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1. Introduction  

On behalf of Kinder Morgan Liquid Terminals, LLC (KMLT), ARCADIS U.S., Inc. 

(ARCADIS) has prepared this Remedial Action Report in accordance with the Consent 

Decree 00-2-07760-2SEA (CD) for the KMLT Harbor Island Terminal in Seattle, 

Washington (site). The CD was entered between the Washington State Department of 

Ecology (Ecology) and GATX Terminals Corporation (GATX) on April 4, 2000.  KMLT 

assumed the obligations of the CD with the purchase of GATX Harbor Island Terminal 

in 2001.  The site and surrounding area is displayed on Figure 1. The site consists of 

five yards referred to as A, B, C, D, and E yards. Each yard is described below and a 

site plan is included as Figure 2. 

The purpose of this Remedial Action Report (RAP) is to document remedial activities 

performed in the B and D Yards between June 17 and June 28, 2013 in accordance 

with the Sulfate Application Remediation Work Plan Addendum (Addendum) submitted 

by Antea Group on February 24, 2012 and the Engineering Design Report (EDR) 

submitted by ARCADIS on October 15, 2012 submitted by ARCADIS on October 16, 

2012 and approved by Ecology on November 20, 2012 Remedial activities included 

focused enhanced anaerobic biological oxidation (ABOX) by application of sulfate. The 

sulfate was applied in the B and D Yard to reduce constituents of concern (COCs) in 

the smear zone and the shallow groundwater beneath the B and D yards. 

2. Site Background 

The following section describes the site history and the site-specific geologic and 

hydrogeologic conditions. 

2.1 Site Description  

The site is an active 14-acre bulk petroleum storage facility located east of 13th Avenue 

on Harbor Island in Seattle, King County, Washington. The site has operated as a bulk 

petroleum storage terminal since 1944. The site and surrounding area is displayed on 

Figure 1. 

The site currently stores unleaded gasoline, marine fuel oil, heavy cycle gas oil, and 

ethanol. The site consists of five yards referred to as A, B, C, D, and E yards. Each 

yard is described below and a site plan is included as Figure 2. 
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• A Yard, located at the southern end of the property, consists of the terminal 

administrative office, a truck loading rack, and maintenance building.  

• B Yard, located north of A Yard, includes 15 aboveground storage tanks (ASTs) 

and associated piping and is enclosed by a 15-foot high concrete wall.  

• C Yard, located north of D Yard, contains six ASTs and associated piping and is 

surrounded by a 15-foot high concrete wall.   

• D Yard, located north of B Yard, is composed of a driveway, barrel storage, a 

maintenance building, is the primary corridor for on-site utilities, and is surrounded 

by a 15-foot high concrete wall.   

• E Yard, located at the north end of the property, is leased and consists of an office 

building and vehicle storage facilities. 

2.2 Geology 

The Harbor Island area was historically tidal flats at the mouth of the Duwamish River.  

Construction of the current form of Harbor Island started in 1903 and was mostly 

completed by 1910; with ground surface at the site brought above water level by 1906. 

Dredged material from the West Waterway was placed into wooden cribs and allowed 

to drain through the slats in the crib walls. Based on available linear footage records 

from bulkhead construction, the filling cells may have measured 700 by 1,000 feet. 

Cells were filled to an average depth of 16 feet, resulting in a ground surface elevations 

ranging between 9 and 17 feet above mean sea level.  

Surficial soil on Harbor Island consists of sandy gravel and cobble fill material to depths 

ranging from 1 to 6 feet below ground surface (bgs).  Dredge spoils consisting of fine- 

to coarse-grained sand and silty sand underlie the surface layer to thicknesses ranging 

from 5 to 15 feet (Figure 3). Native sediments consisting of sand interbedded with silt 

and clay are found beneath the dredged materials (Hart Crowser 1992).  

