ALGAE TASK FORCE STORMWATER SAMPLING AND ANALYSIS

The Nevada Division of Environmental Protection (NDEP) formed the most recent Algae Task Force in the spring of 2010 to address the golden algae (Prymnesium parvum) bloom in Lake Las Vegas.  This was the third time the task force has been formed since the massive algae bloom in Spring/Summer 2001.  All agencies and entities having concerns for algae blooms were invited to attend.  The task force ended up being consisted of representation from the following agencies:  
     Agency						Member 
1. Doug Drury			Clark County Water Reclamation District (CCWRD)
2. Peggy Roefer			Southern Nevada Water Authority (SNWA)
3. Todd Tietjan			Southern Nevada Water Authority (SNWA)
4. Steve Weber			Montgomery Watson Harza (MWH)
5. Dan Fischer			City of Las Vegas(CLV)
6. Scott Sheifer			City of Las Vegas(CLV)
7. Bryan Moore			National Park Service(NPS)
8. Jon Sjoberg			Nevada Department of Wildlife(NDOW)
9. Bill Shepherd			Clark County Water Reclamation District(CCWRD)
10. Dana LaRance			City of Henderson(COH)					
11. Devon Morgan		Clark County Water Reclamation District(CCWRD)
12. Erik Orsak			U.S. Fish & Wildlife Service(USF&WS)
13. Kevin Eubanks			Clark County Regional Flood Control(CCRFCD)
14. Kathy Sertic			Nevada Department of Environmental Protection(NDEP)
15. Randy Pahl			Nevada Department of Environmental Protection(NDEP)
16. Alan Tinney			Nevada Department of Environmental Protection(NDEP)

The Task Force, at their first meeting reviewed data collected for the Total Phosphorus (P) in the Las Vegas Wash for the last nine years (2002-2011).   During that time wastewater dischargers to the Las Vegas Wash have characterized the Total P in their effluent daily (365 days) each year.  Over 3,000 days of analyses have been collected by the wastewater dischargers since 2002.  During the same 9 years approximately 30 samples of stormwater were taken by the Clark County Regional Flood Control District (CCRFCD).  The City of Henderson (COH) has sampled the Las Vegas Wash every other week for all of the wastewater dischargers as part of their discharge permit compliance. Typically, these samplings by COH are characteristic of dry weather conditions.  Only six of these samples were during storm events. Therefore, about 1% of the Total P data for the Las Vegas Wash was collected during a storm event.  The Algae Task Force felt that more data was needed to characterize the Total P in stormwater flows.  
It was decided that the Algae Task Force would conduct more stormwater sampling.  The Algae Task Force discussed additional sampling with the Stormwater Quality Management Committee (SQMC) members.   The SQMC consists of representatives from: 
	Clark County Regional Flood Control District
Clark County 
 	City of Henderson
City of Las Vegas
City of North Las Vegas  

