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1. INTRODUCTION

The Municipality of Anchorage (MOA), Watershed Management Section (WMS), is currently
studying oil and grit separators (OGS) to determine the feasibility of using these devices for
removing coarse sediments, oily sheen, and free-phase oil from storm-water discharges at
municipal outfalls.  The goal of the current OGS study is to extrapolate pollutant mobilization
predictions to all basins in the Anchorage bowl so feasibility of this type of urban storm-water
treatment can be assessed area wide (Wheaton et al 1995).  MOA street sediment loading rates
are basic data for OGS assessment:  direct measurement of street sediment loads is necessary for
predictive model development.

The Air Quality Section (AQS) of the MOA Department of Health and Human Services has
indicated that street sediment loading information would also be useful to them for producing an
air quality emissions inventory and identifying specific sources of air particulate in the
Anchorage area.  Currently, the municipality estimates road silt emissions by applying a United
States Environmental Protection Agency (USEPA) estimation method and non-MOA loading
rates (USEPA 1995).  The method requires, as base information, surface loading on trafficked
parts of paved roads.  Because street sediment loading rates for cities in more moderate climates
are believed to be significantly lower than for Anchorage, loading data specific to MOA are
necessary for accurate emission calculations.

Because of their shared interest, WMS and AQS worked jointly to design a street sediment  loads
assessment project [MOA Street Sediment Loading Assessment Design (Wheaton et al 1997)].
Montgomery Watson implemented this assessment project in 1996.

This report contains project data and associated documentation generated for the street sediment
loads assessment effort.  Individual results are included with limited tabular and graphical
summaries.
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2. EXPLANATION OF DATA SUBMITTAL ELEMENTS

This data submittal is divided into the following elements:

• Summary information about the field phase of the project are contained in Section 3.0,
including a project summary, variations from the project design, notable field
observations, and a data validation summary.

• Graphical and tabular summaries of the data are presented in Section 4.0 with brief
descriptions.

• References are contained in Section 5.0.

• Sample analysis results and other primary documentation are contained in Appendices A
and B.  All project data have been entered into a project database which accompanies this
document on a CD ROM.  The database is composed of related tables:  a parent table
containing sampling site information (ROADSITE.DBF), and two child tables containing
data for individual analyses (SEDDATA.DBF and AQDATA.DBF) and a look-up table
defining terms (STRATA.DBF).  Hardcopy printouts of each of these tables and
definitions of each field are contained in Appendix A.  Additional documentation
including field note forms (primary field data), and chain-of-custody documentation are
compiled in Appendix B.

All tables and figures identified in the text are presented immediately after Section 5.0.
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3. PROJECT SUMMARY

The following sections present a project summary, variations from the project design, and results
of data validation.  These sections are intended to:

• Provide context for the reported data by summarizing assumptions and methods
underlying the data collection effort.

• List and explain variations from planning documents.

• Document field observations that may be helpful in understanding project data.

• Identify data that do not meet project objectives.

Detailed descriptions of the project approach and sampling methods, and other project
requirements may be found in the project design document.

3.1 Project Summary

The Street Sediment Loading Assessment was initiated to answer questions posed by AQS and
WMS managers about the mass, character, spatial and temporal distribution, and sources of
sediment on MOA streets.  These data are necessary as input for modeling of OGS and air
particulate emissions, and for refinement of street sweeping practices (Wheaton et al 1997).

Winter street sanding and vehicle trackout from unpaved alleys were identified in the project
design as the major contributors to street sediment build-up to be studied.  Based on MOA
sanding practices, 33 sampling sites were selected at 18 controlled intersections to represent four
major road types (Figure 1).  The road types were derived from USEPA classifications based on
average daily traffic (ADT) volume:  local, collector, minor arterial, and major arterial/freeway.
These categories are based on ADTs of ≤2,000; 2,000 - 10,000; 10,000 - 20,000; and ≥20,000,
respectively.  To assess sediment trackout from unpaved alleys, five “trackout” sites were
identified where unpaved alleys intersected paved streets.

