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Summary

The estimated drainage area of the Metals Yard at the Bremerton Puget Sound Naval Shipyard (PSNS) is
2.5 acres. The Metals Yard is used for laydown, supply and storage for large metal plating, steel and
concrete pier blocks used for ship support in the dry docks. The stormwater was sampled at the inlet
and outlet side of a 10 ft Vortech hydrodynamic separator. Five events were monitored at the site;
available data for four of the rains indicated total rain depths of 0.14 to 3.97 inches, typical for the area.

Most of the inlet heavy metals (manganese, nickel, copper, zinc, and arsenic) were mostly associated
with the filtered sample fraction, while chromium was mostly associated with the particulates and lead
was about evenly divided between the particulate and filtered sample portions. After the hydrodynamic
separator, there was a shift to greater abundance with the particulates for manganese, with smaller
changes for the other metals. The calculated percentage concentration reductions were only based on
four sets of paired samples, which is insufficient to calculate the statistical significance of the observed
concentration changes. The apparent TSS reduction was about 44%. Other positive reductions ranged
from about 40% (Cd) to 63% (Ni), while Mn, Cu, Zn, and As all indicated increases in concentrations. The
associations with the different particle size categories did not show any consistent patterns. Most of the
TSS mass was associated with particles between about 5 and 64 um, with median sizes of about 15 um
for both influent and effluent samples.



Many influent PAHs were mostly in filtered forms, with 2-methylnaphthalene, 1-methylnaphthalene,
2.6-dimethylnaphthalene, 1.3-dimethylnaphthalene, and fluorene having more than 70% of their
concentrations associated with filtered forms of the samples. Only acenaphthene, phenanthrene, and 2-
ethylanthracene had more than 70% of their concentrations associated with filtered samples for effluent
samples (these were not shown to be predominately filtered in the inlet samples). In contrast, only inlet
samples for 2-ethylanthracene, benzo(a)anthracene, chrysene, and benzo(b)fluoranthene had >70% of
their concentrations associated with particulate fractions of the samples, while no effluent PAHs had
large particulate fractions. Most of the PAHs had apparent low to moderate concentration reductions
associated with treatment by the hydrodynamic separator, although the few (4) sample pair sets were
not sufficient to show if these were statistically significant reductions.

The particulate strengths for all of the PAHs were highest for the smallest particle size range (0.7 to 2.7
pum), with the exception of naphthalene that also had a high particulate strength value for an
intermediate particle size range. Most (>70%) of outlet acenaphthene, fluorene, and
benzo(a)anthracene would be widely dispersed upon discharge, while none of the outlet PAHs would be
associated with near-field sedimentation.

There is total and filtered PFAS data reported for some locations and events. Analyses weren’t done by
particle size and most of the PFAS congeners were ND. Therefore, analyses of PFAS data were not
performed due few detections and no particle size data.

These recent SERDP copper monitored average values were within the range as the prior NPDES non-dry
dock study reported data for the closest location to the Metals Yard. The filtered lead recent average
values were greater than the prior data, while the total lead average values were lower than the prior
data. The recent monitored average zinc values were greater than the maximum values reported
previously for both filtered and total zinc forms. The non-dry dock sampling study did not report TSS
data for the monitoring location closest to the Metals Yard. However, they summarized the TSS data for
67 samples taken from the many locations at the site. The reported TSS overall concentrations had a
mean of 19.5 mg/L (range of 2.7 to 60.3, and a COV of 0.6) and a median of 17.5 mg/L. The SERDP
average TSS for the inlet samples was 10.3 mg/L, and the outlet TSS average concentration was 5.7
mg/L. While the SERDP average TSS values are lower than the overall site average TSS values, they are
within the reported range of concentrations previously observed.

Preliminary WinSLAMM modeling used the previously calibrated Bremerton parameter files, using three
special industrial source areas (galvanized metal roofs, moderate asphalt laydown areas, and areas
having large amounts of galvanized material exposure). The SERDP monitored TSS values are quite low
and less than the range of predicted values, for both influent and effluent conditions, although effluent
TSS concentrations are close to the minimum modeled value. The SERDP monitored total and filtered
copper and zinc values are within the range of the modeled concentrations.



Monitored Site Description

The following information is summarized from material provided by the Texas Tech research group
describing the site and the monitoring activity at the Puget Sound Naval Shipyard Metal Yards site. The
estimated drainage area is 2.5 acres based on the drainage system diagram shown below. The area is
used for laydown, supply and storage for large metal plating, steel and concrete pier blocks used for ship
support in the dry docks. The site is adjacent to Harborside Fountain Park on one side and the
Bremerton Puget Sound Naval Shipyard on the other side. The site contains temporary material storage
covering about 1/3 of the paved site. Much of the material stored appears to be galvanized (roofs of
storage bins).

