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version named CE-QUAL-W2. An extensive user’s manual(Cole and Wells, 2005) is now available 
which includes a history, algorithms, equations, set up instructions, full descriptions of the model 
components and operation, and examples of applications. A copy of the Version 3.2 user’s manual is 
attached in the DVD’s with this document delivered to SWCA and Utah DEQ.  The W2 User Manual 
(Cole and Wells, 2005) is an integral part of this study and must be utilized in order to use this application 
for future simulations.  

The CE-QUAL-W2 model is currently in the public domain and can be downloaded from the Portland 
State University website (http://www.ce.pdx.edu/w2/index.html). A new version 3.5 is also now 
available, but it does not contain the specific algal succession R&D code being tested on East Canyon 
Reservoir. Version 3.5 does include zooplankton algal grazing algorithms. The algal succession utilized in 
this code is still in research and development; after several more reservoirs have been tested it will 
eventually be submitted to the COE and Dr. Scott Wells at Portland State University.  The newly formed 
CE-QUAL-W2 oversight committee will likely review this work to determine if a public domain version 
of this W2 algal succession R&D code or successors will be added.  Additional modifications to the algal 
succession code utilized in this application are currently envisioned.  Many W2 R&D codes have been 
tested over this four decade process, and development of W2 had been an ongoing private and 
governmental interagency shared coordination effort throughout.  Individual pieces of research code have 
generally not been made public until several successful test cases have been developed. 

CE-QUAL-W2 is a dynamic two dimensional, longitudinal/vertical, hydrodynamic, and water quality 
model. The reservoir model assumes lateral homogeneity; it is best suited for relatively long and narrow 
water bodies exhibiting longitudinal and vertical water quality gradients” (Cole and Wells, 2005).  Water 
is routed through cells in a computational grid and each cell is a completely mixed reactor for each time 
step. Time steps vary from seconds to minutes depending on the volume of water to be routed in each 
step.  

The application of CE-QUAL-W2 requires knowledge in the following areas: 

1. Hydrodynamics 
2. Limnology 
3. Aquatic biology/ecology 
4. Aquatic chemistry/water quality 
5. Numerical methods 
6. Computer sciences and FORTRAN Program Language (if you wish to modify code) 
7. Statistics 
8. Data assembly and analysis 
9. W2 model construction and calibration 

Water quality modeling is in many ways an art requiring not only knowledge in these areas but also 
experience in their integration. CE-QUAL-W2 is probably best applied with knowledge and practice in 
each of these areas by a synergistic team.  …“A word of caution to the first time user - model application 
is a complicated and time-consuming task” (Cole and Wells, 2005- W2 User’s Manual).  

Once the model has been constructed, tested and confirmed; a group with some skills can be trained to 
rebuild input files and run the model to test new scenarios. However, the output would be better viewed 
by a good post processor such as AGPM (Hauser, G.2007).  Minimal post processing tools are provided 
with the public version of W2. Calibration with numerous simulations may require extensive time and 
electronic data storage capacity. 
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lower phosphorus retention ranges, as would be expected of a true bottom hypolimnion withdrawal 
reservoir.   

This long term phosphorus budget summation confirms that the new algal succession R&D code does not 

lorophyll segment cross-sectional average for calibration. In order to accurately 

proving the assumption that 

centrations are modeled very well by W2 utilizing only the dissolved 

1.4.2.4 Chlorophyll 

appear to be mobilizing more phosphorus than would be appropriate. However, it also indicates that 
approximately the same total phosphorus leaves the reservoir as the dissolved phosphorus load that enters 
over the ten year period.  

 The W2 model needs a ch
quantify total internal algal biomass productivity in this reservoir cross-sectional averaging of chlorophyll 
and phytoplankton data is needed.  Large changes in total algal biomass would also change local total 
phosphorus date specific surface concentrations. A single deepest over channel reservoir sampling station 
can significantly bias quantification of algal biomass production as will be better shown in the chlorophyll 
section to follow.  The deep water station has a high probability to bios biomass surface samples low. 
Remember all data extractions from W2 simulation represent a lateral average of the segment and layer. 
A low total algal biomass bios would also bios surface total phosphorus low. 

The W2 simulations demonstrated in this section are based on proving or dis
external dissolved phosphorus loading, not internal loading, drives the annual to semi-annual phosphorus 
budgets in ECR.  The models first order oxygen demand decay is also releasing phosphorus when organic 
matter decays. This autochthonous organic matter decay provided most of the phosphorus in the 
calibration documentation just reviewed.  The anaerobic inorganic phosphorus release from 
sediments is not the driving force or majority source of phosphorus in ECR during this time period 
in the W2 simulation calibration and confirmation. If anaerobic inorganic internal loading was the 
major portion of the annual phosphorus budget for example- the W2 simulations would be grossly 
in error, as would the dissolved oxygen budget. However, the W2 simulations do carry over 
autochthonous organic matter to provide this phosphorus. If this reservoir attained most of its bioavailable 
phosphorus from anaerobic inorganic releases from the sediments these W2 simulations would way under 
estimate phosphorus concentrations, algal biomass production, and oxygen demand in this reservoir.  
Unfortunately, the chlorophyll data collection in ECR does not support the need for so much 
autochthonous algae production as occurs in these W2 simulations. This is an error in the chlorophyll data 
collection which needs to be addressed in future monitoring, and will be discussed further in the 
following sections of this report. 

The in-reservoir phosphorus con
phosphorus inflow.  The W2 simulation has considerable robustness over a broad range of reservoir 
elevation, hydrology, and with a 60% phosphorus reduction. 

The chlorophyll a data that has been collected in East Canyon for many years comes from three stations in 

cross an entire segment.  

the reservoir (see Figure 1). They are near the dam, mid, and upper reservoir (near the East Canyon Creek 
inflow). These stations are placed so as to be over the deepest water in this segment cross-section. This 
provides the deepest vertical profile location, which is appropriate for most parameters. The upper 
reservoir station can move depending on the reservoir elevation.  The mid- reservoir station is right of mid 
channel (looking downstream) and just up reservoir from the State Park.  Chlorophyll concentrations can 
vary by nearly two orders of magnitude across a segment as demonstrated by data collected by 
Reclamation and USGS Scientists in October of 2000 in Figure 1.4.3.4-1 below. 

The two dimensional W2 model laterally averages the chlorophyll in each layer a
On the date of the satellite imagery study (Figure 1.4.3.4-1) the standard three station reservoir sampling 
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protocol may have under estimated the total algal biomass by ½ to near an order of magnitude18. The mid 
reservoir station (right of center of main channel looking downstream) would have had a chlorophyll 
concentration between 3 and 5 μg/L. A lateral average across the channel at the mid reservoir segment as 
represented by the W2 bathymetry file would more likely have been 30-40 μg/L on the satellite imagery 
collection date. Samples from the Southwest shore would have been 50 to > 100 μg/L, while samples 
from the North shore near the State Park could have been less than 3μg/L.  

Similarly, the maximum chlorophyll at the three protocol sampling sites may have had a range of 4-20 
μg/L, while the many samples represented in the satellite image with chlorophyll greater than 20 μg/L 
actually ranged from  >20 μg/L all the way up to greater than 250 μg/L.  The satellite imagery in this 
study could not be calibrated to discern the differences greater than 20 μg/L. 

The importance of the influence of wind direction is also a significant feature of this image (Figure 
1.4.3.4-1).  The large blue-green algal blooms had been stacked in against the dam until just about a week 
prior to this satellite image study date, when a major fall storm event changed the wind direction and 
redistributed most of the algal biomass back towards the inflow area. The wind had again reversed and 
was moving the algal bloom back towards the dam in the immediate 12-24 hour period prior to the image 
time and date. Viewing the satellite image it is obvious which direction the wind was blowing in at least 
the previous 6-12 hour period. The first major fall storm event can move large blue-green algal masses 
from the deeper water near the dam to the shallow water in the upper half of the reservoir, or concentrate 
it on the shoreline. This can give the appearance of a huge blue-green algal bloom being generated over 
just a few days. The large algal blooms stacked against the dam are less public and in deeper water than 
the blooms in the upper reservoir shallow inflow area. Thus a change in wind direction and redistribution 
of the algal blooms all over the shallower upper reservoir basin can give the impression that fall turnover 
produced massive algal blooms almost overnight. This wind direction change can also produces the large 
fluctuations in particulate organic phosphorus discharge observed previously from the dam. 

Fall turnover does help generate large algal blooms, but the wind movement and appearance of a fall algal 
bloom can change dramatically in even a 24 hour period. Without on-site wind speed, direction, and 
matched times of sample and W2 output, it is very difficult to precisely calibrate date specific data in a 
laterally averaged model from a single reservoir location sample. However, collecting laterally averaged 
chlorophyll and phytoplankton samples is just as important to quantitatively represent the reservoir as it is 
to have a segment laterally averaged data point to calibrate the W2 model. Algal blooms of this 
magnitude have been observed many times on the reservoir, but seldom appear in the chlorophyll data 
base. 

The satellite chlorophyll study demonstrates that quantitatively utilizing the historical East Canyon 
Reservoir chlorophyll and phytoplankton sampling data for calibration of the W2 model could lead to 
some problems.  This satellite imagery study was designed to determine if a single deepest channel station 
did bias the phytoplankton productivity data. This study was designed for this purpose after the author 
reviewed years of chlorophyll data and was astonished at how low it was overall.  If the W2 simulations 
were forced to match the chlorophyll data for total algal biomass it would way under estimate 
autochthonous productivity in this reservoir.  It would also way under estimate the huge blue-green algal 
blooms the author observed many times over a thirty year period. In fact, it would be difficult to even 

                                                 
18 Jerry Miller (author) wrote the proposal and the workplan for the ECR USGS/USBR Department of the Interior 
(DOI) funded research project satellite image study of Chlorophyll. The study was specifically designed to 
determine if the three single chlorophyll sample locations in the reservoir might bias low the total algal biomass 
estimation. This study was designed because the chlorophyll data was so low compared to the large algal bloom 
observations made on the reservoir. 
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force the W2 model to produce as little chlorophyll as is represented in the data base. Thus it is just as 
important to collect laterally averaged segment chlorophyll and phytoplankton data sets to accurately 
account for total algal biomass production in the reservoir, as it is produce data that can accurately 
calibrate the W2 laterally averaged model. 

The satellite imagery study was specifically designed to test the sampling programs ability to quantify the 
total algal productivity. It was intended to process multiple date satellite images to attain more reservoir 
wide chlorophyll data from this calibration, but total DOI/USGS /USBR program funding was 
discontinued and the project was not completed. This was a programmatic DOI reduction, and not 
specific to ECR. However, we have observed many similarly large blue-green algal bloom events as the 
one on the date the satellite image was taken over the past 30 years. Scenes like the one in Picture 1.4.3.3-
1 have been common place during the summer and fall on ECR prior to 2005.  However, the large spring 
diatom blooms tend to concentrate several meters beneath the surface and generally do not form large 
surface scums like the one in the picture; therefore, the magnitude of organic matter in these spring 
blooms is often over looked. During many large spring algal blooms the water simply appears very green, 
and would have very low (less than one meter) Secchi Disk depths, or high turbidity and low water 
clarity. 

It was determined after reviewing the satellite imagery study in an early meeting with Utah DEQ that the 
W2 model would not be forced to calibrate to the Chlorophyll data, but would try to qualitatively track 
the trends in shifts in planktonic species (algal succession) from Dr. Sam Rushforth’s phytoplankton data 
qualitatively. However, since many of the samples Dr. Rushforth and Sarah Rushforth examined where 
also taken from the same aliquot as the chlorophyll samples, they were also just as likely biased low in 
total cell counts and biovolumes. 

In addition to chlorophyll being very biased to the slow side even on a day with a large algal bloom; the 
total algal biomass varies so much during peaks, in seasonal transitions in algal succession, and even 
daily in vertical migration that getting representative total algal biomass data to calibrate a laterally 
averaged model can be a difficult task (see the long term W2 simulation chlorophyll time-line extractions 
in Figure 1.4.3.3-2).  A few sample points per year simply will not adequately represent a hyper-eutrophic 
biomass without a lot of luck, some understanding of the calibration issues, and some on-site judgments 
during sampling.  However, a 5-7 sample chlorophyll/Secchi Disk transect across a segment to compute 
an average would help.  Collecting sufficient data to adequately represent productivity is not unique to 
ECR, and in fact this is probably a fairly common issue. Data collection is expensive. That is why local 
watershed water quality committees often use volunteers to help with data collection. For example, if 
water clarity, as measured by Secchi Disk transparency can be accurately correlated to chlorophyll data; 
then a cheaper method to obtain more data can help calibrate the CE-QUAL-W2 simulations. 
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Figure 1.4.3.4-3- IKONIS S Multispectral Satellite Image of East Canyon Reservoir calibrated and processed 
for Chlorophyll a on October 11, 2000.  Red indicates areas where chlorophyll a is greater than 20 μg/L, but 
samples ranged all the way up to 250 μg/L on this date.  This image could not be calibrated for ranges 
exceeding 20 μg/L.  This image was provided by Ms Mindy Shearer, USGS, Cook, Washington from an 
unpublished joint Department of Interior U.S.G.S./ U.S. B.R. research project(personal communication from 
Ms Mindy Shearer to Jerry Miller). 
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The spring algal bloom is attaining light limitation for at least several weeks during most years, especially 
in the warmer climate of the past two decades. The high phosphorus concentrations at spring turnover and 
in the East Canyon Creek spring runoff produce these large spring algal blooms. The high phosphorus 
concentrations during spring turnover do in fact contain input from the past several years primarily being 
recycled from the autochthonous organic pool.  These spring blooms are the common denominator 
maintaining high metalimnion and hypolimnion dissolved oxygen depletion rates even though nearly 60% 
of the external phosphorus has been removed. Figure 1.4.3.4-2 demonstrates the large peaks in 
chlorophyll in the spring with a low in the middle of the summer and another peak in the fall. The fall 
peak has also been significantly reduced since 2005, and blue-green algal dominance has declined with 
the decline in the summer and fall chlorophyll. These W2 simulations (Figure 1.4.3.4-2 follows the trends 
that have been observed from 2003-2007). An astute observer didn’t need data to see the difference in 
summer algal biomass in 2005-2007.  

2

The reservoir produces the very large spring diatom blooms, and this biomass drives the summer 
metalimnion and much of the hypolimnion oxygen demand. If phytoplankton samples are not collected 
near the peak of the spring bloom, the biomass production for the year and the relative importance of 
diatoms will be under estimated. The phytoplankton data counts qualitatively say the summer/fall algal 
succession has changed from large diatom and blue-green blooms to lower productivity and minimal 
blue-green algae. Yet the oxygen demand has declined only minimally through the summer. Figure 
1.4.3.4-2 indicates that the summer/fall chlorophyll concentrations have declined significantly after 2003, 
but the spring peak remains through 2007. The fact that the metalimnion dissolved oxygen did not 
significantly improve in 2006-2007 is the best calibration parameter supporting the total spring algal 
biomass from the W2 simulations. Again, this is a significant test of model robustness. 

 

0
5

10
15
20
25
30
35
40
45

9-
Jan-
03

28-
Jul-
03

13-
Feb-
04

31-
Aug-
04

19-
Mar-
05

5-
Oct-
05

23-
Apr-
06

9-
Nov-
06

28-
May-

07

14-
Dec-
07

1-
Jul-
08

17-
Jan-
09

5-
Aug-
09

21-
Feb-
10

9-
Sep-
10

28-
Mar-
11

14-
Oct-
11

C
hl

or
op

hy
ll 

 a
µ

g/
L

 

East Canyon Reservoir 2003-2007  Baseline Calibration  

 

Figure 1.4.3.4-2 is the Baseline or calibration W2 simulation data set from 2003-2007. Notice the larger 
overall summer algal biomass and the reducing fall peak which includes more blue-green algae.  Also notice 
that the late summer and fall peaks have significantly declined with the removal of additional summer 
dissolved phosphorus due to advanced wastewater treatment at ECWRF.  
 

The long term phosphorus accumulation (1-3 years) coupled with early fall turnover followed by a 
prolonged warm late fall could still produce some significant blue-green algal bloom events in the future. 
Furthermore, a drought following a wetter cycle like 2008-2009 (Figure 1.4.3.4-2 repetitions of 2003-
2004) with an additional five meters of drawdown will also quickly warm and recycle additional organic 
matter and produce the fall algal blooms.  
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At this point there are some clear chooses; either the W2 simulation produces sufficient algal biomass in 
the spring to cause the oxygen depletions through the summer, or there is a much smaller overall algal 
biomass produced in the reservoir, and the metalimnion/hypolimnion oxygen demand comes from some 
other sources.  Since spring runoff is so small it essentially does not occur in 1991-92, 2000-2001, 2003; 
if the allochthonous particulate organic matter is the primary source of metalimnion and hypolimnion 
dissolved oxygen demand, then this oxygen demand source should be very small in these severe drought 
years.  Metalimnion oxygen demand should be reduced with such minimal spring runoff. However, the 
spring algal blooms were still very large-due to spring turnover and high dissolved inflow phosphorus 
concentrations,  The metalimnion/hypolimnion oxygen demand remains high through all ranges of 
hydrology and with a 60% external phosphorus loading reduction. The W2 simulations, based only on 
external dissolved phosphorus loading, produce sufficiently large spring algal blooms that the 
metalimnion and hypolimnion oxygen demands are not a mystery.  

It would be difficult to reasonably force W2 to produce a much smaller overall algal biomass. These algal 
biomasses are produced with the estimated external dissolved phosphorus loading sources, although the 
internal recycling for autochthonous organic matter production causes much of this phosphorus to be 
utilized for 2-3 years.  A substantial overall reservoir response is documented in this study as a result of 
the point source reductions beginning in 2004 by July of 2005.  However, the 60% phosphorus 
accumulative reduction since the 1990s also contributed to this overall change in 2005-2007. It is unlikely 
the reservoir has reached equilibrium with the current phosphorus reductions, and several very wet years 
of flushing may still help attain lower overall concentrations typical of long term dynamic equilibrium. 

