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1.0 INTRODUCTION 

This Sampling and Analysis Plan (SAP) Addendum was prepared in accordance with the United 

States Environmental Protection Agency (USEPA) Uniform Federal Policy for Quality 

Assurance Project Plans (USEPA, et al, 2005) and the Area Completion Projects Programmatic 

Quality Assurance Project Plan for Environmental Data Collection and Management (SRNS 

2012c). Project or task specific information for the waste unit is documented in the SAP and 

refers to the program level Quality Assurance Program Plan (QAPP) (SRNS 2012c) for the 

program level quality objectives, standard operating procedures, and quality assurance/quality 

control procedures.  

1.1 Purpose for Sampling at the PAGW OU 

The P-Area Groundwater (PAGW) Operable Unit (OU) Core Team (United States Department 

of Energy [USDOE], the USEPA, and the South Carolina Department of Health and 

Environmental Control [SCDHEC]) met in January 2017 and agreed on the completeness of field 

activities associated with the 2013 SAP (SRNS 2013), problems warranting action, and likely 

response actions.  The Core Team recognized that tritium and volatile organic compounds 

(VOCs) are present over extensive areas in two aquifer zones that are not collocated.  Therefore, 

any response action(s) designed to meet maximum contaminant levels (MCLs) would be very 

large in scope.  However, it was acknowledged that there is an opportunity to address portions of 

the overall groundwater plumes prior to a final remedy decision since Steel Creek is currently 

impacted by discharges of trichloroethylene (TCE) contaminated groundwater above the MCL.  

The Core Team agreed that a better understanding on the extent of VOC groundwater 

contamination in the distal area and impact to Steel Creek was needed. 

In May 2017, the PAGW OU Core Team met to discuss the type and location of a likely 

response action(s) as well as a proposal for characterization of the area being impacted by 

discharges of TCE contaminated groundwater to Steel Creek.  Additional characterization to 

determine the extent of VOC groundwater contamination in the distal area of the VOC 

groundwater plumes was also discussed.  The Core Team agreed to pursue the implementation of 

a non-time critical removal action through a Removal Site Evaluation Report 
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(RSER)/Engineering Evaluation (EE)/Cost Analysis (CA) to address the TCE groundwater 

plumes that are impacting Steel Creek (SRNS 2017a).  The Core Team also agreed to submittal 

of a SAP Addendum to address data uncertainties related to impact(s) to Steel Creek and extent 

of VOC groundwater plumes in the distal area near Steel Creek.  

This SAP Addendum is being prepared to allow for the collection of additional data to evaluate 

impact to Steel Creek, determine extent of VOC groundwater plumes in the distal area, and 

establish long-term groundwater and surface water monitoring at the PAGW OU.  The elements 

of the SAP Addendum include the following: 

 Characterization of Steel Creek surface water and shallow groundwater in areas 

potentially impacting Steel Creek; 

 Characterization in an area along the bluff near Steel Creek (including the “elbow 

portion”) to determine extent of VOC groundwater plumes; and  

 Long-term surface water and groundwater monitoring and reporting. 

1.2 Location of the PAGW OU 

P Area is in the central portion of Savannah River Site (SRS) and consists of an inactive nuclear 

reactor, several support buildings, and several waste disposal sites and is approximately 9.7 km 

(6 mi) west of the nearest SRS boundary (Figure 1).  The PAGW OU encompasses the 

groundwater below P Area and outlying areas that have been impacted by reactor and facility 

operations.  Figure 2 shows the groundwater modeling boundaries developed as part of the 

hydrogeologic conceptual model (HCM).   

1.3 Surface Water 

The topography near the P-Reactor Building (105-P) Complex (P-RBC) is higher in elevation 

(>101 m [330 ft]) than the surrounding land (interfluvial zone).  Surface drainage on the west 

side of the P-RBC area is to the northwest, towards Steel Creek.  The headwaters of Steel Creek 

reside at an elevation of 85 m (280 ft) above mean sea level (amsl) and incise down to ~61 m 

(~200 ft) amsl where Steel Creek enters L Lake.  Steel Creek is the largest drain influence on the 

Upper Three Runs Aquifer (UTRA) within the area of interest.  The incision of Steel Creek in 

the area of interest results in a steep elevation drop from the bluff to the creek (up to 10 m [35 
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ft]), with the shallowest layers truncated above the stream elevations.  Surface drainage on the 

east side of the P-RBC area drains to unnamed tributaries that drain to PAR Pond.  Surface 

drainage on the south side of the P-RBC area drains to wetlands and unnamed tributaries to 

Meyers Branch. 

During most of the year, the elevation of the water table near the headwaters of Steel Creek is 

approximately the same as the elevation of the Steel Creek streambed.  Consequently, Steel 

Creek, which is a perennial stream, is a discharge point for the UTRA.  The upper portion of 

Steel Creek consists of the headwaters of Steel Creek, the upper reaches of Steel Creek, and a 

wetlands area located just upgradient of the headwaters of L Lake.  The headwaters of Steel 

Creek originate northwest of P Area.  The creek flows southwesterly about 3,600 m (12,000 ft) 

before it enters L Lake. 

Past flow for Steel Creek was influenced, to a large extent, by SRS operations.  In 1954, Steel 

Creek began receiving thermal effluents from P- and L-Reactors.  By 1961, both reactors 

released a total of 22.6 m3/sec (800 ft3/sec) of thermal effluent into Steel Creek (Hayes 1982).  In 

1964, all P-Reactor effluent was diverted to PAR Pond, and L-Reactor was the only source 

supplying thermal effluent to Steel Creek.  Flow along the segment of Steel Creek between  

P Area and just upgradient of where L-Reactor discharged to Steel Creek was reduced to natural 

flow conditions.  To date, natural flow exists within Steel Creek, and natural vegetation has 

repopulated the banks and streambed. 

Groundwater contamination from P Area and the P-Reactor Seepage Basins (PRSBs) is known 

to be discharging into the upper portion of Steel Creek.  Steel Creek is part of the Steel Creek 

Integrator Operable Unit (IOU).  An IOU is defined as surface water bodies (e.g., streams and 

lakes) and associated wetlands, including sediment/soil, sediment, and related biota.  An IOU 

represents the integration of potential contamination discharged to surface water or migrating 

through groundwater from OUs, site evaluation areas, National Pollutant Discharge Elimination 

System outfalls, and operational facilities to points of potential receptor exposure.  

Steel Creek is under investigation under the IOU Program because it represents a possible 

pathway for the release of contamination from SRS activities, within its watershed, to off-unit 

receptors and the environment.  The P-Reactor Discharge Canal leading to Steel Creek also is 
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being investigated as part of the Steel Creek IOU.  The portion of the P-Reactor Discharge Canal 

to PAR Pond (including pre-cooling ponds) is being investigated as part of the Lower Three 

Runs IOU. 

1.4 Objectives for the Sampling and Monitoring at the PAGW OU 

The primary objective of this SAP Addendum is to develop a plan to generate sufficient 

representative data to further characterize and support clean up decisions for the PAGW OU; 

specifically, at and near Steel Creek and to provide for long-term monitoring and trending of 

groundwater contamination.  This SAP Addendum supports the following objectives: 

 Monitor surface water impacts to Steel Creek resulting from contaminated 

groundwater discharge through establishment of additional surface water locations; 

 Monitor shallow groundwater to assess area(s) of impact to Steel Creek through the 

installation of shallow wells; 

 Determine extent of groundwater contamination in the distal area of the VOC 

groundwater plumes through the collection of soil samples for headspace analysis; 

 Determine lithologic changes between the neck and distal areas of the VOC 

groundwater plumes that may be controlling flow and direction through the collection 

of core and geophysical logging; 

 Determine geotechnical information in the elbow portion of the distal area along Steel 

Creek to support the evaluation of possible future removal and/or action(s) through 

the collection of undisturbed samples and cone penetrometer logging; and 

 Provide long-term surface water and groundwater monitoring and reporting at the 

PAGW OU. 

2.0 PAGW OU BACKGROUND 

Between 2002 and 2005, extensive soil, soil-gas, and groundwater pre-characterizations were 

performed to discern source(s) to groundwater and define the nature and extent of groundwater 

contamination (WSRC 2002).  In 2006, characterization of source areas to groundwater as 

identified in the Comprehensive Environmental Response, Compensation and Liability Act 
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(CERCLA) Remedial Investigation (RI) Work Plan for the P-Area Operable Unit (PAOU) 

(WSRC 2006b) was conducted and the outcome of that work was documented in the Resource 

Conservation and Recovery Act (RCRA) Facility Investigation/RI Report with Baseline Risk 

Assessment and Corrective Measures Study/Feasibility Study for the PAOU (WSRC 2008).  All 

source areas determined to have the potential to impact PAGW OU groundwater have been 

remediated (WSRC 2006a, SRNS 2012d).  In 2010, additional groundwater PAGW OU pre-

characterization was performed to determine the overall extent of the groundwater plumes, 

address data uncertainty, and install additional groundwater monitoring wells to provide long-

term monitoring of the groundwater plumes.  The 2010 pre-characterization results and all 

preceding characterization activities were presented in a scoping summary (SRNS-EN-2013-

0009) in support of a March 2013 PAGW OU scoping meeting.  The Core Team agreed to the 

following: a) submittal of a SAP to support additional characterization; b) to include a data 

summary of the previous investigations in the SAP; and c) to allow the approved SAP to fulfill 

the requirements for an RI work plan.  The Sampling and Analysis Plan for the P-Area 

Groundwater Operable Unit was approved by the USEPA and SCDHEC in October 2013 

(SRNS 2013).   

In January 2017, the Core Team met to discuss the results of the 2013 SAP.  Based on current 

data and identified impact to Steel Creek, an additional meeting was held in May 2017 and the 

Core Team agreed to a Non-Time Critical RSER/EE/CA to evaluate removal action(s) for the 

VOC groundwater plumes and a SAP Addendum to address data uncertainties in the distal area 

and Steel Creek.   

2.1 Summary of Data Collected as part of the 2013 SAP 

Field activities associated with the 2013 SAP are grouped into three (3) activities: 1) surface 

water; 2) depth-discrete groundwater sampling; and 3) groundwater monitoring well sampling.  

Each of the activities had a defined objective and included the following activities: 

Surface Water 

 Perform surface water sampling at four (4) locations in Steel Creek. 
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Depth-Discrete Groundwater Sampling 

 Discern the presence and extent of tritium groundwater contamination in the Gordon 

Aquifer Unit (GAU) at the PRSB; and 

 Determine the extent of VOC groundwater contamination to the east of P Area towards 

PAR Pond. 

Groundwater Monitoring Well Sampling 

 Install seven (7) new wells and convert an existing GAU piezometer to a permanent 

monitoring well; and 

 Perform groundwater sampling and synchronous water levels at wells and piezometers 

identified within the PAGW OU.   

The following section presents the outcome for each of these activities. 

2.1.1 Surface Water 

Historically, surface water in Steel Creek has been routinely monitored since 2002 at seven (7) 

locations from P Area down to L Lake (Figure 3).  Tritium has been consistently detected in 

surface water at concentrations above the MCL (20 pCi/mL) from P Area to L Lake.  TCE on the 

other hand has been detected consistently above the MCL (5 ug/L) at only one station (SC-03) 

near P Area.  No other downstream station has detected the presence of TCE.   

As part of the 2013 SAP, surface water samples were collected from four (4) locations (e.g., SC-

02, -03, -04, and -07) of the existing seven (7) locations to provide continuing monitoring of 

contaminants in surface water (Figure 3).  As expected, tritium was exhibited at all the locations 

with a maximum concentration of 2,320 pCi/mL determined at SC-03.  Tritium concentrations 

decrease further downstream, as shown at SC-07, before entering L Lake (Figure 4).  

Additionally, since cessation of area operations and subsequent closure of P Area, tritium 

concentrations have been declining. However, tritium concentrations consistently exceeded the 

MCL (20 pCi/mL) at locations SC-03, -04, and -07.  

Samples collected from the four (4) locations indicate the presence of TCE at only one location 

(SC-03) and in exceedance of the MCL (5 ug/L).  Lesser concentrations of cis-1,2-

dichloroethylene (c12DCE) were also detected at this location.  Figure 5 depicts TCE time-trends 
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at two (2) locations where TCE has been detected.  SC-03 has historically exhibited elevated 

concentrations in exceedance of the MCL while at SC-02, TCE detections were variable with no 

detections in the last 12 years.  

Table 1 provides a summary of the data collected at these four (4) locations since 2014.  As with 

historical data, tritium and TCE are the primary contaminants detected in surface water above the 

MCLs.   

