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Abstract

This presentation summarizes the results from pastewsthtr studies of catchbasin inlet devices, and recothmen
important features to optimize their performance. Gasdies are also presented, summarizing two EPA-funded
projects that examined catchbasins and insert perfomnavitile many types of inlet devices may capture some
stormwater debris, care must be taken in their desigtthBasins with sumps may remove up to about 30% of
suspended loads that enter the intet, but much of thirialats relatively coarse and in many cases would not
have moved to the outfall. The sumps do minimize sedime&ntmulation in the sewerage and reduce
maintenance. These should probably be considered asagist more than pollutant trapping devices. Some
devices can also trap floatables. However, if n@ueatly maintained, clogging and ponding may occur. In
addition, if water is forced through the trapped debris (@slbheleaves), degradation of the organic material may
occur, actually causing the production of some pollutamisieshew inlet devices have been recently designed and
are undergoing testing that promise more effective cbatsiormwater pollutants, along with better retemtod

bed load material and floatables.

Background

Storm drainage system inlet structures can be separatetthiee general categories. The first categorysimale
inlet that is comprised of a grating at the curb andxa Wwith the discharge located at the bottom of the bloichv
connects directly to the main storm drainage or coetbsewerage. This inlet simply directs the runoff to the
drainage system and contains no attributes that wouldirapvater quality. However, large debris (several cm in
size) may accumulate (if present in the stormwateigtwis unlikely). The second type of inlet is similarthe
simple inlet, but it contains a sump that typically egtel.5 to 1 m below the bottom of the outlet. This &zl

a catchbasin in the U.S., or a gully pot in the Uaftd has been shown to trap appreciable portions obtiree
sediment. The third category is also similar to tingp$e inlet, but contains some type of screening todidpis.
These include small cast iron perforated buckets placed timglstreet grating, as used in Germany, large
perforated and lipped stainless steel plates placed undstréleegrating, as used in Austin, Texas, and a number
of proprietary devices incorporating filter fabric ohet types of screening placed to intercept the stormilate

Over the past 85 years, there has been extensive catelobasins for coarse material removal from stataw
runoff (Lager, et al. 1977), mainly to reduce sedimentgirablems in the storm drainage system. Catchbasins
have also been utilized in Europe for over a centurg. gurpose of catchbasins historically has been to préve
clogging of sewer lines with sediment and organic defrid,to prevent odors from escaping from the sewers by
creating a water seal. Over the years, many diffesigtes of catchbasins have been used, and many differe
enhancement devices have been added to increaseffibaiveness. According to Lagest al. (1977),

catchbasins were considered marginal in performanearfsas the turn of the century. They felt thatuke of
catchbasins may be more of a tradition for most mpaliities rather than a practice based on perform&Segor
and Boyd (1972) suggested that all catchbasins should beifiilletiing their ineffectiveness at removal of
pollutants and the threat of slug pollution of the scouratemnal. Grottker (1990) was more positive. He reports of
an inlet design in Germany that is modified with sumps @primary filter to screen out the larger debris. He
recommended the modified device as a cost-saving dedteproves water quality.

Catchbasin performance has been investigated for 8oraen the U.S. Sartor and Boyd (1972) conducted
controlled field tests of a catchbasin in San Framciasing simulated sediment in fire hydrant water floleey
sampled water flowing into and out of a catchbasin ddiment and basic pollutant analyses. Lagesl (1977)
was the first EPA funded research effort that includdtearetical laboratory investigation to evaluate
sedimentation in catchbasins and to develop effectisigule They also conducted extensive laboratory testg usi
simulated runoff.



The mobility of catchbasin sediments was investighteHitt (1979). Long-duration tests were conducted using an
“idealized” catchbasin (based on Lagetral’s 1977 design), retro-fitted in San Jose, CA. The rebdfacused on
re-suspension of sediment from a full catchbasin ovexxéended time period. It was concluded that the amount of
catchbasin and sewerage sediment was very large in osopaith storm runoff yields, but was not very mebil
Cleaning catchbasins would enable them to continugposediment, instead of reaching a steady-state loading
and allowing subsequent stormwater flows to pass througkaiad.

Bellevue Catchbasin Monitoring Study

Catchbasins, simple inlets, man-holes, and seweragyee® accumulations were monitored at more than 200
locations in Bellevue, Washington, in two mixed resigdrand commercial study areas as part of the Bellevue
research conducted for the Nationwide Urban Runoff ProdgRitt 1985). These locations were studied over three
years to monitor accumulation of sediment and sedimalitgurhe sediment in the catchbasins and the sg®era
was found to be the largest particles that were wasbaudthe streets. The sewerage and catchbasin sedihahts
a much smaller median particle size than the streieadd were therefore more potentially polluting than the
particulates that can be removed by street cleaniregan@ig catchbasins twice a year was found to allow the
catchbasins to capture particulates most effectivedis Zleaning schedule was found to reduce the total residue
and lead urban runoff yields by between 10 and 25 percen€@bx total Kjeldahl nitrogen, total phosphorus,
and zinc by between 5 and 10 percent (Pitt and Shawley 1982).

The Bellevue, WA, NURP project was conducted to chamaet®acific Northwest stormwater quality, and to
evaluate the effectiveness of street cleaning anthlcasin cleaning. In addition, a small sub-study was coaduct
by the USGS to investigate the effectiveness of allsiny detention pond. There were two study areas examnine
Lake Hills and Surrey Downs, both similar medium derrggydential areas. Each study area was examined with
four separate experimental conditions: no controlsestleaning alone, catchbasin cleaning alone, anddbatat
cleaning and catchbasin cleaning together. This rds&eas therefore conducted in a replicated complete block
design, allowing runoff quality comparisons between per@igéng these different public works practices. When
evaluating the effectiveness of these practices, arg therefore compare the results from the separate data
categories. These eight data categories are as follows:

1. Bellevue, Lake Hills, Active CB, No SC (catchbasivese accumulating material, but no street cleaning
operations were being conducted during this project period).

2. Bellevue, Lake Hills, Active CB, SC (catchbasinseneccumulating material, and street cleaning operations
were being conducted during this project period).

3. Bellevue, Lake Hills, Full CB, No SC (catchbasinsenmell and not accumulating material, and no street
cleaning operations were being conducted during this progewid).

4. Bellevue, Lake Hills, Full CB, SC (catchbasins wafleand not accumulating material, street cleaning
operations were being conducted during this project period).

5. Bellevue, Surrey Downs, Active CB, No SC (catchimsiere accumulating material, but no street cleaning
operations were being conducted during this project period).

