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1.0  INTRODUCTION 
 
The Provo River Delta Restoration Project (proposed project) would involve the partial removal 
of Skipper Bay dike and rerouting of the lower Provo River from its present location to the north 
into a restored delta/wetland complex. More information about the proposed project and the 
development of project alternatives can be found in the Alternatives Development Technical 
Memorandum (URMCC et al. 2011). Under all four action alternatives, the existing Provo River 
channel would remain in place, but the majority of streamflow would be diverted into a restored 
delta complex to the north. 
 
This memorandum addresses a specific concern identified during project scoping: the potential 
for water quality conditions in the existing lower river channel to decline following diversion of 
flow into the newly constructed delta area. The existing river channel downstream from 
Lakeshore Drive is heavily used for recreation including biking, jogging, walking, running, and 
roller-blading on the Provo River Parkway Trail, and fishing and canoeing in the river. A 
commercial ropes course and a campground are also located adjacent to the river in this reach. 
The quality of the riverside recreational experience could suffer if degraded water quality were to 
lead to unsightly algae blooms and/or unpleasant odors. Furthermore, the fishery could be 
impacted if dissolved oxygen concentrations drop below lethal levels for longer periods than 
currently occur in the lower Provo River. 
 
The purpose of this memorandum is to describe the current water quality conditions along the 
existing lower Provo River channel-Utah Lake interface below Lakeshore Drive (Study Area) 
and provide data that will allow evaluation of the potential effects of the proposed project on 
water quality in this area. This memorandum discusses the water quality effects of interactions 
between Utah Lake levels, Provo River discharge, and both daily and seasonal air temperature 
cycles. An understanding of the current variables that control water quality conditions within the 
river channel – lake interface will enable planners to predict the anticipated water quality 
response to hydrologic changes associated with the proposed project. 
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2.0  ENVIRONMENTAL CONTROLS ON WATER QUALITY 
 
Water quality conditions in rivers and lakes are the result of complex interactions between 
various physical, biological, and chemical variables and processes. On the lower Provo River, 
the primary water quality parameters that could be affected by flow diversion include water 
temperature, dissolved oxygen, nutrient and sediment loads, and the frequency/intensity of algal 
blooms. The discussion below addresses some of the major factors controlling these parameters, 
and Figure 1 illustrates how these factors interact to influence water quality conditions. 
 
 

 
Figure 1. Conceptual diagram illustrating factors affecting dissolved oxygen in Chesapeake Bay. 

Source: Caroline Wicks, Integration and Application Network, University of Maryland 
Center for Environmental Science (ian.umces.edu/imagelibrary). 

 
 

2.1  Wind and Flow Velocity 
 
Fish and other aquatic organisms require oxygen to breathe and specifically utilize oxygen gas 
that is dissolved in the water column. In Utah, the state Division of Water Quality (UDWQ) has 
set standards for minimum dissolved oxygen levels to protect the health of aquatic wildlife 
(Table 1). Diffusion, or physical reoxygenation, is one process by which oxygen is introduced 
into the water column. In lakes or large, open river channels, wind events that create wave action 
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Table 1. Relevant Utah water quality standards and indicator levels for aquatic wildlife. 

PARAMETER 
COLD WATER FISHERY (CLASS 3A) WARM WATER FISHERY (CLASS 3B) 

Early Life Stages 
Present 

All Other Life 
Stages 

Early Life Stages 
Present 

All Other Life 
Stages 

Minimum Dissolved Oxygen (mg/L)a, 
1-day average 8.0 4.0 5.0 3.0 

Minimum Dissolved Oxygen (mg/L),  
7-day average 9.5 5.0 6.0 4.0 

Minimum Dissolved Oxygen (mg/L),  
30-day average 6.5 5.5 

Maximum Water Temperature 
(degrees Celsius) 20 27 

Total Phosphorus as P (mg/L),  
rivers and streams (indicator) 0.05 0.05 

Total Phosphorus as P (mg/L),  
lakes and reservoirs (indicator) 0.025 0.025 

Nitrate as N (mg/L), indicator 4 4 
a milligrams per liter 

 
 
help to mix and aerate the water column. In smaller streams and rivers, high velocity turbulent 
flow conditions similarly act to mix, aerate, and saturate the water column with dissolved 
oxygen. In contrast, oxygen diffusion will be minimal in deep, low gradient rivers with slow or 
stagnant flow velocities and in lakes when weather conditions are stagnant and no wind events 
occur. 
 

2.2  Temperature and Sunlight 
 
Water temperature plays a number of important roles in determining water quality. Colder water 
is able to hold more dissolved oxygen than warm water; thus, dissolved oxygen problems are 
typically more common during warm summertime conditions. Water temperature also directly 
affects fish and aquatic organisms, as different species are adapted to different temperature 
conditions and can experience stress and even death when temperatures exceed the threshold for 
a particular species or life stage. Sudden and dramatic temperature fluctuations can also be 
damaging to fish and aquatic organisms. In Utah, the UDWQ has set the maximum temperature 
standard at 20 degrees C for cold water (3A) organisms and at 27 degrees C for warm water (3B) 
organisms (Table 1). 
 
Temperature also influences biological processes in the water column. Warmer water is more 
productive and promotes growth of aquatic plants such as macrophytes (rooted aquatic plants), 
periphyton (sediment-attached plants, including algae and cyanobacteria), and phytoplankton 
(aquatic plants suspended in the water column, including algae and cyanobacteria). Warmer 
water also stimulates the rate of decomposition of decaying organic matter, a process that 
consumes and depletes oxygen. 
 
Sunlight, specifically light penetration, is another important factor that affects water quality. 
Rivers and lakes that lack shading will receive greater solar heating, resulting in warmer water 
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temperatures. High levels of sunlight also stimulate photosynthesis and production of aquatic 
plants, including algae. However, light penetration is not just a function of sunlight exposure or 
shading; high levels of turbidity (caused by suspended sediment and/or phytoplankton in the 
water column) reduce light penetration. Water depth is also an important factor, as sunlight can 
penetrate most or all of the water column when depths are shallow, but only the upper portion of 
the water column under deep-water conditions. 
 

2.3  Biochemical Processes 
 
Biochemical processes including photosynthesis, respiration, and decomposition have important 
effects on water quality conditions. Photosynthesis rates will be high in water bodies that are 
warm and receive high levels of light penetration. Photosynthesis consumes carbon dioxide 
(CO2) and produces oxygen (O2), so dissolved oxygen levels are typically high when 
photosynthesis rates are high. However, photosynthesis ceases after the sun goes down, and 
respiration by aquatic plants becomes the active process during nighttime. Because respiration 
consumes oxygen and produces carbon dioxide, nighttime oxygen levels can become depleted in 
productive systems where phytoplankton levels are high. Rivers or lakes with slow flow 
velocities, warm temperatures, minimal aeration by wind, and abundant aquatic plants are the 
most susceptible to daily oxygen “sags” caused by the shift between photosynthesis and 
respiration (Allan 1995). 
 
Microbial decomposition of decaying organic matter is another oxygen-consuming process that 
can deplete dissolved oxygen levels, especially near the bottom of the water column. Sources of 
organic matter may include dead aquatic plants and algae, sewage or animal waste, and leaves 
and twigs that fall from the riparian canopy or are transported from upstream. Decomposition 
also releases gases that can cause unpleasant odors and affect the suitability of a water body for 
recreation. 
 

2.4  Nutrient and Sediment Loads 
 
Water quality conditions are influenced by the magnitude, timing, and types of nutrient and 
sediment loads that enter the water body. Phosphate and nitrate levels are the specific nutrients 
that most commonly may limit primary production in water bodies. To protect against overly 
nutrient-rich (hypereutrophic) conditions, the UDWQ has established indicator levels for 
phosphorus and nitrate (Table 1). Excessive nutrient levels can cause nuisance blooms of algae 
or cyanobacteria. Such blooms are most common when water temperature and sunlight levels are 
high. Algal blooms can result in unattractive water color and impede swimming and boating. 
Blooms are not sustainable and once resources are depleted, major die-offs occur, leading to 
excessive volumes of decaying plant matter and depleted oxygen levels (Figure 1). Certain types 
of cyanobacteria are toxic to humans and animals, adding to the problems associated with 
phytoplankton blooms. Phytoplankton blooms typically only occur in lakes or in low-velocity, 
stagnant portions of rivers; in flowing rivers where nutrients are constantly replenished from 
upstream, factors other than nutrient levels (such as light penetration) typically limit primary 
production and phytoplankton amounts (Allen 1995). 
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Nutrients enter water bodies in either dissolved or sediment-attached forms, and internal cycling 
from lake or streambed sediments can also add to nutrient levels. Common sources of nutrient 
loads include effluent from wastewater treatment plants, leaching from poorly designed or 
maintained septic tanks, fertilizer runoff, and sediment-laden runoff caused by poorly-controlled 
erosion. Sediment loads are particularly important where phosphorus is a limiting nutrient, as 
significant amounts of phosphorus can be sediment attached, especially in drainages containing 
phosphatic geologic formations. Figure 2 illustrates some of the major components of the 
phosphorus cycle. 
 
 

 
Figure 2. Conceptual diagram illustrating elements of the phosphorus cycle. Source: Jane 

Thomas, Integration and Application Network, University of Maryland Center for 
Environmental Science (ian.umces.edu/imagelibrary). 
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2.5  Common Water Quality Problems in Ponds 
 
Because constructed ponds often function as relatively small, isolated systems with limited flow-
through, they are susceptible to high temperature, low dissolved oxygen, decomposition, and 
algae/cyanobacteria-associated water quality problems. Growth of phytoplankton and submerged 
aquatic plants can become excessive in shallow ponds with high nutrient loads, leading to 
nighttime respiration-driven oxygen sags and anoxic wintertime conditions caused by plant 
decomposition. Ponds with a high proportion of deep-water area will have less vegetation and 
will be less likely to experience all of these problems. The balance between nutrient loads, a 
healthy amount of rooted aquatic vegetation, zooplankton and other predators of phytoplankton, 
and phytoplankton is fragile in shallow lakes and ponds, and hard to restore once damaged 
(Scheffer 2004). Residence time of the water in the pond affects phytoplankton abundance per 
unit of phosphorus (Wetzel 2001).Dissolved oxygen levels can  be improved in ponds with 
supplemental inflow water which reduces the residence time of stagnant water, and/or 
mechanical aeration devices. Water temperature problems can be improved with shading. 
 