2.3 Hydrogeology 

The hydrogeology of Harbor Island consists of an unconfined water-bearing zone 

composed of primarily coarse-grained fill and dredged spoils. Groundwater depths at 

the site generally range from 3 to 10 feet bgs. Groundwater mounding occurs in the 

vicinity of the tank farms located in the central portion of Harbor Island. Mounding is 
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caused by infiltration of precipitation, the primary groundwater recharge mechanism 

(PEG 1994). The groundwater discharge is to the Duwamish Waterway. Based on the 

results of a 1992 tidal study, site groundwater elevations are tidally influenced (PEG 

1994).   

Results of falling and rising head aquifer testing indicate hydraulic conductivity ranges 

from 3 X 10-3 centimeter per second (cm/sec) to 1 X 10-2 cm/sec. Estimated 

transmissivity based on the use of a 10-foot screen length as a substitute for aquifer 

thickness yielded values ranging from 636 gallons per day per foot (gpd/ft) to 2,121 

gpd/ft (PEG 1994).  Groundwater flow directions at the site are to south and southeast, 

with a horizontal hydraulic gradient of 0.005 feet per foot (Antea 2011).   

2.4 Contaminants of Concern and Remediation History Overview 

The primary source of COCs in groundwater at the site are the historical releases of 

petroleum hydrocarbons from ASTs and associated product piping throughout over 68 

years of terminal operations. Approximately 44,000 tons of petroleum impacted soil 

was removed from the C Yard where product piping had failed (KHM 2002). In 

addition, active and passive separate-phase hydrocarbon removal has been performed 

at two wells in the A Yard and three wells in the B Yard at the site (Antea 2011) and an 

air sparge/soil vapor extraction system was operated in the A Yard (Delta 2007).   

The groundwater treatment area was selected based on recent groundwater and soil 

analytical results. These data provided a basis to estimate the hydrocarbon mass 

remaining in soils. The results of the recent soil investigation indicate residual 

petroleum hydrocarbons in the B and D yards do not exceed site specific soil Cleanup 

Levels (CLs). Groundwater COC concentrations in the B and D yards are above CLs 

and are the focus of the recently completed ABOx sulfate application work.   

Groundwater cleanup levels for the Site were determined by Ecology to be surface 

water standards that are protective of aquatic organisms in Elliott Bay and also 

determined by no current or future use of the groundwater for drinking water purposes.  

However, surface water standards are not established for total petroleum 

hydrocarbons (TPH); therefore, the groundwater cleanup levels of gasoline-range 

(TPH-GRO), diesel-range (TPH-DRO), and heavy oil-range (TPH-HO) were selected 

as the cleanup goals. The cleanup levels for the COCs in groundwater are: 
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Constituent Cleanup Level 

Benzene 0.071 mg/L 

Ethylbenzene 29.0 mg/L 

Lead 0.0058 mg/L 

Toluene 200 mg/L 

TPH-GRO 1.0 mg/L 

TPH-DRO 10 mg/L 

TPH-HO 10 mg/L 

Product No sheen 

mg/L = milligrams per liter 

During the baseline performance monitoring event, groundwater samples collected 

from seven of twelve performance monitoring wells exceeded the CL for TPH-GRO 

(1.0 milligrams per liter [mg/L]) and samples from two of twelve wells exceeded the CL 

for benzene (0.071 mg/L).  TPH-DRO did not exceed the CL (10 mg/L) in groundwater 

samples from the twelve performance monitoring wells. Toluene and ethylbenzene 

concentrations did not exceed site CLs (200 mg/L and 29 mg/L, respectively) in 

groundwater samples from the twelve performance monitoring wells.  

TPH as GRO concentrations in B and D yards ranged from below laboratory reporting 

limits (RLs) in wells 11 and TMW-1 to 4.9 mg/L in well TMW-4.  During the same 

baseline event, benzene concentrations ranged from below RLs in wells 11, TMW-1, 

and TMW-3 to 0.170 mg/L in well TMW-4.   

3. Remedial Implementation   

3.1 Design Parameters 

In accordance with the approved Addendum (Antea 2012) and EDR (ARCADIS 

2012a), ABOX by land application was implemented to address groundwater impacts 

in the B and D yards. Sulfate was selected because it can be delivered and distributed 

effectively in the subsurface to the target groundwater remediation area. Sulfate is a 

high solubility electron donor capable of anaerobic biological oxidation of target 

constituents in the dissolved phase and any residual source mass sorbed to soils.  

