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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 – Washington State Department of Ecology 

Date: July 27, 2017 

Subject: Sediment Geochronology Study  
Weyerhaeuser Mill A Former Site 
Everett, Washington 
Ecology Agreed Order No. DE 8979 

INTRODUCTION 

This technical memorandum presents the results of a sediment geochronology study completed at the 
Weyerhaeuser Mill A Former Site (Site) located in Everett, Washington (Figure 1). The geochronology study was 
completed by the Port of Everett (Port) and Weyerhaeuser Company to evaluate net sedimentation rates in the 
Marine Area of the Site and to support identification and evaluation of remedial actions. The Site is subject to 
a formal cleanup under Ecology’s Agreed Order No. DE 8979. Specific details regarding current and historical 
land use, previous environmental studies, conceptual site model, and activities to characterize the nature and 
extent of Site contamination to provide sufficient information to evaluate and select cleanup actions is 
presented in the Remedial Investigation/Feasibility Study (RI/FS) Work Plan (GeoEngineers 2014). 

GEOCHRONOLOGY SAMPLING AND ANALYSIS 

The sample collection and testing described in this document is based on the results of sediment sampling and 
chemical analysis performed as part of the remedial investigation (RI) for the Marine Area of the Site. 
Geochronology sampling and analysis was completed in accordance to the Ecology-approved addendum to the 
RI/FS Work Plan and associated Marine Area Sampling and Analysis Plan (SAP; GeoEngineers 2017).  

Sediment Core Collection 

Sediment cores were advanced at three separate locations utilizing vibracore technologies. This coring 
methodology was selected based on previously observed material type, water depth and vessel traffic (i.e., 
active shipping channel). Coring activities utilized a separate, 3.7-inch outer diameter (OD) and 3.5-inch internal 
diameter (ID) clear CAB (butryn) core barrel at each location. The cores were advanced to a depth of 
approximately 5 feet below mud line (bml). A minimum of three cores were advanced at each sample location 
to facilitate selection of a minimally disturbed core, of sufficient core length to complete the sediment 
deposition evaluation and to meet the Marine Area SAP acceptance criteria for sediment cores. Additional cores 
were advanced at each location if the core target penetration depth or minimum acceptance requirements were 
not met. Core deployments were within an approximate 10-foot radius of the initial deployment to the extent 
practicable. Sediment core collection, including the location, number of core attempts, penetration depths and 
percent recovery is summarized in Table 1. Procedures for vessel positioning, decontamination, field 
documentation, and collection and processing of sediment samples are described in the Marine Area SAP. 

Sample Processing 

The sediment core from each location exhibiting the least amount of disturbance, highest recovery and least 
amount of anthropogenic material was 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 

DRAFT



Memorandum to Washington State Department of Ecology 
July 27, 2017 
Page 2 

 

absence or presence of biota, bioturbation and/or wood debris in the sediment core are described in the 
exploration logs provided in Attachment 1. 

To gain sufficient material for laboratory analysis, two sediment cores from each sample location were 
processed to collect samples for isotope analyses. One core was used to collect samples for lead isotope 
analysis and the second core was used to collect samples for cesium isotope analysis. The two sediment cores 
from each sample location exhibiting the least amount of disturbance, the least amount of anthropogenic 
material, and highest sediment recovery were selected for sample processing. Sample processing for isotope 
analysis included the following: 

■ “Decompressing” each sediment core based on the core penetration and recovery length; 

■ Sectioning each decompressed sediment core into approximate 2-centimeter (cm) intervals;  

■ Homogenizing each 2-cm interval into a uniform color and consistency; and  

■ Placing the homogenized sample interval into laboratory prepared jars for potential analysis.  

Laboratory Analysis 

Initially, every third sample interval from the mudline surface to approximately 100 cm below the mudline from 
the two cores at each location were 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) 

Cs-137 and Pb-210 results for sample locations MAF-GC-01 through MAF-GC-03 are summarized in Tables 2 
through 4, respectively. Copies of the laboratory reports are provided in Attachment 2. Laboratory data were 
subject to an Environmental Protection Agency Stage 2A validation. A copy of the data validation report is 
provided in Attachment 3. Based on the data quality review, the data were of acceptable quality for the intended 
use.  

Deviation from the Work Plan Addendum 

One deviation from the Work Plan Addendum was encountered during the project. Up to five sample attempts 
were made at location MAF-GC-03 to collect a sediment core meeting the minimum Marine Area SAP 
acceptance criteria. Sediment recoveries at this location ranged from 62 to 67 percent with one core attempt 
(MAF-GC-04-4) only achieving a 10 percent recovery due to a piece of wood lodged within the sampler. Based 
on the consistency of the percent recovery achieved at this location after multiple attempts, addition sediment 
cores were not attempted and the two sediment cores with the highest percent recovery and least amount of 
observed disturbance were selected for sample processing.  
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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. The dates of two 
horizons associated with atmospheric fallout from nuclear testing (1954 and 1963) can be identified in Puget 
Sound sediment as spikes in concentration. In general, the first appearance of detectable Cs-137 activity marks 
the year 1954, and the maximum detectable Cs-137 activity generally 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 in that time period. 

Cs-137 results for locations MAF-GC-01 through MAF-GC-03 are summarized in Tables 2 through 4 and are 
shown graphically on Figure 2 as measured activity in picocuries per gram (pCI/G) at depth below mudline. 
Based on a review of the results, Cs-137 occurrence associated with historical atmospheric fallout from testing 
of nuclear weapons (i.e., initial occurrence of Cs-137 marking the first use of nuclear weapons in 1954 followed 
by a Cs-137 peak marking the height of nuclear weapon testing in 1963) was not identified. Due to the absence 
of detected Cs-137 at each sample location, the sedimentation rate based on Cs-137 Activity could not be 
determined. 