The organic matter in the large spring runoff in 2008 did not produce observable turbidity in the reservoir 
by late May beyond the first three inflow segments in the W2 bathymetry file, even though the reservoir 
was already spilling.  Moderate quantities of organic matter were observed collected on the shoreline in 
the immediate inflow segments.  After thirty years of modeling and conducting limnological research, it is 
the author’s belief that autochthonous productivity provides most of the summer metalimnion oxygen 
demand from the spring algal bloom. The W2 model simulations strongly support this argument.  The 
only way to document the magnitude of previous decade’s algal blooms would be to conduct another 
spring and fall peak bloom satellite survey of ECR and then purchase and process a lot more satellite 
images from previous years with that calibration. This is an expensive research proposition. In the years 
when Dr Rushforth (2003-2007) has spring samples significant diatom blooms are present. This is 
discussed in detail in section 2.4. 

It should be noted that the spring diatom blooms do not present themselves as noxious surface scums as 
readily as blue-greens do. The water is just green. They also do not accumulate right at the surface and 
then get stacked into piles on the shoreline- unless the diatom bloom is of huge proportions.  The overall 
reduction in summer algal biomass and the blue-green blooms may also have reduced the sampling 
protocols low bias from just three sampling locations.  However, to calibrate a two-dimensional dynamic 
model 3-7 chlorophyll samples composited across the segment would be preferable. Digital pictures, field 
notes, time of day, multiple Seechi Disk depths, and specific personnel training of the sample collection 
goals would also be helpful. 
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1.4.2.5 Blue-green Algae 

In this East Canyon Reservoir W2 model and with the algal succession research code several important 
things occur. They are: 

 
1) The ability to create daily vertical phytoplankton  migration19; 
2)  Which also produces more total algal biomass;  
3) To correctly follow shifts in major categories of algal group succession- such as 

reductions of blue-green algal biomass; and 
4) To move algal biomass to and export it through the dam during major summer and 

fall bloom events. 
 

These are significant pieces of the correct interaction of the W2 simulations and this ecosystem.  This 
reservoirs ability to route large algal blooms downstream often gave ECR a “lower trophic status 
presentation” or trophic index than it would have had if the algal biomass was retained in the 
reservoir. It is not customary in summarizing a water body’s trophic status to include the quantities 
or potential hazards of routing decomposing blue-green algae downstream. Not accounting for the 
potential harm of routing decomposing blue-green algae downstream in quantifying the hyper-eutrophic 
status of East Canyon Reservoir also needs some measurement end-point goal consideration.  Utah DEQ 
has a reduction or preferably an elimination of blue-green algae as a measurement end-point goal for the 
phosphorus TMDL. 

The dissolved oxygen demand is the only way to quantify the presence of the large spring algal biomass. 
However, Dr. Sam Rushforth’s phytoplankton sampling and counts do qualitatively indicate the large 
spring algal blooms. 

Although the 2000 satellite image study was never previously published, the author did share it with Dr. 
Rushforth and the East Canyon Water Quality Committee in their quarterly meeting in about 2002.  
Following discussion between Jerry Miller and Dr. Sam Rushforth about the concern of under 
representing total algal biomass- Dr. Rushforth built an MS EXCEL spreadsheet documenting changes in 
important species indices from 2002-2005 (Rushforth, 2006- personal communication).  The Utah DEQ- 
Water Quality Division (Utah DWQ- as designated on Dr. Rushforth’s charts- see Figure 1.4.3.5-1) ECR 
data collection was sometimes missing the spring algal bloom in May/June. Reclamation began a joint 
study program with Dr. Rushforth to add additional samples to the East Canyon data collection, including 
May/June samples to represent the spring blooms. Dr. Rushforth’s analysis was previously only a 
personal communication between himself and Jerry Miller, although it may also have been presented to 
the East Canyon Water Quality committee orally during one of their meetings.  

Figure 1.4.3.5-1 is extracted from Dr. Rushforth’s MS EXCEL spreadsheet communication to Jerry 
Miller. Not all Utah DWQ ECR samples missed the spring algal bloom entirely, but this is the most 
extreme example of a year that it did. Missing the importance of the spring algal bloom would also have 
significant impacts on the algal succession calibration utilizing the new research code in this study. It 
would also be difficult to force the model to reproduce the algal succession major species relative 
importance based on the DWQ sample date collections that missed the early spring algal bloom.  Since 
there are rarely sufficient funds to not compromise monitoring, this is likely a common problem.   

 

                                                 
19 The vertical migration is the experimental research and development code being tested by JM Water Quality and 
ERM. 
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Figure 1.4.3.5-1 Dr. Sam Rushforth’s important algal categories analysis (per cent/year) in 2004 when the 
spring algal bloom is represented in the samples (right- combined), and when only the summer and fall algal 
blooms are represented (left DWQ). Without inclusion of the spring diatom bloom the seasonal importance of 
species goes from 92% blue-green to 28% and from 2.4% diatoms (Bacillariophyta) to 60%.  This is a 
significant difference in the limnological trophic state representation of ECR’s total productivity and 
important algal categories. This data was provided by personal communication from Dr. Samuel R. 
Rushforth (2006) in an MS EXCEL spreadsheet as part of the discussions with Jerry Miller after the 
Chlorophyll satellite image study (Figure1.4.3.4-1) also strongly suggested that the data collection 
methodology may be under representing total algal biomass in ECR. These charts are printed by permission 
of Dr. Sam Rushforth. 

 

Data costs are usually greater than monitoring programs can fund. The evidence presented in this study 
and from over 30 years of reservoir limnological research and modeling is that most studies have to 
monitor with significant compromises. The hypothesis is that monitoring methodologies used to collect 
the minimal amounts of data are far more likely to under represent the water bodies total autochthonous 
biomass production than to overestimate it. One would think the exception to this would be in focusing on 
monitoring in the fall maximum blue-green algae production period. But missing the spring algal bloom 
altogether to focus on this period still argues for the hypothesis that reservoir monitoring methodologies 
are likely to under estimate total autochthonous productivity. This may be a common problem in reservoir 
data collection.  If this hypothesis is correct, it may have affected the trophic characterization and 
modeling of many reservoirs. In fact it could even impact many of the equations, algorithms, and 
paradigms used to develop water quality models. Perhaps many W2 applications may have had to over 
utilize the zero order oxygen demand compartment to compensate for the lack of first order organic 
matter. However, if the spring turnover and spring inflow of nutrients are adequately represented, it is 
difficult to force W2 not to produce these large spring algal blooms. 

It has been observed that in the August and September East Canyon Reservoir discharged a “smelly green 
slime”, and some people reported becoming ill being around it (including the author during a sampling 
trip into the blue-green algal mass stacked into the dam). The potential for these Cyanophyta to produce 
toxins and then to export those toxins downstream to animal husbandry operations or even to the drinking 
water system taken from the Weber River is an additional concern.  Reducing or eliminating blue-green 
algae from East Canyon Reservoir is an important measurement end-point goal for the phosphorus 
TMDL. 
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Figure 1.4.3.5-2 is Dr. Sam Rushforth’s Important Species chart for the combined DWQ and BOR samples 
from 2002-2005 (4 years composited).  The bulk of the phytoplankton biomass would also be represented by 
the spring algal bloom (diatoms-orange) from mid May to July according to the W2 simulations, although 
diatoms are common in all time periods(Rushforth, 2006, Personal communication- printed by permission of 
Dr. Sam Rushforth). 
 

Figure 1.4.3.5-2 further demonstrates the importance of diatoms, which have their largest productivity in 
May and June, in understanding the overall autochthonous productivity within East Canyon Reservoir. 
The very large fall Aphanizomenon blooms of the 1990s are limited after 2004.  However, the 
continued presence of Microcystis and Anabaena in the late summer is still a concern because they have a 
higher potential of producing blue-green algal toxins. 

Algal succession modeling is a relatively untested science.  The current needs in progress in this science 
and in the objectives of this East Canyon Reservoir phosphorus TMDL are to get the total algal biomass 
correct, while at the same time demonstrating when phosphorus reductions will reduce the occurrence of 
Cyanophyta. Algae are part of a balanced ecological system and are the base of the food chain to feed 
fish.  Too much algae and too much bad algae lead to diminished biological diversity, diminished 
dissolved oxygen in the water column, aesthetic and health issues for primary body contact recreation, 
health and cost concerns for treatment of potable water, and drinking water hazards for domestic animals 
and wildlife.  The health concerns associated with Cyanophyta continue to grow as our ability to 
understand its’ role at the bimolecular- neurological, carcinogenic, and DNA code level continues to 
expand.   

The algal succession research in this East Canyon Reservoir W2 Modeling application is aimed 
specifically at getting the total algal biomass correct, and defining critical bench marks that will reduce 
blue-green algae populations that fix nitrogen from the atmosphere. Making phosphorus limiting before 
nitrogen is critical to future success in reducing Cyanophyta populations in East Canyon Reservoir.  
Attempts are made here to also correctly model diatoms versus greens and dinoflagellates; but the real 
task needed at East Canyon Reservoir is to determine when Cyanophyta will be significantly reduced.  

58 
 



Certain events such as large August/September runoff, early mixing and turnover, and then a prolonged 
warm fall are likely to produce significant blue-green algal bloom events in the future. The goal is to 
reduce or eliminate blue-green algae. The specific hydrologic/climatic sequences that might represent a 
worst case are probably not included in the current data sets being simulated. However, knowing that such 
events may occur periodically, it is better to model slightly conservatively with regards to future scenario 
blue-green algal bloom events. 

The data and the W2 simulations agree qualitatively and semi-quantitatively on the Cyanophyta 
reductions that have occurred over the past 5-6 years. The future scenario sensitivity studies presented 
hereafter utilize a wind sheltering coefficient of 0.85 (more wind) to help push fall blue-green algal 
blooms. 

The W2 simulation produces phosphorus limitation in the epilimnion in mid-July of 2005, and again in 
later June to mid September in 2006-2007. Since Cyanophyta can fix nitrogen from the atmosphere, 
creating phosphorus limitation in the epilimnion during the summer is an important measurement end-
point goal.  Phosphorus limitation eliminates an important blue-green algae advantage, as nitrogen 
limitation can greatly advantage Cyanophyta. 

 The major algal succession changes documented in ECR (Rushforth, S. 2003-2007 “Annual 
Phytoplankton Floras Reports”) appear to follow these major shifts in the W2 simulations. The potential 
to produce summer and fall toxic blue-green algal blooms in East Canyon Reservoir may have been 
significantly reduced overall, but the Anabaena and Microcystis20 species that are occurring in the late 
summer and fall have a greater potential to produce toxins. The overall abundance of blue-green algae 
and chlorophyll has declined significantly from Mid-June to mid September. The continued presence of 
these particularly troublesome Cyanophyta is still a concern, and could be due to the general climatic 
increase in temperature. These species seem to be increasing on a regional scale, not just in East Canyon 
Reservoir. 

The typical algal succession in ECR pre-2004 advanced waste water treatment phosphorus reductions was 
very large spring algal blooms with potential for nitrogen limitation by late June.  Onset of hot 
temperature brings a major shift as spring algal blooms wane due to hot water and decreasing phosphorus. 
This shift is seen as the drop in early summer chlorophyll concentrations in Figure1.4.3.4-2.  Brief 
periods in the heat of summer may coincide with co-limitation of phosphorus and nitrogen periodically, 
but large blue-green algal blooms could appear stacked into East Canyon Dam anytime during the 
summer and fall prior to 2004.  Significant diatom populations also inhabited ECR throughout the 
summer and fall, and dinoflagellates and green algae were also common. After fall turnover very large 
blue-green algal blooms including Aphanizomenon, Microcystis, and Anabaena flos-aquae could also 
occur from late August into November if warm enough weather persisted, especially prior to 2004. 

Following advanced wastewater treatment at ECWRF and reduction of erosion non-point sources by 2004 
the algal succession has changed.  The large mid May to mid July spring algal bloom dominated by 
diatoms is still present. Significant blue-green blooms are missing from July to near mid-September. 
However, the blue-greens that are present in August/September/October- Microcystis or Anabaena flos-
aquae- now tend to out compete Aphanizomenon.  The W2 simulations mostly get this right. The late 
fall turnover would seem to still be ideal for Aphanizomenon even without nitrogen limitation.   Nitrogen 
does not have as great a tendency to be limited before phosphorus, thus the advantage to blue-greens is 
not as great. However, in late October 2007 a short duration but high peak Aphanizomenon bloom did 
occur, but was missed by W2. The current W2 algal succession research code appears to be following this 
overall reduction in Aphanizomenon, and periodic appearance of fall Microcystis and/or Anabaena 

                                                 
20 I observed more Anabaena and Microcystis in the fall of 2007 in Intermountain West Reservoirs than I had in my 
previous 30 years of study and research (personal communication from the author- Jerry Miller). 
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(modeled as a category) approximately correctly through 2007.  This will be enumerated more in the next 
sections. 

1.5 Scenario Modeling: Reservoir Response to Proposed Tributary 
Concentrations and Comparison to Baseline Calibrated Model 

The scenarios that have been analyzed are all compared to the baseline.  The baseline is the 2003-2007 
actual phosphorus loading as computed by SWCA (2008).  From 1999-2002 there had already been 
substantial erosion control put in place with apparent phosphorus reductions.  Previous improvements in 
waste water treatment reduced phosphorus concentrations from 6-8 mg/L to about 4 mg/L in about 1995.  
In 2004 the advanced treatment implemented at ECWRF achieved a concentration of <0.1 mg/L. At that 
point East Canyon still contained a legacy phosphorus load, and the dissolved phosphorus in the 
discharge appears to have temporarily exceeded the concentrations in the inflow during parts of 2004-
2006 (Figure 1.4.3.3-1).  

During the 2003-2011 baseline loading simulations (2008-2011 repeating 2003-2006 hydrology) and 
again in the four repetitions of the average year (2008-2011 repeating 2005 hydrology four times in a 
row); sensitivity studies the cycle of intermittent build up and retention of phosphorus in the hypolimnion 
begins to show up. In fact the repetitions of the average year (2005) represent a worst case scenario for 
long term phosphorus retention.  This intermittent retention and then routing inserts a question mark 
about consistently attaining some additional future phosphorus TMDL measurement end-point goals!  
This cycle was actually always present, but when the phosphorus concentrations were so high it was 
partially masked, and without the dynamic W2 modeling difficult to see.  Again, the CE-QUAL-W2 
model cannot predict hydrology or meteorology; therefore, the use of the dates 2008-2011 in the 
sensitivity studies should not be viewed as predictions for those years, but rather just as references for 
comparison in the future to similar hydrologic circumstances in the sensitivity studies.  For example 
before final printing of this study it was obvious the spring 2008 inflow would be bigger than an average 
year in the East Canyon drainage. Therefore, comparisons for 2008 in these charts would best be made to 
the 2010-2011 year date designations in the sensitivity charts and tables. 

The scenarios are all calculated as difference from the baseline, not from the larger phosphorus reductions 
attained since the mid-1990s.  So, a 65% non-point source reduction in scenario C3d (Table 1.5.1-1) is 
actually nearer an 11% additional total reduction since 1995. Therefore, the differences in attaining new 
measurement end-point goals should be viewed as 11% overall reductions, rather than as 65-75% 
reductions. Viewed from this perspective the differences in attainment of new measurement end-point 
goals are small between the various scenarios presented in Table 1.5.1-1(11-16%), and showing the 
analysis results of all the scenarios is not a very useful exercise.   

The recommended scenario is C3d, but maintaining the lowest practical point source loading in the 
summer is also an important consideration. Scenario C3d provides the greatest benefits as will be 
described in the following sections.  Several scenarios actually achieve slightly greater overall phosphorus 
reductions than C3d, but with barely detectable increased improvements in water quality. Within the 
precision and accuracy of the model there are essentially no additional benefits from the scenarios with 
greater phosphorus reductions than C3d at least not projected out to 2011.  

There are still questions about how much future improvement might yet occur over the next decade due to 
phosphorus reductions already realized.  Certainly they will not be as great as the 60% reduction has 
yielded to date, but additional improvement may still develop over a longer time period as more legacy 
phosphorus is either permanently trapped in the sediment or cycled through the reservoir. 
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1.5.1 Nutrients- Phosphorus 

Table 1.5.1-1 shows some of the scenarios that were considered for this analysis.  The total loading is 
highly variable annually, but may have averaged nearly 6300 Kg from 1991-1998. The 1991-1998 time 
period was also slightly wetter overall, thus would have yielded a little higher load just due to hydrology.  
The range of phosphorus reductions computed against the baseline in Table 1.5.1-1 would actually be 11-
16 % when computed against a 6300 Kg/Year average from 1991-1998.  Therefore, the improvements 
expected in East Canyon Reservoir are small between scenarios, and when compared to the 60% overall 
reduction. 

 

Table 1.5.1-1 Description of some of the potential future scenarios provided by 
SWCA and analyzed with CE-QUAL-W2. 

Scenario 
Load 
Kg/Yr 

% 
< baseline Scenario Description 

Baseline 
     
2,551  0% Estimated 2003-2007 phosphorus loading; W2 calibration 

Scenario 
2a 

     
2,801  +10%  Uses its existing allocation of point source load. 

Scenario 
2b 

     
3,206  +26% WWTP goes to 7.2 MGD at 0.1 mg/l TP and 0.03 mg/l ortho P 

Scenario 
3a:  

         
2,038  -20% 

WWTP goes to 7.2 MGD 0.1 mg/l TP; 0.03 mg/l Dissolved P; 
Nonpoint sources reduce by 50%.  

