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FSP concentration, field turbidity) for all in-stream and passive sampler samples collected during this

research are provided in Appendix A. Ninety-two in-stream samples from both the Upper Truckee River

and Trout Creek (SNPLMA Round 9 research) were compiled to create the rating curves shown in Figure
8. This initial data collection indicates that turbidity can be a cost-effective proxy for FSP concentrations

in the stream systems and data will continue to be collected to validate these findings and improve the
rating curve dataset (2NDNATURE 2010b).

Table 4. Summary of water quality samples by water year.

sample Type 2008’ 2009 2010 Site Totals Grand
MOD1 4/51L MOD1 4/51L MOD1 4/5L MOD1 4/51L Total
Vertical Profile Samples 15 15 4 a4 25 25 84 84 168
(VPS)
Passive Samplers (PS) 0 0 9 0 7 1 16 1 17
Totals by Year 15 15 53 a4 32 26 100 85 185

12008 data — FSP concentrations unreliable because TERC provided data as # particles and conversion to mass yielded

unverifiable results.

Table 5. Summary of vertical profile sampling (VPS) by date and discharge. Number of

passive samplers (PS) collected also provided.

Discharge (cfs) when VPS were sample
Date MOD1 4/5L # PS Samples
(Non-entrenched) (Entrenched)
4/29/2008 183 217 0
5/16/2008 480 533 0
5/19/2008 240 263 0
10/4/2008 5.8 5.8 0
11/1/2008 39 38 0
11/2/2008 64 61 0
4/19/2009 129 152 0
4/22/2009 345 345 1
4/30/2009 116 122 0
5/2/2009 427 380 6
5/7/2009 359 348 0
5/18/2009 420 438 2
5/21/2010 270 256 0
6/2/2010 474 518 0
6/3/2010 620 606 6
6/4/2010 890 878 0
6/7/2010 960 890 2
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VERTICAL FSP SAMPLING RESULTS

The FSP concentrations for the 168 in-stream samples collected using the vertical profile sediment
sampler at MOD1 (non-entrenched channel, top graph) and 4/5L (entrenched channel, bottom graph)
during 2009 and 2010 are displayed in Figure 9. FSP concentration (x-axis) is plotted against the location
in the water column where the sample was collected, measured as height above the stream bed (y-axis).
All samples collected during the same event are denoted in the same symbology, and events are
organized from highest (darkest blue) to lowest (light grey) discharge at time of sampling. The water
column height at which the channel reaches capacity and floodplain inundation begins is indicated by
the dashed red line.

The vertical FSP sampling results indicate that the water column is well-mixed with respect to FSP
concentrations and there is no discernable vertical structure to FSP concentrations within the water
column. The average % of TSS finer than 16 um of the in-stream samples collected when discharge (Q)
was greater than 100 cfs is 40% (n=134). In future sampling, surface grab samples would be a cost-
effective proxy to reasonably represent FSP concentrations in the entire water column. This finding also
suggests that high resolution monitoring for sediment loading rate using automated turbidity probes
installed at a fixed elevation within the water column may provide a representative measure of the FSP
concentration for a given discharge. However, it must be noted that the vertical FSP sampling only
captured discharges up to 960 cfs (see Table 5) at two locations and predominantly during spring
snowmelt events. SH+G (2004) flow frequency analysis determined 1120 cfs is approximately the 10-yr
reoccurrence interval for this section of the Upper Truckee River.

The average water column FSP concentration was correlated to discharge at the time of sampling for all
vertical profile samples collected at MOD1 and 4/5L in spring 2009 and 2010 (Figure 10). Samples are
plotted by site (color and shape) and by location on the hydrograph (fill). Three power regressions are
provided (all samples, samples collected on the rising limb, and samples collected on the falling limb) to
calculate the FSP concentration as a function of discharge (FSP(Q)). As Figure 10 indicates, knowing the
location of the sample collection on the event hydrograph is critical to interpreting water quality results,
with the rising limb of large events transporting a significant fraction of the overall event FSP load. These
findings are similar to the expected pollutagraphs of other pollutants and well observed in Tahoe Basin
stream systems (Stubblefield et al. 2006). The data suggest that if grab sampling techniques are used to
estimate of the potential FSP event loading, collection during both the rising and falling limb will provide
a reasonable bound on the potential concentrations to be extrapolated throughout the hydrograph to
estimate the total event load.
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FLOODPLAIN FSP SAMPLING RESULTS

Sixteen of the seventeen floodplain samples were collected from the non-entrenched MOD1 site, which
is expected given its morphology and hydrologic connection with the stream. The continuous stage
dataset from site 4/5L and site visits during peak flows suggest discharge did not exceed the channel
capacity during this study. However, the passive sampler at the site was inundated during the June 2010
event because the sampler is located approximately 2.5ft below the top of bank (see Figure 4) and thus
does not represent out of bank conditions.

The floodplain passive samplers capture a sample at a known elevation and discharge during the rising
limb of each respective event. Figure 11 compares the measured FSP concentrations for each sample
collected by the passive samplers to the predicted concentrations of the floodwaters for the given
discharge. The predicted concentrations were determined using the rising limb FSP(Q) rating curve (see
Figure 10) because the samplers are designed to sample water and sediment from their first inundation.
The data points are ordered from dark to light by increasing distance of the passive sampler from the
thalweg. The 1:1 line with confidence bounds indicates where measured and predicted values are equal.
Samples above the line suggest potential treatment (particle retention) by the floodplain. Notice that
measured FSP values at PS H (Figure 11; Passive sampler H) are consistently higher than the predicted
values, perhaps due to greater proportion of FSP settling out at locations on the floodplain closest to the
channel. Additional explanations include potential contamination, sediment entrainment from the
upstream floodplain, or uncertainty in predicted values. The capture of FSP at distributed locations on
the floodplain and at different elevations provides promising data that FSP retention during floodplain
inundation does occur and some load reduction during overbank events is expected.

The floodplain passive sampler FSP concentrations distribution is plotted for the WY09 and WY10
snowmelt events for the MOD1 floodplain in Figures 12A and 12B. Sample concentration ranges are
presented by increasing FSP concentration, from light tan to dark brown. As expected, Figure 12
indicates a decreasing FSP concentration as water flows across the floodplain from the upper to lower
transect and as the distance from the channel increases. While the dataset is limited to two events on
one floodplain, the data displayed in Figure 12 is used to estimate retention coefficients (Resp: the
relative fraction of the FSP load delivered that is retained on the floodplain) in the FSP load retention
calculations below.
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Measured concentrations are from analytical laboratory results of samples collected by each floodplain
passive sampler over the course of the study. Predicted concentrations are based on the discharge at which
each sampler is inundated and converted to FSP concentration using the rising limb rating curve in Figure 10.

