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1. Background

EPA originally approved the Mid Snake/Upper SnakelRPhosphorus total maximum daily load
(TMDL) in 1997, representing Idaho’s first nutrieMMDL of consequence that involved point sources.
The premise for development of the 1997 Mid SnaWl®T was growths of nuisance aquatic plants (e.g.,
algal mats and macrophytes), which were occludiegMiddle Snake River. Previously in 1988, the Mid
Snake Study Group, consisting of local citizens mpaesentatives from industries, coordinated ttieh
Idaho Department of Environmental Quality (DEQ) &mel Environmental Protection Agency (EPA) to
determine a method for reducing these aquatic glamtths. Based on water quality monitoring
information and modeling using EPA’'s RBM-10 Modetlvas determined that the river was impaired for
cold-water aquatic life and salmonid spawning bseaaf excess nutrients (total phosphorus; TP) and
excess sediment (total suspended solids; TSS). &M68EPA later determined that TP was the limiting
nutrient contributing to the excess nuisance aquudint growths, particularly in the Crystal Spsng
Reach, which was considered the hot bed for magtepland algal mats.

Nearly 10 years later (in 1997), the Mid Snake TMids finalized with two in-stream targets: (1) a TP
in-stream target of 0.075 milligrams per liter (iigat Gridley Bridge and (2) a 30 percent reductiom
average) of nuisance aquatic plant growths in tlyst@l Springs Reach. These targets are interctlate
that a reduction of TP will result in a reductionmhacrophytes. The 1997 TMDL (revised 1998) did not
incorporate wasteload allocations (WLAS) for paiatrces. Although approved by EPA, the TMDL had
a data gap of wasteload allocations for the paintees (fish farms and municipalities).

The Upper Snake-Rock TMDL (approved by EPA in 206806luded wasteload allocations for the
municipalities for TP and TSS; however, the aquacelwasteload allocations were not developed by th
industry. The TMDL was developed with placeholdarsthe aquaculture wasteload allocations, thereby
giving the industry the opportunity to developatsn allocations. The allocations were eventually
finalized and incorporated into the 2005 TMDL alamith some wasteload allocations for TSS to
publicly owned treatment works (POTWSs), attenuadistimates, and updated information and data. In
addition, the 2000 and 2005 TMDLs incorporated fsiea units” in dividing the Middle Snake River

into six river segments. The TMDL incorporated iream targets for TP (0.075 mg/L) and TSS (52
mg/L) in all six segments, thus making the entiverrsystem compliant with the TP and TSS in-stream
targets of 0.075 mg/L and 52 mg/L, respectivelyl Atarget of 0.1 mg/L was developed for the
tributaries.

DEQ conducted a five-year review in 2010. As pathe review, the water quality data summary
indicated that the Middle Snake River was complfanfTSS andEscherichia coli, but the TP targets had
not been achieved in the mainstem and multipleitaities during 2000 to 2008. The review illustrated
that flows have been reduced in the most recertdbesuggesting that the ability of the TMDL to
support beneficial uses should be reevaluateditesmuses of reduced flows are water withdrawals,
drought, and climatic patterns (DEQ 2010).

Several other changes have occurred, or will osoan, within the subbasin related to regulatory and
economic conditions. Specifically, EPA recently a#tl the use of the trading ratios in a re-issued
National Pollutant Discharge Elimination System INES) permit for the City of Twin Falls and a draft
City of Jerome NPDES permit because of a dispugerténg the use of 1:1 ratios. In addition, the
aquaculture general permit expired in 2012 andiieatly administratively extended. EPA anticipates
holding a public comment period on a revised agiia@ipermit in October 2014, with a goal of
finalizing the permit by Spring 2015. Finally, pdation and economic growth has occurred within the
subbasin since initial TMDL development.

