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Performance Observations
Early Melt Mid-Melt Disintegration

No Practices
Turbidity (NTU)
Chloride (mg/L)

150-350
1,000-10,000

350-500
100-500

>1,000
<100

Shallow Ponding
Turbidity (NTU) 70-150 150-300 >500

V-Swale
Turbidity (NTU) 10-50 10-50 <200

Executive Summary 
The Municipality of Anchorage (MOA) and the State of Alaska Department of 
Transportation and Public Facilities (DOT) are currently authorized to discharge storm 
water from their combined Municipal Separate Storm Sewer System (MS4) to receiving 
waters as co-permittees (Permittees) under Alaska Pollutant Discharge Elimination 
System (APDES) Permit No. AKS-052558.  Part IV.A.9 of the Permit requires the 
Permittees to retrofit or build at least two snow disposal sites according to criteria 
developed by the MOA Watershed Management Section (WMS) “regarding siting, 
design and operation and/or using infiltration, evapotranspiration or reuse techniques” 
and to “..quantitatively assess the effectiveness of their retrofits by measuring changes in 
chloride and turbidity in melt water..”, documenting their evaluation results in a report 
submitted as part of their annual reporting requirements (Part IV.A.9). 
 
The MOA has completed retrofit or construction of two snow disposal sites using ‘V-
swale’ design concepts and criteria as developed by WMS in 2000 (WMS, 2000b) and 
adopted by the MOA Public Works Department as standard design criteria for municipal 
snow disposal sites (Public Works Department, 2007).  These sites include the Tudor 
Snow Disposal Site (‘Tudor’, constructed in 2004) and the Spruce Street Snow Disposal 
Site (‘Spruce’, constructed in 2012).  Both sites were operational throughout the winter of 
2012-13.  WMS inspected both sites in late 2012 and sampled snow melt runoff at these 
sites throughout the spring and summer of 2013 to evaluate their performance.  This 
report summarizes findings of that investigation and is submitted in compliance with the 
Permit requirements stated at Part IV.A.9. 
 
The primary purpose of the 2013 investigation is to assess performance, from a water 
quality treatment perspective, of V-swale snow disposal site design technology.  Current 
V-swale design includes incorporation of aligned and sloping pad geometry (V-swales 
and lateral drainage channels) that controls for particulates (given proper operation), and 
designed detention basins that control for chloride (given assumed source snow chloride 
content and maximum snowfill depths and volumes).  As a basis of evaluation, WMS 
compared water quality treatment performance of flat-pad sites and experimental V-swale 
installations (as reported in previous studies) in controlling discharge of particulates and 
chloride (Table 1) to that measured in 2013 at operating V-swale sites.  Performance at 
the two investigated V-swale sites 
was also evaluated in context with 
site conformity with V-swale design 
and operational criteria (Appendix 
A).  This report part briefly 
summarizes conclusions and 
recommendations relative to further 
implementation of V-swale 
technology at Anchorage based on 
the results of the 2013 investigations. 
 

Table 1:  Snow Disposal Performance at Anchorage 
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V-swale snow disposal site designs, where implemented and operated according to 
standard criteria, show significant improvement (one to two orders of magnitude) in 
treatment and removal of particulates and chloride over all other flat pad designs used at 
Anchorage.  Investigation of two existing sites using V-swale technology at Anchorage in 
2013 clearly demonstrates this conclusion, despite observed limitations in performance at 
both the evaluated sites. 
 
Investigation results varied significantly between the two sites.  The Tudor site performed 
poorly in all respects, the result of design flaws but prominently the result of poor 
operation practices for these types of designs.  The Spruce site performed very well in all 
respects but 2013 results may have been influenced by low chloride loading during that 
year.  Results for the Spruce site also reflected apparent flaws in detention pond design 
and construction. 
 
Meltwater from the Tudor site currently releases to an adjacent receiving water through 
shallow ground water discharge and do not present a significant impact from particulates 
to that receiving water (despite very poor treatment performance at this site in 2013).  
Minor chloride impacts are apparent though, and can be improved without any structural 
changes to the site simply by adherence to V-swale operational practices.  Tudor will 
require retrofit before it can adequately perform as a V-swale site for treatment of 
particulates but its priority for retrofit is low due to its mean lack of surface discharge.  
Immediate recommendations for retrofit and operations at this site include: 

o Implementation and rigorous supervision of standard V-swale operational 
standards. 

o Complete (prioritized) retrofit using revised V-swale design standards 
 
The Spruce site performs very well as a V-swale facility and was operated exceptionally 
well in 2013.  However, pond drain and liner design may result in poor performance 
during mean year operations, particularly considering that this site discharges directly to 
high-value wetlands.  Some reduction in mean year performance at this site over that 
observed in 2013 is anticipated as a result of three conditions observed at this site in 
2013.  The first includes the detention pond drain placed too high relative to the pond 
bottom so that the dry volume required for chloride treatment in a mean year may not be 
present if ice forms in the bottom of the pond as it did in the winter of 2012-13.  The 
second potential problem with this site lies with design of the pond liner.  The pond liner, 
though having a very low intrinsic hydraulic conductivity, may also allow significant 
fugitive infiltration over the early seasonal snowmelt, increasing pulse chloride loading to 
receiving waters (adjacent wetlands). The last, and more minor, condition that needs 
addressing to ensure future performance at this site, includes stabilization of the rock 
distributary weir currently serving as the site surface outfall to wetlands east of the site.  
Such stabilization should include placement of a fixed elevation serrated weir along the 
existing rock weir with rock armor placed on the outside sufficient to tie the structure to 
the natural wetland surface.  Immediate recommendations for retrofit and operations at 
this site include: 
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o Implementation and rigorous supervision of standard V-swale operational 
standards. 

o Re-installation of site’s detention pond drain to allow complete seasonal draining 
of the pond. 

o Installation of a fixed elevation distributary weir along the full length of the 
existing weir with armor placed to tie the weir into adjacent natural wetlands. 

o Monitoring and re-assessment of pond liner infiltration and early chloride 
mobilization to high value wetlands west of the site.  Should re-assessment 
demonstrate a potential for significant impact, the liner structure should be 
modified through design and installation of additional liner, liner subdrain, or 
similar device to prevent or collect fugitive early meltwater infiltration. 

 
In general, the 2013 investigation confirms the utility of V-swales when properly 
designed and operated, and their continued design and use at Anchorage is highly 
recommended.  However results also re-emphasize the synergy between design and 
operation that was expressed in original design concept development documents.  For 
even the best-designed V-swale site, poor operation may actually increase pollutant 
release over that of a flat-pad design, indicating a need for careful operational oversight if 
these facilities are to remain controls, and not sources, of site pollutants.  With this in 
mind, sequential placement of snow from bottom of a V-swale to the top, compact 
placement of snow at uniform depths and across the full width of individual V-swales, 
rigorous attention to the setback of any snowfill from lateral and end channels, and 
stacking of snowfill no higher than the specified threshold are basic operational 
procedures that must be followed for successful performance.  Finally, 2013 observations 
provide insight into future design modifications that can improve V-swale performance 
as well identify specific modifications that will improve the existing evaluated sites.  
General recommendations for V-swale sites include: 
 

o Apply V-swale technology as described in current MOA Public Works 
Department design criteria as the standard practice for design and retrofit of all 
municipal snow disposal sites. 

o Incorporate V-swale design modifications as described in this document including 
use of drain rock as channel armor and armor rock vertical placement, overlap of 
detention pond and snowfill, dry volume pond sizing, and pond liner and weir 
design. 

o Implement and rigorously supervise standard V-swale operational practices. 
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Part 1 - Purpose 
The Municipality of Anchorage (MOA) and the State of Alaska Department of 
Transportation and Public Facilities (DOT) are currently authorized to discharge storm 
water from their combined Municipal Separate Storm Sewer System (MS4) to receiving 
waters as co-permittees (Permittees) as authorized and conditioned by Alaska Pollutant 
Discharge Elimination System (APDES) Permit No. AKS-052558.  Part IV.A.9 of the 
Permit requires the Permittees to retrofit at least two snow disposal sites according to 
criteria developed by the MOA Watershed Management Section (WMS) “regarding 
siting, design and operation and/or using infiltration, evapotranspiration or reuse 
techniques” and must “..quantitatively assess the effectiveness of their retrofits by 
measuring changes in chloride and turbidity in melt water..”, documenting their 
evaluation results in a report submitted as part of their annual reporting requirements 
(Part IV.A.9).   
 
The MOA has completed retrofit or 
construction at two Permittee snow disposal 
sites using ‘V-swale’ design concepts and 
criteria as developed by WMS in 2000 
(WMS, 2000b).  The MOA retrofitted the 
existing Tudor Snow Disposal Site with ‘V-
swale’ design modifications (Tudor) in 2004 
and began operations at the site that winter.  
In 2012 MOA constructed a second, new, 
facility at the Spruce Street Snow Disposal 
Site (Spruce) with operations beginning at 
that site that same winter.  Both sites were 
operational throughout the winter of 2012-
13.  WMS inspected both sites in late 2012 and sampled snow melt runoff at both sites 
throughout the spring and summer of 2013 to evaluate their performance.  This report 
summarizes findings of that investigation and is submitted in compliance with the Permit 
requirements stated at Part IV.A.9. 
 
The report includes an executive summary, the main body of the report, cited references, 
and appendices.  The main body of the report includes four main parts, including this 
statement of purpose.  The second part briefly describes previous MOA investigations, 
including those of the performance of previous municipal snow disposal facilities, and 
the history of the development of the V-swale design concept used in both of the 
evaluated snow disposal sites.  The third part summarizes results of sampling and 
observations made by WMS in 2013 of the performance of the two V-swale facilities.  
The last part provides discussion of inferences drawn from the 2013 observations, 
focused on what works and what doesn’t and including a summary of recommendations 
for adjustments to design and operations of V-swale snow disposal facilities at 
Anchorage.  A list of references cited follow the main body of the report 
 

Figure 1:  Spruce Street Snow Disposal Site 
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Finally appendices supporting the main report are attached.  Appendices include a 
summaries of V-swale concepts and basic design criteria, design sheets for V-swale 
facilities at the Tudor and Spruce sites, site maps for 2013 sampling stations at these two 
sites, and summaries of sampling results and field logs for 2013 field work.  Additional 
information including relational database and geodatabase digital datasets, equipment and 
calibration information, laboratory reports and chains-of-custody, and field photographs 
are also available upon request from WMS.  Full scale versions of all graphics and 
figures included in the main report are included in the appendices as well. 
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Part 2 –Anchorage Snow Disposal Performance History 
During development of the Permittees’ first permit term conditions, regulators were 
concerned about pollutants—particularly chloride—discharged from the Permittees’ 
snow disposal sites.  As a result first term conditions included requirements to assess 
pollutants released from the Permittees’ snow disposal facilities.  Permittees developed 
and implemented a long-term assessment program specifically focused on developing an 
understanding of and quantifying pollutant release during spring melting of snow stored 
at these sites. 
 
WMS pursued observation and data collection at a number of snow disposal sites from 
1997 through 2002.  Sampling of melt water included testing for a wide spectrum of 
pollutants (WMS 1998a, 1999a, 1999b, 2000a).  The exhaustive sampling and testing 
completed during this period suggested that focus on control of two, however, chloride 
and suspended sediments, would reduce the most significant potential sources of impacts 
to receiving waters from snow disposal sites.  Observations during this period also 
revealed characteristic and late-winter snowfill and melt processes at Anchorage that 
might lend themselves to effective passive treatment of both sediment and chloride 
(Wheaton and Rice, 2003).  These processes and findings from WMS’ previous studies 
are briefly summarized below. 
 
Average maximum daily temperatures typically do not rise above freezing at Anchorage.  
As a result snow hauled and stored at snow disposal sites does not periodically thaw and 
melt but rather accumulates as an entire seasonal mass still present at spring.  Due to 
space limitations, snow is typically stacked 15 to 30 feet high.  As a result, in early spring 
internal temperatures at depth in the snow generally reflect average daily winter 
temperatures. 
 
At Anchorage, snowfill melting takes place in clearly recognizable stages with 
predictable pollutant characteristics (Figure 2).  As the snow begins to melt in the spring, 
it melts from the surface.  The surface meltwater infiltrates the deep snowfill, leaving dirt 
in the original hauled snow behind as a surface layer. Early in the melt season the surface 
meltwater cools as it infiltrates to the bottom of the cold fill.  Until deeper, colder, 
snowfill temperatures equilibrate at or near 32o F, the initial infiltrating meltwater freezes 
at the bottom of the fill forming a ‘basal’ ice layer.  After temperature equilibration and 
freezing is no longer taking place, the infiltrating meltwater flows across the surface of 
the basal ice layer—early on as saturated flow and later along melted conduits—
ultimately discharging from the perimeter of the fill. 
 
During melting, infiltration, and early meltwater conduit flow, sediments contained in the 
original snowfill are not mobilized and tend to collect on the surface of the deflating 
snow mass.  Later, as conduit flow through the snowfill becomes more dominant, the 
basal ice layer protects pad soils from erosion.  Only late in the season, as the basal ice 
degenerates and is removed and sediment in the original hauled snow is dropped to the 
pad surface do the snowfill sediments become subject to erosion.  Thus in a V-swale 
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facility, sediment release is small early in the season and has the potential to increase 
only late in the season. 
 
However the converse is the case for chloride:  chloride is at high concentrations in early 
meltwaters (well above the average chloride concentration of the source snow) and 
rapidly drops to concentrations well below that of the source snow as the season 
progresses.  Chloride is readily eluted (leached) during early snowmelt infiltration, and, 
though average chloride concentrations in initial Anchorage snowfill can be relatively 
modest (50 to 150 mg/l), leaching can result in very high chloride concentrations (as high 
as 10,000 mg/l) in early snowmelt discharges (Figure 2).  For a given initial chloride 
concentration, the higher the snow is stacked, the larger the initial leaching 
concentrations (see Novotny 1999 for an excellent description of this process). 
 
During early WMS investigations, standard Anchorage practice was to place hauled snow 
on relatively flat pads with little consideration given to the water quality implications.  As 
a result stacks were often high with sloping sides (from pushing snow with bulldozers to 
stack it).  Chloride concentrations of early meltwater releases were related directly to the 
amount of salt applied to the streets and the height of the stack.  The sloping snowfill 
sides also often resulted in elevated turbidity from meltwater discharging along the lower 
sides of the stack and saturating and mobilizing the sediments collecting on the surface.  
Uneven pad surfaces led to unpredictable locations of meltwater discharge from the 
snowfill and subjected the unarmored pad to localized erosion and scour. 
 
Observation of these processes led to WMS’ development of the V-swale concept (Figure 
2 and Appendix A).  The V-swale design critically combines construction of a specific 
pad geometry and a dry detention basin with operational practices.  Pad geometry 
incorporates one or more shallow V-shaped swales aligned sloping down to the north.  
The Vs maintain flow of meltwater across the basal ice layer and along a swale’s armored 
axis, directing flows to a single discharge point at the swale’s lower end.  The north-
sloping alignment encourages a melting sequence that progresses from south to north, 
reducing late snowmelt flow across snowfill dirt collapsing onto the pad surface.  The dry 
pond is intended to collect and hold a calculated volume of the early high-chloride 
concentration meltwater for dilution with later low-chloride concentration meltwater.  
The pond’s required dry detention capacity is estimated based on leaching rates under 
Anchorage’s mean spring temperatures, the average chloride content of the site’s source 
snow, an assumed maximum height and volume of snowfill for the site, and chloride 
sensitivity of a site’s receiving waters.  Finally, because of the design’s sloping surfaces, 
operational practices are critical to successful performance of a V-swale facility.  These 
primarily include uniform placement of snow across the full width of the Vs and below a 
designed threshold snowfill height (related to required dry pond capacity for adequate 
chloride treatment).  Uniform and steepsided snowfill across the full width of Vs is 
necessary to prevent early-season collapse of interior portions of V-swales and exposure 
of the released snowfill sediment to the meltwater flows from remaining upslope snow 
masses. 
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Early experiments with this design showed great promise, in particular in reducing 
release of sediments with meltwater flows (Figure 2).  As a passive treatment control, it 
appeared to be able to provide very effective treatment at a relatively low cost (initial 
capital costs and continuing operational care).  However, it was also very clear to design 
developers that a combination of design and careful operations are critical to the success 
of this design. 
 
The Permittees reported this work to EPA and identified the V-swale concept as a 
potential solution (along with reduced salt application through heated sand sheds) to the 
problems of high turbidity and chloride release observed at Anchorage snow disposal 
facilities.  To support implementation of the V-swale concept in future snow disposal site 
retrofit and construction, WMS developed design criteria and operational guidance 
(Figure 3) which was later adopted by and incorporated into the Municipality’s Public 
Works Design Criteria Manual.  To date, two facilities the Tudor Snow Disposal Site 
(2004) and the Spruce Street Snow Disposal Site (2012) have been constructed using this 
concept (Appendix B).  These two sites are the subject of WMS’ 2013 investigations. 
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Initial Snow Conditions
Constituent Range Median

Water Equivalent 60%-72% 60%
Chloride 53-140 mg/L 115 mg/L

Total Sediment 0.6-14.6 kg/cu.m 3.25 kg/cu.m

Initial Conditions 

Performance Observations
Early Melt Mid-Melt Disintegration

No Practices
Turbidity (NTU)
Chloride (mg/L)

150-350
1,000-10,000

350-500
100-500

>1,000
<100

Shallow Ponding
Turbidity (NTU) 70-150 150-300 >500

V-Swale
Turbidity (NTU) 10-50 10-50 <200

Figure 2:  V-Swale Concept 
Snow Site Processes and V-Swale Performance 

Ripening of Snowfill 

Conventional Snow Pad 

V-Swale Concept 

Vertical Shrinkage 

Disintegration 
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Figure 3:  V-swale design schematic (above) and operational guidance (below) 
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Part 3 – 2013 Field Investigation 
WMS completed field inspections and sampling at both the Tudor and Spruce sites in late 
fall 2012 (prior to snowfall and filling operations) and during the spring and summer of 
2013 (after winter snow haul operations had ended).  Field work was designed to evaluate 
performance of the V-swale installations at these two sites in reducing release of chloride 
and sediment.  Assessment of impacts of snowmelt releases to receiving waters at these 
two sites was performed as a secondary objective and in compliance with other permit 
requirements (MOA, 2010; USEPA, 2009). 
 