2.1.2 Depth-Discrete Groundwater Samples 

Depth-discrete groundwater sampling was utilized to investigate the extent of VOC groundwater 

contamination to the east of P Area along SRS Road F and to delineate the extent of tritium 

contamination in the GAU near the PRSBs (Figure 6).   

Eastern VOC Groundwater Investigation 

Five (5) cone penetrometer technology (CPT) locations along SRS Road F were utilized to 

collect up to ten (10) groundwater samples from each location to determine if VOC and tritium 

contaminants were present in the Upper and Lower Aquifer Zones.  Previous characterization 

work conducted in 2010 defined low concentrations of VOC and tritium groundwater 

contamination east of P Area.  The Core Team agreed to conduct additional sampling to ensure 

the extent of the VOC and tritium groundwater plumes was delineated.   

Overall, 39 groundwater samples out of 46 attempts were collected from various depths from the 

five (5) CPT locations and analyzed for Target Compound List (TCL) VOCs and tritium.  Table 

2 provides a summary of PCE, TCE, and tritium results from each CPT location.  Tritium was 

detected in 64% of the samples collected but none of the results exceeded the MCL.  Tritium 

concentrations are within expected background concentrations associated with impact from 

rainfall and are not associated with impact from reactor operations.  TCE was detected in 46% of 

the samples collected with only one (1) exceedance (7.68 ug/L) of the MCL in the Lower 

Aquifer Zone (LAZ) at sampling location PRGW090.  Tetrachloroethylene (PCE) was detected 

in 51% of the samples collected with four (4) exceedances of the MCL.  Of the four (4) MCL 

exceedances, three (3) of the samples were from the same location (PRGW087) in the Upper 

Aquifer Zone (UAZ).  Previous groundwater investigation (2010) of PCE contamination in P 
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Area determined the plumes to be localized within the P Area facility with primary flow of the 

contamination to the west (Figure 19).  Therefore, the elevated concentrations of PCE 

determined at this location are associated with no known source area and are not associated with 

existing PCE groundwater plumes in P Area.   

Other VOCs detected include 1,2-dichloroethane, 1,2,4-trichlorobenzene, acetone, chloroform, 

c12DCE, toluene, and trichlorofluoromethane.  Table 3 presents a data summary of detected 

results for the CPT data collected.  Chloroform was the only other VOC that exceeded the 

regional screening level (RSL) in 44% of the samples collected.  The presence of chloroform is a 

typical lab contaminant and is not associated with reactor operations.  The detection of other 

VOCs such as 1,2,4-trichlorobenze, acetone, toluene, and trichlorofluoromethane are localized, 

of minimal concentrations which do not indicate a larger groundwater impact, and are not 

observed at other areas at the PAGW OU. 

As a follow-on to the completion of the 2013 SAP CPTs, two (2) additional CPTs (PRGW110 

and 111) were completed to delineate the extent of the PCE groundwater contamination 

determined at sampling location PRGW087 (Figure 6).  The results from these two (2) locations 

determined the extent of the PCE groundwater contamination to be slightly above the MCL 

downgradient of sampling location PRGW087 (Table 2).  PCE concentrations were detected in 

exceedance of the MCL in one (1) sample collected in the UAZ at sampling location PRGW110. 

In total, eleven (11) of 18 attempted groundwater samples were collected.  Other VOCs detected 

include 1,2-dibromomethane, 1,2-dichloropropane, 1,2,4-trihclorobenzene, 2-hexanone, acetone, 

chloroform, c12DCE, ethylbenzene, methyl ethyl ketone, methylcyclohexane, toluene, and 

trichloroethylene (Table 3).  Chloroform, as exhibited at sampling locations PRGW087 through 

091, also exceeded the RSL in 55% of the samples collected.  The presence of chloroform is a 

typical lab contaminant and is not associated with P-reactor operations.  Tritium was detected in 

73% of the samples with none of the results exceeding the MCL.  The other detected constituents 

are not indicative of groundwater impacts and are not routinely detected in the groundwater 

monitoring network. 

Figure 7 depicts depth-discrete PCE concentrations from the seven (7) CPT locations along with 

the known extent of PCE groundwater contamination.  Flow direction of the PCE groundwater 
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plume from sampling location PRGW087 is to the east towards an unnamed tributary that flows 

to PAR Pond.  Based on available data, PCE contaminated groundwater determined from the 

seven (7) CPTs is not associated with the PCE groundwater plumes located within P Area.  

Therefore, the elevated concentrations of PCE to the east of P Area, as defined by the SAP 

investigation, is most likely associated with an unknown release from previous area operations.  

Figure 8 depicts depth-discrete TCE concentrations from the seven (7) CPT locations along with 

the known extent of TCE groundwater contamination.  TCE was exhibited at the same location 

as with the higher PCE concentrations.  Additionally, TCE concentrations were exhibited at 

location PRGW090 with one of the samples exceeding the MCL.  Figure 9 depicts depth-discrete 

tritium concentrations from the seven (7) CPT locations along with the known extent of tritium 

groundwater contamination within P Area.  Tritium was detected at a majority of the CPT 

sampling depths, however, there were no exceedances of the MCL.  The concentrations observed 

are indicative of typical background concentrations associated with rainfall. 

Tritium in Gordon Aquifer Unit 

Prior to 2010, it was unknown if there was any impact to the GAU.  In 2010, elevated tritium 

concentrations above the MCL were determined in the GAU near the PRSBs.  However, the 

extent was not determined.  To discern extent of impact of tritium in the GAU near the PRSBs, 

up to fifteen (15) groundwater samples were collected from three (3) direct push technology 

(DPT) locations using the IsoFlowTM method.  This method was used in conjunction with 

Rotosonic drilling due to the depths samples were collected.  Samples were analyzed for tritium, 

gross alpha, and nonvolatile beta.  

Tritium concentrations were detected in one (1) of 15 samples collected (Table 4).  There were 

no exceedances of the MCL for tritium.  Therefore, the localized tritium plume, as defined 

during the 2010 investigation and further supported by ongoing groundwater monitoring of new 

wells installed at the location, is not widespread and local to an area near the PRSBs.  Figure 10 

depicts depth-discrete tritium concentrations in relation to the localized tritium plume.   

Groundwater samples were also analyzed for gross alpha and nonvolatile beta.  Concentrations 

of gross alpha and nonvolatile beta were detected in 14 and 13 of 15 samples collected, 

respectively.  Gross alpha did exceed the MCL in eight (8) of 15 samples while nonvolatile beta 
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exceeded the MCL in two (2) of 15 samples (Table 4).  Groundwater investigation conducted 

during 2010 also determined elevated gross alpha and nonvolatile beta concentrations throughout 

P Area in the GAU.  The elevated concentrations are attributed to turbid samples collected 

because of the sampling methodology and acidification of the turbid samples.  Naturally 

occurring radioactive material present in the samples accounts for the elevated concentrations 

and is not attributed to past reactor operations.  Additionally, groundwater monitoring well data 

from the GAU does not indicate elevated concentrations of gross alpha and nonvolatile beta or 

exceed screening levels of 15 and 50 pCi/L, respectively. The observed groundwater monitoring 

well concentrations are significantly lower due to low turbidity values.  

2.1.3 MicroCED 

In 2010, a treatability study (Riha 2010) was conducted in a small area north of P-RBC and the 

TCE source area to evaluate the application of biostimulation and bioaugmentation to VOC 

groundwater contamination (Figure 11).  A dehalococcoides microbe (MicroCED [Micro-

organism Chlorinated Ethene Destruction]) found at the C-Area Twin Lakes on SRS was used as 

the bioaugmentation media.  The major objective of the study was to evaluate the feasibility of 

enhanced reductive dechlorination using MicroCED in a highly aerobic VOC contaminated 

groundwater plume.  Data collected from ongoing well monitoring activities during the study and 

shortly thereafter were mainly inconclusive (Amidon et al, 2013).  However, there was limited 

information that suggested TCE concentrations were being reduced and that end-products (e.g., 

ethane/ethene) were being detected within the timeframe of the sampling.  Subsequent sampling 

was suspended and no long-term data were collected to further evaluate the study.  As part of the 

PAGW OU Core Team meeting in 2013, it was agreed that additional sampling should be 

conducted to determine what changes, if any, may have occurred since 2010. 

Sixteen (16) wells (Figure 11) were sampled for wide range of constituents that included VOCs, 

total organic carbon, dissolved organic carbon, total inorganic carbon, manganese, nitrate, nitrite, 

sulfate, sulfide, chloride, tritium, total iron, phosphate, chemical oxygen demand, ferrous and 

ferric iron, permanent gases, and light hydrocarbons.  A subset of the wells was also sampled for 

compound specific isotope and microbial analyses. 
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Overall, four (4) inorganics, four (4) metals, one (1) radionuclide, and 14 VOCs, of which seven 

(7) are light hydrocarbons, were detected.  Table 5 summarizes the detected values from the 

study site and compares the results to the appropriate screening level.  Of the detected 

constituents, seven (7) exceeded MCLs or RSLs.  Total phosphate (as P) exceeded the RSL in 

seven (7) of 16 samples.  Iron and manganese also exceeded the RSL in 11 and one (1) of 16 

samples collected, respectively.  The presence of these constituents is associated with the 

injected media (e.g., AquaBupH, emulsified oil substrate [EOS®], and microbe suspension 

media).  Tritium was found to be in exceedance of the MCL in 17 of 20 samples.  Overall, four 

(4) VOCs were determined to be in exceedance of the MCLs.  Both TCE and PCE exceeded the 

MCL in 18 and three (3) of 23 samples collected, respectively.  Degradation byproduct c12DCE 

was determined to exceed the MCL in ten (10) of 23 samples collected.  The presence of this 

VOC is associated with reductive degradation of PCE and TCE.  Dichloromethane (methylene 

chloride) exceeded the MCL in two (2) of 20 samples collected and is typically a laboratory 

contaminant.    

Compound specific isotope analysis (CSIA) was conducted to further evaluate biodegradation 

activity.  Many processes affecting contaminants in groundwater, such as dilution, sorption, and 

volatilization, have little or no effect on isotopic ratios.  Processes such as biodegradation 

however, are associated with significant isotopic fractionation.  This change in isotopes is 

measured by comparing the difference in the heavier carbon-13 (13C) versus the lighter carbon-

12 (12C) bonds on a VOC molecule.  During biodegradation, the lighter 12C bond is broken 

leaving a higher isotopic fraction of 13C present with the VOCs. The extent of biodegradation can 

be determined from the change in the ratio of the stable isotopes as indicated by the reported 

specific VOC-carbon data (e.g., TCE-Carbon). 

CSIA samples were collected from three (3) wells (background [PMW001DL], injection 

[PMW005DL], and downgradient [P002U]) associated with the study area (Figure 11).  An 

earlier report concluded that there was no indication of biodegradation occurring at the study 

area (Amidon et al 2013).  However, this conclusion was based on the limited timeframe in 

which data were collected shortly after injection of the microbes.  It was concluded that 

insufficient time may not have passed to observe measurable VOC degradation.  It was 
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postulated, at the time, that the decrease in VOC concentrations could be attributed to 

partitioning of the VOCs into the EOS® and associated degradation. 

Data collected in 2014 from these same three (3) wells were evaluated and summarized on Table 

6.  These wells were selected to provide a comparison of changes across the study area.  

Background well, PMW001DL, is located approximately 45.7 m (150 ft) downgradient from the 

TCE source area near P-RBC.  VOC concentrations at this well have been decreasing since 2010 

and is not associated with the MicroCED study area.  The impact to VOC concentrations at this 

well is associated with in situ chemical oxidation (ISCO) of the TCE source area conducted in 

2010 (SRNS 2012d).  TCE concentrations have decreased approximately 89% since 2010 with 

no detection of c12DCE or vinyl chloride.  CSIA data supports that no microbial activity was 

occurring as evident by the nearly stable TCE-carbon data.  At injection well PMW005DL, 

which is approximately 53.3 m (175 ft) downgradient from the background well, TCE and 

c12DCE concentrations are no longer detected and only minor concentrations of vinyl chloride 

and ethylene are present.  TCE-carbon data are variable and indicate some microbial 

biodegradation is occurring.  Recent concentration data are below detection limits because of no 

detectable TCE.  At the downgradient well, P002U, which is approximately 105 m (345 ft) 

downgradient from the injection well, VOC concentrations have been decreasing since 2010.  

TCE concentrations have decreased nearly 65% as well as with degradation byproduct c12DCE.  

Carbon data for both VOCs fluctuate with no apparent trend. 

