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On behalf of Virginia Electric and Power Company d/b/a Dominion Energy Virginia (Dominion Energy), Golder 

Associates USA Inc. (Golder) has prepared this Nature and Extent Study (NES) for the East Pond at the Bremo 

Power Station (Station) in Bremo Bluff, Virginia.  The purpose of this NES is to delineate the vertical and horizontal 

extent of constituent of concern (COC) concentrations in groundwater that exceed the Virginia Solid Waste Permit 

(SWP) No. 618 Groundwater Protection Standards (GPS) in the vicinity of the East Pond.   

On January 5, 2020, federal CCR GWPS exceedances for were documented at the East Pond in samples collected 

from monitoring wells MW-20S (molybdenum), MW-20D (lithium, molybdenum), MW-21 (cobalt), and MW-22 

(cobalt).  These exceedances triggered the need for an Assessment of Corrective Measures (ACM) for cobalt, 

lithium, and molybdenum under the CCR Rule.  Subsequently, on May 14, 2020, SWP GPS and federal CCR GWPS 

exceedances were documented in the East Pond samples collected from monitoring wells MW-19 (boron), MW-

20S (boron, cobalt, lithium, and molybdenum), MW-20D, (boron, lithium, and molybdenum), MW-21 (boron and 

cobalt), and MW-22 (boron and cobalt).  These exceedances resulted in boron being added to the ACM triggered 

in January 2020.  In response to the Virginia SWP GPS exceedances and consistent with the Virginia Solid Waste 

Management Regulations (VSWMR) as well as the CCR Rule, this NES was prepared to support the required ACM. 

On October 16, 2020, a new federal CCR GWPS exceedance was documented for arsenic at the East Pond in the 

sample collected from monitoring well MW-20S.  In accordance with the Code of Federal Regulations (CFR) 

§257.96 et seq. and VSWMR 9VAC20-81-260 et seq., this exceedance triggered the need for an ACM for arsenic.  

Federal CCR GWPS exceedances for cobalt, lithium, and molybdenum were previously addressed in an ACM 

Report placed in the East Pond’s CCR operating record on September 1, 2020.  SWP GPS exceedances for boron, 

cobalt, lithium, and molybdenum were previously addressed in an ACM Report submitted to the DEQ on November 

10, 2020. 

On December 22, 2021, a new SWP GPS exceedance was documented for nickel at the East Pond in the sample 

collected from downgradient monitoring well MW-22.  In accordance with the VSWMR, this exceedance triggered 

the need for an NES/ACM for nickel.  The December 2021 Federal CCR GWPS exceedances for cobalt and lithium 

and the December 2021 SWP GPS exceedances for boron, cobalt, lithium, and molybdenum are also addressed 

due to the 2020 exceedances as described above. 

To fulfill the requirements of the NES and to delineate the vertical and horizontal extent of the Virginia SWP GPS 

and federal CCR Rule GWPS exceedances in the vicinity of the East Pond, the following field program was 

completed: 

 Sampling and evaluation of two additional groundwater observation wells in the vicinity of the East Pond, 

including one well between the point of compliance and the downgradient property line; 

 Evaluation of routine groundwater monitoring data collected during the March 2020, February 2021, and 

February 2022 Modified Assessment Monitoring Program events; and 
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 Evaluation of routine surface water monitoring data provided by Dominion Energy from 10 surface water 

monitoring points along the James River, including four (4) monitoring points immediately downgradient of the 

East Pond. 

Using the information evaluated during this investigation, the NES delineates the inferred vertical and horizontal 

extents of arsenic concentrations in groundwater which exceed the Virginia SWP GPS and federal GWPS 

[10 micrograms per liter (µg/L)], boron concentrations in groundwater which exceed the Virginia SWP GPS (250 

µg/L), cobalt concentrations in groundwater which exceed the Virginia SWP GPS and federal GWPS (7.83 µg/L), 

lithium concentrations in groundwater which exceed the Virginia SWP GPS (25 µg/L) and federal GWPS (40 µg/L), 

molybdenum concentrations in groundwater which exceed the Virginia SWP GPS (16.4 µg/L) and federal GWPS 

(100 µg/L), and nickel concentrations in groundwater which exceed the Virginia SWP GPS (quantitation limit of 5.0 

µg/L).  Geological and hydrogeological information collected during the investigation was generally consistent with 

previous site investigations and confirmed the existing site conceptual model.   

Analytical data generated as part of the study support a limited extent scenario for arsenic impacts (GWPS/GPS 

exceedances) in groundwater.  The arsenic impacts are generally localized around compliance monitoring well 

MW-20S which is the only compliance monitoring location with exceedances of the arsenic GWPS/GPS.  The 

February 2021 arsenic concentrations at the remaining monitoring wells ranged from less than 4.7 µg/L at 

background wells MW-11, MW-29S, and MW-29 and downgradient wells MW-19, MW-22, and MW-23 to an 

estimated concentration of 4.9 µg/L at MW-21. 

Concentrations of lithium and molybdenum have decreased relative to maximum concentrations detected in 2018 

during the excavation of CCR materials from the East Pond. The lithium concentrations observed at MW-20S and 

MW-20D are thought to be related to a natural geological soil source, and the observed decrease in lithium 

concentrations is believed to be associated with transient geochemical conditions in the aquifer due to Station 

completed site work, including source removal from the East Pond and conversion of the pond to a stormwater 

management system..  While some of the molybdenum detected in groundwater at these wells may be related to a 

natural source, geochemical considerations indicate that there may be an additional source associated with the 

CCR material that was formerly in the East Pond or the CCR material that is currently in the North Pond.  The 

additional source for the MW-20S and MW0-20D well pair is supported by geochemical modeling which suggest a 

strong similarity between the water quality in the MW-20S/MW-20D well pair and the North Pond pore water.   

The inferred extent of the federal CCR Rule GWPS and SWP GPS exceeding cobalt concentrations generally 

extend along the southern berm of the East Pond from MW-20S to MW-22.  The cobalt impacts among these wells 

appear localized along the berm within the near-surface aquifer.  A natural vadose zone geological source combined 

with transient geochemical conditions resulting in the dissolution of iron oxyhydroxide minerals is likely contributing 

to cobalt concentrations in the vicinity of the East Pond.  With the exception of MW-20S, wells with on-going cobalt 

federal CCR Rule GWPS and SWP GPS exceedances have reported decreases in cobalt concentrations since 

maximum concentrations were detected in 2018.  The decreasing trends are expected to continue subsequent to 
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the removal of the CCR materials from the East Pond as geochemical conditions revert to conditions that are 

conducive for iron oxyhydroxide mineral formation resulting in the removal of dissolved cobalt from the groundwater 

via a sorption attenuation mechanism. 

Similar to cobalt, the inferred extent of federal CCR Rule GWPS and SWP GPS exceeding boron concentrations 

extends along the southern berm of the East Pond from MW-19 to MW-22, with the highest concentrations centered 

on the MW-20S/MW-20D couplet.  Boron impacts from the East Pond area appear to extend northward and may 

overlap with impacts associated with the North Pond.  Although a natural geologic source may be contributing to 

concentrations of boron detected in groundwater at the East Pond, based on a geochemical evaluation and historical 

monitoring results from North Pond source area pumping wells, North Pond CCR material pore water and/or former 

East Pond CCR material pore water may have contributed to the relatively higher groundwater concentrations 

observed at MW-20S and MW-20D. 

Analytical data generated as part of the study support a limited extent scenario for nickel impacts (GPS 

exceedances) in groundwater.  The nickel impacts are generally localized around compliance monitoring well 

MW-22 which is the only compliance monitoring location with exceedances of the nickel GPS.  Nickel was not 

detected at the remaining monitoring wells during the February 2022 sampling event.   

An assessment of risk related to Virginia SWP GPS and federal CCR Rule GWPS exceedances in the vicinity of 

the East Pond identified a potential exposure pathway for site workers, including construction contractors; access 

to the Station and downgradient (railroad) property is restricted to the public, and groundwater at the Station is not 

used as a potable water source.  The calculated cumulative hazard index for the evaluated receptors and exposure 

pathways using the actual COC concentrations does not exceed the threshold (1.0) for acceptable cumulative risk.  

While the USEPA has classified inorganic arsenic as a human carcinogen, the calculated cumulative carcinogenic 

risk using the actual arsenic concentration also does not exceed the acceptable threshold (1.00E-04) for cumulative 

carcinogenic risk. Note that the remainder of the COCs are not classified as carcinogenic.  Because exposure 

pathways for the general public associated with groundwater are not complete at the East Pond, there is no actual 

unacceptable risk associated with Virginia SWP GPS and federal CCR Rule GWPS exceedances.  

Surface water samples collected from along the north shore of the James River (located 200 to 400 feet 

downgradient of East Pond and thought to be the point of exchange for groundwater flowing southwest across the 

Station) reported no detections above the reporting limit of the constituents of concern (arsenic, boron, cobalt, 

lithium, molybdenum, and nickel).  These results indicate that impacted groundwater is not reaching surface water 

at concentrations that could pose a risk to human health or the environment. 

Based on the results of this NES, and in consideration of the completion of CCR material removal from the East 

Pond in 2019, Dominion Energy has prepared an ACM Report under separate cover in which potential corrective 

actions are evaluated for the remediation of the observed impacts to groundwater as described herein.         
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operating record on June 17, 2020.  A copy of the extension request was included in the East Pond’s annual 

groundwater monitoring and corrective action report consistent with the provisions of the CCR Rule. 

Similarly, when a state GPS is exceeded, the VSWMR require initiation of the ACM, to include a NES, within 90 days 

of documenting the state GPS exceedance unless a successful ASD is completed.  Similar to the CCR Rule, the 

facility operator has an additional 90 days to complete the ACM under the VSWMR unless a demonstration for 

additional time based on a site-specific condition or circumstances is approved by the Department of Environmental 

Quality (DEQ). 

Consistent with these requirements, this NES investigation was performed to develop an understanding of the 

nature and extent of constituent concentrations above the federal CCR Rule GWPS and/or Virginia SWP GPS as 

follows:  

 Arsenic GWPS/GPS in well MW-20S; 

 Boron GPS in wells MW-19, MW-20S, MW-20D, MW-21, MW-22;  

 Cobalt GWPS/GPS in wells MW-20S, MW-21, MW-22;  

 Lithium GWPS/GPS in wells MW-20S, MW-20D;  

 Molybdenum GWPS/GPS in wells MW-20D, MW-20S; and 

 Nickel GPS in well MW-22.   

The NES site assessment activities were completed between March 2020 and May 2020 (boron, cobalt, lithium, 

molybdenum); in February 2021 (arsenic); and in February 2022 (nickel).   

The initial NES/ACM addressing the January and May 2020 GWPS/GPS exceedances was submitted to DEQ on 

November 10, 2020, and revised October 28, 2021, based on DEQ comments; the initial NES and the revised NES 

were placed in the operating record on the same respective days.  The NES/ACM Addendum addressing the 

October 2020 arsenic GWPS/GPS exceedance was submitted to DEQ on April 28, 2021, and placed in the 

operating record on the same day.  The NES Addendum addressing the December 2021 nickel GPS exceedance 

was submitted to DEQ on June 20, 2022.  On July 5, 2022, DEQ requested an updated NES that includes all 

constituents that exceed GWPS/GPS.  Therefore, this updated Report summarizes the complete NES activities and 

findings. 

1.1 Site Setting and Background 

As shown in Figure 1, a portion of the United States Geological Survey (USGS) 7½-minute topographic map of 

Arvonia, Virginia, the site vicinity has moderately steep topography in the upland areas bordering the Station.  The 

local topography is dissected by drainage swales that have developed a mix of dendritic and trellis drainage patterns 

reflecting an underlying structure control.  Both intermittent and perennial streams characterize surface flow in the 

vicinity of the Station, with broad ridges and hilltops serving as topographical highs (maximum elevations of roughly 
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450 feet above mean sea level [AMSL] to the north of the Station).  A portion of the Station, including the former 

generation station and the East and West Ponds, is located within the James River floodplain where topographic 

elevations range from 200 to 230 feet AMSL. 

As presented on the aerial photograph (Figure 2), the Station property consists of wooded, open, and developed 

land just north of the James River.  The Station’s northern, eastern, and western boundaries are bordered primarily 

by undeveloped parcels.  The Station property is bordered to the south by a CSX rail line and the James River.  

Land use surrounding the Station is classified as “A-1 Agricultural” and consists of undeveloped wooded and 

agricultural properties within a rural residential setting.  Other than a process water supply well that is located on 

Station property, there are no known water supply wells within the immediate vicinity of the Station boundary. 

Power generation activities at the Station were initiated in the late 1930s.  Ash from the power generation activities 

has historically been stored in the three (3) on-site CCR surface impoundments (North Pond, East Pond, and West 

Pond).  In 2014, the Station converted from a coal-fired power plant to a natural gas-fired power plant.  No newly 

generated CCR has been placed in these impoundments since the conversion to a gas-fired plant.  The Station 

ceased power generation activities in 2018.  Storage of existing CCR materials at the Station was consolidated to 

the North Pond, with removal of CCR materials formerly stored in the East Pond to the North Pond completed in 

early 2019, and removal of CCR materials from the West Pond to the North Pond completed in January 2020.  DEQ 

documented their approval of closure by removal records and a DEQ site inspection of the visual removal of CCR 

material and over-excavation of 6 inches of soil from East Pond (conducted March 14, 2019) in a letter dated 

October 1, 2019.    

Historically, groundwater at the Station was monitored under Virginia Pollutant Discharge Elimination System 

(VPDES) Permit (Permit No. VA0004138).  Background sampling activities for the CCR Rule for the East Pond was 

initiated in October 2017 following installation of additional monitoring wells.  The background sampling activities 

were completed in February 2019.  On June 5, 2019, SWP No. 618 was issued by DEQ with groundwater 

monitoring provisions for all three (3) of the ponds at the Station.  Groundwater is currently monitored in accordance 

with the Modified Assessment Monitoring Program (AMP) as established in the SWP consistent with the AMP 

provisions in the CCR Rule.    

1.2 Project Objective and Report Structure 

As stated above, an NES for the East Pond must be completed consistent with the CCR Rule timeframe as a result 

of the confirmed federal CCR Rule GWPS exceedances for arsenic, cobalt, lithium, and molybdenum detected in 

samples collected from five monitoring wells at the East Pond.  Additionally, an NES for boron and nickel must be 

completed consisted with the provisions in SWP No. 618.  The purpose of the NES is to delineate the nature and 

extent of arsenic, boron, cobalt, lithium, molybdenum, and nickel concentrations that exceed the Virginia SWP GPS 
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and/or federal CCR Rule GWPS in groundwater.  Based on the results of the NES, an ACM will be conducted to 

evaluate potential remedial options for the documented groundwater impacts.  

Section 2.0 of this Report summarizes field activities completed as part of the NES.  Section 3.0 summarizes the 

results of the field investigation.  Section 4.0 presents the nature and extent of constituents of concern at the East 

Pond based on the results of the field investigation.  Section 5.0 presents the risk evaluation and the results of the 

risk assessment.  Adjacent property owner notifications are presented in Section 6.0.  Conclusions are presented 

in Section 7.0. 
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2.0 FIELD INVESTIGATION SUMMARY 

Field investigations were completed between March 2020 and May 2020, in February 2021, and in February 2022.  

Details for the completed activities are presented in the following sections. 

2.1 Groundwater Sampling 

2.1.1 Compliance Groundwater Sampling 

Under Permit Module XI, Dominion Energy is required to monitor groundwater in the uppermost aquifer beneath 

the East Pond under a Modified AMP.  The provisions of the Modified AMP are consistent with the groundwater 

monitoring requirements of the VSWMR and the CCR Rule.  The groundwater monitoring activities are conducted 

pursuant to the provisions outlined in the Groundwater Monitoring Plan prepared for the Bremo Power Station.  The 

approximate locations of the compliance monitoring wells in the compliance network for the East Pond are shown 

on Figure 3.  The East Pond monitoring network is presented in Table 1, following. 

Table 1: East Pond Monitoring Network 

Upgradient Compliance Monitoring Wells 

MW-11 MW-29S MW-29D 

Upgradient Compliance Monitoring Wells 

MW-19 MW-20S MW-20D 

MW-21 MW-22 MW-23 

 

To conduct the NES investigation delineation activities, the analytical results from following events were used in 

this evaluation: 

 March 2-5, 2020 

 February 24-26, 2021 (and April 2021 verification) 

 February 7-10, 2022 

The analytical results for the 2020, 2021, and 2022 compliance events are summarized in Tables 2, 3, and 4, 

respectively.  The laboratory certificates of analysis and chain-of-custody forms are presented in Appendix A.1 

through A.3, and the field logs for the compliance event are presented in Appendix B.1 through B.3. 

2.1.2 NES Groundwater Sampling 

Due to limited access between the point of compliance for the East Pond and the Station’s property line (i.e., close 

proximity of existing wells to the property boundary and steep terrain) no new wells were installed during the NES 

for the East Pond.  To satisfy the requirement for delineation of groundwater impacts downgradient from the East 
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Pond point of compliance samples were collected from previously installed observation wells located downgradient 

(vertically and horizontally) from the East Pond supplemented with the surface water sample results for the samples 

collected from the James River. 

Specifically, to supplement the sampling results obtained during the routine semi-annual groundwater monitoring 

round conducted at the East Pond in March 2020, three additional groundwater samples were collected as part of 

the NES field program on May 7, 2020, from observation wells MW-22D and MW-VPDES (located along the pond’s 

downgradient boundary), and the East Pond closure demonstration well MW-40 (located within the pond).  

Additional samples were collected from MW-VPDES and MW-40 during the 2021 NES investigation on February 

24, 2021.  The locations of these supplementary groundwater monitoring locations are depicted in Figure 3. 

Additionally, although MW-40 is located within the pond boundary, it is not considered representative of “source” 

water conditions for the East Pond, because excavation of CCR materials was completed at the East Pond in early 

2019.  As such, no source water samples for the materials removed from the East Pond were collected as part of 

this field program.  For comparison purposes, data for source water samples previously collected from the North 

Pond, located hydraulically upgradient from the East Pond, were used in this evaluation. 

Groundwater samples were collected in accordance with the procedures in the Station’s Groundwater Monitoring 

Plan using low-flow micropurge sampling techniques.  Wells were sampled using a decontaminated non-dedicated 

bladder pump with disposable bladders.  Prior to sampling MW-VPDES, an existing dedicated bladder pump of 

unknown age and condition was carefully removed from the well for later inspection.  During the purge at each well 

location, periodic groundwater samples were collected for field analysis of dissolved oxygen (DO), oxidation-

reduction potential (ORP), pH, specific conductance, turbidity, and temperature.  Water quality parameters were 

collected during purging and after sample collection using a field-calibrated water quality meter equipped with a 

flow-through cell.  Groundwater field measurements are summarized on Field Data Sheets provided in 

Appendix B.1.   

Groundwater samples were collected directly from the discharge tube on the pump into pre-labeled, laboratory 

supplied, pre-preserved sample containers.  Following collection, the samples were placed in a cooler on ice under 

chain-of-custody control and couriered to Pace Analytical Services, Inc. (Pace) of Huntersville, North Carolina and 

Air, Water & Soil Laboratories, Inc. (AWS, now Enthalpy) of Richmond, Virginia (hexavalent chromium only).  The 

two laboratories are Virginia Environmental Laboratory Accreditation Program (VELAP)-certified.  The groundwater 

samples were submitted for analysis of the following constituents: 

 Consistent with 257.95(g)(1)(iv) of the CCR Rule, groundwater samples were analyzed for Appendix III and 

Appendix IV constituents, including: 

 Metals (antimony, arsenic, barium, beryllium, boron, cadmium, calcium, total chromium, cobalt, lead, 

lithium, molybdenum, selenium, and thallium) by SW-846 Methods 6010D and 6020B; 

 Mercury by SW-846 Method 7470A;  
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 Total Dissolved Solids (TDS) by SM 2540C;  

 Anions (chloride, fluoride, and sulfate) by SW-846 9056A; and 

 Radium 226 & 228 by SW-846 9315 and 9320. 

 Additionally, the May 2020 groundwater sample collected at MW-401 was analyzed for the following 

constituents, including: 

 Metals (copper, nickel, silver, tin, vanadium, and zinc) by SW-846 Methods 6010D and 6020B; 

 Ammonia by USEPA Method 350.1;  

 Nitrate by USEPA Method 9056A;  

 Total Hardness by Standard Method 2340B;  

 Metals (iron and manganese) by SW-846 Methods 6020B; and 

 Hexavalent chromium by Method 7196A.  

Groundwater sampling locations, dates, and analyses performed are summarized in Table 2 (2020 event) and Table 

3 (2021 event).  Laboratory analytical reports are provided in Appendix A.1.  Additionally, data generated during the 

routine East Pond groundwater monitoring event in January 2019 was evaluated as part of the NES for the East 

Pond.  The January 2019 event included collection of common cations and anions not typically included in routine 

monitoring (e.g., sodium, potassium, magnesium, and alkalinity) which are primarily of interest for evaluating 

groundwater geochemistry at the East Pond.  A site map showing groundwater monitoring locations is presented in 

Figure 3. 

2.2 Surface Water 

2.2.1 James River Surface Water Sampling 

To address the requirements set out in Permit Module XVIII, Dominion Energy submitted a Surface Water 

Monitoring Plan (SWMP) to the DEQ, dated August 2019 and revised May 2020 (EA Engineering, Science, and 

Technology, Inc., 2020).  On March 13, 2020, in accordance with the SWMP as preliminarily approved by DEQ in 

January 2020, EnviroScience, Inc. (EnviroScience) collected 10 surface water samples along the north shore of the 

James River (EnviroScience, 2020).  Similar samples are collected quarterly.  Two of the surface water samples 

were collected upstream of the Station (JR-01 and JR-02), four were collected downgradient of the West Pond and 

upstream of the East Pond (BR-01 through BR-04), and four were collected downgradient of the East and North 

Ponds (BR-05 through BR-08).  The surface water samples were collected as close to the shoreline as practicable 

and the total depth of the water column at each location ranged from approximately 0.1 to 0.7 meters (m).   

 

1 MW-40 had not been sampled prior to the NES; therefore, the full list of Solid Waste Permit monitoring parameters was collected to evaluate 
the overall water quality at that location compared to nearby wells as needed.  
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The surface water samples were collected from downstream to upstream, from the middle of the water column 

adjacent to the shoreline and were field filtered with 0.45-micron disposable filters prior to being collected into 

laboratory-supplied containers (EnviroScience, 2020, 2021, 2022).  Following collection, the samples were 

submitted to SGS North America, Inc (SGS) for analysis of the following constituents: antimony, arsenic, boron, 

cadmium, calcium, total chromium, chromium III, chromium VI, cobalt, copper, hardness, lead, lithium, magnesium, 

mercury, molybdenum, nickel, selenium, silver, thallium, and zinc.  

Although this sampling was conducted independent of the NES, data generated as part of this routine surface water 

monitoring for the March 2020, February 2021, and February 2022 events was evaluated as part of the assessment 

for the East Pond.  A site map showing surface water monitoring locations in the vicinity of the East Pond is 

presented in Figure 3. 

2.2.2 NES Surface Water Sampling 

The NES field investigation surface water sampling was conducted on February 24, 2021, and included the 

collection of a surface water sample from the East Pond stormwater management basin (see Figure 3).  The surface 

water sample was collected in general accordance with the SWMP surface water sampling procedures in pre-

labeled, laboratory supplied, pre-preserved sample containers.  After sample collection, water quality parameters 

were collected and analyzed in the field for DO, ORP, specific conductance, pH, and temperature for the surface 

water samples.  The surface water sampling location, date, and analyses performed are summarized in Table 3.  

Laboratory analytical reports are provided in Appendix A.2.  Field water quality measurements are summarized on 

Field Data Sheets provided in Appendix B.2. 

2.2.3 2019 North Pond Interstitial Water 

Consistent with the CCR Rule requirements to characterize the nature and quantity of material released 

(257.95(g)(1)(ii), samples of interstitial water from within the upgradient North Pond were collected from three (3) 

de-watering wells installed through the CCR material in the pond.  The interstitial water sampling and analysis 

program was conducted on January 16, 2019, and consisted of the collection of three (3) pore water samples from 

deep dewatering wells SDW-4, SDW-7, and SDW-10 in the North Pond.  These samples are being reevaluated as 

part of this Report. 

Based on well reports provided by Moretrench, these wells are constructed with 40 to 60 feet of screen and are 

screened to maximum depths of between 56 and 83 feet below ground surface (bgs) in the ash.  Samples were 

collected from a dedicated pump hose installed at each well head using the existing well pumps.  Prior to sampling, 

wells were purged until water was visibly clear of sediment or fouling.  Samples were collected into pre-labeled, 

laboratory supplied, pre preserved sample containers.  After sample collection, water quality parameters were 

collected and analyzed in the field for DO, ORP, specific conductance, pH, and temperature.  The samples were 

placed in a cooler on ice under chain-of-custody control and shipped to ALS Environmental Laboratories, Inc. (ALS) 
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of Houston, Texas (selected samples - isotopes only) and Pace for analysis of the following constituents, which 

includes the full CCR Rule Appendix III and IV suite plus additional voluntary parameters and isotopes. 

Interstitial water sampling locations and analyses performed in 2019 are summarized in Table 5.  The field logs and 

laboratory analytical results were previously presented in the North Pond ACM Field Investigation Report 

(Golder, 2019) and are not re-presented herein. 

2.3 Comprehensive Groundwater Elevation Assessment 

A comprehensive round of groundwater elevation measurements was collected on May 7, 2020; February 23, 2021; 

and February 7, 2022, from monitoring and observation wells in the vicinity of the East Pond to support the 

evaluation of groundwater flow direction and horizontal and vertical groundwater gradients.  A summary of 

groundwater elevations with available historical data is presented in Table 6.  Discussion of groundwater flow and 

gradients is presented in Section 3.1. 

2.4 Lineament Analysis 

The USGS 7.5-minute topographic map of Arvonia, Virginia was used to identify apparent linear features based on 

the mapped topographic relief.  These linear features are interpreted as being an expression of underlying geologic 

structures, such as faults, fractures, or joints, which may provide preferential pathways for groundwater flow and 

contaminant migration.  The strikes of the linear features identified as part of this analysis were tabulated and used 

to construct a rose diagram summarizing the frequency of given orientations.  The rose diagram is present as 

Exhibit 1 in Section 3.1 herein. 

2.5 Data Validation 

Laboratory analytical data associated with the compliance groundwater sampling event conducted in March 2020 

and the supplemental groundwater/surface water sampling events conducted in May 2020 and February 2021 were 

validated by Golder.   Laboratory analytical data associated with the compliance groundwater sampling events 

conducted in February 2021 and February 2022 were validated by Environmental Standards, Inc. (ESI).  Data 

validation was conducted in accordance with the following United States Environmental Protection Agency (USEPA) 

documents: 

 National Functional Guidelines for Inorganic Superfund Methods Data Review, January 2017; 

 US Department of Energy Evaluation of Radiochemical Data Usability, April 1997; and 

 Sampling and Analysis Plan for US Department of Energy Office of Legacy Management Sites. 

Laboratory analytical data reports associated with groundwater are included as Appendix A.1 through A.3 and the 

quality assurance and quality control (QA/QC) laboratory data review documents are included in Appendix C.1 
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through C.3.  Supplemental groundwater data associated with the NES was accepted for use based on the QA/QC 

review.  
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3.0 INVESTIGATION RESULTS 

The following sections present an updated evaluation of the surface hydrology and hydrogeology in the vicinity of 

the East Pond, present the analytical results for the surface water and groundwater samples collected between 

March 2020 and May 2020, in February 2021, and in February 2022, and provide a geochemical evaluation of 

groundwater in the vicinity of the East Pond. 

