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MEMORANDUM

TO: Doug Roncarati, City of Portland
FROM: Zach Henderson and Dave Dinsmore
DATE: December 2, 2011
RE: Capisic Pond Sediment Sampling

Introduction

Capisic Pond (hereafter referred to as Pond) is Portland’s largest freshwater body and formed by a
manmade impoundment, the Capisic Pond Dam, on the Capisic Brook. The current Capisic Pond dam was
built by the City of Portland during the mid-1950s as part of the West Side Interceptor Sewer project, and as
part of the overflow structure of the combined sewer system. This structure was a reconstruction of and is
located below the placement of the original privately owned dam, the construction period of which is
unknown, but knowledge of the pond reaches as far back as the mid- to late-1800s or further. Capisic Pond
has been a central part of Portland’s history for many years. The original falls, near the current dam
location, powered a sawmill and a gristmill established in the late 1600’s and was central to the economy in
early Portland (then called Falmouth). Capisic Brook, which feeds the pond, is a small stream approximately
2.5 miles in length. The Capisic Brook watershed is approximately 1,500 acres and is highly developed with
a mix of residential and commercial development. The Pond receives runoff from undeveloped land,
developed areas and roads and combined sewer overflows during certain rain events.

The City of Portland is currently implementing combined sewer overflow abatement activities with the goal of
eliminating combined sewer discharges into the Capisic Brook within the next several years. Additionally,
the City has drafted a watershed management plan to address urban area stormwater runoff impacts to both
the Capisic Brook and Capisic Pond. These environmental remediation efforts in the watershed now allow
the City to consider a long-term management and enhancement plan for the Pond.

Over the last three decades, the City of Portland and other entities have undertaken a number of studies
and plans relevant to Capisic Pond and the adjacent park area. With the increasing public awareness and
appreciation for urban natural spaces, the 18-acre Capisic Pond Park has gained increasing importance
both for its walking trails and as an environment in which to experience wildlife in an otherwise urban
setting. The City and project partners are now contemplating restoration and management activities
consistent with previous plans, which may include removal of pond sediments under various restoration
scenarios.

In order to inform the potential costs and benefits of various pond management alternatives,
characterization of existing pond sediment is necessary. This memorandum is consistent with our proposal
dated April 13, 2011 and includes a description of sediment sampling and analytical methods, the chemical
parameters of sampled sediment, results and conclusions.

In addition, the following results were compared to previous pond sediment analysis conducted in 1996 by
the Friends of Casco Bay. At that time, Normandeau Associates collected composite sediment samples at
four locations (on April 25, 1996); samples were analyzed for percent solids, metals, polycyclic aromatic
hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs). There was no graphic available to enable
Woodard & Curran to determine the locations from which those samples were collected.
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Methods

On September 14, 2011 sediment samples were collected from four locations along the margin of the pond.
The dam had been opened for four days prior to sample collection so water levels were lowered and areas
of shoreline were exposed.

Sediment samples were collected from four locations, as depicted on the attached Figure 1. As indicated in
the Figure, the locations cover the entire length of the pond and were selected to evaluate the distribution
and variability of the chemical and physical characteristics described above. SD-01 is the furthest south of
all samples locations, located on the western shore of the pond just south of Capisic Street and just north of
a section of the shoreline where riprap has been recently installed. At the time of sample collection there
was minimal water remaining in this part of the pond. SD-02 is situated on the eastern shoreline of the pond
approximately 300 feet north of the Capisic Street crossing. SD-03 is also located on the eastern shoreline
approximately 200 feet northwest of SD-02. The final sample location, SD-04, is just downstream from the
Rockland Avenue stormwater discharge point at the northern end of the pond. Only one location, SD-4, was
submerged during sample collection.

At each of the four locations, a 48” long by 1.5” diameter macro acetate liner tube was pushed into the
sediments to maximum penetration to obtain a core sample. The liner is equipped with a core catcher on
one end to retain the sediments and to prevent them from falling out of the liner upon retrieval. In order to
collect representative samples and sufficient volume of material for analysis, several cores were obtained at
each location. The sediment material in the liners was extracted from the liners into a glass mixing bowl. A
stainless steel spoon was used to homogenize the material once all of the cores were placed into the bowl
to create a composite sample. Once the material was homogenized into a composite it was transferred into
labeled sample containers and put on ice in a cooler. The samples were submitted to an environmental
laboratory for chemical analysis.