The 1:1 line and an envelope of potential variability is provided. Samples above the envelope have measured
values well below predicted and provide potential evidence of floodplain FSP retention. Samples below the
line indicate measured values are higher than predicted. The majority of passive samplers below the line are
closer to the thalweg and may provide potential evidence of preferential deposition as flows initiate overbank
interactions.
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Below we apply the existing data to estimate the potential FSP load deposited on the floodplain during
sustained inundation from the WY09 and WY10 spring snowmelt events at the non-entrenched (MOD1)
site. While the entrenched (4/5L) channel capacity was not exceeded during this study, we apply the
planned restoration design channel capacity (C. Walck, CA State Parks, pers. com.) to estimate the
potential FSP load reduction if the channel had been in restored conditions during the WY09 and WY10
snowmelt events. Due to laboratory miscommunications and a relatively low peak snowmelt discharge,
no retention calculations are made for WY08. The data and estimation approaches presented herein will
continue to be applied and refined under the research team’s continued SNPLMA Round 9 work on the
SLRT development (2NDNATURE 2010a).

FLOODPLAIN FSP LOAD RETENTION ESTIMATES

FSP loads retained on the floodplain (i.e., floodplain deposition) can be calculated as:
Sksp = Sfp*RFSP (EQ 1)

where Sgsp is the retained FSP floodplain load (MT); S, is the FSP load delivered to the floodplain for a
given event, season, or year; and Risp is the FSP retention coefficient of the floodplain due to particle
settling, vegetation interaction, etc. for the time interval of interest. Resp is expressed as a fraction (0-1)
of the total Sy, introduced to the floodplain. Below we apply the existing dataset to estimate spring 2009
and 2010 Sisp for the existing MOD1 and the hypothetical restored 4/5L site.

FLOODPLAIN VOLUME (V¢,) CALCULATIONS

To quantify the volume of water on the inundated floodplain, we convert the measured water surface
elevation time series (see Figure 6) to discharge using the rating curves shown in Figure 7. The MOD1
spring 2009 and 2010 hydrographs are shown in Figure 13 and the channel capacity is noted. The
fraction of the stream discharge that is assumed to access the floodplain is simply calculated as:

{Q—Qcc
0

Qﬁ) = max (EQ2)

where Qg, is the instantaneous discharge on the floodplain (cfs); Q is the UTR instantaneous discharge
(cfs); and Q¢ is the discharge at channel capacity (cfs). Qccat MOD1 (non-entrenched) is 290 cfs (see
Figure 4) and the linear relationship of instantaneous discharge to floodplain discharge for MOD1 is
shown in the top half of Figure 14.
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The cumulative volume of water that reaches the floodplain can then be calculated as:
pr :Zprt (EQ3)

where Vg, is the inundated floodplain water volume (ac-ft) and t is the time interval of each
measurement (typically 15 minutes). The total floodplain inundation volumes at MOD1 during spring
2009 and 2010 snowmelt events were calculated to be 3,490 ac-ft and 7,130 ac-ft, respectively (see
Figure 13).

Table 6 provides the frequency and duration of overbank flow statistics for MOD1 for WY08, WY09 and
WY10, as well as the duration of the peak floodplain discharge event, which was the spring snowmelt for
each year evaluated (see Figure 6). Consistent with the water year weather patterns (see Figure 5), the
frequency and magnitude of overbank flow increased with each subsequent year, as did the duration
and maximum discharge of the peak spring snowmelt discharge event.

Table 6. Summary of overbank flow conditions at the MOD1 site for each spring snowmelt.

WY08 | WY09 | WY10
Qg (cfs) # Days Qcc Equaled or Exceeded

0 5.2 19.4 16.7
100 2.5 7.3 8.9
200 0.7 1.8 7.1
300 0 0.3 5.7
400 0 0 3.6
500 0 0 2.2
600 0 0 1.1
700 0 0 0.2

800 0 0 0

Peak Annual Event

Peak Qg (cfs) 260 350 722
# of continuous days Q> Q¢ 3.9 2.8 9.6

FLOODPLAIN FSP LOAD (Ss,) CALCULATIONS

The discharge to average FSP concentration rating curve developed from all samples (see Figure 10) is
used to convert the MOD1 spring snowmelt hydrograph (see Figure 13) to the FSP pollutagraph shown
in Figure 15. The rating curve for all samples was used to reduce the calculation complexity, and while
this equation likely underestimates the FSP loading rate (kg/sec) on the rising limb and overestimates on
the falling limb, it is assumed the net difference is negligible given the comparable rate changes on the
rising and falling limbs of the hydrographs. The FSP loading rate is calculated as:

0, =FSP(Q)*Q, (EQ 4)

where Qsis the FSP loading rate (kg/s) and FSP(Q) is the FSP concentration (mg/L) as a function of
discharge.
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Similar to the floodplain volume calculations, the FSP discharge time series is integrated when Q>Qcc to
calculate the total FSP event load delivered to the floodplain (Sg):

Sp =2 Q¢ (EQ5)

During the continuous inundation of the spring snowmelts of WY09 and WY10, the estimated total FSP
loads delivered to the MOD1 floodplain were 29.3 MT and 120 MT, respectively (see Figure 15).

FSP FLOODPLAIN RETENTION COEFFICIENT (Rsp)

The retention coefficient (Resp) expresses the fraction of FSP delivered to the floodplain that is retained.
TERC researchers have conducted a large amount of Tahoe-specific data collection and model
development to define and quantify Resp (Andrews and Schladow 2010a; 2010b). TERC researchers
identify 3 processes by which FSP loads contained in streamflow could be retained on a floodplain:
direct settling from the water column, biofilms (adherence to vegetation), and flocculation (coagulation
of smaller particles into larger ones capable of settling). Building upon TERC concepts and the processes
likely influencing FSP retention on a floodplain, we expect both discharge conditions and floodplain
characteristics to influence actual Resp values. When depth of water on the floodplain is relatively
shallow, velocity will be relatively lower and soil and vegetation interactions will increase and enhance
FSP retention. Because floodplain water depth and the velocity of the water on the floodplain increase
as a function of stream discharge, larger floods are expected to have a lower Rgsp than during a smaller
inundation event on the same floodplain. In addition, vegetation structure, density and distribution as
well as the topographic complexity of the floodplain surface likely influence Rrsp, with retention
efficiency increasing as vegetation and topographic complexity increase. The relative influence of each
of these factors will continue to be evaluated as a methodology to consistently estimate Resp is a critical
component in the development of standardized methods to quantify stream load reductions
(2NDNATURE 2010a).