Water quality and ecological functions in ponds and shallow lakes are influenced by a 
combination of inflowing water temperature, sediment and nutrient inputs, wave action, and 
benthivorous fish such as carp (Figure3). Large zooplankton use submerged aquatic vegetation 
as a refuge against predation. Zooplankton can contribute significantly to the control of 
phytoplankton biomass. Therefore, a pond or shallow lake void of submerged aquatic vegetation 
lacks natural controls of algal blooms. 
 
An abundance of carp is generally associated with poor water quality for many reasons. 
Invertebrates that are associated with rooted aquatic vegetation disappear with carp, along with 
fish and other animals that require refuge from predators. Shallow lakes with low nutrient 
content usually have a vegetation community dominated by relatively small rooted plants and 
clear water (Scheffer 2004).The upper panel in Figure 3 represents an undisturbed shallow lake 
and a desirable ecological condition for the backwater portions of the lower Provo River. 
Biomass in the form of nuisance aquatic macrophytes and/or phytoplankton tends to increase 
with increased nutrient loading. Sudden reductions in external loadings are often compensated at 
least temporarily by internal nutrient loading (i.e., phosphorus release from the rich sediments), 
delaying the response in biomass of the water nutrient concentration to the reduction of external 
loading (Scheffer 2004).Restoration of these ecosystems takes time. 
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Figure 3. Schematic representation of a shallow lake in a vegetation dominated state (upper 
panel) and in a turbid phytoplankton dominated state (lower panel) in which 
submerged plants are largely absent and benthivorous fish and waves stir up the 
sediments. Reprinted with kind permission from Springer Science+Business Media B.V. 
(Scheffer 2004, Fig. 1). 
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3.0  LOWER PROVO RIVER HYDROLOGY AND HYDRAULIC 
  SETTING 
 

3.1  Hydraulic Conditions 
 
The location of the proposed flow diversion point varies among the action alternatives (URMCC 
et al. 2011), but would be located somewhere between the Lakeshore Drive bridge and the fish 
weir (Figure 4). In this reach of the Study Area, hydraulic conditions are wholly controlled by 
Provo River discharge and conditions are riverine in character (i.e., relatively shallow water 
depths, periodic riffle habitats with turbulent flow, gravel-dominated substrate material). Based 
on HEC-RAS model results (URMCC et al. 2011), flow velocities in this portion of the river 
typically average between about 0.5 feet/second at low flow to more than 4 feet/second during 
high flow conditions. Streambed gradient within the overall Study Area averages about 0.17 
percent. Most of the vertical drop occurs within the upper riverine section between Lakeshore 
Drive and the fish weir, where the streambed gradient averages about 0.3 percent (0.4 percent if 
the 4-foot drop at the weir is included in the calculation). The fish weir is located at HEC-RAS 
cross section 18 (Figure 4). 
 
In the reach from below the weir to the river’s outlet at the Utah Lake marina jetty, streambed 
gradient drops to less than 0.1 percent. Because of this flat gradient and the backwater influence 
of the lake, water surface slope in this portion of the river can often approach zero (Figure 4). 
Except during spring runoff in high-water years, velocities in this reach are slow to stagnant. 
Conditions in this lower reach are more similar to a lake environment (deep water depth, fine-
grained silt/sand substrate, slackwater conditions). Downstream from cross section 4, the river 
widens and shading by the riparian canopy is reduced, allowing for the greater solar exposure 
that characterizes open lake environments. Wave action appears to be much more active west of 
cross section 4. 
 
Because of the lack of gradient and flow velocity, the reach from below the weir to the river’s 
outlet often functions as a depositional environment and the river has historically been dredged 
following large runoff events in the 1950s and 1980s to maintain its depth and connectivity to 
Utah Lake. Currently, a sandbar deposit has developed at the mouth of the river (at distance 0.0 
in Figure 4). The elevation of this sandbar is approximately 4,484 feet (1929 National Geodetic 
Vertical Datum [NGVD]) and the bar would create a backwater effect if Utah Lake levels were 
to drop below that elevation. The lack of gradient combined with the position of the Utah Lake 
Marina jetty, leveed channel condition, and prevailing westerly wind pattern act to “trap” Provo 
River water and limit mixing with Utah Lake water. As seen in the air photo in Figure 4, the 
darker-colored river water “hugs” the jetty before it is able to mix with the lighter-colored lake 
water. The colder Provo River water is generally denser than the warmer water in Utah Lake, and 
would therefore tend to hug the bottom of the lake.



Provo River Delta Restoration Project                               Technical Memorandum 
Water Quality             9            April 2015 

 
Figure 4. Map and longitudinal profile plot of the lower Provo River. 
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3.2  Hydrology 
 
3.2.1  Provo River 
 
The historic streamflow of the lower Provo River is well documented. The USGS currently 
maintains a streamflow gage on the lower Provo River (Provo River at Provo, Utah; Station 
Number 10163000) that has recorded streamflow data continuously since 1937 (Figure 5). Over 
the period of record, many human activities have occurred in the basin that have influenced the 
hydrology of the river, including construction of two large dams (i.e., Deer Creek and Jordanelle) 
and many smaller diversions, trans-basin importation of water from the Weber River and 
Duchesne River, urbanization of portions of the drainage basin, livestock grazing, and 
channelization of major segments of the river—to name only a few. The effects of these dams, 
diversions, and other impacts include a 2-week delay and 66 percent reduction in peak flow 
(UDWR 1999) and substantial reductions in summertime baseflows (Stamp et al. 2008). 
 
Streamflow in the Provo River is largely driven by snowmelt. As such, the daily mean 
streamflow varies seasonally throughout the year. Streamflow is highest during the months of 
May and June, when high elevation snowmelt runoff is at its peak (Figure 6). Low-flow months 
on the Provo River include July, August, and September, when diversion for irrigation is high. 
Zero flow has occurred at least once in every month between April and October, but never 
between November and March. Based on flow duration analyses for the full USGS gage period 
of record, streamflows of 5 cubic feet per second (cfs) or less occurred approximately 9 percent 
of the time; an average of almost 33 days per year (URMCC et al. 2011). Although in recent 
years partners involved with the June Sucker Flow Workgroup have coordinated to maintain 
higher summertime flows, the potential for periodic low-flow conditions during spring and 
summer months remains a concern for water quality conditions and the health of fish and aquatic 
organisms in the river. 
 
3.2.2  Utah Lake 
 
Utah Lake is a shallow freshwater lake that drains northward into the Salt Lake valley via the 
Jordan River. As with the Provo River, the hydrology of Utah Lake and its tributaries is subject 
to natural runoff patterns, but has been highly altered by human activities, in particular by the 
construction of dams and diversions. Currently, Utah Lake elevations are controlled primarily by 
the dam and pumping plant/outlet works built near Utah Lake’s outlet to Jordan River. 
Management of Utah Lake water levels is governed by the Utah State Engineer’s 1992 Utah 
Lake Interim Water Distribution Plan. This plan recognizes that the maximum legal storage 
elevation in Utah Lake, the Compromise Elevation, is officially set at 4,489.045 feet (1929 
NGVD) (UDWRT 1992). 
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Figure 5. Map of streamflow gages and water quality monitoring stations on the lower Provo River and adjacent portion of Utah Lake. 
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Figure 6. Distribution of monthly mean discharges for the Provo River at Provo, Utah. 
 
 
Utah Lake water levels fluctuate seasonally and from year to year, depending on climatic 
conditions and water storage and release operations. Typically, lake levels are highest in the 
spring and lowest in the fall (CUWCD 2004a), and levels fluctuate on average approximately 
3 feet per year (Figure 7). An elevation of 4,489 feet (compromise) is the typical high spring 
lake level, while 4,486 feet is the typical low lake level during the fall. As seen in Figure 7, 
extended drought conditions such as the period around 2000–2004 can cause lake levels to 
drop well below the normal low lake level. It is also not uncommon for the springtime high 
lake level to briefly exceed 4,489 feet. The swing from wet to dry conditions between spring 
1998 and fall 2004 resulted in a 10 foot net lowering of the lake level over just 7 years. The 
large seasonal, annual, and decadal fluctuations in the water surface elevation of Utah Lake, 
plus the variability of Provo River flows, mean that the influence and extent of the lake’s 
backwater effect can vary widely. This in turn has the potential to affect water depths and 
water quality conditions at the river-lake interface downstream of the fish weir. 
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Figure 7. Plot of seasonal and year-to-year fluctuations in Utah Lake levels for the time 

period 1997–2012. 
 
 
3.2.3  Residence Time of Water in Lower River 
 
As discussed in the previous section, deep, stagnant water that does not experience wind 
events will receive minimal reoxygenation via diffusion. Deep, stagnant water that lacks 
inflows of fresh cool water may also become overly warm during the summer when solar 
inputs are high. Residence time – the length of time that a given “unit” of water spends in an 
area—is a parameter that can help assess the susceptibility of a water body to the potential 
dissolved oxygen and temperature problems that can result from stagnant conditions. Water 
bodies with long residence times have slow turnover rates and will be more prone to 
experience water quality problems. 
 
The HEC-RAS model developed for the Provo River (URMCC et al. 2011) was used to 
calculate residence time for the lower Provo River. The model provides outputs of total 
cumulative water volume between the downstream end of the model (at cross section 3, 
located about 0.4 miles above the mouth of the river) and each cross section. Because the 
exact point at which streamflow would be diverted out of the existing river channel varies 
among the proposed project alternatives, residence time was calculated at both Lakeshore 
Drive (HEC-RAS cross section 27.5) and the fish weir (cross section 18) by dividing water 
volume by river flow. At each of these locations, residence times were determined for 
various river flow rates and both high (4,489-foot) and low (4,486-foot) lake levels. 
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Residence time results are plotted in Figure 8 and summarized in Table 2. Results indicate 
that there is little difference in residence time between Lakeshore Drive and the fish weir, 
especially when flows are low. This similarity is a function of the fact that between 
Lakeshore Drive and the fish weir, the conditions are shallow and riverine in nature, and 
water volume increases with channel distance at a slow rate. From the mouth of the river up 
to the oxbow (HEC-RAS cross section 16), where the channel is deep and flat, water volume 
changes much more rapidly with distance. 
 
 

 
Figure 8. Residence time of water in the lower Provo River based on HEC-RAS model results. 
 
