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Surface Water Sampling Logs 
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 TECHNICAL 

MEMORANDUM 

Tetra Tech, Inc. 
150 S. 4th Street, Unit A, Henderson, NV 89015 

1 Tel 702-854-2295     tetratech.com 

To: Chris Ritchie, Ramboll 

Cc: Steve Clough, Nevada Environmental Response Trust 

Annika Deurlington, Jesse King, Emeryville Lab Data, Ramboll 

David Bohmann, Tetra Tech 

From: Jesse Bunkers and James Roman 

Date: July 20, 2020 

Subject: June 2020 Monthly Groundwater Monitoring Summary 

Nevada Environmental Response Trust Site 

Henderson, NV 

 

MONTHLY DEPTH TO WATER MEASUREMENTS 

At the direction of the Nevada Environmental Response Trust (NERT or Trust), Tetra Tech, Inc. (Tetra Tech) has 

prepared this summary for the June 2020 monthly depth-to-water measurement event. This activity was 

performed in accordance with Ramboll’s update to the Remedial Performance Groundwater Sampling and 

Analysis Plan, dated March 4, 2020 and approved by Nevada Division of Environmental Protection (NDEP) on 

March 16, 2020, and Field Guidance Document No. 008 – Groundwater and Free Product Level Measurements, 

dated March 24, 2017. 

The depth to water was measured at 24 monitoring wells on June 8, 2020. The well locations are identified on 

Figure 1. No deviations from the groundwater monitoring program were encountered. All wells were observed to 

be in good condition. 

The field water level measurement log is included in Attachment A. The electronic data deliverable (EDD), with 
the recorded depth to water data, will be transmitted separately as an Excel file. 
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 2 TETRA TECH, INC. 

CERTIFICATION  

I hereby certify that I am responsible for the services described in this document and for the preparation of this 

document. The services described in this document have been prepared in a manner consistent with the current 

standards of the profession, and to the best of my knowledge, comply with all applicable federal, state, and local 

statutes, regulations, and ordinances. I hereby certify that all laboratory analytical data was generated by a 

laboratory certified by the NDEP for each constituent and media presented herein. 

Description of Services Provided: Prepared June 2020 Monthly Groundwater Monitoring Summary. 

 

 

 

___________________________________                                 ________________________ 

Kyle Hansen, CEM                                                                        Date 

Field Operations Manager/Geologist 

Tetra Tech, Inc. 

 

 

Nevada CEM Certificate Number: 2167 

Nevada CEM Expiration Date: September 18, 2020   
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Attachment A 
Field Water Level Measurement Log 

 

 

 



11:21 Y

11:08 N

11:13 Y

11:28 Y

11:31 N

11:35 Y

11:52 N

11:55 Y

12:01 DP

12:21 Y

12:49 Y

12:29 Y

12:33 N

12:09 N

12:37 DP

12:40 N

12:14 DP

13:24 Y

13:30 Y

13:34 Y

13:40 Y

13:51 Y

13:58 Y

14:03 Y

BMP = Below Measuring Point TOC = Top of Casing (Well Riser) DP = Dedicated Pump

PC-18 TOC 34.71 Good

PC-55 TOC 33.38 Good

PC-86 TOC 12.40 Good

PC-122 TOC 32.60 Good

PC-97 TOC 4.58 Good

PC-90 TOC 5.78 Good, verified

M-72 TOC 31.38 Good

PC-91 TOC 10.47 Good

M-66 TOC 28.78 Good

M-173 TOC 25.65 Good

M-172 TOC 26.97 Good

M-71 TOC 34.82 Good, Eijkelkamp transducer installed

M-64 TOC 26.46 Good

M-65 TOC 28.73 Good

M-70 TOC 32.31 Good

M-170 TOC 25.56 Good

M-167 TOC 27.10 Good

M-69 TOC 32.53 Good

M-177 TOC 21.09 Good

M-68 TOC 25.62 Good

M-74 TOC 27.65 Good

Dedicated 

Tubing 

(Y/N) 

M-73 TOC 30.25 Good, verified

M-175 TOC 20.10 Good

Equipment Model/Type:

Solinst Water Level Meter

Serial Number:

269523

Recorded by: 

J. Bunkers                                                                                 

Time Well ID 

Measuring 

Point 

Depth to Static Water 

Level (ft BMP)

Condition of Well and

Well Seal

M-67 TOC 20.86 Good

WELL WATER LEVEL 
MEASUREMENT LOG

Page _1_  of  _1_

Task Name: GW Monitoring Task No: H02 Date: June 8, 2020

Task Manager: Jesse Bunkers Location: Site Wide



                          JUNE 2020 Sampling Event   

DTW readings taken manually on all Interceptor Wells, SWF, AWF and AP5 Wells 

Issues/Concerns 

IWF, SWF, AWF, AP5 Wells DTW taken with Geotech Water Level Meter Serial #7053. 

PC99R2/R3 When taking DTW readings, PC-99R2 was feeding into PC-99R3 so quickly that splash was preventing us from obtaining an accurate DTW reading.  
Unable to remove transducer from well or pass with TWD probe. Recorded DTW readings from Control Panel  

AP5 Wells Sampled by ETI JUNE 4 2020. Will be done on a Monthly basis by ETI.  

*ART-1, ART-2, ART-4, ART-6, *All have more than 1-foot difference in DTW from 5/2020 to 6/2020. Data recorded on field sheet 

*ART-8A, PC-150, 

*I-AC, I-AD, I-B, I-E, I-F, I-G, I-I, 

*I-J, I-L, I-Q, I-R, I-V 

ART-2 and ART-2A  Both wells running at time of DTW and Sampling. Sample bottles labeled as ART-2/2A 6 2 20 

I-AB, I-AC, I-AD  DTW taken prior to turning well on to sample, purged prior to collecting sample.  

I-Q DTW probe hitting top of pump. Unable to bypass pump/motor with DTW probe. 

I-P ETI daily DTW measurements. 

Emily McGuire and Thomas McDaniel sampled JUNE 2020 

  

 

 

FD/EB 

SWF   PC-120 6 2 20 - FD   PC-121 6 2 20 - EB 

AWF    ART-4 6 2 20 - FD   ART-7B 6 2 20 - EB 

IWF   I-AA 6 4 20 - FD    I-AB 6 4 20 - EB 

AP5 Wells  E2-5 6 4 20 - FD    E1-1 6 4 20 - EB 

 

**Per email from Emily Gilson dated 4/12/2017 – removed historical_reference_elev and water_level_elev data from 2017 Groundwater Sampling EDD  

Field Forms changes TWD will be marked with a “NM” not measured, unless a manual reading obtained. Manually record TWD in May 

Monthly Table changes Effective 9/13/2018- Well casing and LT Elevations email from David Bohmann dated 9/13/18  

Effective 8/1/2017 - TWD recorded annually in May - forms are to be marked at NM (Not Measured) per email from Katie Linscott 
7/19/2017  

Sampling Changes Effective 3/16/2020 – NDEP approved NERT Remedial Performance Monitoring SAP, Revision 1 - ART-6 will only be sampled by 
Tetra Tech in November and May. 























































































































































 TECHNICAL 

MEMORANDUM 

Tetra Tech, Inc. 
150 S. 4th Street, Unit A, Henderson, NV 89015 

1 Tel 702-854-2295     tetratech.com 

To: Chris Ritchie and Chris Stubbs, Ramboll 

Cc: Steve Clough, Nevada Environmental Response Trust 

Matthew Edelstein, Craig Knox, Emeryville Lab Data, Ramboll 

David Bohmann, Tetra Tech 

From: Jesse Bunkers and James Roman 

Date: July 20, 2020 

Subject: June 2020 Monthly Las Vegas Wash Surface Water Sampling 

Nevada Environmental Response Trust Site 

Henderson, NV 

 

MONTHLY SURFACE WATER SAMPLING ACTIVITIES 

At the direction of the Nevada Environmental Response Trust (NERT or Trust), Tetra Tech, Inc. (Tetra Tech) has 

prepared this summary for the June 2020 Las Vegas Wash Surface Water Sampling event for the NERT Site. 

