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1.0 Introduction 
 

The 2011 Municipal National Pollutant Discharge Elimination System Storm 
Water Permit (NPDES Permit) for the City of South Lake Tahoe, El Dorado and 
Placer Counties (NPDES Permit No. CAG616001, Board Order R6T-2011-
0101A1), requires El Dorado County (County) to report on activities occurring 
within the Lake Tahoe portion of the County’s jurisdictional boundary defined as 
the Lake Tahoe Hydrologic Unit (LTHU).  The contents provided herein reflect 
the 2015 calendar year defined as beginning on January 1, 2015 and ending on 
December 31, 2015, with the exception of Section E – the Traction Abrasive and 
Deicing Material Tracking Program Report, which is reported on by water year 
(October 1, 2014 to September 30, 2015).  For purposes of review, the 
information included in this report is intended to follow the format outlined in the 
Monitoring and Reporting Program (MRP) of the NPDES Permit and includes the 
following components: A) Pollutant Load Reduction Report, B) Storm Water 
Facilities Inspection Report, C) Construction Site Inspection Report, D) 
Commercial, Industrial and Municipal Site Inspection Report, E) Traction 
Abrasive and Deicing Material Report, F) Storm Water Monitoring Report, G) 
Illicit Discharge Report, H) Education Component Report, I) and Fiscal Analysis.  
 
Also consistent with the NPDES Permit, the County developed, adopted, and is 
implementing its 2013 Tahoe Basin Storm Water Management Plan (TSWMP) to 
manage the County’s Storm Water Management Program and to assist in 
meeting state, regional, and federal water quality objectives related to protecting 
the surface waters of the Lake Tahoe Basin.  Finally, the County has continued 
to devote significant NPDES-related resources to participate in and comply with 
the Lake Clarity Crediting Program (LCCP), which was born out of the Lake 
Tahoe Total Maximum Daily Load (TMDL) Program development.  The County 
will continue to work closely with the California Regional Water Quality Control 
Board – Lahontan Region (Lahontan) on the LCCP and other related program 
tools.   
 

Lake Tahoe Total Maximum Daily Load (TMDL) 
 

Lake Tahoe is a national treasure and was designated by the Environmental 
Protection Agency (EPA) as an Outstanding National Resource Water (ONRW).  
In order to establish long term water clarity trends and to monitor Lake Tahoe’s 
health, Lake Tahoe clarity measurements have been taken consistently since 
1968.  The long-term trend had shown a historically declining condition, but the 
trend has exhibited moderate improvement, particularly over the last decade 
(2002 – 2011)i.  In order to continue to improve this trend, a TMDL was 
developed for Lake Tahoe.  The TMDL process identifies the maximum load of a 
particular pollutant that a water body is able to assimilate while fully supporting its 
designated uses.  The Lake Tahoe TMDL has an endpoint target of mean annual 
water clarity of 97.4 feet, which was the measured clarity during the period from 
1967 to 1971.   
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In 2011, Lahontan completed a TMDL analysis for Lake Tahoe and determined 
that an increased emphasis should be placed on controlling very fine sediment 
particles, which are less than 16 micrometers in diameter, from the urban areas 
surrounding Lake Tahoeii.  As a result, Lahontan adopted Basin Plan 
Amendments (BPA) to modify their water quality protection mandates to focus 
local Basin jurisdictions’ efforts toward controlling fine sediment loading.  Along 
with the BPA, an updated NPDES Permit was adopted, requiring the local 
jurisdictions to participate in the LCCP.  The LCCP is a new administrative 
process to plan for, track, monitor and report on pollutants of concern.  The 
LCCP has since gone through several renditions; and is still in the final stages of 
development.  This has been a long process of adaptive management, 
collaboration and negotiation of reasonable technical and practical feasibility for 
meeting long term goals and expectations with this complex program.  The final 
LCCP tools were released in March 2015 with updated versions of PLRM and the 
Rapid Assessments released in November 2015.  The County has completed 
significant testing of the tools and continues to do so; and anticipates a full 
registered catchment by June 2016 with subsequent registrations occurring up to 
September 30, 2016.  The County is committed to this program and anticipates 
staying on track and schedule with the adopted PLRP as long as the LCCP tools 
are operational and useable. 

 

2.0 Monitoring & Reporting Program Annual Report  

A. Pollutant Load Reduction Report 

In March 2013 the County finalized and submitted its Pollutant Load Reduction 
Plan (PLRP) to Lahontaniii.  The PLRP outlines how the County intends to meet 
the first five year NPDES Permit requirements for reducing pollutant loading to 
Lake Tahoe.  The NPDES Permit requires the County to develop a PLRP to 
outline its strategy to reduce its baseline fine sediment particle (FSP) pollutant 
load by 10%, its baseline total phosphorus (TP) pollutant load by 7% and its 
baseline total nitrogen (TN) pollutant load by 8% by September 30, 2016. Based 
upon the County’s Baseline Pollutant Load Calculationsiv, and the above-
mentioned Permit requirements, the County is required to obtain 220 credits by 
September 30, 2016.  A credit is defined as approximately 200 pounds of fine 
sediment particles less than 16 µm in diameter.  

 
The County’s strategy to demonstrate compliance with this requirement is to 
register five (5) Urban Planning Catchments (UPCs) within the LCCP. The five 
(5) UPCs (Apalachee, Montgomery Estates Area 1, Christmas Valley, Angora 3 
and Sawmill/Echo View) contain Water Quality and Erosion Control Projects that 
the County constructed between 2004 (baseline period) and 2012.  By utilizing 
the Pollutant Load Reduction Model (PLRM), the County has calculated that it 
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will obtain 251 credits when it registers the water quality and erosion control 
improvements constructed in the five (5) UPCs.  See Table 2 below for more 
specific detail on this.   
 
As mentioned above, because the final versions of the LCCP tools were just 
released, it was not possible to register catchments or declare credits in calendar 
year 2015; therefore the County has not yet taken credit for its pollutant load 
reduction activities on the ground.  When the County dives deeper into the new 
versions of the tools, it is assuming that both the County baseline and post 
baseline loads may change.  The County anticipates a fairly significant effort will 
be necessary to revise these load estimates and refine its catchment registration 
plans if this is the case.  With the unknowns that still remain with the PLRM 
modifications, the County will do its best to maintain its PLRP expectations and 
load reduction analysis.  As always the County will continue to be an active 
participating partner in the TMDL and will work with Lahontan and its consultants 
in order to meet the TMDL and permit conditions. 
 
The County’s Baseline Pollutant Load Estimate and the County’s Expected 
Pollutant Load Estimate, after registering the five UPCs, is outlined below in 
Table 1.  The County can obtain sufficient credit to meet the pollutant load 
reduction requirements of the NPDES Permit by registering UPCs where erosion 
control projects and private property Best Management Practices (BMPs) were 
constructed between 2004 (baseline condition) and 2012. 

Table 1 – Baseline Loading & Expected Condition Loading Estimates 

 

 
 

 
 
 
 
 
 

Project Area TMDL UPC TSS FSP TP SRP TN DIN

lbs FSP 

Reduced Credits

Baseline 

Load

% of 

Baseline 

Reduced

Angora 1 19,506 10,333 57 9 260 31 1,887 9 12,220 15%

Christmas 

Valley 2 9,358 5,043 29 8 125 14 12,910 65 17,956 72%

Apalachee 3 49,219 28,752 128 19 564 69 22,399 112 44,469 50%

Montgomery 

Estates 4 12,881 7,212 35 5 156 19 4,938 25 18,832 26%

Echo View / 

Sawmill 5 17,373 11,896 33 4 112 14 8,127 41 20,023 41%

108,337 63,236 283 45 1,217 148 50,261 251 113,500

Summary Credits

Achieved 49,141 28,683 128 20 552 67 22,798 251

Required 73 327 19,958 220

% Attainment 176% 169% 114% 114%

Total 

Pollutant Load (lbs/yr)

Pollutant Load (kg)
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Load Reduction Schedule 
 
The NPDES Permit specifically states that Permittees shall “Earn and maintain 
Lake Clarity Credits in accordance with Table IV.B.2 for water year October 1, 
2015 to September 30, 2016, and for subsequent water years.”  The MRP in 
NPDES Permit Attachment C specifically states that “Each Permittee will register 
additional catchments as needed to earn enough credits to meet the 
requirements contained in the Permit Table IV.B.2.”  In order to meet the required 
pollutant load reduction goals, the County evaluated several scenarios and the 
load reduction schedule associated with each.  The result of this exercise was 
the formulation of a preferred load reduction registration schedule that County 
staff believes will both meet the intent of the NPDES Permit and will be the most 
cost effective.  
 

Catchment Registration Schedule 
 

According to Municipal NPDES Permit Board Order R6T-2011-0101A1, Table 
IV.B.2, the County must achieve 220 Lake Clarity Credits for water year October 
1, 2015 to September 30, 2016 (Water Year 2016), and for subsequent water 
years.  In order to demonstrate compliance with this requirement, the County 
proposes to register five (5) Urban Planning Catchments (UPCs).  Load reduction 
estimates from the first version of PLRM show that from the erosion control and 
water quality improvement work completed in the five (5) UPCs, 251 Credits can 
be achieved.  The five (5) UPCs were aggregated based on land use, geography 
and proximity to a single discharge point.  Table 2 outlines the five (5) UPCs that 
the County intends to register through the LCCP, the credits that can be obtained 
per UPC and the proposed registration date for each UPC.  
 
The County could not follow its previous timeline for implementation of the UPC 
registration as the TMDL tools were not fully operational until November 2015. 
Due to this fact, the County will register (5) catchments in water year 2016 
totaling at least 220 credits.  Inspections to verify conditions using the BMP 
Rapid Assessment Method will be completed this field season (2016).  All BMPs 
within registered catchments will be inspected and reported on.   
 
County staff have been testing and using the updated LCCP tools including 
PLRM, Credit Accounting Platform (CAP) and the RAMs. The County currently 
has modeled all of its UPCs in the new PLRM and has been inputting data into 
the BMP RAM database.  All of the background information and data processing 
is continuing now and the County will be submitting catchments into CAP for 
registration starting in June 2016.  
 
The County is also working on recalculating its baseline loads this calendar year 
due to the updates in PLRM and will be working toward completing the next 
phase of the Pollutant Load Reduction Plan for the next permit term.  A grant 
application was submitted to the California Tahoe Conservancy on October 7, 
2015, which included the development of a CTC specific Stormwater Resource 
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Plan and a new analysis and quantification of the baseline loads.  The County 
was not notified until March 7, 2016 that this grant was funded, but at a lower 
funding level than was requested.  The County is now coordinating with our 
partners on the best way to expend those resources to not only develop a storm 
water resource plan, but also to recalculate and QAQC our new baseline load.    
 

Table 2 – County’s UPCs to be registered in the Lake Clarity Crediting 
Program 

 

  

Project Area Credits Status  
Primary WQ 
Improvement 

Proposed 
Registration 
Date (WY) 

UPC1 Angora 3 

9 Complete Infiltration, 
Sediment & 

Source 
Control 2016 

UPC2 
Christmas Valley (All 

Phases) 

65 Complete Infiltration, 
Sediment & 

Source 
Control 2016 

UPC3 
Apalachee (All 

Phases) 

112 Complete Infiltration, 
Sediment & 

Source 
Control 2016 

UPC4 
Montgomery Estates 

(Phase 1) 

25 Complete Infiltration, 
Sediment & 

Source 
Control 2016 

UPC5 Echo View / Sawmill 

41 Complete Infiltration, 
Sediment & 

Source 
Control 2016 

          

UPC 
1-5 

Total Project 
Credits 

251   
  

  Credits Required 220     

  % Attainment 114%     

   

 
 
 
 
 
 



El Dorado County 6 NPDES Annual Report 
Long Range Planning Division  March 2016 

 

B. Storm Water Facilities Inspection Report 
 

Section II.A of the Municipal Permit requires the County to inspect all of its storm 
water facilities and perform required maintenance.  In order to meet this 
requirement, the County modified its current database to incorporate the required 
inspection fields and inspected all storm water facilities in the unincorporated 
portion of El Dorado County.  See Appendix A for a list of all project areas 
inspected along with the number of inspections that occurred in each area.   
 
The MRP requires, at a minimum, that storm water collection, conveyance, and 
treatment facilities be visually inspected annually.  Such facilities shall include, 
but are not limited to the following: 
 

  Storm drain inlets 

  Sediment collection devices (sediment traps, etc.)  

  Storm drain pipes 

  Curb and gutter 

  Asphalt dikes 

  Rock lined ditches 

  Swales 

  Storm water outfalls/discharge points 

  Treatment basins 

  Treatment vaults 

  Road shoulders 
 

The MRP also requires that all storm water facilities be inspected for signs of 
needed maintenance, evidence of erosion, damage from snow removal 
equipment, and accumulated sediment and debris.  A summary of many of the 
BMPs maintained during calendar year 2015 are included in Appendix A.  There 
were many more inspections other than was reported, as structures are visually 
inspected prior to maintenance.  During inspections, permittees also assess 
potential storm water pollution sources that include but are not limited to the 
following: 

 

  Private property/residential runoff 

  Commercial property runoff 

  Eroding cut slopes 

  Eroding road shoulders 

  Traction abrasive application  

  Dislodged sediment from snow removal activities  

  Vehicle tracking sediment onto the roadway 

  Parking related erosion 
 
Maintenance needs are identified by several methods:   
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a.) The County has prioritization schedules for BMPs based on maintenance 
needs and historic records of BMP inspection.  The BMPs are sorted in a 
database to filter out those BMPs that are in need of chronic maintenance 
and those that require maintenance annually based on specific defined 
criteria.  This method assists in efficient operations by allowing chronically 
full BMPs to be maintained automatically every year without needing to 
conduct inspections.  To continue to add to this data set, while the 
maintenance operators are in the field they perform inspections and log 
data for all infrastructure they visit.  Work orders are submitted to the 
County Maintenance Division in spring so maintenance staff can begin 
maintenance without conducting separate individual inspections.  When 
the operator of the vactor truck mobilizes to a site they then record 
information such as the depth to the sediment prior to maintenance being 
performed and then record the depth after.  The site ID# is already 
established so characteristics such as the structure type, size, and 
material is already categorized.   
 
County staff inspected individual facilities including curb & gutter, culvert 
inlets/outlets, rock slope protection, retaining walls, rock channels, grass 
lined swales, sediment basins, fences, road shoulders and AC 
pavement/overlays.  All inspection logs are stored electronically.  
Infrastructure maps of all BMPs and structures are located in the trucks of 
Maintenance staff.  The County anticipates testing and using a new real-
time mobile software application named Kerata for tracking all field 
information on a tablet in real time.  This summer County staff will also 
begin performing more extensive BMP Rapid Assessment Methodology 
(BMP RAM) inspections and recording the data on a field tablet.  
   
Damage and/or necessary repairs of the BMPs are noted during the 
inspection process, which are entered into a “notes” field in the BMP 
Inventory Database.  BMPs flagged as needing repairs are compiled into a 
list, which is then provided to the Maintenance Division to perform these 
repairs.  Problem areas are still identified on newer structures through the 
inspection process of all constructed BMPs.  Each BMP and structure is 
inspected at a minimum annually for performance and storage.   
 
In addition to the above mentioned methods for maintenance prioritization, 
Tahoe planning and engineering staff prioritizes work orders based on the 
severity of problems and proper BMP function.   

 
b.)  The second method for identifying maintenance needs for water quality 

improvements is post-storm inspections by Maintenance Division drain 
crews.  The drain crews do their best to go out to all parts of the County 
after each significant storm to clear the inlet grates of debris and inspect 
the drainage improvement structures for maintenance needs.  As a result 
the street Maintenance Superintendent and drain crews have developed a 
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working knowledge of drainage problem areas and have prioritized 
maintenance efforts to address those areas first.  This method identifies 
maintenance needs and drainage problems throughout the County, in 
areas that have erosion control projects and in areas that have fragments 
of drainage infrastructure that have not been remedied with an erosion 
control project.   
 
All data with regard to Maintenance Division staff activities are logged in a 
tracking system.  Operators simply write down the structure they are 
working at, the date, the time and material quantities, etc. 
 
Water quality monitoring results also provide insight into drainage 
improvement maintenance needs for effective BMP operation.  Storm 
water treatment systems such as sediment traps and sand filters are 
inspected frequently to determine the necessary maintenance interval 
required for efficient pollutant removal.  For example, the County has 
researched the operational effectiveness and maintenance requirements 
of a media sandfilter located on Nottaway Street in the Apalachee Erosion 
Control Project area.  This filter is an essential BMP and has been 
monitored to determine effectiveness of treatment, as well as maintenance 
schedules for optimal water quality performance.     
 
In addition to stated methods of determining maintenance needs, the 
Maintenance street crew also provides routine maintenance for water 
quality benefit in the form of street sweeping and sediment collection with 
vactor trucks.  Street sweeping is performed on a full time basis, with 
sweepers collecting sediment from El Dorado County roadways year 
round.  The summer sweeping strategy focuses on clearing the streets of 
debris before forecasted rain storms and sweeping problem sedimentation 
areas after rain storms.  The winter sweeping strategy is to sweep 
whenever and wherever there is dry pavement to collect traction abrasives 
material that has been applied to or tracked onto roadways during snow 
storm events.  The sweeping effort is intensified during the spring to 
provide effective collection of sediments concentrated in drainage 
facilities. 

 
 

2015 BMP Maintenance results 
 
Vactor 
 
In 2015 the County once again inspected over 1,000 structures, 
maintained approximately 500 structures and recovered 89 yards or 114 
tons of sediment and material.  This included all vactor work and 
maintenance of BMPs, but did not include sweeping.  The types of BMPs 
inspected/maintained included sand/sediment traps, vaults, drop inlets, 
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conveyance swales, sediment basins, rock lined channels, conveyance 
pipes and flow lines.  The vactor truck was in operation for 232 hours with 
an operational cost of $37,364.  The efficiency of the vactor truck at 
removing sediment was $.27/lb of sediment and was calculated to remove 
approximately 678 lbs/hour of operation.  The County calculated lower 
efficiencies of operation when compared to prior years and believes this 
may be due to drought conditions and little flow and precipitation.  Lower 
precipitation equates to less sediment transport, sand usage and flow 
which are the driving factors of vactor recovery.  However, enhanced 
County BMP Inspections/tracking that prioritizes and targets maintenance 
needs is still the best means for effective recovery.   
 

 
 
 

 
 
 
 
 

Date $ / lb lbs / hour

Total 

Material 

(yards)

Total 

Material 

(tons)

Total Hours 

(Vactor) Date

Operator 

Cost 

(Vactor)

Vactor 

Cost

Refuse 

Fees

Total Monthly 

Vactor Cost

Apr-15 0.96$      90 1 1.62 18 Apr-15 1,695$       1,417$      17$         3,129$          

May-15 0.17$      489 25 31.68 65 May-15 5,741$       5,119$      329$        11,188$         

Jun-15 0.11$      705 38 48.48 69 Jun-15 6,081$       4,922$      503$        11,506$         

Jul-15 0.23$      350 16 20.19 68 Jul-15 5,437$       3,853$      209$        9,499$          

Aug-15 0.09$      833 6 7.61 9 Aug-15 860$          583$         79$         1,522$          

Sep-15 0.05$      1603 4 4.81 3 Sep-15 282$          189$         50$         521$             

$ / lb lbs / hour

Total 

Material 

(tons)

Average 

Annual 0.27$      678          

Total Annual 89 114 232 Total Annual 20,096$     16,082$    1,186$     37,364$         
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Sweeper 
 
The County has two high efficiency sweepers in operation full time.  These 
include a 2012 Elgin Waterless Eagle and a 2013 Tymco 500x.  The 
operational efficiency varies depending on equipment failures, other 
problems that occur, as well as availability of maintenance workers time 
relative to other priority jobs (i.e. paving, overlaying, chip seal, etc.).  This 
year the County recovered 822 tons of material with its sweeping 
program, recovering approximately 1,652 lbs/hour with an operational 
efficiency of $.09/lb.    
 

 
 

 

Date $ / lb lbs / hour

Total Material 

(tons)

Total Man Hours 

(Sweeper & 

Dump Truck)

Total Man Hours 

(Sweeper)

Total Man Hours 

(Dump Truck)

Jan-15 0.07$     1924 123 184 128 56

Feb-15 0.11$     1221 82 191 135 56

Mar-15 0.13$     1193 43 113 72 41

Apr-15 0.10$     1400 137 285 196 89

May-15 0.07$     1756 170 255 194 62

Jun-15 0.08$     1622 103 165 127 38

Jul-15 0.12$     1236 68 186 110 76

Aug-15 0

Sep-15 0.06$     2244 18 16 16 0

Oct-15 0

Nov-15 0.05$     2155 64 72 60 13

Dec-15 0.08$     1763 14 24 16 8

$ / lb lbs / hour

Total Material 

(tons)

Average 

Annual 0.09$     1,652$        

Total Annual 822 1489 1052 437
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C. Construction Site Inspection Report 
 

During the 2015 construction season, the County constructed four (4) 
Erosion Control Projects (ECP) as part of the Environmental Improvement 
Program (EIP) and one (1) Overlay Project. The projects included the 
following: 
 

Date

Operator Cost 

(Sweeper & 

Dump)

Operator Cost 

(Sweeper)

Operator Cost 

(Dump)

Sweeper 

and Dump 

Truck Cost

Sweeper 

Cost

Dump Truck 

Cost Refuse Fees

Total 

Monthly 

Sweeper 

cost

Jan-15  $               7,754  $              6,596  $                  56  $          8,640  $          6,272  $           2,368  $          1,680  $        18,074 

Feb-15  $               8,297  $              6,890  $                  56  $          9,347  $          6,591  $           2,757  $          1,120  $        18,764 

Mar-15  $               4,877  $              3,714  $                  41  $          5,336  $          3,528  $           1,808  $             586  $        10,799 

Apr-15  $             13,355  $              8,949  $                  89  $        13,560  $          9,212  $           4,348  $          1,873  $        28,788 

May-15  $             11,597  $              8,758  $                  62  $        13,485  $          9,482  $           4,004  $          2,319  $        27,401 

Jun-15  $               7,593  $              5,768  $                  38  $          7,805  $          5,807  $           1,998  $          1,400  $        16,798 

Jul-15  $               8,659  $              4,510  $                  76  $          7,057  $          4,998  $           2,059  $             928  $        16,643 

Aug-15

Sep-15  $                  687  $                 687  $                   -    $          1,376  $             784  $              592  $             245  $          2,308 

Oct-15

Nov-15  $               3,225  $              2,967  $                259  $          3,379  $          2,916  $              463  $             875  $          7,479 

Dec-15  $               1,236  $                 826  $                410  $          1,080  $             784  $              296  $             193  $          2,509 

Total Annual 67,279.66$        49,666.16$       1,084.34$         71,065.00$   50,373.00$   20,692.00$    11,217.50$   149,562.16$ 

Sweeper Recovery

Jan-15 Feb-15 Mar-15 Apr-15 May-15 Jun-15 Jul-15 Aug-15 Sep-15 Oct-15 Nov-15 Dec-15 Total

Total Miles 534 467 309 745 684 557 427 60 330 77 4,190       

Total Material (yds) 96 64 34 107 133 80 53 14 50 11 641          

Total lbs 246240 164160 85928 274455 339863 205200 135945 35910 128250 28215 1,644,165 

lbs/mile 461.12 352 278 368 497 368 318 599 389 366

lbs / hour 1924 1221 1193 1400 1756 1622 1236 2244 2155 1763

Total Cost 17,924$ 18,796$ 10,797$ 26,915$ 25,082$ 15,398$ 15,716$  2,063$     6,604$  2,316$  141,611$  

$/lb 0.07$    0.11$    0.13$    0.10$    0.07$    0.08$    0.12$      0.06$       0.05$    0.08$    

lb/$ 13.74$  8.73 7.96 10.20 13.55 13.33 8.65 17.41 19.42 12.18

Average Monthly 

Sweeper Recovery

Tymco 500X & 

Elgin Eagle

Jan 2015 - Dec 2015

Average Monthly Miles 419                    

Average Material (yds) 64                      

Average lbs 164,417              

lbs/mile 400                    

lbs / hour 1,652                 

Average Monthly Cost 14,161               

$/lb 0.09                   

lb/$ 13                      
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 Sawmill 2B ECP and Bike Path 

 Tahoe Hills ECP 

  Montgomery Estates 3 ECP 

  Lake Tahoe Blvd ECP/Stream Environment Zone Project 

  Black Bart Avenue, Barbara Avenue, and Martin Avenue 

Overlay Project 

Prior to bidding any County sponsored EIP project, County staff prepares 
a project specific/context sensitive Storm Water Pollution Prevention Plan 
(SWPPP) associated with the project to provide for protection of nearby 
surface water bodies.  One project (Sawmill 2B) in 2015 was over one (1) 
acre and required registration in the Water Board’s SMARTS database 
along with permitted SWPPPs.  All projects constructed by the County had 
SWPPPs that were prepared by a Licensed Qualified SWPPP Developer 
(QSD).  The County currently has four (4) QSDs in its Tahoe office to 
assist with this effort.  Since three (3) of the County Erosion Control 
projects were less than one acre, SWPPPs were not required, however 
the County did prepare them to protect surface waters and conduct 
responsible site management practices.  SWPPPs help mitigate 
mobilization of soil from areas of disturbance near Stream Environment 
Zones (SEZ) and identify pollutant sources that may affect the quality of 
storm water discharges from the project site.  The SWPPP also covers all 
de-watering and diversion activities that may be required within a 
construction project and outlines proper temporary and permanent BMP 
specifications, including installation and maintenance.   
 
SWPPP implementation and compliance is primarily controlled by the 
project construction inspector with specific guidance from the QSD/project 
manager for temporary erosion and sediment control should deficiencies 
be noted.  Additional SWPPP compliance is also monitored by County 
inspectors on a daily basis to ensure the SWPPP and all associated 
permit conditions and mitigation measures are adhered to.  In the event 
that inclement weather is forecast for the region, the County conducts a 
series of steps to ensure nearby surface waters are not threatened by run-
off from construction activity.  These typically include the following:   
  

1.) If a precipitation event is forecast, the QSD/project manager, inspector, 

and regulatory authority are forwarded storm reports.  These help put the 

contractor and inspector on notice and give them lead time to make sure 

all BMPs are in place prior to a precipitation event occurring, as required 

in the SWPPP. 
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2.) The project inspector checks all active construction areas, making sure 

properly installed temporary BMPs are in place.  If deficiencies are noted, 

the inspector notifies the contractor of areas that need to be maintained or 

shored up with increased protection. 

 
3.) The inspector maintains inspection logs that record the amount and type 

of BMPs installed in the project area.  

 
4.) If necessary, the inspector, with assistance from TEU staff, collects storm 

water samples and takes photographs as outlined in the SWPPP.  Any 

violations are sent to TEU staff and the proper regulatory authorities. 

 
5.) Proper corrections are decided upon and are carried out to ensure the 

downstream water body or SEZ is protected and cleaned as necessary to 

ensure proper function. 

In addition to the SWPPP, all projects have a spill prevention plan 
detailing the methods, proper personnel, and entities to call in the event a 
spill should occur.  The plan covers sewage, petroleum, and chemical 
spills that could possibly be generated from activities related to the project 
construction.  
 
In concert with these efforts the County also conducts weekly tailgate 
meetings with all members of the Project Technical Advisory Committee 
(TAC) to discuss progress and constraints associated with construction, 
inspections and monitoring.  These weekly tailgate meetings are used as 
a forum to invite both comments and suggestions regarding design, 
construction and maintenance by the TAC members.   

County personnel provided inspection services for all projects constructed 
during the 2015 construction season and no spills or discharges from the 
project areas occurred.   
 
All inspectors are trained professionals and were onsite during all aspects 
of construction when schedules permitted.  This ensures a well-
constructed project and compliance with all SWPPP and permit 
conditions.  All notes, logs, and inspection forms filled out as part of daily 
operations are kept on file in the County office and are available upon 
request.  An example of the inspector’s Daily log and/or BMP inspection 
log is included in Appendix B.  The inspectors are responsible for making 
sure all construction projects are completed according to design 
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specifications and that all necessary BMPs and protection devices are in 
place prior to any forecasted storm events in order to protect water quality.   
 
Residential and Commercial Inspections 
 
The County’s Development Services (DS) Division managed the private 
sector construction site management program.  For an inventory of active 
construction sites on May 1, 2015 (the start of the grading season), please 
see Appendix J.  The DS Division has developed methodologies to 
inventory and inspect all active construction sites.  At each site visit a 
temporary BMP inspection is performed and the County’s enforcement 
provisions are utilized to issue correction notices and stop work orders if 
necessary.   
 
County staff developed a construction site prioritization process based on 
threats to surface waters.  The County LRP Division developed a high 
medium and low prioritization based on the size of the development and 
its proximity to water.  LRP and DS are still working to outline this 
procedure and are incorporating it into the County’s Land Management 
System now.  The County anticipates that construction sites will be 
prioritized and inspected based on that prioritization for the 2016 
construction season.  
 

D. Commercial, Industrial & Municipal Site Inspection Report 
 

In 2015 the County continued its refinement of methods to inspect all 
commercial, industrial and municipal sites based on a prioritized need.  
The need is based on the property type, potential pollutant sources and 
proximity to surface waters.  This exercise was completed in ArcGIS and 
used best professional judgment.  All high priority sites were inspected in 
2015 as required by the NPDES Permit.  
 
In coordination with the Long Range Planning (LRP) Division, the 
Environmental Management (EM) Division has developed a system to 
track these inspections in a database.  The list of high, medium and low 
priority sites, as determined through a detailed inventory and geographic 
information exercise, are included in Appendix C.  Also included in that list 
are the associated inspection summaries.  This system allows the County 
to effectively inspect all its sites on a frequency deemed appropriate to 
protect water quality.  High priority sites are inspected annually and 
medium and low priority sites are inspected on a less frequent basis in 
order to protect water quality.  
 
All EM Division inspections include a storm water component.  When 
inspecting any site whether it is for food safety or for hazardous materials, 
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the inspector is looking at potential contaminants, sources and issues that 
could affect storm water systems and/or surface waters.  All inspectors 
have been thoroughly trained by qualified LRP NPDES staff to ensure that 
sites are inspected as required and that information is tracked accordingly.  
The LRP Division will also be supplementing inspections as needed to 
ensure that all facilities are inspected and that all sites are in compliance 
with permit conditions.  The inventoried sites and associated data will be 
reviewed annually by LRP Division staff to ensure that water quality is 
protected.   
 
The EM Division has specific codes in its inspection database related to 
NPDES and associated violations.  These include: 

 
o AA22 Sewage and Wastewater Properly Disposed 
o AA42 Garbage and Refuse Properly Disposed; Facilities 

Maintained 
o AA60 Improper oil/Grease Disposal into Parking/Street 
o AA61 Condition of Refuse Containers & Trash Bin Enclosures 
o AA62 Washing Mats/Filter/Trash Bins into Parking or Street Areas 
o AA63 Improper Methods for spill Cleanup/ Hosing Area 
o AA64 Maintenance Records: Lack of/Not Current 

 
The inspectors are routinely trained on specific storm water related 
enforcement actions including illicit discharges, improper disposal of 
materials, wash water discharges to storm water systems, improper 
outdoor grease trap operation and illegal connections.  An example of this 
type of inspection and some code enforcement and follow up is included in 
Appendix F. 

 

E. Traction Abrasive and Deicing Material Report 
 

The County has led the Tahoe Basin in the design of new abrasive 
specifications and requirements for responsible winter management.  The 
County is also the first entity to adopt a very strict turbidity specification for 
its abrasives.  This ensures that the selected aggregate meets water 
quality criteria for fine particles prior to its application to the road.  All 
material is required to meet very strict gradation and water quality 
specifications prior to selection (see specifications below).  The County 
has also written several white papers describing the benefits of the 
material for both public safety and environmental protection - El Dorado 
Department of Transportation (EDOT) 13-01v (Appendix D).  The County 
tracks all traction material application quantities and areas to ensure 
responsible application and recoveries.   

 
General Highlights: 
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 The sanding and de-icer application map was updated to reflect 
current sanding data (See Appendix E).  The revised PLRM Road 
Risk layer also incorporated information from the sanding map and 
strategy.   

 Sanding Logs are kept in the sanding truck to track material 
application amounts and locations.  See Appendix E for an example. 

 For areas where projects are being planned, structures such as DI’s 
and sand traps are calculated based on seasonal loads of abrasives 
distributed on the roadway.  All projects being planned are designed 
to incorporate this standard level of treatment for all sanding areas.   

 Capture type BMPs are being implemented as part of the EIP 
projects that the County constructs.  The County is currently re-
defining project areas to be smaller and more targeted toward the 
highest priority water quality protection areas.  This process will 
continue as the TMDL is implemented. 

 Further work is being done to refine the County’s abrasive 
specification to attempt to reduce the amount of fine sediment being 
applied to County’s roadways.  

 
The County studied multiple materials for winter traction sand 
management and found a certain material called Washoe Sand to be the 
best aggregate in terms of fine sediment particle (FSP) volume and 
nutrients.  The County has been working with Caltrans for several years 
and influenced their research on abrasives and assisted with the 
development of the Particle Analysis of Abrasives Study (Appendix D).  
Through similar analysis the County has created white papers to 
understand and analyze the modification to this practice and its potential 
benefits to water quality as a source control practice (EDOT 13-01, 
Appendix D).   
 
Based on the County’s research, the new abrasive specification contains 
ten times less fine particulates and is denser making it easier to settle out 
in traps and pretreatment devices.  The fine particles associated with the 
Washoe Sand (decomposed granite) are denser particles, thus they settle 
out faster and break down into less fine fractions.  The density and 
hardness of the material indicate it will last longer on the road, break down 
less and be easier to sweep up once conditions permit.    
 
Caltrans conducted a studyvi on many different aggregates for possible 
road abrasives and determined Washoe Sand to be ranked #2 out of the 
twenty-two (22) materials tested for ultrafine particles (Appendix D).  The 
County used twenty (20) yards of Washoe Sand in a subsurface Delaware 
sandfilter and achieved 83-93% load reduction of all particle classes and a 
90% reduction of <20 micron particlesvii (EDOT 08-02).  The media 
functions so well that Caltrans contacted County staff to review this media 
specification for sand filtration treatment.  The end result was Caltrans’ 
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adoption of this new media specification which was based on this Washoe 
Septic Sand aggregate specification designed through collaboration with 
the County. 
 
http://www.dot.ca.gov/hq/oppd/storm1/caltrans_20090729.html.  
 
The County is confident that the modification of material specifications to 
the winter abrasive aggregate will have a notable and measureable benefit 
to water quality.  The County intends to continue to research this in order 
to make sure goals are achieved and load reductions are realized.   
 
The non-pulverized gradation for the selected material can be seen in the 
table below. 
 