 
Lake level has a more noticeable effect on residence time. At 50 cfs, which is the 
recommended minimum summertime flow to protect water temperature (as determined in the 
flowing portion of Provo River upstream of the fish weir), the residence time during high 
lake level conditions is nearly twice that during low lake level conditions (Table 2). 
However, even under the conditions with the highest potential for stagnation (high lake level, 
only 10 cfs conveyed down existing channel below Lakeshore Drive), residence time remains 
fairly short at 4.6 days. 
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Table 2. Residence times of water in the lower Provo River at various river flows for high 
and low lake level conditions. 

LO
CA

TI
O

N
 

FLOW 
(cfs) 

LOW LAKE (4,486 feet) HIGH LAKE (4,489 feet) 

Water 
Volume 

(acre-feet) 

Residence 
Time 

(days) 

Residence 
Time 

(hours) 

Water 
Volume 

(acre-feet) 

Residence 
Time  

(days) 

Residence 
Time  

(hours) 

At
 L

ak
es

ho
re

 D
riv

e 
(X

S 
27

.5
) 

10 52.8 2.7 63.8 90.4 4.6 109.4 

50 53.9 0.5 13.1 91.2 0.9 22.1 

90 55.0 0.3 7.4 91.8 0.5 12.3 

450 65.8 0.1 1.8 98.1 0.11 2.6 

859 81.4 0.05 1.1 107.3 0.06 1.5 

900 83.0 0.05 1.1 108.3 0.06 1.5 

At
 F

is
h 

W
ei

r (
XS

 1
8)

 

10 51.4 2.6 62.2 88.1 4.4 106.6 

50 51.5 0.5 12.5 88.1 0.9 21.3 

90 51.8 0.3 7.0 88.1 0.5 11.8 

450 58.4 0.07 1.6 90.3 0.10 2.4 

859 69.9 0.04 1.0 95.5 0.06 1.3 

900 71.1 0.04 1.0 96.2 0.05 1.3 

 
 
3.2.4  Hydrologic Conditions in 2011–2012 
 
Utah Lake and Provo River have recently experienced some hydrologic extremes. In 2011, 
snowpack volumes were historically high throughout much of the state, and high amounts of 
snowmelt runoff input caused Utah Lake levels to rise above compromise elevation water 
from April to September (Figure 9). In contrast, 2012 was a dry water year, and Utah Lake 
levels followed a more typical fluctuation pattern (Figure 9). Provo River flows peaked at 
more than 1,500 cfs in 2011, but only reached approximately 500 cfs in 2012. 
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Figure 9. Monthly average lake levels and river flows for 2011–2012. 
  

0

500

1000

1500

2000

4483
4484
4485
4486
4487
4488
4489
4490
4491
4492

Pr
ov

o 
Ri

ve
r 

Di
sc

ha
rg

e 
(c

fs
)

U
ta

h 
La

ke
 E

le
va

tio
n 

(ft
)

2011–2012 Monthly Average Hydrology

Utah Lake Provo River



Provo River Delta Restoration Project                                                                                        Technical Memorandum 
Water Quality 17   April 2015 

4.0  LOWER PROVO RIVER WATER QUALITY 
 

4.1  Existing Information 
 

4.1.1  Provo River 
 
Currently, the Provo River from Utah Lake to Murdock Diversion is listed on Utah’s 2010 
303(d) list as impaired based upon benthic macroinvertebrate assessments; the source of this 
impairment is listed as “unknown” (UDWQ 2010). At this time TMDL studies related to this 
impairment have not yet been initiated and the TMDL status is listed as “low priority” 
(UDWQ 2010). This benthic macroinvertebrate listing means that the ratio of “observed” 
native macroinvertebrate taxa to the “expected” number of taxa (as determined for reference 
sites relatively unaffected by human-caused disturbance) was found to be below the 
established impairment threshold (UDWQ 2011). 
 
Other than the listing for benthic macroinvertebrates, the section of the lower Provo River 
within the Project Area is not listed for any other water quality impairments (UDWQ 2010). 
However, available data indicate that water quality standards are occasionally exceeded for 
certain parameters. Chemical water quality data are collected by the Utah Division of Water 
Quality (UDWQ) at its monitoring station near Geneva Road/U-114 (Station #499669, 
located about 1 mile upstream of Lakeshore Drive), and by the Central Utah Water 
Conservancy District (CUWCD) at its Harbor Drive gage located about 600 feet upstream of 
Lakeshore Drive (Figure 5). The UDWQ also has a station farther downstream near the 
Center Street Bridge crossing (STORET #499668); however, most of the data available for 
this location are from the 1970s, and the most recent monitoring completed at this site was in 
1990. 
 
During the springtime when streamflows are relatively high, available data indicate that 
water quality is typically good. However, water quality can become poor in the river’s lower 
reaches during summer low flow periods due to low dissolved oxygen levels and elevated 
temperatures. Nutrient and sediment inputs combined with warm temperatures contribute to 
summertime algal build-up and macrophytes within the channel. Shallow water depths also 
contribute to elevated temperature in the river-controlled reach between Lakeshore Drive and 
the Fish Weir. Below the Fish Weir, water remains deep even at low river flow because of 
the backwater effect caused by Utah Lake or, during very low lake levels, the sandbar “plug” 
that maintains a water surface elevation of approximately 4484 feet. 
 
Water temperature and streamflow data for July, August, and September were analyzed as 
part of developing ecosystem flow recommendations for the lower Provo River (Stamp et al. 
2008). Data used for the analysis included UDWQ data (Geneva Road monitoring site), 
CUWCD data, and data collected by BIO-WEST and Utah Division of Wildlife Resources 
(UDWR) between Lakeshore Drive and the fish weir. The analysis suggests that once flows 
drop below about 40 cfs, water temperatures that exceed the 20 degrees Celsius (68 degrees 
Fahrenheit) cold-water fishery standard become quite common. A target minimum 
summertime flow of 50 cfs is recommended to ensure that maximum daily water 
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temperatures remain below 20 degrees (Stamp et al. 2008). This recommendation is 
appropriate for the higher velocity, river-controlled upper portion of the Study Area 
(upstream of the fish weir), but may not be valid for the lower, more stagnant portion of the 
Study Area (downstream of the fish weir). 
 
As part of the Utah Lake System EIS, available UDWQ water quality data (Geneva Road 
site) from 1990 to 2002 were reviewed (CUWCD 2004b). This review found that monthly 
total phosphorus (TP) concentrations in this reach of the lower Provo River exceed the Utah 
pollution indicator value of 0.05 mg/L in May and September (CUWCD 2004b). Utah Lake 
TMDL studies analyzed a slightly different time period, from 1980 to 2003, and found that 
the indicator value was exceeded in August (average TP concentration of 0.054 mg/L) while 
average May and September values were just below the indicator value (0.048 and 0.046 
mg/L, respectively) (PSOMAS 2005). 
 
The only available water quality information for the lake-influenced portion of Provo River 
downstream from the fish weir is a limited data set of about 30 data points collected between 
1976–1981 and in 1990 at the UDWQ monitoring site located near the Center Street Bridge 
crossing. The data include two instances where measured temperature exceeded the cold-
water fishery (class 3A) standard of 20 degrees C and two instances where dissolved oxygen 
levels dropped below the standard of 4 mg/L. These exceedances occurred during sampling 
completed during mid-morning on days in July, at flows of 1.4, 10, and 19 cfs. In terms of 
nutrients, 16 out of 25 available phosphorus data points equaled or exceeded the state 
indicator level of 0.05 mg/L (Figure10). 
 

4.1.2  Utah Lake 
 
Utah Lake’s designated beneficial uses include 2B, 3B, 3D, and 4. Utah Lake is currently 
listed by UDWQ as impaired for TDS, TP, and PCB in fish tissue (UDWQ 2010), and a 
TMDL is currently in progress for the lake. More specifically, measured TDS values in the 
lake occasionally exceed the established agriculture/irrigation (4) standard for of 1,200 mg/L, 
and TP values exceed the warmwater fishery (3B) pollution indicator value of 0.025 mg/L 
for lakes. Utah Lake is a shallow, productive, turbid lake. It is considered hypereutrophic and 
suffers from algal blooms in the summer and fall (PSOMAS and SWCA 2007). 
 
UDWQ samples water quality in various locations around Utah Lake. Data for the three 
monitoring stations located closest to the mouth of Provo River (Figure 5) were downloaded 
from the STORET database and analyzed. These stations include a mid-lake site located 
about 3.5 miles west of the river mouth (STORET #4917340); a mid-lake site located 1.4 
miles west of the river mouth (STORET #4917390); and a site located at the mouth of Provo 
Bay, about 3.3 miles directly south of the river mouth (STORET #4917770). 
 
The available data demonstrate that Utah Lake water is relatively warm compared to Provo 
River, but that the lake temperature rarely exceeds the State warm water standard of 27 
degrees C (Figure 11). Similarly, dissolved oxygen levels in the lake are nearly always above 
the warm water standard of 3 mg/L (Figure 11). Conductivity levels in the lake are about 
1,600 umhos/cm on average. 
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Figure 10. Water temperature, dissolved oxygen, and 
phosphorus data collected by UDWQ between 
1976–1990 at their monitoring site (STORET 
499668) near the Center Street Bridge. 
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Figure 11. Plots of Utah Lake conductivity, temperature,  
 and dissolved oxygen data. 
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The majority of the available UDWQ Utah Lake data are for sampling completed at the 
water’s surface. However, on a number of occasions, data were also collected “at depth”, 
allowing for comparison of water quality conditions in profile within the lake. In many lakes, 
a strong thermal stratification develops where conditions at the surface and near the lake 
bottom are quite distinct (typically warm, high oxygen conditions near the surface and cold, 
low oxygen conditions near the lake bottom). Because Utah Lake is shallow and commonly 
experiences strong winds that promote mixing, it does not frequently develop strong thermal 
stratification. Available temperature and dissolved oxygen (DO) data for the three lake sites 
near Provo River for the time period 2001-2009 indicate that stratification does occur 
occasionally, but that most of the time there is not a great difference between conditions 
at/near the surface and conditions at depths of 1- 3 meters below the water surface (Figure 
12). Analyses of data from the time period 1989-2003 completed as part of the Utah Lake 
TMDL process also indicate that strong stratification is relatively rare in the lake (PSOMAS 
and SWCA 2007). These TMDL analyses also found that when conditions near the lake 
surface did not meet state warm water fishery standards, deeper water quality was suitable 
and vice versa (PSOMAS and SWCA 2007). 
 