For each of the sites, locations 
for field measurement and 
sample collection were 
established at critical process 
points relative to V-swale 
treatment.  At Tudor, which 
includes a detention basin that is 
not sized to the site chloride 
loading, we selected the outlet 
weir at the base of one of the 
two primary V-swale elements 
as the primary sampling location 
(Tdr_WR1).  Additional 
sampling locations included a 
station at the outlet weir of the 
second major V-swale 
(TDR_WR3), a station in the 
detention pond itself near its 
outlet (Tdr_Dpnd1), a station at 
the ditched outfall of the site 
(Tdr_OF), and a station in the 
receiving stream at a point just 
below the site outfall ditch 
(Tdr_Stream).  An additional 
sample was also collected of 
meltwater impounded upslope of 
the snowfill, i.e., of ‘backwater’ 
meltwater (Tdr_Mpond). 
 
At Spruce, a similar approach was taken.  However sampling locations at this site took 
into consideration a design that placed the downhill end of the snow into the designed 
detention basin itself (i.e. as the detention pond filled, water from the pond rose onto the 
base of the lower end of the snowfill thus flooding the lower end of the site’s single V-
swale axis).  Therefore, the primary performance sampling location for this site was at the 
outlet from the distributary weir (Spr_WR2), i.e., at the point of discharge from the 
detention pond.  This location is also the defined ‘outfall’ point for the site, with 

Figure 4:  Tudor Snow Disposal Site 2013 sampling stations 
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receiving waters (wetlands) 
directly abutting the base of the 
rock distributary weir.  Because 
treatment by the detention basin 
was in effect sampled at this 
location, samples were also 
periodically collected from the 
detention basin waters itself 
(Spr_WR1 near the pond weir, 
and Spr_Dpnd1 at the west 
shoreline of the pond).  
Additional samples of 
impounded ‘backwater’ 
meltwater (Spr_Mpnd3) and 
surface meltwater flow 
(Spr_Mpnd1) were also collected 
to help characterize 
performance.  At the Spruce site 
additional field measurements 
were also made of the wetland 
waters themselves both where 
they were most likely to be 
impacted by site discharges 
(Spr_Wet0 through Spr_Wet2) 
and at locations outside the 
probable zone of impact at likely 
locations of background 
conditions (Spr_Wet3 and Spr_Wet4).  These measurements were made to test design 
assumptions that V-swale treatment along with rapid dilution with a large seasonal influx 
of snowmelt to the wetlands would mitigate impacts to the these receiving waters. 
 
In 2013 samples were taken and observations were made at both sites on a weekly or 
more frequent basis from May 10 through July 19.  Sampling began after meltwater was 
first released from the melting snowfill at both sites (May 10).  At Tudor meltwater was 
already discharging from all three main V-swale axes, flowing across Tdr_WR1 and 
WR3 and entering the site’s detention pond.  Minor surface flow (<5 gallons per minute, 
gpm) was observed near the Tudor outfall (Tdr_OF) but these small surface flows 
infiltrated prior to reaching the site’s receiving water, a small stream to the west of the 
site.  After May 10th no surface flows were again observed entering the stream from the 
site.  From previous work at this site, for mean snowfall years all site snowmelt infiltrates 
and enters the stream to the west as shallow ground water flows, likely along pipe and 
other infrastructure bedding present along the south side of the Tudor Road ROW. 
 
At Spruce, by May 10th meltwater had collected in the detention basin, but no flows were 
discharging across the basin’s weir.  At the time, surface flows were observed at the 
distributary weir (at Spr_WR2), though, discharging directly to the wetlands to the east of 

Figure 5:  Spruce Snow Disposal Site 2013 sampling 
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the site.  In fact, throughout the investigation, no flows were ever discharged across the 
detention pond weir.  All surface flows from the site were observed to originate as flows 
discharging vertically and energetically from around the outside toe of the basin weir.  
The source of the surface flows observed at the distributary weir undoubtedly originated 
from basin waters escaping as seepage and underflow around the weir.  The pond is 
located near a high point in the local original topography and synchronous samples 
collected from basin pond water at Spr_WR1 and flows at the distributary weir at 
Spr_WR2 showed correlative water quality characteristics throughout the investigation.  
Basin weir design did not include robust cutoff wall or seepage prevention measures 
which would further suggest increased seepage should be expected at this point on the 
pond.  Finally, estimated flow rates at the distributary weir also approximated flows that 
might be anticipated for a snowfill of the size present at Spruce in spring 2013, based on 
previous MOA site studies. 
 
However, though we conclude a substantial fraction of Spruce meltwater in fact did exit 
the site as surface discharge across the distributary weir in 2013, based on original site 
grade and pond design, there is some probability that some fraction of site meltwaters 
were also discharged to the west.  The site detention basin is constructed on unsaturated 
fill placed over an original ground surface that over some portion of the pond footprint 
sloped to the west.  The original ground sediments are generally comprised of dense, silty 
glacial tills of relatively low permeability.  Vertical infiltration from the pond into the fill 
has a probability of being preferentially directed along the westward slope of the original 
ground.  The detention basin is lined with a low-permeability geosynthetic clay liner 
(GCL) that significantly impedes vertical flow to underlying sediments.  Periodic 
inspection around the perimeter of the site during our investigation did not reveal any 
visible seepages that could be attributed to fugitive surbsurface flows from the detention 
pond.  However the site was grubbed before construction and fill placed along the 
western perimeter of the site below the depth of the thin surface duff and peat present 
there, likely providing relatively good hydraulic connection between the fill and surface 
organics west of the site, particularly for very small flows.  Finally, a sample collected of 
surface waters from the western wetlands late in the melt season at a point (Spr_Wet5) 
approximately along a flow line that might carry seepage flows originating from the 
detention pond showed an anomalous chloride concentration.  Therefore, given a 
subsurface flow route as the sole source of observed discharge from Spruce in 2013, 
additional assessment of pond seepage rates should be made. 
 
Field work at both Tudor and Spruce consisted of field measurements for temperature, 
electrical conductivity, pH, nephelometric turbidity units (NTUs), and visual estimates of 
flow at multiple sampling stations at each site.  In addition, samples paired to field 
measurements were collected for chloride and suspended sediment concentration (SSC, a 
method testing the entire collected sample) and transmitted to a certified laboratory for 
testing.  Lab results were used to estimate correlation between the field surrogate 
measures (conductivity and nephelometry) and laboratory measured pollutant 
concentrations (Appendix D).  Linear correlation of lab chloride values with paired field 
conductivity measurements were very good at both sites (r2 greater than 0.99 for all 
paired datasets).  Correlation between SSC lab values and field NTU measurements were 
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also very good for Tudor (r2>0.99) and acceptable for Spruce (r2>0.84).  The lower 
correlation at the Spruce site is likely because of the low range in measured 
concentrations at that site (2 to 13 mg/l) compared to that at Tudor (7 to 240 mg/l). 
 
Results for sampling at both sites in 2013 are summarized 
below for the primary analytes pH, chloride and 
suspended sediment.  Chloride concentrations reported 
here are based on field conductivity measurements 
converted to an estimated chloride concentration using 
correlation results.  Field-measured NTU values have not 
been converted, as insufficient lab data was collected to 
establish correlations between all bodies of water 
sampled.  Nevertheless, the correlation analyses that we 
did perform demonstrate a reasonably predictable 
relationship between NTU field measurements and 
laboratory SSC values.  We believe these can be used to 
convert NTU measurements to a usefully representative 
suspended sediment concentration where the reader 
desires.  For this discussion we refer only to NTUs as 
they form the bulk of the measurements made.  Finally, 
we did not measure turbidity either in the field or in the laboratory for samples assessed 
at stations in the receiving wetlands at Spruce.  These waters typically are highly colored 
and turbid from high concentrations of organic particulates and insect larvae (mostly 
mosquitoes during 2013 investigations) and from color from tannins and their derivatives 
(Figure 6). 

Suspended Sediments Treatment 
Efficacy at treating suspended sediment released in meltwater was identified as a primary 
strength of the V-swale snow site design technology in its early conceptual development.  
Early studies suggested a properly designed and operated site at Anchorage should reduce 
turbidity in meltwater measured at the exit from V-swales to about 50 NTUs for most of 
the season with turbidity perhaps rising as high as 200 NTUs as snowfill collapses and 
basal ice erodes at the end of the melt season.  A time series of NTU measurements made 
at sampling stations at each of the sites in 2013 are displayed in Figure 7. 
 
Both sites performed reasonably well in the early melt season, though Spruce performed 
at a uniformly better level than Tudor, with turbidity of discharges to the receiving 
wetlands at this site narrowly ranging between about 7 and 13 NTUs.  Over the season, 
turbidity of discharge waters from the Spruce site did not rise much above about 20 NTU 
and typically ranged below 10 NTU.  Late in the season turbidity in the detention pond 
rose to near 20 NTU due to dropping water level in the pond and a resultant increase in 
vulnerability of bottom sediments to wind stirring.  Good performance in sediment 
treatment measured in 2013 may be in part due to lower dirt content in the snow hauled 
to this site (snow is predominantly from residential sources) and a relatively low snow 
loading (the site in 2013 was only filled to about 20% of capacity).  However the Tudor 
site had a similar low snow loading and performed quite poorly in chloride treatment.  

Figure 6:  Tannic water at 
Spruce east wetlands 
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Despite these confounding factors, we believe that the performance measured at the 
Spruce site in 2013 primarily reflects several factors.  First is implementation of 
improvements at the Spruce site in the V-swale design concept since Tudor retrofit, 
including designed snow placement inside the high water limits of the pond (decreasing 
sediment erosion and mobilization along site drainage channels during late season 
snowfill collapse) and use of subdrains and washed rock as armor along the perimeter 
drainage channels of the V-swales (effectively controlling sediment mobilization along 
these features).  It was also clear to us that this site was operated at a high level of 
attention to the operations standards laid out in the original concept documents.  Most 
important of these was uniform placement of snow across the full width of the single V-
swale used at this site and prevention of snowfill encroachment into the lateral armored 
channels at the swale perimeters. 
 
 

 
  Figure 7:  Turbidity in meltwater at 2013 snow sites 
 
 
Turbidity at Tudor was markedly poorer than that observed at Spruce throughout the 
2013 melt season.  Turbidity was variable in the early season then rose dramatically, 
peaking at over 500 NTU by the end of June.  By early July the site had improved but 
experienced another rise in turbidity in mid-July when field observations in 2013 ceased.  
In fact, turbidity performance at this site overall approximated that of flat-pad snow 
disposal sites assessed originally by WMS in the late ‘90’s.  Fortunately, this site does 
not discharge surface flows to receiving waters so that the poor turbidity performance 
does not present an immediate water quality concern. 
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Certainly, however, the poor turbidity performance measured at this site in 2013 does 
raise questions about the reasons for it, particularly in light of the excellent performance 
of the Spruce site.  The reasons became clear as the season progressed and include both 
design and operational flaws.  Design flaws include poor channel armor materials and 
placement, widely asymmetric V-swales, and lack of lateral subdrains.  The design for 
this site specified sandy gravel as armor material be placed along central and lateral 
drainage channels.  If the site was otherwise designed and operated correctly this may not 
necessarily have represented a serious performance problem.  However combined with 
the highly asymmetric designed widths of the outsides of the two primary V-swales and 
the serious operational flaws occurring at this site, these materials became subject to large 
flows that readily eroded them.  The armor placed on the outside of the V-swales was 
elevated above (placed on top of) the pad surface, directing meltwater flow along the 
outside edge of the gravel ‘armor’, increasing erosional forces both into the armor gravels 
as well as along the unarmored surface of the pad itself.  Converse to the outside armored 
channels, during construction armor along the V-swale axial channels were inset 
significantly below the pad surface.  This has led to rapid infilling along the resulting 
depression with sandy sediments washed into it during the latter stages of seasonal 
snowmelt.  Thus the axial channels, rather than representing an armored surface resistant 
to erosion, present a regular source of easily mobilized fine sediments, refilled annually 
during late season waning meltwater flows, and then later eroded as the basal ice 
collapses the following season, exposing them to higher flows.  The site also lacks 
subdrains placed along the lateral channels which also play a significant role in reducing 
erosion. 
 
Though design problems created conditions favorable for site underperformance, without 
doubt operational practices at Tudor played the starring role in the unusually poor 
performance observed at this site in 2013.  As described in original V-swale concept 
descriptions and in MOA design criteria, successful operation of a V-swale snow disposal 
site from a water quality treatment perspective requires careful adherence to a few, quite 
simple, operational practices.  These include primarily placement of uniform depths of 
snowfill across the full width of any one V-swale, starting at the lowest point along the 
V-swale axis and proceeding upslope.  These practices are important because the slopes 
incorporated into the pad as part of this design type have the potential to actually increase 
sediment erosion where snowfill is placed partially across a V-swale or at non-uniform 
depths.  Secondly, snow should not be placed so as to obstruct lateral drainage channels.  
Basal ice develops just as readily under snow placed in lateral channels as it does under 
any other snowfill.  Any basal ice is quite resistant to both physical and thermal erosion 
and as a result it creates a very effective dam at the pad surface for much of the season.  
Snow placed in a lateral channel and the resulting basal ice formed beneath it, then, not 
only quite effectively prevents passage of snowmelt waters along the channel, it can also 
dam a significant backwater volume.  When the basal ice does become fully penetrated 
later in the season by incipient meltwater conduits, these typically become very rapidly 
enlarged (a matter of a few hours), abruptly releasing very large flows having destructive 
erosional effects. 
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Unfortunately, all the don’t dos described 
above, in fact were done in 2013 at Tudor.  
In 2013 snow was placed at the Tudor site 
at initial shallow depths (about 15 feet) 
along the lower ends of the V-swales.  
Later, about a third of the way up the 
swales, snowfill was placed at twice that 
depth or deeper.  Deep snowfill was also 
placed across lateral channels at several 
locations along the V-swales.  Finally, near 
the end of the winter hauling season, snow 
was placed in massive ‘wings’ across the 
outer channels along the outside perimeter 
of the site’s two main V-swales, combining with the central snow mass to form a crescent 
of deep snow wrapping around the central, upslope portion of the site (Figure 8).  As 
seasonal melt began, the outer wings of this crescent, underlain now by basal ice, 
dammed meltwater in a large pond above the main snow mass.  The pond, blocked from 
the lateral channels by the ‘wings’ of snow placed in the lateral channels, grew 
sufficiently in size in the early melt season to flow down one of the site’s access road.  
Eventually the basal ice under each of the outer crescents of snow failed, releasing a 
catastrophic flood of ponded meltwater down the lateral channels over a period of just a 
few hours.  The abrupt release sent a very large flow down the unarmored channels, 
gouging sediment from the channel bottoms and their containing berms.  The bends 
imposed on these channels by the V-swale asymmetry further increased scour due to 
directional and momentum changes.  In this case the large mass of scoured sediment did 
not leave the site but the effects were measurable as the large increase in turbidity 
observed in mid-June. 
 
The non-uniform snowfill and in-filled, 
asymmetric V-swales also contributed to the 
mid-season elevated turbidity and the abrupt 
increase in turbidity observed at this site in 
early July.  The thin snowfill at the lower 
end of the V-swales melted out much sooner 
than the deep mass of snowfill placed near 
the middle of the pad.  When the thinner 
snow had collapsed onto the pad surface 
downslope of the remaining thick snowfill, 
the loose saturated dirt, now released to the 
pad surface, became subject to erosion by 
meltwaters from the snowfill remaining 
upslope (Figure 9).  Erosion of the 
downslope sediments were pronounced and are reflected in the rising turbidity measured 
at the end of the season at this site.  In any event, the poor performance observed at Tudor 
in 2013 does not so much discredit the utility of the V-swale concept (particularly given 
its stellar performance at Spruce) as provide a useful reminder of the importance of 

Figure 8:  Snowfill ‘wings’ blocking lateral 
channels at Tudor site 

Figure 9:  Collapse and exposure of downslope 
sediments to upslope meltwater at Tudor site 
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understanding and implementing best design concepts along with basic operational rules 
at V-swale-type facilities. 

Chloride Treatment 
Treatment of chloride by a V-swale facility is less a result of the unique character of the 
pad configuration itself as it is of the other elements of good design and operation.  
Factors in chloride control, as for particulate control, include both design and operational 
elements.  The primary design factor includes establishing adequate dry capacity of the 
site’s detention pond (calculated based on assumptions about source snow—initial 
chloride concentration—and maximum depth and total volume of site snowfill, see 
Novotny, 1999, for a detailed discussion of methods).  The primary operational factor 
includes stacking snowfill no higher than some established threshold (based on the 
designed dry capacity of the detention pond).  Failure in either of these can result in 
dramatic chloride releases from a snow disposal site early in the seasonal snow melt 
period.  Performance at Tudor and Spruce in this regard were assessed by periodic 
measurements of conductivity as a surrogate for chloride.  A time series of measurements 
at both sites are displayed in Figure 10. 
 
 

 
  Figure 10:  Chloride in meltwater at 2013 snow sites 
 
 
Inspection of results at Tudor is again instructive.  Early peak chloride releases at this site 
are about an order of magnitude higher than those measured at Spruce and reflect an 
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anticipated peak chloride release typical of flat-pad Anchorage snow disposal sites.  
Some of this may be due to the high chloride content of the source snow (snow at the 
Tudor site is hauled primarily from DOT arterial streets where sand applications may 
contain salt at concentrations of about 1/10th to 1/5th the weight of the sand).  Most 
chloride measurements at this site were also made prior to any pond dilution.  However, 
the Tudor pond was not designed to provide effective dilution of peak snowmelt and 
limited chloride measurement of the detention pond waters in 2013 suggest that the pond 
is in fact undersized relative to effective peak chloride dilution.  On the other hand, snow 
volumes at the Tudor site were small relative to a mean year, representing a reduced total 
potential for development of large peak chloride releases.  Considering combined effects 
of all these factors, the high chloride peak observed in 2013 at this site is quite likely 
primarily due to high-stacking.  About 50% of the total snow mass was high-stacked to a 
depth of about 35 to 45 feet, significantly increasing the initial mass of chloride leached 
per unit area of snow present.  A decrease in average snowfill depth and more uniform 
snow placement would certainly have reduced the peak chloride release. 
 