3.1 Hydrogeology 

The East Pond is located within the James River floodplain and near-surface geology is primarily mapped as 

alluvium materials.  Previous investigations in the East Pond area have identified gneiss or biotite schist bedrock 

underlying the alluvium materials, consistent with bedrock mapped in upland areas in the site vicinity.  Geophysical 

analysis of deep bedrock boreholes in the vicinity of the East Pond conducted in 2018 (Golder, 2019) found that 

fractures are predominantly oriented to the northeast, parallel to geological strike.  Another set of fractures was 

identified oriented to the west-northwest (approximately perpendicular to geological strike).  Fractures identified 

during geophysical analysis were typically moderately to steeply dipping, with a few horizontal or near-horizontal 

fractures.  The steeply dipping fractures create some preferential flow parallel and perpendicular to geologic strike 

(i.e., northeast-southwest and approximately east-west).  The results of the lineament analysis performed as part 

of this NES are generally consistent with the previous geophysical analysis.  As summarized in Exhibit 1 below, two 

sets of lineament orientations were identified: one predominantly to the north-northeast, and one to the 

north-northwest. 

Exhibit 1: Lineament Analysis Rose Diagram 

 



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No. GL2013982322 

 

 12 

 

The Site Conceptual Model developed for the East Pond area is comprised of an upland recharge area and a 

hydrogeologic boundary associated with the James River to the southwest.  The uppermost aquifer potentiometric 

surface transcends geologic boundaries, with the aquifer matrix ranging from alluvium associated with the James 

River, fractured or weathered bedrock (various), to saprolite upgradient of the East Pond.  These different geological 

units are expected to impart variability to the uppermost aquifer hydraulic properties, as well as geochemical 

conditions.  Table 7 provides a brief overview of the lithology in which various wells in the vicinity of the East Pond 

are screened.   

The water table surface in the vicinity of the East Pond generally mimics the surface topography with groundwater 

elevations ranging approximately from 225 ft AMSL along boundary of the North Pond to the north, to 200 ft AMSL 

along the boundary with the James River to the south.  Potentiometric surface level data for nested wells in the East 

Pond area indicate that a slight upward gradient is present between lower bedrock and alluvium in the vicinity of 

MW-20S/MW-20D.  Historical static water level data for the East Pond are summarized in Table 6.  The depth-to-

water measurements collected on May 7, 2020; February 23, 2021; and February 7, 2022, were used to prepare 

groundwater elevation contours which are depicted in Figures 4 through 6.  As presented, the morphology of the 

water table surface and the apparent groundwater flow direction are consistent with previous interpretations, with 

groundwater flow primarily to the southwest. 

Using the conceptual groundwater flow lines shown in Figures 4 through 6, which run northeast-southwest, average 

groundwater flow rates for the uppermost aquifer near the East Pond were calculated.  The rate of transport for the 

constituents of concern (arsenic, boron, cobalt, lithium, molybdenum, and nickel) is discussed further in the following 

sections. 

3.1.1 Hydraulic Conductivity 

Analysis of slug testing data obtained from the observation and monitoring wells evaluated in 2012, 2016, 2017, 

2019, and 2020 indicates that the average hydraulic conductivity of the uppermost unconfined aquifer is variable 

depending on the aquifer matrix.  The following table summarizes the estimated hydraulic conductivities for the 

various aquifer matrices present at the Station based on analysis of the slug testing data using the Aqtesolv™ 

software and appropriate data evaluation procedures. 

Aquifer Matrix 
Maximum Hydraulic 
Conductivity (ft/s) 

Minimum Hydraulic 
Conductivity (ft/s) 

Estimated Average Hydraulic 
Conductivity(ft/s) 

Alluvium 6.59E-05 6.14E-07 1.11E-05 

Gneiss Bedrock 5.09E-04 1.56E-08 1.53E-05 

Note: ft/s = feet per second 

 

Using these updated hydraulic conductivity values, as presented in the January 2021 GMP (Golder, 2021), the 

geometric average hydraulic conductivity value for the alluvium in the vicinity of the East Pond is calculated to be 
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approximately 1.11E-05 ft/s or 0.96 feet per day.  The geometric average hydraulic conductivity value for the 

geometric average hydraulic conductivity value for the gneiss bedrock matrix in the vicinity of the East Pond is 

calculated to be approximately 1.53E-05 ft/s or 1.32 feet per day.  These results are consistent with previous results 

developed based on the current Site Conceptual Model. 

3.1.2  Horizontal Component of Flow 

In the vicinity of the East Pond, the uppermost aquifer occurs within alluvial materials and a matrix comprised of 

partially weathered rock to competent fractured bedrock. The effective porosity of the alluvium is estimated at 

approximately 20%. The porosity of the bedrock is expected to range from a whole-rock porosity based primarily 

on secondary porosity (discontinuities) of approximately 1% to 5% or less on a megascopic to macroscopic scale 

to greater than 50% on a microscopic scale along discrete preferential flow pathways within the fractioned rock (i.e., 

open fractures).  On average, the effective porosity of the bedrock is estimated at 2.5% (Fetter, 1988).  The 

horizontal component of flow was evaluated for flow paths in the vicinity of MW-20S and MW-22, as described 

below. 

Using the groundwater contours presented in Figures 4 through 6, the average hydraulic gradient for the uppermost 

aquifer spanning from the southern boundary of the North Pond to the James River across the East Pond was 

calculated using the equation below. 

 𝑖௚௪ ൌ ቀℎ௅ 𝐿ൗ ቁ 

Where: 𝑖௚௪ ൌ 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 
 ℎ௅ ൌ ℎ𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 ሺ𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒ሻ 
 𝐿 ൌ 𝑙𝑒𝑛𝑔𝑡ℎ ሺℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒ሻ 

 

Area 
Starting Head 

(ft AMSL) 
Ending Head 

(ft AMSL) 
Distance 

(ft) 
Calculated Gradient 

(unitless) 

May 2020 

East Pond – Near MW-20S 225 200 1,016 2.46E-02 

East Pond – Near MW-22 225 200 655 3.82E-02 

February 2021 

East Pond – Near MW-20S 225 200 989 2.53E-02 

East Pond – Near MW-22 225 200 702 3.56E-02 

February 2022 

East Pond – Near MW-20S 225 200 1,141 2.19E-02 

East Pond – Near MW-22 225 200 694 3.60E-02 

 



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No. GL2013982322 

 

 14 

 

Using the average hydraulic conductivities for alluvium materials and bedrock, and the average horizontal hydraulic 

gradients calculated above, the average rate of groundwater flow (Vgw) in the uppermost aquifer beneath the East 

Pond was calculated using the equation below. 

 𝑉௚௪ ൌ 𝐾 𝑖௚௪൫1 𝑛௘ൗ ൯  

Where:  𝑉௚௪ ൌ 𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 
  𝐾 ൌ ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 
  𝑖௚௪ ൌ 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 
  𝑛௘ ൌ 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 
   

Area 
Gradient  
(Unitless) 

Effective 
Porosity 

Hydraulic 
Conductivity 

(ft/s) 

Groundwater 
Velocity 

(ft/s) 

Groundwater 
Velocity 
(ft/year) 

East Pond – Near MW-20S 
(Alluvium) 

2.39E-02 0.20 1.11E-05 1.33E-06 41.9 

East Pond – Near MW-20S 
(Bedrock) 

2.39E-02 0.025 1.53E-05 1.46E-05 462 

Area 
Gradient  
(Unitless) 

Effective 
Porosity 

Hydraulic 
Conductivity 

(ft/s) 

Groundwater 
Velocity 

(ft/s) 

Groundwater 
Velocity 
(ft/year) 

East Pond – Near MW-22 
(Alluvium) 

3.66E-02 0.20 1.11E-05 2.03E-06 64.1 

East Pond – Near MW-22 
(Bedrock) 

3.66E-02 0.025 1.53E-05 2.24E-05 706 

 

The average calculated groundwater velocities presented above of similar magnitude to velocities previously 

calculated in the vicinity of the East Pond (Golder, 2021).   

3.1.3 Vertical Gradient Evaluation 

Using groundwater elevation data from February 2022, the vertical gradients within the aquifer were evaluated using 

various well pairs as presented below.  The vertical gradients for these well pairs were calculated as shown below. 

 𝑖௚௪ ൌ ቀℎ௅ 𝐿ൗ ቁ 

Where: 

 𝑖௚௪ ൌ 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 
 ℎ௅ ൌ ℎ𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 ሺ𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒ሻ 
 𝐿 ൌ 𝑙𝑒𝑛𝑔𝑡ℎ ሺ𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 െ 𝑚𝑖𝑑𝑝𝑜𝑖𝑛𝑡 𝑜𝑓 𝑤𝑒𝑙𝑙 𝑠𝑐𝑟𝑒𝑒𝑛𝑠ሻ 
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Table 8: Vertical Gradient Summary 

Well Pair Shallow Groundwater 
Elevation  
(ft AMSL) 

Deep Groundwater 
Elevation  
(ft AMSL) 

Distance  
(ft) 

Gradient 
(unitless) 

May 2020 

MW-20S / MW-20D 206.89 206.92 42.6 -7.04E-04  

MW-22 / MW-22D 206.50 206.33 69.3 2.45E-03 

MW-23 / MW-23D 212.98 206.43 48.3 1.36E-01 

February 2021 

MW-20S / MW-20D 209.93 210.59 42.6 -1.55E-02 

MW-29S / MW-29D 348.25 347.62 84.5 7.46E-03 

February 2022 

MW-20S / MW-20D 207.67 209.06 42.6 -3.26E-02 

MW-29S / MW-29D 346.47 347.76 84.5 -1.53E-02 

Notes: ft = feet          AMSL = above mean sea level 

 

A negative gradient indicates an upward gradient.  As summarized in Table 8, the gradient calculated for well pairs 

in the vicinity of the East Pond are primarily downward toward the east end of the pond, the gradient calculated for 

the well pair MW-20S/MW-20D at the west end of the pond is slightly upward, and the upgradient well pair MW-

29S/MW-29D is varied.  The upward gradient at the western end of the East Pond may reflect groundwater 

exchange at the James River immediately to the east which is consistent with the Site Conceptual Model. 

3.2 Surface Water Analytical Results 

The results of surface water monitoring conducted by EnviroScience in March 2020, February 2021, and February 

2022 are summarized in Appendix D.1 through D.3.  The reports concluded that constituents of concern arsenic, 

boron, cobalt, lithium, and molybdenum were not detected at or above the method detection limit (MDL) at any of 

the surface water sampling locations in the James River during their respective investigation period.  In addition, 

constituent of concern nickel was not detected at or above the quantitation limit (QL) at any of the surface water 

sampling locations in the James River.  Therefore, there were no exceedances of the Virginia Water Quality 

Standard in surface water samples collected in March 2020, February 2021, and February 2022.  The results of the 

surface water monitoring conducted by EnviroScience are included on Figures 7 through 12. 
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3.3 Groundwater Analytical Results 

Groundwater analytical results for compliance samples and supplementary samples collected during the NES field 

investigation are presented in Tables 2 through 4.  Historical monitoring data for the COCs (arsenic, boron, cobalt, 

lithium, molybdenum, and nickel) at East Pond area wells are presented in Table 9.  Key observations include: 

 Arsenic was detected at concentrations exceeding the federal CCR GWPS/SWP GPS of 10 µg/L at East Pond 

CCR compliance well MW-20S during the first semi-annual monitoring event conducted in February 2021.  

Concentrations of arsenic detected in groundwater in the vicinity of the East Pond during the sampling event 

ranged from an estimated detection of 4.9 J µg/L (MW-21) to 13.4 µg/L (MW-20S).  Due to a suspect detection 

above the GPS/GWPS in the sample at East Pond compliance well MW-20D, a verification sample was 

collected on April 16, 2021.  The analytical results from the verification event refuted the original result (see 

Table 3).  The verified results are consistent with historical detections. 

 Boron was detected at concentrations exceeding the SWP GPS of 250 micrograms per liter (µg/L) at 

compliance wells MW-19, MW-20S, MW-20D, MW-21, and MW-22 during the first semi-annual monitoring 

event conducted in March 2020.  Additionally, boron was detected exceeding the SWP GPS at MW-22D, 

MW-40 and MW-VPDES during the supplementary groundwater sampling event in May 2020.  Concentrations 

of boron detected in groundwater in the vicinity of the East Pond during these two events ranged from 190 µg/L 

(MW-23) to 2,400 µg/L (MW-20S).  These results are consistent with historical detections.  

 Cobalt was detected at concentrations exceeding the federal CCR Rule GWPS and SWP GPS of 7.83 µg/L at 

compliance wells MW-20S, MW-21, and MW-22 during the first semi-annual monitoring event conducted in 

March 2020.  Concentrations of cobalt detected in groundwater in the vicinity of the East Pond during these 

two events ranged from 0.20 µg/L (MW-40) to 27.2 µg/L (MW-22).  These results are consistent with historical 

detections. 

 Lithium was detected at concentrations exceeding the federal CCR Rule GWPS of 40 µg/L and the SWP GPS 

of 25 µg/L at compliance wells MW-20S and MW-20D.  Concentrations of lithium detected in groundwater in 

the vicinity of the East Pond ranged from an estimated value of 1.3 µg/L (MW-19) to 330 µg/L (MW-20S).  

These results are consistent with recent historical detections.  

 Molybdenum was detected at concentrations exceeding the federal CCR Rule GWPS of 100 µg/L and the 

SWP GPS of 16.4 µg/L at compliance wells MW-20S and MW-20D.  Concentrations of molybdenum detected 

in groundwater in the vicinity of the East Pond ranged from an estimated concentration of 1.7 µg/L (MW-23) to 

137 µg/L (MW-20S). 

 Nickel was detected at a concentration exceeding the SWP background-based GPS of the QL at East Pond 

CCR compliance well MW-22 during the first semi-annual monitoring event conducted in February 2022.  
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Nickel was detected in groundwater at a concentration of 7.9 µg/L.  This result is consistent with the second 

2021 semiannual detection. 

Arsenic results in groundwater are presented in Figures 7 and 13.  Boron results in groundwater are presented in 

Figures 8 and 14.  Cobalt results in groundwater are presented in Figures 9 and 15.  Lithium results in groundwater 

are presented in Figures 10 and 16.  Molybdenum results in groundwater are presented in Figures 11 and 17.  

Nickel results in groundwater are presented in Figures 12 and 18.  

3.4 Groundwater Geochemistry 

Supplemental groundwater geochemistry parameters were collected during the routine monitoring event conducted 

at the East Pond in January 2019 and from the additional NES field investigation samples collected in February 2021 

(MW-40, MW-VPDES, East Pond basin water).  This included the collection of common cations (sodium, potassium, 

calcium, and magnesium) and anions (alkalinity as calcium carbonate, chloride, and sulfate).  These supplementary 

sampling results for the East Pond wells are summarized in Table 10.  Additionally, although source area samples 

from within the East Pond ash could not be collected in January 2019 (as excavation of the pond was nearing 

completion), concurrent geochemistry monitoring results for select North Pond pumping wells (installed in CCR 

materials) are also included in Table 10 for comparison.  

To assist with the evaluation of geochemistry at the East Pond, a series of Stiff, Schoeller, scatter, and Piper 

diagrams were prepared using the common cations and anions summarized above.  Stiff diagrams are graphical 

representations of chemical analyses that are used to display the major ion composition of individual water samples.  

Stiff diagrams appear as polygons, with cations plotting on the left, and anions plotting on the right.  Stiff diagrams 

can be used to make rapid visual comparisons between different water samples, where samples that plot with 

similar polygonal shapes have similar geochemistry and may originate from the same source.  Similarly, visual 

comparison of Stiff diagrams can identify samples with mixed sources based on the characteristic shapes of plots 

from distinct sources.  Schoeller plots are line plots where cations and anions are plotted on the x-axis and 

concentrations are plotted on the y-axis and are useful for illustrating relative constituent ratios between samples 

that can be useful in identifying source waters.  Scatter plots graphically illustrate the relationship between different 

cations and anions and can be useful for identifying mixing of source waters.  Piper diagrams are graphical 

representations of water chemistry where ratios of cations (calcium, magnesium, and sodium plus potassium) and 

anions (chloride, sulfate, and carbonate plus bicarbonate) are plotted on separate ternary plots, which are then 

projected onto a diamond.  Piper diagrams are useful for comparing the ionic composition of a large set of water 

samples.  

Stiff diagrams for East Pond downgradient wells and upgradient wells (MW-11, MW-29S, and MW-29D) presented 

in Chart 1 were compared to Stiff diagrams for East Pond observations wells, East Pond basin water, and North 

Pond source area pumping wells (SDW-4 and SDW-7) presented in Chart 2.  East Pond downgradient wells 
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(particularly MW-20S), observation wells, and the East Pond basin water typically exhibit calcium carbonate 

dominated facies (with the exception of MW-19 and MW-23D), which is consistent with North Pond source area 

water results.  Observation well MW-23D exhibits a sodium-carbonate facies similar to that observed in upgradient 

well MW-29D.  These results suggest that groundwater at downgradient East Pond wells screened in the upper 

portion of the uppermost aquifer beneath the East Pond is geochemically similar to the North Pond source area. 

To further evaluate this relationship, common cations and anions detected in the North Pond source area pumping 

wells, East Pond wells, upgradient, observation wells, and the East Pond basin water were plotted on a Schoeller 

plot.  As illustrated in Chart 3, the results for MW-20S closely mirror the results for the North Pond pumping wells 

(orange stars), with the exception of the sulfate results.  This suggests that MW-20S and MW-20D are potentially 

impacted by water from the North Pond source area.  This is supported by the results of scatter plots presented in 

Charts 4 and 5, where MW-20S and MW-20D typically plot closest to the North Pond pumping wells, both when 

evaluating common cations and anions, and common cations and anions versus boron.  Additionally, scatter plots 

in Charts 4 and 5 typically show that other East Pond wells plot closer to upgradient wells which may suggest a 

similar source water for MW-20S/MW-20D and the North Pond pore water versus the other East Pond wells which 

generally resemble the background wells.  Since arsenic is not present at MW-20D at concentrations in excess of 

the GWPS/GPS, this finding suggests that the source of the arsenic in MW-20S is localized to the well and is unlikely 

to be associated with a release from the North Pond, whereas other COCs (e.g., boron) that are present at 

MW-20S/MW-20D are currently believed to have a source that is associated with the North Pond. 

The Piper diagram presenting results for East Pond monitoring wells, upgradient wells, observation wells, the East 

Pond basin water, and North Pond source area wells is presented in Chart 6.  As presented, and consistent with 

previous results, MW-20S and MW-20D plot close to the North Pond source area wells suggesting a similar source 

water for the MW-20S/D well nest and the North Pond pore water 
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sedimentary aquifers, such as the alluvium 

and saprolite aquifers observed in the 

vicinity of the East Pond and the extent of 

absorption is strong influenced by pH 

(USEPA, 2004).  As illustrated in the inset 

Eh-pH diagram from FactSageTM for iron 

(Bale, et al., 2016) groundwater in central 

Virginia typically falls near the Ferrous and 

Ferric iron transition boundary.  As such, 

even de minimis changes in groundwater 

quality (pH and Eh) associated with land-

use changes or other activities can result in 

the dissolution (and corresponding release 

of absorbed cations) or precipitation (and 

corresponding absorption of divalent cations) of iron oxyhydroxide minerals.  As described in Section 1.0, the East 

Pond underwent significant disturbance during removal of CCR materials (initiated around March 2017) and 

subsequent reconstruction of the pond (substantially complete in November 2019), which may have impacted the 

groundwater geochemistry.  

A historical background study of naturally occurring arsenic in Virginia soils found concentrations in the Piedmont 

physiographic region ranging from below detection (i.e., less than 0.1 mg/kg) up to 4.1 mg/kg 

(Shacklette et al., 1984).  More recently, an average arsenic concentration in soils in Virginia of 5.5 mg/kg with a 

standard deviation of 6.4 mg/kg (Smith et al., 2013) was established.  Using standard soil-water partitioning 

calculations and published concentrations of arsenic in soil for Virginia, expected groundwater concentrations of 

arsenic were estimated using the following relationship between soil and water concentrations: 

𝐾ௗሺ𝐿 𝑘𝑔⁄ ሻ ൌ
ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑜𝑖𝑙 ሺ𝑚𝑔 𝑘𝑔⁄ ሻሿ

ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 ሺ𝑚𝑔 𝐿⁄ ሻሿ൘  

Where Kd is the soil-water partitioning coefficient for arsenic (46.7 L/kg; Buchter et al., 1989).  Using the using the 

upper and lower confidence limit concentrations of the Virginia soil data presented above (i.e., 4.8 to 6.2 mg/kg), 

the predicted concentrations of arsenic in groundwater range from approximately 102.3 µg/L to 132.9 µg/L.  These 

results suggest that even a relatively low concentration of arsenic in native soil at the East Pond, given the observed 

groundwater geochemistry and recent land-disturbing activities, could produce the observed arsenic groundwater 

concentrations.  However, arsenic is either not detected or detected at estimated concentrations in upgradient wells 

MW-11, MW-29S, and MW-29D (as summarized in Table 3).  Furthermore, concentrations of arsenic observed at 

MW-20S are elevated compared to other East Pond wells but are orders of magnitude lower than the arsenic 

concentrations reported for pumping wells (SDW-4, SDW-7, and SDW-10) installed within CCR material at the North 

Pond (Golder, 2019).  Arsenic concentrations at these North Pond pumping wells ranged from 548 µg/L to 
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2,400 µg/L in January 2019, compared to current concentrations of arsenic at MW-20S (13.4 µg/L).  Given that the 

concentrations of arsenic in the impacted East Pond wells are much lower than what was observed at the North 

Pond pumping wells, the finding that arsenic is either not detected or detected at estimated concentrations in other 

wells downgradient of the North Pond CCR material, and that relatively low concentrations of naturally occurring 

arsenic in the surrounding soils could produce the observed arsenic concentrations, it is probable that the arsenic 

detected in the groundwater at the East Pond may be associated with a natural geologic source or be residual from 

the excavation of the CCR material from the East Pond.  While the groundwater geochemistry (pH, ORP, and 

common cations and anions) suggests that MW-20S has a similar source water to the North Pond pore water and 

it is currently believed that some of the other COCs (e.g., boron) for the East Pond are related to the North Pond, 

Golder does not believe that the trace concentrations of arsenic, which has significantly different fate and transport 

characteristics relative to boron, are related to the CCR material stored in the North Pond. 

4.1.2 Estimated Arsenic Migration Rate 

To assist with understanding the fate and transport characteristics of the constituents of concern, Golder evaluated 

the expected groundwater retardation coefficients for the constituents of concern in the alluvial and saprolitic aquifer 

matrix materials using publicly available data and the following formula. 

𝑅 ൌ 1 ൅
𝑝𝐾𝑑
𝑛𝑒

ൌ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟ሻ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡ሻ

 

Where: R =  Retardation Coefficient 
 𝑝 =  media bulk density (kilograms per liter [kg/L]) 

 Kd =  Soil-Water partitioning coefficient (liters per kilogram [L/kg]) 
 𝑛𝑒 = effective porosity (unitless) 

 

The results of the evaluation are summarized in the following table.   

Constituent of 

Concern 

Kd (L/kg) with 

Data Source 

Bulk Density 

(kg/L) 

Effective 

Porosity 

(unitless) 

Retardation 

Coefficient 

(unitless) 

Fraction of 

Groundwater 

Velocity 

Arsenic 

(oxyanion) 
46.77 (1) 2.6 0.2 609.1 <1% 

Note:  Soil-water partitioning coefficients (Kd) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100 

millivolts 

Data Sources: 

1. Buchter, B., B. Davidoff, M.C. Amacher, C. Hinz, I.K. Iskandar, and H.M. Selim.  1989.  Correlation of Freundlich Kd and ne Retention 

Parameters with Soils and Elements.  Soil Science.  Vol. 148, No. 5.  November. 
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As presented, arsenic is expected to migrate as an oxyanion at a rate of less than 1% of the groundwater flow 

velocity.  These results indicate that natural sorption processes are expected to significantly retard the arsenic 

migration rate relative to the advective groundwater flow rate. 

4.1.3 Extent of Arsenic 

A summary of the recent historical detections of arsenic in groundwater samples from the vicinity of the East Pond 

is presented in Table 9.  Arsenic was detected at concentrations in exceedance of the federal CCR Rule GWPS 

and Virginia SWP GPS of 10.0 µg/L for groundwater in samples collected from compliance well MW-20S in 

February 2021, consistent with recent historical results.  This well is located along the downgradient berm of the 

East Pond.  An evaluation of regional soil data, described above, suggests that the arsenic detected in groundwater 

in the vicinity of the East Pond could be attributed to a natural geological source and recent changes in groundwater 

geochemistry due to the extensive earth-disturbing activities associated with removal of CCR materials from the 

East Pond.  The arsenic detected in groundwater could also be associated with residual dissolved phase aquifer 

pore water impacts from the East Pond ash storage activities that are being flushed out of the aquifer system due 

to the refilling of the East Pond and the associated aquifer recharge that is expected in this area. 

As presented in Figure 7, the inferred horizontal extent of arsenic (delineated to the federal CCR GWPS and SWP 

GPS) was interpolated based on data from East Pond compliance and observation wells, recent North Pond 

monitoring well results immediately upgradient of the East Pond (Table 11, following), and surface water monitoring 

results.  As previously described, arsenic was not detected in surface water downgradient of the East Pond, where 

groundwater flowing southwest across the Station is expected to exchange with surface water consistent with the 

upward vertical gradient calculated at MW-20S/MW-20D.  However, as illustrated in Figure 6, arsenic was detected 

at concentrations along the downgradient property line which suggest that exceedances of the federal CCR GWPS 

and the SWP GPS in groundwater likely extend offsite onto the adjacent railroad property to the south.  As discussed 

in the following section, this potential offsite migration is unlikely to pose an unacceptable risk to potential receptors, 

as the exposure pathway is incomplete. 

Table 11: North Pond Arsenic Reference Data – February - April 2021 

Monitoring Well MW-24 MW-25S MW-25D MW-33 MW-34 MW-35 

Arsenic Concentration 
(µg/L) 

< 4.7 < 4.7 < 4.7* < 4.7 9.4 J < 4.7 

Notes:  µg/L = microgram per liter         
J = estimated concentration 
* = Verification sample collected April 16, 2021 

 
Hydrogeologic cross-sections A-A’ and B-B’, showing subsurface hydrogeologic conditions approximately parallel 

to groundwater flow direction (southwest) in the vicinity of the East Pond, along with arsenic monitoring data, are 

presented in Figure 13.  Additionally, cross section C-C’ in Figure 13 shows hydrogeologic conditions approximately 
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perpendicular to groundwater flow along the East Pond berm.  The inferred vertical extent of arsenic in the vicinity 

of the East Pond is delineated by MW-20D, and the absence of arsenic in downgradient surface water monitoring 

results downgradient of impacted wells.  

Based on interpolated contouring developed from surface water and groundwater data, vertical gradients, and the 

low (<1% of groundwater flow velocity) estimated arsenic migration rate in groundwater, the arsenic concentrations 

exceeding the federal CCR GWPS and SWP GPS in groundwater are believed to be localized to the immediate 

vicinity of the East Pond berm and are unlikely to extend significantly beyond the boundary of the former ash pond.  

This interpretation is consistent with the Site Conceptual Model which indicates that the James River is a receiving 

stream system such that the vertical flow of groundwater within the aquifer beneath the river is upward, thus limiting 

the potential for additional lateral (trans river) migration or vertical (downward) migration of the arsenic ion. 