 

 
Figure 12. Plots of shallow versus deep temperature and dissolved oxygen data (2001–2009) 

for Utah Lake monitoring sites near Provo River. 
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4.2  Summer 2012 Data 
 
Because available water quality data for the downstream portion of the Provo River are 
limited, a data collection effort was completed by BIO-WEST and CUWCD during the 
summer of 2012. Specifically, three sets of data were collected. Methods and results for each 
of these types of data are provided below. 
 
4.2.1  Deployed Water Quality Sensor 
 
A water quality probe was deployed in the river approximately 0.4 mile upstream of the 
Center Street Bridge (about 1 mile above the mouth of the river) near the Lakeside RV Park 
(RV). The RV probe was deployed between June 6 and October 1, 2012, and then again 
April 12, 2013 through September 24, 2013.Hourly water temperature, dissolved oxygen, 
specific conductance, and pH data were continuously recorded during this time period. Short 
durations of data are missing due to equipment malfunctions. Specific conductance and pH 
remained within their expected normal ranges. 
 
Monitoring results for water temperature and dissolved oxygen are concerning and indicate 
that the portion of the lower Provo River downstream of the UDWR fish weir is impaired 
during the warm summer months for water temperature and dissolved oxygen (Figures13 and 
14). Average daily dissolved oxygen values remained above the one-day average standard of 
4 mg/L in 2012; however, significant daily fluctuation occurred and hourly values commonly 
drop below 4 mg/L during August and early September. Daily high values during this time of 
the year are generally above 8 mg/l with daily low values commonly dropping below 2 mg/l. 
It was believed at this time that the diurnal dissolved oxygen sag is likely associated with 
daytime photosynthesis/nighttime respiration patterns. It is assumed that dissolved oxygen 
also dropped below the state standard of 4 mg/l in July and early August 2012, but data was 
not collected during this time frame due to equipment malfunctions.  
 
The State Standards for water temperature was exceeded during the latter half of July and 
nearly the entire month of August 2013when flows were at their lowest (Figure 13). Data 
collected in 2013 show average daily dissolved oxygen levels below the one-day standard of 
4 mg/l occurring in late May, early June, late June, and mid-July through the end of August 
(Figure 13). The daily low dissolved oxygen concentrations drop below 1 mg/l, which is 
generally considered lethal to most fish species and other aquatic organisms. Fish kills 
occurred in2013 in portions of the river that were dewatered. Algal blooms were also 
photographed in August 2013 (Figure 15). A meeting was held with Utah Division of Water 
Quality (UDWQ) in August 2013 to discuss the monitoring results, evaluate conditions and 
potential causes of impairment, and brainstorm about what could be done to improve the 
existing water quality problems in this depositional reach of the river. As a result of the 
discussions with UDWQ, it is believed that the reach of the lower Provo River downstream 
of the UDWR fish weir is a depositional zone for silt and other fine-grained sediments and 
organic debris, and that the buildup of this “muck” is causing a high sediment oxygen 
demand (SOD) in this historically dredged channel. The last major dredging of this reach 
happened during the late 1980s following the floods of 1983-1985.  
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Figure 13. Plots of hourly water temperature, dissolved oxygen, and streamflow 

collected in 2012 and 2013 by the datasonde deployed at Lakeside RV Park 
approximately 0.4 miles upstream of Center Street Bridge. Flows dropped 
below 10 cfs at the USGS gage from July 23 through August 18, 2013 during 
the time when the highest water temperatures and lowest dissolved 
oxygen concentrations were measured. 
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 Figure 14. Air temperature for the Provo Municipal Airport during the 2-

year period of data collection (top graph extends from March 
2012 to February 2013, whereas the bottom graph extends 
from November 2012 to November 2013). Copied directly from 
WeatherSpark February and November 2013. The daily low 
(blue) and high (red) temperatures with the area between 
them shaded gray and superimposed over the corresponding 
averages (thick lines), and with percentile bands (inner band 
from 25th to 75th percentile, outer band from 10th to 90th 
percentile). The bar at the top of the graph is red where both 
the daily high and low are above average, blue where they are 
both below average, and white otherwise. 
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Figure 15. Algal bloom in the lower Provo River near the Utah Lake interface August 20, 2013 

(Provo River at the USGS gage = 14 cfs). The top left photo was taken from Center 
Street Bridge looking downstream. The top right photo was taken from the south 
bank looking upstream at Center Street Bridge. The bottom left photo was taken 
from the north bank at the Utah Lake State Park showing the exposed muddy 
substrate and accumulation of organic debris across the channel bottom. The 
bottom right photo was taken from the south bank near Utah Lake State Park. 

 
 
4.2.2  June 15 Depth and Profile Sampling 
 
A series of nine water quality measurements were collected using a water quality multi-probe 
between the fish weir and the river’s mouth on June 15, 2012. These measurements were 
taken between 9:45am and 1:30pm when river flow was 59 cfs (as measured at the CUWCD 
gage) and lake elevation was relatively high, at about 4,488 feet. Parameters measured 
included temperature, specific conductance, pH, and dissolved oxygen. At each water quality 
sampling location (Figure 5), measurements were made from the water’s surface down to 
near the channel bottom at approximately 1-foot depth increments. Water depths averaged 
about 7 feet and ranged from less than 2 feet deep at the fish weir to nearly 12 feet deep at 
the site at the big river bend near cross section 13. 
 
Dissolved oxygen and temperature results for the June 15 sampling event indicate that 
conditions near the water surface and near the channel bottom are very similar (Figure 16). 
This suggests that the water is well-mixed with essentially no vertical stratification. Although  
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Figure 16. Lower Provo River temperature and dissolved oxygen data collected between the 

fish weir and the mouth of the river on June 15, 2012. 
 
 
dissolved oxygen levels generally decrease moving downstream, levels remain above the 4 
mg/L state standard. Surface water temperatures increase gradually by a total of about 4.5 
degrees C moving downstream (Figure 16), but remain below the cold water fishery standard 
(20 degrees C). 
 
Results for pH and specific conductance are very consistent both within the vertical surface-
to-channel bottom profile and along the horizontal profile from the weir to the river mouth 
(Figure 17). This further illustrates the lack of vertical stratification, and also suggests a very 
consistent water chemistry throughout the study area. 
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Figure 17. Lower Provo River specific conductance and pH data collected between the fish 

weir and the mouth of the river on June 15, 2012. 
 
 
4.2.3  July 28 Depth and Profile Sampling 
 
The vertical and horizontal profile water quality sampling effort was repeated on July 28, 
with some minor modifications. Because the June 15 results did not show evidence of 
significant vertical stratification, only 2 to 4 vertical measurements (fewer at shallower sites, 
more at deeper sites) were completed at each sampling location during the July effort. Also, 
two additional sampling locations were added in July: station 8.5 was added near XS3, and 
station 10 was added to extend the sampling area farther west to the river mouth (Figures 4 
and 5). The new sample location (10) was much more open to the lake, had greater wave 
action during the time of the sample, and had a noticeable water color difference on the 
surface (same as the lake water color) than the other monitoring sites, which were a darker 
“Provo River” blue. The July 28 measurements were taken between 10:00am and 1:30pm 
when river flow was 35 cfs (as measured at the CUWCD gage) and lake elevation was at a 
moderate level of about 4,487 feet. 
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In July water temperature values were higher, and dissolved oxygen values lower, than 
during the June sampling effort (Figure 18, Table 3). This result is not surprising given the 
lower flow conditions and warmer air temperatures in July. As in June, the July temperature 
data show minimal thermal stratification when surface versus near-bottom values are 
compared (Figure 18). However, dissolved oxygen results show some more substantial 
surface-versus-bottom differences at station 7 (distance 5,080) and at station 10 (distance 
9,673). 
 
Surface water temperatures increase gradually by a total of about 4 degrees C moving 
downstream from station 1 to station 9, and then increase more rapidly by another 2.7 
degrees C between stations 9 and 10 (Figure 18). Surface water temperatures begin to exceed 
the cold water fishery standard (20 degrees C) at station 7. Temperatures at the bottom of the 
water column also slightly exceed the standard beginning at station 8 near Center Street 
Bridge. Dissolved oxygen levels remain above the state standard (4 mg/L) with the exception 
of the bottom reading at station 9, which had a value of 3.77mg/L. 
 
As with the June 15 data, the pH and specific conductance data for stations 1-9 are very 
consistent vertically and horizontally along the profiles sampled (Figure 19). However, 
station 10 shows a significant difference in the surface versus bottom specific conductance 
values (Figure 19). The station 10 surface value (1,022 umhos/cm) is within the range of 
typical conductivity values in Utah Lake, which range from about 900 to 2,200 umhos/cm at 
the three monitoring stations nearest Provo River (Figure 11). The station 10 bottom value 
(619 umhos/cm) is slightly higher than, but fairly similar to, the bottom values measured at 
the other Provo River stations (Figure 19). 
 
Based on the July 28 sampling results, water quality sampling station 10 shows evidence of 
mixing with Utah Lake water. However, the mixing appears to be incomplete, as the results 
for the bottom of the water column at station 10 remain similar in character to the upstream 
Provo River sites. This is not surprising given that the colder, denser river water would tend 
to “dive” below the warmer, lighter lake water. No evidence of mixing between Utah Lake 
water and Provo River was found upstream of station 10. 
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Figure 18. Lower Provo River temperature and dissolved oxygen data collected between the 

fish weir and the mouth of the river on July 28, 2012. 
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Table 3. Results of 2012 depth and profile water quality sampling; presented values have 
been vertically averaged for each sampling location. 

