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1 INTRODUCTION 1 

This Groundwater Monitoring Plan (Plan) describes groundwater sampling activities at the 2 

Artillery Impact (AIA) and Central Impact Areas (CIA), henceforth called the Impact Areas, 3 

Joint Base Lewis-McChord (JBLM) near Tacoma, Washington (Figure 1-1). This Plan 4 

updates the current groundwater monitoring plan: 2016 Groundwater Monitoring Plan 5 

(Sealaska 2017). Semiannual sampling has been performed since September 2005. The AIA 6 

and CIA are shown in Figure 1-2. 7 

1.1 PROJECT BACKGROUND 8 

JBLM Public Works has been conducting groundwater monitoring activities in the JBLM 9 

Impact Areas since 1999. The project includes a total of 17 monitoring sites around the 10 

Impact Areas (Figure 1-3).  11 

Monitoring locations currently include: 11 monitoring wells (MW); five springs; and a 12 

kitchen sink at the Clear Creek Fish Hatchery, located west of the Impact Areas (Figure 1-13 

3). Nine Upper Vashon aquifer wells (98-IA-MW01 through 98-IA-MW04 and 98-IA-14 

MW06 through 98-IA-MW10) and one Lower Vashon aquifer well (98-IA-MW05) were 15 

installed during a URS preliminary investigation conducted between 1998 and 1999 (URS 16 

2000). Four Upper Vashon aquifer monitoring wells (01-IA-MW11 through 01-IA-MW14) 17 

and one Sea Level aquifer well (01-IA-MW15) were installed in 2001. In addition, three 18 

existing Upper Vashon aquifer wells installed at other sites (MW-3-3138, PA-384, and MW-19 

1-9700) were used for groundwater monitoring in the impact areas. Only wells 98-IA-20 

MW01 through 98-IA-MW05, all five seeps and the hatchery sink are currently sampled. 21 

The remaining six wells are only monitored for depth to water to assist in the generation of 22 

water table contours. Monitoring well construction details are presented in Table 1-1. The 23 

five springs (AIA-SP01 through AIA-SP05) are discharges of Vashon Aquifer groundwater 24 

at the Nisqually River bluff located along the west extent of the AIA.  25 

URS conducted groundwater monitoring events in June 1999, November 1999, and 26 

April 2000. The Fort Lewis Water Program conducted quarterly groundwater monitoring 27 

events between August 2000 and April 2005. The Fort Lewis Compliance Cleanup Program 28 

now the Installation Restoration Program (IRP) began conducting semiannual groundwater 29 

sampling events for select monitoring locations and analytes in September 2005. At that 30 

time, groundwater samples were collected from the 18 monitoring wells and five springs and 31 

analyzed for nitroaromatics/nitramines, metals, and various inorganic parameters. 32 
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Table 1-1. Monitoring Well Construction Details 

Location ID Area ID 
Easting UTM 

NAD 83 
Northing UTM 

NAD 83 
Elevation 
(ft AMSL) 

Well Depth 
(ft bgs) 

Screen Top 
(ft bgs) 

Screen Bottom 
(ft bgs) 

Completion 
Date 

98-IA-MW01 AIA - Central 529745.99 5208145.64 286.7 46 41 46 18-Dec-98 
98-IA-MW02 AIA Downgradient 525635.10 5209346.77 235.4 40 35 40 10-Dec-98 
98-IA-MW03 AIA Downgradient 525720.70 5208062.81 244.2 78 73 78 12-Feb-99 
98-IA-MW04 AIA Downgradient 526747.86 5206522.07 246.9 63 58 63 18-May-99 
98-IA-MW05 AIA Downgradient 527552.17 5205614.88 257.1 122 117 122 31-Mar-99 
98-IA-MW06 AIA Upgradient 533338.82 5208747.59 321.9 45 39.5 44.5 20-Dec-98 
98-IA-MW07 AIA Downgradient 529258.70 5203982.70 291.0 55 50 55 27-Feb-99 
98-IA-MW08 CIA Downgradient 532768.17 5212371.19 322.8 43 38 43 7-Jan-99 
01-IA-MW11 AIA Downgradient 527746.49 5209147.04 266.78 65.5 59 64 18-Oct-01 
01-IA-MW12 AIA Upgradient 531313.03 5208918.78 289.43 53.7 47 52 19-Oct-01 
01-IA-MW13 AIA Upgradient 532539.91 5209774.75 315.43 69.6 62 67 22-Oct-01 
AIA-SP01 AIA Downgradient 524892 5208975 220 - - - - 
AIA-SP02 AIA Downgradient 525558 5208127 200 - - - - 
AIA-SP03 AIA Downgradient 526012 5207310 148.3 - - - - 
AIA-SP04 AIA Downgradient 526769 5206221 163.4 - - - - 
AIA-SP05 AIA Downgradient 528463 5205071 240 - - - - 
Hatchery AIA Downgradient - - - - - - - 
Notes:   
UTM – Universal Transverse Mercator  Location ID: 
ft AMSL – Feet above mean sea level AIA-SP01 – Artillery Impact Area spring 01 
ft bgs – Feet below ground surface Hatchery – Tap water sample taken from fish hatchery kitchen sink. 
- – No data, not applicable   
Area ID – Monitoring wells are located along the perimeter of either the Artillery Impact Area (AIA) or Central Impact Area (CIA). Downgradient or upgradient is the relative position 
of the monitoring well to either the AIA or CIA depending on groundwater flow. 
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Other important monitoring activities include: perchlorate sampling during the November 1 

2000 and November 2002 groundwater monitoring events, surface water sampling during 2 

the first five monitoring events, sediment sampling, and comprehensive groundwater level 3 

surveys by URS. Based on results of monitoring activities it was determined that the only 4 

contaminant of concern present in groundwater at the AIA is RDX (1,3,5-Trinitroperhydro-5 

1,3,5-triazine, also known as the Research Department eXplosive).  6 

Historically, samples were analyzed every 2 years during the wet season sampling events for 7 

dissolved metals. Between seven and 15 samples have been collected from most monitoring 8 

wells since 1999. However, dissolved barium is the only RCRA 8 metal that has been 9 

consistently detected in groundwater samples. Currently there is no MTCA Method A 10 

cleanup level for barium and the Method B cleanup level (3,200 micrograms per liter 11 

[µg/L]) is much higher than historical sample concentrations. Consequently, analyzing 12 

groundwater samples for dissolved metals was discontinued starting with the April 2011 13 

sampling event.  14 

In October 2010, as part of a Base Realignment and Closure (BRAC) action, Fort Lewis and 15 

neighboring McChord Air Force Base merged to create Joint Base Lewis-McChord. All base 16 

services including the IRP are provided by the Army-led Joint Base. 17 

Currently, there are no Model Toxics Control Act (MTCA) Method A, B, or C groundwater 18 

cleanup levels for RDX. Thus, RDX concentrations detected in groundwater samples collected 19 

from monitoring wells, springs, and the Clear Creek Fish Hatchery kitchen sink are compared 20 

to Washington State Department of Ecology’s (Ecology) Cleanup Level and Risk Calculation 21 

(CLARC) Method B standard formula value for RDX in groundwater of 0.8 µg/L. 22 

1.2 PROJECT ORGANIZATION AND RESPONSIBILITIES 23 

The Joint Base Lewis-McChord Public Works Environmental and Natural Resources 24 

Division IRP, with assistance from the United States Army Corps of Engineers (USACE) 25 

subcontractor Sealaska Environmental Services, LLC (Sealaska), is responsible for the long-26 

term groundwater monitoring at the AIA and CIA. The JBLM IRP Program Manager will 27 

ensure that the overall goals of the program meet the Defense Environmental Restoration 28 

Program objectives. The Department of Defense is the lead agency for this project but will 29 

have assistance from the Hazardous Waste and Toxics Reduction Program with Ecology. 30 

The Nisqually Indian Tribe tribal lead will provide Tribal overview. The Sealaska Project 31 

Manager will oversee the long-term groundwater monitoring. Samples will be analyzed by 32 

ALS Environmental of Kelso, Washington. Project personnel and roles are provided in 33 

Table 1-2. 34 
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Table 1-2. Proposed Personnel Roles and Responsibilities 

Organization Name Title Responsibilities 
Washington Department 
of Ecology 

Charles Hoffman 
Hazardous Waste and Toxics Reduction 
Program 

Regulatory overview 

Nisqually Indian Tribe David Troutt Director, Natural Resources Tribal overview 
Joint Base Lewis-
McChord Public Works 

Meseret Ghebresllassie Installation Restoration Program Manager Final review, report signatory 

Sealaska Environmental 
Services 

Scott Elkind Project Manager Overall project lead, plan and reports review  

Aaron Vernik Task Manager 
Assist project manager, field planning, plan and 
reports review 

V. Sunrise Patterson Long-Term Monitoring Field Lead 
Field lead, Site Safety and Health Officer; report 
preparation 

Will Kaage, 
Tom Malamakal 

Field Technicians  Collect field samples, report preparation 

Tetra Tech Keir Craigie Project Chemist/Quality Control Manager Data quality review. Oversee data quality control. 