Additionally, arsenic concentrations at impacted well in the East Pond, MW-20S, have generally been observed to 

increase since maximum concentrations were reported during 2020 monitoring events.  Timeseries of arsenic data 

at East Pond area wells are depicted in Chart 7 following.  The observed trends likely reflect the variable 

geochemical conditions in the aquifer resulting from a combination of Station actions, including the removal of the 

CCR Materials from the East Pond, the conversion of the former East Pond to a stormwater management system, 

and on-going remedial actions associated with the North Pond, including installation of a rain cover and active CCR 

material dewatering.  These variable conditions likely resulted in the dissolution of iron oxyhydroxide minerals and 

the release of the arsenic oxyanion to the groundwater.  Based on the recent conversion of the East Pond to a 

stormwater management basin, it is expected that geochemical conditions favorable for formation of iron 

oxyhydroxide minerals will re-establish resulting in the removal of dissolved arsenic ions from the groundwater via 

mineral sorption processes.  The 2020 analytical data for MW-20S suggest that this transition in aquifer 

differentiation may have begun. 
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Chart 7: Arsenic Concentration Timeseries at East Pond Downgradient Monitoring Wells 

 

4.2 Boron 

4.2.1 Nature of Boron 

Boron is included as an Appendix III constituent in 40 CFR Part 257 because historically it has been detected at 

CCR disposal sites and has been identified as an inorganic parameter known to be a leading indicator of releases 

of contaminants associated with CCR (USEPA, 2015).  Boron is a naturally occurring, non-metallic element found 

in rocks, soil, and water.  Boron has an oxidation state of +3 and does not exist as a pure element in nature.  Rather, 

it is combined with oxygen as borate minerals and various boron compounds such as boric acid, borax, and boron 

oxide.  Under ambient conditions the boron compounds are found in crystalline form or as granules or amorphous 

powders.  Borate minerals and other boron compounds are ubiquitous, and are found in high concentrations in 

marine deposits, sedimentary rocks, coal, shale, geothermal fluids, and naturally boron-rich mineral deposits and 

the soils derived from those mineral deposits (USEPA, 2008).  Boron is widely distributed in nature at concentrations 

approaching 30 parts per million (ppm) in some geologic formations (Moore et al., 1997).  Boron concentrations in 

rocks range from 5 ppm in basalts to 100 ppm in shales, and the average concentration in the earth’s crust is 

10 ppm (Woods, 1994).  Boron concentrations in freshwater normally range from <10 to 1,500 µg/L (Woods, 1994).   
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Boron may be released into the environment as a result of natural weathering of geologic formations, burning of 

coal in power plants, and by activities associated with chemical plants and manufacturing facilities.  Fertilizers, 

herbicides, and industrial wastes are also among the sources of 

boron soil contamination (USEPA, 2008).  Contamination of water 

can come directly from industrial wastewater and municipal sewage, 

as well as indirectly from air deposition and soil runoff (USEPA, 

2008).  Borates in detergents, soaps, and personal care products 

can also contribute to the presence of boron in the environment.  

Elemental boron is insoluble in water and boric acid and borax are 

only slightly soluble in water.  Boron can be present in drinking water 

from both naturally occurring and man-made sources. 

Boron speciation is controlled by acidity, with the noncharged 

species, boric acid, predominant at lower pH relative to the charged 

borate ion (Harkness, 2016).  The borate ion is more likely to 

coprecipitate into secondary phases, and therefore, dissolved boron 

concentrations are lower at high pH (Harkness, 2016).  As illustrated 

in the inset Eh-pH diagram (Brookins, 1988) under natural 

groundwater and surface water conditions (pH of 4 to 9 Standard 

Units and Eh of -0.1 to 0.4 volts) found in central Virginia, boron is 

found almost exclusively as boric acid in the natural environment. 

A historical background study of naturally occurring boron in Virginia 

soils found concentrations in the Piedmont physiographic region 

ranging from below detection (i.e., less than 20 milligrams per kilogram [mg/kg]) up to 30 mg/kg (Shacklette et 

al., 1984).  Additionally, a limited set of site-specific soil samples collected in the vicinity of the North Pond (i.e., 

immediately upgradient of the East Pond) in 2018 (Golder, 2019), and found boron was detected in two of twelve 

soil samples, at concentrations ranging from 3.2 to 5.7 mg/kg.  Using standard soil-water partitioning calculations 

and concentrations of boron detected in site specific samples, expected groundwater concentrations of boron were 

estimated using the following relationship between soil and water concentrations: 

𝐾ௗሺ𝐿 𝑘𝑔⁄ ሻ ൌ
ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑜𝑖𝑙 ሺ𝑚𝑔 𝑘𝑔⁄ ሻሿ

ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 ሺ𝑚𝑔 𝐿⁄ ሻሿ൘  

Where Kd is the soil-water partitioning coefficient for boron (0.19 L/kg; Whelan et al., 1996).  Using the site-specific 

soil concentrations reported above (i.e., 3.2 to 5.2 mg/kg), the predicted concentrations of boron in groundwater 

range from approximately 17,000 µg/L to 27,000 µg/L.  These results suggest that even a relatively low 

concentration of boron in native soil at the East Pond could produce the groundwater concentrations observed in 

East Pond monitoring wells.  However, boron is either not detected or detected at estimated concentrations in 

upgradient wells MW-11, MW-29S, and MW-29D (as summarized in Table 9).  Furthermore, concentrations of boron 
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observed at MW-20S and MW-20D are elevated compared to other East Pond wells and are generally similar in 

magnitude to boron concentrations reported for pumping wells (SDW-4, SDW-7, and SDW-10) installed within CCR 

material at the North Pond (Golder, 2019).  Boron concentrations at these North Pond pumping wells ranged from 

1,520 µg/L to 2,380 µg/L in January 2019, compared to March 2020 concentrations of boron at MW-20S 

(2,400 µg/L) and MW-20D (2,100 µg/L).  Although source area samples from the East Pond could not be collected 

(because the CCR materials were excavated prior to the NES), comparison to North Pond source area pumping 

wells suggests that groundwater at MW-20S and MW-20D is impacted by boron that has been leached from CCR 

materials. 

4.2.2 Estimated Boron Migration Rate 

To assist with understanding the fate and transport characteristics of the constituents of concern, Golder evaluated 

the expected groundwater retardation coefficients for the constituents of concern in the alluvial and saprolitic aquifer 

matrix materials using publicly available data and the following formula. 

𝑅 ൌ 1 ൅
𝑝𝐾𝑑
𝑛𝑒

ൌ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟ሻ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡ሻ

 

Where: R =  Retardation Coefficient 
 𝑝 =  media bulk density (kilograms per liter [kg/L]) 

 Kd =  Soil-Water partitioning coefficient (liters per kilogram [L/kg]) 
 𝑛𝑒 = effective porosity (unitless) 

 

The results of the evaluation are summarized in the following table.   

Constituent of 

Concern 

Kd (L/kg) with 

Data Source 

Bulk Density 

(kg/L) 

Effective 

Porosity 

(unitless) 

Retardation 

Coefficient 

(unitless) 

Fraction of 

Groundwater 

Velocity 

Boron (oxyanion) 0.19 (1) 2.6 0.2 3.5 28.8% 

Note: Soil-water partitioning coefficients (Kd) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100 

millivolts.  

Data Sources: 

1. Whelan, G., J.P. McDonald, and C. Sato.  1996.  Multimedia Environmental Pollutant Assessment System (MEPAS):  
Groundwater Pathway Formulations.  United States Department of Energy, Contract No. DE-AC06-76RLO 1830.  Pacific 
Northwest National Laboratory, Operated by Battelle for the United States Department of Energy.  June. 

As presented, boron is expected to migrate as an oxyanion in groundwater at approximately 29% of the groundwater 

flow velocity.  These results indicate that natural sorption processes are expected to significantly retard the 

constituent of concern migration rates relative to the advective groundwater flow rate. 
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4.2.3 Extent of Boron 

A summary of the recent historical detections of boron in groundwater samples from the vicinity of the East Pond is 

presented in Table 9.  Boron was detected at concentrations in exceedance of the Virginia SWP GPS (250 µg/L) 

for groundwater in samples collected from compliance wells MW-19, MW-20S, MW-20D, MW-21, and MW-22 in 

March 2020, and in observation wells MW-VPDES and MW-22D and closure demonstration well MW-40 in 

May 2020, consistent with assessment monitoring results from 2019.  These wells generally span the length of the 

downgradient berm of the East Pond, from northwest to southeast, with MW-40 having been installed through the 

berm dividing the east and west sections of the pond.  As noted previously, the most elevated groundwater results 

for boron are observed at MW-20S and MW-20D, with concentrations decreasing to the northwest and southeast.  

As presented in Figure 8, the inferred horizontal extent of boron (delineated to the Virginia SWP GPS) was 

interpolated based on data from East Pond compliance and observation wells, recent North Pond monitoring well 

results immediately upgradient of the East Pond (Table 12, following), and surface water monitoring results.  As 

previously described, boron was not detected in surface water downgradient of the East Pond, where groundwater 

flowing southwest across the Station is expected to migrate consistent with the upward vertical gradient calculated 

at MW-20S/MW-20D.  However, as illustrated in Figure 8, boron was detected at concentrations along the 

downgradient property line which suggest that exceedances of the Virginia SWP GPS in groundwater likely extend 

offsite onto the adjacent railroad property to the south.  As discussed in the following section, this potential offsite 

migration is unlikely to pose an unacceptable risk to potential receptors, as the exposure pathway is incomplete. 

Table 12: North Pond Boron Reference Data – March 2020 

Monitoring Well MW-24 MW-25S MW-25D MW-33 MW-34 MW-35 

Boron Concentration 
(µg/L) 

200 27.0 J 35.0 J 230 1,200 430 

Note:  J = estimated concentration 

As shown in Table 12 and Figure 8, two North Pond wells immediately upgradient of the East Pond also have 

Virginia SWP GPS exceedances of boron.  These results, along with the historical North Pond source area boron 

results and the geochemical signature evaluation described in Section 3.4, suggest a likely source water impact at 

MW-20S and MW-20D related to North Pond CCR materials and/or previously stored CCR materials in the East 

Pond.  Although the boron concentration at MW-40, which is located between the MW-20S/MW-20D couplet and 

MW-34, is relatively low compared to these wells, MW-40 is a shallow well located within the East Pond and 

groundwater quality at this location may be influenced by the unimpacted stormwater that is now accumulating in 

the former East Pond. The locally elevated results at MW-20S and MW-20D compared to other downgradient East 

Pond wells may indicate that, consistent with the linear feature analysis presented in Section 3.1, northeast-

southwest trending fractures intersected by these wells are providing a preferential pathway for groundwater flow 

from the North Pond area.  
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Figure 14 presents cross-sections A-A’ and B-B’, showing subsurface hydrogeologic conditions approximately 

parallel to groundwater flow direction (southwest) in the vicinity of the East Pond Wells.  Additionally, cross-section 

C-C’ shows hydrogeologic conditions approximately perpendicular to groundwater flow along the East Pond berm.  

The inferred vertical extent of boron (delineated to the Virginia SWP GPS) was interpolated with data from East 

Pond compliance wells and observation wells, surface water monitoring results, and vertical gradient estimates, 

which suggest an upward flow component in the vicinity of MW-20S/MW-20D.  This interpretation is consistent with 

the Site Conceptual Model which indicates that the James River is a receiving stream system such that the vertical 

flow of groundwater within the aquifer beneath the river is upward, thus limiting the potential for additional lateral 

(trans river) migration or vertical (downward) migration of the boron oxyanion. 

Based on interpolated and extrapolated contouring developed from surface water and groundwater data, vertical 

gradients, and the estimated migration rate of boron in groundwater, the inferred extent of the boron concentrations 

exceeding the Virginia SWP GPS in groundwater was delineated horizontally and vertically.  Boron impacts are 

believed to be localized to the immediate vicinity of the East Pond, centered on MW-20S/MW-20D as shown on 

Figures 8 and 14.  Boron impacts associated with the immediately upgradient North Pond may be contributing 

concentrations of boron detected at East Pond wells, particularly MW-20S and MW-20D.   

Of interest, boron concentrations at impacted wells downgradient from the East Pond have generally been observed 

to decrease since maximum concentrations were reported during 2018 monitoring events, as summarized in 

Table 9 and depicted in Chart 8 (following).  These observations are consistent with the removal of source material 

from the East Pond, which was completed in early 2019. 
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Chart 8: Boron Concentration Timeseries at East Pond Downgradient Monitoring Wells 

 

 

4.3 Cobalt 
4.3.1 Nature of Cobalt 
Cobalt is a naturally occurring metal found in soil and rock and is commonly associated with minerals and ores that 

contain copper and nickel.  In addition to industrial uses, the ATSDR notes in the public health statement for cobalt 

that cobalt is an essential vitamin for plant and 

animal nutrient uptake.  For most humans, food 

is the largest source of cobalt intake.  Cobalt is 

a part of essential vitamin B12 (found in meat 

and dairy products) which is needed to 

maintain human health.  The average person 

consumes approximately 11 micrograms of 

cobalt a day in their diet (ATSDR, April 2004).   

The transport of metals, like cobalt, in 

groundwater is influenced by the interaction of 

several factors including complexation 

reactions in water, redox-related processes, 

pH, adsorption, and precipitation.  Mineral 

surfaces generally strongly adsorb metal ions, 
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although this adsorption is highly dependent upon the mineral assemblage of the soil and the composition of the 

groundwater.  The transport of metals in groundwater can increase when metals are complexed with binding ligands, 

either naturally present or introduced as contamination (Herbert et al., 1993). 

As illustrated in the inset Eh-pH diagram from FactSageTM for cobalt, under natural groundwater and surface water 

conditions found in Virginia (i.e., pH of 4 to 

9 Standard Units and Eh of -0.1 to 0.4 volts), 

cobalt is typically found almost exclusively in its 

divalent free ionic form in the natural environment.  

However, cobalt (and other divalent metals) is 

known to strongly absorb to iron oxyhydroxide 

minerals that are naturally present in sedimentary 

aquifers, such as the alluvium and saprolite 

aquifers observed in the vicinity of the East Pond.  

As illustrated in the inset Eh-pH diagram from 

FactSageTM for iron, groundwater in central 

Virginia typically falls near the Ferrous and Ferric 

iron transition boundary.  As such, even de 

minimis changes in groundwater quality (pH and 

Eh) associated with land-use changes or other activities can result in the dissolution (and corresponding release of 

absorbed cations) or precipitation (and corresponding absorption of divalent cations) of iron oxyhydroxide minerals.  

As described in Section 1.0, the East Pond underwent significant disturbance during removal of CCR materials 

(initiated around March 2017) and subsequent reconstruction of the pond (substantially complete in November 

2019). 

A historical background study of naturally occurring cobalt in Virginia soils found concentrations in the Piedmont 

physiographic region ranging from below detection (i.e., less than 3 mg/kg) up to 30 mg/kg (Shacklette et al., 1984).  

More recently, an average cobalt concentration in soils in Virginia of 9.9 mg/kg with a standard deviation of 11.6 

mg/kg (Smith et al., 2013) was established.  Using standard soil-water partitioning calculations and published 

concentrations of cobalt in soil for Virginia, expected groundwater concentrations of cobalt were estimated using 

the following relationship between soil and water concentrations: 

𝐾ௗሺ𝐿 𝑘𝑔⁄ ሻ ൌ
ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑜𝑖𝑙 ሺ𝑚𝑔 𝑘𝑔⁄ ሻሿ

ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 ሺ𝑚𝑔 𝐿⁄ ሻሿ൘  

Where Kd is the soil-water partitioning coefficient for cobalt (37.15 L/kg; Buchter et al., 1989).  Using the using the 

upper and lower confidence limit concentrations of the Virginia soil data presented above (i.e., 8.6 to 11.2 mg/kg), 

the predicted concentrations of cobalt in groundwater range from approximately 231 µg/L to 301 µg/L.  These results 

suggest that even a relatively low concentration of cobalt in native soil at the East Pond, given the observed 

groundwater geochemistry and recent land-disturbing activities, could produce the observed cobalt groundwater 



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No. GL2013982322 

 

 31 

 

concentrations.  Therefore, it is probable that the cobalt detected in groundwater at the East Pond is associated 

with a natural geologic source.  

4.3.2 Estimated Cobalt Migration Rate 
To assist with understanding the fate and transport characteristics of the constituents of concern, Golder evaluated 

the expected groundwater retardation coefficients for the constituents of concern in the alluvial and saprolitic aquifer 

matrix materials using publicly available data and the following formula. 

𝑅 ൌ 1 ൅
𝑝𝐾𝑑
𝑛𝑒

ൌ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟ሻ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡ሻ

 

Where: R =  Retardation Coefficient 
 𝑝 =  media bulk density (kilograms per liter [kg/L]) 

 Kd =  Soil-Water partitioning coefficient (liters per kilogram [L/kg]) 
 𝑛𝑒 = effective porosity (unitless) 

 

The results of the evaluation are summarized in the following table.   

Constituent of 

Concern 

Kd (L/kg) with 

Data Source 

Bulk Density 

(kg/L) 

Effective 

Porosity 

(unitless) 

Retardation 

Coefficient 

(unitless) 

Fraction of 

Groundwater 

Velocity 

Cobalt (divalent 

cation) 
37.15 (1) 2.6 0.2 484.0 <1% 

Note: Soil-water partitioning coefficients (Kd) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100 

millivolts.  

Data Sources: 

1. Buchter, B., B. Davidoff, M.C. Amacher, C. Hinz, I.K. Iskandar, and H.M. Selim.  1989.  Correlation of Freundlich Kd and ne 
Retention Parameters with Soils and Elements.  Soil Science.  Vol. 148, No. 5.  November. 

As presented, cobalt is expected to migrate as a divalent cation at a rate of less than 1% of the groundwater flow 

velocity.  These results indicate that natural sorption processes are expected to significantly retard the constituent 

of concern migration rates relative to the advective groundwater flow rate. 

4.3.3 Extent of Cobalt 
A summary of the recent historical detections of cobalt in groundwater samples from the vicinity of the East Pond 

is presented in Table 9.  Cobalt was detected at concentrations in exceedance of the federal CCR Rule GWPS and 

SWP GPS of 7.83 µg/L for groundwater in samples collected from compliance wells MW-20S, MW-21, and MW-22 

in March 2020, consistent with recent historical results.  These wells are located from northwest to southeast along 

the downgradient berm of the East Pond.  An evaluation of regional soil data, described above, suggests that some 

of the cobalt detected in groundwater in the vicinity of the East Pond may be attributed to a geological source, 

particularly given the recent and extensive earth-disturbing activities associated with removal of CCR materials from 

the East Pond.   
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As presented in Figure 9, the inferred horizontal extent of cobalt (delineated to the Virginia SWP GPS and CCR 

Rule GWPS) was interpolated based on data from East Pond compliance and observation wells, recent North Pond 

monitoring well results immediately upgradient of the East Pond (Table 13, following), and surface water monitoring 

results.  As previously described, cobalt was not detected in surface water downgradient of the East Pond, where 

groundwater flowing southwest across the Station is expected to exchange with surface water consistent with the 

upward vertical gradient calculated at MW-20S/MW-20D.  However, as illustrated in Figure 9, cobalt was detected 

at concentrations along the downgradient property line which suggest that exceedances of the Virginia SWP GPS 

and CCR Rule GWPS in groundwater likely extend offsite onto the adjacent railroad property to the south.  As 

discussed in the following section, this potential offsite migration is unlikely to pose an unacceptable risk to potential 

receptors, as the exposure pathway is incomplete. 

Table 13: North Pond Cobalt Reference Data – March 2020 

Monitoring Well MW-24 MW-25S MW-25D MW-33 MW-34 MW-35 

Cobalt Concentration 
(µg/L) 

12.1 (16.1) 1.3 0.82 0.13 <0.050 0.42 

Note:  Data in parentheses was collected in April 2020 as part of a verification sampling event.   

Hydrogeologic cross-sections A-A’ and B-B’, showing subsurface hydrogeologic conditions approximately parallel 

to groundwater flow direction (southwest) in the vicinity of the East Pond, along with cobalt monitoring data, are 

presented in Figure 15.  Additionally, cross section C-C’ in Figure 15 shows hydrogeologic conditions approximately 

perpendicular to groundwater flow along the East Pond berm.  The inferred vertical extent of cobalt in the vicinity of 

the East Pond is delineated by MW-20D and MW-22D, and the absence of cobalt in downgradient surface water 

monitoring results downgradient of impacted wells.  

Based on interpolated contouring developed from surface water and groundwater data, vertical gradients, and the 

low (<1% of groundwater flow velocity) estimated cobalt migration rate in groundwater, the cobalt concentrations 

exceeding the federal CCR Rule GWPS / Virginia SWP GPS in groundwater are believed to be localized to the 

immediate vicinity of the East Pond berm and are unlikely to extend significantly beyond the boundary of the former 

ash pond.  This interpretation is consistent with the Site Conceptual Model which indicates that the James River is 

a receiving stream system such that the vertical flow of groundwater within the aquifer beneath the river is upward, 

thus limiting the potential for additional lateral (trans river) migration or vertical (downward) migration of the cobalt 

ion. 

Additionally, cobalt concentrations at impacted wells in the East Pond area have generally been observed to 

decrease since maximum concentrations were reported during 2018 monitoring events, with the exception of 

MW-20S, which reported a new maximum cobalt concentration in March 2020 (13 µg/L) marginally higher than the 

previous maximum concentration reported in August 2018 (10.6 µg/L).  Timeseries of cobalt data at East Pond area 

wells with current or historical Virginia SWP GPS exceedances are depicted in Chart 8 following.  The observed 
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trends likely reflect the variable geochemical conditions in the aquifer resulting from a combination of Station actions, 

including the removal of the CCR Materials from the East Pond, the conversion of the former East Pond to a 

stormwater management system, and on-going remedial actions associated with the North Pond, including 

installation of a rain cover and active CCR material dewatering.  These variable conditions likely resulted in the 

dissolution of iron oxyhydroxide minerals and the release of the relatively immobile divalent cobalt ion to the 

groundwater.  Based on the recent conversion of the East Pond to a stormwater management basin, it is expected 

that geochemical conditions favorable for formation of iron oxyhydroxide minerals will re-establish resulting in the 

removal of dissolved cobalt ions from the groundwater via mineral sorption processes. 

Chart 9: Cobalt Concentration Timeseries at East Pond Downgradient Monitoring Wells 

 

 

4.4 Lithium 
4.4.1 Nature of Lithium 
Lithium is an alkali metal found naturally in the Earth’s crust.  Lithium in nature occurs predominantly in silicate 

minerals, and is a common accessory element in feldspar, biotite mica, amphibole, and clay minerals 

(Reeder, 2006).  The abundance of lithium in soil can vary considerably; lithium content of a soil is influenced more 

by the conditions under which the soil was formed than by the content of the original parent rock 

(Yalamanchali, 2012). Lithium is used in batteries, glass and ceramic production, in lubricants used in high-

temperature environments, and in pharmaceuticals (Yalamanchali, 2012).  
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As illustrated in the inset Eh-pH diagram from FactSageTM under natural groundwater and surface water conditions 

(pH of 4 to 9 Standard Units and Eh of -0.1 to 0.4 volts) found in central Virginia, lithium is found almost exclusively 

in its univalent free ionic form in the natural environment.  When not dissolved in the water column, it is considered 

relatively immobile because its fluoride, carbonate, and phosphate compounds (i.e., minerals) generally have low 

solubilities.  Chemical and physical weathering of these minerals from igneous rocks and from secondary clay 

minerals, especially at low pH levels (Lyons and Welch, 1997) will release the lithium ion into solution.  As a result, 

lithium is found naturally occurring in groundwater (VDH, 2011). 

Lithium is included as an Appendix IV constituent in 40 CFR Part 257 because it has historically been detected at 

CCR disposal sites at concentrations exceeding the USEPA’s RSL for soil to groundwater, and because lithium has 

the potential to be toxic if consumed with certain drug types (USEPA, 2015).   

A historical background study of naturally occurring lithium in Virginia soils found concentrations ranging from 6 to 

100 mg/kg, with concentrations in the 

Piedmont physiographic region ranging 

from 6 up to 20 mg/kg (Shacklette et 

al., 1984).  More recently (Smith et al., 

2013) a Virginia background concentration 

of 23.9 mg/kg with a standard deviation of 

18 mg/kg was established.  This is higher 

than the range of concentrations (0.99 to 5.6 

mg/kg) reported in a limited set of site-

specific soil samples collected in the vicinity 

of the North Pond (i.e., immediately 

upgradient of the East Pond) in 2018 

(Golder, 2019).  Using standard soil-water 

partitioning calculations and concentrations 

of lithium in site soil, expected groundwater 

concentrations of lithium were estimated using the following relationship between soil and water concentrations: 

𝐾ௗሺ𝐿 𝑘𝑔⁄ ሻ ൌ
ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑜𝑖𝑙 ሺ𝑚𝑔 𝑘𝑔⁄ ሻሿ

ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 ሺ𝑚𝑔 𝐿⁄ ሻሿ൘  

Where Kd is the soil-water partitioning coefficient for lithium (1.25 L/kg; Yalamanchali, 2012).  Using the site-specific 

soil data presented above (i.e., detected concentrations ranging from 0.99 to 5.6 mg/kg), the predicted 

concentrations of lithium in groundwater range from approximately 792 µg/L to 4,480 µg/L.  An average soil 

concentration of 0.41 mg/kg would provide a sufficient natural source for the observed groundwater concentrations 

at the site.  Based on these results, the lithium detected in the impacted wells may in part be associated with a 

natural geologic source.    
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4.4.2 Estimated Lithium Migration Rate 
To assist with understanding the fate and transport characteristics of the constituents of concern, Golder evaluated 

the expected groundwater retardation coefficients for the constituents of concern in the alluvial and saprolitic aquifer 

matrix materials using publicly available data and the following formula. 

𝑅 ൌ 1 ൅
𝑝𝐾𝑑
𝑛𝑒

ൌ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟ሻ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡ሻ

 

Where: R =  Retardation Coefficient 
 𝑝 =  media bulk density (kilograms per liter [kg/L]) 

 Kd =  Soil-Water partitioning coefficient (liters per kilogram [L/kg]) 
 𝑛𝑒 = effective porosity (unitless) 

 

The results of the evaluation are summarized in the following table.   

Constituent of 

Concern 

Kd (L/kg) with 

Data Source 

Bulk Density 

(kg/L) 

Effective 

Porosity 

(unitless) 

Retardation 

Coefficient 

(unitless) 

Fraction of 

Groundwater 

Velocity 

Lithium 

(univalent cation) 
1.25 (1) 2.6 0.2 17.3 5.8% 

Note: Soil-water partitioning coefficients (Kd) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100 

millivolts.  

Data Sources: 

1. Yalamanchali, R.C..  2012.  Lithium, an emerging environmental contaminant, is mobile in the soil-plant system.  Masters 
Thesis.  Lincoln University.   

As presented, lithium is expected to migrate as a univalent cation at approximately 6% of the groundwater flow 

velocity.  These results indicate that natural sorption processes are expected to significantly retard the constituent 

of concern migration rates relative to the advective groundwater flow rate. 

4.4.3 Extent of Lithium 
A summary of the recent historical detections of lithium in groundwater samples from the vicinity of the East Pond 

is presented in Table 9.  Lithium was detected at concentrations in exceedance of the federal CCR Rule GWPS 

(40 µg/L) and Virginia SWP GPS (25 µg/L) in groundwater samples collected from compliance wells MW-20S 

(330 µg/L) and MW-20D (121 µg/L) in March 2020, consistent with recent historical monitoring results.  Lithium is 

typically detected at concentrations well below the Virginia SWP GPS and federal CCR Rule GWPS at the remaining 

East Pond wells.   

As presented in Figure 10, the inferred horizontal extent of lithium (delineated to the federal CCR Rule GWPS and 

Virginia SWP GPS) was interpolated based on data from East Pond compliance and observation wells, 

downgradient surface monitoring results, and recent North Pond monitoring well results immediately upgradient of 

the East Pond (Table 14, following).  As previously described, lithium was not detected in surface water 
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downgradient of the East Pond (where groundwater is ultimately expected to discharge).  However, as illustrated in 

Figure 10, lithium was detected at concentrations along the downgradient property line which suggests that 

exceedances of the Virginia SWP GPS and federal CCR Rule GWPS in groundwater likely extend offsite onto the 

adjacent railroad property to the south.  As discussed in the following section, this potential offsite migration is 

unlikely to pose an unacceptable risk to potential receptors, as the exposure pathway is incomplete. 

Table 14: North Pond Lithium Reference Data – March 2020 

Monitoring Well MW-24 MW-25S MW-25D MW-33 MW-34 MW-35 

Lithium Concentration (µg/L) 2.1 J <0.42 3.0 5.5 7.5 22.2 

 

Hydrogeologic cross-sections A-A’ and B-B’, showing subsurface hydrogeologic conditions approximately parallel 

to groundwater flow direction (southwest) in the vicinity of the East Pond are presented in Figure 16.  Additionally, 

cross-section C-C’ in Figure 16 shows hydrogeologic conditions approximately perpendicular to groundwater flow 

along the East Pond berm.  The inferred vertical extent of lithium (delineated to the Virginia SWP GPS and federal 

CCR Rule GWPS) was interpolated with data from East Pond compliance and observation wells, surface water 

monitoring results, and vertical gradient estimates, which suggest an upward flow component in the vicinity of MW-

20S/MW-20D.   