Seasonal peak chloride concentration measured at the Spruce site, at about 130 mg/l, was 
substantially less than that measured at Tudor.  This likely approximates optimum 
performance given that historically average chloride concentrations in Anchorage hauled 
snow ranges from about 50 to 150 mg/l.  That said, optimum performance is particularly 
important here, due to this site’s direct discharge to a sensitive wetland and its proximity 
to a Municipal potable water well.  This site was in part permitted by the US Army Corp 
of Engineers to discharge to these wetlands, first, on the basis of good design 
performance of the site detention pond, and, second, on assumptions that snowmelt 
flooding of the portion of the wetlands into which the Spruce site would discharge would 
provide important additional—and adequate—dilution.  Some sampling was performed 
along the discharge flow path through the wetlands to test these assumptions and to 
comply with site monitoring specified in the site’s conditional use plan (MOA, 2010). 
 
Chloride concentrations discharged from the Spruce site distributary weir showed 
seasonal patterns that are typical of Anchorage snow disposal sites.  An early peak was 
followed by a rapid and steady fall in chloride concentrations as later site snowmelt 
diluted the chloride leached early in the season.  The detention pond was effective at 
minimizing the magnitude of the peak when comparing 2013 results at this site with peak 
chloride concentrations (600 to 1000 mg/l) at sites without detention ponds, or for 2013 
results measured at Tudor where chloride was measured before the effects of any pond 
dilution. 
 
Despite the good performance at Spruce in 2013, given year- and site-specific conditions, 
chloride treatment performance measured still appears to suggest some need for site 
modification.  This is particularly the case given that this site, unlike Tudor, does 
discharge its meltwaters directly to a high-value receiving water, the wetlands to the east 
of the site.  Factors important in normalizing chloride treatment performance observed in 
2013 to probable mean year performance at this site include the following.  Source snow 
hauled to the Spruce facility is assumed to have relatively low initial chloride 
concentration.  Snow hauled to this site is primarily from residential streets maintained by 



Anchorage 2013 Snow Disposal Sites Evaluation January 2014 

Wms file: SnoSiteEval_01292014fnla Page 21 ver f01.29.2014 

the MOA.  The MOA stores all its winter sand in warm storage and as a result has 
significantly reduced the amount of salt that it applies to streets during winter street 
sanding.  In addition snowfill placed in the Spruce facility during the winter of 2012-
2013 occupied less than about 1/10th of site’s total capacity.  As a result the total snow 
footprint over which salt leaching could occur was at a minimum.  Finally, operational 
performance was good—the snow had not been high-stacked.  These factors all tend to 
increase expectations of a low peak chloride concentration, closer to 50 mg/l rather than 
the 130 mg/l actually measured. 
 
A major reason 2013 peak chloride concentrations 
may have been elevated relative to anticipated 
performance is likely reduction in designed dry 
capacity of the Spruce detention basin as a result 
of a considerable fraction of the total basin 
volume lost to ice frozen into the bottom of the 
basin early in the winter of 2012-2013 (Figure 
11).  At our 2012 pre-winter inspection, pond 
water from late fall rains had become frozen and 
occupied about 40% of the basin dry capacity as 
ice.  A drain was installed as part of pond design 
to allow seasonal draining but the drain had been 
installed several feet above the pond bottom.  The 
pond-bottom ice that had formed in the fall of 
2012 did not thaw and lift from the pond bottom 
until about mid-May, well after peak chloride leaching had taken place and discharge 
from the pond had begun.  As a result the maximum opportunity for dilution of the early 
peak chloride release was lost and peak chloride concentrations discharged from the site 
were increased over what site design and 2013 conditions would predict.  Chloride 
release under similar lost dry capacity conditions in a normal snowfill year could result in 
dramatic increase in peak chloride release to the eastern wetlands. 
 
Nevertheless, with the single possible exception of a measurement taken of waters 
sampled from a wetland location to the west of the site (Spr_Wet5), chloride 
concentrations measured in 2013 did not represent a significant potential for impact to 
wetlands receiving site meltwater.  The Spr_Wet5 location is in the wetland west of the 
snow disposal site and just south of the north gate to the site.  This sampling station is at 
the lower, discharge end of the wetland bordering the west side of the snow disposal site.  
A single measurement taken at this station in late June revealed an anomalous (elevated) 
chloride concentration in wetland water of about 120 mg/l.  It would be irresponsible to 
infer too much from a single measurement such as this, but this sampling station’s 
location relative to the underlying original westward ground slope of the snow disposal 
site requires that it be noted.  Of course, it may be that the chloride measured at this 
station was from a source other than the snow disposal site or that the measurement was 
non-representative.  However its location (generally upgradient of other source area 
flowpaths), the time of sampling (well after snowmelt runoff from adjacent roadways), 

Figure 11:  Fall ice depleting dry 
volume of Spruce detention pond 
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and the subsurface configuration of the snow site can not exclude the snow disposal site 
as a possible source. 
 
In fact, hydraulic evidence for leakage and discharge as shallow flow into the western 
wetlands is theoretically valid.  As no surface flows across the detention pond weir 
occurred during the 2013 melt season, discharge from the site (as discussed earlier in the 
turbidity section of this report) took place as subsurface leakage across the GCL 
(detention pond clay liner).  Substantial fill was placed over the site to bring it to grade so 
that in the vicinity of the detention pond the fill is unsaturated and overlies an original 
ground surface sloping, at least in part, towards the western wetlands.  As discussed 
earlier, leakage across the liner appeared to be taking place preferentially through the 
weir/liner interface, and the intrinsic hydraulic conductivity of the liner is very small 
(specified as less than 5x10-9 cm/sec, CETCO, 2008).  However, given the finished site 
configuration, some fraction of meltwater flux through the liner will be directed to the 
west along the surface of the westward sloping low-permeability sediments comprising 
the original ground and thus may be the source of the chloride measured at Spr_Wet5.  
Though the magnitude of chloride concentration measured at this station was relatively 
small, additional sampling to resolve presence and source of any such leakage is 
warranted. 
 
In any event chloride impacts to the receiving wetlands appeared de minimis in 2013.  
Visual inspection of measurements made after leafout (late May-early June) of chloride 
concentrations at the site outfall (Spr_WR2), at points along the wetland discharge flow 
path, and at background locations suggest no apparent difference between wetland waters 
along the discharge flow path and at background locations (Figure 10).  Small-sample 
Wilcoxon rank-sum tests comparing measurements along the wetland discharge flow path 
and background wetland locations also suggest no difference in sampled populations.  
Chloride concentrations measured at these location in 2013 were also well below chronic 
and acute thresholds recommended by Chmielewski et. al. (1998) for wetlands receiving 
snowmelt from Anchorage snow disposal sites.  They 
and others (Hansen, 2001) point out that brief exposures 
to modest chloride concentrations early in Anchorage’s 
growing season may not normally represent a practicable 
threat to wetland plant ecosystems.  However this is 
dependent upon chloride type (with a magnesium 
chloride type that is predominant at this site representing 
a larger threat) and extent and duration of inundation.  
Prolonged seasonal inundation has long been in effect at 
these wetlands due to damming of area snowmelt against 
an access road crossing the drainage path of the 
wetlands.  Dead spruce trees (snags) seen in Figure 12 
near wetland sampling station Spr_Wet0 and 
immediately adjacent to the site outfall were present at 
the time of site construction and are likely the result of 
this seasonal history of inundation.  However, as 
Chmielewski et. al. (ibid.) points out, combined stresses 

Figure 12:  Inundation effects 
on spruce trees at Spruce outfall
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from both inundation and chloride can have a much larger effect than either individually.  
Given this, continued good operation of this site and repair of the pond drain to ensure 
that optimum dry capacity is present prior to freezeup will be critical to achieving 
continuing minimal impact to the receiving wetlands. 

Site pH 
Finally, we measured the pH of site meltwaters at both sites during our 2013 
investigation (Figure 13).  The pH of meltwaters at the Tudor site was uniform and 
approximately neutral throughout the investigation, reflective of all previous 
measurements WMS and others have made of meltwaters at Anchorage snow disposal 
sites.  This was mysteriously not the case at the Spruce site.  Early in the season pH at 
Spruce closely matched our results at Tudor but in mid-May pH rose sharply and then 
began a gradual decline.  By the end of the season the pH of both pond and site discharge 
waters had re-attained a pH characteristic of meltwater from Anchorage snow disposal 
sites.  During the rapid pH rise, samplers measured meltwater flowing across the pad 
surface as it originated from the snowfill and from ponded water impounded on the pad 
upgradient from (above) the detention pond.  All these measurements showed near 
neutral pH so that we excluded the snowfill itself as a source of the high pH. 
 
 

 
  Figure 13:  pH in snow meltwater at 2013 sites 
 
 
Though we were not able to definitively resolve the source of the elevated pH measured 
in 2013, we concluded that it was an artifact of new materials placed at the site during 
just-completed construction.  Inspection of chemical composition of a landscape spray 
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excluded this as a likely source.  Very rapid onset of the pH rise coincident with spring 
release of the ice frozen to the pond bottom suggested subdrain materials or the GCL as 
the most probable source of the elevated pH.  In any event, pH declined steadily over the 
spring and summer and reached neutral conditions by mid-summer.  Inspection of pH 
measurements made along the wetland discharge flowpath and at background locations 
suggest that pH of the wetlands became moderately elevated near the point of meltwater 
discharge to the wetlands (Spr_Wet0).  However, northern wetlands typically have a high 
buffering capacity (Post, 1996).  By the middle of the summer the plume of elevated pH 
had substantially attenuated as evidenced by serial changes in pH measured at Spr_Wet0 
and Wet1.  Given the exclusion of the snowfill as a source and the steady decline of pH 
in the meltwaters to a more typical neutral level, we believe that an interpretation of new 
construction materials as a source to be a reasonable inference.  Additional monitoring 
could readily confirm this.  However for the long-term, we do not anticipate meltwater 
pH values at this site that are markedly different from those at other Anchorage snow 
disposal sites. 
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Performance Observations
Early Melt Mid-Melt Disintegration

No Practices
Turbidity (NTU)
Chloride (mg/L)

150-350
1,000-10,000

350-500
100-500

>1,000
<100

Shallow Ponding
Turbidity (NTU) 70-150 150-300 >500

V-Swale
Turbidity (NTU) 10-50 10-50 <200

Part 4 – Conclusions and Recommendations 
In 2013 WMS completed investigation of the performance of V-swale snow disposal site 
technology at two Anchorage sites, the Tudor Snow Disposal Site and the Spruce Street 
Snow Disposal Site.  The primary purpose of the investigation was to assess 
performance, from a water quality treatment perspective, of V-swale snow disposal site 
design technology.  Current V-swale design includes incorporation of aligned and sloping 
pad geometry (V-swales and lateral drainage channels) that control for particulates, and 
detention basins that control for chloride (based on assumptions of source snow chloride 
content and a maximum snowfill depth and volume).  As a basis of evaluation, WMS 
compared water quality treatment performance of flat-pad sites and experimental V-swale 
installations (as reported in previous studies) in controlling discharge of particulates and 
chloride (Table 1) to that measured in 2013 at the two currently operating V-swale sites.  
Performance at the two investigated 
V-swale sites was also evaluated in 
context with site conformity with V-
swale design and operational criteria 
(Appendix A).  This report part 
briefly summarizes conclusions and 
recommendations relative to further 
implementation of V-swale 
technology at Anchorage based on the 
results of the 2013 investigations. 

Conclusions 
V-swale snow disposal site designs, where implemented and operated according to 
standard criteria, show significant improvement (one to two orders of magnitude) in 
treatment and removal of particulates and chloride over all other flat pad designs used at 
Anchorage.  Investigation of two existing sites using V-swale technology at Anchorage in 
2013 clearly demonstrates this conclusion. 
 
Of the two sites investigated, Tudor, designed and constructed in 2004, includes serious 
design flaws and in 2013 was operated counter to all standards established for V-swale 
designs.  As a result, control of particulates at this site was no better than that measured 
previously at most flat-pad sites.  Chloride in meltwater discharge at this site (where the 
detention basin was not sized to match site snow source and volume) also reflected peak 
concentration similar to that measured at any uncontrolled flat-pad site. 
 
Spruce, constructed in 2013, was well designed, fully incorporated all V-swale concepts 
and added subdrains and an overlap of detention pond and snowfill to improve 
performance.  The site was also operated in 2013 in conformance with all operational 
standards and as a result performed very well.  It fully met performance estimates 
established during concept development for controlling sediments, reducing turbidity (as 
a surrogate measure for suspended sediment concentration) in meltwater over that of flat-
pad sites by an order of magnitude.  It also included a detention basin designed for source 
snow characteristics and volume and performed well in reducing peak chloride in site 

Table 1:  Snow Disposal Performance at Anchorage 
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discharge.  However, a flaw in seasonal pond drain-down capacity and some possibility 
of loss of some fraction of meltwater to fugitive subsurface flows suggest some 
additional modifications to this site may be required. 
 
In general, the 2013 investigation confirms the utility of V-swales when properly 
designed and operated, and their continued design and use at Anchorage is highly 
recommended.  However results also re-emphasize the synergy between design and 
operation that was expressed in original design concept development documents.  For 
even the best-designed V-swale site, poor operation may actually increase pollutant 
release over that of a flat-pad design, indicating a need for careful operational oversight if 
these facilities are to remain controls, and not sources, of site pollutants.  With this in 
mind, sequential placement of snow from bottom of a V-swale to the top, compact 
placement of snow at uniform depths and across the full width of individual V-swales, 
rigorous attention to the setback of any snowfill from lateral and end channels, and 
stacking of snowfill no higher than the specified threshold are basic operational 
procedures that must be followed for successful performance.  Finally, 2013 observations 
provide insight into future design modifications that can improve V-swale performance 
as well identify specific modifications that will improve the existing evaluated sites.  
These recommendations are summarized briefly below. 

Tudor Site Recommendations 
Tudor was designed as the first V-swale facility at Anchorage; designers did not have an 
advantage of prior experience.  As a result of the early design errors this engendered, 
design elements at this site may actually increase particulate mobilization rather than treat 
it.  The effects of the design flaws proved particularly fatal when combined with the poor 
operational practices used at this site in 2013.  These operational errors appear to be due 
in part to lack of any oversight for or knowledge of water quality operational 
requirements.  Lack of oversight may be exacerbated by shared use of this site by both 
DOT and MOA maintenance agencies, with DOT as non-owner having no ‘pain in the 
game’ to provide incentive to operate the facility correctly.  Therefore improved 
operational practices may require annual training and vigorous oversight, along with 
some incentive for greater DOT dedication to participate.  In any event, improving 
performance at this or any site through structural improvements alone will not be 
successful unless a commitment is made to V-swale operational standards. 
 
That said, structural improvements required at Tudor are not trivial.  Basic required 
improvements include: 

o realignment of V-swales to reduce width asymmetry, 
o reconstruction of axial and lateral channels including use of washed rock placed at 

or just above the pad surface elevation, 
o construction of subdrains along lateral channels, 
o armoring of the base of containment berms, 
o replacement of discharge weirs including use of buried seepage cutoff walls, 
o resizing of the detention pond to match source snow and volume, and 
o re-grading and armoring of all discharge channels including those running from 

V-swale discharge weirs to the detention pond. 
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Fortunately, in an average year (including 2013) meltwater from the site infiltrates and 
discharges along shallow ground water paths to a small stream a short distance west of 
the site.  These serendipitous conditions generally guarantee best particulate control.  
Given this, until site conditions change such that infiltration no longer occurs, 
prioritization of this site for retrofit should probably remain low.  The only improvements 
that may accrue immediate water quality benefits include reconstruction of the detention 
pond to reduce current chloride impacts to the receiving stream, though current impacts 
appear quite low. 

Spruce Site Recommendations 
Spruce is a very carefully designed V-swale facility that incorporates several design 
concepts suggested but not implemented in early design criteria development.  The site 
receives source snow that has a relatively low-salt content which undoubtedly contributed 
significantly to measured performance.   However the site was also very carefully 
operated in 2013, including good stacking practices and careful placement of snow 
outside lateral channels; the importance of this operational attention to detail to success 
cannot be overemphasized. 
 
However additional V-swale design elements not included in the Tudor site were also 
important in 2013 performance and should be incorporated into future design criteria.  
These include incorporation of lateral and axial subdrains and pad configuration that 
overlaps the lower end of the snowfill footprint and the upper end of the detention basin.  
This (along with careful attention to uniform placement of snowfill starting at the lower 
end of the V-swale axis) precludes any erosion from the last meltwater flowing across 
sediments, as the last snowfill collapses directly into the ponded water.  Lateral subdrains 
(again importantly kept completely free of snowfill) also provide paths that are armored 
against sediment mobilization for meltwater flow.  Use of larger washed rock as armor 
and placement of the channel surface at the same elevation as the adjacent pad surface 
also prevents the channel armor from being buried by released sediment. 
 
The Spruce street site also includes a detention pond that was explicitly designed to 
detain the early volume of high chloride concentration meltwaters.  The design method 
estimates the required detention pond dry volume on assumptions of average chloride 
load in the source snow, the maximum snowfill depth allowed for the site, the total 
volume (footprint) of snowfill, and the sensitivity of the receiving waters (i.e., the 
permitted chloride concentration at the site outfall).  At the Spruce site, the design 
assumed the full basin volume would be available at the start of snowmelt as dry volume 
through the incorporation of a manual drain that would allow complete seasonal (end of 
fall) drain down of the pond. 
 
