
 

Memorandum 

Plaza 600 Building, 600 Stewart Street, Suite 1700, Seattle, Washington 98101, Telephone:  206.728.2674, Fax:  206.728.2732 www.geoengineers.com 

To:  Andy Kallus and Peter Adolphson – Washington State Department of Ecology 

From:  Robert Trahan, Iain Wingard and John Herzog 

CC:  Port of Everett – Erik Gerking 
Weyerhaeuser –Carol Wiseman 
Floyd|Snider – Teri Floyd and Lynn Grochala 

Date:  January 20, 2017 

File:  0676-020-05 

Subject:  Work Plan Addendum for Geochronology Sampling and Analysis at the Former Mill A 
Marine Area, Everett, Washington 

This memorandum has been prepared as an addendum to the Remedial Investigation/Feasibility Study 
(RI/FS) Work Plan and Marine Area Sampling and Analysis Plan (SAP) for the Former Mill A Site (Site; 
GeoEngineers, 2014). This addendum is being provided on behalf of the Port of Everett (Port) and 
Weyerhaeuser Company (Weyerhaeuser) and describes additional sample collection for a geochronology 
study at the Site. This addendum has been prepared to provide data to meet the requirements specified in 
the Work Plan.  

The sample collection and testing described in this addendum is being performed to evaluate net 
sedimentation rates in the Marine Area of the Site and to support identification and evaluation of remedial 
actions. The proposed sampling is based on the results of sediment sampling and chemical analysis 
performed as part of the RI for the Marine Area and discussions between the Port, Weyerhaeuser, 
Washington State Department of Ecology (Ecology), and Washington State Department of Natural Resources 
(DNR) in a meeting held on January 10, 2017.  

The sampling described in this addendum includes the collection of sediment core samples from three 
separate locations for isotope analysis. Proposed sediment core locations are shown on Figure 1. 

GEOCHRONOLOGY SAMPLING AND ANALYSIS 

Sample Collection and Processing 

Sediment cores will be advanced at three separate locations utilizing vibracore or rotary impact core 
technologies. The coring methodology has been selected based on previously observed material type, water 
depth and vessel traffic (i.e., active shipping channel). Coring activities will utilize a 3- to 4-inch-diameter core 
barrel containing dedicated (disposable) clear CAB (butryn) liners. The cores will be advanced to a depth of 
approximately 5 feet below mud line (bml) or refusal, whichever comes first. A minimum of three cores will be 
advanced at each proposed sample location to facilitate selection of a minimally disturbed core, of sufficient 
core length to complete the sediment deposition evaluation and a core that meets the Marine Area SAP 
acceptance criteria for sediment cores. Additional cores will be advanced at each location if the core 
acceptance requirements are not met. Additional core deployments will be within an approximate 10-foot 
radius of the initial deployment to the extent practicable. Vessel positioning, decontamination procedures, 
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field documentation and procedures for the collection and processing of subsurface sediment samples are 
described in the Marine Area SAP.  

One core from each proposed geochronology study location will be processed to collect samples for isotope 
analyses. Core selection will be based on evaluation of the following: 

■ Appearance of sediment disturbance; 

■ Presence of anthropogenic material (e.g., wood); and 

■ Recovery of sediment in the core. 

The objective of the evaluation will be to identify the core(s) from each location that exhibit the least amount 
of disturbance, the least amount of anthropogenic material, and highest sediment recovery for processing. 
The optimal core for processing would be one that exhibits no apparent disturbance, contains no 
anthropogenic material, and has the highest recovery. 

The sediment core from each location exhibiting the lowest degree of disturbance, highest recovery and least 
amount of anthropogenic material will be photographed and visually classified in accordance with ASTM 
International (ASTM) D 2488 methods and the Unified Soil Classification System (ASTM D 2487). Material 
descriptions, including the visual absence or presence of biota, bioturbation and/or wood debris in the 
sediment core will be documented. If wood debris is present, the type or types of wood debris (i.e., saw dust, 
bark, chips, chunks, twigs, fibers, etc.), the estimated quantity (i.e., observed percent by volume) of each type 
of wood debris, and the depth interval where the wood is observed will be recorded.  