    

Scenario 
3b: 

         
1,579  -38% 

WWTP goes to 7.2 MGD at 0.1 mg/l TP and 0.03 mg/l ortho P; 
75% nps reduction of TP during spring runoff and rain on snow;  
60% nps reduction during baseflow and storms. 

    

Scenario 
3c: 

         
1,506  -41% 

WWTP goes to 7.2 MGD at 0.1 mg/l TP and 0.03 mg/l ortho P;  
75% nps reduction of TP. 

    

Scenario 
3d 

     
1,824  -29% 

WWTP goes to 8 MGD at .1 mg/l TP and 0.03 mg/l ortho P;  
65% nps reduction of both TP and DP. 

   nps= non-point sources 

Scenario 
1a 

     
1,990  -22% 

Cap inputs at 0.046 mg/l TP based on East Canyon Creek 
recommendation. 

 

Figures 1.5.1-1 & 1.5.1-2 have a lot of information in them. A W2 time line in this case is the 
simulation layer laterally averaged concentration extracted at about 3 p.m. every other day for the entire 
time period of the simulation. This is a tremendous amount of information as compared to three single 
location sampling dates 4-8 times per year. 

Figure 1.5.1-2 appears difficult to comprehend at first glance, but careful study of this chart reveals a 
great deal about this reservoir. The top two lines compare the baseline and scenario C3d at the 2 meter 
depth where the most photosynthesis occurs. The middle chart shows the phosphorus reduction from the 
baseline versus the C3d scenario at elevation 1700 where phosphorus build up begins to spill through the 
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hole in the old concrete dam and can be discharged.  The bottom charts shows the maximum 
accumulation of phosphorus in the deepest portion of the hypolimnion stagnant zone on the bottom just 
upstream from the old earthen dam. The TMDL recommended scenario C3d appears to continue to 
provide slow but long term improvements over the baseline (bottom chart final two years). Careful study 
of the dam and weir configurations in Figures 1.3.1-1, 1.3.4-1 & 2, and 1.3.6-1 will aid in understanding 
this next section. 

Figure 1.5.1-1 demonstrates the phosphorus reductions expected from Scenario C3d (recommended Plan) 
versus the baseline loading from 2003-2007. The continued decline of phosphorus even extrapolated out 
to 2011 suggests that East Canyon reservoir may not quit have reached a long term dynamic equilibrium 
from the pre-2004 legacy loads. 

 

East Canyon Baseline Phosphorus Loading  From 2003‐2007 Repeated After 2007 As 2008‐2011
Compared  To Scenario C3d For The Same Time Periods And Cycle Repetition Out Through 2012

Brown (top) = Baseline; Green (bottom) = C3d

2004 2006 2010 2012
2008

 

Figure 1.5.1-1 Charts the W2 simulation baseline total phosphorus discharge out of the dam (brown-top 
peaks) and the green line is the W2 simulation scenario C3d with an additional 65% non-point source 
phosphorus reduction. The C3d simulation continues through 2012 by repeating 2003-2007 hydrology, 
meteorology, and nutrient loading. In reality 2008 will be a wet year and more comparable to 2010.  The low 
in C3d in 2012 is higher than 2011, but should be compared to the low in 2007 which shows that 2012 is still 
improving.  
 

Figure 1.5.1-2 illustrates the phosphorus concentration at three depths, including the retention cycle and 
build up of phosphorus in the very bottom of the stagnant hypolimnion zone. It is important to note the 
difference between this hypolimnion buildup between the baseline and scenario C3d in the final two 
years. Scenario C3d is a significant improvement over the baseline. When the hypolimnion is completely 
mixed in the late fall through spring turnover the concentration at all depths are nearest homogeneous 
with the lines on all 3 charts nearly converging, but the deepest location near the bottom still remains 
slightly higher.  

The middle chart shows the buildup of phosphorus is topped off by discharge through the hole in the old 
concrete dam at elevation 1700 M.  The top chart shows the overall long term trend of decreasing summer 
time epilimnion phosphorus concentrations, with the epilimnion becoming more phosphorus limiting. 
This produces the overall reduction in summer time chlorophyll and in blue-green algae.   The bottom 
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chart is right on the bottom just upstream of the old earthen dam. The cycles show phosphorus buildup 
with flushing occurring only in a wet year on a very low reservoir pool such as 2005 repeated again as 
2010. Long term trends should compare 2005 to 2010, 2006 to 2011. Long term phosphorus reductions 
are still occurring even from the 60% phosphorus reductions already in place.  

The ECWRF advanced WWT for phosphorus reduction continues to produce declining summer time 
epilimnion phosphorus concentrations even though the deep hypolimnion begins to retain and rebuild 
higher phosphorus concentrations after the 2005 (repeated again in 2010) wetter year following dry years. 
The significant summer time decline in the top chart, often to less than 0.02 mg/L at the 2 meter depth 
following 2005, is a major phosphorus TMDL reduction accomplishment.  

Jan 2004 Jan 2008Jan 2006 Jan 2010

Jan 2004 Jan 2006 Jan 2008 Jan 2010

Total Phosphorus Timeline W2 simulations

Brown = baseline; Green = Scenario C3d
Station 0.33 Km above dam‐ 2 meters deep

Station 0.33 Km above dam
Elevation 1700 Meters

Station 0.33 Km above dam
Elevation 1687 Meters‐ bottom

 

Figure 1.5.1-2 charts a set of time line extractions from the W2 station 0.33 Km upstream from the dam  at 2 
meters deep, elevation 1700 ( approximately the hole through old concrete dam elevation), and at elevation 
1687 at the water sediment interface upstream of the old earthen dam in the hypolimnion stagnant zone.   The 
comparisons are to the baseline and to Scenario C3d with an additional 65 % reduction of non-point sources 
calculated from the baseline loading. The baseline is the top line and the reduction scenario C3d is the bottom 
line in each chart. 
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The spring turnover mixes phosphorus to the euphotic zone at concentrations still exceeding 0.08 Mg/L, 
the spring inflow forms an overflow density current, and the epilimnion both warms and accumulates 
phosphorus. Phosphorus limitation in the epilimnion is only attained once the spring inflow subsides and 
the summer thermocline is set up. The large spring algal biomass then utilizes most of the remaining 
phosphorus in the epilimnion and settles through the thermocline taking the phosphorus with it. The 
dilution of spring inflow, the cold but still aerobic hypolimnion, and the large algal uptake of dissolved 
phosphorus from the spring algal bloom results in the lowest phosphorus concentration in most of the 
water column in June.   

The spring algal blooms wane because it becomes too hot for these species, and because they run out of 
phosphorus-thus phosphorus becomes limiting to algal growth through most of the remaining summer 
time period in the shallow epilimnion of the reservoir.  Maintaining this epilimnion phosphorus limitation 
in the summer is highly dependent on the wastewater treatment plant maintaining its loading allocation. 

Decomposition of organic matter continues slowly in the sediment in the cold water. The W2 simulations 
indicate that the deep hypolimnion sediments slowly accumulate, bury and trap some organic matter.  The 
turnover of most of the organic matter not buried deeper than about one centimeter in the sediments takes 
more than one year. This autochthonous organic matter is often considered internal loading and may 
incorrectly be assigned to the anaerobic inorganic phosphorus release without first order organic matter 
computations.  This 2-3 year time period to recycle the algal biomass and its’ phosphorus would produce 
at least 2-3 year delays in realizing maximum improvements in water quality, but should still be counted 
as watershed phosphorus that can be managed by the TMDL. The even longer term trends are due to 
continued reductions of higher legacy phosphorus loads. 

The April-June inflow and the phosphorus mixed up to the shallows are utilized by phytoplankton. The 
phytoplankton that settles to depths less than 12-14 meters deep can decompose in 15-30 days once the 
temperature is >15 to 24 °C.  The nutrients released during this rapid decay process are again biologically 
available and reutilized by phytoplankton. Thus some phosphorus may go through 2-4 algal 
uptake/growth/decay cycles in a 4-6 month growing period; while phosphorus deeper than 15 meters may 
not be incorporated into the phytoplankton cycle once in the next two years. Thus the deeper the water 
column and the less littoral shallow area, the more resistant the waterbody is to a higher trophic status. 
The April-June spring dissolved phosphorus in the spring runoff overflow current are physically 
and biochemically more available, and may be utilized several times over the summer growing 
season. These nutrients are a high priority in the seasonality traits of phosphorus inflows into the 
reservoir. Scenario C3d targets reductions in this April-June spring runoff non-point source phosphorus 
load. Scenario C3d also results in an overall phosphorus reduction that produced a long term decline in 
hypolimnion phosphorus retention as illustrated in Figure 1.5.1-2. While it is true the spring inflow is at a 
lower concentration than the spring turnover concentration in the water column, this high inflow period is 
also the high loading period. Never-the-less, the phosphorus concentrations during spring inflow are still 
too high. 

All the potential future scenarios considered, coupled with the recycling build up and retention of 
phosphorus in the deep stagnant hypolimnion zone, still leave too much phosphorus during the spring 
turnover. The high load associated with the spring runoff only exacerbates this spring bloom issue. Some 
additional management options of phosphorus build up in the stagnant hypolimnion may need to be 
considered. However, any such alternatives would be greatly enhanced by an additional 65% non-point 
source reduction (scenario C3d), plus any additional annual reductions that could be implemented. Figure 
1.5.1-2 demonstrates that the current baseline condition would still result in a rapid rebuild of phosphorus 
in the hypolimnion, whereas scenario C3d would produce a much slower build up in the hypolimnion. 
Therefore, scenario C3d might make some alternatives for hypolimnion phosphorus management more 
feasible. 
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Aeration of the hypolimnion does not appear to present a significant opportunity for overall bioavailable 
phosphorus reduction in this reservoir, and consideration of this as a viable alternative would require a lot 
more sediment phosphorus release studies. Aeration would be most effective if a large portion of the 
hypolimnion phosphorus release came from anaerobic release of inorganic phosphorus. However, 
the W2 simulations strongly indicate that most of the phosphorus release comes from 
decomposition of autochthonous organic matter. Aeration can actually accelerate organic matter 
decay. 

1.5.2 Chlorophyll a 
The spring algal blooms are still reaching light limitation at least part of the time in late May and 
early June until phosphorus becomes limiting after stratification sets up a thermocline.   

This is true of the baseline and remains true even in all the scenarios tested. The measurement end-point 
improvements in East Canyon Reservoir in chlorophyll and blue-green algal blooms came fairly quickly 
(1-3 years) following major phosphorus reductions accumulated to about 60% overall since the1990s.  
The next increment of reductions contemplated in these scenarios amount to an additional 11-16 percent 
total phosphorus reduction since the 1990s.  Improvement in water quality from future reductions will not 
be noticed nearly as quickly as the larger reductions have been.  East Canyon Dam exported a tremendous 
amount of algal biomass giving it a lower trophic status presentation.  These scenario simulations 
probably do not reach out far enough to see beyond the legacy phosphorus concentrations of the past. This 
will especially be true with dissolved oxygen. 

 BASELINE-           

 
Chlorophyll a mean summer concentration daily extracts 2 Meters deep at the three 
protocol stations from the Baseline W2 simulation. 

Station 
2003-2007; repeat 2003-2006 referenced as 2008-2011 at baseline (2003-
2006 phosphorus loading rates) DAYS 

Km 
upstream  

Chlorophyll a concentration in 
μg/L     Year %>30 

of dam 2003 2004 2005 2006 2007 2008 2009 2010 2011 2003 9.9% 

St 0.18 6.6 4.6 4.5 4.7 3.4 6.7 7.3 6.4 5.6 2004 7.7% 

St 1.45 8.2 6.7 5.8 6.2 4.6 7.6 8.0 7.3 6.5 2005 4.4% 

St 3.9 11.9 9.9 7.4 9.6 6.1 6.7 8.5 7.6 6.5 2006 7.7% 

Avg  8.9 7.1 5.9 6.8 4.7 7.0 7.9 7.1 6.2 2007 1.1% 

St 0.18 
Max 45.6 26.7 21.4 30.1 22.5 49.5 44.6 31.7 26.5 2008 6.6% 

 St. 1.45 
Max 31.9 24.6 23.3 25.7 22.3 42.8 40.2 26.7 27.8 2009 13.2% 

 St. 3.9 
Max 73.7 58.6 23.3 64.6 36.7 50.3 49.2 49.7 58.9 2010 5.5% 

 
2003 based min.  initial conditions should not be looked as 
calibration, but establishing an initial condition 2011 3.3% 

 

Table 1.5.2-1- contains the Baseline calibration simulation from 2003-2007 mean/max/min chlorophyll 
data from the W2 simulations. The 2008-2011 is the sensitivity study period for the repeat of the baseline 
conditions from 2003-2006 continuously simulated after 2007. The far right column is the count of the 
number of days that chlorophyll a would exceed 30 μg/L at any station as a percent of the summer 
growing season days.  The proposed measurement end-point would be not to exceed 10%; which means 
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there is slim margin of safety at the current conditions. There are still periodic very high peak chlorophyll 
concentrations. The 2010-2011 peaks are sometimes higher than 2005-2006 peaks due to retention of 
phosphorus in the hypolimnion in that cycle. 

Certain hydrologic cycles and/or storm and runoff conditions could cause exceptions to the data in table’s 
1.5.2-1 & 2.  These are not predictions, but scenario sensitivity tests. We already know that 2008 will be 
one of the wettest years since the mid 1990s and not a repeat of the 2003 dry year. The best comparison 
for 2008 in this table might be 2010.  

Every 2-3 year set of hydrologic cycles will have a different build up and flushing of phosphorus from the 
stagnant zone of the hypolimnion, which will result in different concentrations of phosphorus during both 
fall and spring turnover. Some combinations, like four consecutive years repeating an “average year” 
condition with 2005 hydrology would achieve maximum retention of phosphorus in the stagnant zone of 
the hypolimnion and would exceed many of the measurement end-point goals for the phosphorus TMDL.  
Fortunately four consecutive average year runoffs is not a likely condition, because this average year 
scenario repeated produced a worse case condition. 

WWTP goes to 8 MGD at .1 mg/l TP and 0.03 mg/l ortho-P; 65% non-point source reduction of both Total 
Phosphorus and Dissolved Phosphorus; scenario C3d. 

  2003-2007 repeated 2003-2006 simulating out to 2011  Days 

 2003 2004 2005 2006 2007 2008 2009 2010 
201
1  

St 0.18 6.6 4.5 4.3 4.1 3.0 5.8 6.2 5.2 4.4 
00

C3d21

%>30 
μg/L 

2
3 2.20% 

St1.45 8.2 6.6 5.4 5.5 4.0 6.6 6.9 6.2 5.0 
020

4 0.00% 

St 3.9 11.8 9.7 7.0 8.2 5.5 5.6 7.3 6.3 4.6 
020

5 0.00% 

Avg  8.9 6.9 5.6 5.9 4.2 6.0 6.8 5.9 4.7 
020

6 0.00% 

       Max St 0.18 46.0 26.9 21.0 23.7 21.0 41.3 34.9 29.0
24.
1 207 0.00% 

MaxSt1.45 31.6 26.9       
30.

22.6 20.7 20.7 37.9 32.7 26.0 2 
200
8 2.20% 

Max St 3.9 72.7 58.4       
46.

54.8 52.6 33.7 33.5 43.3 47.1 9 
200
9 2.20% 

 
2008 is repeat of 2003 hydrology, but required an "artificial drawdown" to get to right 
elevations; it also follows a different preceding hydrology, and gives a different result. 

201
0 0.00% 

          
201
1 0.00% 

Table  1.5.2-2 are the mean/max/min summer chlorophyll’s for the W2 simulations of the C3d scenario, 
which seeks an additional 65% non-point source phosphorus reduction primarily during spring runoff.   

Both the baseline and scenario C3d start with the same initial condition phosphorus concentration- 
making the C3d a conservative scenario. A significant margin of safety is achieved with scenario C3d if 
the measurement end-point goal is to maintain less than 10% of the days in the summer growing season at 

                                                 
21 There is no additional improvement in % days that exceed 30 μg/L chlorophyll from scenario C3d and scenarios 
with greater reductions of external phosphorus loading like C3b or C3c. 
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less than 30 μg/L chlorophyll a concentrations at any station. The three stations are daily extractions in 
the afternoon at 2 meters deep in the same W2 segments as the three protocol sampling stations. 

Reducing overall summer chlorophyll will also reduce the occurrence of blue-green algal blooms.  Thus 
scenario C3d will also provide an additional margin of safety in attaining reduction of blue-green algae. 
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Figure 1.5.2-1 shows the relationship between mean annual summer chlorophyll a concentrations for the 
baseline W2 simulation versus the mean summer epilimnion total phosphorus concentration.  The R2 of this 
relationship is not real high because the spring and occasionally the late fall algal blooms are still self shading 
light limited or periodically nitrogen limited, not phosphorus limited. 
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Figure 1.5.2-2 is the relationship between mean summer chlorophyll and epilimnion total phosphorus from 
the scenario C3d W2 simulation scenarios.   The R2 is better than the baseline because phosphorus is limiting 
more often. 
 

Although very significant measurement end-point goals have been achieved at East Canyon Reservoir 
over the past 5 years; the hypolimnion, spring turnover, and late fall turnover phosphorus concentrations 
remain too high.  In 1999-2002 it was visually obvious that construction in the watershed was a 
significant part of the non-point source pollution problem. Currently it is less obvious that non-point 
source controls can achieve the scenario alternative goals.  Another alternative may need to consider 
managing the multi-year accumulation of phosphorus in the stagnant zone of the hypolimnion.  This 
could help reduce spring and fall turnover epilimnion phosphorus concentrations. 
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East Canyon Reservoir 2003-2007, repeated 2003-2006 (2008-2011) 
Baseline (red) / C3d (green) 
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Figure 1.5.2-3 charts the summer chlorophyll relationships between the baseline and Scenario C3d. Note the 
continued improvements shown as a decline in the second set of peaks each year (late summer/fall) with 
Scenario C3d versus the baseline. This should also indicate a long term potential reduction in fall blue-green 
algae if scenario C3d is implemented.  
  