Sites located at controlled intersections were divided into “intersection” and “non-intersection”
areas (Figure 2).  Intersection areas include all street surfaces within 100 feet (30.5 meters) of the
crossing street.  Non-intersection areas include all surfaces from 100 to 200 feet (61 meters) of
the crossing street.  Trackout sites represent street surfaces on sampled roadways within a 30 feet
(9 meter) zone centered about the intersecting unpaved alley.  Near each trackout site, a “non-
trackout” site was selected to provide control data for assessment of trackout effects.  Non-
trackout site dimensions were identical to the corresponding trackout sites but were located away
from areas directly impacted by trackout sediment and street sand applied to controlled
intersections.

Each street area (intersection, non-intersection, trackout) was divided into pavement strata
representing “gutter” and “non-gutter” areas (Figure 2).  Gutters were measured two feet into the
street from the back of the raised curb, including the gutters created by raised medians.  Non-
gutter strata include all other street surfaces, excluding the tops of raised medians.
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Three transects were established each intersection, non-intersection, and trackout area (Figure 2).
Transects were typically six inches wide (0.15 meters) and extended gutter-to-gutter across the
street.  A single gutter and non-gutter sample was composited from the three transects within
each area during each sampling round.

Samples for OGS assessment were collected from all sites using a wet/dry shop vacuum with a
paper filter-bag.  Samples used for air particulate emission calculations were sampled from non-
gutter strata only at a selected subset of sites using a high efficiency (HEPA) vacuum (Table 1).
The HEPA vacuum used quartz-fiber filters rated to capture ≥99% of 0.0003 mm particles
(determined by ASTM Method 2986).  Collection of HEPA samples was necessary because of
concerns that small particulate would pass through the wet/dry vacuum paper filter.  HEPA
samples serve as a basis for determining the correlation between data generated by the two
sampling methods.  Method correlation allows for the use of the larger wet/dry sample dataset in
air quality calculations.  Data correlation results are presented in Section 4.0.

Samples were collected in the early spring before street sweeping, mid to late spring immediately
after street sweeping, and mid-summer (Table 1).  Because determination of street sweeping
efficiency is a project objective, sampling sites identified in the design document were excluded
from the project if they were swept before sampling.  Where possible, similar sites were
substituted.  The second sampling round occurred as soon as possible after street sweeping.

At the request of AQS, samples of dirt were collected from a trackout alley.  Two wet/dry
vacuum samples and one HEPA vacuum sample were collected from the unpaved alley adjacent
to 15th east of Columbine by brushing the vacuum head lightly over the road surface.  Only one
transect across the entire alley was sampled.

All samples were analyzed for particle size distribution (sieve analysis) using ASTM method
C136 with a wet wash (sieve sizes 38.1 mm, 19.0 mm, 9.5 mm, 4.76 mm, 2.00 mm, 0.84 mm,
0.42 mm, 0.149 mm, 0.105 mm, and 0.074 mm)..  Air quality samples were split prior to analysis
and the unanalyzed portion was returned to AQS for further chemical/physical testing.  Sediment
loadings were calculated from transect area and sieve analysis data for the following sediment
size classes:

• Total sediment load;

• OGS treatable load (≥0.10 mm);

• OGS non-treatable load (<0.10 mm); and

• Air-suspendable load (≤0.075 mm).

As noted above, hardcopy sieve analysis results are presented in Appendix A, with a digital copy
of the data contained in the attached CD ROM.  Data for samples collected using the HEPA
vacuum are listed in the AQDATA database.  Wet/dry vacuum collected samples are contained
in the SEDDATA database.  Site survey sketches for each sampling site and field notes for each
sampling episode are contained in Appendix B.  These field data are summarized in the
ROADSITE database.
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Data for the three alley dirt samples are presented as hard copy sieve analysis plots only
(Appendix A).

3.2 VARIATIONS FROM DESIGN

Due to unforeseen circumstances, several aspects of the original project design were changed to
meet field conditions.  These variations include changes in where (spatial network), when
(temporal network), and how (sampling procedures) samples were collected.  The following
sections itemize these changes.

3.2.1 Spatial Network Variations

Originally, 62 sites were selected for sample collection.  Adjacent to 13 of these sites, trackout
areas were selected for measurement of sediments transported to paved roads from adjacent
unpaved alleys.

During the first sampling round, ice and water at many of the sampling sites prevented routine
sample collection, increasing the time required at each site.  In contrast, streets were rapidly
swept by MOA street maintenance crews without regard to snow and ice.  As a result, many of
the sites originally identified in the design document were swept before sampling.  Because pre-
street sweeping data is critical to project objectives, those streets that were swept prior to
sampling were eliminated from the assessment project.  Where possible, similar unswept streets
were substituted.