Even though the carbon data do not overwhelming indicate microbial biodegradation, other 

indicators suggest limited activity may be occurring.  For instance, chloride concentrations in the 

injection wells have increased 10-times since the last sampling event (2010) along with marked 

increases in concentration in several nearby piezometers.  The increase in chloride 

concentrations could indicate microbial biodegradation of TCE and by-products by removal of 

the chlorine from each subsequent VOC byproduct.  Methane concentrations were also noted as 

being significantly higher than reported with the last sampling event, not only in the injection 

wells, as expected, but also in nearby piezometers.  Methane is produced from the microbial 

consumption of organic carbon (e.g. EOS®) during anaerobic reductive dechlorination.   
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Microbial sampling was also conducted at 13 wells within the study area.  Bio-Traps® were 

placed in the wells and left for approximately 60 days before retrieval and submittal to the 

laboratory for analysis.  Tests were performed to determine dehalococcoides (DHC) cell density 

and to determine if the microbes present contained the genes capable of degrading TCE (TCE) to 

vinyl chloride (BVC and VCR) to ethene.  Table 7 summarizes the findings of the microbe 

analysis.  Overall, as expected, DHC were prevalent in the injection wells with excellent cell 

density (>104) exhibited in injection wells PMW005DL and PMW006DL.  Results from 

injection well PMW003DL were not as high as exhibited in the other injection wells.  This was 

in part due to material present in the well that coated the Bio-Trap® which prevented adequate 

exposure to the groundwater (Figure 12).  The material was determined to be a combination of 

the AquaBupH and EOS® that may not have been completely flushed out into the aquifer during 

follow-up injection of clean water.  Only one piezometer (PMP004DL) exhibited low cell 

density of DHC.  None of the other piezometers had microbial detections. 

Since VOCs can be degraded by anaerobic reductive dechlorination and aerobic (co)metabolism, 

detailed microbial analysis (QuantArray®) was performed on a Bio-Trap® sample retrieved from 

piezometer PMP005DL, located outside of the injection field.  The data obtained were to provide 

quantification of functional genes that may support both or either of these degradation processes.  

Microbial data discussed earlier identified the presence of microbes in support of reductive 

dechlorination, but the microbes are limited to within the injection field.  Detailed analysis from 

PMP005DL determined that microbes were present with significant cell density (>105) that 

contain function genes to conduct aerobic (co)metabolism of chlorinated ethenes (e.g., TCE) 

(Table 8).   

2.1.4 Groundwater Monitoring 

Summary of UAZ Groundwater Data from Monitoring Wells 

Groundwater sampling was performed at defined UAZ groundwater monitoring wells to provide 

an overall review of constituents present in groundwater.  Table 9 compares groundwater 

monitoring well data from the UAZ to appropriate MCLs, radionuclide preliminary remediation 

goals (PRGs), or RSLs.  UAZ data included in this summary were collected from 2014 and 2016.  

A total of nine (9) metals, seven (5) radionuclides, and six (6) VOCs were determined to have 
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exceeded MCL or RSL screening levels.  In addition, radiological indicators (gross alpha and 

nonvolatile beta) were detected above radiological trigger limits. 

Metals detected in the UAZ above their screening criteria include aluminum, arsenic, chromium, 

cobalt, iron, lead, manganese, selenium, and uranium.  Except for iron, the remaining metals 

were detected above their risk-based screening criteria in less than 5% of the samples.  One well 

in particular (PAO001DU) consistently exhibited metals above the risk-based screening criteria.  

This is due to the location of the well within the ISCO treatment zone resulting in the release of 

naturally occurring metals from subsurface sediments into the groundwater.  Iron was detected in 

45 of 59 samples with 42 of those detections exceeding the RSL. 

Radionuclides detected above their screening criteria include bismuth-214, iodine-129, 

strontium-90, tritium, and uranium-238.  In addition, gross alpha and nonvolatile beta were 

detected above trigger levels (15 and 50 pCi/L).  Tritium was the most widespread radionuclide 

present in groundwater and was detected in 100 of 104 samples with 40 of those exceeding the 

MCL.  The maximum tritium concentration was 7,790 pCi/mL.  Iodine-129 exceeded the MCL 

in approximately 3% (2 of 60) of the samples at two (2) wells during 2014.  Subsequent 

sampling determined iodine-129 concentrations to be nondetects.  Historical review of data prior 

to 2014, did not detect iodine-129 at these wells.  The occurrence of this radionuclide is not 

indicative of groundwater contamination and is further supported by consistently low nonvolatile 

beta concentrations exhibited at these wells.  Bismuth-214 and uranium-238 were found in 

exceedance of the MCLs primarily at one well, PAO001DU.  As described earlier in the metals 

discussion, this well has been impacted by ISCO and the detection of radionuclides in 

groundwater are associated with naturally occurring radioactive material found in subsurface 

sediments that were released because of the chemical injections.  Strontium-90 was detected in 

12 of 62 samples with three (3) exceeding the MCL.  The MCL exceedances were solely 

exhibited at well PSB 1A.  This well has historically exhibited strontium-90 exceedances.  The 

presence of this contaminant is associated with a process sewer line break near the PRSBs that 

originated from the P-RBC disassembly basin.  The process sewer line and soil was remediated 

as part of the PRSBs remedial efforts (WSRC 2006a). 
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VOCs detected in the UAZ above their screening criteria include 1,4-dioxane, chloroform, 

c12DCE, dichloromethane (methylene chloride), PCE, and TCE.  1,4-Dioxane was detected in 

one (1) of 110 samples and that one (1) sample exceeded its RSL.  Chloroform was detected in 

20 of 63 samples with 16 samples exceeding the RSL.  Dichloromethane (methylene chloride) 

was detected in 4 of 63 samples with only one (1) MCL exceedance.  Both, chloroform and 

dichloromethane (methylene chloride) are common lab contaminants.  cis-1,2,-Dichloroethylene 

was detected in 20 of 63 samples with six (6) samples exceeding the MCL.  The presence of this 

VOC is associated with stalled reductive dechlorination of TCE and PCE. Primary VOC 

contaminants, PCE and TCE, were also detected in groundwater.  PCE was detected in 34 of 100 

samples with 15 samples exceeding the MCL and a maximum concentration of 260 ug/L.  TCE 

was detected in 45 of 103 samples with 20 samples exceeding the MCL and a maximum 

concentration of 7,440 ug/L. 

Summary of LAZ Groundwater Data from Monitoring Wells 

Table 10 compares the monitoring well data from the LAZ to appropriate MCLs, PRGs, or 

RSLs.  LAZ data included in this summary were collected from 2014 and 2016.  A total of five 

(5) metals, one (1) radionuclide, and six (6) VOCs exceeded the appropriate screening level. 

Metals detected in the LAZ above their screening criteria include cobalt, iron, lithium, lead, and 

manganese.  Exceedances of cobalt, lithium, lead, and manganese above the risk-based screening 

criteria were in less than 6% of the samples.  Iron exceeded the RSL in 27 of 49 samples 

collected.  

Tritium is the only radionuclide that exceeded a risk-based screening level.  Tritium was detected 

in 68 of 87 samples with 35 of the samples exceeding the MCL.  The maximum tritium 

concentration was 16,400 pCi/mL located at the PRSBs.  

VOCs detected in the LAZ above their screening criteria include bis(2-ethylhexyl) phthalate 

(DEHP), chloroform, c12DCE, dichloromethane (methylene chloride), PCE, and TCE.  Bis(2-

ethylhexyl) phthalate (DEHP) exceeded the MCL in three (3) of 37 samples collected.  The 

concentration of the exceedances was low and was associated with newly installed wells.  The 

detection of this VOC is typically associated with the production of polyvinyl chloride, of which 

                                            ARF-021476



Sampling and Analysis Plan Addendum for PAGW OU (U) SRNS-RP-2018-00261 
Savannah River Site Rev. 0 
February 2018 Page 16 of 154 

the wells are constructed.  Chloroform exceeded the RSL in 30 of 61 samples while 

dichloromethane (methylene chloride) exceeded the MCL in one (1) of 61 samples.  The 

presence of these VOCs in groundwater samples is typically associated with laboratory 

contamination.  PCE was detected in 19 of 80 samples and only three (3) of the samples 

exceeded the MCL.  The maximum PCE concentration was 10 ug/L.  TCE, on the other hand, 

was more widespread and constitutes the main VOC groundwater contaminant.  TCE was 

detected in 41 of 80 samples with 30 of the samples exceeding the MCL.  The maximum 

concentration of TCE was 7,710 ug/L. 

Summary of GAU Groundwater Data from Monitoring Wells 

Table 11 compares the monitoring well data from the GAU to appropriate MCLs, PRGs, or 

RSLs.  GAU data included in this summary were collected from 2014 and 2016.  A total of one 

(1) metal, one (1) pesticide, one (1) radionuclide, and two (2) VOCs exceeded the appropriate

screening level.

Iron was the only metal to exceed risk-based screening levels.  Iron was detected in 11 of 12 

samples with all 11 samples exceeding the RSL. 

One pesticide, alpha-benzene hexachloride, was found to exceed the risk-based screening level. 

This pesticide was detected and exceeded the RSL in only one (1) of nine (9) samples.   

Tritium was the only radionuclide to exceed the risk-based screening level.  Tritium was detected 

in nine (9) of 20 samples with three (3) of the samples exceeding the MCL.  The maximum 

tritium concentration was 5,860 pCi/mL.  All the tritium exceedances were determined in one 

well, PSB002AA, located at the PRSBs.  No other well in the GAU exhibited elevated 

concentrations of tritium.   

Two (2) VOCs, chloroform and dichloromethane (methylene chloride), were found to exceed 

risk-based screening levels.  Chloroform exceeded the RSL in two (2) of 13 samples while 

dichloromethane (methylene chloride) exceeded the MCL in one (1) of 13 samples.  These 

VOCs are typical laboratory contaminants. 
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2.1.5 Areal Extent of Groundwater Plumes 

Shallow groundwater flow in the UAZ and LAZ mirror local area topography (Figures 13 and 

14).  P Area resides on a groundwater divide in which the shallow water-bearing units exhibit 

diverging flow paths to the east and west of the P-RBC.  Principal groundwater contaminants 

include tritium, PCE, TCE, and c12DCE.  Nearly all groundwater contamination is exhibited in 

the UAZ and LAZ; however, there is a localized area of impact (tritium only) in the GAU at the 

PRSBs.  VOC groundwater plumes are present to the north of P-RBC and extend to the west 

towards Steel Creek and to the east towards PAR Pond.  Additionally, a tritium plume from the 

PRSBs extends northwest towards Steel Creek.  Groundwater plumes to the east are limited in 

areal extent and do not impact surface water.  However, to the west, Steel Creek is impacted 

from discharges of tritium and VOCs (primarily TCE) contaminated groundwater exceeding 

their respective MCL.   

A TCE groundwater plume in the UAZ extends from north of the P-RBC westward to Steel 

Creek in the vicinity of surface water sample location SC-02 (Figure 15).  Impact to surface 

water in Steel Creek is primarily exhibited at surface water location SC-03.  The highest 

exhibited TCE concentration of 7,440 ug/L is located near Steel Creek.  In the LAZ, TCE 

concentrations between 1,000 and 10,000 µg/L comprise approximately half the area of the TCE 

plume, which also extends westward to Steel Creek (Figure 16).  To the east, a portion of the 

LAZ TCE plume does not lie below the overlying UAZ TCE.  The relative size of the LAZ TCE 

groundwater is much larger than the overlying UAZ TCE plume due to prominent vertical 

migration associated with slow horizontal groundwater flow in the UAZ within the groundwater 

divide area.  The location and orientation of the c12DCE groundwater plumes coincide with the 

TCE groundwater plumes in each aquifer zone and is indicative of stalled degradation (Figures 

17 and 18).  No other degradation products (e.g., vinyl chloride or ethane) have been determined 

to be present on a consistent frequency. 

Two distinct PCE groundwater plumes in the UAZ have been delineated at the PAGW OU 

(Figure 19).  North of the P-RBC and to the east, the groundwater plumes are distinct from the 

TCE groundwater plumes.  However, to the west of the P-RBC the PCE groundwater plumes are 

collocated with the TCE plumes and extends towards Steel Creek.  In the LAZ, the PCE plume 
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lies north of the P-RBC but also extends towards Steel Creek (Figure 20).  PCE concentrations 

are significantly less, by orders of magnitude in comparison to TCE. 

Just to the west and outside of the P Area facility area, the groundwater plumes in the UAZ and 

LAZ become narrower versus spreading out laterally as normally expected with movement of 

groundwater plumes from the source.  Data indicate the presence of a natural geologic feature 

(e.g., buried stream channel) which is controlling the primary movement of the plumes from P 

Area to Steel Creek.  This area exhibits a higher permeability than the surrounding sediments 

making it a natural “funnel” for groundwater movement.  As the groundwater plumes approach 

Steel Creek, the plumes elongate along the length of the creek with localized discharges to the 

upper reaches of Steel Creek. 