1.5.3 Blue-Green Algae 

One of the most significant achievements of the East Canyon Phosphorus TMDL is the reduction of 
summer and fall Cyanophyta.  Five figures demonstrate these reductions as they are computed in the CE-
QUAL-W2 simulations with the R&D code for algal succession code previously described.   One of the 
principal purposes for developing this R&D code was to complete reservoir water quality assessments for 
phosphorus TMDLs, to model the location and magnitude of blue-green algal blooms in the reservoir, and 
to simulate when Cyanophyta might be expected to subside due to phosphorus limitation.  This is one of 
several reservoirs planned or being tested to determine if the algal succession R&D code can accomplish 
these goals. Reductions in epilimnion summertime phosphorus and summertime chlorophyll have already 
been discussed. Scenario C3d provides a significant benefit in chlorophyll with a reduction of about an 
additional 5% days exceeding 30 μg/L over the baseline.   

Figures 1.5.3-1 demonstrates the algal succession from the W2 simulations of the 1991-1998 periods with 
much higher phosphorus loads from the watershed.  Although there is not a lot of phytoplankton data in 
the 1990s, it basically shows that Cyanophyta blooms occurred from July-November, with 
Aphanizomenon dominating, especially in the fall.  The fall Aphanizomenon dominance has been greatly 
reduced post phosphorus reductions, especially since 2003. When phosphorus builds up in the 
hypolimnion stagnation zone over a period of several years, eventually the fall turnover followed by a 
long warm late fall will produce blue-green algal blooms. Overall the dominance of Cyanophyta in East 
Canyon Reservoir will decline from approximately 15>30% pre phosphorus control, to nearer 12% in 
2003, and finally to 6% or less in the baseline. Scenario C3d has the potential to drop the overall blue-
green algae to only about 3% of the total algal biomass (Figure 1.5.3-5).  

The summer Cyanophyta group in Figures 1.5.3-2 & 4 includes Microcystis and Anabaena flos-aquae, 
although the Aphanizomenon group could also include Anabaena.  The W2 baseline simulations correctly 
follow Dr. Rushforth’s data with a significant Microcystis bloom in 2004, and a smaller summer 
Cyanophyta bloom in 2005 (Figure 1.5.3-2).  
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Figure 1.5.3-1 is the W2 simulation algal category succession from 1991-1998.  Large Aphanizomenon 
Cyanophyta (could also include Anabaena) blooms occur anytime from July to November. The sketchy data 
and personal observations also suggest this is true. The large spring algal blooms dominated by diatoms are 
also present, but the early appearance of Aphanizomenon dominance throughout the summer and fall suggest 
nitrogen limitation, thus heavily favoring the nitrogen fixing blue-green algae with the greatest vertical 
migration and adaptability to reduced light from self shading. The hyper-eutrophic reservoir has less 
phytoplankton diversity. Nutrients are seldom limiting to algal productivity. 
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Figure 1.5.3-2 is a summary of the W2 simulation’s baseline period algal succession from 2003-2007.  The 
model hits the important data points of a big Microcystis peak in 2004 (included as summer Cyanophyta- red 
triangle), and shows a huge decline in fall Aphanizomenon. This is a good semi-quantitative reproduction of 
the data. The concern is the repetitions of summer/fall Cyanophyta out into the future. Remember this is a 
repeat of the baseline following 2007, thus the 2008-2009 repeats the 2003-2004 hydrology and higher 
nutrients loads pre-advanced wastewater treatment. However, the calibration misses a short duration 
Aphanizomenon peak following turnover in later October of 2007.  In this case the Summer Diatoms (other) 
category could include any non-nitrogen hot weather phytoplankton (greens) other than Cyanophyta.  
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Figure 1.5.3-3 2006 East Canyon Reservoir Algal Categories as a percent of the sum Important Species Index 
comprised by the major groups of phytoplankton from samples collected from East Canyon Reservoir during 
2006.  Important Species Indices (ISIs) were calculated by multiplying the percent frequency of the taxon by 
its average relative density (Kaczmarska and Rushforth 1983). This Figure was modified (addition of 
common names) from Rushforth, 2007;”A STUDY OF PHYTOPLANKTON FLORAS FROM EAST 
CANYON RESERVOIR, MORGAN COUNTY, UTAH; SUMMER, 2006”. 
 

Table 1.3.3-1 Dr. Rushforth’s annual algal category summarized for  

Cyanophyta (blue-green algae) in East Canyon Reservoir (Rushforth, 2002-2006- all) 

 Percent blue-greens 

2002 18.6 

2003 9.3 

2004 28.0 [Potentially toxin producing Microcystis incerta (ISI = 20.68)] 

2005 10 [1] 

2006 3.0 

      [1] The annual biomass is not only a function of the peaks, but of the duration. The 
peak is not allows a good indicator of the importance, as some peaks can be high, but with a very short 
duration. Overall Cyanophyta decreased significantly since July 2005, and Microcystis incerta decreased 
after 2004.  Aphanizomenon flos-aquae have significantly decreased from 1990s.  Aphanizomenon flos-
aquae were very important in East Canyon Reservoir prior to phosphorus reductions. The W2 simulations 
show the Aphanizomenon dominance in the fall during the 1990s (Figure 1.5.3-1), but only yield traces 
after 2003. There was one high but short duration late October Aphanizomenon bloom peak in 2007 
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which the W2 simulation misses in magnitude showing only a trace. Toxicity caused by Aphanizomenon 
has not been documented in the author’s experience in this region.  

The Microcystis and Anabaena blooms (summer Cyanophyta group in W2 figures 1.5.3-2 & 4) are the 
greatest concern to produce toxins.  Unfortunately the W2 simulations indicate that these blooms may 
persist in both the baseline and C3d scenario during a future drought condition like 2003-2004 repeated in 
2008-2009. The extrapolated years have even higher peaks of the summer Cyanophyta group in 2008-
2009 than in 2004. This is probably due to a greater buildup of phosphorus in the stagnant zone of the 
hypolimnion in the wetter hydrologic sequence leading up to 2008. The possibility of toxic blue-green 
algal blooms cannot be entirely ruled out in the future, nor can the W2 simulation of future blooms be 
taken lightly because the model follows the past trends to well. 
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Figure 1.5.3-4 W2 simulations of scenario C3d still indicate that the summer Cyanophyta blooms of 2004 
would continue; the even larger peaks in the drought sequence of 2003-2004 extrapolated out to 2008-2009 
are a concern.  The Summer Cyanophyta category includes Microcystis and Anabaena, which the simulations 
correctly show in the baseline calibration in 2004, and they are still present in all the scenarios. The only real 
problem with the major algal category succession in the W2 simulations is the missing short duration 
Aphanizomenon bloom in late October, 2007 of the baseline calibration. Although a few very small 
Aphanizomenon peaks are barely visible in the Scenario C3d W2 simulations, it is likely they will occur under 
the right conditions in the future with any scenarios envisioned. However, the W2 simulations do show the 
correct trends away from the large Aphanizomenon blooms of the 1990s in the post phosphorus reductions in 
the 2000s. 
 

Figure 1.5.3-5 is a pie chart summary of the algal categories as simulated by the W2 Scenario C3d over 
the entire time period from 2003-2011.  The Cyanophyta groups represent only 6% of total simulation 
algal categories, but may slightly under represent the late fall Aphanizomenon potential as seen in the 
short duration high peak that occurred in late October 2007 (Rushforth, 2008 personal communication).  
There appears to be a regional trend towards more Microcystis and Anabaena blooms during the 
extensive drought from 1999-2007. This drought cycle has also been accompanied by very hot summers 
and falls. Water temperatures were higher during the summer of 2003-2007 (2005 exception) than in the 
very wet years from 1993-1998.  Even though the phosphorus reductions in scenario C3d indicate an 
overall decline in Cyanophyta blooms, the W2 simulations still show the problem late Summer 
Cyanophyta category with occasional blooms. The late fall conditions are also very likely to produce 
Aphanizomenon blooms as well.  Overall the W2 simulations are a nice confirmation of the algal 
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succession at East Canyon Reservoir, but actual future conditions also depend on phosphorus and 
nitrogen ratios being close to the numbers in the model.  If the loads and N:P ratios vary, then so may the 
advantages to blue-green algae. 

 

Spring 
Diatom 85%

Green 3%

Aphanezomenon 0%

Cyanophyta 6%

Summer Diatom 6%

East Canyon Reservoir 
( Summary- algal biomass (C3d- 2003-2011)

Spring Diatom Green Aphanezomenon Cyanophyta Summer Diatom

Hyddrology is 2003-2007 and 2003-2006 
repeated as 2008-2011; This is scenario 3d 
phsophorus concentrations with point sources 
7.2 MGD and a 65% reduction of  spring runoff  
non-point sources.

CE-QUAL-W2 simulation by JM Water Quality, LLC (Jerry Miller) 2008

W2 model daily data extract (AGPM) from Station 1.45 Km upstream of dam (DEQ mid-reservoir station) from the 2 meter 
depth layer (1 meter thick).

 
 

Figure 1.5.3-5 charts the summary of the W2 simulation of scenario C3d algal categories from 2003-2011. 
This chart is similar to Rushforth’s phytoplankton report summary from 2003-2005, but with a reduced 
Cyanophyta; the W2 simulation summer diatom category could also include Chlorophyta (Green algae), 
which increases in Dr. Rushforth’s in the past few years. 
 

 The future reduction scenarios with less phosphorus than the baseline are all very similar with regards to 
chlorophyll, blue-green algal dominance, and dissolved oxygen. They all provide only an additional 11-
16% reduction from the historical inflow loadings that occurred through the 1990s.  Scenario C3d 
provides as much benefit as any scenario, but at reduced loading reductions from the more stringent 
scenarios. The W2 simulations keep showing that the blue-green algae category that would include 
Microcystis and Anabaena produces periodic late summer blooms carrying over into fall turnover, 
especially during drought conditions.  Since they have been present in recent years there is concern that a 
buildup of phosphorus coupled with a cold early turnover, a significant runoff event, and then a long fall 
warm period still have the potential to produce problem Cyanophyta events. The magnitude of such an 
event would also be influenced by the buildup of phosphorus in the stagnant zone of the hypolimnion 
over the previous several years.  
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The probability of significant blue-green algal blooms in July or August should be less since 2005.  This 
is a very significant achievement of the phosphorus TMDL because July and August is the peak of the 
primary body contact recreation season. The data and the W2 simulations show very large blue-green 
reductions in July and August in 2005-2007, as compared to the 1990s. The model simulations also track 
the trends in algal succession away from summer blue-green and total algal production. July and August 
are also the peak water use months, and peak time for blue-green algae toxins to impact drinking water 
treatment plants. Again, this July/August reduction of blue-green algae is an important water quality 
achievement.  The W2 simulations also track the switch from Aphanizomenon to Microcystis and 
Anabaena flos-aquae Cyanophyta species from the 1990s versus 2005-2007. Dr. Rushforth’s periodic data 
from the 1990s did include occasional outbursts of non-Aphanizomenon Cyanophyta in the late summer. 
The 1990s W2 simulations of Aphanizomenon could also include Anabaena flos-aquae in that 
category.  The model has sufficient “robustness” to indicate there is still some concern about 
September/October future cycles and blue-green algae under certain hydrologic and meteorological 
conditions.  

1.5.4 Turbidity 

The 2008 spring runoff events will be the most significant in recent years. However, just as East Canyon 
Creek peaked it cooled off and snow feel again several times.  This reduced the overall maximum peak 
and produced a runoff with little concern for flooding. East Canyon Dam was spilling by the end of May.  
With the exception of some accumulations of shoreline organic matter debris there was little visual 
evidence that the runoff produced turbidity beyond the first 3-4 W2 segments in the inflow area of the 
bathymetry file. The rest of the reservoir was quite clear, but beginning to turn green by late May. 
Indications are that allochthonous organic matter settles quickly into the sediment delta in the first 3-4 W2 
segments, or the floating organic matter accumulates to shorelines and warm water with active wave 
mechanical breakdown. Much of the small floating organic matter is actually thrown up on the shore by 
the wave action. The W2 assumptions would laterally average this allochthonous organic matter and 
quickly route it down reservoir creating too much metalimnion oxygen demand. 

Shoreline wave action appears to produce more reservoir wide turbidity than the inflow.  In some areas 
shoreline wave action turbidity is quit pronounced, and high speed boating and recreation equipment only 
add to the wave’s assault on the shore.  In narrow reservoirs with this shoreline wave generated turbidity, 
the maximum Secchi disk depths are often less than 5-8 meters. Maximum spring Secchi Disk depths 
rarely exceed 4-6 meters. Once the spring diatom blooms begin Secchi depths are rarely more than one 
meter. The highest Secchi depths generally occur in the winter under ice with minimal phytoplankton 
production, and no shoreline wave erosion.  

With some adjustments and a rule set cut off at 8 meters, Figure 1.5.4-1 estimates the Secchi Disk depth 
as a relationship to chlorophyll in East Canyon Reservoir. Shoreline wave action generated turbidity 
probably does not vary much unless the reservoir is extremely drawn down. There is also a relationship 
between light limitation to algal growth and the flattening curve of low Secchi depth to high chlorophyll 
concentrations. Future data collection should consider improving or revising this relationship, and then 
enrolling volunteers to collect many Secchi Disk transparencies at selected sites in this reservoir to help 
improve lateral average total algal biomass productivity estimates. This Secchi Depth chlorophyll 
relationship chart should be checked and/or revised with future data. This would allow volunteers or State 
employees to take Secchi Disk Depths which could be used to calculate biomass productivity. 
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Figure 1.5.4-1 The Secchi Depth chlorophyll relationship follows Chapra (1997) with a slight 
modification for increased turbidity due to shoreline wave action erosion in the steep sided narrow 
reservoir, which probably should also truncate this trend line at about a maximum of 7-8 meters.  If 
there is very little inorganic suspended solids or chlorophyll the maximum Secchi Depth can be much 
higher in deep oligotrophic lakes.  Secchi depths greater than 4-5 meters would be rare in ECR due 
to shoreline wave action and chlorophyll, and would probably only be found right after ice off, when 
there has been a long period of time with no shoreline wave action erosion. 
 

1.5.5 Dissolved Oxygen 

Figure 1.5.5-1 utilizes AGPM to extract W2 simulation timelines  of the 1991-1998 calibration with the 
recommended plan scenario C3d at two stations, the 12 and 20 meters deep (station 1.45 Km upstream 
from the dam), and at elevation 1687 (station 0.33 Km immediately upstream of the old earthen dam- 
which is right on the bottom).  Figure 1.5.5 depicts the annual cycle of dissolved oxygen in East Canyon 
Reservoir from the 1990s calibration compared to the C3d scenario. Unfortunately the lack of difference 
in slope in each year’s descending limb (rate of dissolved oxygen depletion) from three 
metalimnion/hypolimnion locations is what makes this image remarkable. Like Deer Creek Reservoir, 
East Canyon’s greatest memory for hyper-eutrophic status is dissolved oxygen depletion rate during 
summer stagnation. Additional research is needed to better understand why so many improvements in 
chlorophyll, blue-green algae, water clarity, and perhaps even fish survival can be documented; with so 
little improvement in dissolved oxygen.  The only solution afforded by these CE-QUAL-W2 simulations 
is that the spring turnover and the spring inflow still provide sufficient phosphorus to drive spring diatom 
blooms to light limitation by self shading.  The presentation of these spring blooms is so different than the 
shoreline and surface scums of blue-green algal blooms as to go almost unnoticed. The water is so cold in 
April and May that little primary body contact recreation occurs. Thus there is also less public concern 
about the spring blooms.  Fish need food to, and the spring blooms provide plenty for optimal fish 
growth, unfortunately these same blooms also produce maximum summer stagnation dissolved oxygen 
depletion. The lack of adequate water temperatures and dissolved oxygen in August precludes the cold 
water fisheries survival in most years. 
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Figure 1.5.4-2 is a time line extraction from the W2 simulations for 1991-1998 (brown) compared to 2003-
2007 (green- 2003-2007once per day at about 3 p.m. from the W2 layers representing 12 meters deep (top), 
Elevation 1700- Outlet in old concrete dam (middle), and the bottom elevation 1687 or bottom of reservoir 
(bottom-chart).  The brown lines are 1991-1998 baseline calibration water quality data, and the green line is 
the alternative C3d which projects the currents phosphorus reductions plus an additional 65% non-point 
source reduction in the W2 simulation. The right descending limb from each year represents the slope or rate 
of dissolved oxygen decay during summer stagnation beginning after the thermocline sets up.  Occasionally 
the bottom at elevation 1687 becomes quit dissolved oxygen depleted even in the winter, and is more likely to 
do so in dry years.  The wetter years during the 1990s may have had much shorter summer stagnation 
periods, and periodically have better dissolved oxygen than the reduced phosphorus time lines from 2003-
2007. Thus the noise of hydrology and summer weather are still as important features in determining what is 
caused by reductions in phosphorus budget, and what is caused by changes in hydrology and climate. The 
largest differences in comparative descending limbs of oxygen depletion rates (slope) are unfortunately more 
controlled by hydrology than by phosphorus reductions even with the recommended scenario C3d. 
 