The ten sample locations described in the Surface Water Sampling and Analysis Plan, Revision 3 (SAP), Las 

Vegas Wash (Tetra Tech, October 2018) are shown on Figure 1. Tetra Tech collected 30 independent samples 

from ten sample locations within the Las Vegas Wash (the Wash) and a channel flowing into the Wash (C-1 

Channel) on June 9, 2020. For samples from the Wash, each location was accessed either by wading into the 

Wash or by float tube. At each sample location, Tetra Tech measured the total depth of the Wash, recorded the 

water quality field parameters, and collected a sample. All samples were collected at the approximate mid-water 

depth using the discrete hand-grab sample technique described in the SAP. For samples from the C-1 Channel, 

the channel width, depth of water, and flow were measured and documented in the surface water sampling logs. 

The diameters of the C-1 Channel #1-W and #1-E were measured to be 2 feet. 

Samples were stored in coolers at 4°C and transferred under chain-of-custody documentation to Eurofins 

Calscience Laboratory (ECL) in Irvine, California following completion of sampling. All samples were analyzed for 

perchlorate, chlorate and total dissolved solids using EPA Methods 314.0, 300.1, and SM 2540C, respectively. 

The ECL laboratory reports are available for Ramboll via ECL’s Total Access website. 

Deviations from the Wash surface water sampling program encountered during the June 2020 sampling event 

include: 

• Field personnel were not able to sample the designated location for LVW6.6-3 due to the presence of a 

sandbar at the sample location. The sandbar extended above the water surface; therefore, no surface 

water was present at the sample location. The sample was collected as close as possible to the original 
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sample location. The sample location was recorded with a handheld GPS and the sample was collected 

at the coordinates 36.089462° N, 114.993152° W. 

• There was no flow at location C-12 Channel #2; accordingly, a sample was not collected. 

Surface water sampling logs are provided in Attachment A. Field investigation daily logs and calibration logs are 

included in Attachments B and C, respectively.  The electronic data deliverable (EDD) with the recorded sample 

depths and field parameters will be transmitted in a separate Excel file. 
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CERTIFICATION  

I hereby certify that I am responsible for the services described in this document and for the preparation of this 

document. The services described in this document have been prepared in a manner consistent with the current 

standards of the profession, and to the best of my knowledge, comply with all applicable federal, state, and local 

statutes, regulations, and ordinances. I hereby certify that all laboratory analytical data was generated by a 

laboratory certified by the NDEP for each constituent and media presented herein. 

Description of Services Provided: Prepared June 2020 monthly Las Vegas Wash surface water sampling 

summary. 

 

 

___________________________________                                 ________________________ 

Kyle Hansen, CEM                                                                        Date 

Field Operations Manager/Geologist 

Tetra Tech, Inc. 

 

 

Nevada CEM Certificate Number: 2167 

Nevada CEM Expiration Date: September 18, 2020   
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Annual Groundwater Monitoring and 
GWETS Performance Report
Nevada Environmental Response Trust Site 
Henderson, Nevada 

Ramboll 

APPENDIX E 
DATA VALIDATION SUMMARY REPORT (DVSR) 

(AVAILABLE ELECTRONICALLY ON USB FLASH DRIVE)
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Ramboll 

APPENDIX F 
ELECTRONIC DATA DELIVERABLE (EDD) 

(AVAILABLE ELECTRONICALLY ON USB FLASH DRIVE)
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APPENDIX G 
ENVIRONMENTAL FOOTPRINT ANALYSIS



Nevada Environmental Response Trust Site

Henderson, Nevada

Parameter Data Sources

Personnel transportation estimates are compiled by the Trust, Ramboll, Tetra Tech, and Envirogen for 
tasks associated with the Remedial Performance Monitoring Program (RPM) and the Groundwater 
Extraction and Treatment System (GWETS).  
Flight distances are estimated using the approximate distance from the starting location city/airport to 
Las Vegas airport.  Driving distances are estimated using the approximate driving distance reported by 
Google Maps.

Transportation associated with one-time events (e.g. system construction) is not included.

Envirogen's gasoline usage for on-site vehicles is compiled from available vehicle analysis reports.

Tetra Tech's and Ramboll's gasoline usage for on-site vehicles is estimated using approximate 
mileage amounts provided by field personnel and an assumed fuel efficiency determined based on 
type of vehicle used and type of vehicle usage.

Estimates for fuel usage for other on-site equipment are provided by Envirogen.

Equipment usage associated with one-time events (e.g. system construction) is not included.

Electricity usage is compiled from invoices received from the Colorado River Commission of Nevada 
and NV Energy.
Fuel mix information for grid electricity is available from the Colorado River Commission of Nevada and 
NV Energy websites.
Materials usage information is provided by Envirogen personnel based on electronic outputs from their 
process control systems.
All information regarding specifications and formulations is obtained from Safety Data Sheets 
maintained at the Site.

Information regarding mode of transportation to the Site and location of manufacture is provided by 
Envirogen.  Fuel types are assumed based on mode of transportation.  Distances traveled are 
estimated based on the approximate distance between the manufacturing location and the Site.

Materials usage and transportation associated with one-time events (e.g. system construction) is not 
included.
Waste disposal and transportation information is compiled from invoices provided by Envirogen and 
Tetra Tech containing information regarding waste hauled off-site.  Invoice line items are counted to 
determine the number of pickup trips.  Distances traveled are estimated based on the distance 
between the disposal location and the Site.
Surface water usage is determined based on totalizer readings from the Site's main water supply line 
and subtracting totalizer readings associated with usage by Tronox (not part of Site operations).  For 
periods when readings from the Site's main water supply line were not available, surface water usage 
was estimated by summing readings from individual point discharge locations.
Extracted groundwater is calculated from the GWETS field sheet maintained by Tetra Tech and 
Envirogen.
GW-11 evaporation is estimated based on GW-11 stage area estimates provided by Envirogen and 
historic pan evaporation data (Shevenell 1996).

Off-site Laboratory 
Analyses

The total number of analyses conducted is compiled based on information available from the Site's 
Analytical Database maintained by Ramboll and only includes sampling related to GWETS operations 
and the RPM program.  Quality Assurance (QA) and Quality Control (QC) samples, including 
equipment blanks, field blanks, trip blanks, and field duplicates, are also included.  Pricing information 
for each analytical method is estimated based on unit prices provided by TestAmerica.

