing, protocols (e.g., storage, preserv ation, and transportation) are discussed In subsequent
26 sections of this SAP. The required documentation will establish the protocols to be f'ollowed and will
27 ensure appropriate sample identification and inteurity.

2)8 A2.1.4.2 Accuracy
29 Accuracy is anl assessment of the closeness of the measured value to the true value. Radionuclides are not
30 target analytes for sampling but during testing could be determined to be necessary. Radionuclide
311 measurements requiring chemical separations use tis technique to mecasure method performance.
32 For radionucl ide measurements analyzed by gammia spectroscopv, laboratories typically compare results
33 of blind-audit samples against known standards to establish accuracy. The validity of calibrations is

34 evaluated by comparing results from the measurement of a standard to known values and/ or by generation
35 of in-house statistical limits based onl three standard deviations (plus or minus three standard deviations).
36 Tables A-3) and A-4 list the laboratory accuracy parameters for tis SAP.

37 A2.1.4.3 Comparability
38 Com-parability expresses the confidence with which one data set can be compared to another. Data
39 comparbilit will be maintained by using standard procedures. uniform methods. and consistent units.
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Table A-3. Analytical Requirements for Core Samples

Interim Soil Remedial
Action Goal Valuesa

Groundwater/ Accuracy Precision
Reporting Direct River b Analytical Requirement' Requirement'

Analyte Limit Exposure Protectionb Method M% N%

Arsenic 10 mg/kg 20 mg/kg 20 mg/kg EPA Method 6010 70-1 30 530
(lOP) or

Chromium 1 mg/kg 120.000 18.5 mg/kg 200.8 (ICP/MS)
mg/kg

Iron 5 mg/kg 56,000 mg/kg 11,200 mg/kg

Manganese 5 mg/kg 11,200 mg/kg 512 mg/kg

Cr(VI) 0.5 mg/kg 2.1 mg/kg 2 mg/kg EPA Method 7196 70-1 30 530

Total TBD N/A N/A SW-846(a) 70-1 30 30
organic (dry combustion
carbon with pretreatment

to remove
inorganic
carbonates)

Analysis of N/A N/A N/A SEM N/A N/A
mineralogy

Microbial N/A N/A N/A Phospholipid fatty N/A N/A
assemblage acid analysis

Arsenic 0.5 mg/L N/A N/A TCLP 70-1 30 30
EPA Method 1311/

Chromium 0.5 mg/L N/A N/A 60100d

Iron 0.5 mg/L N/A N/A

Grain size N/A N/A N/A ASTMV A422 N/A N/A
(sieve analysis)

Moisture N/A N/A N/A ASTM A2216-05 N/A N/A
content

Permeability N/A N/A N/A ASTMV A4525-08 N/A N/A
(air permeability
test)

a. Interim soil risk assessment guidance values are specified in DOE/RL-96-1 7, Remedial Design Report/Remedia/
Action Work Plan for the 100 Area.
b. The more restrictive of the groundwater protection or Columbia River protection values is provided.
c. The accuracy criterion shown is the minimum for associated batch laboratory control sample percent recoveries.
Laboratories must meet statistically based control, if more stringent. Additional accuracy criteria include
analyte-specific evaluations preformed for matrix spike, and surrogate recoveries as appropriate to the method. The
precision criterion shown is for batch laboratory replicate matrix spike analysis relative percent differences.
d. TCLP may be performed on samples selected by the project after a review of the preliminary sample results. SPLP
may be performed in lieu of TCLP or in conjunction with TCLP.

N/A = not applicable TBD = to be determined

SEM = scanning electron microscope TCLP = toxicity characteristic leaching procedure
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Table A-4. Analytical Performance Requirements for Aqueous Samples
Reporting Accuracy Precision

Analytical Limit' Requirementc Requirementc
Analyte Method" (piglL) N% N%

Field Measurements

pH Measurement Multiple-Parameter Probe 0.01 pH unit dd

ORP 0.1 mV

Temperature 0.100C

Dissolved oxygen (DO) 0 mg/L

Specific conductivity 0.001 to
0.1 mS/cm

Analyses

Arsenice EPA 601OP 10 80-120 <20

Calciumee EPA 200.8-lOP/MS 1,000 80-120 <20

Chromium' 10 80-120 <20

iron e 50 80-120 <20

Manganesee 5.0 80-120 <20

Chromium (hexavalent) EPA 7196 10 80-120 <20

Nitrate EPA 300.0-IC 250 80-120 <20.Nitrite 250 80-120 <20
Sulfate 500 80-120 <20

