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1: Executive Summary
The degraded water quality of the Snake River is the result of generations of farming, but it can be improved by continuing to study and implement better management practices. Several water quality projects have been completed across the Upper Snake Rock Subbasin, with mixed impact. In order to maximize the use of resources, a single plan has been developed to guide the implementation of future projects. Existing literature and completed studies have shown the results of eutrophication, likely sources of nutrients, and the impact of management practices, but none have been combined into one report that can be used to guide what types of projects should be implemented where within the subbasin. This MP has attempted to simplify and consolidate the information to enable parties to best implement effective projects. It includes a description of a myriad of best management practices and their efficacy. By using this plan, conservationists in Southern Idaho will best use the meager resources available to rebuild the Snake River.    
[bookmark: _Hlk36985289]In 2018, the Southern Idaho Water Quality Coalition (SIWQC) was established to address pollution in the Snake River, specifically agriculturally related nonpoint source pollution. The coalition is comprised mostly of manufacturing, agriculture, aquaculture operations and municipalities that are the most impacted by the Total Daily Maximum Load (TMDL). A change in the TMDL impacts businesses and municipalities the most because the change affects their permits and can require extensive upgrades to their operations. For example, the city of Twin Falls could face a required reduction of total phosphorous (TP) effluent allotment from 710 pounds a day to 10. This change will require that city to build another wastewater treatment plant at a cost of $40-60 million for a city of 50,000 people. All other businesses that discharge wastewater are facing similar problems. Furthermore, municipal and business effluent only accounts for 15% of the TP discharges to the river. Addressing point sources while ignoring nonpoint sources will not adequately address the root problem in a meaningful way (Franson Civil Engineers, 2019).  
[image: ]
[bookmark: _Toc36985863]Figure 1 - Map of the Upper Snake Rock Subbasin (Tetra Tech, 2014)
[bookmark: _Toc37704444]2: Introduction
[bookmark: _Toc37704445]2.1: Historical Situation
[bookmark: _Toc37704446]2.1.1: The Snake River Watershed Explained
[bookmark: _Hlk34479759]The Middle Snake River section of the river begins at Milner Dam and ends at King Hill, a city 93 miles downriver. The elevation at Milner Dam is 4,135 feet and drops to 2,498 at King Hill. The valley is a 2,400+ square mile watershed that is commonly known as the Upper Snake Rock Subbasin (USR). The USR is in parts of nine counties with most of it residing in Gooding, Jerome, and Twin Falls counties (Tetra Tech, 2014).
The Middle Snake River subbasin enjoys returns from 16 tributaries. The Snake River Canyon is a deep trench with steep sides, and the river width ranges from 50 to 1,500 feet. The Snake River Plain is a wide plain dominated by sagebrush and grass. The whole section resides in what is locally known as the Magic Valley (Tetra Tech, 2014).         
[bookmark: _Toc37704447]2.1.2: Conversion from Desert
The Middle Snake River Watershed incorporates 8,620 square miles spread over nine counties in south central Idaho. It starts at the outlet of Milner Dam and ends at King Hill, 93 miles downriver. The Snake River is the tenth longest river in the United States. In 1904, the Magic Valley (the valley that the Middle Snake River Watershed resides in) was an uninhabited desert with only a few scattered ranches. The basin vegetation consisted mostly of sagebrush-grass with minimal riparian vegetation near waterways (Twin Falls Canal Company, n.d.). 
In 1889-1890 irrigation surveys were undertaken under the direction of the US Geological Survey. After many years of work and design it was decided that enough storage potential existed to begin a dam project. The project would enable enough storage and conveyance of water to convert the valley from desert into farmland. Under the Carey Act, Milner Dam was constructed in the years 1903-1905 by the Buhl-Kimberly Corporation. The Carey Act of 1894 and the Reclamation Act of 1902 facilitated conversion of public lands to private ownership and funded the construction of dams and reservoirs (Rydalch, et al., 1993). Fourteen years later, 2,208 farms had grown out of the desert along with six towns and 17,000 new inhabitants (Franson Civil Engineers, 2019). In 1909, the Minidoka Dam was added as the first Reclamation Service Project under the Reclamation Act in Idaho. The earth-fill dam towered over the desert landscape and created Lake Walcott. The newly constructed reservoir can hold up to 95,200-acre feet of water. The Minidoka Power Plant was also the first federal power plant to be built in the Northwest and had a capacity of 13,400 kilowatts (Bureau of Reclamation). 
[bookmark: _Toc37704448]2.1.3: Nutrient Loading
By 1997, the basin had been reduced to 54% desert, which was employed primarily as grazing habitat for sheep and cattle. 41% of the valley has been converted to agriculture. Agriculture operations add to nutrient pollution through fertilizer leaching, field runoff and manure from livestock operations (World Resources Institute, n.d.). Fertilizer was added to the fields to produce a larger crop. Regrettably, fertilizer is often overapplied to fields, causing an excess to run off into nearby waterways. In the years between 1960-1990, phosphorus application to agricultural processes more than tripled. Fertilizer use is expected to grow by a further 40% between 2002 and 2030. [bookmark: _Toc36985864]Figure 2 – Milner Dam 1915 (WaterResources.org, n.d.)

While better engineered crops are seen to be a possible solution, the new crops are only expected to increase production by 17% (World Resources Institute, n.d.). Currently scientists at Penn State are experimenting with beans and growth characteristics of their root systems. Beans with a longer primary root are better equipped to grow in TP deficient soil than beans with shorter thicker roots. Beans are a major protein staple for many parts of the world whose inhabitants cannot afford meat (Penn State, 2018).  
Figure 3 shows the important steps in the agricultural eutrophication cycle. Fertilizer composed of nitrogen, potassium and phosphorus is added to farmland to enhance plant growth. Excess nutrients are carried from the site by water, which takes them to lakes and streams. The lethal impacts are illustrated as increased macrophyte and algae growth, which in turn reduces oxygen, which then kills fish.   

[bookmark: _Toc36985865]Figure 3 The Agriculture Eutrophication Cycle (Quora, n.d.)
Another staple of the valley is aquaculture, with 70% of the Idaho’s 115 licensed fish hatcheries located in the basin (Franson Civil Engineers, 2019). Unfortunately, fish farms generate nutrient-concentrated effluent from: excrement, excess fish food, and other organic wastes. On average a ton of fish production causes 7.2-10.5 kg of phosphorus waste (World Resources Institute, n.d.).  Figure 4 illustrates the negative impact that aquaculture facilities can have on water quality and how they can create dead zones in water bodies the facility’s effluent is discharged into.  

[bookmark: _Toc36985866]Figure 4 The Aquaculture Eutrophication Cycle (World Resources Institute, n.d.)
Years of nutrient loading coupled with severe droughts left the Snake River thick with macrophytes. The river had lost beneficial use and aquatic life was significantly diminished. The result of years of abuse required the USEPA and IDEQ to introduce a TMDL for the Mid Snake River.  
[bookmark: _Toc37704449]2.1.4: Total Maximum Daily Loads Introduced
In 1997, a TMDL was first introduced to address Total Suspended Solids (TSS), Total Phosphorus (TP), and macrophyte growth in the Middle Snake River to reduce nutrient loading (USEPA, 1997). Due to rigorous work completed by stakeholders over the next ten years, all but the requirements for TP were removed from the 2010 TMDL. As of the publication of the 2014 Idaho Integrated Report (the latest one available), multiple rivers and streams that feed the Snake River in the watershed are currently under a TMDL for TP (Idaho Department of Environmental Quality, "Idaho's 2014 Integrated Report", 2017). TP was the focus of the TMDL because it has been considered the limiting factor in macrophyte growth (Tetra Tech, 2014). In the Middle Snake River Watershed, 85% of the TP comes from agriculture.  Agriculture is exempt from monitoring under current Clean Water Act (CWA) requirements (Idaho Department of Environmental Quality, 2016). 

[bookmark: _Toc36985867]Figure 5 Map of the Middle Snake River, including the TMDL Segments (Mebane, Fosness, and Skinner, 2019)
[bookmark: _Toc37704450]2.1.5: Clean Water Act and Nonpoint Source Management Plans
2.1.5.1: Clean Water Act
The United States Environmental Protection Agency (USEPA) divides water pollution into two categories, point and nonpoint. A point source is a defined source of effluent that can be traced to a single generator, a wastewater treatment plant for example. A nonpoint source is a source that is not restricted to any single effluent from a defined facility but instead arises from various sources such as agricultural runoff, stormwater drainage, bacteria, and nutrients in return waters from livestock operations (USEPA, 2016). 
Originally, under section 208 of the Clean Water Act, all states were asked to identify land-based operations that were causing water quality problems. The states were further urged to develop remediation plans that would take 20 years or less to complete. Known as section 208 plans, they were also intended to identify pollution from agriculture, both livestock and crop-based effluent. Currently 48 percent of America’s water pollutions genesis is based in agriculture. Under section 208, states were required to submit the remediation plans to the USEPA. The CWA attempted to induce states to participate in the program through cost sharing of the plan’s development and construction of water quality projects. Under this program the EPA was not given the authority to compel states to develop these programs, and most states simply chose not to. Due to its ineffectiveness at producing change, the program went unfunded in 1981 and has not been enforced since (Laitos & Ruckriegle, 2013).
[bookmark: _Toc321147011][bookmark: _Toc318189312][bookmark: _Toc318188327][bookmark: _Toc318188227][bookmark: _Toc321147149]In 1987, the Nonpoint Source Program was mandated by congress as an amendment to the Clean Water Act (CWA) to combat water pollution. Under the Nonpoint Source Program, states were given funding and a mandate to address nonpoint source (NPS) water pollution. This program is what Idaho uses to manage ecosystems impacted by nonpoint pollution (Hastings et al., 2014). One example is an ecosystem like the Crystal Springs Reach of the Snake River, a stretch of the river that receive high levels of nutrient-rich deposits of TSS.  The Nonpoint Source Program is built around adaptability and enhancing water for future generations. The desired outcome of the NPS plan is clean surface and ground water. This outcome involves reducing pollutants and protecting high-quality waters to meet the goals of fishable and swimmable waters and safe drinking water supplies. Accomplishing the goals established in this plan with limited resources will require effective planning and the commitment of all partners with a vested interest in the outcome (Idaho Department of Environmental Quality, 2015).