STATION 

DISTANCE 
FROM FISH 

WEIR 
(feet) 

JUNE 15, 2012 JULY 28, 2012 

Temperature 
(°C) 

Specific 
Conductance 
(umhos/cm)a

pH 
Dissolved 
Oxygen 
(mg/L)b 

Temperature
(°C) 

Specific 
Conductance 
(umhos/cm) 

pH 
Dissolved 
Oxygen 
(mg/L) 

1 0 12.6 469 7.94 10.15 18.0 544 7.59 8.22 
2 236 12.7 469 8.03 9.57 18.1 544 7.57 8.42 

3 603 12.8 469 8.07 9.47 18.1 545 7.87 8.10 

4 883 13.0 468 8.04 9.02 18.2 546 7.85 7.54 

5 1,446 13.0 468 7.96 8.17 18.5 547 7.72 5.74 

6 2,309 13.2 469 7.91 7.21 19.3 538 7.73 4.84 

7 5,080 15.2 461 7.92 5.75 20.2 529 8.08 6.61 

8 6,903 16.2 472 8.09 5.91 20.4 530 7.92 5.72 

8.5 7,673 no data 20.7 533 7.83 4.85 

9 8,673 16.1 467 8.08 6.73 20.8 546 7.79 4.26 
10 9,673 no data 23.0 821 8.23 8.15 
a micromhos per centimeter 
b milligrams per liter 

 
 

 
Figure 19. Lower Provo River specific conductance and pH data collected between the fish 

weir and the mouth of the river on July 28, 2012. 
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4.2.4 2014 Sediment Oxygen Demand (SOD) and Aeration Studies 
 
The Joint Lead Agencies (JLAs), Utah Reclamation Mitigation and Conservation 
Commission, CUWCD, and the US Department of the Interior, conducted additional studies 
regarding SOD in 2014 to further understand causes of existing water quality problems in the 
lower Provo River and the feasibility of relying on aeration in the lower Provo River to 
maintain State water quality standards for DO (Goel et al. 2014 [Appendix A], and Kling 
2014 [Appendix B]).  
 
Based on the study results and review of all available information, it was determined that 
diffused aeration using continuous non-turbulent laminar flow would significantly improve 
water quality in the lower 1.5 mile “ponded” portions of the lower Provo River and meet the 
goal of maintaining State water quality standards for DO with implementation of any of the 
action alternatives. The results of the SOD study (Goel et al, 2014) are summarized below. 
 
Four sites were sampled for SOD in the lower 1.5 miles of the Provo River. The Big Bend 
site represented the beginning of the “ponded “section of the river. The Ropes Course and 
RV Park sites are located adjacent to ‘high use’ areas and are evenly spread out over the 
lower Provo River. The Utah Lake State Park site is located near the outlet of the river and 
does not have the riparian canopy as is present at the upstream sites. Since the lower Provo 
River has been channelized and heavily riprapped, sites were located in the depositional 
zones located on the inside edge of river meanders to allow SOD chamber installment. The 
calculated values of SOD for each site are summarized in Table 4. 
 
 
Table 4. Sediment oxygen demand (SOD) sample site results. 

SITE  
SEDIMENT OXYGEN DEMAND (SOD)a DARK WATER 

COLUMN 
RESPIRATIONc 

APPROXIMATE 
DEPTH 

(meters) 
PERCENT SOD 

Sample 1 Sample 2 Average SOD20b 

Big Bend -6.2 n/a -6.2 -6.6 -4.5d 2.0 32 

Ropes Course -2.6 -2.1 -2.3 -2.3 -0.8 1.5 66 

RV Park -2 -2.2 -2.1 -2.2 -0.42 1.5 77 

State Park -1.6 -1.6 -1.6 -1.8 0.0e 1.5 ~100 
a Dissolved oxygen in grams per square meter per day (g/m2/day). 
b SOD normalized to 20 degrees Celsius. 
c Grams per cubic meter per day (g/m3/day). 
d High water column dissolved oxygen consumption. 
e Negligible contribution. 

 
 
The negative values signify oxygen being consumed at the sediment-water interface. As a 
general rule, SOD values less than -1 g-DO/m2/d are associated with organically enriched 
sediments (Chapra 2008, pg. 452). As evident from Table 4, all measured SOD values in 
Provo River were less than -1, implying organically enriched sediments. The lower Provo 
River in late summer is characterized by slow velocity and hence depositional zones.  
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The greatest SOD (evidenced by the most negative value) was recorded at the Big Bend site 
coupled with a high water column oxygen demand. Based on these values, it can be 
concluded that the lower Provo River falls in the range of a moderately polluted to polluted 
stream. In general, SOD fluxes were the highest at the Big Bend site and decreased with 
distance downstream. The Big Bend site had a very high SOD and the sediments were 
composed of organically enriched muck that released large amounts of swamp gas when 
disturbed. The sediments became more homogeneous with distance downstream and SOD 
fluxes decreased. It appears that a large amount of coarse particulate organic matter enters 
the lower Provo River from upstream and large amounts of deposition occur at the beginning 
of the ponded portion of the river. It should also be noted that the supersaturated ambient DO 
concentrations in the afternoon indicate instream primary production, adding to the reservoir 
of organic matter in the sediments. Surprisingly, the lowest SOD fluxes were measured near 
the outlet of the Provo River into Utah Lake. This is most likely a result of particulate 
organic matter settling upstream, while phytoplankton may be a significant source of SOD 
near the outlet. 
 
The feasibility to construct, operate, and maintain an aeration system in the lower Provo 
River was evaluated by industry representatives and was concluded to be feasible (Kling 
2014). 
 
The following benefits are expected from aeration: 
 

1. Aeration would stabilize DO concentrations throughout the water column and the 
sediment – water interface for all aquatic life. The water column would have a 
minimum of 5-6 ppm of DO during system operation and aeration would eliminate 
constantly rising and falling DO levels. This reduces stress in fish and improves 
growth rates, vitality and overall health. Stable DO levels also increase aquatic insect 
populations (natural fish food) and natural populations of beneficial aerobic microbes, 
which can all be killed when the lower part of the water column is anoxic. 
 

2. Aeration will provide a reduction in nutrients and suspended solids in the water 
column that can contribute to algae growth. 
 

3. Aeration will provide a reduction in organic sediments and SOD, thus reducing muck 
on the bottom of the river and improving river sediments. 
 

4. Aeration will eliminate stagnant areas of water and any odors resulting from stagnant 
conditions.  
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5.0  SUMMARY 
 
Although water quality data for the lower Provo River remain limited, several important 
conclusions can be drawn based on the 2012-2014 data collection effort and review of 
available historical data. In summary, analysis of available water quality data suggests the 
following: 
 

1. Despite the fact that the hydraulic backwater effect of Utah Lake at times extends 
more than 1.5 miles above the mouth of the river, Utah Lake water does not appear to 
“backflow” up into the channel or mix with the river water. Rather than promoting 
mixing, the backwater effect appears to effectively “pond” the Provo River water in 
this channelized portion of the lake. No evidence of mixing has been observed except 
at station 10, located beyond the western extent of the south bank/levee of the Provo 
River. The leveed, relatively narrow vegetated banks of the lower river appear to keep 
the channel “closed” and free of exposure to wave action that would promote mixing. 
Strong storms might disrupt this observed pattern. 
 

2. The water quality data collected in 2012 and 2013 indicate that groundwater inputs do 
not appear to be significant in the lower Provo River. The chemical “signature” (pH, 
conductivity, etc.) of the sampled water was very consistent along the length of 
channel from the fish weir through sample station 9 near the marina. No sudden drops 
in water temperature or shifts in pH or conductivity that might indicate an area of 
groundwater input were observed. The water at the downstream sample locations 
(through station 9) appears to be the “same” water as at the upstream sample locations 
closer to Lakeshore Drive.  
 

3. An extensive array of groundwater monitoring wells (piezometers) indicates that the 
lower Provo River within the study area is a losing reach during most times of the 
year (i.e., water surface elevations are slightly higher in the channel than adjacent 
wells). 

 
4. Existing summertime water quality conditions in the lower Provo River downstream 

of the UDWR fish weir are poor for aquatic life due to warm water temperatures and 
extreme diurnal fluctuations of dissolved oxygen. This diurnal dissolved oxygen sag 
is likely associated with phytoplankton blooms, and the daytime 
photosynthesis/nighttime respiration patterns in this stagnant river/lake interface, 
and/or the SOD caused from deposition of silt and organic debris in this depositional 
reach of the river.  
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5. The SOD study indicates that the upper portion of the lake influenced reach has the 
highest SOD and that SOD decreases downstream. This finding indicates that the 
watershed is contributing the majority of organic matter causing high SOD, and that 
local leaf litter is much less significant. Dissolved oxygen standards are currently not 
being met during extended periods of the hot summer months. Dissolved oxygen 
concentrations are below the lethal limits reported in the scientific literature for most 
fish species. Current conditions indicate an impairment of designated beneficial uses 
such as recreation, aesthetics, cold water fisheries, and warm water fisheries. Nutrient 
sources causing water quality impairment are not well quantified at this time and are 
likely dynamically adjusting to variable inputs and/or anoxic sediments as described 
in the phosphorus cycle (Figure 2). 

 
6. The majority of the lower Provo River and existing river/lake interface is protected by 

levees on both sides of the channel and lined with tall mature trees. The water in this 
stagnant portion of the river/lake interface is well shaded and protected from the 
wind. Shading from the tall trees is a positive influence on water temperatures, but the 
lack of wind in the confined channel does not allow for diffusion and physical 
reoxygenation via wave action. Wave action would help aerate the water column. 
 

7. Even under the most “stagnant” conditions modeled (high lake level, low river flow 
of only 10 cfs), calculated residence times for water in the lower Provo River are 
relatively short (less than 5 days). Even with a short residence time, the lower Provo 
River is currently experiencing extreme low dissolved oxygen sags due to a 
combination of high SOD during low flow and phytoplankton blooms during the hot 
summer months. The aerated river water in the flowing portions of the lower Provo 
River upstream of the UDWR fish weir does not adequately aerate the deep stagnant 
water downstream of the weir, especially when flows are at their annual low levels.  

 
8. The aeration feasibility study (Kling 2014) indicates that aeration is a viable solution 

to make significant water quality improvements in the lower Provo River, including 
meeting the State water quality standard for DO.  

 
The existing lower Provo River channel and corridor in the study area is used extensively by 
the local community for varied recreational and aesthetic activities. Poor water quality 
associated with low water levels has led to fish kills, odor problems, and unsightly 
experiences in the past, and is expected to become even more prevalent in the future as water 
rights purchased specifically for June sucker recovery are delivered to the new delta through 
the restored Provo River. Watershed contributors to poor water quality include untreated 
stormwater runoff, water temperature increases due to degraded riparian conditions, 
accumulation of sediment on the stream bottom leading to high sediment oxygen demands, 
and the flat gradient downstream of the UDWR fish weir that causes the river/lake interface 
to be stagnant. The commitment by the JLAs to provide a minimum flow of 10 to 50 cfs to 
the existing channel is an enhancement over baseline conditions during extreme low-flow 
events, under which there is no guaranteed or required minimum flow to be left in the lower 
Provo River channel under Utah State law or federal mandate. 
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However, recent experience with summertime low-flow conditions in 2012 and 2013 serve as 
a reminder that, even with a commitment of at least 10 cfs flow to the existing channel, water 
temperature and especially dissolved oxygen levels will not likely meet State standards 
during the hottest summer months. Therefore, as discussed in the Final EIS, the JLAs 
propose to improve water quality in the existing lower Provo River channel if the proposed 
project is implemented. The JLAs would construct and install an aeration system in the lower 
Provo River channel that would be retained and managed for recreational, aesthetic and 
fishery uses. The aeration system would increase dissolved oxygen concentrations and 
improve water quality during the hot summer low flow months compared to existing baseline 
conditions. The aeration system would be intended for year-round use initially to oxygenate 
the bottom sediments and improve conditions for beneficial microbes, which will reduce the 
muck layer that is currently on the channel bottom, and then will be operated as needed to 
maintain State water quality standards for dissolved oxygen. The aeration system would also 
reduce or eliminate blue-green algae and prevent the release of manganese, iron, nitrogen, 
and phosphorous from the bottom sediments.  
 