TOO EPA 9060 or EPA 415.1 1,000 80-120 <20

Fluorescent tracers Spectrofluorophotometer- 0.05f N/A N/A
synchronous scan

a. Analytical method selection is based on available methods by laboratories currently contracted to the Hanford Site.
For the four-digit EPA methods, see SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods,
Third Edition; Final Update IV-B. For EPA the three-digit EPA Methods, see EPA-600/4-79-020, Methods for Analysis
of Water and Wastes. Equivalent methods may be substituted.
b. The specified reporting limits are based on current Hanford laboratory contracts.
c. The accuracy criterion shown is the minimum for associated batch laboratory control sample percent recoveries.
Laboratories must meet statistically based control, if more stringent. Additional accuracy criteria include
analyte-specific evaluations preformed for matrix spike, and surrogate recoveries as appropriate to the method. The
precision criterion shown is for batch laboratory replicate matrix spike analysis relative percent differences.
d. Field measurements have no specific quality control requirement except to perform the manufacturer's required
performance checks.
e. Groundwater samples will be analyzed for this metal as part of the 6010 Metals lOP DURA list (29). Both total and
dissolved metals will be analyzed. Lysimeter samples will be analyzed for the same metals but for total metals only.
Dissolved samples require filtration prior to preservation.
f. Detection limit based on literature and can be adjusted based on performing laboratory capability.

DO = dissolved oxygen MS = mass spectroscopy
EPA = U.S. Environmental Protection Agency N/A = not applicable
IC = ion chromatography ORP =oxidation-reduction potential
lop = inductively coupled plasma TOO = total organic carbon
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1 A2. 1.4.4 Completeness
2 Tables A-3 and A-4 identify the test sample analytcs. field parameters, and analytical performance
3 requirements for the treatability test. The analytical data set for the sampling will be considered

4 incomplete if these are not included. If one or more of the other analytical parameters listed in Tables A-3
5 and A-4 are not reported, the pro ject lead (or designece) will determine whether the data set is complete.

6 The determination of analytes for waste characterization will be made in accordance with a separate [)QO

7 process, which is outside the scope of this SAP. Conscquently, completeness of the analytical data set for

8 tis purpose is not a consideration for this SAP.

9 A2.1.4.5 Precision
10 Precision is a measure of the data spread when more than one measurement exists of the same sample.

11I Precision canl be expressed as the relative percent difference (RPD) for duplicate measurements. oi

12 relative standard deviation for triplicates. Tables A-3 and A-4 present analytical precision requirements

13 for laboratory analyses.

14 A2.1.4.6 Special Training Requirements and Certification
15 The Environmental Safetv and Health training programn provides workers with the knowledge and skills

16 necessary to execute asi~e uissf~.Fedpcrsonnel typically will have completed the followingT

17 traininul before starting work:

18 e Occupational Safety and Health Administration 40-Hour H azardous WVaste Worker Training2
19 and Supervised 24-Hour Hazardous Waste Site Experience

20 o Eight-Hour [ lazardouIs Waste Worker Refresher Training (as required)

21 a Hanford Site General Employee Training"

22 e Radiolouical W\orker Training (as requiredl)

23 A graded approach is used to ensure that wvorkers receive a level of trainin- commen1CIsurate with their

24 responsibilities in compliance with applicable DOE orders and government reg~ulations. Specialized
25 employee training includes pie-job briefings, on-the-job training, emergecpraeds.

26 plan-of-the-day instructions, and facility wvork site orientations.

27 A2.1.5 Documentation and Records
28 Field sampling and laboratory analytical documentation will be in accordance with contractor procedures

29 and standard industry practices. Work products resulting fromn sampling and analysis mnay be included as
30 documents and records, Hincludinu, the followine-:

3 1 0 Sampling Records

32 *Laboratory data packages

33 Verification and validation report

34 Both hardcopy and electronic versions of the record deliverables will11 be provided. Data files will be in an

35 American Standard Code for Information Interchanue-comnpatible formnat. The project lead is responsible

36 for ensuring that project personnel are working to the Current Version ofthlis SAP.

37Data collected durine, field activities mnay be recorded electronicallyv and/or in bound logbooks wvith

38 seuetally numbered pages. Electronically recorded data will icueall pertinent information necessa
39 to uniquely identify the information. including date, tlime, units. and location (if relevant). When loghbooks
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2 will be designated by a time-of-day entry and start on a new line; data of sufficient detail will be entered
3 to describe fully the activity or data being logged. At the conclusion of each day's activities, the logger
4 will provide his/her initials at the end of the log for that day and place a diagonal line across the
5 remaining unused page for that day's activities. All entries will be recorded in the logbook or on data
6 collection sheets using waterproof, non-smear ink. Calibration data for monitoring/measuring equipment
7 will be recorded in the logbooks. Photographs/digital/video images will be taken and noted in the logbook
8 for reference and will then be cataloged and retained for future reference. Errors will have a line drawn
9 through them, followed by the corrcction, initials of the person making the change, and the date.

10 A2.2 Data Generation and Acquisition
11I The following subsections present the requirements for sampling methods, sample handling and custody,
12 analytical methods, and field and laboratory QC. The requirements for instrument calibration and
13 maintenance, supply inspections, and data management are also addressed. The sampling design is
14 presented in Section A3 of this SAP.