In light of the above circumstances, DEQ and EP4i&e10 initiated an assessment and evaluation of
all readily available data to determine the neecaf@MDL revision. As the first step, EPA Region 10
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contracted with Tetra Tech, Inc. to develop thgore. This document provides a summary, evaluation,
and assessment of all relevant reports and exidtitgy The assessment focuses on conditions retated
hydrology and phosphorus loading, with particulmpiasis on phosphorus attenuation throughout the
watershed. EPA, DEQ, and Idaho Department of WRésources (DWR) provided data, technical
guidance, and review of this assessment report.
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2. Setting

2.1 GENERAL WATERSHED CHARACTERISTICS

The Middle Snake River flows from Milner Dam (riveile [RM] 638) to the town of King Hill, Idaho
(RM 545). The river’s length extends approxima&3ymiles from an elevation of 4,135 feet at Milner
Dam to 2,498 feet at King Hill. This 2,438-squariendrainage area is designated as United States
Geological Survey (USGS) hydrologic unit code (HUG@P40212, referred to as the Upper Snake-Rock
Subbasin (Figure 1). The subbasin intersects vitith counties and those counties with the largest
percentage of area are Jerome, Twin Falls, and iBgothere are 13 incorporated cities within the
subbasin boundary (U.S. Department of Commerce 2007

As defined, the Upper Snake-Rock Subbasin incldéemajor tributaries to the Middle Snake River. The
watershed boundaries exclude the drainages of Sdhalis Creek and Big Wood River (which
contributes to the Malad River). These streamsidmthe Middle Snake River within the subbasirt, bu
DEQ has defined the drainages as separate amttistibbasins and has addressed them in separate
TMDLs. Another 8-digit HUC draining to the Upperake-Rock Subbasin that is not included in this
TMDL is the Lake Walcott Subbasin (HUC 17040209).

Over 95 percent of the watershed is within the 8rRiker Basin/High Desert ecoregion. The topography
of this ecoregion consists of tablelands with medfa high relief. Sagebrush and grass dominate
throughout the ecoregion and minimal riparian vatyem exists along the Middle Snake River or its
tributaries. Elevation within the watershed issthated in Figure 2.

The Snake River Canyon is a steep-sided trenchintuthe relatively flat, surrounding plain. Talle
summarizes the width of the main channel, slopet/figer mile), elevations, and elevation drophaf t
Middle Snake River at three river mile locationsa@nel width ranges from 50 to 1,500 feet.

Table 1. Width of Middle Snake River (channel) at V  arious Reaches (DEQ and Mid Snake TAC

1999)
River Width (feet)
Reach Slope Elevation Elevation
River Miles Mean Max Min Miles (feet/RM) (feet) Drop (feet)
638-619 103 225 50 20 29.5 | 4,135-3,380 755
618-559 441 1,500 100 60 15.2 | 3,380-2,580 800
558-545 254 600 150 14 7.7 | 2,580-2,497 83
TETRATECH
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2.2 CLIMATE

The Upper Snake-Rock Subbasin has a semiarid dimighh low annual rainfall; moderately hot, dry
summers; moderate to cold winters; and relativehdy springs. Average annual air temperature ranges
from 40 to 51 degrees Fahrenheit (F). January alycaie typically the coldest and warmest month wi
average temperatures of 29 and 73 degrees F, tegheduring the summer, temperatures commonly
reach 100 degrees F and above. In general, pagigpitis consistent throughout the year, excepulg
through September, when the total for the threethsomay be less than one inch. Higher-than-average
annual precipitation tends to be attributed togaaring the winter and spring. Snowmelt is an irtaott
hydrologic input, particularly in the spring andlgasummer (DEQ and Mid Snake TAC 1999).

Figure 3 illustrates annual precipitation for tmgiree period of record (water years [WY] 1918 thgbu
2011) at Jerome Station 104670. Figure 4 provideshnual precipitation for the most recent two
decades (WY 1990-2011). Precipitation variabilpppears to have decreased in the 2000s compared to
the 1990s. In particular, fewer extreme lows amgghhiare apparent in the 2000s. Although the most
recent decade differs from the 1990s, the recentls appear to be within the variability observedss

the period of record (Figure 3).

Climate variability in the Pacific Northwest (PNMWg)influenced by both the Pacific Decadal Oscibiati
(PDO) and the El Nino Southern Oscillation (ENS&ye-scale climate cycles. In general, PDO is a
pattern of longer-term variability (inter-decadial)which changes in patterns are observed evety 20
years, whereas ENSO events occur approximately éwerto seven years and represent inter-annual
variability. PDO cycles are represented by the Rex (negative = cooler, wetter PNW winter;
positive = warmer, drier PNW winter). ENSO cycles eepresented by the Southern Oscillation Index
(SOI), where negative values occur during El Nipsedes that tend to result in drier PNW winterd an
positive values occur during La Nina episodes thiadl to result in cooler, wetter PNW winters
(USGCRP 2012).