Sample processing for isotope analysis will include sectioning the selected sediment core from each location 
into 2-centimeter (cm) intervals. Initially, every third sample interval from the mudline surface to 
approximately 1 foot below the contact between recent deposits and underlying more consolidated material 
will be submitted for isotope analysis. The remaining sample intervals will be archived for potential follow-up 
analysis to refine the geochronology evaluation.  

Figure 1 identifies the proposed isotope sample locations. Coordinates for each sampling location are 
presented in Table 1. 

TABLE 1. GEOCHRONOLOGY CORE SAMPLE LOCATIONS 

Sample  
Location1 

Sample Coordinates 
Washington State Planes (NAD83) 

Estimated  
Mudline Elevation2 

(ft MLLW) Easting Northing 

MAF-GC-01 1299187.74 360195.62 -59.3 

MAF-GC-02 1298966.20 359679.01 -64.3 

MAF-GC-03 1298543.59 359095.65 -76.6 

Notes: 
1 Sampling locations are shown on Figure 1. 
2 Estimated mudline elevation based on Pacific Geomatic Services, Inc. October 2014 bathymetric survey. 

NAD83 = North American Datum of 1983  

MLLW = mean lower low water  
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Laboratory Analysis 

Selected samples will be submitted to the Teledyne-Brown Engineering (TBE) laboratory located in Knoxville, 
Tennessee for the following isotope analysis: 

■ Lead-210 (Pb-210) 

■ Cesium-137 (Cs-137) 

Analysis will be performed on a standard turn-around time (TAT) basis. The TBE laboratory’s standard TAT for 
Pb-210 and Cs-137 analysis is anticipated to be 25 days. 

Data Quality Objectives 

The laboratory analytical methods, maximum holding times, data quality indicators, and quality control 
frequencies for the isotope analyses are summarized in Tables 2 through 4. 

TABLE 2. LABORATORY ANALYTICAL METHODS AND MAXIMUM HOLDING TIMES 

Parameter Method Maximum Holding Time Preservative 

Pb-210 TBE 20151 10 years None 

Cs-137 EPA Method 901.1 1 year None 

Notes: 
1 Teledyne-Brown Engineering Laboratory’s in-house method 2015 (Appendix A) 

EPA = Environmental Protection Agency 

TABLE 3. DATA QUALITY INDICATORS FOR SEDIMENT ANALYSES 

Parameter Precision Accuracy Completeness 
Sensitivity (Method 

Detection Limit) 

Pb-210 ± 30% 70–130% 95% 0.1 piC/g dw 

Cs-137 ± 30% 70–130% 95% 0.1 piC/g dw 

Note: 

piC/g dw = picocurie per gram dry weight 

TABLE 4. QUALITY CONTROL SAMPLES 

Parameter 
Field 

Duplicate 
Method 
Blank 

Matrix 
Replicates 

Laboratory 
Control Standard 

Matrix 
Spike 

Matrix Spike 
Duplicate 

Pb-210 N/A 1/20 N/A 1/20 1/10 1/20 

Cs-137 N/A 1/20 N/A 1/20 1/10 1/20 

Note:  

N/A = Not Applicable 
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EVALUATION 

Sedimentation Rate based on Cs-137 Activity 

Cs-137 is not a naturally occurring radioisotope; rather it is produced during nuclear fission. The primary 
source of Cs-137 to sediment is the atmospheric fallout from historical testing of nuclear weapons. Typically, 
dates of two horizons (1954 and 1963) can be identified in Puget Sound sediment. The Cs-137 results will be 
evaluated to identify the first appearance of detectable Cs-137 activity, which generally marks the year 1954, 
and the maximum Cs-137 activity, which marks the year 1963 (Jeter 2000). The thickness of sediment 
between these two peaks, over a 9-year period, indicates the rate of sediment accumulation at the Site.  

Sedimentation Rate based on Pb-210 Activity 

Pb-210 is a natural isotope that is produced in the decay series of Uranium-238. Sediment contains a 
background level of Pb-210 that is “supported” by the decay of Radium-226 from sediment and rocks. 
Recently deposited sediment also includes an excess of “unsupported” Pb-210 that is produced by decay of 
Radon-222 gas and incorporated into sediment by atmospheric fallout (Maureen et al., 2006). It is the excess 
(“unsupported”) activity that is used to estimate the age sequence in undisturbed sediment. 