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). The excess (“unsupported”) 
activity at each sample location was used to estimate the sedimentation rate. For this evaluation, it is assumed 
that the sediment is homogeneous, undisturbed and that the sedimentation rate is constant over time. 

PB-210 results for locations MAF-GC-01 through MAF-GC-03 are summarized in Tables 2 through 4 and are 
shown graphically on Figures 3 through 5 as measured activity in picocuries per gram (pCI/G) at depth below 
mudline. At sample locations MAF-GC-01 and MAF-GC-02, the background or “supported” Pb-210 activity was 
determined by averaging four deepest measurements at each location where Pb-210 activity did not change 
appreciably between samples over depth. At location MAF-GC-03, sediment below a depth of approximately 
74 cm was different in composition from the overlying material and was interpreted to represent a separate 
depositional unit. Using the baseline assumption of a homogeneous material for calculating sedimentation rate 
(Jeter 2000 and Battelle 1995) and the observed variability in the measured data, PB-210 results from the 
lower depositional unit were not used for determining background activity. In addition, the result for sample 
MAF-GC-03-27 located within the upper depositional unit was considered an outlier from the data set and not 
used for determining background activity. Therefore, the background activity was measured using the results 
from samples MAF-GC-03-24, MAF-GC-03-30, MAF-GC-03-33.  

Sedimentation Rate Based on the Pb-210 Radioactive Decay Coefficient  

The correlation between the Pb-210 radioactive decay coefficient and the ratio of excess Pb-210 concentration 
versus depth 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 
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with depth. Therefore, the sedimentation rate is equivalent to the radioactive decay coefficient divided by the 
slope of the trend line between the Log10 of excess Pb-210 activity versus depth. 

For sample locations MAF-GC-01 through MAF-GC-03, the trend line of the Log10 of excess Pb-210 activity 
versus depth and calculation sedimentation rates are shown on Figures 3 through 5. The calculated 
sedimentation rate for each location using the Pb-210 radioactive decay coefficient is as follows: 

■ Calculated Sedimentation Rate for MAF-GC-01 – 1.65 cm/year 

■ Calculated Sedimentation Rate for MAF-GC-02 – 1.57 cm/year 

■ Calculated Sedimentation Rate for MAF-GC-03 – 0.59 cm/year 

Sedimentation Rate Based on the Pb-210 Radioactive Decay Constant 

The correlation between the Pb-210 radioactive decay constant and the ratio of excess Pb-210 concentration 
versus depth is the basis for determining sedimentation rates using the Battelle method (Battelle 1995). 
According to Battelle, the decay of Pb-210 translates into a natural logarithmic (LN) decrease in excess Pb-210 
concentration with depth. Therefore, the sedimentation rate is equivalent to the radioactive decay constant 
divided by the slope of the trend line between the LN of excess Pb-210 activity versus depth. 

For sample locations MAF-GC-01 through MAF-GC-03, the trend line of the LN of excess Pb-210 activity versus 
depth and calculated sedimentation rates are shown on Figures 3 through 5. The calculated sedimentation 
rate for each location using the Pb-210 radioactive decay constant is as follows: 

■ Calculated Sedimentation Rate for MAF-GC-01 – 1.65 cm/year 

■ Calculated Sedimentation Rate for MAF-GC-02 – 1.56 cm/year 

■ Calculated Sedimentation Rate for MAF-GC-03 – 0.59 cm/year 
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Easting Northing
MAF-GC-01-1 1298539.66 359097.52 158 138 87% Y
MAF-GC-01-2 1298538.35 359094.29 158 138 87% Y
MAF-GC-01-3 1298540.36 359097.97 158 0 0% N
MAF-GC-01-4 1298545.13 359094.65 158 131 83% Y
MAF-GC-02-1 1298969.69 359681.36 158 96 61% N
MAF-GC-02-2 1298966.05 359681.22 158 119 75% Y
MAF-GC-02-3 1298968.15 359683.14 158 15 9% N
MAF-GC-02-4 1298967.12 359682.23 158 128 81% Y
MAF-GC-02-5 1298968.63 359683.21 158 116 73% N
MAF-GC-02-6 1298964.74 359683.75 158 88 56% N
MAF-GC-03-1 1299187.46 360172.39 158 98 62% N
MAF-GC-03-2 1299186.18 360181.35 158 104 66% Y3

MAF-GC-03-3 1299180.70 360177.12 158 106 67% Y3

MAF-GC-03-4 1299184.11 360180.44 158 15 9% N
MAF-GC-03-5 1299182.04 360179.08 158 101 64% N

Notes:
1 Approximate sampling locations are shown on Figure 1.  
2 Coordinates are referenced to North American Datum 83 (NAD 83) Washington State Plane North.
3 Core with highest percent recovery used for geochronology analysis. 

cm = centimeter

MAF-GC-03

MAF-GC-02

MAF-GC-01

Table 1
Sampling Location Coordinates and Core Recovery Data Summary

Weyerhaeuser Mill A Former
Everett, Washington

Sample Coordinates2

Sampling Location1 

Identification
Core 

Identification

Penetration 
Depth 
(cm)

Core 
Recovery 

(cm) Percent Recovery

Acceptance 
Criteria Met 

(Y/N)
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MAF-GC-02-1 0 -- 2 -- -- -- --
MAF-GC-02-2 2 -- 5 -- -- -- --
MAF-GC-02-3 5 -- 7 0.505 ± 0.044 0.165 ± 0.080
MAF-GC-02-4 7 -- 9 -- -- -- --
MAF-GC-02-5 9 -- 12 -- -- -- --
MAF-GC-02-6 12 -- 14 0.278 ± 0.039 0.169 ± 0.087
MAF-GC-02-7 14 -- 16 -- -- -- --
MAF-GC-02-8 16 -- 18 -- -- -- --
MAF-GC-02-9 18 -- 21 0.152 ± 0.037 0.088 U ± 0.054