TABLE G-1: ENVIRONMENTAL FOOTPRINT INVENTORY DATA SOURCES, 
JULY 2019 - JUNE 2020

Materials Usage and 
Transportation

Water Usage

On-site Equipment 
Usage

Personnel 
Transportation

Electricity Usage

Waste Disposal and 
Transportation

Page 1 of 1 Ramboll



TABLE G-2: PERSONNEL TRANSPORTATION, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Personnel Location/
Activities

Number of 
Personnel

Estimated 
Roundtrips 
to Site per 

Person

Roundtrip 
Distance to 
Site (miles)

Mode of 
Transportation

Transport 
Fuel Type

Notes

2 84 30

1 150 20

4 150 30

7 84 30

2 120 20

2 120 10

2 150 30

5 150 20

2 123 30 Van

2 123 30 Heavy-Duty Truck

Groundwater Monitoring 2 123 30 Van Gasoline

2 120 30 Van

2 120 30 Heavy-Duty Truck

IX Monitoring and Management 2 123 30 Heavy-Duty Truck Gasoline

Director of Remediation 1 60 10 Car Gasoline [B]

Chicago 1 3 3,020 Flight NA [B]

Atlanta 2 1 3,490 Flight NA [C]

1 2

2 1

Houston 1 1 2,440 Flight NA [C]

2 4

1 2

1 262 20 Light-Duty Truck [C]

1 4

1 3

1 2

1 3

1 6

Boise 1 1 1,280 Light-Duty Truck Gasoline [C]

1 1 1,530 Light-Duty Truck Gasoline

1 3

2 1

1 61

1 25

1 8

1 1 540 Light-Duty Truck Gasoline

2 1 450 Flight NA

Missoula 1 1 1,920 Light-Duty Truck Gasoline [C]

1 1 [C]

1 2 [D]

1 4

2 1

Gasoline

Gasoline

Gasoline

Gasoline

Car

Light-Duty Truck

[C]Car20

[C]NAFlight1,260

[C}GasolineCar870

[C]NAFlight740

[C]

[C}

NA [C]

NA

20 [C]GasolineCar

Phoenix 510 Flight NA

Flight790

Denver

Sacramento

Groundwater Extraction and Treatment System (GWETS) Activities

Extraction Well and Conveyance Maintenance

General Site Management

[A]

GWETS Operations and Maintenance

Las Vegas Area

Remedial Performance Monitoring (RPM) Activities

Las Vegas Area

Orange County

Salt Lake City

Denver
Flight1,260

Page 1 of 2 Ramboll



TABLE G-2: PERSONNEL TRANSPORTATION, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Personnel Location/
Activities

Number of 
Personnel

Estimated 
Roundtrips 
to Site per 

Person

Roundtrip 
Distance to 
Site (miles)

Mode of 
Transportation

Transport 
Fuel Type

Notes

Notes

A) Travel estimates were provided by Envirogen.

B) Travel estimates were provided by the Nevada Environmental Response Trust.

C) Travel estimates were provided by Tetra Tech.

D) Travel estimates were provided by Ramboll.

F) For each flight, a 30-mile car trip is assumed to account for roundtrip transportation from the airport to the Site.

NA = Not Applicable

E) Average roundtrip distances are rounded to the nearest 10 miles.

Page 2 of 2 Ramboll



TABLE G-3: ON-SITE EQUIPMENT USAGE, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

On-site Equipment Fuel Quantity (gallons) Fuel Type Notes

Combined Truck Use 2,390 Gasoline [A]

Back-up Air Compressor 20 Diesel [B]

Pressure Washer 48 Gasoline [C]

Combined Truck Use 380 Gasoline [A]

Notes

Groundwater Extraction and Treatment System (GWETS) Activities

C) Personnel with Envirogen indicated approximately 4 gallons of gasoline are used per month for operation of the
pressure washer.

A) Gasoline usage was estimated based on vehicle usage information provided by Envirogen, Tetra Tech, and Ramboll
personnel.  Estimates shown are rounded to the nearest 10 gallons.
B) Personnel with Envirogen indicated approximately 20 gallons of diesel are used per year for operation of the back up
air compressor at the groundwater treatment plant (GWTP).

Remedial Performance Monitoring (RPM) Activities

Page 1 of 1 Ramboll



TABLE G-4: ELECTRICITY USAGE, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Grid Electricity Kilowatt-hours Energy Source Notes

Treatment Plant 5,536,484 Colorado River Commission of NV [A]

Extraction Wells and Lift Stations 1,535,358 NV Energy [B]

Total Electricity Used 7,071,842 - -

Notes

B) NV Energy is listed as the electricity provider on invoices for the off-site extraction wells and pump stations.  Information
regarding the energy sources of electricity provided is available from the following document:
https://www.nvenergy.com/publish/content/dam/nvenergy/bill_inserts/2020/07_jul/power-content-insert-south-2020-
06_1_25.pdf

A) The Colorado River Commission of Nevada is responsible for acquiring and managing Nevada's water and hydropower
resources from the Colorado River.  Electricity provided by the Colorado River Commission of Nevada to the NERT Site is
generated from hydropower resources.

Page 1 of 1 Ramboll



TABLE G-5: MATERIALS USAGE AND TRANSPORTATION, JULY 2019 - JUNE 2020

Nevada Environmental Response Trust Site

Henderson, Nevada

Material Type Quantity Units
Location of 

Manufacture

One-way 

Distance 

to Site 

(miles)

Mode of 

Transportation

Specific 

Gravity

Density 

(lbs/gal)

Ferrous sulfate (FeSO4) 12,000 gal South Gate, CA 250 Truck 1.203 10.02

Defoamer XFO-10S FG 110 gal
Santa Fe Springs, 

CA
250 Truck 1.00 8.35

PolymerDewater BF CP 

9869
(New)

DAF polymer BF CP 2661 5,200 gal
Greensboro, South 

Carolina
2,250 Truck 1.03 8.60

Polymer Superfloc 4818 

RS GWTP
430 lbs Madison, Alabama 1,750 Truck 1.072 8.95

Lime (hydrated lime) 4,500 lbs
Sainte Genevieve, 

MO
1,600 Truck 2.2 -

1,950 Train

250 Truck

Phosphoric acid (H3PO4) 4,800 gal Pocatello, ID 600 Truck 1.20-1.26 10.0-10.5

pH adjustment (NaOH) 21,000 gal Plaquemine, LA 1,650 Train/Truck 1.33 11.1

Micronutrients (VWNA 

micronutrient)
10,000 gal South Gate, CA 250 Truck 1.1075 9.24

Longview, WA 1,050

Woodstock, TN 1,600

Ferric chloride (FeCl3) 3,600 gal Mojave, CA 200 Truck - 11.8-12.0

Aluminum Chlorohydrate 

(ACH)
2,200 gal Phoeniz, AZ 300 Truck - 11.1 - 11.3

10,400 Boat

2,550 Truck

Granular activated carbon 

(GAC)
20,000 lbs Pittsburg, PA 2,200 Truck 0.4-0.7 3.3-5.8

Notes

gal = gallons lbs = pounds

B) Information regarding location of manufacture and mode of transportation is provided by Envirogen personnel.  Approximate

one-way distance to the Site is estimated using Google Maps rounded to the nearest 50 miles.

A) Materials usage information is provided by Envirogen personnel based on electronic outputs from their process control

systems and inventory ordering information.  Envirogen reported all materials are refined and none of the materials are from

recycled sources.

C) Specific gravity and density information for each material is obtained from Safety Data Sheets maintained at the Site.

-1.0-1.15Ion exchange (IX) resin Indiacubic feet200

D) According to Envirogen personnel, the GAC is tested annually for potential contaminant breakthrough and is replaced only if

breakthrough is observed. Approximately one hundred percent of the GAC is regenerated and reused.