[bookmark: _Hlk35337772]2.1.5.2: Scope of the Nonpoint Source Management Plan
All waters in the state fall into the scope of the Nonpoint Source Plan. Of Idaho’s 708,000 acres of lakes almost 480,000 (>67%) do not fully support their beneficial use.  It should be noted that Idaho’s rivers are somewhat better; only about 44,000 out of 105,000+ (>41%) miles fail to fully support their beneficial use. (Hastings et al., 2014). In Idaho, over 900 rivers, streams, and lakes are listed as inhibited waters because of agricultural runoff (Hastings et al., 2014). 
Wyoming has over 260,000 miles of streams and 485,000 acres of lakes. Unfortunately, only 7% of stream miles (17,857 miles) and 4% of lakes (18,922 acres) have been assessed. Of the nearly 18,000 miles and almost 19,000 acres assessed, only 6 percent of streams were listed as impaired and 2 percent of the lake acres (Wyoming Department of Environmental Quality, 2019). Montana has measured over 20,500 stream miles (38 percent) and 493,343 lake acres (77 percent) with less than 10 percent of stream miles and less than 11 percent of lake acres assessed meeting full beneficial use (Montana Department of Environmental Quality, 2018).     
Beneficial Use is defined as: {
DEQ maintains and protects the existing high quality of the state's ground water and the existing and projected future beneficial uses of ground water and interconnected surface water. Within Idaho, all ground water is protected for meeting drinking water beneficial uses. Ground water provides drinking water to 95% of Idahoans (Idaho Department of Environmental Quality, 2015).

 



2.1.5.3: Enacting the Plan
Idaho, through the Nonpoint Source Plan, is required to: 
Assess their waters every two years.
Develop a plan to remediate impaired waters and implement programs to prevent water pollution. Water improvement projects are managed through 319 Grants (Hastings et al., 2014).   
A water study is conducted bi-annually across the state by Idaho Department of Environmental Quality (IDEQ) to identify levels of water pollution. Each river and lake (or parts thereof) are tested and divided into one of five categories: 
Waters wholly within a designated wilderness or inventoried roadless area and presumed to be fully supporting all beneficial uses. 
Water fully supporting those beneficial uses that have been assessed. 
Insufficient data to determine if any beneficial uses are being met. 
Waters not supporting one or more beneficial uses, but they do not require development of a total maximum daily load (TMDL). The TMDL is a plan that delineates how much and what kind of pollution can be added to a lake or river. The TMDL could already be developed, or pollution controls could already be in place.
Waters are not meeting applicable water quality standards for one or more beneficial uses by one or more pollutants. They will require a TMDL.  
2.1.5.4: DEQ Supporting Remediation through 319 Grants
IDEQ supports, financially and technically, watershed remediation of Category 4 and 5 waters through 319 Grants (Idaho Department of Environmental Quality, 2016). A 319 Grant will financially support a project that a group wants to undertake in order to clean up water bodies. Members of the Southern Idaho Water Quality Coalition have used 319 dollars to support multiple projects. Two highly successful projects are detailed below. 
The Twin Falls Coulee Wetlands Project (a 319 project) consisted of developing 13 ponds over eight acres. The goal of this project was to reduce pollutant loads in irrigation return flows from several thousand acres of farmland that directly discharge into the Snake River. Work on the project was completed in 2014 at a total cost of $106,300. Today it is a lush and vibrant landscape. Birds chirp on almost endlessly, while frogs, snakes and untold numbers of other animals scurry around. Since the ponds go dry in the winter no fish live in the ponds. The ponds receive up to 30 cubic feet per second (CFS) of water and can remove 79% of total suspended solids and 63% of total phosphorus (Idaho Department of Environmental Quality, 2012).
In 2012, Trout Unlimited worked with IDEQ on the Upper Big Lost River Temperature and Sediment Reduction project. Through the project, Trout Unlimited fenced in 1.75 miles of riverbank to keep cattle out of the river. They also planted willows and other vegetation over 6.2 miles to replace what cattle had destroyed. The vegetation provides shade for the water and stabilizes the shoreline, reducing sediment runoff. A 2015 evaluation found that the measures were largely successful. The plants had taken root and thrived. The fence continued to be successful in keeping cattle out but has required repair in the years since construction (Idaho Department of Environmental Quality, 2012).    
[bookmark: _Toc37704451]2.2: Current Situation
[bookmark: _Toc37704452]2.2.1: Current Problems in the Watershed
The water of the Snake River has been significantly degraded during the last 100 years due to growth in the Magic Valley. The once free-flowing river has been transformed into the definition of a working river. It is besieged with numerous flow diversions, impoundments, and chemical pollutants, including nutrients from agriculture (Rydalch, et al., 1993). The resulting changes include the loss of macroinvertebrates, invasion of exotic species, loss of natural riverine species, and excessive growth of aquatic plants and algae. During the late summer months, low flows and higher temperatures cause an extra abundance of aquatic plant growth (Tetra Tech, 2014).   
[bookmark: _Toc37704453]2.2.2: Macrophyte Growth

[bookmark: _Toc36985868]Figure 6 Milner Dam (center, with no flow) and four canals that divert most of the water from the Snake River. Notice the dry riverbed. (Google Earth, 2017)
Milner Dam
Twin Falls Main Canal
Milner Main Canal
North Side Main Canal
Milner Gooding Canal

[bookmark: _Toc36985869]Figure 7 Milner Dam (Center) (Google Earth, 2017)
[bookmark: _Hlk36982150]At Milner Dam, the river is diverted into four separate canals which carry the lion’s share of the water to farms and fields across the magic valley. Under this practice the Snake Rivers flow is highly diminished through the summer and into the late fall (Rydalch, et al., 1993). Underground springs feed the river, creating a relatively secure flow west of the dam. About 40% of the water diverted for irrigation makes it back to the river. Along the 93 mile stretch of the river agriculture returns and natural springs feed the river.   (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). Further west, Rock Creek and the Upper Salmon Falls Reservoir contribute significantly to the waterway. Unfortunately, that 40% is heavily laden with sediment and phosphorus (Rydalch, et al., 1993).  
	The water that does flow through the Middle Snake River reach is highly impacted by effluent from irrigation, aquaculture returns, and municipal sewage outflows. The main nutrient impacting this portion of the river is phosphorus. Phosphorus and nitrogen both support macrophyte growth, but nitrogen is a background nutrient while the limiting factor is phosphorus. Nitrogen is considered a background nutrient because it occurs naturally in high enough quantities that it is not considered a limiting factor for aquatic plant growth. 
The 1993 study “Middle Snake River Productivity and Nutrient Assessment” by Falter, Burris, Carlson and Freitag is the foundation on which much of the later TMDL was based. Minimizing nuisance macrophyte growth was the focus of the first TMDL in the Mid Snake River and has continued through all subsequent TMDLs. The Falter et al. study focused on the Crystal Springs Reach (CSR) because earlier studies determined that portion of the river to be the most productive for macrophyte growth. The CSR is a wide, shallow (<1.5 m) and slow-moving (<0.3 fps) stretch of the river. Those same conditions are optimal conditions for macrophyte growth. Understanding the relationship between aquatic plant growth, sedimentation and nutrient loading was the goal of that initial study. Falter et al. found a correlation between TP levels and macrophyte growth, higher concentrations of TP led to elevated levels of aquatic plant growth. In the late 1980s through the early 1990s, southern Idaho was in the grips of a severe drought. Low flows in the Snake River allowed more sediment and phosphorus to settle in the CSR, supporting aquatic plant growth. A 1992 study measured maximum dry macrophyte weights at over 3,000 g/m2 with an average of over 1,000 g/m2. The 1997 TMDL set a target of a 30% reduction in macrophyte levels to 700 g/m2. During years with high water flows the rigorous flow scours the riverbed, removing excess nutrients and dislodging macrophytes. (See the comparative pictures of the CSR in section 3.1.2.)
[bookmark: _Toc37704454]2.3: Future Situation
[bookmark: _Toc37704455]2.3.1: Dendrochronology
	The drought that plagued the western US in the first decade of the century forced Idahoans to focus on water scarcity and quality issues with an elevated diligence. During the years 2001-2004 the Snake River flows were the lowest on record. In seven of the eight years between 2000-2008 flow was below average as it left Jackson Lake Dam (Wise, 2010), where the Snake River begins. The volume of water flowing through the Snake River has a direct correlation to its quality, and the lack of water in the first decade of the current century has water quality experts worried. What is not clearly understood is whether the effects of climate change on El-Nino will make the droughts longer and more severe. It is difficult to parse the difference between long-term natural variability and the impact of climate change (Wise & Dannenberg, 2017). If measurements taken from instruments were the only factors considered, the picture would be bleak, as the measurements taken over the last century would point to a long-term reduction in precipitation in the northwest (Wise, 2010).
 Fortunately, trees can tell a longer story. By using a science known as dendrochronology, scientists have built a climate dataset ranging back 425 years along the Snake River. The growth rings of trees have been assessed to determine mean precipitation and couple it to average streamflow. In a dry year the growth rings are very close together, while during wetter years the growth rings are further apart.  The samples show us that the drought of the mid-1600s was by far the most severe during the last 400 years with low flows 24 of the 34 years between 1626 and 1659. In 2001 the water flow was only 3,208 million cubic meters (MCM) of water, but that is only the fourth worst year, with 1721, 1794 and 1889 having lower flows. Of the ten periods that had 11 years of less than mean flow, only two were in the 20th century, both occurring before the start of World War II (Wise, 2010). Since about 1600 CE, the Snake River’s annual mean water flow has been approximately 6,200 MCM, meaning that the drought of the early 2000s was an aberration and not a trend. While climate change may be affecting El-Nino, it has not made enough of an impact to differentiate between natural variability and global warming.  
Along the Colorado River, two other scientists, Stockton and Jacoby, had measured tree samples from the area around Lee’s landing. They learned that the mean average flow during the first part of the 20th century was much higher than it had been in the previous 450 years. These data mean that if water planners use only data gathered since the early part of last century, they would have an elevated estimation of expected levels in future years (Doyle, 2019).   
[bookmark: _Toc37704456]2.3.2: Evidence for Changes in the Earth’s Water Cycle
Water covers two thirds of the Earth’s surface. Saltwater makes up 97% of the total volume. Of the freshwater, two thirds reside in underground aquifers that are unable to be accessed. Only 0.016% of water on the planet is active and readily available for use by humans. The planet’s water cycle includes the complete cycle of water as it evaporates from the ocean by turning into a vapor that travels some distance and returns to the earth as rainfall, eventually to return to the ocean. Sometimes the water is aloft for a few hours and other times it travels for days before being redeposited back to the ground (Carle, 2016).  