The Regional Flood Control’s sampler could not be used because it was already being used to characterize the first flush during storms.  These data were collected for compliance with the Las Vegas Valley’s stormwater permit.  The City of Las Vegas and the City of Henderson both declined to sample the Las Vegas Wash during storms due to safety concerns.  However, CCWRD had several different sample sites at its treatment plant that could be sampled safely.  It was decided that CCWRD would collect additional stormwater samples, but they would not be samples of the first flush.  The new samples would be taken later in the unit hydrograph after-first-flush.  The Algae Task Force believed that this additional sampling would improve the estimates of total P loads and would allow better analysis and prediction of the chlorophyll concentrations in the Las Vegas Bay. 
The stormwater discharge permits for Clark County, COH, CLV, and CNLV require characterization of the water quality of the first flush.  CCRFCD hired MWH to conduct the first flush sampling and analysis for the stormwater dischargers. The automatic samplers the used are initiated by water surface elevations.  Typically, a 6 inch increase in surface elevation initiated sampling.  The sampling process objective was to sample the first 3 hours of a storm.  Sometimes there were sampler failures.  Often, the first flush occurred at night, which meant that overseeing the sampling process by MWH personnel was more difficult. This first flush Total P sampling was the only sampling available for Total P during storms.   The Algae Task Force was concerned that the limited number of samples obtained did not adequately characterize the Total P loadings.  The use of only the Total P concentrations for the first flush, and not other parts of the unit hydrograph, would over estimate the Total P loading entering Lake Mead. The waste load allocation for dry weather non-point discharges was estimated to be 100 lb/day.   
Since beginning in October 2010, the Algae Task Force has collected 16 stormwater samples on 11 different dates.  From the same 12-month period, CCRFCD collected 11 stormwater samples on 8 different dates. The first flush stormwater quality data collected and analyzed by MWH is shown in Table 1.  The Algae Task Force collected water quality data for stormwater after-the-first-flush.  The samples were obtained and analyzed by CCWRD and are shown in Table 2.  The conductivity and temperature data was collected to determine the water density.
 Sample Collection Procedures
The object of this effort was to safely collect stormwater samples after-first-flush.  Since the Algae Task force was totally a voluntary effort, there were no monies available.  Therefore, the sampling was to be conducted in a cost effective manner.  There were 3 different sites that were considered for use to obtain stormwater samples from the Las Vegas Wash on or near the CCWRD plant site.  
Sample Site
1. The LV Wash road crossing as a sample site was ruled out because it was upstream of CCWRD’s two discharge points.  
2. A sample point with a small boom exists at CCWRD’s property line adjacent to the Clark County Wetlands Park.  This site was not as safe as the Wetlands Park Bridge crossing the LV Wash located just downstream of CCWRD. 
3. The Wetlands Park Bridge was selected for the sample site.

To further protect the persons gathering the stormwater samples, and to minimize costs, the sampling was only conducted during daylight hours.  The first flush sampling was estimated to have passed after the stormwater flooded the CCWRD plant road crossing the LV Wash.  The stormwater overflowed the road after the elevation of the Las Vegas Wash had raised 24”-30”.   The samples would be collected at the first opportunity after the LV Wash flowed over the road.  For safety reasons two people were required to obtain the samples in the field.  Samples were taken at the North and/or South end of the bridge.  Outlined below is the sampling equipment and procedures that were used in the sampling effort.
Equipment:
YSI Sonde: used for dissolved oxygen, pH, conductivity 
Stainless Steel (SS) bucket with long rope
Pre-cleaned 1000 ml plastic bottles

Field Procedures:
For safety reasons two persons shall be present at sampling sight
Personal Protective Equipment requirements were enforced 
1. Tie off the SS bucket rope end to the bridge leaving enough length to reach the flow of water.
2. Dip the bucket into the flow filling it. Be careful not to let the flow take the bucket under the concrete lip of the cascade. Empty this sample out to rinse the sampling vessel. Take another sample for analysis.
3. Take physical readings with the YSI Sonde of pH, temperature, conductivity, and DO.
4. Pour the sample into the pre-cleaned sample bottle making sure sample is well mixed. Provide sample ID, initials, date and time on the sample bottle.
5. Take a second sample at the other end of the bridge. 
6. When back in the lab, mix the sample(s) well. Complete a Chain of Custody for the sample(s).  After which, 
7. Samples are to be relinquished to Sample Receiving personnel.	
The analyses were performed in accordance with both EPA and Standard Methods.  The specific methods used are shown in Table 2.  

