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Executive Summary 
The purpose of this Reclamation Science and Technology (S&T) funded project (S&T 7100) is to 
present best practices for conducting data collection, tracer studies and hydrodynamic modeling that 
can provide guidance to water utilities as they implement surface water augmentation (SWA) by 
indirect potable reuse (IPR) studies in their reservoirs. This is increasingly important as drought 
continues in the western United States and more utilities pursue development of resilient local water 
supplies and augment their drinking water reservoirs with advanced treated recycled water.  
 
Reclamation partnered with the University of Nevada, Las Vegas (UNLV), Water Quality Solutions 
(WQS), the Lake Arrowhead Community Services District (LACSD), and the Arrowhead Lake 
Association (ALA) to complete this research and produce a tracer study and hydrodynamic 
modeling guidance manual. In developing the guidance manual, Lake Arrowhead was used as a case 
study reservoir. Data were collected throughout the duration of the project, and a tracer study was 
completed at Lake Arrowhead in December 2019. A hydrodynamic model was developed and 
calibrated with environmental, meteorological, and hydrologic data, then validated with the tracer 
study measurements. 
 
Results from the Lake Arrowhead case study combined with guidance from a Subject Matter Expert 
and experienced water agency managers provided the information used to develop the Tracer Study 
and Hydrodynamic Modeling Guidance Manual. The Manual was developed by UNLV, with input 
from project partners, and is included as Appendix 1. The Guidance Manual also includes 
information from other publicly available SWA-IPR tracer and hydrodynamic modeling studies, 
such as those completed for the City of San Diego’s San Vicente and Miramar reservoirs.
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1 Introduction 
The purpose of this project was to develop best practices for conducting data collection, 
hydrodynamic modeling and tracer studies that can provide guidance to water utilities as they 
conduct SWA-IPR studies. 

As drought continues in the western United States, an increasing number of utilities are looking to 
develop resilient local water supplies and augment their drinking water reservoirs with advanced 
treated recycled water. Recycled water is becoming an ever-larger component of water resource 
planning, and issues associated with measuring and modeling the mixing and dispersion of reuse 
water in reservoirs are becoming more prominent in the planning and implementation of sustainable 
and resilient solutions to water shortages.  

Hydrodynamic modeling and tracer studies are required as part of the technical studies needed to 
assess water quality risks, evaluate feasibility of proposed SWA-IPR projects and obtain regulatory 
approval. Although SWA-IPR regulations may specify the minimum requirements for these studies, 
technical approaches currently vary based on locality and available information, reservoir 
configuration, water utility needs, and regulatory requirements.  

This research project resulted in a Guidance Manual on how to conduct data collection, 
hydrodynamic modeling, and tracer studies for reservoirs to help utilities plan for SWA-IPR 
projects. It also includes discussion of regulatory requirements, and references SWA-IPR regulations 
and example SWA-IPR projects from six states. To develop recommendations for the Guidance 
Manual, results from SWA-IPR projects were evaluated and a tracer and hydrodynamic modeling 
demonstration project at Lake Arrowhead reservoir in California was used as a case study. Lake 
Arrowhead is owned and operated by ALA, and LACSD withdraws water from the reservoir for 
treatment as a potable water supply for local residents (ALA, 2021; LACSD, 2021). 

Environmental and meteorological data were collected on Lake Arrowhead, and both a tracer study 
and hydrodynamic modeling were performed. Completed tracer and hydrodynamic modeling studies 
from other utilities are also included as examples throughout the Guidance Manual. This includes 
the City of San Diego’s Miramar Reservoir tracer study, which will be used for the Pure Water San 
Diego SWA-IPR project (City of San Diego, 2019).   

This research was funded under Reclamation’s S&T program. Project partners include UNLV, 
WQS, LACSD, and ALA. UNLV led the data collection, tracer study, and hydrodynamic modeling 
efforts at Lake Arrowhead. LACSD and ALA provided significant in-kind and staff time 
contributions for these efforts. A subject matter expert was engaged through (WQS) to provide 
guidance on planning and implementation and to review results. The City of San Diego provided 
guidance based on their experiences completing tracer and hydrodynamic modeling studies at San 
Vicente and Miramar reservoirs.  

Development of the Guidance Manual on tracer studies and hydrodynamic modeling was led by 
UNLV, with significant contributions from LACSD, WQS and Reclamation. The Guidance Manual 
is included, as a deliverable, in Appendix 1 of this final S&T report. The Guidance Manual provides 
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advisory information about conducting tracer and hydrodynamic modeling studies. The intended 
audiences are agency managers, regulators and technical staff and consultants.  
 
Readers are advised that appropriately skilled and sufficiently experienced professional teams are 
required to successfully complete the tracer and hydrodynamic modeling studies. The Guidance 
Manual provides overall guidance for technical components of the studies, but it does not substitute 
for the need to engage experienced professionals who are familiar with local conditions, regulations, 
engineering standards, and methods of data collection, modeling, and interpretation. 

2 Methodology 
The Lake Arrowhead demonstration project included data collection, a tracer study, and 
hydrodynamic modeling, that were used to develop the final Guidance Manual. These tasks were led 
by UNLV through a cooperative agreement with Reclamation. LACSD and ALA also provided 
significant contributions in lake access, data collection, operational support, and staff time for this 
project. WQS was contracted through UNLV to provide subject matter expertise. In addition, 
Reclamation’s Technical Services Center (TSC) Hydraulic Investigations and Laboratory Services 
Group deployed two Acoustic Doppler Profilers (ADPs) with thermistor strings in 2019-2020.  
 
Project data collected on behalf of Reclamation for this research will be uploaded to the 
Reclamation Information Sharing Environment (RISE), an open data system for viewing, accessing, 
and downloading Reclamation’s water and water-related data (Reclamation, 2021). Data owned by 
other agencies/organizations (e.g., ALA, LACSD) or data that are already publicly available and were 
used for this project will not be published in RISE but are instead described in this Chapter. 

2.1 Data Collection 
Data were collected at Lake Arrowhead throughout the duration of the project to allow for 
development, calibration, and validation of the hydrodynamic model. These data included lake levels 
and inflows, water quality profiles, meteorological, water movement, and engineered infrastructure 
and operations data. Figure 2.1 shows a map of Lake Arrowhead with approximate locations of 
weather stations and ADP sites.  

Data collected and/or used for this project included: 

Lake Level, Inflows and Outflows  
• LACSD provided: 

o historical operations data for water withdrawal rates at each drinking water intake 
and tertiary-treated wastewater generation rates, and 

o water withdrawal rate data at each drinking water intake for the period corresponding 
to the tracer study. 

• ALA provided: 
o lake level data, 
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o elevation data, rating curves and gate operations data for the Willow Creek spillway, 
and 

o gate operations data for the Grass Valley tunnel that provides inflow to Meadow 
Bay. 

• Additional inflow, outflow, and rainfall data were obtained from U.S. Geological Survey 
(USGS) records that are publicly available on the USGS National Water information System 
website, https://waterdata.usgs.gov/nwis. Sites used included: 

o For currently operating gauges: 
 Grass Valley Lake tunnel outlet at Lake Arrowhead, CA 
 Bernina Drive Precipitation Gauge at Lake Arrowhead, CA 

o For historical records: 
 Little Bear Creek above Lake Arrowhead 
 Willow Creek below Lake Arrowhead 

• Conductivity and temperature sensors were installed to monitor inflow properties to Lake 
Arrowhead from the Grass Valley channel and Little Bear Creek. Data collected for these 
sensors will be available in RISE. 

• A water level logger was installed in Little Bear Creek and a barometric pressure 
compensation logger was installed nearby at LACSD headquarters in Blue Jay to estimate 
Little Bear Creek’s inflows from a historical USGS rating curve, which was provided by 
USGS upon request. Data collected from the water level logger and barometric pressure 
gauge will be available in RISE. 

Water Quality 
• Two years of water quality monitoring data were collected by ALA using UNLV equipment 

for the purposes of this project, then processed and archived by UNLV. The data will be 
published in RISE. The data set includes:  

o Depth profile measurements of temperature, conductivity, dissolved oxygen, 
chlorophyll-a, photosynthetically active radiation (PAR), and pH.  