ALS Environmental Labs Kurt Clarkson Laboratory Project Manager 
Lab contact, quality control, final analytical report 
signatory 
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2 FIELD SAMPLING AND ANALYSIS PLAN 1 

This Sampling and Analysis Plan (SAP) is designed to present the procedures and 2 

documentation required to support groundwater monitoring at the Impact Areas sites in 3 

accordance with Washington Administrative Code (WAC) 173-340-820 and applicable 4 

Ecology guidance. Descriptions of all of the monitoring wells currently being used to 5 

measure depth to water or sample are presented in Table 1-1. Boring logs and well 6 

completion diagrams for all of the current wells at the AIA and CIA are presented in 7 

Appendix A. 8 

2.1 GROUNDWATER MEASUREMENT, SAMPLING, AND ANALYSIS 9 

Sealaska personnel will conduct groundwater measurement and sampling events 10 

semiannually. A summary of the planned monitoring frequency and contaminant of concern 11 

is presented in Table 2-1. Monitoring locations are presented on Figure 1-3. 12 

During each event, Sealaska personnel will use an electronic water level indicator to 13 

measure the static water level in each monitoring well. All measurements will be recorded to 14 

the nearest 0.01-foot from the top of the PVC casing. 15 

Standard low-flow purging procedures will be used to purge water prior to sampling from 16 

each of the monitoring wells. These procedures are outlined in Appendix B. Submersible 17 

Grundfos Redi-Flo2 pumps with dedicated tubing will be used (except for 98-IA-MW05, in 18 

which a bailer will be used). During purging, relative water levels will be monitored with an 19 

electronic water level indicator and water quality parameters such as pH, specific 20 

conductivity, temperature, dissolved oxygen, and turbidity are measured with a pre-21 

calibrated Horiba U-22 meter or similar to verify stabilization. Acceptable stabilization 22 

criteria (EPA 2002) are listed on the Groundwater Monitoring Form included in 23 

Appendix C. Groundwater samples will be collected immediately after the field 24 

measurements have stabilized without turning off the pumping system. In the event that 25 

drawdown is excessive or that water quality parameters do not stabilize, then the monitoring 26 

well will be purged until three well volumes have been removed or the pump is covered by 27 

less than 2 feet of water, whichever occurs first. 28 

Groundwater samples collected from the Impact Areas sample sites will be analyzed for 29 

nitroaromatics and nitramines by United States Environmental Protection Agency (EPA) 30 

Method 8330B.  31 
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Table 2-2 presents appropriate sample container type, sample preservation, and holding 1 

times. Sample containers will be supplied by the laboratory prior to the start of sampling 2 

activities.  3 

Table 2-1. Groundwater Sampling Schedule and Analysis Plan Summary 4 

Location ID 

1st Quarter Sampling Event 
(Wet Season) 

3rd Quarter Sampling Event  
(Dry Season) 

DTW1/ RDX2/, 3/ DTW1/ RDX2/, 3/ 
98-IA-MW01 X X X X 
98-IA-MW02 X X X X 
98-IA-MW03 X X X X 
98-IA-MW04 X X X X 
98-IA-MW05 X X X X 
98-IA-MW06 X - X - 
98-IA-MW07 X - X - 
98-IA-MW08 X - X - 
01-IA-MW11 X - X - 
01-IA-MW12 X - X - 
01-IA-MW13 X - X - 
AIA-SP01 - X - X 
AIA-SP02 - X - X 
AIA-SP03 - X - X 
AIA-SP04 - X - X 
AIA-SP05 - X - X 
Fish Hatchery - X4/ - X4/ 
Duplicate - X - X 
Total # per event 11 12 11 12 
Notes:   
1/ DTW – Depth to Water  
2/ RDX – Research Department eXplosive 
3/ Analysis by EPA Method 8330B  
4/ Samples should be collected in triplicate so that laboratory can run matrix spikes/matrix spike duplicates. 

 5 

Table 2-2. Sample Containers, Preservation, and Holding Times 6 

Analytical Method Container Type Preservation Holding Time 
EPA Method 8330B Two 1 L amber glass with 

Teflon™ lined lids 
Cool to 4°C ±2°C 7 days to extraction, 

40 days to analysis 

 7 
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2.2 FIELD RECORDKEEPING 1 

Field data and other related information will be recorded in the field logbook and on the 2 

Groundwater Monitoring Forms. Copies of field forms are included in Appendix C. Once 3 

completed, the original signed forms will be maintained in the project files for a minimum 4 

of 3 years.  5 

2.3 EQUIPMENT DECONTAMINATION PROCEDURES  6 

All non-dedicated monitoring and sampling equipment will be cleaned before use. Non-7 

dedicated equipment will include an electronic water level indicator and submersible pump 8 

(with cable). 9 

Following use at each monitoring location, the affected portions of the water level indicator 10 

will be scrubbed with potable water containing phosphate-free diluted detergent (i.e., 11 

Liquinox) before being sufficiently rinsed with potable water. Likewise, the outside of the 12 

pump and affected portions of the cable will be scrubbed with potable water containing 13 

diluted detergent. Then, the inside of the pump will be flushed with potable water containing 14 

diluted detergent followed by flushing with potable water. 15 

Finally, the pump and cable will be sufficiently rinsed with potable water. Disposable nitrile 16 

gloves will be changed before working at the next monitoring location. 17 

Dedicated tubing will be stored in the monitoring well to prevent cross-contamination. 18 

Personal decontamination is discussed in the Site Safety and Health Plan (Section 4). 19 

2.4 INVESTIGATION-DERIVED WASTE 20 

Investigation-derived waste (IDW) generated during sampling events will consist of purge 21 

water, decontamination water, and personal protective equipment (PPE) [e.g., nitrile gloves]. 22 

IDW will be handled and disposed of as follows: 23 

 Purge water and decontamination water from all monitoring locations will be collected 24 

in appropriate containers. This water from the impact areas will be sampled for 25 

characterization, transported and staged at Landfill 2. If the results are below cleanup 26 

levels, the water will be discharged through the treatment system. If the results are 27 

above the cleanup levels, the water will be disposed of at an offsite facility. 28 

 Disposable PPE and equipment will be disposed of in a Sealaska dumpster as part of 29 

the normal solid waste stream. 30 
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2.5 SAMPLE LABELING, HANDLING AND SHIPMENT 1 

Sample labels will clearly indicate the site location, sample name, date, time, sampler's 2 

initials, parameters to be analyzed, preservative added (if any), and any pertinent comments. 3 

Sample nomenclature will consist of the monitoring well name (e.g., 98-IA-MW05). 4 

Sample packaging and shipping procedures are based on EPA specifications and United 5 

States Department of Transportation regulations as specified in 49 Code of Federal 6 

Regulations (CFR) 173.6 and 49 CFR 173.24. All samples will be shipped as non- 7 

hazardous material. Samples will be transported directly to ALS laboratory by Sealaska 8 

personnel after they have been collected from all four sites. The following are general 9 

packaging procedures: 10 

1. Attach sample labels securely to each sample container. 11 

2. Use plastic bubble-wrap bags, sheets, or Styrofoam packing material to protect 12 

sample containers. 13 

3. Use insulated plastic or metal-clad plastic coolers as shipping containers.  14 

4. Chill all samples at or below 4ºC with ice. 15 

5. Place the original chain of custody form in the cooler in a sealed plastic bag. 16 

6. Place a signed custody seal on the lid of the cooler and cover with clear plastic tape. 17 

7. Cover and seal the cooler drain with plastic tape. 18 

8. Use strapping tape to shut the cooler. 19 

9. Send by courier or hand-deliver the cooler to ALS for analysis. 20 

2.6 CHAIN OF CUSTODY DOCUMENTATION 21 

Chain of custody procedures are employed to maintain and document sample possession. A 22 

sample is considered under a person's custody if it is in that person's physical possession, 23 

within visual sight of that person after taking physical possession, secured by that person so 24 

that the sample cannot be tampered with, or secured by that person in an area that is 25 

restricted to authorized personnel only. 26 

The responsible person will fill in all requested information on the custody record, then they 27 

will sign and date the record in the first “relinquished by” box. Original signed custody 28 

records listing the samples in the cooler will accompany all shipments of samples. (Note: it 29 

is possible that more than one custody form will be needed per cooler to list all the samples 30 