In all, 33 sites were selected (not including 36th east of New Seward which was inadvertently
sampled).  Five of the selected sites contain trackout areas (Table 1).

3.2.2 Temporal Network Variations

Five sampling periods were selected in the project design to measure end-of-winter sediment
loads, street sweeping effects, summer sediment build-up rates, and periods of historically high
air suspended particulate (Wheaton et al 1997):

• Pre-street sweeping (March 30 - April 10);

• Post-street sweeping (April 10 - early May);

• Early summer (late May to late June);

• Mid-summer (starting August 1); and

• Freeze-up (mid-October).

Due to budget limitations, the early summer round was eliminated.  Because of early season
snowfall, the mid-October sampling round was canceled.
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Because of the project requirement for repeated sampling at established locations, only those
sites sampled in round one were considered for sampling during subsequent rounds.  The
following bullets summarize exceptions to this requirement:

• In an effort to maximize the amount of data collected, ten sites were added during the
third sampling round.  Due to budget constraints, only gutters were sampled.  These sites
are identified in the NOTES field of the ROADSITE database.

• Because the adjacent unpaved alleys were frozen and therefore not contributing sediment
to the street, trackout sites were not sampled during round one.  Sampling at these sites
occurred only during the third sampling round.

• At the following three sites, samples were not collected during all rounds:

- King St. at Dimond Blvd. was not sampled during round one because of snow and ice
cover.

- 21st. Ave. and Blueberry was swept ahead of schedule, prior to the planned pre-sweep
sampling date.  The site was sampled during subsequent sampling rounds because it is
part of a larger MOA sediment washoff data collection project requiring street
sediment load data.

- Northern Lights at Spenard was not sampled during round two.  Because project
objectives required sampling as soon as possible after street sweeping, field crews
postponed sampling in anticipation that the site would be swept some time during the
round two time frame.  However, the second street sweeping event did not occur until
the round three time frame.

- 36th west of New Seward was not sampled during round one due to time constraints.

3.2.3 Sampling Procedure Variations

During round one, significant standing water and mud were encountered at 16 gutter sampling
locations (eight sites).  At sites with standing water, a square end shovel was used to scoop the
sample into plastic garbage bags.  Similarly, sites with dense mud were sampled with a broom
and shovel.  These alternate collection methods were used because paper filters were used in the
wet/dry vacuum to trap the sample, and because the vacuum strength was not sufficient to
effectively remove wet, sticky sediment from the road surface.  Samples collected using these
methods are identified in the “Notes” field of the project database.  A list of the affected samples
and the implications of these variant sampling methods are presented in Section 3.4.

3.3 Notable Field Observations

During sample collection, field crews observed several phenomena that influenced sediment
distributions on the street surface.  These observations are described below:

• Street sediment tends to concentrate in less traveled areas of the street.  This process
results in higher sediment loads in gutters, medians, and between lanes than in regions of
the street that are directly traveled (Figure 3, Photo1).  Sediment load stratification was
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noted in street gutters during all sampling rounds, but was present on the trafficking
surface primarily during round one.

• During street sweeping, municipal crews were required to sweep around parked cars,
resulting in incomplete removal of street sediment in or near the gutter (Figure 3, Photo
2).  Parked cars were most common in residential areas.

• An evenly distributed layer of fine sediment was noticeable on the trafficking surface
after street sweeping and periods of moderate to strong wind.  The sediment layer
remaining after street sweeping tended to be most evident within approximately five to
eight feet of the gutter (Figure 3, Photo 3).  Wind transported particles formed an even
layer over all surfaces (Figure 3, Photo 4).

3.4 Data Validation

Project data were validated to ensure consistency with the type, quality, and quantity of
information identified in planning documents.  Methods for validation include on-site inspections
of field procedures and a comprehensive review of field and sieve analysis data.

3.4.1 On-site Inspections

Two on-site inspections were conducted by the project scientist on 3/21/96 (at Old Seward and
36th) and 4/16/96 (at 36th and New Seward) to assess compliance with approved sampling and
documentation procedures.  In both cases, simple observation of sampling techniques and
documentation practices was used to verify compliance.  Additionally, periodic spot checks of
field data were performed as an on-going documentation check.