Resp CALCUATIONS

The simple approach is to assume the entire FSP load delivered to the floodplain (Sg,) is retained, or Resp
= 1. This approach would ensure consistent results across users, but it likely overestimates the FSP load
reductions, ignores hydrologic influences on FSP retention, and fails to consider the presence of
floodplain characteristics, such as vegetation and topographic complexity, that are expected to enhance
FSP retention and can be components of restoration designs.

A more complex approach is to apply the data obtained from the floodplain passive samplers distributed
on the MOD1 floodplain to estimate Rgsp. Using the distribution and FSP passive sampler concentration
data from the WY09 and WY10 events, we estimate the average reduction in the FSP concentrations as
flood water is transported in both a longitudinal and cross-sectional direction on the floodplain. Figures
12A and 12B visually present the data and respective locations of the passive sampler. The cross section
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that contains the passive samplers PS A, PS B, and PS C is located at the upper boundary of the MOD1
floodplain and above this location the stream has much lower entrenchment ratio than 7.4 (i.e., the
floodplain is less frequently inundated). If we assume that the upstream passives samplers (US) are
inundated as water enters the floodplain at the site and the downstream passive samplers (DS) collect
samples after water has travelled across the floodplain, we can compare the data to infer FSP retention
(Table 7). Similarly, horizontal floodplain retention estimates are made using the passive samplers within
the downstream transect (PS H, PS J and PS L) and the results are presented in Table 8.

Table 7. Comparison of the US passive sample average (PS A, PS B, PS C) to the DS samples (PS H, PS J, PS
L) for WY09 and WY10 peak snowmelt events. The retention coefficient is the reduction in the measured
average concentrations between the two locations. The average longitudinal distance between the cross
sections is 150 ft, yielding an estimate of the potential retention per linear foot of floodplain inundated.

US[PSA,PSB,PSC]toDS[PSH,PSJ,PSL]
(separation distance = 150 ft)
Avg US FSP Avg DS FSP Retention
Event .
(mg/L) (mg/L) coefficient
5/2/2009 64.1 10.8 0.83
6/7/2010 16.1 10.1 0.38
Longitudinal Average 0.6

Table 8. Summary of the horizontal differences in passive sampler FSP concentrations with increasing
distance from thalweg (see Figure 12) and observed total and per linear foot floodplain reduction for the
WYO09 and WY10 peak snowmelt events.

PSHtoPSL PSHtoPS)J PSJtoPSL
T (separation distance = 84 ft) (separation distance = 40 ft) (separation distance =44 ft)
[FSP] Retention [FSP] Retention [FSP] Retention
difference coefficient difference coefficient difference coefficient
5/2/2009 -15.0 0.89 -3.6 0.21 -11.5 0.86
6/7/2010 -10.6 0.75 -1.6 0.11 -9.0 0.72
Horizontal Average 0.8 0.16 0.79

Tables 7 and 8 indicate a consistent FSP concentration decrease from upstream to downstream as well
as with increasing distance from the thalweg. The dataset above can be used to estimate an average
longitudinal retention coefficient of 0.6 and a horizontal retention coefficient of approximately 0.8 for
MOD1 for these two events. This limited floodplain sampling data suggests an observed Rsp of 0.7. This
Resp values seems reasonable for the MOD1 floodplain and the event magnitudes evaluated. The
floodplain does possess a fairly irregular topography rich with low spots, woody debris and floodplain
vegetation. In addition, the maximum water depths during the larger spring 2010 flooding event did not
exceed 2 ft, and given the topographic irregularity the average maximum water depth on the floodplain
is estimated to be 0.5 ft. The actual floodplain does extend slightly downstream beyond our
downstream transect making it reasonable to assume that additional FSP may still be deposited prior to
the water reentry into the channel. This suggests that for the entire contiguous MOD1 floodplain a Rgsp =
0.7 may be an underestimate.
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MOD1 FSP LOAD RETENTION CALCULATIONS

Using EQ1 [Sesp = Sip*Resp] and Rep=0.7, the total floodplain FSP loads retained on the MOD1 floodplain
during spring 2009 and 2010 are 20.5 MT and 84.0 MT, respectively (see Figure 15). Table 9 presents the
calculation results for MOD1 (non-entrenched) load reduction estimates as a result of floodplain
inundation during 2009 and 2010 spring snowmelts

Table 9. Summary of MOD1 WY09 and WY10 floodplain volume and FSP load calculations.

Spring Sesp (MT),
Snowmelt Qcc Uipl ki) Sp (MT) where Rgsp=0.7
WY2009 3,490 29.3 20.5
290
WY2010 7,130 120 84.0

WATER QUALITY BENEFIT OF STREAM RESTORATION

The expected water quality benefit as a result of the planned stream restoration at 4/5L can be
estimated by applying the methods and data available. Stream restoration actions that are expected to
result in FSP load reductions include a reduction in the channel capacity to increase the frequency and
duration of overbank flow, as well as floodplain improvements that would enhance the retention of FSP
delivered (i.e., increase Rgsp). Only the planned channel capacity reduction of 4/5L is incorporated into
the estimates below, but future methods (2NDNATURE 2010a) will include methods to estimate Rsp as a
function of floodplain and discharge characteristics. In general, the FSP load reduction associated with
stream restoration (AFSP) can be calculated as:

AFSP = Sesp (post restoration) — SFsp (pre restoration) (EQ )

where the FSP load reduction (AFSP ) for a specific event, season, or year is calculated as the difference
between the floodplain FSP retention post-restoration (Sesp (pre-restoration)) and FSP retention pre-
restoration (Sesp (pre-restoration))- IN this instance the AFSP calculation for 4/5L is easy as no floodplain
inundation occurred during spring 2009 and 2010 (see Figure 6) and therefore Sesp(pre-restoration) IS €qual to
0 MT. Below we provide a preliminary estimate of AFSP as result of increased floodplain FSP retention if
the 4/5L reach had been restored prior to 2009. The calculations herein do not incorporate the
additional expected FSP load reduction associated with decreased channel erosion due to increased
floodplain connectivity.