15 The field engineering lead is responsible for ensuring that all field procedures are followed completely
16 and that field-sampling personnel are adequately trained to perform sampling activities under this SAP.
17 The field engineering lead must document all deviations from procedures or other problems pertaining to
18 sample collection, chain of custody, sample analytes, sample transport, or noncompliant monitoring.
19 As appropriate, such deviations or problems will be documented in the file logbook or in nonconformance
20 report formns in accordance with internal corrective action procedures. The field engineering lead or
21 project lead is responsible for communicating field corrective action requirements and for ensuring that.22 immediate corrective actions are applied to field activities.

1 23 A2.2.1 Sample Preservation, Containers, and Holding Times
24 Suggested sample container, preservation, and holding-time requirements are specified in Table A-8 for
25 test water samples. These requirements are in accordance with the requirements of the specific analytical
26 method prepared for specific sample events. The final container type and volumes will be provided on the
27 sampling authorization form and the chain-of-custody form. This SAP defines a "sample" as a filled
28 sample bottle for starting the clock for holding-time restrictions.

29 A2.2.2 Sampling Methods Requirements
30 Sampling associated with this SAP will be performed in accordance with established sampling practices
31 and requirements pertaining to sample collection, collection equipment, and sample handling. Procedures
32 from the contractor (or its approved subcontractor) will be used for sampling and should be in accordance
33 with Section A3.3 and as outlined in HASQARD QA requirements and the applicable procedures for the
34 sampling activities listed in this SAP. Any use of non-routine hardware may require that separate written
35 instructions supplement or replace established procedures. Section A2.2.7 provides a summary of sample
36 and field QC sample collection requirements.

37 Errors during sampling activities are reported to the Sample Management and Reporting organization's
38 project coordinator, who initiates a sample disposition record. This process documents errors and
39 establishes resolutions with the project lead. Further details on the methods for addressing failures in the
40 sampling and measurement system are presented in Chapter 8 of the TTP.

41 A2.2.3 Sampling Identification.42 A sample and data-tracking database will be used to track the samples from the point of collection
1 43 through the laboratory analysis process. The HEIS database is the repository for laboratory analytical
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I results. The H-IIS sample numbers wvill be issued to the sampling organization fo r this project, and the
2 numbers are to be carried thr-ough the laboratory data-trackingo system.

3 A2.2.4 Sample Handling, Shipping, and Custody Requirements
4 The processes followed for sample handling, shipping, and custody requ~iremnlts will be in accordance
5 with those presented in Section A3.4.

6 A2.2.5 Laboratory Sample Custody
7 Sample custody during laboratory analysis wvill he addressed in the applicable laboratory's standard
8 operating procedures. Laboratory custody' procedures will ensure that sample integrity and identification
9 are maintained throughout the analytical process.

10 A2.2.6 Analytical Methods Requirements
I I Tables A-1 and A-4 Identify the analytical methods and analytical performance requirements for
12 groundwater samnpling.

I The test sample analytical perfb6rmance requirements wvere derived from technical performance standards
14 identified in the TTP. Analytical parameiters and methods presented in Tables A-3 and A-4 were
15 established to meet these requiremencrts. Laboratory analysis should be conducted within allowable sample
1 6 holding times for each analyte tested. Analyses for metals will be performed onl both filtered and
17 unfiltered water samples. as sho-wn in Table A-5.

Table A-5. Field Quality Control Requirements

Sample Type Frequency Purpose
Field duplicate Minimum of 1 sample in 20 To check the precision of the sampling and of the laboratory0
samples analyses

Equipment rinsate Minimum of 1 sample in 20 For reusable sample equipment to check the effectiveness
blank samples of the decontamination process

Full trip blank Minimum of 1 sample for the To evaluate potential sample contamination due to sample
samples process sampling bottles. handling, preservatives, storage, and transportation

1 8 Laboratories providing analytical services in support of this test will have a corrective action programinI
1 9 place that addresses analytical system failures and documents thle effctiiveness of anyv corrective actions.
20 Issues that may a ffect analytical results are to be resolved by the Sample Management and Reporting"
21 organization in coordination with the project lead.

22 Analytical errors reported by the laboratories are reported to the Sample Management and Reporting"
2 3 organization's project coordinator, wvho initiates a sample disposition record. Tis process documnents
24 errors and establishes resolutions with the project lead. Further details onl the methods for addressing"
25 failures in the sampling and measurement system are presented in Chapter 8 of the TTP.

26 A2.2.7 Quality Control Requirements
217 Field QC' samples will be collected during water sampling to evaluiate the potential for
28 cross-contamiunation and laboratory perform~ance to ensure that reliable data are obtained. particular care
29 will be exercised to avoid the f1ovllin Conmmon ways InI Which cross-contamnination or backg!round
30 contamination may Compromise samples:

3 1 9 Improperly storing or transporting sampling equipment and sample containers0
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2 potential contamination sources (e.g., uncovered ground)

3 * Handling bottles or equipment with dirty hands or gloves

4 e Improperly decontaminating equipment before sampling or between sampling events

5 Table A-5 identifies the field QC samples for water sampling and the purpose of the sample. One
6 duplicate and one trip blank will be collected for each 20 samples. This number of QC samples is based
7 on site procedures that call for approximately one set of QC samples per 20 sampling events, with each
8 sample representing one sampling event. Laboratory QC sample requirements will be specified in the
9 applicable laboratory's statement of work.