Dredging the organic-rich sediment layer at the bottom of the existing channel is likely not 
necessary to maintain State water quality standards for DO. However, portions of the 
organic-rich sediments will likely be removed during construction as the aeration system is 
installed. Other aesthetic and recreational improvements to the existing channel could also be 
made at that time. The JLAs will coordinate with Provo City, Utah County and stakeholders 
in this regard during the final design phase.  
 
The SOD study indicates that the decay of organic matter coming from the watershed is the 
primary source of SOD in the lower Provo River. Most organic matter from the watershed 
will be diverted away from the existing channel and into the delta. Accumulations of both 
coarse and fine organic matter and sediments are anticipated in the delta. However, with 
enough space for the channels of the delta to adjust and migrate over time, and the fact that 
the delta will be more open to wind and the exchange of oxygen from the atmosphere, the 
organic matter accumulations are not expected to cause the same DO problems throughout 
the water column and across the entire delta as occur in the existing channel.  
 
The JLAs continue to recommend that State and local governments and organizations 
develop a task force/study group to investigate sources of fine organic matter, nutrients, and 
other pollutants in the watershed that may degrade water quality conditions in the lower 
Provo River. The JLAs would participate with and support the efforts of such a group if it is 
formed.  
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Sediment Oxygen Demand in Provo River 
 

1.0 Overall Objective 
 
The overall objective of this project was to determine sediment oxygen demand (SOD) at 
four locations in the lower Provo River using in-situ chamber techniques. This study was 
initiated to evaluate the role of SOD in contributing to low DO during summer low flows 
in the lower Provo River. Along with SOD, sediment cores were also collected with the 
secondary objective of measuring total organic carbon (TOC) and volatile solids (VS) 
concentrations.  
 
2.0 Methodology 
 
Sampling Locations Four sites were sampled for SOD in the lower Provo River (Figure 1).  
The Big Bend site represented the beginning of the ‘bathtub’ section of the river.  The 
Ropes Course and RV Park sites are located adjacent to ‘high use’ areas and are evenly 
spread out over the lower Provo River.  The Utah Lake State Park site is located near the 
outlet of the river and does not have the riparian canopy present at the upstream sites.  Since 
the lower Provo River has been channelized and heavily riprapped, sites were located in 
the depositional zones located on the inside edge of river meanders to allow SOD chamber 
installment. 
 

 
Figure 1: Lower Provo River SOD sampling sites 

 
SOD Chamber Details and Deployment: Three aluminum SOD chambers, one Control and 
two Testing, were utilized in the study.  The top section of each chamber consisted of a lid 
housing the pump, plumbing, water sampling tube, water quality probe connection, and 
attachments for ropes used to lift the SOD chamber out of the water.  A submersible pump 
was mounted on each chamber to circulate water inside the chamber at a predetermined 
flow rate of 11 L/min at an average flow velocity of 8 cm/sec.  The influent and effluent 
ends of the plumbing were located inside the chamber and were connected to a polyvinyl 
chloride water distribution system. The distribution pipe, or diffuser, contained ten small 
holes to evenly distribute the re-circulated flow within the chamber.  
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In the Testing SOD chamber configuration, the bottom was open and the river water 
contained in the chamber was in constant contact with the river sediments during the 
experimental period.  Thus, the Testing SOD chamber measured DO consumption 
associated with the sediments as well as in the water column.  Before use in the field, each 
chamber was carefully tested in the lab for water tightness and the ability of the submersible 
pump to effectively circulate water within the chamber. 
 
When deployed, the Testing SOD chambers encapsulated a sediment area of 0.16 m2.  
Water quality probes, or sondes (probe in French), were provided by the Utah Division of 
Water Quality (Utah DWQ).  The probes utilized were In-Situ Inc. model Troll 9500, 
capable of measuring DO, temperature, conductivity, pH, and barometric pressure.  All 
sensors were utilized during sampling, but only DO and temperature were used directly 
while calculating oxygen demands.   
 
After the exact location of SOD chamber deployment was determined, the water quality 
probes were turned on for data collection.  
 
The Control chamber was placed first due to the additional time required for the Control 
chamber to reach a stable DO reading.  Two large stoppers were removed from the bottom 
of the Control chamber and the chamber was immersed in the river sideways and allowed 
to fill with ambient river water.  Deviations in the filling angle were required at sites that 
were too shallow to completely submerge the Control chamber perpendicularly.  If 
possible, the Control chamber was filled sideways in a deeper section of the river 
immediately downstream or off to the side to minimize sediment disturbances.   
 
After filling the Control chamber with river water, the chamber was flipped upside down 
while keeping the chamber completely submerged.  The pump was turned on to purge any 
trapped air out of the pump and associated plumbing.  After 10-15 seconds of running the 
pump, the pump was turned off and any remaining air in the Control chamber was allowed 
to escape by removing a small stopper located on the bottom outer edge of the chamber in 
the tilted position.  After all air had been removed from the Control chamber, all three 
stoppers were replaced while keeping the Control chamber completely submerged.  It is 
necessary to remove all air from the chambers if accurate oxygen depletion rates are to be 
measured.  Air left in the system contains oxygen that will slowly dissolve into the chamber 
water, leading to an underestimation of respiration.   
 
The Control chamber was then carefully placed on top of the sediments while taking great 
care not to disturb the surrounding area.  Depending on the slope of the river bottom and 
flow velocities, the Control chamber was attached to a wood stake hammered into the 
sediments to stop downstream chamber drift.  After the Control chamber was situated, the 
water quality probe was submerged into the water, gently swirled to remove air bubbles 
attached to the probes, and screwed into the probe housing on the Control chamber lid.  
After placement of the water quality sonde, the water circulation pump was turned on for 
the remainder of the testing period.   
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Similar to the Control chamber, the two Testing chambers were filled with river water and 
flipped upside down while running the pumps to remove any air trapped in the pump and 
plumbing.  After 10-15 seconds, the pumps were turned off and the Testing chambers were 
then flipped right side up while keeping the chambers submerged.  The Testing chambers 
were deployed upstream of the Control chamber to ensure undisturbed sediments.  After 
placing the Testing chambers into the sediments by hand and body weight, proper 
placement was confirmed by carefully checking the coupling flange connecting the bottom 
sections of the Testing chambers.  Seating the chambers to a depth of 1½“ was achieved 
by setting the coupling flange of the chambers parallel to the surrounding sediments.  
 
SOD Calculation: The sediment oxygen demand (SOD) fluxes and dark water column 
respiration (WCdark) rates were calculated using the following equations. 

 
𝑆𝑆𝑆𝑆𝑆𝑆 = 1.44�𝑉𝑉 𝐴𝐴� �(𝑏𝑏𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑏𝑏𝑊𝑊𝑊𝑊) ( 1 ) 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑂𝑂𝑂𝑂𝑂𝑂𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑆𝑆𝑆𝑆 �𝑂𝑂 𝑆𝑆2 𝑆𝑆𝐷𝐷𝑂𝑂� � 

1.44 = 𝑢𝑢𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐𝑐𝑐𝑆𝑆𝑐𝑐𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝑐𝑐𝑆𝑆   �𝑆𝑆𝑂𝑂 𝐿𝐿 𝑆𝑆𝑆𝑆𝑆𝑆�  →  𝑂𝑂 𝐿𝐿 𝑆𝑆𝐷𝐷𝑂𝑂� � 
𝑉𝑉 = 𝑐𝑐𝑐𝑐𝑣𝑣𝑢𝑢𝑆𝑆𝑆𝑆 𝑐𝑐𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝑆𝑆𝑆𝑆 𝑊𝑊𝑊𝑊 𝑐𝑐ℎ𝐷𝐷𝑆𝑆𝑏𝑏𝑆𝑆𝑐𝑐𝑐𝑐 (38 𝐿𝐿) 
𝐴𝐴 = 𝑐𝑐𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝑐𝑐𝑆𝑆𝐷𝐷 𝑤𝑤𝑆𝑆𝑆𝑆ℎ𝑆𝑆𝑆𝑆 𝑆𝑆ℎ𝑆𝑆 𝑐𝑐ℎ𝐷𝐷𝑆𝑆𝑏𝑏𝑆𝑆𝑐𝑐 (0.16 𝑆𝑆2) 
𝑏𝑏𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑏𝑏𝑢𝑢𝑣𝑣𝑏𝑏 𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑑𝑑𝑣𝑣𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑆𝑆 𝑐𝑐𝐷𝐷𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐ℎ𝐷𝐷𝑆𝑆𝑏𝑏𝑆𝑆𝑐𝑐 �𝑆𝑆𝑂𝑂 𝐿𝐿 𝑆𝑆𝑆𝑆𝑆𝑆� � 
𝑏𝑏𝑊𝑊𝑊𝑊 = 𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑑𝑑𝑣𝑣𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑆𝑆 𝑐𝑐𝐷𝐷𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆 𝑊𝑊𝑊𝑊 𝑐𝑐ℎ𝐷𝐷𝑆𝑆𝑏𝑏𝑆𝑆𝑐𝑐 �𝑆𝑆𝑂𝑂 𝐿𝐿 𝑆𝑆𝑆𝑆𝑆𝑆� � 
 

𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 1440(𝑏𝑏𝑤𝑤𝑤𝑤) ( 2 ) 

𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑑𝑑𝑣𝑣𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑆𝑆 𝑐𝑐𝐷𝐷𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆 𝑊𝑊𝑊𝑊 𝑐𝑐ℎ𝐷𝐷𝑆𝑆𝑏𝑏𝑆𝑆𝑐𝑐 �𝑂𝑂 𝑆𝑆3 𝑆𝑆𝐷𝐷𝑂𝑂� � 

 1440 = 𝑢𝑢𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐𝑐𝑐𝑆𝑆𝑐𝑐𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝑐𝑐𝑆𝑆   �𝑆𝑆𝑂𝑂 𝐿𝐿 𝑆𝑆𝑆𝑆𝑆𝑆�  →  𝑂𝑂 𝑆𝑆3 𝑆𝑆𝐷𝐷𝑂𝑂� � 
 

WCdark is the volumetric oxygen consumption rate measured in the Control chamber and 
represents the dark respiration associated with the water column.  This parameter is 
comparable to a one-day biochemical oxygen demand (BOD) test having no nitrification 
inhibitor.  SOD is expressed as a two-dimensional flux associated with the sediments and 
benthos since the oxygen demand required by the water column has been subtracted.  The 
working volumes and sediment areas were constant since the Testing chambers were 
placed to a uniform depth of 1½”.  The SOD fluxes were initially calculated for both of the 
Testing chambers and then averaged for further analysis.    
 