Hydrogen peroxide (H2O2)

0.817 -Ethanol (190 proof) 94,000 gal Peoria, IL

17,000 9.441.1327Truckgal

1.000.12290 Truck2,200Riceboro, GAgal
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TABLE G-6: WASTE DISPOSAL AND TRANSPORTATION, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Waste Generated Notes Quantity Units
Number of 

Trips

Treatment/
Disposal 

Site

One-way 
Distance to Site 

(miles)

Mode of 
Transportation

Fluidized Bed Reactor (FBR) Sludge 550 tons 86

Groundwater Water Treatment Plant 
(GWTP) Sludge

23 tons 3

Ion Exchange (IX) Resin 25 tons 5

Notes

A) Information regarding FBR sludge, GWTP sludge, IX resin and Spent GAC hauled off-site was compiled from invoices provided by
Envirogen personnel.

A

Apex 
Industrial 

Solid 
Landfill

30 Truck
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TABLE G-7: WATER USAGE, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Water Source Quantity Unit Use/Fate

Extracted Groundwater 677 MGal Treat and discharge to Las Vegas Wash

Lake Mead 17.2 MGal See Note A

GW-11 Evaporation 38.0 MGal Evaporation - See Note B

Notes

MGal = million gallons

A) Lake Mead water is used for granular activated carbon (GAC) backwash events, which occur on average three times
per month.  Lake Mead water is also used for Fluidized Bed Reactor (FBR) polymer additions, groundwater treatment plant
polymer additions, washing down equipment in the treatment plant, sanitary water, seal water for FBR pumps, AP Area
flushing, and AP-5 solids removal and treatment (which ended in the second half of 2018).  After use, Lake Mead water is
discharged to GW-11 and then eventually treated and discharged to Las Vegas Wash, except for sanitary water which is
discharged to an on-site septic system.

B) GW-11 evaporation was estimated using information contained within the GW-11 Pond Volume Model maintained by
Envirogen.  The GW-11 Pond Volume Model includes measured pond water levels (collected approximately twice per
month) and corresponding calculated pond volume and stage area estimates.  Stage area estimates and historical pan
evaporation data (Shevenell 1996) are used to calculate estimated evaporation during the reporting period.  Details of
these calculations are included in the SEFA input workbook.
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TABLE G-8: OFF-SITE LABORATORY ANALYSES, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Chromium EPA 200.7 $25 104

Chromium, Hexavalent Dissolved EPA 218.6 $50 104

Perchlorate EPA 314.0 $25 104

Chromium $25 52

Iron $8 52

Chromium, Hexavalent Dissolved EPA 218.6 $50 52

Nitrate as N $8 52

Nitrite as N $8 52

Total Inorganic Nitrogen NTOTAL $5 52

Perchlorate EPA 314.0 $25 52

Nitrogen, Kjeldahl EPA 351.2 $25 52

Ammonia as N SM400-NH3-D $20 52

Chromium EPA 200.7 $25 52

Chromium, Hexavalent Dissolved EPA 218.6 $50 52

Nitrate as N EPA 300_ORGFMS $8 52

Perchlorate EPA 314.0 $25 52

Chlorate EPA 300.1 $12 24

Manganese EPA 200.7 $25 4

Total Dissolved Solids SM 2540C $10 4

Calcium $25 4

Iron $8 4

Chromium, Hexavalent Dissolved EPA 218.6 $50 4

Chloride $8 4

Sulfate $8 4

Chlorate EPA 300.1 $12 4

Total Suspended Solids SM 2540D $10 4

pH SM 4500H+ $8 4

pH (Field) FIELD SAMPLING (SM 4500H+) $0 16

Chromium EPA 200.7 $25 12

Chromium, Hexavalent Dissolved EPA 218.6 $50 12

Perchlorate EPA 314.0 $25 12

East Well Feed and West Well Feed - Weekly

Analyte Method
Estimated 

Analytical Unit 
Price

Number of 
Analyses

Groundwater Extraction and Treatment System (GWETS) Analyses

FBR Plant Influent - Weekly

EPA 200.7

EPA 300_ORGFMS

FBR Plant Effluent - Weekly

FBR Effluent and FBR Influent - Monthly

FBR Influent - Quarterly

GW-11 Composite

EPA 200.7

EPA 300_ORGFM_28D

GW-11 Static Mixer
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TABLE G-8: OFF-SITE LABORATORY ANALYSES, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Analyte Method
Estimated 

Analytical Unit 
Price

Number of 
Analyses

Chromium EPA 200.7 $25 52

Chromium, Hexavalent Dissolved EPA 218.6 $50 52

Perchlorate EPA 314.0 $25 52

Perchlorate EPA 314.0 $25 104

Chromium $25 12

Molybdenum $8 12

Selenium $8 12

Vanadium $8 12

Uranium EPA 200.8 $8 12

Total Phosphorus as P EPA 365.3 $22 12

Bicarbonate as HCO3

Carbonate as CO3

Total Alkalinity as CaCO3

Total Dissolved Solids SM 2540C $10 4

Disinfection By-Products EPA 300.1 $17 1

Perchlorate EPA 314.0 $35 1

Arsenic $25 1

Barium $8 1

Cadmium $8 1

Chromium $8 1

Lead $8 1

Selenium $8 1

Silver $8 1

TCLP EPA 6010R $95 1

Mercury EPA 7471R $22 1

TCLP EPA 7471R $62 1

Volatile Organics SW 8260R $50 1

TCLP SW 8260R $90 1

Free Liquid SW 9095 $18 1

Ignitability Solids SW 7.1.2 $23 1

FBR Solids & Iron Oxide Bin 235

Arsenic $25 2

Barium $8 2

Cadmium $8 2

Chromium $8 2

Lead $8 2

IX Effluent - Composite and IX Influent - Composite

GWTP Discharge

IX Influent

EPA 200.7

SM 2320 $11 12

EPA 6010R

IX Resin

EPA 6010R
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TABLE G-8: OFF-SITE LABORATORY ANALYSES, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Analyte Method
Estimated 

Analytical Unit 
Price

Number of 
Analyses

Selenium $8 2

Silver $8 2

TCLP $95 2

Mercury EPA 7471R $22 2

TCLP EPA 7471R $62 2

Volatile Organics SW 8260R $50 2

TCLP SW 8260R $90 2

Free Liquid SW 9095 $18 2

Antimony

Arsenic

Beryllium

Boron

Cadmium

Chromium

Copper

Lead

Nickel

Selenium

Silver

Thallium

Zinc

Mercury EPA 245.1 $22 4

Chloride EPA 300_ORGFM_28D $8 4

Asbestos EPA 600/R-94-134 $306 4

Pesticides & PCBs EPA 608 $120 4

Volatile Organics EPA 624 $45 8

Base Neutral Acid Extractables EPA 625 $125 4

2,3,7,8-Tetrachlorodibenzo-p-dioxin EPA 1613B $325 4

Oil & Grease EPA 1664 $35 4

Total Dissolved Solids SM 2540C $10 4

Cyanide, Total SM 4500-CN-E $33 4

Sulfate EPA 300_ORGFM_28D $8 12

Sulfide SM 4500-S2-D $23 12

Chromium EPA 200.7 $25 52

Iron EPA 200.7 $8 52

Manganese EPA 200.7 $8 52

Chromium, Hexavalent Dissolved EPA 218.6 $50 52

EPA 6010R

Outfall 001 Effluent - Quarterly

EPA 200.7 $100 4

Outfall 001 Effluent - Monthly

Outfall 001 Effluent - Weekly
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TABLE G-8: OFF-SITE LABORATORY ANALYSES, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Analyte Method
Estimated 