2017 Groundwater Monitoring Plan, Impact Areas Draft 
Contract No. W912DW-11-D-1031 August 24, 2017 
ERS Task Order 0001 

SES-ERS-MATOC-SB-17-0115 2-5

contained in the cooler.) The originator of the custody record will keep the bottom copy 1 

(usually pink). 2 

2.7 PROJECT REPORTING 3 

After completion of the semiannual events described in this plan, an annual report will be 4 

prepared that includes: 5 

 Investigation chronology 6 

 Discussion of sampling methodology including any deviations from this plan 7 

 A site map for each site showing relevant surface features, sampling locations, 8 

groundwater elevations measured during each event, and contaminant concentrations 9 

detected during each event 10 

 Summary table of groundwater elevations and contaminant concentrations from all 11 

sampling events along with comparison to applicable cleanup levels 12 

 Brief discussion of quality assurance (QA)/quality control (QC) review and 13 

verification process including implications for project data as described in the 14 

Quality Assurance Project Plan (QAPP) 15 

 Copies of original field forms 16 

 Laboratory certificates of analysis with chain of custody records  17 

An internal draft report will be submitted to USACE, JBLM IRP Program Manager, and 18 

United States Army Environmental Command (USAEC) for review and comment. Once 19 

revisions have been addressed to reviewer’s satisfaction, a draft copy of the report will be 20 

submitted to Ecology. Comments provided by Ecology will be addressed and a draft final 21 

report will be produced. The report will be finalized once Ecology comment responses have 22 

been approved. If no comments are received from Ecology within 3 months following 23 

submittal of the draft report, the draft report will be considered “Final.” A copy of the final 24 

report will also be sent to the Nisqually Indian Tribe for their files. 25 

2.8 ANALYSIS OF DATA 26 

Analysis of RDX data will be performed to help support interpretation and evaluation of 27 

RDX concentrations detected in groundwater. Summary statistics will be calculated on all of 28 

the monitoring wells, springs, and the fish hatchery using Microsoft Excel’s Descriptive 29 

Statistics tool. Further statistical analysis will be performed on data from monitoring wells 30 

and springs with datasets that do not have half or over half of their data points as non-detect. 31 

These currently include monitoring wells 98-IA-MW01 through 98-IA-MW04 and springs 32 
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AIA-SP01 through AIA-SP04. Shapiro-Wilk test for normality and linear regression 1 

analysis will be performed on the data using ChemStat or similar software. The Mann-2 

Kendall correlation test will be performed on non-parametric RDX data using ChemStat or 3 

similar software.  4 

All concentration measurements not known to be in error are considered valid; suspect 5 

“outliers” are not removed from the dataset and will be included in the analyses. Unusually 6 

high or low concentrations will be determined by professional judgment and may include 7 

graphing the data, statistical analysis, and/or visual comparison. Non-detect data, which 8 

represent concentration measurements below the practical quantification limits (PQL) but 9 

above the minimum detection limit for each constituent, will be evaluated at the reporting 10 

limit value (i.e., if the reporting limit was 0.5 µg/L then the concentration value was set at 11 

0.5 µg/L). Non-detect data will be labeled with a “U” qualifier in the data table. 12 

2.8.1 Shapiro-Wilk Test for Normality 13 

Prior to analyzing data for trends, the data will be tested for normal distribution. The null 14 

and alternate hypotheses are a summary of a test’s objectives, which, in this case, is to test 15 

for the data’s distribution. The null hypothesis, or what is assumed to be true before given 16 

evidence that it may be false, for all tests for normality is that a dataset is normally 17 

distributed. The alternate hypothesis, then, is that a dataset is not normally distributed 18 

(Helsel and Hirsch 2002). A significance level, or alpha level, of 0.05 will be used when 19 

determining whether historical data from monitoring wells was normally distributed or not. 20 

P values, generated using the Shapiro-Wilk test for normality, will then be compared to the 21 

alpha level. The alpha level is the “cutoff” point for the test statistic in making a decision 22 

whether the data were normally distributed or not. P values show the strength of the test in 23 

determining whether the data were normally distributed or not. P values range from 0 to 1: 24 

The closer a P value is to 1 the better the dataset is normally distributed. P values equal to or 25 

below 0.05 (alpha level) are not considered normally distributed. 26 

Datasets that are not considered normally distributed will then be transformed by taking the 27 

natural log of the original values. This is generally the most common transformation of 28 

water resources data. The Shapiro-Wilk test for normality will be run on the transformed 29 

data with the same criteria as the datasets above. 30 

2.8.2 Linear Regression and Mann-Kendall Correlation Analyses 31 

Linear regression trend analyses will be conducted on all concentration data that are found 32 

to be normally or log normally distributed using the Shapiro-Wilk test. In this instance, the 33 



2017 Groundwater Monitoring Plan, Impact Areas Draft 
Contract No. W912DW-11-D-1031 August 24, 2017 
ERS Task Order 0001 

SES-ERS-MATOC-SB-17-0115 2-7

null hypothesis for the test is that there is no trend in the data (Helsel and Hirsch 2002). The 1 

alpha level for the linear regression analysis will be set at 0.05. P values generated by the 2 

analysis are then compared to the alpha level. P values less than the alpha value suggested a 3 

trend in the data. 4 

The Mann-Kendall test for correlation will be performed on data that are not normally or 5 

log-normally distributed. No assumptions need to be made about the distribution of the data 6 

in order to perform the Mann-Kendall test (Helsel and Hirsch 2002). The null hypothesis is 7 

the same as the linear regression test above in that there is no trend in the data. The alpha 8 

level will be kept the same at 0.05, although the Mann-Kendall test computes a P value for a 9 

two-tailed prediction interval. As such, the alpha levels are actually 0.025 or 0.975. A 10 

P value that is smaller than 0.025 or larger than 0.975 suggests a correlation between the 11 

change in constituent concentration and time.  12 

2.9 PROJECT SCHEDULE 13 

The wet season or high water level sampling event will be conducted between February 1 14 

and April 30 of each year. The dry season or low water level sampling event will be 15 

conducted between July 15 and October 31. 16 

2.10  SITE ACCESS 17 

An access permit is required for access to the range to allow sampling of wells 98-IA-MW-18 

04 and 98-IA-MW-05 and springs AIA-SP04 and AIA-SP05, which are located inside the 19 

range area. The permit must be scheduled through Range Scheduling on a HFL Form 473 20 

(training resource request) or through the Range Facility Management Support System at 21 

least one month prior to the planned sampling date. As part of the request, a map of the 22 

required area along with a DD Form 2977, deliberate risk assessment worksheet, will be 23 

included within the packet. Explosive Ordnance Disposal personnel are required to clear the 24 

trails used to access the wells and springs once per year although they may accompany field 25 

staff during each sampling event as well. Additionally, a range escort is required and IRP 26 

personnel with a General Services Administration vehicle must accompany sampling 27 

personnel. No personally owned vehicles are allowed onto the range. The IRP point of 28 

contact is required to call in and out of the area and monitor the range safety net at all times 29 

while downrange. All civilians requiring access to these areas will receive an unexploded 30 

ordnance hazard awareness and safety class, which will include the 3 R's (Recognize, 31 

Retreat, Report). All participants must wear full PPE including a combat helmet, Kevlar 32 

vest, eye/ear protection and full-fingered gloves. 33 
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3 QUALITY ASSURANCE PROJECT PLAN 1 

3.1 PURPOSE  2 

The following QAPP is designed to show plans for compliance with QA/QC portions of a 3 

SAP per WAC 173-340-820. It should be noted that some elements of a typical QAPP are 4 

not repeated if included elsewhere in this Plan. 5 

The purpose of QA/QC procedures for this site is to provide assurance that field and 6 

analytical procedures produce data of acceptable quality to evaluate long-term trends of 7 

contaminant concentrations at the site.  8 

3.2 DATA QUALITY OBJECTIVES 9 

DQOs define the type, quantity, and quality of data that are needed to answer specific 10 

environmental questions, and support environmental decisions. DQOs are developed using a 11 

systematic planning process described in the Guidance for the Data Quality Objectives 12 

Process (EPA 2006). The DQOs consist of the following seven iterative steps:  13 

1. State the problem. 14 

2. Identify the goals of the study. 15 

3. Identify information inputs. 16 

4. Define the boundaries of the study. 17 

5. Develop the analytic approach. 18 

6. Specify performance or acceptance criteria. 19 

7. Develop the plan for obtaining data. 20 

Step 1: State the problem.  21 

 RDX contamination is present in groundwater at the Impact Areas. Monitoring is 22 

required to assess concentration trends in groundwater at the site.  23 

Step 2: Identify the goals of the study. 24 

 Continue monitoring of RDX levels in groundwater at specific locations surrounding 25 

the Impact Areas. 26 

 Determine the presence, concentration, and potential migration of RDX within the 27 

areas sampled. 28 

 Determine if RDX contaminated groundwater is exceeding Ecology Cleanup Level 29 

and Risk Calculation Method B standard formula value for RDX. 30 
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Step 3: Identify information inputs. 1 