6. Bellevue, Surrey Downs, Active CB, SC (catchbasiase accumulating material, and street cleaning opesation
were being conducted during this project period).

7. Bellevue, Surrey Downs, Full CB, No SC (catchbasiee full and not accumulating material, and no street
cleaning operations were being conducted during this progewid).

8. Bellevue, Surrey Downs, Full CB, SC (catchbasingviidt and not accumulating material, street cleaning
operations were being conducted during this project period).



The use of the two study areas was necessary becafeserdifime periods were obviously used for each ofthes
project phases. The two separate areas were thenefeded to account for variations in rainfall, and other
seasonal factors, that may have affected the remult€onfused the effects of the public works activities.

A note should be made concerning the catchbasin “elgastudy phases. Obviously, catchbasins were present
during the complete study period. They were cleaned and sara¢yhe beginning of the project. The
accumulation of material was then monitored through gerimeasurements. The project periods were therefore
categorized as “active” or “full.” The active periodsrev@hen accumulation was taking place in the catchhasins
while the full periods were when the catchbasins wag®@n equilibrium, with no additional accumulation of
material.

The first simple step is the preparation of grouped box drisker plots to see how the observations in each of
these 8 data groupings compare:
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Note: The control categories in the above plot are:

Control Category  |Bellevue Test Site ~ $treet Catchbasin
Cleaning? Cleaning?
1 Lake Hills N Y
2 Lake Hills Y Y
3 Lake Hills N N
4 Lake Hills Y N
5 Surrey Downs N Y
6 Surrey Downs Y Y
7 Surrey Downs N N
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The following are simple Studenhtest results to measure the significance of the difiez between selected data
groups for outfall total solids concentrations. Therelddave to be a 50 to 75% difference between the sample
means of the two categories to identify a signifiadifierence, with 10 to 15 storms representing each difvtbe
categories for each test site, using a power of 80%, ssuirang a typical COV of about 0.75. P values smaller
than 0.05 are usually considered as being significantlyreiffgat the 95% confidence level), while larger P
values indicate that not enough data are available tioglissh the data groups at the measured differences.

Student’'s-test results:

2 vs. 6: both street and catchbasin cleaning in ba&satH vs. SD
P value: 0.71 (not enough data to detect a difference)

3 vs. 7: nothing in both areas, LH vs. SD
P value: 0.031 (significantly different)

2 vs. 3 LH both street and catchbasin cleaning vs.imgpth
P value: 0.037 (significantly different)

6 vs. 7 SD both street and catchbasin cleaning vsingpth
P value: 0.99 (not enough data to detect a difference)

When both street and catchbasin cleaning was beirducted in both areas, the outfall total solids concéntrs
appeared to be the same (as expected). However, whemtnolg were in use in either area, the outfall tetdids
concentrations were significantly different (Lake blilad lower total solids concentrations compared teegurr
Downs), which was not expected. When both street atetilzasin cleaning was conducted in Lake Hills, the
outfall total solids concentrations were significaddgger than when no cleaning was being conducted, vetisth
was not expected. In Surrey Downs, no differences weeeted when cleaning was conducted compared to no
cleaning.

These results are counter-intuitive. The hypothesisthatsthe two watersheds would behave in a similarmaan
when similar activities were being conducted in eaol, that the cleaning would reduce the outfall total solids
discharges. Over the years, a number of reasons kawuegven for the observed odd behavior. Older street
cleaning equipment was not very efficient in removing phrticles that are washed off, and in fact, have bee
found to actually remove the larger particles that alst@amour the finer materials, potentially increasihg

solids discharges. However, the catchbasins are raggarticles that have washed off the watershed aa an
have been transported to the drainage system, but #étésiai likely would not have been transported all tlhg w
to the outfall. Ashleyet al. (1999, 2000, 2002) has extensively researched the transpordsfisotombined
sewerage. Unfortunately, similar information is cuthefacking for separate storm drains. The initial obje for
the use of catchbasin sumps was to reduce the accumuwtioarse debris in the sewerage. These Bellevie test
seem to indicate the substantial benefit of the ramaithis material that may otherwise cause potefita
obstruction problems in the drainage system. Howeter quite likely that this large material would raretyf
completely to the outfalls, at least under the relatingld Bellevue conditions and during the time frameho$ t
study. The New Jersey tests described later presenésdetailed removal data at the inlet, showing how midich o
the inlet pollutants are actually trapped at the inlets.

Accumulation of Sediment in Bellevue Inlet Structures

An important part of the Bellevue NURP project wasrtieasurement of the sediment accumulating in the inlet
structures. The storm drainage system inlets wereeatfieand surveyed at the beginning of the project. The 207
inlet structures were then surveyed nine times ovelyeaos to determine the depth of accumulating material



(from December 1979 through January 1981). The first yeaofateumulation was relatively steady (based on 3
observation periods), while the sediment loading rentbah®most constant during the second year. During the
second year, there was about twice as much contardisediéments in the storm drainage system at any ome tim
as there was on the streets. The flushing of therageesediments out of the drainage systems was not folred t
significant during the project period. There was a peridiealy rains in October of 1981 (about 100 mm of rain
during a week, very large for Bellevue) during the secondwhan the accumulated material did not decrease,
based on observations made before and after theAaguét 1981 and January 1982). The lack of sediment
movement from catchbasin sumps was also observed duiligr éests conducted in San Jose by Pitt (1979).
During that study, an idealized catchbasin and sump westraoted based on Laget, al. (1974) and was filled
with clean material having the same particle sizag@sal sump material, along with fluorencent tracexdse
During a year, freezing core samples were obtained ansetltiment layers were studied to determine any flushing
and new accumulations of material. The sediment matesisfound to be very stable, except for a very thin
surface layer.

The first year accumulation rates (L/month per indatjged from 1.4 in Lake Hills to 4.8 in Surrey Downs, as
shown on Table 1. The catchbasins and inlets had suh®sgtchbasin sumps were somewhat larger), while the
manholes were much larger, with more volume availfiblaccumulation sediment. The stable volume that
occurred during the second year were about 60% of thestotalge volumes of the catchbasins and inlets (sump
volume below the outlet pipe). If the sumps were verjl@lvathe maximum sediment depth was only about 12
mm, while the deeper sumps had about 150 mm of accumulatecesédindividual inlet structures had widely
varying depths, but the depth below the outlet appearee tmdist significant factor affecting the maximum sump
volume available. This “scour” depth generally was aBo@ mm. If the sumps were deeper, they generally were
able to hold more sediment before their equilibrium deyath reached and would therefore would require less
frequent maintenance. About 100 L/ha/yr accumulated in Shoems, while only about 2/3 of this value
accumulated in Lake Hills. Nine of the most heavilydiead catchbasins in the first summer inventory in Surrey
Downs were located very near two streets that dichaee curbs and had extensive nearby sediment sources
(eroding hillsides). These few catchbasins (about 10&teofotal catchbasins) accounted for more than hatfeo
total Surrey Downs sediment observed during that survesy &lso represented about 70% of the observed
increased loadings between the first winter and summventories.