Based on interpolated contouring developed from surface water and groundwater concentrations, vertical gradients, 

and the relatively low estimated migration rate of lithium in groundwater (5.8% of groundwater flow velocity), the 

approximate extent of the Virginia SWP GPS and federal CCR Rule GWPS exceeding lithium concentrations in 

groundwater was delineated horizontally and vertically.  Lithium impacts are believed to be localized to the 

immediate vicinity of MW-20S/MW-20D as shown on Figures 10 and 16.  This interpretation is consistent with the 

Site Conceptual Model which indicates that the James River is a receiving stream system such that the vertical flow 

of groundwater within the aquifer beneath the river is upward, thus limiting the potential for additional lateral (trans 

river) migration or vertical (downward) migration of the lithium cation.    

Additionally, lithium concentrations at these two wells have been decreasing since maximum concentrations of 

523 µg/L (MW-20S) and 243 µg/L (MW-20D) were reported in 2018 during excavation activities, as depicted in 

Chart 10 (following).  Excluding the more recent anomalous result from MW-20S, these trends likely reflect a 

combination of Station actions, including the removal of the CCR materials from the East Pond, the conversion of 

the former East Pond to a stormwater management system, and on-going remedial actions associated with the 

North Pond, including installation of a rain cover and active CCR material dewatering. 
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Chart 10: Lithium Concentration Timeseries at MW-20S and MW-20D 

 

 

4.5 Molybdenum 
4.5.1 Nature of Molybdenum 
Molybdenum is included as an Appendix IV constituent in 40 CFR Part 257 as historically it has been detected at 

CCR disposal sites and is relevant to risk assessment and damage cases (USEPA, 2015).  Molybdenum is a 

naturally occurring metal found in the Earth’s crust.  It is found in minerals, rocks and soils as well as in aqueous 

form, however it does not occur naturally as a free metal.  Estimates of crustal abundance have been put at around 

0.6 - 1.5 mg/kg (Hu, et al., 2008; Taylor, 1964).  Within Virginia the USGS reported an average molybdenum 

concentration in Virginia soils (based on 16 samples) of less than 3 mg/kg (Shacklette, 1984).  More recent studies 

(Smith et al., 2013) identified a mean concentration of 1.03 mg/kg for soils in Virginia based on analysis of 

132 samples.  Overall, this is consistent with the limited evaluation of site soils adjacent to North Pond at the Station 

(i.e., immediately upgradient of the East Pond), where concentrations of molybdenum ranged from below the MDL 

(<0.12 mg/kg) to 0.76 mg/kg (Golder, 2019).  

Molybdenum is released into soil and water as a result of industrial activity and natural environmental conditions 

due to anthropogenic and geologic sources.  Contamination of water through geologic sources includes degradation 

of organic matter and natural weathering processes.  Anthropogenic sources of molybdenum include impacts from 

metal sulfide mining, the combustion of fossil fuels, and discharges from industrial operations (Smedley, et al., 2017) 
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As illustrated in the inset Eh-pH 

diagram from FactSageTM (Bale et al., 

2016) under natural groundwater and 

surface water conditions (pH of 4 to 9 

Standard Units and Eh of -0.1 to 0.4 

volts) found in central Virginia, 

molybdenum is found almost 

exclusively as the stable molybdate 

ion in the natural environment.    

Molybdenum is a redox-sensitive 

element that forms highly insoluble 

minerals under certain reducing 

conditions.  Under most oxidizing 

conditions (typical pH greater than 6), 

the molybdate ion is expected to be 

the dominant solution species 

(Smedley, et al., 2017).  Molybdate transport in groundwater is retarded by sorption, depending on the pH, 

adsorbent contents (including clay, iron, aluminum oxides, iron sulfide, manganese oxides, and organic matter) of 

soils, and the influence of the competitive adsorption of other anions (Xu, et al., 2013).  

Using standard soil-water partitioning calculations and detected concentrations of molybdenum in site soil, expected 

groundwater concentrations of molybdenum were estimated using the following relationship between soil and water 

concentrations: 

𝐾ௗሺ𝐿 𝑘𝑔⁄ ሻ ൌ
ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑜𝑖𝑙 ሺ𝑚𝑔 𝑘𝑔⁄ ሻሿ

ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 ሺ𝑚𝑔 𝐿⁄ ሻሿ൘  

Where Kd is the soil-water partitioning coefficient for molybdenum (64.42 L/kg; Buchter, et al., 1989).  Using the 

site-specific soil data presented above (i.e., detected concentrations ranging from 0.16 J to 0.76 mg/kg), the 

predicted concentrations of molybdenum in groundwater range from approximately 2.5 µg/L to 12 µg/L.  These 

results suggest that some of the molybdenum detected in the impacted wells may in part be associated with a 

natural geologic source.  However, molybdenum has either not been detected or detected at concentrations below 

the Virginia SWP GPS and federal CCR Rule GWPS at upgradient wells (MW-11, MW-29S, and MW-29D) during 

recent monitoring events.  Furthermore, concentrations of molybdenum observed at MW-20S and MW-20D are 

significantly elevated compared to other East Pond wells and are generally similar in magnitude to molybdenum 

concentrations reported for pumping wells (SDW-4, SDW-7) installed within CCR material at the North Pond 

(Golder, 2019).   Molybdenum concentrations at these North Pond pumping wells ranged from 103 µg/L to 140 µg/L 

in January 2019, compared to current concentrations of boron at MW-20S (330 µg/L) and MW-20D (121 µg/L).  

Although source area samples from the East Pond could not be collected (because the CCR materials were 
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excavated prior to the NES), comparison to North Pond source area pumping wells suggests that groundwater at 

MW-20S and MW-20D is impacted by molybdenum that has been leached from CCR materials. 

4.5.2 Estimated Molybdenum Migration Rate 
To assist with understanding the fate and transport characteristics of the constituents of concern, Golder evaluated 

the expected groundwater retardation coefficients for the constituents of concern in the alluvial and saprolitic aquifer 

matrix materials using publicly available data and the following formula. 

𝑅 ൌ 1 ൅
𝑝𝐾𝑑
𝑛𝑒

ൌ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟ሻ
ሺ𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡ሻ

 

Where: R =  Retardation Coefficient 
 𝑝 =  media bulk density (kilograms per liter [kg/L]) 

 Kd =  Soil-Water partitioning coefficient (liters per kilogram [L/kg]) 
 𝑛𝑒 = effective porosity (unitless) 

 

The results of the evaluation are summarized in the following table.   

Constituent of 

Concern 

Kd (L/kg) with 

Data Source 

Bulk Density 

(kg/L) 

Effective 

Porosity 

(unitless) 

Retardation 

Coefficient 

(unitless) 

Fraction of 

Groundwater 

Velocity 

Molybdenum 

(oxyanion) 
64.42 (1) 2.6 0.2 838.4 <1% 

Note: Soil-water partitioning coefficients (Kd) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100 

millivolts.  

Data Sources: 

1. Buchter, B., B. Davidoff, M.C. Amacher, C. Hinz, I.K. Iskandar, and H.M. Selim.  1989.  Correlation of Freundlich Kd and ne 
Retention Parameters with Soils and Elements.  Soil Science.  Vol. 148, No. 5.  November. 

As presented, molybdenum is expected to migrate as an oxyanion at a rate of less than 1% of the groundwater flow 

velocity.  These results indicate that natural sorption processes are expected to significantly retard the constituent 

of concern migration rates relative to the advective groundwater flow rate. 

4.5.3 Extent of Molybdenum 
A summary of the recent historical detections of molybdenum in groundwater samples from the vicinity of the East 

Pond is presented in Table 9.  Molybdenum was detected at concentrations in exceedance of both the federal CCR 

Rule GWPS (100 µg/L) and Virginia SWP GPS (16.4 µg/L) for groundwater in samples collected from compliance 

wells MW-20S (137 µg/L) and MW-20D (114 µg/L) in March 2020, consistent with recent historical monitoring 

results.  Molybdenum is typically not detected or detected at concentrations well below the GPS and GWPS at the 

remaining East Pond wells.  

As presented in Figure 11, the inferred horizontal extent of molybdenum (delineated to the federal CCR Rule GWPS 

and the Virginia SWP GPS) is based on interpolation and extrapolation of data from East Pond compliance and 
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observation wells, downgradient surface water monitoring results, and recent North Pond monitoring well results 

immediately upgradient of the East Pond (Table 15, following).  As previously described, molybdenum was not 

detected in surface water downgradient of the East Pond (where groundwater is ultimately expected to discharge).  

However, as illustrated in Figure 8, molybdenum was detected at concentrations along the downgradient property 

line which suggest that exceedances of the Virginia SWP GPS in groundwater likely extend offsite onto the adjacent 

railroad property to the south.  As discussed in the following section, this potential offsite migration is unlikely to 

pose an unacceptable risk to potential receptors, as the exposure pathway is incomplete.   

Table 15: North Pond Molybdenum Reference Data – March 2020 

Monitoring Well MW-24 MW-25S MW-25D MW-33 MW-34 MW-35 

Molybdenum Concentration 
(µg/L) 

3.6 J 2.4 J 5.8 6.2 1.0 J 1.7 J 

As shown in Table 15 and Figure 11, although molybdenum Virginia SWP GPS and federal CCR Rule GWPS 

exceedances are not reported for North Pond wells immediately upgradient of the East Pond or at MW-40 located 

within the East Pond, the historical North Pond source area molybdenum results and the geochemical signature 

evaluation described in Section 3.4, suggest a likely source water impact at MW-20S and MW-20D related to North 

Pond CCR materials and/or the former East Pond CCR material that has been removed.  As previously described, 

the locally elevated results at MW-20S and MW-20D compared to other downgradient East Pond wells may indicate 

that, consistent with the linear feature analysis presented in Section 3.1, northeast-southwest trending fractures 

intersected by these wells are providing a preferential pathway for groundwater flow from the North Pond area.  

While not expected based on geochemical modeling, lateral migration of molybdenum within the aquifer matrix 

could be expected in a fractured medium if geochemical conditions conducive for dissolution of iron oxyhydroxide 

minerals are present. 

Hydrogeologic cross-sections A-A’ and B-B’, showing subsurface hydrogeologic conditions approximately parallel 

to groundwater flow direction (southwest) in the vicinity of the East Pond are presented in Figure 17.  Additionally, 

cross-section C-C’ in Figure 17 shows hydrogeologic conditions approximately perpendicular to groundwater flow 

along the East Pond berm.  The inferred vertical extent of molybdenum (delineated to the SWP GPS and federal 

CCR Rule GWPS) is based on interpolation and extrapolation of data from East Pond compliance wells and 

observation wells, surface water monitoring results, vertical gradient estimates indicating an upward flow component 

in the vicinity of MW-20S/MW-20D, and geochemical modeling results that indicate the molybdenum would be 

attenuated over a relatively short distance.   

Based on interpolated contouring developed surface water and groundwater concentrations, vertical gradients, and 

the low (<1% of groundwater flow velocity under non-turbulent flow conditions) estimated molybdenum migration 

rate in groundwater, the approximately extent of the Virginia SWP GPS and federal CCR Rule GWPS exceeding 

concentrations for molybdenum in groundwater is delineated horizontally and vertically.  Molybdenum impacts are 



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No. GL2013982322 

 

 41 

 

believed to be localized to the immediate vicinity of MW-20S/MW-20D as shown on Figures 11 and 17.  This 

interpretation is consistent with the Site Conceptual Model which indicates that the James River is a receiving 

stream system such that the vertical flow of groundwater within the aquifer beneath the river is upward, thus limiting 

the potential for additional lateral (trans river) migration or vertical (downward) migration of the molybdenum cation.  

While some of the molybdenum detected in groundwater at MW-20S and MW-20D may be related to a natural 

source, geochemical considerations indicate that there may be an additional source associated with the CCR 

material that was formerly in the East Pond or the CCR material that is currently in the North Pond.   

Overall, molybdenum concentrations at MW-20S have been declining since a maximum concentration of 238 µg/L 

was reported in March 2018.  Similarly, concentrations of molybdenum at MW-20D appear to have plateaued in 

2019 and have begun to decrease in 2020.  Chart 11 (following) depicts concentrations of molybdenum at MW-20S 

and MW-20D since sampling for CCR Appendix IV constituents was initiated in 2017.  These trends likely reflect a 

combination of Station actions, including the removal of the CCR Materials from the East Pond, the conversion of 

the former East Pond to a stormwater management system, and on-going remedial actions associated with the 

North Pond, including installation of a rain cover and active CCR material dewatering. 

Chart 11: Molybdenum Concentration Timeseries at MW-20S and MW-20D 
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4.6 Nickel 

4.6.1 Nature of Nickel 

Nickel is included in the Station’s SWP as a required sampling constituent pursuant to X.I.F.2.  Nickel is a trace 

element found at minor concentrations in coal ash (USGS, 2015).  Nickel is a relatively minor constituent of the 

earth’s crust, ranking 24th in terms of abundance (USEPA, 2007).  Nickel is a naturally occurring, metallic element 

found in soils, rocks, and as nickel ore.  Nickel is heterogeneously distributed among crustal rocks ranging from 

0.0001% in sandstone and granite to 4% in ore deposits (Duke, 1980).  In soils, nickel ranges from 5 – 500 mg kg-1, 

with serpentine clay-rich soils having the greatest abundance of geogenic nickel (Lindsay, 1979; Chaney et al., 

1995).  

Nickel is released into the soil and water as a result of industrial activity and natural environmental conditions due 

to anthropogenic and geogenic sources.  Contamination of water through geogenic sources includes natural 

weathering processes, soil runoff, and precipitation.  Anthropogenic sources of nickel include the burning of coal 

and other fossil fuels and discharges from 

industries such as electroplating and smelting 

(USEPA, 1986).   

Nickel is one of the most mobile of the heavy 

metals in the aquatic environment.  The mobility 

of nickel in groundwater is controlled by 

partitioning reactions to aquifer sediments.  

Possible reactions include direct adsorption to 

clay minerals, adsorption or coprecipitation with 

metal oxides, complexation with natural organic 

particles, ion exchange with charged surfaces, 

and direct precipitation as a hydroxide, 

carbonate or sulfide (Snodgrass, 1980).  As 

illustrated in the inset Eh-pH diagram for nickel 

(Bale et al., 2016) under natural groundwater and surface water conditions (pH of 4 to 9 Standard Units and Eh of 

-0.1 to 0.4 volts) found in central Virginia, nickel is found almost exclusively as a cationic species (Ni2+) in the 

natural environment.  

Nickel may be immobilized within groundwater through the formation of pure nickel precipitates such as hydroxides, 

silicates, or sulfides or through coprecipitation with other soil forming minerals such as silicates, iron oxides/sulfides, 

or carbonates (USEPA, 2007).  Nickel has been shown to adsorb onto many solid components encountered in 
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aquifer sediments, including 

iron/manganese oxides (Dähn et al., 

2003).  As illustrated in the inset Eh-pH 

diagram for iron (Bale et al., 2016) under 

natural groundwater and surface water 

conditions (pH of 4 to 9 Standard Units 

and Eh of -0.1 to 0.4 volts) found in 

central Virginia, iron is found primarily as 

an iron oxide (Fe2O2) in the natural 

environment.  Sorption to iron oxides and 

clay minerals has shown to be of 

importance in controlling nickel mobility 

in subsurface systems (USEPA, 2007). 

A historical background study of naturally 

occurring nickel in Virginia soils found 

concentrations in the Piedmont physiographic region ranging from below detection (i.e., less than 5 mg/kg) up to 

70 mg/kg (Shacklette et al., 1984).  More recently, an average nickel concentration in soils in Virginia of 16.8 mg/kg 

with a standard deviation of 17.7 mg/kg (Smith et al., 2013) was established based on 132 samples.  Using standard 

soil-water partitioning calculations and published concentrations of nickel in soil for Virginia, expected groundwater 

concentrations of nickel were estimated using the following relationship between soil and water concentrations: 

𝐾ௗሺ𝐿 𝑘𝑔⁄ ሻ ൌ
ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑜𝑖𝑙 ሺ𝑚𝑔 𝑘𝑔⁄ ሻሿ

ሾ𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 ሺ𝑚𝑔 𝐿⁄ ሻሿ൘  

Where Kd is the soil-water partitioning coefficient for nickel (36.31 L/kg; Buchter et al., 1989).  Using the using the 

upper and lower confidence limit concentrations of the Virginia soil data presented above (i.e., 14.8 to 18.8 mg/kg), 

the predicted concentrations of nickel in groundwater range from approximately 408.3 µg/L to 517.1 µg/L.  These 

results suggest that even a relatively low concentration of nickel in native soil at the East Pond, given the observed 

groundwater geochemistry and recent land-disturbing activities, could produce the observed nickel groundwater 

concentrations.  Therefore, it is probable that the nickel detected in groundwater at the East Pond is associated with 

a natural geologic source. 

4.6.2 Estimated Nickel Migration Rate 

To assist with understanding the fate and transport characteristics of the constituents of concern, Golder evaluated 

the expected groundwater retardation coefficients for nickel in the alluvial and saprolitic aquifer matrix materials 

using publicly available data and the following formula. 
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concentrations along the downgradient property line which suggest that exceedances of the SWP GPS in 

groundwater likely extend offsite onto the adjacent railroad property to the south.  As discussed in the following 

section, this potential offsite migration is unlikely to pose an unacceptable risk to potential receptors, as the exposure 

pathway is incomplete. 

Table 16: North Pond Nickel Reference Data – February 2022 

Monitoring Well MW-24 MW-25S MW-25D MW-33 MW-34 MW-35 

Nickel Concentration 
(µg/L) 

< 3.5 < 3.5 < 3.5 < 3.5 < 3.5 < 3.5 

Notes:  µg/L = microgram per liter         
 
Hydrogeologic cross-sections A-A’, showing subsurface hydrogeologic conditions approximately parallel to 

groundwater flow direction (southwest) in the vicinity of the East Pond, along with nickel monitoring data, are 

presented in Figure 18.  Additionally, cross section B-B’ in Figure 18 shows hydrogeologic conditions approximately 

perpendicular to groundwater flow along the East Pond berm.  The inferred vertical extent of nickel in the vicinity of 

the East Pond is delineated the absence of nickel in downgradient surface water monitoring results downgradient 

of impacted wells.  

Based on interpolated contouring developed from surface water and groundwater data, vertical gradients, and the 

low (<1% of groundwater flow velocity) estimated nickel migration rate in groundwater, the nickel concentrations 

exceeding the SWP GPS in groundwater are believed to be localized to the immediate vicinity of the East Pond 

berm and are unlikely to extend significantly beyond the boundary of the former ash pond.   

Additionally, nickel concentrations at impacted well in the East Pond, MW-22, have historically been observed to 

be at concentrations below the current SWP GPS of 5 ug/L.  Timeseries of nickel data at East Pond area wells with 

current and historical SWP exceedances are depicted in Chart 12 (following).  Note that the SWP GPS was recently 

reduced from 7.9 ug/L to 5.0 ug/L (the current QL).  The observed trends likely reflect the variable geochemical 

conditions in the aquifer resulting from a combination of Station actions, including the removal of the CCR materials 

from the East Pond, the conversion of the former East Pond to a stormwater management system, and on-going 

remedial actions associated with the North Pond, including installation of a rain cover and active CCR material 

dewatering.  These variable conditions likely resulted in the dissolution of iron oxyhydroxide minerals and the 

release of the relatively immobile divalent nickel ion to the groundwater.  Based on the recent conversion of the 

East Pond to a stormwater management basin, it is expected that geochemical conditions favorable for formation 

of iron oxyhydroxide minerals will re-establish resulting in the removal of dissolved nickel ions from the groundwater 

via mineral sorption processes.   
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Chart 12: Nickel Concentration Timeseries at East Pond Downgradient Monitoring Wells 
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5.0 RISK ASSESSMENT 

The following sections discuss the Risk Assessment prepared in support of the ACM conducted for the East Pond 

at the Station in Bremo Bluff, Virginia. 

5.1 Purpose 

This risk assessment provides an evaluation of potential risk associated with the Station’s East Pond.  The objective 

of the risk assessment is to provide an estimate of the magnitude of risk reduction that will be achieved by 

implementing the selected corrective measure.  To meet this objective, a baseline quantitative risk assessment for 

existing on-site potential human exposure to the COCs was completed based on the three (3) components of risk 

using Virginia Unified Risk Assessment Model (VURAM) equivalent to a Tier III Risk Assessment under the DEQ 

Voluntary Remediation Program (VRP).  The reduction in risk achieved by the remedy was then evaluated by 

assuming an end point concentration equal to the GWPS/GPS.  The difference in risk between the two (2) scenarios 

defines the approximate magnitude in the risk reduction. 

5.2 Scope 

The risk assessment is specific to the East Pond and has been prepared for selected potential exposure pathways 

and receptors using the data developed under the groundwater compliance monitoring program(s) and the 

assessment activities conducted during the preparation of the ACM.  The risk assessment addresses human health 

risks.  For risk to exist, three (3) components are required: the COC, a receptor, and an exposure pathway for the 

receptor.  If one (1) or more of these listed components of risk are absent, risk does not exist.  These risk 

components, as they related to the East Pond are discussed in the following sections. 

5.2.1 Constituents of Concern 

The COCs for the East Pond are constituents from which non-carcinogenic or carcinogenic risk may develop for a 

receptor following exposure.  For this evaluation, the COC is the constituent that has exceeded a GPS.  As 

presented herein, the COCs for the East Pond are arsenic, boron, cobalt, lithium, molybdenum, and nickel.  The 

tables below present a summary of COC concentrations in groundwater (Table 17) and surface water (Table 18). 
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Table 17: Summary of COC Concentrations in Groundwater 

Constituent in 
Groundwater 

GPS/GWPS 
Concentration (µg/L) 

Assessment Monitoring 
Well and Date 

Concentration (µg/L) 

Arsenic 10 

MW-20S (Feb 2021) 13.4 

MW-20S Dup (Feb 2021) 7.3 

MW-20S Avg (Feb 2021) 10.35 

Boron 250 

MW-19 (March 2020) 710 

MW-20S (March 2020) 2,400 

MW-20D (March 2020) 2,100 

MW-21 (March 2020) 360 

MW-22 (March 2020) 360 

MW-VPDES (May 2020) 620 

MW-22D (May 2020) 290 

MW-40 (May 2020) 480 

Cobalt 7.83 

MW-20S (March 2020) 13.0 

MW-21 (March 2020) 18.3 

MW-22 (March 2020) 27.2 

Lithium 25/40 
MW-20S (March 2020) 330 

MW-20D (March 2020) 121 

Molybdenum 16.4/100 
MW-20S (March 2020) 137 

MW-20D (March 2020) 114 

Nickel 5 (QL) MW-22 (Feb 2022) 7.9 

Note: µg/L = Microgram per liter 
 QL = Quantitation Limit 
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Table 18: Summary of COC Concentrations in Surface Water 

Constituent in Surface 
Water 

GPS Concentration 
(µg/L) 

Surface Water 
Monitoring Point and 

Date 
Concentration (µg/L) 

Arsenic 10 (GWPS/GPS) 

BR-05 (2/26/2021) < 0.21 

BR-06 (2/26/2021) < 0.21 

BR-07 (2/26/2021) < 0.21 

BR-08 (2/26/2021) < 0.21 

Boron 250 (GPS) 

BR-05 (3/13/2020) < 63 

BR-06 (3/13/2020) < 63 

BR-07 (3/13/2020) < 63 

BR-08 (3/13/2020) < 63 

Cobalt 7.83 (GWPS/GPS) 

BR-05 (3/13/2020) < 0.2 

BR-06 (3/13/2020) < 0.2 

BR-07 (3/13/2020) < 0.2 

BR-08 (3/13/2020) < 0.2 

Lithium 40/25 (GWPS/GPS) 

BR-05 (3/13/2020) < 7.3 

BR-06 (3/13/2020) < 7.3 

BR-07 (3/13/2020) < 7.3 

BR-08 (3/13/2020) < 7.3 

Molybdenum 100/16.4 (GWPS/GPS) 

BR-05 (3/13/2020) < 0.50 

BR-06 (3/13/2020) < 0.39 

BR-07 (3/13/2020) 0.39 

BR-08 (3/13/2020) 0.39 

Nickel 3.5 (GPS) 

BR-05 (2/15/2022) 0.62 J 

BR-06 (2/15/2022) < 0.42 

BR-07 (2/15/2022) < 0.42 
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Constituent in Surface 
Water 

GPS Concentration 
(µg/L) 

Surface Water 
Monitoring Point and 

Date 
Concentration (µg/L) 

Nickel 3.5 (GPS) BR-08 (2/15/2022) < 0.42 

Notes:  µg/L = Microgram per liter  
< = Not detected above the method detection limit presented 

 

5.2.2 Receptors 

Receptors are usually biological and for this evaluation are limited to human receptors.  Potential receptors at this 

Station for the East Pond include: 

 Residential (Adult and Child) 

 Commercial/Industrial (Adult) 

 Site Construction Worker (Adult) 

 Recreation (Adult and Child) 

 Trespasser (Adult and Child) 

5.2.3 Pathways 

Pathways are routes by which exposure occurs (e.g., ingestion or dermal exposure to an impacted medium, such 

as soil or groundwater).  Potential pathways include: 

 Soil 

 Groundwater 

 Air (occupied zone) 

 Surface water 

 Sediment 

 Food 

 

 

5.3 Risk Evaluation 

Based on the results of the NES investigation, the horizontal and vertical extent of the COCs associated with the 

East Pond is localized around the east berm of the pond, specifically monitoring wells MW-19, MW-20S, MW-20D, 

MW-21, and MW-22 with detected concentrations along the downgradient property line.  Access to the Station and 

downgradient (railroad) property is restricted to the public and groundwater at the Station is not used as a potable 

water source.  In addition, surface water samples collected from along the north shore of the James River (located 

200 to 300 feet downgradient of East Pond downgradient wells) reported no detections above the quantitation limit 

for the COCs.  Based on this datapoint, it is believed that the exposure pathways associated with groundwater are 
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not complete at the East Pond.  Therefore, no exposure pathway for the general public (e.g., recreational or 

trespasser accessing surface water, or a residential child or adult ingesting groundwater) is identified.   

A potential exposure pathway was identified for site workers, including construction contractors.  Details for the 

potential exposure including media and potential routes of exposure are summarized in Table 19 following. 

Table 19: Identified Potential Receptor(s) and Exposure Route(s) 

General Location 
Relative to the East 

Pond 
Medium Potential Receptor Potential Route 

On-site Groundwater 
Site/Construction worker 

(Adult) 

 Dermal contact  

 Incidental ingestion 

 Inhalation of vapors in a trench 

(applicable to mercury only) 

 

For quantitative risk assessments, representative concentrations of COCs are typically either the maximum 

detected media concentration or the 95% upper confidence limit (UCL) of the mean.  For simplicity and to provide 

a conservative approach in this Report, the maximum measured concentration detected in recent compliance 

monitoring groundwater data and during the ACM field investigation activities, independent of sample location within 

the study area, was selected as the representative concentration of COC. 

5.3.1 Human Health Risk 

The evaluation of risk was conducted with the VURAM and default exposure assumptions with the actual COC 

concentrations as described herein.  The output reports for the baseline risk evaluation for potential human exposure 

are provided in Appendix E.  A summary of the results is provided in the following table: 
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Table 20: Baseline Quantitative Human Health Risk Assessment Results 

Scenario 
Cumulative Hazard 

Index (Threshold = 1.0) 
Individual Carcinogenic 

COC Risk 

Cumulative 
Carcinogenic Risk 

(Referenced Threshold 
= 1.00E-04) 

On-site construction 
worker receptor exposed 
to groundwater via dermal 

contact, incidental 
ingestion, and inhalation 

of vapors in a trench 

2.08E-02 

 2.46E-08 (Ingestion) 

 0.00E-00 (Dermal) 

 0.00E-00 (Inhalation) 

2.46E-08 

 

As presented in Table 20, the calculated cumulative hazard index for the evaluated receptors and exposure 

pathways using the actual COC concentrations does not exceed the threshold (1.0) for acceptable cumulative risk.  

While the USEPA has classified inorganic arsenic as a human carcinogen, the calculated cumulative carcinogenic 

risk using the actual arsenic concentration also does not exceed the acceptable threshold (1.00E-04) for cumulative 

carcinogenic risk. Note that the remainder of the COCs are not classified as carcinogenic.     

