
January 2013 Groundwater Monitoring 

Former Irondale Iron and Steel Plant Site 
Irondale, Washington 

for 
Washington State Department of Ecology 

December 5, 2014 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

January 2013 Groundwater Monitoring 

Former Irondale Iron and Steel Plant Site 
Irondale, Washington 

for 
Washington State Department of Ecology 

December 5, 2014 

 

 
Plaza 600 Building 
600 Stewart Street, Suite 1700 
Seattle, Washington 98101 
206-728-2674 



 

January 2013 Groundwater Monitoring 

Former Irondale Iron and Steel Plant Site 
Irondale, Washington 

File No. 0504-042-02 

December 5, 2014 

 

Prepared for: 

Washington State Department of Ecology 
Toxics Cleanup Program 
300 Desmond Drive 
Lacey, Washington 98504 

Attention: Steve Teel 

Prepared by: 

GeoEngineers, Inc. 
Plaza 600 Building 
600 Stewart Street, Suite 1700 
Seattle, Washington 98101 
206.728.2674 

 

Neil Morton 
Senior Environmental Scientist and Project Lead 

 

David A. Cook, LG, CPG 
Principal and Program Manager 

NFM:CB:leh 

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. 

Copyright© 2014 by GeoEngineers, Inc. All rights reserved. 

 



  December 5, 2014| Page i 
 File No. 0504-042-02 

Table of Contents 

INTRODUCTION ........................................................................................................................................... 1 

SCOPE OF SERVICES ................................................................................................................................. 1 

GROUNDWATER MONITORING RESULTS ................................................................................................. 2 

General ................................................................................................................................................... 2 
Groundwater Conditions ........................................................................................................................ 2 
Groundwater Sampling .......................................................................................................................... 2 

CONCLUSIONS AND RECOMMENDATIONS .............................................................................................. 3 

LIMITATIONS ............................................................................................................................................... 3 

REFERENCES ............................................................................................................................................. 4 

 

LIST OF TABLES 

Table 1.  Summary of Groundwater Level Measurements 
Table 2.  Summary of Groundwater Chemical Analytical Data – Petroleum Hydrocarbons, cPAHs and 

Dissolved Metals 

LIST OF FIGURES 

Figure 1.  Vicinity Map 
Figure 2.  Groundwater Monitoring Results – Dissolved Metals 
Figure 3. January 2013 Groundwater Elevation Contours 

APPENDICES 

Appendix A.  Field Procedures and Monitoring Well Construction Logs 
Appendix B.  Data Validation Memorandum and Chemical Analytical Results 
Appendix C.  Report Limitations and Guidelines for Use 



 

  December 5, 2014| Page 1 
 File No. 0504-042-02 

INTRODUCTION 

This report summarizes the results of the January 2013 quarterly groundwater monitoring event (Round 1) 
at the Former Irondale Iron and Steel Plant Site (Site, also known as Irondale Beach Park) in Irondale, 
Washington.  The Site is a 13-acre property located at 526 Moore Street in the town of Irondale, latitude 
48°2' 38" N longitude 122° 45' 60" W, approximately 5 miles south of Port Townsend, Washington (see 
Vicinity Map, Figure 1).  The Site is owned by Jefferson County and is currently used as an undeveloped day-
use park (Irondale Beach Park).  It is bounded by Port Townsend Bay to the east, residential properties to 
the south, southwest and northwest, and parklands to the north.  The Site includes both upland and aquatic 
land.  The general site layout is shown on the attached Groundwater Monitoring Results – Dissolved Metals, 
Figure 2. 

From 1881 to 1919, iron and steel were produced intermittently at the Site by various owners.  Steel plant 
operations during this time resulted in metals, carcinogenic polycyclic aromatic hydrocarbons (cPAHs) 
and/or petroleum contamination of soil, sediment and/or groundwater.  Washington State Department of 
Ecology (Ecology) completed a cleanup action consisting of excavation of upland soil and marine sediment 
along the shoreline that contain chemicals of concern (COC) concentrations greater than Site-Specific 
cleanup levels, excavation of slag material outside of remedial excavations to facilitate shoreline habitat 
restoration, and installation of a multi-component environmental cap in two upland areas where surface 
soil exceeded Site-Specific cleanup levels.  The cleanup action was completed in December 2012. 

GeoEngineers, Inc. (GeoEngineers) has been providing site characterization, cleanup and groundwater 
monitoring services at the Site since 2007. 

SCOPE OF SERVICES 

Groundwater monitoring wells (MW-1 through MW-4) in remedial excavation areas were decommissioned 
in accordance with the requirements of WAC 173-160, prior to excavating soil. Monitoring well MW-5 was 
not decommissioned because it is outside the remedial excavation footprint.  New wells (MW-6 through 
MW-9) were installed following completion of remedial excavation activities. The purpose of the 
groundwater monitoring program is to evaluate the effectiveness of the cleanup action, with respect to 
protection of groundwater.  As outlined in the Engineering Design Report (GeoEngineers, 2012), 
post-construction groundwater monitoring will be performed quarterly for a minimum of one year. 

Our specific scope of services is as follows: 

1. Measure the depths to groundwater in each well (MW-5 through MW-9).  Estimate groundwater flow 
direction at the site based on the groundwater depths. 

2. Purge approximately three well volumes of water from the wells prior to sampling.  Obtain groundwater 
samples using low-flow methodology in accordance with the field procedures outlined in Appendix A 
from the five wells for chemical analysis. 