Land application of gypsum and Epsom salt provides a source of sulfate to the shallow 

groundwater encountered at the site and it serves as a terminal electron acceptor for 
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indigenous bacteria capable of biodegrading petroleum hydrocarbons. The gypsum 

and Epsom salts were distributed on ground surface directly over the footprint of the 

targeted groundwater treatment area. The infiltration and percolation of rainwater and 

irrigation water over the applied material dissolves the sulfate from the source salts 

(i.e., gypsum and Epsom salt) in to shallow groundwater containing petroleum 

hydrocarbons. This placement of gypsum and Epsom salts is a long-term source of 

sulfate to groundwater. Through broad ground surface application, delivery is effective 

over the target treatment areas with the exception of the footprints of site fixtures (e.g., 

ASTs) which prevent direct access to the ground surface.  Once sulfate concentrations 

are maintained in groundwater, advective movement will provide treatment to the areas 

beneath the ASTs.   

The solubility differences between Epsom salt and gypsum provide both a relatively 

short- and long-term sulfate source. Epsom salt has a relatively high solubility 

(approximately 250 grams per liter [g/L] at 20o C) and dissolves more rapidly than 

gypsum after placement. The relatively low solubility of gypsum (approximately 2 g/L at 

20o C) provides a longer-term source of sulfate. As the gypsum and Epsom salt dissolve, 

they will travel downward through vadose zone soils to groundwater through infiltration 

of rainwater and engineered irrigation. The relative density of the gypsum and Epsom 

salt solution promotes mixing and continued downward vertical migration in the shallow 

impacted groundwater. This sulfate leachate will be seasonally (rainy season in winter) 

and mechanically (installed irrigation system) flushed down into groundwater 

containing petroleum hydrocarbons, providing ongoing treatment to constituents of 

concern. 

The primary design element of the remedy is the amount of applied gypsum and 

Epsom salt. As presented in detail in the EDR, the following data and assumptions 

were used to estimate the material quantities, based on the treatment footprint outlined 

on Figure 4:  

• A treatment area of approximately 30,000 square feet with a smear zone thickness 

of 8 feet; 

• Average total TPH concentration of 1,500 milligrams per kilogram (mg/kg) in soil 

(conservative estimate); 

• Assumed soil density of 100 pounds (lbs)/cubic foot;  
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• An average TPH as GRO groundwater concentration of 2.4 mg/L from the third 

quarter 2012 groundwater monitoring event; and 

• A stoichiometric demand of 4 lbs of sulfate to treat a pound of TPH as GRO mass. 

Based on these values, 264,000 lbs of gypsum and 42,000 lbs of Epsom salt were 

imported to the site for remedial activities. 

3.2 Remedial Action  

This section describes the construction activities that were conducted between June 17 

and June 28, 2013 in the B and D Yards. Anderson Environmental Contracting 

(Anderson) of Kelso, Washington was subcontracted to perform the remedial action 

activities described below. 

3.2.1 Irrigation System Installation  

One June 17 and 18, 2013, Anderson installed an automatic irrigation system to 

supplement precipitation as a means to transport sulfate to groundwater. This irrigation 

system allows control of infiltration rates and frequency to assist in the delivery rate of 

sulfate by managing the amount of water applied. As shown on Figure 4, the irrigation 

system consists of four sprinkler heads connected to the site’s existing high pressure 

fire suppression system using one-inch diameter above-ground steel piping and one-

inch diameter polyvinyl chloride (PVC) below-ground piping. The single sprinkler head 

in the D Yard was installed on an existing overhead pipe rack. The three sprinkler 

heads in the B yard were connected to the fire suppression system using PVC piping in 

a one-foot deep by one-foot wide trench backfilled with native material.   

In addition to the sprinkler heads and associated piping, the B and D Yards irrigation 

systems also included pressure reducers and irrigation timing systems. The timing 

system consists of a control module and solenoid valves, which allow the sprinklers to 

activate automatically at a predetermined time for a set duration. 