Though the Spruce site performed very well in 2013, it did so under a load representing 
only a small fraction of the site’s total capacity.  Some additional structural flaws in 
design and construction of this site also suggest its 2013 measured performance may not 
represent its mean performance capabilities.  The Spruce site design as described earlier 
assumed a dry basin and included a basin liner to manage and direct site meltwater flows.  
However the pond drain was installed well above the pond bottom, presenting a potential 
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for loss of a significant fraction of the designed dry capacity to ice (which in fact 
happened in 2012-13).  Also, though no flows exited the site over the pond weir, 
observations suggest that a significant fraction (if not most) of the meltwater generated at 
the site discharged at the interface of the pond liner and the smooth weir face.  However, 
limited data and known relationships of pad fill and original ground also suggest that the 
pond liner design and pad configuration may result in some fugitive loss of high chloride 
concentration meltwater to the west wetlands, potentially significantly reducing the 
desired effect of the detention pond.  Finally, lack of armor on the outside face of the 
distributary weir and lack of a fixed elevation along the weir crest resulted in a single, 
concentrated pour point across the distributary weir face.  We recommend addressing 
these issues as follows: 

o Install a fixed-elevation serrated weir support across the outside face of the 
distributary weir.  Place and armor the outside face of the weir so as to tie into the 
adjacent undisturbed wetland surface. 

o Re-install the pond drain at an elevation that will allow complete seasonal 
draining of the pond water. 

o Implement water quality monitoring of wetlands adjacent to the site outfall 
(distributary weir) and at selected station(s) at the west wetlands (as required by 
the site conditional use permit) sufficient to assess adequate chloride treatment 
(east wetlands) and containment of unsaturated flow through the liner and fill 
(west wetlands).  Based on monitoring results, it may be necessary to consider 
installation of additional pond liners and/or subdrains that can capture and convey 
fugitive flows to acceptable dilution and discharge. 

General Recommendations 
The follow recommendations reflect general findings from our 2013 investigation relative 
to V-swale use, design and operation.  We recommend the following be addressed and 
implemented as additions or amendments to Municipal design criteria language and 
guidance: 
 

Applications 
o V-swale type snow disposal facilities provide effective treatment of particulates 

and chloride in meltwater from Anchorage snow disposal sites.  Treatment is 
passive and therefore very low cost when compared to other treatment options.  
The design and site practices described for this type facility should be required 
and implemented at all Anchorage snow disposal sites, including implementation 
and close supervision of V-swale-specific operational practices. 

 
Design 
o Avoid widely varying widths along the axis of a V-swale and maintain generally 

linear lateral channels. 
o Use drain rock or similar as channel armor; place the surface of the armor above 

the adjacent pad surface by about the d50 of the armor rock. 
o Place rock subdrain wrapped in filter cloth along the full length of all V-swale 

lateral and end channels. 
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o Place subdrains along the V-swale axial channels as follows: along the lower 50% 
of each axial channel length place non-perforated pipe at the base of a rock 
subdrain;  along the upper 50% of each axial channel length place perforated pipe 
at the base of a rock subdrain with an impermeable liner laid horizontally across 
about 150% of the width of the subdrain trench; join subdrain pipes. 

o Where feasible, place detention basin to overlap lower end of snowfill footprint 
(lower end of snowfill is placed inside footprint of pond at weir overflow stage) 

o Design detention basin with a dry capacity approximately equal to an early 
melwater peak chloride release volume based on chloride leaching at mean 
Anchorage spring temperatures, average chloride load of source snow, mean 
maximum volume of stored snow, mean maximum snowfill depth, and 
regulatory-defined receiving water sensitive to chloride 

o Design detention basin with a total rate over the pond footprint of fugitive loss of 
meltwater through infiltration of less than 1% of the site average meltwater rate. 

o Install pond drain pipe adequate to drain pond to designed dry volume capacity 
o Install stabilizing shrub vegetation around pond perimeter, setback 5 feet from 

maximum pond stage to allow pond bank access and litter removal.  Armor 5 foot 
setback to limit wave erosion and vegetation encroachment along access path. 

o Place weirs at the lower end of each V-swale where snowfill footprint does not 
intersect detention pond.  Place weirs at the discharge point of all detention 
basins.  Place fixed elevation distributary weirs at discharge point to receiving 
waters. 

o Design all weirs as sharp-edge weirs with a freefall discharge and employing 
seepage and cutoff walls limiting seepage loss to less than 1% of average 
meltwater discharge rate. 

o Place permanent setbacks markers not more than 2 feet inside all lateral and end 
V-swale channels 

o Prepare operations manual including site-specific water quality operational 
requirements (maximum threshold snowfill depth, permitted receiving water 
chloride concentration, site maps including weirs and drain plug locations). 

 
Operations 
o Place snowfill across full width of each V-swale 
o Place snowfill at uniform height over entire site; where snofill is vertically staged, 

place lower stage over entire site before placing second stage. 
o Place snowfill no higher that the maximum threshold height established in site 

design. 
o Place all snowfill in compact fill; do not place isolated snowfills. 
o Do not encroach any lateral channel with snowfill  
o Do not ‘wing’ snowfill out at site perimeters 
o Coordinate multi-management use to ensure optimum operations 

 
Maintenance 
o Pre-spring melt - cap the detention pond drainline 
o Spring melt - inspect surface channels for snow and ice blockage 
o Spring melt – inspect backwater for potential fugitive and outburst flooding 
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o Post snowmelt - drain pond and remove litter from detention pond 
o Post snowmelt - rake and clean channel armor 
o Post snowmelt – grade pad sediment adjacent to channels to below armor d50 
o Post snowmelt - inspect and repair channel and berm erosion 
o Pre-winter - drain the detention pond prior to freezeup 
o Pre-winter - present annual site operations training 
o Pre-winter - renew and revise cooperative operations agreements 
o Winter – supervise site fill operations to ensure V-swale SOP 

 
Monitoring 
o Responsibilities – assign site-specific WQ monitoring roles and responsibilities 
o Monitoring plan - establish site-specific WQ monitoring plan including 

monitoring goals and objectives; sampling parameters, stations, and schedules; 
recommended actions and schedule; and annual report and recipients list. 

o Monitoring response – schedule post-monitoring inspection and report any 
mitigation action 
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‘V-Swale’ Pad Configuration’ 
 

 
 
 
 
 



 
 
 

Conventional Pad Configuration 
 

 
 



 
 
 

Snow Storage Practices Performance 
 
 

 
 

SUMMARY OF RESULTS 
 

Arterial
Local
Snow Site

Performance Observations
Early Melt Mid-Melt Disintegration

Directly off Snowfill
Turbidity (NTU)
Chloride (mg/L)

150-350
1,000-10,000

350-500
100-500

>1,000
<100

Shallow Ponding
Turbidity (NTU)
Chloride (mg/L)

70-150
1,000-10,000

150-300
100-500

>500
 <100

V-Swale
Turbidity (NTU)
Chloride (mg/L)

10-50
1,000-10,000

10-50
100-500

<200
<100

Arterial
Local
Snow Site



 
 
 
 
Five stages in snow fill melt and disintegration.  Pictures shown are for flat, uncontrolled ‘conventional’ pad.  Process remains the same for V-swale but flows 
are controlled by a combination of pad orientation and configuration, and snow fill placement practices. 
 

Stage 1:  Late-Winter Snow Fill Prior to Melt 
 

 
 
 
 
 



 
 
 

Stage 2:  First Melt and Snow Fill ‘Ripening’ 
 
 

 
 
 
 



 
 
 

Stage 3:  Chloride Leaching and First Meltwater Flows 
 
 

 
 
 



 
 
 

Stage 4: Snow Fill Deflates Vertically 
 
 

 
 



 
 
 

Stage 5: Snow Fill Collapses and Basal Ice Eroded 
 
 

 
 



 

 
 

Basal Ice at Parking Lot Snow Storage (snow fill removed) 
 



 
 
 
 

2012 MOA V-Swale Design Criteria 
(this does not include recommendations made in 2013 evaluation report) 

 
 

 



 
 
 
 

2012 MOA V-Swale Operations Guidance 
(this does not include recommendations made in 2013 evaluation report) 

 
 
 



SITING, DESIGN AND OPERATIONAL CONTROLS FOR SNOW DISPOSAL SITES
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ABSTRACT:  The Municipality of Anchorage, at 61o north latitude, plows and hauls snow from
urban streets throughout the winter, incorporating grit and chloride applied to street surfaces for
traffic safety.  Hauled snow is stored at snow disposal facilities, where it melts at ambient spring
temperatures.  Municipal studies performed from 1998 through 2001 show that disposal site melt
processes can be manipulated, through site design and operations practices, to control chloride and
turbidity in meltwater.  An experimental passive ‘V-swale’ pad configuration tested by Anchorage
investigators reduced site meltwater turbidity by an order of magnitude (to about 50 NTU from the
500 NTU typical of more conventional planar pad geometries).  The Municipality has developed
new siting, design and operational criteria for snow disposal facilities to conform to the tested V-
swale pad configuration.

KEYWORDS:  Urban Snow Control, Snow Storage, Snow Disposal, Snowmelt, Design Criteria

INTRODUCTION
Economical and effective control of pollutants released from
snow disposal sites serving high latitude communities presents
problems peculiarly reflecting the impact of a subarctic
climate.  At high latitudes snow plowed from streets
accumulates rather than melts due to low solar insolation and
daily temperature ranges that generally remain below 00C
throughout the winter.  As plowed snow accumulates and
exceeds available storage space along streets, it is hauled to
central storage areas and placed as a compact snowfill.  High
fuel costs usually prohibit forced melting, so instead the
hauled snow is stored and allowed to melt under ambient
spring weather conditions.

Pollutants contained in stored snow also reflect the effects of an arctic climate on street maintenance
practices.  At high latitudes, deicing often has limited use in improving road traction, and instead
grit is widely applied.  Salt (granular sodium chloride) is added to grit in amounts necessary to
maintain fluidity during application (in Anchorage about 5% by weight of grit).  A fraction of the
applied grit and salt, as well as fugitive pollutants from vehicles, becomes incorporated into hauled
snow.  When seasonal melt occurs, the stored snowfill releases these pollutants in a complex
fashion.  Studies performed by the Municipality of Anchorage (MOA) over the last several years
have shown that the manner in which pollutants are released strongly reflects the initial source of
hauled snow, the melt processes of stored snowfill, and the geometry of storage areas and the
snowfills themselves.  Based on findings from these studies, the Municipality has developed
effective new snow storage site design and operation practices that address control of a range of
pollutants, particularly sediment.

mailto:wheatonsr@ci.anchorage.ak.us
mailto:William.J.Rice@mw.com


METHODS
In 1998 MOA implemented a program to assess the environmental impacts of its winter street
maintenance practices.  As part of this program MOA studied the performance of four Anchorage
snow disposal sites through four melt seasons, from 1998 through 2001.  In the first year of study,
investigators focused on seasonal melt and chloride release patterns.  Meltwater sampling at the
storage sites was temporally and spatially stratified to assess the effects of different snowfill and
pad geometries and meltwater flow regimes (Wheaton, 1998a).  Based on initial results, in the
summer of 1998 MOA site operators implemented minor modifications to operational practices and
drainage infrastructure at all MOA snow disposal sites (Wheaton and Jokela, 1998b).  Snow pad
changes included snowfill set-back staking and channel armoring.  Operational changes emphasized
placement of snowfill in steep, compact footprints and at downgradient positions on snow pads.

MOA investigators broadened the scope of meltwater sampling for spring of 1999.  Analytical
parameters sampled for that year included chloride, basic anions and cations, polynuclear aromatic
hydrocarbons (PAHs), metals, particulates, and fecal coliform sampled both in the snowfill and in
meltwater (WMS, 1999a; 1999b).  However, it became apparent to MOA investigators early that
controlling particulates would also treat adsorbed pollutants.

As a result, in spring 2000 MOA focused studies on the melt process and its relationship to changes
in turbidity (WMS, 2000a).  Investigators were particularly interested in ice layers formed at the
base of snowfills, and changes in water quality as meltwater exited from the surface of the basal ice
and traveled across the storage pad.  Snowfills were cored to establish initial snow quality and to
estimate the thickness and position of basal ice.  Meltwater samples were collected at seepage and
discharge points along the snowfill boundaries, along flow channels on the storage pad, and at
offsite discharge points.  Samples were tested in the field for electrical conductivity using
temperature-compensated meters calibrated daily.  Field turbidity data were collected using
formazin-standard portable nephelometric turbidimeters calibrated at the beginning of the project.
For most of these parameters, Anchorage data was consistent with that reported by others (Novotny
et al., 1999; UAF, 1996).  All data were documented and related to a time series photographic
record of the melt process (WMS, 2000b).

Based on encouraging findings from 2000 observations, investigators became interested in the
possibility of artificially shaping the basal ice beneath snowfill as a means of controlling meltwater
discharge and turbidity.  To test the concept, operators shaped a portion of one storage pad to have a
pronounced ‘V’ cross section perpendicular to the general pad surface gradient, with the pad section
designed to direct flows laterally to a central depressed axis.  Over the winter of 2000-2001, site
operators placed hauled snow across the full width of this experimental ‘V-swale’ and the following
spring, investigators observed melt processes and collected data to assess its performance.

RESULTS AND DISCUSSION
Study of Anchorage snow disposal sites has provided local investigators with a detailed
understanding of the processes by which the snowfill at these sites melts and mobilizes pollutants.
The potential for manipulation of these processes is central to new management practices developed
by MOA and leads to the basic conclusions of MOA’s 4-year study:

• Chloride can be controlled passively only through detention and dilution.
• Mobilization of metals and PAHs is related to chloride concentration, but a large fraction

can be controlled with particulate capture.
• Particulate loading in meltwater is related to the geometry of the snowfill and the pad on

which it is situated, and may be controlled by manipulation of these elements.



Initial Snow Conditions
Constituent Range Median

Water Equivalent 60%-72% 60%
Chloride 53-140 mg/L 115 mg/L

Total Sediment 0.6-14.6 kg/cu.m 3.25 kg/cu.m

Initial Conditions

The first two principles have been examined in detail by other investigators (Novotny et al., 1999;
Oberts et al., 2000) but the potential influence of site and snowfill geometry on pollutant release has
not been significantly addressed.  Observations at Anchorage suggest the melt processes that occur
within and around a snowfill mass, along with the aspect, geometry and physical characteristics of
the stored snow, play central roles in how the snowfill melts and the degree to which pollutants are
mobilized during melting.  MOA site investigators have identified three main stages in the melting
of a snowfill:  a) ripening, b) main melt and vertical deflation, and c) final melt and disintegration.
These melt stages and their relation to pollutant mobilization are summarized below.

RIPENING:  THE COLD SNOWFILL UNDERGOES INTERNAL CHANGES

Snowfills hauled from Anchorage streets
consist of lightly compacted snow and ice.
These masses generally contain a homogenous,
dilute distribution of fine mineral particles, and
applied and fugitive chemicals.  At
conventional Anchorage snow disposal sites,
heavy equipment operators place hauled snow
onto earthen pads in a series of one or more
lifts, each 2 to 4 meters thick.  By the end of
winter, the total mass of snow stored at any one
of Anchorage’s facilities is on the order of
7·(104) cubic meters.  Snowfills are steep-faced
on several sides but often have one or more low-
sloping faces where snow has been pushed into
place.  The albedo of a snowfill at the beginning
of the melt period is typically high as a result of
a covering of fallen snow and the snowfill’s
initial homogenous nature.  Though no data has
been collected at Anchorage snow disposal sites to confirm this, at the end of winter snowfills likely
have low core temperatures relative to ambient spring conditions.  Similar spring temperature
gradients have been reported for much thinner natural snowpacks (Luce and Tarboton, 2001).

RADIANT ENERGY BEGINS TO MELT THE SNOWFILL SURFACE

With the rapid rise in solar radiant heat, the top of snowfills begin to melt early in spring (March in
Anchorage).  However, water formed from this melt infiltrates and does not flow across the surface
of the snowfills.  ‘Moulin’-like features, on the order of 3 to 5 cm across, are common and are
thought to result from formation and rapid break-through of small puddles of meltwater at the
surface.  Also coring showed no continuous horizontal ice layers within snowfills (despite an
Anchorage maintenance practice of watering tops of lifts to allow passage of winter truck traffic).
As snow melts at the top of the snowfills during early ripening, movement of the meltwater appears
to be generally vertical, with little apparent perching or lateral movement.

THE SNOWFILL RIPENS AND A BASAL ICE LAYER FORMS

The vertically infiltrating meltwater does not carry significant particulate matter with it.  As a result,
the albedo of a snowfill rapidly changes as snow and ice at the surface melts and infiltrates, leaving
behind and concentrating in a thin layer the dark colored mineral particles present in the original
hauled snow.  Sampling at Anchorage sites shows that the infiltrating meltwater leaches chloride
from the surface of ice crystals and solids within snowfills.  However, despite a depressed freezing
point, relict colder winter temperatures at the core of the snowfills refreeze the initial flow of
infiltrating meltwater.  Refreezing meltwater forms a thick ice layer, typically a little over a half a



meter thick at the base of Anchorage snowfills.  Though it is uncertain whether a progression of
meltwater freeze and thaw fronts migrate downward or if larger ‘pulses’ of meltwater build the
basal ice, the ice layer is commonly observed at the bottom of snowfills in Anchorage.  During this
stage little or no runoff escapes from the snowfill.

Snow cores and observations at
Anchorage snow sites suggest the basal
ice layers conform closely to the
topography of the underlying ground
surface for flat to moderately sloping
pads.  Sample cores and borings
advanced in the snowfill at the V-swale
site showed no significant increase in
thickness of the basal ice layer, beyond
normal variability, either laterally across
the V-section or along the V-section
trough.  A generally uniform basal ice
thickness independent of ground slope
also seems reasonable, given that saturation and beginning of any lateral flow (that might support a
localized increase in ice thickness) will not occur until the core snowfill temperatures have risen
above those that will support refreezing and formation of basal ice.

MIDDLE MELT:  MELTWATER FLOW FROM  A SNOWFILL BEGINS

The middle stage of snowmelt occurs as meltwater begins to flow from a snowfill.  Flow begins as
soon as snowfill temperatures have equilibrated, the snow is saturated above the basal ice layer, and
hydraulic head is sufficient to promote flow through the snowfill.  The number and location of
discharge points depends upon the quality of the snow and geometry of the pad on which it has been
placed.  Hydraulic head determined from measurements of saturated thickness in an Anchorage
snowfill suggests a relatively low gradient (about 0.001 meters/meter) is required to move the
meltwater through the snowfill during the early part of this stage.  Others (Fox et al., 1997) report
that tortuous, saturated flow in natural snowpacks is rapidly replaced by integrated flow along open
conduits, but investigators observed no indication of this during the middle melt stage for snowfills
placed on flat sites at Anchorage.  However integrated flow along surface and subsurface conduits
is an important process in later stages of melt for these sites.