The stormwater was sampled at the inlet and outlet side of a hydrodynamic separator. The outlet of the
ten-foot diameter Vortech system drains to a separate discharge to the bay. A total of five events were
sampled for flow and TSS, heavy metals, and PAHs. Few data were available for PFAS compounds. For
some events, only inlet or outlet samples were obtained due to sampler trigger problems. Maintenance
cleaning of the hydrodynamic separator swirl chamber was performed after the second storm event and
before the third storm event. Prior to the maintenance, the inlet sampler tube was located inside the
swirl chamber due to lack of proper access to the inlet pipe. During maintenance, the inlet sampler tube
was re-located to the inlet pipe entering the swirl chamber. Approximate locations of the inlet and
outlet samplers are provided in the figure below the drainage map.



Measure distance

Total area: 110,458.59 fi? (10,261.94 m?)
Total distance: 1,731.89 ft (527.88 m)

Drainage area of Metals Yard.
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Monitored Events
Five events were monitored at the Metals Yards site. The first four events had the following rain depths,
start and end dates, and average intensities (no rainfall data available for the fifth event):



Total rain (in)

start date and

End date and

Rain duration

Average intensity

time time (hrs) (in/hr)
3.97 2/27/2022 1:15 3/1/2022 7:35 54.3 0.073
0.14 4/9/2022 15:25 4/11/2022 6:35 | 39.2 0.0036
0.33 4/29/2022 22:20 | 4/30/20225:30 | 7.2 0.046
0.58 5/5/2022 1:45 5/7/2022 4:20 50.6 0.011

The following plot shows the rainfall pattern for the four plus years from 2009 through 2013. These are
the rain events used in the preliminary WinSLAMM modeling described later in this memo.
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The average annual rainfall during this period was about 56 inches, with most of the rain occurring
during October through March. During this period, five rains were also greater than 5 inches, about 15
were between 2 and 5 inches, while most rains were less than 1 inch in depth. The four monitored
events are will within the overall range of these reported rains occurring at the site.

SERDP TSS, Heavy Metals, and PAH Monitoring Results at Bremerton Metals Yard
Appendix A contains summarized results for the heavy metals, and Appendix B contains summarized
results for the PAH data for the Metals Yard site. No data are available for PFAS compounds at this
location.

Most of the inlet heavy metals (manganese, nickel, copper, zinc, and arsenic) were mostly associated
with the filtered sample fraction, while chromium was mostly associated with the particulates and lead
was about evenly divided between the particulate and filtered sample portions. After the hydrodynamic
separator treatment, there was a shift to greater abundance with the particulates for manganese, with
smaller changes for the other metals. The calculated percentage concentration reductions are only
based on four sets of paired samples, which is insufficient to calculate the statistical significance of the
observed concentration changes. The apparent TSS reduction was about 44%. Other positive reductions
ranged from about 40% (Cd) to 63% (Ni), while Mn, Cu, Zn, and As, all indicated increases in
concentrations after the hydrodynamic separator.

The associations with the different particle size categories did not show any consistent patterns. Most of
the TSS mass was associated with particles between about 5 and 64 um, with median sizes of about 15
um for both influent and effluent samples. Some of the metals had most of their masses associated with
particles >63 um (inlet chromium, outlet manganese, and outlet zinc), while the others were mostly



associated with the intermediate particle sizes. Most of the effluent nickel, copper, and arsenic would
be widely dispersed upon discharge, while the effluent manganese and zinc are expected to affect near
field areas. Heavy metal particulate strengths were greatest for the largest particle size (>63 um) for
chromium, manganese, and lead, while nickel, zinc, arsenic, and cadmium had the largest particulate
strengths associated with the smallest particle size range (0.45 to 5 um).

PAH data are summarized in Appendix B for the PAHs that had few non-detected values. Many influent
PAHs were mostly in filtered forms, with 2-methylnaphthalene, 1-methylnaphthalene, 2.6-
dimethylnaphthalene, 1.3-dimethylnaphthalene, and fluorene having more than 70% of their
concentrations associated with filtered forms of the samples. Only acenaphthene, phenanthrene, and 2-
ethylanthracene had more than 70% of their concentrations associated with filtered samples for effluent
samples (these were not shown to be predominately filtered in the inlet samples). In contrast, only inlet
samples for 2-ethylanthracene, benzo(a)anthracene, chrysene, and benzo(b)fluoranthene had >70% of
their concentrations associated with particulate fractions of the samples, and no effluent PAHs had large
particulate fractions.