 Groundwater data collected semiannually. 2 

 Established project clean up levels listed in Table 3-1. 3 

 Historical data collected since 1999. 4 

Step 4: Define the boundaries of the study. 5 

 Groundwater sampling locations for the study area are shown in Figure 1-3. 6 

Step 5: Develop the analytic approach. 7 

 If ordnance concentrations in portions of the aquifer have been reduced below cleanup 8 

levels, then monitoring for that area may be recommended to be reduced or eliminated. 9 

 If ordnance concentrations demonstrate decreasing trends approaching cleanup levels 10 

listed in Table 3-1, in either area, then analysis may be reduced or eliminated. 11 

Step 6: Specify performance or acceptance criteria. 12 

 Overall data quality will be reviewed and verified to determine if the data is useable 13 

as described in Section 3.6. Only data that is determined to be useable will be applied 14 

for assessing if goals are met. 15 

 To minimize sampling error, samples will be collected by Sealaska personnel who 16 

are trained in the collection of groundwater samples and who will use the standard 17 

operating procedures described in Appendix B. 18 

 Groundwater samples for laboratory testing will be analyzed by an accredited 19 

laboratory. The primary laboratory for this project is ALS Environmental located in 20 

Kelso, Washington. The laboratory is accredited by the U.S. Department of Defense 21 

Environmental Laboratory Accreditation Program and Ecology. 22 

Step 7: Develop the plan for obtaining data. 23 

 Depth to water measurements will be collected semiannually from eleven existing 24 

monitoring wells. 25 

 Samples will be collected from all five springs at the site and the fish hatchery 26 

semiannually. 27 

  28 
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Table 3-1. Practical Quantitation Limits 1 

Analytical Method Analyte 
MTCA Standard Method 
B Cleanup Level (µg/L) 

Typical PQL1/ 
(µg/L) 

EPA Method 8330B 
(nitroaromatics and 
nitramines) 

HMX N/A 0.2 
RDX 0.8 0.2 
1,3,5-Trinitrobenzene 40,000 0.2 
1,3-Dinitrobenzene 2 0.2 
Methyl-2,4,6-trinitrophenylnitramine N/A 0.2 
Nitrobenzene 8 0.2 
2,4,6-Trinitrotoluene 3 0.4 
4-Amino-2,6-dinitrotoluene N/A 0.4 
2-Amino-2,4-dinitrotoluene N/A 0.4 
2,6-Dinitrotoluene 16 0.4 
2,4-Dinitrotoluene 30 0.2 
2-Nitrotoluene (ortho) 80 0.6 
4-Nitrotoluene (para) 80 0.6 
3-Nitrotoluene (meta) 80 0.4 

Notes: 
1/ It may not be possible to achieve these quantification limits (e.g., samples that require dilution before analysis). 
RDX – Research Department eXplosive 
HMX - Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (also known as octogen) 
N/A – Not applicable 
µg/L – micrograms per liter 

 2 

3.3 FIELD QUALITY CONTROL SAMPLES  3 

As shown in Table 2-1, it is expected that the following field QC samples will be submitted 4 

with the primary samples collected during each sampling event: 5 

 One field duplicate sample will be collected. Field duplicate samples will be given a 6 

unique sample ID and sample time independent of the primary sample to “disguise” 7 

the duplicate sample from the analytical lab. An example of a typical field duplicate 8 

sample ID would be: 98-IA-MW33. 9 

 One primary sample will be collected in triplicate for matrix spike/matrix spike 10 

duplicate analysis.  11 

Standard operating procedures for sampling are located in Appendix B. 12 

3.4 LABORATORY QUALITY CONTROL  13 

The project laboratory will be responsible for conducting laboratory QC procedures and 14 

reporting laboratory QC results in accordance with laboratory standard operating 15 

procedures. It is expected that the project laboratory will perform and report the following 16 

laboratory QC once per batch: method blank, laboratory control spike, matrix spike, and 17 

matrix spike duplicate. The current project laboratory’s control limits for acceptable spike 18 
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recoveries and the relative percent difference (RPD) on spike duplicates are shown in Table 1 

3-2. The laboratory will also follow Method 8330B quality control requirement guidelines 2 

(DoD/DoE 2017). Tables containing analytical method QC and corrective action tables have 3 

been included in Appendix D. 4 

Also, it is expected that the laboratory will perform and report results for surrogate recovery 5 

for every sample. The acceptable range of surrogate percent recovery for EPA Method 6 

8330B is 50-150%.  7 

Table 3-2. Spike Recovery and Spike Duplicate Control Limits 8 

Analytical 
Method Analyte 

Range of 
Acceptable 
Laboratory 

Control Spike 
Recoveries (%) 

Range of Acceptable 
Matrix Spike/Matrix 

Spike Duplicate 
Recoveries (%) 

Acceptable 
Spike 

Duplicate 
RPD (%) 

EPA Method 
8330B 
(nitroaromatics 
and nitramines) 

HMX 65 - 135 65 - 135 <20 
RDX 68 - 130 68 - 130 <20 
1,3,5-Trinitrobenzene 73 - 125 73 - 125 <20 
1,3-Dinitrobenzene 78 - 120 78 - 120 <20 
Methyl-2,4,6-trinitrophenylnitramine 64 - 128 64 - 128 <20 
Nitrobenzene 65 - 134 65 - 134 <20 
2,4,6-Trinitrotoluene 71 - 123 71 - 123 <20 
4-Amino-2,6-dinitrotoluene 76 - 125 76 - 125 <20 
2-Amino-2,4-dinitrotoluene 79 - 120 79 - 120 <20 
2,6-Dinitrotoluene 77 - 127 77 - 127 <20 
2,4-Dinitrotoluene 78 - 120 78 - 120 <20 
2-Nitrotoluene (ortho) 70 - 127 70 - 127 <20 
4-Nitrotoluene (para) 71 - 127 71 - 127 <20 
3-Nitrotoluene (meta) 73 - 125 73 - 125 <20 

Notes: 
RDX – Research Department eXplosive 
HMX - Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (also known as octogen) 
N/A – Not applicable 
RPD - relative percent difference 

 9 

3.5 PRACTICAL QUANTITATION LIMITS 10 

Table 3-1 presents analyte-by-analyte expectations for PQLs relative to MTCA Standard 11 

Method B groundwater cleanup levels. It is expected that the current project laboratory will 12 

achieve PQLs of appropriate sensitivity for comparisons with regulatory standards. 13 

3.6 QA/QC REVIEW AND VERIFICATION 14 

Overall data quality will be reviewed and verified to determine if the data is suitable for use. 15 

Data verification checks will be performed on 100% of project data. The following checks 16 

will be performed (as relevant) on the laboratory analytical data package received: 17 
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 Documentation identifies the laboratory receiving and conducting analyses, and 1 

includes documentation for all samples submitted by the project or requester for 2 

analyses.  3 

 Requested analytical methods were performed and the analysis dates are present.  4 

 Requested target analyte results are reported along with the original laboratory data 5 

qualifiers and data qualifier definitions for each reported result (and the uncertainty 6 

of each result and clear indication of the type of uncertainty reported if required).  7 

 Requested target analyte result units are reported.  8 

 Requested reporting limits for all samples are present and results at and below the 9 

requested (required) reporting limits are clearly identified (including sample 10 

detection limits if required).  11 

 Sampling dates (including times if needed), date and time of laboratory receipt of 12 

samples, and sample conditions upon receipt at the laboratory are documented. 13 

 Sample results are evaluated by comparing sample conditions upon receipt at the 14 

laboratory and sample characteristics to the requirements and guidelines present in 15 

national or regional data validation documents, analytical method(s), or contract. 16 

 Requested methods (handling, preparation, cleanup, and analytical) are performed.  17 