10o A 2.2.7.1 Field Duplicate Samples
11I Field replicates will be collected at a frequency of I -in-20 samples. Field replicates are used to evaluate
12 laboratory consistency and the precision of field sampling methods.

13 A 2.2.7.2 Equipment Rinsate Blank Samples
14 Equipment blanks are collected from reusable sampling devices on a Il-in-20 basis. The field engineering
15 leader may request that additional equipment blanks be taken. Equipment blanks will consist of silica
16 sand or analyte-free water poured over the decontaminated sampling equipment and placed in containers,
17 as identified on the project sampling authorization form. Equipment blanks are not needed for disposable
18 sampling equipment.

1 9 A 2.2.7.3 Field Trip Blank Samples
20 Full trip blanks, also known as trip blanks or dailies, are prepared by the sampling team before traveling

1 21 to the sampling site. The preserved bottle set is either for volatile organic analysis only or identical to the
22 set that will be collected in the field. It is filled with high-purity reagent water. The bottles are sealed and
23 transported (unopened) to the field in the same storage containers used for samples collected that day.
24 Full trip blanks are analyzed for the same constituents as the samples to evaluate potential contamination
25 of the samples due to the sample bottles, preservative, handling, storage, and transportation.

26 A2.2.8 Measurement Equipment
27 Each user of the measuring equipment is responsible to ensure that the equipment is functioning as
28 expected, properly handled, and calibrated before expiration in accordance with procedures govemning
29 control of the measuring equipment. Onsite environmental instrument testing, inspection, calibration,
30 and maintenance will be recorded in a bound logbook. Field screening instruments will be used,
31 maintained, and calibrated in accordance with the manufacturer's specifications and
32 HASQARD requirements.

33 A2.2.8.1 Instrument/Equipment Testing, Inspection, and Maintenance Requirements
34 Onsite environmental instruments will be tested, inspected, and maintained. Measurement equipment
35 must be inspected before use. Tags will be attached to field screening and onsite analytical instruments,
36 noting the date when the instrument was last calibrated and the calibration expiration date. Maintenance
37 requirements (e.g., parts lists and documentation of routine maintenance) will be included in the
38 individual laboratory's and onsite organization's QA plan and/or operating procedures. Measurement and
39 testing equipment used in the field or in the laboratory directly affecting the quality of analytical data will
4 0 be subject to preventive maintenance measures to ensure that measurement system downtime is.41 minimized.
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1 A2. 2.8.2 Instrument Calibration
2 Laboratories and onsite meiasuremnti oreuaniiations must maintain and calibrate equipment. Calibration of
3 laboratory instruments will be performed in a manner consistent with SW-846, Test A'ethotdfinr
4 Evdalit, Solidl Wfaste: Physicall Chenfical Methods, Thirdl Edition: Fial Updatie II F-B. or- with auditable
5 HA SQARD and contractual requirements. Radiological control technicians (RCTs) will performn
6 calibration of radiolouical field instruments. if used. The data will be reported as accepted, re jected. or
7 qualified.

8 Calibration is conducted with certified equipment and/or standards with a known valid relationship to
9 nationally recognized performance standards. If no0 Sueh standards exist. the basis for- calibration Will

10 be documented.

I I A2.2.9 Inspection of Consumable Supplies
12 Consumables. supplies. and reagenits will be reviewed in accordance with the Current requirements of
13' SW-846 and will be appropriate for use. Potential contamination is tmonitored by QC samples and
14 laboratorv blanks. The lot number from the mnanufacturer-certi tied. pre-cleanied sample containers will be
1 5 recorded in the sampler's logbook.

16 A2.2.1l0Nondirect Measurement
1 7 Nondirect measurements include data obtained from sources such as computer databases, programns,
1 8 literature files. and historical databases. Nondirect measure'men1ts will not be evaluated as part ol
19 this actix itv.

20 A2.2.11 Data Management
2,1 The Sample Managemnrt and Reporting Organization. in coordination with the pro ject lead, is
22 responsible for ensuring anltia data are appropriately rcviewcd. managed. and stored in accordance
23 with the applicable programmiatic requirements governing data management procedures. Electronic data
24 access. when appropriate, wvill be via a database (e.g,.. FIFIS or a proJect specific database). %\here
25 electronic data al-c not available, hard copies will be provided in accordance with the Han/6rdl Federall
26 Faicility At.-rece it n Consent Ordler Actioni Plan (Ecology ci al.. I 989b).

-27 A2.2.12 Laboratory Quality Control
28 Laboratory duplicates wvill be analyzed for the waste designation samples. Laboratory method blanks and
29 laboratory, control samples/blank spikes are defined in Chapter I of'SW-846 and will be run as specified
30 in Chapter 1 of SWA-846.