Year-to-year changes in total precipitation for theper Snake-Rock Subbasin (Jerome weather station
104670) appear to be fairly consistent with theryeayear oscillations apparent in the ENSO record
(SOI; Figure 5). However, climate trends within gubbasin are not consistent with the PDO (Figiwre 6
In the 1990s, the PDO had a more frequent andggtrasccurrence of warmer (positive) values than in
the 2000s, which would support the opposite tremghbfecipitation in the subbasin. The Upper Snake-
Rock Subbasin is in very close proximity to thetcanntermountain region (IR) of the United States
and Wang et al. (2009) explain that this regioshielded from the direct influence of ENSO, as sl
the PDO. Variability not attributable to ENSO or ®Ran be related to other possible factors, inolydi
(1) random chance, (2) poorly understood episodenpmena (including other forms of natural climate
variability or possible interactions of the effeofSDO and ENSO), (3) changes in the observinteays
(4) global warming, and (5) anthropogenic influen¢idiggins et al. 2007).
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2.3 SolLs

Watershed soils are composed of 87 percent arid@sud 13 percent mollisols according to the 1999
Upper Snake-Rock TMDL. Aridisols are salty minesalls that are low in organic matter and may
contain soluble salts and lime. Mollisols are sami alkaline but have greater organic matter aunte
compared to aridisols. A portion of the watersheitsg37 percent) is from loess, which represerdsib
structure more susceptible to water and wind emgiarticularly when vegetation cover is removelde T
remaining 63 percent contain residium, colluviung alluvium (DEQ and Mid Snake TAC 1999).

The rate of aquifer recharge depends on both thaftiration rates and the porosity of the unlyarg
geology. Figure 7 illustrates the hydrologic sadups (HSGSs) in the watershed. The Natural Reseurce
Conservation Service (NRCS 2001) has defined fd&GHlfor soils, as listed in Table 2. The majority o
the watershed contains HSG B, C, or D, and a cdratexd area of HSG A soils is present along the
northern side of the mid to lower reaches of thddW Snake River. Soils with high infiltration rate
(primarily HSG B) tend to occur in the more upstngaortion of the watershed, with a larger percemtag
north of the Middle Snake River. For additionaladiston soils and underlying geology, see EPA (2002

Table 2. NRCS Hydrologic Soil Groups

Hydrologic Soil Group Description

A Soils with high infiltrations rates. Usually deep, well-drained sands or gravels. Little
runoff.

B Soils with moderate infiltration rates. Usually moderately deep, moderately well-
drained soils.

C Soils with slow infiltration rates. Soils with finer textures and slow water movement.

D Soils with very slow infiltration rates. Soils with high clay content and poor drainage.
High amounts of runoff.
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2.4 LAND Use/ LAND COVER

Figure 8 illustrates the land use/ land cover withie watershed using the 2006 National Land Cover
Dataset (NLCD) and Table 3 presents the area ameeof each land use/land cover class within the
watershed. Cropland, grassland, and scrub shrudtatemn dominate the land cover within the wateadshe
(covering 30 percent, 22 percent, and 34 percespactively). Using 2006 land use data from NRGS, t
TMDL five-year review estimated that about 56 pata# the subbasin (which excludes the Salmon Falls
Creek, Big Wood River, and Lake Walcott drainagesised as agricultural lands and 42 percent is
occupied by rangelands. Some of the grasslandf@asiy the NLCD may actually be agricultural land
(DEQ 2010). Much of the land in grass or scrub/shregetation is likely used for livestock grazing,
managed by the U.S. Bureau of Land Managementoldttho Department of Lands. Urban area
represents about 1.3 percent of the watershed.