PROPOSED STREAM CHANNEL RESTORATION AT SITE 4/5L

A stream channel restoration project is planned for the Upper Truckee River in the area of site 4/5L.
While the specific restoration designs are still in the planning stage, conversations with California State
Parks (Cyndie Walck, pers. comm.) indicate that the designed channel capacity (Q.) will be reduced
from the current Qcc= 2,300 cfs to approximately 525 cfs. Figure 14 illustrates the change in the
floodplain discharge (Qg,) as function of stream discharge as a result of this restoration at 4/5L.
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Figure 16 presents WY09 and WY10 spring hydrographs, illustrating the increased frequency and
duration of overbank flow as a result of the channel capacity reduction. Table 10 compares the
frequency and duration of overbank flow statistics for the current and restored 4/5L channels for water
years 2008, 2009 and 2010, as well as the duration of the peak floodplain discharge event. The reduction
of the channel capacity as a result of stream restoration actions, a critical design component of
geomorphic modifications, would result in an increased Qg, for any given Q in the specific reach.

Table 10. Comparison of overbank flow conditions for 2009 and 2010 spring snowmelts for existing and
restored 4/5L conditions.

WY08 WY09 WY10
Current | Restored Current | Restored Current | Restored
Qg (cfs) # Days Qcc Equaled or Exceeded

0 0 0.6 0 1.0 0 6.6
100 0 0 0 0.1 0 5.0
200 0 0 0 0 0 2.9
300 0 0 0 0 0 1.5
400 0 0 0 0 0 0.5

500 0 0 0 0 0 0

Peak Annual Event

Peak Qg (cfs) 0 55 0 118 0 469
# of continuous days Q> Q¢ 0 0.3 0 0.5 0 5.9

Using the concepts and equations described above, we estimate the FSP load reduction potential of a
reduced channel capacity along the 4/5L stream reach. As indicated in Table 10, with the current
channel geometry, overbank flow did not occur during the three water years of data collection. By
reducing the Q¢c from 2,300 cfs to 525 cfs, the total floodplain inundation volume under the restored
conditions would have been 88.3 ac-ft in 2009 and 2,600 ac-ft in 2010 (see Figure 16). Figure 17 shows
the spring FSP discharge time series for 4/5L under current and restored conditions. Using EQ®6, the
estimated FSP load reduction (AFSP) under the restoration scenario at site 4/5L is 0.8 MT in 2009 and
36.5 MT in 2010 (see Figure 17), assuming a retention coefficient (Rgsp) of 0.7. The Rgsp of 0.7 assumes
that the restoration design includes floodplain characteristics that optimize FSP retention similar to
MOD1.

Table 11 summarizes the calculation results for both the current and restored 4/5L channels. WY09 and
WY10 were average water years (see Table 3) and therefore expected to represent an average annual
load reduction estimate. WY09 and WY10 Sisp values are averaged to estimate an average annual FSP
load reduction of 18 MT/yr associated with Upper Truckee River stream restoration at the entrenched
site. The average annual FSP load reduction of 18 MT can be converted to 2.1 x 10 particles using the
particle conversion of 1.1 kg FSP = 1.1x10™ particles (LRWQCB and NDEP 2009).
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Table 11. Comparison of current and restored 4/5L floodplain volume and FSP load calculations.
SFSP (MT)r
; Q Vip (ac-ft Ss, (MT
Sns:\::l:\ilt - mieet il BT R O AFSP (MT)

Current | Restored | Current Restored Current | Restored | Current | Restored

WY2009 0 88.3 0 1.2 0 0.8 0.8

2,300 525
WY2010 0 2,600 0 52.1 0 36.5 36.5

The AFSP of 18 MT/yr is limited to the predicted FSP mass retained on the floodplain and does not
include the additional expected FSP load reduction associated with decreased channel erosion. It is
reasonable to assume that this average value is representative of an average annual FSP load reduced
with the knowledge that there are many years when either no floodplain inundation occurs or events
are much greater than those evaluated. However, in future analyses FSP load reduction estimates will
include a more representative distribution of discharge conditions by leveraging the extensive USGS
LTIMP datasets, rather than relying upon precipitation data that may not be the best indicator of water
year type for this application. The estimate of 18 MT/yr is consistent with initial estimates of 22 MT/year
FSP reduction as a result increased floodplain retention calculated for the Trout Creek restoration
project using a simple method that did leverage the existing local USGS datasets (2NDNATURE 2010a)°.

There is a wide range of average annual total suspended sediment loading estimates for the mouth of
the Upper Truckee River using the USGS long-term data sets (Table 12), but little to no FSP data available
prior to this study. Applying the FSP:TSS ratio measured in the Upper Truckee for this study of 0.4, the
average annual FSP loading of Upper Truckee River to Lake Tahoe is estimated to be 1,380 MT/yr. The
average annual FSP load reduction estimated for the restoration of reach 4/5L would therefore be on
the order of 1% of the total annual FSP load to the lake from UTR.

Table 12. Comparison of Upper Truckee River annual loading rates.

Reference Notes # years s FSP"
of data | (MT/year) | (MT/year)
Re“te(rzgg‘é)'\""'er WY1989-WY1996; LTIMP monitoring 8 3,305 1,322
Simon et al. (2003) WY1977-WY2092; based on mea?n daily discharge and 2 2,200 380
suspended sediment concentrations
LTIMP? Monitoring results with standard deviation of 2,572 MT 24 3,189 1,276
LSPC Lake Tahoe Watershed Model results; Model
(Tetra Tech 2007)2 calibration/validation period from 1994-2004 1 >,091 2,036
Average 3,446 1,379

t1ss loading rate is converted to FSP based on 2NDNATURE water quality results suggesting the average % TSS
<16 um is 40%.
2 As reported in Table 4-41 of the Lake Tahoe TMDL Technical Report (LRWQCB and NDEP 2010).

2 Value of 22 MT/yr obtained from Table 7 (2NDNATURE 2010a) where the increased floodplain retention estimate
of 110 MT/yr of fine sediment (<63um) * 20% of < 63 um as < 16 um =22 MT/yr.
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ANALYSIS LIMITATIONS

This approach is limited for the following reasons:

It relies upon the data from two events on a single floodplain.

The quantification of floodplain volume assumes that all water in overbank conditions (Q>Qc()
reaches the floodplain. This likely leads to a small overestimate in load reductions because, in
reality, a portion of the water may remain vertically above the stream channel without
interacting with the floodplain.

The floodplain loading rate uses the discharge versus FSP concentration rating curve for all
samples (the middle curve in Figure 10), which means the FSP concentrations are likely
overestimated during the falling limb and underestimated during the rising limb. We assume the
trade off is negligible, but SNPLMA Round 9 research has included continuous turbidity
measurements to refine the FSP(Q) values. Future analyses will determine the relative
difference in event load calculations by separating the rising and falling limb instead of applying
the combined rating curve.