The VOC groundwater plumes can be described in three (3) parts: 1) source area, 2) neck area, 

and 3) distal area (Figure 21).  The source area represents most of the groundwater 

contamination and is centered north of P-RBC within the P Area facility area.  The neck area 

represents the area where the VOC groundwater plumes are controlled by the buried geologic 

feature thus creating a narrowing of the groundwater plumes and is located to the west just 

outside of the P Area facility area.  The distal area represents the area where the plumes are 

impacting surface water in Steel Creek and continue to spread along the length of Steel Creek. 

Tritium groundwater contamination is more widespread and prevalent in groundwater due to 

multiple sources and releases associated with past facility operations.  The primary source of 

tritium contamination to groundwater is associated with the PRSBs.  Tritium plumes in the UAZ 

and LAZ extend westward and northwest from the PRSBs to Steel Creek, north of P-RBC, and 

with lesser tritium concentrations eastward towards PAR Pond (Figures 22 and 23).  Most of the 

tritium contamination is northwest of the PRSBs.  Tritium contaminated groundwater is currently 

discharging into Steel Creek above the MCL.  The LAZ tritium plume mirrors the overlying 

UAZ groundwater plume.   

A localized area of tritium groundwater contamination in the GAU at the PRSBs was determined 

in 2010 (Figure 24).  After the investigation, groundwater monitoring wells were installed to 

provide long-term monitoring of the groundwater plume.  As described in Section 2.1.2, the 

extent of tritium contamination appears to be localized with no indication of tritium detection in 
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nearby GAU wells or IsoflowTM sampling locations.  The presence of the tritium contamination 

is associated with vertical migration of contaminated groundwater water into deeper water-

bearing units.   

3.0 PROJECT DATA QUALITY OBJECTIVES (DQOs) 

The Data Quality Objective (DQO) process is a series of logical steps that guides managers or 

staff to a plan for the resource-effective acquisition of environmental data.  It is both flexible and 

iterative, and applies to both decision-making (e.g., compliance/non-compliance with a standard) 

and estimation (e.g., ascertaining the mean concentration level of a contaminant).  The DQO 

process is used to establish performance and acceptance criteria, which serve as the basis for 

designing a plan for collecting data of sufficient quality and quantity to support the goals of the 

study.  Use of the DQO process leads to efficient and effective expenditure of resources; 

consensus on the type, and quantity of data needed to meet the project goal; and the full 

documentation of actions taken during the development of the project. The DQO process is a 

series of seven planning steps based on the scientific method (Sections 3.1.1 to 3.1.7 below) and 

is detailed in USEPA Guidance (USEPA 2006).   

3.1 PAGW OU 

3.1.1 State the Problem 

PAGW OU has VOCs (PCE, TCE, and c12DCE) and tritium at levels exceeding the MCLs:   

 TCE groundwater plume (>MCL) covers approximately 21 acres (ac) in the UAZ with 

the maximum concentration of 7,440 ug/L (4Q2016) at well PGW026DL, which is 

located near Steel Creek.  The TCE groundwater plume in the LAZ covers approximately 

21 ac with a maximum concentration of 7,710 ug/L (4Q2016) at well PGW025B.  Near 

Steel Creek, maximum TCE concentration was 7,600 ug/L (4Q2016) at well PGW026C.  

The TCE contaminated groundwater discharges to Steel Creek. 

 PCE groundwater plume (>MCL) covers approximately 17 ac in the UAZ with a 

maximum concentration of 67.3 ug/L (4Q2016) at well PAO003DU, which is located at 

the PCE source area within P Area. PCE contaminated groundwater has not been detected 
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in surface water samples collected from Steel Creek.  PCE groundwater plume in the 

LAZ covers approximately 11 ac with a maximum concentration of 6.66 ug/L (4Q2016) 

at well PGW029C.   

 C12DCE groundwater plume (>MCL) covers approximately six (6) ac in the UAZ with 

the maximum concentration of 4,740 ug/L (4Q2016) at well PMP002DL, which is 

located at the MicroCED study area.  The c12DCE groundwater plume in the LAZ covers 

approximately 10 ac with a maximum concentration of 200 ug/L (4Q2016) at well 

PGW026C, which is located near Steel Creek. 

 Tritium groundwater plume (>MCL) covers approximately 96 ac in the UAZ and 

discharges to Steel Creek with the maximum concentration of 6,860 pCi/mL (4Q2016) at 

well PSB011DL.  The tritium groundwater plume in the LAZ covers approximately 78 ac 

with a maximum concentration of 13,400 pCi/mL (4Q2016) at well PSB002B, which is 

located at the PRSBs.  The tritium groundwater plume in the GAU covers approximately 

<0.5 ac with a maximum concentration of 5,480 pCi/mL (4Q2016) at well PSB002AA, 

which is located at the PRSBs.   

PAGW OU has TCE and tritium in surface water above the MCLs in Steel Creek:  

 TCE concentration in surface water was 12.2 ug/L (4Q2016) at SC-03.  No other surface 

water location exhibited TCE contamination.  The historical maximum detected at SC-03 

was 28.3 ug/L (2Q2013). 

 Tritium concentration in surface water was 607 pCi/mL (4Q2016) at SC-03.  Tritium 

concentrations were found in exceedance of the MCL at all surface water locations 

downstream of this location to L Lake. 

3.1.2 Identify the Goals of the Study 

The objective of this sampling activity is to collect groundwater, surface water, and soils data of 

sufficient quality that will be used to support the evaluatoin of remedial/removal alternatives for 

managing VOC groundwater plumes to Steel Creek.  Because Steel Creek is impacted by 

contaminated groundwater, surface water in Steel Creek will be monitored in conjunction with 
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groundwater.  Additionally, because VOCs and tritium are prevalent throughout the PAGW OU 

along with other localized areas impacted with constituents such as metals and radionuculides, 

long-term surface water and groundwater monitoring is being proposed. 

The following assessments are to be performed during implementation of this SAP Addendum: 

Steel Creek 

1. Determine the extent of impact of VOC (primarily TCE) contaminated groundwater in 

Steel Creek; 

2. Establish new surface water monitoring locations in Steel Creek; 

3. Establish new shallow well points along Steel Creek to assess groundwater flow and 

impact to Steel Creek; and 

4. Establish a long-term surface water monitoring plan. 

Groundwater 

1. Determine the extent of VOC groundwater contamination in and around the elbow 

portion of the distal area of the VOC groundwater plumes; 

2. Determine the extent of VOC groundwater contamination at the distal end of the VOC 

groundwater plumes; 

3. Collect lithologic and geotechnical information to support future remedial/removal 

actions; 

4. Establish a new monitoring well cluster within the elbow portion of the distal area of the 

VOC groundwater plumes; and 

5. Establish a long-term groundwater monitoring plan. 

USEPA RSLs, radiological PRGs, and MCLs will be used as the basis for acceptance/ 

performance criteria to determine if contaminated groundwater and surface water pose a risk to 

human health or the environment.   
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3.1.3 Identify Information Inputs 

All historical data collected in support of the PAGW OU have been reviewed and summarized 

previously in RCRA Field Investigation/Remedial Investigation and SAP documents (SRNS 

2013, WSRC 2005, WSRC 2006b).  The data are of sufficient quality to make early removal 

decisions in regard to an overall treatment of the VOC and management of tritium groundwater 

plumes.  However, there are specific data gaps related to the elbow portion of the distal area of 

the VOC groundwater plumes and in Steel Creek that need to be addressed to support those 

decisions.  The following inputs are proposed to address those identified data gaps: 

Steel Creek (Figure 25) 

 Surface water samples are proposed for collection in Steel Creek.  Four (4) existing and 

ten (10) new locations will be sampled.  Of the ten (10) new locations, one (1) location 

will be located upstream of L Lake beyond the influence of the high lake level to ensure 

consistent monitoring of contaminants entering L Lake.  Three (3) of the ten (10) 

locations are associated with streams from Carolina Bays that contribute to the flow in 

Steel Creek.  Surface water samples will be collected from the Carolina Bays streams 

prior to the point of entry into Steel Creek to determine if there is any impact of VOC 

contaminated groundwater into those streams.  All surface water samples will be 

collected as grab samples below the water surface.  Stream flow rates will also be 

determined at each surface water location.   

 Six (6) well clusters primarily consisting of two (2) wells each for a total of eleven (11) 

new shallow wells will be installed along Steel Creek.  These wells are intended to 

assess the impact of VOC contaminated groundwater to Steel Creek.  Each well cluster 

will have a well installed to a depth of 1.5 m (5 ft) and 3 m (10 ft) below land surface 

(bls).  One well cluster, located near existing surface water location SC-02 will consist of 

only one (1) well to be installed to a depth of 3 m (10 ft).  As there is a significant 

amount of riprap in this general location, it may not be possible to install a well near 

location SC-02.  Wells will be installed via hand augering and the screens will be 

constructed of pre-pack material to minimize installation time and ensure proper 

placement of the wells.   Each well will be sampled via a peristaltic pump. 

                                            ARF-021476



Sampling and Analysis Plan Addendum for PAGW OU (U) SRNS-RP-2018-00261 
Savannah River Site  Rev. 0 
February 2018  Page 23 of 154 
 

 

Groundwater (Figure 26) 

 Twenty-six (26) boring locations with four (4) contingent locations are proposed to 

delineate the extent of VOC groundwater contamination.  Samples will be collected via 

the Savannah River National Laboratory (SRNL) headspace soil sampling method and 

analyzed by SRNL.  Completion of the borings will be performed through the use of 

Rotosonic drilling.  The four (4) contingent locations are proposed and will only be 

sampled if the extent of the VOC groundwater plumes are not defined. 

o Continuous core will be collected from each location and described in the field.   

o Gamma logs will be collected from seven (7) of 26 locations. 

o Up to 42 undisturbed samples (e.g., Shelby Tubes) are proposed to be collected 

from six (6) boring locations.  The samples will be submitted to an offsite 

geotechnical laboratory.   

 Eleven (11) CPT locations are proposed for the collection of electric logs using a 

piezocone.  No environmental samples are proposed for collection. 

 One (1) well cluster consisting of two (2) wells is proposed for installation.  The well 

cluster will consist of a well installed in the UAZ and LAZ and constructed of standard 

well material.  Samples will be collected via an installed dedicated bladder pump. 

As part of monitoring at the PAGW OU, the following is proposed: 

Surface Water (Figure 27) 

 Collection of surface water data from the four (4) established sampling locations along 

Steel Creek.  These data are needed to develop data trends and monitor impact to Steel 

Creek.  In addition, new location SC-08 and any new surface water location(s) retained 

based on the results of the proposed SAP Addendum activities identified earlier will also 

be included. 
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Groundwater (Figures 28 through 31) 

 Collection of groundwater data from existing and newly installed wells.  These data are 

needed to develop data trends, monitor movement of groundwater plumes, and define the 

vertical and horizontal extents of contaminated groundwater. 

 Collection of synchronous water levels. 

USEPA RSL, MCL, and radiological PRG tables will be used as the basis to guide decisions and 

screening. 

3.1.4 Sampling and Analysis Procedures 

SRS drilling and groundwater and surface water sampling will be performed through accepted 

procedures found in the SRS 3Q1 Manual, Section 9006, Soil Boring Investigations (SRNS 2014b), 

and Section 9015, Sampling Groundwater Monitoring Wells, Tanks/Vessels (Sample Ports or 

Spigots), and Surface Water (SRNS 2017b). Soil sampling for SRNL analysis will be performed 

through accepted procedures found in the SRNL L32 Manual, Procedure 2.0008, Procedure for the 

Calibration and Analysis of Liquid, Solid, and Gas Samples using Gas Chromatography in 

Conjunction with a Headspace Autosampler (SRNL 2014) and Work Instruction Procedures ERTS-

WI-0018, Collection of Soil Samples for Headspace Analysis by Gas Chromatography (SRNL 2013).  

These procedures ensure representative sampling techniques are followed at all times in the field. 

The subcontract laboratory shall be SCDHEC certified for the appropriate analytical methods as 

defined in this SAP Addendum. The analytical method and laboratory have been audited and 

approved by Department of Energy Consolidated Audit Program. The analyses shall be performed 

according to Quality Systems for Analytical Services requirements. 

3.1.5 Define the Boundaries of the Study 

Sampling will be conducted in Steel Creek and in the distal end of the VOC groundwater plumes 

(Figures 25 and 26).  These areas are within the defined extent of the PAGW OU (Figure 2). 
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3.1.6 Develop the Analytical Approach 

Surface water, groundwater, and quality assurance (QA)/quality control (QC) soil samples will 

be analyzed by laboratories that have passed the USDOE Consolidated Audit Program 

(DOECAP) (USDOE 2009) qualification audit and using USEPA SW-846 methods, or approved 

equivalents, which have been certified by SCDHEC.  Radiological analyses are performance-

based and evaluated by the USDOE Mixed Analyte Performance Evaluation Program.  