5.3.2 Human Health Risk Reduction Evaluation 

To evaluate the magnitude of potential risk reduction achieved by the selected corrective measure, the baseline 

assessment was re-evaluated using exposure concentrations equal to the GPS.  Specifically, the groundwater 

concentrations of the COCs were reduced from above-GPS concentrations to the GPS.  A summary of the GPS 

concentrations used in the Risk Assessment are provided in the following table. 

Table 21: Corrective-Action-Endpoint Quantitative Human Health Risk Assessment GPS Values 

Constituent 
GPS Exceedance Result 

(µg/L) 
GPS (µg/L) 

Arsenic 13.4 10 

Boron 2,400 250 

Cobalt 27.2 7.83 

Lithium 330 25 

Molybdenum 137 16.4 

Nickel 7.9 5.0 

Notes:  µg/L = Microgram per liter  
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Output reports for the corrective-action-endpoint VURAM evaluation for potential human exposure are provided in 

Appendix F.  A summary of the results is provided in the following table: 

Table 22: Corrective-Action-Endpoint Quantitative Human Health Risk Assessment Results 

Scenario 
Hazard Index 

(Threshold = 1.0) 
Individual Carcinogenic 

COC Risk 

Cumulative 
Carcinogenic Risk 

(Referenced Threshold 
= 1.0E-04) 

On-site construction 
worker receptor exposed 
to groundwater via dermal 

contact, incidental 
ingestion, and inhalation 

of vapors in a trench 

4.48E-03 

 1.83E-05 (Ingestion) 

 0.00E-00 (Dermal) 

 0.00E-00 (Inhalation) 

1.83E-05 

 

As presented in Table 22, the calculated cumulative hazard index for the evaluated receptors and exposure 

pathways using the corrective-action-endpoint COC concentrations does not exceed the threshold (1.0) for 

acceptable cumulative risk.  Additionally, While the USEPA has classified inorganic arsenic as a human carcinogen, 

the calculated cumulative carcinogenic risk using the actual arsenic concentration also does not exceed the 

acceptable threshold (1.00E-04) for cumulative carcinogenic risk. Note that the remainder of the COCs are not 

classified as carcinogenic.   

The Station is a private industrial property (as is the railroad property between the East Pond and the James River) 

with restricted access to the public, and groundwater at the Station and at the railroad property to the south is not 

used as a potable water source.  Therefore, complete exposure pathway(s) for COCs in groundwater do not exist 

at the East Pond or immediate downgradient property, indicating that no non-cancer or carcinogenic risks are 

present.  Furthermore, although the James River is nominally publicly accessible, COCs were not detected at 

quantifiable concentrations in surface water and therefore risk is not present for this medium.  Thus, it is concluded 

that unacceptable risks do not exist for the COCs in groundwater at the East Pond. 

5.4 Risk Assessment Results 

The results of the quantitative human health risk evaluation using the VURAM model for identified potential current 

receptors indicates an acceptable level of risk using a representative concentration of the COCs as measured in 

groundwater samples associated with the East Pond.  As shown in the table below, a 1.63E-02-point reduction in 

the hazard index, approximately 78%, for non-carcinogenic risk is calculated upon the future attainment of 

groundwater corrective action goals.   
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Non-Cancer Hazard 
Index –  

Actual Concentration 

Non-Cancer Hazard 
Index –  

Corrective-Action-
Endpoint 

Non-Cancer Hazard 
Index Reduction 

Non-Cancer Risk 
Magnitude Reduction  

2.08E-02 4.48E-03 1.63E-02 78.46% 

 

Similarly, a 6.30E-09-point reduction in the carcinogenic risk is calculated.  This results in a reduction in incidents 

of cancer from 1-in-40,650,000 to 1-in-54,645,000.  This reduction represents approximately a 26% reduction in the 

magnitude of risk for carcinogenic risks. 

 

Carcinogenic Hazard 
Index –  

Actual Concentration 

Carcinogenic Hazard 
Index –  

Corrective-Action-
Endpoint 

Carcinogenic Hazard 
Index Reduction 

Carcinogenic Risk 
Magnitude Reduction  

2.46E-08 1.83E-08 6.30E-09 25.61% 

 

COC concentrations in the vicinity of the East Pond exceed the SWP GPS and/or federal CCR GWPS.  However, 

as previously discussed, these exceedances were localized in the area of the east berm.  As presented in this 

Report, potential offsite migration is unlikely to pose an unacceptable risk to potential receptors, as the exposure 

pathway is incomplete.  
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6.0 ADJACENT PROPERTY OWNER NOTIFICATION 
Based on the results presented herein, Dominion Energy, consistent with the requirements in §257.95(g)(2) of the 

CCR Rule and 9VAC20-81-260.C.1.b of the VSWMR, has notified the adjacent downgradient property owner of 

potential off-site groundwater impacts that may have results from operation of the East Pond.  A copy of the 

notification is presented in Appendix G.  
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7.0 CONCLUSIONS 

The inferred vertical and horizontal extents of arsenic, boron, cobalt, lithium, molybdenum, and nickel 

concentrations in groundwater downgradient of the East Pond which exceed their respective GPS/GWPS have 

been delineated to the extent practical based on-site limitations consistent with regulatory requirements and industry 

standard practices.   

Based on the delineation results, although COC concentrations in the vicinity of the East Pond exceed the GPS, 

they are believed to be localized around the pond berm.  While some of the COCs detected in groundwater may be 

related to a natural source and geochemical variations attributed in part to the closure of the East Pond by 

excavation, historical groundwater sampling results and geochemical considerations indicate that there may be an 

additional source(s) for the COCs, potentially including residual aquifer pore water impacts from the East Pond 

operation that are migrating through the aquifer by the refilling of the East Pond with clean stormwater (and 

associated aquifer recharge).   

Surface water samples collected from along the north shore of the James River (located 200 to 300 feet 

downgradient of East Pond downgradient wells) reported no detections of the COCs above the applicable QL.  

Surface water sampling results do not indicate any impacts from the COCs. 

As presented in the risk assessment, the results of the quantitative human health risk evaluation using the VURAM 

model for identified potential current receptors indicates an acceptable level of risk using representative 

concentrations of the COCs as measured in groundwater samples associated with the East Pond.  Based on a 

survey of current receptors, which recognizes Station security and the absence of groundwater use, the current 

COC concentrations do not pose an unacceptable risk to human health based on USPEA and DEQ acceptable risk 

thresholds. 

Based on the results of this NES, and in consideration of the completion of CCR material removal from the East 

Pond as certified in October 2019, Dominion Energy has prepared an ACM Report under separate cover in which 

potential corrective actions are evaluated for the remediation of the observed impacts to groundwater as described 

herein. 

  



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.: GL2013982322 

 

  57 

 

8.0 REFERENCES 

Agency for Toxic Substances and Disease Registry (ATSDR). 2004. Toxicological Profile for Cobalt. April. 

ATSDR. 2007. Toxicological Profile for Arsenic. Public Health Service.  August. 

ATSDR.  2020.  Toxicological profile for Molybdenum. Atlanta, GA: U.S. Department of Health and Human Services, 

Public Health Service. 

Bale, C.W., Bélisle., E., Chartrand, P., Decterov, S.A., Eriksson, G., Gheribi, A.E., Hack, K., Jung, I.H., Kang, Y.B., 

Melançon, J., Pelton, A.D., Petersen, S., Robelin, C., Sangster, J., and Van Ende, M.A. FactSage 

Thermochemical Software and Databases, 2010-2016, Calphad, vol. 54, pp 35-53, 2016. 

Brookins, Douglas G., 1988. Eh-pH Diagrams for Geochemistry. Figure 19. ISBN 978-3-642-73095-5; E-Book ISBN 

978-3-642-73093-1.  

Buchter, B., B. Davidoff, M.C. Amacher, C. Hinz, I.K. Iskandar, and H.M. Selim.  1989.  Correlation of Freundlich 

Kd and ne Retention Parameters with Soils and Elements.  Soil Science.  Vol. 148, No. 5.  November. 

Chaney, R., Brown, S., Li, Y.M., Angle, J.S., Homer, F., and Green, C. Potential use of metal hyperaccumulators. 
Mining Environmental Management September: 9-11 (1995). 

Dähn, R., Scheidegger, A.M., Manceau, A., Schlegel, M.L., Baeyens, B., Bradbury, M.H., and Chateigner, D. 
Structural evidence for the sorption of Ni(II) atoms on the edges of montmorillonite clay minerals: a polarized 
X-ray absorption fine structure study. Geochimica et Cosmochimica Acta 67: 1-15 (2003). 

Department of Environmental Quality (DEQ).  2019. Solid Waste Facility Permit Number 618.  June. 

Duke, J.M. Nickel in rocks and ores. In Nickel in the Environment. J.O. Nriagu (Ed.), New York, NY, John Wiley & 
Sons, pp. 27-50 (1980). 

EA Engineering, Science, and Technology, Inc. (2020). Surface Water Monitoring Plan, Dominion Energy, Bremo 

Power Station.  August 2019 (Revised May 2020).  

EnviroScience Inc.  2020.  Surface Water Monitoring Report – 1st Quarter, 2020.  June. 

EnviroScience Inc.  2021.  Surface Water Monitoring Report – 1st Quarter, 2021.  April. 

EnviroScience Inc.  2022.  2022 1st Quarter Surface Water Monitoring Report.  May. 

Fetter, C.W.  1988.  Applied Hydrology. Merrill Publishing Company. 592 pp. 

Golder Associates Inc. (Golder). 2019. ACM Field Investigation, Bremo Power Station, North Ash Pond. May. 

Golder.  2021.  Groundwater Monitoring Plan, Bremo Power Station, Fluvanna County, Virginia.  January 4. 



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.: GL2013982322 

 

  58 

 

Harkness, Jennifer et al.  2016.  Evidence for Coal Ash Ponds Leaking in Southeastern United States. 

Environmental Science & Technology. 

Herbert. E. Allen, E. Michael Perdue, and David S. Brown, editors, 1993. Metals in Groundwater. Lewis 

Publishers, Boca Raton, Fl.  

Hu, Z., Gao, S.  2008.  Upper crustal abundances of trace elements: a revision and update. Chem. Geol. 253, 

205e221. 

Lindsay, W.L. 1979.  Chemical Equilibria in Soils. New York, John Wiley and Sons, pp. 211-220. 

Lyons, W.B. & Welch, K.A.  1997.  Lithium in waters of a polar desert. Geochimica et Cosmochimica Acta, 61 

(20), 4309-4319. 

Moore, J.A. and an Expert Scientific Committee. 1997. An Assessment of Boric Acid and Borax Using the IEHR 

Evaluative Process for Assessing Human Development and Reproductive Toxicity Agents. Reproductive 

Toxicology, Vol. 11, No. 1, pp. 123-160. 

Reeder, Shaun.  2006.  Geochemical atlas of Europe. Part 2, Interpretation of geochemical maps, additional 

tables, figures, maps, and related publications. Espoo, Finland, Geological Survey of Finland, 690pp. 

Shacklette, H.T., and J. Boerngen.  1984.  Element Concentrations in Soils and Other Surficial Materials of the 

Conterminous United States.  Geological Survey Professional Paper 1270, United States Geological 

Survey. 

Smedley P.L., and Kinniburgh, D.G. 2002.  A review of the source, behavior, and distribution of arsenic in natural 

waters.  Applied Geochemistry, Vol. 17 Issue 5, p. 517-568. 

Smedley, P. L. and Kinniburgh, D.G.  2017.  Molybdenum in natural waters: A review of occurrence, distributions, 

and controls.  Applied Geochemistry 84, 387-432.  

Smith, D.B., W.F. Cannon, L.G. Woodruff, F. Solano, J.E. Kilburn, and D.L. Fey.  2013.  Geochemical and 

mineralogical data for soils of the conterminous United States.  U.S. Geological Survey Data Series 

801.  19 pp.  http://pubs.usgs.gov/ds/801/. 

Snodgrass, W. J.  1980.  Distribution and behavior of nickel in the aquatic environment. Nickel in the Environment: 
203-274. 

Taylor, S.R.  1964.  Abundance of chemical elements in the continental crust: a new table.  Geochim. Cosmochim. 

Acta 1273e1285.  

United States Environmental Protection Agency (USEPA).  1986.  Ambient Water Quality Criteria for Nickel.  EPA 
Document Number 440/5-86-004.  September. 

USEPA.  2004.  Understanding Variation in Partition Coefficient Kd Values.  Office of Air and Radiation.  July. 



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.: GL2013982322 

 

  59 

 

USEPA.  2007.  Monitored Natural Attenuation of Inorganic Contaminants in Ground Water Volume 2 – Assessment 
for Non-Radionuclides Including Arsenic, Cadmium, Chromium, Copper, Lead, Nickel, Nitrate, Perchlorate, 
and Selenium.  U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-07/140, October. 

USEPA. 2008. Drinking Water Health Advisory for Boron. USEPA Document Number 822-R-08-013.  May.  

USEPA.  2015.  Federal Register. Volume 80.  No. 74.  Friday April 17, 2015.  Part II.  Environmental Protection 

Agency.  40 CFR Parts 257 and 261.  Hazardous and Solid Waste Management System; Disposal of Coal 

Combustion Residuals from Electric Utilities; Final Rule.  [EPA-HQ-RCRA–2009–0640; FRL–9919–44–

OSWER].  RIN–2050–AE81.  April.  

 USEPA.  2016.  Federal Register. Volume 81.  No. 151.  Friday August 5, 2016.  Part II.  Environmental Protection 

Agency.  40 CFR Parts 257 and 261.  Hazardous and Solid Waste Management System; Disposal of Coal 

Combustion Residuals from Electric Utilities; Final Rule.  [EPA-HQ-OLEM–2016–0274; FRL–9949–44–

OLEM].  August. 

USEPA.  2017.  National Functional Guidelines for Inorganic Superfund Methods Data Review.  January. 

USEPA.  2018.  Federal Register. Volume 83.  No. 146.  Monday July 30, 2018.  Part II.  Environmental Protection 

Agency.  40 CFR Parts 257 and 261.  Hazardous and Solid Waste Management System; Disposal of Coal 

Combustion Residuals from Electric Utilities; Final Rule.  [EPA-HQ-OLEM–2017–0286; FRL–9981–18–

OLEM].  RIN–2050–AG88.  July. 

USEPA.  2020.  Federal Register. Volume 85.  No. 168.  Friday, August 28, 2020.  Environmental Protection 

Agency.  40 CFR Part 257.  Hazardous and Solid Waste Management System; Disposal of Coal 

Combustion Residuals from Electric Utilities; A Holistic Approach to Closure Part A: Deadline To Initiate 

Closure.  [EPA-HQ-OLEM–2019-0172 and EPA-HQ-OLEM–2018-0524; FRL–10013–20–OLEM].  RIN–

2050–AH10.  August.   

USEPA.  2020.  Federal Register. Volume 85.  No. 219.  Thursday, November 12, 2020.  Environmental Protection 

Agency.  40 CFR Part 257.  Hazardous and Solid Waste Management System; Disposal of CCR; A Holistic 

Approach to Closure Part B: Alternate Demonstration for Unlined Surface Impoundments.  

[EPA-HQ-OLEM–2019-0173; FRL-10015-88-OLEM].  RIN–2050–AH11.  November. 

United States Geological Survey (USGS).  2015.  Trace Elements in Coal Ash.  May 

Virginia Department of Health (VDH).  2011.  Lithium, General Information. November.  

Virginia Waste Management Board (VWMB).  2019.  Virginia Solid Waste Management Regulations – 

(9VAC20-81 et seq.).  March. 



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.: GL2013982322 

 

  60 

 

Whelan, G., J.P. McDonald, and C. Sato.  1996.  Multimedia Environmental Pollutant Assessment System 

(MEPAS):  Groundwater Pathway Formulations.  United States Department of Energy, Contract No. DE-

AC06-76RLO 1830.  Pacific Northwest National Laboratory, Operated by Battelle for the United States 

Department of Energy.  June. 

Woods, William G. 1994. An Introduction to Boron: History, sources, Uses and Chemistry. Office of Environmental 

Health and Safety, University of California, Riverside, California. Environmental Health Perspective 

102(Suppl 7): 5-11 (1994).  

World Health Organization (WHO).  2018.  Arsenic Fact Sheet. World Health Organization.  February 15. Available 

at: https://www.who.int/news-room/fact-sheets/detail/arsenic 

Xu, Nan, Braida, Washington, Christodoulatos, Christos, and Chen, Jianping.  2013.  A Review of Molybdenum 

Adsorption in Soils/Bed Sediments: Speciation, Mechanism, and Model Applications.  Soil and Sediment 

Contamination 22 (8), 912-929.  

Yalamanchali, Rohith Chowdary.  2012.  Lithium, an emerging environmental contaminant is mobile in the soil-

plant system. Thesis. Lincoln University, Christchurch, NZ.  

 

 

 

 

 





Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.:GL 2013982322 

 

   

 

 

 

 
 

 

 

TABLES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





































Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.:GL 2013982322 

 

   

 

 

 

 

 

 

 

FIGURES 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 







AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
212.9

AutoCAD SHX Text
WL

AutoCAD SHX Text
234.4

AutoCAD SHX Text
232.5

AutoCAD SHX Text
WL

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
WL

AutoCAD SHX Text
230.2

AutoCAD SHX Text
WL

AutoCAD SHX Text
319.3

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area

AutoCAD SHX Text
Obscure Area



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9





AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



AutoCAD SHX Text
WL

AutoCAD SHX Text
209.9



Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.:GL 2013982322 

 

   

 

 

 
 

 

 

 

CHARTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 















Bremo Power Station – East Pond Nature and Extent Study Report 

September 1, 2020; revised October 3, 2022 Project No.:GL 2013982322 

 

   

 

 

 

 

 

APPENDIX A.1 
Laboratory Certificates of Analysis and Chain-of-Custody Forms  

First Semi-Annual Monitoring Events  
(2020) 
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APPENDIX A.2 
Laboratory Certificates of Analysis and Chain-of-Custody Forms  

First Semi-Annual Monitoring Events  
(2021) 
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APPENDIX A.3 
Laboratory Certificates of Analysis and Chain-of-Custody Forms  

First Semi-Annual Monitoring Events  
(2022) 
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

020722NMW29S  L1460019-01  Non-Potable Water 02/07/22 11:05 02/10/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1816524 1 02/14/22 10:43 02/18/22 21:54 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1817591 1 02/14/22 09:45 02/18/22 13:15 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1816524 1 02/14/22 10:43 02/18/22 21:54 JMR Mt. Juliet, TN

Collected by Collected date/time Received date/time

020722NMW29D  L1460019-02  Non-Potable Water 02/07/22 12:36 02/10/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1816524 1 02/14/22 10:43 02/18/22 21:54 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1817591 1 02/14/22 09:45 02/18/22 13:15 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1816524 1 02/14/22 10:43 02/18/22 21:54 JMR Mt. Juliet, TN

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Pace Analytical - Huntersville, NC 92586567 L1460019 02/24/22 21:42 3 of 11

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Pace Analytical - Huntersville, NC 92586567 L1460019 02/25/22 10:49 3 of 11

Page 31 of 51



CASE NARRATIVE

All sample aliquots were received at the correct temperature, in the proper containers, with the 
appropriate preservatives, and within method specified holding times, unless qualified or notated within
the report.  Where applicable, all MDL (LOD) and RDL (LOQ) values reported for environmental samples
have been corrected for the dilution factor used in the analysis.  All radiochemical sample results for 
solids are reported on a dry weight basis with the exception of tritium, carbon-14 and radon, unless wet 
weight was requested by the client.  All Method and Batch Quality Control are within established 
criteria except where addressed in this case narrative, a non-conformance form or properly qualified 
within the sample results. By my digital signature below, I affirm to the best of my knowledge, all 
problems/anomalies observed by the laboratory as having the potential to affect the quality of the data 
have been identified by the laboratory, and no information or data have been knowingly withheld that 
would affect the quality of the data.

[Preliminary Report]

Donna Eidson
Pro jec t  Manager
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SAMPLE RESULTS - 01
L 1 4 6 0 0 1 9

020722NMW29S
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 7 / 2 2  1 1 : 0 5

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.0874 U 0.151 0.240 02/18/2022 21:54 WG1816524

    (T) Barium 101 30.0-143 02/18/2022 21:54 WG1816524

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 0.0575 U 0.276 0.520 02/18/2022 13:15 WG1817591

    (T) Barium 112 62.0-143 02/18/2022 13:15 WG1817591

    (T) Yttrium 98.5 79.0-136 02/18/2022 13:15 WG1817591

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 0.145 U 0.315 0.573 02/18/2022 21:54 WG1816524
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QUALITY CONTROL SUMMARYWG1816524
R a d i o c h e m i s t r y  b y  M e t h o d  9 0 3 . 0 / 9 3 1 5 L 1 4 6 0 0 1 9 - 0 1 , 0 2

Method Blank (MB)

(MB) R3762310-1  02/18/22 18:53

 MB Result MB Qualifier MB Uncertainty MB MDA

Analyte pCi/l + / - pCi/l

Radium-226 0.0304 U 0.0596 0.121

    (T) Barium 93.8  93.8  

L1459581-01 Original Sample (OS) • Duplicate (DUP)

(OS) L1459581-01  02/18/22 19:54 • (DUP) R3762310-5  02/18/22 19:54

 Original Result Original 
Uncertainty Original MDA DUP Result DUP 

Uncertainty DUP MDA Dilution DUP RPD DUP RER DUP Qualifier DUP RPD 
Limits DUP RER Limit

Analyte pCi/l + / - pCi/l pCi/l + / - pCi/l % %

Radium-226 0.0881 0.152 0.238 0.354 0.216 0.238 1 120 1.00 20 3

    (T) Barium 103   96.4 96.4        

Laboratory Control Sample (LCS)

(LCS) R3762310-2  02/18/22 18:53

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte pCi/l pCi/l % %

Radium-226 5.01 4.05 80.9 80.0-120

    (T) Barium   96.8   

L1460012-01 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1460012-01  02/18/22 19:54 • (MS) R3762310-6  02/21/22 16:45 • (MSD) R3762310-7  02/21/22 16:45

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD MS RER RPD Limits

Analyte pCi/l pCi/l pCi/l pCi/l % % % % %

Radium-226 20.0 0.507 13.7 15.3 66.0 73.7 1 75.0-125 J6 J6 10.6 20

    (T) Barium  97.4   94.9 99.1        
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March 28, 2022

LIMS USE: FR - KELLY HICKS
LIMS OBJECT ID: 92587011

92587011
Project:
Pace Project No.:

RE:

Kelly Hicks
Dominion Energy Services, Inc.
120 Tredegar Street
Richmond, VA 23219

Bremo PS 1SA2022 (E)

Dear Kelly Hicks:

Enclosed are the analytical results for sample(s) received by the laboratory between February 09, 2022 and February 10,
2022.  The results relate only to the samples included in this report.  Results reported herein conform to the applicable
TNI/NELAC Standards and the laboratory's Quality Manual, where applicable, unless otherwise noted in the body of the
report.

Some analyses were subcontracted outside of the Pace Network. The test report from the external subcontractor is
attached to this report in its entirety.

The test results provided in this final report were generated by each of the following laboratories within the Pace Network:
• Pace Analytical Services - Asheville
• Pace Analytical Services - Eden

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Nicole D'Oleo
nicole.d'oleo@pacelabs.com

Project Manager
(704)875-9092

Enclosures

cc: Arielle Green, Golder Associates Inc.
Dawn Prell, Golder Associates, Inc.
Crystal Shadle, Golder Associates Inc.
Environmental Standards, Inc., Environmental Standards,
Inc.
Mike Williams, Golder Associates Inc

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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CERTIFICATIONS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Pace Analytical Services Asheville
2225 Riverside Drive, Asheville, NC  28804
Florida/NELAP Certification #: E87648
North Carolina Drinking Water Certification #: 37712
North Carolina Wastewater Certification #: 40

South Carolina Laboratory ID: 99030
South Carolina Certification #: 99030001
Virginia/VELAP Certification #: 460222

Pace Analytical Services Eden
205 East Meadow Road Suite A, Eden, NC 27288
North Carolina Drinking Water Certification #: 37738

North Carolina Wastewater Certification #: 633
Virginia/VELAP Certification #: 460025

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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SAMPLE SUMMARY

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Lab ID Sample ID Matrix Date Collected Date Received

92587011001 020822NMW19 Water 02/08/22 14:45 02/09/22 10:59

92587011002 020822NMW20S Water 02/08/22 14:30 02/09/22 10:59

92587011003 020822NMW20D Water 02/08/22 15:35 02/09/22 10:59

92587011004 020822NMW21 Water 02/08/22 14:00 02/09/22 10:59

92587011005 020822FDEPFieldDuplicate Water 02/08/22 14:45 02/09/22 10:59

92587011006 021022NMW22 Water 02/10/22 10:05 02/10/22 15:13

92587011007 021022NMW23 Water 02/10/22 11:40 02/10/22 15:13

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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#=SA#

SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

92587011001 020822NMW19 SM 2540C-2011 1 PASI-ELRB

EPA 350.1 Rev 2.0 1993 1 PASI-EAMI

EPA 6010D 16 PASI-ARDT

EPA 6020B 7 PASI-ACRW, JOR

EPA 7470A 1 PASI-ADBB1

EPA 9056A 4 PASI-AJCM

92587011002 020822NMW20S SM 2540C-2011 1 PASI-ELRB

EPA 350.1 Rev 2.0 1993 1 PASI-EAMI

EPA 6010D 16 PASI-ARDT

EPA 6020B 7 PASI-ACRW, JOR

EPA 7470A 1 PASI-ADBB1

EPA 9056A 4 PASI-AJCM

92587011003 020822NMW20D SM 2540C-2011 1 PASI-ELRB

EPA 350.1 Rev 2.0 1993 1 PASI-EAMI

EPA 6010D 16 PASI-ARDT

EPA 6020B 7 PASI-ACRW, JOR

EPA 7470A 1 PASI-ADBB1

EPA 9056A 4 PASI-AJCM

92587011004 020822NMW21 SM 2540C-2011 1 PASI-ELRB

EPA 350.1 Rev 2.0 1993 1 PASI-EAMI

EPA 6010D 16 PASI-ARDT

EPA 6020B 7 PASI-ACRW, JOR

EPA 7470A 1 PASI-ADBB

EPA 9056A 4 PASI-AJCM

92587011005 020822FDEPFieldDuplicate SM 2540C-2011 1 PASI-ELRB

EPA 350.1 Rev 2.0 1993 1 PASI-EAMI

EPA 6010D 16 PASI-ARDT

EPA 6020B 7 PASI-ACRW, JOR

EPA 7470A 1 PASI-ADBB

EPA 9056A 4 PASI-AJCM

92587011006 021022NMW22 SM 2540C-2011 1 PASI-ELRB

EPA 350.1 Rev 2.0 1993 1 PASI-EAMI

EPA 6010D 16 PASI-ARDT

EPA 6020B 7 PASI-AJOR

EPA 7470A 1 PASI-ADBB

EPA 9056A 4 PASI-ACDC

92587011007 021022NMW23 SM 2540C-2011 1 PASI-ELRB

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
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#=SA#

SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

EPA 350.1 Rev 2.0 1993 1 PASI-EAMI

EPA 6010D 16 PASI-ARDT

EPA 6020B 7 PASI-AJOR

EPA 7470A 1 PASI-ADBB

EPA 9056A 4 PASI-ACDC

PASI-A = Pace Analytical Services - Asheville
PASI-E = Pace Analytical Services - Eden

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100
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#=HO#

SUMMARY OF DETECTION

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

92587011001 020822NMW19
Total Dissolved Solids 276 mg/L 02/10/22 16:3025.0SM 2540C-2011
Nitrogen, Ammonia 0.20 mg/L 02/23/22 14:110.10EPA 350.1 Rev 2.0 1993
Barium 75.6 ug/L 03/10/22 23:275.0EPA 6010D
Boron 971 ug/L 03/10/22 23:2750.0EPA 6010D
Calcium 40500 ug/L 03/10/22 23:27100EPA 6010D
Molybdenum 15.6 ug/L 03/10/22 23:275.0EPA 6010D
Hardness, Total(SM 2340B) 153000 ug/L 03/10/22 23:27662EPA 6010D
Cobalt 2.9 ug/L 02/25/22 13:011.0EPA 6020B
Iron 8260 ug/L 02/25/22 15:30500EPA 6020B
Lithium 1.3J ug/L 02/25/22 15:262.5EPA 6020B
Manganese 534 ug/L 02/25/22 15:3020.0EPA 6020B
Chloride 8.4 mg/L 02/10/22 13:001.0EPA 9056A
Fluoride 0.071J mg/L 02/10/22 13:000.10EPA 9056A
Sulfate 99.0 mg/L 02/10/22 13:001.0EPA 9056A