Sediment samples were analyzed at Katahdin Analytical Laboratories for chemical parameters including
metals, dioxins, pesticides, PCBs, PAHs, extractable petroleum hydrocarbons (EPH), and phosphorous.
Grain size analyses were conducted to determine physical characteristics of the sediments.

All of the sediment samples were analyzed for parameters in accordance with “Test Methods for Evaluating
Solid Wastes: Physical/Chemical Methods, SW-846, 2nd Edition, 1982” and compared against Maine
Department of Environmental Protection (MaineDEP) limits defined for beneficial reuse and described in
MaineDEP Chapter 418, Section A. The concentrations from analyses of the four samples collected during
this project were compared against these specifications to evaluate the option of potential reuse of the
sediment material.

The chemical and physical analytical methods that were used to characterize the sediment samples are
summarized in Table 1 below.
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Table 1: Sediment Sample Analytical Summary

Parameter Analytical Method
Pesticides USEPA 8081

PCBs (polychlorinated biphenyls) USEPA 8082
EPH (extractable petroleum hydrocarbons) MA DEP EPH 04-1.1

PAHs (polycyclic aromatic hydrocarbons) USEPA 8270C – SIMs
Metals (As, Cd, Cr, Pb, Hg) USEPA 3050/6010, 7471 (Hg)

Hexavalent chromium USEPA 3060
Total Phosphorous USEPA 365.4

Dioxins USEPA Method 1631
Grain Size Analysis ASTM D422

Sample Results

The depth of penetration for each core and a visual physical characterization of the material were recorded
and are summarized in Table 2 below.

Table 2: Core Penetration Depths and Visual Sediment Characterization Summary

Sample
Location

Number of Cores Depth of Penetration to Refusal
(feet below pond bottom surface)

Physical Characteristics

SD-01 5 1.1 to 1.4
Poorly sorted medium to fine
sands evenly distributed in

greenish-gray clay.

SD-02 6 0.7 to 1.65

Stiff olive gray clay overlain
by a loose unconsolidated
layer of varying thickness
(approximately 0.13 to 0.5
feet) of highly organic silt.

SD-03 9 0.5 to 0.8
Layer of organic silt (0.5) feet

overlying clay.

SD-04 5 1.4 to 1.96

Hard dark brown clay
containing small amounts of
peat dispersed throughout

and overlain by a thin layer of
peat

Laboratory analyses of the sediment samples collected from Capisic Pond are summarized by chemical
parameter in the following subsections. The raw data as received by the laboratory is included in Appendix
A. The MaineDEP reduced procedure beneficial reuse standards are included in the following tables for
comparison against the reported concentrations. For the EPH analysis, there is no current guidance from
Chapter 418, so the total concentration was compared to the total petroleum hydrocarbon (TPH) standard in
the Guidance on Disposal & Use of Assorted Solid Wastes Generated in Maine (rev. 4/16/2008). Sediment
sample concentrations were also compared with results reported from the 1996 study conducted by
Normandeau (where appropriate).
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PAHs

For PAHs, results were obtained using two different methods; the selective ion monitoring (SIMs) Method
8270 and the EPH analysis. Although lower detection limits are reported with the USEPA 8270 SIMs
analysis, concentrations obtained using both methods were compared against MaineDEP reuse limits and
are summarized in Table 3.

As indicated in Table 3, the concentrations of all PAHs for both methods are below the beneficial reuse
limits, when they are available. All PAH concentrations from the USEPA 8270 SIMs method are within the
historical range of concentrations reported for the Normandeau 1996 study. For the EPH method, PAHs
were not detected and are below the historical concentrations for samples collected at SD-02, SD-03, and
SD-04. The highest concentrations of PAHs using both methods were detected in the sample collected
from SD-01. Since the sample locations from the 1996 Normandeau study are unknown, the results cannot
be compared directly with the locations selected for this study. Therefore, a range of historical
concentrations are included in Table 3 for comparison.