Laboratory-developed radionuclide methods are typically based on USEPA or USDOE methods. 

Soil samples will be analyzed by SRNL using the established headspace method.  This method 

has been used successfully on past SRS projects and has been well documented as providing 

excellent quality data.  The data provided are considered screening level data and will be used to 

define the extent of groundwater contamination in the distal area of the VOC groundwater 

plumes.  QA/QC samples will also be collected for data comparisons (see Section 5). 

As part of the characterization of impact in Steel Creek, all surface water samples will be 

analyzed for a reduced list of TCL VOCs and tritium (Table 12).  Newly installed groundwater 

monitoring wells will be sampled for a reduced list of TCL VOCs and tritium (Table 12).  Soil 

samples will be collected at various depths with up to 50 samples collected per location and 

analyzed for VOCs by SRNL (Table 12).  

For long-term monitoring, existing surface water locations will be analyzed for a reduced list of 

TCL VOCs and tritium (Table 13).  Existing groundwater monitoring wells will be analyzed for 

varying constituents depending on their location to source units, location in groundwater plumes, 

and constituents that have been determined to exceed screening levels (e.g., MCLs, RSLs, etc..) 

based on data reviews that constitute a recurring impact to groundwater.  Table 13 provides a 

complete list of the wells per aquifer and proposed list of analytes.  Table 14 lists the wells 

proposed for synchronous water levels. 

MCLs will be the primary point of comparison for groundwater and surface water constituent 

concentrations according to the protocols established in the Federal Facility Agreement (FFA 

1993). In the absence of an MCL for a constituent, the USEPA tap water RSLs will be the 

primary point of comparison for an Action Level. The RSLs specify a 1E-06 or a Hazard 
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Quotient of 1 for human health risk-based threshold value for constituents.  Surface water will 

also be compared to the SCDHEC Ambient Water Quality Criteria for the protection of aquatic 

life (chronic values).  Additional details for the analytical approach are provided in Section 5 of 

this SAP Addendum.   

Table 15 lists the contract-required detection limits (CRDLs) for each analyte included as part of 

the comprehensive TCL/TAL and compares the limits to the appropriate MCL and RSL.  A 

subset of these analytes are identified on Tables 12 and 13 in support of the SAP Addendum. 

The contract-required minimum detected activity, radiological MCLs, and radiological PRGs are 

included in Table 16. 

3.1.7 Specify Performance or Acceptance Criteria  

According to USEPA guidance (USEPA 2006), “The USEPA has developed the Data Quality 

Objectives (DQO) Process as the Agency’s recommended planning process when environmental 

data are used to select between two or more alternatives or to derive an estimate of 

contamination.  The DQO process is a seven-step method designed to ensure that the appropriate 

type, quantity, and quality of environmental data are collected for the intended application.  SW-

846 methods are analytical procedures for sample analyses and are presented in the Analytical 

Plan, Section 5, Analytical Plan.  Section 4 presents DQO worksheets developed for each subunit 

and/or media and specifies the quantity, type, and quality, of data as well as ensuring 

representative data is collected for each sampling population (Table 17). 

Total study error is the additive impact of two main sources of error: 1) sampling error and 2) 

measurement error, with sampling error being responsible for the vast majority of the total error. 

“As much as 90% or more of the uncertainty in environmental data sets is due to sampling 

variability as a direct consequence of the heterogeneity of the environmental matrices” 

(Crumbling 2001). The method best suited to reduce sampling error is to gather representative 

samples (Crumbling 2001).  

It is incorrect to assume that randomly collected, non-representative samples, plus perfect 

analytical chemistry will always lead risk managers to correct risk management decisions.  To 

avoid incorrect risk management decisions, it is more important to develop Decision Quality 
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Data (DQD).  DQD is defined as “Data of known quality that can logically be demonstrated to be 

effective for making the specified decision because both the sampling and analytical 

uncertainties are managed to the degree necessary to meet clearly defined and stated data needs 

(Crumbling 2001). Therefore, it is more important for the risk managers to use decision quality 

data, emphasizing representative sampling with a specified percentage of definitive data, in order 

to make a correct decision and should not be confused with emphasizing analytical data quality 

which does not necessarily equate to a correct risk management decision. 

Because the SRS possesses significant process and historical knowledge and in most instances 

has preliminary or survey data results for the majority of its waste units, this sampling plan will 

largely control sampling error (the cause of greatest total error) and set tolerable limits on 

decision errors by gathering data by judgmental, judgmental-stratified, and systematic sampling 

designs based on process knowledge, existing data, historical information/data, survey data, and 

institutional knowledge to generate decision quality data. This is the method SRS will use to 

control decision errors, since sample collection will be focused in areas of known contamination 

rather than using a sampling design intended to randomly search for contamination.  Judgmental 

sampling provides a very conservative and certain method for collecting data with a high 

likelihood for detecting worst-case contaminant concentrations while reducing total study error. 

The DQOs for the PAGW OU represent the type and level of analytical quality needed for 

characterization at this unit and can be found in Sections 4 and 5 of this SAP. 

3.1.8 Develop the Plan for Obtaining the Data (Project Quality Objectives) 

The investigation approach uses a layered scheme that considers the results of the previous 

groundwater and surface water sampling data.  Activities under this SAP Addendum will 

include: 

 Additional characterization of impact to surface water in Steel Creek; 

 Shallow groundwater monitoring well installation along Steel Creek; 

 Additional characterization of the UAZ and LAZ to define the extent of VOC 

groundwater contamination in the distal area of the VOC groundwater plumes to Steel 
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Creek.  Majority of the characterization will be performed in the elbow portion of the 

distal area of the VOC groundwater plumes; 

 Groundwater monitoring well installation in the UAZ and LAZ at one location in the 

elbow; 

 Collection of geologic core descriptions; 

 Collection of undisturbed samples (e.g., Shelby Tubes); 

 Collection of CPT piezocone logs;  

 Continued groundwater monitoring of existing and newly installed wells; and 

 Continued surface water monitoring of existing and selected newly established locations. 

Implementation of the SAP Addendum will be guided by the following accepted SRS 

protocols/procedures: 

 Samples will be analyzed using laboratories certified for applicable parameters in 

accordance with SCDHEC R.61-81, State Environmental Laboratory Certification 

Program. 

 Wells will be installed in accordance with SCDHEC Well Standards and Regulations and 

with SRS site wide procedures found in Manual 3Q1 Hydrogeologic Data Collection 

Procedures and Specifications (SRNS 2010). 

 Samples will be collected, packed, and shipped in accordance with the site wide 

procedures found in Manual 3Q1 Hydrogeologic Data Collection Procedures and 

Specifications (SRNS 2010). 

o Soil samples will be collected and analyzed at SRNL per procedures found in L32 

Manual Procedure for the Calibration and Analysis of Liquid, Solid, and Gas 

Samples using Gas Chromatography in Conjunction with a Headspace Autosampler 

(SRNL 2014) and Collection of Soil Samples for Headspace Analysis by Gas 

Chromatography (SRNL 2013). 

 Data management will be performed in accordance with the Environmental Restoration 

Data Management System (ERDMS) Data Management Plan (Q-DMP-B-00001, 
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Revision 3, June 2006 or most current version).  ERDMS will be used for database 

management including mobilization, field measurements, and analytical data. 

 The Quality Assurance Program is described in Area Completion Projects Programmatic 

Quality Assurance Project Plan for Environmental Data Collection and Management, 

ERD-AG-2005-00001, Revision 5 (SRNS 2012c). 

To support long-term monitoring of plume migration, impact to surface water in Steel Creek, 

and development of concentration trends, existing surface water and groundwater monitoring 

wells will be sampled annually.  Any new wells and appropriate surface water locations 

completed as an outcome of the SAP Addendum will be added to the list.   

Project quality objectives (PQOs) are qualitative and quantitative statements derived from the 

DQO process.  PQOs are used as the basis for establishing the quality and the quantity of data 

needed to support decisions.  The PQOs for the PAGW OU include the following:  

1. Laboratory data will meet the analytical and CRDLs listed in Tables 18 through 21.  

2. Samples will follow preservative guidelines as listed in Table 22.  

3. All (i.e., 100%) of the offsite laboratory analytical data that meets QA requirements will 

be verified and have supplemental validation to meet more stringent verified and 

validated (VV) data criteria (Table 23). All reasonable efforts will be made to ensure 

sample preparation and collection are adequate so that sampling errors are kept to a 

minimum. If sampling preparation errors are identified, then replacement samples will 

need to be collected and resubmitted for laboratory analysis if DQOs are not met.  

4. At least one split sample will be collected from surface water and groundwater 

monitoring wells for data quality comparability.  

5. Split sample result will have a relative percent difference (RPD) = 100% for surface 

water samples.  

6. At least one surface water and groundwater monitoring well sample will be field 

duplicate sample for the comparability data quality indicator.  

7. 95% of samples sent to laboratory have useable (non-rejected) results for completeness 

data quality indicator.  
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8. 75% of planned samples are collected and their data are useable for completeness data 

quality indicator.  

4.0 SAMPLING DESIGN AND RATIONALE 

Implementation of the SAP Addendum to obtain decision quality data for the PAGW OU is 

documented in the remaining sections of this sampling and analysis plan.  The following section 

describes how the plan is implemented to collect the physical data to meet the criteria developed 

during the DQO process.  

4.1 Steel Creek Investigation 

Surface water in Steel Creek is impacted from discharges of tritium and VOC (primarily TCE) 

contaminated groundwater.  Historical monitoring has shown tritium to be present in exceedance 

of the MCL along the entire stretch of Steel Creek to L Lake.  TCE on the other hand, is only 

exhibited above the MCL at one surface water location, SC-03, near the headwaters of Steel 

Creek.  TCE is not detected at the next sampling location (SC-04) which is approximately 427 m 

(1,400 ft) downstream from SC-03.   

To determine the overall impact of VOC contaminated groundwater in surface water between 

surface water locations SC-03 and SC-04, additional sampling locations are needed.  To support 

this evaluation, seven (7) new locations will be located within Steel Creek (Figure 25).  In 

addition, there are two (2) Carolina Bays that currently discharge surface water and add to the 

overall flow in Steel Creek.  The resultant streams have incised into subsurface sediments as 

surface water reaches Steel Creek.  To determine if VOC contaminated groundwater is currently 

impacting this surface water, surface water samples will be collected from three (3) locations 

(Figure 25). 

All ten (10) proposed surface water locations in addition to four (4) existing surface water 

locations (SC-02, -03, -04, and -07) will be sampled for a reduced list of TCL VOCs and tritium 

as identified in Table 12. In addition, flow rates will be determined at each location.   

Due to the topography of the area surrounding Steel Creek, there are no groundwater monitoring 

wells near the stream to evaluate the impact of VOC and tritium contaminated groundwater to 
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surface water.  Eleven (11) shallow groundwater wells will be installed at six (6) two-well 

clusters with one (1) well cluster having a single well (Figure 25).  Each well cluster will consist 

of a well installed to 1.5 m (5 ft) and 3 m (10 ft) bls.  The single well cluster will have a 3 m (10 

ft) shallow well installed.  However, due to the abundance of riprap present in the area, it may 

not be possible to install this well.  The purpose of these wells is to provide long-term trend data 

on groundwater contaminant discharges to Steel Creek.  Each well will be sampled annually for a 

reduced list of TCL VOCs and tritium as identified on Table 13. 

4.2 Groundwater Investigation 

The extent of VOC contaminated groundwater in the UAZ and LAZ in the distal area of the 

VOC groundwater plumes is needed to aid in the decision-making for potential response 

action(s) in the future.  The primary focus will be located in the elbow portion of the distal area 

of the VOC groundwater plumes.  However, some work will be performed to define the 

furthermost western extent of the VOC groundwater plumes.  Portions of the groundwater 

plumes are currently impacting surface water in Steel Creek.   

The extent of VOC groundwater plumes in the distal area is defined by limited groundwater 

monitoring well and previous CPT data.  The overall extent is not fully understood.  Because the 

VOC groundwater plumes are impacting surface water and based on existing data, the elbow 

portion is being considered for possible removal action (SRNS 2017a).  However, data 

uncertainties exist and must be addressed before an informed decision can be made in this 

portion of the plume.   

Characterization of the distal area of the VOC groundwater plumes, with primary focus in the 

elbow portion, will consist of performing headspace sampling on core collected from 21 m (70 

ft) to 61 m (200 ft) bls or until the Gordon Confining Unit (Green Clay) is encountered at 26 

borehole locations (Figure 26).  Up to 50 samples will be collected and submitted to SRNL for 

VOC analysis as identified on Table 12.  Four (4) contingent locations are planned in the event 

the extent of the VOC groundwater plumes is not defined.   