Station 0.33 Km at elevation 1687 in Figure 1.5.4-2 is the bottom of the hypolimnion stagnation zone 
illustrated in Figure 1.3.6.1-1, and is just upstream from the old earthen dam.  The point of Figure 1.5.4-2 
is that the oxygen decay rates or slopes of the falling limbs each year in the charts have changed little 
even though a 60% phosphorus reduction has been implemented since the 1990s, and with another 11-
16% reduction as in scenario C3d that dissolved oxygen will still improve only slightly. At Deer Creek 
Reservoir just to the South of East Canyon Reservoir in a similar climate zone, the phosphorus has been 
reduced by about 72% since 1980 (author’s personal estimate), yet the dissolved oxygen in the water 
column has improved very slowly- but continuously- over the past 3 decades.  Although several other 
important measurement end-points have fared much better than dissolved oxygen at both Deer Creek and 
East Canyon Reservoir; it appears that dissolved oxygen recovery is a long process. The skimmer affect 
of the old dams at East Canyon Reservoir exported large algal blooms during the summer, thus lessening 
its’ eutrophic presentation; these same structures are likely to prolong dissolved oxygen recovery in East 
Canyon, perhaps longer than occurred in Deer Creek.  Therefore, management of the phosphorus and 
dissolved oxygen in the stagnant zone of the East Canyon hypolimnion may need to be considered. 
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The hydrographs are somewhat comparable (Figure1.5.4-2) in that 1991-1992 and 2003-2004 are very 
dry; 1993-1998 are wetter than in the 2000s, and 2005-2007 are near average hydrology.   

So, what is the link between dissolved oxygen and phosphorus reduction? Are they that closely linked? 
Do these deep cold sediments simply retain organic matter which decays at very slow and fixed rates over 
very long time periods? If we use the Deer Creek example, it would appear that recovery of hypolimnion 
dissolved oxygen is a several decade process at best.  The very slight improvements in Deer Creek 
Reservoir dissolved oxygen over three decades with over 70% total phosphorus inflow removal is 
probably the best calibration parameter for these East Canyon Reservoir W2 simulations.  Even then the 
dissolved oxygen improvements that can be documented in Deer Creek may be more closely related to the 
minimum water inflows with cool temperatures provided from Jordanelle Dam upstream than to 
phosphorus.  The annual phosphorus release downstream of Deer Creek Dam is only aot 0.040 mg/L, 
which is less than East Canyon. There is still a lot to learn about dissolved oxygen in reservoir limnology 
and recovery with phosphorus TMDLs. Deep reservoirs obviously must be pristine with very low nutrient 
inputs to maintain greater than 4.0 Mg/L dissolved oxygen through much of the water column at peak 
summer stagnation in August. 

It is impossible to pick a phosphorus budget and predict that it will produce a dissolved oxygen 
measurement end-point goal every year at this stage. Therefore dissolved oxygen cannot be the 
primary criteria to pick a new phosphorus wasteload allocation for the East Canyon watershed. If 
dissolved oxygen were the only important measurement end-point goal, the phosphorus TMDL 
would likely be declared a failure. It is not, and it is not.   

Organic matter decay below about 15 meters in water depth is very slow, and is rate controlled by 
temperature. As long as the annual input exceeds the decay rate of organic matter controlled by cold water 
temperatures, then the rate of oxygen depletion will remain relatively unchanged. In the years of multiple 
drought- when the reservoir elevation is drawn down an extra 5 meters, the organic matter that built up in 
cold water is warmed and exposed to motion from shoreline wave action.  This results in an extra surge of 
oxygen demand and nutrients into the reservoir during the year of increased drawdown. 
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2 Total Maximum Daily Load Analysis 

2.1 Internal Versus External Nutrient Loading 
The greatest uncertainty in making large expenditures in a watershed to implement a phosphorus TMDL 
is: has the water body become so eutrophic that its’ internal phosphorus recycling has become a greater 
source of biologically available phosphorus than the input from the watershed?  The incorrect answer to 
this question could lead to extensive expenditure will little benefit in attaining the phosphorus TMDL 
goals by reducing the external tributary contribution. Benefits from phosphorus reduction could also take 
several decades, if they ever improved.  That is one reason it is very important to assess what has been 
accomplished with a near 60% phosphorus reduction in East Canyon Reservoir before deciding on the 
next implementation strategy.  Fortunately, this study shows that several important measurement end-
point goals have been achieved. East Canyon Reservoir has shown improvement within a 2-3 year period 
of major phosphorus reductions.  However, the hydraulic retention is often greater than 1.4 years, and the 
phosphorus retention time from wetter and higher loading years may be 3-4 years or longer.  Furthermore, 
additional long term legacy phosphorus loading may still be coming out of the ECR sediments. It could 
take a decade for ECR to reach a long term dynamic equilibrium with the current phosphorus loading 
levels. However, in reservoirs that do not respond to external loading reductions, as much as 90% of the 
bioavailable phosphorus may be recycled from the sediments. This occurs primarily in much shallower 
reservoirs than East Canyon. It varies considerably with wet and dry hydrologic sequences in ECR, but 
internal loading is probably 20-50% of the annual biologically available phosphorus for phytoplankton 
growth. Nearly all of this phosphorus is simulated wit W2 by inputting only the dissolved phosphorus 
from East Canyon Creek, but with autochthonous organic matter decomposition recycling this phosphorus 
for several years.  

Water depth and hydraulic retention time are major factors in determining how much of the total 
phosphorus budget is physically available seasonally for phytoplankton production. East Canyon 
Reservoir is not typical, and in fact the standard riverine, transitional, lacustrine zonation discussion used 
by this author to classify a reservoir of this depth and hydraulic retention time has not been used in this 
report. Dissolved oxygen depletion rates by segment are an important component of that 
riverine/transitional/lacustrine zonal characterization of reservoir limnology (NALMS, 1984; Kimmel; 
Miller). The wind driving the algal blooms to the dam at ECR, the skimming affect of the weirs, and 
exportation of a large portion of the algal biomass is a major consideration in understanding 
limnological processes. The retention of phosphorus from wetter higher loading years in the 
stagnant zone of the hypolimnion will also need some consideration in addressing future loading 
and margins of safety.  However, Internal loading is not preventing water quality improvements from 
watershed reduction in ECR. 

This East Canyon Reservoir study is not a good set of paradigms for understanding many 
hypolimnion withdrawal reservoirs. 

In the case of East Canyon Reservoir there has already been a reduction of phosphorus from the 
watershed which has resulted in a decrease as a release from the dam from greater than 0.20 mg/L 
(Figure1.4.3.3-2 &1.5.1-1) to less than 0.065 mg/L. This is roughly estimated to be about a 60% decrease 
in total phosphorus budget, and is a tentative estimate at that. The measurement end-point goals that 
have been attained to this point are not insignificant.  The percent of days exceeding 30 µg/L 
chlorophyll from the W2 simulation of the 1990s to the baseline for 2003-2007 decreases from 
21.4% (period averages) to about 6.4% (see Table2.3-1).  This is closely related to the estimated 
decrease in phosphorus loading. There has been a similar reduction in Cyanophyta from 1990s to 
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present; this is very significant since the species of blue-green algae has been shifting to a higher 
potential to produce toxins.  Since ECR was also exporting this dying blue-green algal biomasses there 
was a concern about exporting toxic water downstream as well.  The cold water fishery also carried over 
for the first time in a least several decades in 2005.  According to the W2 simulations the epilimnion 
phosphorus concentrations became significantly limiting to algal production for the first time in July of 
2005, and again from Mid June into September in 2006-2007. Blue-green algae reduction is tied to 
attaining phosphorus limitation before nitrogen limitation.  Correctly forecasting future potential blue-
green algal categories is very dependent on nitrogen: phosphorus ratios; and the goals include 
reaching phosphorus limitation first so as not to advantage Cyanophyta that fix nitrogen from the 
atmosphere. There is uncertainty about the inflow nitrogen and phosphorus budgets due to sparse 
data.  

The exportation of summer time algal biomass from East Canyon Reservoir reduced its presentation of 
just how eutrophic it really was.  However, the same hydrodynamics which produced this reduction in 
overall trophic status is now also in part slowing down realization of attaining additional future 
measurement end-point goals. The hydrodynamics are now producing a recurring cycle of phosphorus 
retention with eventual increased routing out of the dam.  Viewing the animations illustrates how the 
phosphorus concentrations build in the deep hypolimnion until it begins to spill over the top of the old 
dams and through the hypolimnion outlet in the hole in the old concrete dam. After the phosphorus has 
built up in the reservoir more algal biomass is produced at spring and fall turnover.  East Canyon 
Reservoir has become more efficient at retention of phosphorus with implementation of the TMDL 
because less particulate organic phosphorus is routed out the dam.  This means that future additional 
phosphorus reductions will produce changes at a much slower rate.  Prior to about 2004 ECR 
continuously spilled high phosphorus concentrated water through the hole in the old concrete dam; now 
this occurs periodically in cycles. 

The cold and deep hypolimnion in ECR simply retains and recycles autochthonous organic matter over 
more than a one year cycle; and the lower the total inflow budget, the more efficient its’ retention 
becomes. The dynamic equilibrium refers to the relationship of the reservoir cycles to hydrologic cycles; 
with periods of phosphorus retention, and then flushing.  Even though the phosphorus from the watershed 
may take 2-3 years to cycle into a permanent sediment trap or out of the reservoir; it is still watershed 
phosphorus that should be viewed as manageable by the TMDL.  However, the larger the overall 
phosphorus reduction, the slower the desired responses will be.  In addition, the reservoir also has a 
portion of the phosphorus recycled each year from anaerobic inorganic sediment release, and a sediment 
equilibrium phosphorus concentration.  The sum of these can be referred to as the water body’s memory, 
or ability to maintain a certain amount to productivity.   

On an annual basis the phosphorus that is being incorporated into phytoplankton is provided for by the 
inflow at about 40-50 % because the spring runoff tends to be an overflow density current.  About 30%, 
on average, of the physically and biologically available phosphorus comes from organic matter decay of 
the previous 1-2 years inflow recycled. The low summer inflows now have significantly reduced 
phosphorus, and thus provide only about 20 % of the annual biologically available phosphorus. The 
remainder (<2-10%) of the annual physically and biologically available phosphorus comes from long 
term sediment recycling.  However, only about 50-60% of the total phosphorus dissolved in the water 
column is physically and biologically available and incorporated into plankton on an annual basis. These 
are estimates that would vary considerably annually depending on the previous three years inflow 
volumes; phosphorus loading; current year hydrology; summertime inflow loading; reservoir operation 
and drawdown; weather; and finally all these combined into a cycle of deep stagnant hypolimnion 
retention, recycling, and flushing. 

Fortunately, ECR has achieved some significant measurement end-point goals with the 60% reduction of 
phosphorus. Additional improvements can be realized with another 10-15% phosphorus reduction- 
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especially if they can come from runoff event non-point sources or during the summer. The additional 
future reduction improvements from an additional 10-15% phosphorus reduction will not be as significant 
as those already accomplished by the previous 60% reductions. The additional future improvements that 
can be realized will develop slower than occurred with the earlier 60% phosphorus reduction. 

The hypolimnion retention cycle needs to be viewed as an obstruction that may need to be managed in 
order to reach additional future measurement end-point goals. However, it does not preclude the 
continued realization of important water quality benefits in most years, especially in July and August. 

2.2 Sediment Phosphorus Diagenesis 
 The more traditional concerns about internal phosphorus recycling relate to sediment/phosphorus 
diagenesis and the anaerobic release of inorganic iron/manganese adsorbed phosphorus.  The first test in 
a W2 model related to a phosphorus TMDL should always be to determine if the external dissolved 
phosphorus loading, and the internal recycling of organic phosphorus from autochthonous 
phytoplankton production can account for most if not all of the phosphorus, algal succession, and 
oxygen demand processes. If a mystery source of phosphorus or oxygen demand is needed to drive the 
trophic status, W2 simulations driven with the external dissolved phosphorus loading should reveal that 
need. If most of the dissolved oxygen depletion and phosphorus budget requires utilization of the zero 
order oxygen demand compartments, then additional information is needed, and other as yet 
undocumented sources of phosphorus or oxygen demand may be important.  

The W2 simulation indicates that the external dissolved phosphorus loading and decomposition of 
internally produced algal biomass in the ECR supplies most of the phosphorus needed to drive the early 
spring turnover portion of the spring algal bloom.  If the anaerobic sediment release of inorganic 
phosphorus produced more dissolved phosphorus to the water column than decomposition of organic 
matter; the W2 model could end up with an overall phosphorus shortage, and the deficit would 
accumulate over a long period of simulation. However, in steep and deep water bodies much of the 
anaerobic inorganic sediment phosphorus release can be re-adsorbed to iron which precipitates quickly 
upon reaeration. Therefore, this source may have limited biological availability, except during early fall 
turnover. This is an important season for blue-green algae.  

There is an internal anaerobic sediment phosphorus release of inorganic iron/manganese bound 
phosphorus in East Canyon reservoir (Owens, S. O., and Cornwell, J.C.; 2008). The iron/manganese can 
also be precipitated as sulfides if hydrogen sulfide is present during anoxia.  The local watershed around 
East Canyon Reservoir has a lot of red soil, so oxidized sources of iron could be periodically replenished.  
There certainly is not sufficient data to account for all the variables associated with the potential to release 
inorganic phosphorus from the anaerobic sediment. The W2 simulations strongly suggest that such a 
release is not more important than organic matter decay, nor does it suggest that such a source of 
phosphorus is an important component of bioavailable phosphorus in at least the spring and summer.  
Once the reservoir is turning over in the fall most of the iron in anoxic water precipitates back out within 
hours after reaeration has occurred. As this now particulate iron sinks, it again adsorbs phosphorus and 
takes it back to the sediment. The anaerobic inorganic phosphorus release would not comprise more than 
2-10% of the annual biologically available phosphorus budget in ECR, especially during spring turnover. 

The divergence of the W2 simulations and the data collected in East Canyon Creek downstream from the 
dam starting in October initially raised questions about whether the model was correctly handling iron 
bound phosphorus release and re-adsorption upon reaeration in fall turnover in October. However, closer 
examinations of this apparent divergence of W2 simulation output and downstream data revealed that it 
occurs immediately after the dam goes to minimum flow releases of only about 5 cubic feet/second (0.142 
cubic meter/second) in mid October (Figures1.4.3.3-3 &1).  The stream flow at the downstream station is 
probably more heavily influenced by ground water gains, and seepage around the dam at minimum flow 
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releases.  The “red soils” in this area would minimize the ground water dissolved phosphorus 
concentrations in the gaining flows, and sediments from runoff plus biological uptake of the productive 
stream benthic zone could also significantly reduce dissolved phosphorus concentrations, especially 
during daylight hours.  

In short, there probably is not a disconnect in the model output and downstream stream data during 
minimum flow releases from October to March. The minimum flows at the downstream station likely 
have minimal relationship to phosphorus concentration in the reservoir water column or dam releases. 
Furthermore, any warm days with snow melt or runoff also compromise the comparison of W2 model 
output and the downstream sampling location. Some additional sampling strategies need to be specifically 
designed to test several potential differences between the downstream sampling location versus dam 
release phosphorus concentrations. 

The in-reservoir phosphorus concentrations are modeled very well by W2 (see Figure1.4.3.3-4) and 
the early spring high dam flow release phosphorus concentration are more similar to the late fall 
complete mixed concentrations than to the very low minimum dam release downstream samples 
during the late fall and winter. 

The fall is also the period of the tributary becoming colder than the reservoir.  The underflow density 
current of the fall inflow and the night time shallow water chilling sweeps the water sediment interface 
and sends most of the fine organic matter and phosphorus downward into the deep hypolimnion. Again 
the W2 simulations strongly indicate that the deep and steep sided East Canyon Reservoir does not place 
most of the anaerobic sediment phosphorus into the physically available pool.   

It is assumed that the sensitivity studies utilizing the CE-QUAL-W2 model to test potential future 
phosphorus reductions against already calibrated hydrology captures the most important 
limnological processes for phosphorus recycling. The W2 simulations seem to capture the most 
important processes that drive phytoplankton production, the internal phytoplankton production drives 
most of the oxygen demand, and the W2 model correctly approximates long term trends that are most 
important in evaluating future watershed phosphorus reductions. The first 3-4 W2 inflow segments in the 
reservoir are shallow and highly reaerated. They sediment trap organic matter in the sediment, or simply 
wave wash allochthonous organic matter up on the shoreline, all with little impact on 
metalimnion/hypolimnion down reservoir dissolved oxygen depletion.  The shallow inflow segments are 
capable of decaying a lot of organic matter with minimal impact to metalimnion/hypolimnion oxygen 
demand.  In fact the model shows no sensitivity to inputting East Canyon Creek with zero dissolved 
oxygen because the inflow segments have so much reaeration potential. Recycling of phosphorus from 
the inflow sediment deltas is highly dependent on reservoir drawdown and high inflow physically 
resuspending these sediments. This has not been a major process at East Canyon Reservoir, but that could 
dramatically change in a major fall runoff event into a deeply drawdown water body. 

2.3 Nutrients 
Many W2 simulations at other reservoirs have been completed to test hydrodynamics, temperature, 
dissolved oxygen, reaeration, dam operation scenarios, and as a test of the effectiveness of nutrient 
reductions from the watershed (Cole, 2005).  Research and testing of W2 for algal succession with 
phosphorus TMDLs is a relatively new utilization of CE-QUAL-W2. Modeling algal succession is still in 
its infancy as a science.  

The phosphorus concentration due to unlimited top to bottom vertical mixing from April to June, and the 
June- September phosphorus inflow determines how big the growing season algal blooms will be. Once 
the reservoir is thermally stratified the epilimnion should become phosphorus limited within about 3-5 
weeks in early summer following implementation of the phosphorus TMDL to date. However, prior to 
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about July of 2005 the epilimnion was rarely phosphorus limiting to phytoplankton growth because the 
watershed contribution was so large. The ECWRF phosphorus reduction was fully implemented by 
summer of 2004. The phosphorus reductions became evident by July of 2005, which is a fairly rapid 
response. In part this is due to the importance of the point source reduction in the summer to attainment of 
epilimnion phosphorus limitation during the primary growing season. The W2 simulations indicate that 
the decomposition of the spring bloom drives most of the oxygen demand in the epilimnion and 
metalimnion in July and August. These same elevations were scoured of sediment organic matter during 
the previous year’s drawdown; so without a renewal of organic matter by the spring bloom, the oxygen 
demand would be much lower. 

