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Controlled tests in small areas were
used in conjunction with long-term
rainfall/runoff monitoring at larger
parking lot areas to develop actual
hydrological relationships for paved
areas, the most significant source of
runoff for most urban areas during
small to intermediate-sized rains.
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This is an example of a rainfall-runoff
plot from one of many controlled
street washoff and runoff tests. About
1/3 of the rainfall is infiltrated
through the street pavement for
many of these events (up to 20 mm
rains in this plot). No further
infiltration was observed for larger
events, resulting in classical pavement
Rv values of 0.8 to 0.95 for large rains
of interest for drainage design.
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Paved areas become less important flow sources when landscaped
areas start to contribute flows during later periods of the event (in this
case, after about 0.5 in or 10 mm of rain)
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Flow source changes are less dramatic for areas that are mostly
paved and have large roof areas. Travel time to the outfall is the

predominant factor affecting source contributions for this case.




Similar plot comparing stormwater dioxin particulate

Follow-up Studies: Dioxin soil concentrations at
different distances from treated wood utility
poles compared to background soils and
impacted soils

concentrations with soils from different source areas
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Subarea Ranking Methodology

e Statistical methodology (using binomial
distribution) developed to rank the sites based
on threshold comparisons while accounting for
the number of usable data available at each site

e “Weighting factors” were calculated for each
site for metals (cadmium, copper, and lead),
dioxins (TCDD TEQ and 2,3,7,8-TCDD), and TSS.

¢ Multi-constituent “score” was produced from metals and
dioxin weighting factors to allow for relative ranking
amongst potential stormwater control sites.
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O Potential control subarea site """ 16 background sites and 68 potential
stormwater treatment subareas monitored

O | stormwater background site 2010-2012 & 0 o 0

O outfall monitoring site
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Stormwater Control Subarea
Ranking Methodology Basic Approach (example)

Innovative, statistically rigorous approach <Background
Rank potential stormwater control subarea monitoring sites g man e g > ~ermit Limnt
. . 90 1 IS d ’
based on comparisons of _ . o Nt phore) . e.cm:nt e
— Stormwater subarea concentrations with NPDES permit limits 80 | aro L,_Ppriority 4
. . = 1
— Stormwater subarea particulate strengths with stormwater € o1 |<p st 1 / B
background particulate strengths g - :/' >Background
. . . = e
Monitoring locations were scored based on number and g ! >Permit Limit
percent of samples above NPDES permit limits and/or £ 501 ! i i HH ; “
background H !
] ®  Background
. . -5 | p subarea
Locations then ranked based on scores, and top locations Z 50 i S B
identified 3 20 : O ISRAupgradient
. . T L 4 Outfall 008 B
Best professional judgment for stormwater control 0 6@"@ >Background (g ' O Outfalloos
H n T 1T 1T1§ P it Limit | & = = Current NPDES Permit Limi
recommendations 5 1 AL BAGULLULEES & — Backgroundbest ielme |
Process repeated annually through 2014 0.01 o1 10 1 100 1000
13 POC (units)
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Dioxin (TCDD TEQ) Based on weight alone, Site A would be
, - Weight, = 0.83 prioritized over Site B.
= - =2 > Weighty =0.01
o
g " I f i Total Total Number of Critical Values in Data Set (m)
F-d
3 -t - Background subareas exceed Number of
8 NPDES Permit Limit Observations | 1 @ 3 a5 |6 @ 8|9 |10 |11 |12|13]|14
2 [ Backorand || - Stormwater control subareas (n)
£ ! |— Backaround best ine
| | o BHPSubaren | greater than Outfalls 1 50 M
a I D Outtal 008 (before Oct. 2009) | . .
[ i s oumwsumon o || - TSS/erosion is not always the 2 50
1 | 0 Outtall 008 (before Oct 2009) | .
] |- - mnnpbES st i Issue 3 50 87
B P PP 4 31 69 |94
TCDD TEQ (ug/L) 5 13 50 |81 |97
0 3 11 50 |66 |89 |98
W 7 6 so [s0 [77 |oa
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Rank from Approx. Mult- | Rankfrom | Rankfrom | Rank
Average |  Potential BMP subarea Upstream | Events | constitue | Max Metal | Max Dioxin | fromTss
Weights {Co-location(s}) Watershed Description DAfac) | sampled | ntscore | weight weight | weight