3. Submit the groundwater samples to an Ecology-certified laboratory for chemical analysis of diesel- and 
heavy oil-range hydrocarbons by Ecology Method NWTPH-Dx, dissolved and total carcinogenic polycyclic 
aromatic hydrocarbons (cPAHs) by EPA Method SW 8270D-SIM, and dissolved metals by EPA Method 
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200.8.  Ecology requested the additional dissolved cPAH analyses to evaluate whether particulates in 
groundwater adversely affect the total cPAH results. 

4. Evaluate the chemical analytical results relative to Site-Specific groundwater cleanup levels consistent 
with MTCA requirements.  Site-specific groundwater cleanup levels are presented in Table 2. 

GROUNDWATER MONITORING RESULTS 

General 

Monitoring wells MW-5 through MW-9 were used to evaluate groundwater flow direction and obtain 
groundwater samples.  Monitoring well MW-5 was installed prior to the cleanup action during the site 
characterization phase and is located outside of the cleanup action areas.  Monitoring wells MW-6 through 
MW-8 were installed after cleanup action activities within the limits of petroleum- and metals-contaminated 
soil remedial excavation areas.  Monitoring well MW-9 was installed after cleanup action activities within 
the limits of the metals-contaminated soil remedial excavation area.  The approximate locations of the 
monitoring wells are shown in Figure 2.  Groundwater level measurement and sampling procedures are 
described in Appendix A.  Depth to groundwater measurements are presented in Table 1.  Groundwater 
chemical analytical data is summarized in Table 2.  A copy of the laboratory report for the January 2013 
groundwater analyses is presented in Appendix B. 

Monitoring wells MW-5 through MW-9 were surveyed by Van Aller Surveying during February 2013 for 
creating the “As-Built Map of the Irondale Iron and Steel Plant Cleanup Action.” 

Groundwater Conditions 

Groundwater conditions beneath the Site were evaluated by measuring groundwater levels and obtaining 
groundwater samples from MW-5 through MW-9 on January 4, 2013.  Groundwater depths ranged from 
approximately 3 to 5 feet below ground surface (bgs) in the monitoring wells.  The shallow depths to water 
in the monitoring wells are attributed to the proximity of Port Townsend Bay located approximately 20 to 
60 feet east from the monitoring wells.  Based on site topography, the ground surface is relatively flat, 
though the ground surface elevation is slightly higher in the southern portion of the site (near MW-6 and 
MW-7) compared to the ground surface in the northern portion of the site.  The groundwater flow direction 
beneath the site based on January 2013 groundwater levels is to the east toward Port Townsend Bay (see 
Figure 3). 

Groundwater Sampling 

Groundwater samples from MW-5 through MW-9 were submitted to Analytical Resources, Inc. (ARI) an 
environmental laboratory in Tukwila, Washington for chemical analysis of diesel- and heavy oil-range 
hydrocarbons, cPAHs, and dissolved Copper and dissolved Nickel. 

■ Diesel- and Heavy Oil-range hydrocarbons were not detected in the samples from MW-5 through MW-9. 

■ cPAH constituents were detected in the samples from MW-6 through MW-8 at concentrations less than 
the Site-Specific MTCA cleanup levels. 
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■ Dissolved copper was detected in the sample from MW-9 at a concentration (7 µg/L) greater than the 
site-specific cleanup level of 2.4 µg/L.  Dissolved copper was detected in MW-5, MW-6, and MW-7 at 
concentrations less than the site-specific cleanup level.  Dissolved copper was not detected in MW-8. 

■ Dissolved nickel was detected in the sample from MW-9 at a concentration (90 µg/L) greater than the 
site-specific cleanup level of 8.2 µg/L. Dissolved nickel was detected at concentrations less than the 
site-specific cleanup level in the samples from MW-5 though MW-8. 

CONCLUSIONS AND RECOMMENDATIONS 

Groundwater monitoring is being conducted at the former Irondale Iron and Steel Plant site to evaluate the 
post-construction effectiveness of the cleanup action as outlined in the Final Engineering Design Report 
(GeoEngineers, 2012).  Groundwater samples obtained during the January 2013 sampling event were 
analyzed for diesel- and heavy oil-range hydrocarbons, cPAHs, and dissolved copper and dissolved nickel. 

■ Diesel-and heavy oil-range hydrocarbons were not detected in the five monitoring wells. 

■ cPAH constituents were detected at concentrations less than the site-specific groundwater cleanup 
levels in the five monitoring wells for both total and dissolved cPAHs.  Because dissolved and total cPAH 
results were similar, we recommend only testing for total cPAHs in subsequent monitoring events. 

■ Dissolved copper and nickel were detected in the sample from MW-9 at concentrations greater than 
their respective site-specific cleanup levels.  These metals were not detected or were detected at 
concentrations less than the site-specific cleanup levels in the other wells. 

The January 2013 groundwater monitoring event is the first of the four planned quarterly groundwater 
monitoring events. 

LIMITATIONS 

We have prepared this report for use by the Washington State Department of Ecology.  The information 
contained herein is not intended for use by others and it is not applicable to other sites.  No other (third) 
party may rely on the product of our services unless we agree in advance and in writing to such reliance. 

Within the limitations of scope, schedule and budget, our services have been executed in accordance with 
generally accepted environmental science practices in this area at the time this report was prepared.  The 
conclusions and opinions presented in this report are based on our professional knowledge, judgment and 
experience.  No warranty or other conditions, express or implied, should be understood. 