For the experimental V-swale pad configuration, seepage at the pad perimeter was almost absent.
Almost all meltwater discharge from the snowfill was confined to a single point at the downgradient
end of the V-swale.  Meltwater also exited the V-
swale snowfill as an integrated flow—not as
seepage—with this flow beginning at approximately
the same time as more distributed seepages were first
observed at adjacent, conventionally configured
snowfills.

THE BASAL ICE CONTROLS SEEPAGE

During the middle meltwater stage, discharge
observed at relatively flat, conventionally-configured
Anchorage sites tends to occur as a continuous
seepage along the top surface of the basal ice layer
and around the entire perimeter of snowfills.  Little or
no early flow occurs under the basal ice, though pad

Ripening of Snowfill

Conventional Snow Pad



geometry can work to encourage development of
sub-basal ice meltwater conduits as the melt season
progresses.  At this stage, flows across the pad
surface are directed along the perimeter of the basal
ice (not under or through it).  Though the seepages
themselves have very low kinetic energy as they exit
from the snowfill, erosive power as these flows
integrate can become greatly enhanced by the
configuration of both the snowfill and the pad on
which it is placed.

For meltwater discharge from the experimental V-
swale, the flow exit point remained confined to the
downslope end of the pad throughout this stage of the
melt season.  Concentrated internal flows along the
axis of the V-swale tended to slowly erode the basal ice headward along the trough of the swale.  As
removal of the basal ice progressed up the trough, snow pad soils became exposed to erosion and
are believed to have contributed to turbidity measured in meltwater at this site.  However, exposed
trough soils rapidly self-armored, limiting these effects.

INITIAL POLLUTANT RELEASE BEGINS

Initial pollutant release begins with the first meltwater discharge from a snowfill.  At Anchorage
sites, because of early leaching and low meltwater volumes (3 to 5 liters/second [L/sec]), chloride
concentrations from the initial discharge can be extremely high (103 to 104 milligrams per liter
[mg/L]), dependent apparently upon deicing and snow hauling practices as they reflect year-to-year
climate variability.  At Anchorage, peak chloride releases wane within several weeks of first
snowmelt discharge and fall rapidly as melting progresses.  By the end of the middle stage of melt,
flow is at a peak (10 to 30 L/sec) but chloride concentrations have typically fallen to concentrations
of 102 mg/L or less.

At this stage, particulates that have accumulated on snowfill or pad surfaces also become subject to
erosion and transport by meltwater flow.  As seepages exit from basal ice surfaces, they saturate the
fine sediments accumulated on the surface of the snowfills.  These sediments are then readily
mobilized in gravity flows or entrained in meltwater as seepages become integrated.  Mobilization
of sediments on a snowfill surface is significantly
greater where the snowfill is gently sloped.  This is
principally because a gently sloped surface represents
a greater initial snowfill surface area and therefore
exposes a larger pollutant load to erosion.   On the
other hand, near-vertical surfaces, besides
representing smaller surface areas, tend to become
self-armored as they build thick sediment
accumulations away from the seepage face.

At Anchorage, where meltwater cascading from
snowfills flowed across pad surfaces, turbidity was
measured at 150 to over 1,000 nephelometric
turbidity units (NTU), though a typical range was 350
to 500 NTU.  Very shallow ponding (2 to 10 cm
deep) occurring serendipitously on pad surfaces
reduced the initial turbidity of meltwater

Basal Ice Layer

V-Swale Concept



accumulating on a pad to a range closer to 150 to 300 NTU.  Throughout the early and middle
stages of melt, flow discharging from the V-swale site showed notably lower turbidity values than
all other locations, typically ranging from 10 to 50 NTU.

THE SNOWFILL SHRINKS VERTICALLY

As the middle melt stage progresses, a snowfill shrinks significantly in height over its entire area.
Some perimeter recession also occurs, mostly along exposed south aspects and along strongly
sloping faces.  During this stage of vertical
deflation, flow and ponding over the
surface of a conventional snowfill still has
not developed, and discharge occurs
predominantly along the perimeter of the
mass, initially as seepage at the edge of the
basal ice and then as integrated flows
across the pad surface.  Conversely, flow
from the experimental V-swale site
remained confined principally to a single
outlet point at the end of the V trough, with
perimeter seepage and flow small compared
to the trough discharge.

FINAL MELT:  THE SNOWFILL DISINTEGRATES

In the beginning of the last stage of melt, a basal ice layer underlying a snowfill becomes exposed
locally.  At this point, the direction of meltwater flow from a snowfill becomes less influenced by
the transmissive characteristics of the snow mass and subsurface conduits, and more influenced by
the underlying ground topography as reflected in the surface of the basal ice layer.  Sediment
collapses onto the basal ice layer and becomes subject to erosion and mobilization by relatively high
meltwater flows.  The underlying ground
surface may also become exposed to erosion
as the basal ice is melted or eroded.

Though chloride concentrations are
relatively low at this final stage of melt, the
erosive power of the meltwater flows and
the collapse of the accumulating surface
sediment onto flow surfaces greatly
increases potential for the mobilization of
particulates.  The increasing isolation of
snowfill remnants raises the potential for
erosion as flows from upgradient snowmelt
sources are directed across increasingly bare
pad surfaces and against sediment collapsing from downgradient snowfills.  Thawing of the pad
surface may also reduce the mechanical resistance of surface soils to erosion.  This may be
particularly true where the pad soils have been weakened by ice segregation during winter freezing
and are not protected by vegetation.  All in all, as the snowfill at a site disintegrates into isolated
snow masses, the basal ice layer erodes, and the pad soils become exposed to flows, the potential
for mobilization of particulate pollutants rises dramatically.  At this point, concentrations of
particulates in meltwater can remain markedly high until most of the remaining snowfill is gone and
flows subside.

Vertical Shrinkage

Disintegration



CONCLUSIONS
Observation of the melting process at Anchorage snow disposal sites suggests a number of control
opportunities.  Control opportunities can be generally grouped as they address chloride (and soluble
pollutants), or particulates (and adsorbed pollutants).

CHLORIDE CONTROL

Chloride and other soluble pollutants are not readily treated by simple technologies.  Passive (non-
chemical) treatment of chloride is best addressed through: control of street treatment processes,
dilution of early meltwater discharges, and application of snow disposal site location criteria.
Analysis of Anchorage salt application practices suggests total chloride loading could be reduced by
as much as 60% through use of heated sand sheds.  Because of leaching, however, detention and
dilution of early snowmelt remains a critical element in snow disposal site design and operations
criteria.  Dilution with shallow ground water has been shown to be a viable option in Anchorage,
but implementation requires knowledge of area hydrogeology (Wheaton, et al., 1998a) and
acceptance of some changes in the structure of local vegetation communities (Hansen, 2001).   On
the other hand design for dilution taking place wholly within surface detention basins must consider
a wide year-to-year variability in peak chloride concentrations in meltwater.  Four years of record in
Anchorage show a range in peak seasonal chloride concentration of greater than an order of
magnitude (from 103 to 104 mg/L).  This variability appears to be a function of climate and not of
application amount, with larger peaks associated with years having more numerous and larger
snowfall events.  In any event, given the
necessity for dilution, the potential for
impacts to other local resources from
elevated chloride requires careful
consideration be given to facility siting.

PARTICULATE CONTROL

Where site selection to optimize
opportunities for snowmelt dilution is
critical in chloride control, designing and
operating a snow disposal facility to take
advantage of the inherently low energy environment of a melting snowfill is key in particulate
control.  Turbidity in snow disposal site flows is generated as meltwater exits and cascades off a
snowfill, entraining sediment from the surface of the deflating mass.  Turbidity may be further
increased as meltwater crosses a pad surface, particularly if pad surface soils are unprotected, waste
soils are exposed, or flow velocities are increased.  Conversely, particulate matter is not
significantly present in meltwater flowing in the saturated medium of the snowfill mass itself, as
evidenced by turbidity that is an order of magnitude lower in flow from the experimental V-swale
site than flow from conventional sites.

Anchorage observations suggest a number of simple options that may reduce turbidity by as much
as 50% in snow disposal site meltwater.  Perhaps the simplest option is changing practices to place
snow in high, compact masses with steep sides all around to minimize the exposure of accumulating
sediment on the snowfill surface to seepage and flow.  Placing snowfill in a single mass rather than
several isolated masses will also reduce exposure of sediment to upgradient meltwater sources.
Sites can also be operated to take advantage of aspect, with snow placed as compact masses at
northernmost downgradient locations so that a snowfill will preferentially recede from uphill to
downhill.  This practice will reduce exposure of downgradient sediment to meltwater flows as the
sediment settles to the pad surface in the final stages of melt (and becomes most vulnerable to
erosion).  Placing snow to create shallow impoundments immediately against the melting snowfill

Performance Observations
Early Melt Mid-Melt Disintegration

No Practices
Turbidity (NTU)
Chloride (mg/L)

150-350
1,000-10,000

350-500
100-500

>1,000
<100

Shallow Ponding
Turbidity (NTU) 70-150 150-300 >500

V-Swale
Turbidity (NTU) 10-50 10-50 <200



may also be beneficial.  Even very shallow impoundments can reduce pad erosion and turbidity by
effectively ‘transporting’ meltwater over significant horizontal distances in a low-turbulence
(pooled) environment.  Use of setback staking and armored channels (oversized to provide room for
icing) to direct and contain pad meltwater flows will also limit turbidity.  Finally, off-season pad
use should be restricted to minimize disturbance of pad soils and to allow re-vegetation.

Adjusting basic pad geometry, in conjunction with operational practices, promises even greater
reductions in turbidity.  The experimental V-swale pad tested at Anchorage may provide as much as
an order of magnitude improvement in particulate control over more conventional (planar sloping)
pad configurations.  The V-swale configuration promotes meltwater movement as saturated flow
within a snowfill so that particulates are not mobilized during the early and middle stages of melt.
Flow directed along the trough of the V-swale ensures a single predictable discharge point so that
flows can be further managed and directed to minimize erosion of pad and waste soils.  The design
also limits late-stage sediment mobilization by helping to short-circuit flows to armored channels.
Note that because of variability in the thickness of the basal ice layer, controlled side slopes and
swale widths are important to ensure that internal flows are directed to the swale trough.   Based on
observations of variability in basal ice thickness, MOA has established design parameters that are
expected to successfully contain meltwater within the V-swale.

MOA SNOW DISPOSAL SITE DESIGN CRITERIA

Based on the results of its studies, MOA has developed a set of snow disposal site criteria for
Anchorage.  MOA criteria particularly emphasize an essential synergy between siting, design and
operations.  Though the criteria are specific to the typical scale of Anchorage snow storage
facilities, they should be adaptable to other northern latitude communities as well.  The criteria are
generalized here—full text of the
recommended criteria can be obtained
from MOA upon request.

SITING CRITERIA

• Avoid meltwater discharge to potable
water aquifers.

• Avoid meltwater discharge to
‘closed’ lakes and wetlands.

• Avoid reduction of functionality of
receiving wetlands.

• Avoid meltwater discharge to streams
having winter base flows less than 85
L/sec.

• Optimize opportunities for infiltration
to shallow non-potable ground water
systems.

• Optimize opportunities for a site
orientation sloping down from south
to north.

DESIGN CRITERIA

• Map local and site hydrogeology
within 300-meter (m) of site.

• Construct pad with a single or multiple V-swale configuration (minimum 45m crest-to-crest
swale width, 2% side slope to central trough, and 1-2% longitudinal slope).



• Orient V-swale longitudinal axes downhill from south to north.
• Establish and flag setbacks from swale crests and facility perimeter.
• Armor swale troughs and crests and all facility drainage channels and containment berms.
• ‘Trackwalk’ (imprint with crawler tractor treads trafficking directly upslope and downslope) and

vegetate all non-armored pad surfaces with a mix resistant to an annual 2-5cm sediment burial.
• Construct dry detention ponds or other treatment to control chloride and sediment releases

(mean chloride release per:
1day=<3600mg/L,
30day=<1200mg/L, and
season=<300mg/L;
sediment removal at >95%
of +100µm particles).

• Install flow dispersion and
energy dissipation controls
at all outfalls to receiving
waters.

OPERATIONAL CRITERIA

• Place hauled snow over the
full width of each V-swale.

• Sequence placement of
snow starting at the
downslope side and
working upslope.

• Maintain snow in a compact
mass with steep sides (1h:1½v or steeper).

• Maintain setback from all containment berms and from the discharge end of V-swales.
• Maintain pad vegetative cover and re-grade only to ensure V-swale functionality.
• Restrict access and prohibit off-season traffic and non-snow storage uses.
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tbl_Sample

2013 V-Swale Evaluation:  Samples

SampID SampDate SampTime Matrix StnID

A1305190-01 5/10/2013 1/0/1900 snowmelt Tdr_OF
A1305190-02 5/10/2013 1/0/1900 snowmelt Tdr_Wr1
A1305190-03 5/10/2013 1/0/1900 snowmelt Spr_Wr2
A1305207-01 5/13/2013 1/0/1900 snowmelt Tdr_Wr1
A1305207-02 5/13/2013 1/0/1900 snowmelt Tdr_Wr3
A1305207-03 5/13/2013 1/0/1900 snowmelt Spr_Wr1
A1305306-01 5/16/2013 1/0/1900 snowmelt Tdr_Wr1
A1305306-02 5/16/2013 1/0/1900 snowmelt Spr_Wr1
A1305306-03 5/16/2013 1/0/1900 snowmelt Spr_Wr2
A1305394-01 5/23/2013 1/0/1900 snowmelt Tdr_Mpnd1
A1305394-02 5/23/2013 1/0/1900 snowmelt Tdr_Wr1
A1305394-03 5/23/2013 1/0/1900 snowmelt Tdr_Dpnd1
A1305394-04 5/23/2013 1/0/1900 snowmelt Spr_Wr2
A1305486-01 5/30/2013 1/0/1900 stream water Tdr_Strm
A1305486-02 5/30/2013 1/0/1900 snowmelt Tdr_Wr1
A1305486-03 5/30/2013 1/0/1900 snowmelt Spr_Wr1
A1305486-04 5/30/2013 1/0/1900 snowmelt Spr_Wr2
A1306138-01 6/6/2013 1/0/1900 snowmelt Tdr_Wr1
A1306138-02 6/6/2013 1/0/1900 snowmelt Spr_Wr2
A1306246-01 6/13/2013 1/0/1900 snowmelt Tdr_Wr1
A1306246-02 6/13/2013 1/0/1900 snowmelt Spr_Wr2
A1306354_01 6/20/2013 1/0/1900 snowmelt Tdr_Wr1
A1306354_02 6/20/2013 1/0/1900 snowmelt Spr_Wr2
A1306476-01 6/27/2013 1/0/1900 stream water Tdr_Strm
A1306476-02 6/27/2013 1/0/1900 snowmelt Tdr_Wr1
A1306476-03 6/27/2013 1/0/1900 snowmelt Spr_Wr2
A1306476-04 6/27/2013 1/0/1900 snowmelt Spr_Dpnd1
A1307115-01 7/5/2013 1/0/1900 snowmelt Tdr_Wr1
A1307115-02 7/5/2013 1/0/1900 snowmelt Spr_Wr1
f1-130523-01 5/23/2013 1/0/1900 snowmelt Spr_Wr1
f1-130528-01 5/28/2013 1/0/1900 snowmelt Spr_Wr2
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tbl_Sample

2013 V-Swale Evaluation:  Samples

SampID SampDate SampTime Matrix StnID

f1-130528-02 5/28/2013 1/0/1900 snowmelt Spr_Mpnd1
f1-130528-03 5/28/2013 1/0/1900 snowmelt Spr_Mpnd2
f1-130528-04 5/28/2013 1/0/1900 snowmelt Spr_Mpnd3
f1-130606-01 6/6/2013 1/0/1900 snowmelt Spr_Wr1
f1-130606-02 6/6/2013 1/0/1900 wetland pool Spr_Wet0
f1-130613-01 6/13/2013 1/0/1900 wetland pool Spr_Wet0
f1-130613-02 6/13/2013 1/0/1900 wetland pool Spr_Wet1
f1-130613-03 6/13/2013 1/0/1900 wetland pool Spr_Wet2
f1-130613-04 6/13/2013 1/0/1900 wetland pool Spr_Wet3
f1-130613-05 6/13/2013 1/0/1900 wetland pool Spr_Wet4
f1-130620-01 6/20/2013 1/0/1900 wetland pool Spr_Wet0
f1-130620-02 6/20/2013 1/0/1900 wetland pool Spr_Wet1
f1-130620-03 6/20/2013 1/0/1900 wetland pool Spr_Wet2
f1-130620-04 6/20/2013 1/0/1900 wetland pool Spr_Wet3
f1-130620-05 6/20/2013 1/0/1900 wetland pool Spr_Wet4
f1-130620-06 6/20/2013 1/0/1900 snowmelt Spr_Wr1
f1-130627-01 6/27/2013 1/0/1900 wetland pool Spr_Wet0
f1-130627-02 6/27/2013 1/0/1900 wetland pool Spr_Wet1
f1-130627-03 6/27/2013 1/0/1900 wetland pool Spr_Wet2
f1-130627-04 6/27/2013 1/0/1900 wetland pool Spr_Wet3
f1-130627-05 6/27/2013 1/0/1900 snowmelt Spr_Dpnd1
f1-130628-01 6/28/2013 1/0/1900 wetland pool Spr_Wet5
f1-130705-01 7/5/2013 1/0/1900 snowmelt Spr_Wr2
f1-130705-02 7/5/2013 1/0/1900 wetland pool Spr_Wet0
f1-130705-03 7/5/2013 1/0/1900 wetland pool Spr_Wet1
f1-130705-04 7/5/2013 1/0/1900 wetland pool Spr_Wet2
f1-130705-05 7/5/2013 1/0/1900 wetland pool Spr_Wet3
f1-130712-01 7/12/2013 1/0/1900 snowmelt Tdr_Wr1
f1-130712-02 7/12/2013 snowmelt Spr_Wr1
f1-130712-03 7/12/2013 wetland pool Spr_Wet0
f1-130712-04 7/12/2013 wetland pool Spr_Wet1
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tbl_Sample

2013 V-Swale Evaluation:  Samples

SampID SampDate SampTime Matrix StnID

f1-130712-05 7/12/2013 wetland pool Spr_Wet2
f1-130712-06 7/12/2013 wetland pool Spr_Wet3
f1-130719-01 7/19/2013 1/0/1900 snowmelt Tdr_Wr1
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5/28/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1305207

Date: 5/28/2013

Work ID: APDES Snow Site Evaluation

Date Received: 5/13/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1305207-01 TDR-WR1 A1305207-02 TDR-WR3

A1305207-03 SPR-WR1

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1305207

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

SAMPLE RECEIPT:
Three (3) samples were received on 5/13/2013 3:35:00 PM, at a temperature of 15.6°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

Comments:  The samples were received on ice directly from the sampling site.     
The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 2.4°C, in good condition and in order per chain of custody on 5/16/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Aqueous

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Aqueous

Comments:  The entire TSS sample volume was filtered for each sample.  For samples TDR-WR1 
and TDR-WR3, two filters were required.