MAF-GC-02-10 21 -- 23 -- -- -- --
MAF-GC-02-11 23 -- 25 -- -- -- --
MAF-GC-02-12 25 -- 28 0.108 ± 0.035 0.0841 U ± 0.051
MAF-GC-02-13 28 -- 30 -- -- -- --
MAF-GC-02-14 30 -- 32 -- -- -- --
MAF-GC-02-15 32 -- 35 0.109 ± 0.037 0.0944 U ± 0.055
MAF-GC-02-16 35 -- 37 -- -- -- --
MAF-GC-02-17 37 -- 39 -- -- -- --
MAF-GC-02-18 39 -- 42 0.081 ± 0.037 0.0927 U ± 0.054
MAF-GC-02-19 42 -- 44 -- -- -- --
MAF-GC-02-20 44 -- 46 -- -- -- --
MAF-GC-02-21 46 -- 49 0.111 ± 0.033 0.0981 U ± 0.052
MAF-GC-02-22 49 -- 51 -- -- -- --
MAF-GC-02-23 51 -- 53 -- -- -- --
MAF-GC-02-24 53 -- 55 0.073 ± 0.037 0.0743 U ± 0.047
MAF-GC-02-25 55 -- 58 -- -- -- --
MAF-GC-02-26 58 -- 60 -- -- -- --
MAF-GC-02-27 60 -- 62 0.055 U ± 0.033 0.0642 U ± 0.046
MAF-GC-02-28 62 -- 65 -- -- -- --
MAF-GC-02-29 65 -- 67 -- -- -- --
MAF-GC-02-30 67 -- 69 0.104 ± 0.034 0.0892 U ± 0.067
MAF-GC-02-31 69 -- 72 -- -- -- --
MAF-GC-02-32 72 -- 74 -- -- -- --
MAF-GC-02-33 74 -- 76 0.116 ± 0.035 0.0744 U ± 0.041
MAF-GC-02-34 76 -- 79 -- -- -- --
MAF-GC-02-35 79 -- 81 -- -- -- --
MAF-GC-02-36 81 -- 83 0.054 U ± 0.032 0.0626 U ± 0.039
MAF-GC-02-37 83 -- 85 -- -- -- --
MAF-GC-02-38 85 -- 88 -- -- -- --
MAF-GC-02-39 88 -- 90 0.058 U ± 0.035 0.0830 U ± 0.048
MAF-GC-02-40 90 -- 92 -- -- -- --

Result/MDC Error Delta

Table 2
MAF-GC-01 Radioisotope (Cs-137 and Pb-210) Analytical Results Summary

Weyerhaeuser Mill A Former
Everett, Washington

Sample 
Identification

Depth 
Interval 

(cm)

Pb-210 Activity
(pCi/g)

Cs-137 Activity
(pCi/g)

Result/MDC Error Delta
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Result/MDC Error Delta
Sample 

Identification

Depth 
Interval 

(cm)

Pb-210 Activity
(pCi/g)

Cs-137 Activity
(pCi/g)

Result/MDC Error Delta

MAF-GC-02-41 92 -- 95 -- -- -- --
MAF-GC-02-42 95 -- 97 0.060 U ± 0.036 0.0912 U ± 0.059
MAF-GC-02-43 97 -- 99 -- -- -- --
MAF-GC-02-44 99 -- 102 -- -- -- --
MAF-GC-02-45 102 -- 104 0.060 U ± 0.036 0.0798 U ± 0.039
MAF-GC-02-46 104 -- 106 -- -- -- --
MAF-GC-02-47 106 -- 109 -- -- -- --
MAF-GC-02-48 109 -- 111 -- -- -- --
MAF-GC-02-49 111 -- 113 -- -- -- --
MAF-GC-02-50 113 -- 116 -- -- -- --
MAF-GC-02-51 116 -- 118 -- -- -- --
MAF-GC-02-52 118 -- 120 -- -- -- --
MAF-GC-02-53 120 -- 122 -- -- -- --
MAF-GC-02-54 122 -- 125 -- -- -- --
MAF-GC-02-55 125 -- 127 -- -- -- --
MAF-GC-02-56 127 -- 129 -- -- -- --
MAF-GC-02-57 129 -- 132 -- -- -- --
MAF-GC-02-58 132 -- 134 -- -- -- --
MAF-GC-02-59 134 -- 136 -- -- -- --
MAF-GC-02-60 136 -- 139 -- -- -- --
MAF-GC-02-61 139 -- 141 -- -- -- --
MAF-GC-02-62 141 -- 143 -- -- -- --
MAF-GC-02-63 143 -- 146 -- -- -- --
MAF-GC-02-64 146 -- 148 -- -- -- --

Notes:

cm = centimeter

MDC = Minimum detectable concentration

pCi/g = picocuries per gram

U = not detected
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MAF-GC-02-1 0 -- 2 -- -- -- --