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

Please refer to Appendix C titled “Report Limitations and Guidelines for Use” for additional information 
pertaining to use of this report. 
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Groundwater 

Monitoring Well1

Quarterly 
Groundwater 
Monitoring 

Event
Date 

Measured

Top of Casing 

Elevation2 

(feet)

Depth to Water from 
Top of Casing 

(feet)

Groundwater 

Elevation2

(feet)

MW-5 Round 1 1/4/2013 13.97 5.01 8.96

MW-6 Round 1 1/4/2013 17.04 3.23 13.81

MW-7 Round 1 1/4/2013 15.98 5.08 10.90

MW-8 Round 1 1/4/2013 11.93 4.00 7.93

MW-9 Round 1 1/4/2013 11.77 4.83 6.94

Notes:
1Monitoring well locations are shown on Figure 2.
2Elevation is referenced to Mean Lower Low Water (MLLW).  Elevation measurements were obtained from "ASBUILT MAP" provided by Van 
Aller Surveying to Anderson Environmental Contracting, LLC dated February 2013.  Top of casing elevations were estimated by subtracting the 
distance between the top of the monument and the top of the casing at each well.

Table 1
Summary of Groundwater Level Measurements

Former Irondale Iron and Steel Plant Site

Irondale, Washington

File No. 0504-042-02
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MW-5-130104 Round 1 1/4/2013 100 U 200 U -- -- -- -- -- -- -- -- -- 1.3 5.6

Round 1 1/4/2013 100 U 200 U Total 0.010 U 0.0066 J 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.00757 J 0.8 5.8

Round 1 1/4/2013 -- -- Dissolved 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.00755 U -- --

Round 1 1/4/2013 100 U 200 U Total 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.00755 U 0.8 4.4

Round 1 1/4/2013 -- -- Dissolved 0.010 U 0.0072 J 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.00757 J -- --

Round 1 1/4/2013 100 U 200 U Total 0.0075 J 0.0094 J 0.0063 J 0.010 U 0.0078 J 0.010 U 0.010 U 0.0108 J 0.5 U 5

Round 1 1/4/2013 -- -- Dissolved 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.00755 U -- --

MW-9-1301046 Round 1 1/4/2013 100 U 200 U -- -- -- -- -- -- -- -- -- 7 90

500 500 --
see 
TEQ

see 
TEQ

see 
TEQ

see 
TEQ

see 
TEQ

see 
TEQ

see 
TEQ

0.018 2.4 8.2

Notes:
1Reported results are in micrograms per liter (µg/L).
2Groundwater monitoring well locations are shown in Figure 2.
3Petroleum Hydrocarbons analyzed using NWTPH-Dx.

5Dissolved Metals analyzed using EPA method 200.8 (field filtered).

7Site-specific groundwater cleanup level is referenced from Table 1 of the Final Enigneering Design Report (GeoEngineers, 2012).

MTCA = Model Toxics Control Act

-- = not analyzed.  Monitoring wells are located in the area remediated due to metals contamination.

U = Laboratory qualifier indicating analyte not detected at level above listed reporting limit. 

Bold indicates analyte was detected.

Chemical analyses performed by Analytical Resources. Inc., in Tukwila, Washington.

Shaded values represent concentrations greater than the Site-Specific cleanup level.

6A field duplicate groundwater sample was obtained from this monitoring well (diesel- and heavy oil-range and cPAHs for MW-6 and metals for MW-9).  Higher of the two detected concentrations (parent and field duplicate) is reported for each of 
the analyte.    

4cPAHs analyzed using EPA method 8270D-SIM. Total carcinogenic PAHs (cPAHs) calculated using toxic equivalent (TEQ) methodology relative to benzo(a)pyrene. cPAHs that were not detected were assigned a value of one half of the reporting 
limit for these calculations.  Samples analyed for dissolved cPAHs were laboratory filtered using a 0.7 µm borosilicate glass, binder free filter.

Site-Specific Groundwater Cleanup Level7

Carcinogenic Polycyclic Aromatic Hydrocarbons (cPAHs)4

Groundwater Sample 

Identification2
Sample 

Date

Petroleum 

Hydrocarbons3 

Dissolved 

Metals5

MW-6-1301046

(includes total cPAHs)

MW-7-130104
(includes total cPAHs)

MW-8-130104
(includes total cPAHs)

Table 2
Summary of Groundwater Chemical Analytical Data - Petroleum Hydrocarbons, cPAHs and Dissolved Metals1

Former Irondale Iron and Steel Plant Site

Irondale, Washington

Quarterly 
Groundwater 
Monitoring 

Event

File No. 0504-042-02
Table 2 | December 5, 2014 Page 1 of 1
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Groundwater Monitoring Results -

Dissolved Metals

Irondale Iron and Steel Plant

Irondale, Washington

Legend

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 content of

electronic files. The master file  is stored by GeoEngineers, Inc. and

will serve as the official record of this communication.

3. Dissolved metals (Copper and Nickel) were analyzed using EPA

Method 200.8. Samples were field filtered.

4. TPH and PAH results are presented in Table 2.

Reference: Aerial photo (July 2013) from Google Earth Pro.
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showing features discussed in an attached document.
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electronic files. The master file is stored by GeoEngineers, Inc. and
will serve as the official record of this communication.