Inlet fluorene, inlet and outlet phenanthrene, inlet and outlet 2-methylphenathrene, outlet 2-
ethylanthracene, inlet and outlet fluoranthene, inlet pyrene, inlet benzo(a)anthracene, inlet chrysene,
inlet benzo(b)fluoranthene, and total inlet PAHs had most of their particulate bound concentrations
associated with particles greater than 63 um. Many of the other particulate bound PAHs were mostly
associated with particles smaller than 10 um. Most (>70%) of outlet acenaphthene, fluorene, and
benzo(a)anthracene would be widely dispersed upon discharge, while none of the outlet PAHs would be
associated with near-field sedimentation. In contrast, 2-methylphenanthrene, 2-ethylanthracenepyrene,
benzo(a)anthracene, chrysene, and benzo(b)fluoranthene untreated inlet samples would be associated
with near-field deposition.

Most of the PAHs had apparent low to moderate concentration reductions associated with treatment by
the hydrodynamic separator, although the few (4) sample pair data sets were not sufficient to show if
these were statistically significant reductions.

The particulate strengths for all of the PAHs were highest for the smallest particle size (0.7 to 2.7 um),
with the exception of naphthalene with also had a high particulate strength value for an intermediate
particle size.

Metals Yard SERDP Stormwater Monitoring Data Compared to Historical Bremerton
Stormwater Data

During the prior NPDES non-dry dock study, the PSNS collected 115 samples between April 29, 1994,
and March 19, 2005, including 9 to 10 samples at a location adjacent to the metals yard during 1994 to
1996. The following figure shows the sampling locations, and the table compares the NPDES sampling
results with the recent SERDP monitoring results for copper, lead, and zinc for the close location.
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Figure 2-1. Sampling Locations for Non-Dry Dock Stormwater Qutfall Study

CIA PSN S126 is the closest historical monitoring location (described as: CIA 126 East CIA, Southwest
B460 along “C” Street, east of DD3, Materials storage (outdoor), 15.22 acres drainage area). The
following table summarizes the copper, lead, and zinc total and filtered concentrations at this location,
compared to the average SERDP monitored values at the Metals Yard.

pg/L Cu filtered | Cu total Pb filtered | Pb total Zn filtered | Zn total
mean 12.8 18.7 0.314 4.32 52 73
Min 3.35 7.64 0.159 2.60 34.7 49
Max 29.3 42.8 0.546 7.89 62 108
cov 0.72 0.64 0.36 0.38 0.18 0.25
count 10 10 10 10 10 10
SERDP monitored | 10.6 16.8 0.58 1.09 202 254
average inlet

Metals Yard

SERDP monitored | 10.4 19.8 0.76 0.99 243 360
average outlet

Metals Yard




The recent SERDP copper monitored average values were within the range as the prior reported data for
the close location. The filtered lead recent average values were greater than the prior data, while the
total lead average values were lower than the prior data. The recent monitored average zinc values
were greater than the maximum values reported previously for both filtered and total forms of zinc.

The non-dry dock sampling study report did not show TSS data for the monitoring location closest to the
Metals Yard. However, they summarized the TSS data for 67 samples taken from the many locations at
the PSNS Bremerton area. The reported TSS overall concentrations had a mean of 19.5 mg/L (range of
2.7t0 60.3, and a COV of 0.6) and a median of 17.5 mg/L. The SERDP average TSS for the inlet samples
was 10.3 mg/L, and the outlet TSS average concentration was 5.7 mg/L. While the SERDP average TSS
values are lower than the overall site average TSS values, they are within the reported range of
concentrations previously observed.

Preliminary WinSLAMM Modeling

The preliminary WinSLAMM modeling used the previously calibrated Bremerton parameter files, using
three special industrial source areas (galvanized metal roofs, moderate asphalt laydown areas, and areas
having large amounts of galvanized material exposure). The following special source areas were used to
describe these areas:

WinSLAMM other impervious areas

84 Other Imp Area 1 OIA1 - Airfield apron/runway paved areas

85 Other Imp Area 2 OIA2 - Airfield other paved areas

86 Other Imp Area 3 OIA3 - Light laydown concrete areas

87 Other Imp Area 4 OIA4 - Moderate laydown concrete areas

88 Other Imp Area 5 OIAS - Heavy laydown concrete areas

89 Other Imp Area 6 OIAG6 - Light laydown asphalt areas

90 Other Imp Area 7 OIA7 - Moderate laydown asphalt areas 1.70 acres
91 Other Imp Area 8 OIA8 - Heavy laydown asphalt areas

92 Other Imp Area 9 OIA9 - Galvanized metal roofs 0.40 acres
93 Other Imp Area 10 OIA10 - Other galvanized materials 0.43 acres
94 Other Imp Area 11

95 Other Imp Area 12

96 Other Imp Area 13

97 Other Imp Area 14

98 Other Imp Area 15

WinSLAMM other non-paved areas

99 Other Non-Paved Areal | ONPAL1 - Light laydown unpaved

100 Other Non-Paved Area2 | ONPA2 - Moderate laydown unpaved
101 Other Non-Paved Area3 | ONPA3 - Heavy laydown unpaved
102 Other Non-Paved Area 4

103 Other Non-Paved Area 5




The following screen shows the layout of the modeled area, along with the Vortech hydrodynamic
separator.