Table 1. Accumulation Rate of Sediment in Inlet Str  uctures in Bellevue, WA (Pitt 1985)

Number of structures Sediment accumulation Approx. Stable volume (L)
(L/month) months to
stable
volume
Surey Downs total per ha per ha per unit per ha per unit
(38.0 ha)
Catchbasins 43 11 53 4.8 13 68 62
Inlets 27 0.7 2.0 2.8 20 40 57
Manholes 6 0.2 0.8 4.0 19 15 76
Average 76 total 2.0 total 8.1 4.2 15 123 total 62
Lake Hills (40.7
ha)
Catchbasins 71 17 24 14 18 43 25
Inlets 45 11 15 14 14 22 20
Manholes 15 0.4 1.6 4.0 23 36 90
Average 131 total 3.2 total 5.5 1.7 18 101 total 31

Besides inlet sediment surveys, pipe surveys were amshucted during the study. Very few storm drain pipes in
either test area had slopes less than one percemtsshmed critical slope for sediment accumulation. In Lake
Hills, the average slope of the 118 pipes surveyed was dlpmrcent. Only 7 percent of the Lake Hills pipes had
slopes less than 1 percent. The 75 pipes surveyed in Suwasad an average slope of 5 percent, and 12
percent had slopes less than 1 percent. A pipe sedimerysuag conducted in October of 1980. Very little



sediments were found in the storm drains in either stvely. The pipes that had significant sediment werereithe
sloped less than 1-1/2 percent or located close to a sousediment. The characteristics of the pipe sediments
were similar to the characteristics of the sedinfimh closeby inlets and catchbasins, indicating a comm
source, and the eventual movement of the inlet sedem€&he volume of sediment found in the Lake Hills pipes
was about 1-1/2 Fnor about 0.04 fper ha, or about 40% of the total sediment in the Biteictures (about 0.1

m® per ha stable volume). This was equilivent to about 7(f kgdiment/ha. In Surrey Downs, much more
sediment was found in the storm drainage: more than®2ff sediment was found in the pipes, or about GfHan
or 1,000 kg/ha. Most of this sediment was located in silfegipes along 138St. and Westwood Homes Rd.
which were not swept and were close to major sedismirces.

The chemical quality of the captured sediment was alsotored. Tables 2 and 3 show the sediment quality for
Surrey Downs inlet structures sampled between Januarydl3use 17, 1981. The sediment quality shown on this
table is very similar to the street dirt chemical gyahat was simultaneiously sampled and analyzed. It is
interesting to note that the COD values increase witheasing particle sizes, likely corresponding to iasireg
amounts of organic material in the larger materiak mhtrients are generally constant with size, wiigeretal
concentrations are much higher for the smaller pagj@s expected for street dirt. As indicated on the,ttie

lead values were likely much higher when these samplestaken compared to current conditions. Current
outfall lead concentrations are now about 1/10 of theegalhey were in the early 1980s.

Table 2. Chemical Quality of Bellevue, WA, Inlet St ructure Sediment (mg constituent/kg total solids) ( Pitt

1985)

Particle Size (um) COoD TKN TP Pb* Zn
<63 160,000 2,900 880 1,200 400
61-125 130,000 2,100 690 870 320
125-250 92,000 1,500 630 620 200
250-500 100,000 1,600 610 560 200
500-1,000 140,000 1,600 550 540 200
1,000-2,000 250,000 2,600 930 540 230
2,000-6,350 270,000 2,500 1,100 480 190
>6,350 240,000 2,100 760 290 150

* these lead values are much higher than would be found for current samples due to the decreased use of leaded gasoline since 1981.

Table 3. Annual Calculated Accumulation of Pollutan ts in Bellevue, WA, Inlet Structures (Pitt 1985)

Total solids
L/halyr kg/halyr COD TKN TP Pb Zn
kg/halyr kg/halyr kg/halyr kg/halyr kg/halyr
Surrey Downs 96 147 37 0.17 0.25 0.49 0.10
Lake Hills 66 100 7.5 0.07 0.07 0.07 0.02

Catchbasin Sediment and Supernatnant Quality and Potential Water Quality Degradation
Catchbasins have been found to be effective in acctimglpollutants associated with coarser runoff solidsgéa
accumulations in total and suspended solids (up to 45% redtmtitmw gutter flows) were indicated by a number
of studies (such as Pitt 1979, Aronsehal. 1983, and Pitt 1985). Pitt (1985) found that catchbasins will
accumulate sediments until the sediments reach about 60t wital sump capacity (or to about 0.3 m under the
catchbasin outlet). After that level, the sedimeratian equilibrium, with scour balancing new deposition.

Butler, et al (1995) found that the median particle size of the sumpcpestivas between about 300 and 3,000
pm, with less than 10% of the particles smaller thanfi0near the typical upper limit of particles found in
stormwater. Catchbasin sumps therefore trap the lapgestles that are flowing in the water, and alloe thore
contaminated finer particles to flow through the irsketicture. Butleret al. (1995) and Butler and Karunaratne
(1995) present sediment trapping equations for sediment ingpiflysmall catchbasin sumps), based on detailed
laboratory tests. The sediment trapping performancdauasl to be dependent on the flow rate passing through



the gully pot, and to the particle sizes of the sedimEm. depth of sediment in the gully pot had a lessertedfec
the capture performance. In all cases, decreased fldssastially increased the trapping efficiency and larger
particles had substantially greater trapping efficieneytbmaller particles, as expected.

Pitt (1985) statistically compared catchbasin supernatihtonrtfall water quality and did not detect any
significant differences. However, Butlet, al. (1995) have recently investigated gully pot supernatant \aaikr
have found that it may contribute to the more greatljysa first flush of stormwater reported for some |owas.
Specific problems have been associated with the dpiaeranditions that rapidly form in the supernatant wate
during dry weather, causing the release of oxygen demanditegiahaammonium, and possible sulfides. These
anaerobic conditions also affect the bioavailabiityhe heavy metals in the flushed water.