Analytical Unit 
Price

Number of 
Analyses

Nitrate as N $8 52

Nitrite as N $8 52

Total Inorganic Nitrogen NTOTAL $5 52

Perchlorate EPA 314.0 $25 52

Ammonia as N EPA 350.1 $20 52

Total Phosphorus as P EPA 365.3 $22 52

Apparent Color $10 52

pH $8 52

Total Suspended Solids SM 2540D $10 52

Dissolved Oxygen SM 4500 OG $10 52

pH SM 4500H+ $8 52

pH (Field) FIELD SAMPLING (SM 4500H+) $0 52

Carbonaceous Biochemical Oxygen Demand SM 5210B $30 52

Iron $25 4

Manganese $8 4

Total Dissolved Solids SM 2540C $10 4

Arsenic $25 4

Boron $8 4

Chromium $8 4

Manganese $8 4

Selenium $8 4

Nitrate as N $8 4

Nitrite as N $8 4

Total Inorganic Nitrogen NTOTAL $5 4

Perchlorate EPA 314.0 $25 4

Ammonia as N EPA 350.1 $20 4

Total Phosphorus as P EPA 365.3 $22 4

Total Dissolved Solids SM 2540C $10 4

Arsenic $25 1

Cadmium $8 1

Chromium $8 1

Copper $8 1

Lead $8 1

Molybdenum $8 1

Nickel $8 1

Selenium $8 1

Zinc $8 1

EPA 6010

EPA 300_ORGFMS

SM 2120

Las Vegas Wash 5.5

EPA 200.7

GW-11 Composite

EPA 200.7

EPA 300_ORGFMS

FBR Bio-Solids (Solid)
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TABLE G-8: OFF-SITE LABORATORY ANALYSES, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Analyte Method
Estimated 

Analytical Unit 
Price

Number of 
Analyses

Mercury EPA 7471 $22 1

Percent Moisture -- $0 1

Chromium EPA 200.7 $25 1274

Chromium, Hexavalent EPA 218.6 $50 816

Nitrate as N EPA 300_ORGFMS $8 1198

Chlorate EPA 300.1 $12 1321

Perchlorate EPA 314.0 $25 1353

Total Dissolved Solids SM 2540C $10 1274

pH (Field) FIELD SAMPLING (SM 4500H+) $0 768

Volatile Organic Compounds (VOCs) SW 8260B $45 342

Volatile Organic Compounds (VOCs) SW 8260B SIM $80 342

Arsenic $8 4

Boron $8 4

Iron $8 4

Manganese $8 4

Selenium $8 4

Chloride EPA 300_ORGFM_28D $8 4

Nitrite as N EPA 300_ORGFMS $8 4

Ammonia as N EPA 350.1 $20 4

Total Inorganic Nitrogen NTOTAL $5 4

Boron $8 8

Iron $8 8

Manganese $8 8

Sodium $8 8

Chloride $8 8

Sulfate $8 8

Phenols EPA 420 $35 8

Specific Conductance SM 2510 $10 8

Total Organic Carbon SM 5310C $30 8

Total Organic Halides SW 9020B $75 8

Chlorate EPA 300.1 $12 444

Perchlorate EPA 314.0 $25 444

Total Dissolved Solids SM 2540C $10 444

Performance Monitoring Program Surface Water Sampling

Estimated Total Cost of GWETS Analyses $56,664

Remedial Performance Monitoring (RPM) Analyses

Performance Monitoring Program Wells

NPDES Requirements for Performance Monitoring Well M-10

EPA 200.7

RCRA Requirements for Performance Monitoring Wells H-28A, M-5A, M-6A, and M-7B

EPA 200.7

EPA 300_ORGFM_28D
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TABLE G-8: OFF-SITE LABORATORY ANALYSES, JULY 2019 - JUNE 2020
Nevada Environmental Response Trust Site

Henderson, Nevada

Analyte Method
Estimated 

Analytical Unit 
Price

Number of 
Analyses

Perchlorate EPA 314.0 $25 24

A) Analytical costs were estimated based on TestAmerica Laboratories Inc. 2017 Unit Price List for NERT Projects included
in the Master Project Subcontract Agreement between Ramboll and TestAmerica and correspondence with TestAmerica.
Laboratory method names, matrix designations, and total number of analyses conducted were compiled from laboratory
EDDs maintained in the NERT project database.

Performance Monitoring Program Northshore Road (LVW 0.55)

Estimated Total Cost of RPM Analyses $210,777

Notes
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1. INTRODUCTION 

This attachment, prepared by Ramboll US Consulting, Inc. (Ramboll) on behalf 
of the Nevada Environmental Response Trust (the Trust or NERT), presents 
updated mass estimates for perchlorate and chromium remaining in the 
subsurface within the NERT Remedial Investigation (RI) Study Area.  The mass 
estimates were developed using the approach described in the 2017 RI Study 
Area Mass Estimate and Expanded Performance Metrics Technical Approach 
Technical Memorandum (the Tech Memo), prepared by Ramboll Environ (2017) 
and approved by the Nevada Division of Environmental Protection (NDEP) on 
October 29, 2017.  The RI Study Area includes the 346-acre NERT Site Study 
Area, located within the Black Mountain Industrial (BMI) Complex, and an 
additional approximately 5,500 acres within unincorporated Clark County and 
the City of Henderson, Nevada (see Figure 1).  

Mass estimates performed for the RI Study Area using the approach described 
in the Tech Memo were presented as attachments to the 2018 and 2019 Annual 
Remedial Performance Reports (Ramboll 2018, 2019).  The 2018 and 2019 
Mass Estimate Attachments describe the methodologies applied to estimate 
perchlorate and chromium mass in the NERT RI Study Area, and provide 
detailed descriptions of the regional and local site geology and hydrogeology, 
geospatial analysis methods applied to interpolate sample data and estimate 
mass over regular grids, and assumptions made regarding partitioning of 
chemicals across the sorbed and mobile phases that have been integrated into 
the calculations.  The 2019 Mass Estimate Attachment also includes a 
comprehensive compilation of soil physical property datasets, including results 
from nuclear magnetic resonance (NMR) logging completed for the RI and 
various pilot/treatability studies. 

The contaminant mass in the subsurface is presented as total tons of each 
chemical summed over three Operable Units (OUs) and three vertical intervals.  
The vertical intervals are derived from the site lithology and water table and 
include the Vadose Zone, saturated Quaternary alluvial deposits (Qal), and 
saturated Upper Muddy Creek Formation (UMCf).1   

The OUs include:   

• OU-1: NERT Site Study Area, extended to include adjacent areas where 
perchlorate and chromium originating from the NERT Site may have 
migrated (Mass Estimate Extension Area).    

• OU-2: NERT Off-Site Study Area south of Galleria Drive and the Eastside 
Sub-Area (within the Eastside Study Area) 

• OU-3: NERT Off-Site Study Area north of Galleria Drive, the Downgradient 
Study Area, and the Northeast Sub-Area (within the Eastside Study Area) 

 
1 Detailed descriptions of the Qal and UMCf deposits are provided in the 2018 and 2019 
Mass Estimate Attachments.   
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The boundaries of the mass estimates are shown within the NERT RI Study Area 
boundaries in Figure 1 and with the OU boundaries in Figure 2.  The mass 
estimate boundary for perchlorate includes the entire NERT RI Study Area 
(including the Mass Estimate Extension Area), whereas the mass estimate 
boundary for chromium is limited to OU-1, the Mass Estimate Extension Area, 
and the NERT Off-Site Area, since the potential presence of hexavalent 
chromium and chromium in groundwater within and migrating from the Eastside 
Sub-Area will be investigated and remediated by Basic Remediation Company 
LLC (BRC), if necessary, pursuant to the terms of the Settlement Agreement 
and Administrative Order on Consent, BMI Common Areas, Phase 3, with NDEP 
(“AOC3”; NDEP 2006).  Perchlorate mass present within some areas near the 
western boundaries of OU-2 and OU-3 has been excluded from the mass 
estimate, because contaminant mass in these areas is associated with the 
perchlorate plume from the AMPAC/Endeavour site. 