• Raw water temperature, turbidity, and pH data at LACSD’s two drinking water intakes were 
provided by LACSD. 

• Background Rhodamine-like signal data were collected by UNLV in lake profiles and at 
LACSD’s two drinking water intakes. This data will be published in RISE. 

• Reclamation’s TSC provided the final report from a prior two-dimensional hydrodynamic 
and water quality modeling study of Lake Arrowhead, titled “Hydrodynamic and Water 
Quality Modeling of Lake Arrowhead, California” (Bender, 2012). 

Meteorological 
• ALA provided historical data from its own weather station and pan evaporation data. 
• Evaporation data were downloaded from the California Irrigation Management Information 

System (CIMIS) Lake Arrowhead Station 192 
(https://cimis.water.ca.gov/WSNReportCriteria.aspx ). 

• UNLV installed four weather stations (see Figure 1) at Lake Arrowhead to collect 2 ½ years 
of wind and temperature data for use in calibrating the hydrodynamic model. Data from 
these weather stations will be available in RISE. 

o The UNLV weather stations were monitored through December 2020 to facilitate 
scenario analysis in the hydrodynamic model. 

https://waterdata.usgs.gov/nwis
https://cimis.water.ca.gov/WSNReportCriteria.aspx
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Water Movement 
• Reclamation’s TSC Hydraulic Investigations and Laboratory Services Group deployed two 

ADPs with thermistor strings (for temperature measurement) in Lake Arrowhead in April 
2019. This effort provided information to develop an understanding of reservoir current 
patterns during mixing events caused by wind, inflows, and pumping station withdrawals. 

o A SonTek 500 kHz ADP was initially deployed mid-lake at a depth of 107 feet (see 
Figure 1). However, this ADP inadvertently tipped to its side during this first 
deployment. Although the initial data were not usable, the installation failure did 
provide lessons learned about deployment methods and temperature profile data 
from April to July 2019 were recovered. An improved installation method was 
developed, the mid-lake ADP was successfully re-deployed from September 2019 to 
January 2020 and usable data were collected. 

o A SonTek 1,500 kHz Pulse Coherent ADP (PC-ADP) was successfully deployed 
from a dock at the mouth of Meadow Bay (MB) at a depth of 35 feet between April 
2019 and January 2020, and usable data were collected. 

• Data collected from the ADP and thermistor string deployments will be available in RISE. 
Details on the ADP deployment can be found in Reclamation TSC’s report (Vermeyen, 
2020) in Appendix 2. The report recommends that vertical temperature profile data be 
collected in close proximity to ADP sites if ADP measurements are collected again in Lake 
Arrowhead. 
 

Engineered Infrastructure and Operations Data 
• Reclamation’s TSC provided bathymetry data and the report from its 2008 bathymetry study 

of Lake Arrowhead (Ferrari, 2009). The bathymetry report and geographic information 
systems (GIS) data from that study are publicly available on TSC’s Reservoir Surveys website 
(https://www.usbr.gov/tsc/techreferences/reservoir.html). 

• LACSD provided:  
o GIS data of the entire lake shoreline 
o engineering drawings, location, and elevation data for its two drinking water intakes. 

 

https://www.usbr.gov/tsc/techreferences/reservoir.html


Evaluation of Approaches to Determine Mixing and Assimilation of Reuse Effluent 

5 

 
Figure 2.1. Map of Lake Arrowhead showing approximate weather station and ADP locations. 

2.2 Tracer Study 
A significant preparation effort was required before the tracer study could be conducted. This 
included operations planning and environmental compliance/approvals. Three state agency reviews 
(California Division of Fish and Wildlife, Division of Drinking Water, and Lahontan Regional Water 
Quality Control Board) were required due to Lake Arrowhead’s large number of designated 
beneficial uses. As the lead Federal agency, Reclamation also completed a NEPA review. 

A literature review and proposed tracer study methodology document was submitted in advance to 
the Lahontan Water Quality Control Board for their review. Additional steps taken to obtain 
environmental approvals for the tracer study included advance consultation with the California Fish 
and Wildlife Service and the State of California Division of Drinking Water. Two public meetings 
were held 90 days in advance of the tracer study, one with stakeholders at ALA and another at a 
LACSD board meeting to present the proposed methodology and obtain stakeholder and board 
feedback. Concerns raised at these meetings and also in meetings with ALA and LACSD operations 
and maintenance staff were summarized in a frequently asked questions document and then 
addressed in tracer study preparations. Operational steps included monitoring of tracer 
concentrations at each drinking water intake, and closure of the intakes during most of the tracer 
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study. Tracer study planning and operational steps are described in the Guidance Manual (Appendix 
1). 

The Lake Arrowhead tracer study was completed between December 2 and December 7, 2019. It 
was led by UNLV in collaboration and close coordination with ALA and LACSD. Significant 
technical preparation steps were completed in advance of the tracer study. These included data 
collection, planning, design, fabrication, preparation and testing of injection and monitoring 
equipment, regulatory compliance, and public meetings. After preparation, UNLV arrived at the 
Lake on December 1, 2019, for set up and testing. The tracer injection site and sampling locations 
are shown in Figure 2.2. 
 
Rhodamine WT (RWT) and sucralose were used as tracers and added to the lake on December 3, 
2019. Masses of 3.9 kg each of RWT and sucralose (a value sufficient to provide a completely-mixed 
concentration of 0.1 ppb, the practical detection limit) were mixed with ambient lake water, diluted 
with additional lake water, and pumped into the lake through a diffuser at a depth of 10 meters. 
RWT concentrations were monitored in situ with depth-profiling fluorometric datalogging probes, 
and sucralose samples were collected with Van Dorn bottles at RWT peak concentration depths 
over the next 4 days. The RWT profiles and sucralose grab sample data will be available in RISE.  

RWT tracer monitoring showed that the tracer mass descended to the depth of the thermocline after 
the first day and moved rapidly across the reservoir in two days. Due to vigorous mixing caused by 
two winter storms and a deep (22-23 meters) very weak (2o C) thermocline, RWT concentrations 
had dissipated to background concentrations by mid-day on December 7, 2019, and tracer study 
measurements were terminated. 
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Figure 2.2 Map of Lake Arrowhead showing the approximate tracer injection point and fixed station sampling 
locations during the tracer study. 

2.3 Hydrodynamic Model 
The hydrodynamic model was developed by UNLV using the Three-dimensional coupled 
Hydrodynamic Aquatic Ecosystem Model AEM3D from Hydronumerics in Australia 
(https://www.hydronumerics.com.au/software/aquatic-ecosystem-model-3d). This model and its 
ELCOM-CAEDYM predecessor have been most commonly used in SWA-IPR studies.  

UNLV developed the Lake Arrowhead model using gridded bathymetry derived from the 2008 
Reclamation TSC study (see Section 2.1) and shoreline elevation data from LACSD. UNLV then 
calibrated the model with collected environmental, meteorological, and hydrologic data described in 
Section 2.1. The model was developed on a 30 meter x 30 meter horizontal x 0.5 meter vertical grid 
(about 133,000 grid cells for the entire lake) on a 3.5 GHz Intel Xeon(r) Dell Precision T3500 
workstation. The gridded bottom contours of the Lake are shown on the cover photo of this report. 
After calibration, UNLV validated the model with the tracer study measurements (see Section 2.2 
for the tracer study description).  

UNLV used the validated model to compute dilutions and travel time scenarios for four 
representative combinations of reservoir stratification and elevation. Details on selection, set up, 

https://www.hydronumerics.com.au/software/aquatic-ecosystem-model-3d
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running the hydrodynamic model, and the four example scenarios are described in the Tracer Study 
and Hydrodynamic Modeling Guidance Manual in Appendix 1. 