The Rgsp calculations assume a uniform FSP retention coefficient, irrespective of the depth,
velocity or area of inundation on the floodplain or the density, distribution and characteristics of
the floodplain vegetation. However, all of these factors are assumed to play an important role in
the deposition of sediment (i.e., retention will increase with increased distance from channel
and decrease with increased water depth due to turbulent flow and less interaction with
vegetation). Tahoe-specific research is currently being conducted by both TERC (Andrews and
Schladow 2010a; 2010b) and the 2NDNATURE team (2NDNATURE 2010a) to continue to
improve our understanding of the characteristics to which Rgsp is most sensitive.

A large number of assumptions have been made to extrapolate available meteorologic and
hydrologic datasets, as well as in the interpretation of the data collected during this research.
However, all assumptions are clearly documented and are assumed reasonable by the
researchers but some approaches, especially the application of hydrology rather than
precipitation to determine water year types, can be improved upon with future method
development.

The prediction of FSP load reduction for the “hypothetical” restoration of site 4/5L provided
above does not incorporate the linear feet of stream restored nor the area of active floodplain
created. This will be a critical component of the SLRT development (2NDNATURE 2010a) due to
the need to correlate the extent of restored floodplain to the expected water quality benefit.

This research does provide evidence that FSP retention by floodplains does occur and may
provide a significant FSP load reduction during overbank flow events. However, the load

reduction estimates provided herein are not yet directly comparable to an estimate of load
reductions achievable by stream restoration. First, this estimate only includes the FSP load
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reduction associated with floodplain retention and does not include the potential FSP load
reduction associated with the decreased channel erosion as a result of a reduced wetted
perimeter. Although, based on available data, it is expected that floodplain retention due to
changes in channel capacity will be a greater fraction of the overall FSP load reduction
(2NDNATURE 2010a). Secondly, the FSP load retained on the MOD1 floodplain is from some
combination of urban, upland and stream sediment sources and the disassociation of these
relative contributions may be necessary prior to incorporating FSP load reduction estimates into
the Lake Clarity Crediting Program (LRWQCB and NDEP 2009).

DATA COLLECTION

One of the key objectives of the 2NDNATURE research was to develop cost-effective, repeatable data
collection protocols to inform our understanding of FSP fate and transport in fluvial systems and obtain
data that could inform methods to predict the FSP load reductions as a result of stream restoration
actions. 2NDNATURE installed a number of data collection devices to evaluate the effectiveness of these
techniques:

e The vertical profile sampler (VPS) is an innovative technique to collect water quality samples
throughout the water column during a range of stream discharge events. The results indicate
the water column is well-mixed with respect to FSP concentrations (see Figure 9) and therefore
this data validates that surface grab samples can be collected as a cost-effective proxy for water
column FSP concentrations to reduce sampling and analytical costs. This finding also suggests
that high resolution turbidity sampling within a stream channel, where the location of the probe
is vertically fixed in the water column, may be reasonably assumed to be representative of the
overall vertical turbidity for a given discharge. This is a valuable finding that improves our
confidence in the continuous turbidity datasets being obtained on Trout Creek for WY10 and
WY11 (2NDNATURE 2010a) and may be a recommended approach to long-term FSP monitoring
in Tahoe Basin streams. Additional validation is still needed to verify this application.

e The vertical profile FSP dataset validates that FSP follows the delivery patterns of other
pollutants in streams (Stubblefield et al. 2006) with the bulk of the FSP event load being
delivered during the rising limb of the hydrograph. Future quantification of FSP loads in Tahoe
Basin streams that rely upon grab samples must consider the location of sample collection on
the hydrograph in event, seasonal and annual load calculations.

e The compilation of existing field turbidity and FSP concentration data from this research (Upper
Truckee River) and Trout Creek (2NDNATURE 2010b) provide promising evidence that field
turbidity may be a consistent and reliable proxy for laboratory analyses for grain size
distribution. Figure 8 does suggest slightly different rating curves for each stream and therefore
the temporal and spatial range of data collection should continue to be expanded to validate
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these preliminary curves. However, this finding significantly increases the amount of FSP loading
data that can be obtained from Tahoe Basin streams using very cost-effective, yet reliable,
techniques.

e Passive samplers have shown to be a reliable and cost effective method to sample the sediment
concentrations of waters inundating a floodplain. Strategic placement of the samplers at the
upstream and downstream boundary of a floodplain can provide valuable FSP data to inform
estimates of actual retention coefficient (Resp). However, the logistics associated with site
maintenance were greater than originally anticipated and the cost-effectiveness of passive
samplers is decreased as a result of the intensive deployment requirements. Seasonal
maintenance is necessary to protect housing from vandalism and damage, and there is a
continued need for field personnel to be on-site immediately prior to and following targeted
events, yet not all targeted events yield samples if no overbank flow occurs.

e The 12” steel pins installed within the MOD1 floodplain were too small to effectively measure
changes in floodplain sediment volumes. Despite orange flagging, the sediment pins were
difficult to relocate and many pins were disturbed and/or removed between field-personnel
visits to the site. Protocols have been improved for SNPLMA Round 9 research and 3-foot rebar
stakes were installed and surveyed on the Trout Creek floodplain in Spring 2010 (2NDNATURE
2010a).

e In 2008, ten 1-ft” artificial turf plots were installed on the MOD1 floodplain to estimate the mass
of suspended sediment removed by vegetation during floodplain inundation. However,
contamination of the plots by airborne sediment was common, variable and nearly impossible
to control. The elevated and variable sediment mass accumulated on control plots reduced
researchers’ confidence that exposed turf plots could be used to reliably quantify the FSP
retention associated with vegetation interaction on the floodplain. Floodplain transect protocols
have been modified for the SNPLMA Round 9 research (2NDNATURE 2010a), and include visual
observations of sediment indicator height on floodplain vegetation by dominant vegetation class
before and following spring floodplain inundation.

e This research obtains and presents fine sediment particle data by mass, rather than number of
particles. While the Lake Tahoe TMDL identifies the number of particles <16 um as the primary
pollutant impairing Lake Tahoe clarity (LRWQCB and NDEP 2010), the data analysis and data
management of particle count data is laborious and complicated. During the first year of data
collection, stream samples were submitted to TERC for both TSS and particle grain size
distribution analysis. TERC provided the grain size distribution as # of particles to maintain
consistency with the Lake Tahoe TMDL. However, the comparison of the sample particle counts
(converted to mass per volume) to TSS concentrations was inconsistent. The total
concentrations based on particle analysis ranged from 10 to 159% of the TSS concentration
provided by lab, and therefore could not be reliably used to calculate FSP concentration (mg/L).
At that time, it was apparent that the QA/QC procedures for particle counts had not been fully
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developed. As an alternative, water samples were submitted to an analytical laboratory for TSS
analysis and particle grain size distribution expressed as a % of sample less than 16 um. The FSP
concentration is easily calculated and provides a common water quality unit of measure to
simplify data interpretation and analysis. The Lake Tahoe TMDL (LRWQCB and NDEP 2010) and
Lake Clarity Crediting Program (LRWQCB and NDEP 2009) include a linear conversion factor to
simply convert mass to # of particles and this relationship should continue to be developed,
tested and refined by the local academics who have access to the required analytical
instrumentation.