New Jersey Catchbasin Insert Tests

More recent catchbasin inlet tests were conductedttyePal. (1994 and 1999) as part of an EPA-sponsored
research project to examine critical source areasamdevelop appropriate controls. The activities summaiized
this section included the testing of three represertatrmwater control devices that were located amsto
drainage inlets. Two proprietary devices utilized scregeaimd filtering (using filter fabric and a coarser mesgh).
conventional catchbasin inlet, having a sump, wastakted for comparison. These inlet devices wereddaat

in a residential area of Stafford Township, NJ, tdusie their removal effectiveness for stormwaterygalts.
Twelve manually collected paired samples collected dt dacice represented composite inflow and outflow
stormwater. The samples were split into filtered andtenédd components for extensive analyses of conveattio
and toxic pollutants. A total of 144 analyses were theeafonducted for each parameter that was partitioned into
unfiltered and filtered portions, and 72 analyses were coaddor the samples that were not partitioned. In
addition to these field tests, controlled tests wese ebnducted in the laboratory to further evaluater filtbrics

used in some inlet devices. The experimental design vpableaof identifying significant pollutant removals of at
least 15 to 50% at a 95% confidence level, depending on thegoal The only significant pollutant removals

were found during tests of a conventional catchbasimbavsuitable sump. The median removal rates were about
30% for suspended solids, about 40% for turbidity, about 15%ofor,@and about 20% for total solids. No other
pollutants were found to be significantly reduced. Howetver coarse screened inlet device was found to
significantly reduce the discharges of trash and otligeldebris. Unfortunately, flows passing through trapped
material caught on the screen had increased concensati suspended solids and volatile solids, probably due to
washing of decomposing large organic material throughdtees. The filter fabrics tested in the laboratory
showed about 50% removals for suspended solids and COD gyuittidly clogged, significantly shortening their
run times and minimizing any benefit from their useisTlesearch was conducted in partial fulfillment of
cooperative agreement no. CR 819573 under the sponsorsh@WShEnvironmental Protection Agency.

Samples were analyzed for a wide range of toxicants weirygow detection limits (about 1 to 1@/L). The
constituents analyzed include heavy metals and orgaphienls, PAHs, phthalate esters, and chlorinated
pesticides). Particle size distributions, using a Colteiti-Sizer II, were also made, in addition to convenal
analyses for COD, major ions, nutrients, suspended asadligl solids, turbidity, color, pH, and conductivity. All
samples were also partitioned into filterable and niberéble components before COD and toxicant analyses
better estimate fate and treatability. All samplesavadso screened using the Microtox toxicity test tosuea
relative reductions in toxicity associated with thefrdevices.

Description of Inlet Devices Tested

Conventional Catchbasin with Sump

A sump was installed in the bottom of an existing stdrain inlet by digging out the bottom and placing a section
of 36 inch concrete pipe on end. The outlet pipe was redac&ehthes and the sump depth was 36 inches. Inlet
water was sampled before entering the catchbasine whtlet water was sampled after passing through the unit.

Filter Fabric Unit



A filter fabric unit, having a set of dual horizontedys, each containing about 0.% o filter fabric, was retro-
fitted into one of the existing inlets for testing. Wtée filter fabric clogged on the upper tray, the stoahew
overflowed through a small rectangular weir, onto anotirailar tray located beneath the upper tray. Again,
paired samples were obtained above and under the unitdtysas. According to the manufacturer, this system
can handle up to 300 gallons per minute. The unit tested bstf/rheen replaced by the manufacture with a new
type of catchbasin filter that also includes a sadeatif filtering media.

Coarse Filter Unit

A coarse filter was also retro-fitted into an exigtstormdrain inlet. This unit used a relatively coacsanf

material (about 1mm cell diameter and 8 mm thick) that seandwiched between two pieces of galvanized
screening for support. This unit was fitted in the indealed along the bottom and sides on the outlet sid&do
any water through the unit before it was discharged.filteewas placed in front of the catchbasin outleainear
vertical position. Its main purpose was to filter delnsluding leaves and grass clippings, from stormwater. As
with the other units, the inlet and outlet water wasuttaneously sampled for analyses.

Results

Measuring the reduction of pollutants by the storm drainlgédevices was the primary objective of this study.
Table 4 indicates the percent reduction in pollutant aanagons from influent to effluent. The numbers in
parenthesis indicate the probability that the influsrgqual to the effluent. Probability values less th&)b are
indicated in bold print. Table 5 lists the mean conegiuns in the influent and effluent samples, along with
observed coefficients of variations. The catchbasih the sump was the only device that showed impogadt
significant removals for several pollutants:

total solids (0 to 50%, average 22%).
suspended solids (0 to 55%, average 32%).
turbidity (O to 65%, average 38%).

color (0 to 50%, average 24%).

Figures 1 through 3 are example box plots for the threedelgtes for suspended solids and COD.

Table 4 highlights the significant concentration chargeserved for the three storm drain inlet devicegtiest
using a paired sample, Wilcoxon Signed Rank test. Onlydtohlsasin with a sump was found to have significant
(and important) concentration reductions for major p&tars. The coarse screen unit showed consistent uwiasho
of material, while both the coarse screen unit aedcichbasin showed slight increases for severalr neas,

most likely associated with contact with concrete atter drainage system materials. The catchbasin peafaze
(32% removal for suspended solids) is within the range tegboluring earlier studies, as reported previously.

None of the other parameters or inlet devices demaestisignificant differences between the influent afidesft
water (at the 95% confidence level, or better), exaapthte filter fabric unit which showed a small remidies
nitrate. Several significant and large increases ijmian concentrations were noted for the catchbasin
(bicarbonate, magnesium, and calcium) and for the csarsen unit (bicarbonate, and potassium). These
increases, which are not believed to be very impgrtaay have been due to the runoff water being affdntebe
concrete in the inlet devices. These increaseskaly part of the general process where runoff wateremses its
alkalinity and buffer capacity as it flows through urbaeas.

The significant and large increases in total solidgyeuded solids, volatile solids, and conductivity for therse
screen unit imply washout of decomposing collected orgsolids (mostly leaves). The coarse screen unit traps
large debris, including decomposable organic materialpdaie screen. Stormwater then flows through this
material as it passes through the screen, as in mlesscreening/filtering devices. If not frequently resma, this
organic material may decompose and wash through thensoreabsequent storms. The large debris was not
represented in the influent water samples, but afterapaecomposition, this material could have added to the
solids concentrations in the effluent samples.