SOD values found in literature are typically normalized to 20°C (SOD20) using the 
following modified van’t Hoff form of the Arrhenius equation based on ambient water 
temperature (Berthelson et al., 1996, Chapra, 2008 Table 2.3):  
 

 
𝑆𝑆𝑆𝑆𝑆𝑆20 =

𝑆𝑆𝑆𝑆𝑆𝑆
𝜃𝜃𝑡𝑡−20

 ( 3 ) 

𝑆𝑆𝑆𝑆𝑆𝑆20 = 𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝐷𝐷𝑣𝑣𝑆𝑆𝑛𝑛𝑆𝑆𝑆𝑆 𝑆𝑆𝑐𝑐 20℃ 
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𝑆𝑆 = 𝑐𝑐𝑏𝑏𝑐𝑐𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑𝑆𝑆𝑐𝑐𝐷𝐷𝑆𝑆𝑢𝑢𝑐𝑐𝑆𝑆 (℃) 
𝜃𝜃 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑𝑆𝑆𝑐𝑐𝐷𝐷𝑆𝑆𝑢𝑢𝑐𝑐𝑆𝑆 𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝐷𝐷𝑣𝑣𝑆𝑆𝑛𝑛𝐷𝐷𝑆𝑆𝑆𝑆𝑐𝑐𝑆𝑆 𝑐𝑐𝑐𝑐𝑆𝑆𝑜𝑜𝑜𝑜𝑆𝑆𝑐𝑐𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

1.065 = (𝐵𝐵𝑆𝑆𝑐𝑐𝑆𝑆ℎ𝑆𝑆𝑣𝑣𝑐𝑐𝑐𝑐𝑆𝑆 𝑆𝑆𝑆𝑆 𝐷𝐷𝑣𝑣, 1996) 
1.08 = (𝑊𝑊ℎ𝐷𝐷𝑑𝑑𝑐𝑐𝐷𝐷, 2008) 

 1.047 = 𝑊𝑊𝑊𝑊 𝐵𝐵𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝑑𝑑𝑐𝑐𝑐𝑐𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑆𝑆 (𝑊𝑊ℎ𝐷𝐷𝑑𝑑𝑐𝑐𝐷𝐷, 2008) 
 
The ambient DO deficit is a result of various biogeochemical activities occurring in the 
water column and at the sediment-water interface.  Through the use of chambers, these 
parameters are decoupled and the percent of the ambient oxygen demand associated with 
the sediments (%SOD) can be calculated accordingly: 

 

%𝑆𝑆𝑆𝑆𝑆𝑆 = �
𝑆𝑆𝑆𝑆𝑆𝑆

𝑆𝑆𝑆𝑆𝑆𝑆 + (𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑) ∗ 𝑆𝑆�
100 

( 4 ) 

 𝑆𝑆 = 𝑆𝑆𝑆𝑆𝐷𝐷𝑆𝑆 𝑐𝑐𝑆𝑆𝑐𝑐𝑆𝑆𝑐𝑐 𝑆𝑆𝑆𝑆𝑑𝑑𝑆𝑆ℎ 𝐷𝐷𝑆𝑆 𝑆𝑆ℎ𝑆𝑆 𝑐𝑐𝐷𝐷𝑆𝑆𝑑𝑑𝑣𝑣𝑆𝑆𝑆𝑆 𝑐𝑐𝑆𝑆𝑆𝑆𝑆𝑆 (𝑆𝑆) 

 
Sediment Core collection: Sediment samples were collected using a 3’ long 2” inner 
diameter acrylic open-barrel core. 
 
TS, VS and TOC Measurements: Percent total solids (%TS) and percent volatile solids 
(%VS) were measured according to USEPA Method 1684 and Standard Methods (APHA, 
2005).  Total organic carbon (TOC) was measured on a Shiamdzu 5000A TOC analyzer.  
 
3.0 Results  
 
Sediment Oxygen Demand: Table 1 summarizes some typical parameters related to the 
ambient water quality and the surroundings.  
 

Table 1: Initial conditions during SOD sampling 
  time temp. DO DO sat. pH cond. 

Site   (°C)  (mg/L) (%)   (μS/cm) 
Big Bend 13:45 19 9.6 120 8.2 640 

Ropes Course 14:30 20 8 105 8.2 620 
RV park 10:30 19 6.3 82 8.2 620 

State Park 11:00 19 4.8 60 8.2 610 
note: sunrise at 06:56, sunset at 19:56     

 
The water temperature was 19-20 centigrade at all four sites, resulting in the easy 
comparison with literature SOD values normalized to 20 celsius.  Ambient DO 
concentrations were in a deficit in the morning hours and supersaturated in the afternoon, 
indicating an active population of primary producers.  The low DO concentration of 4.8 
mg/L measured at the State Park site three hours after sunrise suggests even lower 
nighttime DO concentrations.  The pH was 8.2 at all sites and specific conductance was 

4 
 



consistently around 620 μS/cm. It is not likely that the daytime temperature fluctuations in 
the water column would have affected SOD values. It all depends upon solar radiation and 
how deep it can penetrate to affect the temperature at the water column-sediment interface. 
Nevertheless, given the depth of the river (>1 m), it is safe to assume that SOD to be 
relatively constant over diurnal ambient temperature differences over short periods of 
daytime. 
 
The calculated values of SOD for each chamber and the DO depletion in the water column 
are summarized in Table 2. SOD1 and SOD2 represent sediment oxygen demands measured 
by chamber 1 and 2 (i.e duplicate chambers) respectively. SODavg represents the average 
of SOD1 and SOD2.  SOD20 is the normalized value at 20 degree celcius. WCdark denotes 
oxygen consumed in the water column (i.e in the control chamber with bottom closed) 
under dark conditions. 

 
Table 2: SOD and WCdark 

  SOD1 SOD2 SODavg SOD20 WCdark depth* %SOD 
Site (g DO/m2/day) (g/m3/day) (m)   

Big Bend -6.2  -6.2 -6.6 -4.5** 2 32 
Ropes 

Course -2.6 -2.1 -2.3 -2.3 -0.8 1.5 66 

RV Park -2.0 -2.2 -2.1 -2.2 -0.42 1.5 77 
State Park -1.6 -1.6 -1.6 -1.8 0*** 1.5 ~100   

* assumed depth 
** high water column DO consumption  
*** negligible contribution 
 
The negative values signify oxygen being consumed at the sediment-water interface. As a 
general rule, SOD values greater than -1 g-DO/m2/d are associated with organically 
enriched sediments (Chapra, 2008, pg. 452). As evident from Table 2, all measured SOD 
values in Provo River were greater than -1, implying organically enriched sediments. Much 
like the lower Jordan River, the lower Provo River in late summer is characterized by slow 
velocity and hence depositional zones. The highest SOD was recorded at the Big Bend site 
coupled with a high water column oxygen demand. The high WCdark measured at the Big 
Bend site is assumed to be a sampling artifact associated with the placing chambers in the 
waist deep muck. At all other sites, SOD accounted for the majority of the total DO 
consumption as indicated in the last column in Table 2. However, for the Big Bend site, 
SOD contributed to only 32% of the total DO consumed in the water column and sediments 
due to the high WCdark rate. Unfortunately, the duplicate SOD chamber did not yield any 
SOD value due to the problems associated with the data SONDE. However, the TOC in 
sediment at Big Bend was also highest and this ensures that the high SOD at Big Bend was 
not a measurement error.  
 
The zero WCdark oxygen demand measured at State Park site was accompanied by a slight 
increase in DO in the chamber and should be regarded a ‘control’ for the SOD chambers.  
The %SOD for the Ropes Course, RV Park and State Park was greater than 60%, suggesting 
that the sediments are large contributors to ambient DO deficits in the lower Provo River. 
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This implies that the sediment at these sites are a continuous sink of dissolved oxygen due 
to various biogeochemical activities. However, this is an open question as how long the 
existing sediments will keep exerting these high oxygen demands and that would really 
depend upon the organic carbon content in sediments.   
 
Table 3 provides generalized benthic conditions based on 103 SOD measurements 
conducted in Illinois streams (Butts and Evans, 1978).  The following table refers to fine 
sediments, not coarse sands and gravels.  These values provide an indication of the 
pollution status of sediments in terms of organic matter (OM) enrichment based on 
measured SOD fluxes.  The lower Provo River had sediments ranging from ‘heavily 
polluted’ in regards to OM enrichment at the Big Bend site to ‘slightly degraded’ near the 
outlet at the State Park site. 

 
Table 3: Sediment condition for different SOD fluxes 

SOD Sediment condition 
< -0.4 clean 

-0.4 to -0.8 moderately clean 
-0.8 to -1.6 slightly degraded 
-1.6 to -2.4 moderately polluted 
-2.4 to -4.0 polluted 
-4.0 to -8.0 heavily polluted 

> -8.0 sewage sludge like 
adapted from Butts & Evans, 1978, Table 13  
20°C fluxes  

 
Based on these values, it can be concluded that lower Provo River falls in the range of 
moderately polluted to polluted stream. In general, SOD fluxes were the highest at the Big 
Bend site and decreased with distance downstream.  The Big Bend site had a very high 
SOD and the sediments were composed of organically enriched muck that released large 
amounts of swamp gas when disturbed.  The sediments became more homogeneous with 
distance downstream and SOD fluxes decreased.  It appears that a large amount of course 
particulate OM enters the lower Provo River from upstream and large amounts of 
deposition occur at the beginning of the ‘bathtub’.  It should also be noted that the 
supersaturated ambient DO concentrations in the afternoon indicate instream primary 
production, adding to the reservoir of OM in the sediments.  Surprisingly, the lowest SOD 
fluxes were measured near the outlet of the Provo River into Utah Lake.  This is most likely 
a result of particulate OM settling upstream, while phytoplankton may be a significant 
source of SOD near the outlet.   
 