2.4 Guidance Manual 
UNLV developed the Tracer Study and Hydrodynamic Modeling Guidance Manual with input from 
WQS, LACSD, ALA, and Reclamation. It is included as Appendix 1 in this report and is the primary 
deliverable for the S&T 7100 project. The manual was developed using publicly available 
information and literature, review of state regulations, publicly available studies from various utilities, 
guidance from WQS and the City of San Diego, and information and experience earned through the 
Lake Arrowhead case study. 

3 Results 
The project resulted in over two years of data collection at Lake Arrowhead, as described in section 
2.1, as well as a calibrated and validated three-dimensional hydrodynamic model. Collected data, 
subject matter expert guidance, and thorough review of the literature and regulatory requirements 
allowed UNLV to develop the Tracer Study and Hydrodynamic Modeling Guidance Manual. 
Recommendations for water utilities based on the Lake Arrowhead case study are included 
throughout the guidance manual. 

The primary deliverable for this project is the Guidance Manual, included as Appendix 1. The 
Guidance Manual covers major elements of a hydrodynamic model and tracer study, including: 

• Regulatory requirements, 
• Public outreach, 
• Selection of a hydrodynamic model, 
• Acquisition, evaluation, and formatting of model input data, 
• Preparation for and completion of the tracer study, 
• Calibration and validation of the hydrodynamic model, and 
• Recommendations for maintenance and follow-on uses of the validated hydrodynamic 

model. 
 
The Guidance Manual provides recommendations to help utilities plan and conduct hydrodynamic 
modeling and tracer studies for their reservoirs. Although SWA-IPR regulations may specify 
minimum requirements, the varying technical approaches for these studies created the need for the 
best management practices presented in the manual.  
 
The intended audiences for the Guidance Manual are agency managers, regulators and technical staff 
and consultants. The manual does not substitute for the need to engage experienced professionals 
who are familiar with local conditions, regulations, engineering standards, and methods of data 
collection, modeling, and interpretation in these studies. 
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The next 12 figures (this page and the next page) show 2018-2019 build-up of chl-a fluorometric 
signal maxima in lowest part of thermo-cline during summer stratification, then chl-a mixing 
throughout water column with winter destratification. 
 

   

   

   



 

   

   

   
  



 

The next 12 figures (this page and the next page) show 2019-2020 build-up of chl-a fluorometric 
signal maxima in lower part of thermocline during summer stratification, then mixing throughout 
water column with winter destratification. 
 

   

   

   



 

   

   

   



Tracer Study and Hydrodynamic Modeling Guidance Manual 

 

 

 

 

 

 

 

Appendix 6.2 – Personnel briefing document 
for Lake Arrowhead tracer study 
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Appendix 6.2 Final Arrowhead Reservoir Experimental Plan: Details 11/29/2019 

The following detailed experimental plan was developed for the 2019 Reclamation-University of 
Nevada Las Vegas (UNLV) Arrowhead Reservoir tracer study, where the Rhodamine WT-sucralose 
tracer is injected directly at depth in the reservoir. Yellow highlighted portions are for LACSD 
treatment plant operations staff review. Except for one paragraph grey highlighted portions are 
mostly draft notification procedures based on our August 2018 submission to Lahontan Water 
Quality Control Board.  
 
1) Location of tracer injection: 

a)  The tracer will be injected at Station Village Bay 2 (VB2) shown on the maps of Lake 
Arrowhead (Figure 1). 

b)  The tracer will be released at a depth of 10 meters using a submerged 4-arm diffuser with 1- 
meter arms perforated with 4 sets of 1.25 cm holes (at 90 degree angles) every 17 
centimeters, located at a depth above the fall seasonal thermocline, yet deep enough that no 
color will be visible at the surface. This depth is intended to be set at 10 meters below the 
surface. 

2) Survey reservoir in the week(s) prior to tracer release for temperature profiles (to establish 
knowledge of current stratification conditions and also use for hydrodynamic model initial 
conditions) and to confirm background RWT-like concentrations using Eureka Trimeter® 
fluorometers. This survey will consist of: 

a)  Temperature, conductivity, chlorophyll-a signal, pH, dissolved oxygen, photosynthetically 
active radiation high resolution (within 0.1 meter) depth profiles at the six (6) standard 
stations (Dam, Center Channel, North Bay, Village Bay, Blue Jay Bay, Meadow Bay) on the 
day before the tracer injection using the Eureka Manta30+ probe. In addition, background 
RWT-like concentrations will be determined using the Eureka Trimeter® probe at all six 
stations. 

b)  Repeat the Manta 30+ and Trimeter® profiles the morning before the tracer is added. 

c)  Establish background RWT-like concentrations by online raw-water monitoring at the 
LACSD drinking water intakes starting one week before the tracer injection, continuing 
through the tracer injection and one week after. 

3) Use ALA barge to mix and release RWT and sucralose at the injection station:  

a)  Load all equipment and materials, including RWT and sucralose, at ALA’s maintenance yard 
the day before the planned injection. 

b)  Set up and flow test the equipment with clean water at dock. 

a) Be sure everything that’s needed is on board the barge and working before proceeding. 

b) Once the system and all equipment are set up and tested, navigate barge to the tracer 
release site at VB2, the day before the tracer is released to begin the tracer study, and test 
again in full field conditions (wind and waves), evaluating the stability of diffuser and 
intake system. 
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c)  On the day of the study, transfer the correct measured quantities of RWT and sucralose to 
the injection tank on ALA’s barge at the ALA’s docks: 

a) Add the tracer(s) to the tank at dockside, mix the bulk tracer with 50 gallons of lake 
water,  

b) pilot the barge to the VB2 injection point. 

c) make sure there is no spill/leak/release of tracer from anywhere on the barge to the lake 
while moving from the ALA’s docks to the injection site. 

d) at this point, minimize boat traffic back and forth to the platform, set up ALA Lake 
Safety patrol boat with lights flashing to establish a no-go perimeter zone. 

e) Release tracer into the lake as described in sections 4, 6, and 7, below. 

d)  After the tracer has been released, undertake the following steps to avoid accidentally 
spreading tracer to other parts of the reservoir, which would confuse the results if it 
happened. 

a) make sure the entire tracer volume has been released. Then flush the tank with 50 
gallons clean lake water from the dump hose, and discharge the flush water through the 
diffuser. Repeat until all visible color is removed from the tank. 

b) before leaving the injection site, make sure there is no spill/leak/release of tracer from 
anywhere on the barge to the lake. 

c) Deploy Lagrangian drifters with sea anchors set to tracer release depth (nominally 10 
meters) to record lake water movements at release site and also visually mark on surface 
the estimated plume location 

d) Return the barge to the ALA docks, limiting departing barge speed and boat speeds after 
the dye release in the vicinity of the injection point to less than 0.5  mph within 150- yard 
diameter. 

e) Replace the barge with the plume-chasing boat and begin measurements to identify the 
depth and extent of the initial plume ‘pancake’ in the lake 

f) maintain the perimeter with ALA lake safety to ensure that no boat traffic in the vicinity 
of injection point until 1.5 hours after the tracer release. 

g) boat speeds in the estimated vicinity of the plume during the tracer study must be less 
than 2 mph. 

h) personnel who worked with the tracer release should leave the site, clean up and change 
clothes, before coming back to do any follow-on work at the reservoir. 

i) any unused sucralose and RWT tracers should be kept in ALA’s maintenance shop, away 
from the lake. 

4) Tracer injection equipment, set up and testing: 

a)  All of the tracer injection equipment is mounted on the barge. 

b)  The basic components of tracer injection system are: 
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a) Tracer bulk tank, which is a 100-gallon horizontal closed top high-density polyethylene 
chemical tank, marked at 20-gallon increments, located in a 200-gallon containment 
trough. 

b) Emergency 100-gallon horizontal closed top high-density polyethylene ‘dump’ tank, 
identical to bulk tank, located in a separate 200-gallon containment trough.  

c) Either tank can be connected to the main gasoline powered water pump for injection.  

d) Water pump, 158 gpm max flow rate (600 liters/minute), powered by a gasoline engine, 
drawing water from either the screened lake intake for filling tanks, or drawing water 
from tanks for injection into lake via diffuser. 

e) Inlet hose, 3” ID, 32’ long, with inlet screen. 

f) Outlet hose, 3” ID, 60’ long. 

g) Wash down hose, 3” ID, 20’ long with adjustable nozzle 

(1) Inlet, outlet and wash down hoses fitted with Camlok® quick connectors. 

h) 9 gallons per minute (gpm) (36 liter/minute, (Lpm)) electric pump metering system that 
draws tracer-mixed water from the 100-gallon chemical tank or the 100-gallon dump 
tank. 

i) Flow control valves:  

(1) Globe-type control valve on the outlet of the electric pump with inline 0-8 gpm flow 
meter. 