‘ WinSLAMM v 10.5 Data File: [C\WinSLAMM Files\SERDP 202 1\Bremerton\MetalsYard.mdb] - [Land Use Model] — m| X
5 File CurrentFileData Pollutants Tools Run Utilities Help -] %

e 6 o | | s [c) o ) e ][] 7 | 5o [e] O &[4 |m| %l

Source First |Second +
Sorce | SourceArea ) | Area | Contral Control
Jarameters Practice Practice
Other Areas 2,530,
90 _[Other Impervious Areas 7 1.700| Entered | — =i - =
92 _|Other Impervious Areas 9 0.400| Entered | — = - =
93 _|Other Impervious Areas 10 Entered | - v =

DS Hydrodynamic Device # 1

Junction 2

Current File Data Entered | Total Area = 2.530 acres | No Upstream Source Areas | LU# = 1 | Index Number = 1 | Remaining Icons = 253 |Start Date: 01/01/09 |End Date: 04/29/ 4

The following screen shows the parameter files used in the Metals Yard modeling analyses, including the
previously calibrated files.
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Current File Data

SLAMM Data File Name:

CiwwinSLAMM Files\SERDP 20214Bremerton\Metalsyard mdb

Edit | Pollutant Probability Distribution File:
Edit | Runoff Coefficient File:

Edit | Particulate Solids Concentration File:

ﬂ| Street Delivery File [Select LU)
¢ Residential LU Other Urban LU
" Institutional LU Freeways
" Commercial LU
" Industrial LU

Edit | Source Area PSD and Peak to
Average Flow Ratio File:

Use Cost
™ Estimation
Option

Select Cost Data File

Replace Default Values
with these Curent File Data
Walues

Use Default
Values

Site Descript.: A
v
Edit | Seed 2
Edit | Rain File: C:AWinSLAMM Files\R ain Files\wi4 Bremerton Mational AP 0913 .RAN
[CEdix3] Start Date: 01701709 | ‘Winter Season Range
Edit | End Date: 04/29/13

Start of Winter [mm/dd) | End of Winter [mm/dd) |

C:\WinSLAMM Files\Nawvy Northweest Nov 12 201 3.ppdx

C:WwinSLAMM Files\Morthiwiest April 05 207 4.revs

C:\WinSLAMM Files\Nawvy Northweest Mowv 10 2013 pscx

C:AWINSLAMM Files\Morthwest street Res and Other Urban. std

Chanae all Street Delivery Files to Match the Current File

C:AWwWinSLAMM Files\psd files\PSD source area SSC.cav

Replace all Source Area Particle Size
Distribution Files with theSource Area
PSD and Peak to Average Flow Ratio

Cancel | Continue
File Listed Above

The following screen shows the di

mensions of the Vortech hydrodynamic separator:
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jH Hydrodynamic Device

Drainage System Control Practice
Hudrod: ic Device Number 1

ny ¥

Model Hydrodynamic
Device with Lamella
Plates or Settling

Device Cleaning

For Device Cleaning, Select Either

v ~Device Cleaning Frequency

Contral Practice #° 1 CPIndex 8- 1

Hydrodynamic Control Device General Tubes Dates
Information - Enter for Both Single Device Device ? Monthly
Chamber and Proprietary Devices Cleaning | Cleaning Date Th'?e Times per Year
No. (mm/dd /) " Semi-Annually
1 o || P
Fraction of Diainage Area Served by 1.000 2 & Eveny Two Years
Device (0-1) 3 " Every Thiee Years
Number of Devices 1 4 " Every Four Years
5 " Every Five Years
" Never
. Chamb i = - s
3ingio Devics Choe s | i ] Or Use Proprietary
1 - Average Sump Depth below Device 5.00 a " Hydrodynamic Control
Oullet Irvert (1) — Device Information
Depth of Sediment in Device at Beginning 0.00
of Study Period [fi] Bglge\:s Ouerflow Manufacturer - Model
2 - Typical Outlet Pipe Diameter [ft] 2.00 e Wekir § m
Typical Outlet Pipe Manning's n 0.012 A | I _J
3 - Typical Outlet Pipe Slope [ft/ft) 0.0200, Desice Flow J ’
Typical Device Sump Surface Area (sf) 15000 __ 6. 2.00 3 00200 4 1000°
4 - Device Depth from Sump Bottom to —
Street Level (1] 100 ‘“‘-—ﬁ—F
Inflow Hydrograph Peak to Average Flow 38 Discharge Flow |
| |Ratio T 2 200
5 - Minimum Allowable Scour Depth 10
Below Outlet Irvert [ft)
7. 5.00*
6 - Diameter of Drifice that Controls Flow 200
to In-Line Sump (ft) -
7 - Inflow Orifice Invert Elevation [ft) 5.00! L
3 - Length [ft] of Overflow Stiucture 0.00 Copy Hydrodynamic Paste Hydrodynamic
Acting as a Sharp-Crested Weir Device Data Device Data
9 - Elevation of Overflow Stucture to
Bypass InLine Sump [ above sump 000 To Delete This Practice. Right Mouse
base] Click on Icon and Select Delete
Save or Delete Hydrodynamic Get Hydrodynamic Device B
Device D ata to Database File Data From Database File Cancel Continue