Reference: Aerial photo (July 2013) from Google Earth Pro.
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APPENDIX A 
FIELD PROCEDURES AND MONITORING WELL CONSTRUCTION LOGS 

General 

Monitoring well MW-5 was constructed at the Former Irondale Iron and Steel Plant Site (Site) in June 2007 
and MW-6 through MW-9 were constructed at the Site in December 2012 after remedial activities had been 
completed.  The monitoring well construction details for MW-5 through MW-9 are presented in this 
appendix. 

Groundwater Monitoring Well Installation 

Monitoring wells MW-6 through MW-9 were installed using direct-push drilling methods in accordance with 
WAC 173-160 Minimum Standards for Construction and Maintenance of Wells.  The monitoring wells were 
constructed using 1-inch diameter, Schedule 40, threaded, polyvinyl chloride (PVC) casing with screen 
intervals spanning the water table.  Well screens consisted of 1-inch diameter, Schedule 40, 0.010-inch 
machine-slotted, PVC well screens.  Monitoring well construction is shown on the well construction logs 
presented in this appendix. 

The 0.010-inch slot size was selected based on review of boring logs from the 2009 remedial investigation, 
which indicated that the shallow water-bearing zone consists primarily of silty, fine to medium sands with 
minor amounts of gravel. 

The filter pack for the wells consists of 10-20 silica sand with the appropriate grain size distribution to limit 
entry of fine-grained particulates from the surrounding formation into the wells.  The filter pack in each well 
extends from the bottom of the well screen to at least one foot above the top of the well screen. 

The annular seal in each well consists of a 1-foot, or lesser, thick layer of hydrated bentonite pellets or 
chips installed between the filter pack and a 1.5-foot thick concrete surface seal.  Monuments consisted 
of flush completions. 

Monitoring Well Development 

The new monitoring wells MW-6 through MW-9 were developed directly following installation to allow the 
sand pack to set and to establish hydraulic connection between the well and the aquifer.  Prior to 
development, the depth to water in the well and the total well depth was measured and recorded.  The 
wells were developed using a combination of surging and purging using a submersible pump until at least 
five well casing volumes are removed and discharge ran clear (free of visible turbidity). 

Depth to Groundwater Measurements 

The depth to groundwater was measured in the monitoring wells using an electric water level indicator.  The 
depth to groundwater was measured relative to the top of the well casings.  Water level measurement 
equipment was washed in a Liqui-Nox® solution, followed by a distilled water rinse prior to use in the well. 
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Groundwater Sample Collection and Handling 

Groundwater samples were obtained from monitoring wells MW-5 through MW-9 in January 2013. 

Groundwater samples were obtained from monitoring wells using a peristaltic pump and disposable 
polyethylene tubing.  Groundwater was pumped at approximately 0.5 liter per minute using a peristaltic 
pump through tubing placed within the screened interval.  A Horiba U-22 water quality measuring system 
with flow-through cell was used to monitor the following water quality parameters during purging:  electrical 
conductivity, dissolved oxygen, pH, salinity, total dissolved solids, turbidity, and temperature.  Groundwater 
samples were obtained once ambient groundwater conditions were reached.  Groundwater conditions were 
considered ambient once the measured parameters varied by less than 10 percent on three consecutive 
measurements taken approximately 3 minutes apart.  The stabilized field measurements are documented 
in the attached Groundwater Sample Collection Forms. 

Samples for dissolved metals analysis were field filtered by pumping water through a 0.45 micron filter 
directly into the sample container using a peristaltic pump.  Samples for dissolved cPAHs analysis were lab 
filtered using a 0.7 micron glass fiber filter.  Groundwater samples obtained were transferred to laboratory-
prepared sample jars.  Sample containers were filled to minimize headspace.  The samples were placed in 
a cooler with ice pending transport to the analytical laboratory.  Samples requiring preservative (e.g., HCl 
for diesel- and oil-range hydrocarbon analyses) contained the proper preservative in the laboratory-
prepared bottles.  Chain-of-custody procedures were followed in transporting the samples to the laboratory. 

Investigative Wastes 

Purge water was removed from the monitoring well casings on January 4, 2013 prior to collecting 
groundwater samples.  Approximately 4 gallons of water generated during the well sampling activities were 
disposed in the sanitary sewer at GeoEngineers’ office in Redmond, Washington in January 2013. 













Sheen Classification

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.

CC

Asphalt Concrete

NS
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MS
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NT

Shelby tube

ADDITIONAL MATERIAL SYMBOLS

%F
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CA
CP
CS
DS
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MC
MD
OC
PM
PI
PP
PPM
SA
TX
UC
VS

Graphic Log Contact

Distinct contact between soil strata or
geologic units

Approximate location of soil strata
change within a geologic soil unit
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change within a geologic soil unit

Measured groundwater level in
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GRAPH
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Direct-Push
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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.

