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UCD-TERC Profile of
Lake Clarity Change
Over Time
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Partitioning of Light Attenuation in Lake Tahoe
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Particle Settling Times to Average
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Cumulative Contributions to Light Scattering in
Lake Tahoe by Inorganic Particle Size Class
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Tahoe Basin SWM Monitoring Sites

Regional TMDL stormwater
monitoring consisted of
continuous flow meters,
precipitation sensors, and
autosamplers.
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FSP Loading by Source Categories

Fine Sediment Particles (FSP)
(< 16 microns)
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TMDL Technical Report (2010)



Examples of Fine
Particle Loading from
Urban Runoff

(Photos by Collin Strasenburgh)




Median PSD Profiles from All SWM Sites

Stormwater Site Median PSD Profiles
16 — AE
BB
14 = BA
—_ BM
<
?u 12 raVAY™=\% RH.2
E
2 N —CI
g, N AN
g F N MD
-, HEW —
27 BRI
7] 03
B / I/ A
4 s — s X RB
o - sQ
[#] R
'E 4 _/_,_, N &__
[l N N Sy
=~ / \\\\ =
2 e A/ ~— A\ ——
// : s1
—— \
0 — \‘<\ RH.3
0 1 10 100 1000
Particle Size Class (pm)

Over seven hundred samples were collected and analyzed at these
fifteen sites from WY2003 thru WY2009 (Heyvaert et al. 2011).



Compare these Median PSD Profiles

Stormwater Site Median PSD Profiles
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Median PSD profiles for two sites at opposite ends of the Tahoe Basin. The MD
profile is shown for comparison. Size class midpoints are the same for each site.



Median and Interquartile Range for PSD Profile
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Characteristic PSD profile derived from all Tahoe stormwater samples (n=773).



Calculation of Particle Numbers

FSP.one =2 Peone (SUMmMIing from ¢=6 through ¢=11)

Where:

®_ ... = phi interval concentration, reported as the concentration of
particles per unit volume (#/mL) between successive phi (¢) grain-size
units (the series can also be in half-phi units or finer);

phi (@) is the logarithmic unit of grain size, such that
¢ = —log, [d(mm) / 1.0 (mm)]; and

d(mm) = spherical equivalent particle diameter, in millimeters.



Calculation of Particle Numbers

¢COI"IC o F)VO| . SPCOI’]C & 6I1T X d-3 ~ p-l = CF

Where:
P,o = particle volume percentage (of total) within designated phi interval,

SP_,.. = suspended particulate concentration (mg/L) measured in the sample
(usually reported as TSS, or a fraction thereof);

d = representative phi interval particle diameter (um);
p = mean particle density within designated phi interval (g/cm3);

CF = conversion factor (10* when using the units indicated above).

Heyvaert et al. (2011)



Cumulative FSP Concentrations

0.49-0.69 pm  0.69-1.0 pm 1.0-1.4 pm 1.4-2.0 ym 2.0-2.8 pm 2.8-3.9 pm 3.9-5.5 pm 5.5-7.8 pm 7.8-11 pm 11-16 pm 16-22 ym 22-31 pm 31-44 pm 44-63 pm

(No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL)
46,314,488 23,780,667 11,540,953 5,117,944 2,084,415 831,208 347,270 147,673 58,953 21,179 6,485 1,439 331 90
47,656,715 25,805,934 13,042,678 5,997,240 2,527,516 1,036,882 439,584 189,168 77,885 30,046 10,344 2,941 798 192
34,106,345 17,103,050 8,117,525 3,577,761 1,487,332 617,079 266,917 117,378 49,924 19,882 6,903 1,972 483 132
10,889,904 5,530,995 2,752,843 1,257,067 510,427 191,262 70,653 26,228 9,433 3,206 871 123 49 17
8,293,575 4,040,068 1,876,779 793,732 306,801 117,886 48,885 20,813 8,446 3,226 974 156 51 14
19,389,033 9,742,279 4,779,959 2,198,363 940,446 391,882 166,610 71,330 29,727 12,266 4,936 1,629 512 204
11,129,810 5,614,520 2,729,288 1,244,131 529,811 218,342 90,813 38,586 16,637 7,376 3,155 1,121 345 103
4,453,066 2,210,015 1,083,465 508,527 224,029 93,629 37,678 14,810 5,878 2,529 1,144 427 153 54
4,818,589 2,279,269 1,105,956 523,810 232,269 96,793 38,538 14,941 5,864 2,528 1,162 422 162 57

Typical samples from SB site, showing cumulative total particle

concentrations are essentially constant in the larger particle size
categories.