Table 3: Summary of Analytical Results – PAHs

2011 Sediment Sample Concentrations – mg/kgPAHs – USEPA 8270
and EPH Methods SD-01 SD-02 SD-03 SD-04
Compound

1996
Study

Historical
Range-
mg/kg

DEP
Reuse
mg/kg 8270 EPH 8270 EPH 8270 EPH 8270 EPH

Naphthalene - - 0.20 0.37 <0.028 <0.27 <0.035 <0.33 <0.029 <0.25
2-methylnaphthalene - - 0.46 0.76 <0.028 <0.27 <0.035 <0.33 <0.029 <0.25
Acenaphthylene - - <0.025 0.26 <0.028 <0.27 <0.035 <0.33 <0.029 <0.25
Acenaphthene - - 0.27 0.51 <0.028 <0.27 <0.035 <0.33 <0.029 <0.25
Fluorene - - 0.44 0.67 <0.028 <0.27 <0.035 <0.33 <0.029 <0.25
Phenanthrene - - 1.5 2.6 0.088 <0.27 0.15 <0.33 0.037 <0.25
Anthracene - - 0.28 0.52 <0.028 <0.27 <0.035 <0.33 <0.029 <0.25
Fluoranthene - - 0.76 1.7 0.21 <0.27 0.31 <0.33 0.075 <0.25
Pyrene - - 1.1 2.5 0.18 <0.27 0.28 <0.33 0.064 <0.25
Benzo(a)anthracene - 2.0 0.36 0.62 0.092 <0.27 0.15 <0.33 0.034 <0.25
Chrysene - 1.6 0.37 0.74 0.15 <0.27 0.24 <0.33 0.035 <0.25
Benzo(b)fluoranthene - 5.0 0.34 0.48 0.24 <0.27 0.40 <0.33 0.062 <0.25
Benzo(k)fluoranthene - 49 0.14 0.49 0.083 <0.27 0.14 <0.33 <0.029 <0.25
Benzo(a)pyrene - 8.0 0.27 0.43 0.13 <0.27 0.20 <0.33 0.044 <0.25
Indeno(1,2,3-cd)pyrene - 14 0.18 0.33 0.14 <0.27 0.20 <0.33 0.039 <0.25
Dibenzo(a,h)anthracene - 2.0 0.041 <0.22 <0.028 <0.27 0.047 <0.33 <0.029 <0.25
Benzo(g,h,i)perylene - - 0.11 0.31 0.084 <0.27 0.13 <0.33 <0.029 <0.25

Total all PAHs 1.68 to
24.3

6.821 13.29 1.397 ND 2.247 ND 0.039 ND

ND = not detected
- = Not available
All concentrations in Table 3 are dry weight
Totals do not include non-detection values.
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EPH

Although PAHs are considered to be target compounds, the primary constituents from the EPH analyses are
petroleum hydrocarbons which are extracted from the sediment matrix using methylene chloride and
hexane. As the name implies, the chemicals detected in this analysis are related to compounds found in
petroleum products such as motor oil. The results are reported as different fractions based on the chemical
structure and number of carbons contained in the extracted compounds. A summary of the petroleum
hydrocarbon results are contained below in Table 4. Samples collected from the 1996 study were not
analyzed for EPH, therefore there is no historical data against which to compare these results.

Table 4: Summary of Petroleum Hydrocarbon Results

Sediment Sample Locations –
mg/kg

Petroleum Hydrocarbon Fraction DEP Standard – mg/kg
SD-
01

SD-02 SD-03 SD-04

Unadjusted C11-C22 Aromatics 160 <27 41 <25
C9-C18 Aliphatics <22 <27 <33 <25
C19-C36 55 58 100 <25
C11-C22 Aromatics 150 <27 40 <25

Total TPH 500 (see description below) 365 58 181 ND

ND = not detected
- = Not available
All concentrations in Table 4 are dry weight
Totals do not include non-detection values.

As indicated from Table 4, petroleum hydrocarbons were not detected in the sample collected at SD-04.
Concentrations were compared to the standard for TPH found in the Guidance on Disposal & Use of
Assorted Solid Wastes Generated in Maine. This document, produced by the MaineDEP provides
additional guidance on the disposal and characterization of solid wastes such as grit retrieved from storm
sewers and car wash facilities. This document contains a maximum limit of 500 mg/kg TPH for disposal of
these kinds of waste. For the sediment sample locations where TPH was detected, all total concentrations
are below this limit.