The 2020 mass estimate presented in this attachment incorporates new 
groundwater monitoring data collected since June 2019, plus additional vadose 
zone soil sample data collected in OU-3 as part of ongoing Phase 3 RI field 
work, and as part of the Las Vegas Wash Bioremediation Pilot Study (Tetra Tech 
2019a). 

Additional soil sample data was not available for the saturated UMCf and vadose 
zone in OU-1 to supplement the data presented in the 2019 mass estimates.  
Instead, a mass balance approach was used for each unit and OU to update the 
mass estimate presented in the 2019 Mass Estimate Attachment for the current 
conditions. 

RI data to be collected after the summer of 2020 will be incorporated and 
presented in the next mass estimate update anticipated to be presented as an 
attachment to the 2021 Annual Remedial Performance Report.  Since future 
mass estimates will incorporate new data as they become available, the mass 
estimates may change either up or down as contaminant mass is removed from 
the environment through ongoing removal actions and as areas of the RI Study 
Area are better characterized leading to more accurate mass estimates.
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2. MASS ESTIMATE METHODOLOGY 

Detailed descriptions of the methodologies applied to estimate contaminant 
mass in the NERT RI Study Area were provided in the 2018 and 2019 Mass 
Estimate Attachments.  This 2020 mass estimate continues to apply these 
methods, which generally involve the following components: 

Concentration Grid:  For each lithology interval, standard geospatial 
interpolation methods such as kriging are applied to estimate the spatial 
distribution of chemical concentrations over a uniform grid. 

Thickness Grid:  The elevations of the ground surface, water table, and 
Qal/UMCf contact are used to generate a grid of values representing the 
vertical extent of impact for each lithology interval. 

Mass Grid:  The concentration grid and thickness grid are applied to 
generate a grid of chemical mass per grid cell, taking into account the 
physical properties of the soil media and partitioning between phases.  

All of these grids use a standard cell size of 50 ft X 50 ft.  The cells of the mass 
grid are summed over the relevant boundaries to produce total mass estimates 
in tons. 

Chemical and Physical Property Data 

The groundwater data used for the mass estimate have been updated to use 
data collected through June 2020, including data collected as part of the 2020 
annual monitoring event, data from new wells installed as part of the Phase 3 
RI, data collected for the Seep Well Field Area Bioremediation Treatability Study 
(Tetra Tech 2019b), and recent groundwater data provided by other facilities in 
the BMI complex.  The perchlorate mass estimate for the vadose zone uses soil 
data incorporated in prior mass estimates supplemented with soil sampling data 
collected in OU-3 as part of the Baseline Ecological Risk Assessment, the 
Downgradient Study Area Investigation, and the Las Vegas Wash 
Bioremediation Pilot Study (Tetra Tech 2019a).   

Analytical results below the sample quantitation limit are included in the mass 
estimates by using a surrogate value of one-half the quantitation limit. 

For certain components of the mass estimate, soil data have been integrated 
with groundwater data by converting groundwater data into equivalent soil 
concentrations using the following equation: 

𝐶𝐶𝑠𝑠 = 𝐶𝐶𝑤𝑤 �𝐾𝐾𝑑𝑑 +
𝜃𝜃𝑤𝑤
𝜌𝜌𝑏𝑏
� 

where Cs is the equivalent soil concentration [mg/kg], Cw is the pore water 
(groundwater) concentration [mg/L], Kd is the distribution coefficient [L/kg], θw 
is the total porosity [-], and ρb is the dry soil bulk density [kg/m3].   

The 2020 mass estimate incorporates the same soil physical property values 
(total porosity, bulk density) as the 2019 mass estimate.  The derivation of 
these values is described in the 2019 Mass Estimate Attachment.  The 2020 
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mass estimate continues to assume a Kd value of 0 L/kg for perchlorate (i.e., no 
sorption) and 2 L/kg for chromium. 

Water Table and Lithologic Contact Elevations  

The 2019 mass estimate used the water table presented in the 2018 Annual 
Remedial Performance Report (Ramboll 2018) to estimate the vertical extent of 
the saturated zone.  The potentiometric surface represents a snapshot of the 
water table at a given time and can rise and fall based on climatic changes and 
groundwater extraction.  A rising water table will influence the mass estimate 
totals by increasing the volume of the saturated zone and decreasing the 
volume of the vadose zone.  These volume changes will then influence the 
calculation of total masses, even without a change in measured chemical 
concentrations.  Since movement of the water table is a transient effect that 
complicates the comparison of year over year trends, the 2020 mass estimate 
continues to use the 2018 water table.   

The alluvium/UMCf contact and ground surface elevation dataset have not been 
updated from the 2019 mass estimate.  Thus, the 2020 mass estimate uses the 
same thickness grids as the 2019 mass estimate.
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3. PERCHLORATE MASS ESTIMATE 

The perchlorate mass estimate includes the entire NERT RI Study Area and the 
Mass Estimate Extension Area (Figure 1).  This section describes the datasets 
used to estimate perchlorate mass in each OU and subsurface zone.  Although 
the methods used to estimate perchlorate mass are briefly described herein, 
more detailed descriptions of these methods are included in the 2018 and 2019 
Mass Estimate Attachments. 

A summary of the estimated perchlorate mass for each OU and vertical interval 
plus a comparison of the 2020 mass estimate results with those from 2019 are 
provided at the end of this section. 

3.1 Vadose Zone 
The vadose zone mass estimate for perchlorate applies two different methods to 
account for variations in sample density and perchlorate transport mechanisms 
across the NERT RI Study Area.  One method is applied to OU-1 and the eastern 
side of OU-2, and the other is applied to the western side of OU-2 and all of OU-
3.   

OU-1 and eastern OU-2 are locations of historical perchlorate manufacturing 
and/or disposal that have been densely sampled in the vadose zone as part of 
prior site investigation activities.  Since new vadose zone sample data is not 
available for these areas, the mass estimates for OU-1 and eastern OU-2 were 
not updated in 2020.  These values remain 890 tons for OU-1 and 120 tons for 
eastern OU-2. 

A second method of mass estimation is utilized for OU-3 and the western side of 
OU-2.  These areas are not known to have been used as manufacturing or 
disposal areas and have relatively low sample densities.  To estimate mass in 
these regions, they are first vertically divided into the upper and lower vadose 
zones.  In the lower vadose zone (the bottom 10 feet of the vadose zone), soil 
is presumed to be impacted by perchlorate as a result of a historically higher 
water table, and contaminant mass is interpolated using soil samples from the 
lower vadose zone (expressed as equivalent pore water concentrations using 
the sample moisture content) and the most recent shallow groundwater 
potentiometric surface contours presented in the Annual Report.  The resulting 
concentration grid is then used to derive a mass grid using the average site-
wide bulk density of alluvium, average moisture content of lower vadose soil 
samples, and the lower vadose zone thickness grid.  