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305207

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 5/13/2013   1:35:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130522008

As ReceivedReport Basis: MCAnalyst Initials:

5/17/2013Prep Date: Instrument: SCALE

A1305207-01ALab Sample Number: 5/17/2013   2:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.97 1mg/L  0.4920.0

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 40.0000.XLSFile Name:

Prep Method ID: 20Dilution Factor:

Prep Batch Number: T130520013

As ReceivedReport Basis: jkkAnalyst Initials:

5/20/2013Prep Date: Instrument: IC_2

A1305207-01BLab Sample Number: 5/21/2013   5:44:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 10 1mg/L 1.4816

Page 3 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305207

Detailed Analytical Report

Client Sample Report

TDR-WR3

Matrix: 5/13/2013   1:59:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130522008

As ReceivedReport Basis: MCAnalyst Initials:

5/17/2013Prep Date: Instrument: SCALE

A1305207-02ALab Sample Number: 5/17/2013   2:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.99 1mg/L 0.4959.4

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 43.0000.XLSFile Name:

Prep Method ID: 10Dilution Factor:

Prep Batch Number: T130520013

As ReceivedReport Basis: jkAnalyst Initials:

5/20/2013Prep Date: Instrument: IC_2

A1305207-02BLab Sample Number: 5/21/2013   6:27:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 5.0 2mg/L 0.71440

Page 4 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305207

Detailed Analytical Report

Client Sample Report

SPR-WR1

Matrix: 5/13/2013   2:39:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130522008

As ReceivedReport Basis: MCAnalyst Initials:

5/17/2013Prep Date: Instrument: SCALE

A1305207-03ALab Sample Number: 5/17/2013   2:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.94 1mg/L 0.471.78

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 34.0000.XLSFile Name:

Prep Method ID: 2Dilution Factor:

Prep Batch Number: T130520013

As ReceivedReport Basis: jkAnalyst Initials:

5/20/2013Prep Date: Instrument: IC_2

A1305207-03BLab Sample Number: 5/21/2013   4:17:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 1.0 2mg/L 0.1496.6

Page 5 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305207

Detailed Analytical Report

Lab Project ID: 148,961 Lab Project Number: A1305207

QC BATCH ASSOCIATIONS - BY METHOD BLANK

T130520013-MB

T130520013

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/20/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130520013-LCS 12.0000.XLSLCS 5/21/2013  11:00:00AM

A1305209-01A 14.0000.XLSBatch QC 5/21/2013  11:29:00AM

A1305209-01A-DUP 15.0000.XLSDUP 5/21/2013  11:44:00AM

A1305209-01A-MS 16.0000.XLSMS 5/21/2013  11:58:00AM

A1305209-01A-MSD 17.0000.XLSMSD 5/21/2013  12:12:00PM

A1305207-03B 34.0000.XLSSPR-WR1 5/21/2013   4:17:00PM

A1305207-01B 40.0000.XLSTDR-WR1 5/21/2013   5:44:00PM

A1305207-02B 43.0000.XLSTDR-WR3 5/21/2013   6:27:00PM

A130522008-MB

A130522008

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/17/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1305207-01A TDR-WR1 5/17/2013   2:30:00PM

A1305207-02A TDR-WR3 5/17/2013   2:30:00PM

A1305207-03A SPR-WR1 5/17/2013   2:30:00PM

A1305286-05A Batch QC 5/17/2013   2:30:00PM

A130522008-LCS LCS 5/17/2013   2:30:00PM

A1305286-05A-DUP DUP 5/17/2013   2:30:00PM

Page 6 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305207

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description

Page 7 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305207

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1305207

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Page 8 of 8





5/31/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1305306

Date: 5/31/2013

Work ID: APDES Snow Site Evaluation

Date Received: 5/16/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1305306-01 TDR-WR1 A1305306-02 SPR-WR1

A1305306-03 SPR-WR2

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1305306

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

SAMPLE RECEIPT:
Three (3) samples were received on 5/16/2013 2:40:00 PM, at a temperature of 10.4°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

Comments:  The samples were received on ice directly from the sampling site. 

The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 5.6°C, in good condition and in order per chain of custody on 5/21/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Aqueous

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Aqueous

Comments:  The entire TSS sample volume was filtered for each sample.  



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305306

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 5/16/2013   1:17:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130522008

As ReceivedReport Basis: MCAnalyst Initials:

5/17/2013Prep Date: Instrument: SCALE

A1305306-01ALab Sample Number: 5/17/2013   2:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 1.0 1mg/L 0.506.80

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 19.0000.XLSFile Name:

Prep Method ID: 20Dilution Factor:

Prep Batch Number: T130529027

As ReceivedReport Basis: TEAnalyst Initials:

5/29/2013Prep Date: Instrument: IC_2

A1305306-01BLab Sample Number: 5/30/2013   8:22:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 10 2mg/L 1.4689

Page 3 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305306

Detailed Analytical Report

Client Sample Report

SPR-WR1

Matrix: 5/16/2013   2:08:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130522008

As ReceivedReport Basis: MCAnalyst Initials:

5/17/2013Prep Date: Instrument: SCALE

A1305306-02ALab Sample Number: 5/17/2013   2:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.95 1mg/L 0.471.99

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 18.0000.XLSFile Name:

Prep Method ID: 2Dilution Factor:

Prep Batch Number: T130529027

As ReceivedReport Basis: TE/Analyst Initials:

5/29/2013Prep Date: Instrument: IC_2

A1305306-02BLab Sample Number: 5/29/2013   5:54:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 1.0 1mg/L 0.14109

Page 4 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305306

Detailed Analytical Report

Client Sample Report

SPR-WR2

Matrix: 5/16/2013   1:58:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130522008

As ReceivedReport Basis: MCAnalyst Initials:

5/17/2013Prep Date: Instrument: SCALE

A1305306-03ALab Sample Number: 5/17/2013   2:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.95 1mg/L 0.482.67

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 19.0000.XLSFile Name:

Prep Method ID: 2Dilution Factor:

Prep Batch Number: T130529027

As ReceivedReport Basis: TE/Analyst Initials:

5/29/2013Prep Date: Instrument: IC_2

A1305306-03BLab Sample Number: 5/29/2013   6:08:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 1.0 1mg/L 0.14110

Page 5 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305306

Detailed Analytical Report

Lab Project ID: 149,155 Lab Project Number: A1305306

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130522008-MB

A130522008

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/17/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1305286-05A Batch QC 5/17/2013   2:30:00PM

A1305306-01A TDR-WR1 5/17/2013   2:30:00PM

A1305306-02A SPR-WR1 5/17/2013   2:30:00PM

A1305306-03A SPR-WR2 5/17/2013   2:30:00PM

A130522008-LCS LCS 5/17/2013   2:30:00PM

A1305286-05A-DUP DUP 5/17/2013   2:30:00PM

T130529027-MB

T130529027

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/29/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130529027-LCS 12.0000.XLSLCS 5/29/2013   4:27:00PM

A1305377-01E 14.0000.XLSBatch QC 5/29/2013   4:56:00PM

A1305377-01E-DUP 15.0000.XLSDUP 5/29/2013   5:11:00PM

A1305377-01E-MS 16.0000.XLSMS 5/29/2013   5:25:00PM

A1305377-01E-MSD 17.0000.XLSMSD 5/29/2013   5:39:00PM

A1305306-02B 18.0000.XLSSPR-WR1 5/29/2013   5:54:00PM

A1305306-01B 19.0000.XLSTDR-WR1 5/30/2013   8:22:00PM

A1305306-03B 19.0000.XLSSPR-WR2 5/29/2013   6:08:00PM

Page 6 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305306

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description

Page 7 of 8



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305306

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1305306

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Page 8 of 8





6/7/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1305394

Date: 6/7/2013

Work ID: APDES Snow Site Evaluation

Date Received: 5/23/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1305394-01 TDR-MPN01 A1305394-02 TDR-WR1

A1305394-03 TDR-DPN01 A1305394-04 SPR-WR2

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1305394

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

SAMPLE RECEIPT:
Four (4) samples were received on 5/23/2013 3:20:00 PM, at a temperature of 16.5°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

Comments:  The samples were received on ice directly from the sampling site. 

The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 2.6°C, in good condition and in order per chain of custody on 5/29/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Aqueous

Test Method: SM2510B - Conductivity - Aqueous

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Aqueous

Comments:  The entire TSS sample volume was filtered for each sample.  

Test Method: SM4500-H-B  Electrometric pH Method - pH - Aqueous

     HOLDING TIMES:
pH is a field test requiring immediate analysis.  This analysis was performed as soon as 
possible upon laboratory receipt.

HOLD TIMES MISSED:
Sample SPR-WR2,A1305394-04B



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1305394

(continued)

     Sampled:  5/23/2013 2:35:00 PM, Prepped: 5/23/2013 3:50:00 PM
     Sampled:  5/23/2013 2:35:00 PM, Analyzed: 5/23/2013 3:50:00 PM
      Regulatory hold time: 0  Hrs



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Client Sample Report

TDR-MPN01

Matrix: 5/23/2013   1:40:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130531002

As ReceivedReport Basis: MCAnalyst Initials:

5/29/2013Prep Date: Instrument: SCALE

A1305394-01ALab Sample Number: 5/29/2013  10:45:00AMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 1.1 1mg/L 0.5325.5

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 22.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130603017

As ReceivedReport Basis: jkkAnalyst Initials:

5/30/2013Prep Date: Instrument: IC_2

A1305394-01BLab Sample Number: 5/30/2013   9:06:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07130.9

Page 4 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 5/23/2013   1:56:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130531002

As ReceivedReport Basis: MCAnalyst Initials:

5/29/2013Prep Date: Instrument: SCALE

A1305394-02ALab Sample Number: 5/29/2013  10:45:00AMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.96 1mg/L 0.4813.7

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 15.0000.XLSFile Name:

Prep Method ID: 10Dilution Factor:

Prep Batch Number: T130604009

As ReceivedReport Basis: jkAnalyst Initials:

6/3/2013Prep Date: Instrument: IC_2

A1305394-02BLab Sample Number: 6/3/2013   6:24:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 5.0 3mg/L 0.71235

Page 5 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Client Sample Report

TDR-DPN01

Matrix: 5/23/2013   2:13:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130531002

As ReceivedReport Basis: MCAnalyst Initials:

5/29/2013Prep Date: Instrument: SCALE

A1305394-03ALab Sample Number: 5/29/2013  10:45:00AMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.97 1mg/L 0.498.87

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 27.0000.XLSFile Name:

Prep Method ID: 4Dilution Factor:

Prep Batch Number: T130603017

As ReceivedReport Basis: jkkAnalyst Initials:

5/30/2013Prep Date: Instrument: IC_2

A1305394-03BLab Sample Number: 5/30/2013  10:18:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 2.0 1mg/L 0.28173

Page 6 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Client Sample Report

SPR-WR2

Matrix: 5/23/2013   2:35:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2510B - ConductivityAnalytical Method ID: File Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: A130606002

As ReceivedReport Basis: MCAnalyst Initials:

5/23/2013Prep Date: Instrument: Probe

A1305394-04BLab Sample Number: 5/23/2013   3:55:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml50.00 50.00

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Conductivity 5.0 1umhos/cm 1.0350

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130531002

As ReceivedReport Basis: MCAnalyst Initials:

5/29/2013Prep Date: Instrument: SCALE

A1305394-04ALab Sample Number: 5/29/2013  10:45:00AMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.96 1mg/L 0.482.39

The following test was conducted by: Analytica - Anchorage

SM4500-H-B  Electrometric pH Method - pHAnalytical Method ID: File Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: A130605002

As ReceivedReport Basis: MCAnalyst Initials:

5/23/2013Prep Date: Instrument: Probe

A1305394-04BLab Sample Number: 5/23/2013   3:50:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

4500-H-B

Result Flags MDLPQLUnitsCASNoAnalyte run #:

pH 0.0 1pH 0.08.5

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 28.0000.XLSFile Name:

Prep Method ID: 4Dilution Factor:

Prep Batch Number: T130603017

As ReceivedReport Basis: jkkAnalyst Initials:

5/30/2013Prep Date: Instrument: IC_2

A1305394-04BLab Sample Number: 5/30/2013  10:32:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 2.0 1mg/L 0.2889.1

Page 7 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Client Sample Report

SPR-WR2

Matrix: 5/23/2013   2:35:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

Page 8 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Lab Project ID: 149,342 Lab Project Number: A1305394

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130531002-MB

A130531002

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/29/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1305394-01A TDR-MPN01 5/29/2013  10:45:00AM

A1305394-02A TDR-WR1 5/29/2013  10:45:00AM

A1305394-03A TDR-DPN01 5/29/2013  10:45:00AM

A1305394-04A SPR-WR2 5/29/2013  10:45:00AM

A1305400-04A Batch QC 5/29/2013  10:45:00AM

A130531002-LCS LCS 5/29/2013  10:45:00AM

A1305400-04A-DUP DUP 5/29/2013  10:45:00AM

T130603017-MB

T130603017

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/30/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130603017-LCS 12.0000.XLSLCS 5/30/2013   6:42:00PM

B1305164-01B 14.0000.XLSBatch QC 5/30/2013   7:10:00PM

B1305164-01B-DUP 15.0000.XLSDUP 5/30/2013   7:25:00PM

B1305164-01B-MS 16.0000.XLSMS 5/30/2013   7:39:00PM

B1305164-01B-MSD 17.0000.XLSMSD 5/30/2013   7:54:00PM

A1305394-01B 22.0000.XLSTDR-MPN01 5/30/2013   9:06:00PM

A1305394-03B 27.0000.XLSTDR-DPN01 5/30/2013  10:18:00PM

A1305394-04B 28.0000.XLSSPR-WR2 5/30/2013  10:32:00PM

T130604009-MB

T130604009

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

6/3/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130604009-LCS 12.0000.XLSLCS 6/3/2013   5:41:00PM

A1305394-02B 15.0000.XLSTDR-WR1 6/3/2013   6:24:00PM

Page 9 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Lab Project ID: 149,342 Lab Project Number: A1305394

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130606002-MB

A130606002

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/23/2013

ClientSampleName

SM2510B - ConductivityMethod:

AnalysisDate

A1305394-04B SPR-WR2 5/23/2013   3:55:00PM

A130606002-LCS LCS 5/23/2013   3:55:00PM

Page 10 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description

Page 11 of 12



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305394

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1305394

Report to PQLAs Received2510B (Aqueous) - Conductivity 3

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Report to PQLAs Received4500-H-B/4500-H-B (Aqueous) - pH 2
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6/14/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1305486

Date: 6/14/2013

Work ID: APDES Snow Site Evaluation

Date Received: 5/30/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1305486-01 TDR-STRM A1305486-02 TDR-WR1

A1305486-03 SPR-WR1 A1305486-04 SPR-WR2

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1305486

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

SAMPLE RECEIPT:
Four (4) samples were received on 5/30/2013 1:53:00 PM, at a temperature of 11.7°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

Comments:  The samples were received on ice directly from the sampling site.     
The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 5.2°C, in good condition and in order per chain of custody on 6/4/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Aqueous

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Aqueous

Comments:  The entire TSS sample volume was filtered for each sample.  

Test Method: SM4500-H-B  Electrometric pH Method - pH - Aqueous

     HOLDING TIMES:
pH is a field test requiring immediate analysis.  This analysis was performed as soon as 
possible upon laboratory receipt.