 Method dates (including dates, times, and duration of analysis for radiation counting 18 

measurements and other methods, if needed) for handling, preparation, cleanup, and 19 

analysis are present, as appropriate.  20 

 Sample-related QC data and QC acceptance criteria (e.g., method blanks, surrogate 21 

recoveries, laboratory control sample (LCS) recoveries, duplicate analyses, MS/MSD 22 

recoveries, serial dilutions, post digestion spikes, standard reference materials) are 23 

provided and linked to the reported field samples (including the field quality control 24 

samples such as trip and equipment blanks).  25 

 Requested spike analytes or compounds (e.g., surrogate, LCS spikes, post-digestion 26 

spikes) have been added, as appropriate. 27 

 Sample holding times (from sampling date to preparation and preparation to 28 

analysis) are evaluated.  29 

 Frequency of QC samples is checked for appropriateness (e.g., one LCS per 20 30 

samples in a preparation batch).  31 

 Sample results are evaluated by comparing holding times and sample-related QC 32 
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data to the requirements and guidelines present in national or regional data validation 1 

documents, analytical method(s), or contract. 2 

Results of this evaluation will be presented in a data review report to the project team and 3 

summarized in the project report. After evaluation, data will be flagged as necessary in order 4 

to maintain data usability. If in the data verification check significant issues are identified, a 5 

Stage 2A data validation of the data package will be completed to fully evaluate the 6 

potential impact on data usability for project purposes. Corrective action for field or 7 

laboratory procedures will be taken as needed in consultation with Ecology. 8 

 9 
 10 
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4 SITE SAFETY AND HEALTH PLAN 1 

The following Site Safety and Health Plan (SSHP) is a short summary of the full Accident 2 

Prevention Plan/SSHP included in the Project Management Plan (Sealaska 2016). The SSHP 3 

is designed to show plans for compliance with 29 CFR 1910.120, WAC 173-340-810, WAC 4 

296-62-300 (Part R), and USACE Safety and Health Requirements Manual (EM 385-1-1). A 5 

copy of the SSHP will be maintained on-site during all field activities. 6 

4.1 SITE SAFETY AND HEALTH OFFICER 7 

Key personnel for the project, including the Site Safety and Health Officer, are included in Table 8 

1-2. Two field professionals will conduct each sampling event due to the steepness of the bluff, 9 

the planned field activities, and the nature of impact area operations. Subcontractors and site 10 

visitors are not expected at the site. However, if subcontractors or visitors are needed in the future, 11 

they will be briefed on health and safety concerns by reading this SSHP before entering the site.  12 

4.2 HAZARD ANALYSIS 13 

The overall hazard level associated with activities described in this Plan is low. The portion 14 

of the work conducted in the range area is medium due to the potential munitions in the area. 15 

An analysis of the potential physical and chemical hazards associated with field tasks 16 

described or implied in the Plan is presented in Table 4-1. 17 

4.3 TRAINING 18 

All site workers are appropriately trained in accordance with 29 CFR 1910.120(e), and 19 

WAC 296-62-3040 through 296-62-30465. The work described in the SAP above entails 20 

40-hour initial Hazardous Waste Operations and Emergency Response (HAZWOPER) 21 

training, three days of supervised fieldwork, 8-hour annual HAZWOPER refreshers, OPSEC 22 

Awareness for Military Members, DoD Employees, and Contract, JS US007 Level 1 23 

Antiterrorism Awareness Training, and UXO Hazard Awareness and Safety training 24 

including the 3 R’s (for fieldworkers entering the AIA or CIA). 25 

4.4 PERSONAL PROTECTIVE EQUIPMENT 26 

All fieldwork described in the SAP will be completed with Level D PPE to include a safety 27 

vest, steel-toe boots, safety glasses, face-shield, or goggles, PVC or nitrile gloves, hard hat 28 

(as necessary), hearing protection (as necessary), and a high-visibility, reflective safety vest. 29 

Level D PPE has been selected for this fieldwork on the basis of previous investigations 30 

(Table 4-2). Modified Level D PPE to include safety toed boots, combat helmet, Kevlar 31 
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vest, eye protection, and full fingered gloves is required while entering and sampling in the 1 

range area of the AIA and CIA (Table 4-2).  2 

Table 4-1. Groundwater Monitoring and Sampling Task Safety Analysis 3 

Task Potential Hazard Actions 
Mobilize to 
work site 

Traffic accident Vehicle Operation - valid driver’s license, seat belt use, routine vehicle 
inspections, no cell phone use while driving. Slow to 10 mph when 
passing troops on foot on road. Yield to pedestrians in crosswalks. 

Groundwater 
monitoring 
and sampling  

Worker 
requirements 

Medical clearance for hazardous waste work. HAZWOPER (40 hrs.), 
3 days of supervised fieldwork, and current refresher for workers. 
Additional (8 hrs.) supervisor training for the field lead, SSHO, and all 
other on-site supervisors. 

Struck by vehicles Sampling vehicle(s) placed between workers and oncoming traffic. High 
visibility safety vests in traffic areas. No work will be done after 
twilight or before sun up. Gate will be closed upon entry and exit to the 
landfill limiting access to other motorists and pedestrians. 

Temperature stress If temperature is above 80°F or below 40°F, administrative controls will 
be implemented (cooled or warmed drinks, routine breaks in heated or 
shaded area, and provisions for emergency heating or cooling).  

Lifting 
(musculoskeletal 
injuries) 

If equipment is to be moved, an evaluation of potential pinch points 
and/or weight strain will be conducted. Clear area of all unnecessary 
equipment and slip/trip hazards. Additional help will be obtained by 
workers or mechanical assistance used on-site if equipment to be moved 
is unwieldy, has a weight >50 lbs., or has to be moved by maneuvering 
through awkward positioning. The portable generator will not be moved 
out of the back of the sampling truck until all work has been completed 
for the day. Electric chord from Grundfos pump is long enough to reach 
from the truck to all wells if needed. 

Electric shock Portable electrical tools and all portable electrical equipment that poses 
a shock hazard must be connected through ground fault circuit 
interrupters.  

Battery 
Fire/Explosion 

Use only batteries that are not installed in vehicles and are not being 
charged during use for powering equipment. 

Fire Fire extinguisher rated 2A and 5B (serviced annually and inspected 
monthly) located in back of cab of sampling vehicle. Fire extinguisher 
maintenance office is located in Bldg. 02014 on Pendleton Ave. and 
N. 3rd St. in back of the old fire station at JBLM.  

Chemical exposure Wash hands before eating or drinking. Nitrile gloves for 
chemical/contaminant contact. Chemical containers labeled with 
identity and hazard. Safety Data Sheets (SDSs) on site for all chemicals 
in use. Site-specific training must address chemicals, hazards, and 
proper handling. 

IDW Control No IDW will be stored onsite. Purge water and decontamination water 
from all monitoring locations will be collected in appropriate containers. 
The water from the impact areas will be sampled then transported and 
staged at Landfill 2 pending the analysis. If the results are below 
cleanup levels, the water will be discharged through the Landfill 2 pump 
and treat system. If the results are above the cleanup levels, the water 
will be disposed of at an offsite facility. All disposable PPE and field 
equipment (bailers, tubing) will be containerized in a Sealaska 
dumpster. 

  4 
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Table 4-2. Groundwater Monitoring and Sampling PPE Requirements 1 

Level D Personal Protective 
Equipment (PPE) Comments 
Safety Shoes Mandatory 

Hard Hat If overhead hazards are present 
Safety Glasses With Side 
Shields, Face Shield, or Goggles Mandatory 

Hearing Protection As necessary (not needed during routine sampling) 

Gloves 
Nitrile, PVC, or similar during groundwater sampling. Heavy-duty work 
gloves for material handling. 

Other NA 

Safety Cones/Barricades 
As needed when working in areas with traffic or other similar potential 
hazards. 

Safety Vest Mandatory 
Knee Pads Optional 
Caution Tape As needed, to exclude unauthorized personnel 
Modified Level D Personal 
Protective Equipment (PPE) Comments
Safety Shoes Mandatory  

Combat Helmet Mandatory while working in the AIA or CIA 

Kevlar Vest Mandatory while working in the AIA or CIA 
Safety Glasses With Side 
Shields, Face Shield, or Goggles 

Mandatory 

Full fingered gloves Mandatory while working in the AIA or CIA 

 2 

4.5 MEDICAL SURVEILLANCE  3 

Sealaska personnel participate in the Sealaska Medical Surveillance program that meets the 4 

requirements of 29 CFR 1910.120(f). Sealaska site personnel to whom this requirement 5 

applies must pass this examination and have a copy of their medical clearance on file before 6 

they are allowed to perform any work.  7 

4.6 EXPOSURE MONITORING  8 

Because it was determined that the site contaminants occur at low concentrations in 9 

groundwater at the site, it is not likely that personnel exposures to these materials will 10 

exceed permissible exposure limits. For this reason, personal exposure monitoring will not 11 

be required for this project. 12 

4.7 SITE CONTROL  13 

Due to the nature and scope of fieldwork described in this Plan, establishment of a formal 14 

site control program that includes delineated work zones is not warranted. However, as 15 

needed, safety cones or barricades will be placed alongside of the sampling truck creating a 16 
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temporary safety zone to control hazards such as vehicular traffic. These zones will be 1 

established around each work area and safe distances will be maintained between workers 2 

and traffic. All site workers will also wear reflective safety vests to increase their visibility 3 

to those outside the work zone. 4 

4.7.1 Working in the AIA or CIA  5 

Entry within the AIA or CIA must be scheduled through the Range Scheduling on an HFL 6 