 
 

 
 

Particles less than 16um are only .08% of the total fraction.  For particles 
<5um, (the particles causing nearly 97% of the light scattering in Tahoe) 
there is only .03% of the total.  For particles <2um (the particles causing 
92% of the light scattering degrading clarity) there is .01% of the total.  For 
particles <1um (those responsible for 73% of the light scattering) there 
was no detectable levels. The County believes this to be a very big deal 
and one that will have a positive impact on Lake Clarity.  This equates to 

 2/14/2013 Washoe Sand Non - Pulverized

Sieve #

Sieve 

Size

Sieve Size 

(micron)

Mass of 

each 

sieve 

(mm)

Mass of 

each sieve 

+ retained 

soil

Mass of soil 

retained - 

Wn (g)

% on each 

sieve Rn

Cumulative % 

retained % finer

col4-col3 (col5/Wt)*100sum Rn 100-sumRn

4 4.750 4750 525.00 541.5 16.50 2.20 2.20 97.80

8 2.360 2360 480.00 739 259.00 34.56 36.76 63.24

16 1.180 1180 442.50 731 288.50 38.49 75.25 24.75

30 0.600 600 398.00 526.5 128.50 17.14 92.39 7.61

50 0.300 300 286.00 329 43.00 5.74 98.13 1.87

100 0.150 150 274.00 282.5 8.50 1.13 99.27 0.73

200 0.075 75 342.00 345 3.00 0.40 99.67 0.33

50 micron 0.050 50 0.62 0.08 99.75 0.25

20 micron 0.020 20 1.14 0.15 99.90 0.10

16 micron 0.016 16 0.13 0.02 99.92 0.08

10 micron 0.010 10 0.21 0.03 99.95 0.05

5 micron 0.005 5 0.18 0.02 99.97 0.03

2 micron 0.002 2 0.13 0.02 99.99 0.01

1 micron 0.001 1 0.06 0.01 100.00 0.00

<1 micron pan 0.02 0.00 100.00 0.00

Pan 378.50 381 2.50 0.33

Dry Sieve Plus Pan 749.50

mg/kg

NO3-N <.5

NO2-N <.5

TKN 40

TN 40

OP <.5

TP 184

Washoe sand

http://www.dot.ca.gov/hq/oppd/storm1/caltrans_20090729.html
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over a 94% improvement relative to the previously used aggregate for 
particles <16um.   
 
As Required in Section II.D of the NPDES Permit the County reports the 
following new specification for Traction Abrasives: 

 
Winter Traction Sand – Specification 
 
Material shall be clean aggregate, free from clay or organic material. 
Representative samples of the material shall be collected and tested by 
the supplier as it is produced at a frequency of one test for every 250 tons, 
or fraction thereof, of material produced.  Laboratories performing quality 
control testing shall be certified in the State of California or completed by 
or under supervision of the County. 
 
All samples will be taken from delivered stockpiled material in accordance 
with California Test 125 or the County protocol steps below.   

 
The aggregate must meet the following: 

a. Must meet the below grading and durability specifications.   

b. Total moisture content must be low enough so that the sand will not 
freeze in the truck or the sander.   

c. Must not contain frozen lumps larger than one (1) inch in size.   
d. Sand must be suitable for use as a traction abrasive on highways. 
e. Color: sand shall not be the color black or dark gray when material is 

wet or dry. 
f. Quality control test results shall be provided for every 250 tons of 

material produced. 
 
Aggregate gradation must be within the target value limits for the specified 
sieve size shown in the following table: 
 

Aggregate Gradation  (Percentage Passing) 

Sieve Sizes Target Value Limits1 

¼” 100 

No. 8 40-65 

No. 16 15-35 

No. 50 0-5 

No. 200 0-1 
 

If material does not meet specification on first sample, then three samples 
will be analyzed and the average will be used for determination of 
compliance with specifications. 

 
Delivered material will be tested for the following quality control 
requirements: 
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Minimum Quality Control Requirements 

Quality 
Characteristic 

Test Method Minimum 
Sampling and 

Testing frequency 

Values 

Grading California Test 
202 

250 tons, or any 
portion there of 

Target Values 

Moisture Content  250 tons, or any 
portion there of 

5% maximum 

Sand Equivalent California Test 
217 

250 tons, or any 
portion there of 

80 minimum 

Durability fine  California Test 
229 

250 tons, or any 
portion there of 

55 minimum 

Turbidity Hach 2100P, 
Hach 2100Q or 

EPA Method 
180.1 

250 tons, or any 
portion there of 

100 ntu maximum 

 
Pit or delivery samples will be taken by a County Representative to 
determine total moisture content and conformity to gradation specifications 
and turbidity.  Materials not meeting these requirements could be rejected.  
Suppliers are responsible for removal of rejected material.  Rejected 
material will be removed within two (2) days of notification of rejection at 
no additional cost to the County.  Submit all quality control test results to 
the County within two (2) days of taking samples. 
 
Turbidity Specification 
 
The material shall be tested for the turbidity levels produced when 
combined with water and respective results shall be reported.  The 
turbidity analyses shall be conducted by County staff or a state certified 
laboratory in accordance with the following procedures: 
 
The turbidity specification for the County is 100 ntu or less when 
analyzed immediately following the procedure below.  
 
Because fine sediment particles are related well to turbidity, the County 
has developed the following turbidity protocol in order to regulate fine 
particles associated with abrasive stockpiles and usage. 
 
1. Obtain a representative sample of the material to be tested. Stockpile 

sampling of aggregates should be conducted according to the 

procedures in California Test 125 

http://www.dot.ca.gov/hq/esc/ctms/pdf/CT_125Nov2010.pdf or 

following the County developed protocol (a-e) below.    

http://www.dot.ca.gov/hq/esc/ctms/pdf/CT_125Nov2010.pdf
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a. Use a large zip lock plastic bag or clean bucket to store the 

sample. 

b. Take three (3) samples from the stockpile; one (1) sample at the 

top, one (1) sample from the middle section and one (1) sample 

from the lower section.  The lower section should be at a 

minimum three (3) feet from the edge of the stockpile. 

c. Use shovel and dig down approximately one (1) foot in depth 

d. Take sample at approximately one (1) foot depth.     

e. Combine all samples into zip lock or bucket. 

2. Dump contents of zip lock plastic bag or bucket onto a tarp, visqueen 

or similar. 

3. Take three (3) teaspoons of aggregate from the pile.  One at the 

center, middle and edge of the pile.  Measure out 30 grams of 

aggregate.   

4. In a sample container, combine 30 grams aggregate into 1000 ml of 

water. 

5. Swirl the container gently for a few seconds and then soak for two (2) 

minutes.    

6. After soaking, gently invert the container ten (10) times at a rate of 

approx. one (1) inversion per second, to break up material and 

suspend fines.  Do not agitate vigorously or entrain air bubbles in the 

solution.  

7. Allow sample to settle for one (1) minute 

8. Using a pipette, withdraw an adequate volume of solution for the 

turbidity measurement.  Withdraw the sample from the center of the 

container approximately one-inch below the surface. 

9. Obtain the turbidity measurement using a Hach 2100Q or per EPA 

Method 180.1. 

10. If out of specification on first measurement, repeat steps three (3) 

through nine (9) three (3) times and report the average value from the 

three measurements.   

 

Abrasive Quantities 

The County has a tracking and record keeping system in place to quantify 
the total amount of abrasives and deicers applied to the road.  Below is a 
summary of this information. 
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The County applied approximately 191 tons of abrasives, 24 tons of salt 
and 27 tons of salt as brine (26,394 gallons) as roadway abrasives/anti-
icers during winter operations in 14/15.  Materials are ordered on an as-
needed basis with combined stockpiles of approximately 100 yards kept 
on the North and South ends of El Dorado County.  In winter 14/15 
approximately 156 tons of abrasives were applied on the South Shore and 
35 tons were applied on the West Shore in the Tahoe Basin of the County.   

 
During the winter months, the goal of the County’s winter maintenance 
program is to maintain safe and efficient driving conditions on County 
roads in the Lake Tahoe Basin for the citizens of and visitors to the 
County.  To achieve this goal, the County applies traction abrasives to the 
roadway network as part of the County’s winter maintenance program.  As 
a result, these agents are administered to County roads before, during, 
and after adverse weather conditions.   

 
As a partner in the effort to preserve and restore Lake Tahoe, it is the 
County’s goal to mitigate impacts associated with the application of 
traction materials (i.e. re-entrained airborne road dust and discharge to 
storm drain systems and nearby surface waters, etc.) through sediment 
and debris recovery activities.  In order to gauge the effectiveness of these 
recovery efforts, daily sanding logs are maintained by the County 
Maintenance Division.  The logs document the application amount, 
location, and time traction materials are administered, which are then 
correlated to sweeper and vactor truck logs to quantify overall recovery 
success.  The locations identified on the log sheets can then be cross-
referenced with the Snowplow Zone and Sanding Maps to identify areas 
that receive high application rates and will most likely need more intensive 
vactoring and sweeping after storms and during spring and fall BMP 
maintenance.  The County also used this information to aid in the 
development of Road Risk in the PLRM.  In addition to these efforts, the 
County also applies a brine solution to some roads when conditions are 
right, prior to a snow event in order to reduce the need for road sand.   

 
The County has developed a GIS and database to track and monitor these 
activities electronically.  This is conducted by performing a database query 
that identifies specific DI’s and sediment cans that are nearing capacity, 
which is plotted on a map and printed out for utilization by the 
Maintenance Division staff.  This has allowed the County to better 
prioritize maintenance activities and has provided for expedited recovery 
of material applied to County roads.  The graph below shows the total 
abrasives applied to the road based on the County sander log sheets kept 
in the truck.  The total applied was equal to the ordered amount as each 
warehouse has a stockpile of over 100 yards.   
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Source:  El Dorado County Maintenance Operational Logs 

 

Discussion 

Historically, many of the abrasives applied to the road surface were 
imported material from outside the Tahoe Basin that have physical 
properties different from those that Tahoe has assimilated prior to 
anthropogenic influences.  Granite is an intrusive igneous rock that has a 
medium to coarse grained texture.  Intrusive igneous rocks are formed 
from magma that cools and solidifies within the crust of the planet.  
Surrounded by pre-existing rock, the magma cools slowly, and as a result 
these rocks are coarse grained.  Native aggregates such as decomposed 
granite have been present in the Tahoe Basin since lake formation.  
Decomposed granite has natural filtering capabilities, contains coarse 
aggregates, has a higher density and it appears Lake Tahoe has the 
capability to assimilate it.   
 
These may be some of the reasons why Lake Tahoe has such 
extraordinary clarity - this material essentially acts as a natural filter.  
Many applications use decomposed granite for treatment and in some 
areas require decomposed granite in the use of septic systems and sand 
filtration.  County evaluated the use of decomposed granite (Washoe 
Septic Sand, RT Donovan) in a sandfilter system and found the media to 
be highly effective at removing fine particulates from storm water (EDOT 
08-02).  http://www.dot.ca.gov/hq/oppd/storm1/caltrans_20090729.html.  
 
Volcanic cinders on the other hand are extrusive igneous rocks that are 
formed at the crust's surface as a result of the partial melting of rocks 
within the mantle and crust.  Extrusive igneous rocks cool and solidify 
quicker than intrusive igneous rocks. Since the rocks cool very quickly 
they are fine grained.  Altering abrasives application material type is a 

http://www.dot.ca.gov/hq/oppd/storm1/caltrans_20090729.html
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critical component of meeting the TMDL.  Preliminary estimates included 
in the Table below indicate that the total load generated by the County 
could be reduced by greater than 5%.  Based on the analysis of this data 
and the distribution of material in various size classes from this material, 
the data indicates a reduction of a factor of 10 in fine particle aggregates 
<16 micron (table below) by switching from the Volcanic cinders to the 
Washoe Sand.  This equates to an approximate 90% load reduction 
compared to baseline conditions pre 2004 for this aggregate.   
 
Based on our research, the total load reduction equates to between 
24,000-33,000 lbs or 120-165 credits.  Based on a TMDL baseline load 
without connectivity of 439,000 lbs of FSP, the County estimates it is 
possible to achieve a 7% load reduction by just changing the aggregate 
specification alone.  The annualized cost benefit of this modified 
aggregate was calculated to range from $.31-$.42/lb-FSP/year.  Even the 
most optimistic street sweeping annualized unit cost reductions from the 
Placer County TMDL Strategy Report suggest that sweeping may be 
capable of achieving approximately $4.00/lb-FSP/year.   
 
These hypothetical sweeper numbers are based on many assumptions 
and may not represent actual field measurement data in the Tahoe Basin.  
The numbers represented below for the aggregate analysis are based on 
actual aggregate gradations and particle size analysis.  This amount will 
be reduced by changing the specification of the material prior to 
application to the road surface.   

 

 

 

Material Distribution based on 

1000 ton of aggregate used as 

winter abrasive

Non-Pulverized 

Aggregate

Pulverized Light 

(.4 KG Weight)

Pulverized Heavy 

(4 KG weight)

Volcanic Cinders 25559 30731 38815

Washoe Sand (DG) 1636 2021 6281

% Reduction 94% 93% 84%

Total Load Reduction 23923 28710 32534

Credits 120 144 163

EDOT FSP Baseline Load 439000 439000 439000

% of TMDL Baseline Attainment 5% 7% 7%

EDOT FSP First Permit Term 44000 44000 44000

% of TMDL First Permit Term 54% 65% 74%

Increased Cost of New Abrasive 

(1,000 ton annual usage) 10,000$            10,000$              10,000$                

Cost / benefit ($/lb-FSP/year) 0.42$                0.35$                 0.31$                   

<16 micron load (lbs)
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Source control practices prevent material from mobilizing in the first place.  
Sediment control is attempting to recover the material after it has already 
been displaced.  Controlling the aggregate type is a “true” source control 
and sweeping a sediment control.  The source of the material should be 
the primary target in order to achieve load reductions and a secondary 
focus should be on attempting to recover fine particle materials once they 
have been introduced and/or mobilized.  
 
The Tahoe Road RAM is a method to understand the road condition and 
how the road condition relates to washoff water quality.  In future 
research, the County’s goal is to understand how these abrasive changes 
translate to changes in RAM scores and what that means from an event 
mean concentration (EMC) perspective.  It is known that road integrity is a 
critical component to sweeper effectiveness and washoff water quality.  It 
is more effective to sweep a road in good condition then it is to sweep a 
road in bad condition.  Many roads in the County have bad integrity and 
many are spalling and/or alligatored.  These roads may be impossible to 
sweep effectively, hence the need for alternative strategies to achieving 
load reductions.   
 
The County plans to implement the TMDL tools as designed and will 
continue to play a critical role in understanding and quantifying the 
benefits from the modification to these winter maintenance practices.  With 
collaboration and assistance with partner agencies such as Caltrans and 
the City of SLT, the County intends to develop TMDL strategies that both 
make sense and are cost effective. 
 
Brine Use  
 
In addition to being responsible in the application of abrasives and limiting 
fine sediment on the road surface the County also has a detailed and 
progressive anti-icing and ice control program.   The County is currently in 
the process of procuring several state of the art pre-wetting systems that 
mount to our spreaders.  This will enable less sand to be used in the 
aggregate and allow the abrasive to stay on the road longer giving a 
longer lasting effectiveness for traction.    
 
Brine is used as an anti-icing agent to control ice buildup on the road 
surface and reduce the freezing point of the road surface down to 14 
degrees Fahrenheit to prevent ice from forming.   Brine is most effective 
above 14 degrees Fahrenheit and is best used prior to forecast events 
where temperatures are anticipated to be below freezing.  The brine is 
mixed at a ratio of 23.5% salt and 76.5% water.  The brine is premixed 
following strict guidance methodologies in a controlled setting in the 
maintenance yard located on Shakori Drive in South Lake Tahoe, CA.   
The truck used is a 10 wheel dump truck loaded with a 2004 varitech 
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slide-in anti-icing system.  The distribution is done with an electronic 
application controller.  The system has a computer controlled speed 
sensor; flow meter and variable application valve to always ensure a 
steady and consistent flow to the road surface regardless of vehicle 
speed.  The County applies the brine at a recommended 35 gallons per 
lane mile.  The County only brines high use primary roads and high use 
secondary arterials as needed.    
 
The brine is only applied prior to forecast events and is a needed tool in 
the winter maintenance toolbox for preventing ice buildup and limiting 
excessive dry salt usage.  If brine were not used, the normal standard 
requires a dry salt application of 500 lbs salt per lane mile.   The dry salt is 
subject to blow off to the shoulders, does not stay impregnated on the 
road surface very long and its effectiveness is often short lived with 
negative consequences on the environment.  The brine as applied in 
aqueous solution stays on the road surface, does not bounce off the road 
and requires much less salt to achieve a much greater public safety 
benefit.  Table 1 below documents the brine usage for the winter months 
of 2014/2015. The County keeps detailed records of the brine used on all 
County Roads. 

 
Table 1 

 

 
 

 
 
 
 
 
 
 
 
 
 
 

Date Time Street Lane Miles GPM Rate Amount (gal) Operator Salt Applied (lb)

12/17/2014 1600 NUT (50 to LTB) 4.6 35 161 AP 316

NUT (50 to Delaware) 2 35 70 137

LTB (Tahoe Mtn to NUT) 2.6 35 91 178

12/17/2014 1600 LTB (Tahoe Mtn to City) 7.6 35 266 AP 521

SUT (50 to Kekin) 1.5 35 42 82

Sawmill (LTB to 50) 1.85 35 64.75 127

12/24/2014 730 Pioneer (50 to City) 10.4 35 364 TR 713

Black Bart and Barbara 2.5 35 87.5 171

Elks Club (Pioneer to 50) 1.5 35 52.5 103

LTB (NUT to Tahoe Mtn) 7.6 35 266 521

12/31/2014 730 Pioneer (50 to City) 10.4 35 364 BH 713

Black Bart, Martin 2 35 70 137

Barbara 0.05 35 1.75 3

NUT (LTB to 50) 1 35 35 69

LTB (City to Tahoe Mtn) 7.6 35 266 521

12/31/2014 730 LTB (City to NUT) 2.5 35 87.5 BH 171
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Table 1 continued 
 

 
 
As an example to demonstrate the superior use of brine when compared 
to dry salt, the County compared the recommended prior usage of dry salt 
to the currently used brine (Table 2).  By eliminating straight dry salt 
applications from the County winter maintenance program, the County has 
reduced its salt usage by approximately 86%.  This practice not only 
reduces the introduction of chloride to the environment but improves 
public safety through the longer lived benefits that brine offers through 
single applications on the road surface.  Repeated applications are not 
needed with brine.  Once conditions are such that snow buildup is present 
on the road surface, the County then initiates its advanced abrasives 
strategy to improve traction.  The County is the leader in the development 
of both specifications that both improve public safety and benefit the 
environment.    
 

Table 2 

 
 

These estimates are based on a dry salt to brine ratio of 1:1.  By using 
brine, less dry salt is ultimately needed because the brine actually adheres 

Date Street

Lane 

Miles

GPM 

Rate Amount Operator

Salt 

Applied 

(lb)

2/26/2015 Pioneer Trail 20.8 35 728 Zorn 1427

Black Bart/Martin 2 35 70 137

Barbara 0.5 35 17.5 34

LTB (NUT to City) 10.2 35 357 700

NUT (50 to City) 6.6 35 231 453

Sawmill 3.7 35 129.5 254

Elks Club 1.6 35 56 110

SUT (50 to Kekin) 1.2 35 42 82

Dry Application 

lb/mi 500

total miles                      66 

NaCl (lb)               32,850 

NaCl (ton)                   16.4 

Brine 

Application

lb/mi 68

total miles                      66 

NaCl (lb)                 4,486 

NaCl (ton)                     2.2 

Reduction in 

NaCl usage 86%
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to the road surface and stays on the road longer yielding in a longer 
effectiveness when compared to using dry salt alone.  Following this logic, 
the total quantity of salt used is much less and the reduction of salt would 
be much greater than the calculated 86%.       
 
Other Benefits of Using Brine  
The utility of brine is much like the Teflon coating on a pan.  It prevents the 
ice from sticking to the road.  Brine prevents the freezing of the ice layer 
on the road surface itself and makes the removal of snow much more 
efficient as it is more easily brushed off by snow removal equipment, 
which ultimately leads to less equipment time and damage to the road 
surface.  Because the brine stays on the road longer and has long lasting 
benefits, this ultimately leads to less equipment time and the application of 
less sand on the road surface.  Needing less sand means having less 
equipment overall on the road recovering sand after the event occurs, 
ultimately meaning less cleanup after the event and less disturbance to 
the road itself.   Using brine also has long term conservation benefits due 
to the reduction in heavy equipment needed after initial application.    
 
Though small, this will ultimately lead to carbon emissions reductions 
through the burning of less diesel fuel and less damage to snow removal 
equipment.  Again, these are tools the County uses to meet the public 
safety and environmental requirements to protect its citizens and 
resources.   County staff including street maintenance, fleet maintenance 
and engineering are annually refining and adjusting these practices to be 
the most efficient and least impactful possible.  County staff has long term 
practical knowledge and work collaboratively to ensure success of all 
divisions.  The principles of adaptive management are constantly being 
applied and refined to meet the needs of the taxpayers and safety of the 
public.  This ultimately leads to a successful technology based program 
using the greatest local and scientific state of knowledge in the industry 
and a successful overall program based on sound scientific principals and 
practical local working knowledge.   

 
Sand and Salt mix 
The County currently uses a 10:1 ratio of sand to salt.   This means that 
during an average winter if the County uses 1000 tons of sand it will use 
100 tons of salt.   This is done in varying ratios by every local jurisdiction 
to prevent caking and clogging of the dump truck spreaders and ensures 
efficient distribution of the material on the road surface.  As mentioned 
above, the County is in the process of procuring a state of the art pre-
wetting system for all sanding trucks in the Tahoe Basin.  This involves 
using two 100 gallon tanks of brine solution that pre-wet the sand prior to 
placement on the road.  This ensures that sand does not clump or cake 
and helps to ensure the sand can impregnate into the ice and stay on the 
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road surface longer.  This is considered an advanced winter maintenance 
strategy. 
 
Spreaders and Handbook 
The County currently uses Henderson model spreaders.  The County is 
investigating the future purchase of Epoke or similar spreaders which 
more efficiently spread sand at preprogrammed rates using automated 
technology.  Once the County makes this transition, it will have one of the 
most sophisticated and high technology winter maintenance operations 
possible.   The County is currently also formulating a winter maintenance 
handbook to assist with programming and staff training.  This will help 
convey to the public and regulatory agencies the standards by which the 
County operates for winter road maintenance.   

 
Conclusion 
Having a program that is both transparent and responsible will help limit 
uncertainties and misconceptions of the general public.  The County is 
doing all that it can to blend public safety and water quality protection, 
including conducting maintenance staff training on an annual basis. 
 
Between the source control quality assurances, the technology updates to 
equipment and the advanced anti-icing methods being employed, the 
County is moving forward in a responsible fashion that truly blends public 
safety and water quality protection.   This has taken years of research and 
trial and error; and the County believes that the interests of the local 
taxpayer, touring public and local ecology are in mind when making 
decisions regarding these practices.  This will undoubtedly have both 
positive impacts to the safety of the public and the famed clarity of Lake 
Tahoe.    

 

F. Storm Water Monitoring Report 
 

See Appendix G for the Storm Water Monitoring Report submitted to all 
Tahoe Basin implementation agencies by the Tahoe Resource 
Conservation District and done in coordination with the Implementers 
Monitoring Program (IMP).  This multi-agency effort is a model for the 
future of Bi-State TMDL collaboration with support from all basin wide 
jurisdictions to meet regulatory requirements in the protection of Lake 
Tahoe. 
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G. Illicit Discharge Report 
 

Illicit Discharge Detection and Elimination 
 
a.)  The County inspected all storm water conveyance, collection and 

treatment systems in 2015.  Site visits included visual observations of 
the potential for illegal connections, illegal discharges and non-storm 
water discharges.  When inspections found violations, the County 
notified the property owners and took precautions to ensure the 
protection of water quality.  All inspectors in planning, engineering, 
maintenance and environmental management are trained to recognize 
illicit discharges and non-storm water discharges.  An example of an 
inspection with associated illicit discharges is included in Appendix F. 
 

b.) The County initiated a detailed tracking and recording system for 
logging information/enforcement/follow-up regarding Illicit Discharge 
Detection and Elimination (IDDE) in 2014.  The County was successful 
in incorporating several inspection fields into the EM Division’s 
inspection program.  Several NPDES related violation codes (noted 
above) are now available for specifically inspecting a site regarding 
storm water and conveyance systems.  The EM Division is trained 
annually on the process of identifying, recording and tracking illicit 
discharges located within the County limits.  In the event that a 
violation occurs, a storm water coordinator is contacted, the site is 
evaluated and precautionary measures are taken.  Most violations will 
result in the form of non-storm water discharges, however all 
inspectors are trained to look for signs of any illicit discharge or illegal 
connection. 

 
c.) The County possesses the legal authority to implement the NPDES 

Permit and will enforce the Code to the full extent of the law when 
violations go uncorrected.  The County was very successful in 
identifying several violations of chronic discharge of sediment to the 
County right of way and Lake Tahoe.  Sites where chronic discharges 
occur or where discharges directly harm or have potential to harm 
water quality, biologically sensitive areas or infrastructure, the County 
took precautions and enforced its ordinances.  Several 
correspondences were sent to homeowners requesting the retrofit 
and/or cease and desist of storm water discharges.  From these 
correspondences, all property owners either retrofitted and/or fixed the 
problem.  The County used internal resources to find, inspect and 
correspond with said owners in order to determine solutions and 
protect water quality.  An example of a successful use of County 
authority to improve water quality is included in Appendix F. 
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d.) The County created a storm water hotline that is advertised on its 
Facebook and Web pages and will be incorporated into all storm water 
outreach pamphlets.  Several concerned citizens called the hotline 
regarding different issues.  Every call was thoroughly investigated and 
responded to.  One example is a call the County received on brine 
applications and its impact on water quality.  The County investigated 
the complaint and determined that it was part of normal winter 
operations, did not warrant further investigation and notified the citizen.  
The use of brine as a winter ice control agent will however continue to 
be tracked and recorded to ensure responsible usage.   

 
This next year the County intends to continue more intensive 
advertising of the storm water hotline in all public outreach tools and 
venues.  The County Storm water hotline phone number is (530) 573-
7906.  The hotline is manned during business hours; however the 
public can leave a message 24 hours a day to relay information.  All 
calls are routed to the responsible divisional staff for enforcement, 
cleanup and follow up.  A chain of command is in place that allows for 
discharges to be handled by the respective agencies and followed up 
on as needed.  The County storm water coordinator is responsible for 
coordination, cleanup, follow-up and reporting.   
 

e.) Spill report – The County EM Division tracks all spills that occur in the 
South Lake Tahoe Vicinity including follow up and enforcement.  See 
Appendix F. 

 
Dry Weather Monitoring 
 
The County continuously conducts dry weather inspections and is 
continually refining its dry weather monitoring program with the EM and 
Maintenance Divisions.  County inspectors frequently visit all portions of 
the County and report and take action on all suspicious discharge-related 
activity/discharges.  Several dry weather discharges were reported this 
past summer and actions were taken to notify proper entities.  A tracking 
system is developed that records all discharges and creates a hierarchy 
for information dispatched to the proper entities.  This is accomplished by 
utilizing Engineering, Planning and Maintenance Division personnel; by 
following tips generated by the newly developed hotline; and by using 
permanent and seasonal staff.   
 
Stormwater System Inspection Logbooks are located in County vehicles to 
track and record information.  This streamlines the efficient logging of 
information and the reporting of this information to the correct divisions for 
enforcement.   All suspect activities including those that have the potential 
to create discharges were immediately handled.  Many construction sites 
storing material in the County ROW were notified and corrected, as were 
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contractors with untidy sites tracking material into the County ROW.  This 
system not only informs immediate enforcement / response, but creates a 
mechanism to log and track information for reporting and follow-up action 
if needed.  All sites needing attention within the Tahoe Basin portion of the 
County were addressed for the 2015 calendar year with very good 
compliance from the respective individuals and contractors.    
 
This year, no major discharges were noted that resulted in any significant 
threat to water quality.  The majority of the detections were in areas where 
leaky water mains ruptured, minor sewage spills occurred, or where 
construction areas discharged water into the local storm drain.  These are 
documented in the attached EM and Maintenance Division reports.  
 

 

H. Education Component Report 
 

The County continues to educate the public with regard to storm water 
using literature broadcasted through various Divisions’ main offices.  The 
County updated its Storm Water Management Program Website this year 
which can be viewed at:  
 
http://www.edcgov.us/Government/LongRangePlanning/StormWaterManag
ement/Storm_Water_Pollution_Prevention.aspx 
  
The EM and DS Divisions have pamphlets that educate the public on illicit 
spills, discharges, construction related BMPs and actions to take when 
problems arise.  Disposal of hazardous waste is also highly incentivized 
through the County program and has an excellent track record of public 
participation and disposal.  A supplemental hazardous material report and 
public outreach general observations are included in Appendix F.   
 
County planning/engineering staff has developed a training protocol and 
mechanism by which Registered Environmental Health Specialists (REHS) 
look for storm water related issues while conducting site inspections for 
public safety and health.  These include ensuring all potential contaminants 
on a site are stabilized and contained to prevent them from mobilizing to 
the County storm drain system.  Site condition will also be assessed and 
reported.  The DS Division also has pamphlets on the County’s Storm 
Water Management Program that contain information on actions individuals 
can take to prevent discharges to storm water.   
 
The DS Division also works with the Tahoe Resource Conservation District 
(TRCD) by handing out flyers on residential BMP implementation and 
contact information for site evaluations.  The DS Division also conducts 
regular inspections of all active construction sites for temporary BMP 

http://www.edcgov.us/Government/LongRangePlanning/StormWaterManagement/Storm_Water_Pollution_Prevention.aspx
http://www.edcgov.us/Government/LongRangePlanning/StormWaterManagement/Storm_Water_Pollution_Prevention.aspx
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compliance and proper site stabilization during construction.  At each visit, 
the inspector utilizes a checklist that ranks the site for both permanent and 
temporary BMPs and ranks the project for compliance with local 
regulations and conditions.  Corrective actions are taken on a site by site 
basis with priorities given to those with direct connectivity to surface 
waters.  
 
The following summarizes Education and Outreach activities conducted by 
County staff during 2015.  
 

 The County meets periodically with South Tahoe High School (High 
School) science classes to discuss local issues and inform the 
students of watershed management and storm water.  The County was 
involved in the design of a hydrologic simulator for the High School 
science class and is now working on the development of a curriculum 
with local non-profit groups to educate the students on developed sites 
and their impact on water quality.  All activities are coordinated and 
organized to inform and educate the students to begin dialogue and 
education that hopefully is brought home and discussed with their 
parents.   
 
The County organized a field trip for an entire day with the High School 
AP Environmental Science class.  The league to Save Lake Tahoe and 
the City of South Lake Tahoe also participated in this event.  Several 
water quality improvement projects, erosion control, Stream 
Environment Zone and stream restoration projects were visited.  A stop 
was made at the County Maintenance Yard where the students had 
the opportunity to interact with Maintenance personnel.  Winter 
operations were discussed as well as brine and abrasive use and its 
impact on Tahoe’s clarity.  The students had an opportunity to get their 
hands on a sweeper and a Vactor truck and ask questions.  A quiz was 
given to the students both before and after the field trip to gauge the 
education they received.  The outcome was very impressive as most of 
the students had a measurable improvement post field tour.  Pictures 
of this event as well as an itinerary and information are included in 
Appendix K. 

 

 The County routinely holds public meetings for all erosion control 
projects in development.  In this regard, the public is informed on the 
importance of storm water management and treatment with information 
distributed on the residential BMP Program and coordination that is 
necessary for the program’s success.  A representative from the TRCD 
is on hand to answer questions on residential BMP design/guidance 
with free site evaluations given to residents within the project’s 
boundaries.  Literature is sent out frequently during the design process 
that stresses the importance of the BMP Program and the steps 
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needed for local compliance with local rules and regulations. 
 

 County staff has also been and will continue to be involved in various 
community outreach activities such as the League to Save Lake Tahoe 
Pipe Keeper Program and BMP training.  These activities are meant to 
generate public involvement and interest in protecting water quality 
and identifying/improving the environment through responsible 
community participation/engagement.  The County again presented at 
the League to Save Lake Tahoe Pipe Keeper forum.  This forum 
consisted of many engaged public citizens and representatives of 
public agencies.  Many local community members were present to 
listen to presentations from scientific, nonprofit and implementing 
agencies.  The presentation and agenda for this is included in 
Appendix K. 

 

 The County hosted storm drain marking events within subdivisions to 
engage the public and inform and educate regarding water quality and 
surface water protection.  This was conducted through the League to 
Save Lake Tahoe and the SOS youth outreach program.   

 

 County staff chairs meetings including the Stormwater Quality 
Improvement Committee (SWQIC), Implementer Monitoring Program 
(IMP) and Operations and Maintenance (O&M) to coordinate science 
related activities and present the most up to date research to agency 
staff, research professionals, consultants, and the public. 

 

 The County continued the implementation of its storm water hotline 
enabling the public to report storm water related activities and issues.  
The hotline number is (530) 573-7906.  The County is advertising this 
hotline number on all of its storm water related program materials and 
social media. 

 

 The County implemented a County storm water Facebook page 
https://www.facebook.com/EDCStormwater.   To date, the County has 
generated 135 friends.  Information is distributed to the public in an 
attempt to educate, inform and update the public with regard to storm 
water related activities within the County.   

 

 The County trains the Maintenance, EM and DS Divisions regarding 
BMPs and the County NPDES and Storm Water Management 
Program.  Stormwater Division staff along with other certified staff 
educates internal staff and responsible Divisions on what to look for 
during “inspections” as they relate to each Division.  The training is 
then completed with a field tour to individual project sites for on the 
ground training using exemplary and substandard sites.  The sign in 
sheets, agendas and PowerPoint presentations are provided in 

https://www.facebook.com/EDCStormwater
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Appendix H. 
 

I. Fiscal Analysis Report 
 

Though not an outlined requirement of the NPDES Annual Report in the 
MRP, the County presents fiscal analysis information relative to the 
NPDES and Tahoe Basin Water Quality Program.  The information and 
budget for the County’s LRP, Tahoe Transportation and Maintenance 
Divisions are presented in Appendix I. 
 
The County has continued to commit the required financial resources from 
its General Fund and Road Fund in order to manage the Storm Water 
Program and perform the required field maintenance activities.  Details on 
this can be seen in Appendix I.  The County has also been successful at 
obtaining federal, state and local grants to construct large scale water 
quality improvement projects aimed at reducing pollutant loads from the 
County’s rights of way.  
 
The County is also participating in a long term funding strategy with our 
California Basin Partners called Road to Blue.  The Water Board is also 
part of this effort, which is currently being led by the TRCD.  A Request for 
Proposals (RFP) was released in early 2015 and a consultant team was 
hired.  To date, Phase 1 of the Project has been completed and a scope of 
work has been drafted for Phase 2, which will include conducting 
extensive citizen polling.  The group is currently partnering with other 
similar disciplines in order to generate sufficient funds to proceed with 
Phase 2. The County is hopeful that favorable results will come from the 
polling that could lead to the County partnering to conduct a special ballot 
to generate local dedicated long term funding for the County’s Storm 
Water Management Program.  More detail on this study will be included in 
the next year’s Annual Report. 