The model used the Bremerton rain file that includes 522 rains from 01/01/2009 to 04/29/2013, ranging

from 0.01 to 6.61 inches, with an average of 0.46 inches. The following table summarizes the model
calculated influent and effluent concentrations. In addition, the calculated weighted Rv was 0.79.

Modeled SERDP Modeled after SERDP
influent monitored hydrodynamic monitored
influent data | separator effluent data
TSS (mg/L) 105 (103 to 10 42 (16 to 60) 6
124)
Cu, total 55(11to203) |17 53 (9 to 200) 20
(ng/L)
Cu, filtered 52 (7 to 199) 11 52 (7 to 199) 11
(ng/L)
Zn, total 221 (46 to 254 166 (15 to 360
(ug/L) 1,620) 1,550)
Zn, filtered 129 (3 to 202 129 (3to 1,530) | 243
(ng/L) 1,530)

Note: the prior Bremerton calibration data did not contain lead data
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The SERDP monitored TSS values were quite low and less than the range of predicted values, for both
influent and effluent conditions, although effluent TSS concentrations were close to the minimum

modeled value. The SERDP monitored total and filtered copper and zinc values were within the range of
the modeled concentrations.
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Appendix A: TSS and Heavy Metals Stormwater Monitoring Results at Metals Yard Site

Heavy Metal Stormwater Concentrations at Metals Yard Site

inlet average TSS Chromium Manganese Nickel Copper Zinc Arsenic Cadmium Lead
(mg/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
total 3.96 152.3 11.8 16.8 253.7 3.13 0.17 1.09
particulate (>0.45 pm) | 10.3 2.89 14.1 2.1 6.2 52.2 0.55 0.05 0.51
filtered (<0.45 pm) 1.07 138.2 9.8 10.6 201.5 2.58 0.12 0.58
% filtered 27.1 90.7 82.6 63.0 79.4 82.4 70.3 53.2
% particulate 100.0 72.9 9.3 17.4 37.0 20.6 17.6 29.7 46.8
outlet average TSS Chromium Manganese Nickel Copper Zinc Arsenic Cadmium Lead
(mg/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
total 1.51 334 5.3 19.8 359.7 3.02 0.21 0.99
particulate (>0.45 pm) | 5.7 0.90 17.6 0.8 9.4 116.7 0.90 0.03 0.22
filtered (<0.45 um) 0.61 15.8 4.5 10.4 243.0 2.12 0.18 0.76
% filtered 40.4 47.2 85.6 52.6 67.6 70.2 85.2 77.2
% particulate 100.0 59.6 52.8 14.4 47.4 324 29.8 14.8 22.8
inlet average TSS Chromium Manganese Nickel Copper Zinc Arsenic Cadmium Lead
(mg/L) | (ng/L) (ms/L) (ms/L) (ne/L) (ms/L) (ms/L) (ms/L) (ms/L)
0.45-5 um 2.1 0.13 0.3 0.4 0.3 224 0.04 0.03 0.07
5-20 um 4.2 0.54 3.3 0.4 4.1 7.2 0.47 0.01 0.15
20-63 um 2.4 0.58 6.1 0.6 1.2 2.8 0.02 0.01 0.15
>63 um 1.7 1.65 4.4 0.6 0.5 19.8 0.03 nd 0.15
outlet average TSS Chromium Manganese Nickel Copper Zinc Arsenic Cadmium Lead
(mg/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ne/L) (ng/L) (ng/L)
0.45-5 um 0.3 0.12 0.1 0.1 0.3 5.3 0.67 nd 0.06
5-20 um 3.1 0.39 0.6 0.5 4.3 7.3 0.23 0.02 0.07
20-63 um 1.9 0.05 0.5 0.2 0.5 5.8 nd nd 0.03
>63 um 0.4 0.34 16.5 nd 4.4 98.3 nd nd 0.06
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Apparent Percentage Reductions Associated with Stormwater Treatment at Metals Yard, by Particle Size (likely not statistically significant due to

few samples)