(2) Ball-type control valve on outlet of gasoline pump with ultrasonic 0-120 gpm flow 
meter that is located just inboard of the line to the diffuser. This line conveys mixed 
flow (lake water plus tracer) to the diffuser. 

j) Diffuser, 2” diameter Schedule 40 PVC branching with four 1-meter arms, four (4) sets 
of 1.25 cm holes (at 90 degree angles from each other) at 17-centimeter spacing. Arm 
ends are capped. 

k) Lines, rigging, and hardware to suspend the inlet and outlet hoses at fixed depths, using 
the barge cleats as attachment points 

c)  Configure, connect, and deploy the tracer injection equipment (tanks, troughs, pumps, 
hoses, diffuser, intake) on the barge the day before the date of tracer addition. 

d)    Test the tracer injection equipment at nominal flow rates: 

a) Fill the bulk tank with reservoir water; i.e., use reservoir water without tracer for the flow 
test. 

b) place the screened inlet at ~7 meter (m) depth (actual depth to be determined by 
profiling). Secure inlet hose on a barge cleat. 

c) detach the diffuser, place the outlet hose in the plastic drum, run pump at nominal 
speed. 
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d) flow rate calibration: 

(1) with the gasoline pump running at nominal speed, set the overall system flow rate to 
90 gpm (341 Lpm) using the ball-type flow control valve to adjust rate while 
discharging through the diffuser line with the diffuser disconnected. Record the flow 
rate as indicated on the ultrasonic meter 

(2) adjust ball valves to switch lines to discharge to the dump tank. While discharging to 
the dump tank, measure and record change in volume with time, to compute flow rate 

(3) Compare the results of steps (1) and (2) 

(4) connect the diffuser to the main discharge line, adjust valves to switch back to the 
diffuser discharge and measure the flow rate with the digital meter with the diffuser 
connected. Apply any need correction from steps 1, 2 and 3 

(5) deploy the diffuser to the lake and suspend the diffuser at 10m depth. Secure the 
outlet hose on a barge cleat using the diffuser rope harness  

(6) Measure and record flow rate again with diffuser now connected and deployed at 
depth 

e) Open ball valve to initiate flow from tracer bulk tank 

f) use the globe valve to adjust the electric pump flow rate to draw down the bulk tank at 6 
gallons/minute (23 Liter/minute). 

(1) Measure and record main system flow rate again to verify effect of adding in electric 
pump on system discharge flow rate 

5) On the morning of the study, prepare bulk RWT solution in tanks at dock side: 

a) prepare the bulk RWT and sucralose solution in the tank as near to the time of injection 
as practical to keep the temperature of the bulk solution close to the temperature of the 
ambient reservoir water. 

b) Using the screened inlet, turn on gasoline pump and add 50 gallons of reservoir water to 
the bulk tank. 

c) Add the premixed RWT and sucralose dye solution from the yellow fuel dispensing 
tanks, rinse the tanks thoroughly with lake water and add each rinsate into the bulk tank. 
Repeat until the RWT dispenser is completely free of color.  

d) Note any spill of RWT or sucralose. . . if any spill, use the provided clean-up absorbent 
socks to pick up the spill and deposit the used socks in the provided yellow waste 
disposal container. 

e) collect a 1 liter sample of the bulk RWT-sucralose solution for subsequent dock-side and 
laboratory analyses.  

(1) use a spray bottle of reservoir water to clean off the sample container, direct the rinse 
water back into the bulk tank. 

(2) handle the sample with care; keep it contained during transport. 
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6) DO NOT WASH DOWN anything into the lake, instead: 

a)  Leave any spilled or leaked RWT where it falls; if on the barge deck, contain it with the 
provided clean up adsorbent sock, soak up with rags and absorbent, and dispose into the 
yellow waste disposal container 

b)  Do not wash off equipment, gear, gloves, clothing, etc. Instead put any contaminated 
adsorbent socks and clothing in the yellow waste disposal container 

7) To match the density of tracer solution to the density of the ambient reservoir water: 

a)  Measure the temperature and TDS in profile at the tracer release station using the Eureka 
Manta 30+ sonde at 10 meters depth  

b)  Use a MatLab® code or spreadsheet to determine the ambient density at 10 meters depth. 

c)   Set the depth of pump’s intake screen, which is on the distal end of the inlet hose and 
secure at intended depth using the marked lift hose and tying it off on a barge cleat. 

a) If temperature profile of the lake allows for withdrawing water at a temperature different 
from the discharge depth, use the MatLab® code or spreadsheet, to determine the water 
temperature required to match densities [Tmatch].   

b) Referring to the temperature profile, lower the intake to the depth corresponding to 
Tmatch. 

c) Be sure to secure the inlet hose to the platform such that it will not slip downward. 

d)  Check the outflow temperature. 

a) With the pump running at nominal flow rate, but no tracer being released, confirm that 
the density corresponding to the temperature of the outflowing water [out] combined 
with tracer produces a density that matches the density with the reservoir at the 
discharge depth temperature required [ρmatch].   

b) During tracer release, monitor the temperature of the dye tank water every five minutes 
to ensure that the estimated density out ρout still matches density at discharge depth 
(ρmatch). 

8) Release the tracer: 

a)  With the pumps running at flow rate set in 4(d)(i) and 4(d)(vi), start the flow from the bulk 
tank to the electric pump. 

b)  Record the beginning bulk tank volume and start time. 

c)  Record the tank volume at five-minute intervals. 

d)  Adjust the electric pump flow control valve as needed to keep the rate of drawdown of the 
bulk tank to 6 gallons per minute (gpm). 23 Liters per minute (Lpm). 

e)  Record the time when the tank empties. 

9) Information to record during tracer release: 
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a)  Manta 30+ datasonde profile with depth, consisting of Temperature, conductivity, pH, 
dissolved oxygen (DO), chl-a, and PAR, before tracer release and at conclusion of tracer 
release. 

b)  General weather observations. 

c)  Start time and stop time. 

d)  Overall pump flow rate. 

e)  Tank volumes at five-minute intervals. 

f)     Any spills of tracers. 

10) When all the tracer is released, refer to section 3 d) for immediate next steps. 

11) Measurements of RWT and associated parameters: 

a)  Field measurements. 

a) Fluorometric measurements of RWT will be made in profile at set sampling stations 
(Eulerian) as well as by plume chasing boat (Lagrangian). 

b) Measurements will be made Eureka Trimeter® datasondes fitted with Turner Designs 
fluorometer sensors, initially calibrated to 0-10 ug/L, and 0-200 ug/L. 

c) Data will be downloaded from the Trimeter® datasondes. 

(1) to field capable laptop PCs,  

(2) data will be downloaded after each round of field sampling and archived to a 
workstation at the project base camp, located in the 5th wheel trailer parked across 
California Highway 173 from the Dam in the ALA maintenance yard. 

b)  Laboratory measurements: 

(1) Fluorometric measurements of RWT will be made in the lab (set up in ALA 
maintenance shed) for standardization and calibration, for the purpose of calibrating 
field instruments. 

(2) Two bottle strings will be deployed at ALA docks to assess loss of RWT in ambient 
reservoir water due to photo degradation. Starting concentration will be 10 ug/L. One 
bottle string will be clear glass, deployed at depths of 0.5, 2.0, 4.0, 6.0, 8.0, 10 and 12 
meters. The other bottle string will be brown glass to limit light penetration, deployed 
at identical depths. Each string has a 2.2 kg (5 pound) weight on the bottom to keep it 
vertical in the water column. 