31I A2.2.13 Field Documentation
32 Field documnentation wvill be maintained in the form of chain-of-custody, sample analysis request form11S
33 - and logbook entries.

34 A2.3 Assessment/Oversight
3)5 Routine evaluation of data quality described f-or this proj- ect will be documented and filed wi-th the data
36 in the project file. The project lead (or designee) and/'or the field en-ineering lead will monitor field
37 activ ities for this SAP. The pro ject lead retains overall responiilit\y for samnpling, but mray delegate
38 specific responsibilities to the field engineering lead or other appropriaecnrto staff.

39 The Sample and Data Management organization will select a laboratory to perform the analyses for- this
40 SAP. The Sample and Data Managemient oreanization will assess and verify that ainalytical data are
41 reported by the laboratory and will then enter the vecrified data into the 1-EIS database.
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2 Random surveillance and assessments may be conducted to verify compliance with the requirements
3 outlined in this SAP, project work packages, procedures, and regulatory requirements. Deficiencies
4 identified by these assessments will be reported. The project's QA organization coordinates corrective
5 actions/deficiencies in accordance with the contractor's QA program. When appropriate, corrective
6 actions will be taken by the project lead (or designee). The project lead is responsible for implementing
7 corrective actions and verifying their completeness and effectiveness.

8 A2.3.2 Reports to Management
9 Management will be made aware of deficiencies identified by self-assessments, corrective actions from

10 environmental compliance officers, and findings from QA assessments and surveillances.

11i A2.4 Data Review, Verification, Validation, and Usability Requirements
12 The following sections address the QA activities that occur after the data collection phase of the project is
13 completed. Implementation of these elements determines whether data conform to the specified criteria,
14 thus satisfying project objectives.

15 A2.4.1 Data Review Verification and Validation
16 The criteria for verification may include review for completeness (all samples were analyzed as
17 requested), use of the correct analytical method/procedure, review for transcription errors, and correct
18 application of dilution factors. Review also includes appropriate reporting of dry weight versus wet
19 weight, and the correct application of conversion factors. Laboratory personnel may perform data
20 verification.. 21 Data validation will be performed to ensure that the data quality goals established during the planning
22 phase has been achieved. Data validation will be in accordance with internal procedures. The criteria for
23 data validation are based on a graded approach. The primary contractor has defined five levels of
24 validation, A through E. Level A is the lowest level and is the same as verification. Level E is
25 a 100 percent review of data (e.g., calibration data or calculations of representative samples from the
26 dataset). Validation will be performed to contractor Level C, which is a review of the QC data. Level C
27 validation specifically requires verification of deliverables, requested versus reported analyses, and
28 qualification of the results based on analytical holding times, method blank results, matrix spike/matrix
29 spike duplicate, surrogate recoveries, duplicates, and analytical method blanks. Level C validation will be
30 performed on at least 5 percent of the data by matrix and analyte group. Analyte group refers to
31 categories, such as radionuclides, volatile and semnivolatile chemicals, metals, and anions.

32 Relative to analytical data in sample media, physical data and/or field screening results are of lesser
33 importance in making inferences of risk. Data validation will not be performed for physical property data
34 and/or field screening results.

35 A2.4.2 Verification and Validation Methods
36 Validation activities will be based on EPA functional guidelines, EPA/540/R-99/008, US EPA Contract
37 Laborat'ory Program National Functional Guidelines for Organic Data Review,. Data validation may be
38 performned by the analytical laboratory, Sample Management and Reporting, and/or by a party
39 independent of both the data collector and the data user.

40 Data qualifiers assigned during data validation will be compatible with HEIS.
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1 When outliers or- questionable results are identified, additional data validation will be performed. The
2 additional validation will be perform-ed for uip to 5 percent of the statistical outliers and/or questionable data.

3 The additional validation will be-gi with Level C and may inraet eels D and E as needed to ensure
4 that data are usable. Level C validation is a review of the QC data, while Levels D and E Include reviewA of

5 calibration data and calculations of representative samples from the dataset. Data validation wvill be
6 documnented in data validation reports. One example of questionable data is when the positive detections are
7 greater than the practical quantitation limit or reporting limit in soili'aquifer sediment fromn a site that should
8 not have exhibited contamination. Similarly, results below background, which would not be expected, could
9 trigger a validation inquiry.

10 A2.4.3 Reconciliation with User Requirements
I I The data quality assessment (DQA) process compares completed field sampling activities to those
12 proposed in corresponding sampling documnents and evaluates the resulting data. The purpose of the data
13 evaluation is to determ-ine whether quantitative data are the correct type and of adequate quality and
14 quantity to meet the pro .ject DQOs. The project lead is responsible for- determining whether a DQA is
l 5 necessary and ensuring that it is performed. if required. The results of the DQA will be used in
1 6 interpreting the data and determ-ining if the objectives of this activity have been met.