 
See the response letter from the California Local Jurisdictions to the Water 
Board in Appendix I, which includes a tentative schedule for the study.  
 

 

3.0 Conclusions & Next Steps 
This Annual Report demonstrates the County’s commitment to protecting water 
quality and developing efficient and cost effective means for meeting NPDES 
Permit conditions and requirements.  The County strives for excellence in its 
SWMP to formulate plans and programs that protect the public and benefit the 
local tax payers.  The County has been very active in getting all supporting 
staff/programs to participate and help make the transition between workloads as 
integrated and seamless as possible for collaborative implementation.  There are 
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several improvements currently being made to support all Divisions with their 
respective roles in this important effort.   
 
This year 2016 will be challenging in order to begin to meet the requirements of 
the Lake Clarity program, LCCP and CAP of the TMDL.  The County is 
committed to meeting these requirements and will make every stride necessary 
to meet continued timelines for compliance with requirements and permit 
conditions.  This will require a team effort from all NPDES and support staff in 
order to be successful in meeting program goals and objectives.   
 
The County continually uses the premise of adaptive management to streamline, 
coordinate and implement all aspects of the SWMP.  Though the SWMP is 
adopted, the implementation of it is truly a living document that is perpetually 
improved and refined to meet the needs of the NPDES Permit.  The County is an 
active partner and key participant in the TMDL and LCCP efforts and considers 
itself a leader in the development of cost effective solutions to improve 
programmatic goals.  The County is committed to meeting all the conditions of 
the NPDES Permit and requirements of the Clean Water Act and looks forward to 
continuing to work with Lahontan staff on the implementation of its program. 
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LIST OF ACRONYMS 

AC   Autosampler Composite Sample 
BMP   Best Management Practice 
Caltrans  California Department of Transportation 
CEC   Characteristic Effluent Concentration 
cf   cubic feet 
cfs   cubic feet per second 
CI   Contech MFS Inflow 
CICU   Commercial, Industrial, Communications, Utilities  
CMP   Corrugated Metal Pipe 
CPP   Corrugated Plastic Pipe 
CO   Contech MFS Outflow 
CPC   Characteristic Pollutant Concentration 
EMC   Event Mean Concentration 
FB   Field Blank 
FF   First Flush Sample 
FSP   Fine Sediment Particles 
GS   Grab Sample 
IMP   Implementers’ Monitoring Program 
IV   Incline Village  
JI   Jellyfish Inflow 
JO   Jellyfish Outflow 
Lahontan  Lahontan Regional Water Quality Control Board 
MS   Manual Sample 
NDEP   Nevada Division of Environmental Protection 
NDOT   Nevada Department of Transportation 
NPDES    National Pollutant Discharge Elimination System 
NRCS   National Resource Conservation Service 
PD   Pasadena 
PI   Pasadena Inflow 
PO    Pasadena Outflow 
PLRM   Pollutant Load Reduction Model 
PSD   Particle Size Distribution 
QAPP   Quality Assurance Project Plan 
QAQC   Quality Assurance, Quality Control 
RI   Rubicon Inflow 
RO   Rubicon Outflow 
ROW   Right-of-Way 
RSWMP   Regional Storm Water Monitoring Program 
RCD   Resource Conservation District 
RTD   Rapid Transfer Device 
RU   Rubicon 
SAP   Sampling and Analysis Protocol 
SB   Speedboat 
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S5   SR431 Catchment Outfall 
SR   SR431 
TA   Tahoma 
TKN   Total Kjeldahl Nitrogen 
TN   Total Nitrogen 
TP   Total Phosphorus 
TSS   Total Suspended Solids 
TV   Tahoe Valley 
USDA   United States Department of Agriculture 
UT   Upper Truckee 
WY    Water Year 
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1 MONITORING PURPOSE 

The Implementers’ Monitoring Program (IMP) was developed by the California and Nevada implementing 
jurisdictions to collectively fulfill California National Pollutant Discharge Elimination System (NPDES) Permit 
requirements and Nevada Interlocal Agreement commitments. Partnership development was inspired by 
permit language that encouraged jurisdictions to comply collaboratively with regulatory requirements to 
promote cost savings through economies of scale. IMP is a partnership between the Tahoe Resource 
Conservation District (Tahoe RCD), El Dorado County, Placer County, the City of South Lake Tahoe, the 
California Department of Transportation (Caltrans), Douglas County, Washoe County, the Nevada Tahoe 
Conservation District, and the Nevada Department of Transportation (NDOT). Regulations require that 
California and Nevada jurisdictions in the Lake Tahoe Basin take measures to decrease pollutant loading 
from stormwater runoff in urbanized areas by implementing pollutant controls to decrease fine sediment 
particles (FSP, particles less than 16 microns) and nutrient inputs to Lake Tahoe. Collectively, jurisdictions 
are required to monitor select urban catchment outfalls at a minimum of four sites and Best Management 
Practices (BMPs) at a minimum of two sites for flow volumes and pollutant loads. Samples must be taken 
during a minimum of one event per season. Monitoring provides empirical data that will be used to (1) assess 
nutrient and sediment loading at chosen catchments (2) evaluate BMP effectiveness at chosen BMPs, and (3) 
refine Characteristic Effluent Concentrations (CECS) used by the Pollutant Load Reduction Model (PLRM) to 
calculate load reductions from chosen treatment BMPs. PLRM is the standard tool developed specifically for 
the Tahoe Basin to calculate pollutant loads and load reductions from water quality improvement projects. 
 
Though this report is intended to fulfill regulatory requirements, the IMP represents a historic first step 
toward implementing a comprehensive Regional Stormwater Monitoring Program (RSWMP) for the Tahoe 
Basin. All data has been collected in a manner consistent with RSWMP monitoring protocols designed to 
provide consistent data collection, management, analysis, and reporting approaches so that results can 
easily align with RSWMP objectives (Tahoe RCD et al 2015).  Data collected for permit and agreement 
compliance initiate efforts to satisfy RSWMP’s primary objective of establishing sites around the Basin for 
long-term stormwater monitoring and RSWMP’s secondary objective of refining CECs for the PLRM. Long-
term data will be useful in identifying status and trends in the watershed and verifying PLRM estimates.   
 

2 STUDY DESIGN 

During water year 2014 (WY14) five catchments (monitoring sites) were monitored for continuous flow and 
sampled for water quality at eleven monitoring stations: the outfalls of the five selected catchments, and 
the inflows to and outflows from selected BMPs located within three of those catchments. Three additional 
catchment outfalls were monitored in water year 2015 (WY15). This monitoring program exceeds the 
minimum regulatory requirement of four monitored catchments and two monitored BMPs. The catchments 
were chosen because of their direct hydrologic connectivity to Lake Tahoe, diversity of urban land uses, 
range of sizes, and a reasonably equitable distribution among the participating jurisdictions. BMP 
effectiveness sites were selected because of their potential efficacy in treating storm water runoff 
characteristic of the Lake Tahoe basin, the broad interest in, and lack of conclusive data regarding the 
efficiency of the selected BMPs in reducing runoff volumes and pollutant loads, especially FSP, and the 
importance of determining maintenance intervals required to retain effectiveness.  See Figure 1 for 
monitoring site locations.  
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Figure 1: Stormwater monitoring sites. Incline Village (IV), Pasadena (PD), Rubicon (RU), SR431 (S5), and Tahoma (TA) 
were monitored WY14 and WY15. Speedboat (SB), Tahoe Valley (TV), and Upper Truckee (UT) were monitored WY15 
only. 
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Table 1 summarizes the selected catchments and their corresponding designation as a catchment outfall 
monitoring site and/or BMP effectiveness monitoring site.  Also included are the number of monitoring 
stations in the catchment, jurisdiction, total catchment area, percent impervious area, and dominant land 
uses in each catchment.  

Table 1: Monitoring site specifics.  Dominant urban land use is highlighted in dark pink, second most dominant in 
medium pink, and third most dominant in light pink.  The vegetated class was not considered in this ranking. SR431 has 
two checkmarks under BMP because there are two different treatment vaults at this site. 

 
 

2.1 INCLINE VILLAGE SITE DESCRIPTION 

The Incline Village monitoring site is located on the western edge of the parking lot of Incline Beach Park 
near the end of Village Blvd on the south side of Lakeshore Blvd in Incline Village, Nevada.  It is monitored 
as a catchment outfall at one monitoring station (IV).  At 83.6 acres, this is the second largest catchment 
monitored and it includes runoff from Washoe County and NDOT jurisdictions. The catchment drains a 
relatively steep, highly urbanized area of Incline Village with dominant urban land-uses consisting of 
moderate to high density residential, commercial, and primary roads.  Forty-six percent of the area is 
impervious and there is a lack of any intervening natural dispersion and infiltration areas due to steep slopes 
and high density development. Runoff discharges directly to the lake via a 30-inch corrugated metal pipe 
(CMP) that daylights into a rock-lined ditch before entering Lake Tahoe.  The monitoring station was 
originally located on the rock-lined ditch.  
 
On June 11, 2015 the monitoring station was removed from the rock-lined ditch because the flume installed 
in the ditch constricted very large flows and caused considerable channel erosion during a large 
thunderstorm in the summer of 2014. The channel was repaired and on July 7, 2015 and monitoring 
equipment was reinstalled at the end of the 30” CMP. Flow and turbidity sensors and the sample intake tube 
were mounted directly to the bottom of the CMP without a flume to ensure that large flows could pass 
unimpeded.  

Single 

Family 

Residential

Multi-

Family 

Residential CICU*

Primary 

Roads

Secondary 

Roads Vegetated

Incline Village (IV) √ 1 Washoe 83.6 45% 3% 29% 45% 11% 6% 6%

Pasadena (PD) √ √ 2 CSLT 79.1 34% 52% 12% 10% 0% 21% 6%

Rubicon (RU) √ √ 2 El Dorado 13.8 20% 78% 0% 0% 0% 16% 6%

SR431 (SR) √ √√ 5 NDOT 1.35 96% 0% 0% 0% 100% 0% 0%

Tahoma (TA) √ 1
El Dorado, 

Placer, Caltrans
49.5 25% 44% 4% 11% 4% 20% 17%

Speedboat (SB) √ 1 Placer, Caltrans 29.0 27% 48% 4% 9% 5% 14% 20%

Tahoe Valley (TV) √ 1 CSLT 321.3 33% 22% 12% 22% 2% 13% 29%

Upper Truckee (UT) √ 1 CSLT, Caltrans 10.5 66% 14% 7% 39% 19% 15% 6%

*Commercial, Industrial, Communications, Utilities

Landuse

Site Name Outfall BMP

# 

Monitoring 

Stations Jurisdiction

Total 

Acres

Impervious 

Area
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As part of the Central Incline Village Phase II Water Quality Improvement Project constructed during the 
summer of 2015, substantial improvements were made in the catchment upstream of the monitoring site. 
New infiltration features that reduce flows to the existing 30” CMP prior to reaching the monitoring site 
include: (1) a series of three  upstream infiltration basins that are designed to remove 1.8 cfs, (2) two small 
roadside infiltration pools,  and (3) 450 linear feet of roadside infiltration channel that intercepts upstream 
roadway runoff.  A Jellyfish treatment vault similar to the one installed at SR431 (see section 2.4) was also 
installed downstream of the new infiltration features and immediately upstream of the monitoring site. 
Calculations used to size the new vault were based on field values and anticipated clogging over time. 
Calculations indicated the Jellyfish would receive low flows during average annual events even after the 
new increased upstream infiltration capacity was accounted for. However, the upstream improvements have 
been exceptionally successful and as of July 2015 this site has experienced only minimal flows that have 
been insufficient for sampling. Over time the infiltration features will fill with sediment and infiltration 
rates will decrease. When this occurs actual infiltration rates will better match calculated infiltration rates 
and low flows are expected to exit the Jellyfish and pass through the 30” CMP. 
 

2.2 PASADENA SITE DESCRIPTION 

The Pasadena monitoring site is located at the northernmost end of Pasadena Avenue in the City of South 
Lake Tahoe.  It is monitored as a catchment outfall and BMP effectiveness site.  A 36-inch outfall CMP 
emerging from the side of the steep slope at the end of Pasadena Avenue conveys runoff directly to Lake 
Tahoe.  The pipe is the terminus of a 78.9 acre catchment designated the “G12” urban planning catchment 
by the City of South Lake Tahoe.  The dominant land uses are moderate density single and multi-family 
residential and secondary roads.  Thirty-nine percent of the catchment is impervious.  In addition to the 
upstream permeable and porous road shoulders and perforated storm drain pipes, a pre-treatment 
Vortechnics storm vault and two Contech Stormfilter vaults were installed in parallet at the end of the 
catchment before discharge to the lake through the 36-inch CMP.  Prior to WY14 monitoring, one of the 
Contech Stormfilters was not receiving any flow due to a missing orifice plate and the filter cartridges were 
therefore clean. The cartridges in the other Contech Stormfilter were replaced at the same time the missing 
orifice plate was installed (September 30, 2013). Thus, both Contech Stormfilters had clean cartridge filters 
prior to the start of this study. Pasadena Inflow (PI) is a monitoring station located at the inflow to the pre-
treatment Vortechnics vault and two Stormfilter vaults (below the in-situ infiltration BMPs), and Pasadena 
Outflow (PO) is located in the 36-inch outfall CMP, the outflow from the pre-treatment vault and two 
Stormfilter vaults.  
 

2.3 RUBICON SITE DESCRIPTION 

The Rubicon monitoring site is located on Rubicon Drive in the Rubicon Estates subdivision on the west shore 
of Lake Tahoe. At 13.8 acres, Rubicon is the third smallest monitored catchment and is characterized by low 
density single-family residential properties and relatively gentle slope near lake level.  Most of the roadways 
have unimproved shoulders, but a few steeper sections are bordered by asphalt dikes. Twenty-four percent 
of the catchment is impervious.  The Rubicon V Erosion Control Project in 2010 (EIP#713.3) installed two 
sets of parallel Stormtech stormwater retention chambers at the lowest point in the catchment to control 
neighborhood flooding and reduce stormwater runoff volumes prior to discharge into Lake Tahoe.  The 
Rubicon site is monitored as a catchment outfall and a BMP effectiveness project at two monitoring stations, 
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Rubicon Inflow (RI) and Rubicon Outflow (RO). RI is located at the inflow to the Stormtech chambers and RO 
is located at the outflow from the Stormtech chambers and is also considered the catchment outfall. 
 

2.4 SR431 SITE DESCRIPTION 

The SR431 monitoring site is located on State Route 431 in Washoe County above Incline Village, Nevada.  
The 1.35 acre catchment encompasses NDOT right-of-way (ROW) of which approximately 96% is impervious.  
This is the smallest catchment monitored and outfall discharges directly into a perennial stream called Deer 
Creek which connects with Third Creek and discharges into Lake Tahoe, giving this site the distinction of 
being directly connected to the lake despite being 2.5 miles away. SR431 is monitored as a catchment 
outfall site and for evaluating and comparing the effectiveness of two adjacent stormwater treatment 
vaults, the Contech MFS and the Jellyfish, containing different cartridge filters. There are five monitoring 
stations at SR431; the inflow and outflow to the Contech MFS vault (CI, CO), the inflow and outflow to the 
Jellyfish vault (JI, JO), and the outflow from the catchment (S5). S5 captures flow that bypasses the 
treatment vaults. Though located in a rural area with moderate highway traffic density, SR431 is the only 
site that isolates runoff from primary roads and can therefore be used to characterize runoff from one land-
use type. In addition, SR431 is the only site currently available where a true side-by-side comparison of 
stormwater cartridge filter types can be performed.   
 

2.5 TAHOMA SITE DESCRIPTION 

Tahoma is monitored as a catchment outfall at one monitoring station (TA).  The 49.5 acre catchment 
straddles the Placer County/El Dorado County border and comingles waters from both jurisdictions, plus 
waters from the Caltrans maintained Highway 89. The land-uses in this catchment are primarily moderate 
density residential and secondary roads in the Tahoe Cedars subdivision, but also include some 
commercial/industrial/communications/utilities (CICU) and primary roads.  Twenty-eight percent of the 
catchment area is impervious. The runoff from this catchment discharges directly into Lake Tahoe via a 36-
inch oval “squashed” CMP at the bottom of the Water’s Edge North condominium complex driveway without 
infiltration or treatment.  Because of the high direct connectivity between the catchment and Lake Tahoe, 
this storm drain system has great potential to deliver high FSP loads to the lake. 
 
A water quality improvement project completed in the fall of 2014 installed nine sediment traps to slow 
flow rates and capture coarse sediment, one new drop inlet to more effectively capture and route flow, and 
more than 80 feet of perforated infiltration pipe to decrease runoff volumes to the catchment outflow.   
 

2.6 SPEEDBOAT SITE DESCRIPTION 

The Speedboat monitoring site is located midway along the western side of Speedboat Avenue just south of 
Dip Street in Kings Beach, California.  The 29.0 acre catchment is monitored as a catchment outfall at a 
single monitoring station (SB). It receives co-mingled runoff from Placer County and Caltrans jurisdictions 
delivered by a 12 inch CMP. The catchment is comprised of twenty-seven percent impervious surfaces and 
drains a steep area that is characterized predominately by single family residences, vegetation, and 
secondary roads.  After passing through an H-flume at the monitoring station, runoff from the catchment 
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drains untreated through a series of CMPs along a pedestrian footpath at the intersection of Lake Street and 
Harbor Avenue directly to Lake Tahoe.   
 
This site was monitored from 2003 to 2012 by the University of California, Davis, Tahoe Environmental 
Research Center (UCD TERC) and the Desert Research Institute (DRI). Data collected from this site was 
included in the initial Total Maximum Daily Load (TMDL) study that ultimately populated the PLRM used to 
estimate pollutant loading from urban catchments.  
 

2.7 TAHOE VALLEY SITE DESCRIPTION 

The Tahoe Valley monitoring site is located on the eastern side of Tahoe Keys Boulevard just south of the 
intersection with Sky Meadows Court in South Lake Tahoe, California near the entrance to the Sky Meadows 
Condominium Complex. With an area of 321.3 acres, this is the largest catchment monitored. It is a 
relatively flat, highly urbanized catchment consisting primarily of CICU, single family residences, secondary 
roads, and vegetation. Thirty-three percent of the catchment is impervious. This site is monitored as a 
catchment outfall at a single monitoring site (TV). Runoff to the site is delivered by a 36 inch “squashed” 
CMP from the City of South Lake Tahoe jurisdiction. After passing by the TV monitoring station, runoff is 
conveyed through a vegetated swale along the northwest edge of the Sky Meadows Condominium Complex 
directly to the Upper Truckee River and eventually to Lake Tahoe. 
 
Many water quality improvement projects have been implemented in this catchment in the last 25+ years. 
The existing Helen Basin and almost 3,200 linear feet of vegetated swales were built as part of the Tahoe 
Valley Erosion Control Project (ECP) in 1989 to increase stormwater infiltration upstream of the current 
monitoring site. This area was maintained under a contract with the California Conservation Corps in 2014 
and included removing sediment that was blocking pipes, excess vegetation in the basin and swales, drug 
paraphernalia, empty liquor bottles, and human waste. Additionally, Caltrans completed the $12 Million US 
Highway 50 water quality improvement project in 2012 which included curb, gutter, rock-lined swales, 
infiltration chambers and basins along highways 50 and 89 to address highway runoff in the catchment. 
Lastly, to ensure high infiltration rates, the City of South Lake Tahoe removed accumulated sediment, 
excess vegetation, and trash in the Caltrans swales upstream of Tahoe Keys Boulevard near Council Rock 
Road and behind the storage units on Eloise in May and June of 2015, also under a contract with the 
California Conservation Corps. Nearby homeless camps littered with trash, human waste, empty liquor 
bottles, and used needles were also removed.  
 

2.8 UPPER TRUCKEE SITE DESCRIPTION 

The Upper Truckee monitoring site is located on the eastern bank of the Upper Truckee River at the 
intersection of Highway 50 and River Drive a short distance upstream of the bridge on Highway 50 that 
crosses the Upper Truckee River in the City of South Lake Tahoe, California. The 10.5 acre catchment drains 
a highly urbanized area which is primarily composed of CICU, primary and secondary roads, and single family 
residences. This is the second smallest catchment monitored, but with a high percentage of impervious 
coverage (66%) it receives relatively high volumes of co-mingled runoff from the City of South Lake Tahoe 
and Caltrans jurisdictions through an 18 inch Corrugated Plastic Pipe (CPP).  The site is monitored as a 
catchment outfall site at a single location (UT). Improvements are planned by the City of South Lake Tahoe 
and Caltrans for the summer of 2016 in this catchment, and there will be an opportunity to assess the 
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effectiveness of these improvements with the pre- and post-implementation data. After exiting the CPP, 
runoff is discharged to an 80 inch x 48 inch x 24 inch trash collection device lined with filter fabric and then 
to a 15 foot rock lined slope that leads directly into the Upper Truckee River and eventually to Lake Tahoe.       
 

3 DATA COLLECTION METHODS, SAMPLING PROTOCOLS, ANALYTIC METHODS 

Continuous hydrology and stormwater samples are collected using ISCO brand automated samplers per 
RSWMP protocols (RSWMP FIG 2015 section 10.2.1, Tahoe RCD et al 2015) at all eleven monitoring stations in 
WY14 and fourteen monitoring stations in WY15 to support seasonal [fall/winter (October 1-February 28), 
spring snowmelt (March 1-May 31), and summer (June 1-September 30)] volume and load reporting. 
Autosamplers were installed and sites maintained according to protocols outlined in the RSWMP FIG sections 
10.1.2.2 and 10.2.1.3 respectively. Nine of the eleven WY14 monitoring stations and twelve of the fourteen 
WY15 monitoring stations collected continuous turbidity with an FTS DTS-12 turbidimeter. Turbidimeters 
were installed and maintained as outlined in the RSWMP FIG sections 10.2.2.1 and 10.2.2.2.  Equations that 
relate turbidity to FSP concentration have been developed specifically for the Tahoe Basin and can be 
applied to estimate FSP loads (2NDNATURE et al 2014).   
 
Continuous data series logged at each monitoring station consist of parameters measured in the field at a 
constant time interval; continuous series consist of data for flow, turbidity, and meteorology. Flow and 
turbidity data are QAQC’d with frequent stage and turbidity field measurements to ensure that no drift has 
occurred in the readings and sensors are performing optimally (RSWMP FIG sections 10.2.1.7 and 10.2.2.5). 
Visual observations are used to confirm when a flume or pipe is dry and stage and turbidity should read 
zero. Visual observations are also used to determine if ice in the flume or pipe is causing stage errors that 
needed to be adjusted to zero. Visual observations and field measurements are made every two weeks at a 
minimum but more often during precipitation events. Recalibration of stage measuring equipment is done by 
adjusting the level measurement on the autosampler. Turbidimeter accuracy was verified on all in-situ 
turbidimeters with a solution of known turbidity in late August 2015.  All were found to be functioning 
normally during this exercise.  In-situ turbidimeter verification occurs regularly prior to the beginning of 
each water year. Recalibration of the continuous turbidimeter can only be done by sending the instrument 
back to the manufacturer, but to date this has not been necessary. Any turbidimeters found to be reading 
turbidity incorrectly in the future will be sent back to the manufacturer for calibration.  
 
Weather is monitored closely and autosamplers are programmed to sample prior to each runoff event in 
accordance with RSWMP FIG sections 10.2.1.4 and 10.2.1.5. Samples are selected as singles or made into 
flow-weighted composites (RSWMP FIG section 10.2.1.10) based on their occurrence on the hydrograph.  
First flush singles; rising limb composites, falling limb composites, or full event composites; and quality 
control samples are analyzed for total nitrogen (TN) concentration, total phosphorus (TP) concentration, 
total suspended solid (TSS) concentration, turbidity, and particle size distribution (PSD) to determine fine 
sediment particle (FSP) concentration at the UC Davis Tahoe Environmental Research Center Laboratory in 
Incline Village, NV, the UC Davis Laboratory in Davis, CA, or the High Sierra Water Laboratory, Inc. in Tahoe 
City, CA.  Additional single samples at each station are analyzed for turbidity and PSD to aid in the 
refinement of a rating curves relating turbidity to FSP.  Table 2 summarizes the sample type acronyms and 
their meaning. Table 3 summarizes the analytical methods and detection limits for all analyses.  Raw 
analytical data for all samples is presented in Appendix A. 
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Table 2: Sample types and acronyms. 

 
 
Table 3: Analytical methods and detection limits. 

 
 
Meteorological data in each catchment is recorded using a Davis Instruments Vantage Pro weather station 
installed and maintained following recommendations in the RSWMP FIG sections 10.2.3.1 and 10.2.3.2.  
Meteorological data is used to calculate seasonal and annual precipitation totals (RSWMP FIG section 
10.2.3.5) and to estimate the amount of flow that can be expected in a particular catchment for a 
particular amount of precipitation to aid with autosampler programming for event based sampling (RSWMP 
FIG section 10.2.1.4).  
 
Sample handling and processing includes proper labeling of samples in the field, transporting samples to a 
laboratory immediately after collection in a cooler with ice, compositing single samples on a flow-weighted 
basis, taking turbidity measurements with a calibrated instrument, shipping to an analytical laboratory with 
proper chain-of-custody procedures, and filtering samples within a 24-hour period. A minimum of 10% of all 
samples analyzed were QAQC samples to identify problems related to field sampling and sample processing 
(RSWMP FIG section 10.2.1.6). Analytical data for all QAQC samples is presented in Appendix B.  
 

Sample 

Acronym Sample Type

FF First Flush single

AC Auto-sampler Composite, flow-weighted composite of whole or part of hydrograph

AS Auto-sampler Single

FB Field Blank (QA/QC)

GS Grab Sample single (QA/QC)

MS Manually triggered auto-Sampler single (QA/QC)

PT Single sample for PSD and Turbidity analysis only

Analyte Methods Description

Target 

Reporting 

Limit

Total Dissolved 

Phosphorus as P

EPA 365.1 w/ USGS I-4600-85; or EPA 

365.2; or EPA 365.3; or SM 4500-P-F

Colorimetric, persulfate 

digestion, phosphomolybdate
10 ug/L

Total Kjeldahl 

Nitrogen
EPA 351.1; or EPA 351.2

Colorimetric, block digestion, 

phenate
50 ug/L

Total Suspended 

Solids
EPA 160.2 or SM 2540-D Gravimetric 1 mg/L

Turbidity EPA 180.1 or SM 2130-B Nephelometric 0.1 NTU

Particle Size 

Distribution
SM 2560 or RSWMP addendum SOP Laser backscattering na
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4 DATA MANAGEMENT PROCEDURE 

Continuous data series and sample dates and times are offloaded from the auto-samplers with rapid transfer 
devices (RTDs) (or through an online data management system at SR431) at the time samples are collected, 
maintenance is required, or every two weeks during dry periods.  Any other field measurements and 
observations are recorded in a field notebook.  Samples, RTDs, and notes are transported to a processing lab 
immediately after collection.  Hydrology and turbidity data and sample dates and times are offloaded from 
the RTDs to the Tahoe RCD server using the software program Flowlink; all data are input into an Excel 
workbook for storing continuous parameters and sample dates and times.  A separate Excel workbook is used 
for calculating flow-weighted compositing schedules for the rising limb, falling limb, or full event 
composites at each monitoring station.  All samples are measured for turbidity and values are recorded on 
standard data sheets in the laboratory and entered into an Excel workbook for storing nutrient and sediment 
data.  All samples are sent to proper laboratories within appropriate holding times for TN, TP, TSS, and PSD 
analysis. For a complete description of holding times for sampled parameters, see the RSWMP Quality 
Assurance Project Plan (QAPP) (DRI et al 2011a). Results from analytical laboratories are entered into the 
same Excel workbook for storing nutrient and sediment data.  Data are offloaded from meteorological 
stations every two weeks using a laptop and the software program Weatherlink, and input into an Excel 
workbook for storing continuous meteorological data.  A separate sheet in the meteorological station Excel 
workbook is used to extract discrete storm statistics such as event total precipitation, event duration, and 
maximum and minimum temperatures. All Excel workbooks are housed on one central server (with backup 
device) and managed by Tahoe RCD staff. All data management procedures described above follow protocols 
outlined in the RSWMP FIG section 10.2.1. 
 

5 DATA ANALYSIS 

The raw hydrologic data set includes stage, velocity (at select sites), flow (determined by an equation 
relating stage in a weir, flume or pipe, or stage and velocity in a smooth walled pipe to flow), and turbidity 
recorded every 10 minutes throughout the water year. Data gaps were short and rare. Erroneous readings 
are corrected and data gaps are filled following protocols outlined in the RSWMP FIG sections 10.2.1.7 for 
flow and 10.2.2.5 for turbidity.  
 
Seasonal and annual volumes are calculated in accordance with RSWMP FIG sections 10.2.1.8 and 10.2.1.9. 
Results from lab analysis are used to calculate a flow-weighted event mean concentration (EMC) as outlined 
in section 10.2.1.10 of the RSWMP FIG. EMCs are grouped by season and a seasonal characteristic pollutant 
concentration is calculated for each site; these concentrations are then applied to each hydrology 
measurement for that season. Loads are calculated by summing concentrations multiplied by runoff volumes 
over time as outlined in section 10.1.2.11 of the RSWMP FIG. Turbidity is converted to FSP concentration (in 
both mass per liter and number of particles per liter) using equations relating turbidity to FSP (2NDNATURE 
et al 2014) and integrated over time to calculate seasonal and annual load estimates in pounds and number 
of particles (RSWMP FIG sections 10.2.2.6 and 10.2.2.7).   
 
Raw meteorological data include a precipitation and a temperature reading every 5 or 10 minutes 
(depending on the site) throughout the water year. Precipitation occurring as snow is converted to inches of 
water by a heated tipping bucket at the meteorological station that melts falling snow upon contact with 
the device. Data is QAQC’d by comparing event, seasonal and annual totals to the closest neighboring 
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occurs during and shortly after a snow event when enough snow melts (generally on the roads from the heat 
generated by automobile traffic) to produce runoff at a given monitoring site. Spring event types include 
the fall/winter event types plus non-event snowmelts. A non-event snowmelt event generally occurs in the 
spring when temperatures are greater than 50 degrees Fahrenheit and accumulated snowpack melts. With 
the exception of Tahoma in WY14 and WY15 and Upper Truckee in WY15, monitoring sites did not receive 
sufficient spring non-event snowmelt to sample. Summer events are primarily thunderstorms and frontal 
rain storms. 
 
Summary data for all sites are presented in Table 5a for WY14 and 5b for WY15. Figures 3 – 9 illustrate 
Tables 5a and 5b in graphical form. Seasonal and annual precipitation values represent the total 
precipitation that fell in the catchment for that period, not just the sum of the storm totals of the events 
sampled.  Seasonal and annual runoff volumes represent the cumulative runoff volume measured at the 
sampling stations during the respective period, not just the sum of the volumes of the events sampled. FSP 
loads are calculated from continuous turbidity, and TN and TP loads are calculated from event sampling. As 
not every runoff event was sampled during the year, the seasonal and annual TN and TP loads represent an 
average (volume weighted) load estimation for the respective period based on the events that were sampled 
in that period. (Average seasonal and annual FSP loads at Rubicon Inflow (RI) are calculated in this manner 
as well as there is no continuous turbidimeter installed at this site.) 
 
The two west shore monitoring sites, Tahoma and Rubicon, received the most precipitation in both water 
years, while the Incline Village site received the least in WY14 and Speedboat received the least in WY15. 
Both Incline Village and Speedboat are located in the northeastern quadrant of the Tahoe Basin. The SR431 
site on the north shore and two south shore monitoring sites (Tahoe Valley, and Upper Truckee) received 
comparable amounts in both water years. In general the west shore of the lake gets more precipitation than 
the north, south, or east shores.  Though located within the same region, SR431 likely got more 
precipitation than Incline Village as it lies about 900 feet higher in elevation.  All regions of the lake 
received the greatest amount of precipitation during the fall/winter season, and most sites received the 
least amount of precipitation during the summer. However, both Pasadena and Tahoma received more 
precipitation during the summer than the spring in WY14. It is interesting to note that Tahoma received less 
precipitation in the spring of WY14 when compared to its neighbor Rubicon. The Rubicon meteorological 
station recorded greater precipitation during the March 5-6, March 29-30, April 25, and May 19-21, 2014 
events than the Tahoma station did, plus an event on March 31, 2014 that did not occur in the Tahoma 
catchment. In contrast, during WY15, the Rubicon meteorological station recorded substantially less 
precipitation than the Tahoma station did during events occurring December 2 and December 10, 2014. This 
is evidence of how localized precipitation events can be in the Tahoe Basin. With few exceptions, sites 
received less precipitation across all seasons in WY15 than WY14. 
 
Tahoma had the greatest seasonal and annual runoff volumes in WY14, likely due to its median catchment 
size, relatively large precipitation totals and high direct connectivity to the outfall despite being only 30% 
impervious. In WY15 two of the three new sites, Speedboat and Tahoe Valley, had higher seasonal and 
annual runoff volumes than Tahoma except during the summer when Tahoma had more runoff than any 
other site despite having slightly less precipitation than the south shore. Fall/winter runoff volumes at 
Tahoe Valley far exceeded any other site, undoubtedly explained by its very large catchment size (321.3 
acres), more than three times the size of the next largest catchment (Incline Village; 83.6 acres). Pasadena 
and Incline Village have similar catchment areas with similar impervious area and received similar amounts 
of precipitation in both water years, but Pasadena had approximately twice the runoff that Incline Village 
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did in the fall/winter and for the whole year in WY14.  In WY15 Pasadena had approximately half the runoff 
that Incline Village did in the fall/winter though they had comparable runoff volumes for the year. This 
illustrates the great variability within a site and between sites, but with only two years of data it is difficult 
to pinpoint a reason for these differences. Pasadena inflow and outflow volumes are similar because the 
Stormfilter installed in this catchment is not designed to infiltrate flows. This is true for the Contech MFS 
and Jellyfish treatment vaults at SR431 as well. Slightly higher inflow volumes may be due either to a small 
amount of error inherent in the flow monitoring equipment or because some of the inflow remains trapped 
in the treatment vaults and a portion eventually evaporates and never outflows. The Rubicon catchment 
received the greatest amount of precipitation both water years but produced little runoff at the inflow 
station either year, undoubtedly due to its small catchment area and the improvements (such as a series of 
microbasins designed to increase infiltration) that have been made upstream of the inflow. The outflow 
station recorded no outflow at all from the Stormtech chambers installed at the end of the catchment, 
indicating that all runoff was infiltrated and there was no discharge from this catchment outfall to Lake 
Tahoe. The small SR431 catchment (only 1.35 acres) received a significant amount of precipitation both 
years, much of which fell as snow due to its elevation, and produced very little runoff despite being 96% 
impervious. The outfall site at SR431 got the least amount of runoff of any site both years because the 
treatment vaults divert most of the runoff away from this site. Summer runoff volumes in this catchment in 
WY14 were higher than any other season because of a few high intensity thunderstorms.  
 