The lower vadose zone mass estimate for western OU-2 and all of OU-3 has 
been updated to use the perchlorate shallow groundwater contours presented in 
Plate 6 of the 2020 Annual Remedial Performance Report, and the most recent 
set of lower vadose soil samples.  The updated mass distribution is shown in the 
upper left panel of Figure 3.  The total mass of perchlorate in the lower vadose 
zone is now estimated as 161 tons in western OU-2 and 14 tons in OU-3.2  

 
2 The 2020 lower vadose mass estimate uses the average bulk density for the alluvium (1,500 kg/m3) and 

average lower vadose sample moisture content (10.8%) consistent with the 2019 mass estimate. 
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Since there are a limited number of soil samples collected in the upper vadose 
zone, spatial interpolation between samples is infeasible, and sample 
concentrations are instead averaged over four sub-regions referred to as Upper 
Vadose Parcels (see top right panel of Figure 3).  Assuming the average site-
wide bulk density of alluvium (1,500 kg/m3), and the average upper vadose 
thickness within each sub-region, the resulting mass of perchlorate in the upper 
vadose zone is estimated as 71 tons in western OU-2 and 50 tons in OU-3.3  

The lower panel of Figure 3 shows the sum of upper and lower vadose zone 
perchlorate mass grids for western OU-2 and OU-3, plus the 2019 mass grids 
for OU-1 and the eastern side of OU-2.   Incorporating the 2019 vadose zone 
mass estimates for OU-1 and eastern OU-2, the total perchlorate vadose zone 
mass (rounded) is estimated as 890 tons for OU-1, 350 tons for OU-2, and 64 
tons for OU-3. 

3.2 Saturated Alluvium  
The mass of perchlorate in the saturated alluvium was calculated using the 
same method applied to the 2018 and 2019 mass estimates.  The 2020 mass 
estimate incorporates the alluvium saturated thickness dataset and soil porosity 
value (0.43) from the 2019 mass estimate. 

Consistent with prior mass estimates, a perchlorate concentration grid for the 
saturated alluvium was generated from the 2020 interpreted shallow 
perchlorate plume contour lines (Plate 6 of 2020 Annual Remedial Performance 
Report) and measured concentrations of perchlorate at wells screened at or 
near the water table.  The mass grid was derived by multiplying the 
concentration grid, thickness grid, and porosity in each cell.  Figure 4 presents 
the estimated mass grid for perchlorate in the saturated alluvium.   

The total mass of perchlorate in the saturated alluvium was calculated for each 
OU by summing the cell masses.  The resulting saturated alluvium perchlorate 
mass is currently estimated to be 34 tons in OU-1, 350 tons in OU-2, and 54 
tons in OU-3.  Although perchlorate concentrations are relatively high in both 
OU-1 and OU-2 downgradient of the historical manufacturing areas within OU-1, 
the mass in OU-2 exceeds that in OU-1 due to the higher volume of 
groundwater in the alluvium. 

3.3 Saturated UMCf 
Additional soil sample data were not available for the saturated UMCf and 
vadose zone in OU-1 to supplement the data presented in the 2019 mass 
estimate.  The limited number of new soil sample data in OU-2 and OU-3 from 
the ongoing treatability studies did not significantly change the concentrations 
from those used in the 2019 mass estimate.  Therefore, a mass balance 
approach was adopted to update the 2019 mass estimate within the saturated 
UMCf.  The mass balance approach assumes continuity of mass in each 
lithologic unit and OU and utilizes simulated mass fluxes across the OU 
boundaries estimated using the Phase 6 groundwater model in conjunction with 

 
3 Since the upper vadose zone mass estimates are based on simple regional averages of sparse and non-

randomly distributed sample data, these results are considered less reliable than estimates from more 
heavily sampled regions of the site.   
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measured mass removals in extraction system and measured mass loading into 
the Las Vegas Wash.  Horizontal mass flux normal to OU boundaries is shown 
for perchlorate in Figure 5a.          

3.4 Summary of Perchlorate Mass Totals 
Table 1 compares the estimates of perchlorate mass within the NERT RI Study 
Area for 2019 and 2020.  Since the soil physical property dataset and unit 
thicknesses were not updated from 2019, the differences in total perchlorate 
mass between years shown below originate from the availability of new sample 
data, changes in measured groundwater perchlorate concentrations, and the 
interpretation of the shallow plume contours.  Estimated mass in saturated 
UMCf was updated using a mass balance approach, as described in Section 3.3.    

 

Table 1.  Summary of Perchlorate Mass Totals (tons)  

Unit OU 2019 2020 

Vadose Zone OU-1 890 890[a]  

OU-2 340 350 

OU-3 99 64 

Saturated 
Alluvium 

OU-1 39 34 

OU-2 360 350 

OU-3 53 54 

Saturated 
UMCf 

OU-1 1,500 1,388 

OU-2 1,800 1,751 

OU-3 200 174 

Note: [a] Value is from the 2019 mass estimate.   

 

Table 2 incorporates error ranges into the estimate perchlorate mass values 
using the relative uncertainties derived in the 2019 Mass Estimate Attachment 
and summarizes mass by geologic unit and OU.  The intervals represent a 
margin of one standard error around the estimated total mass value.  The 
overall mass distribution is also presented as a chart in Figure 6.  
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Table 2.  Total Perchlorate Mass by Geologic Unit and OU (tons) 

Unit OU-1 OU-2 OU-3 Total By Unit 

Vadose 
Zone 

890±130 350±40 64±10 1,304±180 

Saturated 
Alluvium 

34±3 350±60 54±6 438±69 

Saturated 
UMCf 

1,390±200 1,758±400 172±30 3,320±630 

Total by 
OU 

2,314±333 2,458±500 290±46 5,062±879 

 

The perchlorate mass estimate will continue to be refined as additional data 
become available. The next version of the mass estimate will be prepared as 
part of the next Annual Remedial Performance Report in 2021. This update will 
include the results of additional sampling to be completed for the OU-3 RI and 
additional results that become available from ongoing monitoring and pilot and 
treatability studies.  
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4. CHROMIUM MASS ESTIMATE 

The chromium mass estimate method is generally similar to that used for 
perchlorate, the main differences being that a different boundary is used (Figure 
2) and that the method accounts for the speciation of chromium in different 
media.  The methodologies applied to calculate chromium mass described in 
this section are described in detail in the 2018 and 2019 Mass Estimate 
Attachments. 

As noted in the prior attachments, chromium occurs in both the trivalent 
[Cr(III)] and hexavalent [Cr(VI)] oxidation states, and measurements of total 
chromium include both forms.  A prior soil background study identified 
concentrations of background Cr(III) up to 16 mg/kg and did not detect Cr(VI) 
above 0.25 mg/kg.  Thus, total chromium soil measurements in the vadose 
zone are not useful for distinguishing background chromium from chromium 
resulting from historical manufacturing operations that occurred on OU-1.  
Accordingly, the vadose zone mass estimate for chromium is focused on 
summing the mass of measured Cr(VI).   

Measurements of total chromium in groundwater are expected to be primarily 
hexavalent chromium.  Consistent with previous mass estimates, the 2020 
mass estimate uses total chromium results measured in groundwater for 
estimating Cr(VI) mass in the saturated alluvium and UMCf.  

Discussions of the datasets used in the 2020 mass estimate and a brief 
summary of methods applied to estimate chromium mass in each OU and 
subsurface zone are provided in this section.  A comparison of the 2020 mass 
estimate results with those from 2019 is provided at the end of this section.   