The catchbasin did not exhibit this increase in saascentrations likely because the collected materdasl w
trapped in the sump and not subjected to water passing thitoeigiaterial. Previous catchbasin tests (Pitt 1979)
found that collected debris easily or commonly scourewh fthe sump. The filter fabric unit did not exhibit this
increase in solids, possibly because it trapped relgtsveall amounts of debris, and the overflow weirsvedid

the subsequent stormwater to flow over the trapped delstead of being forced through the debris.

Summary of Recently Reported Litter and Floatable Controls

Characterization of Litter and Floatablesin Storm Drainage

The report titledThe Removal of Urban Litter from Stormwater Conduits and Stréamstage,et al. 2000a and
2000b) noted that little data was available on the naidequantity of litter in stormwater drainage systems
(Marais,et al. 2001). Armitage and Rooseboom (2000a) demonstrated that lanyiiqaaof litter are being
transported in South African stormwater runoff, and thatamount of litter produced was related to land use,
vegetation, the level of street cleaning, and typaioffall. The benefits of litter reduction were docuneehtising
their work in Australia and New Zealand, and design equafamsizing litter traps were proposed (Armitage and
Rooseboom 2000b). The Council for Scientific and IndusRedearch estimated in 1991 that 780,000 tonnes of
waste a year entered the drainage systems of SouttaAfri

The Solids Transport and Deposition Study (STDS) chaiaetkthe rates and patterns of solids transfer to, and
the collection within, stormwater drain inlets ladtalong Caltrans highway facilities (Quasebagttal 2001).
The primary objective was to determine if certainidgishable site characteristics controlled the trarispad
deposition of sediment, metals, vegetation, litter, petdoleum hydrocarbons to highway drain inlets. The
ANOVA results indicated that the four primary factorogon control/sediment loading [vegetation factotieli
management [litter factor], toxic pollutant generatioteptial [adjacent land use factor], and roadway design
[design factor]) likely had little overall control oolgls accumulation or metals mass accumulation, although
roadway design and litter management were possibly inmgdriasome cases.

The principal source of litter on the Bristol Chanok&the United Kingdom was expected to originate from
sanitary-wastewater debris originating from CSOs (dfils and Simmons 1997a). Williams and Simmons (1999)
also investigated the sources of litter in and alongitiee Taff, South Wales, UK. The greatest inputs ofesgge-
derived solids were introduced to the river by CSOs. #&glwage-derived material constituted approximately
23% of all items on the river Taff, large quantitiesvaiste, especially plastic sheeting, originated frontifiging
sites (illegally dumped rubbish in public places).

Control of Litter and Floatablesin Storm Drainage Systems

Because more than 780,000 tonnes of solids is washed emtivalnage systems in South Africa, the Water
Research Commission of South Africa and the Cape Idelitan Council funded a four year investigation into the
reduction of urban litter in the drainage systems thrabgldevelopment of catchment-specific litter management
plans (Armitageet al. 2001). A physical model of the design of litter trapsuidran storm sewers was also carried
out at the hydraulic laboratories at the Universitie€ape Town and Stellenbosch (Armitage and Rooseboom
2000). They conducted a review of about 50 designs for Ifapstwhich have been suggested for urban drainage
systems. A preliminary assessment of the seven pnostising trapping structures concluded that three designs,
two utilizing declined self-cleaning screens, and therotising suspended screens in tandem with a hydraulically
actuated sluice gate, are likely to be the optimal chinitiee majority of urban drainage situations in Souttica
(Armitage and Rooseboom 2000a and 2000b).

The California Department of Transportation (Caltyaamnducted a 2-year litter management pilot study in the
Los Angeles area to investigate the characteristioggbway litter and the effectiveness of stormwaiantrols for
removing the litter (Lippnert al. 2001). Half the catchments were treated with onevefdtormwater controls;
the others were left alone for comparison. The aistested were increased street cleaning frequencgaised
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frequency of manual litter pickup, a modified drain inlebj@ycle grate inlet, and a litter inlet deflector (}ID
Roughly half the freeway stormwater litter was papestit, and Styrofoam. Except for cigarette butts, tigre
of most of the litter could not be identified becausgs$mall size. Of the five controls tested, omigreased litter
pickup and the modified drain inlet demonstrated some appa@unttion of litter in the stormwater runoff,
although the data were highly variable.

Some people have suggested annually removing sediment,ti@getad litter from storm drain inlet vaults to
improve the quality of Caltrans runoff before it entéérs receiving waters (Dammet; al 2001; Irganget al.

2001). In response, Caltrans implemented an annual stoimidliet inspection and cleaning program in selected
urban areas to evaluate if this practice improved statemguality. Catchbasins within two of the four drai@a
areas were cleaned at the beginning of the study, ttuse within the other two areas were not cleaneliutgnt
concentrations and runoff loadings were compared bettheetwo areas. Fine particle deposits remaining in
catchbasins after cleaning could cause higher pollutarteodrations and loadings for several months, when
compared to areas where catchbasins were not cleaned.

Caltrans also conducted limited laboratory- and fullestasts of inserts (Fossil Filter and StreamGuard,gius
oil/water separator) to evaluate their ability to otrash and debris, suspended solids and oil and grease in
stormwaters (Othmeet al. 2001 Laugt al 2001). The results showed some reductions in metals, daythans,
and solids; however, frequent flow bypasses due to cloggongred more maintenance than anticipated. The
oil/water separator results showed no discernable eiftas between influent and effluent hydrocarbon
concentrations at the low levels measured.

Memon and Butler (2002) used a dynamic model to assess plaetiof a series of water management scenarios on
the quality of runoff discharged through catchbasins/gullg.pldte simulation showed that the catchbasins/gully
pots were effective at retaining solids, but they hadlarost neutral performance in terms of removing digsbl
pollutants. Improved solids retention was predicted if lasgenps with modified shapes were used. Lau and
Stenstrom (2002) also conducted limited catchbasin inssd to determine their ability to remove particulate
pollutants, litter, and debris. Laboratory tests witbdusiotor oil showed that the inserts could remove large
amounts of oils, if present in large concentratiomsdparticles larger than the insert’s screen mesé wer
completely removed, as expected. Field tests showed #diamoil and grease, turbidity and total suspended
solids concentrations in stormwater were reduced by 30% The inserts were more effective in reducing
maximum concentrations than low or median concentratiSome of the inserts plugged and bypassed
stormwater without treatment, but did not cause any sifanding on the streets.

Grey, et al. (1999) examined the role of catchbasins in the CSCafbted control program in New York City.