Las Vegas Wash Total P Concentrations
The water quality of the first flush collected by MWH for CCRFCD is summarized in Table 3.  The Total P in the first flush ranged from a maximum of 4.3 mg/L to a low of 0.13 mg/L.  The median value was 0.79mg/L Total P.   The Algae Task Force water quality data is summarized in Table 4.   The Total P ranged from a maximum of 0.84 mg/L to a minimum of 0.13 mg/L, with a median value of 0.49 mg/L.  The first flush Total P concentrations were about 30 mg/L higher than the after first flush Total P concentrations.  This difference can be seen in Figure 1.  In the figure the first flush Total P concentrations (red squares) are clearly higher than the Total P in the after first flush (yellow circles).  The highest Total P concentration of 4.3 mg/L was from the first flush and occurred in 2003.  Clearly, the use of first flush total P concentrations would over estimate the stormwater impacts to the Las Vegas Bay of Lake Mead.  
 The dry weather flow Total P data collected by the COH is summarized in Table 5.    A summary of the Total P median concentrations can be found in Table 6.  The dry weather median Total P concentration was 0.12 mg/L. 
 All three data sets of Total P concentrations over the past 9 years are plotted in Figure 1.  In Figure 1, the blue crosses are data collected by the City of Henderson during dry weather flow conditions.  The yellow crosses denote times that the City of Henderson collected data on the day of a storm event.  Because of safety concerns the City of Henderson collected samples when stormwater flows were lower.  The dry weather Total P concentrations are clearly the lowest Total P concentrations found in the last 9 years. 
The after-first-flush Total P concentrations collected by CCWRD for the Algae Task Force are shown by yellow circles in Figure 1.  The after-first-flush Total P concentrations are less than that found during the first-flush and higher than the Total P concentrations found during dry weather conditions.  The lower Total P concentrations from the Algae Task Force sampling are a better estimate of the stormwater quality entering Lake Mead.
Background Water Quality
The chemical analysis for the priority pollutants and metals are shown in Tables 7 and 8.   The only chemical of concern for these metals is Selenium.  The water quality objective for Selenium is 5 ug/L.  The Desert Rose sample site on the Flamingo Wash tributary exceeded the 5 ug/L 4 out of the 5 times it was sampled.  All of the Las Vegas Wash Selenium samples were less than the 5 ug/L standard.  
Las Vegas Wash Estimated Total Mass Loadings
The water quality of the Las Vegas Wash and Bay are managed with waste load allocations (lbs/day) placed on the wastewater dischargers by NDEP.  They have allocated dry weather non-point source discharges a Total P waste load of 100 lb/day.  The Total P loading for non-point source stormwater discharges can be estimated by using the flows from the USGS flow meters at Pabco Weir or below Lake Las Vegas and the Total P concentrations from the first flush sampling.  The first flush Total P loadings are summarized in Table 9.  The maximum Total P loading of 11,600 pounds per day was observed in December 2010. This is about 100 times higher than the assumed Total P loading of 100 lb/day.   The maximum Total P loading for after first-flush using the data gathered by the Algae Task Force is found in Table 10.  The maximum after-first-flush Total P loading was 4,300 pounds per day.  Again, as expected, the Total P was less in the after first flush sample.   It is clear that the use of only the first flush data over estimates the actual Total P loadings for stormwater.  The Total P loading for dry weather flow is characterized in Table 11.   The median Total P waste load estimate is 170 lb/day. This is approximately half of the 334 lb/day Total P waste load allowed for the wastewater dischargers.  It is obvious that the low flow conditions typically are dominated by the wastewater dischargers.  
The Total P mass loading (lbs/day) in the Las Vegas Wash is plotted in Figure 2 and is quite similar in shape to the concentrations plotted in Figure 1.  The Total P loading for the wastewater dischargers as reported in the monthly Discharge Monitoring Reports are summarized in Table 12.  The wastewater dischargers’ monthly Total P median (188 lb/day) is very close to the estimated dry weather flow median (170 lb/day). 
The Bio-Available P suggested to be used by the wastewater dischargers in their letter dated July 23, 2003 (attached) has been calculated in Tables 1 & 2.  In this letter the wastewater discharges define Bio-Available P as the Ortho P plus 10% of the Particulate P.  This new parameter would then be used to calculate the P mass loadings in pounds per day.   If Bio-Available P is the parameter to be used to describe the dry and wet weather TMDLs then more data and analysis over the entire hydrograph is needed before TMDLs could be determined. 
Chain of Events
1. In 1988 Dr French at UNLV used a simple mixing model to predict the Total P concentrations in the Las Vegas Wash needed to control algae blooms.  Dr French specifically excluded any data from high flows (stormwater).
2. In 1989 NDEP used Dr French’s predicted Total P concentrations to determine Waste Load Allocations for the wastewater discharges and dry weather non-point sources.  No Waste Load Allocations were made for non-point source stormwater discharges.
3.  The 2001, after a major algae bloom, the Algae Task Force was initiated by NDEP.  The 2001 Algae Task Force recommended more sampling of dry and wet weather non-point flows.
4. After the 2001 Algae Task Force report, NDEP conducted a review  of the waste load allocations (TMDLs) for the Las Vegas Wash: 
a. The TMDL evaluation report is dated October 2003
b. NDEP recognized the removal of stormwater flows from past WLAs.
c. NDEP discussed the need for future reviews of TMDLs to incorporate stormwater flows
d. NDEP discussed the need to address an averaging period (30 days?) in future TMDL reviews
5. The wastewater discharger’s comments to the TMDL included recommendations to use a new term, Bio-Available P, to determine non-point source TMDLs.  This will need additional data and analysis
6. The following actions have been taken since 2001 to better control the P mass loadings to the LV Bay
a. Construction of erosion control structures
b. Construction of storm retention basins
c. Wastewater treatment plants year-round removal of P
d. Wastewater treatment plant optimization for more P removal
e. Addition of continuous chemical coagulation for P removal
f. Use of membranes for tertiary filters in new construction at treatment plants
g. Ordinances limiting lawns in front yards
h. Implementation of Best Management Practices (BMP) for construction sites
7. The increased removal of P has lowered the median dry weather mass loadings to 170 pounds per day
8. NDEP stated that the next review of the TMDLs should occur after the SCOP modeling effort had been completed.  The model should address both the dry and wet weather conditions
9. The 2010 Algae Task Force recommended that more wet weather sampling and analysis was needed to fully characterize the  Total P loadings to the LV Bay
a. How the LV Wash enters the LV Bay needs to be addressed in any future reviews of the TMDLs
10. The 2010 Algae Task Force should complete their work in 2012
11. NDEP is now working with the EPA to review and possibly revise TMDLs for storm flows on the Truckee River.  
12. The vast majority of states are now implementing non-point source TMDLs.
13. There are presently no TMDLs for non-point source storm waters into the Las Vegas Wash.  The storm water and wastewater discharges will need to collect additional data for future TMDL reviews.