HOLD TIMES MISSED:
Sample SPR-WR1,A1305486-03B
     Sampled:  5/30/2013 1:08:00 PM, Prepped: 5/30/2013 4:00:00 PM
     Sampled:  5/30/2013 1:08:00 PM, Analyzed: 5/30/2013 4:00:00 PM
      Regulatory hold time: 0  Hrs



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305486

Detailed Analytical Report

Client Sample Report

TDR-STRM

Matrix: 5/30/2013  12:09:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130604005

As ReceivedReport Basis: MCAnalyst Initials:

5/31/2013Prep Date: Instrument: SCALE

A1305486-01ALab Sample Number: 5/31/2013   3:45:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.98 1mg/L 0.492.54

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 15.0000.XLSFile Name:

Prep Method ID: 4Dilution Factor:

Prep Batch Number: T130612024

As ReceivedReport Basis: TEAnalyst Initials:

6/12/2013Prep Date: Instrument: IC_2

A1305486-01BLab Sample Number: 6/13/2013   4:39:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 2.0 2mg/L 0.28138

Page 3 of 9



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305486

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 5/30/2013  12:31:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130604005

As ReceivedReport Basis: MCAnalyst Initials:

5/31/2013Prep Date: Instrument: SCALE

A1305486-02ALab Sample Number: 5/31/2013   3:45:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.96 1mg/L 0.4843.0

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 27.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130612024

As ReceivedReport Basis: TEAnalyst Initials:

6/12/2013Prep Date: Instrument: IC_2

A1305486-02BLab Sample Number: 6/12/2013   8:15:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07140.2

Page 4 of 9



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305486

Detailed Analytical Report

Client Sample Report

SPR-WR1

Matrix: 5/30/2013   1:08:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130604005

As ReceivedReport Basis: MCAnalyst Initials:

5/31/2013Prep Date: Instrument: SCALE

A1305486-03ALab Sample Number: 5/31/2013   3:45:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.94 1mg/L 0.476.89

The following test was conducted by: Analytica - Anchorage

SM4500-H-B  Electrometric pH Method - pHAnalytical Method ID: File Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: A130606005

As ReceivedReport Basis: MCAnalyst Initials:

5/30/2013Prep Date: Instrument: Probe

A1305486-03BLab Sample Number: 5/30/2013   4:00:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

4500-H-B

Result Flags MDLPQLUnitsCASNoAnalyte run #:

pH 0.0 1pH 0.09.5

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 28.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130612024

As ReceivedReport Basis: TEAnalyst Initials:

6/12/2013Prep Date: Instrument: IC_2

A1305486-03BLab Sample Number: 6/12/2013   8:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07142.0

Page 5 of 9



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305486

Detailed Analytical Report

Client Sample Report

SPR-WR2

Matrix: 5/30/2013   1:16:00PMCollection Date:

Client Sample Name:

Report  Section:

Aqueous

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130604005

As ReceivedReport Basis: MCAnalyst Initials:

5/31/2013Prep Date: Instrument: SCALE

A1305486-04ALab Sample Number: 5/31/2013   3:45:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.97 1mg/L 0.496.32

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 29.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130612024

As ReceivedReport Basis: TEAnalyst Initials:

6/12/2013Prep Date: Instrument: IC_2

A1305486-04BLab Sample Number: 6/12/2013   8:44:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07141.5

Page 6 of 9



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305486

Detailed Analytical Report

Lab Project ID: 149,541 Lab Project Number: A1305486

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130604005-MB

A130604005

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

5/31/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1305481-01A Batch QC 5/31/2013   3:45:00PM

A1305486-01A TDR-STRM 5/31/2013   3:45:00PM

A1305486-02A TDR-WR1 5/31/2013   3:45:00PM

A1305486-03A SPR-WR1 5/31/2013   3:45:00PM

A1305486-04A SPR-WR2 5/31/2013   3:45:00PM

A130604005-LCS LCS 5/31/2013   3:45:00PM

A1305481-01A-DUP DUP 5/31/2013   3:45:00PM

T130612024-MB

T130612024

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

6/12/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130612024-LCS 12.0000.XLSLCS 6/12/2013   4:39:00PM

A1305486-01B 15.0000.XLSTDR-STRM 6/13/2013   4:39:00PM

B1306047-02A 15.0000.XLSBatch QC 6/12/2013   5:22:00PM

B1306047-02A-DUP 16.0000.XLSDUP 6/12/2013   5:37:00PM

B1306047-02A-MS 17.0000.XLSMS 6/12/2013   5:51:00PM

B1306047-02A-MSD 18.0000.XLSMSD 6/12/2013   6:06:00PM

A1305486-02B 27.0000.XLSTDR-WR1 6/12/2013   8:15:00PM

A1305486-03B 28.0000.XLSSPR-WR1 6/12/2013   8:30:00PM

A1305486-04B 29.0000.XLSSPR-WR2 6/12/2013   8:44:00PM

Page 7 of 9



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305486

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description

Page 8 of 9



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1305486

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1305486

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Report to PQLAs Received4500-H-B/4500-H-B (Aqueous) - pH 2

Page 9 of 9





6/21/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1306138

Date: 6/21/2013

Work ID: APDES Snow Site Evaluation

Date Received: 6/6/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1306138-01 TDR-WR1 A1306138-02 SPR-WR2

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1306138

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

SAMPLE RECEIPT:
Two (2) samples were received on 6/6/2013 2:25:00 PM, at a temperature of 18.6°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

Comments:  The samples were received on ice directly from the sampling site.  

The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 5.6°C, in good condition and in order per chain of custody on 6/11/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Surface Water

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Surface 
Water

Comments:  The entire TSS sample volume was filtered for each sample.  



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306138

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 6/6/2013  12:57:00PMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130611016

As ReceivedReport Basis: MCAnalyst Initials:

6/8/2013Prep Date: Instrument: SCALE

A1306138-01ALab Sample Number: 6/8/2013   4:16:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 1.00 1mg/L 0.50109

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 30.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130612024

As ReceivedReport Basis: TEAnalyst Initials:

6/12/2013Prep Date: Instrument: IC_2

A1306138-01BLab Sample Number: 6/12/2013   8:58:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07117.5

Page 3 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306138

Detailed Analytical Report

Client Sample Report

SPR-WR2

Matrix: 6/6/2013   1:27:00PMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130611016

As ReceivedReport Basis: MCAnalyst Initials:

6/8/2013Prep Date: Instrument: SCALE

A1306138-02ALab Sample Number: 6/8/2013   4:16:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.95 1mg/L 0.484.38

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 31.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130612024

As ReceivedReport Basis: TEAnalyst Initials:

6/12/2013Prep Date: Instrument: IC_2

A1306138-02BLab Sample Number: 6/12/2013   9:13:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07123.1

Page 4 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306138

Detailed Analytical Report

Lab Project ID: 149,851 Lab Project Number: A1306138

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130611016-MB

A130611016

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

6/8/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1306116-05A Batch QC 6/8/2013   4:16:00PM

A1306138-01A TDR-WR1 6/8/2013   4:16:00PM

A1306138-02A SPR-WR2 6/8/2013   4:16:00PM

A130611016-LCS LCS 6/8/2013   4:16:00PM

A1306116-05A-DUP DUP 6/8/2013   4:16:00PM

T130612024-MB

T130612024

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

6/12/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130612024-LCS 12.0000.XLSLCS 6/12/2013   4:39:00PM

B1306047-02A 15.0000.XLSBatch QC 6/12/2013   5:22:00PM

B1306047-02A-DUP 16.0000.XLSDUP 6/12/2013   5:37:00PM

B1306047-02A-MS 17.0000.XLSMS 6/12/2013   5:51:00PM

B1306047-02A-MSD 18.0000.XLSMSD 6/12/2013   6:06:00PM

A1306138-01B 30.0000.XLSTDR-WR1 6/12/2013   8:58:00PM

A1306138-02B 31.0000.XLSSPR-WR2 6/12/2013   9:13:00PM

Page 5 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306138

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description

Page 6 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306138

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1306138

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Page 7 of 7





7/8/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1306354

Date: 7/8/2013

Work ID: APDES Snow Site Evaluation

Date Received: 6/20/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1306354-01 TDR-WR1 A1306354-02 SPR-WR2

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1306354

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

SAMPLE RECEIPT:
Two (2) samples were received on 6/20/2013 1:50:00 PM, at a temperature of 12.2°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

Comments:  The samples were received on ice directly from the sampling site.    
The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 4.4°C, in good condition and in order per chain of custody on 6/25/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Surface Water

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Surface 
Water

Test Method: SM4500-H-B  Electrometric pH Method - pH - Surface Water

     HOLDING TIMES:
pH is a field test requiring immediate analysis.  This analysis was performed as soon as 
possible upon laboratory receipt.

HOLD TIMES MISSED:
Sample SPR-WR2,A1306354-02B
     Sampled:  6/20/2013 12:27:00 PM, Prepped: 6/20/2013 3:30:00 PM
     Sampled:  6/20/2013 12:27:00 PM, Analyzed: 6/20/2013 3:30:00 PM
      Regulatory hold time: 0  Hrs



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306354

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 6/20/2013  11:55:00AMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130703003

As ReceivedReport Basis: MCAnalyst Initials:

6/24/2013Prep Date: Instrument: SCALE

A1306354-01ALab Sample Number: 6/24/2013  10:45:00AMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 1.0 1mg/L 0.51240

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 21.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130705003

As ReceivedReport Basis: TEAnalyst Initials:

7/3/2013Prep Date: Instrument: IC_2

A1306354-01BLab Sample Number: 7/3/2013   7:53:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07132.4

Page 3 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306354

Detailed Analytical Report

Client Sample Report

SPR-WR2

Matrix: 6/20/2013  12:27:00PMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130703003

As ReceivedReport Basis: MCAnalyst Initials:

6/24/2013Prep Date: Instrument: SCALE

A1306354-02ALab Sample Number: 6/24/2013  10:45:00AMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.96 1mg/L 0.4811.5

The following test was conducted by: Analytica - Anchorage

SM4500-H-B  Electrometric pH Method - pHAnalytical Method ID: File Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: A130627009

As ReceivedReport Basis: MCAnalyst Initials:

6/20/2013Prep Date: Instrument: Probe

A1306354-02BLab Sample Number: 6/20/2013   3:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

4500-H-B

Result Flags MDLPQLUnitsCASNoAnalyte run #:

pH 0.0 1pH 0.07.0

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 22.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130705003

As ReceivedReport Basis: TEAnalyst Initials:

7/3/2013Prep Date: Instrument: IC_2

A1306354-02BLab Sample Number: 7/3/2013   8:07:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.0719.10

Page 4 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306354

Detailed Analytical Report

Lab Project ID: 150,314 Lab Project Number: A1306354

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130703003-MB

A130703003

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

6/24/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1306344-01A Batch QC 6/24/2013  10:45:00AM

A1306354-01A TDR-WR1 6/24/2013  10:45:00AM

A1306354-02A SPR-WR2 6/24/2013  10:45:00AM

A130703003-LCS LCS 6/24/2013  10:45:00AM

A1306344-01A-DUP DUP 6/24/2013  10:45:00AM

T130705003-MB

T130705003

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

7/3/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130705003-LCS 12.0000.XLSLCS 7/3/2013   5:43:00PM

A1306381-01G 15.0000.XLSBatch QC 7/3/2013   6:26:00PM

A1306381-01G-DUP 16.0000.XLSDUP 7/3/2013   6:41:00PM

A1306381-01G-MS 17.0000.XLSMS 7/3/2013   6:55:00PM

A1306381-01G-MSD 18.0000.XLSMSD 7/3/2013   7:10:00PM

A1306354-01B 21.0000.XLSTDR-WR1 7/3/2013   7:53:00PM

A1306354-02B 22.0000.XLSSPR-WR2 7/3/2013   8:07:00PM

Page 5 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306354

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description

Page 6 of 7



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306354

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1306354

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Report to PQLAs Received4500-H-B/4500-H-B (Aqueous) - pH 2

Page 7 of 7





7/12/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1306476

Date: 7/12/2013

Work ID: APDES Snow Site Evaluation

Date Received: 6/27/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1306476-01 TDR-Strm A1306476-02 TDR-WR1

A1306476-03 SPR-WR2 A1306476-04 SPR-DPND1

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1306476

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

SAMPLE RECEIPT:
Four (4) samples were received on 6/27/2013 2:26:00 PM, at a temperature of 13.8°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

Comments:  The samples were received on ice directly from the sampling site.    
The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 2.9°C, in good condition and in order per chain of custody on 7/2/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Surface Water

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Surface 
Water

     SAMPLE PREPARATION ISSUES AND OBSERVATIONS:
The entire TSS sample volume was filtered for each sample.

Test Method: SM4500-H-B  Electrometric pH Method - pH - Surface Water

     HOLDING TIMES:
pH is a field test requiring immediate analysis.  This analysis was performed as soon as 
possible upon laboratory receipt.

HOLD TIMES MISSED:
Sample SPR-DPND1,A1306476-04A
     Sampled:  6/27/2013 2:02:00 PM, Prepped: 6/27/2013 3:40:00 PM



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1306476

(continued)

     Sampled:  6/27/2013 2:02:00 PM, Analyzed: 6/27/2013 3:40:00 PM
      Regulatory hold time: 0  Hrs



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306476

Detailed Analytical Report

Client Sample Report

TDR-Strm

Matrix: 6/27/2013  12:50:00PMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130708013

As ReceivedReport Basis: MCAnalyst Initials:

7/1/2013Prep Date: Instrument: SCALE

A1306476-01ALab Sample Number: 7/1/2013   3:00:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.98 1mg/L 0.491.27

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 15.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130712003

As ReceivedReport Basis: TEAnalyst Initials:

7/11/2013Prep Date: Instrument: IC_2

A1306476-01BLab Sample Number: 7/11/2013   6:03:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.07130.7

Page 4 of 10



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306476

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 6/27/2013   1:04:00PMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130708013

As ReceivedReport Basis: MCAnalyst Initials:

7/1/2013Prep Date: Instrument: SCALE

A1306476-02ALab Sample Number: 7/1/2013   3:00:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 1.0 1mg/L 0.52199

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 19.0000.XLSFile Name:

Prep Method ID: 2Dilution Factor:

Prep Batch Number: T130712003

As ReceivedReport Basis: TEAnalyst Initials:

7/11/2013Prep Date: Instrument: IC_2

A1306476-02BLab Sample Number: 7/11/2013   7:01:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 1.0 1mg/L 0.1418.8

Page 5 of 10



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306476

Detailed Analytical Report

Client Sample Report

SPR-WR2

Matrix: 6/27/2013   1:30:00PMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130708013

As ReceivedReport Basis: MCAnalyst Initials:

7/1/2013Prep Date: Instrument: SCALE

A1306476-03ALab Sample Number: 7/1/2013   3:00:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 0.95 1mg/L 0.486.09

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 20.0000.XLSFile Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: T130712003

As ReceivedReport Basis: TEAnalyst Initials:

7/11/2013Prep Date: Instrument: IC_2

A1306476-03BLab Sample Number: 7/11/2013   7:15:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 0.50 1mg/L 0.0719.98

Page 6 of 10



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306476

Detailed Analytical Report

Client Sample Report

SPR-DPND1

Matrix: 6/27/2013   2:02:00PMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM4500-H-B  Electrometric pH Method - pHAnalytical Method ID: File Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: A130710008

As ReceivedReport Basis: MCAnalyst Initials:

6/27/2013Prep Date: Instrument: Probe

A1306476-04ALab Sample Number: 6/27/2013   3:40:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

4500-H-B

Result Flags MDLPQLUnitsCASNoAnalyte run #:

pH 0.0 1pH 0.08.6

Page 7 of 10



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306476

Detailed Analytical Report

Lab Project ID: 150,549 Lab Project Number: A1306476

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130708013-MB

A130708013

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

7/1/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1306476-01A TDR-Strm 7/1/2013   3:00:00PM

A1306476-02A TDR-WR1 7/1/2013   3:00:00PM

A1306476-03A SPR-WR2 7/1/2013   3:00:00PM

A1307019-08A Batch QC 7/1/2013   3:00:00PM

A130708013-LCS LCS 7/1/2013   3:00:00PM

A1307019-08A-DUP DUP 7/1/2013   3:00:00PM

T130712003-MB

T130712003

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

7/11/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130712003-LCS 12.0000.XLSLCS 7/11/2013   5:20:00PM

A1306476-01B 15.0000.XLSTDR-Strm 7/11/2013   6:03:00PM

A1306476-01B-DUP 16.0000.XLSDUP 7/11/2013   6:18:00PM

A1306476-01B-MS 17.0000.XLSMS 7/11/2013   6:32:00PM

A1306476-01B-MSD 18.0000.XLSMSD 7/11/2013   6:47:00PM

A1306476-02B 19.0000.XLSTDR-WR1 7/11/2013   7:01:00PM

A1306476-03B 20.0000.XLSSPR-WR2 7/11/2013   7:15:00PM

Page 8 of 10



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306476

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description

Page 9 of 10



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1306476

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1306476

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Report to PQLAs Received4500-H-B/4500-H-B (Aqueous) - pH 2
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7/18/2013

Environmental Laboratories

Analytica Group, LLC-Anchorage
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: 907-258-2155
Fax: 907-258-6634

Municipality of Anchorage - Public 

Works

PO Box 196650

4700 Elmore

Anchorage, AK 99519

Attn: Kristi Bischofberger

Work Order #: A1307115

Date: 7/18/2013

Work ID: APDES Snow Site Evaluation

Date Received: 7/5/2013

Proj #:  none

Client DescriptionLab Sample Number

Sample Identification

Lab Sample Number Client Description

A1307115-01 TDR-WR1 A1307115-02 SPR-WR1

Enclosed are the analytical results for the submitted sample(s).  Please review the CASE NARRATIVE 

for a discussion of any data and/or quality control issues.  Listings of data qualifiers, analytical codes, 

key dates, and QC relationships are provided at the end of the report.

Sincerely,

Claire Toon
Project Manager

"The Science of Analysis, The Art of Service"

Claire



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1307115

Samples were prepared and analyzed according to EPA or equivalent methods outlined in the 
following references:

Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998.

Pfaff, J. D., C. A. Brockhoff and J. W. O'Dell. 1994. The Determination of Inorganic 
Anions in Water by Ion Chromatography. Method 300.0A. U. S. Environmental Protection 
Agency. Environmental Monitoring Systems Lab. 

SAMPLE RECEIPT:
Two (2) samples were received on 7/5/2013 10:13:00 AM, at a temperature of 13.2°C, at 
Analytica-Anchorage.  The samples were received in good condition and in order per chain 
of custody.

The samples were transferred for chloride analysis to Analytica Environmental Laboratories 
(AEL), 12189 Pennsylvania St., Thornton, Colorado 80241, where they were received at a 
temperature of 4.7°C, in good condition and in order per chain of custody on 7/9/2013.

REVIEW FOR COMPLIANCE WITH ANALYTICA QA PLAN
A summary of our review is shown below.

All analytical results contained in this report have been reviewed under Analytica's 
internal quality assurance and quality control program.  Any deviations in quality control 
parameters for specific analyses are noted in the following text.  A complete quality 
assurance report, including laboratory control, matrix spike, and sample duplicate 
recoveries is kept on file in our office and is available upon request.

All method specifications were met for the following tests, unless otherwise noted:

Test Method: Inorganic Anions by Ion Chromatography - Anions by IC2 - Surface Water

Test Method: SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSS - Surface 
Water

     SAMPLE PREPARATION ISSUES AND OBSERVATIONS:
The entire TSS sample volume was filtered for this sample.

