
 

Two Union Square 
601 Union Street, Suite 600 

Seattle, WA 98101 
tel: 206.292.2078  fax: 206.682.7867 

 

 Page 1 of 8   

Memorandum 

To: Andrew Smith, Washington State Department of Ecology 

Copies: Dan Silver, B&L Woodwaste Custodial Trust 

From: Nathan Schachtman, Pamela Osterhout, and Brett Beaulieu, Floyd|Snider 

Date: June 22, 2023 

Project No: B&L O&M 

Re: B&L Woodwaste Dye Tracer Study Results 

 
This memorandum presents results of a dye tracer study that was implemented at the  
B&L Woodwaste Landfill Site (Site) in Milton, Washington, to evaluate the source of elevated 
arsenic groundwater concentrations in the agricultural field, west and outside of the barrier wall. 
Currently, the B&L Woodwaste Custodial Trust is implementing the long-term operations and 
monitoring phase of the 2008 Cleanup Action Plan at the Site after remediation under the terms 
of Consent Decree No. 082106107 (Ecology 2008). Past remediation at the Site has included 
consolidating and capping arsenic-impacted soil in the landfill and constructing a subsurface 
barrier wall around the landfill to prevent the outward migration of leachate-impacted 
groundwater. 

The dye tracer study was implemented in accordance with the Washington State Department of 
Ecology-approved Dye Tracer Study Work Plan (Work Plan), which included provisions for dye 
introduction and subsequent sampling (Floyd|Snider 2021). The purpose of the dye tracer study 
was to determine whether leachate-impacted water may be migrating from beneath the barrier 
wall and acting as an ongoing source of arsenic to groundwater beneath the agricultural field and 
ditch surface water. If dye breakthrough was observed, a secondary objective was to determine 
the approximate area where breakthrough is occurring. Dye tracer study activities included 
introducing two fluorescent dyes at different locations east of the barrier wall and within the 
containment area, and sampling at a variety of frequencies to determine the presence/absence 
of the dye at locations west and north (i.e., outside) of the barrier wall.  

BACKGROUND 

The area where arsenic concentrations in groundwater exceed the cleanup level of  
5 micrograms per liter (µg/L), west of the B&L Woodwaste Landfill, is referred to as the 
Agricultural Field Plume and has been subject to remediation by barrier wall and hydraulic source 
containment, groundwater recovery, and in situ treatment between 2009 and 2017. The plume 
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has been reduced in concentration and its extent controlled through these efforts and natural 
attenuation processes. Arsenic concentrations have continued to exceed the cleanup level in this 
area, however, raising the question of whether the exceedances are related to an ongoing source 
of arsenic from inside the landfill perimeter barrier wall. It has been approximately 5 years since 
in situ treatment of the plume with EHC-M™, which is a mixture that consists of a hydrophilic 
organic carbon source, micro-scale zero-valent iron, magnesium sulfate, and potassium sulfate. 
It has also been approximately 5 years since the cessation of hydraulic containment, which had 
been implemented from 2012 to 2017 through the maintenance of inward hydraulic gradients 
across the landfill perimeter barrier wall. Hydraulic containment was designed and implemented 
to prevent the potential leakage of arsenic-containing leachate, particularly beneath the gap in 
the aquitard in the southwest corner of the landfill. Determining whether the Agricultural Field 
Plume has remained cut off from the landfill under current conditions, which include the barrier 
wall as the only containment measure at the landfill perimeter, is an important factor in how to 
manage residual groundwater contamination in this area.  

The extent of the Agricultural Field Plume is well defined and stable with comparatively low 
arsenic concentrations in monitoring wells at the fringe of the plume (PD-214, MW-34, and W-1). 
Refer to Figure 1. After the substantial concentration decreases that followed groundwater 
recovery between 2012 and 2017 and in situ treatment in 2017, arsenic concentrations have 
remained relatively stable and, in some cases, have increased, particularly since mid-2020. Refer 
to Attachment 2 in the April 2023 Compliance Monitoring Report for arsenic time concentration 
plots (Floyd|Snider 2023). 