Total organic carbon and VS: Table 4 summarizes TOC and other related parameters for 
all four sites. The %TS provides an indication of water content and helps describe how 
‘muddy’ the sediments are.  The %VS is a surrogate for sediment OM, where organic 
carbon, oxygen, and hydrogen are oxidized to carbon dioxide and water at 550 degree 
centigrade.  The %TOC is a direct measurement of organic carbon.  TOC:VS ratios are 
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typically between 0.4-0.6, with the common assumption being 0.5.  Cellulose is 44% 
organic carbon or having a TOC:VS ratio of 0.44.  As evident from Table 4, the measured 
TOC corresponded well with the measured VS values. 
 

Table 4: Sediment condition for different SOD fluxes 

Site %TS %VS %TOC TOC:VS 
ratio 

SOD20 

Big Bend 54 7.8 3.5 0.45 -6.6 
Ropes Course 72 0.8 0.3 0.38 -2.3 

RV park 52 4.5 2.9 0.64 -2.2 
State Park 61 2.1 1.3 0.62 -1.8 

 
The Big Bend site sediments where visually enriched with course particulate organic matter 
(CPOM) composed of terrestrial leaf material.  To confirm this observation, the Big Bend 
site sediments were fractionated into three sizes <0.4 mm, >0.4 mm-1 mm, and >1 mm.  
Table 8 provides the breakdown of OM found within these size fractions.  Roughly 57% 
of the OM found in the surface sediments were larger than 0.4 mm in size, suggesting 
terrestrial vegetation and macrophyte debris.  The remaining 43.5% of the OM smaller than 
0.4mm in size is a mixture of degraded CPOM, periphyton, and phytoplankton. 

 
Table 8, Big Bend site sediment OM size fractionation 

Big Bend OM size characterization (%) 
>1 mm 40.7 

<1 mm & >0.4 mm 15.8 
<0.4 mm 43.5 

 
The decay of organic matter is the source of SOD.  Figure 2 provides the relationship 
between SOD and surface sediment %VS (0-2 cm depth) in the lower Provo River, Jordan 
River, and Utah Lake.  The outliers in the lower Provo River and Utah Lake where SOD 
was very high compared to surface sediment %VS are the Big Bend site and Provo Bay 
site.  This was attributed to the sediments being very ‘mucky’ to depths greater than 30 cm, 
implying that subsurface decay is contributing to SOD.  The depressed Utah Lake SOD 
fluxes in relation to %VS was a sampling artifact associated mass losses during combustion 
due to the high carbonate content in Utah Lake proper.  The low %VS measured in Utah 
Lake occurred at the outlet of Provo Bay where the sediments were composed of clean 
sand. 
 
Furthermore, there was a good agreement between the sediment SOD and VS. For 
example, the Big Bend site showed high SOD with high VS and TOC concentrations as 
well. The surprising observation was recorded for Ropes Course site in which case, this 
site had lower VS and TOC concentrations as compared to other sites but high SOD value. 
It is quite possible for this sites that other biological activities such as nitrification in 
sediments may have contributed to high SOD at Ropes Course but this observation will 
need further verification. The VS concentrations measured are typical of generally seen in 
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organically rich sediments. For example, many sites in the lower Jordan River showed VS 
content close to 4 to 5%.  
 

 
Figure 2, SOD and surface sediment %VS 

 
 
Recommendations:   
 

1. It is evident that the lower Provo River sediments are organically enriched and 
showed high SOD. However, more SOD measurements should be conducted for 
example in depositional zones under shaded areas and perhaps during different 
points of time to evaluate temperature effects. 

 
2. Sediment organic carbon loading should be determined by collecting core samples 

in case sediment management strategy needs to be implemented in future. 
 

3. It is further recommended to characterize sediments as well in terms of their grain 
size distribution to help design optional restoration techniques such as in-stream 
aeration and/or dredging.  
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® CLEAN-FLO INTERNATIONAL 
 
WEB SITE: www.CLEAN-FLO.com    827 Lincoln Avenue, Suite 1 
           West Chester, PA 19380 
TELEPHONE: 610-431-1934             FAX: 610-431-1959 
---------------------------------------------------------------------------------------------------------------------------------- 
 
December 24, 2014 
 
Darren S Olsen 
Principal, Senior Hydrologist 
BIO-WEST, Inc. 
1063 West 1400 North 
Logan, UT 84321-2291 
 
Re:  Aeration Feasibility 
  
Dear Darren, 
 
It was a pleasure meeting everyone involved with the Provo River project, and having 
the opportunity to visit and learn more details about the project and how the river will 
operate in the future.  Based on my site visit and reviews of the additional information 
provided prior to my visit, we firmly believe that diffused aeration using continuous non-
turbulent laminar flow would benefit the Provo River by providing the following: 
 

1. stable dissolved oxygen conditions throughout the water column and the 
sediment – water interface for all aquatic life.  The water column would have a 
minimum of 5-6 ppm of DO during system operation and would eliminate 
constantly rising and falling DO levels.  This reduces stress in fish and improves 
growth rates, vitality and overall health.  Constant DO levels also increase 
aquatic insect populations (natural fish food) and natural populations of 
beneficial microbes, which can all be killed when the lower part of the water 
column is anoxic. 

2. reduction in nutrients and suspended solids in the water column that can 
contribute to algae growth 

3. reduction in organic sediments and sediment oxygen demand, thus improving 
the depth of the river 

4. elimination of stagnant areas of water and any odors resulting from stagnant 
conditions 

 
Diffused aeration using continuous non-turbulent laminar flow involves the use of 
compressors for an air supply, airlines to transport the air and micro-porous ceramic 
diffusers designed to maximize the efficiency of oxygenation of the water column.  The 
depth of water and the retention time are key factors in designing the most efficient 
system, and typically longer retention times with minimal flows are preferred. 



 
Per our discussions, the scope of aeration for the river is confined to the area from the 
fish weir downstream to the yet to be constructed dam.  For purposes of developing the 
budgets, we assumed the pedestrian bridge to be the downstream border.  Also two 
sets of conditions were used for budget preparation.  The first is for low lake conditions 
at elevation 4486 and a 10 cfs flow, and the second is for high lake conditions at 
elevation 4489 and a 10 cfs flow.  Flows higher than 10 cfs occur mostly in the spring 
and not in the period of documented low dissolved oxygen conditions. 
 
Using the assumptions stated, budgetary cost estimates were prepared for the low and 
high water levels.  Due to the overall length of the river in the aeration zone, it is more 
cost effective to utilize 2 compressors as opposed to 1 compressor in a centrally 
located area.  However this also requires 2 buildings with ventilation to house the 
compressors.  For purposes of establishing the budgets, self-sinking airline was used 
exclusively to connect the diffusers to the manifolds at the compressors.  During our 
meeting, there was discussion about trenching along the river and installing larger 
diameter piping to be used as a header.  However we cannot budget that work at this 
time without a greater effort of system design and engineering. 
 
It is anticipated that low water level conditions would require 41 diffusers.  High water 
level (longer retention) would require less, but in this case the compressors would be 
controlled by variable frequency drives which would allow the compressors to be 
operated at a reduced frequency.  This reduced frequency would mean less air 
supplied to the overall treatment area and less power usage.  All diffusers would remain 
in operation but each diffuser would receive less air supply during high water levels.  
For purposes of budgeting, the diffuser spacing was considered to be a single line, 
equally spaced through the treatment zone.  Actual spacing may vary in final design 
based on the depth profile of the treatment zone.  Some photos of actual diffuser boils 
and the diffuser itself are shown here. 
 

 



 
 

 
 
The budgetary estimate for the low water elevation is $250,000.  The estimate for the 
high water elevation is $222,000.  These estimates include compressors, variable 
drives, manifolds, self-sinking airline, diffusers and all parts necessary for system 
operation.  The estimates also include design and engineering, shipping, installation 
and beneficial bacteria and enzymes to be added after the system is started to help 
reduce the organic sediments and nutrients in the water column.  The estimates do not 
include the buildings for the compressors and connection of power to the units. 
 
On-going maintenance of these systems will require changing the air intake filter and 
the oil every 6 months.  This process takes about 30 minutes.  Filters and oil for the first 
year of operation are included in the estimates.  The compressors have a 3 year 
warranty with documented maintenance records. 
 



The total combined electrical power consumption of the 2 compressors at low water will 
be approximately 18.5 kW and at high water 19 kW.  These systems are designed to 
operate 24/7 to keep dissolved oxygen levels stable.  However at certain times of year, 
full operation may not be required.  The variable frequency drives provided with the 
system will provide a means of reducing the motor speed, thus reducing the air supply 
and lowering the power usage when full operation is not required. 
 
Flow of 10 cfs results in very short retention times in the aeration zone.  For comparison 
purposes, most lake retention times are measured in months and even years in some 
cases.  The retention times for low and high water level in the Provo River are both less 
than 1 week.  Short retention times require more aeration because new water is 
constantly being treated.  Many times new water also means more nutrients that have 
to be controlled.  Results from aeration are normally much better when outside 
influences, such as run-off are controlled or eliminated.  If retention was increased, the 
aeration system sizing would be reduced.  This would result in reduced equipment cost 
and less on-going power usage. 
 
Without doing designs for various flow rates, it is impossible to determine reductions in 
cost, however 2 compressor locations will likely still be advantageous due to the total 
length of the treatment area.  However this could change once the design is finalized 
and the scope of trenching headers from one location is analyzed. 
 
Laminar flow aeration will help reduce algae and some weed growth over time.  The 
mechanisms behind these reductions are reduced nutrients in the water column, 
reduced organic sediments and increases in DO in the sediments.  There is no 
guarantee that all weed growth will be eliminated, nor is this preferred.  Aquatic life 
needs some weed growth and structure.  In most cases nuisance weed growth is 
reduced over time. 
 
We appreciate the opportunity to evaluate the use of aeration to improve the water 
quality conditions in the Provo River.  Please feel free to contact us with any questions 
or concerns. 
 
Sincerely, 

 
Brian Kling, PE 
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