Form 473 through RFMSS. Risk assessment DD Form 2977 will be completed prior to 7 

entry. Digging or any type is ground penetration will not be permitted, including driving of 8 

pickets or marking flags. Elements may utilize surface laid marking instruments.  9 

Field workers must be escorted by an EOD qualified person/team and call in and out of the 10 

area and monitor the range safety net at all times while downrange.  11 

While walking to the sample locations within the range, personnel shall follow established 12 

EOD cleared pathways and maintain personnel separation as a safety precaution. Only those 13 

staff members needed for the sampling should mobilize to the sample site. 14 

4.8 PERSONAL DECONTAMINATION PROCEDURES 15 

Non-disposable PPE or clothing that becomes contaminated during site work will be 16 

appropriately cleaned before being put back in service or else replaced. In the event of skin 17 

contact with contaminated media, the affected skin will be washed immediately as 18 

appropriate. 19 

4.9 CONFINED SPACES  20 

The scope of work described in this Plan above does not include confined space entry. 21 

Confined space entry is not anticipated or allowed as part of this Plan. 22 

4.10 SPILL CONTAINMENT  23 

Due to the nature and quantity of drummed liquid waste being generated during sampling 24 

events, a site-specific spill containment program is not warranted.  25 

  26 
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4.11 EMERGENCY CONTACTS 1 

All Emergencies Dial 911 
Hospital  
Saint Clare Hospital 
11315 Bridgeport Way SW  
Lakewood, Washington 98499 

 
(253) 985-1711 

U.S. Coast Guard (206) 217-6000 or VHF Ch. 16 
Washington State Poison Center (800) 222-1222 
Agency for Toxic Substances and Disease Registry (888) 422-8737 
Range Support Operations Officer (253) 967-1555 
JBLM IRP Program Manager, Meseret Ghebresllassie (253) 477-3742 (office) 
Sealaska PM, Scott Elkind (360) 930-3187 (office) 

(360) 626-3991 (cellular) 

Sealaska SSHO, V. Sunrise Patterson (206) 499-9896 (cellular) 
Sealaska Alternate SSHO, Will Kaage (360) 367-9318 (cellular) 
Sealaska Certified Industrial Hygienist (CIH),  
Steve Frost 

(206) 214-8990 (cellular) 

 2 

The route to the nearest hospital with written directions is shown as Figure 4-1. 3 

  4 
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Figure 4-1. Hospital Route 1 

 2 

 3 

 
Driving directions from Fort Lewis Gate to St. Clare Hospital, 

 11315 Bridgeport Way SW, Lakewood, WA. 
 Start out going northwest on 41st Division Drive S. for 0.01 mile 

 Merge onto I-5 North toward Tacoma / Seattle and travel for 4.8 miles 

 Take Exit 125 Lakewood/Joint Base Lewis-McChord, turn left at the end of the off-ramp 
at the light onto Bridgeport Way SW. 

  Go about 3/10 of a mile. St. Clare Hospital is on the right. 

Hospital Phone Numbers: 

Main: 253-588-1711 

Emergency: 253-985-6700 
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BORING LOGS AND WELL COMPLETION DIAGRAMS 2 
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STANDARD OPERATING PROCEDURES2 



1 

SOP 1 

GROUNDWATER PURGING & SAMPLING MONITORING WELLS USING A 

SUBMERSIBLE PUMP 

This operating procedure provides general information on groundwater purging and sampling 

from monitoring wells using a submersible pump. 

EQUIPMENT REQUIRED 

 Level D personal protective equipment (e.g., nitrile gloves, rain gear, steel-toe boots, 

safety glasses, and high-visibility safety vest) 

 Submersible pump (e.g., Grundfos) with reusable tubing 

 Pump controller  

 Power source (generator) 

 Electric water level measurement meter 

 Sample containers with preservative 

 Insulated cooler(s), chain of custody seals, appropriate cooler packing supplies (e.g., 

bubble wrap), and ice or blue ice 

 Sample labels and appropriate documentation (e.g., chain of custody forms) 

 Field log 

PROCEDURES 

PREPARATION 

1. Record necessary data in field log. 

2. Don appropriate personal protection equipment, as specified in the Site Safety and 
Health Plan. 

3. Consult the well log for each well to determine the most productive zone. If at all 
possible, the pump intake shall not be placed within 2-feet of the well bottom or low-
water level. 

4. Ensure any downhole equipment (pump, tubing, and water level meter) has been 
properly decontaminated prior to use. 

 

 



2 

PURGING 

1. Set up power source and pump controller.  

2. Discharge all purge water to a temporary container for disposal at the Landfill 2 

Pump and Treatment system. 

3. Begin purging at a rate of 0.1 to 0.5 liters/minute. The appropriate purge rate will be 
determined by monitoring groundwater draw down controlled by site specific conditions. 
The water level should stabilize and ideally the pump rate should be sufficiently low 
enough to allow an equal or greater amount of water to recharge the well so little or no 

water level draw down is observed. 

4. Measure groundwater levels every 5 minutes to ensure that the groundwater in the well 
is not being drawn down. If significant draw down occurs, more than 6 inches, lower 

the speed of the pump or turn the pump entirely off.  

5. Repeat until the water level stabilizes to closely match the recharge rate.  

6. Purge groundwater for 15 minutes. After 15 minutes, depth to water will be checked 
and if the level is within 6 inches of the initial depth to water then a sample will be 
collected. If the water level is 7 inches or lower than the initial depth to water than the 

well will be given time to recharge. 

SAMPLING 

1. Collect sample directly from the end of the discharge tubing maintaining the established 

flow purge rate. 

2. Minimize the formation of air bubbles, aeration, and turbulence by using the established 
flow rate while filling the sample vial for BTEX/TPH-G analysis and pouring the 
sample water gently down the inside of the bottle. 

3. Form a meniscus over the mouth of the vial to eliminate formation of air bubbles and 

head space prior to capping. 

4. Screw the Teflon-lined cap on tightly to prevent the container from leaking. 

5. Label, package, and ship sample containers to the analytical laboratory as described in 

the RI/FS Work Plan.  

6. Store and ship the samples at 4C. 

  



3 

SAMPLE COMPLETION/DECONTAMINATION 

1. Extract the pump from the well. Decontaminate all sampling equipment that comes in 
contact with the well water between the sampling locations. To decontaminate 

equipment: 

o Wash the water level meter using a Liquinox solution. 

o Rinse the water level meter with tap water. 

2. Gather and dispose of all non-dedicated supplies and equipment properly. 



 

4 

SOP 2 

FIELD PARAMETER MEASUREMENT FOR GROUNDWATER SAMPLING 

Field parameters (temperature, pH, turbidity, oxidation-reduction potential, specific conductance, 

salinity, and dissolved oxygen) will be monitored during purging of the monitoring wells and 

prior to surface water sampling with a Horiba water quality meter or equivalent. Measurements 

will be conducted in accordance with the manufacturer’s instructions and the following 

procedures: 

 Calibrate or verify calibration of the water quality meter according to SOP 3. For low-

flow purging of the monitoring wells: 

 Set up and begin purging well. 

 Determine the flow rate using a graduated cylinder or equivalent. 

 Attach a flow-through cell to the polyethylene tubing. Position the water 

quality meter probe in the flow-through cell. Begin purging the monitoring 

well. 

 After the cell has been flushed at least twice, begin monitoring the field 

parameters, and continue approximately every 3 to 5 minutes during purging. 

Record water quality measurements the appropriate field logbook or on a well 

purge data sheet. 

 When the indicator parameters have stabilized for three consecutive readings, the 

well is considered stabilized and ready for sample collection. Remove the flow-

through cell from the tubing. 

 For surface water sampling, position the probe directly in the water body. Record 

water quality measurements in the appropriate field logbook or on a well purge data 

sheet. 

Decontaminate the water quality meter probe between wells by rinsing it with commercially 
purchased water. If debris or odor is noted, wash with Liquinox and rinse with commercially 

purchased water as needed. 

  



 

5 

SOP 3 

WATER QUALITY METER CALIBRATION 

The Horiba® water quality meter or equivalent will be calibrated at the beginning of each day 

prior to using the instrument to collect field parameters for samples (as detailed below in Steps 1-

6). Alternatively, at the discretion of the operator, calibration may be omitted if a calibration 

check is performed and demonstrates the parameters are within the expected range (as described 

below in Step 7). 