To provide detailed lithologic data in the elbow portion, each core will be described.  Seven (7) 

of the 26 boring locations will be geophysically logged.  Six (6) locations will have up to 42 
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undisturbed samples (e.g., Shelby Tubes) collected and submitted to an offsite laboratory for 

various geotechnical analysis.  To provide greater geotechnical information on subsurface 

sediments, eleven (11) CPTs will collect piezocone data (Figure 26). 

Based on the results of the headspace data, two (2) wells, one in the UAZ and LAZ, will be 

installed for long-term monitoring (Figure 26) in the elbow portion.  These wells will be sampled 

annually for specific VOCs and tritium as identified on Table 13. 

4.3 Surface Water and Groundwater Sampling 

Long-term monitoring of surface water and groundwater at the PAGW OU is needed to establish 

current conditions, develop data trends, monitor movement of identified plumes, and to define 

vertical and horizontal extent of contamination.   

4.3.1 Surface Water 

Surface water in Steel Creek is currently impacted by discharges of VOC and tritium 

contaminated groundwater.  Historical data and previous data evaluations indicate that tritium 

and VOCs (primarily TCE) are the principal constituents routinely detected in surface water and 

in exceedance of the MCLs.  Unlike tritium, which is detected along the entire stretch of Steel 

Creek, TCE is only exhibited in a small area near the headwaters at sampling location SC-03.   

Routine surface water sampling will be conducted annually and concurrently with monitoring 

well sampling.  Samples will be analyzed for tritium and a reduced TCL VOC list as identified 

on Table 13.  Figure 27 depicts the location of the four (4) locations (SC-02, -03, -04, and -07) 

that will be continually monitored. Any surface water location retained as part of the surface 

water characterization, described earlier in Section 4.1, will be added to the monitoring program. 

4.3.2 Groundwater  

Groundwater samples have been collected from monitoring wells at P Area since 1979.  

Historical groundwater data were screened against MCLs, PRGs, and RSLs as part of the 2013 

SAP (SRNS 2013).  Multiple hazardous contaminants that exceeded their specific risk-based 

screening values were determined and proposed for sampling as part of the 2013 SAP.  Section 
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2.1.4 of this SAP Addendum evaluated those data against appropriate screening levels (e.g., 

MCLs, PRGs, RSLs) to determine hazardous constituents for routine groundwater monitoring. 

Select groundwater monitoring wells installed in the UAZ, LAZ, and GAU are planned for 

routine groundwater monitoring.  The wells selected and associated analytes were determined 

from the data evaluations, relative location to source areas, and location within groundwater 

plumes.  A subset of the wells selected may be part of other OU monitoring programs (e.g., P-

Reactor Building Complex Effectiveness Monitoring Plan).  The use of these wells in the PAGW 

OU monitoring program will not preclude them from their initial purpose but will only aid in the 

overall monitoring of groundwater at the PAGW OU. The complete list of wells and associated 

analytes for monitoring are provided on Table 13.  Figures 28 through 30 depict the location of 

the wells for each of the aquifers.  The selected groundwater monitoring wells will be sampled 

annually in conjunction with Steel Creek surface water and shallow groundwater well sampling.  

Semi-annual synchronous water level measurements will also be collected (Figure 31 and Table 

13).   

New groundwater monitoring wells proposed in this SAP Addendum will be added to the overall 

monitoring program.  Any new wells added in the future for the PAGW OU, specifically for 

monitoring, will also be added.  However, any wells installed as part of a remedial/removal 

action will not be added to the overall program until at some time agreed upon by the Core 

Team.  This is because monitoring and reporting requirements for a remedial/removal action will 

be more frequent and focused than with the long-term monitoring program.   

A groundwater report will be prepared and submitted biennially (every two years) that provides 

at a minimum current location of the groundwater plumes, time-trends for key constituents (e.g., 

tritium and TCE), hydrographs, data summary tables, and review of impact to Steel Creek.  Any 

specific remedial/removal action(s) that is undertaken at the PAGW OU, will be addressed for 

that specific remedial/removal action effectiveness monitoring plan until such time has passed 

that the monitoring requirements can be incorporated into the overall PAGW OU program.  The 

groundwater report will be submitted six (6) months following the end of the quarter in which 

sampling was completed.  In between the time when a groundwater report will be issued, data 

summary tables for that reporting year will only be provided.   
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5.0 ANALYTICAL PLAN 

This chapter describes the data quality levels for the data being collected under this SAP 

Addendum.  All data will follow the Area Completion Projects Quality Assurance Project Plan 

for Environmental Data Collection and Management (SRNS 2012c) (QAPP).  Both groundwater 

and surface water data will be collected.  

5.1 Data Quality Levels 

The data quality level for permanent groundwater monitoring well and seepline stations will be 

Verified and Validated (V&V) data level (SRNS 2012a and SRNS 2012b).  The data quality 

level for headspace samples collected from the boreholes will be Screening Level Data (SD).  

However, split samples will be V&V data level.  Groundwater and surface water samples may be 

analyzed using USEPA approved methods for constituent analysis or screening methods to 

determine field results (i.e., dissolved oxygen, pH, turbidity, etc.), except for the SRNL VOC 

samples.   

Data will be qualified by the SRNS auto-validation software module for the following aspects of 

USEPA Functional Guideline Criteria to achieve the V&V quality level:  Quantitation Limits, 

surrogate or tracer recoveries, blanks (method/lab/prep, trip, field, rinsate), lab control sample 

recoveries, matrix spike recoveries/duplicates, lab replicates, field duplicates, cooler 

temperatures, chemical preservation, holding times.  The laboratory will provide an electronic 

data deliverable and case narrative, and respond to inquiries about the analytical data package for 

SRNS to run the auto-validation software.  All fatal errors, data errors, and warnings will be 

fixed during the verification process, and the data set will be reviewed for completeness.  All 

(100%) of the off-site laboratory analyses for groundwater and surface water samples will be 

both verified and validated (V&V).  In addition, 10% of the V&V samples will have 

supplemental validation to meet more stringent definitive data criteria.   

Supplemental data validation includes additional manual review of laboratory records for 

calibration, identification, and quantitation against the USEPA Functional Guidelines criteria, as 

outlined in ER-SOP-033 (SRNS 2015).  These records include initial and continuing calibration 

data, internal standard data, sample preparation data, run logs, sample spectra, and quantitation 

reports.  Based on the supplemental validation, this portion of the data set will be considered 
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definitive, and will support the use of the entire data set (screening level) for decision making 

(remedy selection). 

5.2 Field Analytical Sampling Quality Assurance/Quality Control 

All field analytical sampling QA/QC will be maintained using QA/QC samples consisting of 

field duplicates, rinsate/equipment blanks, field blanks, trip blanks, and split samples.  Field 

personnel will ensure that QA/QC samples are collected at the correct frequency and 

methodology as described below. 

1. Field Duplicate (co-located) Samples:  Two or more independent samples collected from 

side-by-side locations at the same point in time and space so as to be considered identical.  

These separate samples are intended to represent the same population and are carried through 

all steps of the sampling and analytical procedures in an identical manner.  These samples are 

used to assess precision of the total method, including sampling, analysis, and site 

heterogeneity.  Field duplicate samples are planned at a minimum rate of 5% according to 

ER-SOP-043 (SRNS 2014a), or typically one per 20 samples, and are analyzed for the same 

parameters as the associated samples. 

2. Equipment Blanks:  A sample of water free of measurable contaminants poured over or 

through decontaminated field sampling equipment that is considered ready to collect or 

process an additional sample.  The purpose of this blank is to assess the adequacy of the 

decontamination process.  This sample is also called a rinse blank or a rinsate blank.  

Equipment blanks are typically planned at a rate of one blank per 40 samples.  However, 

during headspace sampling, it is proposed that one equipment blank be collected per 

borehole.  No rinsate blanks will be collected during surface water and groundwater sampling 

since surface water samples will be collected via the grab method and all wells have 

dedicated equipment. 

3.  Field Blanks:  A blank used to provide information about contaminants that may be 

introduced during sample collection, storage, and transport; also a clean sample exposed to 

sampling conditions, transported to the laboratory, and treated as an environmental sample.  

Field blanks are optional and may be collected when contamination from external 

environmental sources is anticipated by the project team.  Typically, field blanks, when used, 
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are planned at a rate of one blank per 40 samples.  However, during headspace sampling, it is 

proposed that one field blank be collected per borehole.  No field blanks will be collected 

during surface water and groundwater sampling.   

4. Trip Blanks:  A clean sample of water free of measurable contaminants that is taken to the 

sampling site and transported to the laboratory for analysis without having been exposed to 

sampling procedures.  Trip blanks are used to monitor contamination of samples by VOCs 

during shipping and handling.  A blank consists of distilled-deionized water provided by the 

laboratory to be placed in every cooler with VOC samples, typically at the rate of one trip 

blank per cooler. 

5. Split Samples:  Two or more representative portions from a sample in the field, analyzed by 

at least two different laboratories and/or methods.  Prior to splitting, a sampled is mixed 

(except for volatiles, oil and grease, or when otherwise determined) to minimize sample 

heterogeneity.  These are quality control samples used to assess precision, variability, and 

data comparability between laboratories.  Split samples are planned at a rate of one per 20 

samples and are analyzed for the same parameters as the associated samples.   

5.3 Sample Matrix Table 

Tables 12  provides a sampling matrix table for characterization activities that includes the 

following information: 

 Sample count, 

 Station identifier, 

 Field QC samples, 

 Sample collection method, 

 Media, 

 Analytical suites, and 

 Coordinates - proposed coordinates may change, as necessary, due to field conditions. 

Table 13 provides a summary matrix table for long-term surface water and groundwater 

monitoring. 
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5.4 Sample Location Map 

Maps showing the proposed surface water and groundwater characterization sample locations are 

shown on Figures 25 and 26.  Long-term surface water and groundwater monitoring locations are 

shown on Figures 28 through 31. 

6.0 FIELD IMPLEMENTATION 

The following sections outline the field implementation procedures and processes for the PAGW 

OU characterization and monitoring efforts.  Additional implementing documents, such as the 

environmental checklist, automated hazard analysis, safe work permits, radiological work 

instructions, site-specific Health and Safety Plan, and investigation-derived waste (IDW) 

management plans, are internal to SRS and detail day-to-day sampling operations and safety 

requirements. 

6.1 List of Sampling/Collection Equipment 

The section lists types of sampling/collection equipment needed to execute the field 

implementation plan.  Examples include but are not limited to:   

 Field logbook;

 Organic vapor analyzer meter;

 Personal protective equipment;

 Safety equipment (fire extinguishers, eye wash stations, first aid kits, noise meter,

etc.);

 Surface water sampling equipment;

 Drilling equipment;

 Portable/hand-held pH, turbidity, conductivity, and temperature meters;

 Global Positioning System unit;

 KIJ-5 radio, cell phone, and/or pager;

 Equipment decontamination supplies;

 Sample bottles with preservatives; and

ARF-021476



Sampling and Analysis Plan Addendum for PAGW OU (U) SRNS-RP-2018-00261 
Savannah River Site  Rev. 0 
February 2018  Page 38 of 154 
 

 

 Coolers and frozen blue ice or equivalent for packing samples in the field. 

Equipment needs will vary from day to day based on sampling requirements and field conditions.  

Specific needs will be address at plan-of-the-day meetings by the Technical Oversight, and 

safety personnel. 

6.2 Investigation-Derived Waste 

Sampling activities associated with this SAP may generate aqueous and non-aqueous IDW.  