The overall annual phosphorus loading is still above a threshold that produces spring diatom and total 
algal biomass light limitation from about mid May until about 10 days after thermal stratification in about 
mid June or into July in most years.  Once the reservoir does stratify the huge diatom and total spring 
algal biomass quickly depletes the remaining phosphorus in the epilimnion.  The epilimnion becomes 
phosphorus limited with about 10-15 days of thermal stratification set up since 2005.  Once the sharp 
thermocline is established the algal daily vertical migration is confined to the epilimnion in the W2 
simulation and in the reservoir.  This limits access to the phosphorus that is only a couple of meters 
beneath the thermocline.  Again, the skimming effect of the old dams exporting algal biomass was 
limiting the presentation of ECRs former hyper-eutrophic status due to excessive phosphorus in this 
reservoir.  The 60% phosphorus reduction realized after 2004 in the baseline scenario has produced 
significant reductions in mean annual chlorophyll, and in blue-green algal blooms.   

2.4 Chlorophyll a  
The chlorophyll a data that has been collected in East Canyon Reservoir for many years comes from 3 
stations in the reservoir. They are near the dam, mid-reservoir, and upper reservoir (near the East Canyon 
Creek inflow). The upper reservoir station can move depending on the reservoir elevation.  The mid- 
reservoir station is right of mid channel (looking downstream) and just up reservoir from the State Park.  
Chlorophyll concentrations can vary by two orders of magnitude across the channel as demonstrated by 
data collected by Reclamation and USGS Scientists in October of 2000in Figure 1.4.3.5-3   

This information demonstrates that utilizing the historical East Canyon Reservoir chlorophyll and 
phytoplankton sampling data for calibration of the W2 model could lead to some problems.  If the model 
were forced to match the data, the total algal biomass would be way under estimated, and another source 
of organic matter to generate oxygen demand would also be needed.  The satellite imagery study was 
designed by the author because observations on the reservoir did not match the overall low chlorophyll 
concentrations in the data. 

If the measurement end-point goal is to have less than 10% of the summer growing season exceeding 30 
μg/L; then the baseline is close to the goal without consideration of a significant margin of safety for 
additional future growth.  

 

Summary of chlorophyll accidence as % of days any station is > 30 μg/L 
(0.030 mg/L) 

Scenario   % days    TP annual 

  >30 μg/L     load (Kg) 

Baseline 6.6% 2552 

3a 5.4% 2038 

3b 0.9% 1579 
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3c 0.7% 1506 

3d 0.7% 1824 

1b 0.9% 1116 

91-96 21.4%         ~6300 

   

TABLE 2.3-1 shows the number of days (% of summer growing season) the chlorophyll would have 
exceeded 30 μg/L at any one of the three standard protocol reservoir stations at the 2 meter depth by W2 
simulations.  It also shows the total annual phosphorus load for the scenario, but the seasonal distribution 
of the annual load may also vary with each scenario. 

The clearest cut difference in scenarios seems to be with Chlorophyll and perhaps blue-green algal 
blooms.  There are significant improvements in attaining another 50-75 % reduction in non-point 
phosphorus. Scenario C3d with a 65% non-point source reduction provides the same chlorophyll 
benefits as more costly higher reduction scenarios. 

 

 

Figure 2.3-1    is an EXCEL chart that shows the relationship between CE-QUAL-W2 scenario simulations 
(Table 2.3-1) to the annual total phosphorus loading and the number of days (%) that chlorophyll exceeded 
30 μg/L at any one the three segments sampling sites in the reservoir.  
 

Figure 2.3-1 indicates that the difference between the baseline and the measurement end-point goal to 
keep chlorophyll concentrations below 10% as a percentage of days greater than 30μg/L is only about 900 
Kg/year.  Given the internal phosphorus retention cycling W2 is predicting for the future this is a very 
narrow threshold if it is used for a margin of safety.  As the chlorophyll increases so does the likelihood 
of significantly high peak blue-green algal blooms. There is clear separation between the baseline and 
scenario C3a, C3b, c & d. There is no improvement between C3b, c, & d, or 1b (Table 2.3-1). Again 
Scenario C3d stands out as providing the most benefit for the least total phosphorus reduction. It 
may be very difficult to implement scenario C3d. Additional information can be gained in the future 
utilizing CE-QUAL-W2 as a guide for data collection. Considerations of cost/benefits of treating the 
hypolimnion/sediments versus additional costs to treat the watershed should be weighed.   In a watershed 
with natural geologic sources of phosphorus a 65% reduction of spring runoff non-point sources may be 
difficult to implement. Therefore, some combinations of external source control may need to be combined 
with some alternatives to manage the hypolimnion retention and accumulation of phosphorus. 
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2.5 Blue-Green Algae And Algal Succession 
The relationships to blue-green algae, chlorophyll, phosphorus loading, and seasonality have already been 
demonstrated in previous sections of this report. Prior to 2004 Cyanophyta were much more important 
from about July to the end of October.  The major algal succession has shifted substantially away from 
summer blue-green algal blooms in July to October since the implementation of major phosphorus 
reduction beginning in the summer of 2004. This is a major measurement end-point goal achievement for 
the implementation of the phosphorus TMDL to date.  

Since many of the phytoplankton data sets are either collected from the same single location three 
reservoir sample sites, or from shore line wade out grab samples (North shore accessible from the 
highway- Rushforth, 2007, personal communication), the phytoplankton counts are just as likely biased 
low as the chlorophyll data. Never-the-less, the phytoplankton count speciation is a very good qualitative 
data set to calibrate the algal succession in the W2 simulations. The best way to comprehend the algal 
succession, thermal stratification, wind influence on algal biomass is to view avi files of two dimensional 
animations (contained in DVD version of this report) on a media player. 

The W2 simulations indicate a shift after 2004 away from summer and fall blue-green algal dominance. 
There is also a big shift away from summer and fall blue-green algal dominance from the 1990s to 2005. 
After 2006 the Cyanophyta are estimated to be less than 6% of the total annual algal biomass both in the 
phytoplankton count data (Rushforth 2000-2007 reports) and in the W2 simulations. Never-the-less, there 
is still a fairly high probability of a significant blue-green algal bloom in September in drought or certain 
sequences of runoff and weather in the fall in the future. Implementation of Scenario C3d provides the 
best alternative to minimize these events. It is important that phosphorus remains limiting over nitrogen in 
order to avoid Cyanophyta having a big advantage. This needs to remain a part of the future monitoring 
program.   

2.6 Turbidity 
The spring inflow into East Canyon Reservoir provides the bulk of the annual water supply. However, 
with a hydraulic retention time varying from about 0.4 to 1.4 years- the inflow has little influence on 
water turbidity beyond the first three inflow segments in the W2 model. The exception to this might be 
the long term maximum peak inflow flood period. The major influences on turbidity are the spring diatom 
blooms, and in the past the summer and fall algal blooms including the large blue-green blooms such as 
the one illustrated by the satellite imagery study in Figure 1.4.3.4-3.  For example the water appeared quit 
clear with the bottom visible to depths of about ten feet over most of the reservoir on May 16, 2005 even 
though the diatom bloom was beginning, and the spring runoff had been going on for several weeks.  

The spring diatom bloom reduces Secchi disk transparency to less than one meter by its peak around May 
20 until early July.  The water appears emerald green to the eye, but only small patches of algal scum are 
seen because the diatom blooms do not ascend and remain on the surface as much as the blue-green algae.  
Even though the water clarity is greatly reduced, the spring diatom blooms are not as aesthetically 
unpleasant as the blue-green or dinoflagellates blooms which accumulate much more right on the surface 
and on the shoreline. The very low transparencies often found in the East Canyon data base are also 
associated with large algal blooms and high chlorophyll.  In fact the spring diatom bloom which is still 
producing Secchi disk transparencies of only a few feet (< 1 meter) are still attaining a state of light 
limitation based on the W2 simulations from about later May until nearly July even after 2005.  Therefore 
more spring turnover and inflow phosphorus reductions are needed before any difference will be noted in 
water transparency or dissolved oxygen demand during the summer.  However, the past three years the 
July/August peak chlorophyll has significantly decreased, and the summer time water transparency has 
increased.  Additional reductions in chlorophyll will also improve summertime water transparency as has 
already been described in the Chlorophyll section.  
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Turbidity will improve if chlorophyll continues to be reduced, and the total maximum daily loading 
analysis for turbidity therefore defers to the previous analysis for chlorophyll. 

Never-the-less, summertime Secchi Disk water transparency measurement depth at mid reservoir are not 
likely to exceed 4-5 meters due to suspended sediment from shoreline erosion, and chlorophyll 
concentrations of 3-12 μg/L.  Several shoreline areas may need some work to reduce erosion. Again, 
scenario C3d provides the most improvement for the least reduction. 

2.7 Oxygen Depletion 
The oxygen depletion in the reservoir has been extensively studied with the W2 modeling simulations.  

East Canyon Reservoir’s water/sediment interfaces are less than 9 °C over most of the reservoirs water 
column depth for more than 9-10 months each year.  Bacteriological decay is temperature limited most of 
the time in this situation. Different types of organic matter decay differently in this cold water. Larger 
woody terrestrial organic matter that is buried in the sediment can remain there relatively unchanged for 
decades.  Anything larger than a small piece of a tree leaf buried in the cold sediment decays very slowly. 
However, the much smaller phytoplankton organic matter decays much faster even in the cold water.  
Never-the-less, the W2 model simulations show a substantial increase in deep cold water/sediment 
interface organic matter that remains throughout the simulation periods.  It appears that all the 
phytoplankton organic matter does not completely decay in a one year cycle in East Canyon Reservoir.  

Organic matter and nutrients build in a cyclic manner in the stagnant hypolimnion zone at elevations 
beneath the old dam and the hole in the old concrete dam, and are only partly flushed periodically with 
wet years and increased dilution factors. Terrestrial woody matter buried in the sediment decay only very 
slowly on a decadal scale. 

W2 simulation time line extractions at depths of 6 to 12 meters with day count violations of the Utah 
DEQ water quality standard to protect a cold water fishery are in Table 2-2. 

 
W2 Baseline simulation timeline extracts

KM: 1.45 above dam

W2 Layer Depth- Meters 

Year  7     8     9    10  11
2003 42 52 64 64 64
2004 28 20 40 58 66
2005 14 0 0 26 42
2006 8 2 0 30 34
2007 38 34 22 0 10
2008 22 32 0 50 50
2009 0 26 0 64 66
2010 7 0 0 24 30
2011 0 0 0 24 58

Cold water fishery temperature <20 °C ; >4 mg/L Dissolved Oxygen 

Green= no violations, orange= not significantly difference than zero,  
Yellow shows continued improvement in the extrapolated out years 

~number of days Temperatures > 20 °C ; or < 4 mg/L Dissolved Oxygen 

Table 2.6-1 shows the 
number of days the baseline 
W2 simulations indicate that 
the water quality standard to 
protect the cold water fishery 
will be violated in the low 
dissolved oxygen period 
during summer stagnation at 
each layer (~1 meter) 
between 6 and 12 meters. 
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The cold water fishery in East Canyon Reservoir has only carried over one year in recent decades, 
that being 2005.  Prior to sometime in about the 1970s a self sustaining kokanee salmon fishery was 
present in East Canyon Reservoir. The W2 simulations do not indicate that such a fishery is likely to exist 
even with the most stringent future potential phosphorus controls such as in scenario C3c or d. The 
reduction of summer time inflow with cooler night time temperatures may also be a factor, as is increased 
water use and reservoir drawdown.  The extraction of 12-18°C by the skimmer affect of the old dams also 
reduces the potential trout habitat optimal survival temperature zone during summer stagnation.  The W2 
simulations indicate that 2005 is the first year in decades that the cold water fishery may have 
survived summer stagnation.  The fisheries data suggests that 2005 was the only year the trout did 
carryover (Nadolski, B.K. and Schaugaard, C.J.; 2007- draft; personal communication, 2008.  The fish 
survival in 2005 is another confirmation of the models robustness. 

 
TABLE 2.6-2 shows the day 
count violations expected with 
the future proposed scenario 
C3c or d phosphorus 
reductions.  The green highlight 
indicates no days violated. The 
orange highlight indicates a 
number that is not significantly 
different from zero days 
violation due to model and data 
uncertainties.  The yellow 
highlight indicates an 
improvement in the future 
repetition out years.   

W2 simulation outputs for scenarios C3c or C3d are 
not significantly different 

Layer Depth Meters 
     11

64
66
40
32
0

42
64
27
32

7 8 9 10 
42 52 64 64
28 20 40 58
14 0 0 24
8 2 2 22

38 34 22 2
14 22 34 38
0 24 40

1
0

6 0 
0 0 

60
14
2

Year 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 

10 & 11 meters show continued improvement from 05-06 at repeat 2010-11. 

Cold water fishery temperature <20°C; >4 mg/L Dissolved Oxygen
~Number of days Temperatures > 20°C; or < 4 mg/L Dissolved Oxygen 
 

 
The yellow highlight in Table 2-3 also indicates that  there are less violations in the future when repeating 
a previous year with W2 simulations; for example 2010 and 2011 repeat 2005-2006 as sensitivity studies.  
In 2010 and 2011 trout should survive the summer stagnation period; however, during the drought 
sequence repeat of 2003-2004 in 2008-2009 the cold water fishery would not be expected to carry over 
through the summer months.  It takes more than an additional 50% reduction of non-point source 
phosphorus to produce improving conditions in the future year sensitivity study.  However, because fish 
have not carried over since 2005, and since it appears they perhaps could have in 2006; there is a 
significant uncertainty that this analysis adequately represents all the stressors that may be 
preventing fish from carrying over and surviving the summer low dissolved oxygen period.  The 
assumption that reduced phosphorus concentrations alone can reach a measurement end-point goal 
to carry a cold water fishery through the summer may not be correct. 

There are several additional stressors on the fish that may influence their ability to survive the stress of 
summer stagnation. These stressors may include parasites (East Canyon fish can be heavily infested with 
anchor worm); whirling disease may have been in the drainage by 2006, but is now present(Nadolski, 
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B.K. and Schaugaard, C.J.; 2008; personal communication) ; and the general lack of lower stress water 
temperatures between 12-18 °C over most of July and August.  

 

In a low inflow year a minimal supply of 12-18 °C water is found in the reservoir going into thermal 
stratification. When the reservoir is really drawn down to the top of the old concrete dam in multiple 
drought years, most of the 12-18 °C water in the reservoir has been withdrawn by the skimmer affect of 
the old dams.  The thermocline is so sharp in August that the temperatures can drop from 20 °C to less 
than 12°C in less than three meters of metalimnion.  The depth of low stress temperature water is in very 
short supply during drought years, and dissolved oxygen is not found at depths greater than 10-11 meters.  
Viewing four hour time steps with marked zones in the avi files for 2005 versus 2006 reveals that the less 
than 20 °C and greater than 4.0 mg/L water moves in such a manner that fish would also have to move to 
survive. This seiching movement of the metalimnion could cause rapidly changing temperatures that may 
also produce thermal shock.  Viewing the avi files (attached CD) greatly expands the appreciation of 
thermal and dissolved oxygen stressors to a cold water fishery.   

This begs the question- how did a self sustaining kokanee salmon fishery survive for a number of years in 
East Canyon Reservoir prior to about 1975? The answer to that question may be in the big reduction in 
July/August inflow into East Canyon Reservoir.  When the Park City Mining District was actively 
mining; the mines had to be dewatered to be workable.  Ground water is recharged with each year’s 
spring snow melt in April-June, and ground water tables rise.  In order to maintain workable conditions 
water had to be pumped out of the mines. More water had to be pumped out from May through September 
than during the rest of the year. Essentially all mining has ceased to add water to East Canyon Creek.  
During the long extended drought from summer of 1999 to 2005, and still carrying on through 2007 the 
summer inflow to East Canyon Reservoir has been 2-3 times less than in previous decades when the 
mines where more active. 

The mine water had low phosphorus concentrations and was usually fairly cold (10-14 °C), although 
some of the mines had reached depths with much warmer geothermal water.  If East Canyon had 2-3 
times more July/August inflow with night time temperatures of 14-18 °C; the inflow would have helped 
sustain an extra 1-3 meters of 12-18 °C water depths in the reservoir. This may have been enough to 
barely carry the cold water fishery through summer stagnation.  At any rate temperature issues alone 
make survival problematic over the past couple of decades and extending into the future with lower 
July/August inflows.  Phosphorus reductions alone cannot completely remediate all the other stressors 
which fish in East Canyon Reservoir now have to contend with, water temperature being one of the major 
issues. 

The only year that the cold water fishery apparently survived summer stagnation was in 2005. However, 
the total phosphorus loading in 2005 was high; and the spring diatom bloom in 2005 was very large. In 
2005 the reservoir operated at higher elevations through July and August. The reservoir didn’t really 
stratify until early July, and then the shallow epilimnion cooled to below 20°C by about August 24th.  The 
weather and the fuller reservoir left a couple meters more water in the metalimnion between the 
temperature ranges of 12-18°C in 2005.  In 2006-2007 there was again significant reduction in the 12-
18°C zones in July and August. The day count of violations suggests that trout should have had a couple 
of meters to survive through the worst of summer stagnation period in 2006, but apparently they did not.  
The 2006 zone of 12-18°C water was minimal- even though a wetter year, and it was moving during high 
winds in ways that would require fish to move more in 2006 than in 2005 (See AVI file animations in the 
attached DVD version). The summer stagnation period produced by weather was longer in 2006 than in 
2005.  During the dry years with a greater drawdown, the shortage of a 12-18 °C zone is a major control 
in attainment of the cold water fish protection water quality criteria or not. Reservoir drawdown in July 
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and August, lack of a cool quantity of sufficient inflow, and a much longer summer stagnation period in 
2006 was more significant than phosphorus loading. 