Table 3. Land Use in the Watershed

Area (square Percent of Watershed
Land Use miles) (%)
Open Water 12.40 0.49
Developed, Open Space 91.53 3.59
Developed, Low-Intensity 2345 0.92
Developed, Medium-Intensity 8.48 0.33
Developed, High-Intensity 1.62 0.06
Barren Land 0.06 <0.01
Deciduous Forest 1.38 0.05
Evergreen Forest 10.83 0.42
Scrub/Shrub 871.69 34.21
Grassland/Herbaceous 556.18 21.82
Pasture/Hay 205.80 8.08
Cultivated Crops 763.18 29.95
Woody Wetlands 148 0.06
Emergent Herbaceous Wetland 0.27 0.01
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2.5 HYDROLOGY

The hydrology of the Upper Snake-Rock Subbasiecefla complex network of springs, streams,
aqueducts, canals, irrigation drains, lakes, resexyand geothermal sites. The major waterbodiased
on percent of total reach length, are intermittgréams (46 percent), canals (35 percent), andchipiate
streams (15 percent) (DEQ and Mid Snake TAC 19B8is section documents past knowledge of
hydrology and flow trends in the subbasin. For tioldal details on the hydrology of the Upper Snake-
Rock Subbasin, see EPA (2002).

Flow through Milner Dam

Flow to the Middle Snake River depends largely pstieam storage, irrigation diversion rights in the
Upper Snake River, and spring water discharge ftmSnake River Plain aquifer. The upstream
discharge to the Middle Snake River, which is hjgrdriable, is managed by U.S. Bureau of
Reclamation (BOR) and Water District No. 1. Carmhpanies divert water from the Snake River at
Milner Dam through traditional gravity diversionssgms (DEQ and Mid Snake TAC 1999). According
to DEQ (1998), diversion for irrigation averagegegximately 5,000 cubic feet per second (cfs) above
Milner Dam during TMDL development, reducing flowan average of 3,450 cfs above the dam. Flow
downstream of the Middle Snake River ranged, omages from 200 to 1,500 cfs in the summer. Some of
the water diverted for agriculture percolates thim Eastern Snake Plain Aquifer and returns to the
Middle Snake River through springs and diffuse gbwater inputs. Diverted water also returns to the
river through surface channels.

Flows through Milner Dam vary both annually andssesally. The Idaho State Water Plan states that the
minimum release from Milner Dam, once irrigatiommnd exceeds natural flow, is zero. Under the
Federal Energy Regulatory Commission license fer\tiner Power plant, a minimum flow of 200 cfs is
required when water is available. Even in surplasewyears, the flow available for release fromndil
Dam reaches zero by the middle of July, when therabflow drops below the irrigation demand (DEQ
1998).

BOR operates a flow augmentation program that mesegjeases from Milner Dam to protect fish
species listed under the Endangered Species Aetmdst recent change in these operations occurred
after the release of the 2008 National OceanicAtntbspheric Administration (NOAA) Fisheries
biological opinion, which called for shifting reksss from August to July or earlier. The abilitystoft
releases depends on whether a water year is deya@ge, or wet. The quantity and timing of releades
depends on the total flow augmentation volume abdl, as well as from which basin the augmentation
originates. BOR generally anticipates that augnm@mtaeleases can be provided in May or June intmos
average or lower water years and by the end ofidutyost wet years. Most recently, 2011 provided an
example of unanticipated circumstances in whicadloontrol releases past Milner Dam were required
from April through the end of July, and flow augrtegion releases were extended into August in that
year (BOR 2011).

Tributaries

Downstream from Milner Dam, flows increase subsadiptirom diffuse ground water discharge,
irrigation returns, and tributaries. Tributarieslimde streams, canals, springs, and irrigatiorrmedtains.
Natural tributaries extend for 2,045 miles (mi)hiit the subbasin. The four largest tributariespetiog

to the 1998 TMDL, are Rock Creek, Salmon Falls €r&éalad River, and Clover Creek. Rock Creek
and Clover Creek are within the Upper Snake-Rod¥&sin while Salmon Falls Creek and Malad River
represent different subbasins but flow into the dieédSnake River within the Upper Snake-Rock
Subbasin.

Irrigation canals connect tributaries and crosdasm boundaries, adding to the complexity of the
hydrologic system. The subbasin contains 1,179nafeanals and ditches. Some of the major camnals a
Low Line Canal (46 mi), High Line Canal (35 mi), itlo Side Main Canal (32 mi), Twin Falls Main
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Canal (30 mi), and Milner Main Canal (27 mi) (US@®L2). The irrigation return drains receive
irrigation return flow during the irrigation seasdrhe return flow enters the Snake River direatiyrf
numerous conduits on both sides of the canyonraticectly via the tributaries. Flow in irrigatiorturn
streams is highly variable, but many are fed bfud& ground water inputs and flow year-round (DEQ
1998). Figure 1 labels the major tributaries, aadti®n 4.1 provides more detailed maps of theatiim
drains.