There are approximately 130,000 catchbasins, distributed ovél009&cres, in New York City. They found that
catchbasins were simple and very effective in colimigofloatable material. The most important aspec¢hef
catchbasins for enhanced floatable control was tesepice of a hood covering the catchbasin’s outleir The
research found floatable retention efficiencies o0f¢/9% when the hoods were used. Catchbasin hoods were als
very cost-effective, at a cost of about $100 per acren. Xk City therefore implemented a catchbasin inspacti
mapping, cleaning, and hooding program as part of its CStot@nogram. Newmaret al. (1999) also reported
that New York City improved its ability to control oseurce of floatables to New York Harbor through iteegal
Dumping Notification Program.” This program takes advantdgeordinated efforts between different

department personnel. They found that this program likélyeduce the number of illegal dumping sites by 15%.

Phillips (1999) described how the State Government ob¥ieciAustralia) provided funding to develop a litter
trap (the In-line Litter Separator, or ILLS). The I&lcan be retrofitted into the drainage system dowrnst#a
shopping areas for better control of floatables.

Siegel and Novak (1999) reported on the successful use ofithabral larvicide VectoLex CG (RB@acillus
sphaericugfor the control of mosquitoes in 346 tested lllinoighaasins.
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CSO Floatable Controls Potentially Useful in Separate Storm Drainage Systems

The vertical (rise) velocity of CSO floatable maaérin addition to other basic measurements, wassiigeged by
Ciganaset al.(1999) in Montreal (Canada). They found that 80% of thedlidas had a vertical velocity greater
than 0.07 m/s. They also found that an exponential raktiip exists for underflow baffles between the vertical
velocity and the turbulent component of the horizomdbcity. Dimensioning analysis indicated that long
chambers with intensive designs would be required in aodechieve an 80% floatables removal efficiency
(Cigana.et al. 1998a, 1998b and 1998c).

Fischer and Turner (2002) reviewed the North Bergen, NQ, 88ids and Floatables Control Facility, which uses
a system of nine Netting TrashTfapnits and one mechanical screen. Irvine (2002) desctileeBuffalo River

(NY) floatables control program which uses a floataltfap and continuous water quality monitoring. The traps
had more wood and less plastic than the floatables ima@ew Jersey. The average mass trapped per unit volume
was also less for the Buffalo watershed than fotwtemonitored New Jersey watersheds.

Suggestions for Optimal Storm Drainage Inlet Use

The best catchbasin configuration for a specific iocatvould be dependent on site conditions and would probably
incorporate a combination of features from sever&tmint inlet designs. The primary design should incorpaate
catchbasin with a sump, as described by Lagtea|. (1977), with an inverted (hooded) outlet. Early EPA regear

by Lager.et al. (1977) found that an optimal catchbasin design should haveltbwing dimensions: if the outlet
pipe is D in diameter, its bottom should be located ab&D below the street level and 4D from the bottorrhef t
catchbasin sump. The overall height of the catchls®ild therefore be 6.5D, with a diameter of 4D.

If large enough, catchbasins with sumps have been stwopnovide a moderate level of suspended solids
reductions in stormwater under a wide range of condifiomsany studies in the U.S. and Europe. The use of filter
fabrics in catchbasins is not likely to be benefibiecause of their rapid clogging from retained sedimedt an
trash. The use of coarser screens in catchbasits islalso not likely to result in water quality impeovents,

based on conventional water pollutant analyses. Howesal designed and maintained screens can result in
substantial trash and litter reductions. It is importhat the screen not trap organic material in the flath of

the stormwater. Prior research (Pitt 1979 and 1985) hassthawif most of the trapped material is contained in
the catchbasin sump, it is out of the direct flow patti anlikely to be scoured during high flows, or to degrade
overlying supernatant water. Storm drainage inlet dewtsgsshould not be considered as leaf control optmns,
used in areas having very heavy trash loadings, unlegs#m be cleaned after practically every storm.

The goal is a storm drainage inlet device that:

* does not cause flooding when it clogs with debris,

« does not force stormwater through the captured material,
« does not have adverse hydraulic head loss properties,

* maximizes pollutant reductions, and

* requires inexpensive and infrequent maintenance.

The following suggestions and design guidelines should meet gbthese criteria. These options are all suitable
for retro-fitting into existing simple storm drainageets. However, the materials used should be concrestigpla
aluminum or stainless steel; especially do not use gakdmetal or treated woods. Catchbasins in newly
developing areas could be more optimally designed tharuggestions below, especially by enlarging the sumps
and by providing large and separate offset litter traps.

1) The basic catchbasin (having an appropriately sizeg suith a hooded outlet) should be used in most areas.

This is the most robust configuration. In almost alll-cale field investigations, this design has beenvahio
withstand extreme flows with little scouring losses sigmificant differences between supernatant water gualit
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and runoff quality, and minimal insect problems. It willp the bed-load from the stormwater (especially
important in areas using sand for traction control)aiidrap a low to moderate amount of suspended solids
(about 30 to 45% of the annual loadings). The largest dracti the sediment in the flowing stormwater will be
trapped, in preference to the finer material that haatgr amounts of associated pollutants. Their hydraulic
capacities are designed using conventional procedures (geatchoutlet dimensions), while the sump is designed
based on the desired cleaning frequency. Figure 4 is tits f'swommended configuration.

An estimate of the required catchbasin sump volume aadalg frequency can be estimated. For example,
assume the following conditions:

» paved drainage area: 1.3 ha (3.3 acres),
» 250 mg/L suspended solids concentration, and
* 640 mm (25 in) of rain per year.

The sediment accumulation rate in the catchbasin surafue about 0.24 ftha (3.4 ff/acre) of pavement per
year. For a 1.3 ha (3.3 acre) paved drainage area, thel aeoumulation would therefore be about 0.3(0 f£).
The catchbasin sump diameter should be at least fous tmeediameter of the outlet pipe. Therefore, if théebut
from the catchbasin is a 250 mm (10 in) diameter pipesuh® should be at least 1 m (40 in) in diameter (having
a surface area of 0.8°nor 9 ff). The annual accumulation of sediment in the sump fersituation would
therefore be about 0.4 m (1.3 ft). If the sump was tddaned about every two years, the total accumulation
between cleanings would therefore be about 0.8 m (2.Arftextra 0.3 m (1 ft) of sump depth should be provided
as a safety factor because of potential scour during untenal Therefore, a total sump depth of at least 1.1 m
(3.6 ft) should be used. In no case should the total sump depélss than about 1 m (3 ft) and the sump diameter
less than about 0.75 m (2.5 ft). This would provide an éffiesump volume of about 0.8%® ft%) assuming a
safety factor of about 1.6.