Summary
The data gathered by CCWRD for the Algae Task Force has approximately doubled the number of stormwater samples taken in the past 12 months.  It is apparent that even with this increase in the number of samples, the stormwater quality is still not well characterized.  Our desert precipitation is infrequent and highly variable.  Sometimes several storms will pass through the Las Vegas Valley on successive days, which will significantly increase the Total P loadings.  With the construction of stormwater retention basins, storm flows typically can last for over 3 days.  The unit hydrograph for a recent one day rain event is shown in Figure 3.   It took about one day for the peak flow to occur and 3 days for the flows to return to normal.   In December 2010, rainfall occurred for 3 successive days. The Las Vegas Wash flow is shown in Figure 4.  During this time period, it took 6 days for the flows to return to normal.  The stormwater Total P characterization needs to sample the entire hydrograph to adequately determine the Total P loadings which could be used to address the chlorophyll concentrations in the Las Vegas Bay.  A new 24-hour composite sampler would be needed to obtain Total P concentration during the entire unit hydrograph.  Because of the infrequency of storms it is expected that future stormwater sampling should be conducted for each and every storm that produces runoff.  

[bookmark: _GoBack]Future Actions
1. Review stormwater data with the wastewater dischargers
2. Review data with the stormwater dischargers
3. Take the stormwater quality issue to LVVWAC
4. The agencies in the LV Valley need to determine if Bio-Available P is a parameter that should be used for future TMDLs
5. The 2010 Algae Task Force will use the current data to complete their report    