DATA ANALYSIS AND MODELLING APPLICATIONS

The second objective was to develop analysis protocols to apply the data obtained to quantify the fine-
sediment load retention associated with floodplain inundation for either existing or future restored
channel morphology. The third and final objective was the incorporation of these data into future
methods and models to predict the water quality benefit of stream restoration actions. The following
summarizes the data analysis and applications of the data:

e A reasonable quantification method is provided that integrates site-specific channel capacity
with stream FSP loading rate curves to estimate the mass of FSP delivered to a floodplain (Sg,)
over spring snowmelt events. The data analysis approach can be applied to any particular site or
time interval of interest. The passive sample datasets do provide applicable data to estimate the
fraction of the FSP load retained on the floodplain (Rgsp) for the events evaluated. The method is
then applied to estimate the fine sediment load reduction (AFSP) as a result increased
frequency of floodplain deposition that may have been expected if the entrenched site had
been restored prior to WY09 and WY10 to demonstrate the initial predictive utility of such an
approach.

e The researchers leverage a wide array of existing datasets to extrapolate and estimate the
meteorologic, hydrologic and floodplain FSP retention characteristics for the sites in question. In
addition, the existing data from one site for two events is extrapolated to provide a prediction of
the average annual FSP load reduction as a result of a planned restoration effort on the Upper
Truckee River. Data accuracy and completeness must continually be balanced by costs to obtain,
manage, and analyze the data and the end use of the datasets. While absolute accuracy and
representativeness of the existing datasets is below what can be expected if all measurements
were obtained at the best possible locations and intervals, all assumptions are documented and
the findings are expected to be relatively accurate. Additional work is still necessary to spatially
extrapolate the data to other stream channels within the Tahoe Basin. However, this applied
research provides invaluable progress towards identifying cost-effective data collection
techniques and a standardized estimation method to predict the FSP load retention on a
floodplain as a result of stream restoration and adequately inform management decisions in the
Tahoe Basin.
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e The combined efforts of this research and the interim products from the SLRT development
work (2NDNATURE 2010a; 2010b) provide complementary progress towards a stream load
reduction methodology. The research presented herein relies upon available data with a long list
of assumptions to predict an average annual FSP load reduction from the entrenched site (4/5L)
of 18 MT/yr (2.1 x10*® particles/yr). This estimate aligns with the 22 MT/yr FSP retention
estimated as a result of Trout Creek restoration using a simple probability analysis of the
available USGS hydrology and sediment dataset (2NDNATURE 2010a). The site-specific
floodplain retention data from the UTR non-entrenched site (MOD1) fill key data gaps and will
be incorporated into the SLRT development and estimates on Trout Creek to be completed over
the next year.

e The development of a repeatable methodology to predict the FSP load reduction as a result of
stream restoration will have to be developed based on application of fluvial and pollutant fate
and transport principles, existing and readily obtainable datasets, and well-documented
hypotheses. There are a number of critical concepts that will need to be considered and
potentially incorporated into a standardized tool:

O Additional data and understanding is necessary to develop a reasonable approach to
estimate the FSP floodplain retention coefficient as a function of hydrologic and floodplain
characteristics that are hypothesized to directly influence FSP retention. The greatest
challenge in validating assumptions and empirical relationships is the infrequency of the
overbank flows necessary to obtain the needed data.

O An acceptable stream load reduction tool will need to incorporate the expected FSP load
reduction as a function of linear feet of stream restored and floodplain area created. In
concept, we know there is some critical area of floodplain necessary to optimize FSP
retention given the frequency and magnitude of overbank flow events: too small a
floodplain area will fail to achieve retention because more frequent overbank flows
(recurrence interval < 10 yrs) are too deep and velocities too high and too extensive
floodplains may not be inundated frequently enough to justify the additional cost. This
concept can be constrained by limiting the estimate of FSP floodplain retention to the
discharge range as defined by the pre- and post-restoration channel capacity. Flows lower
than the restored (post) channel capacity will never access the floodplain and flows greater
than the existing (pre-restoration) channel capacity would access the floodplain regardless
of restoration actions.

0 The 2NDNATURE team will continue to develop specific components of the SLRT with
existing funding (2NDNATURE 2010a 2010b) such that the methodology will provide stream
restoration practitioners with a tool to evaluate alternatives of critical design components
with respect to predicted water quality benefits.
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APPENDIX A. WATER QUALITY RESULTS
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Table A. Water quality results.