Test Method: SM4500-H-B  Electrometric pH Method - pH - Surface Water

     HOLDING TIMES:
pH is a field test requiring immediate analysis.  This analysis was performed as soon as 
possible upon laboratory receipt.

HOLD TIMES MISSED:
Sample SPR-WR1,A1307115-02B
     Sampled:  7/5/2013 8:24:00 AM, Prepped: 7/5/2013 3:10:00 PM
     Sampled:  7/5/2013 8:24:00 AM, Analyzed: 7/5/2013 3:10:00 PM



Case Narrative

Analytica Group, LLC - Anchorage

Work Order: A1307115

(continued)

      Regulatory hold time: 0  Hrs



Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1307115

Detailed Analytical Report

Client Sample Report

TDR-WR1

Matrix: 7/5/2013   7:52:00AMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TSAnalytical Method ID: File Name:

Prep Method ID: 0Dilution Factor:

Prep Batch Number: A130710016

As ReceivedReport Basis: MCAnalyst Initials:

7/8/2013Prep Date: Instrument: SCALE

A1307115-01ALab Sample Number: 7/8/2013   2:30:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

2540D

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Total Suspended Solids 1.1 1mg/L 0.5530.0

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 20.0000.XLSFile Name:

Prep Method ID: 2Dilution Factor:

Prep Batch Number: T130716021

As ReceivedReport Basis: TEAnalyst Initials:

7/16/2013Prep Date: Instrument: IC_2

A1307115-01BLab Sample Number: 7/16/2013   2:19:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 1.0 1mg/L 0.1421.1
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Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1307115

Detailed Analytical Report

Client Sample Report

SPR-WR1

Matrix: 7/5/2013   8:24:00AMCollection Date:

Client Sample Name:

Report  Section:

Surface Water

The following test was conducted by: Analytica - Anchorage

SM4500-H-B  Electrometric pH Method - pHAnalytical Method ID: File Name:

Prep Method ID: 1Dilution Factor:

Prep Batch Number: A130710011

As ReceivedReport Basis: MCAnalyst Initials:

7/5/2013Prep Date: Instrument: Probe

A1307115-02BLab Sample Number: 7/5/2013   3:10:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml1.00 1.00

4500-H-B

Result Flags MDLPQLUnitsCASNoAnalyte run #:

pH 0.0 1pH 0.07.3

The following test was conducted by: Analytica - Thornton

Inorganic Anions by Ion Chromatography - Anions by IC2Analytical Method ID: 21.0000.XLSFile Name:

Prep Method ID: 2Dilution Factor:

Prep Batch Number: T130716021

As ReceivedReport Basis: TEAnalyst Initials:

7/16/2013Prep Date: Instrument: IC_2

A1307115-02ALab Sample Number: 7/16/2013   2:33:00PMAnalysis Date:

mlPrep Extract Vol:Sample prep wt./vol: ml4.00 4.00

300.0

Result Flags MDLPQLUnitsCASNoAnalyte run #:

Chloride 1.0 1mg/L 0.149.66
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Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1307115

Detailed Analytical Report

Lab Project ID: 150,789 Lab Project Number: A1307115

QC BATCH ASSOCIATIONS - BY METHOD BLANK

A130710016-MB

A130710016

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

7/8/2013

ClientSampleName

SM2540D - Solids, Total Suspended Solids Dried at 103-105 C - TMethod:

AnalysisDate

A1307091-08A Batch QC 7/8/2013   2:30:00PM

A1307115-01A TDR-WR1 7/8/2013   2:30:00PM

A130710016-LCS LCS 7/8/2013   2:30:00PM

A1307091-08A-DUP DUP 7/8/2013   2:30:00PM

T130716021-MB

T130716021

SampleNum

Lab Method Blank Id:

Prep Batch ID:

This Method blank and  sample preparation batch are associated with the following samples, spikes, and  duplicates:

Prep Date:

DataFile

7/16/2013

ClientSampleName

Inorganic Anions by Ion Chromatography - Anions by IC2Method:

AnalysisDate

T130716021-LCS 12.0000.XLSLCS 7/16/2013  12:23:00PM

A1307237-01C 15.0000.XLSBatch QC 7/16/2013   1:07:00PM

A1307237-01C-DUP 16.0000.XLSDUP 7/16/2013   1:21:00PM

A1307237-01C-MS 17.0000.XLSMS 7/16/2013   1:35:00PM

A1307237-01C-MSD 18.0000.XLSMSD 7/16/2013   1:50:00PM

A1307115-01B 20.0000.XLSTDR-WR1 7/16/2013   2:19:00PM

A1307115-02A 21.0000.XLSSPR-WR1 7/16/2013   2:33:00PM
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Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1307115

Detailed Analytical Report

DATA FLAGS AND DEFINITIONS

The PQL is the Method Quantitation Limit as defined by USACE.

Reporting Limit:  Limit below which results are shown as "ND".  This may be the PQL, MDL, or a value between.  See

the report conventions below.

Result Field:  

ND = Not Detected at or above the Reporting Limit 

NA = Analyte not applicable (see Case Narrative for discussion)

Qualifier Fields:

LOW = Recovery  is below Lower Control Limit

HIGH = Recovery , RPD, or other parameter is above Upper Control Limit

E = Reported concentration is above the instrument calibration upper range

Organic Analysis Flags:

B = Analyte was detected in the laboratory method blank

J =  Analyte was detected above MDL or Reporting Limit but below the Quant Limit (PQL)

Inorganic Analysis Flags:

J = Analyte was detected above the Reporting Limit but below the Quant Limit (PQL)

W = Post digestion spike did not meet criteria

S = Reported value determined by the Method of Standard Additions (MSA)

Several ways of defining the limit of detection and quantitation are prevalent in the laboratory industry and may appear in Analytica reports. These 

include the following:

MRL = "minimum reporting level", from the EPA Safe Drinking Water program (SDW)

PQL = "practical quantitation limit", from SW-846

EQL = "estimated quantitation limit", from SW-846

LOQ = "limit of quantitation", from a number of authoritative sources

In Analytica's work, all of these terms have the same meaning, equivalent to the EPA definition of the MRL. This reporting level is supported by a 

satisfactory calibration data point which is at that level or lower, and also is supported by a method detection limit (MDL) determined by the 

procedure in 40CFR. The MDL is lower than the MRL and represents an estimate of the level where positive detections have a 99% probability of 

being real, but where quantitation accuracy is unknown. 

The MRL as defined by Analytica is the lowest demonstrated point of known quantitation accuracy.

The MRL should not be confused with the MCL, which is the EPA-defined "maximum contaminant level" allowed for certain regulated targets 

under specific regulations, such as the National Primary Drinking Water Regulations. Normally, the MRL is set at a level which is much lower than 

the MCL in order to ensure that levels are well below those limits. Not all target analytes have MCL levels established.

Other Flags may be applied.  See Case Narrative for Description
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Workorder  (SDG):

Analytica Group, LLC - Anchorage

Municipality of Anchorage - Public Works

noneClient Project Number:

APDES Snow Site EvaluationProject:

Client:

A1307115

Detailed Analytical Report

Reporting Limit# Sig FigsBasisTestPkgName

REPORTING CONVENTIONS FOR THIS REPORT

A1307115

Report to PQLAs Received2540D/2540D (Aqueous) - TSS 3

Report to PQLAs Received300.0/300.0 (Aqueous) - Anions by IC2 3

Report to PQLAs Received4500-H-B/4500-H-B (Aqueous) - pH 2
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SampDate StnID Cl eC
5/13/2013 Spr_Wr1 96.6 385
5/13/2013 Tdr_Wr1 816 2865
5/13/2013 Tdr_Wr3 440 1630
5/16/2013 Spr_Wr1 109 436
5/16/2013 Spr_Wr2 110 442
5/16/2013 Tdr_Wr1 689 2507
5/23/2013 Spr_Wr2 89.1 350
5/23/2013 Tdr_Dpnd1 173 710
5/23/2013 Tdr_Mpnd1 30.9 223
5/23/2013 Tdr_Wr1 235 962
5/30/2013 Tdr_Strm 138 589
6/13/2013 Spr_Wr2 13.1 69
6/13/2013 Tdr_Wr1 35.2 227

7/5/2013 Spr_Wr1 9.66 67
7/5/2013 Tdr_Wr1 21.1 199

m b
0.286951 -22.69816

y=mx+b

5/13/2013 Spr_Wr1 96.6 385
5/16/2013 Spr_Wr1 109 436
5/16/2013 Spr_Wr2 110 442
5/23/2013 Spr_Wr2 89.1 350
6/13/2013 Spr_Wr2 13.1 69

7/5/2013 Spr_Wr1 9.66 67

0.266492 -6.439038

5/13/2013 Tdr_Wr1 816 2865
5/13/2013 Tdr_Wr3 440 1630
5/16/2013 Tdr_Wr1 689 2507
5/23/2013 Tdr_Dpnd1 173 710
5/23/2013 Tdr_Mpnd1 30.9 223
5/23/2013 Tdr_Wr1 235 962
5/30/2013 Tdr_Strm 138 589
6/13/2013 Tdr_Wr1 35.2 227

7/5/2013 Tdr_Wr1 21.1 199

0.293479 -36.751

Tudor  Cl:eC Correlation

y = 3.4055x + 125.78

R2 = 0.9994
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y = 3.4775x + 80.593
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ParType SampDate StnID ParVal ParType SampDate StnID ParVal
TSS_SSC 5/10/2013 Spr_Wr2 1.88 NTUs 5/10/2013 Spr_Wr2 9.80000019
TSS_SSC 5/23/2013 Spr_Wr2 2.3900001 NTUs 5/23/2013 Spr_Wr2 6.65999985
TSS_SSC 5/16/2013 Spr_Wr2 2.67000008 NTUs 5/16/2013 Spr_Wr2 8.10000038
TSS_SSC 6/6/2013 Spr_Wr2 4.38000011 NTUs 6/6/2013 Spr_Wr2 13.1999998
TSS_SSC 6/27/2013 Spr_Wr2 6.09000015 NTUs 6/27/2013 Spr_Wr2 8.32999992
TSS_SSC 5/30/2013 Spr_Wr2 6.32000017 NTUs 5/30/2013 Spr_Wr2 12
TSS_SSC 6/20/2013 Spr_Wr2 11.5 NTUs 6/20/2013 Spr_Wr2 19.5
TSS_SSC 6/13/2013 Spr_Wr2 12.8999996 NTUs 6/13/2013 Spr_Wr2 22.2999992

ParType SampDate StnID ParVal ParType SampDate StnID ParVal
TSS_SSC 5/16/2013 Tdr_Wr1 6.80000019 NTUs 5/16/2013 Tdr_Wr1 7.30999994
TSS_SSC 5/23/2013 Tdr_Wr1 13.6999998 NTUs 5/23/2013 Tdr_Wr1 20.3999996
TSS_SSC 5/10/2013 Tdr_Wr1 17.7999992 NTUs 5/10/2013 Tdr_Wr1 18.7000008
TSS_SSC 5/13/2013 Tdr_Wr1 20 NTUs 5/13/2013 Tdr_Wr1 29
TSS_SSC 7/5/2013 Tdr_Wr1 30 NTUs 7/5/2013 Tdr_Wr1 80.5
TSS_SSC 5/30/2013 Tdr_Wr1 43 NTUs 5/30/2013 Tdr_Wr1 82.1999969
TSS_SSC 6/6/2013 Tdr_Wr1 109 NTUs 6/6/2013 Tdr_Wr1 239
TSS_SSC 6/13/2013 Tdr_Wr1 161 NTUs 6/13/2013 Tdr_Wr1 330
TSS_SSC 6/27/2013 Tdr_Wr1 199 NTUs 6/27/2013 Tdr_Wr1 476
TSS_SSC 6/20/2013 Tdr_Wr1 240 NTUs 6/20/2013 Tdr_Wr1 511

TSS:NTU Correlation at Spr_WR2

y = 0.6757x - 2.4211

R2 = 0.8402
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2013 Vswale small-sample Wilcoxon Rank-Sum
Spruce Eastern Wetlands

Chloride Surrogate Measures (Conductivity converted)
StnID SampDate ClRegress

5/10/2013
5/13/2013
5/16/2013
5/23/2013 Spruce East Wetlands pairs
5/28/2013
5/30/2013 6/13/2013 Spr_Wet0 12 A

Spr_Wet0 6/6/2013 22 6/20/2013 Spr_Wet0 8 B
Spr_Wet0 6/13/2013 12 6/27/2013 Spr_Wet0 19
Spr_Wet0 6/20/2013 8 7/5/2013 Spr_Wet0 15
Spr_Wet0 6/27/2013 19 7/12/2013 Spr_Wet0 10
Spr_Wet0 7/5/2013 15 Spr_Wet1 14
Spr_Wet0 7/12/2013 10 Spr_Wet1 12

7/19/2013 Spr_Wet1 8
Spr_Wet1 10
Spr_Wet1 10

5/10/2013 Spr_Wet2 21
5/13/2013 Spr_Wet2 21
5/16/2013 Spr_Wet2 13
5/23/2013 Spr_Wet2 10
5/28/2013 Spr_Wet2 12
5/30/2013 Spr_Wet5 Spr_Wet3 9
6/6/2013 6/27/2013 Spr_Wet3 17

Spr_Wet1 6/13/2013 14 120 Spr_Wet3 13
Spr_Wet1 6/20/2013 12 Spr_Wet3 12
Spr_Wet1 6/27/2013 8 Spr_Wet3 10
Spr_Wet1 7/5/2013 10
Spr_Wet1 7/12/2013 10

7/19/2013
Transposed East Wetland Pairs

5/10/2013 Spr_Wet0 Spr_Wet0 Spr_Wet0 Spr_Wet0 Spr_Wet0 Spr_Wet0
5/13/2013 6/6/2013 6/13/2013 6/20/2013 6/27/2013 7/5/2013 7/12/2013
5/16/2013 22 12 8 19 15 10
5/23/2013 Spr_Wet1 Spr_Wet1 Spr_Wet1 Spr_Wet1 Spr_Wet1
5/28/2013 6/13/2013 6/20/2013 6/27/2013 7/5/2013 7/12/2013
5/30/2013 14 12 8 10 10
6/6/2013 Spr_Wet2 Spr_Wet2 Spr_Wet2 Spr_Wet2 Spr_Wet2

Spr_Wet2 6/13/2013 21 6/13/2013 6/20/2013 6/27/2013 7/5/2013 7/12/2013
Spr_Wet2 6/20/2013 21 21 21 13 10 12
Spr_Wet2 6/27/2013 13 Spr_Wet3 Spr_Wet3 Spr_Wet3 Spr_Wet3 Spr_Wet3
Spr_Wet2 7/5/2013 10 6/13/2013 6/20/2013 6/27/2013 7/5/2013 7/12/2013
Spr_Wet2 7/12/2013 12 9 17 13 12 10

7/19/2013 Spr_Wet4 Spr_Wet4
6/13/2013 6/20/2013
17 17



5/10/2013
5/13/2013
5/16/2013 Small-Sample Wilcoxon Rank-Sum Test
5/23/2013
5/28/2013 Wet0/Wet1
5/30/2013 Stn Cl rank rank at ties
6/6/2013 Spr_Wet0 8 1 1.5

Spr_Wet3 6/13/2013 9 Spr_Wet1 8 2 1.5
Spr_Wet3 6/20/2013 17 Spr_Wet0 10 3 4
Spr_Wet3 6/27/2013 13 Spr_Wet1 10 4 4
Spr_Wet3 7/5/2013 12 Spr_Wet1 10 5 4
Spr_Wet3 7/12/2013 10 Spr_Wet1 12 6 6.5

7/19/2013 Spr_Wet0 12 7 6.5
Spr_Wet1 14 8 8
Spr_Wet0 15 9 9

5/10/2013 Spr_Wet0 19 10 10
5/13/2013 sum total 55
5/16/2013 Wa Wb
5/23/2013 sum Wet0 sum Wet1
5/28/2013 31 24 a, b =5 H1: A>B p>0.20
5/30/2013
6/6/2013 Wet0/Wet3 rank at ties

Spr_Wet4 6/13/2013 17 Spr_Wet0 8 1
Spr_Wet4 6/20/2013 17 Spr_Wet3 9 2

6/27/2013 Spr_Wet0 10 3.5
7/5/2013 Spr_Wet3 10 3.5
7/12/2013 Spr_Wet0 12 5.5
7/19/2013 Spr_Wet3 12 5.5

Spr_Wet3 13 7
Spr_Wet0 15 8

5/10/2013 Spr_Wet3 17 9
5/13/2013 Spr_Wet0 19 10
5/16/2013
5/23/2013 Wa Wb
5/28/2013 Sum Wet0 Sum Wet3 a, b = 5
5/30/2013 28 27 H1: A>B p>>0.20
6/6/2013
6/13/2013
6/20/2013

Spr_Wet5 6/27/2013 120
7/5/2013
7/12/2013
7/19/2013



2013 Season Turbidity
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2013 Season Chloride

1

10

100

1000

5/
6/

20
13

5/
13

/2
01

3
5/

20
/2

01
3

5/
27

/2
01

3
6/

3/
20

13
6/

10
/2

01
3

6/
17

/2
01

3
6/

24
/2

01
3

7/
1/

20
13

7/
8/

20
13

7/
15

/2
01

3
7/

22
/2

01
3

7/
29

/2
01

3
Sample Date

C
h

lo
ri

d
e,

 m
g

/L

Tdr_Dpnd

Tdr_Wr1 (V-swale
weir)

Tudor Receiving
Stream

Spr_Wr2 (distributary
weir: outfall)

Spr_Wet0 (near
wetland flow)

Spr_Wet1 (far
wetland flow)

Spr_Wet3 (near
wetland background)

Spr_Wet4 (far
wetland background)

Spr_Wet5 (west
wetlands)

No surface 
flow from 
Spruce Site

Surface discharge 
continues from 
Tudor V-swale



2013 Season pH
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Appendix E – 2013 V-Swale Field Logs 
 
Contents: 
 

1. 2013 Field Log 
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