Aqueous IDW may consist of drilling fluids, decontamination rinses, well purge water, and 

sample residues.  Non-aqueous waste IDW may consist of personal protection equipment and 

excess soil from drilling activities.  IDW will be managed according to the site-specific IDW 

management plan developed for the project. 
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Figure 1. Location of P Area at the Savanah River Site 
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Figure 2. Location of the PAGW OU 
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Figure 3. Steel Creek Surface Water Monitoring Locations, PAGW OU 
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Figure 4. Time-Trend of Tritium Concentrations (pCi/mL) in Steel Creek Surface Water, PAGW OU 
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Figure 5. Time-Trend of TCE Concentrations (ug/L) in Steel Creek Surface Water, PAGW OU 
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Figure 6. Location of SAP 2013 CPT and DPT Groundwater Sampling Locations, PAGW OU 
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Figure 7. PCE Depth-Discrete Data, Eastern CPTs, PAGW OU 
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Figure 8. TCE Depth-Discrete Data, Eastern CPTs, PAGW OU 
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Figure 9. Tritium Depth-Discrete Data, Eastern CPTs, PAGW OU 
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Figure 10. Tritium Depth-Discrete Data at the PRSBs in the GAU, PAGW OU 
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Figure 11. MicroCED Treatability Study Area, PAGW OU 
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Figure 12. Photograph of BioTrap® from Injection Well PMW003DL
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Figure 13. Potentiometric Surface of the UAZ, PAGW OU 
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Figure 14. Potentiometric Surface of the LAZ, PAGW OU 
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Figure 15. TCE Groundwater Plume in the UAZ, PAGW OU 

                                            ARF-021476



Sampling and Analysis Plan Addendum for PAGW OU (U) SRNS-RP-2018-00261 
Savannah River Site  Rev. 0 
February 2018  Page 59 of 154 
 

 

 
Figure 16. TCE Groundwater Plume in the LAZ, PAGW OU 
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Figure 17. C12DCE Groundwater Plume in the UAZ, PAGW OU 
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Figure 18. C12DCE Groundwater Plume in the LAZ, PAGW OU 
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Figure 19. PCE Groundwater Plume in the UAZ, PAGW OU 
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Figure 20. PCE Groundwater Plume in the LAZ, PAGW OU 
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Figure 21. Principal Groundwater Areas, PAGW OU 
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Figure 22. Tritium Groundwater Plume in the UAZ, PAGW OU 
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Figure 23. Tritium Groundwater Plume in the LAZ, PAGW OU 
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Figure 24. Tritium Groundwater Plume in the GAU, PAGW OU 
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Figure 25. Proposed Surface Water and Well Locations in Steel Creek, PAGW OU 
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Figure 26. Proposed Soil Sampling, CPT, and Well Installations in the Elbow Portion of the Distal Area, PAGW OU 
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Figure 27. Proposed Steel Creek Surface Water Monitoring Locations, PAGW OU 
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Figure 28. Proposed Long-Term Groundwater Monitoring in the UAZ, PAGW OU 
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Figure 29. Proposed Long-Term Groundwater Monitoring in the LAZ, PAGW OU 
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Figure 30. Proposed Long-Term Groundwater Monitoring in the GAU, PAGW OU 

ARF-021476



Sampling and Analysis Plan Addendum for PAGW OU (U) SRNS-RP-2018-00261 
Savannah River Site  Rev. 0 
February 2018  Page 74 of 154 
 

 

 
Figure 31. Proposed Long-Term Synchronous Water Levels, PAGW OU 
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Table 1. Steel Creek Surface Water Data Summary (2014-2016) 
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Table 2. Depth-Discrete CPT PCE, TCE, and Tritium Data 
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Table 3. CPT Data Summary 
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Table 3. CPT Data Summary (Continued) 
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Table 4. Gordon Aquifer Tritium Investigation Data Summary 
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Table 5. Data Summary from the MicroCED Treatability Study Site (2014-2016) 
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Table 6. CSIA Data Summary 
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Table 7. Microbial Analyses Data Summary 
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Table 8. QuantArray® Data Summary (PMP005DL) 
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Table 9. Summary of Detected Constituents in UAZ (2014-2016) 
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Table 9. Summary of Detected Constituents in UAZ (2014-2016) (Continued) 
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Table 10. Summary of Detected Constituents in LAZ (2014-2016) 
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Table 10. Summary of Detected Constituents in LAZ (2014-2016) (Continued) 
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Table 11. Summary of Detected Constituents in GAU (2014-2016) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table 

 
 

                                            ARF-021476



Sampling and Analysis Plan Addendum for PAGW OU (U) SRNS-RP-2018-00261 
Savannah River Site  Rev. 0 
February 2018  Page 95 of 154 
 

 

Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 

 
  

                                            ARF-021476



Sampling and Analysis Plan Addendum for PAGW OU (U) SRNS-RP-2018-00261 
Savannah River Site  Rev. 0 
February 2018  Page 117 of 154 
 

 

Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 12. Steel Creek and Distal Area Characterization Sample Matrix Table (Cont.) 
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Table 13. Long-Term Surface Water and Groundwater Monitoring Well Sampling 
Matrix Table 
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Table 13. Long-Term Surface Water and Groundwater Monitoring Well Sampling 
Matrix Table (Continued) 
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Table 13. Long-Term Surface Water and Groundwater Monitoring Well Sampling 
Matrix Table (Continued) 
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Table 14. List of Monitoring Wells for Synchronous Water Levels 
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Table 14. List of Monitoring Wells for Synchronous Water Levels (Continued) 
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Table 14. List of Monitoring Wells for Synchronous Water Levels (Continued) 
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Table 14. List of Monitoring Wells for Synchronous Water Levels (Continued) 
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Table 15. CRDLs Compared to Risk-Based Screening Levels for Surface Water and 
Groundwater 
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Table 15. CRDLs Compared to Risk-Based Screening Levels for Surface Water and 
Groundwater (Continued) 
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Table 15. CRDLs Compared to Risk-Based Screening Levels for Surface Water and 
Groundwater (Continued) 
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Table 16. MDA Compared to Water Radiological MCL/PRG 

Analyte 

Typical 
MDA 

(pCi/L) 
MCL/PRG 

(pCi/L) MDA>MCL/PRG 
Strontium-90 0.852 8 No 
Tritium 0.5 20,000 No 

a Modified from WSRC 2001a. 
MCL = Maximum contaminant level. 
MDA = Minimum detected activity. 
PRG = Preliminary remediation goal. 
Note:  All MDAs are sample-specific.  The MDAs represented above are typical MDAs as reported by the subcontract 
laboratories but are not always achievable. 
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Table 17. Data Quality Objective Worksheet for Surface Water and Groundwater 
Media 
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Table 18. Offsite Laboratory Analytical Specifications Table for Specific TCL 
Analytes: Soil Media (Distal Area Characterization) 

Analyte Analyte ID 
Preparation B 

Method 
EPA B 

Method 
CRDLA 
(mg/kg) 

Volatiles  

1,1,1-Trichloroethane  71-55-6 5035A EPA8260B 0.00118 
1,1,2-Trichloro-1,2,2-trifluoroethane  76-13-1 5035A EPA8260B C 
1,1-Dichloroethylene  75-35-4 5035A EPA8260B 0.000054 
Benzene  71-43-2 5035A EPA8260B 0.000823 
Carbon tetrachloride  56-23-5 5035A EPA8260B 0.00122 
Chloroethene (Vinyl chloride) 75-01-4 5035A EPA8260B 0.00015 
Chloroform  67-66-3 5035A EPA8260B 0.00142 
cis-1,2-Dichloroethylene  156-59-2 5035A EPA8260B C  
Dichloromethane (Methylene 
chloride)  

75-09-2 5035A EPA8260B 
0.00165 

Tetrachloroethylene (PCE)  127-18-4 5035A EPA8260B 0.00142 
Toluene  108-88-3 5035A EPA8260B 0.00107 
trans-1,2-Dichloroethylene  156-60-5 5035A EPA8260B 0.002 
Trichloroethylene (TCE) 79-01-6 5035A EPA8260B 0.00137 
Trichlorofluoromethane  75-69-4 5035A EPA8260B 0.002 

A) CRDL is the Contract Required Detection Limit and is not always attainable.
B) Extraction and preparation methods differ depending upon media, concentration, instrument, laboratory, and analytical method.  Preparation 
methods will also influence detection limits. 
C) Laboratory instructed to obtain the lowest possible method detection limit. 

Table 19. SRNL Laboratory Analytical Specifications Table for VOC Analytes: Soil 
Media (Distal Area Characterization) 

Analyte Analyte ID 
Preparation B 

Method 
MDLA 

(mg/kg) 

Volatiles  

1,1,1-Trichloroethane  71-55-6 Procedure 2.008 0.00087 

1,1-Dichloroethylene  75-35-4 Procedure 2.008 0.00141 

Benzene  71-43-2 Procedure 2.008 0.00103 
Carbon tetrachloride  56-23-5 Procedure 2.008 0.00097 

Chloroethene (Vinyl chloride) 75-01-4 Procedure 2.008 0.00216 

Chloroform  67-66-3 Procedure 2.008 0.00085 

cis-1,2-Dichloroethylene  156-59-2 Procedure 2.008 0.00141 
Dichloromethane (Methylene chloride)  75-09-2 Procedure 2.008 
Tetrachloroethylene (PCE)  127-18-4 Procedure 2.008 0.00090 

Toluene  108-88-3 Procedure 2.008 0.00074 

trans-1,2-Dichloroethylene  156-60-5 Procedure 2.008 0.00144 

Trichloroethylene (TCE) 79-01-6 Procedure 2.008 0.00087 
A) MDL is the Method Detection Limit and is not always attainable. 
B) Headspace samples to be analyzed by SRNL per  SRNS Manual L32 Procedure 2.008 
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Table 20. Offsite Laboratory Analytical Specifications Table for TAL/TCL Analytes:  
Surface or Groundwater Media 

 
Analyte* 

 
Analyte ID 

Preparation B 
Method 

Analytical 
B Method 

CRDL A 

(µg/L) 

Target Analyte List      
Metals      
Aluminum  7429-90-5 3005A,3015A EPA6010C 2.0 
Antimony  7440-36-0 3005A,3015A EPA6010C 2.0 
Arsenic  7440-38-2 3005A,3015A EPA6010C 2.0 
Barium  7440-39-3 3005A,3015A EPA6010C 1.0 
Beryllium  7440-41-7 3005A,3015A EPA6010C 2.0 
Cadmium 7440-43-9 3005A,3015A EPA6010C 2.0 
Calcium  7440-70-2 3005A,3015A EPA6010C 2.0 
Chromium  7440-47-3 3005A,3015A EPA6010C 2.0 
Cobalt  7440-48-4 3005A,3015A EPA6010C 2.0 
Copper  7440-50-8 3005A,3015A EPA6010C 2.0 
Iron  7439-89-6 3005A,3015A EPA6010C 13.0 
Lead  7439-92-1 3005A,3015A EPA6010C 3.4 
Magnesium  7439-95-4 3005A,3015A EPA6010C 2.0 
Manganese  7439-96-5 3005A,3015A EPA6010C 2.0 
Mercury  7439-97-6 3005A,3015A EPA7471B 2.0 
Nickel  7440-02-0 3005A,3015A EPA6010C 2.0 

Potassium  7440-09-7 3005A,3015A EPA6010C 2.0 
Selenium  7782-49-2 3005A,3015A EPA6010C 10.0 
Silver  7440-22-4 3005A,3015A EPA6010C 2.0 
Sodium  7440-23-5 3005A,3015A EPA6010C 2.0 
Thallium  7440-28-0 3005A,3015A EPA6010C 2.0 
Vanadium  7440-62-2 3005A,3015A EPA6010C 10.0 
Zinc  7440-66-6 3005A,3015A EPA6010C 2.0 

Volatiles      

1,1,1-Trichloroethane  71-55-6 5021A,5030C,5031,5032 EPA8260B 2.0 
1,1,2,2-Tetrachloroethane  79-34-5 5021A,5030C,5031,5032 EPA8260B 2.0 
1,1,2-Trichloro-1,2,2-
trifluoroethane  

76-13-1 5021A,5030C,5031,5032 EPA8260B 10.0 

1,1,2-Trichloroethane  79-00-5 5021A,5030C,5031,5032 EPA8260B 1.0 
1,1-Dichloroethane  75-34-3 5021A,5030C,5031,5032 EPA8260B 1.0 
1,1-Dichloroethylene  75-35-4 5021A,5030C,5031,5032 EPA8260B 19.0 
1,2,4-Trichlorobenzene  120-82-1 5021A,5030C,5031,5032 EPA8260B 0.14 
1,2-Dibromo-3-chloropropane  96-12-8 5021A,5030C,5031,5032 EPA8260B 1.0 
1,2-Dibromoethane  106-93-4 5021A,5030C,5031,5032 EPA8260B 2.0 
1,2-Dichlorobenzene  95-50-1 5021A,5030C,5031,5032 EPA8260B 1.0 
1,2-Dichloroethane (EDC)  107-06-2 5021A,5030C,5031,5032 EPA8260B 0.4 
1,2-Dichloropropane  78-87-5 5021A,5030C,5031,5032 EPA8260B 10.0 
1,3-Dichlorobenzene  541-73-1 5021A,5030C,5031,5032 EPA8260B 2.0 
1,4-Dichlorobenzene  106-46-7 5021A,5030C,5031,5032 EPA8260B 8.0 
2-Hexanone  591-78-6 5021A,5030C,5031,5032 EPA8260B 2.0 
Acetone  67-64-1 5021A,5030C,5031,5032 EPA8260B 2.0 
Benzene  71-43-2 5021A,5030C,5031,5032 EPA8260B 2.0 
Bromodichloromethane  75-27-4 5021A,5030C,5031,5032 EPA8260B 1.0 
Bromoform (Tribromomethane)  75-25-2 5021A,5030C,5031,5032 EPA8260B 1.0 
Bromomethane (Methyl 
bromide)  