Samples from monitoring wells upgradient of the Agricultural Field Plume near the landfill edge 
do not provide a clear indication of whether the plume is being replenished from landfill leachate 
or whether the arsenic may originate in soil in the agricultural field. Elevated arsenic 
concentrations in groundwater wells located between the landfill and the agricultural field on 
the outside of the landfill barrier wall have also shown increasing trends during this time (i.e., 
D-8A and D-7A), but these changes are also consistent with variability observed prior to and 
during the period in which hydraulic control was maintained. Arsenic concentrations in the lower 
sand aquifer (MW-40B and D-8B) are generally stable at concentrations less than 10 µg/L and 
show no indication of leachate migrating beneath the barrier wall in the southwest corner into 
the lower sand aquifer. 

In 2020, a soil investigation was completed to investigate whether residual soil with elevated 
arsenic concentrations, particularly on the B&L Woodwaste Custodial Trust property, may be 
contributing to Agricultural Field Plume groundwater exceedances (Floyd|Snider 2019). This soil 
investigation, which involved collecting soil samples from various depths at locations along the 
western edge of the property and in the vicinity of MW-33, found little evidence of elevated soil 
arsenic concentrations (Floyd|Snider 2020). The results of the investigation indicated that 
residual arsenic-impacted shallow soil on the B&L Woodwaste Custodial Trust property was likely 
not causing the groundwater arsenic exceedances in the Agricultural Field Plume. 
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DYE TRACER STUDY FIELD ACTIVITIES 

In accordance with the Work Plan, the dye tracer study was implemented between October 2021 
and April 2023 and included background sampling, introduction of fluorescein and rhodamine 
WT (RWT) tracer dyes, and periodic dye monitoring activities. The study was designed to target 
two general breakthrough areas inside the barrier wall: the aquitard gap area in the southwest 
corner of the landfill (PZ-4B and R-8) and the area to the north of the aquitard gap  
(PZ-3B and R-9). Figure 1 shows dye introduction and monitoring locations. 

Background Dye Sampling 

Background sampling was conducted at the Site between October 22 and 28, 2021, to identify 
potential natural background fluorescence in Site groundwater, which could interfere with the 
fluorometric analysis used to detect the fluorescein and RWT dyes. Carbon samplers, consisting 
of small fiberglass screen packets filled with approximately 4.25 grams of activated coconut 
charcoal, were deployed in 15 monitoring wells and 2 surface water locations, including 4 dye 
introduction locations within the containment area and 13 monitoring locations outside of the 
barrier wall in the agricultural field (Figure 1). At each monitoring well, the carbon sampler was 
tied to the top of a disposable bailer and lowered into the monitoring well using undyed nylon 
cord to approximately the middle of the screened interval. At surface water sampling locations, 
carbon samplers were weighted using a rock, secured with undyed nylon cord to a wooden stake 
located on the bank, and suspended at approximately the midpoint of the water column. 

At each monitoring location, carbon samplers were collected after an approximately 1-week 
deployment. Groundwater or surface water samples paired with the carbon samplers (paired 
water samples) were collected at each monitoring location using either low-flow sampling 
methods or a dedicated-disposable bailer. 

Dye Introduction 

After receipt of the background sampling results, the two dyes were introduced to existing 
monitoring wells within the containment area on November 4, 2021. Prior to introducing the dye, 
approximately one casing volume of potable water was introduced per the Work Plan and 
standard guidelines for conducting dye tracer studies (OUL 2019). Next, the dye was introduced 
to each well followed by a minimum of three casing volumes of potable water to help flush the 
dyes into the groundwater. The following quantities of dye and potable water were introduced 
to each of the following wells: 

• PZ-3B and R-9: 10 pounds of liquid RWT solution, followed by 15 and 90 gallons of 
potable water at PZ-3B and R-9, respectively 

• PZ-4B and R-8: 2 pounds of powdered fluorescein dye dissolved in 5 gallons of potable 
water, followed by 15 and 65 gallons for PZ-4B and R-8, respectively 
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Due to the extremely low laboratory detection limits for the dye analysis, care was taken to avoid 
incidental releases of dye and/or cross-contamination between the two dyes. Field staff used 
disposable Tyvek® suits and nitrile gloves when mixing and introducing the two dyes to avoid any 
cross-contamination. Minor dye spills in the mixing and study areas were immediately 
neutralized using a solution of bleach and water. 