[bookmark: _Toc36985870]Figure 8 The Water Cycle (Carle, 2016)
Climate change will impact global weather patterns differently across the planet. Overall precipitation patterns will become more intensified, with dry regions receiving less rain while wet regions receive more. Monsoon seasons will start about the same time of year but will last longer. Air also supports an additional 7% of humidity for each additional degree Celsius on the thermometer. To date supporting evidence for the change in the water cycle primarily comes from monitoring changes in regional precipitation (Stocker, 2013). 
In a situation where the ocean loses as much volume through evaporation as is regained from freshwater deposits, oceanic salinity would be somewhat balanced. Ocean salinity is impacted through added mineral runoff from riverine tributaries and evaporation. When rates of evaporation are higher than rates of refill, localized salinity will be high. Lower rates of evaporation ensure a lower mineral concentration. Tropical seas and oceans have shown increased concentrations of salt in recent years, while colder regions of the world are showing a decrease in salt concentrations (Stocker, 2013).     
Climate change has changed the weather patterns in the Western US. Less snow is falling in winter but is more than replaced by more rainfall in the spring. The impact of global climate change will only exacerbate extremes in Idaho’s weather. Parts of the region are expected to see an additional 10-20% of rainfall, but Idahoans will also encounter a 10% upward change in consecutive dry days. The additional water will create flooding hazards in an area that has already experienced increased flooding in recent years. A long-term water strategy is needed to make the West resilient in the years to come (US Global Climate Change Research Program). 
Phosphorus is instrumental in supporting the agriculture industry that makes the economy of the Magic Valley thrive. Unfortunately, when irrigation water returns to the Snake River it carries that all-important growth-supporting phosphorus with it. During high flows, the return water carries the phosphorus out of the whole river system, but in leaner years TP is deposited in the riverbed where it supports aquatic plant growth (Wood, Mullins, & Hajek, n.d.). The longer stretches of dry weather will mean that the Snake River will likely see lower flows throughout the late summer, which will support macrophyte growth. Macrophyte growth is harmful to water quality for a myriad of reasons. 
Decomposition of aquatic plants uses high levels of dissolved oxygen (DO), making it unavailable for fish and other aquatic life and resulting in a loss of aquatic life.  
Lower levels of DO can allow compounds to transform and become toxic (e.g., sulfate to hydrogen sulfide, carbon dioxide to methane).
In the 1990s the Snake River was unnavigable by boat in many places due to thick carpets of algae and plant growth.
As it decays algae can produce a scum and odors.
[bookmark: _Hlk34626850]Macrophyte beds can support increased insect populations (Wood, Mullins, & Hajek, n.d.).         

[bookmark: _Toc36985871]Figure 9 Simulated Changes in Precipitation (USEPA,2016)

[bookmark: _Toc37704457]3: Eutrophication and Remediation
[bookmark: _Toc37704458]3.1: Eutrophication Defined
[bookmark: _Toc37704459]3.1.1 Impact on the Snake River
Eutrophication occurs when water bodies are overloaded with nutrients such as phosphorus (TP) and nitrogen (N). Those nutrients collect and feed harmful algal blooms and macrophyte growth (Soils.org, 2019). In 2007, a green algal bloom in the Cascade Reservoir was so toxic it killed 23 cattle that drank the water (Idaho Department of Environmental Quality, 2015). Dead algae and vegetation feed microorganisms. Microorganism numbers grow in concert with the available vegetation and algae and, as they use these food sources, oxygen is depleted, which makes the water unable to support other aquatic life (Soils.org, 2019).          
One of the main sources of freshwater phosphorus is agricultural runoff (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). Unfortunately, 65% of the United States estuaries and coastal waters are moderately to severely degraded in water quality due to a buildup of excess nutrients (US Department of Commerce & National Oceanic and Atmospheric Administration, 2017). In the eutrophication cycle (Figure 7), sources such as residential runoff, septic tanks, and agriculture all add to the nutrient load in the water system. Their elevated levels enhance the impact of eutrophication by causing macrophyte growth, nutrient cycling and depleted oxygen.     
[bookmark: _Toc36985872]Figure 10 The Eutrophication Cycle (World Resources Institute, n.d.)
Carbon dioxide can also be created through eutrophication, which changes the PH of seawater. The acidification of the ocean has already impacted several species of fish and other marine life. Fish and shellfish growth is inhibited by acidification caused by carbon dioxide buildup; this acidification may also prevent bivalve mollusks from forming shells properly (US Department of Commerce & National Oceanic and Atmospheric Administration, 2017).  
Another cause of eutrophication is fertilization of crops.  Farmers typically will attempt to enhance the growth of their crops by adding fertilizer containing nitrogen and phosphorus. When traditional furrow irrigation is used, the irrigation water picks up the excess nitrogen and phosphorus and carries them off the farm. Under normal circumstances farm effluent does not receive any treatment prior to entering larger waterways, and the enhanced nutrient load is the source of nutrients for harmful algal blooms and fuels macrophyte growth (Cocilova et al., 2017).     
[bookmark: _Hlk28283066]The main source of phosphorus in southern Idaho is return irrigation systems that service runoff from furrow-irrigated fields. Well-managed sprinkler irrigation seldom causes runoff, and heavy rain events in southern Idaho are infrequent. However, irrigation water flowing across the fields picks up sediment containing P and can desorb dissolved phosphorus (DP) from soil particles. DP remains elusive during transport through catchment basins and other conservation measures, meaning it travels easily to the Snake River without losing quantity during conveyance. Particulate phosphorus (PP) attaches to sediment and is removed through traditional conservation measures (Bjorneberg, Leytem, Ippolito, & Koehn, 2015).          
Phosphorus losses from furrow-irrigated fields can be correlated to field slope and crop type. A study of 30 furrow-irrigated fields found a range of <0.3 to 130 kg Ha-1 TP (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). The greatest losses came from fields with a slope greater than 2%. Corn, dry beans and sugar beets also held the least amount of soil. Fields of barley, wheat and alfalfa and other close-seeded plants were able to minimize soil erosion due to furrow irrigation. The study found that less than 10% of TP was DP but DP constituted 45% of the TP that reached the Snake River, indicating that PP was retained in the various conservation mechanisms while DP flowed freely (Bjorneberg, Leytem, Ippolito, & Koehn, 2015).   
[bookmark: _Toc37704460]3.1.2: Factors Favoring Macrophyte Growth
The initial Mid-Snake TMDL was implemented because nutrient loading, water temperature, and water velocity had degraded the water quality of the Snake River, resulting in eutrophic conditions including rapid macrophyte growth, limited aquatic species diversity, and depleted oxygen levels. Macrophytes are aquatic plants growing in or near water. They may be either emergent (i.e., with upright portions above the water surface), submerged or floating. Examples of macrophytes include cattails, hydrilla, water hyacinth and duckweed (USEPA, 2016).
Those conditions were more profound during the warmer summer months (Idaho Department of Environmental Quality, 1997). Measurements taken in 1994 by Falter and Burris (1996) found areas of the river to exhibit macrophyte growth in excess of 3,000 g/m2. Other areas commonly measured more than 1,000 g/m2 (Falter & Burris, 1996). The other sections of the river are generally deeper and faster moving, factors which inhibit macrophyte growth.   
The first and most significant problem facing the Mid-Snake, according to the Phase 1 plan of the Mid-Snake Management Plan, was deleterious material. Deleterious material “includes any substance which may cause the reduction of the usability of water without causing physical injury to the water users” (Idaho Department of Environmental Quality, 1997). The surface water is required to be free from that material in concentrations that impair beneficial uses. In 1997 the concentrations of macrophytes, phytoplankton, and multiple types of algae were regarded as factors causing beneficial use in that stretch of the Snake River to be impaired. The second problem identified in the first phase of the plan was submerged deleterious materials (Idaho Department of Environmental Quality, 1997). Together, the top two barriers to beneficial use consisted of unwanted aquatic growth enabled by eutrophication.  
Dissolved phosphorus (DP) (AKA orthophosphate) is rapidly taken up by aquatic plants. Those plants can either use them immediately to foster growth or store them for later use by a process called luxury consumption (Idaho Department of Environmental Quality, 1997). Luxury consumption enables macrophytes to store nutrients to continue growth when DP is unavailable from the water column. Plants absorb excess nutrients over their whole lifespans. When an individual plant dies, the DP is either released into the water column, to be absorbed again by other macrophytes, or incorporated into the river bottom sediment. In either case those released nutrients are again available to support further macrophyte and algae growth in a process called nutrient spiraling. Without active removal, nutrient concentrations will increase as the water travels further downriver (Idaho Department of Environmental Quality, 1997).  Southern Idaho non-rooted macrophytes such as Ceratophyllum get most of their nutrients from the water column, while rooted macrophytes such as Myriophlyllum, Potamogeton, and Elodea use sediment sources (Falter & Burris, 1996).      
	The most macrophyte-rich stretch of the Mid-Snake River is the Crystal Springs Reach (CSR) (Falter & Burris, 1996). The CSR is the shallowest and slowest-moving section of the river and is immediately downstream from several fish farms. Fish farms are known to emit high levels of nitrogen in their effluents. Several other nutrient- and TSS-laden irrigation returns empty into the river upstream of the CSR as well. The CSR is in an 80-meter-deep canyon. During 1994, measurements indicated the CSR was dominated by the aquatic plants Potamogeton pectinatus, Ceratophyllum demsersum, and P crispus. Filamentous algae Cladophora, Hyrdodictyon and Entermonorpha carpeted the area (Falter & Burris, 1996). The CSR is the main focal point for measuring macrophyte growth for TMDLs and is included in a study by the USGS to determine the efficacy of BMPs and other conservation measures implemented as a result of TMDLs (Mebane, Fosness, & Skinner, 2019). It is common for algal mats and macrophytes to coexist in the Snake River (Tetra Tech, 2014). The primary objective of the USGS studies is to determine the relationship of macrophyte growth to the velocity of the river water and the nutrient loading (in this case TP) (Mebane, Fosness, & Skinner, 2019).
	In addition to nutrient and TSS loading, macrophyte growth is impacted by water velocity and depth.  The 1994 study showed that water flows were about two-thirds their normal rate. Low volumes equate to slow-moving shallow water. Under these conditions, slow-moving water doesn’t scour the plants from their bedding, while swift-moving water does. Shallow water allows more sunlight to penetrate to the riverbed, enhancing plant growth (Falter & Burris, 1996). Initial phases of the 2019 USGS CSR study found that macrophyte abundance had been significantly impaired (Mebane, Fosness, & Skinner, 2019). No sediment samples from either the 1996 Falter and Burris, 2014 Tetra Tech, or 2019 USGS study have been made available, but TP measurements were shown to have dropped from 0.2 mg L-1 to .111 mg L-1 between 1994 and 2014 (Tetra Tech, 2014). Overflight pictures can be used as a means of observing macrophyte growth. Some examples are shown below. 	 
Figures 11-16 Pictures from 1994 and 2019 of the CSR show a significant reduction in macrophyte growth. 