The irrigation system is set to operate for a period of time that will achieve the 

necessary infiltration volume of 0.02 feet per day (ft/day) based on the expected need 

to supplement monthly rainfall to provide sufficient sulfate loading to shallow 

groundwater, as outlined in the EDR (ARCADIS 2012).  The monthly irrigation 

schedule based on average monthly precipitation is as follows: 
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Month 
Average   

Precipitation  
(inches) 

Irrigation   
Required 
(feet/day) 

B Yard Runtime 
(hours/day) 

D Yard Runtime 
(hours/day) 

January 5.13 0.0068 0.34 0.88

February 4.18 0.0104 0.52 1.34

March 3.75 0.0105 0.53 1.36

April 2.59 0.0141 0.71 1.82

May 1.78 0.0158 0.80 2.05

June 1.49 0.0172 0.86 2.22

July 0.79 0.0185 0.93 2.39

August 1.02 0.0179 0.90 2.31

September 1.63 0.0168 0.84 2.17

October 3.19 0.0120 0.61 1.56

November 5.90 0.0049 0.25 0.63

December 5.62 0.0055 0.28 0.71

 

Irrigation will continue until analytical data indicate that concentrations of sulfate have 

reached approximately 500 mg/L in groundwater. Once this concentration is achieved, 

irrigation will be applied as needed to sustain approximately 500 mg/L. 

3.2.2 Sulfate Land Application  

In preparation for sulfate placement on ground surface, a total of 132 cubic yards of 

gypsum, 21 cubic yards of Epsom salt, and 374 cubic yards of two-inch minus crushed 

rock were delivered to the site.  Planned drawings were used in the field to mark the 

limits of land application by ARCADIS oversight personnel.  The limits of land 

application were measured from existing site features and fixed surveyed locations 

represented in the planned drawings. 

3.2.2.1 Material Mixing 

The mixing of the gypsum, Epsom salt, and crushed rock was done at a ratio of six 

tons of gypsum, one ton of Epsom salt, to 21 cubic yards of crushed rock. The material 

was mixed by creating a pile of 21 cubic yards of crushed rock, or one truck load, then 

adding six tons of gypsum and one ton of Epsom salt onto the pile. The material was 

thoroughly combined in mixing cells using an excavator until the material appeared 

homogenous. This process was conducted concurrently with the material application. 
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In each mixing cell, the quantity of gypsum, Epsom salt, and crushed rock was verified 

prior to mixing and application for construction quality assurance purposes.  

3.2.2.2 Material Application   

Sulfate materials were applied using a conveyor truck and by backhoe. The conveyor 

truck consisted of a 12 cubic yard capacity hopper and a conveyor belt that spread the 

material over the open target area which included application beneath aboveground 

terminal piping.   

During the sulfate land application event, 132 tons of agricultural gypsum, 21 tons of 

Epsom salt, and 524 tons of crushed rock were applied to an area of approximately 

30,000 square feet (Figure 4). This quantity of material formed a two-inch thick layer of 

sulfate material across the application area. The total material thickness over the 

application area was six to eight inches with the incorporation of the crushed rock. A 

photograph log of field activities is included as Appendix A. 

4. Performance Monitoring 

Performance monitoring will be conducted in accordance with the Response to 

Comments letter dated December 20, 2012. The Response to Comments (ARCADIS 

2012b) was a letter addressing Ecology’s comments regarding the EDR.  The 

purpose of the performance monitoring program is to evaluate the effectiveness of 

land application to sustain elevated sulfate concentrations in shallow groundwater. 

The specific objectives of the performance monitoring plan are to evaluate the 

following: 

 Distribution of sulfate to groundwater; 

 Biogeochemical environment necessary for anaerobic bio-oxidation; 

 Infiltration and irrigation rates; and 

 Degradation of COCs in groundwater. 

 
To achieve this performance evaluation objective, the following activities were 

completed: 

 Performance monitoring wells were installed in order to evaluate performance 

over time. 
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 Baseline sampling was conducted prior to implementation of the remedial 

action.  