1 EVBIMP0003 (A25W0001)™ | Outfall 009 | ELV road runoff/CM-1 upstream west 118 14 094 1 1 2
2 Outfall 009 | 8-1 media filter inlet north 37 2 072 s 5 7
3 ILBEMP0001" Outfall 008 | Lower parking lot 24" stormdrain 23 10 068 14 4 395
A vEMPO0OLA" outrallog | ELV culvertinlet (hefipad rood and ELV ditch, a5 5 T p— g -
000" composite}
55 Evempoo2” Outfall 009 | Helipad (p 21 & 066 15 6 a1
55 1LBMPO002* Outfall 003 | Road runoff to CV-9 25 7 066 3 12 15
CM-9 downstream-underdrain outlet (past-
7 A1SW0009-A Outfall 009 | building 1324 parking ot asphalt remoal, pre- 16.4 1 063 2 105 7
filter fabric over weir boards)
8 APBMPO0OL Outfalloos | Ashpile culvert inlet / road runoft 3¢ 2 060 a 185 7
° LPEMPO0OL-A® Outfallooe :::’:;]P"’*'”‘ Lot sheetflow (post-gravel bag 51 5 052 E 2 Ed
125 | Leampocor® Outfalloag | LoWer Parking Lot sheetilow (pre-gravel bag 51 2 0s0 e 105 15
berms)
155 | Azswoooz-A Outfall 009 | CML effluent (post-filter fabric over weir boards) 528 4 043 185 195 285
CM- downstream-underdrain outlet (post-filter
155 | aswooos-s Outfalloos | fabric over weir boards, post-building 1324 164 a 043 185 185 15
parking lot
17 B1BMP00D3 (B16MP0002) | Outfall 003 | &1 parking lot / road runoff to culvertinlet 52 12 043 38 7 33
7 B15W0014-8 Outfalloag | & media fiter effluent (past-media fiter a7 a 027 325 185 7
28 LXBMPODO04™ Outfall 009 | LOX southwest downstream of sandbag berm 1086 5 026 ) 405 1
34 EVEMP00O1® Outfall 009 | ELV culvert inlet (helipad road gutter) 18 3 o011 2 aLs 15
36 EVEMP0002-A™ Outfall 009 | Helipad (post-sandbag berms) 41 5 0.09 0 295 74
1) Potential BMP subareas sorted by multi-constituent score, computed as described in Section 5.
2@ i i of existing stormwater quality treatment controls.
3) (*IThese potential BMP ing subareas have nes ie., designed and ready for construction) stormwater quality treatment controls.
) (**) NPDES autfalls are included for comparison and method testing purposes only, stormwater controls are not being contemplated at these locations

s) of weights may account for similar differently

&) Approximate drainage areas based on the cumulative drainage area of the SWMM catchment in which the monitoring location is located (Geosyntec, 2011). At locations where the
‘monitoring point is upstream of the catchment outfall a <" sign is used

7] Bolded locations indicate that both the NPDES permit limit and 5™ percentile background particulate strength threshold were excesded for any one COC
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Another special studies component examined particulate strength Example scatterplot comparing <75 pum particle range dioxin
by particle size. congener data to bulk sample particulate strength data.

Pavement solids particulate strengths for different particle 1,2,3,4,6,7,8-HpCDD <75 um vs. bulk sample
ranges: concentrations

Probability Plot of OCDD <1000, OCDD<75, OCDD75t01000

ognormal - 95% Cl

Variable
—@— 0CDD<1000
—8= OCDD<75
--#- 0CDD75t01000

Loc Scale N AD
-6.205 1.055 35 0.520
5183 1.267 35 1319
-6.665 1.205 35 0330

bulk concentrations (mg/kg)
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Example Dioxin Congener (OCDD) Source Area
Identifying Dioxin Sources using Congener Probability Plots

‘e P »” .
Flngerprlntlng TEChnlques Probability Plot of bckg OCDD, pvt OCDD, Trt OCDD, RFI OF09 OCD, ...
Lognormal - 95% ClI

Variable
—a— bckg OCDD

The sources used in the calculations were the same for each v s —m - pvtOCDD
‘ .7 ~_#-- TrtoCcbD

outfall set: LaaF o ; —4 - RFI OF09 OCDD
| 7 —p- - QF09 OCDD

Loc Scale N AD P

. Outfall stormwater (separately for OF001, 002, 003, 008, 7 1174 06177 148 3184 <0.005

-5.212 1261 36 1.237 <0.005

009, 011, and 018) ( 4 1673 2392 77 0537 0164
RFI soil for the same watersheds as the outfall, <75 pm P 7 %4 4476 2054 54 2696 <0005
Pavement solids <75 um go | 357 404
Atmospheric deposition
Background stormwater

Paved area sheetflow near treated wood




Dioxin Congener Relationships using Cluster
Analyses; Outfall 009 example:

Rankings of Median Particulate Strengths of OCDD Congener
Compared to Outfalls (1 lowest)