Average seasonal and annual FSP concentrations are within the same order of magnitude at all the sites, but 
overall in WY14 the inflows to the two vaults on SR431 were the dirtiest and Rubicon was the cleanest. The 
highest average concentration was seen in the fall/winter at the inflow to the Jellyfish vault and in the 
spring at the inflows to both vaults on SR431, likely due to the catchment’s high imperviousness, 
classification as primary road, and the relatively large amount of road sand that runs off after snow events 
in that catchment. In WY15, Rubicon was again the cleanest and the SR431 sites were among the dirtiest, 
but Speedboat and Tahoma had the highest and second highest annual FSP concentrations respectively.  
Both these catchments receive primary road (highway) runoff. Speedboat is relatively steep, which may 
contribute to greater erosion in this catchment. The greatest FSP loading came from the Tahoma catchment 
during all seasons in WY14, primarily due to the large runoff volumes and relatively high FSP concentrations 
in this catchment, especially during the fall/winter season. While Tahoma had the second highest FSP 
loading in WY15, the new Speedboat catchment had a load 1.6 times higher than Tahoma due to high 
volumes and very high FSP concentrations, possibly a result of runoff from Highway 28. Inflow to the 
Pasadena Stormfilter in WY14 and Tahoe Valley and Upper Truckee outfalls in WY15 also resulted in 
relatively high loads because of their large runoff volumes. Despite a comparatively low annual FSP 
concentration, Tahoe Valley had the third highest FSP load because of its very large flow volumes. The 
SR431 catchment outfall and Rubicon produced the smallest FSP loads in both years as they have very small 
runoff volumes.   
 
Generally, average seasonal TN and TP concentrations at all sites were highest in the summer. All five SR431 
and the Incline Village stations had the highest average annual TN concentrations in WY14.  In WY15 Incline 
Village had an average annual TN concentration more than twice as high as the next highest average annual 
TN concentration (SR431 catchment outfall). The SR431 catchment outfall and Incline Village had the 
highest average annual TP concentrations in WY14 and Incline Village had the highest TP concentration in 
WY15.  Rubicon and Tahoe Valley had lower TN and TP concentrations in general.  However, the Pasadena 
and Rubicon inflows had high TP concentrations in the summer of 2014, and Pasadena had the highest in the 
summer of 2015.  TN and TP loads were much smaller than FSP loads at all sites for all seasons during both 
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water years. TN and TP loads were greatest at Tahoma and second greatest at the Pasadena inflow in all 
seasons due to the large runoff volumes in WY14. Despite typical TN and TP concentrations, TN and TP loads 
were the greatest at Tahoe Valley due to very large runoff volumes in WY15.  TN and TP loads were lowest 
at the SR431 catchment outfall and Rubicon in both water years due to the small runoff volumes. Average 
seasonal and annual TP concentrations were lower than average TN concentrations at every site in every 
season, as were the loads. TN and TP concentrations and loads are not available for the spring season of 
WY14 at Pasadena due to equipment failure during the only spring event that produced sufficient runoff to 
sample in this catchment. TN and TP concentrations and loads are not available for the summer season of 
WY15 at Incline Village because improvements in this catchment increased infiltration above the monitoring 
site and resulted in little to no flow at the monitoring station. TN and TP concentrations and loads are not 
available for the summer season of WY15 at Upper Truckee due to numerous short duration flows that did 
not produce enough runoff to sample effectively. 
 
In summary, the greatest loads of all pollutants come from catchments with high pollutant concentrations 
and large runoff volumes.  However, current monitoring data indicates that runoff volume has more 
influence on loads than concentrations do.  Therefore even catchments with relatively low pollutant 
concentrations can discharge very large pollutant loads if they have large runoff volumes. The fall/winter 
season has the highest discharge volumes and therefore contributes the greatest pollutant load to the lake. 
As only one to two years of data have been collected in these catchments it is difficult to say with 
confidence that loads from all catchments are lower these two very dry water years than they would be in a 
wetter water year due to lower runoff volume but it is likely that this is the case. FSP concentrations and 
loads are generally greatest in the fall/winter, but concentrations can spike in the summer with intense 
thunderstorms, likely due to increased erosion potential from high impact raindrops on dry, exposed soil.  
TN concentrations tend to be highest in the summer, especially at sites near primary roads, likely due to 
increased vehicular traffic, but loads are generally higher in the fall/winter because of larger runoff 
volumes. TP concentrations and loads can be very high in the spring and summer, but loads tend to be 
highest in the fall/winter due to high runoff volumes. From this data we can infer that implementing 
improvements that reduce stormwater runoff volumes is more effective in treating pollutant loading to the 
lake than installing treatment devices that aim to reduce pollutant concentrations.   
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Table 5a: Summary statistics for all catchments for WY14.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Incline Village Incline Village IV 8.76 3.59 2.13 14.47 47,074 12,321 16,610 76,005 78 27 113 77 228 21 117 364 2.3E+16 1.7E+15 8.7E+15 3.4E+16
Pasadena In PI 99,687 9,943 25,424 135,054 85 35 81 81 530 22 128 680 5.2E+16 1.7E+15 9.4E+15 6.3E+16

Pasadena Out PO 99,382 9,301 24,478 133,161 36 84 118 55 225 49 180 454 2.0E+16 4.2E+15 1.3E+16 3.8E+16
Rubicon In RI 19,012 15,545 1,816 36,374 12 16 106 18 <1 <1 <1 <1 1.2E+15 1.2E+15 8.2E+14 3.3E+15
Rubicon Out RO 0 0 0 0 0 0 0 0 0 0 0 0 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Contech In CI 4,024 6,372 7,561 17,957 269 431 116 262 68 171 55 293 7.8E+15 1.8E+16 3.9E+15 2.9E+16
Contech Out CO 3,003 4,007 6,575 13,584 182 236 92 155 34 59 38 131 3.8E+15 5.7E+15 2.7E+15 1.2E+16
Jellyfish In JI 3,022 4,837 8,377 16,236 442 433 103 264 83 131 54 268 1.0E+16 1.3E+16 3.8E+15 2.7E+16

Jellyfish Out JO 3,320 4,695 8,122 16,136 109 230 74 127 23 67 38 128 2.4E+15 6.4E+15 3.8E+01 8.8E+15
SR431 Outfall S5 245 329 3,249 3,823 65 195 69 80 1 4 14 19 1.2E+14 3.9E+14 9.4E+14 1.4E+15

Tahoma Tahoma TA 14.95 3.13 4.01 22.09 207,798 65,114 59,000 331,911 111 50 70 92 1,446 204 258 1,908 1.6E+17 2.0E+16 2.4E+16 2.1E+17

SR431 8.91 4.36 3.83 17.10

Rubicon 13.66 5.78 3.64 23.08

Total 
Annual FSP 

Load 
(#particles)

Pasadena 8.34 3.59 4.54 16.47

Average Seasonal FSP 
Concentrations (mg/L)

Average 
Annual FSP 
Concen‐

tration (mg/L)

Seasonal FSP Load (lbs) Total 
Annual 
FSP Load 
(lbs)

Seasonal FSP Load (#particles)Water Year 2014
Oct. 1, 2013 ‐ Sep. 30, 2014

Seasonal Precipitation (in) Total 
Annual 
Precip 
(in)

Seasonal Volumes (cf)
Total 
Annual 
Runoff 
Volume 
(cf)

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Incline Village Incline Village IV 47,074 12,321 16,610 76,005 1,141 915 4,938 1,935 3.4 0.7 5.1 9.2 758 343 1,698 896 2.2 0.3 1.8 4.3

Pasadena In PI 99,687 9,943 25,424 135,054 1,034 na 3,355 1,395 6.4 na 5.3 11.8 484 na 2,197 771 3.0 na 3.5 6.5

Pasadena Out PO 99,382 9,301 24,478 133,161 748 na 2,036 932 4.6 na 3.1 7.7 462 na 1,558 631 2.9 na 2.4 5.2

Rubicon In RI 19,012 15,545 1,816 36,374 272 417 5,078 574 0.3 0.4 0.6 1.3 112 157 2,188 235 0.1 0.2 0.2 0.5

Rubicon Out RO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Contech In CI 4,024 6,372 7,561 17,957 2,078 2,194 2,084 2,122 0.5 0.9 1.0 2.4 670 1,207 406 749 0.2 0.5 0.2 0.8

Contech Out CO 3,003 4,007 6,575 13,584 1,672 1,451 2,221 1,873 0.3 0.4 0.9 1.6 419 635 354 451 0.1 0.2 0.1 0.4

Jellyfish In JI 3,022 4,837 8,377 16,236 1,936 2,646 2,076 2,220 0.4 0.8 1.1 2.3 1,056 1,341 407 806 0.2 0.4 0.2 0.8

Jellyfish Out JO 3,320 4,695 8,122 16,136 1,109 1,372 1,816 1,542 0.2 0.4 0.9 1.6 300 627 299 394 0.1 0.2 0.2 0.4

SR431 Outfall S5 245 329 3,249 3,823 726 2,426 1,490 1,522 <0.1 <0.1 0.3 0.4 57 1,077 965 916 <0.1 <0.1 0.2 0.2

Tahoma Tahoma TA 207,798 65,114 59,000 331,911 538 1,193 2,383 994 7 5 9 21 345 857 1,643 676 4 3 6 14

Pasadena

Rubicon

SR431

Water Year 2014
Oct. 1, 2013 ‐ Sep. 30, 2014

Seasonal Volumes (cf)
Total 
Annual 
Runoff 
Volume 
(cf)

Average Seasonal TN 
Concentrations (ug/L)

Average 
Annual TN 
Concen‐
tration 
(ug/L)

Seasonal TN load (lbs) Total 
Annual 
TN load 
(lbs)

Average Seasonal TP 
Concentrations (ug/L)

Average 
Annual TP 
Concen‐
tration 
(ug/L)

Seasonal TP load (lbs) Total 
Annual TP 
load (lbs)
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Table 5b: Summary statistics for all catchments for WY15. 

 
 
 

 
 
 
 
  

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Incline Village Incline Village IV 7.41 4.68 2.05 14.14 59,355 3,239 13 62,607 20 15 <1 19 73 3 <1 76 6.5E+15 2.8E+14 0.0E+00 6.8E+15
Pasadena In PI 31,797 2,931 16,402 51,130 51 46 157 85 102 8 161 272 9.3E+15 6.6E+14 1.1E+16 2.1E+16
Pasadena Out PO 30,276 2,739 15,887 48,902 39 41 130 68 73 7 129 209 6.5E+15 4.7E+14 8.5E+15 1.6E+16

Rubicon In RI 11,902 640 1,245 13,787 7 1 25 8 5 <1 2 7 3.7E+14 2.3E+12 1.3E+14 5.1E+14
Rubicon Out RO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Contech In CI 11,877 9,804 3,831 25,512 128 142 17 117 95 87 4 186 1.0E+16 8.3E+15 2.0E+14 1.9E+16
Contech Out CO 9,379 7,976 3,295 20,650 118 94 19 93 69 47 4 120 7.1E+15 4.1E+15 3.0E+14 1.2E+16

Jellyfish In JI 11,014 11,281 4,359 26,654 125 119 18 105 86 84 5 175 9.5E+15 8.0E+15 3.0E+14 1.8E+16
Jellyfish Out JO 10,976 10,977 3,780 25,733 155 99 25 112 106 68 6 180 1.1E+16 6.1E+15 4.0E+14 1.8E+16

SR431 Outfall S5 460 635 758 1,853 21 15 6 13 <1 <1 <1 2 5.1E+13 4.9E+13 2.2E+13 1.2E+14
Speedboat Speedboat SB 6.60 3.23 2.02 11.85 154,783 53,349 22,481 230,613 150 354 195 201 1,446 1,178 274 2,898 1.5E+17 1.2E+17 2.5E+16 3.0E+17

Tahoma Tahoma TA 13.59 3.90 2.92 20.41 113,102 35,155 27,445 175,702 182 116 159 165 1,283 254 272 1,809 1.5E+17 2.5E+16 2.0E+16 1.9E+17
Tahoe Valley Tahoe Valley TV 11.06 3.63 3.06 17.75 517,596 45,322 22,580 585,498 21 34 58 23 669 95 82 846 5.6E+16 7.5E+15 5.4E+15 6.9E+16

Upper Truckee Upper Truckee UT 11.06 3.63 3.06 17.75 51,589 28,338 22,738 102,665 118 131 101 118 380 231 143 754 3.7E+16 2.1E+16 9.9E+15 6.8E+16

Total 
Annual 
Precip 
(in)

Seasonal Volumes (cf)
Total 
Annual 
Runoff 
Volume 
(cf)

Average Seasonal FSP 
Concentrations (mg/L)

Pasadena 6.61 2.86 2.85 12.32

Average 
Annual FSP 
Concen‐

tration (mg/L)

Seasonal FSP Load (lbs) Total 
Annual 
FSP Load 
(lbs)

Seasonal FSP Load (#particles) Total 
Annual FSP 

Load 
(#particles)

Water Year 2015
Oct. 1, 2014 ‐ Sep. 30, 2015

Seasonal Precipitation (in)

SR431 9.78 5.58 3.53 18.88

Rubicon 13.33 4.16 3.05 20.54

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Incline Village Incline Village IV 59,355 3,239 13 62,607 4,269 8,811 na 4,503 15.8 1.8 na 17.6 647 599 na 645 2.4 0.1 na 2.5
Pasadena In PI 31,797 2,931 16,402 51,130 804 939 5,174 2,214 1.6 0.2 5.3 7.1 505 438 1,598 852 1.0 <0.1 1.6 2.7
Pasadena Out PO 30,276 2,739 15,887 48,902 1,118 873 3,031 1,725 2.1 0.1 3.0 5.3 468 458 1,367 759 0.9 <0.1 1.4 2.3
Rubicon In RI 11,902 640 1,245 13,787 1,522 671 1,224 1,455 1.1 <0.1 <0.1 1.3 218 150 262 219 0.2 <0.1 <0.1 0.2
Rubicon Out RO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Contech In CI 11,877 9,804 3,831 25,512 1,174 1,046 891 1,082 0.9 0.6 0.2 1.7 899 703 153 711 0.7 0.4 <0.1 1.1

Contech Out CO 9,379 7,976 3,295 20,650 1,107 942 1,437 1,096 0.6 0.5 0.3 1.4 728 565 212 583 0.4 0.3 <0.1 0.8
Jellyfish In JI 11,014 11,281 4,359 26,654 1,157 968 153 913 0.8 0.7 <0.1 1.5 948 736 153 728 0.7 0.5 <0.1 1.2
Jellyfish Out JO 10,976 10,977 3,780 25,733 898 976 1,153 969 0.6 0.7 0.3 1.6 740 532 214 574 0.5 0.4 <0.1 0.9
SR431 Outfall S5 460 635 758 1,853 1,061 1,591 4,204 2,528 <0.1 <0.1 0.2 0.3 593 1,365 1,152 1,086 <0.1 <0.1 <0.1 0.1

Speedboat Speedboat SB 154,783 53,349 22,481 230,613 1,024 1,387 3,356 1,335 9.9 4.6 4.7 19.2 406 397 467 410 3.9 1.3 0.7 5.9
Tahoma Tahoma TA 113,102 35,155 27,445 175,702 631 814 5,680 1,456 4.5 1.8 9.7 16.0 602 295 1,281 647 4.3 0.6 2.2 7.1

Tahoe Valley Tahoe Valley TV 517,596 45,322 22,580 585,498 874 1,331 2,976 990 28.2 3.8 4.2 36.2 239 233 664 255 7.7 0.7 0.9 9.3
Upper Truckee Upper Truckee UT 51,589 28,338 22,738 102,665 1,708 3,360 na 1,786 5.5 5.9 na 11.4 766 1,043 na 673 2.5 1.8 na 4.3

Average 
Annual TN 
Concen‐
tration 
(ug/L)

Seasonal TN load (lbs)Water Year 2015
Oct. 1, 2014 ‐ Sep. 30, 2015

Seasonal Volumes (cf) Total 
Annual 
TN load 
(lbs)

Average Seasonal TP 
Concentrations (ug/L)

Average 
Annual TP 
Concen‐
tration 
(ug/L)

Seasonal TP load (lbs) Total 
Annual TP 
load (lbs)

Rubicon

SR431

Pasadena

Total 
Annual 
Runoff 
Volume 
(cf)

Average Seasonal TN 
Concentrations (ug/L)
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Summary data for all three events sampled at Incline Village in WY15 are presented in Table 6b.  Two runoff 
events were sampled during the fall/winter, one during the spring, and none during the summer due to 
insufficient runoff volumes for sampling and equipment failure (described above). Similar to WY14, only 
precipitation events greater than 0.2 inches produced sufficient runoff for water quality sampling. The 
largest runoff event, with a runoff volume of 11,284 cubic feet, occurred February 6 – 7, 2015 (only about 
half of the runoff of the February event in 2014) and resulted in the highest FSP, TN, and TP concentrations 
and loads of the year.  In WY14, the highest concentrations for all three pollutants occurred during a 
summer thunderstorm, but WY15 thunderstorms likely produced no runoff in this catchment due to 
upstream improvements to infiltration (though this is uncertain due to equipment failure after reinstallation 
of monitoring equipment, described above). Peak turbidities this year were much lower than last year across 
all seasons, likely due to catchment improvements. Peak turbidities occurred at the beginning of each event 
(Appendix C).  
 
Table 6b: Event summary data for three sampled events at Incline Village in WY15. 

 
 

6.2.2 PASADENA 
 
The total precipitation for WY14 in the Pasadena catchment was 16.47 inches, approximately one inch less 
than the minimum annual precipitation recorded at the Tahoe City Cross reference station since 1981 (Table 
4). Figure 12a shows the continuous hydrology and cumulative precipitation for WY14. The majority of the 
precipitation fell in the fall/winter season (8.34 inches). The spring season received 3.59 inches and the 
summer season received 4.54 inches.  A total of 30 discrete precipitation events were measured at the 
Pasadena meteorological station, 10 in the fall/winter, 13 in the spring, and 7 in the summer. Almost 40% of 
the events during WY14 produced less than a tenth of an inch of precipitation, and three quarters of the 
events produced less than half an inch.  The largest storm occurred between February 7, 2014 and February 
10, 2014, falling as mixed rain and snow and producing 3.93 inches of precipitation in South Lake Tahoe.  
The highest peak flows (about 1.4 cfs at Pasadena Inflow and about 1.5 cfs at Pasadena Outflow) were 
experienced during this same precipitation event. 
 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

IV Fall/Winter 11/22/14 5:50 11/22/14 12:20 6:30 1,434 0.13 489 0.23 rain 100% 74 7 2,513 0.2 493 <0.1

IV Fall/Winter 2/6/15 15:30 2/7/15 12:00 114:00 11,284 0.81 195 1.52 snow, rain 100% 141 99 4,492 3.2 667 0.5

IV Spring 4/24/15 0:10 4/24/15 6:30 6:20 1,081 0.46 50 0.56 rain 80% 123 8 1,146 0.6 599 <0.1
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Summary data for the four events sampled at Pasadena in WY14 are presented in Table 7a.  Two runoff 
events were sampled during the fall/winter and two during the summer. Only one runoff event during the 
spring produced sufficient runoff to sample (May 20, 2014) but unfortunately equipment failure at the 
outflow did not allow for successful sampling. Due to the effectiveness of the upstream in-situ infiltration 
BMPs, this site requires a relatively large amount of precipitation before it begins to flow, and therefore 
only precipitation events greater than 1.5 inches and high intensity thunderstorms greater than 0.3 inches 
produced sufficient runoff for water quality sampling. With greater than 90,000 cubic feet of runoff 
between February 8th and 10th, this rain on snow event resulted in the highest FSP, TN, and TP loading at the 
outflow, despite having the lowest concentrations of all three pollutants. The highest inflow concentrations 
of all three pollutants occurred during the July 18th thunderstorm despite the low runoff volumes, likely due 
to the high intensity of the storm (0.14 inches in 10 minutes) that is easily able to mobilize sediments and 
nutrients and deliver them to the monitoring site.  The highest outflow concentrations of FSP and TP 
occurred during the July 20, 2014 event, and the highest outflow TN concentration occurred two days prior 
during the July 18th event. Since the requisite number of summer events had already been sampled, the 
larger summer events occurring August 10th (1.20 inches of precipitation, runoff volume 1,947 cubic feet), 
August 25th (0.52 inches of precipitation, runoff volume 2,020 cubic feet) and September 26th (2.09 inches of 
precipitation, runoff volume 8,066 cubic feet) were not sampled. Because of large runoff volumes, it is 
likely that loading from these events, the September event in particular, were large.  Stormfilter efficiency 
will be discussed in section 7.1. Fall/winter events and the first summer event had peak inflow turbidities of 
close to 1,600 NTU. The second summer event had peak inflow turbidities of about 900 NTU and peak 
outflow turbidities of about 850 NTU (Appendix D).  
 
Table 7a: Event summary data for four sampled events at Pasadena in WY14. 

 
 
Summary data for the four events sampled at Pasadena in WY15 are presented in Table 7b.  Two runoff 
events were sampled during the fall/winter, one in the spring, and one in the summer. Similar to WY14, this 
site requires greater than one inch of precipitation in order to flow.  The events beginning February 6, 2015 
and February 8, 2015 were actually one four day rain event split in two because of a cessation in flow 
between the morning of February 7 and the afternoon of February 8. Similar to Upper Truckee, the EMCs of 
all three pollutants remained relatively high during the latter part of the storm at this site potentially 
indicating that the streets were not washed clean by the first pulse of the storm.  This is unlike results at 
Speedboat, Tahoma, and Tahoe Valley where the second portion of the runoff was significantly cleaner than 
the first part. The highest EMCs of all three pollutants occurred during the very large summer thunderstorm, 
and consequently resulted in the greatest loads of all three pollutants as well.  Stormfilter efficiency will be 
discussed in section 7.1. Interestingly, peak turbidities were higher at the outflow (PO) for all events, 
generally occurring at the beginning of each event, perhaps due to flushing of sediments from previous 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event 
load (lbs)

TP EMC 
(ug/L)

TP event 
load (lbs)

PI 1/29/14 15:10 1/30/14 3:40 12:30 10,109 70% 64 40 1,884 1.2 873 0.6
PO 1/29/14 15:50 1/30/14 2:40 10:50 10,072 100% 110 69 2,583 1.6 980 0.6
PI 2/8/14 9:10 2/10/14 5:20 44:10 90,399 100% 46 257 939 5.3 440 2.5
PO 2/8/14 9:20 2/10/14 6:30 45:10 90,934 100% 46 260 544 3.1 404 2.3
PI 7/18/14 17:00 7/18/14 18:20 1:20 280 90% 534 9 9,837 0.2 3,615 0.1
PO 7/18/14 17:20 7/18/14 18:10 0:50 245 70% 207 3 3,627 0.1 1,497 <0.1
PI 7/20/14 14:10 7/20/14 16:40 2:30 1,671 95% 262 27 2,269 0.2 1,960 0.2
PO 7/20/14 14:30 7/20/14 17:30 3:00 1,646 100% 250 26 1,799 0.2 1,567 0.2

rain/snow

rain/snow

thunderstorm

thunderstorm

1.54Fall/Winter

Fall/Winter

Summer

Summer

3.93

0.32

0.37
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events retained in the vault. Peak turbidities in WY15 ranged from about 100 to 400 NTU, significantly lower 
than in WY14 and low compared to most other sites (Appendix D).  
 
Table 7b: Event summary data for four sampled events at Pasadena in WY15. 

 
 

6.2.3 RUBICON 
 
The total precipitation for WY14 at the Rubicon meteorological station was 23.08 inches, within the first 
quartile of the annual precipitation recorded at the Tahoe City Cross reference station since 1981 (Table 4). 
Figure 15a shows the continuous hydrology and cumulative precipitation for WY14. The majority of the 
precipitation fell in the fall/winter season (13.66 inches).  The spring season received 5.78 inches and the 
summer season received 3.64 inches. A total of 33 discrete precipitation events were measured at the 
Rubicon meteorological station, 13 in the fall/winter, 13 in the spring, and 7 in the summer. About a fifth of 
the events during WY14 produced less than a tenth of an inch of precipitation, and two thirds of the events 
produced less than half an inch.  The largest storm occurred between February 8, 2014 and February 10, 
2014, falling as mixed rain and snow and producing 5.60 inches of precipitation in Rubicon.  The highest 
peak flows (about 0.5 cfs) were experienced during a high intensity thunderstorm on July 17, 2014. 
 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

PI 2/6/15 19:10 2/7/15 5:10 10:00 10,347 0.82 195 90% 62 40 889 0.6 611 0.4
PO 2/6/15 19:20 2/7/15 6:00 24:00 10,033 0.69 231 100% 57 36 1,690 1.1 589 0.4

PI 2/8/15 13:10 2/9/15 7:20 18:10 12,855 2.38 131 100% 43 35 736 0.6 419 0.3

PO 2/8/15 13:20 2/9/15 0:10 10:50 12,258 3.13 143 100% 35 27 649 0.5 369 0.3

PI 4/25/15 9:40 4/25/15 14:30 4:50 3,406 0.49 96 100% 46 10 939 0.2 438 0.1
PO 4/25/15 10:10 4/25/15 15:20 5:10 2,369 0.50 114 100% 51 8 873 0.1 458 0.1

PI 7/8/15 11:30 7/8/15 19:50 8:20 10,021 1.81 108 90% 157 98 5,174 3.2 1,598 1.0

PO 7/8/15 12:00 7/8/15 21:40 9:40 10,173 2.21 428 100% 112 71 3,031 1.9 1,367 0.9
Summer

Spring

Fall/Winter

Fall/Winter snow, rain

rain

rain

thunderstorm1.36

1.38

1.85

1.24
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Summary data for the four events sampled at Rubicon in WY14 are presented in Table 8a.  Two runoff 
events were sampled during the fall/winter, one during the spring, and one during the summer. Due to the 
very large runoff volumes, FSP, TN, and TP loads were the greatest for the event occurring February 8-10, 
2014 despite having the lowest pollutant concentrations.  As with Pasadena, concentrations of all three 
pollutants were the highest during the large thunderstorm on July 17, 2014 that produced the highest flows 
of the year in this catchment. The relatively high flows that occurred on May 20, 2014 were not sampled 
because the requisite one spring event had already been successfully sampled on March 25, 2014. 
 
Table 8a: Event summary data for four sampled events at Rubicon in WY14. 

 
 
Summary data for the three events sampled at Rubicon in WY15 are presented in Table 8b.  One runoff 
event was sampled in each season. Mean FSP and TP concentrations were the highest in the summer, and 
mean TN concentration was highest in the fall/winter. Mean FSP concentration and event load were very 
small in the spring; in fact, the sample was too clean for PSD analysis.  Mean FSP concentration and event 
load were highest in the summer after a relatively high intensity thunderstorm on June 10, 2015. TN and TP 
loads were very small for all events because of minimal runoff volumes. 
 
Table 8b: Event summary data for three sampled events at Rubicon in WY15. 

 
 
Efficiency of the Rubicon infiltration chamber will be discussed in section 7.2. 
 

6.2.4 SR431 
 
The total precipitation for WY14 at the SR431 meteorological station was 17.10 inches, 0.4 inches lower 
than the minimum annual precipitation value at the Tahoe City Cross reference station since 1981 (Table 4). 
Figure 17a shows the continuous hydrology at the catchment outfall station (S5) and the inflow to the 
treatment vaults (obtained by the sum of the inflow to the Contech MFS (CI) and the inflow to the Jellyfish 
(JI)) as well as cumulative precipitation for WY14.  Incoming flow to the treatment vaults is split roughly in 
half, as water is diverted equally into the Jellyfish and Contech MFS treatment vaults. The majority of the 
precipitation fell in the fall/winter season (8.91 inches).  The spring season received 4.36 inches and the 
summer season received 3.83 inches.  A total of 39 discrete precipitation events were measured at the 
SR431 meteorological station, 14 in the fall/winter, 13 in the spring, and 12 in the summer.  Fall/winter and 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event 
load (lbs)

TP EMC 
(ug/L)

TP event 
load (lbs)

RI 1/29/14 12:30 1/30/14 2:30 14:00 1,829 100% 28 3 378 <0.1 259 <0.1
RO na na na 0 - - - - - - -
RI 2/8/14 2:50 2/10/14 4:50 50:00 16,441 100% 11 11 261 0.3 95 0.1
RO na na na 0 - - - - - - -
RI 3/25/14 20:20 3/26/14 20:50 24:30 1,073 100% 16 1 417 <0.1 157 <0.1
RO na na na 0 - - - - - - -
RI 7/17/14 14:40 7/17/14 17:20 2:40 1,501 75% 106 10 5,078 0.5 2,188 0.2
RO na na na 0 - - - - - - -

Summer

3.29 rain/snow

rain/snow

event snowmelt

thunderstorm0.50

0.47

5.60

Fall/Winter

Fall/Winter

Spring

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

RI 10/25/14 11:50 10/25/14 15:00 3:10 742 0.17 na 95% 7 0.3 1,522 <0.1 218 <0.1

RO na na na 0 na na - - - - - - -

RI 4/23/15 21:20 4/24/15 2:50 5:30 274 0.07 na 100% na na 671 <0.1 150 <0.1

RO na na na 0 na na - - - - - - -

RI 6/10/15 1:10 6/10/15 21:40 20:30 603 0.15 na 85% 25 0.9 1,224 <0.1 262 <0.1

RO na na na 0 na na - - - - - - -
thunderstorm

rain

rainFall/Winter

Spring

Summer

0.51

0.72

0.62
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Table 9a: Event summary data for eight sampled events at the Contech MFS vault at SR431 in WY14. 

 
 
Table 10a: Event summary data for eight sampled events at the Jellyfish vault at SR431 in WY14. 

 
 
Summary data for the eight sampled events at the SR431 treatment vaults in WY15 are presented in Table 
9b (Contech MFS vault) and Table 10b (Jellyfish vault).  Three runoff events were sampled in the 
fall/winter, four events in the spring, and one in the summer. Runoff volumes are very small at this site 
when compared to other sites.  Even the very large precipitation event in February 2015 of 3.77 inches 
produced only approximately 5,000 cubic feet of runoff. Differences between the two treatment vaults are 
generally negligible. Flow gets split at the inflows relatively evenly (though the Jellyfish tends to get a 
slightly larger portion of the flow), and since the vaults are not designed to reduce volumes, outflow 
volumes are consequently similar. Inflow EMCs of all three pollutants should be very similar; differences are 
likely due to small variations in concentrations at the slightly different times samples were taken. Relative 
efficiency of pollutant removal for these two vaults will be discussed in section 7.3, but EMCs of pollutants 
at the outflows are typically similar as well. Though runoff volumes, and consequently loads, are very small 
at this site, the largest runoff volumes and loads occurred with the large February event. The highest inflow 
concentrations of TN occurred with the event beginning October 31, 2014, perhaps due to accumulation of 
TN on the highway during a month-long dry period (the storm prior to October 31 occurred September 29, 
2014). The highest EMCs of TP occurred with the large February event and the April 23, 2015 event. Relative 
efficiency of pollutant removal for each of these two vaults will be discussed in section 7.3. Turbidities 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Storm 
Total (in)

Event 
Type

FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event 
load (lbs)

TP EMC 
(ug/L)

TP event 
load (lbs)

CI 1/29/14 12:05 1/30/14 1:30 13:25 1,395 269 23 2,078 0.18 670 0.06
CO 1/29/14 12:20 1/30/14 1:30 13:10 1,142 182 13 1,672 0.12 419 0.03
CI 3/5/14 6:15 3/6/14 15:35 33:20 821 744 38 3,420 0.18 2,180 0.11
CO 3/5/14 6:25 3/6/14 5:50 23:25 633 286 11 1,394 0.06 740 0.03
CI 3/29/14 8:40 3/30/14 12:55 28:15 829 514 27 2,882 0.15 1,383 0.07
CO 3/29/14 9:20 3/30/14 11:55 26:35 677 322 14 1,924 0.08 844 0.04
CI 5/10/14 13:40 5/10/14 17:05 3:25 514 458 15 1,702 0.05 1,210 0.04
CO 5/10/14 13:55 5/10/14 16:55 3:00 285 332 6 1,554 0.03 970 0.02
CI 5/19/14 18:55 5/22/14 4:55 58:00 1,389 186 16 1,242 0.11 525 0.05
CO 5/19/14 18:55 5/22/14 4:55 58:00 957 115 7 1,124 0.07 319 0.02
CI 7/16/14 19:55 7/17/14 16:55 21:00 878 311 17 2,791 0.15 940 0.05
CO 7/16/14 19:55 7/17/14 17:00 21:05 823 208 11 2,645 0.14 765 0.04
CI 8/4/14 7:25 8/5/14 14:10 30:45 1,240 40 3 1,176 0.09 160 0.01
CO 8/4/15 8:15 8/5/15 14:20 30:05 1,013 31 2 1,520 0.10 125 0.01
CI 9/26/14 8:00 9/28/14 14:40 54:40 1,194 51 4 2,506 0.19 270 0.02
CO 9/26/14 8:05 9/28/14 14:40 54:35 791 49 2 2,679 0.13 220 0.01

Spring

Fall/Winter

0.22

0.97

0.52

1.09

Summer

Summer

Summer

Spring

Spring

Spring

rain

rain0.67

0.69

0.45

1.23

rain on snow

rain on snow

rain on snow

event snowmelt

rain/snow

thunderstorm

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Storm 
Total (in)

Event 
Type

FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event 
load (lbs)

TP EMC 
(ug/L)

TP event 
load (lbs)

JI 1/29/14 12:05 1/30/14 1:40 13:35 1,237 442 34 1,936 0.15 1,056 0.08
JO 1/29/14 12:15 1/30/14 2:15 14:00 1,318 109 9 1,109 0.09 300 0.02
JI 3/5/14 6:15 3/6/14 5:20 23:05 641 681 27 3,598 0.14 2,180 0.09

JO 3/5/14 6:55 3/6/14 18:05 35:10 801 345 17 1,511 0.08 970 0.05
JI 3/29/14 8:45 3/30/14 11:30 26:45 615 511 20 2,891 0.11 1,598 0.06

JO 3/29/14 9:10 3/30/14 11:45 26:35 588 196 7 1,315 0.05 465 0.02
JI 5/10/14 13:40 5/10/14 17:05 3:25 462 605 17 2,404 0.07 1,790 0.05

JO 5/10/14 14:00 5/10/14 16:50 2:50 325 442 9 1,753 0.04 1,220 0.02
JI 5/19/14 18:55 5/22/14 4:55 58:00 2,315 309 45 2,366 0.34 950 0.14

JO 5/19/14 18:55 5/22/14 4:55 58:00 2,536 174 28 1,293 0.20 480 0.08
JI 7/16/14 19:55 7/17/14 16:50 20:55 1,119 244 17 2,988 0.21 910 0.06

JO 7/16/14 19:55 7/17/14 17:00 21:05 1,052 210 14 2,920 0.19 802 0.05
JI 8/4/14 7:25 8/5/14 15:25 32:00 1,405 37 3 1,336 0.12 145 0.01

JO 8/4/14 7:50 8/5/14 23:25 39:35 2,165 25 3 1,143 0.15 109 0.01
JI 9/26/14 8:00 9/28/14 14:45 54:45 1,158 48 3 2,094 0.15 240 0.02

JO 9/26/14 8:10 9/28/14 14:50 54:40 1,001 39 2 2,111 0.13 180 0.01

rain on snow

rain on snow

rain

rain
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rain/snow
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Fall/Winter
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ranged from about 50 NTU in the summer to about 1,300 NTU during the February event and generally 
occurred with peak flows (Appendix F).  See DRI et al 2015 for more information on individual events. 
 