MAF-GC-02-2 2 -- 4 -- -- -- --

MAF-GC-02-3 4 -- 7 0.29 ± 0.042 0.092 U ± 0.051

MAF-GC-02-4 7 -- 9 -- -- -- --

MAF-GC-02-5 9 -- 10.9 -- -- -- --

MAF-GC-02-6 10.9 -- 13.1 0.265 ± 0.042 0.185 ± 0.085

MAF-GC-02-7 13.1 -- 15.3 -- -- -- --

MAF-GC-02-8 15.3 -- 17.4 -- -- -- --

MAF-GC-02-9 17.4 -- 19.6 0.288 ± 0.043 0.131 ± 0.092

MAF-GC-02-10 19.6 -- 21.8 -- -- -- --

MAF-GC-02-11 21.8 -- 24 -- -- -- --

MAF-GC-02-12 24 -- 26.2 0.193 ± 0.038 0.090 U ± 0.053

MAF-GC-02-13 26.2 -- 28.3 -- -- -- --

MAF-GC-02-14 28.3 -- 30.5 -- -- -- --

MAF-GC-02-15 30.5 -- 32.7 0.149 ± 0.038 0.090 U ± 0.057

MAF-GC-02-16 32.7 -- 34.9 -- -- -- --

MAF-GC-02-17 34.9 -- 37.1 -- -- -- --

MAF-GC-02-18 37.1 -- 39.2 0.164 ± 0.041 0.098 U ± 0.059

MAF-GC-02-19 39.2 -- 41.4 -- -- -- --

MAF-GC-02-20 41.4 -- 43.6 -- -- -- --

MAF-GC-02-21 43.6 -- 45.8 0.129 ± 0.037 0.098 U ± 0.060

MAF-GC-02-22 45.8 -- 48 -- -- -- --

MAF-GC-02-23 48 -- 50.1 -- -- -- --

MAF-GC-02-24 50.1 -- 52.3 0.15 ± 0.041 0.097 U ± 0.056

MAF-GC-02-25 52.3 -- 54.5 -- -- -- --

MAF-GC-02-26 54.5 -- 56.7 -- -- -- --

MAF-GC-02-27 56.7 -- 58.9 0.162 ± 0.041 0.077 U ± 0.045

MAF-GC-02-28 58.9 -- 61 -- -- -- --

MAF-GC-02-29 61 -- 63.2 -- -- -- --

MAF-GC-02-30 63.2 -- 65.4 0.138 ± 0.039 0.080 U ± 0.049

MAF-GC-02-31 65.4 -- 67.6 -- -- -- --

MAF-GC-02-32 67.6 -- 69.8 -- -- -- --

MAF-GC-02-33 69.8 -- 71.9 0.129 ± 0.036 0.068 U ± 0.044

MAF-GC-02-34 71.9 -- 74.1 -- -- -- --

MAF-GC-02-35 74.1 -- 76.3 -- -- -- --

MAF-GC-02-36 76.3 -- 78.5 0.091 ± 0.040 0.072 U ± 0.045

MAF-GC-02-37 78.5 -- 80.7 -- -- -- --

MAF-GC-02-38 80.7 -- 82.8 -- -- -- --

MAF-GC-02-39 82.8 -- 85 0.062 U ± 0.038 0.086 U ± 0.053

Result/MDC Error Delta

Table 3
MAF-GC-02 Radioisotope (Cs-137 and Pb-210) Analytical Results Summary

Weyerhaeuser Mill A Former
Everett, Washington

Sample 
Identification

Depth 
Interval 

(cm)

Pb-210 Activity
(pCi/g)

Cs-137 Activity
(pCi/g)

Result/MDC Error Delta
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Result/MDC Error Delta
Sample 

Identification

Depth 
Interval 

(cm)

Pb-210 Activity
(pCi/g)

Cs-137 Activity
(pCi/g)

Result/MDC Error Delta

MAF-GC-02-40 85 -- 87.2 -- -- -- --

MAF-GC-02-41 87.2 -- 89.4 -- -- -- --

MAF-GC-02-42 89.4 -- 91.6 0.059 U ± 0.035 0.065 U ± 0.037

MAF-GC-02-43 91.6 -- 93.7 -- -- -- --

MAF-GC-02-44 93.7 -- 95.9 -- -- -- --

MAF-GC-02-45 95.9 -- 98.1 0.082 ± 0.036 0.087 U ± 0.053

MAF-GC-02-46 98.1 -- 100 -- -- -- --

MAF-GC-02-47 100 -- 102 -- -- -- --

MAF-GC-02-48 102 -- 105 -- -- -- --

MAF-GC-02-49 105 -- 107 -- -- -- --

MAF-GC-02-50 107 -- 109 -- -- -- --

MAF-GC-02-51 109 -- 111 -- -- -- --

MAF-GC-02-52 111 -- 113 -- -- -- --

MAF-GC-02-53 113 -- 116 -- -- -- --

MAF-GC-02-54 116 -- 118 -- -- -- --

MAF-GC-02-55 118 -- 120 -- -- -- --

MAF-GC-02-56 120 -- 122 -- -- -- --

MAF-GC-02-57 122 -- 124 -- -- -- --

MAF-GC-02-58 124 -- 126 -- -- -- --

MAF-GC-02-59 126 -- 129 -- -- -- --

MAF-GC-02-60 129 -- 131 -- -- -- --

MAF-GC-02-61 131 -- 133 -- -- -- --

MAF-GC-02-62 133 -- 135 -- -- -- --

MAF-GC-02-63 135 -- 137 -- -- -- --

MAF-GC-02-64 137 -- 140 -- -- -- --

MAF-GC-02-65 140 -- 142 -- -- -- --

MAF-GC-02-66 142 -- 144 -- -- -- --
MAF-GC-02-67 144 -- 146 -- -- -- --
MAF-GC-02-68 146 -- 148 -- -- -- --

Notes:

cm = centimeter

MDC = Minimum detectable concentration

pCi/g = picocuries per gram

U = not detected
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MAF-GC-03-1 0 -- 2 -- -- -- --