With the exception of the modified sampling procedures noted above and environmental
complications encountered during round one (described below), no anomalies were either
observed during the on-site audits or noted from field data reviews.

Standing water and ice were encountered at 16 gutter sampling locations during round one.
Because normal sampling methods were not suitable for these conditions, sediment was collected
using a shovel or broom and shovel.  Some particle size data from these 16 samples are assumed
to be biased low.  This conclusion is based on the observation that a portion of the finer sediment
remains in standing water or stuck to the asphalt after sampling with a shovel or broom.
Although data collected from these sites is probably biased low, the effect of this bias on
summary statistics and conclusions derived from the whole data set is believed to be negligible.
Similarly, field observations suggest that a majority of the sample was collected, and the larger
particle sizes may have been almost entirely recovered.  Consequently, these results have been
qualified, but not removed from the database.  Samples collected using the modified sampling
procedures are listed below and identified in the “Notes” field of the SEDDATA database.



MOA Street Sediment Loading Assessment Data Report ❏   Page 3-6

Site
Road Type Pavement

Strata
Sample

Date
Collection
Method

13th east of Karluk Local IG, NIG 4/5/96 Shovel
15th east of Columbine Local IG, NIG 4/10/96 Shovel
16th east of Columbine Local IG, NIG 4/2/96 Shovel
9th east of Karluk Collector IG, NIG 4/5/96 Broom
Columbine north of 16th Local IG, NIG 4/2/96 Shovel
Columbine south of 15th Local IG, NIG 4/10/96 Broom
Karluk north of 13th Collector IG, NIG 4/5/96 Shovel
Karluk north of 9th Collector IG, NIG 4/5/96 Broom

IG - Intersection Gutter

NIG - Non-intersection Gutter

During sampling round one, gutter ice, damp street surfaces, and large sediment loads
complicated sample collection.  These complications included difficulty in chipping ice away
from the sampling transects, recovering light to moderately wet sediment from the pavement
surface, and overloading of the HEPA vacuum.  Although these conditions were widely
encountered, they generally did not preclude reasonable sample collection.  However, when
compared to the two subsequent sampling rounds, data from round one exhibits both increased
variability and lower correlation between co-collected HEPA and wet/dry vacuum sample data.
These data effects (described more fully in Section 4.0) are believed to be due largely to the
environmental conditions encountered in round one.  Because these conditions are inherent to
sampling street sediment loads in the early spring, the data are considered less comparable than
rounds two and three, but still valid.

3.4.2 Review of Field and Sieve Analysis Data

A comprehensive field data review was performed at the end of each sampling round by field
crews.  These reviews included verification of field notes and the accuracy of data transcription
to the project database.  At the conclusion of the field phase, the transfer of field data to the
database was independently validated by an engineer not previously involved in the project.

Primary review of digital sieve analysis data was performed by the geotechnical laboratory,
Rodney P. Kinney and Associates (RPKA) of Eagle River, Alaska.  Although hardcopy sieve
plots were provided by RPKA for some round one data, most data were requested and provided
only in digital form.  To validate the sieve data, sieve plots were created for those results
transmitted only in digital form, and then all plots were reviewed to verify that the data were
reasonable.

The possibility of erroneous data was also investigated by a review of field notes, site photos,
and graphical displays of the data.  Although some data points are outlyers (they do not fit the
overall distribution of the data), none have been determined to be erroneous.  It is important to
note that the statistical tools used to summarize the data are non-parametric (e.g., medians), and
therefore robust against the disproportionate influence of outlyers.  Consequently, outlyers were
not excluded from the dataset.
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While coordinating sample collection dates and locations with DPW street maintenance, MOA
street sweeping records were obtained and archived for future use in determining the elapsed
time between street sweeping and sampling.  Upon entering these data into the project database,
it became apparent that the records were incomplete for some sampling locations.  To fill these
data gaps, missing street sweeping dates were estimated by Montgomery Watson based on best
professional judgment.  These estimated dates are qualified in the ROADSITE database with an
“E” qualifier.

During review of the sieve analysis plots, it was noted that results were not received for the non-
intersection, non-gutter sample collected 3/21/96 from 36th Ave. west of Old Seward (Sample
36NING032196).  Conversations with the project laboratory indicated that the sample was lost
during analysis.  Data for all other requested sample analyses were received.
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4. PROJECT DATA SUMMARY

Project data have been graphically and tabularly summarized to provide basic interpretive
information about the sediment loads present on MOA streets during the spring and summer of
1996.  Further data analysis is beyond the scope of this data report.  The following sections
describe basic sediment characteristics and their changes over time and space during the sample
collection period.  Referenced tables and graphs follow Section 5.0, References.