Table 9b: Event summary data for eight sampled events at the Contech MFS vault at SR431 in WY15. 

 
 
Table 10b: Event summary data for eight sampled events at the Jellyfish vault at SR431 in WY15. 

 
 

SR431 Catchment Outfall 
 
In WY14 there were seven events at the SR431 catchment outfall that produced sufficient runoff to sample 
and water quality samples were taken across the hydrograph during all of them.  It should be noted that this 
site produces very little runoff, and “sufficient runoff” at this site is a paltry 30cf.  Continuous hydrology, 
continuous turbidity, and events sampled during WY14 are presented in Figure 22a.  The highest turbidities 
were seen during the largest storm of the year (February 6-10, 2014), but the event resulted in only 7 cubic 
feet of flow on the morning of February 10.  Despite the 4.65 inches of precipitation, temperatures 
remained below freezing for the duration of the storm at this site and therefore the precipitation fell as 
snow and did not produce significant runoff. The highest flow occurred during the July 20, 2014 
thunderstorm, as peak precipitation reached 0.13 inches in five minutes. It is interesting to note that the 
highest turbidities did not occur during this event, likely because the event occurring just four days earlier 
had removed existing sediment.  

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

CI 10/31/14 21:00 11/1/14 11:05 14:05 595 0.10 991 100% 76 3 3,150 0.1 293 <0.1

CO 10/31/14 21:10 11/1/14 10:00 12:50 370 0.06 131 100% 59 1 2,200 <0.1 233 <0.1

CI 12/2/14 11:05 12/4/14 13:35 50:30 3,709 0.12 914 100% 141 33 730 0.2 424 <0.1

CO 12/2/14 11:25 12/4/14 12:05 48:40 2,738 0.12 289 100% 121 21 820 0.1 328 <0.1

CI 2/7/15 0:20 2/8/15 22:00 45:40 4,920 0.28 1,214 100% 402 123 1,270 0.4 1,330 0.4

CO 2/7/15 0:35 2/8/15 22:55 46:20 4,595 0.21 808 100% 342 98 1,190 0.3 1,006 0.3

CI 4/23/15 15:55 4/25/15 15:25 47:30 1,930 0.26 968 100% 332 40 1,260 0.2 1,101 0.1

CO 4/23/15 22:40 4/25/15 14:05 39:25 1,612 0.22 588 100% 275 28 1,170 0.1 812 <0.1

CI 5/6/15 16:10 5/8/15 23:25 55:15 1,600 0.46 360 100% 316 32 1,006 0.1 126 <0.1

CO 5/6/15 16:25 5/9/15 0:10 55:45 1,310 0.39 285 100% 239 20 494 <0.1 92 <0.1

CI 5/14/15 15:50 5/15/15 19:40 27:50 1,436 0.11 472 100% 168 15 829 <0.1 662 <0.1

CO 5/14/15 16:05 5/15/15 20:35 28:30 1,116 0.10 218 100% 149 10 1,378 <0.1 648 <0.1

CI 5/22/15 8:40 5/22/15 23:00 14:20 1,391 0.27 375 100% 211 18 1,020 <0.1 856 <0.1

CO 5/22/15 11:25 5/23/15 0:35 13:10 1,289 0.18 414 100% 160 13 734 <0.1 665 <0.1

CI 6/9/15 19:30 6/10/15 7:50 12:20 1,641 0.18 47 100% 78 8 891 <0.1 153 <0.1

CO 6/9/15 19:40 6/10/15 8:10 12:30 1,536 0.18 87 100% 49 5 1,437 0.1 212 <0.1

Fall/Winter

Fall/Winter

2.73

0.31

thunderstorm

snow, rain

snow

rain

rain, snow

rain, snow

Summer

Spring

Spring

Spring

Spring

Fall/Winter 3.77

snow, rain

rain

0.75

0.46

1.11

0.84

1.44

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

JI 10/31/14 21:00 11/1/2014 11:05 14:05 401 0.08 307 100% 76 2 4,080 0.1 299 <0.1

JO 10/31/14 21:15 11/1/2014 10:35 13:20 320 0.05 80 100% 27 1 1,220 <0.1 172 <0.1

JI 12/2/2014 11:10 12/4/2014 11:55 48:45 3,000 0.11 381 100% 149 28 850 0.2 445 <0.1

JO 12/2/2014 11:25 12/4/2014 11:55 48:30 2,904 0.12 347 100% 114 21 860 0.2 312 <0.1

JI 2/7/2015 0:20 2/9/2015 3:15 50:55 5,406 0.32 1,382 100% 405 137 1,110 0.4 1,275 0.4

JO 2/7/2015 0:30 2/9/2015 1:40 49:10 5,166 0.31 970 100% 342 110 900 0.3 1,015 0.3

JI 4/23/2015 15:55 4/25/2015 16:00 48:05 1,922 0.29 1,014 100% 394 47 1,350 0.2 1,322 0.2

JO 4/23/2015 16:00 4/25/2015 15:25 47:25 1,812 0.30 627 100% 264 30 1,170 0.1 792 <0.1

JI 5/6/15 16:10 5/8/15 23:50 55:40 1,847 0.48 265 100% 256 30 760 <0.1 56 <0.1

JO 5/6/15 16:20 5/8/15 23:50 55:30 1,800 0.48 385 95% 243 27 889 <0.1 48 <0.1

JI 5/14/15 15:50 5/15/15 19:50 28:00 1,783 0.12 517 100% 167 19 1,144 0.1 664 <0.1

JO 5/14/15 15:55 5/15/15 19:55 28:00 1,674 0.11 286 100% 113 12 1,294 0.1 519 <0.1

JI 5/22/15 11:25 5/22/15 23:40 12:15 1,526 0.30 335 100% 196 19 531 <0.1 906 <0.1

JO 5/22/15 11:25 5/22/15 23:30 12:05 1,534 0.30 201 100% 202 19 502 <0.1 806 <0.1

JI 6/9/15 19:30 6/10/15 7:55 12:25 1,658 0.19 76 95% 73 8 988 0.1 153 <0.1

JO 6/9/15 19:35 6/10/15 8:05 12:30 1,658 0.19 59 90% 52 5 1,153 0.1 214 <0.1

Fall/Winter

Fall/Winter

thunderstorm

snow, rain

snow

rain

rain, snow

rain, snow

snow, rain

rain

Summer

Spring

Spring

Spring

Spring

Fall/Winter

0.75

0.46

1.11

0.84

1.44

3.77

2.73

0.31
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Summary data for all seven events sampled at the SR431 Outfall in WY15 are presented in Table 11b.  Two 
runoff events were sampled during the fall/winter, four during the spring, and one during the summer.  
With the exception of a high intensity thunderstorm on July 4, 2015 and a rain on snow event on March 22, 
2015 relatively large precipitation events are required for sufficient runoff to sample at this site. Sampling 
was more successful this water year than last, but due to consistently miniscule runoff volumes this site was 
retired at the end of WY15. The highest EMCs of all three pollutants occurred during the March 22, 2015 rain 
event, but loads were very low due to the low runoff volume. As with other sites, TN concentrations were 
highest in the summer, possibly due to high traffic density and nitrogen build-up during long dry periods. 
Peak turbidities are low compared to the inflows to the treatment vaults but much of the sediment that 
could potentially reach this monitoring station has likely settled out in the three sediment traps directly 
upstream of this station (Appendix G). 
 
Table 11b: Event summary data for seven sampled events at the SR431 catchment outfall in WY15. 

 
 

6.2.5 TAHOMA 
 
The total precipitation for WY14 at the Tahoma meteorological station was 22.09 inches, within the first 
quartile of the annual precipitation recorded at the Tahoe City Cross reference station since 1981 (Table 4). 
Figure 23a shows the continuous hydrology and cumulative precipitation for WY14. The majority of the 
precipitation fell in the fall/winter season (14.95 inches).  The spring season received 3.13 inches and the 
summer season received 4.01 inches.  A total of 36 discrete precipitation events were measured at the 
Tahoma meteorological station, 15 in the fall/winter, 13 in the spring, and 8 in the summer.  Half of the 
events during WY14 produced less than a tenth of an inch of precipitation, and three quarters of the events 
produced less than half an inch.  The largest storm occurred between February 7, 2014 and February 10, 
2014, falling as mixed rain and snow and producing 9.32 inches of precipitation in Tahoma.  However, the 
highest peak flows (about 3.2 cfs) were experienced during a high intensity thunderstorm on August 10, 
2014. 
 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

S5 Fall/Winter 11/22/14 5:55 11/22/14 8:20 2:25 270 0.08 38 0.35 rain 100% 128 2.2 1,016 <0.1 608 <0.1
S5 Fall/Winter 12/2/14 11:25 12/3/14 16:20 28:55 32 0.01 212 1.44 rain/snow 100% 101 0.2 1,443 <0.1 461 <0.1

S5 Spring 3/22/15 19:45 3/22/15 21:45 2:00 30 0.02 192 0.21 rain 85% 791 1.5 3,090 <0.1 3,383 <0.1

S5 Spring 4/23/15 15:50 4/24/15 0:55 9:05 88 0.03 166 0.68 snow 100% 351 1.9 1,670 <0.1 1,202 <0.1
S5 Spring 5/8/15 18:05 5/8/15 21:15 3:10 41 0.01 28 0.84 rain 80% 106 0.3 845 <0.1 774 <0.1

S5 Spring 5/14/15 16:00 5/15/15 9:45 17:45 28 0.01 24 1.11 snow 85% 126 0.2 802 <0.1 556 <0.1

S5 Summer 7/4/15 10:00 7/4/15 11:55 1:55 136 0.22 1 0.19 thunderstorm 90% 320 2.7 4,204 <0.1 1,152 <0.1
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Summary data for the eleven events sampled in WY14 are presented in Table 12a.  Three precipitation 
events were sampled during the fall/winter, six during the spring, and two during the summer.  In general, 
only precipitation events greater than 0.3 inches produced sufficient runoff for water quality sampling, 
though one spring rain on snow event of only 0.05 inches produced sufficient runoff to sample as melting 
snow increased the total runoff volume.  Two snowmelt events were sampled when temperatures rose to 
the mid-50˚F and snowmelt at the Tahoma catchment outfall was sufficient to sample.  It is interesting to 
note that while FSP concentrations were not detectable for both snowmelt events, TN and TP 
concentrations were generally very high.  However, loads for all three pollutants were low for these two 
events as total runoff volumes were relatively low. The high intensity thunderstorm that began on August 
10, 2014 had very high concentrations of all three pollutants, as did the first significant storm of the 
fall/winter season beginning on January 11, 2014. Though FSP concentrations were about average, the 
highest FSP loads were produced during the two fall/winter mixed rain and snow events that occurred 
beginning January 29, 2014 and February 8, 2014 because of the large runoff volumes.  These two events 
also produced the highest loads for TN and TP. The March 29, 2014 and August 10, 2014 events also 
produced relatively large FSP loads. It is also interesting to note that though summer received significantly 
more precipitation than the spring did, the runoff volumes were similar.  This is likely due to the additional 
runoff produced by snowmelt in the spring.  
 
Fall/winter events had peak turbidities in the range of 1,500-2,500 NTU usually occurring at the beginning of 
each runoff event, likely due to the roads being washed clean in the beginning of each storm.  Spring events 
had peak turbidities in the range of 400-700 NTU usually occurring in the middle of the storm when the 
flows were the highest. The April 6-8, 2014 non-event snowmelt had a very low peak turbidity of about 70 
NTU (Appendix H).  
 
Table 12a: Summary data for eleven sampled events at the Tahoma catchment outfall in WY14. 

 
 
Summary data for the fourteen events sampled in WY15 are presented in Table 12b.  Six precipitation events 
were sampled during the fall/winter, five events were sampled during the spring, three of which were 
snowmelt events and two of which were precipitation events, and three precipitation events were sampled 
during the summer. In general, only precipitation events greater than 0.5 inches produced sufficient runoff 
for water quality sampling, though one small fall/winter rain event of 0.27 inches was successfully sampled.  
The events beginning February 6, 2015 and February 7, 2015 were actually part of the same four day rain 
event split in two because of a cessation in precipitation the morning of February 7. Similar to Speedboat 
and Tahoe Valley, concentrationss of all three pollutants dropped significantly during the second part of the 
storm at this site potentially indicating that the streets were washed clean by the first pulse of the storm.  
The first and largest of the three snowmelt events sampled occurred between March 2 and March 4, 2015 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event 
load (lbs)

TP EMC 
(ug/L)

TP event 
load (lbs)

TA Fall/Winter 1/11/14 11:30 1/11/14 22:10 10:40 2,048 0.52 rain/snow 75% 383 49 3,762 0.5 1,015 0.1
TA Fall/Winter 1/29/14 9:10 1/30/14 2:20 17:10 34,160 2.79 rain/snow 100% 120 255 1,408 3.0 318 0.7
TA Fall/Winter 2/8/14 1:20 2/10/14 4:30 51:10 120,236 9.32 rain/snow 100% 51 381 235 1.8 341 2.6
TA Spring 3/5/14 22:20 3/6/14 8:40 10:20 5,672 0.05 rain on snow 100% 179 63 793 0.3 984 0.3
TA Spring 3/14/14 16:00 3/16/14 16:00 48:00 175 na snowmelt 100% <1 <0.1 346 <0.1 55 <0.1
TA Spring 3/29/14 3:00 3/29/14 17:00 14:00 10,630 0.37 rain 100% 170 113 1,510 1.0 942 0.6
TA Spring 3/30/14 2:40 3/30/14 23:50 21:10 3,735 0.50 snow 70% 188 44 1,554 0.4 1,116 0.3
TA Spring 4/6/14 7:00 4/8/14 7:00 48:00 2,039 na snowmelt 100% <1 <0.1 388 <0.1 87 <0.1
TA Spring 5/20/14 0:00 5/20/14 21:40 21:40 1,943 0.38 rain 100% 57 7 851 0.1 402 <0.1
TA Summer 7/17/14 18:40 7/18/14 6:10 11:30 645 0.77 thunderstorm 100% 28 1 2,887 0.1 265 <0.1
TA Summer 8/10/14 14:50 8/11/14 6:00 15:10 7,086 0.59 thunderstorm 100% 270 120 2,337 1.0 1,769 0.8
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after a medium size snow event when temperatures rose to the high 30’s and low 40’s (°F).  The smallest 
snowmelt event sampled, only 109 cubic feet, occurred on April 8, 2015 after another medium sized snow 
event when temperatures rose to the low 40’s (°F). The third snowmelt event occurred April 25 through 
April 27, 2015 after a large mixed snow and rain event when temperatures reached the mid 50’s (°F).  All 
three snowmelt events produced very low FSP loads. Concentrations were the highest during the summer for 
all three pollutants, especially during the high intensity thunderstorms that occurred between July 2 and 
July 3, 2015. TN EMCs were notably higher in the summer than any other season, perhaps due to high 
summer traffic densities. The thunderstorms that occurred between July 19 and 20, 2015 produced the 
highest summer runoff volume and resulted in the highest TN load of the entire year, more than twice the 
load of the next highest TN load two weeks earlier. The February 6-7, 2015 fall/winter event was the largest 
precipitation event of the year and had the highest FSP and TP loads due to the large runoff volumes and 
relatively high EMCs.  However, event mean TN concentrations during that event were relatively low and 
resulted in an average TN load.   
 
The highest peak turbidities occurred in the winter concurrent with peak flows. The force of the very high 
peak flows during the February 6-7, 2015 event blew the continuous turbidimeter out of position, thus there 
is no continuous turbidity data and no peak turbidity calculated for this event.  The turbidimeter was 
restored to its permanent position on February 7 for the February 7-8, 2015 event. High peak turbidity also 
occurred during the first snowmelt event on March 2, 2015 but turbidity tended to come in short pulses and 
resulted in the smallest event mean FSP concentration and event load of the year. High turbidities generally 
occurred with peak flows and at the beginning of events (Appendix H).  
 
Table 12b: Summary data for fourteen sampled events at the Tahoma catchment outfall in WY15. 

 
 

6.2.6 SPEEDBOAT 
 
The total precipitation for WY15 in the Speedboat catchment was 11.85 inches, more than five and a half 
inches less than the minimum annual precipitation recorded at the Tahoe City Cross reference station since 
1981 (Table 4). Figure 25 shows the continuous hydrology and cumulative precipitation for WY15. The 
majority of the precipitation fell in the fall/winter season (6.6 inches). The spring season received 3.23 
inches and the summer season received 2.02 inches.  A total of 40 discrete precipitation events were 
measured at the Speedboat meteorological station, 17 in the fall/winter, 12 in the spring, and 11 in the 
summer. Approximately 48% of the events during WY15 produced less than a tenth of an inch of 
precipitation, and approximately 85% of the events produced less than half an inch.  The largest storm 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

TA Fall/Winter 10/20/14 19:50 10/21/14 6:00 10:10 1,005 0.40 236 0.27 rain 100% 40 2 4,390 0.3 495 <0.1

TA Fall/Winter 10/25/14 12:00 10/25/14 16:10 4:10 1,910 0.55 585 0.51 rain 100% 21 3 1,427 0.2 486 <0.1

TA Fall/Winter 11/13/14 2:50 11/13/14 13:40 10:50 2,705 0.39 706 0.54 rain 100% 19 3 794 0.1 329 <0.1

TA Fall/Winter 11/22/14 2:40 11/22/14 18:00 15:20 7,464 0.76 1,728 1.76 rain 100% 43 20 462 0.2 437 0.2

TA Fall/Winter 2/6/15 14:50 2/7/15 11:00 20:10 21,616 2.10 na 2.22 snow, rain 100% 164 222 309 0.4 970 1.3

TA Fall/Winter 2/7/15 11:00 2/8/15 6:00 19:00 13,808 0.78 1,221 0.73 rain 90% 29 25 563 0.5 200 0.2

TA Spring 3/2/15 12:00 3/4/15 12:00 48:00 5,404 0.11 1,033 na snowmelt 100% <1 <1 320 0.1 79 <0.1

TA Spring 3/22/15 18:40 3/23/15 16:40 22:00 3,183 0.51 452 0.52 rain, snow 95% 94 19 1,828 0.4 428 <0.1

TA Spring 4/8/15 8:20 4/8/15 16:50 8:30 109 0.03 537 na snowmelt 60% 105 <1 1,731 <0.1 358 <0.1

TA Spring 4/23/15 21:30 4/24/15 5:20 7:50 2,168 0.46 855 0.51 rain 90% 116 16 719 <0.1 690 <0.1

TA Spring 4/25/15 7:30 4/27/15 7:30 58:40 2,155 0.06 154 na snowmelt 100% 54 7 605 <0.1 243 <0.1

TA Summer 7/2/15 15:20 7/3/15 2:20 11:00 5,131 3.01 839 0.69 thunderstorm 90% 186 60 6,783 2.2 2,029 0.6

TA Summer 7/19/15 15:00 7/20/15 9:30 18:30 12,699 4.66 745 0.72 rain 100% 149 118 6,411 5.1 1,203 1.0

TA Summer 7/21/15 13:10 7/22/15 7:20 18:10 4,570 1.44 347 0.48 rain 100% 146 42 2,409 0.7 657 0.2
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Summary data for the eleven events sampled at Speedboat in WY15 are presented in Table 13.  Five 
precipitation events were sampled during the fall/winter, four events were sampled during the spring, and 
two precipitation events were sampled during the summer. In general, only precipitation events greater 
than 0.25 inches produced sufficient runoff for water quality sampling, though one small spring rain event of 
0.13 inches was successfully sampled.  The two largest events, beginning February 6, 2015 and February 8, 
2015 could be interpreted as one combined event with 2.70 inches of rain and a total runoff volume of 
89,141 cubic feet, but the event was split in two because of a cessation of flow between the morning of 
February 7 and the afternoon of February 8.  It is interesting to note that the EMC of FSP for the first part of 
this event was 136 mg/L and subsequently dropped to less than 1 mg/L for the second part of the event.  It 
is likely that the majority of the FSP had been washed off the roadways in the latter part of this four day 
rainstorm.  The same pattern is evident with FSP load, as well as the concentrations and loads of TN and TP. 
The first part of this event delivered the greatest loads of all three pollutants the entire year.  The 
thunderstorm of August 7, 2015 had relatively high concentrations of FSP and TP, but very high TN. 
Considerable build-up of nitrogen from high summer traffic during a long period without precipitation may 
have contributed to this very high TN concentration. (The turbidimeter malfunctioned during the August 7, 
2015 event, but replaced with turbidity measurements taken on all single autosampler samples across the 
hydrograph.) 
 
Speedboat has some of the highest peak turbidities of all sites, generally greater than 1,000 NTU, likely due 
to runoff received from highway 28. Peak turbidities generally occur at the beginning of each event as roads 
are being washed clean (Appendix I). 
 
Table 13: Summary data for eleven sampled events at the Speedboat catchment outfall in WY15. 

 
 

6.2.7 TAHOE VALLEY 
 
The total precipitation for WY15 at the Tahoe Valley meteorological station was 17.75 inches, which falls 
within the first quartile of the annual precipitation recorded at the Tahoe City Cross reference station since 
1981 (Table 4). Figure 27 shows the continuous hydrology and cumulative precipitation for WY15. The 
majority of the precipitation fell in the fall/winter season (11.06 inches).  The spring season received 3.63 
inches and the summer season received 3.06 inches.  A total of 36 discrete precipitation events were 
measured at the Tahoe Valley meteorological station, 16 in the fall/winter, 10 in the spring, and 10 in the 
summer.  Roughly 31% of the events during WY15 produced less than a tenth of an inch of precipitation, and 
75% of the events produced less than half an inch.  The largest storm occurred between February 6, 2015 
and February 9, 2015, falling as mixed rain and snow and resulted in 5.49 inches of precipitation in the 
Tahoe Valley catchment. The highest peak flows (about 5.3 cfs) occurred during this event. 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

SB Fall/Winter 11/29/14 10:40 11/29/14 15:50 5:10 3,351 0.84 1,294 0.52 rain/snow 85% 62 13 1,555 0.3 493 0.1

SB Fall/Winter 12/2/14 12:20 12/3/14 17:50 29:30 37,175 2.19 1,167 1.10 rain/snow 90% 30 69 707 1.6 138 0.3

SB Fall/Winter 12/19/14 12:10 12/20/14 15:30 27:20 2,987 0.18 1,116 0.29 snow 70% 147 27 1,214 0.2 774 0.1

SB Fall/Winter 2/6/15 15:00 2/7/15 9:30 18:10 47,735 2.74 1,989 1.51 rain 100% 136 405 1,474 4.4 677 2.0

SB Fall/Winter 2/8/15 12:30 2/9/15 13:50 26:30 41,406 3.20 751 1.19 rain 85% <1 3 732 1.9 301 0.8

SB Spring 5/8/15 18:00 5/8/15 20:50 2:50 1,284 0.85 1,966 0.27 rain 75% 236 19 2,825 0.2 1,110 <0.1

SB Spring 5/14/15 15:00 5/15/15 12:10 0.88 2,660 0.26 481 0.40 rain 100% 29 5 1,097 0.2 231 <0.1

SB Spring 5/21/15 12:00 5/21/15 14:40 2:40 1,599 0.77 1,238 0.13 rain 95% 137 14 1,759 0.2 542 <0.1

SB Spring 5/22/15 14:20 5/22/15 22:50 8:30 7,905 1.25 620 0.37 rain 90% 61 30 1,175 0.6 307 0.2

SB Summer 6/9/15 19:20 6/10/15 8:00 13:10 15,626 2.19 1,579 0.72 thunderstorm 100% 57 56 3,101 3.0 407 0.4

SB Summer 8/7/15 14:30 8/7/15 18:40 4:10 3,163 1.00 373 0.38 thunderstorm 95% 88 17 4,614 0.9 764 0.2
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turbidity occurred at the beginning of the February 6, 2015 event.  Peak turbidities are generally concurrent 
with peak flows at this site (Appendix J). 
 
Table 14: Summary data for seven sampled events at the Tahoe Valley catchment outfall in WY15. 

 
 

6.2.8 UPPER TRUCKEE 
 
The total precipitation for WY15 at the Upper Truckee meteorological station was 17.75 inches, which falls 
within the first quartile of the annual precipitation recorded at the Tahoe City Cross reference station since 
1981 (Table 4). Figure 29 shows the continuous hydrology and cumulative precipitation for WY15. The 
majority of the precipitation fell in the fall/winter season (11.06 inches).  The spring season received 3.63 
inches and the summer season received 3.06 inches.  A total of 36 discrete precipitation events were 
measured at the Tahoe Valley meteorological station, 16 in the fall/winter, 10 in the spring, and 10 in the 
summer.  Roughly 31% of the events during WY15 produced less than a tenth of an inch of precipitation, and 
75% of the events produced less than half an inch.  The largest storm occurred between February 6, 2015 
and February 9, 2015, falling as mixed rain and snow and resulted in 5.49 inches of precipitation in the 
Upper Truckee catchment. However, the highest peak flows (about 3.3 cfs) occurred during a high intensity 
thunderstorm on July 8, 2015. 
 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

TV Fall/Winter 11/22/14 6:30 11/22/14 12:40 6:10 1,975 0.18 259 0.85 rain 95% 84 10 1,235 0.2 545 <0.1

TV Fall/Winter 12/3/14 9:50 12/4/14 2:40 16:50 23,891 0.86 119 1.19 rain 85% <1 1 685 1.0 269 0.4

TV Fall/Winter 12/4/14 6:00 12/4/14 14:00 8:00 9,691 0.66 93 0.18 rain 100% <1 <1 885 0.5 199 0.1
TV Fall/Winter 2/6/15 17:00 2/7/15 13:00 20:30 99,321 4.61 2,058 2.87 rain 100% 83 517 1,185 7.3 291 1.8

TV Fall/Winter 2/7/15 13:00 2/8/15 9:50 20:50 104,432 3.80 124 0.84 rain 90% <1 7 613 4.0 181 1.2

TV Spring 4/25/15 9:10 4/25/15 21:20 12:10 36,010 1.97 636 1.13 rain 100% <1 2 1,331 3.0 233 0.5

TV Summer 7/8/15 11:20 7/9/15 6:10 18:50 18,058 1.11 956 1.36 thunderstorm 100% 143 161 2,976 3.4 664 0.7
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April 7-8 event but loading was small as the runoff volume was small. High peak turbidities were about 1,110 
NTU during three fall/winter events and occurred at the beginning of each event (Appendix K). 
 
Table 15: Summary data for nine sampled events at the Upper Truckee catchment outfall in WY15. 

 
 

7 BMP EFFECTIVENESS MONITORING 

7.1 PASADENA 

The cartridge filters currently installed in the Contech Stormfilter vaults at Pasadena had treated no flow at 
the beginning of WY14 monitoring (see Section 2.1 for details), so the filters were functioning at optimal 
levels at the beginning of this study. To date, maintenance of the system includes only vactoring of the pre-
treatment chambers in the spring and fall of WY14 and WY15.   
 
WY14 data suggests that the Stormfilter at Pasadena had a variable ability to reduce FSP, TN, and TP during 
runoff events. Though Table 16a suggests that the Stormfilter was about 58% effective in reducing FSP in the 
winter and 33% efficient overall for the year, data shows increases in loads in the spring (123%) and summer 
(41%). Load increases of over 100% in the spring may be due to sediment accumulation in the Stormfilter 
chamber from fall/winter events that was flushed out during a spring event. Therefore, it may be beneficial 
to perform annual maintenance in the early spring to ensure that accumulated fall/winter pollutants are not 
released to the lake. The Stormfilter is not designed to reduce runoff volumes. Reductions shown in the 
tables may be due to runoff that remains in the chamber after the end of an event that slowly evaporates, 
or to the small allowable error in the flow monitoring equipment.  
 
WY15 data suggests that the Stormfilter at Pasadena has a somewhat less variable but diminished ability to 
reduce FSP, TN, and TP when compared with WY14. Table 16b shows that the Stormfilter was relatively 
consistent in annual and seasonal FSP load reductions (reductions of 23%, 16%, 20%, and 21% for fall/winter, 
spring, summer, and annual respectively). Additionally, unlike WY14, sediments were not flushed from the 
vaults in the spring and summer. The pretreatment chambers upstream of the cartridge filters were 
vactored out at the end of WY14 and in the spring of WY15 and the WY15 fall/winter volume was about one 
third the WY14 fall/winter volume; therefore, it is possible that there was less accumulated sediment 
available to flush out in the spring and summer of WY15. Additionally, Table 16b also shows that on an 
average annual basis the Stormfilter was more effective at reducing TN than TP, but in general annual 
reductions of all three pollutants were similar in WY15. The increase in TN load during the fall/winter may 
have been the result of flushing accumulated pollutants stored in the vault from previous events. The 

Station 
Acronym Season

Runoff Start 
(Date Time)

Runoff End 
(Date Time)

Runoff 
Duration 
(hh:mm)

Runoff 
Volume 
(cf)

Peak 
Flow 
(cfs)

Peak 
Turb 
(NTU)

Storm 
Total (in)

Event 
Type

% of 
Storm 

Sampled
FSP EMC 
(mg/L)

FSP event 
load (lbs)

TN EMC 
(ug/L)

TN event
load (lbs)

TP EMC 
(ug/L)

TP event
load (lbs)

UT Fall/Winter 11/22/14 5:20 11/22/14 13:50 8:30 2,594 0.22 259 0.85 rain 60% 354 57 1,349 0.2 1,001 0.2

UT Fall/Winter 12/2/14 12:40 12/3/14 16:20 27:40 9,689 0.29 967 1.37 rain/snow 80% 195 116 1,749 1.0 858 0.5

UT Fall/Winter 12/19/14 11:40 12/20/14 12:10 24:30 2,062 0.26 1,117 0.45 rain/snow 100% 709 91 3,449 0.4 1,999 0.3

UT Fall/Winter 2/6/15 15:10 2/7/15 8:10 17:00 6,712 0.37 1,113 2.87 rain 85% 268 112 1,856 0.8 844 0.4

UT Fall/Winter 2/7/15 11:40 2/8/15 3:00 15:20 5,749 0.40 651 0.84 rain 100% 137 49 1,772 0.6 538 0.2
UT Fall/Winter 2/8/15 9:00 2/9/15 12:30 27:30 15,708 0.61 1,114 1.78 rain 100% 163 160 1,428 1.4 560 0.5

UT Spring 4/7/15 11:30 4/8/15 6:40 19:10 1,697 0.24 997 0.09 snow 95% 470 50 5,877 0.6 2,067 0.2

UT Spring 4/23/15 11:10 4/24/15 5:50 18:30 2,413 0.88 468 0.25 rain 80% 94 14 3,885 0.6 863 0.1

UT Spring 4/25/15 2:30 4/25/15 17:50 15:20 7,106 0.45 701 1.13 rain 95% 270 120 2,580 1.1 860 0.4
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reduced pollutant removal efficiency in WY15 compared to WY14 may indicate a need to perform 
maintenance on this treatment vault.  
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Table 16a: Summary statistics for volume and load reductions at the Pasadena Stormfilter in WY14. 

 
 
Table 16b: Summary statistics for volume and load reductions at the Pasadena Stormfilter in WY15. 

 
 
 
 
 
 
 

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Seasonal 
TN load 
(lbs)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Pasadena In PI 99,687 9,943 25,424 135,054 530 22 128 680 6.4 na 5.3 11.8 3.0 na 3.5 6.5
Pasadena Out PO 99,382 9,301 24,478 133,161 225 49 180 454 4.6 na 3.1 7.7 2.9 na 2.4 5.2

305 642 946 1,893 305 ‐27 ‐52 226 1.8 na 2.2 4.1 0.1 na 1.1 1.3

‐0.3% ‐6% ‐4% ‐1% ‐58% 123% 41% ‐33% ‐28% na ‐42% ‐34% ‐5% na ‐32% ‐19%

Total 
Annual 
TP load 
(lbs)

Water Year 2014
Oct. 1, 2013 ‐ Sep. 30, 2014

Seasonal Volumes (cf)
Total 
Annual 
Runoff 
Volume 
(cf)

Seasonal FSP Load (lbs) Total 
Annual 
FSP Load 
(lbs)

Seasonal TN load (lbs) Total 
Annual 
TN load 
(lbs)

Pasadena

Volume or Load Reduction

% Change

Seasonal TP load (lbs)

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Pasadena In PI 31,797 2,931 16,402 51,130 95 8 161 265 1.6 0.2 5.3 7.1 1.0 <0.1 1.6 2.7

Pasadena Out PO 30,276 2,739 15,887 48,902 73 7 129 209 2.1 0.1 3.0 5.3 0.9 <0.1 1.4 2.3

1,521 192 515 2,228 22 1 32 56 ‐0.5 <0.1 2.3 1.8 0.1 <0.1 0.3 0.4

‐5% ‐7% ‐3% ‐4% ‐23% ‐16% ‐20% ‐21% 32% ‐13% ‐43% ‐25% ‐12% ‐2% ‐17% ‐15%

Pasadena

Volume or Load Reduction

% Change

Seasonal TN load (lbs) Total 
Annual 
TN load 
(lbs)

Seasonal TP load (lbs) Total 
Annual 
TP load 
(lbs)

Water Year 2015
Oct. 1, 2014 ‐ Sep. 30, 2015

Seasonal Volumes (cf)
Total 
Annual 
Runoff 
Volume 
(cf)

Seasonal FSP Load (lbs) Total 
Annual 
FSP Load 
(lbs)
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Table 17a compares the efficiency of the Stormfilter at reducing concentrations and loads of all three 
pollutants for the individual events sampled in WY14. The event that began January 29, 2014 constituted 8% 
of the total flow, but showed increases greater than 70% in both FSP EMCs and event loads. The January 29th 
storm also saw about a one third increase in TN, and a small increase in TP.  Since this was the first large 
event of the season, smaller previous events may have filled the Stormfilter chamber with turbid water that 
got flushed out during this event. This is supported by FSP concentrations that were higher at the outflow 
for all samples that were used to calculate the EMC (i.e. first flush sample, and rising and falling limb 
composites, see Table A2a, Appendix A).  The City of South Lake Tahoe believes that the increase in 
turbidity could also be the result of filter replacement that occurred September 30, 2013. Since this time, 
the filters have not been cleaned or replaced, and maintenance activities have been limited to vactoring 
the pretreatment chambers upstream of the cartridge filters in the spring and fall. Further investigation of 
filter effectiveness is warranted to validate this assumption and will be determined with continued water 
quality data collection. The event that began February 8, 2014 accounted for 68% of the total runoff volume 
but showed no improvement in FSP.  This event showed reasonable reductions in TN, but only nominal 
reductions in TP.  The event that began July 18, 2014 had reasonable reductions for all pollutants, but only 
comprised 0.2% of the total annual flow.  The July 20, 2014 event showed nominal reductions for all 
pollutants and only accounted for 1% of the total annual flow. Overall, the vault showed little to no 
pollutant removal in WY14.  
 