The daily calibration will be performed using the Auto-Calibration function and a standard pH 4 

Auto-Calibration solution. The Auto-Calibration function performs a one-point calibration of the 

pH sensor, conductivity sensor, and turbidity sensor in the standard pH 4 Auto-Calibration 

solution, while the dissolved oxygen sensor is calibrated in the atmosphere simultaneously. The 

following procedure is for Horiba® U-20 series, however Horiba® U-50 series follow similar 

procedures and have similar expected parameter values. 

The meter’s calibration must be checked at the beginning of the day (immediately following 

calibration or in lieu of performing a calibration) and at the end of the day to determine if 

parameter values have drifted from original calibration. Additionally, it is highly recommended 

that a mid-day calibration check is performed so that any problems can be identified more 

readily. Calibration checks are not a recalibration of the meter but a check of the calibration to 

ensure the continued accuracy of the meter. Use of the meter for field samples must be bracketed 

by calibration checks that are within the expected range. 

1. Triple-rinse the sensors with commercially available bottled drinking water. 

2. Fill the calibration beaker to the marked line with the standard pH 4 Auto-Calibration 
solution. If using a Horiba® U-50 series, the transparent calibration beaker will need to be 
inserted into the black calibration beaker upon filling the transparent beaker with the pH 
4 Auto-Calibration solution. 

3. Immerse the sensors in the beaker. 

4. Turn “On” water quality meter. 

5. Press CAL button, then press ENT button to start Auto-Calibration.  

 



 

6 

6. Upon completion of the calibration of the pH, conductivity, turbidity, and dissolved 
oxygen sensors the water quality meter screen will display “END” for the U-20 series or 

“Cal Complete” for the U-50 series. 

Note – If an error code is displayed, reference manufacturer’s Operation/Instruction Manual. 

 

Press the MEAS button to display measured parameter values. Record, at a minimum, values for 

pH, turbidity, conductivity, and dissolved oxygen (values for temperature, salinity, and oxygen 

reduction potential (ORP) may also be recorded to evaluate meter). Expected parameter value 

ranges are as follows: 

a. 4.00 units for pH (± 10%) 

b. 4.49 mS/cm for conductivity (± 10%) 

c. 0 NTUs for turbidity (+ 10 NTUs) 

d. 8.00 mg/L to 12.00 mg/L for dissolved oxygen (± 10%) 

*Note – The age of the Auto-Calibration solution and temperature fluctuations can 
effect expected parameter value ranges. If the recorded parameter value is outside the 
expected range, consult the manufacturer’s Operations Manual for indicated value 
tables for parameters at various temperatures. If parameter values are outside of 

expected ranges, rinse sensors and perform Auto-Calibration again. 

REFERENCES 

Horiba, Ltd. 2000. Multi Water Quality Monitoring System U-020 Series Operation Manual. 

Horiba, Ltd. 2009. Multi Water Quality Checker U-50 Series Instruction Manual. 
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EXAMPLE FIELD FORMS2 





Meter Model: ____________                                              Page _____ of _____                                                              Revision: March 2014 

 

Sealaska Environmental Services 
Marine Science Center, P.O. Box 869  

18743 Front Street, NE, Suite 201  
Poulsbo, WA 98370 

Well Inspection, 
Purging, and Field 

Measurement Form 

Contract 
Number:   

Task 
Order:   Location:   

Site 
Name:  

 

Well Data 

Well ID:  Well Head Locked: Y: N: Depth to Water (ft btoc):  

Total Well Depth (ft btoc):  Exterior Seal Good: Y: N: Depth to Product (ft btoc):

Mid Screen Depth (ft btoc):  Pooled Water in Well Head: Y: N: Product Thickness (ft):

Purge Rate (liters/min):  Inner Casing Straight and Clear: Y: N: Volume Purged (liters):

Purge Method: Peristaltic/Submersible/Bladder/Other:  Remarks: 

Water Sample Data

Sample ID:  Type: Date:  Time:  # Containers:  

QC Sample ID:  Type: Date:  Time:  # Containers:  

Sampling Personnel:   

Remarks (color, odor, etc.):  

 
 

Time 

Purge   
Vol.  

(liters) 

Depth to 
Water    

(ft btoc) pH 

Spec. 
Cond. 

(ms/cm)
Turbidity 

(NTU) 
DO 

(mg/L) 
Temp. 

(ºC) 
ORP  
(mv) Other 

Stabilization Requirements 
(± 0.2 

  units) (± 10%)
(± 10%  
or <20) (± 10%) (± 10%) (± 10)  

 0  Initial Depth to Water (Pre-pumping) 
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          

Well Volume Calculation 
Well volume (liters) = [Well casing volume (liters/ft)] x [Length of water column (ft)] 

Well casing diameter (in) → Well casing volume (liters/ft) 

1.25” → 0.3          1.5” → 0.4           2” → 0.6         2.5” → 1          3” → 1.4          3.5” → 2          4” → 2.5         6” → 5.5 
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ANALYTICAL METHOD QUALITY CONTROL  2 

AND CORRECTIVE ACTION TABLES3 
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Page 119 of 344 
 

Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Soil drying 
procedure 

Each sample, LCS, and 
Method Blank. 

 

The appropriateness of 
the drying step is 
determined by each 
project. 

Laboratory must have a 
procedure to determine 
when the sample is dry to 
constant mass.   

 

Entire sample must be air 
dried at room 
temperature. 

NA. Flagging is not 
appropriate. 

 

Commercial PT samples 
must reflect the grinding, 
extraction, and analysis 
steps as a minimum. 

 

Record date, time, and 
ambient temperature on a 
daily basis while drying 
samples. 

 

If a laboratory utilizes a 
self-spiked LCS, the 
fortification must be 
performed prior to any 
preparation steps 
performed (drying, 
grinding, etc.) 

 

Drying may introduce a 
bias and is not 
recommended for certain 
compounds.  

 

Drying should be 
performed in the 
laboratory, not the field. 

 

Commercial PT samples 
must reflect the grinding, 
extraction, and analysis 
steps as a minimum. 

 

(continued next page) 
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Soil drying 
procedure 

(Continued) 

    LCS reference material is 
not required to be air dried 
if the vendor specifies that 
drying is not required. 

 

LCS and Blank matrix can 
be Ottawa sand, clean 
soil, or other vendor 
provided clean matrix. 

Soil sieving 
procedure 

Each sample, LCS, and 
Method Blank. 

 

The appropriateness of 
the sieving step is 
determined by each 
project. 

Weigh entire sample.  
Sieve entire sample with a 
10 mesh sieve.  Breakup 
pieces of soil (especially 
clay) with gloved hands. 

 

Collect and weigh any 
portion unable to pass 
through the sieve.  

NA. Flagging is not 
appropriate. 

 

Do not include vegetation 
or debris in the portion of 
the sample that passes 
through the sieve unless 
that is a project specific 
requirement. 

 

Projects may require an 
alternate sieve size. 

Soil grinding 
procedure   

Initial demonstration at 
start up and any time 
major equipment is 
changed or when a 
reduction in the number 
or time of grinding cycles 
occurs. 

 

Each required sample, 
LCS, Blank, and Matrix 
Spike sample. 

 

The appropriateness of 
the grinding step is 
determined by each 
project. 

Initial demonstration of 
grinding equipment: The 
laboratory must initially 
demonstrate that the 
grinding procedure is 
capable of reducing the 
particle size to < 75 µm by 
passing representative 
portions of ground sample 
through a 200 mesh sieve 
(ASTM E11).   

NA. Flagging is not 
appropriate. 

 

Grinding and sieving is an 
iterative process, so 
cycles and duration can 
be varied to reduce heat if 
all samples are treated 
the same.  

 

Grinding may introduce a 
bias and is not 
recommended for certain 
compounds. 

 

Each sample, LCS, and 
Method Blank must use 
the same grinding process 
(i.e., same time intervals 
and number of grinding 
cycles). 
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Grinding Blanks One per batch of 
samples. 

 

The Grinding Blank must 
be processed: after the 
LCS (if ground),  

 

or 

 

after a client identified 
sample with known 
contamination,  

 

or  

 

at the end of the batch.  

No reported analytes must 
be detected > 1/2 LOQ. 

Blank results must be 
reported and the affected 
samples must be flagged 
accordingly if blank 
criteria are not met. 

 

If required, reprep and 
reanalyze Method Blank 
and all QC samples and 
field samples processed 
with the contaminated 
blank. 

If any individual 
Grinding blank is found 
to exceed the 
acceptance criteria, 
apply B-flag to the 
samples following that 
blank. 