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

FIGURE A-1

2.4-inch I.D. split barrel
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KEY TO EXPLORATION LOGS
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LETTER

(APPRECIABLE AMOUNT
OF FINES)

MAJOR DIVISIONS

POORLY-GRADED SANDS,
GRAVELLY SAND

PEAT, HUMUS, SWAMP SOILS
WITH HIGH ORGANIC
CONTENTS

CLEAN SANDS

GRAVELS WITH
FINES

CLEAN
GRAVELS

HIGHLY ORGANIC SOILS

SILTS
AND

CLAYS

SILTS
AND

CLAYS

SAND
AND

SANDY
SOILS

GRAVEL
AND

GRAVELLY
SOILS

(LITTLE OR NO FINES)

FINE
GRAINED

SOILS

COARSE
GRAINED

SOILS

SW

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON NO.
4 SIEVE

CL

WELL-GRADED SANDS,
GRAVELLY SANDS

SILTY GRAVELS, GRAVEL - SAND
- SILT MIXTURES

LIQUID LIMIT
GREATER THAN 50

SILTY SANDS, SAND - SILT
MIXTURES

(APPRECIABLE AMOUNT
OF FINES)

SOIL CLASSIFICATION CHART

LIQUID LIMIT
LESS THAN 50

SANDS WITH
FINES

SP
(LITTLE OR NO FINES)

ML

SC

SM

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

MORE THAN 50%
OF COARSE
FRACTION

PASSING NO. 4
SIEVE

CLAYEY GRAVELS, GRAVEL -
SAND - CLAY MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

INORGANIC SILTS, ROCK
FLOUR, CLAYEY SILTS WITH
SLIGHT PLASTICITY

ORGANIC SILTS AND ORGANIC
SILTY CLAYS OF LOW
PLASTICITY

INORGANIC SILTS, MICACEOUS
OR DIATOMACEOUS  SILTY
SOILS

ORGANIC CLAYS AND SILTS OF
MEDIUM TO HIGH PLASTICITY

INORGANIC CLAYS OF HIGH
PLASTICITY

MORE THAN 50%
PASSING NO. 200

SIEVE

MORE THAN 50%
RETAINED ON NO.

200 SIEVE

WELL-GRADED GRAVELS,
GRAVEL - SAND MIXTURES

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES

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

GRAPH

SYMBOLS

AC

Cement Concrete

Sampler Symbol Descriptions

Groundwater Contact

Material Description Contact

No Visible Sheen
Slight Sheen
Moderate Sheen
Heavy Sheen
Not Tested

Laboratory / Field Tests
Percent fines
Atterberg limits
Chemical analysis
Laboratory compaction test
Consolidation test
Direct shear
Hydrometer analysis
Moisture content
Moisture content and dry density
Organic content
Permeability or hydraulic conductivity
Plasticity index
Pocket penetrometer
Parts per million
Sieve analysis
Triaxial compression
Unconfined compression
Vane shear



92

92

92

92

92

Brown silty fine to coarse sand (moist) (topsoil)

Light brown fine to medium sand with trace silt
(moist) (fill)

Light brown fine to medium sand with
occasional shell fragments (moist)

Dark gray/brown fine to medium sand with
occasional shell fragments (wet) (native
sediment)

Gray/brown fine to coarse sand with trace silt
and occasional shell fragments (wet)

Brown/gray fine sand with silt and occasional
shell fragments (wet)

Gray silty fine sand (wet)

TS

SP

SP

SP

SW

SP-SM

SM

1

2
CA

3

Concrete surface
seal

Bentonite seal

¾ inch schedule
40 solid PVC pipe

Medium sand
backfill

¾ inch schedule
40 PVC pipe with
0.020 slot width

Natural soil backfill

NS

NS

SS

2.0'

3.0'

4.0'

19.0'

20.0'

Logged By
RMBDrilled

Date Measured

AMS Powerprobe 9630

Elevation (ft)

Groundwater

Driller

Depth to
Water (ft)

AJSTotal
Depth (ft)

Direct Push

Notes:

Hammer
Data

Surface Elevation (ft)

7.00

14.57

N/A

ESN Northwest Drilling
Method6/26/2007

Horizontal
Datum

Vertical Datum

A  (in) well was installed on  to a depth of 20 (ft).
Well was developed on 6/26/2007.

6/26/2007
Latitude
Longitude

Drilling
Equipment

20

Top of Casing
Elevation (ft)

7.57

Start End
Checked By

Steel surface
monument

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

Refusal encountered at 12.5 feet bgs. Above
refusal backfill placed during the Dec 2012
remedial excavation was encountered.
Backfill consisted of beach sand graded
from the site, and imported sand.

No soil samples were obtained during well
installation.

Concrete surface
seal

1-inch Schedule
40 PVC well
casing
Bentonite chips

1-inch Schedule
40 PVC screen,
0.01 inch slot
width

2/12 sand backfill

1.5'

2.3'
2.5'

12.5'

Logged By
NFMDrilled

Date Measured

Geoprobe 7730 DT

Elevation (ft)

Groundwater

Driller

Depth to
Water (ft)

FKTotal
Depth (ft)

Direct Push

Notes:

Hammer
Data

Surface Elevation (ft)

3.23

17.52

Cascade Drilling, LP Drilling
Method12/14/2012 12/14/2012

Horizontal
Datum

Vertical Datum

DOE Well I.D.:  BHS 616
A 1 (in) well was installed on 12/14/2012 to a depth of
12.5 (ft).

1/4/2013
Easting (X)
Northing (Y)

Drilling
Equipment

12.5

Top of Casing
Elevation (ft)

14.04

Start End
Checked By

17.27

Steel surface
monument

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

Refusal encountered at 12.5 feet bgs. Above
refusal backfill placed during the Dec 2012
remedial excavation was encountered.
Backfill consisted of beach sand graded
from the site, and imported sand.

No soil samples were obtained during well
installation.