Table 17b compares the efficiency of the Stormfilter at reducing concentrations and loads of all three 
pollutants for the individual events sampled in WY15. The event that began February 6, 2015 showed 
nominal reductions in FSP and TP EMCs and loads, and a very large increase in TN EMC and load. The event 
that began February 8, 2015 is a continuation of the February 6 event and showed less than 20% reductions 
in concentrations and loads of all three pollutants (with the exception of a 22% reduction in FSP load). This 
is noteworthy as the combined event constituted 45% of the annual flow measured at Pasadena and could 
indicate a need to change the filters prior to the beginning of every water year.  The April 25, 2015 event 
showed variable removal efficiency of all three pollutants. Perceived increases in concentrations for FSP and 
TP during this event may have been due to allowable margins of error in laboratory analysis. Calculated load 
reductions in these two pollutants, despite concentration increases, are due to smaller effluent volumes 
than influent volumes (as a result of some volume retention in the Stormfilter). The greatest removal 
efficiency for FSP and TN occurred with the summer thunderstorm on July 8, 2015 when concentrations of 
all three pollutants were at their highest. Overall, the vault showed minimal pollutant removal efficiency in 
WY15.  
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Table 17a: Efficiency summary for the Pasadena Stormfilter in WY14. Increases in concentrations and loads for all pollutants during the January 29, 2014 storm 
may have been due to flushing from previous events or filter maintenance prior to the event. 

 
 
Table 17b: Efficiency summary for the Pasadena Stormfilter in WY15. Perceived increases in concentrations for FSP and TP during the April 25, 2015 event may 
have been due to allowable margins of error in laboratory analysis.  The large increase in TN concentrations and loads during the February 6, 2015 event may 
have been due to flushing from previous events. 

 
 
 

Event 
Start Date

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

1/29/14 8% 64 110 72% 40 69 73% 1,884 2,583 37% 1.2 1.6 33% 873 980 12% 0.6 0.6 0%

2/8/14 68% 46 46 0% 257 260 1% 939 544 ‐42% 5.3 3.1 ‐42% 440 404 ‐8% 2.5 2.3 ‐8%

7/18/14 0.2% 534 207 ‐61% 9 3 ‐67% 9,837 3,627 ‐63% 0.2 0.1 ‐50% 3,615 1,497 ‐59% 0.1 <0.1 ‐50%

7/20/14 1% 262 250 ‐5% 27 26 ‐4% 2,269 1,799 ‐21% 0.2 0.2 0% 1,960 1,567 ‐20% 0.2 0.2 0%

TN Concentration 
(ug/L)

TN Load (lbs)
TP Concentration 

(ug/L)
TP Load (lbs)

Event 
Volume as a 
% of Total 
Annual 

Volume (cf)

FSP Concentration 
(mg/L)

FSP Load (lbs)

Event 
Start Date

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

2/6/15 20% 62 57 ‐7% 40 36 ‐10% 889 1,690 90% 0.6 1.1 84% 611 589 ‐4% 0.4 0.4 ‐7%

2/8/15 25% 43 35 ‐18% 35 27 ‐22% 736 649 ‐12% 0.6 0.5 ‐16% 419 369 ‐12% 0.3 0.3 ‐16%

4/25/15 7% 46 51 12% 10 8 ‐22% 939 873 ‐7% 0.2 0.1 ‐35% 438 458 5% 0.1 0.1 ‐27%
7/8/15 20% 157 112 ‐29% 98 71 ‐28% 5,174 3,031 ‐41% 3.2 1.9 ‐41% 1598 1367 ‐14% 1.0 0.9 ‐13%

TP Load (lbs)
Event 

Volume as a 
% of Total 
Annual 

Volume (cf)

FSP Concentration 
(mg/L)

FSP Load (lbs) TN Concentration 
(ug/L)

TN Load (lbs) TP Concentration 
(ug/L)
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The discrepancy between Tables 16a/b and 17a/b with respect to FSP are due to how the average seasonal 
and annual concentrations and loads are calculated. Since continuous turbidimeter data is available from 
both the inflow and outflow stations at Pasadena, seasonal and annual loads and average concentrations in 
Values in Tables 16a/b were calculated using equations relating turbidity to FSP. Values in Tables 17a/b 
show event mean FSP concentrations calculated using results from water quality samples submitted to the 
analytical laboratory for PSD analysis and loads calculated from those concentrations. Both of these methods 
have limitations. Despite numerous comparisons to lab analyzed turbidity at the same date and time, the 
turbidimeter is not always accurate and could over or underestimate loads. In addition, though converting 
turbidity to FSP using universal equations has been shown to yield reasonable results, this method will likely 
introduce some error as turbidity to FSP relationships tend to show some site specificity. Calculating 
average seasonal and annual concentrations and loads from just a few events sampled can also introduce 
error as events can vary significantly in pollutant concentrations and loads and therefore average 
concentrations and loads will depend on which events were successfully sampled.  (Average seasonal and 
annual concentrations and loads for TN and TP in Tables 16a/b are necessarily calculated from events 
sampled, so the alignment between the numbers in Tables 16a/b and the numbers from individual sampled 
events in Tables 17a/b is good.) 
 

7.2 RUBICON 

There has been no outflow from the Stormtech chambers at Rubicon recorded at RO in either WY14 or 
WY15. All runoff volumes measured at RI have been infiltrated by the Stormtech chambers thus far.  This 
indicates 100% efficiency of the Stormtech chambers in reducing FSP, TN, and TP.   
 

7.3 SR431 

Data collected from matched inflow and outflow sampling at the Contech MFS stormwater treatment vault 
and at the Jellyfish stormwater treatment vault at SR431 during WY14 show relatively effective but variable 
removal of sediment and nutrients.  Table 18a presents the summary data on removal efficiency for each 
vault in WY14. These data suggest that both vaults removed about equivalent amounts of FSP (52-55%), TN 
(33-31%) and TP (51-54%) on an annual basis, with less variability observed in seasonal load reductions 
during summer storms.  Table 18b presents the summary data on removal efficiency for WY15. The data 
suggest that the vaults did not remove approximately equivalent amounts of pollutants as they did WY14. 
The pollutant removal efficiency of Contech MFS dropped a bit on an average annual basis; from 55% to 35% 
for FSP, from 33% to 18% for TN, and from 54% to 34% of TP in WY14 and WY15 respectively.  However, the 
removal efficiency of the Jellyfish diminished significantly. In fact, on an average annual basis it released 
FSP and TN (from a 52% reduction to 3% increase in FSP and from a 31% reduction to a 3% increase in TN for 
WY14 and WY15 respectively). Its ability to remove TP dropped from 51% to 24% on an average annual basis. 
The Jellyfish was cleaned September 23, 2015, shortly before the beginning of WY16.  
 
Note that the Contech MFS vault shows a volume reduction in outflow relative to inflow during each season, 
especially during the fall/winter and spring seasons. In the absence of bypass flows, which were not 
observed, the inflow and outflow volumes should match. This difference is considered an artifact of 
monitoring limitations inherent to the station, when low flows out of the treatment vaults persist below 
detection limits of the flumes (installed during highway construction by the contractor).  
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In WY14 there were problems with maintaining stage transducers and turbidity sensors during fall/winter 
and spring runoff seasons due to extensive sediment accumulation in the conveyance lines and flume units. 
To help solve this problem, riser pipes were installed in the diverter vault in late summer of 2014 to retain 
coarse sediments prior to discharge into conveyance lines that lead into the monitoring flumes and 
treatment vaults. This has resulted in much less sensor fouling and improved data collection.  
 
Event efficiency results for both vaults are shown in Tables 19a/b and 20a/b. Though Table 18b shows an 
increase in FSP loads during the fall/winter and summer seasons from the Jellyfish, Table 20b indicates FSP 
load reductions for every fall/winter and all but one summer event. This is because values in Table 18b are 
calculated from continuous turbidity and account for all flow that passed through the monitoring station the 
whole year. Values in Table 20b are calculated from samples taken during events and analyzed for PSD. Even 
though each event sampled may have shown a decrease in FSP load from the Jellyfish, it does not mean 
there was a decrease in load from the Jellyfish during all flow not sampled.  
 
The Desert Research Institute (DRI) submitted a summary report of the efficiency study they conducted on 
these vaults during WY14 and WY15 to the Nevada Department of Transportation and the Nevada Division of 
Environmental Protection (NDEP) in December 2015.  A full analysis of treatment vault efficiencies and 
comparison of the two different types can be found in DRI et al 2015. 
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Table 18a: Summary statistics for volume and load reductions at the SR431 Contech MFS and Jellyfish vaults in WY14. 

 
 
Table 18b: Summary statistics for volume and load reductions at the SR431 Contech MFS and Jellyfish vaults in WY15. 

 
 
 
 
 
 
 
 
 
 
 
 

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Contech In CI 4,024 6,372 7,561 17,957 68 171 55 293 0.5 0.9 1.0 2.4 0.2 0.5 0.2 0.8

Contech Out CO 3,003 4,007 6,575 13,584 34 59 38 131 0.3 0.4 0.9 1.6 0.1 0.2 0.1 0.4

1,021 2,365 986 4,373 34 112 17 162 0.2 0.5 0.1 0.8 0.1 0.3 <0.1 0.5

‐25% ‐37% ‐13% ‐24% ‐50% ‐65% ‐31% ‐55% ‐40% 58% 7% ‐33% 53% 67% 24% 54%

Jellyfish In JI 3,022 4,837 8,377 16,236 83 131 54 268 0.4 0.8 1.1 2.3 0.2 0.4 0.2 0.8

Jellyfish Out JO 3,320 4,695 8,122 16,136 23 67 38 128 0.2 0.4 0.9 1.6 0.1 0.2 0.2 0.4

‐298 142 255 100 61 63 16 140 0.1 0.4 0.2 0.7 0.1 0.2 <0.1 0.4

10% ‐3% ‐3% ‐1% ‐73% ‐48% ‐30% ‐52% 37% ‐50% 15% ‐31% ‐69% ‐55% ‐29% ‐51%

Total 
Annual TP 
load (lbs)

SR431

Volume or Load Reduction

% Change

Water Year 2014
Oct. 1, 2013 ‐ Sep. 30, 2014

Seasonal Volumes (cf)
Total 
Annual 
Runoff 
Volume 
(cf)

Seasonal FSP Load (lbs) Total 
Annual 
FSP Load 
(lbs)

Seasonal TN load (lbs)

SR431

Volume or Load Reduction

% Change

Total 
Annual 
TN load 
(lbs)

Seasonal TP load (lbs)

Catchment 
(Site) Name

Station 
Name

Station 
Acronym

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Fall/Winter 
(Oct1‐
Feb28)

Spring 
(Mar1‐
May31)

Summer 
(Jun1‐
Sep30)

Contech In CI 11,877 9,804 3,831 25,512 95 87 4 186 0.9 0.6 0.2 1.7 0.7 0.4 <0.1 1.1

Contech Out CO 9,379 7,976 3,295 20,650 69 47 4 120 0.6 0.5 0.3 1.4 0.4 0.3 <0.1 0.8

2,498 1,828 536 4,862 26 40 <0.1 66 0.2 0.2 <0.1 0.3 0.2 0.1 <0.1 0.4

‐21% ‐19% ‐14% ‐19% ‐27% ‐46% 0% ‐35% ‐26% ‐27% 39% ‐18% ‐36% ‐35% 19% ‐34%

Jellyfish In JI 11,014 11,281 4,359 26,654 86 84 5 175 0.8 0.7 <0.1 1.5 0.7 0.5 <0.1 1.2

Jellyfish Out JO 10,976 10,977 3,780 25,733 106 68 6 180 0.6 0.7 0.3 1.6 0.5 0.4 <0.1 0.9

38 304 579 921 ‐20 16 ‐1 ‐5 0.2 <0.1 <0.1 <0.1 0.1 0.2 <0.1 0.3

0% ‐3% ‐13% ‐3% 23% ‐19% 20% 3% ‐23% ‐2% 555% 3% ‐22% ‐30% 21% ‐24%% Change

SR431

Volume or Load Reduction

% Change

Water Year 2015
Oct. 1, 2014 ‐ Sep. 30, 2015 Total 

Annual 
TN load 
(lbs)

Seasonal TP load (lbs)
Total 

Annual TP 
load (lbs)

SR431

Volume or Load Reduction

Seasonal Volumes (cf) Total 
Annual 
Runoff 
Volume 
(cf)

Seasonal FSP Load (lbs)
Total 
Annual 
FSP Load 
(lbs)

Seasonal TN load (lbs)
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Table 19a: Efficiency summary for the Contech MFS vault at SR431 in WY14. 

 
 
Table 19b: Efficiency summary for the Contech MFS vault at SR431 in WY15. 

 
 
 
 
 
 
 
 

Event Start 
Date

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

1/29/2014 8% 269 182 ‐32% 23 13 ‐43% 2,078 1,672 ‐20% 0.2 0.1 ‐33% 670 419 ‐37% <0.1 <0.1 ‐48%

3/5/2014 5% 744 286 ‐62% 38 11 ‐71% 3,420 1,394 ‐59% 0.2 <0.1 ‐67% 2,180 740 ‐66% 0.1 <0.1 ‐74%

3/29/2014 5% 514 322 ‐37% 27 14 ‐48% 2,882 1,924 ‐33% 0.2 <0.1 ‐47% 1,383 844 ‐39% <0.1 <0.1 ‐50%

5/10/2014 3% 458 332 ‐28% 15 6 ‐60% 1,702 1,554 ‐9% <0.1 <0.1 ‐50% 1,210 970 ‐20% <0.1 <0.1 ‐56%

5/19/2014 8% 186 115 ‐38% 16 7 ‐56% 1,242 1,124 ‐10% 0.1 <0.1 ‐36% 525 319 ‐39% <0.1 <0.1 ‐59%

7/16/2014 5% 311 208 ‐33% 17 11 ‐35% 2,791 2,645 ‐5% 0.2 0.1 ‐7% 940 765 ‐19% <0.1 <0.1 ‐25%

8/4/2014 7% 40 31 ‐23% 3 2 ‐35% 1,176 1,520 29% <0.1 0.1 11% 160 125 ‐22% <0.1 <0.1 ‐33%

9/26/2014 7% 51 49 ‐4% 4 2 ‐37% 2,506 2,679 7% 0.2 0.1 ‐32% 270 220 ‐19% <0.1 <0.1 ‐45%

TP Load (lbs)
Event 

Volume as a 
% of Total 
Annual 

Volume (cf)

FSP Concentration 
(mg/L)

FSP Load (lbs)
TN Concentration 

(ug/L)
TN Load (lbs)

TP Concentration 
(ug/L)

Event 
Start Date

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

10/31/14 2% 76 59 ‐23% 3 1 ‐52% 3,150 2,200 ‐30% 0.1 <0.1 ‐57% 293 233 ‐20% <0.1 <0.1 ‐51%

12/2/14 15% 141 121 ‐14% 33 21 ‐36% 730 820 12% 0.2 0.1 ‐17% 424 328 ‐23% <0.1 <0.1 ‐43%

2/7/15 19% 402 342 ‐15% 123 98 ‐21% 1,270 1,190 ‐6% 0.4 0.3 ‐12% 1330 1006 ‐24% 0.4 0.3 ‐29%

4/23/15 8% 332 275 ‐17% 40 28 ‐31% 1,260 1,170 ‐7% 0.2 0.1 ‐22% 1101 812 ‐26% 0.1 <0.1 ‐38%

5/6/15 6% 316 239 ‐25% 32 20 ‐38% 1,006 494 ‐51% 0.1 <0.1 ‐60% 126 92 ‐27% <0.1 <0.1 ‐40%

5/14/15 6% 168 149 ‐11% 15 10 ‐31% 829 1,378 66% <0.1 <0.1 29% 662 648 ‐2% <0.1 <0.1 ‐24%

5/22/15 5% 211 160 ‐24% 18 13 ‐30% 1,020 734 ‐28% <0.1 <0.1 ‐33% 856 665 ‐22% <0.1 <0.1 ‐28%

6/9/15 6% 78 49 ‐37% 8 5 ‐41% 891 1,437 61% <0.1 0.1 51% 153 212 38% <0.1 <0.1 30%

TP Load (lbs)
Event 

Volume as a 
% of Total 
Annual 

Volume (cf)

FSP Concentration 
(mg/L)

FSP Load (lbs)
TN Concentration 

(ug/L)
TN Load (lbs)

TP Concentration 
(ug/L)
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Table 20a: Efficiency summary for the Jellyfish vault at SR431 in WY14. 

 
 
Table 20b: Efficiency summary for the Jellyfish vault at SR431 in WY15. 

Event Start 
Date

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

1/29/2014 8% 442 110 ‐75% 34 9 ‐74% 1,936 1,109 ‐43% 0.2 <0.1 ‐40% 1,056 300 ‐72% <0.1 <0.1 ‐70%

3/5/2014 4% 681 345 ‐49% 27 17 ‐37% 3,598 1,511 ‐58% 0.1 <0.1 ‐43% 2,180 970 ‐56% <0.1 <0.1 ‐44%

3/29/2014 4% 511 197 ‐61% 20 7 ‐65% 2,891 1,315 ‐55% 0.1 <0.1 ‐55% 1,589 465 ‐71% <0.1 <0.1 ‐72%

5/10/2014 3% 606 442 ‐27% 18 9 ‐50% 2,404 1,753 ‐27% <0.1 <0.1 ‐43% 1,790 1,220 ‐32% <0.1 <0.1 ‐52%

5/19/2014 14% 309 174 ‐44% 45 28 ‐38% 2,366 1,293 ‐45% 0.3 0.2 ‐38% 950 480 ‐49% 0.1 <0.1 ‐45%

7/16/2014 7% 244 210 ‐14% 17 14 ‐18% 2,988 2,920 ‐2% 0.2 0.2 ‐10% 910 802 ‐12% <0.1 <0.1 ‐17%

8/4/2014 9% 37 25 ‐32% 3 2 ‐43% 1,336 1,143 ‐14% 0.1 <0.1 ‐31% 145 109 ‐25% <0.1 <0.1 ‐39%

9/26/2014 7% 48 39 ‐19% 3 2 ‐29% 2,094 2,111 1% 0.2 0.1 ‐13% 240 180 ‐25% <0.1 <0.1 ‐35%

TP Load (lbs)Event 
Volume as a 
% of Total 
Annual 

FSP Concentration  FSP Load (lbs) TN Concentration  TN Load (lbs) TP Concentration 

Event 
Start Date

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

in‐
flow

out‐
flow

% 
change

10/31/14 2% 76 27 ‐64% 2 1 ‐71% 4,080 1,220 ‐70% 0.1 <0.1 ‐76% 299 172 ‐42% <0.1 <0.1 ‐54%

12/2/14 11% 149 114 ‐24% 28 21 ‐26% 850 860 1% 0.2 0.2 ‐2% 445 312 ‐30% <0.1 <0.1 ‐32%

2/7/15 20% 405 342 ‐16% 137 110 ‐19% 1,110 900 ‐19% 0.4 0.3 ‐23% 1275 1015 ‐20% 0.4 0.3 ‐24%

4/23/15 7% 394 264 ‐33% 47 30 ‐37% 1,350 1,170 ‐13% 0.2 0.1 ‐18% 1322 792 ‐40% 0.2 <0.1 ‐44%

5/6/15 7% 256 243 ‐5% 30 27 ‐8% 760 889 17% <0.1 <0.1 14% 56 48 ‐15% <0.1 <0.1 ‐17%

5/14/15 7% 167 113 ‐32% 19 12 ‐36% 1,144 1,294 13% 0.1 0.1 6% 664 519 ‐22% <0.1 <0.1 ‐27%

5/22/15 6% 196 202 3% 19 19 4% 531 502 ‐5% <0.1 <0.1 ‐5% 906 806 ‐11% <0.1 <0.1 ‐11%

6/9/15 6% 73 52 ‐30% 8 5 ‐30% 988 1,153 17% 0.1 0.1 17% 153 214 40% <0.1 <0.1 40%

TP Load (lbs)
Event 

Volume as a 
% of Total 
Annual 

Volume (cf)

FSP Concentration 
(mg/L)

FSP Load (lbs)
TN Concentration 

(ug/L)
TN Load (lbs)

TP Concentration 
(ug/L)
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8 PLRM MODELING RESULTS 

The Tahoe RCD conducted a mini study to compare average annual runoff volumes and pollutant loads as 
predicted by PLRMv2.1 to annual volumes and loads measured in WY14 and WY15 at all sites to assess model 
performance; results are presented in Table 21. In reviewing model performance, it is important to highlight 
that PLRM represents average annual conditions, and WY14 and WY15 were exceptionally dry years. Thus, it 
is not surprising that PLRM overpredicted average annual runoff volumes for WY14 and WY15 at all sites with 
one exception: PLRM predicted that there would never be flow that bypassed the two treatment vaults at 
SR431 and thus all values for the SR431 catchment outfall (S5) are zero (underpredicted). Similarly, FSP 
loads were overpredicted at all sites for WY14 and WY15.  TN loads were overpredicted by PLRM at all sites 
for both water years, with the exception of Rubicon Outflow, which was successfully predicted to be zero. 
TP loads were also overpredicted at all sites for both water years, with the exceptions of Pasadena Inflow 
and Outflow, which were underpredicted in WY14, and Rubicon Outflow, which was accurately predicted to 
be zero.  Although PLRM tended to overpredict the average annual runoff volumes and pollutants in the 
unusually dry WY14 and WY15, it is still reasonably predictive of actual conditions. For example, Tahoe 
Valley has the highest annual runoff volume, which was predicted by PLRM.  
 
Though much of the difference between predicted and measured values can be explained by the drought 
that characterized the two monitored water years, other adjustments could be made to the models to more 
closely predict actual conditions.  For example, many innovative water quality improvements that have 
been implemented in the monitored catchments were not included in the models due to difficulty in 
obtaining pertinent information about them (size, infiltration rate, etc.).  Also, there are limited BMPs that 
can be selected in the model. In particular, distributed small scale infiltration features are difficult to 
accurately model.  As models are refined to better represent actual conditions, the accuracy of modeled 
volume and pollutant loads should improve. Lastly, models calibrated using refined CEC values (Pasadena 
Outflow, Jellyfish Outflow, and Contech MFS Outflow) tended to perform better than uncalibrated models. 
The improved model performance when predicting FSP, TN, and TP load at the three treatment vault 
outfalls emphasizes the utility of model calibration with empirical data (see section 9 for full discussion of 
refined CECs and model performance).   
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Table 21: PLRM predicted and WY14 and WY15 measured values for all monitored catchments.   

 

Catchment (Site) Name Station Name
PLRM 

Predicted
2014 

Measured
2015 

Measured
PLRM 

Predicted
2014 

Measured
2015 

Measured
PLRM 

Predicted
2014 

Measured
2015 

Measured
PLRM 

Predicted
2014 

Measured
2015 

Measured
Incline Village Incline Village 731,808 76,005 62,607 4,121 364 76 145 9.2 18 24 4.3 2.5

Pasadena Inflow 143,748 135,054 51,130 1,184 680 272 20 12 7.1 5 6.5 2.7
Pasadena Outflow 143,748 133,161 48,902 552 454 209 11 7.7 5.3 5 5.2 2.3
Rubicon Inflow 130,680 36,374 13,787 2,057 <1 6.9 24 1.3 1.3 7 0.5 0.2
Rubicon Outflow 4,356 0 0 87 0 0 1 0 0 0 0 0
Contech Inflow 43,560 17,957 25,512 1,095 293 186 12 2.4 1.7 3 0.8 1.1
Contech Outflow 43,560 13,584 20,650 332 131 120 4 1.6 1.4 1 0.4 0.8
Jellyfish Inflow 43,560 16,236 26,654 1,095 268 175 12 2.3 1.5 3 0.8 1.2
Jellyfish Outflow 43,560 16,136 25,733 346 128 180 4 1.6 1.6 1 0.4 0.9
Catchment Outfall 0 3,823 1,853 0 19 1.5 0 0.4 0.3 0 0.2 0.1

Speedboat Speedboat 317,988 - 230,613 4,911 - 2,898 58 - 19 17 - 5.9
Tahoma Tahoma 666,468 331,911 175,702 10,801 1,908 1,809 127 21 16 37 14 7.1
Tahoe Valley Tahoe Valley 5,449,356 - 585,498 53,305 - 846 764 - 36 196 - 9.3
Upper Truckee Upper Truckee 283,140 - 102,665 5,476 - 754 57 - 11 17 - 4.3

SR431

Annual Runoff Volumes (cf) Annual FSP Loads (lbs) Annual TN Loads (lbs) Annual TP Loads (lbs)

Pasadena

Rubicon
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9 CHARACTERISTIC EFFLUENT CONCENTRATIONS 

PLRMv2.1 uses a Characteristic Effluent Concentration (CEC) to estimate pollutant loading from a particular 
BMP. Refining the CECs for specific BMP types modeled in PLRM can be achieved by consistently sampling 
the treated effluent of a collection of stormwater BMPs of the same type over the range of event types and 
flow conditions that occurred at the sites during the duration of monitoring. RSWMP protocols to achieve 
this objective specify a three year data collection effort to sample a range of effluent conditions from three 
specific BMPs of the same type (Tahoe RCD et al 2015).  It also outlines a data analysis approach that 
translates three years of measured effluent concentrations into a single measured recommended CEC (mg/L) 
for a specific BMP type for each pollutant (RSWMP FIG sections 9 and 11). These protocols will be followed 
to recommend a single CEC at the end of three years of data collection and will be included in next year’s 
annual report. However, at this time only two years of data have been collected, and therefore a simple 
CEC estimation for each site is included in this report (Table 22).   
 
The three BMPs of the same type monitored under this program are the Pasadena Stormfilter, the SR431 
Contech MFS,and the SR431 Jellyfish as they all contain cartridge filters. The FSP, TN, and TP CECs shown in 
Table 22 for the outflows from the Pasadena (PO), Contech MFS (CO), and Jellyfish (JO) treatment vaults 
were estimated as the average of the average annual concentrations from WY14 and WY15 (see Table 5 for 
average annual concentrations of each pollutant at each site).  The current default FSP, TN, and TP CEC 
values used in PLRMv2.1 are 13 mg/L, 1500 µg/L and 140 µg/L respectively. (NOTE: PLRM uses TN and TP 
concentrations in mg/L. However, this report reports all TN and TP concentrations in µg /L.) As the default 
FSP CEC of 13 mg/L is significantly lower than any of the three estimated FSP CECs in Table 22 (62 to 124 
mg/L) and the default TP CEC of 140 µg/L is significantly lower than any of the three estimated TP CECs in 
Table 22 (485 to 695 µg /L), using the default CECs when modeling these catchments will result in an 
overestimation of vault pollutant removal efficiency. Accordingly, FSP and TP loads discharged from these 
catchments will be underestimated. The current default TN CEC value for cartridge filters in PLRM is very 
similar to the estimated values in Table 22 (1,329 to 1,485 µg /L) so modeled pollutant loads from these 
three treatment vaults should be similar to measured values if runoff volume is accurately predicted.   
 
To evaluate model performance, the PLRM was run on these two catchments (Pasadena and SR431) using the 
refined CECs for each treatment vault as shown in Table 22.  Runoff volumes, FSP, TN, and TP loads (Table 
22) were overpredicted in all model simulations, with the exception of TP load at the Pasadena Outflow in 
WY14.  It is important to keep in mind that PLRM results represent average annual conditions, and WY14 and 
WY15 were particularly dry years. Since loads are dependent on runoff volume, it is not surprising that PLRM 
predicted loads were higher than measured in these two years even when using the refined CECs. The runoff 
volume, FSP, TN, and TP loads predicted by PLRM in these two catchments could very conceivably be 
observed during an average year if filters are properly maintained and replaced.  Overall PLRM provided 
very reasonable results for both runoff volumes and pollutant loads when the refined CECs were used.  
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10 LESSONS LEARNED 

One of the most valuable lessons learned is the importance of checking monitoring stations regularly, 
especially during runoff events, to identify any potential equipment malfunctions that may result in data 
gaps.  There are a multitude of technical difficulties that can be encountered with stormwater monitoring, 
including equipment failure, freezing conditions, power failure, vandalism, and obstruction by sediment, 
snow, trash or other debris. Identifying and correcting these problems early results in a more accurate data 
set with fewer and shorter data gaps. The biggest cause of data gaps at monitoring stations was power 
failure.  Although all stations are equipped with solar panels to recharge batteries, some stations do not 
have enough sun exposure to keep batteries continuously charged, and during periods of extended cloud 
cover and subsequent decrease in solar recharge, all stations are subject to power failure.  Regularly 
checking battery voltage is recommended to avoid this.   
 
Field verifying data as a QAQC procedure is essential to ensure an accurate and reliable dataset.  Tahoe RCD 
staff members regularly check stage and make note of precipitation type and totals during storms to ensure 
equipment is functioning properly.  The greater the level of QAQC during precipitation events, the higher 
the level of certainty the dataset is representative.  The importance of detailed field notes and photographs 
cannot be understated. With passing time, the human memory lapses, while field notes and photographs can 
be referred to years and even decades after a monitoring event to explain what happened throughout the 
monitoring period. 
 
Standing water can accumulate in the treatment vaults at Pasadena and SR431 after runoff events and be 
flushed out with the following runoff event. Investigations into the cost-effectiveness of maintaining these 
vaults by pumping them out after each storm may be valuable.  It may also be valuable to analyze inflow 
and outflow data shortly after each storm to determine if filter maintenance or replacement is required 
before the next event. 
 
Real-time data from the SR431 vault monitoring site can be accessed through on online interface, which has 
proven exceptionally useful and efficient for site and staff management.  For all other sites, it is necessary 
to physically visit the sites to learn the current status of sampling and thus the amount of extra effort to 
manage these sites is tremendous.  In order to improve program efficiency, Tahoe RCD intends to get all 
sites on the West and North Shores online by the end of WY16. We also hope to get South Shore sites online 
by March 2017. Although this will greatly reduce the burden on the amount of staff time needed to check on 
sites during storms, it is still essential for staff to regularly check sites both during and between storms to 
QAQC data and ensure equipment is functioning properly.   
 
Short duration, high intensity thunderstorms can be particularly difficult to sample, as the sometimes 
unpredictably large flow volumes can quickly fill all 24 sample bottles in the autosampler if the flow pacing 
is set too low. The result is that a portion of the end of the runoff hydrograph is not sampled.  Due to the 
short nature of these events, it is incredibly difficult for staff to reach sites before runoff has ended to 
replace the full bottles with empty ones. Summer thunderstorms also tend to be very episodic in nature, 
and not all sites receive runoff over the summer period.  As a result, several of the requisite summer events 
were missed or did not produce enough runoff to sample.  In the future, it may be advisable to amend 
permit and agreement language to relax the summer thunderstorm sampling requirement.  
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Storm events not captured in a particular season due to insignificant runoff can be substituted by a different 
storm in the next season to meet permit and agreement requirements of one storm event per season as 
approved by the Lahontan Regional Water Quality Control Board (Lahontan).  However, all efforts should be 
made to successfully sample an event within each season so that average seasonal pollutant concentrations 
and loads can be calculated. Fortunately, FSP concentrations and loads can be calculated from the 
continuous turbidity data, so these values should never be missing from any season. 
 
Improvements implemented in the Incline Village catchment (such as an infiltration swale along Lakeshore 
Blvd. west of the monitoring station) have been exceptionally effective at reducing flows, and therefore 
pollutant loads, to the lake (see section 2.1 for full description).  The success of this project has prompted 
the need to move the location of the Incline Village (IV) monitoring site to a nearby channel that actually 
receives sufficient flow to monitor so that long-term status and trends monitoring can continue. The move 
has been approved and will occur sometime during WY16.  The Annual Stormwater Monitoring Report WY14-
16 will reflect this change in Section 11 below.) Abandoning monitoring of successful sites and continuing 
monitoring at a catchment outfall that flows will skew long-term status and trends data and encourage a 
false perception that erosion control projects do not have a measureable benefit. It is documented here 
that the Central Incline Village Phase II was so successful that it effectively eliminated flows and pollutant 
loads to Lake Tahoe.  
 

11 CHANGES: PROPOSED AND ACCEPTED 

Following WY15, the Tahoe RCD suggested to IMP that the two Rubicon monitoring stations (RI and RO) and 
the catchment outfall station at SR431 (S5) be removed from the monitoring network in WY16 due to 
extremely low flow volumes. Since three new sites had been added for WY15, the requisite number of 
monitoring sites was already met and exceeded (see Section 1 for description of requisite number of sites). 
The very small pollutant loads from these catchments and the relative difficulty of monitoring sites with low 
flow did not warrant the effort and cost required to continue monitoring these stations. The IMP agreed with 
this assessment and the request was brought to Lahontan and NDEP who approved the change for WY16. It is 
important to document that the reason that these monitoring sites receive such limited flow.  In the case of 
Rubicon, the improvements to infiltration in this catchment (small infiltration basins, the well sized 
infiltration gallery) have been very successful and reduced flows significantly.  In the case of SR431, the 
upstream treatment vaults divert the majority of the runoff in this catchment away from the outfall site. 
The outfall site does not receive the treated runoff from the outflows of the treatment vaults. 
Improvements made in this catchment have been successful in attempting to treat the majority of the 
runoff before discharge to the creek. 
 
In addition, the Tahoe RCD has urged IMP to propose removing the first flush sample requirement to the 
regulators for the next permit term (beginning WY17) for three reasons: 
 

1. The first flush sample is limited to the first sample collected in the series of samples taken across an 
event hydrograph with the autosampler. It is a single sample (i.e. not part of a composite) that does 
not represent a consistent percentage of the total runoff volume for an event and therefore it is 
difficult to compare the results across events or sites or to infer anything about loading during 
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different parts of an event. This is due to the fact that the pacing of samples taken with an 
autosampler is determined by a flow volume and triggered when a certain level is reached. Generally 
the level trigger is consistent at each site, but the pacing is changed regularly depending on the 
predicted size of the incoming storm.  The larger the storm, the greater the amount of flow 
expected, and the higher the pacing is set. Due to the unpredictability of precipitation patterns in 
the Tahoe Basin, the first sample (first flush) rarely represents a consistent volume, and never 
represents a consistent percentage of the total runoff volume for the whole event.  For example, an 
autosampler can be programmed to take a sample every 1,000 cubic feet and triggered to begin 
when the level reaches half an inch. If the pacing was set too low for a large storm, the first flush 
sample could represent a mere 1% or less of the total flow volume, or if the pacing was set too high 
for a small storm, that first sample could represent up to 100% of the total flow volume (if that was 
the only sample taken) or any combination in between. Though first flush samples do tend to be 
dirtier than composite samples representing the rest of the hydrograph, it is impossible to infer 
anything about what portion of the pollutant load is delivered during the first period of runoff 
because of what the first flush samples actually represent. In other words, it would be impossible to 
calculate that 75% of the pollutant load is delivered in the first 25% of the runoff volume, which 
would be valuable to the jurisdictions when trying to size an infiltration basin for example.   
 