[bookmark: _Toc36985873]Figure 11 CSR Sept 05, 2019 (Mebane, Fosness, & Skinner, 2019)  
The visibility was sufficient to see to the bottom and pick out plant beds in the shallow areas (see box inserts).

[bookmark: _Toc36985874]Figure 12 CSR Sept 05, 2019 (Mebane, Fosness, & Skinner, 2019)    
Minimal macrophyte growth during peak season.   
[image: ]
[bookmark: _Toc36985875]Figure 13 CSR Sept 05, 2019 (Mebane, Fosness, & Skinner, 2019)  
West of Falters Island. Little macrophyte growth and sandy river bottom visible.  
[image: ]
[bookmark: _Toc36985876]Figure 14 CSR Aug 29, 1993 (Mebane, Fosness, & Skinner, 2019)  
Poor picture quality but it still shows significant macrophyte growth. Note: the area in the red circle is Falters Island, and the rest of the material is macrophyte growth.  
[image: ]
[bookmark: _Toc36985877]Figure 15 CSR Sept 9, 2004 (Mebane, Fosness, & Skinner, 2019)  
 Reduced macrophyte growth from the 1993 pictures above. Phosphorous had been reduced to 0.057-69 mg L-1 but macrophyte growth was still high due to low water volumes. Note: the area in the red circle is Falters Island, and the rest of the material is macrophyte growth.  
[image: ]
[bookmark: _Toc36985878]Figure 16 CSR Oct 26, 2019 (Mebane, Fosness, & Skinner, 2019)  
 No floating beds of macrophytes visible, rocks at the west of the CSR very visible. The rocks are inside the yellow circle and Falters Island is inside the red circle. 
Pictures taken over time indicate that current macrophyte growth has been reduced. While the USGS study is in its first of three years, initial results would indicate that high-water years coupled with BMPs implemented over the last 20 years have worked in concert to reduce eutrophication in the CSR.  
[bookmark: _Toc37704461]3.1.3: Oxygen
Dissolved oxygen (DO) is an important indicator of water quality. Without DO, fish and other aquatic animals cannot survive. Decomposing vegetation can use up available DO, which is why monitoring the volume of vegetation is important. While oxygen is introduced to water as a byproduct of photosynthesis, an overabundance of macrophytes or algal blooms will create a hypoxic water body when that vegetation dies and decomposes in the water. In addition to plant-generated DO, another main source of DO replacement in the water column is wind. Temperature is also important because oxygen is less soluble in water at higher temperatures (USF Water Institute, School of Geosciences & University of South Florida, n.d.).   
A lack of free oxygen was also listed in Phase One of the initial Mid-Snake TMDL Implementation Plan. Anaerobic sediments were located at the outfall of most fish hatcheries. Anaerobic sediment is more likely to release DP back into the water column, in turn supporting increased growth of macrophytes and algae downstream from the site. Author note: The initial plans section covering dissolved oxygen (DO) did not mention aquatic life as being a reason for the DP concern. The concern was DO-enhanced DP support of nutrient spiraling (Idaho Department of Environmental Quality, 1997).   [image: ]
[bookmark: _Toc36985879]Figure 17 Dissolved Oxygen Levels at Milner Dam (Younk & Hoelscher, 2016)
Mean dissolved oxygen level measurements taken at Milner Dam. The chart represents measurement averages from the 1990s - 2015. The chart also includes dashed lines representing two standard deviations from the mean. The black dot indicates a single high measurement on November 19, 2014.

Idaho Water Quality Standards require DO levels, based on a 30 day mean measurement, to exceed 6.0 mg/l (Idaho Department of Environmental Quality, 2019). Idaho Power measures the Mid-Snake River in three places: Milner Dam, near Twin Falls, and at King Hill. Year-round monitoring shows that DO levels are well above minimum required levels.  [image: ]
[bookmark: _Toc36985880]Figure 18 Water Quality Monitoring Locations (Younk & Hoelscher, 2016)
Water quality monitoring locations are indicated by the red dots. Stream gages are indicated by the blue dots.

[bookmark: _Toc37704462]3.1.4: Nitrogen
Nitrogen is one of the two main nutrients that support eutrophication. In lakes, more so than rivers, nitrite + nitrate (NOX) is recycled easily and supports macrophyte growth. In a river such as the Snake River, NOX is highly likely to flow out of the region. NOX is only likely to accumulate in slow-moving water and can be easily flushed during high-velocity water events like spring flows. 
Idaho has no water quality standard for NOX and can only regulate its emissions through the TMDL as a limiting agent for aquatic plant growth. In the Mid-Snake, nitrogen is not a limiting factor and thus falls outside the purview of the TMDL (Buhidar, 1999). The Tetra Tech Study (2014) found that concentrations of nitrogen have increased since the 1993 study. For the last 30 years, DP has been the focus of efforts, but increased nitrogen levels pose a potential threat to water quality and should be monitored long term.
 3.1.5: Sediments Role
The Falter and Burris (1996) study emphasized the role of sediment in supporting macrophyte growth, benthic fauna, and habitats. Nitrogen and phosphorus embedded in the sediment are both the primary nutrients needed to support growth of Potamogeton, Myriophyllum, and Elodea. These are the rooted aquatic plants that are the most common in the Mid-Snake River. The sediments’ fine nature is highly supportive because the physical substrate allows the plants to easily take hold amid the current (Falter & Burris, 1996). When the desert was converted to farmland in the 20th century, new avenues of sediment laden runoff were introduced. That sediment has built up over time and has created riverbeds rich with nutrients. BMPs have been installed over the last 20 years to mitigate the problem, but legacy nutrients combined with continued nutrient-rich return flow hampers river recovery. 
[bookmark: _Toc37704463]3.1.6: Phosphorus
	It wasn’t until the early 1800s that the role of phosphorous in enhancement of plant growth was established (Florida Industrial and Phosphate Research Institute, n.d.).    After this discovery, animal bones were used as a source of agricultural phosphorus. Later phosphorus was found to exist largely in rock formations. The first mining for phosphate was in 1847 in England. Francis LeBaron discovered large deposits of black phosphorus in Florida in 1881. The Florida phosphate mining industry was off to the races. Today Florida supplies 75% of the US supply and 25% of the agricultural phosphate used worldwide (Florida Industrial and Phosphate Research Institute, n.d.).   
	Phosphorus does not occur randomly in sufficient volume to support the large growth of crops the world’s population currently requires (Science Learning Hub, 2013). Dr Smil of the University of Manitoba said, “In 1900, the virtually fertilizer-free agriculture was able to sustain 1.625 billion people by a combination of extensive cultivation and organic farming on the total of about 850 million hectares of land. The same combination of agronomic practices extended to today’s 1.5 billion hectares of cropland would feed about 2.9 billion people (or 3.2 billion after adding food from grazing and fisheries)” (Florida Industrial and Phosphate Research Institute, n.d.). Dr. Smil’s words illustrate the need for commercial fertilization of agriculture as the world’s population continues to grow. I elect to present events considered as integral parts of the phosphorous cycle. This will form the basis for understanding of Snake River programs.
The Natural Phosphorus Cycle:
Natural rain and snow cycles break down rocks, releasing phosphate ions and introducing it into lower regions as inorganic phosphate within river wash sediment.
This inorganic phosphate is taken up by plants and supports growth. After the phosphorus is absorbed, it is incorporated into the plant’s organic molecules, converting it to organic phosphorus. When the plant dies, the organic phosphate is deposited in the soil.  
In a process known as mineralization, organic phosphate is incorporated into the soil where resident bacteria convert it back into inorganic phosphate, making it available for uptake by another plant (Science Learning Hub, 2013).
Intensive commercial agriculture operations seldom till back into the soil the vegetation, stems, leaves etc., left after the food is harvested. Continued intensive farming creates a nutrient void that farmers attempt to overcome by adding fertilizer into the soil (Science Learning Hub, 2013). The traditional reintroduction of the plant matter provided nutrients back to the soil to support future growth. Because those nutrients are no longer maintained in the soil, farmers must add them back in the form of fertilizer. 
Anthropocentric addition of nutrients acts the same way in the phosphorus cycle as naturally occurring phosphorus does, only at much more intense rates. Overfertilized fields will yield excess nutrients to the river system through leaching and surface runoff. Those nutrients will support enhanced macrophyte and algae growth.
 3.1.7: Total, Dissolved, and Particulate Phosphorus and how they affect water quality and beneficial usages
Dissolved phosphorus (DP) does not attach to sediment and is not easily filterable. DP moves freely throughout the water column, where it is highly bioavailable, supporting macrophyte and algal growth. Particulate phosphorus (PP) easily attaches to sediment and is thus removed from the water column. While PP is bioavailable to support growth, it is not available in nearly as high a concentration as DP. Total Phosphorus is the measure of DP and PP combined (Heidelberg University, 2015). Unfortunately, the TMDL addresses TP and not its components. BMPs employed in the watershed are mostly designed to remove PP. While removal of PP from the water column is important, removal of DP is equally important.
 Please refer to section 3.2, remediation, for a fuller description of BMPs and methods of removal. To make the various interactions of the phosphorous cycle clearer, I have incorporated Figure 19 from the Science Learning Hub (2013).  
[image: ]
[bookmark: _Toc36985881]Figure 19 The Phosphorus Cycle (Science Learning Hub, 2013)
 3.1.8: Current conditions in the Middle Snake River watershed
Irrigated croplands are some of the most productive croplands in the United States. Currently 30% of the croplands are irrigated, but this practice accounts for 40% of the market value of agricultural products sold. 25% of irrigated lands in the US receive their water from offsite sources. The transfer of water has become a large and important business supporting growth on thousands of acres of farmland. Idaho has over 1.3 million acres of irrigated farmland made possible by a bevy of dams, reservoirs and thousands of miles of canals, and ditches.  Most of that irrigated ground resides in the Upper Snake Rock (USR) watershed (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). 
	Approximately 65% of the fields in the USR are watered through furrow irrigation, while the balance is irrigated via sprinkler systems. A pivot sprinkler system, when managed correctly, produces a minimum of runoff while furrow irrigation results in 20-50% runoff. The irrigation water travels across a field, picking up sediment and nutrients, and carries the nutrient- and sediment-laden water back to the canal system. The canal system connects return flows from several farms. The return water is typically reused on other fields; at times this happens more than once. These flows connect and contribute to increasing contamination levels as the canals intersect, returning the nutrient-laden return flows back to the Snake River. This transportation of sediment and nutrients, with total phosphorus the chief concern, results in degraded water quality (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). 
Nutrient-laden irrigation water polluting rivers and lakes is a widespread problem that impacts lands well outside of the USR. In the Yakima River, concentrations of Total Suspended Solids (TSS) and Phosphorus (P) were measured above and below (i.e., downstream) from irrigated lands to understand changes incurred due to agricultural effluent. Upstream TSS levels were 3-5 mgL-1, while downstream levels receiving agriculture return flows jumped to 22-22 mgL-1.  Phosphorus measurements showed a similar pattern with upstream elements being measured at <0.01 mgL-1 and rising to 0.13-0.14 mgL-1 after the introduction of the agricultural effluent (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). Another study showed a TP loss of 0.5-1.5 kg HA-1 over the course of a year (Skhiri & Dechmi, 2011).
[bookmark: _Toc37704464]3.2: Remediation
[bookmark: _Toc37704465]3.2.1: Dissolved Phosphorus Removal Using Alum
[bookmark: _Hlk32675535][bookmark: _Hlk36293268]DP does not adhere to sediment the same way PP does, which makes it much harder to remove from irrigation effluent. One method to remove DP that has been investigated is the addition of alum. During laboratory testing, alum added at a rate of 40 mg L-1 reduced DP by 67%. Field testing showed that adding 45 mg L-1 continuously to influent reduced DP by 95%. An addition of 20 mg L-1 to influent could reduce DP concentrations by 53%. Unfortunately, alum dosing would be cost prohibitive across the USR but may be a viable option for short-term or the most difficult situations. Also, the use of alum does not fit in with the goals of natural remediation (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). Natural remediation is using natural processes to enhance the watershed. Removal of nutrients through plant uptake is a more sustainable and ecologically supportive process than adding chemicals that may cause other long-term problems. 
[bookmark: _Toc37704466]3.2.2: Sprinkler Use
[bookmark: _Hlk36294818]A study conducted on two Idaho watersheds found that when 75% of the acreage incorporated sprinkler irrigation 90% of the TP remained in place on the fields. Conversely, a watershed employing only 10% sprinkler irrigation exhibited a 50% loss of TP. Sprinkler-fed watersheds enjoyed TSS accumulation of 0.7 mg/ha-1 versus a loss of 0.46 mg/ha-1 on furrow-irrigated lands (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). Sprinkler systems are much more automated than their manual counterpart, furrow irrigation. In fact, the conventional wisdom is that they allow a farmer to operate twice as much acreage as traditional furrow irrigation (Bjorneberg, personal communication, 10 Jan 2020).  
	Considerable financial resources and grants from federal agencies have supported the cost of sprinkler installation in the USR. The Northside Canal Company has focused on installation of sprinkler systems and as a result is forced to manage many less sedimentation ponds than their counterpart Twin Falls Canal Company (B. Olmstead, personal communication, 17 Jan 2020). 
[bookmark: _Toc37704467]3.2.3: Clams
While clams and other bivalve mollusks suffer from eutrophication-induced acidification, these organisms are also one of the chief tools used to remove excess nutrients from the water when they feed on detritus and phytoplankton (US Department of Commerce & National Oceanic and Atmospheric Administration, 2017).  Biodegradation is responsible for low oxygen levels in water, which in turn kills fish and other aquatic life. When shellfish remove detritus and phytoplankton, biodegradation of organic matter stops (Bricker, et al., 2015).  
In research conducted by the National Centers for Coastal Ocean Science on the Connecticut side of the Long Island Sound and the Great Bay/Piscataqua region of southern New Hampshire and southern Maine, it was determined that removal of nitrogen through shellfish cultivation is more efficient and cheaper than installing agricultural BMPs. Currently, oysters raised for commercial sale in the Long Island Sound effectively remove 2% of the aquatic nitrogen while generating a positive income for the farmers (Bricker, et al., 2015). Contrast this with the estimated cost of adding best management practices to farms of $8.5-$230.3 million under the current acreage farmed. If the oyster fields were expanded, they would be able to remove an additional 1% of the nitrogen input. When clams are included, the commercial fields remove up to 10% with an additional 4% as a possibility (Bricker, et al., 2015). The total savings generated by clam and oyster farming in the Connecticut side of the Long Island Sound could top $545 million over the life of the project.   
Whereas commercial shellfish aquaculture may be a revenue-positive nutrient removal alternative for many coastal regions, no commercial shellfish operations are currently operating in Idaho. A study of all Idaho’s bi-annual Integrated Reports since 2010 and the 2017 Performance and Progress Report for the Idaho Nonpoint Source Management Program only mentioned shellfish as part of a definition of beneficial use. During private conversations with Dr Randy MacMillan, President of the Idaho Aquaculture Association, he relayed that Idaho waters are able to support shellfish aquaculture, but the infrastructure cost is just too high to make it economically feasible at this time (MacMillan, personal communication, 27 Dec 2019).
[bookmark: _Toc37704468]3.2.4: Plant remediation
Eutrophication, caused by the process of nutrient-enriched sediment leaving agricultural operations via irrigation runoff, is one of the largest ecological problems facing America and the rest of the world today. More than 70% of the TP in the Gulf of Mexico is due to eutrophication in the Mississippi River Basin. Macrophyte growth in lakes and rivers, a result of eutrophication, is one of the main reason Idaho’s lakes and rivers cannot achieve full beneficial use. Those same macrophytes, purposefully planted in sedimentation ponds, can effectively remove much of the TP and DP without the use of chemicals.  Some constructed wetlands can remove 99% of TP. (Tyler, Moore, & Locke, 2012).
[bookmark: _Hlk29631389]	In one study by Tyler, Moore, & Locke (2012) three different macrophytes, Leersia oryzoides (cutgrass), Typha latifolia (cattail) and Sparganium americanum (bur-reed) were compared for ability to remove TP and DP from the water column. The three aquatic plants were planted in separate mesocosms and were subjected to TP-enhanced well water. A fourth series of mesocosms without vegetation was also measured. The mesocosms were filled to 2/3 of volume and the water was kept in place without circulation for 42 hours. After 42 hours water was flushed over a six-hour period. The TP in the effluent from the S americanum and unvegetated mesocosms remained the highest and only started to drop after 10-12 hours of holding time. TP levels in T. latifolia and L. oryzoides peaked between 6-8 hours and dropped rapidly, indicating high retention. After 48 hours DP concentrations were dramatically different between the mesocosms. The superior TP retention of T. latifolia and L. oryzoides also allowed for 53% and 51% reductions in DP, respectively, while S. americanum reduced DP by 14%, and the unvegetated experiment yielded an additional 6% (Tyler, Moore, & Locke, 2012). The most common plant added to a new sedimentation pond in southern Idaho is Schoenoplectus tabernaemontani (lake clubrush or soft-stem bulrush). It is chosen due to its abundance, low cost and its perceived ability to remove TP from the water column (B. Olmstead, personal communication, 17 Jan 2020).[image: ]
[bookmark: _Toc36985882]Figure 20 Plant Accumulation of Nutrients (Tanner, 2001)