MAF-GC-03-2 2 -- 4 -- -- -- --

MAF-GC-03-3 4 -- 7 0.24 ± 0.060 0.09 U ± 0.054

MAF-GC-03-4 7 -- 9 -- -- -- --

MAF-GC-03-5 9 -- 11.2 -- -- -- --

MAF-GC-03-6 11.2 -- 13.4 0.18 ± 0.058 0.09 U ± 0.055

MAF-GC-03-7 13.4 -- 15.7 -- -- -- --

MAF-GC-03-8 15.7 -- 17.9 -- -- -- --

MAF-GC-03-9 17.9 -- 20.2 0.17 ± 0.057 0.09 U ± 0.050

MAF-GC-03-10 20.2 -- 22.4 -- -- -- --

MAF-GC-03-11 22.4 -- 24.6 -- -- -- --

MAF-GC-03-12 24.6 -- 26.9 0.13 ± 0.065 0.10 U ± 0.056

MAF-GC-03-13 26.9 -- 29.1 -- -- -- --

MAF-GC-03-14 29.1 -- 31.4 -- -- -- --

MAF-GC-03-15 31.4 -- 33.6 0.16 U ± 0.091 0.07 U ± 0.043

MAF-GC-03-16 33.6 -- 35.8 -- -- -- --

MAF-GC-03-17 35.8 -- 38.1 -- -- -- --

MAF-GC-03-18 38.1 -- 40.3 0.10 U ± 0.064 0.09 U ± 0.054

MAF-GC-03-19 40.3 -- 42.6 -- -- -- --

MAF-GC-03-20 42.6 -- 44.8 -- -- -- --

MAF-GC-03-21 44.8 -- 47 0.14 ± 0.078 0.094 U ± 0.052

MAF-GC-03-22 47 -- 49.3 -- -- -- --

MAF-GC-03-23 49.3 -- 51.5 -- -- -- --

MAF-GC-03-24 51.5 -- 53.8 0.10 ± 0.053 0.06 U ± 0.032

MAF-GC-03-25 53.8 -- 56 -- -- -- --

MAF-GC-03-26 56 -- 58.2 -- -- -- --

MAF-GC-03-27 58.2 -- 60.5 0.26 ± 0.087 0.07 U ± 0.038

MAF-GC-03-28 60.5 -- 62.7 -- -- -- --

MAF-GC-03-29 62.7 -- 65 -- -- -- --

MAF-GC-03-30 65 -- 67.2 0.09 U ± 0.058 0.06 U ± 0.040

MAF-GC-03-31 67.2 -- 69.4 -- -- -- --

MAF-GC-03-32 69.4 -- 71.7 -- -- -- --

MAF-GC-03-33 71.7 -- 73.9 0.087 U ± 0.047 0.089 U ± 0.053

MAF-GC-03-34 73.9 -- 76.2 -- -- -- --

MAF-GC-03-35 76.2 -- 78.4 -- -- -- --

MAF-GC-03-36 78.4 -- 80.6 0.14 ± 0.068 0.10 U ± 0.061

MAF-GC-03-37 80.6 -- 82.9 -- -- -- --

MAF-GC-03-38 82.9 -- 85.1 -- -- -- --

MAF-GC-03-39 85.1 -- 87.4 0.20 ± 0.072 0.09 U ± 0.045

MAF-GC-03-40 87.4 -- 89.6 -- -- -- --

Pb-210 Activity
(pCi/g)

Result/MDC Error Delta

Cs-137 Activity
(pCi/g)

Table 4
MAF-GC-03 Radioisotope (Cs-137 and Pb-210) Analytical Results Summary

Weyerhaeuser Mill A Former
Everett, Washington

Sample 
Identification

Depth 
Interval 

(cm) Error DeltaResult/MDC

File No. 0676-020-05
Table 4 | July 27, 2017 Page 1 of 2
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Pb-210 Activity
(pCi/g)

Result/MDC Error Delta

Cs-137 Activity
(pCi/g)Sample 

Identification

Depth 
Interval 

(cm) Error DeltaResult/MDC

MAF-GC-03-41 89.6 -- 91.8 -- -- -- --

MAF-GC-03-42 91.8 -- 94.1 0.10 U ± 0.063 0.09 U ± 0.053

MAF-GC-03-43 94.1 -- 96.3 -- -- -- --

MAF-GC-03-44 96.3 -- 98.6 -- -- -- --

MAF-GC-03-45 98.6 -- 101 0.17 ± 0.062 0.07 U ± 0.043

MAF-GC-03-46 101 -- 103 -- -- -- --

MAF-GC-03-47 103 -- 105 -- -- -- --

MAF-GC-03-48 105 -- 108 -- -- -- --

MAF-GC-03-49 108 -- 110 -- -- -- --

MAF-GC-03-50 110 -- 112 -- -- -- --

MAF-GC-03-51 112 -- 114 -- -- -- --

MAF-GC-03-52 114 -- 116 -- -- -- --

MAF-GC-03-53 116 -- 119 -- -- -- --

MAF-GC-03-54 119 -- 121 -- -- -- --

MAF-GC-03-55 121 -- 123 -- -- -- --

MAF-GC-03-56 123 -- 125 -- -- -- --

MAF-GC-03-57 125 -- 128 -- -- -- --

MAF-GC-03-58 128 -- 130 -- -- -- --

MAF-GC-03-59 130 -- 132 -- -- -- --

MAF-GC-03-60 132 -- 134 -- -- -- --

MAF-GC-03-61 134 -- 137 -- -- -- --

MAF-GC-03-62 137 -- 139 -- -- -- --

MAF-GC-03-63 139 -- 141 -- -- -- --

MAF-GC-03-64 141 -- 143 -- -- -- --

MAF-GC-03-65 143 -- 146 -- -- -- --

MAF-GC-03-66 146 -- 148 -- -- -- --

Notes:

cm = centimeter

MDC = Minimum detectable concentration

pCi/g = picocuries per gram

U = not detected

File No. 0676-020-05
Table 4 | July 27, 2017 Page 2 of 2
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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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Sediment Core Investigation Locations for 
Isotope Analysis

Weyerhaeuser Mill A Former
Everett, Washington

Figure 1

300 0 300

Feet

µ Legend
Sediment Core Location for Isotope Analysis

Remedial Investigation (RI) Surface Sediment Investigation

"" Surface Sediment Sample Location Only

""Ç
Surface Sediment Sample Location With
Co-Located Sediment Core/Subsurface
Sediment Sample (See Figure X)

Previous Surface Sediment Investigation

"" Surface Sediment Sample Location Only

""Ç
Surface Sediment Sample Location With
Co-Located Sediment Core/Subsurface Sediment
Sample (See Figure X)

Interim Action DMMP Sediment Characterization

!! Z-Layer Sample Location at Interim Action Surface

Construction Berm Fill
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! ! ! ! !