Ground Water

Ground water enters the Middle Snake River as skffnflow or from springs, which are discrete
locations where ground water emerges as concedtflate. This section discusses ground water relevan
to total ground water flow that includes both dsuand spring inflow.

In the 1998 TMDL, ground water inflows to surfacaters (both from diffuse ground water and spring
inputs) were cited as significant and importantf@intaining surface water flows and water quatity
the Middle Snake River. The TMDL document obserred during drought years on the Middle Snake
River, ground water discharge may contribute asmasc60 percent of the river’'s flow. The largest
inflow to the Middle Snake River is from the Snakiger Plain Aquifer on the north and east sidethef
canyon. This aquifer underlies the Snake RivemRgigure 9) from the vicinity of St. Anthony, Idah
(northeast of the subbasin) to the western potéaminus of the Middle Snake River, and ground wate
flows through the aquifer in a southwesterly di@tt Sources of aquifer recharge include seepamge fr
the Snake River, streams entering or crossingltie, percolation of irrigation water, precipitaticand
underflow from tributary basins.

A second significant source is the aquifer undagythe Twin Falls tract, which discharges about &80
according to USGS and city of Twin Falls estimatethe late 1990s (DEQ 1998). Sukow (2011)
estimated the average contribution from the TwillsReact was 635 cfs for 1981-2008; this value
includes an estimate of tributary underflow frora tipper Salmon Falls drainage area. Downstream of
Kimberly, most of the contribution from the aquitarderlying the Twin Falls tract is discharged to
tributary streams (including Rock Creek, Cedar Drislud Creek, Deep Creek, and Lower Salmon Falls
Creek), rather than directly to the Snake Rivek{®Bu2012).

The soil characteristics and geology contributeigdh aquifer recharge rates. As noted in Secti8n 2.
soils with higher infiltration rates tend to ocdarthe more upstream portions of the subbasin, avith
higher proportion on the north side of the Middieke River. In general, the underlying basalt @ th
south side of the Middle Snake River is much legsngable than the basalt on the north (DEQ 1998).

Throughout the history of the subbasin, ground wiatftow to surface waters varied as recharge
conditions changed. Ground water inflows to surfaegers increased between 1902 and the early 1950s,
likely because of recharge from irrigation nortld @ast of the springs. Since the highest recorded f

in the mid-1950s, the 1998 TMDL observed that aqdibws have been steadily declining. This decline

is believed to be associated with aquifer withdilawad increased efficiency in irrigation applioati

The 1998 TMDL hypothesized that aquifer outflowswgbapproach equilibrium with inputs and

upstream withdrawals (DEQ 1998).

The highest aquifer flows typically occur in Octolas a result of the cumulative effects of rechédnge
surface water irrigation (DWR 2013). Low aquifertam=flows occur in April or May before the effectb
the new irrigation season recharge become signifiaEQ 1998).
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Discharge from the Snake River Plain Aquifer ocahireughout the Milner to King Hill reach, but the
largest gains from this source occur between thd Bi1B094000) and Hagerman (131359afages.
While there are many small springs and seeps thaiutghe subbasin, the 11 major springs (dischairge
100 cfs or more) are shown in Figure 9 (DEQ 1998 greatest number of springs is in the Thousand
Springs area of the Hagerman Valley and the springgear-round (DEQ and Mid Snake TAC 1999).
For 1980, the USGS estimated that 90 percent ddphiag discharges come from springs north of the
river and 10 percent from springs south of therr{igelstrom 1995).

I mpoundments

There are seven impoundments along the Middle SRatex and eight along the tributaries (Figure 10).
They were constructed and operated for agriculincehydropower. Approximately 25 percent of the
Middle Snake River between RM 639.1 and RM 565réservoir-like (DEQ and Mid Snake TAC 1999).
The dams and associated reservoirs along the rairese Milner, Murtaugh, Twin Falls, Shoshone
Falls, Upper Salmon, Lower Salmon, and Bliss. Milbam is owned by the Twin Falls Canal Co. and
North Side Canal Co.; the six other dams alongrithstem are owned by the Idaho Power Company
(DEQ and Mid Snake TAC 1999). The largest impounasiare at Milner Dam and Bliss Dam,
completed in 1905 and 1950, respectively.