Cumulative FSP Concentrations

0.49-0.69 pm  0.69-1.0 pm 1.0-1.4 pm 1.4-2.0 ym 2.0-2.8 pm 2.8-3.9 pm 3.9-5.5 pm 5.5-7.8 pm 7.8-11 pm 11-16 pm 16-22 ym 22-31 pm 31-44 pm 44-63 pm
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8,293,575 4,040,068 1,876,779 793,732 306,801 117,886 48,885 20,813 8,446 3,226 974 156 51 14
19,389,033 9,742,279 4,779,959 2,198,363 940,446 391,882 166,610 71,330 29,727 12,266 4,936 1,629 512 204
11,129,810 5,614,520 2,729,288 1,244,131 529,811 218,342 90,813 38,586 16,637 7,376 3,155 1,121 345 103
4,453,066 2,210,015 1,083,465 508,527 224,029 93,629 37,678 14,810 5,878 2,529 1,144 427 153 54
4,818,589 2,279,269 1,105,956 523,810 232,269 96,793 38,538 14,941 5,864 2,528 1,162 422 162 57
<0.69 pm <1.0 pm <1.4 pm <2.0 pm <2.8 pm <3.9 pym <5.5 pm <7.8 pm <11 pm <16 pm <22 pm
(No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL) (No./mL)
4.6E+07 7.0E+07 8.2E+07 8.7E+07 8.9E+07 9.0E+07 9.0E+07 9.0E+07 9.0E+07 9.0E+07 9.0E+07
4.8E+07 7.3E+07 8.7E+07 9.3E+07 9.5E+07 9.6E+07 9.7E+07 9.7E+07 9.7E+07 9.7E+07 9.7E+07
3.4E+07 5.1E+07 5.9E+07 6.3E+07 6.4E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07 6.5E+07
1.1E+07 1.6E+07 1.9E+07 2.0E+07 2.1E+07 2.1E+07 2.1E+07 2.1E+07 2.1E+07 2.1E+07 2.1E+07
8.3E+06 1.2E+07 1.4E+07 1.5E+07 1.5E+07 1.5E+07 1.5E+07 1.5E+07 1.6E+07 1.6E+07 1.6E+07
1.9E+07 2.9E+07 3.4E+07 3.6E+07 3.7E+07 3.7E+07 3.8E+07 3.8E+07 3.8E+07 3.8E+07 3.8E+07
1.1E+07 1.7E+07 1.9E+07 2.1E+07 2.1E+07 2.1E+07 2.2E+07 2.2E+07 2.2E+07 2.2E+07 2.2E+07
4.5E+06 6.7E+06 7.7E+06 8.3E+06 8.5E+06 8.6E+06 8.6E+06 8.6E+06 8.6E+06 8.6E+06 8.6E+06
4.8E+06 7.1E+06 8.2E+06 8.7E+06 9.0E+06 9.1E+06 9.1E+06 9.1E+06 9.1E+06 9.1E+06 9.1E+06

Typical samples from SB site, showing cumulative total particle

concentrations are essentially constant in the larger particle size
categories.



FSP Concentration versus Turbidity

Stormwater Particle Concentration (0.5-16 pm) versus
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Total particles between 0.5 to 16 pm in Tahoe stormwater samples versus
turbidity (n=773) calculated from LS-13320 data.



Prediction Interval for FSP from Turbidity

FSP conc. (logqo(#/mL))

Turbidity (log1,(NTU))

Based on sample turbidity plotted within a log-log data frame.

Sample at 100 NTU
predicted to yield
(at 95%
confidence) a
measured FSP
concentration
somewhere
between 2.4E+06
and 3.3E+07
particles per mL
(centered at
8.93x10° particles
per mL).



Holding Time Effect (Exp 1)
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Effect of holding time on a typical Tahoe stormwater sample. Each curve is the mean
of 5 replicate sample splits held for the time indicated at 4° C in the dark and
analyzed without dispersant or sonication. All 15 replicates were split from one parent
sample at the same time.



Holding Time Effect (Exp 2)
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Effect of holding time on a typical Tahoe stormwater sample. Each point is the median
of 3 replicate sample splits held for the time indicated at 4° C in the dark and
analyzed without dispersant or sonication. All 33 replicates were split from one parent
sample at the same time.



Testing Sonication Time
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Dashed black line indicates particle size distribution at time of sample collection
(<0.5 hr). In this case, the profile indicates that a sonication setting of ~ 90 seconds
appears to best reproduce the original PSD. All points represent the average results

from three replicate split samples. Examining graphs of the d50 particle size and
other distribution characteristics show similar results.



Comparative PSD Analysis

Concentration of 0.5 thru 16 micron particles
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Scatterplots of selected samples analyzed by two different LBS instruments, the
LS-13320 and the DigiSizer LPSA instruments.



General Conclusions

- 0.
* An urban stormwater characteristic PSD profile has been developed, showing
a unimodal peak at ~ 20 um.

* A strong relationship was was observed between stormwater sample turbidity
and FSP concentration (total 0.5-16 um particles/mL).

* An equation was developed for estimating FSP concentrations from sample
turbidity measurements.

* Changes in PSD associated with holding times for stormwater samples were
evident within a single day, tending toward increasing particle size, a process
that continued with increased holding times.

* Treatment with sonication was generally effective at restoring characteristics
of the original sample PSD, but more info needed.

e Sample particle mass and turbidity measurements are strongly recommended
(ASAP). These can be used to recalibrate as methods are improved.
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