 A performance monitoring plan was designed.  

4.1 Performance Monitoring Well Installation and Selection 

ARCADIS subcontracted Environmental Services Network (ESN) of Olympia, 

Washington to install six performance monitoring wells (TMW-1 through TMW-6) on 

June 19 and 20, 2013. The monitoring wells were constructed of two-inch diameter 

schedule 40 PVC with ten feet of 0.020-inch slotted screen. The screen interval is from 

5 feet bgs to the total depth of approximately 15 feet bgs. The initial scope included 

installing eight new performance monitoring wells; however, two monitoring well 

locations were inaccessible by a drill rig.  The two inaccessible well locations were 

abandoned after an attempt to install the wells by hand auger failed because of 

heaving sand conditions. Existing monitoring well 11 was determined to be a viable 

replacement performance monitoring location for the eastern land application extent. 

Monitoring wells 12, MW-7, MW-19, and TMW-1 through TMW-4 will be used to 

evaluate performance in the target groundwater treatment area, while wells A-27, MW-

9, TMW-5 and TMW-6 will be used as downgradient monitoring points.  

Upon completion of the six new performance monitoring wells, ESN developed the 

wells by purging using a submersible pump until the extracted groundwater appeared 

free of dissolved solids. The performance monitoring well locations are shown on 

Figures 2 and 4. Soil samples were not collected for laboratory analysis during well 

installation activities. Boring and well construction logs for TMW-1 through TMW-6 are 

included as Appendix B. 

4.2 Baseline Performance Monitoring 

ARCADIS conducted the baseline groundwater monitoring event at the site on June 21 

and 24, 2013. During this event, performance monitoring wells 11, 12, A-27, and TMW-

1 through TMW-6 were gauged using an electronic oil-water interface level meter. 

These wells were then sampled using low-flow following the methodology defined in 

the Technical Revisions Request - Low-Flow Groundwater Sampling (Delta 2008). 

Groundwater parameters were measured with a multi parameter water meter 

connected to a flow-through cell prior to the collection of the sample. Groundwater 

samples were analyzed for the following analytes: 
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 TPH as GRO according to Northwest Method NWTPH-Gx;  

 TPH as DRO and the heavy oil range organics (HO), with silica gel cleanup, 

according to Northwest Method NWTPH-Dx 

 Benzene, toluene, ethylbenzene, and total xylenes (BTEX) according to 

Environmental Protection Agency (EPA) Method 8260B; 

 Sulfate according to EPA Method 300.0; 

 Sulfide according to EPA Method 376.1; and 

 Nitrate according to EPA Method 300.0.   

 

Samples were collected in laboratory provided bottles and stored in an iced cooler.  
Samples were submitted to Alpha Analytical, Inc. of Sparks, Nevada under standard 
chain-of-custody protocol. Groundwater monitoring field forms are included as 
Appendix C.  
 
Analytical results from the baseline performance monitoring event indicated that wells 
12, A-27, MW-7, MW-19, TMW-4, TMW-5, and TMW-6 had concentrations of TPH as 
GRO that exceeded the site specific CL of 1.0 mg/L.  Additionally, TMW-4 and TMW-5 
exceed the site specific CL for benzene of 0.071 mg/L. Analytical results from baseline 
monitoring are summarized in Table 1 and laboratory analytical reports are included as 
Appendix D. 
 

4.3 Continued Performance Monitoring  

An ongoing performance monitoring program will be conducted to evaluate distribution 

and persistence of sulfate in the shallow aquifer, as well as COC concentrations trends 

over time. Groundwater performance monitoring will be conducted at one month, two 

months, and three months post-application. Further groundwater performance 

monitoring will be conducted on an as needed basis (e.g. quarterly or semi-annually). 