TSS Cr Mn Ni Cu Zn As Cd Pb
Particulate (>0.45 um) 44.4% 68.8% -24.6% 62.9% -50.9% -123.5% | -63.5% 39.7% 55.9%
Filtered (<0.45 pum) n/a 43.3 88.6 53.5 1.6 -20.6 18.0 -46.9 -31.2
0.45-5 um 83.8 5.5 81.0 85.1 23.0 76.4 -1,680 n/a 12.5
5-20 um 25.7 26.5 83.3 -21.9 -3.9 -1.1 50.5 -105 51.1
20-63 um 21.2 91.8 91.3 74.1 62.4 -108.0 n/a n/a 78.2
> 63 um 74.9 79.4 -275.6 100.0 -717.9 -395.5 n/a n/a 59.6

Inlet Percent Mass Distribution by Particle
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Particulate Strengths of Heavy Metals (mg/kg)
average of all samples Chromium | Manganese | Nickel Copper Zinc Arsenic | Cadmium | Lead
Total Particulate (> 0.45 pm) 237 1,588 145 972 10,281 77 6 53
Particulate (0.45 -5 um) 196 1,373 4,856 547 189,479 104 12 69
Particulate (5-20 um) 186 441 126 1,306 3,726 70 7 41
Particulate (20-63 um) 182 1,287 241 957 13,585 18 8 56
Particulate (> 63 um) 2,667 11,531 213 5,088 93,703 18 7 163
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Mass Percentages Associated with Particulate Sedimentation at Near Field, Far Field, and Widely Dispersed

inlet TSS Chromium Manganese Nickel Copper Zinc Arsenic Cadmium Lead
>63 um (near field) 16.6 57.1 31.0 28.2 8.6 38.0 4.8 n/a 28.9
20to 63 um (far 22.9 20.0 43.1 30.1 19.8 5.3 2.9 16.4 28.5
field)

<20 um (widely 60.5 22.9 25.9 41.7 71.5 56.7 92.4 80.0 42.6
dispersed)

outlet TSS Chromium Manganese Nickel Copper Zinc Arsenic Cadmium Lead
>63 um (near field) 7.5 37.8 93.5 0.0 46.8 84.3 n/a n/a 26.5
20to 63 um (far 32.5 53 3.0 21.0 49 49 n/a n/a 14.0
field)

<20 um (widely 60.0 57.0 3.5 79.0 48.3 10.8 100.0 n/a 59.5

dispersed)
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Appendix B: PAH Stormwater Monitoring Results at Metals Yard Site

average inlet naphthalene | 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene 1.3-dimethylnaphthalene | acenaphthene fluorene phenanthrene
total sample 16.7 5.9 2.6 1.7 1.4 2.3 6.6 21.0

Total Particulate 7.7 1.3 0.4 0.4 0.3 0.8 1.5 7.0

(>0.7 um)

Filtered (<0.7um) 9.0 4.6 2.3 1.3 1.1 1.5 5.1 14.0

% filtered 53.7 77.5 85.0 77.1 81.9 65.7 77.7 66.7

% particulate 46.3 22.5 15.0 22.9 18.1 34.3 22.3 33.3

0.7-2.7 pm 1.2 0.8 0.2 0.3 0.2 0.1 0.5 1.7

2.7-20 pm nd nd nd nd nd 0.1 0.3 1.5

20-63 um 6.5 0.6 0.1 nd nd 0.2 nd nd

>63 um nd nd nd 0.1 0.1 nd 0.2 1.7

average outlet naphthalene | 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene 1.3-dimethylnaphthalene | acenaphthene fluorene phenanthrene
total sample 8.7 5.5 2.1 1.7 1.3 1.2 3.5 15.0

Total Particulate 4.7 3.2 1.0 1.0 0.6 0.4 11 4.5

(>0.7 um)

Filtered (<0.7um) 4.0 2.2 1.1 0.7 0.7 0.9 2.4 10.6

% filtered 45.7 40.7 52.5 42.9 52.2 70.8 68.2 70.4

% particulate 54.3 59.3 47.5 57.1 47.8 29.2 31.8 29.6

0.7-2.7 um 1.6 0.4 0.2 0.1 0.1 0.3 0.3 1.4

2.7-20 pm 1.5 0.2 nd 0.2 0.1 0.1 0.5 0.9

20-63 um 1.3 1.3 0.4 0.2 0.1 nd nd nd

>63 pm 0.3 1.4 0.4 0.5 0.3 nd 0.3 2.2

average inlet, ug/L naphthalene | 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene 1.3-dimethylnaphthalene | acenaphthene fluorene phenanthrene
0.7-2.7 pm 1.23 0.77 0.25 0.29 0.18 0.12 0.46 1.67