Date Time Site Sample Type TSS FSP Conc | Field Turb
(PS, VPS, SF) (mg/L) (mg/L) (ntu)
4/29/08 16:10 MDVPSF SF 4.8 - -
4/29/08 16:10 MDVP02 VPS 4.0 - -
4/29/08 16:10 MDVP09 VPS 4.4 - -
4/29/08 16:10 MDVP16 VPS 4.0 - -
4/29/08 16:10 MDVP23 VPS 4.0 - -
4/29/08 18:00 H6VPSF SF 10.0 - -
4/29/08 18:00 H6VPO3 VPS 8.7 - -
4/29/08 18:00 H6VP13 VPS 10.7 - -
4/29/08 18:00 H6VP23 VPS 5.6 - -
4/29/08 18:00 H6VP33 VPS 5.2 - -
5/16/08 18:59 MDVPSF SF 26.0 - -
5/16/08 18:59 MDVP02 VPS 32.8 - -
5/16/08 18:59 MDVP13 VPS 28.4 - -
5/16/08 18:59 MDVP24 VPS 26.8 - -
5/16/08 18:59 MDVP35 VPS 21.6 - -
5/16/08 20:14 H6VPSF SF 38.0 - -
5/16/08 20:14 H6VPO3 VPS 34.4 - -
5/16/08 20:14 H6VP17 VPS 42.8 - -
5/16/08 20:14 H6VP31 VPS 36.4 - -
5/16/08 20:14 H6VP45 VPS 43.2 - -
5/19/08 13:45 MDVPSF SF 8.0 - -
5/19/08 13:45 MDVP02 VPS 7.2 - -
5/19/08 13:45 MDVP0O8 VPS 8.4 - -
5/19/08 13:45 MDVP16 VPS 10.0 - -
5/19/08 13:45 MDVP24 VPS 9.6 - -
5/19/08 15:45 H6VPSF SF 4.8 - -
5/19/08 15:45 H6VPO3 VPS 5.6 - -
5/19/08 15:45 H6VP13 VPS 5.2 - -
5/19/08 15:45 H6VP21 VPS 6.0 - -
5/19/08 15:45 H6VP31 VPS 6.4 - -
10/4/08 8:00 MDVPSF SF 5.6 - -
10/4/08 8:00 MDVP02 VPS 3.6 - -
10/4/08 8:00 MDVPO7 VPS 3.6 - -
10/4/08 8:00 MDVP12 VPS 5.6 - -
10/4/08 8:35 H6VPSF SF 2.0 - -
10/4/08 8:35 H6VPO3 VPS 0.8 - -
10/4/08 8:35 H6VP10 VPS 1.2 - -
10/4/08 8:35 H6VP17 VPS 3.2 - -
11/1/08 13:22 MDVPSF SF 4.0 - -
11/1/08 13:22 MDVP02 VPS 2.8 - -
11/1/08 13:22 MDVPO7 VPS 4.4 - -
11/1/08 13:22 MDVP12 VPS 7.6 - -
11/1/08 13:22 MDVP17 VPS 2.0 - -
11/1/08 14:10 H6VPSF SF 1.2 - -
11/1/08 14:10 H6VPO3 VPS 6.8 - -
11/1/08 14:10 H6VP10 VPS 3.2 - -
11/1/08 14:10 H6VP17 VPS 4.4 - -
11/1/08 14:10 H6VP24 VPS 5.6 - -

- denotes no available data. 2008 particle size distribution results could not be reliably

-
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Table A (continued). Water quality results.

Date Time site Sample Type TSS FSP Conc | Field Turb
(PS, VPS, SF) (mg/L) (mg/L) (ntu)
11/2/08 9:30 MDVPSF SF 6.4 - -
11/2/08 9:30 MDVP02 VPS 9.2 - -
11/2/08 9:30 MDVPO7 VPS 7.2 - -
11/2/08 9:30 MDVP12 VPS 4.0 - -
11/2/08 9:30 MDVP17 VPS 10.4 - -
11/2/08 10:20 H6VPSF SF 5.6 - -
11/2/08 10:20 H6VPO3 VPS 2.4 - -
11/2/08 10:20 H6VP10 VPS 6.4 - -
11/2/08 10:20 H6VP17 VPS 5.2 - -
11/2/08 10:20 H6VP24 VPS 7.2 - -
4/19/09 17:40 MDVPSF SF 5.0 1.9 -
4/19/09 17:40 MDVP02 VPS 4.0 1.3 -
4/19/09 17:40 MDVP10 VPS 3.0 1.1 -
4/19/09 17:40 MDVP18 VPS 4.0 14 -
4/19/09 17:40 MDVP26 VPS 4.0 1.4 -
4/19/09 19:30 H6VPSF SF 6.0 2.1 -
4/19/09 19:30 H6VPO3 VPS 8.0 3.0 -
4/19/09 19:30 H6VP13 VPS 7.0 2.7 -
4/19/09 19:30 H6VP23 VPS 6.0 2.2 -
4/19/09 19:30 H6VP33 VPS 7.0 2.4 -
4/22/09 12:00 XS1A PS 27.0 10.5 -
4/22/09 22:56 MDVPSF SF 38.0 13.6 -
4/22/09 22:56 MDVP02 VPS 37.0 11.2 -
4/22/09 22:56 MDVP13 VPS 39.0 12.0 -
4/22/09 22:56 MDVP24 VPS 39.0 13.1 -
4/22/09 22:56 MDVP35 VPS 36.0 12.4 -
4/22/09 23:53 H6VPSF SF 37.0 11.2 -
4/22/09 23:53 H6VPO3 VPS 34.0 10.0 -
4/22/09 23:53 H6VP17 VPS 28.0 8.6 -
4/22/09 23:53 H6VP31 VPS 28.0 8.5 -
4/22/09 23:53 H6VP45 VPS 37.0 114 -
4/30/09 9:23 MDVPSF SF 1.0 0.4 -
4/30/09 9:23 MDVP02 VPS 1.0 0.4 -
4/30/09 9:23 MDVPQO9 VPS 1.0 1.0 -
4/30/09 9:23 MDVP16 VPS 2.0 1.8 -
4/30/09 9:23 MDVP23 VPS 1.0 0.4 -
4/30/09 11:00 H6VPSF SF 1.0 1.0 -
4/30/09 11:00 H6VPO3 VPS 1.0 0.9 -
4/30/09 11:00 H6VP12 VPS 1.0 0.8 -
4/30/09 11:00 H6VP21 VPS 1.0 1.0 -
4/30/09 11:00 H6VP30 VPS 1.0 1.0 -

-
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Table A (continued). Water quality results.