Performance monitoring groundwater samples will be collected from the six new 

performance monitoring wells (TMW-1 through TMW-6) and existing monitoring wells 

11, 12, A-27, MW-7, MW-9, and MW-19. Performance monitoring groundwater 

samples will be collected using methods described in section 4.2 and will be analyzed 

for: 

 TPH as GRO according to Northwest Method NWTPH-Gx;  

 BTEX according to EPA Method 8260B; 

 Sulfate according to EPA Method 300.0; 

 Sulfide according to EPA Method 376.1; and 

 Nitrate according to EPA Method 300.0. 
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At the request of Ecology, groundwater biological activity reaction testing (BART) will 

also be performed at select wells using a field test kit following sulfate application and 

again once groundwater performance monitoring results demonstrate active microbial 

sulfate reduction.  BART results will indicate the presence or absence of sulfate-

reducing microorganisms.  BART field samples were collected during the 60-day 

performance monitoring sampling.  BART results will be reported in the 4th Quarter 

2013 Groundwater Monitoring Report.  

5. Summary 

On June 17 through June 28, 2013, remedial implementation activities were completed 

at the KMLT Harbor Island Terminal. Prior to the remedial implementation, 

performance monitoring wells were installed and baseline groundwater samples were 

collected from the performance monitoring well network. Irrigation lines were installed 

in the B and D yards to complement rainfall to achieve the design infiltration rate.  

During the sulfate land application, a total of 264,000 lbs of gypsum, 42,000 lbs of 

Epsom salt, and 374 cubic yards of crushed rock were mixed into homogenous 

stockpiles and distributed across the B and D yards. Effectiveness of the sulfate land 

application will be evaluated through the performance monitoring plan and well network 

identified in Table 2.  Effectiveness will be based on the presence of sulfate in 

groundwater, other biogeochemical parameters, and degradation of COCs in 

groundwater.   

ARCADIS will review the initial performance monitoring events to evaluate the sulfate 

levels and trends in COCs remediation at the site. After review, further performance 

monitoring events will be conducted as needed to gauge sulfate levels in the target 

treatment area.  

The results of performance monitoring including COC trends, an evaluation of 

biogeochemical data, summary of infiltration and irrigation rates, and a discussion 

regarding groundwater quality will be included in the 4th Quarter 2013 Groundwater 

Monitoring Report and submitted to Ecology in accordance with the Site-Wide 

Groundwater Compliance Monitoring Plan (Delta 2007). 
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Photograph Log  



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 1

Date: June 17, 2013

Description:

Photo No.: 2

Date: June 17, 2013

Description:

Trenching for irrigation piping in B-
Yard

Pressure testing irrigation piping



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 3

Date: June 18, 2013

Description:

Photo No.: 4

Date: June 18, 2013

Description:

Unloading gypsum from delivery 
trucks

Unloading gypsum from delivery 
trucks



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 5

Date: June 18, 2013

Description:

Photo No.: 6

Date: July 18, 2013

Description:

Removing asphalt surface from D-
Yard

Removing asphalt surface from D-
Yard



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 7

Date: June 24, 2013

Description:

Photo No.: 8

Date: June 24, 2013

Description:

Irrigation connection for D-Yard

Installing aboveground irrigation 
piping in D-Yard



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 9

Date: June 24, 2013

Description:

Photo No.: 10

Date: June 24, 2013

Description:

Preparing to mix Epsom and 
gypsum with the crushed rock

Preparing to mix Epsom and 
gypsum with the crushed rock



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 11

Date: June 26, 2013

Description:

Photo No.: 12

Date: June 26, 2013

Description:

Mixing Epsom and gypsum with 
the crushed rock

Mixing Epsom and gypsum with 
the crushed rock



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 13

Date: June 25, 2013

Description:

Photo No.: 14

Date: June 25, 2013

Description:

Spreading crushed rock and 
sulfate mixture in B-Yard

Spreading crushed rock and 
sulfate mixture in B-Yard



Project No.: WA000809.2013
Project Name: KMLT - Harbor Island
City/State: Seattle, WA

Photo No.: 15

Date: June 26, 2013

Description:

Photo No.: 16

Date: June 27, 2013

Description:

Application in the B-Yard

Application in the D-Yard
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Boring and Well Construction Logs  
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Appendix D 

 

Laboratory Reports and Chain of 

Custody Documentation 
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