2) A relatively safe add-on to the basic recommendefigtoation is an adverse slope inclined screen covehag t
outlet side of the catchbasin, as shown in Figure 5.ifdlmed screen would be a relatively coarse scregthiat
should trap practically all trash of concern. The boteglge of the inclined screen would be solidly attachéldeto
inside wall of the catchbasin below the inverted auflee screen would tilt outwards so it covers the hdode
outlet. The sides of the screen need to be sealed atf@@rsde of the catchbasin. The top edge of thersaveald
extend slightly above the normal water surface. A goldplate would extend out from the catchbasin wall on the
outlet side covering the top opening of the inclined scréais plate would overhang the top of the screen, but
provide a slot opening above the screen for an oveifiavase the screen was clogged. The slot opening sheuld b
several inches high and extend the width of the cataibgkis design will also capture grit and the largest
suspended solids, plus much of the trash. This design woald thlé trapped material to fall into the sump
instead of being forced against the screen by out-flpwiater.

3) Another option that may be suitable for trapping ldittgr, such as Styrofoam cups and fast food wrappings,
and that also minimizes flow obstructions, uses asbtiaen. The inclined coarse screen, described irbthe a
option, will trap smaller litter, such as cigarette gutthis is the same catchbasin inlet with sump antheat
coarse screen as shown above, but it also hassziiegn under the whole area of the inlet grating, especi

under large curb openings. In almost all cases, stormatyaiinlets have gratings that have moderate sized
openings which would prevent large trash from enteringrile¢ However, most also have wide openings along
the curb face where litter can be washed into thet.ifilhe bar screen is designed to capture litter thaldwemnter
through the wide openings. The bar screen is steeplydstopards a covered litter trap, preferably in an adjacen
chamber.

The bars should be spaced no less than % inch and p@ssibluch as one inch apart, as the objective iapgture
large debris. Water passing through the bars should wastketitis towards the covered litter trap, with minimal
clogging problems. The covered litter trap should be @& las possible and located above the water level, with
drain holes. Since much of the debris would be floasalley underwater storage volume would have minimal
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benefit. A nylon net bag, for example, could be inseiritmla frame to make litter removal easy and to allow
drainage. The litter trap is covered and offset to mizerwater flowing directly through it and it is held abdte
water to minimize water contact with the litter dref it is removed.

Plastic bags, large pieces of paper, and large leavestithdgil through the bar screen, or wrap around thrs ba
and cause partial blockages. Therefore, frequent inspséiimh cleanups will be needed. In addition, the size of
the trap is limited and may fill quickly, also requiringduent inspections and cleanups. This option should only
be used in areas having trash that needs to be cedirobdt in areas having large amounts of leaf or other
vegetative trash that would overload the unit. The als/locations for this option would be in strip commércia
and other downtown areas having minimal landscapingatbald contribute organic debris, but having large
amounts of litter. Urban freeways, downtown malls aight club districts would be examples of suitable
locations. Commitments to inspect (and possibly cledtey most storms, especially those having long évest
periods where trash accumulations may be high, must de bedore this option is viable.

4) The use of filter fabrics as an integral part afoars drain inlet is not recommended. Their biggest probte
their likelihood of quickly clogging. Tests during this reshtashowed that they may provide important reductions
(about 50%) in suspended solids and COD. However, theféilbeics can only withstand about 1 to 2 mm
accumulation of sediment before they clog. This is aBdig of sediment per square meter of fabric. If runoff had
a suspended solids concentration of 100 mg/L, the maximumbpaéistormwater tolerated would be about 40
meters. For a typical application (1 ha paved drainagetared n filter fabric in an inlet box), only about 5 to

10 mm of runoff could be filtered before absolute clogging.
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Table 4. Storm Drain Inlet Device Performance Summa
(Percent Reduction and Statistical Probability that

ry for Selected Pollutants
Difference is Random)

Pollutant Catchbasin with Sump Coarse Screen Unit Filter Fabric Unit
% Reduction (p) % Reduction (p) % Reduction (p)

Total Solids 22 (0.03) -28 (0.014) 5.6 (0.28)
Dissolved Solids 8.3 (0.68) -16 (0.13) 34 (0.32)
Suspended Solids 32 (0.0098) -56 (0.054) 8.1 (0.70)
Volatile Total Solids 6.3 (0.62) -40  (0.049) 0.0 (0.95)
Volatile Dissolved Solids 6.8 (0.77) -21 (0.32) 4.4 (0.97)
Volatile Suspended Solids 34 (0.43) -42  (0.55) -8.3 (1.00)
Differential Volume >4 and <5 -46  (0.81) -67  (1.00) -2.2 (1.00)
Differential Volume >15 and 26 (1.00) -23 (0.44) 43 (0.22)
<20
Differential Volume >50 and -46 (0.13) -87 (0.23) -23  (0.69)
<65

Toxicity - unfiltered 7.8 (0.91) -33 (0.15) 18 (0.20)
Toxicity - filtered 1.6 (0.92) -29 (0.57) -18  (0.62)
Turbidity - unfiltered 38 (0.019) -6.6 (0.30) 0.95 (0.32)
Turbidity - filtered 34 (0.70) 12 (0.27) -18 (0.62)
Color - unfiltered 16 (0.083) -14 (0.15) -1.1 (0.73)
Color - filtered 24 (0.052) -36 (0.68) -3.0 (0.85)
Conductivity - unfiltered -11 (0.084) -14  (0.052) 1.2 (091
pH - unfiltered 0.2 (0.64) -1.0 (0.10) -0.58 (0.13)
COD - unfiltered 11 (0.47) -19  (0.58) -0.91 (0.85)
COD - filtered -49  (0.42) -36 (0.41) 19 (0.79)
Carbonate - unfiltered -42  (0.27) -22 (0.56) 14  (0.43)
Bicarbonate - unfiltered -27 (0.0024) -21  (0.019) 0.08 (0.52)
Fluoride - filtered -5.6  (0.44) -114  (1.00) 86  (1.00)
Chloride - filtered -4.8  (0.97) -11  (0.46) 0.08 (0.65)
Nitrite - filtered all nd all nd all nd
Nitrate - filtered -17  (0.12) -12 (0.28) 6.1 (0.0024%)
Sulfate - filtered -12 (0.79) -15  (0.41) 26 (0.34
Lithium - filtered all nd all nd all nd
Sodium - filtered 2.8 (0.70) -9.7 (0.30) -1.8  (0.32)
Ammonium - filtered -13  (0.84) 52 (0.64) -19  (0.50)
Potassium - filtered -6.6  (0.47) -17  (0.042) -7.1  (0.34)
Magnesium - filtered -15  (0.0034) -25 (0.24) 2.7 (0.91)
Calcium - filtered -31  (0.0005) -24 (0.21) 0.8 (0.52)
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Table 5. Mean and Coefficient of Variation of Infl

uent and Effluent Samples

Catchbasin Coarse Screen Unit  F ilter Fabric Unit
Mean CcoVv Mean [e{0)Y Mean [e{0)Y