! Although two USGS gages have been establishedHagerman, this was the number referenced in tee mile
index of the 1999 Watershed Management Plan (DEMid Snake TAC 1999). Since a site number was not
referenced, it was assumed that the 1998 TMDLsis @ferring to this gage. The site number foratter
Hagerman gage is 13134500.
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2.6 NUISANCE AQUATIC PLANTS

Nuisance aquatic plants have been a documenteéwoincthe Middle Snake River since the late 1980s,
and a major goal of the Mid Snake/Upper Snake-Fdibasin TMDL was to reduce TP concentrations
contributing to excessive aquatic plant growth. Mabytes — aquatic plants with leaves, stems, aod r
or root-like structures — have been the focus igfe¢bncern due to their extensive presence in therR
Past studies have linked sediment phosphorus i lplamass in the Middle Snake River (Falter et al.
1995; Falter and Burris 1996), and dense aquatittfileds tend to occur downstream of agricultural
return flows and aguaculture discharges, which lmeen significant sediment sources (EPA 2002).

The linkage between sediment, nutrients, and agjp&tit growth is complex and involves several
feedback loops that lead to continual new growit expansion of the aquatic beds. The aquatic plant
beds initially form where sedimentation reducestdgpand provides light availability and an ideal
substrate for rooted macrophytes. Once establisheghlant beds slow the river’s velocity and imse
sedimentation, encouraging further growth and distahent of aquatic plants.

Within the beds themselves, the aquatic plantaektutrients from the sediment and the water colum
High dissolved nutrient concentrations during #ue growing season can lead to the dominance of
epiphytic algae and non-rooting macrophytes sihesd species obtain nutrients exclusively from the
water column. This plant growth forms a feedbadplm which nutrients are removed from the water
column and deposited to the bed sediments durimgssence, which are then available for uptake by
rooted macrophytes. These processes can leadroraase in nutrients in the bed sediments and
perpetuate macrophyte growth. Figure 11 illustrétese processes and feedback loops.
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Figure 11. Factors controlling aquatic plants in th e Middle Snake River, reproduced from EPA
(2002).
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It is important to note that aquatic plant growtblides both algal mats and macrophytes. Algae and
macrophytes tend to coexist, especially in the gp&ant beds found within the Middle Snake River.
Since control of macrophytes is a management pyitot the Middle Snake River, this section focuses
on available macrophyte information and, when r@htyva general consideration of aquatic plant lireds
the River, which include some species of algae.

The following subsections document research ara alaquatic plants in the Middle Snake River aith
focus on the interaction between TP and aquatittpkas well as related retention or removal
mechanisms. Dominant aquatic plant species aradmyed first, followed by information on macrophyte
growth rates and density.

2.6.1 Dominant Aquatic Plant Species

Information on dominant aquatic plant species sNtiddle Snake River is available from studies
published in the 1990s and discussed in EPA (2002&aches of significant attached aquatic plant
growth, Falter and Carlson (1994) found t8atatophyllum demersum, Potamogeton pectinatus, andP.
crispus dominated the aquatic vascular plants. The latterspecies tend to occur in well-buffered,
nutrient-rich waters (Filbin and Barko 1985; Beastl&antai 1978). Other less dominant vascular ggeci
observed within the River include foliosus, Elodea nuttallii, and E. canadensis. Of this list of dominant
and subdominant vascular speciea,atophyllum and Elodea are considered functional epiphytes
because they lack true roots and obtain the mgjofitheir nutrients from the water column. In i

to the vascular epiphytes, the Middle Snake epghgommunity includes the filamentous green algae
Cladophora sp., Hydrodictyon sp., andEnteromorpha. While rooted macrophytes dominate in the spring
months, epiphytes have been observed to dominatetal summer-fall macrophyte biomass at many
locations in the Middle Snake River (Falter andi€tar 1994; Falter et al. 1995, Falter and Burrig8g)9
EPA (2002) provides a detailed life history of doamt attached aquatic plants (see Appendix C of EPA
(2002)).