(3) Temperature and light profiles with the Eureka Manta30+ sonde will be taken 
periodically next to the bottle strings to record temperature and light levels. 

b) Bottle RWT measurements will be made with Eureka Trimeter® datasondes fitted with 
Turner design fluorometric probe calibrated from 1 to 10 ppb 

c) Calibration standards of RWT in ambient reservoir water will be prepared in the lab, 
following protocols laid out in publications by Turner Designs. 
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c)  Assessment of loss to photodegradation. 

a) The loss of RWT to photo-decay will be measured beginning 1 day before release of the 
tracer and continuing through the monitoring period. 

b) See 11 b) and Attachment A for methods and materials for this step. 

 
12) Sampling plan [See Attachment B]: This attachment includes 

a)  Sample sites and measurement locations 

b)  Sampling schedule 

c)  Sampling staff plan 

 
13) Reservoir operations during tracer release and sampling: 

a)  It is intended that LACSD will fill their storage tanks with treated drinking water before the 
commencement of the tracer study and, will operate the intakes on the day of the tracer 
release until 5pm in the afternoon, or until advised by UNLV that the tracer plume is 
approaching to within 150 meters of the intakes. At worst case at-depth advection velocities 
of 2 cm/sec, this distance would allow for a 2-hour window to shut the intakes before the 
plume passes over the intakes. Note, with the plume added at 10 meters and the intakes at 
depths of about 22 meters, considerable vertical plume spread would also need to occur to 
reach the intakes. If community water demand is sufficiently low, LACSD will keep the 
intakes shut for the next 24 hours. On following days, during the tracer study, per advice of 
UNLV, the intakes will be opened and water withdrawn from the lake to meet community 
demand unless UNLV monitoring of RWT shows that a 1 ug/L added RWT tracer 
excursion above particulate Rhodamine backscatter background is nearing either intake.  See 
Section 15. 

b)  Close communication between the tracer study team and the water treatment plant operators 
will be essential. Such communication is the responsibility of the tracer study team leader. A 
list of contact phone numbers and radio channels will be available on each sampling boat, 
the tracer barge, at base camp (ALA maintenance barn), in the ALA offices and at the 
LACSD treatment plants and LACSD Blue Jay offices. Important cell numbers will be added 
to contacts in all UNLV, ALA and LACSD mobile phones. 

 
 

14) Other information to collect during tracer study: 

a)  Outflow rate from the lake at the two drinking water intakes when in operation 

b)  If any, imported water inflows to the reservoir at Little Bear Creek (estimated from UNLV 
level gauge and the prior USGS rating curve) and Grass Valley Tunnel (from USGS gauge). 

c)  Outflows from the Willow Creek spillway (if applicable, estimated from gate position and 
head over weir). 

d)  Meteorological station data (used as inputs for hydrodynamic modeling). 
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e)  Daily water quality profiles using the Eureka Manta30+ datasonde. 

f)  Water circulation estimates using GPS-equipped Lagrangian drifters with sea anchors set to 
depth of tracer injection 

15)    Information collected during study by instrumentation but obtained afterwards. 

a)  Water temperature data measured at 10-minute intervals by the two thermistor strings, one 
in Center Channel and one in Meadow Bay. 

b)  Water current speed data measured for 10 minutes every hour by the two ADPs, one in 
Center Channel and one in Meadow Bay. 

16) Monitoring in the lake and in the raw water sent to treatment plant and contingency 
operations plan. 

a) The following measurements will be performed at least daily or with any change in 
overall plant flow: raw water RWT concentration at each plant influent when operating. 

(1) The concentration of RWT will be measured at Stations DWI_N and DWI_B from 
 boats using Eureka Trimeter® profiling datasondes with Turner Designs 
fluorometric RWT sensors, and 

(2) Continuous Eureka Trimeter® fluorometric monitors will be operated and monitored 
at the raw water taps located at the start of each treatment plant’s treatment train to 
ensure the added RWT concentration does not exceed one tenth of the US EPA 10 
ug/L advisory limit (1 ug/L) above background near the drinking water intakes.   

(3) If measured added RWT-tracer concentrations measured in the lake in the vicinity of 
either drinking water intake at their intake depths or measured in the raw water taps at 
the treatment plants approach a level of 1 ug/L above the monitored background 
RWT-particulate backscatter levels, that intake will be closed.   

(4) If neither drinking water intake has reservoir water with added RWT tracer 
concentration less than one tenth the EPA 10 ug/L advisory level above background, 
then the flow from the reservoir to the Water Treatment Plant will be shut off, and 
community supply will be delivered from stored treated water, to be made up, if 
necessary, with a combination of treated LACSD well water or treated CLAWA 
(Crestline Lake Arrowhead Water Agency) water.   

b) During the first day of the tracer study the treatment plant will run until the tracer plume 
reaches within 150 meters of the intakes, regardless of depth. At typical maximum at-
depth water velocities of 2.0 cm/sec, this would give 15,000cm/2.0= 7,500 seconds or 
125 minutes to shut the intakes before the plume reaches intake location (plume depth at 
a nominal 10 meters will be shallower than the depths of about 22 meters.   

c) If plume movement is unidirectional, right at the intakes,  

(1) For the Cedar Glen treatment plant intakes, at distance of 1.32 km (Figure 1) it is 
expected that the plume would take for a worst-case velocity of 2.0 cm/seconds, 
132,000cm/2.0 = 66,000 seconds or about 18.3 hours to reach the intake location 
(arrival time would be 2 am on Wednesday for an 8 am Tuesday addition). At a more 



11/29/2019  Page 9 of 21 

typical at-depth velocity of 1.0 cm/sec the travel time would be 36.7 hours (or 1.5 
days, or 1 day 12 hours), to arrive at the intakes (arrival time would be 8pm on 
Wednesday.  

(2) For the North Bay intakes to the Bernina treatment plant, at a distance of 1.19 km 
(Figure 2) it is expected that the plume would take 119,000 cm/2.0 cm/sec = 59,500 
seconds or 16.5 hours to reach the intake location (arrival time would be 1230am on 
Wednesday for an 8 am Tuesday addition). At a more typical at-depth velocity of 1.0 
cm/sec, the travel time would be 33 hours or 1.38 days or 1 day 9 hours, (arrival time 
would be 5pm on Wednesday). 

(3) Scheduled profiling of the plume will determine its thickness. Thickness will be 
determined by the 1 ug/L threshold above RWT background. 

d) Treatment plant intakes will then remain off as the plume approaches and passes over 
the intakes until the plume concentration above the intakes drops below 1 ug/L above 
RWT background. 

e) Following the initial 24-hour study, if intakes are re-opened, reservoir water will be 
drawn from the intake farthest from the added RWT plume, so long as an added RWT 
tracer excursion approaching 1 ug/L above RWT-particulate backscatter background is 
not detected in the vicinity of that intake.   

(1) The total RWT concentration (particulate backscatter background plus combined) in 
the combined plant influent will be measured by continuous monitoring using 0-1 
ug/L calibrated Eureka Trimeter® RWT sondes located in buckets containing a 
continuous inflow of raw reservoir water at the raw water taps located in each 
treatment plant. Raw water buckets will need to be periodically emptied and flushed 
to eliminate build-up of RWT-like particulate backscatter background. 