92587011002 020822NMW20S
Total Dissolved Solids 438 mg/L 02/10/22 16:3025.0SM 2540C-2011
Nitrogen, Ammonia 0.035J mg/L 02/23/22 14:120.10EPA 350.1 Rev 2.0 1993
Arsenic 18.0 ug/L 03/10/22 23:3010.0EPA 6010D
Barium 272 ug/L 03/10/22 23:305.0EPA 6010D
Boron 2270 ug/L 03/10/22 23:3050.0EPA 6010D
Calcium 106000 ug/L 03/11/22 11:471000EPA 6010D
Molybdenum 117 ug/L 03/10/22 23:305.0EPA 6010D
Hardness, Total(SM 2340B) 371000 ug/L 03/11/22 11:476620EPA 6010D
Cobalt 15.0 ug/L 02/25/22 13:051.0EPA 6020B
Iron 1190 ug/L 02/25/22 13:0550.0EPA 6020B
Lead 0.13J ug/L 02/25/22 13:051.0EPA 6020B
Lithium 177 ug/L 02/25/22 15:462.5EPA 6020B
Manganese 579 ug/L 02/25/22 15:5020.0EPA 6020B
Chloride 7.4 mg/L 02/10/22 12:471.0EPA 9056A
Fluoride 0.12 mg/L 02/10/22 12:470.10EPA 9056A
Nitrate as N 0.37 mg/L 02/10/22 12:470.10EPA 9056A
Sulfate 62.9 mg/L 02/10/22 12:471.0EPA 9056A

92587011003 020822NMW20D
Total Dissolved Solids 406 mg/L 02/10/22 16:3025.0SM 2540C-2011
Nitrogen, Ammonia 0.15 mg/L 02/23/22 14:140.10EPA 350.1 Rev 2.0 1993
Arsenic 8.1J ug/L 03/10/22 23:3410.0EPA 6010D
Barium 91.7 ug/L 03/10/22 23:345.0EPA 6010D
Boron 1100 ug/L 03/10/22 23:3450.0EPA 6010D
Calcium 95200 ug/L 03/10/22 23:34100EPA 6010D
Molybdenum 57.9 ug/L 03/10/22 23:345.0EPA 6010D
Hardness, Total(SM 2340B) 315000 ug/L 03/10/22 23:34662EPA 6010D
Cobalt 4.3 ug/L 02/25/22 13:091.0EPA 6020B
Iron 9900 ug/L 02/25/22 15:58500EPA 6020B
Lithium 49.7 ug/L 02/25/22 15:542.5EPA 6020B
Manganese 656 ug/L 02/25/22 15:5820.0EPA 6020B
Mercury 0.28 ug/L 03/01/22 12:470.20EPA 7470A

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092

Page 6 of 96



#=HO#

SUMMARY OF DETECTION

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

92587011003 020822NMW20D
Chloride 11.2 mg/L 02/10/22 13:271.0EPA 9056A
Fluoride 0.059J mg/L 02/10/22 13:270.10EPA 9056A
Sulfate 38.4 mg/L 02/10/22 13:271.0EPA 9056A

92587011004 020822NMW21
Total Dissolved Solids 328 mg/L 02/10/22 16:3125.0SM 2540C-2011
Nitrogen, Ammonia 0.19 mg/L 02/23/22 14:150.10EPA 350.1 Rev 2.0 1993
Barium 122 ug/L 03/10/22 23:375.0EPA 6010D
Boron 570 ug/L 03/10/22 23:3750.0EPA 6010D
Calcium 68500 ug/L 03/10/22 23:37100EPA 6010D
Hardness, Total(SM 2340B) 224000 ug/L 03/10/22 23:37662EPA 6010D
Cobalt 9.6 ug/L 02/25/22 13:131.0EPA 6020B
Iron 10200 ug/L 02/25/22 16:061000EPA 6020B
Lead 0.12J ug/L 02/25/22 13:131.0EPA 6020B
Lithium 1.3J ug/L 02/25/22 16:022.5EPA 6020B
Manganese 1610 ug/L 02/25/22 16:0640.0EPA 6020B
Chloride 10.8 mg/L 02/10/22 12:331.0EPA 9056A
Fluoride 0.062J mg/L 02/10/22 12:330.10EPA 9056A
Sulfate 51.2 mg/L 02/10/22 12:331.0EPA 9056A

92587011005 020822FDEPFieldDuplicate
Total Dissolved Solids 435 mg/L 02/10/22 16:3125.0SM 2540C-2011
Arsenic 17.2 ug/L 03/10/22 23:4110.0EPA 6010D
Barium 268 ug/L 03/10/22 23:415.0EPA 6010D
Boron 2240 ug/L 03/10/22 23:4150.0EPA 6010D
Calcium 106000 ug/L 03/11/22 11:511000EPA 6010D
Molybdenum 116 ug/L 03/10/22 23:415.0EPA 6010D
Hardness, Total(SM 2340B) 370000 ug/L 03/11/22 11:516620EPA 6010D
Cobalt 14.5 ug/L 02/25/22 13:171.0EPA 6020B
Iron 1100 ug/L 02/25/22 13:1750.0EPA 6020B
Lithium 173 ug/L 02/25/22 16:222.5EPA 6020B
Manganese 544 ug/L 02/25/22 16:2620.0EPA 6020B
Chloride 7.4 mg/L 02/10/22 13:141.0EPA 9056A
Fluoride 0.12 mg/L 02/10/22 13:140.10EPA 9056A
Nitrate as N 0.41 mg/L 02/10/22 13:140.10EPA 9056A
Sulfate 62.9 mg/L 02/10/22 13:141.0EPA 9056A

92587011006 021022NMW22
Total Dissolved Solids 265 mg/L 02/14/22 10:4025.0SM 2540C-2011
Nitrogen, Ammonia 0.059J mg/L 02/23/22 14:220.10EPA 350.1 Rev 2.0 1993
Arsenic 5.3J ug/L 03/11/22 04:4110.0EPA 6010D
Barium 88.5 ug/L 03/11/22 04:415.0EPA 6010D
Boron 406 ug/L 03/11/22 04:4150.0EPA 6010D
Calcium 37000 ug/L 03/11/22 04:41 M1100EPA 6010D
Nickel 7.9 ug/L 03/11/22 04:415.0EPA 6010D
Hardness, Total(SM 2340B) 152000 ug/L 03/11/22 04:41662EPA 6010D
Cobalt 3.8 ug/L 02/23/22 05:161.0EPA 6020B
Iron 67.1 ug/L 02/23/22 05:1650.0EPA 6020B
Lithium 1.5J ug/L 02/23/22 05:162.5EPA 6020B
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#=HO#

SUMMARY OF DETECTION

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Parameters AnalyzedResult
Lab Sample ID 

Report Limit QualifiersUnitsMethod
Client Sample ID

92587011006 021022NMW22
Manganese 863 ug/L 02/23/22 22:21 M120.0EPA 6020B
Chloride 13.9 mg/L 02/11/22 13:30 M11.0EPA 9056A
Fluoride 0.062J mg/L 02/11/22 13:30 M10.10EPA 9056A
Sulfate 75.0 mg/L 02/11/22 13:30 M11.0EPA 9056A

92587011007 021022NMW23
Total Dissolved Solids 209 mg/L 02/14/22 10:3925.0SM 2540C-2011
Barium 58.2 ug/L 03/13/22 19:035.0EPA 6010D
Boron 167 ug/L 03/13/22 19:0350.0EPA 6010D
Calcium 31400 ug/L 03/13/22 19:03100EPA 6010D
Hardness, Total(SM 2340B) 156000 ug/L 03/13/22 19:03662EPA 6010D
Cobalt 2.5 ug/L 02/23/22 05:441.0EPA 6020B
Iron 464 ug/L 02/23/22 05:4450.0EPA 6020B
Lithium 1.1J ug/L 02/23/22 05:442.5EPA 6020B
Manganese 637 ug/L 02/23/22 22:2520.0EPA 6020B
Chloride 15.8 mg/L 02/11/22 15:161.0EPA 9056A
Fluoride 0.085J mg/L 02/11/22 15:160.10EPA 9056A
Sulfate 13.6 mg/L 02/11/22 15:161.0EPA 9056A

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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PROJECT NARRATIVE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Method:

Client: Dominion Energy_VA

SM 2540C-2011

Date: March 28, 2022

Description: 2540C Total Dissolved Solids

General Information:
7 samples were analyzed for SM 2540C-2011 by Pace Analytical Services Eden.  All samples were received in acceptable condition
with any exceptions noted below or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end
of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092

Page 9 of 96



#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Method:

Client: Dominion Energy_VA

EPA 350.1 Rev 2.0 1993

Date: March 28, 2022

Description: 350.1 Ammonia EDN

General Information:
7 samples were analyzed for EPA 350.1 Rev 2.0 1993 by Pace Analytical Services Eden.  All samples were received in acceptable
condition with any exceptions noted below or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached
at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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PROJECT NARRATIVE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Method:

Client: Dominion Energy_VA

EPA 6010D

Date: March 28, 2022

Description: 6010 MET ICP

General Information:
7 samples were analyzed for EPA 6010D by Pace Analytical Services Asheville.  All samples were received in acceptable condition with
any exceptions noted below or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of
this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 3010A with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 683396
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  92587011006,92588243009

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 3574408)

• Calcium
• MS  (Lab ID: 3574410)

• Calcium
• MSD  (Lab ID: 3574411)

• Calcium

Additional Comments:
Analyte Comments:

QC Batch: 683396
E: Analyte concentration exceeded the calibration range. The reported result is estimated.

• MS  (Lab ID: 3574410)
• Calcium

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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PROJECT NARRATIVE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Method:

Client: Dominion Energy_VA

EPA 6010D

Date: March 28, 2022

Description: 6010 MET ICP

Analyte Comments:

QC Batch: 683396
E: Analyte concentration exceeded the calibration range. The reported result is estimated.

• MSD  (Lab ID: 3574411)
• Silver
• Calcium

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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PROJECT NARRATIVE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Method:

Client: Dominion Energy_VA

EPA 6020B

Date: March 28, 2022

Description: 6020 MET ICPMS

General Information:
7 samples were analyzed for EPA 6020B by Pace Analytical Services Asheville.  All samples were received in acceptable condition with
any exceptions noted below or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of
this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 3010A with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 679949
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  92587011006,92587168007

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 3557446)

• Manganese

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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PROJECT NARRATIVE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Method:

Client: Dominion Energy_VA

EPA 7470A

Date: March 28, 2022

Description: 7470 Mercury

General Information:
7 samples were analyzed for EPA 7470A by Pace Analytical Services Asheville.  All samples were received in acceptable condition with
any exceptions noted below or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of
this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 7470A with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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PROJECT NARRATIVE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Method:

Client: Dominion Energy_VA

EPA 9056A

Date: March 28, 2022

Description: 9056 IC Anions 48hr

General Information:
7 samples were analyzed for EPA 9056A by Pace Analytical Services Asheville.  All samples were received in acceptable condition with
any exceptions noted below or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of
this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 677377
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  92587159003,92587168003

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 3545147)

• Fluoride
• MS  (Lab ID: 3545149)

• Fluoride
• MSD  (Lab ID: 3545148)

• Fluoride
• MSD  (Lab ID: 3545150)

• Fluoride

QC Batch: 677652
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  92587011006,92587168007

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 3546494)

• Sulfate
• MSD  (Lab ID: 3546495)

• Chloride
• Fluoride
• Sulfate

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW19 Lab ID: 92587011001 Collected: 02/08/22 14:45 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: SM 2540C-2011
Pace Analytical Services - Eden

2540C Total Dissolved Solids

Total Dissolved Solids 276 mg/L 02/10/22 16:3025.0 25.0 1

Analytical Method: EPA 350.1 Rev 2.0 1993
Pace Analytical Services - Eden

350.1 Ammonia EDN

Nitrogen, Ammonia 0.20 mg/L 02/23/22 14:11 7664-41-70.10 0.027 1

Analytical Method: EPA 6010D  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6010 MET ICP

Antimony ND ug/L 03/10/22 23:27 7440-36-002/21/22 10:335.0 3.0 1
Arsenic ND ug/L 03/10/22 23:27 7440-38-202/21/22 10:3310.0 4.7 1
Barium 75.6 ug/L 03/10/22 23:27 7440-39-302/21/22 10:335.0 3.5 1
Beryllium ND ug/L 03/10/22 23:27 7440-41-702/21/22 10:331.0 0.70 1
Boron 971 ug/L 03/10/22 23:27 7440-42-802/21/22 10:3350.0 32.4 1
Cadmium ND ug/L 03/10/22 23:27 7440-43-902/21/22 10:331.0 0.40 1
Calcium 40500 ug/L 03/10/22 23:27 7440-70-202/21/22 10:33100 94.2 1
Chromium ND ug/L 03/10/22 23:27 7440-47-302/21/22 10:335.0 3.7 1
Copper ND ug/L 03/10/22 23:27 7440-50-802/21/22 10:335.0 4.3 1
Molybdenum 15.6 ug/L 03/10/22 23:27 7439-98-702/21/22 10:335.0 3.9 1
Nickel ND ug/L 03/10/22 23:27 7440-02-002/21/22 10:335.0 3.5 1
Selenium ND ug/L 03/10/22 23:27 7782-49-202/21/22 10:3310.0 4.7 1
Silver ND ug/L 03/10/22 23:27 7440-22-402/21/22 10:335.0 2.5 1
Hardness, Total(SM 2340B) 153000 ug/L 03/10/22 23:2702/21/22 10:33662 131 1
Vanadium ND ug/L 03/10/22 23:27 7440-62-202/21/22 10:335.0 3.9 1
Zinc ND ug/L 03/10/22 23:27 7440-66-602/21/22 10:3310.0 9.5 1

Analytical Method: EPA 6020B  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6020 MET ICPMS

Cobalt 2.9 ug/L 02/25/22 13:01 7440-48-402/22/22 11:511.0 0.050 1
Iron 8260 ug/L 02/25/22 15:30 7439-89-602/22/22 11:51500 209 10
Lead ND ug/L 02/25/22 13:01 7439-92-102/22/22 11:511.0 0.077 1
Lithium 1.3J ug/L 02/25/22 15:26 7439-93-202/22/22 11:512.5 0.50 1
Manganese 534 ug/L 02/25/22 15:30 7439-96-502/22/22 11:5120.0 10.2 10
Thallium ND ug/L 02/25/22 13:01 7440-28-002/22/22 11:510.47 0.050 1
Tin ND ug/L 02/25/22 13:01 7440-31-502/22/22 11:511.0 0.43 1

Analytical Method: EPA 7470A  Preparation Method: EPA 7470A
Pace Analytical Services - Asheville

7470 Mercury

Mercury ND ug/L 03/01/22 12:42 7439-97-603/01/22 08:300.20 0.12 1

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Chloride 8.4 mg/L 02/10/22 13:00 16887-00-61.0 0.60 1
Fluoride 0.071J mg/L 02/10/22 13:00 16984-48-80.10 0.050 1
Nitrate as N ND mg/L 02/10/22 13:00 14797-55-80.10 0.060 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW19 Lab ID: 92587011001 Collected: 02/08/22 14:45 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Sulfate 99.0 mg/L 02/10/22 13:00 14808-79-81.0 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW20S Lab ID: 92587011002 Collected: 02/08/22 14:30 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: SM 2540C-2011
Pace Analytical Services - Eden

2540C Total Dissolved Solids

Total Dissolved Solids 438 mg/L 02/10/22 16:3025.0 25.0 1

Analytical Method: EPA 350.1 Rev 2.0 1993
Pace Analytical Services - Eden

350.1 Ammonia EDN

Nitrogen, Ammonia 0.035J mg/L 02/23/22 14:12 7664-41-70.10 0.027 1

Analytical Method: EPA 6010D  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6010 MET ICP

Antimony ND ug/L 03/10/22 23:30 7440-36-002/21/22 10:335.0 3.0 1
Arsenic 18.0 ug/L 03/10/22 23:30 7440-38-202/21/22 10:3310.0 4.7 1
Barium 272 ug/L 03/10/22 23:30 7440-39-302/21/22 10:335.0 3.5 1
Beryllium ND ug/L 03/10/22 23:30 7440-41-702/21/22 10:331.0 0.70 1
Boron 2270 ug/L 03/10/22 23:30 7440-42-802/21/22 10:3350.0 32.4 1
Cadmium ND ug/L 03/10/22 23:30 7440-43-902/21/22 10:331.0 0.40 1
Calcium 106000 ug/L 03/11/22 11:47 7440-70-202/21/22 10:331000 942 10
Chromium ND ug/L 03/10/22 23:30 7440-47-302/21/22 10:335.0 3.7 1
Copper ND ug/L 03/10/22 23:30 7440-50-802/21/22 10:335.0 4.3 1
Molybdenum 117 ug/L 03/10/22 23:30 7439-98-702/21/22 10:335.0 3.9 1
Nickel ND ug/L 03/10/22 23:30 7440-02-002/21/22 10:335.0 3.5 1
Selenium ND ug/L 03/10/22 23:30 7782-49-202/21/22 10:3310.0 4.7 1
Silver ND ug/L 03/10/22 23:30 7440-22-402/21/22 10:335.0 2.5 1
Hardness, Total(SM 2340B) 371000 ug/L 03/11/22 11:4702/21/22 10:336620 1310 10
Vanadium ND ug/L 03/10/22 23:30 7440-62-202/21/22 10:335.0 3.9 1
Zinc ND ug/L 03/10/22 23:30 7440-66-602/21/22 10:3310.0 9.5 1

Analytical Method: EPA 6020B  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6020 MET ICPMS

Cobalt 15.0 ug/L 02/25/22 13:05 7440-48-402/22/22 11:511.0 0.050 1
Iron 1190 ug/L 02/25/22 13:05 7439-89-602/22/22 11:5150.0 20.9 1
Lead 0.13J ug/L 02/25/22 13:05 7439-92-102/22/22 11:511.0 0.077 1
Lithium 177 ug/L 02/25/22 15:46 7439-93-202/22/22 11:512.5 0.50 1
Manganese 579 ug/L 02/25/22 15:50 7439-96-502/22/22 11:5120.0 10.2 10
Thallium ND ug/L 02/25/22 13:05 7440-28-002/22/22 11:510.47 0.050 1
Tin ND ug/L 02/25/22 13:05 7440-31-502/22/22 11:511.0 0.43 1

Analytical Method: EPA 7470A  Preparation Method: EPA 7470A
Pace Analytical Services - Asheville

7470 Mercury

Mercury ND ug/L 03/01/22 12:45 7439-97-603/01/22 08:300.20 0.12 1

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Chloride 7.4 mg/L 02/10/22 12:47 16887-00-61.0 0.60 1
Fluoride 0.12 mg/L 02/10/22 12:47 16984-48-80.10 0.050 1
Nitrate as N 0.37 mg/L 02/10/22 12:47 14797-55-80.10 0.060 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW20S Lab ID: 92587011002 Collected: 02/08/22 14:30 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Sulfate 62.9 mg/L 02/10/22 12:47 14808-79-81.0 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW20D Lab ID: 92587011003 Collected: 02/08/22 15:35 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: SM 2540C-2011
Pace Analytical Services - Eden

2540C Total Dissolved Solids

Total Dissolved Solids 406 mg/L 02/10/22 16:3025.0 25.0 1

Analytical Method: EPA 350.1 Rev 2.0 1993
Pace Analytical Services - Eden

350.1 Ammonia EDN

Nitrogen, Ammonia 0.15 mg/L 02/23/22 14:14 7664-41-70.10 0.027 1

Analytical Method: EPA 6010D  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6010 MET ICP

Antimony ND ug/L 03/10/22 23:34 7440-36-002/21/22 10:335.0 3.0 1
Arsenic 8.1J ug/L 03/10/22 23:34 7440-38-202/21/22 10:3310.0 4.7 1
Barium 91.7 ug/L 03/10/22 23:34 7440-39-302/21/22 10:335.0 3.5 1
Beryllium ND ug/L 03/10/22 23:34 7440-41-702/21/22 10:331.0 0.70 1
Boron 1100 ug/L 03/10/22 23:34 7440-42-802/21/22 10:3350.0 32.4 1
Cadmium ND ug/L 03/10/22 23:34 7440-43-902/21/22 10:331.0 0.40 1
Calcium 95200 ug/L 03/10/22 23:34 7440-70-202/21/22 10:33100 94.2 1
Chromium ND ug/L 03/10/22 23:34 7440-47-302/21/22 10:335.0 3.7 1
Copper ND ug/L 03/10/22 23:34 7440-50-802/21/22 10:335.0 4.3 1
Molybdenum 57.9 ug/L 03/10/22 23:34 7439-98-702/21/22 10:335.0 3.9 1
Nickel ND ug/L 03/10/22 23:34 7440-02-002/21/22 10:335.0 3.5 1
Selenium ND ug/L 03/10/22 23:34 7782-49-202/21/22 10:3310.0 4.7 1
Silver ND ug/L 03/10/22 23:34 7440-22-402/21/22 10:335.0 2.5 1
Hardness, Total(SM 2340B) 315000 ug/L 03/10/22 23:3402/21/22 10:33662 131 1
Vanadium ND ug/L 03/10/22 23:34 7440-62-202/21/22 10:335.0 3.9 1
Zinc ND ug/L 03/10/22 23:34 7440-66-602/21/22 10:3310.0 9.5 1

Analytical Method: EPA 6020B  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6020 MET ICPMS

Cobalt 4.3 ug/L 02/25/22 13:09 7440-48-402/22/22 11:511.0 0.050 1
Iron 9900 ug/L 02/25/22 15:58 7439-89-602/22/22 11:51500 209 10
Lead ND ug/L 02/25/22 13:09 7439-92-102/22/22 11:511.0 0.077 1
Lithium 49.7 ug/L 02/25/22 15:54 7439-93-202/22/22 11:512.5 0.50 1
Manganese 656 ug/L 02/25/22 15:58 7439-96-502/22/22 11:5120.0 10.2 10
Thallium ND ug/L 02/25/22 13:09 7440-28-002/22/22 11:510.47 0.050 1
Tin ND ug/L 02/25/22 13:09 7440-31-502/22/22 11:511.0 0.43 1

Analytical Method: EPA 7470A  Preparation Method: EPA 7470A
Pace Analytical Services - Asheville

7470 Mercury

Mercury 0.28 ug/L 03/01/22 12:47 7439-97-603/01/22 08:300.20 0.12 1

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Chloride 11.2 mg/L 02/10/22 13:27 16887-00-61.0 0.60 1
Fluoride 0.059J mg/L 02/10/22 13:27 16984-48-80.10 0.050 1
Nitrate as N ND mg/L 02/10/22 13:27 14797-55-80.10 0.060 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW20D Lab ID: 92587011003 Collected: 02/08/22 15:35 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Sulfate 38.4 mg/L 02/10/22 13:27 14808-79-81.0 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW21 Lab ID: 92587011004 Collected: 02/08/22 14:00 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: SM 2540C-2011
Pace Analytical Services - Eden

2540C Total Dissolved Solids

Total Dissolved Solids 328 mg/L 02/10/22 16:3125.0 25.0 1

Analytical Method: EPA 350.1 Rev 2.0 1993
Pace Analytical Services - Eden

350.1 Ammonia EDN

Nitrogen, Ammonia 0.19 mg/L 02/23/22 14:15 7664-41-70.10 0.027 1

Analytical Method: EPA 6010D  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6010 MET ICP

Antimony ND ug/L 03/10/22 23:37 7440-36-002/21/22 10:335.0 3.0 1
Arsenic ND ug/L 03/10/22 23:37 7440-38-202/21/22 10:3310.0 4.7 1
Barium 122 ug/L 03/10/22 23:37 7440-39-302/21/22 10:335.0 3.5 1
Beryllium ND ug/L 03/10/22 23:37 7440-41-702/21/22 10:331.0 0.70 1
Boron 570 ug/L 03/10/22 23:37 7440-42-802/21/22 10:3350.0 32.4 1
Cadmium ND ug/L 03/10/22 23:37 7440-43-902/21/22 10:331.0 0.40 1
Calcium 68500 ug/L 03/10/22 23:37 7440-70-202/21/22 10:33100 94.2 1
Chromium ND ug/L 03/10/22 23:37 7440-47-302/21/22 10:335.0 3.7 1
Copper ND ug/L 03/10/22 23:37 7440-50-802/21/22 10:335.0 4.3 1
Molybdenum ND ug/L 03/10/22 23:37 7439-98-702/21/22 10:335.0 3.9 1
Nickel ND ug/L 03/10/22 23:37 7440-02-002/21/22 10:335.0 3.5 1
Selenium ND ug/L 03/10/22 23:37 7782-49-202/21/22 10:3310.0 4.7 1
Silver ND ug/L 03/10/22 23:37 7440-22-402/21/22 10:335.0 2.5 1
Hardness, Total(SM 2340B) 224000 ug/L 03/10/22 23:3702/21/22 10:33662 131 1
Vanadium ND ug/L 03/10/22 23:37 7440-62-202/21/22 10:335.0 3.9 1
Zinc ND ug/L 03/10/22 23:37 7440-66-602/21/22 10:3310.0 9.5 1

Analytical Method: EPA 6020B  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6020 MET ICPMS

Cobalt 9.6 ug/L 02/25/22 13:13 7440-48-402/22/22 11:511.0 0.050 1
Iron 10200 ug/L 02/25/22 16:06 7439-89-602/22/22 11:511000 419 20
Lead 0.12J ug/L 02/25/22 13:13 7439-92-102/22/22 11:511.0 0.077 1
Lithium 1.3J ug/L 02/25/22 16:02 7439-93-202/22/22 11:512.5 0.50 1
Manganese 1610 ug/L 02/25/22 16:06 7439-96-502/22/22 11:5140.0 20.4 20
Thallium ND ug/L 02/25/22 13:13 7440-28-002/22/22 11:510.47 0.050 1
Tin ND ug/L 02/25/22 13:13 7440-31-502/22/22 11:511.0 0.43 1

Analytical Method: EPA 7470A  Preparation Method: EPA 7470A
Pace Analytical Services - Asheville

7470 Mercury

Mercury ND ug/L 03/03/22 10:42 7439-97-603/02/22 17:000.20 0.12 1

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Chloride 10.8 mg/L 02/10/22 12:33 16887-00-61.0 0.60 1
Fluoride 0.062J mg/L 02/10/22 12:33 16984-48-80.10 0.050 1
Nitrate as N ND mg/L 02/10/22 12:33 14797-55-80.10 0.060 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822NMW21 Lab ID: 92587011004 Collected: 02/08/22 14:00 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Sulfate 51.2 mg/L 02/10/22 12:33 14808-79-81.0 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092

Page 23 of 96
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822FDEPFieldDuplicate Lab ID: 92587011005 Collected: 02/08/22 14:45 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: SM 2540C-2011
Pace Analytical Services - Eden

2540C Total Dissolved Solids

Total Dissolved Solids 435 mg/L 02/10/22 16:3125.0 25.0 1

Analytical Method: EPA 350.1 Rev 2.0 1993
Pace Analytical Services - Eden

350.1 Ammonia EDN

Nitrogen, Ammonia ND mg/L 02/23/22 14:16 7664-41-70.10 0.027 1

Analytical Method: EPA 6010D  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6010 MET ICP