2.8 Uncertainty 
Uncertainty in this study involves a number of interrelated items.  The sparse tributary input nutrient and 
organic matter data is a major concern. If the W2 simulations indicated a shortage in the overall long term 
phosphorus budget, there would be no way to determine if this shortage was due to inadequate inputs 
from the watershed or from internal loading in the reservoir.  There certainly are indications that major 
runoff events from some sub watersheds could produce significant errors in the overall input watershed 
phosphorus budget (Olson and Stamp-Biowest, 2000).  When there is so much phosphorus that light and 
not nutrients are limiting to algal production, it is also more difficult for W2 to determine that there is a 
shortage in the phosphorus budget.  This is the case with the 1990s W2 approximations. However, there is 
still a brief period during the peak spring algal blooms before stratification when light and not phosphorus 
is limiting to biomass production even after a 60% phosphorus reduction.  This light limitation is due to 
self shading from the algal bloom and not due to turbidity from the spring runoff. This common 
denominator of attaining light limitation during the peak spring bloom is also the common denominator 
maintaining metalimnion oxygen depletion rates in July and August even with the phosphorus reductions.    

The advantage of running the W2 simulations for major portions of two decades with >60% phosphorus 
reductions is that in that time period a major shortage in understanding the phosphorus budget should 
show up as an accumulative error. However, if perhaps the tributary budget over-estimates phosphorus 
input, then the internal recycling of inorganic phosphorus from the sediments could be underestimated. 
This seems unlikely as the major runoff events may be under represented in the database.  Never-the-less, 
the spring runoff and annual turnover events still provide too much phosphorus. In order to implement 
another non-point source reduction with large enough loads to hope to attain some additional 
measurement end-point goals will require a much better data set. These improved data sets are essential to 
find the sources and to devise best management practices to control them. 

The lack of chlorophyll and plankton data, particularly in May and June during the peak spring algal 
bloom is a significant uncertainty.  The chlorophyll and biomass data is in general too sparse, does not 
provide a lateral average for model calibration, and appears to be biased to low to use to calibrate the W2 
model. The satellite image of Chlorophyll in October of 2000 provided enough information to decide to 
not force the W2 model to calibrate to the chlorophyll biomass numbers. However, that single date event 
(Figure 1.4.3.4-3) certainly leaves some uncertainty.  The personal observations of the author who 
devised that satellite image study for this purpose and of Dr. Sam Rushforth support the hypothesis that 
this October 2000 event was not an unusual algal bloom in this reservoir.  This further supports the 
decision to allow the W2 model to determine if internal algal production could account for the important 
limnological processes. Since the author and Dr. Rushforth have devoted a career to limnological studies 
of reservoirs, there several decades of observing this reservoir are worth noting.   

A future approach to reduce uncertainty should be to conduct monitoring to prove the W2 model is 
wrong, or not. That means that studying the W2 model results should be a major input driving future 
monitoring considerations. 

The W2 model also has uncertainty.  The mixture of water going into the outlet from above the top of the 
old concrete dam versus through the hole in that dam is probably not perfect; and certainly could vary in 
accuracy with change in water elevation and discharge volume as well.  Collecting more hourly 
temperature and dissolved oxygen; as well as collecting more dissolved phosphorus, total phosphorus, 
and organic phosphorus data right at the dam discharge over several years could help reduce this 
uncertainty.  Collecting Doppler velocity measurements between the two sets of structures and on both 
sides of the hypolimnion hole through the old concrete dam could also confirm the hydrodynamics. 
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Again, if a major error was occurring in the movement of hypolimnion water through the hole in the old 
concrete dam, the hypolimnion would continually get warmer over the course of the summer. This is 
exactly what does happen in numerous simulations to test various W2 configurations that do pull to much 
hypolimnion water through the hole in the old dam.  However, the exact location of the surface layer 
withdrawal versus wind seiching and thermal buoyancy blocks from water above the thermocline could 
also contain errors.   

The very sharp thermocline with temperature dropping as much as 6 °C in only one meter depth increase 
somewhere in the 6-8 meter range, especially when the reservoir is drawn down to place the metalimnion 
just above or at the elevation of the top of the old dam is a pretty strong calibration point.  The model is 
not perfect in the metalimnion, but it certainly isn’t too bad. The model is maintaining the very cold 
temperatures in the hypolimnion on both sides of the old concrete structure which is also a strong 
calibration point.  

The lack of local wind speed, wind direction, and daily surface water temperatures at East Canyon 
Reservoir greatly reduces the ability to calibrate the W2 model to the actual date and hour samples taken 
at the reservoir. The strength of this W2 application is in being able to approximate long term multiple 
year trends. The weakness is in the lack of local meteorological and stream inflow temperature data; the 
ECWRF is now sponsoring a USGS gauging station on East Canyon Creek at the reservoir with 
temperature measurements. 

Figure 2.3-1 charts the relationship between chlorophyll as a percent of days count that exceed 30 μg/L 
versus load for some of the more important future scenario phosphorus reductions and the baseline.  The 
loads were calculated by Dr. Erica Gaddis of SWCA independently of this W2 study.  The exception 
being that the author estimated the 1991-1996 overall average loads with a very simplified method. The 
1991-1998 W2 simulation is more for algal succession confirmation, and is not used in scenario 
assessments. 

Whenever an electronic computer model is doing millions of computations in a dynamic simulation, there 
will be some errors.  Some of that is evident in the noise in the day count violation tables of < 20 °C and 
> than 4.0 mg/L dissolved oxygen tables.  There probably is not a significant difference in a count of zero 
versus a count of 6-8 days.  This puts a little more uncertainty on future small improvements in reductions 
of those counts with future phosphorus reduction scenarios. 

There is sufficient uncertainty in the data used to drive this analysis, and in unknowns about reservoir 
hydrodynamics to leave no guarantees that the sensitivity studies of potential future conditions are 
precisely accurate. There is definitely a need to increase the confidence in attaining future measurement 
end-point goals. These W2 simulations reveal some very important facts with regards to uncertainty.  The 
W2 simulations confirm the observations that internal algal production is the major driving force for 
dissolved oxygen dynamics in East Canyon Reservoir, and it strongly supports the hypothesis that 
external dissolved phosphorus loading drives that phytoplankton production.  The W2 model also reveals 
some very important information about the hydrodynamics and hydrologic cycles with regards to 
temporary retention of phosphorus that can produce some upset years in the future. Several slightly 
wet/average years in a row could produce a return to fall blue-green algal blooms due to this hydrologic 
cycles high phosphorus retention in the stagnant zone of the hypolimnion. The model also strongly 
suggests that a management method to reduce this hypolimnion phosphorus accumulation may be as 
important as attaining future additional watershed reductions of phosphorus.  The W2 analysis puts a high 
uncertainty on the assumption that phosphorus reduction alone can guarantee maintaining a cold water 
fish protection water quality standard of <20 °C with more than 4.0 mg/L of dissolved oxygen in two or 
more consecutive meter zones of water every year. The W2 model provides a lot of information, and 
future studies should in part be designed to prove the model is wrong, or not.   
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2.9 Seasonality 
The importance of the May-June time period has been stressed several times.  The turnover bioavailable 
phosphorus from the complete mixing in the spring, coupled with the high inflow during runoff drives 
very large spring algal bloom biomasses. The overflow nature of the spring inflow puts the phosphorus 
that is chemically bioavailable into the epilimnion where it is physically available. When the reservoir is 
fullest, the largest shallow surface areas occur, and it accumulates a significant portion of the settling 
spring algal bloom by late June.  These algal biomasses settling in the epilimnion or metalimnion will 
decay in 10-20 days in 18-24 °C water with near complete recycling of phosphorus. The 
metalimnion zone at 10-20 °C will decay in about 30-50 days, but as the reservoir elevation drops, 
fall temperatures increase with depth; the warming and ripe algal masses will also accelerate in 
decomposition.  Near 50 % of the phosphorus in the reservoir will likely be utilized in any given 
year. The April-September inflows will have the greatest utilization, and some of the April-June 
runoff inflows will be recycled to algae > complete decay > back to algae as many as 3-4 times over 
5 months.  Therefore the April-June bioavailable phosphorus inflow is a priority to continue to 
reduce overall phytoplankton productivity. However, it is equally as important to maintain low 
summer bioavailable phosphorus inflows. 

Fall blue-green algae fix nitrogen and then decompose all winter and into the spring.  The nitrogen added 
to the water from the decomposition of the previous fall blue-green algal blooms then helps build the 
spring algal blooms to light limitation.  Maintaining phosphorus limitation during all time periods is 
important. The model may not properly represent future nitrogen/phosphorus ratios, and thus blue-green 
algal advantages. 
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3 Conclusions And Recommendations 

3.1 Conclusions 
The W2 simulations of East Canyon Reservoir accomplish several very important water quality 
assessment goals: 

1) The W2 simulations affectively demonstrate that internal phytoplankton productivity 
produces most of the oxygen demand in the reservoir metalimnion and hypolimnion; 

2) The annual dissolved phosphorus inflow can drive all these processes although nutrient  retention 
and algal biomass recycling over 2-3 years can also be an important factor; 

3) The decay of autochthonous organic matter produces most of the sediment phosphorus release, 
and is very temperature dependent-this process takes more than one year; 

4) The W2 simulations can approximate/ calibrate the 1990s and 2003-2007 East Canyon Reservoir 
limnology including major shifts in phosphorus concentrations in the reservoir and in the dam 
releases; 

5) The W2 simulations can approximate the major algal succession shifts seasonally (generally 
within about the appropriate 10 day period), and annually with major shifts away from summer 
time Cyanophyta dominance after 2004; 

6) The W2 simulation correctly indicates these major algal succession shifts occur because the 
epilimnion becomes phosphorus limited by about July of 2005, and from late June to early 
September in 2006-2007 as a result of phosphorus reductions; 

7) The W2 simulations indicate that future measurement end-points from additional 
phosphorus reductions will be realized more slowly and over a much longer period of 
time than occurred with the much larger reductions from the mid 1990s to summer of 
2004; 

8) The W2 simulations adequately represent the major skimming and other hydrodynamic 
affects of the old dams inundated in front of the new dams to conduct sensitivity studies 
of potential future limnological scenarios by repeating the 2003-2007 hydrology  
continuously after 2007 with future proposed additional phosphorus reduction scenarios; 

9) The W2 simulations of these future sensitivity studies indicates that a cycle of phosphorus 
retention and eventual routing with increased dilution following a drought will offset attaining all 
the measurement end-point goals during at least some years in the future even with additional 
phosphorus reduction; 

10) The W2 simulations indicate that the watershed phosphorus reductions to date have 
produced very significant measurement end-point goals by maintaining less than 6-9%  of 
the days in the summer that chlorophyll would exceed 30 μg/L; 

11) The W2 simulations indicate the reservoir was rarely phosphorus limited prior to  2005, 
during the 1990s calibration period summer time chlorophyll exceeded 30 μg/L from 20-
50  % of the days commonly; 

12) The data and W2 simulations indicate that substantial reductions in blue-green algal 
biomass have occurred since implementation of phosphorus controls starting about 
summer of 2004; 

13) The cold water fishery carried over for the first time in decades in 2005, and the W2 
simulations captured this change correctly and on time; 

14) The W2 simulations indicate that greater than an additional 50 % reductions of non-point 
source phosphorus plus maintaining very low point source phosphorus concentrations 
into the future are required to realize any substantial additional improvements with 
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15) W2 simulations indicate that future reductions in chlorophyll accidences of 10 % of summer days 
greater than 30 μg/L reductions can be attained with a 65-75 % reduction of non-point source 
phosphorus ( with chlorophyll decreasing from 6-8 % to less than 2-4 % accidence), providing a 
margin of safety; 

16) W2 simulations indicate that an additional 65-75 % reduction of non-point source 
phosphorus in the future will also reduce risks of blue-green algae seasonal dominance 
and decrease Cyanophyta to less than 3-6% of total annual algal biomass; and 

17) W2 simulations indicate that phosphorus alone cannot achieve carryover of a cold water 
fishery every year by attaining the measurement end-point goals to not violate a water 
quality standard to maintain 2-3 meters of less than 20 °C water with greater than 4.0 
mg/L dissolved oxygen, but a future phosphors decrease > 65% of non-point sources may 
improve trout carry over to around 50 % of the years. 

East Canyon Reservoir was spilling by late May in 2008. If it warms up, the wind switches and come 
from the South, and the reservoir continues to spill; then a significant portion of the spring algal bloom 
may to pushed to the dam and exported. If higher inflows continue through the summer of 2008 trout may 
carry over again.  If it turns very hot and the reservoir has maximum summer stagnation from late June to 
mid September, and the inflow drops to the low levels of previous years; then the cold water fishery is not 
likely to survive again through the summer of 2008. The phosphorus TMDL is not by its self going to 
restore a cold water fishery consistently, and other stressors and factors may prevent the phosphorus 
TMDL from attaining this goal. 

The appropriate way to view the sensitivity studies in this report is not to look at 2008 and say he sure 
missed that. The sensitivity studies wrap the drought year 2003 behind 2007 and refer to it as 2008. It is a 
sensitivity study- not a prediction of 2008. To compare the sensitivity studies with the data at the end of 
2008- look to the 2010 and 21011 repeat of 2005-2006  hydrology which will at least be similar to 2008 
actual hydrology. Even then the hydrologic and dam elevation sequence that established the amount of 
phosphorus retained in the previous couple of years will not be same as the 2010 sensitivity study with 
2005 data.  The 2008 hydrology and water quality data should be added to the W2 simulations because 
the 2003-2007 time period is overall to dry, and needs another wet year to help look into the future with 
more confidence.   

3.2 Recommendations 
Scenario C3d is recommended based on W2 simulations indicating that this scenario provides the greatest 
benefits for the least phosphorus reduction. There are clear separations in benefits with this scenario and 
C3a, while the W2 simulations show very little continued benefits from higher phosphorus reductions.  
However, some additional studies of the cycle of accumulation of phosphorus in the deep stagnant 
hypolimnetic zone also need to be done, and some management options should be considered to either 
trap or move some of this phosphorus and organic matter.  The rate of oxygen depletion is controlled by 
organic matter temperature rate of decay, burial, and annual accumulation. Until the annual rate of total 
organic matter accumulating to the sediment is less than the decay rate, the decay rate will remain the 
same.  Future additional studies utilizing W2 simulations as a guide are needed to properly weigh cost, 
benefits, and feasibility of implementation against internal hypolimnion intervention and control of 
phosphorus in the watershed. 
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The phosphorus reductions that have been realized to date have accomplished very important 
measurement end-point goals in East Canyon Reservoir.  There is only a small margin of safety (probably 
less than a 900 Kg/year) increase in annual phosphorus loading before some of these measurement end-
point goals will begin to slide back to less desirable conditions.  This would be particularly true if the 
increases were very large from April to October.  It will require an additional 65 % non-point source 
reduction of biologically available forms of phosphorus to attain additional significant measurement end-
point goals with regards to decreasing days exceeding 30 μg/L chlorophyll, and in keeping a low 
probability of nuisance and potentially even toxic blue-green algal blooms in September-October. There 
appears to be some potential to attain the water quality standards to protect a cold water sport fishery in at 
least 2-5 meters of water (depending on water year hydrologic cycles and reservoir elevations over the 
past several years) up to about 50 % of the years with an additional 65% non-point source phosphorus 
reduction. However, hydrodynamics and other stressors could preclude trout survival through summer 
stagnation in any given year. If the cold water fishery does not carry over in 2008, this issue may need 
additional evaluation because other stressors like whirling disease, parasites, and spawning may also be 
additive. This reservoir has a limited ability to support a cold water fishery. 

The deep stagnant zone of the hypolimnion will retain substantial amounts of phosphorus that will build 
up over several years before being flushed by the high dilution factor wet hydrology on low reservoir 
elevation cycle.  If an additional 50-65% or greater reduction in non-point sources can be realized, this 
hypolimnion phosphorus loading and recycling may require some mitigation to attain some of the future 
measurement end-point goals. Without an additional 50-65 % non-point source phosphorus reduction, the 
hypolimnion chemical treatment would probably not be effective for more than 3-5 years depending on 
hydrologic cycles.   

The recommendations for additional future phosphorus reductions and other potential remediation 
options include: 

 
1) Reductions of non-point source phosphorus sources in this order of priority: a) spring runoff 
and summer time dissolved phosphorus, b) spring runoff and summer time organic phosphorus, 
c) annual iron or manganese adsorbed phosphorus, and d) all forms of potentially bioavailable 
phosphorus within a two year time frame input into the reservoir. 
2) A total annual reduction of 65% additional phosphorus is required to see further measureable 
improvements with regards to chlorophyll, blue-green algae, and improving the chances of a cold 
water fish carrying over in around 50 % of the years; this is referred to as Scenario C3d. 
3) Utilize the findings of the W2 model simulations to drive monitoring methodologies in the 
future. 
4) Obtain more spring runoff dissolved, organic and total phosphorus data, as well as nitrogen 
data. 
5) Conduct a reservoir sediment phosphorus release study that is properly placed at 1-3 
locations, starts immediately after oxygen depletion begins, and ends before anoxia so that 
Sediment Oxygen Demand rates can be calculated, and provides sufficient information to assess 
future hypolimnion phosphorus/sediment treatment alternative analysis data. This is a priority if 
a chemical treatment of the sediment or stagnant zone of the hypolimnion is seriously considered 
in the future. 
6) Collect sufficient chlorophyll samples to represent a lateral segment average, and enough 
phytoplankton data to continue to assess potential hazards from blue-green algae. 