(2) Per the Lahontan Water Quality Control Board letter of October 30, 2019, UNLV will 
use the on-lake monitoring RWT tracer measurements to generate hourly maps of 
added tracer extent in the lake. 

f) In the event of either of the above exceedance situations [16.a) 3) or 16.a) 4)] flow from 
the lake to the water treatment plant will remain off, and the water treatment plant will 
use only imported CLAWA water or LACSD IX-treated well water, until monitoring 
shows that the added RWT tracer concentration at the depth of the selected outlet is 
below the 1 ug/L value above background RWT-particulate backscatter. At that time, 
intake flow from the lake can resume, and monitoring of the combined plant influent 
water will continue as above. 

g) In the unlikely event that any significant RWT were to be delivered from the lake to the 
Water Treatment Plant, it would be rapidly consumed by the chlorine used as a pre-
oxidant and as a disinfectant in treated water. Previous UNLV experiments in July 2018 
indicated that 10 ug/L RWT added to Lake Arrowhead raw water would be reduced to 
non-detectable levels in less than 8 minutes by the standard 4.0 mg/L chlorine dose 
added by LACSD. The chlorine residual in finished water would also consume any 
remaining added RWT. 
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h) Upon notification that the above-intake RWT concentrations have dropped below 10 
ug/L above background RWT-like particulate backscatter values, once the intake is re-
opened, RWT sampling would continue with measurement by the Trimeter® probes in 
raw water and in the finished water to make sure that RWT concentrations are below 
one tenth of the EPA advisory levels for both drinking water intakes (10 ug/L above 
RWT-like background.  

i) Spill reporting. Any spillage escaping the containment tank other than small drops that 
can be wiped/washed clean will be reported to the Lahontan Regional Water Quality 
Control Board (LRWQCB) within 15 minutes of occurrence, and actions to clean up 
spills will be documented and reported to LRWQCB within 24 hours of occurrence. 

j) Unexpected movement monitoring and reporting. As described above, Trimeter® 
sonde-equipped monitoring boat will measure RWT fluorescence hourly by vertical 
profiling at the location of each drinking water intake over the first 2 days of the study. 
Measured RWT concentrations will be compared to movement of the main body of the 
tracer by radio or cell phone communications between the monitoring boats. If a RWT 
tracer concentration near one-tenth of the EPA 10 ug/L advisory limit appears to be 
approaching either water intake, the water purveyor, the Lake Arrowhead Community 
Services District, will be notified by telephone within 5 minutes and the LRWQCB will 
be notified by email within 15 minutes. Results indicating direction of movement and 
concentration of the RWT tracer will be provided to both LACSD by phone and 
LRWQCB by email within one hour. 

k) As described in paragraph 3 on page 2 of the October 30, 2019 Lahontan Regional 
Water Quality Control Board letter, the technical report requested by Lahontan will 
include a “Brief summary of an operational problems encountered before, during, 
and/or after the dye application.” This summary would include any equipment failures, 
spills or unexpected movement as identified in 16 g) and h) above. 
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Attachment A – RWT bottle test photo-decay protocol (written after the face, June 29, 
2021) 
 
1) Set up bottle strings 

a. Obtain a set of at least 7 clear and 7 amber 1-liter glass bottles with water-tight caps. The use 
of amber and clear bottles is recommended so that a distinction can possibly be made 
between photo decay and microbial decay in  If a long duration experiment is expected, 
prepare an additional string of each kind of bottle 

b. Wash bottles using distilled water and Alconox(r) or similar low-residue analytical chemical 
detergent. Rinse three times with distilled water after washing to remove all residue 

c. Determine, from %PAR measurements the depth deployment range for each bottle string. 
The bottle deployment depths should span the depth range from full illumination to a depth 
below the value for 10% PAR. For Lake Arrowhead, on 12/1/2019, the 10% PAR value was 
at about 7.5 meters depth. UNLV chose a depth range from 0.5 meters to 12.0 meters 

d. Label bottles with planned depth of deployment for each bottle. Planned depths are: 0.5 
meters, 2.0 meters, 4.0 meters, 6.0 meters, 8.0 meters, 10.0 meters and 12.0 meters.  

e. Using lake water to provide the proper chemical and biological matrix, collect sufficient lake 
water using a Van Dorn bottle from each planned depth in sufficient volume to fill each 
bottle 

f. Using Turner Designs 200 ppb Rhodamine WT standard, prepare, using volumetric glass 
ware, 1 liter (1,000 mL) of 20 ppb RWT solution by mixing 100 mL of 200 ppb standard 
with 900 mL of lake water. 

g. Prepare extra 20 ppb lake water solution to support calibration of the RWT probe in Step 2) 
below 

h. Prepare bottle string harness with a 8 kg weight at the bottom to hold each bottle string 
vertical in the water column with bottles at the intended deployment depths. Note, each liter 
of headspace in the bottles adds 1 kg of buoyancy to the string, so at least 8 kg are needed to 
keep a 7 bottle string negatively buoyant and deployed vertically in the water column if all 
water is withdrawn from the bottles. If using collapsible bottles, less weight is needed. A 2 kg 
weight will be sufficient for collapsible bottles. 

i. Deploy the strings off the end of a deep water pier or dock (at least 15 meters of water 
depth) so that the bottles hang vertically in the water column. Note the date, time, and 
weather (cloudy or sunny) of the deployment 

2) Calibrate instrumentation and make initial measurements 

a. Using a Eureka Manta Trimeter(r) RWT probe, and plain lake water and a 20 ppb standard in 
lake water, calibrate the probe between 0 and 20 ppb. Calibrate a 2nd probe as a back up 

b. Make initial measurements of RWT concentrations in left over solution added to each bottle 

c. Next to the deployed bottles, measure water column temperature and PAR depth profiles 
with the 7-parameter Eureka Manta multiprobe at the time of deployment 
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3) Sample and record data during the tracer study,  

a. Check each probe for calibration stability by measuring with freshly made 20 ppb RWT 
standard solution in lake water. Adjust calibration if needed. 

b. At least an initial daily sampling interval is recommended for RWT measurement to 
determine if detectable microbial decay or photo decay is occurring in the water column 
during the period of rapid initial dispersion of the tracer. If no decay or very slow decay is 
observed, the sampling interval can be increased to preserver samples for the duration of the 
tracer study., 

c. Withdraw each bottle string from the water column and remove 100 mL of sample from 
each bottle. Pour the sample into the calibration cup of the Trimeter(r) probe, cover with the 
sunlight shield (an inverted black insulated drink cup) and record RWT concentration using 
the calibrated probe. Rinse probe cup at least 3 times with distilled water between 
measurements and dry out with Kimwipes(r)or similar clean laboratory paper, 

d. Recap the bottle tightly and return the string to the water column. Note, additional air in the 
headspace will probably keep the decay solutions in an oxidizing condition. If active 
microbial decay is expected, it is best to use, instead of rigid glass bottles, collapsible plastic 
bottles that will minimize air in the head space as samples are withdrawn. 

e. Ideally, if conditions permit, allow all withdrawn samples to equilibrate to room temperature 
in the dark (about 1 hour) before measurement, and keep the RWT measuring probes at the 
same temperature.  Fluorescence is a function of ambient temperature, and while the 
modern RWT probes equipped with Turner Designs sensors compensate for temperature it 
is best, for purposes of stable measurement, unaffected by drift, to measure solutions all at 
the same temperature with a temperature stabilized probe 

f. Record measured RWT concentration for each day. Record date, and time and weather 
conditions.  

g. Measure a lake temperature and %PAR profile each day at a fixed time of day 

4) Analyze the data 

a. For each bottle depth and color (e.g. (Amber bottle, 4.0 meters) Prepare a summary table of 
measured RWT concentrations, with date, time, temperature and RWT on each row of an 
electronic spreadsheet such as Microsoft Excel(r) 

b. Using the spreadsheet’s date/time functions, compute elapsed time since the start of the 
experiment in each row 

c. Plot the RWT concentration data vs time. If you have an estimate of experimental 
measurement uncertainty from probe specifications and/or due to observed concentration 
variations include that uncertainty as error bars in your measurements of remaining RWT 
concentration 

d. Examine the RWT concentration vs time plots to see if  

1. Any decay is occurring at all, and 
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2. If decay appears to occur, attempt transformations of the data to determine what 
overall decay kinetics may apply. Generally, for RWT, literature reports estimate 
either zero-order (straight line) for first-order decay coefficients.  

i. If no transformation is needed to obtain straight line decay, then zero order 
decay is likely, and you can report decay rates in units of ppb/day. 

ii. If a logarithmic transformation of( RWT at time x) (RWT at time zero) 
appears to generate a straight line, then first order decay is likely, and you can 
report decay rates in units of reciprocal time (1/day). 

iii. If neither data transformation generates straight line decay, other 
transformations that might work include plotting 1/RWT vs time (second 
order decay) or a straight log transformation of RWT vs time (power fit). 

e. Plot observed rates of decay in ppb/day vs depth for each bottle string to determine if there 
is a pattern with depth.  If photo decay is occurring it will likely be observed in the shallower 
bottles deployed in the photic zone. 

f. Compare zone of observed photo decay with daily %PAR measurements to determine if 
high rates of shallow water decay (if they occur) correspond to the photic zone of the lake. 
Be aware that %PAR thresholds may change with time, if the lake experiences either calm 
conditions after storm events or increasing turbidity due to inflows and wind-driven mixing.  

g. It is of value to record antecedent, and simultaneous weather conditions to determine if 
changes in %PAR can be attributed to varying meteorological or hydrologic conditions on 
the lake. 