 Table 5 from the Tanner (2001) study shows how the wetlands studied were able to remove between 40-70% of nitrogen and 30-60% of TP, but plant uptake only accounted for 6-10% of nitrogen and 6-13% of TP. The wetlands slowed the water flow, causing most of the nutrients to sink to the bottom, where some were used to fuel plant growth. 
The above study also proved that the maximum uptake was in three-year-old plants, after which uptake decreased sharply. Tanner (2001) suggests that plant uptake by Schoenoplectus tabernaemontani is inconsequential to nutrient reduction through uptake but is vital for TSS accumulation. The plants slow the flow of water through the built wetlands, which in turn allows more of the potential sediment to fall out of the water column. The understood relationship between TSS and PP is such that for every ton of sediment removed from the water column, two pounds of PP are removed as well (Bjorneberg, personal communication, 10 Jan 2020).   
However, T. Latifolia has shown a superior ability to remove DP from the water column (Tyler, Moore, & Locke, 2012). While PP is relatively simple to remove through adjusting water velocity to the lowest level possible, DP has been shown to flow easily through wetlands and remain available for aquatic plants (Bjorneberg, 2015). The addition of T. latifolia to built wetlands for nutrient removal may mitigate overall levels of DP in the USR. It should be noted that the study of T. latifolia was conducted in Mississippi (Tyler, Moore, & Locke, 2012) and the environment in southern Idaho may prevent the growth of this plant.        
	Removal of TP and TSS from the water column is important in neutralizing the impacts of eutrophication, and the use of macrophyte uptake as a mechanism is an inexpensive and sustainable way to accomplish this. Unfortunately, when the aquatic plant life dies back it reintroduces most of those nutrients back into the water system (Tyler, Moore, & Locke, 2012). Furthermore, the process of decomposition of the plants in the water also uses large amounts of oxygen, reducing the available oxygen for other aquatic life (University of Florida, n.d.). Without a harvest of those macrophytes, eutrophication is not stopped, it is delayed (Tyler, Moore, & Locke, 2012). Twin Falls Canal Company and Northside Canal Company manage the growth by burning the exposed foliage in late fall or early winter. Personal conversations with Brian Olmstead revealed his belief in the process’s ability to remove nutrients and stop nutrient cycling (B. Olmstead, personal communication, 17 Jan 2020).   
[bookmark: _Toc37704469]3.3: Natural Remediation Ponds
[bookmark: _Toc37704470]3.3.1: Standards for Ecologically Successful River Restoration
A lack of universal criteria makes it difficult to compare and rank one project against another. This is particularly true when environmental conditions are vastly different in one site versus another site.  Skepticism from industrialists and environmentalists about all reports should move ecosystem restoration efforts towards a universal set of criteria, but to date that has not occurred (National Research Council, 1992). 
3.3.1.1: The Guiding Vision of a Project
Too often when the vision of a project is cast it revolves around a single water quality standard or a reintroduction of data from a long-abandoned waterway. A guiding definition should instead be centered on a variety of factors that include hydrology, physical habitat supportive of wildlife, geomorphology, and aquaculture (Poole, Frissell, & Ralph, 1997). An ecosystem, whether it exists the same way it did 500 years ago, or is one built today, is not a static unchanging park. Instead it is an ever-changing and evolving system.   Anthropocentric influences cannot be overlooked. Will the water that flows through the site be controlled? Possibly stopped intermittently and redirected to support agriculture? Will stormwater runoff bring pollutants to the site? A designer must understand what the main stressors are across the entire watershed and how the proposed site will enhance it (National Research Council, 1992).   
In Southern Idaho the watershed is impacted by macrophyte growth as a result of eutrophication. Since the early 90s, the section of the Snake River between Milner Dam and King Hill has been designated as having impaired water due to TP and TSS concentrations. The guiding vision for this stretch of the river would include having its waters restored to full beneficial use by IDEQ (Mebane, Fosness, & Skinner, 2019). Full beneficial use would include an absence of nuisance macrophyte growth. 
The most impactful restoration projects will support stakeholder, learning, and ecological successes. Elements of an ecological successful project are:
Ecological improvement
The project is self-sustaining
No lasting harm is done to the ecosystem
Pre and post assessments are completed to understand fully the value and impact of the project. 
Understanding and supporting all stakeholders in the completion of projects is important to their long-term success. Ranchers need water for cows grazing near rivers and streams but anglers need clean water so fish can thrive. Consider the following scenario: A group of anglers is distraught by diminished fish habitat because cows grazing near a stream have eaten or trampled a riparian buffer. The anglers could decide to erect a fence to keep the cows out and plant vegetation but overlook the need for cows to access water. The ranchers would understandably be upset and inclined to remove the fence to allow for access. The actions of the anglers, while well intentioned, are not sustainable because the project would likely soon be destroyed. If instead the anglers work with ranchers to understand their needs, in this case water, and support them through the project, both parties will enjoy a successful outcome.  Long-term cooperation is the best way to minimize opposition to projects (Johansson & Nilsson, 2002). Stakeholder success reflects anthropocentric acceptance and enjoyment of the project’s outcome. The main factors that contribute to stakeholder success are: 
Water and environmental quality improvement
Aesthetics
Economic benefits
Recreation possibilities
Education arcing 
Complete watershed improvement requires stakeholders to gather information and improve methods over time. Unfortunately, nationwide many of the projects evaluated have been found to either be ineffective at best or outright failures at worst (Kondolf, 1995). Scientific advances are necessary to consider a project a learning success (Johansson & Nilsson, 2002). Aspects of learning successes include:
Recognition and implementation of method improvement
Enhanced management experience
Scientific measurement and recording to enhance understanding of factors that contribute to project success. 
3.3.1.2: Criteria of success
[bookmark: _Hlk35336918]3.3.1.2.1: Based on a guiding vision of a restored watershed, a watershed that has achieved full beneficial use has these objectives
It is common for projects to be labeled as restoration projects when they are in fact designed to add park space or infrastructure protection. While these are not bad objectives, it is important to understand the true nature of a project. If these projects are not carefully planned and executed, they could degrade existing ecosystems (Poole, Frissell, & Ralph, 1997). A park added near the edge of the Snake River, while enhancing economic vitality and recreational opportunities, can also destroy vital habitat. A successful restoration project must enhance the ecological habitat of the area, and this must be the chief concern of the project. 
A guiding understanding of what a riverine ecosystem could be at its optimal future condition is the first step (National Research Council, 1992). The current condition of the location may be poor, a site beset with invasive species (Russian Olive) or degraded riverbanks with no riparian buffer. The project management team should work to understand historical conditions; even partial success is noteworthy and argues for further activity. Information about historical conditions can be gleaned from historical aerial photos, maps of land and biological survey records (National Research Council, 1992). This information can help guide the project manager in understanding the conditions prior to development or degradation. However, it is not always best to restore the site using historical attributes. Anthropogenic disturbances near the site can make it impossible for a historical restoration project. Instead it may be more advantageous for all involved to understand what changes are irrevocable and how to best restore the site to support the new ecosystem (Palmer, et al., 2005).  
If the original condition of the site cannot be easily understood, another site with similar geographical characteristics can be studied and used to guide certain implementation methods based and deployed on the site. Similarities and differences of catchment areas, physical features of the sites, animals native to the area, and water flows must be fully understood.  If the substitution site is too different from the rehabilitation site, the restoration efforts may fail (Poole, Frissell, & Ralph, 1997). Thorough and transparent analysis is essential.
Successful North American and European river restoration efforts have been guided by stream classification systems. More than 40 geomorphically-based classifications have been used to understand river systems and guide reconstruction plans. Classifications can be based on channel patterns, sediment load, bed material size and several other factors. A host of restoration failures across the US can be attributed to managing projects using a single classification strategy for a region or long stretch of river (Kondolf, 1995).      
Not all projects require an in-depth study to understand the history of the site and development of complex hydrological models. Some projects are simple. The riparian buffer may have been destroyed in a fire or flood. It may have been destroyed by cattle accessing the stream, and a simple fence needs to be built to bar entry of cattle combined with replanting of specific vegetation (Kauffman, Beschta, Otting, & Lytjen, 1997). 