2.7-20 pm nd nd nd 0.02 nd 0.13 0.25 1.48

20-63 um 6.51 0.57 0.15 0.02 nd 0.25 nd nd

>63 um nd nd nd 0.07 0.08 nd 0.18 1.71

average outlet, ug/L naphthalene | 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene 1.3-dimethylnaphthalene | acenaphthene fluorene phenanthrene
0.7-2.7 pm 1.58 0.38 0.18 0.06 0.11 0.26 0.32 1.35

2.7-20 um 1.50 0.19 0.01 0.16 0.12 0.10 0.47 0.87

20-63 um 1.34 1.28 0.44 0.18 0.14 nd nd nd

>63 um 0.29 1.38 0.38 0.55 0.26 nd 0.33 2.23
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average inlet 2-methylphenanthrene 2-ethylanthracene fluoranthene pyrene benzo(a)anthracene chrysene benzo(b)fluoranthene Total PAH
total sample 3.4 2.5 10.8 10.1 2.0 6.1 2.2 108.2
Total Particulate 14 1.7 6.1 6.2 1.7 4.6 1.9 50.3
(>0.7 um)

Filtered (<0.7um) 2.0 0.7 4.7 3.9 0.3 1.5 0.3 57.9
% filtered 59.9 29.3 43.3 38.6 13.5 25.2 14.3 53.6
% particulate 40.1 70.7 56.7 61.4 86.5 74.8 85.7 46.4
0.7-2.7 um 0.2 0.3 1.0 0.2 0.1 0.4 0.3 8.3
2.7-20 pm 0.1 0.1 1.0 1.0 0.1 0.3 0.1 5.5
20-63 um nd nd nd nd nd 0.4 0.2 8.4
>63 um 0.9 1.7 3.3 4.9 1.6 3.6 1.4 244
average outlet 2-methylphenanthrene 2-ethylanthracene fluoranthene pyrene benzo(a)anthracene chrysene benzo(b)fluoranthene

total sample 1.9 0.5 7.0 6.1 0.6 3.5 1.3 67.5
Total Particulate 0.6 0.1 33 3.2 0.4 2.0 0.9 30.0
(>0.7 um)

Filtered (<0.7um) 1.4 0.4 3.7 2.9 0.2 1.5 0.4 37.4
% filtered 69.8 72.3 53.3 47.1 33.6 42.9 32.8 55.5
% particulate 30.2 25.3 46.7 52.9 66.4 56.7 67.2 44.5
0.7-2.7 um 0.2 0.1 1.1 0.8 0.1 0.4 0.2 7.7
2.7-20 pm 0.1 0.0 0.2 1.0 0.3 0.5 0.2 5.4
20-63 um nd nd nd 0.2 nd 0.4 0.2 4.7
>63 um 0.3 0.1 2.0 1.7 0.2 0.9 0.4 12.3
average inlet, ug/L 2-methylphenanthrene 2-ethylanthracene fluoranthene pyrene benz(a)anthracene chrysene benzo(b)fluoranthene Total PAH
0.7-2.7 pm 0.22 0.27 0.95 0.19 0.11 0.41 0.25 8.26
2.7-20 um 0.14 0.06 0.98 1.02 0.11 0.30 0.09 5.48
20-63 um nd nd nd nd nd 0.42 0.18 8.41
>63 um 0.93 1.69 3.33 4.92 1.58 3.64 1.41 24.44
average outlet, ug/L 2-methylphenanthrene 2-ethylanthracene fluoranthene pyrene benz(a)anthracene chrysene benzo(b)fluoranthene Total PAH
0.7-2.7 um 0.21 0.06 1.09 0.77 0.11 0.39 0.20 7.70
2.7-20 pm 0.07 nd 0.19 0.97 0.31 0.55 0.18 5.38
20-63 um nd 0.02 0.04 0.16 0.02 0.44 0.19 4.67
>63 um 0.30 0.05 1.99 1.70 0.16 0.95 0.38 12.27
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apparent % naphthalene 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene 1.3-dimethylnaphthalene acenaphthene | fluorene phenanthrene
reduction

total sample 48.2 7.9 19.6 -0.6 7.5 45.6 46.6 28.5
Total Particulate 39.2 -142.2 -155.0 -150.8 -144.5 53.7 23.7 36.3
(>0.7 um)