Date Time Site Sample Type TSS FSP Conc | Field Turb
(PS, VPS, SF) (mg/L) (mg/L) (ntu)
5/2/09 9:47 MDVPSF SF 12.0 3.9 -
5/2/09 9:47 MDVP02 VPS 16.0 4.5 -
5/2/09 9:47 MDVP14 VPS 23.0 6.8 -
5/2/09 9:47 MDVP26 VPS 17.0 5.2 -
5/2/09 9:47 MDVP38 VPS 12.0 4.0 -
5/2/09 11:27 H6VPSF SF 11.0 3.4 -
5/2/09 11:27 H6VPO3 VPS 15.0 6.0 -
5/2/09 11:27 H6VP18 VPS 14.0 5.7 -
5/2/09 11:27 H6VP33 VPS 13.0 4.4 -
5/2/09 11:27 H6VP48 VPS 12.0 3.7 -
5/2/09 12:00 XS1A PS 370.0 99.2 -
5/2/09 12:00 XS1C PS 140.0 29.0 -
5/2/09 12:00 XS2F PS 22.0 4.0 -
5/2/09 12:00 XS3H PS 75.0 17.0 -
5/2/09 12:00 XS3J PS 42.0 134 -
5/2/09 12:00 XS3L PS 12.0 1.9 -
5/7/09 11:33 MDVPSF SF 3.0 2.9 -
5/7/09 11:33 MDVPO02 VPS 2.0 1.0 -
5/7/09 11:33 MDVP13 VPS 2.0 1.0 -
5/7/09 11:33 MDVP24 VPS 2.0 2.0 -
5/7/09 11:33 MDVP35 VPS 2.0 1.1 -
5/7/09 12:55 H6VPSF SF 3.0 1.0 -
5/7/09 12:55 H6VPO3 VPS 5.0 1.6 -
5/7/09 12:55 H6VP17 VPS 4.0 1.3 -
5/7/09 12:55 H6VP31 VPS 2.0 2.0 -
5/7/09 12:55 H6VP45 VPS 3.0 1.1 -
5/18/09 12:00 XS1A PS 5.0 1.7 -
5/18/09 12:00 XS3H PS 54.0 18.6 -
5/18/09 19:30 MDVPSF SF 9.0 3.9 -
5/18/09 19:30 MDVPO02 VPS 11.0 5.0 -
5/18/09 19:30 MDVP13 VPS 12.0 4.6 -
5/18/09 19:30 MDVP24 VPS 9.0 3.1 -
5/18/09 19:30 MDVP35 VPS 10.0 4.3 -
5/18/09 20:45 H6VPSF SF 13.0 4.8 -
5/18/09 20:45 H6VPO3 VPS 14.0 4.7 -
5/18/09 20:45 H6VP17 VPS 13.0 4.4 -
5/18/09 20:45 H6VP31 VPS 13.0 5.4 -
5/18/09 20:45 H6VPA45 VPS 11.0 4.4 -
5/21/10 18:31 MDVPSF SF 3.0 3.0 2.3
5/21/10 18:31 MOD 1 VPS 2 VPS 11.0 4.5 5.12
5/21/10 18:31 MOD 1 VPS 12 VPS 4.0 4.0 2.25
5/21/10 18:31 MOD 1 VPS 22 VPS 3.0 3.0 2.81
5/21/10 18:31 MOD 1 VPS 32 VPS 2.0 2.0 1.37
5/21/10 19:32 H6VPSF SF 3.0 3.0 2.17
5/21/10 19:32 Hole 6 VPS 3 VPS 5.0 1.8 2.22
5/21/10 19:32 Hole 6 VPS 17 VPS 4.0 4.0 1.9
5/21/10 19:32 Hole 6 VPS 31 VPS 4.0 1.3 2.51
5/21/10 19:32 Hole 6 VPS 45 VPS 2.0 1.9 2.33
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Table A (continued). Water quality results.

Date Time Site Sample Type TSS FSP Conc | Field Turb
(PS, VPS, SF) (mg/L) (mg/L) (ntu)
6/2/10 19:30 MDVPSF SF 52.0 14.6 23.6
6/2/10 19:30 MOD1VPS2 VPS 60.0 16.4 23.9
6/2/10 19:30 MOD1VPS14 VPS 69.0 20.9 19.6
6/2/10 19:30 MOD1VPS26 VPS 65.0 17.6 22.6
6/2/10 19:30 MOD1VPS38 VPS 93.0 24.4 30.3
6/2/10 20:46 HOLE6VPS3 VPS 81.0 23.6 22.9
6/2/10 20:46 HOLE6VPS20 VPS 74.0 22.4 36.8
6/2/10 20:46 HOLE6VPS37 VPS 74.0 24.1 27.4
6/2/10 20:46 H6VPSF SF 66.0 18.4 24
6/2/10 20:46 HOLE6VPS54 VPS 70.0 20.2 26.2
6/3/10 12:00 XS1A PS 10.0 3.3 2.97
6/3/10 12:00 XS1C PS 74.0 11.9 11.6
6/3/10 12:00 XS2G PS 53.0 16.2 20.8
6/3/10 12:00 XS3H PS 56.0 14.1 15.6
6/3/10 12:00 XS3lJ PS 85.0 12.5 8.98
6/3/10 12:00 XS3L PS 10.0 3.6 6.31
6/3/10 18:34 MOD1VPS2 VPS 52.0 15.4 18
6/3/10 18:34 MOD1VPS16 VPS 55.0 16.8 18.9
6/3/10 18:34 MOD1VPS30 VPS 50.0 15.9 17.4
6/3/10 18:34 MDVPSF SF 46.0 14.7 7.71
6/3/10 18:34 MOD1VPS44 VPS 49.0 159 16.2
6/3/10 19:30 H6VPSF SF 50.0 16.1 15
6/3/10 19:30 HOLE6VPS3 VPS 43.0 11.9 15.2
6/3/10 19:30 HOLE6VPS22 VPS 51.0 15.0 16.8
6/3/10 19:30 HOLE6VPS41 VPS 44.0 13.0 15.9
6/3/10 19:30 HOLE6VPS60 VPS 49.0 139 16.2
6/4/10 18:40 MDVPSF SF 96.0 30.2 39.1
6/4/10 18:40 MOD1VPS2 VPS 120.0 38.7 40.3
6/4/10 18:40 MOD1VPS18 VPS 110.0 33.7 39.4
6/4/10 18:40 MOD1VPS34 VPS 120.0 37.6 42.2
6/4/10 18:40 MOD1VPS50 VPS 94.0 29.5 39.7
6/4/10 19:35 HOLE6VPS3 VPS 93.0 28.5 32.3
6/4/10 19:35 HOLE6VPS24 VPS 100.0 30.8 31.6
6/4/10 19:35 HOLE6VPS45 VPS 82.0 26.2 37.7
6/4/10 19:35 H6VPSF SF 90.0 29.5 33
6/4/10 19:35 HOLE6VPS66 VPS 91.0 31.3 38.2
6/7/10 12:00 XS1B PS 140.0 33.2 26.7
6/7/10 12:00 XS4PSN PS 37.0 12.1 23.9
6/7/10 23:39 MDVPSF SF 23.0 8.3 10.6
6/7/10 23:39 MOD1VPS2 VPS 28.0 8.9 10.3
6/7/10 23:39 MOD1VPS20 VPS 28.0 8.6 10.7
6/7/10 23:39 MOD1VPS38 VPS 29.0 8.8 9.75
6/7/10 23:39 MOD1VPS56 VPS 23.0 8.3 8.99
6/8/10 0:21 H6VPSF SF 22.0 8.5 12.3
6/8/10 0:21 HOLE6VPS49 VPS 31.0 10.2 10.3
6/8/10 0:21 HOLE6VPS72 VPS 24.0 9.1 8.9
6/8/10 0:21 HOLE6VPS3 VPS 29.0 9.1 12.4
6/8/10 0:21 HOLE6VPS26 VPS 27.0 8.8 10.5
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