Proposed Guiding Image of the Upper Snake Rock Subbasin
The ultimate goal of any group involved with the restoration of the Snake River would be the return of all areas in the Upper Snake Rock Subbasin to full beneficial use criteria levels 1 or 2. Those criteria are:
 Waters wholly within a designated wilderness or inventoried roadless area and presumed to be fully supporting all beneficial uses. 
Waters fully supporting those beneficial uses that have been assessed (Idaho Department of Environmental Quality, 2016). 
The Magic Valley is an active volcano zone and is characterized as having multiple volcanoes and as a result is a lava flat. Land use composition is: 56% agricultural lands. 43% rangelands, 1% riparian lands or wetlands and less than 1% forested. Land ownership: 54% privately owned, 46% government owned and less than 1% tribal lands. 
The Middle Snake River section of the river begins at Milner Dam and ends at King Hill, a city 93 miles downriver. The elevation at Milner Dam is 4,135 feet and drops to 2,498 at King Hill. The unit’s United Stated Geological Survey (USGS) designation is hydraulic unit code (HUC) 1700212. It’s a 2,400+ square mile watershed that is commonly known as the Upper Snake Rock Subbasin (USR). The USR is in parts of nine counties with most of it residing in Gooding Jerome and Twin Falls counties (Tetra Tech, 2014).
The Middle Snake River subbasin enjoys returns from 16 tributaries. The Snake River Canyon is a deep trench with steep sides and river width ranges from 50 to 1,500 feet. The Snake River Plain is a wide plain dominated by sagebrush and grass. The whole section resides in what is locally known as the Magic Valley (Tetra Tech, 2014). 
The USR is a desert with summer temperatures of over 100 degrees F and winter temperatures between 29-73 degrees F. Precipitation in the area ranged between 5-17 inches between 1990 and 2011(Tetra Tech, 2014).           
Currently the projects proposed and completed in the Middle Snake River Subbasin are completed ad hoc. Measurements of influent and effluent will generally be taken for a few years after a project is completed but there is currently no overarching guiding vision that project sponsors use. The result is zero coordination, and projects are not selected based on their impact at the subbasin level (B. Olmstead, personal communication, 17 Jan 2020).
Suggested Measurement Rubric:
Please also reference Appendix 6.1 for the Proposed Project Criteria of Success Scorecard
Does the watershed have a guiding vision or goal(s)? The guiding vision shall include references to variety of factors that include hydrology, physical habitat supportive of wildlife, geomorphology, and aquaculture 
Does the proposed project support the guiding vision?
Project plan or design that explicitly states the goals of the project. 
Are the goals of the plan centered around multiple criteria and not a single endpoint? Are the goals about more than providing spawning habitat for Chinook Salmon? Focus on multiple criteria makes it more likely that the project will support the whole ecosystem and multiple stakeholders.
Are anthropocentric influences accounted for? Will pollution from stormwater runoff impact the site and how? How heavily trafficked will the site be and how has that influenced the design (installation of walkways or sidewalks)? 
Are the range of water changes accounted for? (100-year flood stages, climate change etc.)
3.3.1.2.2: Ecological condition should be measurably improved
Asking the question “does the completed project support the guiding vision” is the first step in understanding whether the project is ecologically successful. The trajectory of plant growth should be consistent with the timelines and schedules laid out in the planning stages (Palmer, et al., 2005). Project objectives need to be clear and well defined. During initial planning stages it is acceptable for the goals to be broad, but it should be noted that these will be followed by very specific goals. Those goals need to be quantifiable. For example, “Construct a riparian buffer” is not as easy to quantify as “install a 300’ long and 10’ high buffer as it emerges from the stream. The buffer vegetation installation of Spirea doulasii Syringa shall cover 50% of the existing area and the remainder shall be hydroseeded”. Project success will be measured at the completion, and better written objectives make that step easier (Kondolf, 1995).   
Understanding the site is important to developing pre and post measurements for the project. Baseline measurements should begin as far in advance of the project as possible. Without good data, judging the individual project characteristics that enhance or detract from the overall transferability of knowledge gained. For example, the success of a streambed project with a stated goal of increasing pool depth by 50% may be difficult to quantify if improper measurements were taken prior to project implementation (Kondolf, 1995).  
Ecological success can also be determined if the built site has succeeded in reducing stress on the watershed. Are fish and macroinvertebrates that were once prevalent showing signs of thriving?  In the short term, are measurements of water turbidity trending towards less sedimentation? It is important to understand that existing infrastructure and site limitations can limit the site’s ability to be remediated (National Research Council, 1992). 
In the Snake River, the long-term study currently being undertaken by the USGS at Crystal Springs will be the ultimate test of the true impact of water quality projects along the Middle Snake River Watershed for the last 25 years (Mebane, Fosness, & Skinner, 2019).  Since the implementation of nutrient management plans by IDEQ in the 1990s, some nutrient concentrations have dropped considerably, and some sections of the river meet the 0.075 mg L-1 requirement. The nutrient concentrations are lower than annual averages during the irrigation season, which points to the effectiveness of agricultural conservation management practices (Mebane, Fosness, & Skinner, 2019). Furthermore, the study will continue to measure macrophyte growth at Crystal Springs for three additional years to determine if that length of river can be returned to beneficial use status (Mebane, Fosness, & Skinner, 2019).    
	Consideration of the whole ecosystem is important when choosing the type of project to undertake. The stated goal of a project may be “to protect city infrastructure from flooding”. A laser focus on meeting that requirement may lead the design team to install hard barriers. If instead the design team accounts for the impact of the project on the entire ecosystem, they might choose to build a wetland that not only serves as a barrier to flooding but also supplies wildlife habitat and natural water filtering (National Research Council, 1992).  
The first set of questions under “Based on a guiding vision of a restored watershed, a watershed that has achieved full beneficial use has these characteristics” were designed to cause the reader/writer of the project plan to understand and illustrate how the proposed project supports the overarching Guiding Vision of the watershed. Conversely, questions, under “ecological condition should be measurable improved’ are focused on how well-written the objectives are and how well the team that measures them later will be able to quantify those goals. 	
[bookmark: _Hlk27892567]Suggested Measurement Rubric:
Does the project have clear objectives?
How easy are the objectives to quantify? 
Is the baseline data enough to support the objectives being measured? 
Is the water quality improved (if targets were established prior to implementation does water quality meet numerical standards)?
Has a natural flow regime been reestablished?
Increased species variability? (if the project was designed to support a species, is that species thriving onsite? Bee pollinator habitat for example)
Volume of riparian buffer established?
Other targeted ecosystem services supported?
3.3.1.2.3: Self-sustaining, only requiring infrequent follow up maintenance
A successful project would allow the developers to complete the project and walk away and never return (National Research Council, 1992). It is important to realize that a project may not have ecological restoration as the number one goal. Irrigation water remediation through natural processes is a great example of a project that enhances the health of a watershed but does not restore the site to pre-industrial conditions. Many of the pond sites are designed with maintenance in mind. The maintenance occurs annually or semiannually in many cases when the first cell has the sediment manually removed. The possibility of long-term failure of the project rises with the amount of maintenance required (Bjorneberg, Leytem, Ippolito, & Koehn, 2015).    
Long term commitment to the project is integral to project success. Restoration project implementation timelines are often measured for less than a year, or two at most, but ensuring success can take much longer. Kondolf (1995) points out that the true impacts of a project may take five to ten years for water flows to shape the site into the way it will remain for the decades to come. Riparian buffers can take as long to grow; ten years is a common goal for a mature buffer (Whitescarver, 2013). Taking sedimentation measurements before these natural adjustments are made will not show a true picture of the project’s efficacy (Kondolf, 1995). Another post project study found that fish population did not rebound completely until five years after project completion (Hunt, 1976).    
The results of a study undertaken between 1961 and 1970 of fish populations in a section of Lawrence Creek, Wisconsin, is a great example of the lag in ecosystem maturity. The stream was narrowed and deepened, a pool was created, and an overhang was built to shelter the trout the project was built to support. Over 38,000 board feet and 6,000 tons of rock went into the project.  The study was broken down into two distinct timelines, pre and post project. For three years before the project the mean number of fish caught onsite was 1,746 with a total weight of 59 kg. The three years after the project was completed yielded better results with 2,881 fish caught with a total weight of 110 kg. Initially the project seemed somewhat successful, but three more years of study showed the project to be highly successful. 4,226 fish were caught weighing a total of 165 kg. Had the study been stopped after the first few years the total success of the project would have been missed and key aspects of the project not replicated (Hunt, 1976). 
	Results of the Lawrence Creek Project and Study 1961-1970