Filtered (<0.7um) 56.0 51.5 50.3 44.0 41.1 41.3 53.2 24.5
0.7-2.7 pm -28.6 50.9 28.3 78.7 38.2 -116.6 31.7 19.2
2.7-20 pm na na na -686.5 na 22.4 -86.1 41.2
20-63 um 79.5 -125.0 -198.2 -701.2 na na na na
>63 um na na na -716.2 -221.8 na -85.2 -30.4
apparent % 2-methylphenanthrene 2-ethylanthracene | fluoranthene pyrene benzo(a)anthracene chrysene benzo(b)fluoranthene Total PAH
reduction

total sample 43.0 79.4 35.3 39.8 70.3 43.6 38.9 37.7
Total Particulate 57.1 92.6 46.7 48.2 77.2 57.2 52.0 40.3
(>0.7 um)

Filtered (<0.7um) 33.5 49.1 20.3 26.5 26.0 4.1 -39.8 35.4
0.7-2.7 pm 4.9 77.5 -14.7 -304.7 -3.5 4.2 22.7 6.7
2.7-20 um 47.8 na 80.6 4.8 -186.7 -80.7 -96.0 1.7

20-63 um na na na na na -4.1 -7.4 44.5

>63 um 67.6 96.7 40.4 65.4 89.8 74.0 73.2 49.8
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overall average naphthalene | 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene 1.3-dimethylnaphthalene | acenaphthene | fluorene anthracene
Total Particulate (>0.7 um) 1.10 0.48 0.14 0.15 0.09 0.09 0.22 0.91
(1e/ke)
0.7-2.7 um (ug/kg) 1.96 0.69 0.34 0.26 0.23 0.58 0.88 411
2.7-20 um (ug/kg) 0.66 0.08 na 0.09 0.05 0.05 0.22 0.44
20-63 um (ug/kg) 2.00 0.38 0.14 na na 0.05 na na
>63 um (ug/kg) 0.08 0.31 0.09 0.11 0.05 na 0.07 0.54
overall average 2-methylphenanthrene 2-ethylanthracene pyrene fluoranthene benzo(a)anthracene chrysene benzo(b)fluoranthene total PAHs
Total Particulate (>0.7 0.14 0.13 0.64 0.73 0.16 0.50 0.22 6.54
pum) (ug/ke)
0.7-2.7 um (ug/kg) 0.57 0.23 3.42 1.71 0.27 0.93 0.52 16.76
2.7-20 um (ug/kg) na na 0.06 na na na na 0.63
20-63 um (ug/kg) na na na 0.43 na 0.14 0.06 3.47
>63 um (ug/kg) 0.14 0.17 0.68 0.79 0.19 0.55 0.22 4.72
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Normalized PAH Particulate Strength Ratios by Size Range
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inlet samples naphthalene | 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene 1.3-dimethylnaphthalene | acenaphthene | fluorene phenanthrene
>63 um (near field) 0.0 0.0 0.0 17.3 31.7 0.0 12.2 24.4
20 to 63 um (far 84.1 42.6 37.3 5.8 0.0 32.3 0.0 0.0
field)
<20 um (widely 15.9 57.4 62.7 79.1 71.4 32.1 48.8 45.1
dispersed)
inlet samples 2-methylphenanthrene | 2-ethylanthracene | fluoranthene pyrene benzo(a)anthracene chrysene benzo(b)fluoranthene | Total PAH
>63 um (near field) 68.2 97.3 54.5 78.9 93.5 79.5 74.6 48.6
20 to 63 um (far field) | 0.0 0.0 0.0 0.0 0.0 9.2 9.6 16.7
<20 pum (widely 25.8 19.2 31.5 19.5 12.8 15.6 18.3 27.3
dispersed)
outlet samples naphthalene 2-methylnaphthalene 1-methylnaphthalene 2.6-dimethylnaphthalene | 1.3-dimethylnaphthalene acenaphthene fluorene phenanthrene
>63 um (near field) 6.1 42.6 37.4 56.3 41.7 0.0 29.7 50.0
20 to 63 um (far 28.4 39.5 43.6 18.6 22.3 0.0 0.0 0.0
field)
<20 um (widely 65.5 17.5 19.0 23.0 38.0 100.0 70.3 50.0
dispersed)
outlet samples 2-methylphenanthrene | 2-ethylanthracene fluoranthene pyrene benzo(a)anthracene chrysene benzo(b)fluoranthene Total PAH
>63 um (near field) 51.6 42.8 61.0 52.7 41.9 48.3 41.7 40.9
20 to 63 um (far field) | 0.0 15.2 1.1 5.1 5.9 22.4 21.4 15.6
<20 um (widely 47.4 47.8 39.3 54.2 108.9 47.9 41.5 43.6
dispersed)
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