17 The DQA (if perform-ed) with be in accordance wvith EPA's DQA process. EPA,240'B3-06'002. Dowa
18 Quta/it 1 Assessment: A Reviewecrs Guidle. EPA QA/G-9R, and EPA. 240/13-06k 003, Data Qua/il)-
19 A4ssessinen: Staiislical Metchods iwr Pmtiioners. EPA QA'G-9S.

20 A2.4.4 Corrective Actions
21 The responses to data quality defects identi fied through the DQA proces wivll vary and may be data
22 specific or measurement specific. Table A-2 identifies some pre-identified corrective actions.

23' A2.4.5 Data Interpretation
24 Data interpretation will be performed to assess the performance ol the bio-infiltration trecatability test. The
25 primary interpretation of the data wvill be io assess the results ofithe treatability testingT programl wvith
26 respect to experimental objecctives presented in the TTP.

27 A3 Field Sampling Plan
28 This field-samrpling plan identifies the activities For performance of test sampling as well as field and
2)9 laboratory analysis.

30 AM. Sampling Objectives
3 1 This SAP provides for sampling to meet treatability test ob .jectives and technology performance
32 requirements. The primary ob jective of samrplingU is to provide Sufficient analytical data to determine the
3 3 effectiveness of the technology in meceting performance requirements. The data wvill also provide designT
34 and performance information necessary to f'acilitate full-scale implementationofistub-iiraon

35Samples will undergo analysis and testing of anal vies and parameters as identified in Tables A-3 and A-4.
36 Samples also will undergo fluorescent tracer analysis to evaluate the extent oftgroundwater circulation.

37 A3.2 Sampling Design
38 This section identifies the design for test sampling and identifies sample locations. sample intervals, and
39 samlpling frequencies, to be used to meet project-samnpling objectives.
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*1 A3.2.1 Monitoring Wells and Associated Vadose Zone Monitoring Apparatus
2 Three new monitoring wells are planned for the bio-infiltration treatability test. The proposed locations
3 for the well are included in Figure A-2. The locations were chosen such that the area represented by each
4 well is equal. The figure also depicts a planned CERCLA remedial investigation well, 199-K- 186. This
5 well is intended to characterize the vadose zone and groundwater at the location of the French drain and
6 the former 1 20-KW-5 sodium dichromate storage tank. Well 199-K- 186 will monitor the uppermost
7 semi-confined water-bearing zone of the RUM, beneath the unconfined aquifer.

8 The blo-infiltration treatability test monitoring wells will be designed to intercept the uppermost 1 .5 to
9 3.0 m (5 to 10 ft) of the unconfined aquifer. In the immediate vicinity of each of the new wells, lysimeters

10 will be installed at three depths within the vadose zone. The vadose zone monitoring apparatus will
I11 provide the means for monitoring the progressive depth of infiltrated nutrient solution and for collected
12 pore water samples. Figures A-3 and A-4, respectively, show the general schematics for the planned
1 3 monitoring wells and lysimeters.

14 A3.2.2 Vadose Zone Sediment Sampling and Analysis
15 During the installation of the three monitoring wells, cores samples will be collected continuously. The
1 6 core samples will be described in the field and, based on field observations, up to 10 samples per borehole
17 will be submitted for the analyses listed in Table A-3.

1 8 Zones of finer-grained materials may also be present locally. Site-specific lithologic and grain size
19 distribution data for the vadose zone of the target area will be obtained from samples collected during the
20 monitoring well installation. If warranted by the results of visual inspection and chemical analysis,
21 selected eore samples will be collected for microbiological characterization (e.g., Phospholipid Fatty

*22 Acids) and mineralogical analysis by scanning electron microscope (SEM). These microbiological and
1 23 mineralogical data will be used to help characterize the nature, extent, and magnitude of the

24 biogeochemnical changes in the vadose zone produced by the bioremediation activities.

25 Two additional cores will be collected through the vadose zone during Phase 3 of the treatability test.
26 These core samples will also be analyzed for the parameters listed in Table A-3.

27 A3.2.3 Groundwater, Pore Water, and Infiltrated Water Monitoring
28 Three monitoring wells and six lysimeters (with associated tensiometers) will be installed to monitor the
29 shallow groundwater beneath the treatment area and the pore water in the vadose zone immediately
30 before, during, and after the test. The monitoring wells and lysimeters will be grouped into three separate
31 monitoring clusters, each at a different location within the test area. Each cluster will consist of one
32 monitoring well, screened over the upper 1. 5 to 3 m (5 to 10 ft) of the water table, and two lysimeters that
33 will be installed between 4.6 to 6.2 m (15 to 20 ft) bgs and 12.2 m to 18.3 m (40 to 60 ft) bgs,
34 respectively.