2.6.2 Aquatic Plant Density and Growth Rates

Growth of aquatic vegetation begins in the sprind growth rates increase as temperatures and light
availability increase. Table 4 summarizes 1994 imgritiomass estimates at Crystal Springs from Falte
and Burris (1996). For rooted macrophytes, the mighatic increase in biomass occurred between
April and May. According to EPA (2002), it is likethat the perennial root masses provide sufficient
nutrient and energy reserves to permit earlietefgsdant development than in epiphytes and rostles
plants.

Accordingly, growth of epiphytes and non-rooted matytes in 1994 remained relatively slow in the
spring. Then epiphytes exhibited a sharp increaféoimass between May and June. The highest monthly
growth rate for non-rooted macrophytes occurrefiugust, when mean biomass increased to almost nine
times the July mean. As described in EPA (2002phspic algae growth increases in June when
temperatures have increased sufficiently and roplaots have grown high enough to provide a growth
surface with high light availability.

Evidence exists that once the temperature andaigditability requirements are met, high water owotu
nutrients can allow epiphytes and non-rooted mdugrtgs to obtain high biomass levels. Howard-
Williams (1981) studied the effects of fertilizen motedP. pectinatus communities with epiphytes
(Cladophora). When nitrogen and phosphorus were applied tavéiter column, the epiphytes
experienced a sharp increase in growth, but thiedgolant biomass did not increase.

EPA (2002) posited that epiphytes and non-rootedropdnytes outcompete rooted macrophytes by
midsummer due to their faster growth rates in tles@nce of elevated nutrient concentrations asasell
their higher position in the water column. As ithaded in Table 4, non-rooted macrophytes were
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reaching peak biomass between July and August W89d rooted macrophyte biomass was already
beginning to decline.

This seasonal variation in growth rates resulishianges in species dominance during the growing
season. Rooted macrophytes dominated aquaticlpdastin the early spring. Epiphyte growth was slow
until June, and then epiphytes represented abotat 38 percent of total plant biomass through
November. Growth of non-rooted macrophytes was siotd August when they dominated the aquatic
bed community for that month.

The variations in species dominance presents iafpdies for management of nutrient loading towards
control of aquatic plant growth. Reduction in neititi concentrations will more directly affect epipghy

and non-rooted growth because of these specieshdigmce on water column nutrients. For control of
non-rooted macrophytes, Falter and Burris (1996yests that a narrow window exists between July and
August in which a reduction in nutrient concentrasi could reduce non-rooted macrophyte growth rates
This suggests short or very short averaging pefmdachieving target nutrient levels to limit gridw

during critical periods.

Table 4. Riverwide mean plant biomass and percento  fthe total biomass, Crystal Springs, Idaho,
1994 (from Falter and Burris, 1996)

Epiphytes, Non-rooted, Rooted, Total, Epiphytes, Nonrooted, % Rooted, %
Month | meang/m?® | meang/m® | meang/m? g/m? % of total of total of total
Apr 0.1 34 30.6 64.7 0.2% 52.5% 47.3%
May 1.3 3.6 230.8 235.7 0.6% 1.5% 97.9%
Jun 231.5 785 239.2 549.2 42.2% 14.3% 43.5%
Jul 163.4 25.6 137.1 326.1 50.2% 7.8% 42.0%
Aug 173.8 2489 81.8 5044 34.5% 49.3% 16.2%
Oct 214.4 138.3 104.1 456.7 46.9% 30.3% 22.8%
Nov 63.3 46.6 529 162.8 38.9% 28.6% 32.5%

2.7 CAUSES OF IMPAIRMENT

The TMDL documentation established that point ame-point sources of phosphorus throughout the
Upper Snake-Rock Subbasin are the major causée oiulisance aquatic vegetation impairing beneficial
uses in the Middle Snake River and its tributaresdiscussed in Section 2.6 and documented in EPA
(2002), the aquatic plant beds initially form fraedimentation, which reduces river depths and desvi
light availability and an ideal substrate for maudrgtes. This concept was supported by findings that
dense aquatic plant beds in the Middle Snake Rixest downstream of agricultural return flows and
aquaculture discharges, which were significantreedt sources during TMDL development. Once
established, the plant beds slow the river’s véyamind increase sedimentation, encouraging further
growth and establishment of aquatic plant beds.