5) Experimental enhancements for additional analysis to better determine the cause of any 
observed RWT decay. 

a. If weather conditions vary from day to day and light and temperature history in each bottle 
is needed to better estimate the origins of observed decay, it is possible to use small 
integrating light and temperature recorders in each bottle to track temperature and 
illumination levels in each bottle.  One example of this kind of sensor is the Hobo(r) 
Tidbit(r) sensor available from Onset computing. The sensor is small enough to fit into wide 
mouth collapsible bottles and record static solution temperature and light levels 

b. If microbial activity is suspected, a record of dissolved oxygen concentration in each bottle is 
advisable. Use a solid state sensor pre-calibrated to 100% saturation for your water altitude 
and temperature, then immerse the sensor in each bottle of the string when first it is 
removed from the water column, immediately after opening the bottle to collect that day’s 
sample. If microbial decay is appreciable, depletion of dissolved oxygen below 100% 
saturation will be observed. 
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Attachment B – Lake Sampling  
a)  Table of Sample sites and measurement locations 

Locations of samples stations and depths at nominal reservoir level referenced to the lake’s full pool (at unregulated rim of Willow Creek spillway) 
Water Surface Elevation (WSEL) of ___5106.7___ft per ALA datum,  

station Depth at max 
WSEL, feet (3) 

Deepest profile 
measurement, feet 

(4) 

Lat (1,2) Long (1,2) 

BJ1 17.3 14.3 34° 15.133'N 117° 11.956'W 
BJ2 34.6 31.6 34° 15.247'N 117° 11.746'W 
BJ3 64.9 61.9 34° 15.274'N 117° 11.471'W 

MB1 23.8 20.8 34° 15.410'N 117° 11.888'W 
VB1 42.7 39.7 34° 15.110'N 117° 11.193'W 
VB2 61.6 58.6 34° 15.217'N 117° 11.175'W 
NB1 55.3 52.3 34° 15.797'N 117° 11.697'W 
NB2 93.0 90.0 34° 15.599'N 117° 11.311'W 

DWI_N 70.1 67.1 34° 15.623'N 117° 11.576'W 
MD1 89.6 86.6 34° 15.384'N 117° 11.076'W 
MD2 102.2 99.2 34° 15.522'N 117° 10.934'W 
MD3 123.7 120.7 34° 15.671'N 117° 10.734'W 
ALA1 134.5 131.5 34° 15.738'N 117° 10.167'W 
ALA2 130.0 127.0 34° 15.738'N 117° 10.356'W 
ALA3 101.6 98.6 34° 15.878'N 117° 10.568'W 

DWI_B (Cedar Glen) 61.8 58.8 34° 15.611'N 117° 10.550'W 
     

Tracer release site 
outer Village Bay 

70.0 67.0 34° 15.197'N 117° 11.100'W 

 
The depths in this table will need to be corrected for actual lake level. As of this writing November 20, 2019, the lake elevation is at 5,103.88 feet, 
down 2.82 feet, so the above depths would need to be reduced by 2.82 feet to reflect actual conditions. 

1) Coordinate system is NAD 1983 State Plane California Zone VI FIPS 0406 feet 
2) 2) Lat & Long from GPS, read by Juniper Amphibian, using both GPS and GLONASS satellites; XY positional accuracy approximately +/-

15 ft 
3) Depth from hand-held sonar depth finder [Hawkeye H1]; accuracy approximately 0.2 ft. 
4) The deepest measurement is planned to be 3 feet off the bottom, to ensure the Trimeter® fluorometric probes are not contaminated by 

contact with bottom mud. 
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Figure 1. Chart of sample sites 
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Figure 2. Chart of sample sites with bathymetry 
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Figure 3: Estimated distance, release site to Emerald Bay intakes for LACSD Cedar Glen Treatment plant 
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Figure 4. Estimated distance, release site to North Bay intakes to LACSD Bernina Treatment plant 
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b) Proposed staffing schedule for monitoring 
Figure 5: Camera photo of UNLV/ALA planning meeting outcomes  10/31/2019 
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Table 2: Scheduling and staffing table derived from Figure 5 

Date Day Boats Activity ALA/UNLV  
Crew needed 

DRAFT People 
assigned 

Monitoring frequency 

12/2/2019 Mon Maintenance 
Barge and 
Shoreline 
Pontoon 

Barge – construct and test 
dye addition system 
Shoreline Pontoon – 
monitoring at all lake 
stations 

Barge – 2/2 for 
testing 
 
Pontoon -2/1 for 
monitoring 
2/2 – pontoon, 
usual monitoring 

ALA – 
Barge – Brett? 
Shoreline – Chris 
and Mike? 
 

N/A 
Duty cycle: 8 hours or less 
Barge probably only ½ day  

12/3/2019 Tues Maintenance 
Barge – Patrol, 
Shoreline-Patrol 

Barge- put dye in lake and 
return – patrol to guard 
with lights on  
Shoreline – chase plume 
and monitor several 
nearby fixed locations 
Patrol 1 – monitor fixed 
locations west lake 
Patrol 2 – monitor fixed 
locations east lake 

Barge – 2 for 
tracer addition 
Shoreline – 2/1 
Patrol 1 – 1/1 
Patrol 2 – 1/1 
 
Base camp – 
UNLV 1 

ALA –  
Barge – Brett? 
Shoreline – Chris 
and Mike? 
Patrol – John? 
Eddie? 

Plume chaser – hourly right 
after addition unless 
movement slower or faster. 
By nightfall probably every 2 
hours 
Shoreline 1 and Shoreline 2 
– every 2-3 hours at fixed 
positions unless plume 
moves slower or faster 
Duty cycle – 24 hours  
Barge probably ½ day 

12/4/2019 Wed Shoreline, Patrol Shoreline – chase plume 
and several fixed locations 
if possible, Patrol – 
monitor fixed locations 

Shoreline – 1 / 2 
Patrol – 1 /1 
Base camp – 
UNLV 1-2 

ALA 
Shoreline –Chris or 
Mike in shifts? 
Patrol – John? 
Eddie? 

Every 2 – 4 hours depending 
on rate of plume movement 
 
Duty cycle: 24 hours (worst 
case) 

12/5/2019 Thurs Shoreline, Patrol Shoreline – chase plume if 
it still hasn’t mixed across 
lake and several fixed 
locations if possible, Patrol 
– monitor fixed locations 

Shoreline – 1 / 2 
Patrol 1 / 1 
Base camp – 
UNLV 2 

ALA  
Shoreline – Chris or 
Mike in shifts? 
Patrol – John or 
Eddie? 

Every 3 hours during daylight 
hours 
 
 
Duty cycle, 10 hour 

12/6/2019 Friday Shoreline, Shoreline –monitor fixed 
locations 

Shoreline – 1 / 2 
 

ALA 
Shoreline- Chris or 
Mike? 