2. Since the first flush sample generally represents a very small portion of the total runoff volume, its 
contribution to the calculation of the flow-weighted EMC is often negligible. The concentrations of 
the pollutants in the bulk of the runoff volume dominate the calculation and make the first flush 
sample insignificant. The contribution of the first flush sample is even more insignificant when 
calculating seasonal and annual loads as the volume represented by the first flush sample is far out-
weighed by the seasonal or annual volume. First flush when defined as the first bottle is 
insignificant, but sample processing methods could be changed to reflect that most academic studies 
define the first 30% of the storm as the first flush. Two composites could be made for each event, 
one that covers the first 30% of the runoff and one that covers the last 70% of the runoff.  

 
3. Since continuous turbidimeters are installed at all monitoring sites, the calculation most valuable to 

implementers described in reason #1 above can be calculated easily and effectively, at least for FSP 
(which many argue is the pollutant of greatest concern). Continuous turbidimeters provide turbidity 
data every 10 minutes. Turbidity can be converted to FSP concentration using equations from 
2NDNATURE et al 2014.  Continuous FSP concentrations can then be converted to loads if multiplied 
by flow over the 10 minute interval. The result is that the cumulative FSP load can be calculated for 
any time period that corresponds to any percentage of the total runoff volume during the runoff 
event. For example, if a jurisdiction knows that a certain basin can only hold 10,000 cf before it is 
bypassed (based solely on basin size), it would be easy to calculate the portion of the total FSP load 
that was delivered in the first 10,000 cf of runoff for each event and then estimate an annual 
average pollutant load retention capacity. Conversely, this data could also be used to estimate basin 
sizes required to retain given percentages of FSP.   
 

Recommendation: Since cost is a concern and questions pertinent to the jurisdictions can be answered 
much more effectively with continuous turbidity data as described in reason #3 above, the preferred 
solution to this issue is that the first flush requirement is dropped in the next permit term to reduce staff 
and analytical costs associated with collecting, processing, and analyzing these samples.  Instead, 
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continuous turbidity data will be analyzed to quantify pollutant loads associated with the first flush. 
Alternatively, the first flush could be redefined to include the first 30% of each runoff event and composites 
will be made accordingly as described in reason #2 above. 
  



 
Implementers’ Monitoring Program                                                                                                               Tahoe Resource Conservation District 

Annual Stormwater Monitoring Report WY14‐15 

March 15, 2016                                                                                                                                                                              page 77 
     

12 REFERENCES 

2NDNATURE, Desert Research Institute. 2014. Surrogate Indicators to Monitor Fine Sediment Particles in 
the Lake Tahoe Basin. March 2014. 
 
Desert Research Institute Division of Hydrologic Sciences and Tahoe Resource Conservation District. 
2015. Performance Evaluation of Two Stormwater Filtration Treatment Devices Installed by the Nevada 
Department of Transportation. Prepared for the Nevada Department of Transportation and the Nevada 
Division of Environmental Protection. December 2015. 
 
Desert Research Institute Division of Hydrologic Sciences and University of California, Davis, Tahoe 
Environmental Research Center. 2011a. Tahoe Regional Storm Water Monitoring Program Quality Assurance 
Project Plan, (RSWMP QAPP). May 10, 2011. 
 
Desert Research Institute Division of Hydrologic Sciences and University of California, Davis, Tahoe 
Environmental Research Center. 2011b. Tahoe Regional Storm Water Monitoring Program Sampling and 
Analysis Plan, (RSWMP SAP). May 10, 2011. 
 
Tahoe Resource Conservation District (Tahoe RCD). 2013. Implementers’ Monitoring Plan, Implementers’ 
Monitoring Program (IMP), Component of the Regional Storm Water Monitoring Program (RSWMP), Tahoe 
Resource Conservation District, Submitted to the Lahontan Regional Water Quality Control Board and the 
Nevada Division of Environmental Protection, April 30, 2013.  
 
Tahoe RCD, 2NDNATURE, Desert Research Institute, Northwest Hydraulic Consultants. 2015. RSWMP 
Framework and Implementation Guidance Document. Submitted the California State Water Board. March 30, 
2015. 
  



 
Implementers’ Monitoring Program                                                                                                               Tahoe Resource Conservation District 

Annual Stormwater Monitoring Report WY14‐15 

March 15, 2016                                                                                                                                                                              page 78 
     

13 APPENDIX A: RAW ANALYTICAL DATA  

Tables A1a and A1b, A2a and A2b, A3a and A3b, A4b, A5b, A6a and A6b, A7a and A7b, A8, A9, and A10 
present all available raw analytical data for first flush (FF) and autosampler composite (AC) samples. The 
Sample ID is comprised of a two letter monitoring site acronym and a two letter sample type acronym (see 
table 5 for station acronyms and Table 2 for sample type acronyms). Tables A4a and A5a present available 
EMC data for events sampled at the inflow and outflow of the Contech MFS and Jellyfish vaults at SR431 in 
WY14. Please see DRI et al 2015 for additional SR431 vault data. 
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Table A1a: Raw analytical data for samples taken at the Incline Village catchment outfall in WY14.  

 
 
Table A1b: Raw analytical data for samples taken at the Incline Village catchment outfall in WY15.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

IV‐FF 1/11/14 12:43 121 218 79 3,378 756 0.48 4.19 10.6 20.5 41.1 65.6 75.5 100 100 100 100 100 100
IV‐AC 1/11/14 13:06 514 1,236 413 5,963 1,727 0.59 5.89 15.4 29.8 55.9 80.4 86.9 100 100 100 100 100 100
IV‐AC 1/11/14 14:15 335 865 266 3,802 1,835 0.63 6.55 18.1 33.8 58.3 79.3 84.9 100 100 100 100 100 100
IV‐FF 1/29/14 13:33 559 1,178 484 8,204 2,849 0.90 9.45 26.0 45.2 70.1 86.6 90.5 100 100 100 100 100 100
IV‐AC 1/29/14 13:59 293 536 230 4,084 1,427 0.57 5.96 17.0 33.2 58.0 78.6 84.3 100 100 100 100 100 100
IV‐AC 1/29/14 21:15 45 69 33 1,341 315 0.68 6.90 18.3 33.1 54.5 73.1 78.3 96.1 100 100 100 100 100
IV‐FF 2/8/14 8:08 385 915 325 2,998 1,874 0.78 8.07 22.0 39.8 65.8 84.3 88.5 100 100 100 100 100 100
IV‐AC 2/8/14 9:29 223 279 152 1,352 913 0.48 4.78 12.6 24.2 44.1 68.0 75.9 100 100 100 100 100 100
IV‐AC 2/9/14 1:41 111 108 75 714 404 0.63 5.66 14.2 25.7 46.0 68.0 75.2 100 100 100 100 100 100
IV‐FF 4/25/14 4:33 46 38 31 1,426 531 0.83 6.43 14.4 24.2 47.1 67.0 77.5 100 100 100 100 100 100
IV‐AC 4/25/14 10:13 101 164 88 1,874 222 0.97 9.76 25.0 43.9 70.6 87.3 92.7 100 100 100 100 100 100
IV‐FF 5/20/14 5:25 59 52 42 5,732 359 0.71 6.34 15.6 28.7 51.4 70.7 78.5 99.8 100 100 100 100 100
IV‐AC 5/20/14 6:34 80 94 67 686 393 0.79 7.90 20.7 39.7 66.2 84.1 90.0 100 100 100 100 100 100
IV‐AC 5/20/14 23:12 73 60 50 700 309 0.50 5.01 13.2 26.0 47.4 68.5 76.1 99.4 100 100 100 100 100
IV‐FF 7/16/14 20:13 2,039 >1000 844 6,460 2,664 0.25 2.39 6.04 12.2 24.5 41.4 48.2 83.1 92.9 100 100 100 100
IV‐AC 7/16/14 20:20 499 329 292 4,608 1,489 0.33 3.26 8.51 18.3 36.7 58.6 67.0 97.2 100 100 100 100 100

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

IV‐FF 11/22/14 6:07 58 70 42 3,493 335 2.77 19.3 36.3 54.2 82.1 87.4 90.4 100 100 100 100 100 100
IV‐AC 11/22/14 6:40 101 124 75 2,488 496 0.97 7.71 18.7 32.2 58.4 80.8 89.1 100 100 100 100 100 100
IV‐FF 2/6/15 15:32 309 419 233 4,272 1,126 0.82 7.00 16.9 29.2 53.2 77.2 86.2 100 100 100 100 100 100
IV‐AC 2/6/15 17:07 194 178 141 4,493 666 0.69 5.92 16.7 31.0 57.8 76.8 86.5 100 100 100 100 100 100
IV‐FF 4/24/15 0:11 97 78 93 1,659 561 1.92 13.5 30.8 53.0 88.0 97.9 100 100 100 100 100 100 100
IV‐AC 4/24/15 0:27 145 107 125 1,112 601 0.63 5.78 17.3 31.8 59.6 86.3 94.6 100 100 100 100 100 100
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Table A2a: Raw analytical data for samples taken at the inflow and outflow of the Pasadena Stormfilter in WY14 (the outflow is also the catchment outfall).  

 
 
Table A2b: Raw analytical data for samples taken at the inflow and outflow of the Pasadena Stormfilter in WY15 (the outflow is also the catchment outfall).  

 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

PI‐FF 1/29/14 15:15 273 525 190 3,712 1,737 0.45 4.49 11.9 23.8 45.5 69.7 77.8 100 100 100 100 100 100
PI‐AC 1/29/14 15:28 143 69 91 2,338 1,106 0.42 4.26 11.4 22.8 42.3 63.9 71.4 100 100 100 100 100 100
PI‐AC 1/29/14 22:42 79 94 38 1,459 654 0.34 3.41 8.97 17.3 31.8 48.5 54.7 89.3 95.6 100 100 100 100
PO‐FF 1/29/14 15:52 505 508 258 5,791 1,750 0.26 2.70 7.54 15.9 31.3 51.0 58.5 90.0 95.7 100 100 100 100
PO‐AC 1/29/14 16:02 171 312 108 3,072 983 0.39 3.89 10.4 20.7 39.4 63.2 71.7 100 100 100 100 100 100
PO‐AC 1/30/14 1:17 193 165 100 718 885 0.30 3.03 8.44 17.2 32.4 51.6 58.9 94.6 97.4 100 100 100 100
PI‐FF 2/8/14 9:15 196 463 165 2,044 1,132 0.81 8.18 21.7 40.1 66.7 84.1 88.8 100 100 100 100 100 100
PI‐AC 2/8/14 11:20 92 107 54 1,135 532 0.48 4.53 12.0 22.8 41.3 59.2 66.5 95.8 99.3 100 100 100 100
PI‐AC 2/9/14 5:41 53 47 31 632 296 0.42 4.23 11.4 22.3 40.8 59.6 66.1 92.4 94.7 100 100 100 100
PO‐FF 2/8/14 9:28 32 22 15 1,488 344 0.27 2.68 6.88 13.6 27.7 44.8 51.1 85.1 91.4 100 100 100 100
PO‐AC 2/8/14 12:04 79 106 57 572 516 0.57 5.86 16.0 30.7 53.0 72.7 79.3 100 100 100 100 100 100
PO‐AC 2/9/14 7:56 40 46 27 499 226 0.69 5.40 14.0 26.3 48.9 67.3 74.0 98.2 99.3 100 100 100 100
PI‐FF 7/18/14 17:04 914 600 348 5,406 2,262 0.21 1.99 4.97 10.3 21.5 38.1 44.9 78.2 90.0 99.0 100 100 100
PI‐AC 7/18/14 17:15 1,243 1,400 663 14,193 4,341 0.29 2.87 7.47 15.8 31.8 53.3 61.3 92.9 100 100 100 100 100
PI‐AC 7/18/14 17:33 543 927 376 4,211 2,763 0.42 4.14 10.9 23.2 45.7 69.2 77.4 99.0 100 100 100 100 100
PO‐FF 7/18/14 17:21 222 177 132 4,060 988 0.34 3.32 8.64 17.5 35.5 59.4 68.9 99.3 100 100 100 100 100
PO‐AC 7/18/14 17:29 304 328 174 1,967 1,440 0.32 3.05 7.79 16.5 33.8 57.3 66.2 98.1 100 100 100 100 100
PO‐AC 7/18/14 17:40 540 732 324 4,564 2,151 0.30 3.12 8.82 18.2 37.2 60.0 68.7 95.3 98.5 100 100 100 100
PI‐FF 7/20/14 14:16 463 343 200 3,044 1,477 0.25 2.39 6.01 12.5 25.3 43.3 50.6 85.4 94.0 100 100 100 100
PI‐AC 7/20/14 14:35 403 735 260 2,108 1,941 0.57 5.47 13.5 25.5 45.1 64.6 71.8 97.4 100 100 100 100 100
PI‐AC 7/20/14 15:39 373 829 273 2,417 2,064 0.83 8.00 19.4 34.3 56.0 73.2 79.8 99.6 100 100 100 100 100
PO‐FF 7/20/14 14:36 314 293 166 2,249 1,365 0.35 3.37 8.41 16.8 32.5 53.0 61.3 94.7 99.5 100 100 100 100
PO‐AC 7/20/14 14:41 314 536 228 2,182 1,390 0.71 5.97 14.9 27.9 52.8 72.6 82.3 99.6 100 100 100 100 100
PO‐AC 7/20/14 15:42 394 784 291 1,112 1,885 0.86 7.95 19.2 33.5 56.2 73.9 81.9 99.4 100 100 100 100 100

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

PI‐FF 2/6/15 19:16 218 315 135 888 1,078 0.50 4.68 12.3 23.9 43.8 63.8 71.6 96.8 100 100 100 100 100
PI‐AC 2/6/15 19:36 89 105 61 889 610 0.52 5.22 14.1 28.9 51.0 72.3 79.7 100 100 100 100 100 100
PO‐FF 2/6/15 19:29 128 97 56 1,497 662 0.28 2.73 6.97 14.0 26.8 44.5 51.6 85.9 98.7 100 100 100 100
PO‐AC 2/6/15 19:49 82 135 57 1,692 588 0.74 5.80 15.1 28.8 55.7 75.4 85.8 100 100 100 100 100 100
PI‐FF 2/8/15 13:11 103 163 61 1,432 511 0.59 4.91 12.3 21.7 41.6 61.9 70.9 97.6 100 100 100 100 100
PI‐AC 2/8/15 13:49 62 96 43 728 418 0.52 5.18 13.9 28.4 50.1 71.6 78.9 100 100 100 100 100 100
PO‐FF 2/8/15 13:23 213 144 87 961 901 0.31 2.81 7.38 13.8 26.4 41.2 48.3 81.5 93.8 100 100 100 100
PO‐AC 2/8/15 14:03 48 72 35 649 368 0.58 5.46 14.8 29.2 53.0 75.4 83.7 100 100 100 100 100 100
PI‐FF 4/25/15 9:45 51 41 34 1,233 302 0.54 4.82 13.3 24.1 45.6 67.2 75.0 94.2 100 100 100 100 100
PI‐AC 4/25/15 10:30 65 66 46 923 445 0.51 5.14 13.9 28.0 48.8 72.1 79.8 100 100 100 100 100 100
PO‐FF 4/25/15 10:12 76 54 38 1,443 564 0.39 3.38 8.99 16.5 32.1 49.5 56.9 88.5 99.8 100 100 100 100
PO‐AC 4/25/15 10:47 61 65 52 841 452 0.71 6.17 17.1 32.1 59.3 84.7 91.9 100 100 100 100 100 100
PI‐FF 7/8/15 11:36 478 205 131 2,184 982 0.18 1.68 4.27 8.82 16.8 27.5 32.0 60.4 81.2 92.9 98.8 100 100
PI‐AC 7/8/15 11:46 421 366 157 5,186 1,601 0.25 2.39 6.03 12.2 23.2 37.4 43.0 73.9 96.1 100 100 100 100
PO‐FF 7/8/15 11:49 243 162 88 2,620 1,122 0.24 2.31 5.73 11.2 21.3 36.4 42.2 74.1 96.9 100 100 100 100
PO‐AC 7/8/15 11:56 262 330 113 3,053 1,380 0.30 2.82 7.28 14.3 27.7 43.3 49.0 80.0 100 100 100 100 100
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Table A3a:  Raw analytical data for samples taken at inflow to the Rubicon Stormtech chambers in WY14.  Composite sample on 1/29/14 at 19:10 was too clear 
for PSD analysis.  The outflow from the Rubicon Stormtech chambers (also the catchment outfall) never flowed, thus no samples were possible. 

 
 
Table A3b:  Raw analytical data for samples taken at inflow to the Rubicon Stormtech chambers in WY15.  Composite sample on 4/24/15 at 1:07 was too clear 
for PSD analysis.  The outflow from the Rubicon Stormtech chambers (also the catchment outfall) never flowed, thus no samples were possible. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

RI‐FF 1/29/14 12:33 338 351 148 1,545 1,654 0.29 2.94 7.83 14.6 26.5 43.7 51.0 87.8 95.2 100 100 100 100
RI‐AC 1/29/14 13:03 53 33 35 433 324 0.65 5.42 12.9 24.9 43.3 66.1 72.2 99.7 100 100 100 100 100
RI‐AC 1/29/14 19:10 4 4 na 168 9 na na na na na na na na na na na na na
RI‐FF 2/8/14 2:59 6 14 2 309 91 0.90 6.20 9.60 17.6 26.3 40.9 42.1 65.4 97.5 100 100 100 100
RI‐AC 2/8/14 9:04 29 14 10 323 93 0.53 3.51 6.57 12.3 22.2 34.0 40.0 72.5 84.4 100 100 100 100
RI‐AC 2/9/14 14:06 31 15 14 25 105 0.66 4.24 7.50 14.4 26.8 44.5 52.9 92.6 97.9 100 100 100 100
RI‐FF 3/25/14 20:21 139 107 81 1,097 538 0.41 4.20 11.5 22.5 41.5 58.5 64.1 86.4 91.8 98.7 100 100 100
RI‐AC 3/25/14 22:16 15 14 12 429 142 1.08 7.44 18.2 34.0 62.5 78.2 81.1 100 100 100 100 100 100
RI‐AC 3/26/14 10:02 18 26 17 396 159 1.78 12.0 28.2 51.2 82.8 93.9 98.1 100 100 100 100 100 100
RI‐FF 7/17/14 14:42 1,684 707 564 15,995 2,751 0.20 1.95 5.36 11.9 22.5 33.5 38.0 67.1 83.3 93.5 98.4 100 100
RI‐AC 7/17/14 14:50 666 287 188 5,375 1,823 0.16 1.56 4.14 8.82 16.9 28.3 33.4 70.4 92.6 100 100 100 100
RI‐AC 7/17/14 15:12 181 85 50 4,499 2,330 0.19 1.86 4.74 9.89 18.6 27.7 31.6 59.9 73.7 86.0 93.4 100 100

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

RI‐FF 10/25/14 11:52 90 52 33 2,594 469 0.28 2.52 6.78 13.7 27.1 39.2 45.9 73.9 86.9 98.2 100 100 100
RI‐AC 10/25/14 12:15 37 13 6 1,510 215 0.15 1.31 2.98 6.06 12.5 19.5 23.5 43.2 60.5 79.1 96.8 100 100
RI‐FF 4/23/15 21:28 455 186 150 1,562 1,149 0.23 2.29 5.83 11.2 20.3 33.0 38.4 68.4 87.6 99.3 100 100 100
RI‐AC 4/24/15 1:07 25 10 na 661 139 na na na na na na na na na na na na na
RI‐FF 6/10/15 1:14 156 120 38 2,706 209 0.19 1.86 4.92 9.81 16.9 24.5 27.2 53.9 82.7 93.3 98.9 100 100
RI‐AC 6/10/15 1:57 73 42 24 1,199 263 0.28 2.8 7.24 13.6 22.9 34.1 39.0 60.7 83.5 97.9 100 100 100
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Table A4a:  EMCs for samples taken at the inflow and outflow of the SR431 Contech MFS vault in WY14.  

 
 
Table A4b: Raw analytical data for samples taken at the inflow and outflow of the SR431 Contech MFS vault in WY15.  

 
 
 

Event ID
Runoff Start 
(Date Time)

TSS 
(mg/L)

Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

CI-14-01 1/29/14 12:05 396 283 269 2,078 670 0.45 5.08 13.8 25.7 45.3 65.5 83.5 92.8 98 100 100 100 100
CO-14-01 1/29/14 12:20 209 236 182 1,672 419 0.58 6.62 18.4 34.2 58.4 79.4 95.0 100.0 100 100 100 100 100
CI-14-02 3/5/14 6:15 1,330 638 744 3,420 2,180 0.36 4.03 11.1 21.4 38.5 55.3 72.5 88.4 94 100 100 100 100

CO-14-02 3/5/14 6:25 356 249 286 1,394 740 0.71 6.52 18.4 34.2 61.3 77.3 92.1 100.0 100 100 100 100 100
CI-14-03 3/29/14 8:40 771 539 514 2,882 1,383 0.45 5.34 15.5 29.2 48.5 62.3 75.9 89.5 96 100 100 100 100

CO-14-03 3/29/14 9:20 366 359 322 1,924 844 0.80 7.60 20.7 38.5 65.1 80.9 94.4 100.0 100 100 100 100 100
CI-14-04 5/10/14 13:40 641 240 458 1,702 1,210 0.48 5.11 14.7 29.1 52.5 69.8 86.3 99.0 100 100 100 100 100

CO-14-04 5/10/14 13:55 439 224 332 1,554 970 0.46 4.98 14.0 27.7 51.7 72.6 90.3 100.0 100 100 100 100 100
CI-14-05 5/19/14 18:55 241 148 186 1,242 525 0.63 5.94 16.7 31.0 56.7 71.4 87.7 99.7 100 100 100 100 100

CO-14-05 5/19/14 18:55 126 104 115 1,124 319 0.62 6.99 19.4 36.7 61.9 79.6 93.3 100.0 100 100 100 100 100
CI-14-06 7/16/14 19:55 595 182 311 2,791 940 0.32 3.44 9.0 17.8 33.3 51.3 70.2 88.4 95 100 100 100 100

CO-14-06 7/16/14 19:55 323 146 208 2,645 765 0.40 4.33 11.7 23.4 43.8 63.1 81.1 94.9 98 100 100 100 100
CI-14-07 8/4/14 7:25 69 44 40 1,176 160 0.11 3.82 10.2 20.4 34.7 50.8 62.6 73.6 83 97 100 100 100

CO-14-07 7/16/14 19:55 39 33 31 1,520 125 0.52 6.00 14.9 29.3 47.8 65.8 76.1 82.6 90 98 100 100 100
CI-14-08 9/26/14 8:00 88 53 51 2,506 270 0.00 3.18 8.8 18.4 33.5 52.9 68.9 83.0 93 99 100 100 100

CO-14-08 9/26/14 8:05 69 46 49 2,679 220 0.10 4.32 11.6 24.1 44.3 69.8 86.3 95.5 99 100 100 100 100

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

CI‐AC 10/31/14 21:11 93 75 76 3,150 293 0.33 5.72 14.9 29.1 49.5 72.1 79.5 93.6 97.9 99.9 100 100 100
CO‐AC 10/31/14 21:25 72 55 59 2,200 233 0.35 5.68 14.8 29.2 49.8 72.3 79.4 92.5 97.9 100 100 100 100
CI‐AC 12/2/14 11:34 174 128 141 730 424 1.64 8.38 19.0 34.4 55.4 76.4 82.8 95.2 98.8 99.9 100 100 100
CO‐AC 12/2/14 11:51 131 118 121 820 328 2.33 10.0 22.6 40.7 64.1 84.9 90.4 98.3 100 100 100 100 100
CI‐AC 2/7/15 0:42 562 383 402 1,270 1,330 1.90 8.11 17.7 31.0 49.5 69.6 76.3 93.0 98.7 100 100 100 100
CO‐AC 2/7/15 0:57 409 324 342 1,190 1,006 2.82 10.1 21.5 37.4 58.7 79.7 86.1 97.7 99.9 100 100 100 100
CI‐AC 4/23/15 16:08 435 279 332 1,260 1,101 1.52 7.88 17.9 32.0 52.0 73.2 79.8 94.5 99.0 100 100 100 100
CO‐AC 4/23/15 16:14 302 221 275 1,170 812 2.60 10.5 23.5 41.7 65.4 86.4 91.4 98.4 99.6 100 100 100 100
CI‐FF 5/6/15 16:22 875 445 338 4,887 305 0.33 3.27 8.83 17.4 28.3 39.0 42.6 71.2 83.7 97.7 100 100 100
CI‐AC 5/7/15 7:12 367 320 316 950 123 0.66 6.75 18.6 36.6 62.4 88.8 96.8 100 100 100 100 100 100
CO‐FF 5/6/15 16:48 173 161 157 1,395 80 0.86 9.33 28.0 54.9 91.6 100 100 100 100 100 100 100 100
CO‐AC 5/7/15 21:59 258 188 240 481 92 0.80 8.09 21.9 42.9 72.0 97.5 99.9 100 100 100 100 100 100
CI‐FF 5/14/15 16:01 212 193 196 3,538 852 1.29 11.5 29.5 53.5 89.6 100 100 100 100 100 100 100 100
CI‐AC 5/14/15 16:31 179 201 168 792 659 1.94 13.5 31.6 52.9 88.3 100 100 100 100 100 100 100 100
CO‐FF 5/14/15 16:33 143 88 130 1,266 584 1.13 8.81 22.8 39.8 71.8 94.4 98.9 100 100 100 100 100 100
CO‐AC 5/14/15 17:12 161 192 150 1,382 650 2.13 14.7 34.1 56.7 92.2 100 100 100 100 100 100 100 100
CI‐AC 5/22/15 11:29 275 217 211 1,020 856 0.66 6.39 18.9 32.9 59.0 81.8 91.4 100 100 100 100 100 100
CO‐AC 5/22/15 11:43 177 168 160 734 665 1.83 12.5 28.7 49.3 87.5 100 100 100 100 100 100 100 100
CI‐AC 6/9/15 19:37 80 59 78 891 153 4.51 25.8 47.7 69.1 95.3 100 100 100 100 100 100 100 100
CO‐AC 6/9/15 20:01 54 38 49 1,437 212 1.83 12.7 30.1 53.2 88.1 96.9 99.6 100 100 100 100 100 100
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Table A5a: EMCs for samples taken at the inflow and outflow of the SR431 Jellyfish vault in WY14.  

 
 
 
Table A5b: Raw analytical data for samples taken at the inflow and outflow of the SR431 Jellyfish vault in WY15.  

 
 

Event ID
Runoff Start 
(Date Time)

TSS 
(mg/L)

Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

JI-14-01 1/29/14 12:05 711 519 442 1,936 1,056 0.38 4.47 12.7 24.1 42.5 60.6 77.8 89.2 97 100 100 100 100
JO-14-01 1/29/14 12:15 135 104 109 1,109 300 0.52 6.01 16.8 31.7 54.6 75.3 92.8 100.0 100 100 100 100 100
JI-14-02 3/5/14 6:15 1,191 604 681 3,598 2,180 0.37 4.13 11.2 21.6 38.9 56.6 74.7 90.3 95 100 100 100 100
JO-14-02 3/5/14 6:55 462 311 345 1,511 970 0.61 5.80 16.5 30.6 55.8 72.1 88.9 100.0 100 100 100 100 100
JI-14-03 3/29/14 8:45 883 592 511 2,891 1,598 0.41 4.74 13.3 25.1 42.6 56.2 70.5 84.5 93 100 100 100 100
JO-14-03 3/29/14 9:10 206 213 196 1,315 465 0.78 8.54 24.2 44.3 71.1 84.8 95.7 100.0 100 100 100 100 100
JI-14-04 5/10/14 13:40 873 341 605 2,404 1,790 0.42 4.50 12.9 26.0 48.5 67.9 84.6 98.7 100 100 100 100 100
JO-14-04 5/10/14 14:00 593 248 442 1,753 1,220 0.42 4.69 13.6 27.6 51.4 72.8 91.7 100.0 100 100 100 100 100
JI-14-05 5/19/14 18:55 355 243 309 2,366 950 0.57 6.60 18.6 35.9 61.2 80.1 93.2 100 100 100 100 100 100
JO-14-05 5/19/14 18:55 177 131 174 1,293 480 0.63 7.24 20.2 38.1 63.0 79.9 93.1 100.0 100 100 100 100 100
JI-14-06 7/16/14 19:55 446 154 244 2,988 910 0.33 3.53 9.4 18.6 35.4 53.4 72.9 91.7 97 100 100 100 100
JO-14-06 7/16/14 19:55 363 121 210 2,920 802 0.34 3.53 9.7 19.0 37.1 56.0 76.3 93.0 97 100 100 100 100
JI-14-07 8/4/14 7:25 61 42 37 1,336 145 0.24 4.14 10.6 21.3 36.3 53.3 65.7 76.7 86 98 100 100 100
JO-14-07 8/4/14 7:50 29 29 25 1,143 109 0.73 6.17 14.4 26.9 45.8 67.1 81.9 92.0 98 100 100 100 100
JI-14-08 9/26/14 8:00 88 47 48 2,094 240 0.00 3.01 8.3 17.5 32.4 51.7 67.8 81.8 91 98 100 100 100
JO-14-08 9/26/14 8:10 54 35 39 2,111 180 0.05 3.96 10.8 23.1 41.3 65.1 82.7 93.7 99 100 100 100 100

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

JI‐AC 10/31/14 21:11 106 74 76 4,080 299 0.26 5.22 13.4 25.8 44.1 65.2 72.9 90.2 96.6 99.7 100 100 100
JO‐AC 10/31/14 21:22 33 35 27 1,220 172 0.13 4.62 12.5 27.1 47.8 70.5 78.7 94.3 98.8 100 100 100 100
JI‐AC 12/2/14 11:34 192 130 149 850 445 1.60 8.10 18.2 32.8 52.9 73.7 80.3 94.4 98.6 99.9 100 100 100
JO‐AC 12/2/14 11:40 129 102 114 860 312 1.48 8.37 19.7 36.8 60.2 82.1 88.2 97.4 99.8 100 100 100 100
JI‐AC 2/7/15 0:41 579 352 405 1,110 1,275 1.90 8.03 17.4 30.3 48.3 67.9 74.5 92.2 98.4 100 100 100 100
JO‐AC 2/7/15 0:49 424 290 342 900 1,015 2.70 9.66 20.5 35.4 55.7 76.6 83.3 96.8 99.7 100 100 100 100
JI‐AC 4/23/15 16:08 516 328 394 1,350 1,322 1.35 7.42 17.1 31.4 52.3 74.1 80.6 94.6 98.2 99.9 100 100 100
JO‐AC 4/23/15 16:11 317 203 264 1,170 792 1.61 8.35 19.3 35.4 57.9 79.8 85.9 97.2 99.6 100 100 100 100
JI‐FF 5/6/15 16:22 684 398 541 5,479 121 0.56 5.76 16.1 33.1 56.8 80.3 90.8 100 100 100 100 100 100
JI‐AC 5/6/15 16:54 343 245 253 706 56 1.05 8.03 17.5 33.5 61.2 76.7 82.7 100 100 100 100 100 100
JO‐FF 5/6/15 16:28 209 283 131 794 29 4.97 37.9 73.9 100 100 100 100 100 100 100 100 100 100
JO‐AC 5/7/15 7:18 301 214 244 891 48 0.63 6.54 18.3 36.3 60.9 84.2 91.7 100 100 100 100 100 100
JI‐FF 5/14/15 16:01 205 185 190 2,815 1,009 2.02 13.5 30.4 52.1 92.6 100 100 100 100 100 100 100 100
JI‐AC 5/14/15 16:29 176 179 167 1,123 659 2.15 14.5 33.0 55.1 91.7 100 100 100 100 100 100 100 100
JO‐FF 5/14/15 16:07 100 125 65 1,303 342 4.32 29.9 55.5 80.9 100 100 100 100 100 100 100 100 100
JO‐AC 5/14/15 16:36 126 142 114 1,294 521 2.18 15.0 33.7 56.2 94.6 100 100 100 100 100 100 100 100
JI‐AC 5/22/15 11:29 272 209 196 531 906 0.63 6.32 16.8 31.9 53.1 76.3 84.5 100 100 100 100 100 100
JO‐AC 5/22/15 11:32 220 189 202 502 806 1.54 10.9 26.4 46.5 82.7 100 100 100 100 100 100 100 100
JI‐AC 6/9/15 19:37 77 49 73 988 153 2.14 14.5 32.9 58.7 99.9 100 100 100 100 100 100 100 100
JO‐AC 6/9/15 19:45 56 42 52 1,153 214 2.23 14.8 33.8 59.3 99.9 100 100 100 100 100 100 100 100
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Table A6a:  Raw analytical data for samples taken at the SR431 catchment outfall in WY14.  Nutrient analysis was not completed for 5/10/14 samples (samples 
not delivered to the analytical lab within adequate holding times). 

 
 
 
Table A6b:  Raw analytical data for samples taken at the SR431 catchment outfall in WY15.   