Antimony ND ug/L 03/10/22 23:41 7440-36-002/21/22 10:335.0 3.0 1
Arsenic 17.2 ug/L 03/10/22 23:41 7440-38-202/21/22 10:3310.0 4.7 1
Barium 268 ug/L 03/10/22 23:41 7440-39-302/21/22 10:335.0 3.5 1
Beryllium ND ug/L 03/10/22 23:41 7440-41-702/21/22 10:331.0 0.70 1
Boron 2240 ug/L 03/10/22 23:41 7440-42-802/21/22 10:3350.0 32.4 1
Cadmium ND ug/L 03/10/22 23:41 7440-43-902/21/22 10:331.0 0.40 1
Calcium 106000 ug/L 03/11/22 11:51 7440-70-202/21/22 10:331000 942 10
Chromium ND ug/L 03/10/22 23:41 7440-47-302/21/22 10:335.0 3.7 1
Copper ND ug/L 03/10/22 23:41 7440-50-802/21/22 10:335.0 4.3 1
Molybdenum 116 ug/L 03/10/22 23:41 7439-98-702/21/22 10:335.0 3.9 1
Nickel ND ug/L 03/10/22 23:41 7440-02-002/21/22 10:335.0 3.5 1
Selenium ND ug/L 03/10/22 23:41 7782-49-202/21/22 10:3310.0 4.7 1
Silver ND ug/L 03/10/22 23:41 7440-22-402/21/22 10:335.0 2.5 1
Hardness, Total(SM 2340B) 370000 ug/L 03/11/22 11:5102/21/22 10:336620 1310 10
Vanadium ND ug/L 03/10/22 23:41 7440-62-202/21/22 10:335.0 3.9 1
Zinc ND ug/L 03/10/22 23:41 7440-66-602/21/22 10:3310.0 9.5 1

Analytical Method: EPA 6020B  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6020 MET ICPMS

Cobalt 14.5 ug/L 02/25/22 13:17 7440-48-402/22/22 11:511.0 0.050 1
Iron 1100 ug/L 02/25/22 13:17 7439-89-602/22/22 11:5150.0 20.9 1
Lead ND ug/L 02/25/22 13:17 7439-92-102/22/22 11:511.0 0.077 1
Lithium 173 ug/L 02/25/22 16:22 7439-93-202/22/22 11:512.5 0.50 1
Manganese 544 ug/L 02/25/22 16:26 7439-96-502/22/22 11:5120.0 10.2 10
Thallium ND ug/L 02/25/22 13:17 7440-28-002/22/22 11:510.47 0.050 1
Tin ND ug/L 02/25/22 13:17 7440-31-502/22/22 11:511.0 0.43 1

Analytical Method: EPA 7470A  Preparation Method: EPA 7470A
Pace Analytical Services - Asheville

7470 Mercury

Mercury ND ug/L 03/03/22 10:44 7439-97-603/02/22 17:000.20 0.12 1

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Chloride 7.4 mg/L 02/10/22 13:14 16887-00-61.0 0.60 1
Fluoride 0.12 mg/L 02/10/22 13:14 16984-48-80.10 0.050 1
Nitrate as N 0.41 mg/L 02/10/22 13:14 14797-55-80.10 0.060 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 020822FDEPFieldDuplicate Lab ID: 92587011005 Collected: 02/08/22 14:45 Received: 02/09/22 10:59 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Sulfate 62.9 mg/L 02/10/22 13:14 14808-79-81.0 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 021022NMW22 Lab ID: 92587011006 Collected: 02/10/22 10:05 Received: 02/10/22 15:13 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: SM 2540C-2011
Pace Analytical Services - Eden

2540C Total Dissolved Solids

Total Dissolved Solids 265 mg/L 02/14/22 10:4025.0 25.0 1

Analytical Method: EPA 350.1 Rev 2.0 1993
Pace Analytical Services - Eden

350.1 Ammonia EDN

Nitrogen, Ammonia 0.059J mg/L 02/23/22 14:22 7664-41-70.10 0.027 1

Analytical Method: EPA 6010D  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6010 MET ICP

Antimony ND ug/L 03/11/22 04:41 7440-36-003/09/22 11:325.0 3.0 1
Arsenic 5.3J ug/L 03/11/22 04:41 7440-38-203/09/22 11:3210.0 4.7 1
Barium 88.5 ug/L 03/11/22 04:41 7440-39-303/09/22 11:325.0 3.5 1
Beryllium ND ug/L 03/11/22 04:41 7440-41-703/09/22 11:321.0 0.70 1
Boron 406 ug/L 03/11/22 04:41 7440-42-803/09/22 11:3250.0 32.4 1
Cadmium ND ug/L 03/11/22 04:41 7440-43-903/09/22 11:321.0 0.40 1
Calcium 37000 ug/L 03/11/22 04:41 7440-70-2 M103/09/22 11:32100 94.2 1
Chromium ND ug/L 03/11/22 04:41 7440-47-303/09/22 11:325.0 3.7 1
Copper ND ug/L 03/11/22 04:41 7440-50-803/09/22 11:325.0 4.3 1
Molybdenum ND ug/L 03/11/22 04:41 7439-98-703/09/22 11:325.0 3.9 1
Nickel 7.9 ug/L 03/11/22 04:41 7440-02-003/09/22 11:325.0 3.5 1
Selenium ND ug/L 03/11/22 04:41 7782-49-203/09/22 11:3210.0 4.7 1
Silver ND ug/L 03/11/22 04:41 7440-22-403/09/22 11:325.0 2.5 1
Hardness, Total(SM 2340B) 152000 ug/L 03/11/22 04:4103/09/22 11:32662 131 1
Vanadium ND ug/L 03/11/22 04:41 7440-62-203/09/22 11:325.0 3.9 1
Zinc ND ug/L 03/11/22 04:41 7440-66-603/09/22 11:3210.0 9.5 1

Analytical Method: EPA 6020B  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6020 MET ICPMS

Cobalt 3.8 ug/L 02/23/22 05:16 7440-48-402/22/22 11:511.0 0.050 1
Iron 67.1 ug/L 02/23/22 05:16 7439-89-602/22/22 11:5150.0 20.9 1
Lead ND ug/L 02/23/22 05:16 7439-92-102/22/22 11:511.0 0.077 1
Lithium 1.5J ug/L 02/23/22 05:16 7439-93-202/22/22 11:512.5 0.50 1
Manganese 863 ug/L 02/23/22 22:21 7439-96-5 M102/22/22 11:5120.0 10.2 10
Thallium ND ug/L 02/23/22 05:16 7440-28-002/22/22 11:510.47 0.050 1
Tin ND ug/L 02/23/22 05:16 7440-31-502/22/22 11:511.0 0.43 1

Analytical Method: EPA 7470A  Preparation Method: EPA 7470A
Pace Analytical Services - Asheville

7470 Mercury

Mercury ND ug/L 03/03/22 11:42 7439-97-603/02/22 17:000.20 0.12 1

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Chloride 13.9 mg/L 02/11/22 13:30 16887-00-6 M11.0 0.60 1
Fluoride 0.062J mg/L 02/11/22 13:30 16984-48-8 M10.10 0.050 1
Nitrate as N ND mg/L 02/11/22 13:30 14797-55-80.10 0.060 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 021022NMW22 Lab ID: 92587011006 Collected: 02/10/22 10:05 Received: 02/10/22 15:13 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Sulfate 75.0 mg/L 02/11/22 13:30 14808-79-8 M11.0 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092

Page 27 of 96
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 021022NMW23 Lab ID: 92587011007 Collected: 02/10/22 11:40 Received: 02/10/22 15:13 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: SM 2540C-2011
Pace Analytical Services - Eden

2540C Total Dissolved Solids

Total Dissolved Solids 209 mg/L 02/14/22 10:3925.0 25.0 1

Analytical Method: EPA 350.1 Rev 2.0 1993
Pace Analytical Services - Eden

350.1 Ammonia EDN

Nitrogen, Ammonia ND mg/L 02/23/22 14:29 7664-41-70.10 0.027 1

Analytical Method: EPA 6010D  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6010 MET ICP

Antimony ND ug/L 03/13/22 19:03 7440-36-002/21/22 10:335.0 3.0 1
Arsenic ND ug/L 03/13/22 19:03 7440-38-202/21/22 10:3310.0 4.7 1
Barium 58.2 ug/L 03/13/22 19:03 7440-39-302/21/22 10:335.0 3.5 1
Beryllium ND ug/L 03/13/22 19:03 7440-41-702/21/22 10:331.0 0.70 1
Boron 167 ug/L 03/13/22 19:03 7440-42-802/21/22 10:3350.0 32.4 1
Cadmium ND ug/L 03/13/22 19:03 7440-43-902/21/22 10:331.0 0.40 1
Calcium 31400 ug/L 03/13/22 19:03 7440-70-202/21/22 10:33100 94.2 1
Chromium ND ug/L 03/13/22 19:03 7440-47-302/21/22 10:335.0 3.7 1
Copper ND ug/L 03/13/22 19:03 7440-50-802/21/22 10:335.0 4.3 1
Molybdenum ND ug/L 03/13/22 19:03 7439-98-702/21/22 10:335.0 3.9 1
Nickel ND ug/L 03/13/22 19:03 7440-02-002/21/22 10:335.0 3.5 1
Selenium ND ug/L 03/13/22 19:03 7782-49-202/21/22 10:3310.0 4.7 1
Silver ND ug/L 03/13/22 19:03 7440-22-402/21/22 10:335.0 2.5 1
Hardness, Total(SM 2340B) 156000 ug/L 03/13/22 19:0302/21/22 10:33662 131 1
Vanadium ND ug/L 03/13/22 19:03 7440-62-202/21/22 10:335.0 3.9 1
Zinc ND ug/L 03/13/22 19:03 7440-66-602/21/22 10:3310.0 9.5 1

Analytical Method: EPA 6020B  Preparation Method: EPA 3010A
Pace Analytical Services - Asheville

6020 MET ICPMS

Cobalt 2.5 ug/L 02/23/22 05:44 7440-48-402/22/22 11:511.0 0.050 1
Iron 464 ug/L 02/23/22 05:44 7439-89-602/22/22 11:5150.0 20.9 1
Lead ND ug/L 02/23/22 05:44 7439-92-102/22/22 11:511.0 0.077 1
Lithium 1.1J ug/L 02/23/22 05:44 7439-93-202/22/22 11:512.5 0.50 1
Manganese 637 ug/L 02/23/22 22:25 7439-96-502/22/22 11:5120.0 10.2 10
Thallium ND ug/L 02/23/22 05:44 7440-28-002/22/22 11:510.47 0.050 1
Tin ND ug/L 02/23/22 05:44 7440-31-502/22/22 11:511.0 0.43 1

Analytical Method: EPA 7470A  Preparation Method: EPA 7470A
Pace Analytical Services - Asheville

7470 Mercury

Mercury ND ug/L 03/03/22 11:13 7439-97-603/02/22 17:000.20 0.12 1

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Chloride 15.8 mg/L 02/11/22 15:16 16887-00-61.0 0.60 1
Fluoride 0.085J mg/L 02/11/22 15:16 16984-48-80.10 0.050 1
Nitrate as N ND mg/L 02/11/22 15:16 14797-55-80.10 0.060 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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ANALYTICAL RESULTS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Sample: 021022NMW23 Lab ID: 92587011007 Collected: 02/10/22 11:40 Received: 02/10/22 15:13 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLLimit
Report

Analytical Method: EPA 9056A
Pace Analytical Services - Asheville

9056 IC Anions 48hr

Sulfate 13.6 mg/L 02/11/22 15:16 14808-79-81.0 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

677341
SM 2540C-2011

SM 2540C-2011
2540C Total Dissolved Solids

Laboratory: Pace Analytical Services - Eden
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3544905
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 25.0 02/10/22 16:2825.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3544906LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 236250 94 90-110

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

92586556001
3544907SAMPLE DUPLICATE:

Total Dissolved Solids mg/L ND 25ND

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

92586826003
3544908SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 251 1 25248

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

678046
SM 2540C-2011

SM 2540C-2011
2540C Total Dissolved Solids

Laboratory: Pace Analytical Services - Eden
Associated Lab Samples: 92587011006, 92587011007

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3548522
Associated Lab Samples: 92587011006, 92587011007

Matrix: Water

AnalyzedMDL

Total Dissolved Solids mg/L ND 25.0 02/14/22 10:3825.0

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3548523LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 258250 103 90-110

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

92587168007
3548524SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 133 2 25136

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

92587011006
3548525SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 263 1 25265

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

680106
EPA 350.1 Rev 2.0 1993

EPA 350.1 Rev 2.0 1993
350.1 Ammonia, EDN

Laboratory: Pace Analytical Services - Eden
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3558340
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Matrix: Water

AnalyzedMDL

Nitrogen, Ammonia mg/L ND 0.10 02/23/22 13:360.027

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3558341LABORATORY CONTROL SAMPLE:
LCSSpike

Nitrogen, Ammonia mg/L 4.95 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3558342MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92586556001

3558343

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Nitrogen, Ammonia mg/L 5 99 90-110100 0 105ND 5.0 5.0

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3558344MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92586826003

3558345

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Nitrogen, Ammonia mg/L 5 99 90-11099 0 1050.032J 5.0 5.0
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

680297
EPA 350.1 Rev 2.0 1993

EPA 350.1 Rev 2.0 1993
350.1 Ammonia, EDN

Laboratory: Pace Analytical Services - Eden
Associated Lab Samples: 92587011006, 92587011007

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3559031
Associated Lab Samples: 92587011006, 92587011007

Matrix: Water

AnalyzedMDL

Nitrogen, Ammonia mg/L ND 0.10 02/23/22 14:190.027

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3559032LABORATORY CONTROL SAMPLE:
LCSSpike

Nitrogen, Ammonia mg/L 5.05 100 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3559033MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587011006

3559034

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Nitrogen, Ammonia mg/L 5 100 90-110100 0 1050.059J 5.0 5.1

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3559035MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587168007

3559036

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Nitrogen, Ammonia mg/L 5 101 90-110101 0 105ND 5.0 5.1
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

681323
EPA 7470A

EPA 7470A
7470 Mercury

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011001, 92587011002, 92587011003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3564451
Associated Lab Samples: 92587011001, 92587011002, 92587011003

Matrix: Water

AnalyzedMDL

Mercury ug/L ND 0.20 03/01/22 11:390.12

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3564452LABORATORY CONTROL SAMPLE:
LCSSpike

Mercury ug/L 2.62.5 104 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3564453MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92586826003

3564454

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Mercury ug/L 2.5 90 75-125112 20 252.50.21 2.5 3.0
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

681651
EPA 7470A

EPA 7470A
7470 Mercury

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011004, 92587011005, 92587011006, 92587011007

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3565719
Associated Lab Samples: 92587011004, 92587011005, 92587011006, 92587011007

Matrix: Water

AnalyzedMDL

Mercury ug/L ND 0.20 03/03/22 10:370.12

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3565720LABORATORY CONTROL SAMPLE:
LCSSpike

Mercury ug/L 2.52.5 99 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3565721MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587168007

3565722

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Mercury ug/L 2.5 93 75-12599 6 252.5ND 2.3 2.5

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3565723MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587011006

3565724

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Mercury ug/L 2.5 96 75-125101 5 252.5ND 2.5 2.6
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

679644
EPA 3010A

EPA 6010D
6010 MET

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3556007
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Matrix: Water

AnalyzedMDL

Antimony ug/L ND 5.0 03/10/22 21:553.0
Arsenic ug/L ND 10.0 03/10/22 21:554.7
Barium ug/L ND 5.0 03/10/22 21:553.5
Beryllium ug/L ND 1.0 03/10/22 21:550.70
Boron ug/L ND 50.0 03/10/22 21:5532.4
Cadmium ug/L ND 1.0 03/10/22 21:550.40
Calcium ug/L ND 100 03/10/22 21:5594.2
Chromium ug/L ND 5.0 03/10/22 21:553.7
Copper ug/L ND 5.0 03/10/22 21:554.3
Hardness, Total(SM 2340B) ug/L ND 662 03/10/22 21:55131
Molybdenum ug/L ND 5.0 03/10/22 21:553.9
Nickel ug/L ND 5.0 03/10/22 21:553.5
Selenium ug/L ND 10.0 03/10/22 21:554.7
Silver ug/L ND 5.0 03/10/22 21:552.5
Vanadium ug/L ND 5.0 03/10/22 21:553.9
Zinc ug/L ND 10.0 03/10/22 21:559.5

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3556008LABORATORY CONTROL SAMPLE:
LCSSpike

Antimony ug/L 504500 101 80-120
Arsenic ug/L 501500 100 80-120
Barium ug/L 496500 99 80-120
Beryllium ug/L 507500 101 80-120
Boron ug/L 491500 98 80-120
Cadmium ug/L 496500 99 80-120
Calcium ug/L 50905000 102 80-120
Chromium ug/L 505500 101 80-120
Copper ug/L 516500 103 80-120
Hardness, Total(SM 2340B) ug/L 3390033100 103 80-120
Molybdenum ug/L 523500 105 80-120
Nickel ug/L 496500 99 80-120
Selenium ug/L 492500 98 80-120
Silver ug/L 251250 100 80-120
Vanadium ug/L 500500 100 80-120
Zinc ug/L 491500 98 80-120
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3556009MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92586826003

3556010

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Antimony ug/L 500 105 75-125104 1 20500ND 526 520
Arsenic ug/L 500 105 75-125105 1 20500ND 529 526
Barium ug/L 500 100 75-12599 1 2050039.1 541 533
Beryllium ug/L 500 107 75-125106 1 20500ND 533 529
Boron ug/L 500 108 75-12596 3 205001270 1800 1750
Cadmium ug/L 500 102 75-125101 1 20500ND 510 503
Calcium ug/L 5000 114 75-12579 4 20500035900 41600 39800
Chromium ug/L 500 103 75-125102 1 20500ND 517 512
Copper ug/L 500 106 75-125104 2 20500ND 528 519
Hardness, Total(SM 2340B) ug/L 33100 111 75-12589 4 2033100144000 181000 174000
Molybdenum ug/L 500 106 75-125105 1 20500ND 532 527
Nickel ug/L 500 100 75-12599 1 20500ND 500 494
Selenium ug/L 500 106 75-125106 0 20500ND 532 532
Silver ug/L 250 104 75-125102 2 20250ND 260 256
Vanadium ug/L 500 103 75-125102 1 20500ND 517 511
Zinc ug/L 500 101 75-125100 1 20500ND 505 499
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

679646
EPA 3010A

EPA 6010D
6010 MET

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011007

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3556011
Associated Lab Samples: 92587011007

Matrix: Water

AnalyzedMDL

Antimony ug/L ND 5.0 03/13/22 18:033.0
Arsenic ug/L ND 10.0 03/13/22 18:034.7
Barium ug/L ND 5.0 03/13/22 18:033.5
Beryllium ug/L ND 1.0 03/13/22 18:030.70
Boron ug/L ND 50.0 03/13/22 18:0332.4
Cadmium ug/L ND 1.0 03/13/22 18:030.40
Calcium ug/L ND 100 03/13/22 18:0394.2
Chromium ug/L ND 5.0 03/13/22 18:033.7
Copper ug/L ND 5.0 03/13/22 18:034.3
Hardness, Total(SM 2340B) ug/L ND 662 03/13/22 18:03131
Molybdenum ug/L ND 5.0 03/13/22 18:033.9
Nickel ug/L ND 5.0 03/13/22 18:033.5
Selenium ug/L ND 10.0 03/13/22 18:034.7
Silver ug/L ND 5.0 03/13/22 18:032.5
Vanadium ug/L ND 5.0 03/13/22 18:033.9
Zinc ug/L ND 10.0 03/13/22 18:039.5

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3556012LABORATORY CONTROL SAMPLE:
LCSSpike

Antimony ug/L 499500 100 80-120
Arsenic ug/L 496500 99 80-120
Barium ug/L 495500 99 80-120
Beryllium ug/L 509500 102 80-120
Boron ug/L 491500 98 80-120
Cadmium ug/L 499500 100 80-120
Calcium ug/L 50705000 101 80-120
Chromium ug/L 505500 101 80-120
Copper ug/L 513500 103 80-120
Hardness, Total(SM 2340B) ug/L 3350033100 101 80-120
Molybdenum ug/L 522500 104 80-120
Nickel ug/L 494500 99 80-120
Selenium ug/L 488500 98 80-120
Silver ug/L 250250 100 80-120
Vanadium ug/L 495500 99 80-120
Zinc ug/L 489500 98 80-120

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 03/28/2022 02:11 PM

Pace Analytical Services, LLC
9800 Kincey Ave.  Suite 100

Huntersville, NC 28078
(704)875-9092

Page 38 of 96



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3556013MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587168007

3556014

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Antimony ug/L 500 106 75-125104 2 20500ND 529 518
Arsenic ug/L 500 106 75-125104 1 20500ND 529 523
Barium ug/L 500 102 75-125100 2 205005.8 517 507
Beryllium ug/L 500 108 75-125105 2 20500ND 538 526
Boron ug/L 500 104 75-125102 2 20500ND 522 511
Cadmium ug/L 500 104 75-125102 2 20500ND 518 510
Calcium ug/L 5000 92 75-12586 1 20500030900 35500 35200
Chromium ug/L 500 105 75-125103 2 20500ND 524 513
Copper ug/L 500 106 75-125104 2 20500ND 532 523
Hardness, Total(SM 2340B) ug/L 33100 98 75-12595 1 203310096700 129000 128000
Molybdenum ug/L 500 107 75-125105 2 20500ND 536 527
Nickel ug/L 500 101 75-12599 2 20500ND 507 498
Selenium ug/L 500 109 75-125106 2 20500ND 543 532
Silver ug/L 250 103 75-125102 2 20250ND 260 255
Vanadium ug/L 500 103 75-125101 2 20500ND 518 509
Zinc ug/L 500 102 75-125100 2 20500ND 513 505
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

683396
EPA 3010A

EPA 6010D
6010 MET

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011006

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3574406
Associated Lab Samples: 92587011006

Matrix: Water

AnalyzedMDL

Antimony ug/L ND 5.0 03/11/22 04:273.0
Arsenic ug/L ND 10.0 03/11/22 04:274.7
Barium ug/L ND 5.0 03/11/22 04:273.5
Beryllium ug/L ND 1.0 03/11/22 04:270.70
Boron ug/L ND 50.0 03/11/22 04:2732.4
Cadmium ug/L ND 1.0 03/11/22 04:270.40
Calcium ug/L ND 100 03/11/22 04:2794.2
Chromium ug/L ND 5.0 03/11/22 04:273.7
Copper ug/L ND 5.0 03/11/22 04:274.3
Hardness, Total(SM 2340B) ug/L ND 662 03/11/22 04:27131
Molybdenum ug/L ND 5.0 03/11/22 04:273.9
Nickel ug/L ND 5.0 03/11/22 04:273.5
Selenium ug/L ND 10.0 03/11/22 04:274.7
Silver ug/L ND 5.0 03/11/22 04:272.5
Vanadium ug/L ND 5.0 03/11/22 04:273.9
Zinc ug/L ND 10.0 03/11/22 04:279.5

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3574407LABORATORY CONTROL SAMPLE:
LCSSpike

Antimony ug/L 481500 96 80-120
Arsenic ug/L 476500 95 80-120
Barium ug/L 476500 95 80-120
Beryllium ug/L 481500 96 80-120
Boron ug/L 464500 93 80-120
Cadmium ug/L 481500 96 80-120
Calcium ug/L 49205000 98 80-120
Chromium ug/L 479500 96 80-120
Copper ug/L 488500 98 80-120
Hardness, Total(SM 2340B) ug/L 3260033100 99 80-120
Molybdenum ug/L 500500 100 80-120
Nickel ug/L 476500 95 80-120
Selenium ug/L 474500 95 80-120
Silver ug/L 241250 96 80-120
Vanadium ug/L 479500 96 80-120
Zinc ug/L 471500 94 80-120
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3574408MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587011006

3574409

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Antimony ug/L 500 101 75-125105 3 20500ND 505 523
Arsenic ug/L 500 99 75-125103 4 205005.3J 503 522
Barium ug/L 500 96 75-125100 4 2050088.5 567 588
Beryllium ug/L 500 102 75-125105 3 20500ND 508 526
Boron ug/L 500 96 75-125101 3 20500406 884 913
Cadmium ug/L 500 99 75-125102 3 20500ND 494 511
Calcium ug/L M15000 73 75-125104 4 20500037000 40600 42200
Chromium ug/L 500 98 75-125101 3 20500ND 489 506
Copper ug/L 500 100 75-125105 5 20500ND 501 526
Hardness, Total(SM 2340B) ug/L 33100 84 75-125105 4 2033100152000 180000 187000
Molybdenum ug/L 500 102 75-125105 3 20500ND 510 527
Nickel ug/L 500 96 75-125100 3 205007.9 489 506
Selenium ug/L 500 102 75-125106 3 20500ND 512 529
Silver ug/L 250 99 75-125104 5 20250ND 249 261
Vanadium ug/L 500 99 75-125103 3 20500ND 497 514
Zinc ug/L 500 97 75-125100 3 20500ND 494 508

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3574410MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92588243009

3574411

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Antimony ug/L 500 100 75-12596 5 20500ND 502 479
Arsenic ug/L 500 100 75-12595 4 20500ND 503 482
Barium ug/L 500 96 75-12591 5 2050066.7 546 519
Beryllium ug/L 500 100 75-12595 5 20500ND 501 475
Boron ug/L 500 98 75-12592 4 20500195 684 655
Cadmium ug/L 500 98 75-12593 5 20500ND 488 464
Calcium ug/L E,M15000 152 75-12570 4 205000100000 108000 103000
Chromium ug/L 500 97 75-12592 5 20500ND 485 459
Copper ug/L 500 101 75-12595 6 20500ND 505 476
Hardness, Total(SM 2340B) ug/L 33100 120 75-12584 4 2033100268000 308000 296000
Molybdenum ug/L 500 100 75-12595 5 20500ND 503 477
Nickel ug/L 500 96 75-12591 6 20500ND 480 454
Selenium ug/L 500 100 75-12596 4 20500ND 501 483
Silver ug/L E250 100 75-12595 5 20250ND 250 238
Vanadium ug/L 500 98 75-12593 5 20500ND 495 469
Zinc ug/L 500 95 75-12590 5 20500ND 480 457
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

679945
EPA 3010A

EPA 6020B
6020 MET

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3557433
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Matrix: Water

AnalyzedMDL

Cobalt ug/L ND 1.0 02/25/22 10:210.050
Iron ug/L ND 50.0 02/25/22 10:2120.9
Lead ug/L ND 1.0 02/25/22 10:210.077
Lithium ug/L ND 2.5 02/25/22 10:210.50
Manganese ug/L ND 2.0 02/25/22 10:211.0
Thallium ug/L ND 0.47 02/25/22 10:210.050
Tin ug/L ND 1.0 02/25/22 10:210.43

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3557434LABORATORY CONTROL SAMPLE:
LCSSpike

Cobalt ug/L 51.950 104 80-120
Iron ug/L 13001250 104 80-120
Lead ug/L 51.150 102 80-120
Lithium ug/L 51.350 103 80-120
Manganese ug/L 52.150 104 80-120
Thallium ug/L 25.325 101 80-120
Tin ug/L 51.250 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3557435MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92586826003

3557436

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Cobalt ug/L 50 100 75-125101 1 2050ND 50.1 50.5
Iron ug/L 1250 102 75-125101 1 201250ND 1290 1280
Lead ug/L 50 98 75-125100 2 2050ND 49.3 50.2
Lithium ug/L 50 90 75-12591 2 20506.3 51.1 52.0
Manganese ug/L 50 100 75-125101 1 20505.5 55.6 56.2
Thallium ug/L 25 98 75-12599 2 2025ND 24.4 24.8
Tin ug/L 50 102 75-125103 1 2050ND 50.9 51.5
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

679949
EPA 3010A

EPA 6020B
6020 MET

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011006, 92587011007

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3557441
Associated Lab Samples: 92587011006, 92587011007

Matrix: Water

AnalyzedMDL

Cobalt ug/L ND 1.0 02/23/22 04:120.050
Iron ug/L ND 50.0 02/23/22 04:1220.9
Lead ug/L ND 1.0 02/23/22 04:120.077
Lithium ug/L ND 2.5 02/23/22 04:120.50
Manganese ug/L ND 2.0 02/23/22 04:121.0
Thallium ug/L ND 0.47 02/23/22 04:120.050
Tin ug/L ND 1.0 02/23/22 04:120.43

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3557442LABORATORY CONTROL SAMPLE:
LCSSpike