4.1 HEPA and Wet/Dry Vacuum Data Correlation

As noted in Section 3.0, the efficiency of air suspendable sediment recovery by the wet/dry
vacuum was not known prior to the street sediment loads field effort.  In the anticipation that data
from the less expensive wet/dry vacuum sample collection may be used for air pollution
modeling, samples were collected using both HEPA and wet/dry vacuums from side-by-side
transect at approximately 25% of the sites to provide the basis for determining a method
correlation.  The correlation between the HEPA and wet/dry vacuums is graphically presented in
Figure 4 for both total sediment and the air suspendable fraction (≤0.075 mm) of the sample.
Table 2 presents the data used to determine the correlation, segregated by sampling round, and
the resultant least squares regression curve fit.

Correlation analysis indicates that the HEPA vacuum was generally less efficient in collecting
the air suspendable fraction (ASF) than the wet/dry vacuum, as shown by slopes of less than 1
(Table 2).  With the exception of the ASF collected during round one, the correlation coefficients
for all comparisons indicate a highly linear relationship (r ≥0.90) between the HEPA and
conventionally collected samples (Table 2).  This linear relationship coupled with the correlation
data suggest that the HEPA data may used with other project data to assess street sediment loads
after adjustment to account for the lower collection efficiency.

4.2 Data Trends

This section presents data trend summaries for total and air-suspendable sediment collected by
the wet/dry vacuum.  Total loads are presented for entire road surface (gutter and non-gutter
areas).  Air suspendable loads are presented for only the trafficking surface because sediment in
the gutter is considered by USEPA protocols to be unavailable for air suspension.  Graphical and
tabular summaries are shown for changes in sediment loads by sampling round (temporal
change), road type and trackout area (spatial change), and street surface (spatial change).

Total Sediment Load (Table 3)

For total particulate unit loads decrease from sampling round one to three for all road types.
Results also suggest that unit loads increase with increasing ADT for round one; however, this
trend is not present for rounds two and three.

Trackout data suggest a significant increase in sediment contribution from unpaved alleys (99.6
g/m2 ) when compared to non-trackout areas (27.5 g/m2 ).
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Intersection areas appear to have higher unit loads (418.7 g/m2) than non-intersection areas
(310.9 g/m2) for round one data.  This trend does not hold for rounds two and three.

Air-suspendable Load (Table 3)

Air-suspendable load differences between rounds one and two are relatively small for local
streets (18.4 g/m2  vs. 15.3 g/m2) and collectors (9.4 g/m2  v.s. 10.7 g/m2).  Differences between
rounds one and two are more pronounced for high ADT streets (6.7 g/m2  v.s. 1.3 g/m2 for minor
arterials and 20.4 g/m2  v.s. 3.7 g/m2 for major arterials).  Round three loads are lower than round
two for all road types.  Trackout areas contained a higher air-suspendable load (6.9 g/m2) than
non-trackout areas (3.1 g/m2).

Intersection areas (13.8 g/m2) appear to have higher air-suspendable unit loads than non-
intersection areas (4.7 g/m2 ) for round one data.  No clear trend emerges, however, for rounds
two and three.

4.3 Data Summaries By Particle Size Classification

Tables 5 through 10 present median unit sediment loads by round and road type for all pavement
strata (gutter and non-gutter areas), street surfaces (intersection and non-intersection areas), and
track out areas.  These data are presented in separate tables for each of the different particle size
classes that have been identified as critical to the OGS assessment project and AQS:  total (all
particle sizes); air suspendable (≤0.074 mm); OGS treatable (≥0.10 mm); and OGS non-treatable
(≤0.10 mm).  Data from HEPA and wet/dry vacuum collected samples are segregated.

To provide a measure of variability and statistical reliability, the upper and lower quartiles, and
number of data points used to determine each median are also listed.

Note that during sample analysis, a portion of the total sample was typically entrained in the
wet/dry vacuum filter bag.  This fraction was assumed to be ≤0.074 mm and was included in air-
suspendable, total sediment, and OGS-nontreatable load calculations.
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