 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

S5‐FF 1/29/14 15:22 200 239 140 1,221 850 0.50 5.18 14.4 27.6 49.0 69.9 76.2 97.0 99.7 100 100 100 100
S5‐AS 1/29/14 16:27 93 139 62 718 44 0.50 5.21 14.5 27.7 48.1 66.8 72.5 93.2 99.6 100 100 100 100
S5‐AS 3/6/14 0:52 440 538 352 2,159 886 0.31 3.70 12.9 30.0 56.3 80.1 86.8 100 100 100 100 100 100
S5‐AS 3/6/14 1:14 405 504 303 1,500 940 0.52 5.37 14.9 30.1 53.8 74.8 81.4 100 100 100 100 100 100
S5‐FF 5/10/14 13:57 257 198 179 na na 0.66 5.46 15.5 29.4 53.9 69.8 78.6 99.5 100 100 100 100 100
S5‐AC 5/10/14 14:15 281 243 205 na na 0.53 5.18 14.8 29.6 53.9 72.8 80.6 99.4 100 100 100 100 100
S5‐FF 5/20/14 6:54 166 180 132 932 678 0.83 7.09 20.4 36.6 63.7 79.5 87.3 100 100 100 100 100 100
S5‐AC 5/20/14 8:59 97 108 87 1,369 105 0.98 8.70 24.7 45.4 77.3 90.2 96.9 100 100 100 100 100 100
S5‐AC 5/20/14 14:15 110 106 87 575 433 0.78 6.63 19.1 34.9 64.1 79.0 88.3 100 100 100 100 100 100
S5‐FF 7/16/14 19:57 1,369 568 661 3,527 2,763 0.30 2.91 7.13 14.1 28.2 48.3 56.4 91.8 97.4 100 100 100 100
S5‐AC 7/16/14 19:59 800 499 435 2,103 2,442 0.34 3.31 8.21 16.3 32.3 54.4 62.9 96.6 100 100 100 100 100
S5‐FF 7/20/14 14:31 363 152 182 2,070 1,075 0.35 3.35 8.36 16.1 30.6 50.2 58.2 94.9 98.2 100 100 100 100
S5‐AC 7/20/14 14:36 594 195 277 1,761 1,186 0.32 3.12 7.68 14.6 27.6 46.7 54.8 92.8 97.2 100 100 100 100
S5‐FF 9/28/14 9:56 146 88 67 1,240 510 0.34 3.30 8.38 16.7 30.5 46.0 52.3 85.2 91.8 100 100 100 100
S5‐AC 9/28/14 10:02 73 52 48 413 125 0.62 4.93 13.5 26.0 50.2 66.2 75.8 93.3 100 100 100 100 100

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

S5‐FF 11/22/14 5:56 245 146 158 1,435 714 0.59 5.81 14.7 26.7 45.9 67.8 76.0 100 100 100 100 100 100
S5‐AC 11/22/14 6:06 176 148 125 982 600 0.63 6.05 16.6 31.4 54.4 75.9 83.4 100 100 100 100 100 100
S5‐FF 12/2/14 11:23 103 125 84 3,255 421 1.11 9.65 23.8 39.5 66.4 88.7 95.5 100 100 100 100 100 100
S5‐AC 12/2/14 12:23 120 119 102 1,385 463 1.05 8.10 20.5 36.9 67.8 89.3 96.7 100 100 100 100 100 100
S5‐FF 3/22/15 19:48 627 466 418 2,760 1,986 0.50 5.02 13.1 25.0 44.1 67.4 76.1 99.9 100 100 100 100 100
S5‐AC 3/22/15 20:00 1,131 876 833 3,127 3,538 0.54 5.49 14.9 29.1 50.9 74.0 81.2 100 100 100 100 100 100
S5‐FF 4/23/15 15:54 948 830 713 1,313 na 0.65 5.96 16.3 29.3 53.4 75.9 83.6 100 100 100 100 100 100
S5‐AC 4/23/15 16:01 328 358 314 1,705 1,202 0.81 7.95 22.8 43.6 75.5 97.9 99.9 100 100 100 100 100 100
S5‐FF 5/8/15 18:20 82 66 73 792 3,272 0.86 8.90 25.0 47.9 75.1 95.6 99.6 100 100 100 100 100 100
S5‐AC 5/8/15 18:26 122 92 115 860 49 0.67 7.18 21.0 42.2 72.7 97.1 99.7 100 100 100 100 100 100
S5‐AC 5/14/15 16:01 131 92 126 802 556 1.63 11.6 28.1 49.7 87.7 100 100 100 100 100 100 100 100
S5‐FF 7/4/15 10:02 1,069 373 409 2,796 2,623 0.30 2.86 6.83 11.7 21.5 38.3 45.6 81.0 100 100 100 100 100
S5‐AC 7/4/15 10:03 375 200 319 4,214 1,141 4.11 23.3 42.7 60.3 78.1 85.7 89.2 100 100 100 100 100 100
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Table A7a:  Raw analytical data for samples taken at the Tahoma catchment outfall in WY14.   In all cases where FSP is not available, samples were too clear 
for PSD analysis. 

 
 
 
 
 
 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

TA‐AC 1/11/14 13:55 274 944 213 4,504 1 0.96 9.69 24.8 40.6 61.3 77.7 83.2 100 100 100 100 100 100
TA‐AC 1/11/14 15:18 655 835 519 3,167 1,829 0.85 8.64 22.8 39.3 62.0 79.3 84.2 100 100 100 100 100 100
TA‐FF 1/29/14 9:17 195 336 68 2,536 1,013 0.26 2.50 5.98 10.6 19.6 35.1 42.6 89.3 96.3 100 100 100 100
TA‐AC 1/29/14 10:56 356 456 175 1,324 170 0.37 3.69 9.31 17.1 30.7 49.1 56.9 94.8 99.1 100 100 100 100
TA‐AC 1/29/14 19:17 117 85 35 1,536 545 0.21 2.12 5.50 10.1 18.5 30.2 34.8 69.9 82.5 92.3 97.1 100 100
TA‐FF 2/8/14 1:52 422 886 373 1,950 1,935 1.35 13.4 33.1 51.8 75.6 88.4 93.1 100 100 100 100 100 100
TA‐AC 2/8/14 7:12 153 137 96 405 611 0.59 5.43 13.9 24.8 43.6 62.8 70.5 99.4 100 100 100 100 100
TA‐AC 2/8/14 23:49 53 38 26 188 210 0.36 3.73 10.1 18.0 32.2 49.0 54.7 88.4 95.9 100 100 100 100
TA‐AC 2/9/14 13:10 36 30 20 58 136 0.82 5.49 11.0 20.9 37.1 54.9 58.6 89.7 94.5 100 100 100 100
TA‐FF 3/5/14 23:29 358 573 251 2,110 720 0.64 6.42 16.4 29.4 50.2 70.2 77.6 100 100 100 100 100 100
TA‐AC 3/6/14 0:43 625 595 376 1,196 1,957 0.46 4.55 11.8 22.1 39.7 60.2 68.0 98.4 99.4 100 100 100 100
TA‐AC 3/6/14 2:11 74 82 53 439 410 0.65 6.54 17.2 31.3 52.6 71.0 77.0 99.6 100 100 100 100 100
TA‐AC 3/14/14 16:33 8 12 na 350 65 na na na na na na na na na na na na na
TA‐AC 3/15/14 16:33 2 5 na 341 42 na na na na na na na na na na na na na
TA‐FF 3/29/14 3:02 226 323 162 1,299 914 0.80 6.94 17.8 31.3 55.2 71.8 80.5 100 100 100 100 100 100
TA‐AC 3/29/14 6:37 202 314 150 1,720 870 0.78 7.06 18.3 33.2 57.7 74.2 81.6 100 100 100 100 100 100
TA‐AC 3/29/14 9:29 296 341 204 1,159 1,064 0.61 5.45 14.7 26.8 49.7 69.0 78.0 99.9 100 100 100 100 100
TA‐FF 3/30/14 2:48 9 10 na 628 55 na na na na na na na na na na na na na
TA‐AC 3/30/14 5:03 191 239 142 1,140 888 0.67 6.60 16.6 30.6 53 74.1 81.1 99.9 100 100 100 100 100
TA‐AC 3/30/14 13:50 307 379 217 1,801 1,256 0.64 5.96 15.4 28.5 51.1 70.6 78.8 99.9 100 100 100 100 100
TA‐AC 4/6/14 8:11 12 21 na 462 103 na na na na na na na na na na na na na
TA‐AC 4/7/14 10:10 6 13 na 315 72 na na na na na na na na na na na na na
TA‐FF 5/20/14 3:38 163 113 76 1,914 625 0.27 2.59 6.55 13.6 27.3 46.6 54.6 93.0 97.9 100 100 100 100
TA‐AC 5/20/14 5:38 67 72 52 874 371 0.78 7.18 18.5 34.4 59.9 77.3 84.2 99.9 100 100 100 100 100
TA‐AC 5/20/14 12:18 89 83 60 771 412 0.62 6.09 15.2 28.2 48.5 67.1 73.8 98.0 100 100 100 100 100
TA‐AC 7/17/14 18:47 72 37 28 2,887 265 0.23 2.01 5.44 10.3 23.7 38.9 47.4 88.8 94.0 100 100 100 100
TA‐FF 8/10/14 14:55 2,678 749 1,125 4,136 4,632 0.28 2.69 6.37 11.9 23.2 42.0 50.3 89.7 97.4 100 100 100 100
TA‐AC 8/10/14 14:56 1,615 755 585 3,324 3,636 0.24 2.31 5.51 10.4 20.2 36.2 43.5 80.4 91.4 99.9 100 100 100
TA‐AC 8/10/14 15:18 169 95 69 1,732 639 0.28 2.62 6.34 12.4 24.2 40.6 47.3 83.9 91.5 99.5 100 100 100
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Table A7b:  Raw analytical data for samples taken at the Tahoma catchment outfall in WY15.   In all cases where FSP is not available, samples were too clear 
for PSD analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

TA‐FF 10/20/14 19:54 59 46 40 4,390 495 0.69 5.55 14.6 25.8 49.7 67.5 78.3 99.6 100 100 100 100 100
TA‐AC 10/20/14 20:19 49 29 na 1,642 673 na na na na na na na na na na na na na
TA‐FF 10/25/14 12:21 88 53 19 2,050 523 0.15 1.52 3.90 7.49 14.1 21.6 24.5 42.1 49.0 66.1 85.4 99.9 100
TA‐AC 10/25/14 12:32 80 35 21 1,424 486 0.20 1.81 4.21 8.42 16.7 26.8 31.3 61.2 71.0 89.1 99.0 100 100
TA‐FF 11/13/14 3:00 74 57 42 552 240 0.45 3.14 7.77 16.4 39.5 57.3 68.8 96.8 100 100 100 100 100
TA‐AC 11/13/14 4:04 48 37 18 796 330 0.51 3.38 7.51 13.3 27.8 38.0 47.1 75.6 93.5 99.3 100 100 100
TA‐FF 11/22/14 4:28 76 144 61 1,228 418 2.29 15.9 30.6 47.7 82.3 90.4 94.0 100 100 100 100 100 100
TA‐AC 11/22/14 5:27 87 57 43 457 437 0.44 4.22 10.5 20.0 35.5 53.7 61.2 94.4 99.8 100 100 100 100
TA‐FF 2/6/15 14:54 4,074 6,664 2,302 14,721 7,893 0.49 4.79 11.9 21.7 37.6 56.5 63.9 91.6 98.4 100 100 100 100
TA‐AC 2/6/15 18:43 275 270 163 301 966 0.58 5.08 13.3 23.3 42.2 60.6 68.7 96.3 100 100 100 100 100
TA‐AC 2/7/15 12:02 54 57 29 563 200 0.96 6.21 11.8 18.8 38.3 53.2 62.0 91.9 95.4 100 100 100 100
TA‐AC 3/2/15 12:30 16 19 na 338 91 na na na na na na na na na na na na na
TA‐AC 3/3/15 12:29 7 10 na 303 67 na na na na na na na na na na na na na
TA‐AC 3/22/15 18:44 112 119 94 1,828 428 0.79 7.97 21.1 39 64.5 88.6 94.0 100 100 100 100 100 100
TA‐AC 4/8/15 9:25 117 122 105 1,731 358 1.25 10.1 26.0 45.1 78.2 94.8 98.5 100 100 100 100 100 100
TA‐FF 4/23/15 21:34 239 252 224 2,368 1,022 1.52 11 25.6 44.6 80.0 98.2 100 100 100 100 100 100 100
TA‐AC 4/24/15 0:06 152 109 116 714 689 0.63 5.65 15.6 28.0 52.1 76.6 85.2 100 100 100 100 100 100
TA‐AC 4/25/15 9:05 81 90 75 681 296 7.03 41.5 83.2 100 100 100 100 100 100 100 100 100 100
TA‐AC 4/26/15 9:05 22 20 na 402 102 na na na na na na na na na na na na na
TA‐FF 7/2/15 15:21 2,428 840 603 13,565 7,946 0.19 1.83 4.39 7.82 14.4 24.9 29.1 56.2 78.1 85.7 93.0 100 100
TA‐AC 7/2/15 15:25 788 365 160 6,363 1,663 0.15 1.47 3.67 6.75 12.2 20.5 23.7 45.1 63.6 73.4 84.0 100 100
TA‐AC 7/19/15 14:59 484 226 149 6,411 1,203 0.24 2.29 5.70 10.7 19.1 31.0 36.0 67.1 87.1 97.3 100 100 100
TA‐AC 7/21/15 13:12 233 132 146 2,409 657 0.57 4.90 12.7 22.6 41.9 63.9 73.1 94.6 100 100 100 100 100
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Table A8: Raw analytical data for samples taken at the Speedboat catchment outfall in WY15.   In all cases where FSP is not available, samples were too clear 
for PSD analysis. 

 
 
Table A9: Raw analytical data for samples taken at the Tahoe Valley catchment outfall in WY15.   In all cases where FSP is not available, samples were too 
clear for PSD analysis. 

 
 
 
 
 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

SB‐FF 11/29/14 7:32 194 116 81 8,106 1,120 0.25 2.29 6.93 13.1 26.6 42.0 48.8 84.5 100 100 100 100 100
SB‐AC 11/29/14 7:47 125 102 88 1,877 669 0.71 5.77 15.1 27.8 52.1 70.0 80.2 99.7 100 100 100 100 100
SB‐FF 11/29/14 11:25 74 50 24 1,619 446 0.29 2.56 6.56 12.1 22.8 32.5 38.2 64.6 73.7 100 100 100 100
SB‐AC 11/29/14 11:45 84 72 62 1,555 493 0.89 7.62 18.7 33.5 57.9 74.4 83.2 100 100 100 100 100 100
SB‐FF 12/2/14 12:25 62 35 18 1,101 335 0.22 1.84 4.71 8.96 18.4 29.6 35.4 64.0 85.5 100 100 100 100
SB‐AC 12/2/14 12:57 51 41 30 826 325 0.48 4.56 11.1 21.3 38.5 58.3 65.9 95.7 100 100 100 100 100
SB‐FF 12/19/14 16:05 301 633 300 1,800 1477 1.21 13.1 37.0 63.5 91.9 100 100 100 100 100 100 100 100
SB‐AC 12/19/14 17:23 125 222 125 1,129 671 1.29 13.8 38.5 65.4 95.1 100 100 100 100 100 100 100 100
SB‐AC 2/6/15 15:11 198 158 136 1,474 677 0.77 5.77 14.1 26.1 48.5 68.8 79.4 100 100 100 100 100 100
SB‐AC 2/8/15 15:01 63 49 na 732 301 na na na na na na na na na na na na na
SB‐AC 5/8/15 17:57 375 245 236 2,825 1,110 0.42 4.16 10.8 21.3 39.4 63.4 71.8 96.9 100 100 100 100 100
SB‐AC 5/14/15 15:05 36 28 29 1,097 231 8.14 46.0 87.9 100 100 100 100 100 100 100 100 100 100
SB‐AC 5/21/15 12:06 154 127 137 1,759 542 0.75 6.91 19.9 35.7 64.9 92.6 98.9 100 100 100 100 100 100
SB‐AC 5/22/15 14:22 76 59 61 1,175 307 2.9 17.9 40.2 56.1 74.2 88.5 94.8 100 100 100 100 100 100
SB‐AC 6/9/15 19:38 84 61 57 3,101 407 3.77 20.1 34.8 45.3 56.3 72.0 78.1 99.9 100 100 100 100 100
SB‐AC 8/7/15 14:54 207 113 88 4,614 764 0.32 3.04 7.96 14.9 27.7 43.7 49.8 83.2 99.6 100 100 100 100

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

TV‐FF 11/22/14 6:35 297 189 139 1,913 666 0.34 3.35 8.47 16.4 29.8 47.5 54.7 88.4 99.3 100 100 100 100
TV‐AC 11/22/14 7:22 106 146 83 1,220 542 1.61 11.9 26.9 44.6 74.7 88.7 93.8 100 100 100 100 100 100
TV‐AC 12/3/14 11:25 40 80 na 685 269 na na na na na na na na na na na na na
TV‐AC 12/4/14 6:06 27 62 na 885 199 na na na na na na na na na na na na na
TV‐AC 2/6/15 18:32 116 119 83 1,185 291 0.96 6.46 14.1 25.8 50.7 71.9 82.8 100 100 100 100 100 100
TV‐AC 2/7/15 14:36 37 71 na 613 181 na na na na na na na na na na na na na
TV‐AC 4/25/15 9:49 51 65 na 1,331 233 na na na na na na na na na na na na na
TV‐AC 7/8/15 11:22 546 180 143 2,976 664 0.24 2.27 5.60 10.3 17.7 26.4 29.6 45.0 59.8 74.4 89.7 100 100
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Table A10: Raw analytical data for samples taken at the Upper Truckee catchment outfall in WY15.    

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

UT‐AC 11/22/14 6:34 417 341 354 1,349 1,001 1.18 9.35 22.8 40.1 68.9 87.7 95.4 100 100 100 100 100 100
UT‐FF 12/2/14 12:41 349 430 259 2,016 1174 0.54 5.49 14.9 30.1 52.9 74.5 81.6 99.9 100 100 100 100 100
UT‐AC 12/2/14 12:48 251 355 195 1,746 855 0.65 6.49 17.0 32.1 55.3 77.6 84.4 100 100 100 100 100 100
UT‐FF 12/19/14 11:47 679 887 673 5,483 1305 1.13 10.9 30.0 53.5 86.3 99.2 100 100 100 100 100 100 100
UT‐AC 12/19/14 12:03 959 1,244 908 4,098 2433 0.93 9.59 26.0 48.1 76.2 94.7 99.1 100 100 100 100 100 100
UT‐AC 12/20/14 4:43 179 343 178 1,692 849 1.32 13.1 32.7 54.2 83.8 99.4 100 100 100 100 100 100 100
UT‐AC 2/6/15 17:06 344 330 268 1,856 844 0.65 6.20 16.7 31.6 55.7 78.0 85.9 100 100 100 100 100 100
UT‐AC 2/7/15 13:21 185 242 137 1,772 538 0.68 5.81 16.2 29.0 54.5 73.8 83.8 100 100 100 100 100 100
UT‐AC 2/8/15 10:47 182 282 163 1,428 560 1.02 8.58 20.8 37.2 65.7 89.8 94.3 100 100 100 100 100 100
UT‐AC 4/7/15 11:29 495 910 470 5,877 2,067 1.06 12.0 36.0 63.7 95.0 100 100 100 100 100 100 100 100
UT‐AC 4/23/15 22:55 117 257 94 3,885 863 0.67 6.68 17.6 34.7 60.5 85.2 93.4 100 100 100 100 100 100
UT‐AC 4/25/15 8:15 281 359 270 2,580 860 2.27 15.4 35.2 57.7 95.4 100 100 100 100 100 100 100 100
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14 APPENDIX B: QUALITY ASSURANCE/QUALITY CONTROL SUMMARY 

Field duplicates are samples collected at the same time and treated identically and are used to assess the 
reproducibility of collected data. This provides a measure of analytical precision and can be used for 
detecting problems in sample collection, handling, transport processing, and analysis. The actual procedures 
for collecting field duplicate samples depend on the sampling methods and protocols used. When automated 
sampling equipment is used, duplicates need to be collected manually either by: (a) triggering the sampler 
manually twice in quick succession (two MS samples) or (b) manually triggering a sample and then collecting 
a grab sample at the same time (one MS sample and one GS sample), (RSWMP SAP, 2011). Field blanks (FB) 
are collected to identify sample contamination occurring during field collection, handling, transport, 
storage, and during laboratory handling and analysis. Field blanks are collected throughout the sampling 
season by pouring reagent-grade “blank” water into the autosampler bottles in the field and then exposing 
them to equivalent conditions as the standard sample bottles. 
 
Tables B1a and B2a summarize the QAQC samples that were taken during WY14. Pink cells highlight 
differences in values of greater than 20%. Most analytical results between field duplicate pairs (either 
MS/MS or GS/MS) are very similar. With regards to sediment (TSS, turbidity, and FSP), only two sample pairs 
show a difference greater than 20%, the RI-MS/RI-MS pair on January 29, 2014 for turbidity and the TA-
GS/TA-MS pair on May 20, 2014 for TSS and FSP. The pair from Rubicon Inflow may have experienced a quick 
pulse in turbidity between when the two manual samples were triggered by the autosampler. Since FSP is 
calculated by multiplying TSS by the percent fraction less than 16 microns it is not surprising that they are 
both off by greater than 20% in the Tahoma pair. The difference in TSS may come from the fact that the 
autosampler intake tube may have been partially covered by sediment and therefore sucked up more 
sediment than was representative of the runoff. Only two sample pairs showed TP concentrations that 
differed by more than 20%, both of which were MS/MS pairs and may attest to the fact that concentrations 
can fluctuate significantly in the short time period between the triggering of each sample. The same could 
be true of the difference in the smallest sediment fraction in the Pasadena Inflow pair on July 20, 2014.  
The difference in the smallest sediment fraction in the GS/MS pair from Tahoma on February 9, 2014 may be 
due to the difference in where the suction tube for the autosampler is mounted compared to where the grab 
sample was taken, though every effort is made to sample as close to the same location as possible. There 
are seven pairs of samples that have a greater than 20% difference in TN values.  These values are the sum 
of Total Kjeldahl Nitrogen (TKN) from a raw sample and Nitrate-Nitrite (NO3+NO2) from a filtered sample.  
Summing the results from two different analyses introduces much more error along the whole sequence of 
analytical steps and therefore it is not surprising that TN has more error than the other analyses. 
 
All field blanks with the exception of TN at S5 on September 28, 2014 were below detection limit for TSS, 
FSP, TN, and TP. Smoke from the large King Fire that occurred in late September 2014 may have caused the 
elevated TN value at S5.  Turbidity values are not below their detection limit of 0.1 NTU, but are extremely 
low and within the range of what would be expected in a field blank. 
 
Tables B1b and B2b summarize the QAQC samples that were taken during WY15. Pink cells highlight 
differences in values of greater than 20%. Like in WY14, most analytical results between the field duplicate 
pairs (either MS/MS or GS/MS) are very similar. However, six samples had differences greater than 20% in 
several analyses, especially with regard to sediment. The paired MS/MS samples at Pasadena Inflow (PI) on 
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April 25, 2015 and Rubicon Inflow (RI) on October 25, 2014 both show differences greater than 20% for FSP 
and TSS.  The paired samples at PI also show unusually large differences in all particle size classes that 
comprise FSP (<16µm). Because MS sample pairs require that both samples in the pair are taken with the 
autosampler, it is possible that a pulse of more turbid water with a greater proportion of FSP passed the 
sample intake tube just as the second sample in each case was taken. The paired MS/GS samples are more 
likely to be different than the MS/MS pairs as the collection method is different. This could account for most 
or all of the differences, though every attempt is made to collect the GS sample as close to the intake tube 
where the MS sample is collected as possible. The MS/GS pairs from Speedboat (SB) on December 4, 2014, 
and Tahoe Valley and Upper Truckee on November 22, 2014 all show differences greater than 20% for TSS, 
FSP, and TN. The Speedboat pair also shows a difference in TP and particle size classes less than 20µm. It is 
unusually difficult to collect a GS sample at Speedboat, and the collection location may not have been as 
representative of the flow sampled by the autosampler in the MS sample as at other sites. The Tahoe Valley 
pair also shows a difference in particle size classes less than 4µm and the Upper Truckee pair shows a 
difference in turbidity. The intent of the MS/GS pairs is to indicate whether or not the auto-sampler is 
collecting a representative sample. In most cases the auto-sampler does collect a representative sample, 
but as indicated by the data there are times when errors occur, especially with regards to sediment 
collection. 
 
All field blanks in WY15 were below detection limits for all analytes.
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Table B1a: MS and GS sample data from all sites in WY14.  Pink cells indicate paired samples that have a difference between them of greater than 20%.  

 
 
 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

IV‐MS 1/11/14 15:06 361 865 295 2,818 873 0.62 6.39 17.6 33.8 59.4 81.6 87.3 100 100 100 100 100 100
IV‐MS 1/11/14 15:07 367 887 309 4,281 895 0.61 6.39 17.8 34.6 61.5 84.3 90.9 100 100 100 100 100 100
IV‐MS 1/29/14 14:13 562 528 446 3,704 2,436 0.58 6.13 17.4 33.4 58.9 79.4 84.7 100 100 100 100 100 100
IV‐MS 1/29/14 14:14 495 639 385 3,344 1,832 0.56 5.75 15.8 30.9 55.7 77.7 83.5 100 100 100 100 100 100
PI‐MS 2/8/14 11:03 253 479 191 1,491 1,275 0.64 6.42 16.9 31.8 55.2 75.4 82.4 100 100 100 100 100 100
PI‐MS 2/8/14 11:04 253 477 189 870 1,320 0.62 6.28 16.7 31.4 54.3 74.8 82.0 100 100 100 100 100 100
PI‐MS 7/18/14 17:15 1,510 1,468 657 9,379 2,095 0.25 2.41 6.04 12.0 24.9 43.5 50.9 83.3 92.7 100 100 100 100
PI‐MS 7/18/14 17:17 1,515 1,474 670 9,650 2,337 0.25 2.42 6.10 12.6 25.6 44.2 51.4 83.3 93.6 100 100 100 100
PI‐MS 7/20/14 15:24 456 817 291 2,076 2,231 0.80 6.59 15.7 27.3 47.8 63.9 72.1 95.2 99.7 100 100 100 100
PI‐MS 7/20/14 15:26 444 803 292 2,836 2,002 0.63 6.05 14.8 27.2 46.8 65.7 73.0 97.7 100 100 100 100 100
PO‐MS 2/8/14 11:16 226 445 185 1,242 1,256 0.85 7.90 21.3 39.4 65.9 81.8 88.3 100 100 100 100 100 100
PO‐MS 2/8/14 11:17 230 448 181 1,153 1,190 0.75 6.92 18.1 33.8 59.4 78.5 85.8 100 100 100 100 100 100
PO‐MS 7/18/14 17:30 292 325 156 2,060 1,291 0.30 2.83 7.44 14.8 32.0 53.5 63.5 95.0 99.5 100 100 100 100
PO‐MS 7/18/14 17:32 325 377 177 2,314 1,440 0.31 3.02 7.68 16.0 32.6 54.6 63.1 95.5 99.7 100 100 100 100
PO‐MS 7/20/14 15:15 288 540 219 1,584 1,452 0.68 6.40 16.2 31.0 56.0 75.9 83.8 99.6 100 100 100 100 100
PO‐MS 7/20/14 15:16 292 542 216 1,844 1,483 0.76 6.40 16.3 29.9 55.8 73.9 83.5 99.3 100 100 100 100 100
PO‐GS 7/20/14 15:17 286 564 211 1,362 1,495 0.64 6.08 15.4 29.4 53.4 73.7 81.8 99.3 100 100 100 100 100
RI‐MS 1/29/14 15:35 81 57 26 555 369 0.22 2.32 6.75 13.2 22.9 31.6 34.6 54.4 66.0 81.3 89.1 99.9 100
RI‐MS 1/29/14 15:36 77 42 27 389 353 0.23 2.48 7.03 13.7 24.5 34.8 37.9 56.4 67.3 81.0 95.0 100 100
S5‐MS 9/28/14 9:59 118 90 61 1,250 152 0.43 4.18 10.4 20.1 35.9 51.8 58.6 92.2 97.0 100 100 100 100
S5‐MS 9/28/14 10:00 118 83 61 1,581 213 0.42 3.81 9.82 19.0 35.5 51.6 59.5 91.0 97.3 100 100 100 100
TA‐MS 1/11/14 16:45 429 662 349 2,537 1,562 0.84 8.63 23.1 40.0 63.0 81.4 85.9 100 100 100 100 100 100
TA‐MS 1/11/14 16:46 380 605 284 1,802 1,549 0.72 7.18 19.4 33.5 54.2 74.8 80.5 100 100 100 100 100 100
TA‐MS 1/29/14 12:44 2,184 2,268 1,520 3,369 3,639 0.56 5.64 14.7 27.2 49.0 69.6 76.4 100 100 100 100 100 100
TA‐GS 1/29/14 12:45 2,130 2,133 1,399 2,341 3,715 0.53 5.25 13.2 24.1 44.1 65.7 73.0 99.4 99.7 100 100 100 100
TA‐GS 2/9/14 11:25 62 52 37 69 237 0.64 5.37 13.3 23.4 41.9 59.7 65.8 93.4 96.1 100 100 100 100
TA‐MS 2/9/14 11:26 80 57 44 37 259 0.44 4.35 11.0 20.5 37.0 55.6 61.9 89.6 95.4 100 100 100 100
TA‐MS 3/29/14 9:34 424 566 300 2,274 1,635 0.55 5.51 14.3 26.9 48.4 70.8 78.4 99.9 100 100 100 100 100
TA‐MS 3/29/14 9:35 409 497 287 1,743 1,508 0.56 5.49 13.9 26.2 47.7 70.1 78.1 100 100 100 100 100 100
TA‐GS 3/29/14 9:36 435 521 304 2,618 1,613 0.58 5.48 14.2 26.3 48.7 69.8 78.6 100 100 100 100 100 100
TA‐GS 5/20/14 11:23 36 59 27 946 313 1.08 8.90 21.0 34.8 58.7 74.3 82.7 99.0 100 100 100 100 100
TA‐MS 5/20/14 11:24 67 60 50 863 398 0.86 8.32 20.3 35.3 56.0 73.9 79.6 99.5 100 100 100 100 100
TA‐MS 8/10/14 16:52 42 42 24 1,837 397 0.42 3.99 11.2 21.3 43.1 58.1 67.2 96.4 99.3 100 100 100 100
TA‐GS 8/10/14 16:53 47 41 26 1,738 368 0.46 3.95 10.3 19.4 39.7 55.2 64.6 93.4 97.9 100 100 100 100
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Table B1b: MS and GS sample data from all sites in WY15.  Pink cells indicate paired samples that have a difference between them of greater than 20%.  

 
 
 
 
 
 
 
 
 
 
 
 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

PI‐MS 4/25/15 13:06 40 46 32 733 390 0.73 6.23 17.5 33.2 60.7 82.6 89.7 100 100 100 100 100 100
PI‐MS 4/25/15 13:07 69 45 69 585 386 6.85 41.2 82.1 100 100 100 100 100 100 100 100 100 100
RI‐MS 10/25/14 13:31 14 14 3 1,867 296 0.46 3.11 7.16 12.5 27.0 42.5 48.8 72.1 82.1 94.9 100 100 100
RI‐MS 10/25/14 13:32 18 15 6 1,469 256 0.37 2.90 7.08 13.2 27.8 43.2 49.4 74.4 84.0 94.9 100 100 100
SB‐MS 12/4/14 10:56 74 78 47 1,605 9,932 0.60 5.10 13.4 24.5 45.3 63.6 72.0 97.7 100 100 100 100 100
SB‐GS 12/4/14 10:57 33 63 33 1,215 7,270 2.46 16.7 33.0 59.8 91.5 100 100 100 100 100 100 100 100
SB‐GS 2/9/15 10:28 21 33 na 612 203 na na na na na na na na na na na na na
SB‐MS 2/9/15 10:29 20 40 na 532 187 na na na na na na na na na na na na na
TA‐MS 10/25/14 14:12 26 21 na 1,210 418 na na na na na na na na na na na na na
TA‐GS 10/25/14 14:13 22 19 na 1,190 437 na na na na na na na na na na na na na
TA‐GS 2/7/15 13:21 196 212 73 1,287 595 0.31 3.04 7.79 14.3 24.6 37.5 42.8 68.8 79.9 92.3 96.1 99.9 100
TA‐MS 2/7/15 13:22 182 216 71 1,229 547 0.32 3.18 8.12 15.1 26.0 39.1 44.8 73.3 87.1 98.4 100 100 100
TA‐MS 3/23/15 8:12 50 72 42 971 264 5.22 37.9 81.6 100 100 100 100 100 100 100 100 100 100
TA‐GS 3/23/15 8:13 53 75 45 897 280 4.81 36.8 81.2 100 100 100 100 100 100 100 100 100 100
TV‐MS 11/22/14 11:45 41 92 30 956 329 3.69 26.1 50.0 78.3 100 100 100 100 100 100 100 100 100
TV‐GS 11/22/14 11:46 67 87 53 1,468 291 2.04 16.7 38.3 59.1 89.2 95.4 99.1 100 100 100 100 100 100
TV‐GS 2/7/15 16:52 35 81 30 824 206 3.51 19.6 39.5 54.4 72.3 84.8 92.7 100 100 100 100 100 100
TV‐MS 2/7/15 16:53 39 76 34 885 212 4.37 20.7 39.8 54.3 71.3 85.9 92.0 100 100 100 100 100 100
TV‐MS 4/25/15 12:24 98 119 91 1,516 330 5.64 36.0 75.5 100 100 100 100 100 100 100 100 100 100
TV‐GS 4/25/15 12:25 92 117 86 1,460 349 2.75 17.8 39.0 66.4 100 100 100 100 100 100 100 100 100
UT‐MS 11/22/14 8:00 132 92 106 1,175 685 0.88 8.23 20.8 37.8 63.4 85.8 92.6 100 100 100 100 100 100
UT‐GS 11/22/14 8:01 278 203 222 1,650 797 0.88 7.80 20.2 36.4 63.0 82.9 90.1 100 100 100 100 100 100
UT‐MS 12/2/14 12:34 349 488 299 2,403 1,234 0.72 6.74 18.5 36.2 63.5 85.5 93.2 100 100 100 100 100 100
UT‐GS 12/2/14 12:35 383 522 293 2,118 1,177 0.65 5.83 15.9 30.8 55.8 76.4 85 100 100 100 100 100 100
UT‐GS 2/7/15 17:01 281 371 203 1,366 787 0.58 5.56 15.0 28.7 51.2 72.4 80.9 100 100 100 100 100 100
UT‐MS 2/7/15 17:02 329 351 232 1,587 715 0.66 5.46 14.7 26.9 51.0 70.5 80.3 100 100 100 100 100 100
UT‐MS 4/25/15 12:49 241 270 228 2,387 669 1.81 13.8 32.7 55.3 92.9 100 100 100 100 100 100 100 100
UT‐GS 4/25/15 12:50 230 263 216 2,540 685 1.62 12.6 29.8 49.8 82.3 100 100 100 100 100 100 100 100
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Table B2a: Field blank sample data from all sites in WY14.  Pink cell highlights value greater than the method detection limit indicating possible 
contamination, likely from King Fire smoke.  All samples were too clear for PSD analysis. 

 
 
 
Table B2b: Field blank sample data from all sites in WY15.  All samples were too clear for PSD analysis. 

Sample  Date Time
TSS 

(mg/L)
Turbidity 
(NTU)

FSP 
(mg/L)

TN 
(ug/L)

TP 
(ug/L)

%<
0.5

%<
1

%<
2

%<
4

%<
8

%<
16

%<
20

%<
63

%<
125

%<
250

%<
500

%<
1000

%<
2000

TA‐FB 1/11/14 15:44 <1 0.18 na <50 <10 na na na na na na na na na na na na na
IV‐FB 1/11/14 21:38 <1 0.16 na <50 <10 na na na na na na na na na na na na na
IV‐FB 1/29/14 14:35 <1 0.11 na <50 <10 na na na na na na na na na na na na na
S5‐FB 1/29/14 15:21 <1 0.16 na <50 <10 na na na na na na na na na na na na na
RI‐FB 1/29/14 15:37 <1 0.46 na <50 <10 na na na na na na na na na na na na na
TA‐FB 1/29/14 16:15 <1 0.17 na <50 <10 na na na na na na na na na na na na na
PO‐FB 2/8/14 11:10 <1 0.22 na <50 <10 na na na na na na na na na na na na na
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S5‐FB 4/24/15 6:00 <1 <0.10 na <50 <10 na na na na na na na na na na na na na
TV‐FB 7/8/15 14:03 <1 <0.10 na <50 <10 na na na na na na na na na na na na na
UT‐FB 4/24/15 8:00 <1 <0.10 na <50 <10 na na na na na na na na na na na na na
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