Concrete surface
seal

1-inch Schedule
40 PVC well
casing
Bentonite chips

1-inch Schedule
40 PVC screen,
0.01 inch slot
width

2/12 sand backfill

1.5'

2.3'
2.5'

12.5'

Logged By
NFMDrilled

Date Measured

Geoprobe 7730 DT

Elevation (ft)

Groundwater

Driller

Depth to
Water (ft)

FKTotal
Depth (ft)

Direct Push

Notes:

Hammer
Data

Surface Elevation (ft)

5.08

16.38

Cascade Drilling, LP Drilling
Method12/14/2012 12/14/2012

Horizontal
Datum

Vertical Datum

DOE Well I.D.:  BHS 439
A 1 (in) well was installed on 12/14/2012 to a depth of
12.5 (ft).

1/4/2013
Easting (X)
Northing (Y)

Drilling
Equipment

12.5

Top of Casing
Elevation (ft)

11.05

Start End
Checked By

16.13

Steel surface
monument

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

FIELD DATA

D
ep

th
 (

fe
et

)

0

5

10

In
te

rv
al

E
le

va
tio

n 
(f

ee
t)

15

10

5

C
o

lle
ct

ed
 S

am
p

le

R
ec

ov
er

ed
 (

in
)

B
lo

w
s/

fo
ot

G
ra

ph
ic

 L
og MATERIAL

DESCRIPTION

G
ro

up
C

la
ss

ifi
ca

tio
n

S
am

pl
e 

N
am

e

W
at

er
 L

ev
el

Log of Monitoring Well MW-7
Irondale Former Iron and Steel Plant

Port Hadlock, Washington

0504-042-02

Project:

Project Location:

Project Number:
Figure A-4
Sheet 1 of 1S

ea
ttl

e:
  D

at
e:

4/
4/

13
 P

at
h:

C
:\U

S
E

R
S

\C
V

O
S

S
\D

E
S

K
T

O
P

\0
50

40
42

02
.G

P
J 

 D
B

T
em

pl
at

e/
Li

bT
em

pl
at

e:
G

E
O

E
N

G
IN

E
E

R
S

8.
G

D
T

/G
E

I8
_E

N
V

IR
O

N
M

E
N

T
A

L_
W

E
LL

WELL LOG

S
he

en

H
ea

ds
pa

ce
V

ap
or

 (
pp

m
)



Groundwater encountered

Refusal encountered at 14.5 feet bgs. Above
refusal backfill placed during the Dec 2012
remedial excavation was encountered.
Backfill consisted of beach sand graded
from the site, and imported sand.

No soil samples were obtained during well
installation.

Concrete surface
seal

1-inch Schedule
40 PVC well
casing
Bentonite chips

1-inch Schedule
40 PVC screen,
0.01 inch slot
width

2/12 sand backfill

1.5'

2.3'
2.5'

12.5'

14.5'

Logged By
NFMDrilled

Date Measured

Geoprobe 7730 DT

Elevation (ft)

Groundwater

Driller

Depth to
Water (ft)

FKTotal
Depth (ft)

Direct Push

Notes:

Hammer
Data

Surface Elevation (ft)

4.00

12.28

Cascade Drilling, LP Drilling
Method12/14/2012 12/14/2012

Horizontal
Datum

Vertical Datum

DOE Well I.D.:  BHS 438
A 1 (in) well was installed on 12/14/2012 to a depth of
12.5 (ft).

1/4/2013
Easting (X)
Northing (Y)

Drilling
Equipment

14.5

Top of Casing
Elevation (ft)

8.03

Start End
Checked By

12.03

Steel surface
monument

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

Boring was completed to 18.0 feet bgs. Well
was installed at a depth of 17.5 feet bgs to
achieve appropriate screening interval.

Concrete surface
seal

1-inch Schedule
40 PVC well
casing
Bentonite chips

1-inch Schedule
40 PVC screen,
0.01 inch slot
width

2/12 sand backfill

1.5'

2.3'
2.5'

17.5'

18.0'

Logged By
NFMDrilled

Date Measured

Geoprobe 7730 DT

Elevation (ft)

Groundwater

Driller

Depth to
Water (ft)

FKTotal
Depth (ft)

Direct Push

Notes:

Hammer
Data

Surface Elevation (ft)

4.83

12.28

Cascade Drilling, LP Drilling
Method12/14/2012 12/14/2012

Horizontal
Datum

Vertical Datum

DOE Well I.D.:  BHS 437
A 2 (in) well was installed on 12/14/2012 to a depth of
17.5 (ft).

1/4/2013
Easting (X)
Northing (Y)

Drilling
Equipment

18

Top of Casing
Elevation (ft)

7.20

Start End
Checked By

12.03

Steel surface
monument

Note: See Figure A-1 for explanation of symbols.
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APPENDIX B 
 Data Validation Memorandum and 

Chemical Analytical Results 
 



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: Irondale Remedial Cleanup Action, Quarterly Groundwater Monitoring (Round 1) 

File: 0504-042-02 

Date: February 21, 2013 

Lab Report: VY50 (ARI) 

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 seven 
groundwater samples obtained from the Post-Construction Quarterly Groundwater Monitoring Event (Round 1) 
at the former Irondale Iron and Steel Plant site in Irondale, Washington.  Samples obtained were submitted to 
Analytical Resources Incorporated (ARI) of Tukwila, Washington for chemical analysis of diesel- and heavy oil-
range petroleum hydrocarbons (NWTPH-Dx), dissolved and total carcinogenic polycyclic aromatic 
hydrocarbons (cPAHs), and dissolved metals (copper and nickel).   