35 Table A-6 presents the proposed analyte list and sampling frequency for the monitoring wells and
36 lysimeters. The monitoring well and lysimeter data that are collected will be used for the
37 following purposes:

38 *Concentrations of total organic carbon (TOC) and the tracer compound will be monitored in samples
39 collected from the lysimeters and monitoring wells samples. These data will provide information on
40 the rate that the wetting front is migrating through the vadose zone and the rate that organic carbon is
41 being consumed by microbial reactions.

@42
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Table A-6. Monitoring Well, Lysimeter, and Infiltration Solution Analytes and Sampling Frequency
Total Dissolved

Analytesa TOC Tracer Cr(VI) Metalsb Metalsb Anions'

LysimeterSd X X X X N/A X

Monitoring Wells and X X X X X X
Lysimeterse

Amended Treatment Water X X X X X X

Phase 1: Sample twice weekly (with field parameter measurement and visual inspection
daily)

Phases 2 and 3: Sample weekly

Phase 4: Sample daily during the first week and twice weekly thereafter

Post Test Monitoring: Sample quarterly

a. Water levels will be measured at each monitoring well during each sampling event.

b. Total and dissolved metals analyses will include arsenic, calcium, chromium, iron, and manganese, at a
minimum.
c. Analysis for anions will include nitrate, nitrite, chloride, and sulfate.

d. If sample volume requirements cannot be met, sample aliquots will be collected according to the following
priority: Cr(VI), tracer, TOC, dissolved metals, and anions.

e. Groundwater samples will also be tested for pH, ORP, conductance, and DO. Lysimeter samples will be tested
for pH, conductance, and DO, as sample volume allows.

Cr(VI) = hexavalent chromium
DO = dissolved oxygen
N/A = not applicable

ORP = oxygen reduction potential
TOO = total organic carbon

I *Hexavalent chromium and total chromium will be monitored In the lysirnecters and monitoring well to

2 determine whether Cr(VI) is present in the vadose zone. If present. howA Much will be flushed to the
3 water table and how quickly and effectively wvill the Cr(VI ) be converted to Cr( Ill) during the

4 treatabilitv test.

5 * The c once ntration s of dissolved iron, dissolved manganese, nitrate. and sulfate will be used to

6 monitor the timning. depth. and initensity of the reducing conditions that develop in the vadose zone
7 and underlying shallowv groundwater during the difl1erent phases of the treatability test.

8 * Metals including iron. manuaniese, arsenic, and others, will be monitored to determine the extent that
9 these constituents are mobilized in the vadose zone during the test and the concentrations and fate of

1 0 these conlstituents in the underlying gr-oundwater.

I I A3.3 Field-Specific Collection Requirements
12 Treatability test sampling under this SAP will be perform-ed in accordance with site sampling procedures

13using appropriate samlpling, equipment. Sampling handling. Including container packaging. container
14 labeling, sample custody, and sample transportation, is discussed in tis sectionl.

A-22



DOE/RL-2010-73, DRAFT B
AUGUST 2010. 1 A3.3.1 Sample Packaging

2 Level I EPA pre-cleaned sample containers will be used for soil, aquifer sediment, and water samples
3 collected for chemical analysis. Container sizes may vary depending on laboratory specific volumes and
4 requirements for meeting analytical detection limits. Radiological Engineering will measure the
5 contamination levels and dose rates associated with the sample containers. This information, along with
6 other data, will be used to select proper packaging, marking, labeling, and shipping paperwork and to
7 verify that the sample can be received by the analytical laboratory in accordance with the laboratory's
8 acceptance criteria. If the dose rate on the outside of a sample container or the Curie content exceeds
9 levels acceptable by an offsite laboratory, the sampling lead, in consultation with Sample Management

10 and Reporting, can send smaller volumes to the laboratory. Preliminary container types and volumes are
I I identified in Tables A-7 and A-8.

Table A-7. Sample Preservation, Container, and Holding Time for Core Samples
Minimum

Preservation Bottle Sample Size*
Method Requirement Holding Time Type (g)

EPA 200.8 None 6 months GIP 15

EPA 6010 Cool -40C (-39'F) 6 months GIP 15

EPA 1311/6010 Cool -4'C (-39'F) 6 months GIP 15

EPA 300.0 Cool .. 400 (-390 F) 48 hours/28 days GIP 50

PLFA Cool -4'C (-~39O F) 7 days G 50.SEM Analysis of Mineralogy None None G 50

TOC None 28 days aG 50

ASTM A4525-08 None None G 1,000

ASTM A422-63 None None GIP 1,000

* Based on minimum quality control requirements.

48 hours/28 days = 48 hours for nitrate, nitrite, and phosphate;, 28 days for others
.C = degrees Celsius
0F = degrees Fahrenheit

aG = amber glass

g = grams
G = glass
P = plastic
PLFA = phospholipid fatty acid analysis

12
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Table A-8. Sample Preservation, Container, and Holding Time for Water Samples
Minimum

Preservation Bottle Sample Size*
Method Requirement Holding Time Type (mL)

EPA 200.8 HN0 3 to pH <2 6 months GIP 300

EPA 6010 HN0 3 to pH <2 6 months G/P 300

EPA 7196 Cool -4'C (-39'F) 24 hours aG 500

EPA 300.0 Cool -4'C (-39'F) 48 hours/28 days P 125

EPA 9060 or EPA 415.1 HCI to pH <2, 28 days aGs 125
Cool -~4'C (-~390F)

Spectrofluorophotometer None None G 125
synchronous analysis

* Based on minimum quality control requirements.