! ! ! ! !

Historical Pier

Interim Action Dredge Area

Dredged Area
Nearshore Confined Disposal (NCD) Facility

-3 Feet Mean Low Low Water
(MLLW) Elevation Contour Line

Bulkhead
Integrated Cleanup Containment
and Terminal Use Area

#* Historical Industrial Outfall

!A Former Combined Sewer Outfall (CSO)

"U Former Stormwater Outfall

!A Current CSO

"U Current Stormwater Outfall
Current Kimberly-Clark/City of Everett/
City of Marysville Outfall 100 (approximate)

Historic Kimberly-Clark/Weyerhaeuser
Outfall SW001 (approximate)
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This figure is for information purposes. It is intended to assist in showing 
features discussed in an attached document. GeoEngineers, Inc. can not 
guarantee the accuracy and content of electronic files. The master file is 
stored by GeoEngineers, Inc. and will serve as the official record of this 
communication.

1.
Notes:

Data Source: Weyerhaeuser Mill A Former Site geochronology study results (Tables 2 through 4). 
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Figure 2

Weyerhaeuser Mill A Former
Everett, Washington
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The depth at which surface measurements do not fluctuate significantly is used to identify the surface 
mixed layer. Mixing may result from human and/or natural processes.
Background Pb-210 Activity (AB) is the average of the four deepest samples in which Pb-210 Activity 
does not  fluctuate significantly.
Excess Pb-210 Activity is the difference of AB and the measured Pb-210 Activity.
This figure is for information purposes. It is intended to assist in showing features discussed in an 
attached document. GeoEngineers, Inc. can not guarantee the accuracy and content of electronic files. 
The master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

1.

2.

3.
4.

Notes:

Data Source: Weyerhaeuser Mill A Former Site geochronology study results (Table 2). 
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Lead-210 Activity and Sedimentation Rate
MAF-GC-01 

Figure 3

Weyerhaeuser Mill A Former
Everett, Washington
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The depth at which surface measurements do not fluctuate significantly is used to identify the surface 
mixed layer. Mixing may result from human and/or natural processes.
Background Pb-210 Activity (AB) is the average of the four deepest samples in which Pb-210 Activity 
does not  fluctuate significantly.
Excess Pb-210 Activity is the difference of AB and the measured Pb-210 Activity.
This figure is for information purposes. It is intended to assist in showing features discussed in an 
attached document. GeoEngineers, Inc. can not guarantee the accuracy and content of electronic files. 
The master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

1.

2.

3.
4.

Notes:

Data Source: Weyerhaeuser Mill A Former Site geochronology study results (Table 3). 
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Figure 4

Weyerhaeuser Mill A Former
Everett, Washington
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The depth at which surface measurements do not fluctuate significantly is used to identify the surface mixed layer. Mixing may result from human and/or natural 
processes.
Material encountered at depths greater than 74 cm below mud line is different in composition than the overlying material and represents a separate depositional 
unit. Baseline assumption for Jeter and Battelle methods assume a homogeneous material for evaluating sedimentation rate, therefore results within this lower 
unit were not included in the Pb-210 sedimentation evaluation. 
Background Pb-210 Activity (AB) is the average of the four deepest samples in which Pb-210 Activity does not  fluctuate significantly. Sample MAF-GC-03-27 is 
an outlying result and was not used determine background PB-210 Activity.
Excess Pb-210 Activity is the difference of AB and the measured Pb-210 Activity.
This figure is for information purposes. It is intended to assist in showing features discussed in an attached document. GeoEngineers, Inc. can not guarantee the 
accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

1.

2.

3.

4.

Notes:

Data Source: Weyerhaeuser Mill A Former Site geochronology study results (Table 4). ht
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Lead-210 Activity and Sedimentation Rate
MAF-GC-03

Figure 5

Weyerhaeuser Mill A Former
Everett, Washington
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Measured groundwater level in exploration,
well, or piezometer

Measured free product in well or piezometer

Distinct contact between soil strata

Approximate contact between soil strata

Contact between geologic units

SYMBOLS TYPICAL
DESCRIPTIONS

GW

GP

SW

SP

SM

FINE
GRAINED

SOILS

SILTS AND
CLAYS

NOTE:  Multiple symbols are used to indicate borderline or dual soil classifications

MORE THAN 50%
RETAINED ON
NO. 200 SIEVE

MORE THAN 50%
PASSING

NO. 200 SIEVE

GRAVEL
AND

GRAVELLY
SOILS

SC

LIQUID LIMIT
LESS THAN 50

(APPRECIABLE AMOUNT
OF FINES)

(APPRECIABLE AMOUNT
OF FINES)

COARSE
GRAINED

SOILS

MAJOR DIVISIONS
GRAPH LETTER

GM

GC

ML

CL

OL

SILTS AND
CLAYS

SANDS WITH
FINES

SAND
AND

SANDY
SOILS

MH

CH

OH

PT

(LITTLE OR NO FINES)