Dye Monitoring 

Dye monitoring events involved collecting carbon samplers and paired water samples from each 
monitoring location to determine presence/absence of fluorescein and RWT at monitoring 
locations. After dye introduction, carbon samplers were deployed at 11 monitoring wells and 
2 surface water locations, located outside of the barrier wall to the west and north (Figure 1). 
Dye monitoring events were conducted at a variety of frequencies to identify any preferential 
flow pathways for dye and to confirm whether an approximately 3-month (i.e., quarterly) carbon 
sampler deployment was appropriate for Site groundwater conditions. A total of nine dye 
monitoring events were conducted between November 2021 and April 2023 as summarized in 
Table 1. 

During each monitoring event, the carbon sampler deployed at each location was removed and 
placed into a laboratory-provided Whirl-Pak®. Groundwater samples paired with the carbon 
samplers were collected at each monitoring location into laboratory-provided 50-milliliter 
polypropylene vials using either low-flow sampling methods or a dedicated disposable bailer. At 
the two surface water sampling stations, grab surface water samples were collected in addition 
to the carbon samplers. Water sample vials were immediately wrapped in aluminum foil to 
prevent any degradation of the dyes that can occur with exposure to sunlight. 

Laboratory Analysis 

After sample collection, samples were shipped overnight on frozen reusable ice packs under 
standard chain of custody protocols to Ozark Underground Laboratory (OUL) in Protem, Missouri, 
for fluorometric analysis using a Shimadzu RF-5301 spectrofluorophotometer. Paired water 
samples were placed on hold and analyzed only if dye was detected at concentrations greater 
than laboratory reporting limits in the corresponding carbon sampler. Additional information 
regarding analytical procedures and fluorometric analysis at OUL, including quality control 
procedures and criteria for determining positive dye recoveries, can be found in OUL’s 2015 
Procedures and Criteria Analysis of Fluorescent Dyes in Water and Charcoal Samplers (OUL 2015). 

RESULTS 

The following subsections summarize dye monitoring results throughout the approximately year 
and a half duration of the dye tracer study. Table 2 and Figure 2 summarize dye detections, and 
the associated laboratory analytical reports from OUL are provided as Attachment 1. 
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Background and Preferential Pathway Sampling (October–November 2021) 

Fluorescein and RWT were not detected in the carbon samplers during the October 22 to 28, 
2021, background sampling event. This result indicated that background fluorescence was not 
present in Site groundwater, and therefore, it does not need to be considered when analyzing 
samples from subsequent dye monitoring events. 

On November 4, 2021, approximately 1 week after the two dyes were introduced, dye monitoring 
samples were collected to assess preferential dye flow pathways and potential breakthrough. No 
dye was detected in the carbon packets from this event. 

Verification Sampling (January–April 2022) 

Four dye monitoring events were conducted between January and April 2022, consisting of two 
10-week deployment periods followed by a 2-week verification sampling period (Table 1). The 
short 2-week deployments after the longer 10-week deployments were designed to provide 
verification that carbon samplers did not miss any dye and that a 12-week (i.e., quarterly) 
deployment is appropriate for the Site. Because contaminants and/or organic matter in water 
compete with the dye for sorption sites on the carbon samplers, it is important to confirm that 
sorption sites continue to be available for dye during longer sampler deployments. 

No dye was detected in the carbon samplers during the first two verification sampling events, 
which occurred on January 24 and February 7, 2022. However, during both the April 11 and 18, 
2022, verification sampling events, fluorescein was detected in both the carbon samplers and 
paired surface water samples at SW-11 and SW-12 (Table 2). The consistency between the results 
from the 10-week and their subsequent 2-week deployments demonstrates that a quarterly 
deployment duration of carbon samplers was appropriate for Site groundwater and surface 
water conditions (i.e., carbon sampler sorption sites continued to be available for dye throughout 
the quarterly deployment duration). 

Quarterly Sampling (July 2022–April 2023) 

After the four verification sampling events, dye monitoring frequency was adjusted to quarterly 
to correspond with routine compliance monitoring. Four quarterly dye sampling events were 
conducted July 12, 2022; October 21 to 24, 2022; January 25, 2023; and April 5, 2023. Dye 
detections in these sampling events are summarized as follows: 

• Fluorescein was detected at PD-214, SW-11, and SW-12 in all four monitoring events 
between July 2022 and April 2023. RWT was also detected at SW-12 during each of 
these monitoring events. 