7) Maintain the existing phosphorus TMDL as there is ample opportunity to cause additional erosion and 
phosphorus loading in this watershed; it is imperative to not increase loading in the future. In addition to a 
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need to reduce future non-point source loading; there is also a significant need to prevent additional future 
non-point source loading. This requires an aggressive land use management planning and BMP program 
forever in this watershed.  The erosion control BMPs on the Phosphoria Formation soils on steep slopes is 
particularly a priority. 

In addition to the above, the W2 simulations make it very obvious that attaining future improvements may 
depend on reducing the build up and retention of hypolimnion phosphorus.  Moving high phosphorus 
water from the stagnant zone of the hypolimnion may present some opportunities to accomplish some 
things with regards to decreasing the hypolimnion phosphorus concentrations and periodic build up.  
Should Park City decide to pump water back from East Canyon Reservoir, there may be opportunity to 
optimize water quality in the alternatives considered.  The W2 model as presently constituted could 
greatly assist in this analysis of alternatives. The Bureau of Reclamation provided the frame work for this 
model, and they will also receive this model back. They have personnel trained to use it, and are 
tentatively scheduled to conduct NEPA compliance studies of various alternatives for Park City to 
withdraw water from East Canyon Reservoir. They may also have opportunity to continue to partner with 
Utah DEQ and provide them with additional assistance in utilizing the CE-QUAL-W2 model. 

An alternative of chemical treatment to bind phosphorus load into the sediment, particularly in the deep 
hypolimnion stagnation zone may provide some opportunity for long term benefits with minimal hazards. 
However, such an alternative would be fruitless without an additional annual phosphorus reduction of 50-
65 % from the watershed. Otherwise the benefits of a hypolimnion treatment might not be more than 3-5 
years. 

Lastly, the phosphoria formation soils on steep slopes need careful future management and study to 
understand the relationship between erosion and movement of bioavailable phosphorus into East 
Canyon Reservoir.  Studies of this relationship must include sampling and extraction procedures that find 
the most bioavailable forms for reduction for the dollars spent. Reduction of aluminum or apatite mineral 
forms of phosphorus will yield little improvement in East Canyon Reservoir.  The Phosphoria Formation 
bedrock contains phosphorus primarily in the form of apatite which is a very insoluble mineral. However, 
oxidation and chemical weathering of this bedrock can also produce soils that are very high in 
bioavailable phosphorus. Extensive study of spring snow melt phosphorus loading needs to begin 
immediately starting with utilization of the Biowest Study (Olsen, D. Stamp, M.; 2000) as a guide.   

The study of non-point source and spring runoff phosphorus loading in this watershed is essential to 
quantifying the potential for future additional phosphorus reductions. However, it may also be essential to 
define the preventative best management practices needed just to maintain the phosphorus loading with 
future development at the current levels. A non degradation policy is an important consideration because 
there is currently a very small margin of safety. 

93 
 



4 Bibliography  
 

Chapra, C.C., 1997,”Surface Water-Quality Modeling”, WCB-McGraw-Hill. 

Cole, T.M.; and Wells, S.A ; 2005, .”CE-QUAL-W2: A Two-Dimensional, Laterally Averaged, 
Hydrodynamic and Water Quality Model, Version 3.2; User Manual”; (Thomas M. Cole, Environmental 
Laboratory- U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg, MS 39180-
6199); (Scott A. Wells, Department of Civil and Environmental Engineering, Portland State University, 
Portland, OR)  

DOI-USBR,1979 & 1987 M&I System FES and Supplement to FES; Bonneville Unit, Central Utah 
Project, U.S. Bureau of Reclamation, Salt Lake City, Utah  [Jerry Miller- author of this study also 
authored the water quality sections of the M&I System FES and Supplement to the FES- from which the 
Deer Creek Reservoir phosphorus TMDL was undertaken as a joint interagency program officially 
beginning in 1984].  

Edinger, J.E., and Buchak, E.M. 1975. "A Hydrodynamic, Two-Dimensional Reservoir Model: The 
Computational Basis", prepared for US Army Engineer Division, Ohio River, Cincinnati, Ohio. 

. 1978. "Reservoir Longitudinal and Vertical Implicit Hydrodynamics", Environmental Effects of 
Hydraulic Engineering Works, Proceedings of an International Symposium, Knoxville, TN. 

. 1980. "Numerical Hydrodynamics of Estuaries", Estuarine and Wetland Processes with Emphasison 
Modeling, P. Hamilton and K.B. Macdonald, eds., Plenum Press, New York, pp. 

115-146. 

. 1983. "Developments in LARM2: A Longitudinal-Vertical, Time-Varying Hydrodynamic 

Reservoir Model", Technical Rpt. E-83-1, US Army Engineer Waterways Experiment Station, Vicksburg, 
MS. 

Hauser,G.,  2007. loginetics, AGMP, CE-QUAL-W2 model post processor; http://www.loginetics.com/ 

Jukka Horppila, Tommi Malinen, Leena Nurminen, Petra Tallberg and Mika Vinni, 2004, “A 
metalimnetic oxygen minimum indirectly contributing to the low biomass of cladocerans in Lake 
Hiidenvesi – a diurnal study on the refuge effect”, Hdydrobiologia, 0018-8158 (Print) 1573-5117 
(online); Volume 436, Numbers 1-3 / October, 2000; Springer, Netherlands 

Kaczmarska, I. and Rushforth, S.R.;  1983.  The diatom flora of Blue Lake Warm Spring, Utah.  
Bibliotheca Diatomologica 2(1):1-123. 

Miller, J.B.;2008,  personal communications from thirty years working on Western U.S. States Reservoirs 
as a Bureau of Reclamation employee, currently JM Water Quality, Hooper, Utah email 
jbmtall@gmail.com 

Miller, J.B. 2008; personal communication, a metalimnion minimum has been a common experience in 
30 years of studying Western United States Reservoir Limnology. 

Nadolski, B.K. and Schaugaard, C.J.; 2007 draft “GILLNET FISH POPULATION SURVEYS AT EAST 
CANYON, ROCKPORT, AND WHITNEY RESERVOIRS DURING 2007”; Utah Department of 
Natural Resources, Division of Wildlife Resources, Sport Fish Restoration Act, Project F-44-R; 1594 
West North Temple Suite 2110, Salt Lake City, Utah 84114.   Plus Personal communications in 2008 to 
the TMDL working group. 

94 
 

http://www.loginetics.com/
http://www.springerlink.com/content/34xtccywrld4/?p=b0171a73026142a6990b46645d178134&pi=0
mailto:jbmtall@gmail.com


NALMS/EPA, 1984; North American Lake Management Society, Proceedings of the third annual 
conference, Oct. 18-0, 1983; published by the U.S. Environmental Protection Agency- EPA 440/5/84-
001, Pages 261-292,  Plenary session- Comparative Analysis of  Reservoir; Authors included  Kent 
Thornton, Robert H. Kennedy- co-chair, Jerry Miller- co-chair, Alan W. Groeger and Bruce L. Kimmel, 
William W. Walker, Jr..  

Olsen, Darren, and Stamp, Melissa; 2000; "East Canyon Watershed Sub-Basin Water Quality Monitoring 
Results”, prepared for Ray Loveless, Mountainland Association of Governments, 586 East 800 North, 
Orem, Utah 84097; Biowest. Inc., 1063 West 1400 North, Logan, Utah, 8432; e-mail 
dolsen@biowest.com 

Owens, S. O., and Cornwell, J.C.; 2008;East Canyon Reservoir Sediment Nutrient Fluxes- Final 
Draft Report; Chesapeake Biogeochemical Associated, PO Box 167, Sharptown, MD 21861;prepared 
for Hydroqual, Inc. Mahwah, New Jersey- under contract to Snyderville Basin Water Reclamation 
District, Feb, 2008. 

Oreskes, N., Shrader-Frechette, K., and Belitz, K. 1994; “Verification, Validation and Confirmation of 
Numerical Models in Earth Sciences”: Science 263(5147):641-646 

Peterson, Scott, 2008, Weber River Basin Water District Laboratory, data provided by MS EXCEL 
spreadsheet to Jerry Miller for this study. 

Radtke, Robert, 2008; personal communication to Jerry Miller, provided Figure 1.3.2.1-1 Surfer 
plots of data collected by Reclamation in August of 2007 from numerous vertical profiles taken 
in the vicinity of the three dams;  U.S. Bureau of Reclamation, Upper Colorado Region, SLC, 
Utah. 

Reynolds, C.S, 2006, “Ecology of Phytoplankton”, Cambridge University Press, www.cambridge.org. 

Rusforth, S.R, and Rushforth, S.J.; 2003, 2004, 2005, 2006, 2007; “A STUDY OF PHYTOPLANKTON 
FLORAS FROM EAST CANYON RESERVOIR, MORGAN COUNTY, UTAH, SUMMER, Rushforth 
Phycology, LLC; Samuel R. Rushforth, Ph.D., Dean of Science and Health; Utah Valley State College, 
Orem, Utah 84058. (annual reports to Utah DEQ and/or to USBR). 

Rushforth, S.R. 2006, personal communication- MS EXCEL spreadsheet- “East_Canyon Yearly 
Comparisons-BOR+DWQ” to Jerry Miller, The data in this spreadsheet demonstrated the differences in 
total algal biomass estimates in ECR utilizing July-November data from Utah DEQ versus combining 
May and June samples from USBR.  

Shapiro, J, 1960, “The Cause of a Metalimnetic Minimum of Dissolved Oxygen”;   

Limnology and Oceanography, Vol. 5, No. 2 (Apr., 1960), pp. 216-227   (article consists of 12 pages) 
Published by: American Society of Limnology and Oceanography. 

 

Stephenson, Dave; 2006-2007; personal communications,  Utah State University, Weber River Basin 
Draft Water Quality data bases and routing models.  

Shearer, Mindy, 2002, USGS, Cook, Washington;  personal communication to USBR-Jerry Miller; 
Satelitte image chlorophyll study of East Canyon Dam October 2000, joint DOI sponsored reservoir water 
quality study conducted by USGS and USBR.  

Prakash, Shwet; 2008, Senior Project Engineer, Personal communication to Jerry Miller from  
Environment Resources Management (ERM), 350 Eagle View Blvd, Suite 200,   Exton, PA  19341.  
Diagram of the algal succession code conceptually developed by Jerry Miller with extensive discussion 

95 
 

mailto:dolsen@biowest.com
http://www.cambridge.org/
http://www.jstor.org/action/showPublisher?publisherCode=limnoc


with Shwet and Ed, others- Fortran code including this diagram was written by Shwet Prakash, personal 
communication to Jerry Miller (2008). 

USU, 2000; “Technical support for Watershed Water Quality Evaluation for TMDL support for the East 
Canyon Creek/East Canyon Reservoir system, Summit County, UT”, Phase I Report;Utah State Contract 
No. 001207, Utah Water Research Laboratory, UMC 8200; 

Utah State University, Logan, UT 84322-4110 

Utah Department of Environmental Quality, Water Quality Division, 2008, Draft East Canyon TMDL, 
SWCA, Salt Lake City, Utah,  

http://www.waterquality.utah.gov/TMDL/East_Canyon_Reservoir_TMDL.pdf 

Wetzel, Robert G., 2001, “Limnology, Lake and River Ecosystems, 3rd edition, Academic Press. 

Williams, NT; 2007; “Modeling Dissolved Oxygen in Lake Powell Using CE-QUAL-W2  

Using  CE-QUAL-W2”; A thesis submitted to the faculty of Brigham Young University  

in partial fulfillment of the requirements for the degree of Master of Science, Department of Civil and 
Environmental Engineering, Brigham Young University, Provo, Utah, April 2007. 

Williams, N.T., 2008.  Personal communications,  U.S. Bureau of Reclamation, SLC, Utah, 2008. 

Websites of interest and related to this project: 

http://www.loginetics.com/ 

http://www.waterquality.utah.gov/TMDL/East_Canyon_Reservoir_TMDL.pdf 

The .Utah.gov/TMDL/Deer Creek Reservoir site is also very relevant to this study. 

http://www.ce.pdx.edu/w2/index.html  ?projects_spokane_river.html 

http://www.cequalw2wiki.com/wiki/index.php5?title=Main_Page 

http://www.eastcanyoncreek.org/mambo/index.php?option=content&task=view&id=27&Itemid=40 

http://www.waterquality.utah.gov/watersheds/lakes/EASTCYN.pdf 

 

96 
 

http://www.waterquality.utah.gov/TMDL/East_Canyon_Reservoir_TMDL.pdf
http://www.loginetics.com/
http://www.waterquality.utah.gov/TMDL/East_Canyon_Reservoir_TMDL.pdf
http://www.ce.pdx.edu/w2/index.html%20%20?projects_spokane_river.html
http://www.cequalw2wiki.com/wiki/index.php5?title=Main_Page
http://www.eastcanyoncreek.org/mambo/index.php?option=content&task=view&id=27&Itemid=40
http://www.waterquality.utah.gov/watersheds/lakes/EASTCYN.pdf


 
 

5 Definitions 
Autochthonous- refers to matter generated within the reservoir basin, such as phytoplankton. 
 
Allochthonous- refers to matter imported from the watershed. 
 
ECR- acronym for East Canyon Reservoir 
ECWRF- East Canyon Water Reclamation Facility 
 
Eutrophication- is a process of aging in a lake or reservoir signified by deposition of sediment, 
shallowing, increasing nutrient content, decreasing dissolved oxygen, and over productivity of 
phytoplankton. This is a natural process that is often greatly accelerated by human impacts.   
 
Epilimnion- signifies the summer time warm water above the thermocline which is generally 
only about top 8 meters in East Canyon Reservoir. 
Metalimnion- is the zone of rapidly changing water temperatures from just beneath the 
thermocline to cooler water more representative of the deeper hypolimnion. 
Hypolimnion- is the zone of cold water beneath the metalimnion- in ECR this is usually from 
about 14-18 meters deep to the bottom. 
Thermocline-is the depth at which the water temperature drops more than 1°C through one 
meter of water forming a density barrier to mixing of oxygenated water from the surface. In ECR 
a very sharp thermocline begins at 7-8 meters with temperatures sometimes dropping more than 
6°C in only 2-3 meters of water.   
Seechi Disk is a measurement of water clarity with a stand white and black disk lowered into the 
water to the measured depth where it is no longer visible. 
 
WWTP- wastewater treatment plant 
M&I water- Municipal and Industrial water  
 
CMS- cubic meters/second 
Mg/L- milligrams per liter or parts per million which is also equal to grams/cubic meter 
µg/L – micrograms per liter or parts per billion 
 
Phytoplankton and algae- used interchangeably 
Cyanophyta and blue-green algae used interchangeably 
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A final note from the Author: 

This report was prepared in a very short time frame and on a very short budget.  It provided me with an 
opportunity to share thirty years of experience on this and other reservoirs in the region. The report is a 
little long and has some redundancy in order to emphasize the inter-relationships between elements. In ten 
to fifteen years someone will appreciate more information than less provided here. Over the past three 
decades I have helped build several dams, and modeled and wrote environmental impacts statements on 
their trophic status before they were built. I survived sticking around and being accountable for those 
predictions. However, in reviewing my work over thirty years, I always find mistakes, errors, and things 
were additional knowledge improved our understanding. One of those errors was in under estimating the 
Deer Creek Reservoir’s oxygen depletion rate memory nearly 30 years ago. I don’t believe I made any 
promises about recovery of dissolved oxygen in Deer Creek, but I did propose that a minimum flow 
entering Deer Creek at night with colder water released upstream from the selective withdrawal structure 
I conceptually designed on Jordanelle Dam upstream would provide a refuge to carry trout through 
summer stagnation.   Tremendous good has come from the Deer Creek phosphorus TMDL and the 
operation of the Jordanelle selective withdrawal structure is a significant portion of this success. Governor 
Scott Matheson believed in me and set up the committee to implement this pioneering watershed 
phosphorus TMDL.  The cold water fishery in Deer Creek has thrived since operation of the Jordanelle 
selective withdrawal structure began operation.  

There are some errors from lack of understanding in this report as well. There are few attempts to 
complete algal succession in dynamic models as was attempted here.  I have attempted to share as much 
information as I could, so that ten to fifteen years from now you might be able to take what I offer and 
expand upon it- Good luck to you. 

Over the past thirty years many people have freely exchanged ideas, reviewed and offered constructive 
criticism of my work, and respected my abilities sufficiently to fund many water quality studies in the 
Intermountain West.  Ms. Sharon Campbell (USGS) and Dr. Ed Buchak provided extensive comments 
and encouragement on the first draft of this document, and Mr. Nick Williams and Beau Urionia my 
former students at Reclamation also found some critical errors or suggested some improvements in this 
W2 model application. Without Loginetics AGPM post processor it would have taken months more to 
complete the analyses contained in this report- thanks to Mr. Gary Hauser for his help with this.  CE-
QUAL-W2 is a model with wonderful capacities, and still needing improvement.  Algal succession will 
still be an ongoing progressive work for years to come.  Remember this was a first attempt to harness the 
power of W2 to vertical daily phytoplankton migration and seasonal dormancy reproductive cycles.  
Without the programming of Mr. Shwet Prakash, this would not have been possible.  I Thank all my 
colleagues and friends for even tolerating, let alone considering all my “out of the box ideas”.  Dr. Sam 
Rushforth and his daughter Sarah Jane’s long years of phytoplankton work and personal inspiration, 
friendship, and assistance make this study a possibility- that otherwise couldn’t have even began- a 
special thanks to you.  

 
Sincerely 
 
Jerry Miller-  JM Water Quality LLC, jbmtall49@gmail.com 
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Blue-green algae blooms on Deer Creek Reservoir before the phosphorus TMDL.
 The Algal blooms stacked into East Canyon Dam before the TMDL made this 
 look good at times.  
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