74-83-9 5021A,5030C,5031,5032 EPA8260B 0.0096 
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Table 20. Offsite Laboratory Analytical Specifications Table for TAL/TCL Analytes:  
Surface or Groundwater Media (Continued) 

 
Analyte* 

 
Analyte ID 

Preparation B 
Method 

Analytical 
B Method 

CRDL A 

(µg/L) 

Carbon disulfide  75-15-0 5021A,5030C,5031,5032 EPA8260B C 
Carbon tetrachloride  56-23-5 5021A,5030C,5031,5032 EPA8260B 2.0 
Chlorobenzene  108-90-7 5021A,5030C,5031,5032 EPA8260B 10.0 
Chloroethane  75-00-3 5021A,5030C,5031,5032 EPA8260B 2.0 
Chloroethene (Vinyl chloride)  75-01-4 5021A,5030C,5031,5032 EPA8260B 1.0 
Chloroform  67-66-3 5021A,5030C,5031,5032 EPA8260B 6.5 
Chloromethane (Methyl chloride)  74-87-3 5021A,5030C,5031,5032 EPA8260B 2.0 
cis-1,2-Dichloroethylene  156-59-2 5021A,5030C,5031,5032 EPA8260B 0.2 
cis-1,3-Dichloropropene  10061-01-5 5021A,5030C,5031,5032 EPA8260B 0.6 
Cumene (Isopropylbenzene)  98-82-8 5021A,5030C,5031,5032 EPA8260B 1.0 
Cyclohexane  110-82-7 5021A,5030C,5031,5032 EPA8260B 15.0 
Dibromochloromethane  124-48-1 5021A,5030C,5031,5032 EPA8260B 2.0 
Dichlorodifluoromethane  75-71-8 5021A,5030C,5031,5032 EPA8260B 0.00075 
Dichloromethane (Methylene 
chloride)  

75-09-2 5021A,5030C,5031,5032 EPA8260B 1.0 

Ethylbenzene  100-41-4 5021A,5030C,5031,5032 EPA8260B 6.0 
Methyl acetate  79-20-9 5021A,5030C,5031,5032 EPA8260B 1.0 
Methyl ethyl ketone  78-93-3 5021A,5030C,5031,5032 EPA8260B 20.0 
Methyl isobutyl ketone  108-10-1 5021A,5030C,5031,5032 EPA8260B 10.0 
Methyl tertiary butyl ether 
(MTBE)  

1634-04-4 5021A,5030C,5031,5032 EPA8260B 2.0 

Methylcyclohexane  108-87-2 5021A,5030C,5031,5032 EPA8260B 150.0 
Styrene  100-42-5 5021A,5030C,5031,5032 EPA8260B 50.0 
Tetrachloroethylene (PCE)  127-18-4 5021A,5030C,5031,5032 EPA8260B 2.0 
Toluene  108-88-3 5021A,5030C,5031,5032 EPA8260B 10.0 
trans-1,2-Dichloroethylene  156-60-5 5021A,5030C,5031,5032 EPA8260B 0.2 
trans-1,3-Dichloropropene  10061-02-6 5021A,5030C,5031,5032 EPA8260B 8.0 
Trichloroethylene (TCE)  79-01-6 5021A,5030C,5031,5032 EPA8260B 1 
Trichlorofluoromethane  75-69-4 5021A,5030C,5031,5032 EPA8260B 0.2 
o-Xylenes  95-47-6 5021A,5030C,5031,5032 EPA8260B 1.0 
m,p-Xylene MPXYL 5021A,5030C,5031,5032 EPA8260B 0.4 
Bromochloromethane 74-97-5 5021A,5030C,5031,5032 EPA8260B 10.0 
1,4-Dioxane 123-91-1 5021A,5030C,5031,5032 EPA8260B 6.0 
1,2-Dichlorobenzene 95-50-1 5021A,5030C,5031,5032 EPA8260B 1.0 
1,2,3-Trichlorobenzene 87-61-6 5021A,5030C,5031,5032 EPA8260B 0.88 

*This table provides a comprehensive listing of TAL/TCL analytes.  Characterization efforts and long-term surface water and groundwater 
monitoring will have varying analyte requirements (see Tables 12 and 13).  
 
A)  CRDL is the Contract Required Detection Limit and is not always attainable. 
B) Extraction and preparation methods differ depending upon media, concentration, instrument, laboratory, and analytical method.  
Preparation methods will also influence detection limits. 
C) Laboratory instructed to obtain the lowest possible method detection limit 
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Table 21. Laboratory Analytical Specifications Table for Radiological Analytes in Soil, 
Sediment, Surface, and Groundwater Media 

Radionuclides

Isotope 
Typical Soil 

MDAs 
Typical Water 

MDAs 
Analytical 
Method b 

Alpha Spectroscopy 
Americium-241 0.50 0.40 NNS
Americium-243 0.50 0.462 NNS 
Curium-243/244 0.351 0.503 NNS 
Curium-245/246 0.416 0.458 NNS
Neptunium-237 0.07 0.771 NNS 
Plutonium-238 0.50 0.35 NNS 
Plutonium-239/240 0.50 0.353 NNS
Plutonium-242 0.50 0.372 NNS
Thorium-228 0.50 0.445 NNS
Thorium-230 0.50 0.523 NNS
Thorium-232 0.50 0.45 NNS
Uranium-233/234 0.50 0.663 NNS
Uranium-235 0.206 0.684 NNS
Uranium 238 0.50 0.744 NNS

Gamma Pulse Height 
Analyses 

Actinium-228 0.30 25.00 NNS
Cesium-137 0.15 5.0 NNS
Cobalt-60 0.03 10.00 NNS
Lead-214 0.25 20.00 NNS
Potassium-40 1.00 75.00 NNS

Rad Indicators 
Gross Alpha 3.000 3.00 EPA900.0MOD 
Nonvolatile beta 4.000 4.00 EPA900.0MOD 

Individual Analyses 
Carbon-14 2.00 10.00 NNS
Iodine-129 2.00 1.00 NNS
Nickel-59 3.38 20.00 NNS
Nickel-63 4.00 10.00 NNS
Promethium-147 10.00 10.00 NNS
Radium-226 0.895 0.30 EPA903.0MOD 
Radium-228 1.29 0.50 EPA903.0MOD 
Strontium-90 2.00 0.852 NNS
Technetium-99 5.00 17.3 NNS
Tritium 6.00 0.50 EPA906.0MOD 

Note: All MDAs are sample-specific.  The MDAs represented above are typical MDAs as reported by the subcontract laboratories but are not 
always achievable. 
NNS = No National Standard 
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Table 22. Preservatives, Holding Times, and Sample Containers 

 Preservatives Holding Time Containers 
Parameter Aqueous Solid Aqueous Solid Aqueous Solid 
Volatile 
Organic 
Compounds 
(VOCs) 
Including: 
 
8260- VOCs, 
 
8021 – 
Aromatic 
VOCs,  
 
8021 
Halogenated 
VOCs,  
 
8015 –
Nonhalogenate
d VOCs,  
 
8032 - 
Acrylamide 

No Residual 
Chlorine 
Adjust pH to <2 
with H2SO4, 
HCL, or solid 
sodium bisulfate 
(NaHSO4). Cool 
to 4○ C 

Low-level soil 
Add ~5 g soil to 
40 mL VOA 
vial preserved 
with 1 g of 
NaHSO4/5 mL 
water 

14 days Low/High 
Level 
14 days` 

3x40 mL glass 
VOC vial, 
PTFE septa cap 

3x40 (or 60) 
mL glass VOA 
vial (with stir 
bar for low-
level soil), 
PTFE septa cap 

SRNL VOCs Cool to 4○ C. Cool to 4○ C. 14 days 14 days 20 mL Flat 
Bottome 
Headspace Vial 

20 mL Flat 
Bottome 
Headspace Vial 

Metals 
(except 
Chromium 
(VI) & 
Mercury) 

HNO3 to pH < 2 Cool to 4○ C. 6 months 6 months 1 L HDPE 250 mL CWM 
(metals and 
cyanide may be 
collected in the 
same container 
for soils) 

Mercury HNO3 to pH < 2 Cool to 4○ C. 28 days 28 days 250 mL HDPE 
or glass 

250 mL CWM 

Chromium 
(VI) 

Cool to 4○ C. Cool to 4○ C. 24 hours 24 hours 250 mL HDPE 250 mL CWM 

Miscellaneous       
Chloride NA NA 28 days 28 days 125 mL HDPE 125 mL CWM 
Common Ions Cool to 4○ C. Cool to 4○ C. 28 days 28 days 1 L glass 250 mL CWM 
       
Nitrate Cool to 4○ C. Cool to 4○ C. 48 hours 48 hours 250 mL HDPE 250 mL CWM 
Nitrate-Nitrite Cool to 4○ C. 

H2SO4 to pH < 2. 
Cool to 4○ C. 28 days 28 days 250 mL HDPE 250 mL CWM 

Nitrite Cool to 4○ C. NA 48 hours NA 125 mL HDPE NA 
Organic 
Carbon, Total 

Adjust pH to < 2 
with H2SO4, 
HCL, or solid 
NaSO4. Cool to 
4○ C and store in 
dark.  

Cool to 4○ C. 28 days 28 days 125 mL HDPE 125 mL CWM 

Phosphorus 
(Total) 

Cool to 4○ C. 
H2SO4 to pH < 2. 

NA 28 days NA 125 mL HDPE NA 

Radiological 
Test Gross 
Alpha 

HNO3 to pH <2. Cool to 4○ C. 6 months 6 months 2 L HDPE 250 mL HDPE 

Radiological 
Test 
Nonvolatile 
Beta 

HNO3 to pH <2. Cool to 4○ C. 6 months 6 months 2 L HDPE 250 mL HDPE 

Radium Total HNO3 to pH <2. Cool to 4○ C. 6 months 6 months 2 L HDPE 250 mL HDPE 
Tritium None 

Cool 0 to 6 C 
None 
Cool 0 to 6 C 

180 days 180 days 250 Amber 
Glass 

250 HDPE or   
4 oz Amber 
Glass 

Sulfate Cool to 4○ C. Cool to 4○ C. 28 days 28 days 125 mL HDPE 125 mL CWM 
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Table 22.   Preservatives, Holding Times, and Sample Containers (Continued) 

 Preservatives Holding Time Containers 
Parameter Aqueous Solid Aqueous Solid Aqueous Solid 
Sulfide Cool to 4○ C and 

add 4 drops zinc 
acetate and 
NaOH to pH > 9. 

Add 2 N zinc 
acetate until 
moistened and 
cool to 4○ C. 

7 days 7 days 1 L HDPE 250 mL CWM 

       
Abbreviations used in Table: 
H2SO4 – Sulfuric acid 
HCL – Hydrochloric acid 
PTFE – Teflon lined seals 
CWM – Clear Wide-Mouth  Glass Jar 
AG – Amber Glass Jar 
HNO3 – Nitric acid 
HDPE – High-Density Polyethylene plastic bottle 
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Table 23. Minimum Field Quality Control/Quality Assurance Sampling Requirements 

Data 
Quality 
Level 

Field Quality 
Control/Quality 

Assurance Samples 

Frequency of Field 
Quality Control/ 

Quality Assurance 
Sample 

VVa 

Co-located Field Duplicate Minimum 5%1 

Trip Blank Minimum 1 per cooler 

Split Sample Minimum 5% 

SDb 

Co-located Field Duplicate Minimum 5%1 

Trip Blank 1 per cooler 

Equipment Blank 1 per borehole2 

Field Blank 1 per borehole3 

Split Sample Minimum 5% 

Data Quality Levels 

VV Data Verified and Validated Data (validated to automated criteria; equivalent to USEPA Screening 
Level Data) 

SD Data USEPA Screening Level Data with 10% Verified and Validated Data Confirmation 

Footnotes: 

a VV qualified data applies to surface water and groundwater samples collected as part of Steel Creek and distal area 
characterizations.  In addition, VV data will be used for long-term surface water and groundwater sampling. No 
equipment or field blanks will be collected due to the use of dedicated equipment. 

b SD qualified data applies to soil samples collected from the 30 borings to delineate the extent of VOC groundwater 
contamination in the distal area of the VOC groundwater plumes. 

1. Minimum frequency established per ER-SOP-043
2. Based on project needs (typical frequency is 1 per 40 samples)
3. Based on project needs
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