The background or “supported” Pb-210 activity will be determined by averaging four deepest measurements 
at each location where Pb-210 activity does not change appreciably between samples over depth. The excess 
or “unsupported” Pb-210 activity will be determined by subtracting background Pb-210 activity from 
measured Pb-210 activity. Deeper levels in a core correspond to earlier times, so that radioactive decay is 
manifested as decreasing activity measurements with depth. For this evaluation, it is assumed that the 
sediment is not disturbed and that the sedimentation rate is constant over time.  

Sedimentation Rate Based on the Radioactive Decay Coefficient for Pb-210 

The correlation between the Pb-210 radioactive decay coefficient and the ratio of excess Pb-210 
concentration versus depth and is the basis for determining sedimentation rates using the Jeter method 
(Jeter 2000). According to Jeter, the decay of Pb-210 translates into a logarithmic (Log10) decrease in excess 
Pb-210 concentration with depth and assumes that the sedimentation rate and the rate of Pb-210 supply are 
steady, and the sediment is nearly uniform in physical properties. Because radioactive decay is an 
exponential process, excess Pb-210 concentration varies logarithmically with depth. Therefore, the 
sedimentation rate is equivalent to the radioactive decay coefficient divided by the slope of the trend line 
between the measured excess Pb-210 concentration versus depth. 

Sedimentation Rate Based on the Radioactive Decay Constant for Pb-210 

Based on a model of constant and uniform sediment accumulation (Battelle 1995), sedimentation rates can 
also be calculated from the Pb-210 radioactive decay constant. Using this technique, sedimentation rate is 
estimated by dividing the radioactive decay constant by the slope of natural logarithm of excess Pb-210 
activities versus depth below the mixing layer. This method assumes: (1) sedimentation rate is constant; 
(2) loss of Pb-210 from sediment layers occurs only by radioactive decay; (3) mixing is confined to the surface 
mixed layer; and (4) intervals of sediment used for analysis have well defined depositional times that are 
short compared to the overall dating period. 
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SCHEDULE 

The sampling and analysis will be performed following Ecology’s approval of this Geochronology Sampling and 
Analysis Memorandum, Work Plan addendum. In water work activities (i.e., sediment core collection) will be 
performed within the allowable fish window for the site. Sampling is to be conducted prior to 
February 15, 2017. 

REFERENCES 

Battelle, 1995, “Historical Trends in the Accumulation of Chemicals in Puget Sound,” Battelle/Marine 
Sciences Laboratory, Sequim, Washington, January 1995. 

GeoEngineers, Inc., “Remedial Investigation/Feasibility Study Work Plan, Weyerhaeuser Mill A Former, 
Everett, Washington, Ecology Agreed Order No. DE 8979,” prepared for the Washington State 
Department of Ecology on Behalf of Port of Everett, Weyerhaeuser Company and Washington State 
Department of Natural Resources, GEI File 0676-020-01, Dated October 16, 2014. 

Jeter, 2000, “Determining the Ages of Recent Sediments Using Measurements of Trace Radioactivity,” by 
Hewitt W. Jeter, Teledyne, New Jersey, March 2000. 

Maureen K. Corcoran and Julie R. Kelly, “Sediment-Tracing Technology: An Overview”, September 2006. 

 

RT:IW:JH:tt 

Disclaimer: Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if provided, and any attachments are only a copy of 
the original document. The original document is stored by GeoEngineers, Inc. and will serve as the official document of record. 

Attachments: 

Figure 1. Proposed Sediment Core Investigation Locations for Isotope Analysis 

Appendix A. Teledyne-Brown Engineering Laboratory’s In-house Method 2015 

 



Notes: 
1. The locations of all features shown are approximate. 2. This drawing is for
information purposes. It is intended to assist in showing features discussed in 
an attached document. GeoEngineers, Inc. cannot guarantee the accuracy 
and contentof electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication. 
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APPENDIX A 
Teledyne-Brown Engineering Laboratory’s  

In-house Method 2015 


