CLEAN SANDS

GRAVELS WITH
FINES

CLEAN GRAVELS

(LITTLE OR NO FINES)

WELL-GRADED GRAVELS, GRAVEL -
SAND MIXTURES

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

WELL-GRADED SANDS, GRAVELLY
SANDS

POORLY-GRADED SANDS, GRAVELLY
SAND

SILTY SANDS, SAND - SILT MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

INORGANIC SILTS, ROCK FLOUR,
CLAYEY SILTS WITH SLIGHT
PLASTICITY

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS,
LEAN CLAYS

ORGANIC SILTS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS  SILTY SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY

ORGANIC CLAYS AND SILTS OF
MEDIUM TO HIGH PLASTICITY

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTSHIGHLY ORGANIC SOILS

SOIL CLASSIFICATION CHART

MORE THAN 50%
OF COARSE

FRACTION RETAINED
ON NO. 4 SIEVE

MORE THAN 50%
OF COARSE

FRACTION PASSING
ON NO. 4 SIEVE

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES

LIQUID LIMIT GREATER
THAN 50

Figure A-1

Continuous Coring

Bulk or grab

Direct-Push

Piston

Shelby tube

Standard Penetration Test (SPT)

2.4-inch I.D. split barrel

Contact between soil of the same geologic
unit

Material Description Contact

Graphic Log Contact

NOTE: The reader must refer to the discussion in the report text and the logs of explorations for a proper understanding of subsurface conditions.
Descriptions on the logs apply only at the specific exploration locations and at the time the explorations were made; they are not warranted to be
representative of subsurface conditions at other locations or times.

Groundwater Contact

Key to Exploration Logs

Sampler Symbol Descriptions

ADDITIONAL MATERIAL SYMBOLS

NS
SS
MS
HS

No Visible Sheen
Slight Sheen
Moderate Sheen
Heavy Sheen

Sheen Classification

SYMBOLS

Asphalt Concrete

Cement Concrete

Crushed Rock/
Quarry Spalls

Topsoil

GRAPH LETTER

AC

CC

SOD Sod/Forest Duff

CR

DESCRIPTIONS
TYPICAL

TS

Laboratory / Field Tests
%F
%G
AL
CA
CP
CS
DD
DS
HA
MC
MD
Mohs
OC
PM
PI
PP
SA
TX
UC
VS

Percent fines
Percent gravel
Atterberg limits
Chemical analysis
Laboratory compaction test
Consolidation test
Dry density
Direct shear
Hydrometer analysis
Moisture content
Moisture content
Mohs hardness scale
Organic content
Permeability or hydraulic conductivity
Plasticity index
Pocket penetrometer
Sieve analysis
Triaxial compression
Unconfined compression
Vane shear

Blowcount is recorded for driven samplers as the number of
blows required to advance sampler 12 inches (or distance noted).
See exploration log for hammer weight and drop.

"P" indicates sampler pushed using the weight of the drill rig.

"WOH" indicates sampler pushed using the weight of the
hammer.

Rev 02/2017
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NS

NS

NS

NS

NS

NS

<5

<1

<1

<1

<1

<1

88 SM

SP

SP

Sample
collected

every
approximately

2 cm

Brown silty fine sand with trace wood debris (flakes)

Brown fine sand with trace wood debris (flakes)

Brown fine sand with occasoinal shells

Total
Depth (ft)

95.6

Checked By
Logged By

Drilled

10.73

Drilling
Method Vibracore

Mudline Elevation (ft)

Surface Water

Gravity Consulting, LLC

Depth to
Mudline (ft)

Water
Elevation (ft)

Horizontal
Datum

Drilling
Equipment

5.22/13/20172/13/2017

84.87 Vertical Datum

Time Measured

RST
Driller

Easting (X)
Northing (Y)

359095.52
1298539.66

Research Vessel TietonMLLW

8:25:00 AM

Start End

Notes:

NAD83

Note: See Figure A-1 for explanation of symbols.

Log of Boring MAF-GC-01-1
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every
approximately

2 cm

Dark brown silty fine sand with occasional wood debris
(bark, chips)
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Gray silty fine sand with occasional shells

Total
Depth (ft)
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Logged By
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Drilling
Method Vibracore

Mudline Elevation (ft)
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Gravity Consulting, LLC

Depth to
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Horizontal
Datum
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Drilling
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Notes:

NAD83

Note: See Figure A-1 for explanation of symbols.
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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. 

Data Validation Report 
Plaza 600 Building, 600 Stewart Street, Suite 1700, Seattle, WA  98101, Telephone:  206.728.2674, Fax:  206.728.2732 www.geoengineers.com 

Project: Sediment Geochronology Study, Former Mill A Site, Port of Everett 

File: 0676-020-05 

Date: July 27, 2017 

Lab Reports: L71890, L71920, and L71921 

This report presents the results of a United States Environmental Protection Agency (USEPA)-defined Stage 2A 
validation (USEPA Document 540-R-08-005; USEPA 2009) of analytical data from the analyses of sediment 
samples obtained from the Former Mill A Site at the Port of Everett. Samples obtained were submitted to 
Teledyne Brown Engineering, Inc. (Teledyne) of Knoxville, Tennessee for radiochemical analysis. 

The objective of the data quality assessment was to review laboratory analytical procedures and QC results to 
evaluate whether the samples were analyzed using well-defined and acceptable methods that provide 
quantitation limits below applicable regulatory criteria, the precision and accuracy of the data are well defined 
and sufficient to provide defensible data, and the quality assurance/quality control (QA/QC) procedures utilized 
by the laboratory meet acceptable industry practices and standards. 