Every 3 hours during daylight 
hours 
Duty cycle, 10 hour 

12/7/2019 Sat None UNLV packs up goes 
home 

UNLV – all 4 None None 

 

 
b)  Project Staff contact information 
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Arrowhead Tracer Study Team Mobile Number Office Number 

Dave James, PI, UNLV redacted 702-895-5804 
PhD student, UNLV redacted n/a 
Lab Chemist, UNLV redacted n/a 
Undergrad engineer student, UNLV redacted n/a 
2nd faculty investigator, UNLV redacted redacted 
Grad student – field geologist, UNLV redacted  
Risk Manager, UNLV redacted redacted 
ALA Lake Supervisor redacted redacted 
ALA Safety/Patrol Supervisor  redacted 
ALA Maintenance Supervisor redacted redacted 

 

Emergency and Non-Emergency Numbers Mobile number Office Number 
Mountains Community Hospital ER  redacted 
Cedar Glen Treatment Plant  redacted 
Bernina Treatment Plant (Matt)   redacted 
LACSD Main # and after hours  n/a redacted 
Arrowhead Lake Association Main # n/a redacted 
LACSD - Operations Manager redacted redacted 

LACSD – Operations Manager home # redacted  
LACSD – Operator – Bernina plant redacted  
LACSD - General Manager redacted redacted 
ALA - General Manager redacted redacted 
ALA 800 MHz radio channel 1 1 

 



Tracer Study and Hydrodynamic Modeling Guidance Manual 

 

 

 

 

 

 

 

Appendix 6.3 – Crew Overboard document for 
Lake Arrowhead tracer study 

 



 
11/27/2019  Page 1 of 2 

Appendix 6.3 - LAKE ARROWHEAD TRACER STUDY – Crew Overboard, Departure 
Briefing, and Equipment checklist   
Derived from similar procedures developed by J. Pasek, City of San Diego Pure Water, 2019 

 

Crew Overboard, COB 

✔ STOP forward motion of the boat 
✔ LOCATE the person, POINT continuously  
✔ Throw FLOTATION to the person in the water 
✔ Assign roles to people in the boat 
✔ Boat operator to remain at controls 
✔ No other person in the water, ever 
✔ Approach from downwind [wind over bow] 
✔ Stop the engine when the person is alongside  
✔ Pull person aboard, remove outer clothing  and wrap in towels and blankets, return to the dock 

immediately and get the person to warming station in ALA maintenance shed and/or 5th wheel 

Float Plan and Pre-departure Briefing 

Be sure each boat knows: 
Objective: what are we doing? 
Destinations: where are we going? 
Times: when will we return? 
Risk: Expected conditions and hazards 
Who is: Person overall in-charge of each mission (note ALA operator always in charge of boat safety and 
operations) 
Crew: Roles and responsibilities 
Communications plans: routine and emergency 
Equipment: Run Equipment and gear checklists 
Safety: Go over Crew Overboard procedures (above) 
Questions? 
 
Equipment Check List Keep the boat clear, don’t take extra stuff 

✔ PFD [type III, life vest] for each person 
✔ Lines [dock lines, etc.] 
✔ Personal protective gear: hat, glasses, jacket, gloves, sunscreen 
✔ Mobile phone and radio, and GPS 
✔ Radio on ALA-designated channel (for cellular dead spots) - Know your call sign! 
✔ Sampling instruments 

o Waterproof cable and charged Bluetooth battery 
o Laptop computer with Bluetooth and Manta software 
o Back up - Juniper handheld computer  
o Handheld Trimble GPS (if not using Juniper) 
o Quick start guides [s] for laptop, Manta software, Probe 
o Depth finder 
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✔ Tool Box 
o knife, pliers, screwdriver ,floating lamp, GPS, lighted headbands,  extra batteries, at minimum 

✔ Water sampling gear, as appropriate 
o Van Dorn bottles lines and messenger weight 
o Sample containers 
o Cooler chest 

✔ Drifters with bubble wrap, sea anchor, correct line, GPS unit, quick links 
✔ Notebook, field sheets, pen, permanent markers, or pencil, label tape and clear tape 
✔ Laminated Station map and guide on clipboard 

Arrowhead Tracer Study Team Mobile Number Office Number 
Dave James, PI, UNLV redacted 702-895-5804 
PhD student, UNLV redacted n/a 
Lab Chemist, UNLV redacted n/a 
Undergrad engineer student, UNLV redacted n/a 
2nd faculty investigator, UNLV redacted redacted 
Grad student – field geologist, UNLV redacted  
Risk Manager, UNLV redacted redacted 
ALA Lake Supervisor redacted redacted 
ALA Safety/Patrol Supervisor  redacted 
ALA Maintenance Supervisor redacted redacted 

 

Emergency and Non-Emergency Numbers Mobile number Office Number 
Mountains Community Hospital ER  redacted 
Cedar Glen Treatment Plant  redacted 
Bernina Treatment Plant (Matt)   redacted 
LACSD Main # and after hours  n/a redacted 
Arrowhead Lake Association Main # n/a redacted 
LACSD - Operations Manager redacted redacted 
LACSD – Operations Manager home # redacted  
LACSD – Operator – Bernina plant redacted  
LACSD - General Manager redacted redacted 
ALA - General Manager redacted redacted 
ALA 800 MHz radio channel 1 1 

 

Priority of Methods of Communication  
(by order of preference) 

Protocol for Communication 

#1 - Spoken word face-to-face 
   #2 - Spoken word using telephone 
     #3 - Text message 
 

State: 
● Your Name 
● Location 
● Purpose of the communication 
● Names of others 

Describe the situation 
Describe what is the need 
Confirm the actions of the other party 
Agree to end the communication with the other party 

 



Evaluation of Approaches to Determine Mixing and Assimilation of Reuse Effluent 
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Methods and Materials 

Acoustic Doppler Profiling Locations 
A Sontek 500 kHz ADP was initially deployed mid-lake on April 25, 2019.  
Likewise, a Sontek 1,500 kHz Pulse Coherent ADP (PC-ADP) was deployed 
from a dock in Meadow Bay (MB) on April 24, 2019.  Figure 1 is a map of Lake 
Arrowhead with the approximate locations of the two ADP deployments.  On 
April 25, 2019 a test deployment of the ADP was conducted during a preliminary 
test of the UNLV drifters.  Several current profiles were measured at 5 different 
sites in Lake Arrowhead.  These data were provided to UNLV for comparison to 
their drifter data. 

The GPS coordinates for the mid-lake ADP site are N34.25744°, W117.185510°.  
The approximate reservoir bottom elevation of the ADP site was computed to be 
5001.02 ft (ALA 1917 datum1).  The GPS coordinates for the Meadow Bay PC-
ADP are N34.256355°, W117.197749°.  Note: all GPS coordinates in this report 
are for the NAD83 datum.  The PC-ADP reservoir bottom elevation was 
computed by subtracting the PC-ADP depth from the reservoir elevation on April 
24, 2019.  The reservoir bottom elevation at the PC-ADP location is 
approximately 5,079.1 ft.   

ADP deployments and retrievals 
Divers retrieved the mid-lake ADP on July 26, 2019 around 2:00 p.m.  The divers 
reported the ADP was lying on its side when they found it.  The ADP’s tilt sensor 
data confirmed the ADP tipped over just after it was set on the bottom.  It is likely 
the ADP was pulled over when the intermediate anchor was being deployed.    
Consequently, no usable current profiles were collected from the mid-lake ADP 
for the first deployment.  Both ADPs were serviced on August 13 to replace their 
battery packs.   

The PC-ADP was re-deployed on August 13, 2019 at 10:00 a.m. at the same 
location as the previous deployment.  The reservoir bottom elevation was 
computed to be 5080.47 ft.  The second mid-lake ADP deployment was delayed 
until September 26, 2019 because of scheduling conflicts between UNLV and the 
divers.  The ADP was placed on the bottom and leveled by the divers after the 
intermediate anchor was set.  For the second deployment, the computed reservoir 
bottom elevation for the mid-lake ADP was 5001.0 ft. 

On Jan 16, 2020 the PC-ADP was retrieved from the Meadow Bay dock by the 
ALA-UNLV crew.  On January 17, 2020, divers and the ALA-UNLV crew 

 

1 Bureau of Reclamation, Lake Arrowhead 2008 Reservoir Survey, Technical Report No. SRH-
2009-9. On page 2 it states that the 1917 Lake Arrowhead vertical datum, established during 
construction,  is about 8.0 feet lower than NGVD29 and 11.2 feet lower than NAVD88. 
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