Total Solids, mg/L Influent 122 0.54 73 0.94 86.1 0.57

Effluent 95 0.52 93 0.92 81.2 0.56
Dissolved Solids, Influent 48 0.51 51 1.00 46.2 0.71
mg/L

Effluent 44 0.49 59 1.08 44.6 0.76
Suspended Solids, Influent 75 0.75 22 0.96 39.9 0.85
mg/L

Effluent 51 0.62 34 0.79 36.7 0.72
Volatile Total Solids, Influent 28 0.52 20 0.85 219 0.49
mg/L

Effluent 26 0.51 28 0.77 21.9 0.46
Volatile Dissolved Influent 12 0.41 9 0.87 9.58 0.74
Solids, mg/L

Effluent 11 0.78 11 1.00 9.17 0.66
Volatile Suspended Influent 16 0.90 12 1.03 12 0.86
Solids, mg/L

Effluent 15 0.59 17 0.83 13 0.59
Differential Solids Influent 2,219,178 0.89 405,759 0.75 3,477,951 0.92
Volume >4 and <5
um

Effluent 3,250,458 0.68 678,747 0.95 3,553,763 0.86
Differential Solids Influent 2,821,656 1.47 3,019,100 0.85 2,341,839 0.88
Volume >15 and >20
um

Effluent 2,096,122 1.15 3,715,339 0.83 1,328,777 0.28
Differential Solids Influent 706,713 1.62 1,144,943 0.82 288,749 0.66
Volume >50 and
>65um

Effluent 1,034,633 1.66 2,139,047 0.97 354,953 0.82
Toxicity - unfiltered, Influent 9.7 0.92 14.7 0.55 19.3 0.69
125% reduction

Effluent 8.9 0.91 19.5 0.80 15.8 1.69
Toxicity - filtered, Influent 15.3 0.60 20.0 0.81 20.3 0.49
125% reduction

Effluent 15.1 0.67 20.6 0.71 23.9 0.69
Turbidity - unfiltered, Influent 59.9 0.79 6.9 0.94 21.0 0.69
NTU

Effluent 37.1 0.79 7.3 0.78 20.8 0.78
Turbidity - filtered, Influent 5.0 0.98 0.678 0.77 1.7 0.92
NTU

Effluent 3.3 1.38 0.597 0.59 1.4 0.72
Color - unfiltered, Influent 62.6 0.54 25.0 0.85 37.3 0.43
HACH

Effluent 52.6 0.56 28.6 0.83 37.7 0.46
Color - filtered, Influent 26.2 0.43 19.2 1.19 16.9 0.40
HACH

Effluent 19.9 0.40 20.3 1.18 16.4 0.38
Conductivity - Influent 56.3 0.61 79.0 0.93 71.8 0.69
unfiltered, puS/cm

Effluent 62.6 0.55 90.4 0.99 71.0 0.71
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Table 5. Mean and Coefficient of Variation of Infl uent and Effluent Samples (Continued)

Catchbasin Coarse Screen Unit  Filter Fabric Unit
Mean CcoVv Mean [e{0)Y Mean [e{0)Y
pH - Unfiltered Influent 6.96 0.02 6.66 0.03 6.89 0.02
Effluent 6.95 0.03 6.73 0.03 6.93 0.02
COD - unfiltered, Influent 22.8 0.50 35.8 1.03 27.3 0.92
mg/L
Effluent 20.3 0.48 42.6 1.38 27.6 0.78
COD - filtered, mg/L Influent 10.0 0.86 26.6 1.32 15.2 1.20
Effluent 14.9 1.00 36.1 1.72 12.3 1.29
Carbonate - Influent 0.01 0.97 0.005 0.44 0.012 0.72
unfiltered, mg/L
Effluent 0.02 0.73 0.006 0.72 0.010 0.65
Bicarbonate - Influent 22.26 0.22 14.28 0.28 18.27 0.27
unfiltered, mg/L
Effluent 28.20 0.25 17.31 0.32 18.26 0.23
Fluoride - filtered, Influent 0.018 2.04 0.003 1.99 0.007 2.30
mg/L
Effluent 0.019 2.04 0.011 1.70 0.001 2.38
Chiloride - filtered, Influent 4,951 0.62 5.151 1.15 7.11 1.17
mg/L
Effluent 5.187 0.61 5.739 1.09 7.11 1.17
Nitrate - filtered Influent 1.067 0.82 2.457 1.24 1.07 1.29
mg/L
Effluent 1.247 0.72 2.749 1.30 1.59 1.37
Sulfate - filtered Influent 3.856 0.49 5.800 1.06 4.07 1.08
mg/L
Effluent 4.328 0.59 6.651 1.18 3.96 1.14
Sodium - filtered, Influent 3.771 0.49 3.946 1.14 6.67 0.88
mg/L
Effluent 3.665 0.50 4.327 1.16 6.79 0.87
Ammonium - filtered, Influent 0.219 1.03 0.287 1.01 0.37 1.01
mg/L
Effluent 0.248 0.91 0.272 1.01 0.44 0.93
Potassium - filtered, Influent 0.834 0.37 0.443 0.67 0.48 0.78
mg/L
Effluent 0.889 0.44 0.519 0.71 0.51 0.70
Magnesium - filtered, Influent 0.725 0.60 0.645 0.78 0.51 0.71
mg/L
Effluent 0.834 0.55 0.808 1.06 0.50 0.76
Calcium - filtered, Influent 3.60 0.35 3.438 0.65 2.82 0.54
mg/L
Effluent 4.72 0.32 4.247 0.82 2.84 0.57
Lead - unfiltered pg/L | Influent 5.28 1.06 3.45 1.79 6.25 1.30
Effluent 3.36 0.74 4.97 1.41 7.04 0.92
Lead - filtered pg/L Influent 1.37 1.15 0.944 1.65 0.60 1.11
Effluent 1.25 1.17 0.587 1.98 0.79 1.31
Copper - unfiltered Influent 30.63 0.26 37.79 0.49 24.9 0.38
uo/L
Effluent 25.58 0.32 36.34 0.48 24.6 0.39
Copper - filtered Influent 15.5 0.59 21.62 0.92 15.8 0.70
uo/L
Effluent 16.5 0.55 20.79 0.74 16.5 0.60
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