Cobalt ug/L 46.950 94 80-120
Iron ug/L 11801250 95 80-120
Lead ug/L 45.750 91 80-120
Lithium ug/L 44.350 89 80-120
Manganese ug/L 46.150 92 80-120
Thallium ug/L 22.325 89 80-120
Tin ug/L 45.750 91 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3557443MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587168007

3557444

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Cobalt ug/L 50 90 75-12587 3 20500.085J 44.9 43.6
Iron ug/L 1250 91 75-12585 5 201250502 1640 1570
Lead ug/L 50 90 75-12588 2 2050ND 45.3 44.2
Lithium ug/L 50 88 75-12585 3 20502.3J 46.4 44.9
Manganese ug/L 50 87 75-12579 4 205062.1 105 102
Thallium ug/L 25 89 75-12586 3 2025ND 22.3 21.6
Tin ug/L 50 89 75-12587 2 2050ND 44.8 43.9

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3557445MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587011006

3557446

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Cobalt ug/L 50 89 75-12593 4 20503.8 48.3 50.2
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3557445MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587011006

3557446

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Iron ug/L 1250 89 75-12594 5 20125067.1 1180 1240
Lead ug/L 50 92 75-12596 5 2050ND 46.0 48.3
Lithium ug/L 50 88 75-12589 1 20501.5J 45.6 46.1
Manganese ug/L M150 112 75-125195 4 2050863 919 960
Thallium ug/L 25 91 75-12595 4 2025ND 22.7 23.7
Tin ug/L 50 91 75-12594 4 2050ND 45.3 47.2
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

677377
EPA 9056A

EPA 9056A
9056 IC Anions

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3545145
Associated Lab Samples: 92587011001, 92587011002, 92587011003, 92587011004, 92587011005

Matrix: Water

AnalyzedMDL

Chloride mg/L ND 1.0 02/10/22 13:400.60
Fluoride mg/L ND 0.10 02/10/22 13:400.050
Nitrate as N mg/L ND 0.10 02/10/22 13:400.060
Sulfate mg/L ND 1.0 02/10/22 13:400.50

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3545146LABORATORY CONTROL SAMPLE:
LCSSpike

Chloride mg/L 52.250 104 90-110
Fluoride mg/L 2.52.5 102 90-110
Nitrate as N mg/L 2.52.5 102 90-110
Sulfate mg/L 50.550 101 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3545147MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587159003

3545148

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chloride mg/L 50 103 90-110106 2 105026.3 77.7 79.2
Fluoride mg/L M12.5 112 90-110115 3 102.50.12 2.9 3.0
Nitrate as N mg/L 2.5 104 90-110107 3 102.5ND 2.6 2.7
Sulfate mg/L 50 101 90-110102 1 105043.3 93.6 94.2

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3545149MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587168003

3545150

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chloride mg/L 50 106 90-110109 3 10502.8 55.6 57.2
Fluoride mg/L M12.5 119 90-110123 4 102.5ND 3.0 3.1
Nitrate as N mg/L 2.5 107 90-110110 3 102.5ND 2.7 2.8
Sulfate mg/L 50 102 90-110104 1 105044.7 95.9 96.8
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

677652
EPA 9056A

EPA 9056A
9056 IC Anions

Laboratory: Pace Analytical Services - Asheville
Associated Lab Samples: 92587011006, 92587011007

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 3546490
Associated Lab Samples: 92587011006, 92587011007

Matrix: Water

AnalyzedMDL

Chloride mg/L ND 1.0 02/11/22 10:200.60
Fluoride mg/L ND 0.10 02/11/22 10:200.050
Nitrate as N mg/L ND 0.10 02/11/22 10:200.060
Sulfate mg/L ND 1.0 02/11/22 10:200.50

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

3546491LABORATORY CONTROL SAMPLE:
LCSSpike

Chloride mg/L 50.650 101 90-110
Fluoride mg/L 2.42.5 95 90-110
Nitrate as N mg/L 2.42.5 97 90-110
Sulfate mg/L 49.350 99 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3546492MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587168007

3546493

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chloride mg/L 50 104 90-110107 3 10502.9 54.9 56.6
Fluoride mg/L 2.5 102 90-110104 2 102.50.13 2.7 2.7
Nitrate as N mg/L 2.5 102 90-110106 3 102.5ND 2.6 2.6
Sulfate mg/L 50 102 90-110104 2 105010.3 61.3 62.5

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

3546494MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

92587011006

3546495

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chloride mg/L M150 107 90-110111 3 105013.9 67.2 69.4
Fluoride mg/L M12.5 110 90-110115 5 102.50.062J 2.8 2.9
Nitrate as N mg/L 2.5 105 90-110109 4 102.5ND 2.6 2.7
Sulfate mg/L M150 84 90-11087 1 105075.0 117 119
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QUALIFIERS

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
Acid preservation may not be appropriate for 2 Chloroethylvinyl ether.
A separate vial preserved to a pH of 4-5 is recommended in SW846 Chapter 4 for the analysis of Acrolein and Acrylonitrile by EPA
Method 8260.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Reported results are not rounded until the final step prior to reporting. Therefore, calculated parameters that are typically reported as
"Total" may vary slightly from the sum of the reported component parameters.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

ANALYTE QUALIFIERS

Analyte concentration exceeded the calibration range. The reported result is estimated.E
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

92587011
Bremo PS 1SA2022 (E)

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

92587011001 677341020822NMW19 SM 2540C-2011
92587011002 677341020822NMW20S SM 2540C-2011
92587011003 677341020822NMW20D SM 2540C-2011
92587011004 677341020822NMW21 SM 2540C-2011
92587011005 677341020822FDEPFieldDuplicate SM 2540C-2011

92587011006 678046021022NMW22 SM 2540C-2011
92587011007 678046021022NMW23 SM 2540C-2011

92587011001 680106020822NMW19 EPA 350.1 Rev 2.0 1993
92587011002 680106020822NMW20S EPA 350.1 Rev 2.0 1993
92587011003 680106020822NMW20D EPA 350.1 Rev 2.0 1993
92587011004 680106020822NMW21 EPA 350.1 Rev 2.0 1993
92587011005 680106020822FDEPFieldDuplicate EPA 350.1 Rev 2.0 1993

92587011006 680297021022NMW22 EPA 350.1 Rev 2.0 1993
92587011007 680297021022NMW23 EPA 350.1 Rev 2.0 1993

92587011001 679644 679697020822NMW19 EPA 3010A EPA 6010D
92587011002 679644 679697020822NMW20S EPA 3010A EPA 6010D
92587011003 679644 679697020822NMW20D EPA 3010A EPA 6010D
92587011004 679644 679697020822NMW21 EPA 3010A EPA 6010D
92587011005 679644 679697020822FDEPFieldDuplicate EPA 3010A EPA 6010D

92587011006 683396 683584021022NMW22 EPA 3010A EPA 6010D

92587011007 679646 679699021022NMW23 EPA 3010A EPA 6010D

92587011001 679945 680049020822NMW19 EPA 3010A EPA 6020B
92587011002 679945 680049020822NMW20S EPA 3010A EPA 6020B
92587011003 679945 680049020822NMW20D EPA 3010A EPA 6020B
92587011004 679945 680049020822NMW21 EPA 3010A EPA 6020B
92587011005 679945 680049020822FDEPFieldDuplicate EPA 3010A EPA 6020B

92587011006 679949 680051021022NMW22 EPA 3010A EPA 6020B
92587011007 679949 680051021022NMW23 EPA 3010A EPA 6020B

92587011001 681323 681576020822NMW19 EPA 7470A EPA 7470A
92587011002 681323 681576020822NMW20S EPA 7470A EPA 7470A
92587011003 681323 681576020822NMW20D EPA 7470A EPA 7470A

92587011004 681651 682139020822NMW21 EPA 7470A EPA 7470A
92587011005 681651 682139020822FDEPFieldDuplicate EPA 7470A EPA 7470A
92587011006 681651 682139021022NMW22 EPA 7470A EPA 7470A
92587011007 681651 682139021022NMW23 EPA 7470A EPA 7470A

92587011001 677377020822NMW19 EPA 9056A
92587011002 677377020822NMW20S EPA 9056A
92587011003 677377020822NMW20D EPA 9056A
92587011004 677377020822NMW21 EPA 9056A
92587011005 677377020822FDEPFieldDuplicate EPA 9056A

92587011006 677652021022NMW22 EPA 9056A
92587011007 677652021022NMW23 EPA 9056A
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ANALYTICAL REPORT
March 24,  2022

Revised Report

Pace Analytical - Huntersville, NC

Sample Delivery Group: L1461532

Samples Received: 02/14/2022

Project Number: 92587011

Description: Bremo PS 1SA2022 (E)

Site: 001

Report To: Nicole D'Oleo

9800 Kincey Avenue, Suite 100

Huntersville, NC  28078

Entire Report Reviewed By:

March 24,  2022

[Preliminary Report]

Donna Eidson
Pro ject  Manager

Results relate only to the items tested or calibrated and are reported as rounded values. This test report shall not be 
reproduced, except in full, without written approval of the laboratory. Where applicable, sampling conducted by Pace 
Analytical National is performed per guidance provided in laboratory standard operating procedures ENV-SOP-MTJL-0067 and 
ENV-SOP-MTJL-0068. Where sampling conducted by the customer, results relate to the accuracy of the information provided, 
and as the samples are received.

Pace Analytical National
12065 Lebanon  Rd   Mount  Ju l ie t ,  TN  37122   615 -758-5858  800-767-5859  www.pacenat iona l . com
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

020822NMW19  L1461532-01  Non-Potable Water 02/08/22 14:45 02/14/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1819079 1 02/22/22 10:01 03/03/22 01:07 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1819080 1 02/18/22 11:18 02/23/22 14:20 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1819079 1 02/22/22 10:01 03/03/22 01:07 JMR Mt. Juliet, TN

Collected by Collected date/time Received date/time

020822NMW20S  L1461532-02  Non-Potable Water 02/08/22 14:30 02/14/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1819079 1 02/22/22 10:01 03/03/22 01:07 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1819080 1 02/18/22 11:18 02/23/22 14:20 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1819079 1 02/22/22 10:01 03/03/22 01:07 JMR Mt. Juliet, TN

Collected by Collected date/time Received date/time

020822NMW20D  L1461532-03  Non-Potable Water 02/08/22 15:35 02/14/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1819079 1 02/22/22 10:01 03/03/22 01:07 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1819080 1 02/18/22 11:18 02/23/22 14:20 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1819079 1 02/22/22 10:01 03/03/22 01:07 JMR Mt. Juliet, TN

Collected by Collected date/time Received date/time

020822NMW21  L1461532-04  Non-Potable Water 02/08/22 14:00 02/14/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1819079 1 02/22/22 10:01 03/03/22 01:07 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1819080 1 02/18/22 11:18 02/28/22 13:45 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1819079 1 02/22/22 10:01 03/03/22 01:07 JMR Mt. Juliet, TN

Collected by Collected date/time Received date/time

020822FDEPFIELDDUPLICATE  L1461532-05  Non-Potable Water 02/08/22 14:45 02/14/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1819079 1 02/22/22 10:01 03/03/22 02:08 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1819080 1 02/18/22 11:18 02/28/22 13:45 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1819079 1 02/22/22 10:01 03/03/22 02:08 JMR Mt. Juliet, TN

Collected by Collected date/time Received date/time

021022NMW22  L1461532-06  Non-Potable Water 02/08/22 10:05 02/14/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1819079 1 02/22/22 10:01 03/03/22 02:08 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1819080 1 02/18/22 11:18 02/28/22 13:45 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1819079 1 02/22/22 10:01 03/03/22 02:08 JMR Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

021022NMW23  L1461532-07  Non-Potable Water 02/08/22 11:40 02/14/22 09:30

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Radiochemistry by Method 903.0/9315 WG1819079 1 02/22/22 10:01 03/03/22 02:08 SNR Mt. Juliet, TN

Radiochemistry by Method 904/9320 WG1821179 1 02/23/22 10:16 02/28/22 13:45 JMR Mt. Juliet, TN

Radiochemistry by Method Calculation WG1819079 1 02/22/22 10:01 03/03/22 02:08 JMR Mt. Juliet, TN

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Pace Analytical - Huntersville, NC 92587011 L1461532 03/24/22 18:15 4 of 18

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Pace Analytical - Huntersville, NC 92587011 L1461532 03/24/22 19:00 4 of 18

Page 60 of 96



CASE NARRATIVE

All sample aliquots were received at the correct temperature, in the proper containers, with the 
appropriate preservatives, and within method specified holding times, unless qualified or notated within
the report.  Where applicable, all MDL (LOD) and RDL (LOQ) values reported for environmental samples
have been corrected for the dilution factor used in the analysis.  All radiochemical sample results for 
solids are reported on a dry weight basis with the exception of tritium, carbon-14 and radon, unless wet 
weight was requested by the client.  All Method and Batch Quality Control are within established 
criteria except where addressed in this case narrative, a non-conformance form or properly qualified 
within the sample results. By my digital signature below, I affirm to the best of my knowledge, all 
problems/anomalies observed by the laboratory as having the potential to affect the quality of the data 
have been identified by the laboratory, and no information or data have been knowingly withheld that 
would affect the quality of the data.

[Preliminary Report]

Donna Eidson
Pro jec t  Manager

 Report Revision History

Level II Report - Version 1: 03/10/22 14:35

 Project Narrat ive

-06 & -07 IDs were corrected to match COC.
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SAMPLE RESULTS - 01
L 1 4 6 1 5 3 2

020822NMW19
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 8 / 2 2  1 4 : 4 5

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.398 0.214 0.173 03/03/2022 01:07 WG1819079

    (T) Barium 92.0 30.0-143 03/03/2022 01:07 WG1819079

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 0.975 0.290 0.501 02/23/2022 14:20 WG1819080

    (T) Barium 92.4 62.0-143 02/23/2022 14:20 WG1819080

    (T) Yttrium 108 79.0-136 02/23/2022 14:20 WG1819080

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 1.37 0.360 0.530 03/03/2022 01:07 WG1819079
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SAMPLE RESULTS - 02
L 1 4 6 1 5 3 2

020822NMW20S
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 8 / 2 2  1 4 : 3 0

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.399 0.215 0.174 03/03/2022 01:07 WG1819079

    (T) Barium 94.9 30.0-143 03/03/2022 01:07 WG1819079

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 1.65 0.269 0.435 02/23/2022 14:20 WG1819080

    (T) Barium 101 62.0-143 02/23/2022 14:20 WG1819080

    (T) Yttrium 102 79.0-136 02/23/2022 14:20 WG1819080

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 2.05 0.344 0.469 03/03/2022 01:07 WG1819079
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SAMPLE RESULTS - 03
L 1 4 6 1 5 3 2

020822NMW20D
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 8 / 2 2  1 5 : 3 5

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.645 0.282 0.258 03/03/2022 01:07 WG1819079

    (T) Barium 96.8 30.0-143 03/03/2022 01:07 WG1819079

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 0.998 0.354 0.621 02/23/2022 14:20 WG1819080

    (T) Barium 89.1 62.0-143 02/23/2022 14:20 WG1819080

    (T) Yttrium 100 79.0-136 02/23/2022 14:20 WG1819080

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 1.64 0.453 0.672 03/03/2022 01:07 WG1819079
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SAMPLE RESULTS - 04
L 1 4 6 1 5 3 2

020822NMW21
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 8 / 2 2  1 4 : 0 0

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.178 U 0.165 0.217 03/03/2022 01:07 WG1819079

    (T) Barium 97.2 30.0-143 03/03/2022 01:07 WG1819079

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 0.895 0.272 0.482 02/28/2022 13:45 WG1819080

    (T) Barium 100 62.0-143 02/28/2022 13:45 WG1819080

    (T) Yttrium 96.7 79.0-136 02/28/2022 13:45 WG1819080

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 1.07 0.318 0.529 03/03/2022 01:07 WG1819079
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SAMPLE RESULTS - 05
L 1 4 6 1 5 3 2

020822FDEPFIELDDUPLICATE
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 8 / 2 2  1 4 : 4 5

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.256 0.174 0.169 03/03/2022 02:08 WG1819079

    (T) Barium 95.1 30.0-143 03/03/2022 02:08 WG1819079

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 0.810 0.265 0.472 02/28/2022 13:45 WG1819080

    (T) Barium 97.6 62.0-143 02/28/2022 13:45 WG1819080

    (T) Yttrium 114 79.0-136 02/28/2022 13:45 WG1819080

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 1.07 0.317 0.501 03/03/2022 02:08 WG1819079
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SAMPLE RESULTS - 06
L 1 4 6 1 5 3 2

021022NMW22
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 8 / 2 2  1 0 : 0 5

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.108 U 0.130 0.176 03/03/2022 02:08 WG1819079

    (T) Barium 92.9 30.0-143 03/03/2022 02:08 WG1819079

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 0.252 J 0.266 0.496 02/28/2022 13:45 WG1819080

    (T) Barium 98.3 62.0-143 02/28/2022 13:45 WG1819080

    (T) Yttrium 97.5 79.0-136 02/28/2022 13:45 WG1819080

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 0.360 J 0.296 0.526 03/03/2022 02:08 WG1819079
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SAMPLE RESULTS - 07
L 1 4 6 1 5 3 2

021022NMW23
C o l l e c t e d  d a t e / t i m e :   0 2 / 0 8 / 2 2  1 1 : 4 0

Radiochemistry by Method 903.0/9315

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Radium-226 0.0544 U 0.151 0.269 03/03/2022 02:08 WG1819079

    (T) Barium 91.6 30.0-143 03/03/2022 02:08 WG1819079

Radiochemistry by Method 904/9320

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

RADIUM-228 -0.0334 U 0.416 0.780 02/28/2022 13:45 WG1821179

    (T) Barium 94.6 62.0-143 02/28/2022 13:45 WG1821179

    (T) Yttrium 103 79.0-136 02/28/2022 13:45 WG1821179

Radiochemistry by Method Calculation

 Result Qualifier Uncertainty MDA Analysis Date Batch

Analyte pCi/l + / - pCi/l date / time

Combined Radium 0.0544 U 0.443 0.825 03/03/2022 02:08 WG1819079
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QUALITY CONTROL SUMMARYWG1819079
R a d i o c h e m i s t r y  b y  M e t h o d  9 0 3 . 0 / 9 3 1 5 L 1 4 6 1 5 3 2 - 0 1 , 0 2 , 0 3 , 0 4 , 0 5 , 0 6 , 0 7

Method Blank (MB)

(MB) R3765902-1  03/02/22 23:07

 MB Result MB Qualifier MB Uncertainty MB MDA

Analyte pCi/l + / - pCi/l

Radium-226 -0.0396 U 0.0448 0.156

    (T) Barium 95.1  95.1  

L1461537-06 Original Sample (OS) • Duplicate (DUP)

(OS) L1461537-06  03/03/22 03:08 • (DUP) R3765902-5  03/03/22 00:07

 Original Result Original 
Uncertainty Original MDA DUP Result DUP 

Uncertainty DUP MDA Dilution DUP RPD DUP RER DUP Qualifier DUP RPD 
Limits DUP RER Limit

Analyte pCi/l + / - pCi/l pCi/l + / - pCi/l % %

Radium-226 0.761 0.285 0.211 0.786 0.314 0.211 1 3.19 0.0582 20 3

    (T) Barium 100   92.5 92.5        

Laboratory Control Sample (LCS)

(LCS) R3765902-2  03/02/22 23:07

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte pCi/l pCi/l % %

Radium-226 5.01 4.29 85.7 80.0-120

    (T) Barium   94.6   

L1461532-06 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1461532-06  03/03/22 02:08 • (MS) R3765902-3  03/03/22 00:07 • (MSD) R3765902-4  03/03/22 00:07

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD MS RER RPD Limits

Analyte pCi/l pCi/l pCi/l pCi/l % % % % %

Radium-226 10.0 0.108 8.61 8.30 85.0 81.9 1 75.0-125 3.68 20

    (T) Barium  92.9   93.2 92.7        
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QUALITY CONTROL SUMMARYWG1819080
R a d i o c h e m i s t r y  b y  M e t h o d  9 0 4 / 9 3 2 0 L 1 4 6 1 5 3 2 - 0 1 , 0 2 , 0 3 , 0 4 , 0 5 , 0 6

Method Blank (MB)

(MB) R3768373-1  02/23/22 14:20

 MB Result MB Qualifier MB Uncertainty MB MDA

Analyte pCi/l + / - pCi/l

Radium-228 0.146 U 0.236 0.431

    (T) Barium 96.7  96.7  

    (T) Yttrium 101  101  

L1461532-06 Original Sample (OS) • Duplicate (DUP)

(OS) L1461532-06  02/28/22 13:45 • (DUP) R3768373-5  02/23/22 14:20

 Original Result Original 
Uncertainty Original MDA DUP Result DUP 

Uncertainty DUP MDA Dilution DUP RPD DUP RER DUP Qualifier DUP RPD 
Limits DUP RER Limit

Analyte pCi/l + / - pCi/l pCi/l + / - pCi/l % %

Radium-228 0.252 0.266 0.496 1.28 0.928 0.496 1 134 1.07 J 20 3

    (T) Barium 98.3   94.2 94.2        

    (T) Yttrium 97.5   98.2 98.2        

Laboratory Control Sample (LCS)

(LCS) R3768373-2  02/23/22 14:20

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte pCi/l pCi/l % %

Radium-228 5.00 4.93 98.6 80.0-120

    (T) Barium   98.9   

    (T) Yttrium   94.2   

L1461532-06 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1461532-06  02/28/22 13:45 • (MS) R3768373-3  02/23/22 14:20 • (MSD) R3768373-4  02/23/22 14:20

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD MS RER RPD Limits

Analyte pCi/l pCi/l pCi/l pCi/l % % % % %

Radium-228 16.7 0.252 19.5 19.8 115 117 1 70.0-130 1.48 20

    (T) Barium  98.3   103 93.8        

    (T) Yttrium  97.5   97.1 98.1        
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QUALITY CONTROL SUMMARYWG1821179
R a d i o c h e m i s t r y  b y  M e t h o d  9 0 4 / 9 3 2 0 L 1 4 6 1 5 3 2 - 0 7

Method Blank (MB)

(MB) R3767089-1  02/28/22 13:45

 MB Result MB Qualifier MB Uncertainty MB MDA

Analyte pCi/l + / - pCi/l

Radium-228 0.0781 U 0.226 0.422

    (T) Barium 102  102  

    (T) Yttrium 102  102  

L1461537-03 Original Sample (OS) • Duplicate (DUP)

(OS) L1461537-03  02/28/22 13:45 • (DUP) R3767089-5  02/28/22 13:45

 Original Result Original 
Uncertainty Original MDA DUP Result DUP 

Uncertainty DUP MDA Dilution DUP RPD DUP RER DUP Qualifier DUP RPD 
Limits DUP RER Limit

Analyte pCi/l + / - pCi/l pCi/l + / - pCi/l % %

Radium-228 0.172 0.314 0.587 -0.918 0.886 0.587 1 200 1.16 U 20 3

    (T) Barium 107   97.4 97.4        

    (T) Yttrium 91.3   102 102        

Laboratory Control Sample (LCS)

(LCS) R3767089-2  02/28/22 13:45

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte pCi/l pCi/l % %

Radium-228 5.00 4.37 87.4 80.0-120

    (T) Barium   99.2   

    (T) Yttrium   102   

L1461537-03 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1461537-03  02/28/22 13:45 • (MS) R3767089-3  02/28/22 13:45 • (MSD) R3767089-4  02/28/22 13:45

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD MS RER RPD Limits

Analyte pCi/l pCi/l pCi/l pCi/l % % % % %

Radium-228 16.7 0.172 17.9 17.1 106 102 1 70.0-130 4.28 20

    (T) Barium  107   93.6 100        

    (T) Yttrium  91.3   95.0 97.0        
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GLOSSARY OF TERMS

Guide to Reading and Understanding Your Laboratory Report

The information below is designed to better explain the various terms used in your report of analytical results from the Laboratory.  This is not 
intended as a comprehensive explanation, and if you have additional questions please contact your project representative.

Results Disclaimer - Information that may be provided by the customer, and contained within this report, include Permit Limits, Project Name, 
Sample ID, Sample Matrix, Sample Preservation, Field Blanks, Field Spikes, Field Duplicates, On-Site Data, Sampling Collection Dates/Times, and 
Sampling Location. Results relate to the accuracy of this information provided, and as the samples are received.

Abbreviations and Definitions

MDA Minimum Detectable Activity.

Rec. Recovery.

RER Replicate Error Ratio.

RPD Relative Percent Difference.

SDG Sample Delivery Group.

(T) Tracer - A radioisotope of known concentration added to a solution of chemically equivalent radioisotopes at a known 
concentration to assist in monitoring the yield of the chemical separation.

Analyte The name of the particular compound or analysis performed. Some Analyses and Methods will have multiple analytes 
reported.

Dilution

If the sample matrix contains an interfering material, the sample preparation volume or weight values differ from the 
standard, or if concentrations of analytes in the sample are higher than the highest limit of concentration that the 
laboratory can accurately report, the sample may be diluted for analysis. If a value different than 1 is used in this field, the 
result reported has already been corrected for this factor.

Limits
These are the target % recovery ranges or % difference value that the laboratory has historically determined as normal 
for the method and analyte being reported. Successful QC Sample analysis will target all analytes recovered or 
duplicated within these ranges.

Original Sample The non-spiked sample in the prep batch used to determine the Relative Percent Difference (RPD) from a quality control 
sample. The Original Sample may not be included within the reported SDG.

Qualifier
This column provides a letter and/or number designation that corresponds to additional information concerning the result
reported. If a Qualifier is present, a definition per Qualifier is provided within the Glossary and Definitions page and 
potentially a discussion of possible implications of the Qualifier in the Case Narrative if applicable.

Result

The actual analytical final result (corrected for any sample specific characteristics) reported for your sample. If there was 
no measurable result returned for a specific analyte, the result in this column may state “ND” (Not Detected) or “BDL” 
(Below Detectable Levels). The information in the results column should always be accompanied by either an MDL 
(Method Detection Limit) or RDL (Reporting Detection Limit) that defines the lowest value that the laboratory could detect 
or report for this analyte.

Uncertainty 
(Radiochemistry) Confidence level of 2 sigma.

Case Narrative (Cn)
A brief discussion about the included sample results, including a discussion of any non-conformances to protocol 
observed either at sample receipt by the laboratory from the field or during the analytical process. If present, there will 
be a section in the Case Narrative to discuss the meaning of any data qualifiers used in the report.

Quality Control 
Summary (Qc)

This section of the report includes the results of the laboratory quality control analyses required by procedure or 
analytical methods to assist in evaluating the validity of the results reported for your samples. These analyses are not 
being performed on your samples typically, but on laboratory generated material.

Sample Chain of 
Custody (Sc)

This is the document created in the field when your samples were initially collected. This is used to verify the time and 
date of collection, the person collecting the samples, and the analyses that the laboratory is requested to perform. This 
chain of custody also documents all persons (excluding commercial shippers) that have had control or possession of the 
samples from the time of collection until delivery to the laboratory for analysis.

Sample Results (Sr)
This section of your report will provide the results of all testing performed on your samples. These results are provided 
by sample ID and are separated by the analyses performed on each sample. The header line of each analysis section for
each sample will provide the name and method number for the analysis reported.

Sample Summary (Ss) This section of the Analytical Report defines the specific analyses performed for each sample ID, including the dates and
times of preparation and/or analysis.

Qualifier Description

J The identification of the analyte is acceptable; the reported value is an estimate.

U Below Detectable Limits: Indicates that the analyte was not detected.
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Pace Analytical National    12065 Lebanon Rd Mount Juliet, TN 37122
Alabama 40660  Nebraska NE-OS-15-05
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A2LA – ISO 17025 ⁵ 1461.02  DOD 1461.01
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APPENDIX B.1 
Field Data Sheets 

First Semi-Annual Monitoring Events 
(2020) 
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APPENDIX B.2 
Field Data Sheets 

First Semi-Annual Monitoring Events 
(2021) 
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Surface Water Monitoring Report – 1st Quarter 2020 
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APPENDIX D.2 
Surface Water Monitoring Report – 1st Quarter 2021 
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Baseline Quantitative Human Health Risk Assessment VURAM 
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Corrective-Action-Endpoint Human Health Risk Assessment 
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