4.1 Vadose Zone 
As with perchlorate, two different methods for vadose zone chromium mass 
estimation have been applied to account for variations in sample density and 
Cr(VI) transport mechanisms across the chromium mass estimate area.  OU-1 
was used for manufacturing and previously contained unlined ditches and 
disposal ponds which leached chromium-containing wastewater to groundwater.  
These areas have been densely sampled in the vadose zone and analyzed for 
Cr(VI) as part of various site investigation activities, and thus have sufficient 
data to support interpolation.  Since new data was not available to update the 
total mass of Cr(VI) in OU-1, the 2019 mass estimate (13 tons) was not 
updated for 2020.   

The western portions of OU-2 and OU-3 are not known to have been used as 
disposal areas and have much lower sample densities.  Cr(VI) present in the 
vadose zone in these areas is believed to result primarily from a historically 
higher water table (Malmberg 1965; Harill 1976; Plume 1989).  Cr(VI) mass in 
these areas was estimated using a similar method as was applied for 
perchlorate: Cr(VI) present in the lowest 10 feet of the vadose zone was 
assumed to result from a historically higher water table and may be correlated 
with the current chromium distribution in groundwater.  Unlike the perchlorate 
mass estimate for these areas, soil sample data was not integrated into the 
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concentration grid, chromium mass was estimated for both the pore water and 
sorbed phases, and the upper vadose zone (where present) was assumed to be 
unimpacted.  

To estimate Cr(VI) concentrations in the lower vadose zone, the concentration 
grid for Cr(VI) in the saturated alluvium (see Section 4.2) was transformed into 
an equivalent lower vadose zone soil concentration grid using the average 
gravimetric moisture content of all lower vadose zone perchlorate soil samples 
across western OU-2 and OU-3 available in the Site database (10.8%) (Ramboll 
2018).  A mass grid was then derived using the lower vadose thickness grid and 
alluvium bulk density of 1,500 kg/m3.  This grid, which represents the mass of 
chromium dissolved in pore water, was summed to estimate chromium mass in 
the lower vadose zone pore water for each OU.   

To account for chromium in the sorbed phase, the quantity of Cr(VI) sorbed to 
the soil matrix in the impacted portion of the vadose zone was estimated from 
the aqueous phase masses using the following expression: 

𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏 = 𝑀𝑀𝑎𝑎𝑎𝑎 ∙
𝐾𝐾𝑑𝑑
𝜃𝜃𝑔𝑔

 

where 𝜃𝜃𝑔𝑔is the gravimetric moisture content (10.8%), and Kd is 2 L/kg. 

The distribution of Cr(VI) in the vadose zone is show in Figure 7.  The resulting 
estimated vadose zone mass of Cr(VI) in each OU is shown in Table 3.   

Table 3. Hexavalent Chromium in the Vadose Zone (tons) 

 Aqueous Sorbed Total 

OU-1  - - 13 [a] 

OU-2 0.41 7.6 8.0 

OU-3 0.02 0.37 0.39 

Note: [a] Value is from the 2019 mass estimate.  Since the mass of Cr(VI) in OU-1 was derived 
directly from soil concentration data, it has not been decomposed into aqueous and sorbed 
components.   
 

4.2 Saturated Alluvium  
The mass of Cr(VI) in the saturated alluvium was estimated using the same 
method applied in the 2018 and 2019 mass estimates.  A hexavalent chromium 
concentration grid for the saturated alluvium was generated from the 2020 
interpreted shallow chromium plume contour lines (Plate 7 of 2020 Annual 
Report) and measured concentrations of total chromium at wells screened at or 
near the water table.  The resulting mass grid, which represents Cr(VI) in the 
dissolved phase, was derived by multiplying the concentration grid, thickness 
grid, and porosity in each cell.  

The sorbed mass was estimated using a Kd of 2 L/kg, average alluvium bulk 
density (1,500 kg/m3), average alluvium total porosity (0.43), and the following 
expression, derived from the partitioning relationship between soil and 
groundwater concentrations described in Section 2:   
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𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏 = 𝑀𝑀𝑎𝑎𝑎𝑎 ∙
𝐾𝐾𝑑𝑑 ∙ 𝜌𝜌𝐵𝐵
𝜃𝜃𝑤𝑤

 

The resulting estimates of current Cr(VI) mass (in tons) in the aqueous and 
sorbed phases for each OU are provided in Table 4.  The distribution of total 
Cr(VI) mass is shown in Figure 8. 

 

Table 4. Hexavalent Chromium in the Saturated Alluvium (tons) 

 Aqueous Sorbed Total 

OU-1 0.40 2.8 3.2 

OU-2 0.69 4.9 5.6 

OU-3 0.05 0.36 0.41 

 

4.3 Saturated UMCf 
A similar mass balance approach to the one described in Section 3.3 for 
perchlorate was used to update the hexavalent chromium mass estimate in the 
UMCf.  Additional soil sample data were not available for the saturated UMCf 
and vadose zone in OU-1 to supplement the data presented in the 2019 mass 
estimate.  The limited number of new soil sample data in OU-2 and OU-3 from 
the ongoing treatability studies did not contribute meaningfully to 2019 mass 
estimate.  Therefore, a mass balance approach was adopted to update the 2019 
mass estimate in saturated UMCf.  Figure 5b presents horizontal mass fluxes 
across OU boundaries for chromium. 

4.4 Summary of Hexavalent Chromium Mass Totals 
Table 5 summarizes the estimates of hexavalent chromium mass within the 
NERT RI Study Area for 2019 and 2020.  The 2020 estimates are similar to 
those from 2019.   
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Table 5.  Summary of Hexavalent Chromium Mass Totals (tons) 

Unit OU 2019 2020 

Vadose Zone OU-1 13 13[a] 

OU-2 7.6 8.0 

OU-3 0.39 0.39 

Saturated 
Alluvium 

OU-1 3.3 3.2 

OU-2 5.5 5.6 

OU-3 0.40 0.41 

Saturated 
UMCf 

OU-1 74 73.07 

OU-2 7.5 7.38 

OU-3 0.58 0.56 

Note: [a] Value is from the 2019 mass estimate.   
 

Table 6 incorporates confidence intervals into the estimated hexavalent 
chromium mass values using the relative uncertainties derived in the 2019 Mass 
Estimate Attachment and summarizes mass by geologic unit and OU.  The 
intervals represent a margin of one standard error around the estimated total 
mass value.  The overall mass distribution is also presented as a chart in Figure 
9.  

 

Table 6.  Total Hexavalent Chromium Mass by Geologic Unit and OU 
(tons)  

Unit OU-1 OU-2 OU-3 Total By 
Unit 

Vadose Zone 13±2.0 8.0±2.7 0.4±0.1 21.4±4.8 

Saturated 
Alluvium 

3.2±1.4 5.6±2.8 0.4±0.2 9.2±4.4 

Saturated UMCf 73±35 7.4±3.6 0.6±0.4 81.0±39.0 

Total by OU 89.2±38.4 21.0±9.1 1.4±0.7 111.6±48.2 

 

As with perchlorate, the hexavalent chromium mass estimates will continue to 
be refined as additional data become available. The next version of the mass 
estimate will be prepared as part of the next Annual Remedial Performance 
Report in 2021. This update will include the complete results of additional 
sampling to be completed for the OU-3 RI and additional results that become 
available from ongoing monitoring and pilot and treatability studies.  
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