At least one Grinding 
Blank per batch must be 
analyzed. For batch 
preparation, the Grinding 
Blank and the Method 
Blank can be one in the 
same. 

  

A Grinding Blank using 
clean solid matrix (such 
as Ottawa sand) must be 
prepared (e.g., ground 
and subsampled) and 
analyzed in the same 
manner as the sample. 

 

If cross-contamination is a 
concern, then more than 
one Grinding Blank per 
batch may be necessary. 

Soil subsampling 
process   

Each sample, LCS, 
blank, and Matrix Spike 
sample. 

 

All sample types must be 
subsampled, including 
those that were not 
initially dried, ground, or 
sieved. 

Entire sample is mixed 
and spread out evenly on 
a large flat surface (e.g., 
baking tray), and 30 or 
more randomly located 
increments are removed 
from the entire depth and 
breadth to obtain the 
appropriate subsample 
size. 

NA. Flagging is not 
appropriate. 

 

The total subsample 
weight collected can vary 
based on the 
requirements of the 
extraction process. 
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Soil Sample 
Triplicate   

At the subsampling step, 
performed on one 
sample per batch. 

 

Cannot be performed on 
any sample identified as 
a blank (e.g., Field Blank, 
Method Blank, Grinding 
Blank).   

The RSD for results above 
the LOQ must not exceed 
20%.   

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to be 
taken. 

 

If reported per the 
client, apply J-flag to all 
samples within that 
batch if acceptance 
criteria are not met and 
explain in the Case 
Narrative. 

Sample triplicates are 
randomly selected unless 
the project specifies the 
sample to be used. 

Aqueous sample 
preparation   

Each sample and 
associated batch QC 
samples. 

Solid phase extraction 
(SPE) using resin-based 
solid phase disks or 
cartridges are required.   

NA. Flagging is not 
appropriate. 

 

The salting-out procedure 
is not permitted.   

Ion Transitions 
(Parent-> Product) 

Prior to method 
implementation. 

The chemical derivation of 
the ion transitions must be 
documented. 

NA. Flagging is not 
appropriate. 

NA. 

Initial Calibration 
(ICAL) for all 
analytes (including 
surrogates) 

At instrument setup and 
after ICV or CCV failure, 
prior to sample analysis. 

ICAL must meet one of 
the three options below: 

 

Option 1: RSD for each 
analyte ≤ 15%;   
 

Option 2: linear least 
squares regression for 
each analyte: r2 ≥ 0.99;   
 

Option 3:  non-linear least 
squares regression 
(quadratic) for each 
analyte: r2 ≥ 0.99. 

Correct problem, then 
repeat ICAL. 

Flagging is not 
appropriate. 

 

Minimum 5 levels for 
linear and 6 levels for 
quadratic. 

 

No samples shall be 
analyzed until ICAL has 
passed.   
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
Verification (ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analyte(s) and 
surrogates within ± 20% of 
true value. 

Correct problem. Rerun 
ICV.  If that fails, repeat 
ICAL.  

Flagging is not 
appropriate. 

 

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 

Continuing 
Calibration 
Verification (CCV) 

Before sample analysis, 
after every 10 field 
samples, and at the end 
of the analysis sequence. 

All reported analytes and 
surrogates within ± 20% of 
the true value.  

Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails or if two 
consecutive CCVs cannot 
be run, perform corrective 
action(s) and repeat CCV 
and all associated 
samples since last 
successful CCV.  

 

Alternately, recalibrate if 
necessary; then 
reanalyze all associated 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the Case 
Narrative.  

 

Apply Q-flag to all 
results for the specific 
analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Results may not be 
reported without valid 
CCVs.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

Internal Standards 
(IS) 

If employed, every field 
sample, standard and 
QC sample. 

Retention time within ± 30 
seconds from retention 
time of the midpoint 
standard in the ICAL; 
Internal standard signal 
(area or height) within           
-50% to +100% of ICAL 
midpoint standard. 

 

On days when ICAL is not 
performed, the daily initial 
CCV can be used. 

Inspect instrumentation 
for malfunctions and 
correct problem.   

 

Reanalysis of samples 
analyzed while system 
was malfunctioning is 
mandatory.  

If corrective action fails 
in field samples, data 
must be qualified and 
explained in the Case 
Narrative.  

 

Apply Q-flag to 
analytes associated 
with the non-compliant 
IS.   

 

Flagging is not 
appropriate for failed 
standards. 

NA. 
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Blank (MB) One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10th the 
amount measured in any 
sample or 1/10th the 
regulatory limit, whichever 
is greater.   

Correct problem.  If 
required, reprep and 
reanalyze Method Blank 
and all QC samples and 
field samples processed 
with the contaminated 
blank. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the Case 
Narrative.  Apply B-flag 
to all results for the 
specific analyte(s) in all 
samples in the 
associated preparatory 
batch. 

Results may not be 
reported without a valid 
Method Blank. 

 

Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

 

For batch preparation, the 
Grinding Blank and the 
Method Blank can be one 
in the same. 

Laboratory Control 
Sample (LCS)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  

 

If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

 

Use LCS Tables 8330B 
for HPLC analysis. 

 

Use LCS Tables 8321 for 
LC/MS or LC/MS/MS 
analysis. 

Correct problem. If 
required, reprep and 
reanalyze the LCS and all 
samples in the associated 
preparatory batch for the 
failed analytes, from the 
sub-sampling step on, if 
sufficient sample material 
is available. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the Case 
Narrative.   

 

Apply Q-flag to specific 
analyte(s) in all 
samples in the 
associated preparatory 
batch. 

A solid reference material 
containing all reported 
analytes must be 
prepared (e.g., ground 
and subsampled) and 
analyzed in exactly the 
same manner as a field 
sample.   

 

A Standard Reference 
Material (SRM) that is 
used for a LCS can be 
ground as a single batch 
and subsampled 
repeatedly as long as the 
SRM is within expiration 
date. 

 

(continued next page) 
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Control 
Sample (LCS) 

(Continued) 

   

 

 

 

 If a laboratory utilizes a 
self-spiked LCS, the 
fortification must be 
performed prior to any 
preparation steps 
performed, such as 
drying, grinding, and 
sieving. 

 

Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

Matrix Spike (MS) One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  

 

If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to be 
taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the Case Narrative. 

Analytes and surrogates 
are spiked into the MS 
and MSD after 
subsampling. 

 

For matrix evaluation only. 
If MS results are outside 
the limits, the data shall 
be evaluated to determine 
the source(s) of difference 
(i.e., matrix effect or 
analytical error). 
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike 
Duplicate (MSD) or 
Matrix Duplicate 
(MD)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  

 

If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

 

MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to be 
taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the Case Narrative. 

Analytes and surrogates 
are spiked into the MS 
and MSD after 
subsampling. 

 

For matrix evaluation only. 
If MSD results are outside 
the limits, the data shall 
be evaluated to determine 
the source(s) of 
difference. 

 

For Sample/MD:  
%Recovery and RPD 
criteria only apply to 
analytes whose 
concentration in the 
sample is greater than or 
equal to the LOQ. 

Surrogate Spike  All field and QC samples. QC acceptance criteria 
specified by the project if 
available; otherwise use 
QSM Appendix C limits or 
in-house LCS limits if 
analyte(s) are not listed. 

Correct problem, then 
reprep and reanalyze all 
failed samples for all 
surrogates in the 
associated preparatory 
batch if sufficient sample 
material is available.  

 

If obvious 
chromatographic 
interference is present, 
reanalysis may not be 
necessary, but the client 
must be notified prior to 
reporting data and the 
failures must be 
discussed in the Case 
Narrative. 

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met and explain in 
the Case Narrative. 

Alternative surrogates are 
recommended when there 
is obvious 
chromatographic 
interference. 
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Table B-3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Confirmation of 
positive results 
(second column)  

All results > the DL must 
be confirmed. 

Calibration and QC criteria 
are the same for the 
confirmation analysis as 
for initial or primary 
column analysis.   

 

Results between primary 
and second column RPD 
≤ 40%. 

Report from both 
columns. 

Apply J-flag if RPD > 
40%.  Discuss in the 
Case Narrative. 

Use of a UV detector with 
a UV diode array detector 
or vice versa is not 
considered a valid 
confirmation technique. 

 

Confirmation analysis is 
not needed if LC/MS or 
LC/MS/MS was used for 
the primary analysis.  

 

Secondary column – Must 
be capable of resolving 
(separating) all of the 
analytes of interest and 
must have a different 
retention time order 
relative to the primary 
column. 

 

Use project specific 
reporting requirements if 
available; otherwise, 
report from the primary 
column. 
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