Dendrogram
Complete Linkage, Correlation Coefficient D

Background RFI soil Pavement Pavement soil  Outfall
soil soil near treated

3.5 close tie 3.5 close tie

4 3

3.5 close tie 3.5 close tie
.5 close tie 4 2.5 close tie

3 4
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3 4
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Similarity
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1.2,3.4,6,7.8-HpCDD 1,2.3,4,6.7.8-HpCDF
Variables

Dioxin Congener Sources in Outfall 009 Watershed using Principal Component Analyses of Dioxin Congener Sources
Cluster Analyses (using four congeners found in all sources) e
OF009
Dendrogram RFI009Soilest<75
Complete Linkage, Correlation Coefficient Distance pvdSol<75
PvdSheetflowTrtW
SSFLBkgSW
atmosdepos

OF 08 Priuncipal Component Loading Plots
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Similarity

l ,_l:%l 7 .
OF009 RFIO09Soilest<75  pvdSol<75 atmosdepos SSFLBkgSW  PvdSheetflowTrtW 04 . . .
Variables 0.4065 0.4070 0.4075 04080 0.4085
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The calculated eigenvalues
Scree Plot of 1,2,3,4,6,7,8-HpCDD; ..., OCDF indicate how the different

variables (the congeners here)

Score Plotof 1,2,3,4,6,7,8-HpCDD, ..., OCDF

contribute to explaining the @ . BFOQ
.

variability in the data set. The
first principal component 02 natural
accounts for most of the area
variability, while the others .
contribute less amounts. The
loading for each variable
indicates the relative
significance for each variable
per principal component. The
scree plot shows the relative
contributions for each
component. Usually, the first B Soils near
two or three principal treated wood
components contribute most ) T T
of the total explanation of the 2 4
variability, as indicated by the isgtompogent
additional components

CoIEEE ety (e Uie *all others include: OF01, OF08, 002subarea impacted soils,
score plot is a scatter plot of

the loadings for the first two pavement fines, SSFL background soils, ISRA excavated soil, and
principal components and HIR

indicates how the outfall and ISRA soil in place 30
sources are related.

. -
Arroyo 01 impacted

Simi soils

Second Component

The chemical mass balance equation is written in a

matrix form as follows:
The chemical mass balance model was used to calculate the likely
contributions of the different TCDD congener sources affecting the
outfall stormwater.

background pavement atmospheric Pavement Reliability
soil deposition runoff near (based on
treated wood sums)

0.35 0.01 <0.01 good
0.34 <0.01 <0.01 fair

The chemical mass balance equation which is the basis for this model is as 0.24 0.02 <0.01 fair

follows: 0.15 0.01 <0.01 poor
0.40 <0.01 <0.01 fair

— 0.26 0.02 <0.01 fair

Zn (mn) (xpn) + .= Cp 0.45 0.02 <0.01 fair

mn = the fraction of material from source type n

xpn = the concentration of tracer p in source type n

Cp = the concentration of tracer p at the outfall

W = error term associated with tracer p




. . . Kruskal-Wallis One Way Analysis of Variance on Ranks, p = 0.006
Multivariate Analyses to Identify Sources of Combined Groups for 208/204 Lead I30lope Ratios

Stormwater Lead using Isotope Ratios

Probability Plot of Background Soil , Lead Shot 208204, OF009 208204

6 Cl

Variable
—8— Background Soil 208204
—B- Lead Shot 208204
- OF009 208204

tios

Mean  StDev N AD P
3875 0.2289 3 0.200 0.584
3840 006150 4 0322 0312
3853 0.1882 6 0.589 0.068

08/204 isotope ral

"
£

380 T
1

1: background soils and pavement solids
2. atmospheric deposition solids, lead shot, shooting range soils, OF 009 runoff, and stream sedment

. . . . Pb 208/204 vs Pb 206/206 Lead Isotope Ratios for Selected Sample Groups
Pearson Correlation Matrix Showing Correlation

Coefficients and p Values (significant differences high-
lighted)

Pb208/204 Pb207/204 Pb206/204 Pb208/206 Pb207/206
Pb208/204 0.605 0.8 -0.421 -0.651
1.36E-05  7.05E-11 0.00443 0.00000175

Pb207/204 0.132 0.283 0.118
0.394 0.0627 0.447

208/204 Isotope Ratios

Pb206/204 -0.881 -0.969
3.32E-15 5.08E-27

T T
184 186 188

Pb208/206 0.953 206/204 Isotope Ratios
2.08E-23
B: Background soils
C: Lead shot
D: OF 009 runoff solids
F: Shooting range soils




Cluster Analysis Dendogram showing Relationships and

Similarities between Lead Isotopes
5 Further cluster analyses found that most of the lead shot and

Dendrogram shooting range soil ratio data are in one cluster group (1), while
Complete Linkage, Correlation Coefficient Distance most of the OF 009 runoff ratio data are in another cluster group (2).
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Variables