	3-year mean
	Total number of fish
	Number over 15 cm
	Number over 20 cm
	Total weight in kg

	1961-63
	1,746
	562
	118
	59

	Project undertaken in 1964

	1965-67
	2,881
	1,130
	303
	110

	1968-70
	4,226
	1,683
	406
	165


Table 1 Lawrence Creek Restoration Project and Study
[bookmark: _Hlk28060528] Suggested Measurement Rubric:
Level of intensity of anticipated maintenance.
Have stakeholders been identified? 
Responsibility for the cost and management of maintenance understood and accounted for by project stakeholders. 
Capacity to recover from destructive natural events (fires, floods etc.)
Timeline of post project management beyond main construction timeline identified.  



3.3.1.2.4: Construction of the project causes no lasting harm to the existing ecosystem
“The first rule of restoration should be to do no harm” Aldo Leopold (Oregon State University, n.d.) 

Projects shall be conducted in the least destructive way as possible. Schedules should be implemented that maximize the growing seasons and vegetation viability. Care should be taken to understand aquaculture reproduction needs and to plan the project to minimize disruption. The plan should also analyze what impact the project will have to other projects or BMPs in the area (downstream) (Palmer, et al., 2005). 
Suggested Measurement Rubric:
Data concerning aquaculture included in the plan?
Amount of native vegetation removed/damaged
Degree of downstream sedimentation anticipated due to the project construction
3.3.1.2.5: Will both a pre and post assessment be made and made publicly available
To understand the true impact of the project, a pre and post assessment should be taken, and measurements should be made available. Oftentimes project managers and champions want their projects to be seen as a success, but that can make it difficult to admit project shortcomings. In order to further the science of restoration and to gather lessons learned the restoration community needs to learn from both failures and successes (Palmer et al., 2005). “no one wants to learn by mistakes, but we cannot learn enough from successes to go beyond the state of the art” Petroski
(Good Reads, n.d.) 

The majority of projects have not been evaluated after completion and limit our understanding of what was improved (Kondolf, 1995). Multiple factors can enter into post completion measurements. A lack of resources, coupled with insufficient upfront planning to complete projects, means that more effort must be expended to ensure that project outcomes are maximized (Kondolf, 1995). Ongoing evaluations for ten years are a timeline suggested by Kondolf with measurements taken in years 1,2,4,7 and 10, and after any major event (floods, fires, etc.).  
The goal of the USGS macrophyte modeling study is to develop predictive indicators of plant growth in the Mid-Snake (Mebane, Fosness, & Skinner, 2019). Other studies have attempted to develop predictive models for river systems using life cycles of the plant life monitored and ecological interactions. These factors combined with flow, temperature flow rate coefficients, and numerous other characteristics have not led to a model or equation that is able to be of universal application (Wade, Whitehead, Hornberger, & Snook, 2002). Past studies of the Mid-Snake River have shown that nutrients were not the limiting factor in macrophyte growth. Studies that have incorporated fewer variables have had more universal applicability and success. A study in central Portugal only used three parameters: flow, substrate size and substrate depth, as indicators of future macrophyte growth. As a result of the study they were able to understand the minimum flows required to minimize macrophyte growth, depths at which the vegetation was likely to thrive and the types of soil that supported growth (Ochs, Rivaes, Ferreira, & Egger, 2018).      
What is to be measured and for how long it will be measured are both important aspects of the assessment plan. The technical difficulty of the project will be a prime determining factor in determining the specific needs of the assessment plan (Palmer, et al., 2005). A project to build a fence and plant a riparian buffer to improve stream water quality can be assessed with a few pictures annually and an inspection of the fence. A project to reconstruct spawning beds for an endangered species is likely to require a more in-depth assessment plan. While it is important that a detailed plan be developed; such a plan need not to be overly cumbersome. In fact, a plan that is simple to execute should be the goal (Palmer, et al., 2005).    
If the project includes planned maintenance, then the surveillance plan should include several complete cycles of maintenance activities. When a sedimentation pond project is undertaken it is often understood that the sedimentation cell will need to be cleaned annually or bi-annually. Vegetation on the project site should also be removed periodically to ensure that dead foliage does not reenter the system leading to further system degradation (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). Both activities should be included in the post project assessment plan.  
Suggested Measurement Rubric:
Documentation planned for pre and post conditions at the site?
Is a timeline of measurements included in the plan’s post assessment plan? 
Is the timeline adequate for the type of restoration being undertaken? 
Identification of how and where the post project assessments shall be available for the public? 
To enhance water quality in the USR the Twin Falls Canal Company had installed 18 wetlands or water quality ponds before 2015 to reduce sediment and nutrient loading of the Snake River. The United States Environmental Protection Agency (USEPA) shared the costs in many of those projects (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). 
[bookmark: _Toc37704471]3.3.2: Features of existing southern Idaho ponds in the Upper Snake Rock Watershed
	The Upper Snake Rock (USR) watershed has one natural stream, Rock Creek, that runs through it and is the only water body that supplies water via natural ground conveyance. Rock Creek supplies less than 2% of the USR’s water. Most of the water (80%) in the watershed is introduced through engineered irrigation systems. Annual rainfall accounts for 15-20% of water supplied to the USR. Each rain or snowfall event usually delivers less than 10 mm of precipitation. Approximately 40% of the irrigation water introduced to the USR was returned to the Snake River after being used to water fields. Most streams that feed into the Snake River only flow during irrigation season, while the ones that do flow year-round usually do so because they are engineered using tunnels and drain tiles (Figure 21). Irrigating the USR removes over 1 billion m3 of water per year from the Snake River, absorbs over 600 million m3, and returns another 440 million m3 back to the river. 
[image: ]
[bookmark: _Toc36985883]Figure 21 Drain Tiles (Purdue University, n.d.)
During the 2008 study, the water supplied to the USR was not pristine; in fact, the USR irrigation influent was characterized at 547 Kg Ha-1 TSS, 1.1 Kg Ha-1 TP and 0.5 Kg Ha-1 DP. Watershed effluent to the Snake River showed a reduced nutrient and TSS load of 414 Kg Ha-1 TSS, 0.71 Kg Ha-1 TP and 0.32 Kg Ha-1 of DP. In short, due to BMPs and other improvements, the USR currently works as a net reducer of sedimentation and nutrient pollution. To illustrate, TSS was reduced by 133 Kg Ha-1, TP was reduced to 0.39 Kg Ha-1, and DP was reduced to measurements of 0.18 Kg Ha-1. TSS measurements taken in 1971 of return flow to the Snake River were by comparison 1,380 Kg Ha-1, TP of 1.1 Kg Ha-1, and a DP of .31 Kg Ha-1. The main difference between the two time periods is that in 1971, 95% of fields were furrow irrigated, while in 2008 the level had been reduced to 65%. Of course, other BMPs have also been implemented. The net impact of watershed conservation practices show the USR is retaining more TSS and TP than is being delivered to the Snake River, but DP concentrations have remained virtually unchanged.     
Even though the USR retains more nutrients than it emits, the concentrations of TSS, TP, and DP in waters returned to the Snake River are high. Return flow measurements of TSS were calculated at 71 mg L-1 and TP was 0.12 mg L-1. TSS return flows were 19 mg L-1 over the Snake River TMDL while TP concentrations were .045 mg L-1 over the limit. Measurements taken during this time at King Hill, 35 kilometers downstream from where Rock Creek effluent enters the Snake River, indicated a TSS load of 18 mg L-1 and TP of .08 mg L-1. The measurements taken at King Hill indicate that the river is still impaired. High concentrations of nutrients and sediments from the USR had a negative impact on the Snake River water quality even though its returns only accounted for 6% of total Snake River volume. 
[bookmark: _Hlk29050674]The study by Bjorneberg et al. was conducted to assess the water quality impacts of five sedimentation ponds constructed by the Twin Falls Canal Company (TFCC) within the Upper Snake Rock watershed. Influent and effluent measures were taken for TP, DP and TSS for the 2008 irrigation season. Each pond was different in size, design and water dwell time. Each pond had varying vegetation, depending on what was transplanted at the time of construction and what is native to that area. At the time of the study, three of the ponds only held water during the irrigation season with two (Cedar Draw and S Coulee) receiving water from tile drainage year round (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). All five received irrigation water during that season. Britt and Perrine Ponds currently also receive water year-round (B. Olmstead, personal communication, 17 Jan 2020).  
Typically, ponds are designed with several cells. The first cell, referred to as a maintenance cell, is usually a narrow cell designed to slow the water dawn and allow sediment to settle to the bottom. The narrow nature allows for easy removal of built up sediment, which usually occurs annually. The maintenance cell is between 40-150 meters long and 10 meters wide. Initial depths range between 1-1.5 m (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). In 2018 Twin Falls Canal Company purchased an extended boom excavator to enable them to reach 18 meters; they anticipate all their cells to be wider now that they have the new equipment (B. Olmstead, personal communication, 17 Jan 2020).   
After the maintenance cell, subsequent cells will usually be designed to hold water for as long as possible but will almost always have more vegetation. They will usually be much deeper as well. Any vegetation is removed from the maintenance cell during annual cleaning, but the other cells will be encouraged to grow as much as possible (B. Olmstead, personal communication, 17 Jan 2020). The nutrients TP and N are taken up in the growth process, making the overall process one that is not effective for removing DP. DP then flows freely through the system, creating a higher DP/TP ratio in subsequent (downstream) water bodies (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). The resultant vegetation is then burned in the winter or early spring to ensure that nutrients are not reintroduced to the water system (B. Olmstead, personal communication, 17 Jan 2020). 
Measurements:
Study samples were taken at the inlet and outlet of each pond over the course of three days in May, July and September of 2008. Pond depth measurements were taken at 15-minute intervals at both the inlet and outlet of all five ponds. 0.1-L water samples were taken every hour by autosamplers.    
Results:
TSS and TP reductions were significant and directly correlated (P < 0.01) while DP reductions were minimal. This indicated that Particulate Phosphorus bound to sediment was removed via the pond structure while the DP was not. The DP/TP ratio was significantly higher in pond effluent than influent. Previous monitoring 150 meters downstream from a pond site showed a decrease in TSS and TP after the pond was installed but DP concentration measurements were similar to pre-pond construction.   
TSS numbers were significantly reduced after field runoff was filtered through the ponds. An average of 36-75% reduction of TSS was facilitated by the ponds. Influent ranged from 4-240 mg L-1 while outflow ranged between 1-125 mg L-1. An average 57% reduction in TSS was created by the ponds represented by a numerical reduction from 57 to 22 mg L-1.
In two of the ponds, Perrine and Cedar Draw, the influent samples were taken after the first stage of the ponds’ systems. In those two ponds the overall measured reduction in TSS was lower than the other ponds but the results were indicative of TSS removal in the subsequent cells of the pond system.   
 TP reductions were also significant across the five ponds with an average reduction of 27%. The five ponds’ reduction ranged between 13-42%. DP concentrations decreased between 7-16% in the Britt, Malone and South Coulee ponds. These ponds have short dwell times, which likely impacted the removal of DP.  The average removal of DP from the five ponds was 7%. 