• Fluorescein was detected at PZ-4A in the carbon sampler during the October 2022 
monitoring event, but not in the paired water sample.  
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• Fluorescein was detected in the carbon sampler and paired water sample from D-8A 
in January and April 2023. 

• Fluorescein was detected in the carbon sampler and paired water sample from D-8B 
in April 2023. 

DISCUSSION 

Fluorescein and RWT dye were detected at monitoring locations outside of the barrier wall, 
indicating that dye breakthrough has occurred. The locations, timing, and type of dye detections 
(i.e., primarily fluorescein) suggest that the leachate-impacted groundwater is slowly migrating 
from beneath the barrier wall in the southwest aquitard gap area and downgradient beneath the 
stormwater ponds into surface water in the West Ditch (a section of Stream 12) and groundwater 
beneath the agricultural field (Figure 2). The results address the primary objective of the study, 
providing an explanation for the elevated arsenic concentrations in groundwater at locations 
including D-8A and in the Agricultural Field Plume, and for the arsenic-loading contributing to 
elevated arsenic concentrations observed in West Ditch surface water.  

Dye was detected primarily in ditch surface water and upper sand aquifer groundwater, with one 
fluorescein detection at lower sand aquifer monitoring location D-8B. Upward to neutral vertical 
hydraulic gradients are typically observed at this well pair, where no aquitard is present between 
the Upper and Lower Sand Aquifers (Floyd|Snider 2022a). These vertical gradients explain why 
elevated arsenic is not generally measured at this location. Arsenic concentrations at D-8B have 
ranged from 5.97 to 16.6 µg/L since April 2013 (Floyd|Snider 2023). The dye detection likely 
resulted from dispersion and diffusion of dye, not gradient-driven advective transport. 

The results also provide information related to the secondary objective of the study, to determine 
the approximate area where breakthrough is occurring. Fluorescein dye emanating from the 
vicinity of PZ-4B and R-8, in the middle of the aquitard gap, accounts for the majority of the dye 
detections in groundwater and surface water. However, RWT dye was consistently detected at 
SW-12 after April 2022, indicating that there is likely a second zone, north of SW-11 and D-8A, 
where dye is migrating into West Ditch surface water and potentially agricultural field 
groundwater through the southwest aquitard gap. No RWT dye was detected at PZ-3A, 
suggesting the barrier wall is containing groundwater passively in this area, and that RWT dye 
instead migrated beyond the barrier wall in the northern portion of the aquitard gap near R-9.  

Dye tracer study results can also be used to infer dye velocities in groundwater at the Site. Dye 
velocities can be estimated by dividing the distance between injection or monitoring points by 
the time elapsed between the first positive dye concentration at a given point. For example, 
fluorescein dye was first detected at PD-214 in the carbon sampler deployed between April 18 
and July 12, 2022. Fluorescein dye was subsequently detected at D-8A, located approximately 
47 feet north and downgradient of PD-214, in the carbon sampler deployed between October 24, 
2022, and January 25, 2023. Therefore, it took between 189 and 282 days for the fluorescein dye 
to migrate from PD-214 to D-8A, corresponding with a dye velocity of between 0.17 and  
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0.25 feet per day (ft/day). Using the same method, the dye velocity between PZ-4B and PD-214 
was estimated at between 0.56 and 0.86 ft/day. A seepage velocity of 0.76 ft/day was estimated 
for the Agricultural Field Plume area using hydraulic gradients and estimated hydraulic 
conductivity values (Floyd|Snider 2019), and the estimated dye velocities provide useful 
empirical checks on this prior estimate. Because of its reactivity (for example, adsorption on 
aquifer solids), arsenic is generally transported in groundwater more slowly than conservative 
tracers such as the dyes used in the study. 

CONCLUSIONS  

The dye tracer study accomplished its key objective, determining that leachate-impacted 
groundwater within the containment area contributes to groundwater and surface water 
exceedances. The results also provide useful information about the approximate areas where the 
breakthrough is occurring and empirical data about the rate of groundwater flow.  