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. 

The ARI Sample Delivery Group (SDG; noted above) was reviewed for the following quality control (QC) 
elements: 

■ Chain of Custody 

■ Holding Times 

■ Surrogates/Labeled Compounds 

■ Method and Equipment Rinsate Blanks 

■ Laboratory Control Samples/Ongoing Precision and Recovery Samples 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Laboratory and Field Duplicates  

DATA QUALITY ASSESSMENT SUMMARY 

The results for each of the QC elements are summarized below.  The data assessment was performed using 
guidance in two USEPA documents: USEPA Contract Laboratory Program National Functional Guidelines for 
Inorganic Data Review (USEPA, 2010) and USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA, 2008). 

Chain-of-Custody Documentation 

Chain-of-custody forms were provided with the laboratory analytical reports.  No transcription errors were 
found, and the appropriate signatures were applied.  There were no anomalies mentioned in the sample 
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Page 2 

 

receipt forms, as the samples were transported to the laboratory at the appropriate temperatures of between 
2 and 6 degrees Celsius.  

Holding Times 

The holding time is defined as the time that elapses between sample collection and sample analysis. 
Maximum holding time criteria exist for each analysis to help ensure that the analyte concentrations found at 
the time of analysis reflect the concentration present at the time of sample collection. Established holding 
times were met for all analyses.  

Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the analytes of interest, but unlikely to be 
found in any environmental sample.  Surrogates are used for organic analyses and are added to all samples, 
standards, and blanks to serve as an accuracy and specificity check of each analysis.  The surrogates are 
added at a known concentration and percent recoveries are calculated following analysis.  All surrogate 
recoveries for field samples were within the laboratory control limits, with the exceptions below:   

■ SDG VY50 (SIM-CPAHs): The laboratory had flagged several d14-dibenzo(a,h)anthracene %R values 
as being outside the control limit.  Upon further inspection, this claim was revealed to be an error.  All 
the associated d14-dibenzo(a,h)anthracene %R values were found to be within the laboratory 
prescribed control limits of 26% to 115%.    

Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce measurable 
concentrations of the analytes of interest.  Method blanks were analyzed with each batch of samples, at a 
frequency of one per twenty samples.  For all sample batches, method blanks for all applicable methods were 
analyzed at the required frequency.  None of the analytes of interest were detected above the contract 
required quantitation limits. 

Matrix Spikes/Matrix Spike Duplicates 

Because the actual analyte concentration in an environmental sample is not known, the accuracy of a 
particular analysis is usually inferred by performing a matrix spike (MS) analysis.  One aliquot of sample is 
analyzed in the normal manner, and then a second aliquot of the sample is spiked with a known amount of 
analyte concentration and analyzed.  From these analyses, a %R is calculated.  Matrix spike duplicates (MSD) 
analyses are generally performed for organic analyses as a precision check.  For some organic analytical 
methods, such as NWTPH-Dx, a laboratory control sample/ laboratory control sample duplicate (LCS/LCSD) 
sample set is performed in lieu of a MS/MSD analysis.   

For inorganics methods, the matrix spike (referred to as a “spiked sample”) is typically followed by a post 
spike sample if any element recoveries were outside the control limits in the “spike sample”.   

Matrix spike analyses should be performed once per analytical batch or every twenty field samples, whichever 
is more frequent.  The recovery criteria for matrix spikes and laboratory control samples are specified in the 
laboratory documents as are the relative percent difference (RPD) values.  The frequency requirements were 
met for all analyses and the %R/RPD values were within the proper control limits. 
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Laboratory Control Samples 

A laboratory control sample is essentially a blank sample that is spiked with a known amount of analyte 
concentration and analyzed.  It is to be treated much like a matrix spike, without the possibility for matrix 
interference.  As there is no actual sample matrix in the analysis, the analytical expectations for accuracy and 
precision are usually more rigorous and qualification would apply to all samples in the batch, instead of the 
parent sample only. 

Laboratory control sample analyses should be performed once per analytical batch or every twenty field 
samples, whichever is more frequent.  The recovery criteria for laboratory control samples are specified in the 
laboratory documents as are the RPD values.  The frequency requirements were met for all analyses, and the 
%R/RPD values were within the proper control limits. 

Laboratory Duplicates (Metals and Fuels only) 

Internal laboratory duplicate analyses are performed to monitor the precision of the analyses.  Two separate 
aliquots of a sample are analyzed as distinct samples in the laboratory, and the RPD between the two results 
is calculated.  Duplicate analyses should be performed once per analytical batch.  If one or more of the 
samples used has a concentration greater than five times the reporting limit for that sample, the absolute 
difference is used instead of the RPD. 

Laboratory duplicates were analyzed at the proper frequency and the specified acceptance criteria were met 
in all cases.  

Field Replicates/Duplicates 

Field duplicate samples were collected and analyzed along with the reviewed sample batches.  The duplicate 
samples were analyzed for the same parameters as the associated parent samples.  As mentioned above for 
the laboratory duplicates the 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.   

The following field duplicate sample sets were collected for this sampling event:  

■ MW06-130104/MW06-130104-DUP and MW09-130104/MW09-130104-DUP  

The RPD/absolute difference value for the field duplicate sample sets were within their respective control 
limits.  