PCBs

PCB analysis was performed to identify any of seven target Arochlors including Arochlor-1016, 1221, 1232,
1242, 1248, 1254, and 1260. None of these compounds were detected above detection limits in any of the
four sediment samples and are therefore below DEP beneficial reuse standards. However, each of the five
samples collected in the 1996 study had detections of PCBs, ranging from 0.046 to 0.29 mg/kg. The low
end of the range of detections is only slightly above the detection limit of 0.031 mg/kg. The concentrations
of PCBs detected in all samples from the 1996 study are below the current beneficial reuse limit of 0.74
mg/kg.

Pesticides

The pesticide analysis includes 21 target compounds that were used for pest control and their associated
degradation products. Only two pesticides were detected and the results are summarized in Table 5 below.
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None of these compounds were detected in the sediment sample collected at SD-04. 4,4’-DDD and 4,4’-
DDE were detected in each of the other three samples at generally trace concentrations. SD-03 had the
highest concentrations of these compounds. 4,4’-DDE and 4,4’-DDD are degradation products of the
pesticide 4,4’-DDT. DDT was widely used in the 1950s and 1960s to control mosquitoes. As indicated in
Table 5, the total concentrations of pesticides are below the DEP’s reuse standard of 0.74 mg/kg.

Table 5: Summary of Pesticide Detections

Sediment Sample Locations – mg/kg
Pesticide DEP Standard – mg/kg

SD-01 SD-02 SD-03 SD-04

4,4’-DDE - 0.0076 0.0079 0.056 <0.0025
4,4’-DDD - 0.019 0.0089 0.044 <0.0025

Total 0.74 0.0266 0.0168 0.1 ND

ND = not detected
- = Not available
All concentrations in Table 5 are dry weight
Totals do not include non-detection values.

Metals

Sediment samples from each of the four locations were also analyzed for the metals arsenic, cadmium,
chromium, lead and mercury. In addition, all samples were analyzed for hexavalent chromium, a
particularly toxic form of this heavy metal. The results for each of the locations are summarized in Table 6
below.

Table 6: Summary of Metals Results

ND = not detected
- = Not available
All concentrations in Table 6 are dry weight
Totals do not include non-detection values.

As indicated by the summarized results in Table 6, the concentrations of all elements are below the
corresponding MaineDEP reuse standards. Cadmium was not detected in any of the four sediment

Metals –
Methods 6010,
7471, 3060

Sediment Concentrations – mg/kg

Element

1996 Study Historical
Range-mg/kg

DEP Reuse
Standard mg/kg

SD-01 SD-02 SD-03 SD-04

Arsenic 8.45 – 16.2 29 6.6 8.5 8.4 5.8
Cadmium Not detected 8.0 <1.0 <2.33 <1.75 <1.0
Chromium 43.6-72.9 100 33.5 60.4 37 40.7
Lead 66.6-162 800 19.7 18 51.9 26.1
Mercury ND to 0.59 60 <0.048 <0.054 0.072 <0.052
Hexavalent
Chromium

Not analyzed 38 <0.66 <0.66 <0.94 <0.72
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samples. Lead concentrations were below the historical concentrations detected in 1996 for all samples.
Chromium concentrations ranged from 33.5 to 60.4 mg/kg. This is similar to the range of historical
concentrations from the 1996 Normandeau study. Hexavalent chromium was not detected in any of the
samples.

Phosphorus

Phosphorus is an essential nutrient for plant and animal growth in aquatic systems, however, elevated
levels within pond sediments can cycle when conditions are conducive and can contribute to algae blooms.
Each of the four sediment samples was analyzed for phosphorus using USEPA Method 365.1. Each of the
four samples had concentrations below what is considered typical for the sediments within natural lakes and
ponds (approximately 1000-2000 mg/kg). Lower concentrations indicated in these results may be explained
by the integration of samples across a few feet of sediments which include both deeper “parent” sediment
as well as the surficial sediments/silt that are likely to be higher in nutrients. Total phosphorus
concentrations are summarized in Table 7 below.