Based on initial findings of this study, a Remedial Evaluation Memorandum was prepared to 
evaluate and recommend a supplemental remedial approach to address contamination in the 
Agricultural Field Plume groundwater and West Ditch surface water (Floyd|Snider 2022b). The 
memorandum recommended a combination of ditch filling and an in situ treatment permeable 
reactive barrier to intercept and treat impacted groundwater prior to discharge in the agricultural 
field. Subsequent findings of the dye tracer study, which indicate continued migration of 
leachate-impacted groundwater in the agricultural field, provide further support for the selected 
remedial action. 
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Table 1
Dye Tracer Study Schedule

B&L Woodwaste Landfill Site

Activity Rationale/Notes
Background sampler deployment Identify and characterize any potential background fluorescence in Site groundwater.
Background sampling Identify and characterize any potential background fluorescence in Site groundwater.
Tracer dye introduction Introduce two conservative tracer dyes into Site groundwater within the Barrier Wall.
Preferential Pathway Sampling Assess for preferential breakthrough of the tracer dye.
1Q2022 Sampling Routine quarterly fluorescence sampling.
Verification Sampling Provide verification that quarterly carbon samplers did not miss any dye.
2Q2022 Sampling Routine quarterly  fluorescence sampling.
Verification Sampling Provide verification that quarterly carbon samplers did not miss any dye.
3Q2022 Sampling Routine quarterly fluorescence sampling.
4Q2022 Sampling Routine quarterly fluorescence sampling.
1Q2023 Sampling Routine quarterly fluorescence sampling.
2Q2023 Sampling Routine quarterly fluorescence sampling.

Note:
1 Sampling event initially not proposed in the Work Plan, but added during the study to collect additional data to inform the conceptual model for dye breakthrough 

and migration into the agricultural field.

1/25/2023 (1)

4/5/2023 (1)

Date
10/22/2021
10/28/2021
11/4/2021
11/16/2021
1/24/2022
2/7/2022
4/12/2022
4/18/2022
7/12/2022
10/21/2022
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Table 2
Summary of Dye Analytical Results

B&L Woodwaste Landfill Site

Carbon Sample Water Sample Carbon Sample Water Sample
ppb ppb ppb ppb

D-7A
All Dates All results ND

SW-11
4/11/2022 17.8 770 0.17 U 0.015 U
4/18/2022 105 614 0.17 U 0.015 U
7/12/2022 536 3.55 0.17 U 0.015 U
10/21/2022 105 5.34 0.17 U 0.015 U
1/25/2023 483 0.739 0.17 U 0.015 U
4/5/2023 30.7 1.13 0.17 U 0.015 U

SW-12
4/11/2022 2.43 3.38 0.17 U 0.015 U
4/18/2022 294 7.22 0.17 U 0.015 U
7/12/2022 102 3.85 9.03 3.47
10/21/2022 64.5 3.42 11.4 0.015 U
1/25/2023 28.8 1.9 3.02 5.17
4/5/2023 13.2 1.16 16.9 3.83

PD-214
7/12/2022 873 0.598 0.17 U 0.015 U
10/21/2022 1,400 0.781 0.17 U 0.015 U
1/25/2023 1,200 25.5 0.17 U 0.015 U
4/5/2023 1,520 14.3 0.17 U 0.015 U

PZ-4A
10/21/2022 0.577 0.002 U 0.17 U 0.015 U

D-8A
1/25/2023 531 19.4 0.17 U 0.015 U
4/5/2023 765 59.7 0.17 U 0.015 U

D-8B
4/5/2023 109 38.4 0.17 U 0.015 U

MW-33
All Dates All results ND

MW-34
All Dates All results ND

MW-40B
All Dates All results ND

MW-41
All Dates All results ND

MW-42
All Dates All results ND

Rhodamine WTFluoresceinLocation and 
Date of 
Sample
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Table 2
Summary of Dye Analytical Results

B&L Woodwaste Landfill Site

Carbon Sample Water Sample Carbon Sample Water Sample
ppb ppb ppb ppb

Rhodamine WTFluoresceinLocation and 
Date of 
Sample
PZ-3A

All Dates All results ND
PZ-3B

All Dates All results ND
PZ-4B

All Dates All results ND
R-8

All Dates All results ND
R-9

All Dates All results ND
Notes:

BOLD Detected result.
Abbreivations:

ND Nondetect
ppb Parts per billion

Qualifier:
U Analyte was not detected at the given reporting limit.

All results rounded to three significant figures, except nondetect results, which are rounded to two 
significant figures.
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