Teledyne sample data groups (SDGs; noted above) were reviewed for the following quality control (QC) 
elements: 

■ Sample Handling and Analysis System 

1. Sample Descriptors 

2. Sample Size 

3. Dates of sample collection, preparation, and analysis 

4. Preservation 

5. Sample tracking and trackability 

6. Result of measurement, uncertainty, Minimum Detectable Concentrations (MDC) and units. 

■ Method Blanks 

■ Laboratory Control Samples 

■ Laboratory Replicates 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Tests of Detection and Unusual Uncertainty 

DATA QUALITY ASSESSMENT SUMMARY 

The results for each of the QC elements are summarized below.  The data assessment was performed using 
guidance in two agency documents: USEPA Guidance for Labeling Externally Validated Laboratory analytical 
data for Superfund Use (USEPA 2009) and MARLAP Radiochemical Data Verification and Validation 
(MARLAP 2004). 
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Sample Handling and Analysis System 

All submitted samples were given the appropriate descriptors by the laboratory; including sample identification 
numbers, analytical methods, analytes, and matrix. The initial sample size and dilution factors used for all 
analyses were documented in each laboratory report, along with the appropriate units used for analysis. No 
chemical preservative was required for the analyses requested for this sampling event. 

After analysis, each analytical result was appropriately linked to the instrument upon which it was analyzed and 
all solution standards and reference material used for inside the laboratory were traceable for 
verification/validation. 

Lastly, the laboratory reports included the Count Time (Duration), Result of Measurement, Uncertainty, and the 
Minimum Detectable Concentration (MDC) for each sample and analyte of interest. 

Method Blanks 

The Method Blank is created internally by carrying all laboratory reagents and/or added materials used to 
systematically prepare a sample through the same preparation process. It establishes whether or not the target 
analyte is being contributed by the reagents and equipment used in the laboratory preparation process. Ideally, 
there will be no detected concentrations or analyte activity generated by the Method Blank alone.  

Method blanks were analyzed with each batch of samples, at a frequency of one per twenty samples. For all 
sample batches, method blanks for were analyzed at the required frequency. None of the analytes of interest 
were detected above the reporting limits in any of the method blanks. 

Laboratory Control Samples 

A Laboratory Control Sample (LCS) is essentially a blank sample of standard material which is prepared and 
analyzed in the same manner as each field sample. The LCS, however, is created internally by spiking the 
composition with a nominal concentration of the target analyte itself. Ideally, the LCS would give a 100% yield 
of the target radionuclides in the standard material, which is reported as the Percent Recovery (%R).  
Acceptance criteria for the LCS is 70% to 130%. If the target analyte %R value is within the control limits, the 
laboratory has demonstrated acceptable accuracy in the preparation/analysis process for the given target 
analyte. 

The LCS, like the Method Blank should be performed once per analytical batch or every twenty field samples, 
whichever is more frequent. The frequency requirements were met for all analyses, and the %R values were 
within the proper control limits. 

Laboratory Replicates 

Internal laboratory replicates are used to determine preparation and analytical precision procedures. One 
laboratory replicate sample was analyzed along with the reviewed sample batch at a frequency of once per 
every 10 field samples. The replicate sample was created internally by taking 2 aliquots from the same field 
sample jar and analyzing for the same parameters. The relative percent difference (RPD) is used as the criteria 
for assessing precision, unless one or more of the samples used has a concentration greater than five times 
the reporting limit for that sample. In this case, the absolute difference is used instead of the RPD. 
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The frequency requirements were met for all analyses, and the RPD/absolute difference values were within the 
proper control limits. 

Matrix Spikes/Matrix Spike Duplicates 

A Matrix Spike (MS) is typically an aliquant of a field sample that is spiked, like the LCS, with known 
concentrations of target radionuclides and subjected to the same preparation and analysis procedures as a 
typical sample.  It is a test to establish whether or not the analytical method is appropriate for the analysis of a 
particular matrix; it uncovers the possible existence of recovery problems that are unseen and unplanned for 
by the field sampling procedures.  The control limits for the MS are, for this sampling event, the same as those 
used for the LCS (70% to 130%). 

Matrix Spike Duplicates (MSD) are used in a similar fashion as laboratory replicates, but when there are 
insufficient quantities of target radionuclides in the replicate sample set to provide statistically meaningful 
results.  The MSD is primary used to generate a measurement of precision (RPD value) that is impossible to 
acquire from the MS alone.  The MS/MSD sample sets, like the Method Blank should be performed once per 
analytical batch or every twenty field samples, whichever is more frequent.  The frequency requirements were 
met for all analyses, and the %R and RPD values were within the proper control limits. 

Tests of Detection and Unusual Uncertainty 

In the case of radionuclides chemistry, the purpose of a test of detection is to decide if each result for a regular 
sample is significantly different from zero. Since most radiochemistry methods always produce a result, even if 
a very uncertain or negative one, some attention may be required by the chemist in order to tell with confidence 
whether a measured result is actually non-detected. For this sampling event, the laboratory provided a “critical 
value” in each report. 

The laboratory met the Required Minimum Detectable Concentration (RMDC) proposed in the SAP, with some 
exceptions being when the target nuclides were labeled as detected by the laboratory. There were no 
recommendations given to the laboratory for determining a Maximum Allowable Standard Uncertainty. 
However, the method uncertainty values were reported by the laboratory and assessed for outliers. No 
statistical outliers were found. 

OVERALL ASSESSMENT 

As was determined by this data verification/validation, the laboratory followed the specified analytical methods. 
Accuracy was acceptable, as demonstrated by the LCS, and MS/MSD %R values. Precision was acceptable, as 
demonstrated by the laboratory replicate, and MS/MSD RPD values. No data points were qualified for any 
reason. No data points were rejected. Based on this data quality review, the analytical data are of acceptable 
quality for their intended use. 
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