Table 7: Total Phosphorus Results

Sample Location Total Phosphorus – mg/kg

SD-01 530
SD-02 580
SD-03 720
SD-04 600

While concentrations of phosphorus are not regulated under beneficial reuse requirements it is important to
understand the concentration of phosphorus in sediments for long-term lake management. The sampling for
Total Phosphorus was included in this evaluation for use in future studies of nutrient dynamics within the
Capisic Pond.

Dioxins

The four sediment samples were also analyzed for dioxins using USEPA Method 1631. Dioxin is a generic
term that is applied to many individual dioxin or dioxin-like compounds that are persistent in the
environment. Dioxins are produced by natural and man-made combustion processes as well as some
industrial processes. Some of these compounds are considered to be non-toxic while others are considered
to be toxic. The dioxin and dioxin-like compounds are currently evaluated by toxic equivalency (TEQ). The
TEQ approach uses a toxic equivalency factor (TEF) to weight the individual dioxin congeners and the
dioxin-like compounds. With the TEFs, the toxicity of a mixture of dioxins and dioxin-like compounds can be
expressed in a single number - the toxic equivalent, TEQ. It is a single figure resulting from the product of
the concentration and individual TEF values of each congener. The TEQ concept has been developed to
facilitate risk assessment and regulatory control. The TEF uses 2,3,7,8-tetrachlorodibenxo-p-dioxin (TCDD)
as the comparison and the other congeners and dioxin-like compounds are some fractional part of the
TCDD toxicity. The individual weighted values are summed to generate a TEQ value for each sample. The
beneficial reuse TEQ limit for dioxin and dioxin-like compounds is 16 pg/g. The TEQ determined from the
analysis of each of the sediment samples was compared against this limit. A summary of the TEQ values
are presented in Table 8 below.
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Table 8: Summary of TEQ from Dioxin Analyses

Sediment Sample Location
SD-01 SD-02 SD-03 SD-04

TEQ (pg/g) 2.50 1.57 2.59 1.37
The TEQs reported use the detection limit for non-detects and are the estimated maximum possible
concentrations.

As indicated from Table 8 above, all of the sediment samples had TEQ values that were below the DEP’s
beneficial use standard of 16 pg/g. TCDD was not detected in any of the four samples.

Physical Characteristics

Sediment samples were analyzed for grain size. For this analysis, the sample is passed through sieves of
various mesh sizes to characterize the physical composition of the sediment material. Visual observations
from field personnel during sample collection were also noted and recorded. The visual observations are
summarized previously in Table 1. In general the sediment material was characterized as clay overlain by a
layer of highly organic silts of varying thickness with small amounts of fine and medium sand. The results
from the sieve analysis results are summarized in Table 9 below.

Table 9: Summary of Physical Characteristics

Sediment Sample Location - % Composition
Sediment SD-01 SD-02 SD-03 SD-04

Gravel 0.4 % 0.0% 4.4% 0.0%
Total Sand 23.2 % 11.6% 14.7% 1.8%
Coarse Sand 1.2% 0.3% 0.7% 0.0%
Medium Sand 5.6% 2.5% 4.5% 0.1%
Fine Sand 16.4% 8.8% 9.5% 1.7%
Silt 36.6% 41.3% 44.9% 46.3%
Clay 39.8% 47.1% 36.0% 51.4%

As indicated from Table 9, the highest percentage of sand was found in the sample collected at SD-01. The
sample location with the highest percentage of clay and silt was SD-04. The physical composition of the
sediments will be taken into consideration when options are assessed for reuse of dredged material.

Conclusions

Sediment samples collected during the September 14, 2011 Capisic Pond study was analyzed for physical
and chemical parameters in order to inform the potential reuse of this material under several future
restoration scenarios. Sediments were also physically characterized for grain size to further define what
purposes would be appropriate for the pond sediment material removed during restoration activities.

The concentrations from the chemical analyses were compared against MaineDEP reduced procedure
beneficial reuse standards where available. The concentrations of all parameters at all sampled locations
were below these standards. Concentrations of several chemical parameters were also compared against
historical data from a 1996 study and while most concentrations were within the range of those from the
1996 study, a few parameters appeared to be higher in 1996 than in the sediment analysis conducted in
2011.
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Although all samples had concentrations of all chemical parameters below MaineDEP reuse standards,
other risk factors based on the removal methods or ultimate location selected for reuse of the sediment
material will have to be considered and additional sampling and analysis may be required.
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