48 hours/28 days =48 hours for nitrate and nitrite;, others, 28 days

aG = amber glass

aGs = amber glass septum
C =Celsius

F = Fahrenheit
G = glass
HCI = hydrochloric acid
HN0 3  = nitric acid

mL = milliliter
P = plastic

I A3.3.2 Sample Identification
2 The proccss samples will be uniquely numbered and the sample number and location will be documented.

3The sample location and frequency of process samples are summarized In Table A-6. Each sample
4 container and chain-of-custody form must be identified by sample number and sampling authorization
5 form number.

6 A sample tracking database will be used to track the samples through the collection and laboratory'
7 analysis process. The 1-IEIS database is the repository for the laboratory analytical results. The HEIS
8 sample numIYbers Will be issued to the samiplingy orglanization for this pro ject. The radiological and physical
9 properties of each sample will be identified and labeled wvith a unique HEIS sample number. The sample

10 location. depth, and corresponding 1-ETS numbers wvill be documented in the sampler's field logbook.
II Each sample container will be labeled with the following Information, using a waterproof marker on

1 2 firmly affixed. water-resistant labels:

1 3 e Samnpling authorization form11 number

14 e HEIS numrber

IS 0 Sample collection date and time

16 9 Analysis required

1 7 9 Preservation method (if applicable)
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1A3.3.3 Field Sample Logbook
*2 Information pertinent to sampling and analysis will be recorded in field checklists and logbooks in

3 accordance with existing sample collection protocols. The sampling team will be responsible for
4 recording relevant sampling information. Entries made in the logbook will be dated and signed by the
5 individual making the entry. Program requirements for managing the generation, identification, transfer,
6 protection, storage, retention, retrieval, and disposition of records will be followed.

7 A3.3.4 Sample Custody
8 Sample custody will be maintained in accordance with existing Hanford Site protocols. The custody of
9 samples will be maintained from the time that samples are collected until ultimate disposal of the

10 samples, as appropriate. A chain-of-custody record will be initiated in the field at the time of sampling
11I and will accompany each set of samples shipped to the laboratory. Sample shipping procedures will be
12 followed throughout sample shipment. Each chain-of-custody form will include the sample identification
13 number, associated well identification number, and remediation system designation. The analyses
14 requested for each sample will be indicated on the accompanying chain-of-custody form.

15 Chain-of-custody procedures will be followed throughout sample collection, storage, transfer, analysis,
16 and disposal to ensure that sample integrity is maintained. Each time the responsibility for the custody
17 of the sample changes, the new and previous custodians must sign the record and note the date and time.
18 A custody seal (i.e., evidence tape) will be affixed to the lid of each sample jar. The container seal will
19 be inscribed with the sampler's initials and the date. Sample custody during laboratory analysis will be
20 addressed in the applicable laboratory's standard operating procedures.

21 A3.3.5 Sample Shipping
22 Samples will be transported after authorization from the Soil and Groundwater Remediation Project

W23 authorized shipper. If the wells have a medium or high risk of encountering radiological material,
24 radiological surveys will be required. If radiological materials are not anticipated, RCT surveys may not
25 be required if the RCT field readings show no activity above background. As applicable, the RCT will
26 measure the contamination levels and the dose rates on the outside of each sample jar. As applicable,
27 the RCT will also measure the radiological activity on the outside of the sample container (through the
28 container) and will document the highest contact radiological reading in millirem per hour (mremlh). This
29 information, along with other data, will be used to select proper packaging, marking, labeling, and
30 shipping paperwork in accordance with U.S. Department of Transportation regulations (49 CFR,
31 "Transportation") and to verify that the sample can be received by the analytical laboratory in accordance
32 with the laboratory's acceptance criteria. The sampler will send copies of the shipping documentation to
33 Sample and Data Management within 48 hours of shipment.

34 As a general guideline, samples with activities less than 0.5 mrem/h can be shipped to an appropriate
35 offsite laboratory (for example, DOE contract laboratory, or a laboratory with a U.S. Nuclear Regulatory
36 Commission or state license for specific radionuclides). Samples with activities between 0.5 and
37 10 mrernlh can be shipped to an offsite laboratory, although Sample and Data Management will evaluate
38 samples with dose rates within this range on a case-by-case basis. Samples with activities greater than
39 10 mremlh will be sent to an onsite laboratory, as arranged by the Sample and Data Management
40 organization.

41 A3.3.6 Management of Waste
42 Chapter 11I of the TTP describes waste management.
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1 A4 Health and Safety Plan
2 Chapter 9 of the TTP describes projcct health and safety requirements.
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