OVERALL ASSESSMENT 

As was determined by this data validation, the laboratory followed the specified analytical methods. Accuracy 
was acceptable, as demonstrated by the surrogates, LCS/LCSD, and MS/MSD %R values.  Precision was 
acceptable, as demonstrated by the laboratory duplicate, LCS/LCSD and MS/MSD RPD and absolute 
difference values.  

Based on the data quality review, it is our opinion that the analytical data, including data qualified as noted 
above, are of acceptable quality for their intended use.  
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 File No. 0504-042-02 

APPENDIX C 
REPORT LIMITATIONS AND GUIDELINES FOR USE1 

This Appendix provides information to help you manage your risks with respect to the use of this report. 

Read These Provisions Closely 

Some clients, design professionals and contractors may not recognize that the geoscience practices 
(geotechnical engineering, geology and environmental science) are far less exact than other engineering 
and natural science disciplines.  This lack of understanding can create unrealistic expectations that could 
lead to disappointments, claims and disputes.  GeoEngineers includes these explanatory “limitations” 
provisions in our reports to help reduce such risks.  Please confer with GeoEngineers if you are unclear how 
these “Report Limitations and Guidelines for Use” apply to your project or site. 

Environmental Services Are Performed For Specific Purposes, Persons And Projects 

This report has been prepared for the exclusive use by the Washington Department of Ecology.  This report 
is not intended for use by others, and the information contained herein is not applicable to other sites. 

GeoEngineers structures our services to meet the specific needs of our clients.  For example, an 
environmental site assessment study conducted for a property owner may not fulfill the needs of a 
prospective purchaser of the same property.  Because each environmental study is unique, each 
environmental report is unique, prepared solely for the specific client and project site. This report should 
not be applied for any purpose or project except the one originally contemplated. 

This Environmental Report Is Based On A Unique Set Of Project-Specific Factors 

This report has been prepared for the former Irondale Iron and Steel Plant site at the intersection of 
East Moore Street and 1st Avenue in Irondale, Washington.  GeoEngineers considered a number of unique, 
project-specific factors when establishing the scope of services for this project and report.  Unless 
GeoEngineers specifically indicates otherwise, do not rely on this report if it was: 

■ not prepared for you, 

■ not prepared for your project, 

■ not prepared for the specific site explored, or 

■ completed before important project changes were made. 

If important changes are made after the date of this report, GeoEngineers should be given the opportunity 
to review our interpretations and recommendations and provide written modifications or confirmation, as 
appropriate. 

                                                            

1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org.  
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Reliance Conditions For Third Parties 

No other party may rely on the product of our services unless we agree in advance and in writing to such 
reliance.  This is to provide our firm with reasonable protection against open-ended liability claims by third 
parties with whom there would otherwise be no contractual limits to their actions.  Within the limitations of 
scope, schedule and budget, our services have been executed in accordance with our Agreement with the 
Client and generally accepted environmental practices in this area at the time this report was prepared. 

Environmental Regulations Are Always Evolving  

Some substances may be present in the site vicinity in quantities or under conditions that may have led, or 
may lead, to contamination of the subject site, but are not included in current local, state or federal 
regulatory definitions of hazardous substances or do not otherwise present current potential liability.  
GeoEngineers cannot be responsible if the standards for appropriate inquiry, or regulatory definitions of 
hazardous substance change, or if more stringent environmental standards are developed in the future. 

Uncertainty May Remain Even After This Study Is Completed  

No environmental assessment can wholly eliminate uncertainty regarding the potential for contamination 
in connection with a property.  Our interpretation of subsurface conditions in this study is based on field 
observations and chemical analytical data from widely-spaced sampling locations.  It is always possible that 
contamination exists in areas that were not explored, sampled or analyzed. 

Subsurface Conditions Can Change 

This environmental report is based on conditions that existed at the time the study was performed.  The 
findings and conclusions of this report may be affected by the passage of time, by manmade events such 
as construction on or adjacent to the site, by new releases of hazardous substances, or by natural events 
such as floods, earthquakes, slope instability or groundwater fluctuations.  Always contact GeoEngineers 
before applying this report to determine if it is still applicable. 

Soil And Groundwater End Use 

The cleanup levels referenced in this report are site- and situation-specific.  The cleanup levels may not be 
applicable for other sites or for other on-site uses of the affected media (soil and/or groundwater).  Note 
that hazardous substances may be present in some of the site soil and/or groundwater at detectable 
concentrations that are less than the referenced cleanup levels.  GeoEngineers should be contacted prior 
to the export of soil or groundwater from the subject site or reuse of the affected media on site to evaluate 
the potential for associated environmental liabilities. We cannot be responsible for potential environmental 
liability arising out of the transfer of soil and/or groundwater from the subject site to another location or its 
reuse on site in instances that we were not aware of or could not control. 

Most Environmental Findings Are Professional Opinions 

Our interpretations of subsurface conditions are based on field observations and chemical analytical data 
from widely spaced sampling locations at the site.  Site exploration identifies subsurface conditions only at 
those points where subsurface tests are conducted or samples are taken.  GeoEngineers reviewed field 
and laboratory data and then applied our professional judgment to render an opinion about subsurface 
conditions throughout the site.  Actual subsurface conditions may differ – sometimes significantly – from 
those indicated in this report.  Our report, conclusions and interpretations should not be construed as a 
warranty of the subsurface conditions. 



Have we delivered World Class Client Service? 

Please let us know by visiting www.geoengineers.com/feedback.  
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