[bookmark: _Toc36985884]Figure 22 Upper Snake Rock Subbasin with monitoring sites (Bjorneberg, Leytem, Ippolito, & Koehn, 2015).
Aerial picture of the USR, an 82,000-ha watershed showing the monitoring locations for the study.  Irrigation water enters the USR from the Main Irrigation canal that splits into the High Line and Low Line Canal on the southern half of the watershed (upper right). Rock Creek enters the USR from the lower right and deposits into the Snake River (Bjorneberg, Leytem, Ippolito, & Koehn, 2015). 

[bookmark: _Toc37704472]4: Future Projects 
Water quality measurements taken along the Middle Snake River indicate that most of the TP and TSS entering the Middle Snake River do so between Pillar Falls and the Crystal Springs Reach (see figures 23 and 24).  The main non-point source contributor of pollution is Rock Creek, a creek that starts outside of the USR but travels through it and drains into the Snake River between Pillar Falls and Crystal Springs. Several projects have been implemented over the last 30 years, but more work still needs to be completed.  In later studies, elevated levels of TP can be seen downstream of the CSR, but the long-term data show a significant amount of influent in the Pillar Falls to CSR stretch.  

[bookmark: _Toc36985885][bookmark: _Hlk36985566]Figure 23 Total Phosphorus Concentrations by River Section (Franson Civil Engineers, 2019) 

[bookmark: _Toc36985886]Figure 24 Water Quality Data 2000-2010 (Franson Civil Engineers, 2019)   
Notice the uptick in TP in the highlighted sections.

[image: ]
[bookmark: _Toc36985887]Figure 25 Rock Creek entering the Snake River (Google Earth, 2017)
Auger Falls - Lateral 43 Project
	Auger Falls is in the Pillar Falls to CSR stretch of the river. This project would be located on the canyon rim and keep sediment and nutrients from entering the canyon. The location will save long term maintenance costs associated with moving the equipment and materials in and out of the canyon. Subsequent ponds will be located inside Auger Falls Park, adding scenic value. The project is estimated to remove 500 tons of sediment and 1,200 pounds of TP annually. The property is currently owned by the City of Twin Falls and the project will be completed by the Twin Falls Canal Company at a cost of $100,000.    
K Coulee – Slaughterhouse Gulch Project
	K-Coulee, which originates in Slaughterhouse Gulch, feeds directly into Rock Creek. The project will be completed by the end of 2022 at a cost of $200,000. The pond system will remove nutrients and sediment and provide seasonal waterfowl habitat. The City of Twin Falls is also a partner in this project and is working with the landowner to procure the property.  
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[bookmark: _Toc37704475]6.1: Proposed Project Criteria of Success Scorecard
Based on a guiding image of a restored watershed, a watershed that has achieved full beneficial use. 

	[bookmark: _Hlk28244404]Measurement Rubric
	Points Available:
35
	Points Achieved
	Reviewers Notes

	Does the watershed have a guiding vision or goal(s)? (y/n)
The guiding vision shall include references to a variety of factors that include hydrology, physical habitat supportive of wildlife, geomorphology, and aquaculture
	0: Goals or vision not clearly stated
5: Clearly stated goals or vision
	
	

	Does the proposed project support the guiding vision? (do most of the project goals directly or indirectly support the watershed guiding vision?) (y/n) 
	0: Majority of project goals do not support the watershed guiding vision
5: Majority of goals do support the watershed guiding vision
	
	

	Project plan or design that explicitly states the goals of the project. (y/n)
	0: Goals not clearly stated
5: Clearly stated goals
	
	

	Are the goals of the plan centered around multiple criteria and not a single endpoint? (are the goals about more than providing spawning habitat for Chinook Salmon) 
	0: Single goal 
3: 1-2 goals support guiding vision
5: 3 or more goals support guiding vision
	
	

	Are anthropocentric influences accounted for?  
	0: no 
3: 1-2 possible influences identified
5: 3 or more possible influences identified
	
	

	Are the range of water/weather/climate changes accounted for (100-year flood stages, climate change etc.)
	0: no 
3: 1-2 25-year flood or unplanned fire event conditions identified.
5: impact of climate change and 100-year flood conditions identified. 
	
	





Ecological condition should be measurably improved

	[bookmark: _Hlk28246299]Measurement Rubric
	Points Available:
41
	Points Achieved
	Reviewers Notes

	Does the project have clear objectives? (y/n)
	0: Goals are not clear
5: Goals are clearly stated
	
	

	How easy are the objectives to quantify?
	0: Goals can only be measured by an expert with specialized tools. 
3: Measurements can be impacted by measurement takers’ knowledge, or measurement requires specialized tools/ equipment. 
5: Automated measurement system or measurements take no specialized tools and are easy to complete. 
	
	

	Is the baseline data enough to support the objectives being measured? (y/n)
	0: Data is insufficient
3: Data is sufficient
	
	

	Water quality improved (if targets were established prior to implementation, does water quality meet numerical standards)
	0: No
5: >20% reduction in nutrient, suspended solids, or other identified pollution. 
10: >50% reduction in nutrient, suspended solids, or other identified pollution.
	
	

	 Has a natural flow regime been reestablished?
	0: No
5: Yes
	
	

	Increased species variability (if the project was designed to support a species, is that species thriving onsite? Bee pollinator habitat for example)
	0: No
3: Single identified species targeted for support through the project
5: Multiple identified species targeted for support through the project. 
	
	

	Volume of riparian buffer established
	0: 0
3: 0.5 m from the edge of the water for >50% of the shore length
5: 1.0 m from the edge of the water for >50% of the shore length
8: 1.0 m from the edge of the water for >90% of the shore length or 2 m from the edge of the water for >50% of the shore length
	
	



Self-sustaining, only requiring infrequent follow up maintenance

	[bookmark: _Hlk28246702]Measurement Rubric
	Points Available:
34
	Points Achieved
	Reviewers Notes

	Level of intensity of anticipated maintenance.
	0: Maintenance required monthly or more often. Materials/media need to be restocked monthly or more often
5: Maintenance activities occur more than once per year
10: Maintenance activities occur annually or less.  
	
	

	Have stakeholders been identified?
	0: No
3: Yes
	
	

	Responsibility for the cost and management of maintenance understood and accounted for by project stakeholders.
	0: No
3: Yes
	
	

	Capacity to recover from destructive natural events (fires, floods etc.)
	0: No identification of steps to design for destructive natural events mentioned in the plan. 
3: one or more features identified to mitigate destructive natural events in the plan.  
	
	

	Timeline of post project management beyond main construction timeline identified?  
	0: No post project timeline included
5: Maintenance or goal measurement plan timeline identified and lasting more than one year
10: Maintenance and goal measurement plan timelines identified and lasting more than 1 year
15:  Maintenance and goal measurement plan timelines identified and lasting more than 5 years
	
	



Construction of the project causes no lasting harm to the existing ecosystem
 
	Measurement Rubric
	Points Available:
10
	Points Achieved
	Reviewers Notes

	Data concerning aquaculture included in the plan? An understanding of the aquatic life that will be impacted by the project is a chief need. (y/n)
	0: No data or steps to protect aquatic life included in the plan
5: Data and steps to protect aquatic life included in the plan
	
	

	Amount of native vegetation removed/damaged (This item is focusing on maintaining native vegetation. Replanting new vegetation is covered under other credits. Projects to remove invasive plants take the middle credit)
	0: 80-100% native vegetation removed or damaged
3: 40-<80% native vegetation removed or damaged
5: <40% native vegetation removed or damaged
	
	

	Degree of downstream sedimentation anticipated due to the project construction
	TBD
	
	



Will both a pre and post assessment be made and made publicly available

	Measurement Rubric
	Points Available
	Points Achieved
	Reviewers Notes

	Documentation planned for pre and post conditions at the site
	0: No documentation plan
3: Pre or post condition measurement plan in place
5: Pre and post measurement plan in place. 
	
	

	Is a timeline of measurements included in the plan post assessment plan? (y/n)
	0: No timeline in place
5: Timeline in place
	
	

	Is the timeline adequate for the type of restoration being undertaken? (y/n) An explanation should be included in the plan with factors describing why the length of observation time was chosen. 
	0: No Timeline in place
5: Long term project manager/stakeholders cannot meet the identified measurement timeline but will make more than 50% of identified measurements. 
10: All identified measurements are scheduled to be