The processes within the beds form a feedbackilbagich nutrients are removed from the water
column and deposited to the bed sediments durimgssence, which are then available for uptake by
rooted macrophytes. These processes can leadroraase in nutrients in the bed sediments and
perpetuate macrophyte growth. Continued sedimemntatid nutrient loading feeds this process and
expansion of the aquatic plant beds.
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Point sources that discharge nutrients to the Mi@&Hake River include food processors, municigaliti
(POTWSs), and aquaculture facilities. Currently,@@mitted point source dischargers are locatediwith
the subbasin (Figure 12). Twenty-five facilitiesaharge directly to the Middle Snake River; thegtide
20 aquaculture facilities (which include fish hadls and fish processing facilities), four POT\Afsd
one food processor. Fifty-nine facilities dischaimghirectly to the Middle Snake River through triarties
or irrigation return drains; they include 55 aquaae facilities (which include fish hatcheries digh
processing facilities), two POTWSs, and two foodgassors. TP load contributions from each type of
point source were quantified from discharge moiitpreport (DMR) data and are compared to current
WLAs in Section 4.3.3.

Nonpoint source pollution in the Upper Snake-Rouahkt#sin comes from a variety of sources, including
concentrated animal feeding operations (CAFOsydted agriculture, improper grazing practices,

stream bank erosion, septic systems, constructitivites, and off-highway vehicles. Hydroelectric
impoundments/projects, particularly Federal Endggulatory Commission-licensed facilities, were

listed in the TMDL documents as nonpoint sourcesabse of potential changes in water quality

occurring within the impoundments. These facilises exempt from NPDES permits because the change
in water quality is not considered a dischargeadiupants. In-stream processes within the Middlel&n
River and background loading are also relevant aimgources of phosphorus loading.
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3.Current TMDL and Allocations

EPA has approved the following TMDLs in the Uppaake-Rock Subbasin:
e Middle Snake River Watershed Management Plan, 1/#%%ed 1998
e Upper Snake-Rock Watershed Management Plan, 1999
* Upper Snake-Rock TMDL Maodification, 2005.

TheMiddle Shake Water shed Management Plan Phase | TMDL for Total Phosphorus (DEQ 1998)

provided an approach to improve water quality bgldsshing a TP load applicable on the mainstem of
the Middle Snake River. The Upper Snake-Rock WhestdManagement Plan (DEQ and Mid Snake
TAC 1999) followed suit by providing loads for TR water quality-limited tributaries and TSS on both
the Middle Snake River and affected tributaries pasg of the TMDL approval process, the Upper Snake
Rock TMDL Executive Summary was created by EPA egralensed version of the 1999 document
(EPA 2000). The Upper Snake-Rock TMDL Modificati@®05) evaluated phosphorus and TSS loads
primarily for aquaculture facilities that dischartgpethe Snake River or one of its tributaries.

The 1998, 1999, 2000, and 2005 documents, colldgtiare relevant to the subbasin and the TMDL
reevaluation. As part of the TMDL process, DEQ digped and implemented the in-stream TP targets
listed in Table 5. The TP targets were developautewide linkage with beneficial uses and to adslres
the following narrative criteria (IDAPA § 58.01.@P0.06): “[S]urface waters of the state shall lee fr
from excess nutrients that can cause visible sfjroiths or other nuisance aquatic growths impairing
designated beneficial uses.”

Table 5. In-stream Total Phosphorus Targets by TMDL  in Upper Snake-Rock Subbasin

Waterbody Target
Snake River - Milner to King Hill (6 assessment units) 0.075 mg/L
Tributaries 0.1 mg/L
Undeveloped springfed tributaries 0.02 mg/L

During TMDL development, election of critical ped®mprimarily considered the beneficial uses fodeol
water aquatic life (CWAL) and salmonid spawning (SISe critical period for CWAL is July and
August, and the critical period for SS is April,fB@mber, and October. These critical periods aseda
on the hotter times of the year, when adequatewatdr habitat and spawning conditions are most
limited.

The TMDL documents established control and momitppoints to determine compliance with the Upper
Snake-Rock TMDL. The compliance points for tribigarand canalways were identified at their
confluence with the Middle Snake River. Along thainstem, the following six segments and seven
monitoring locations are used to evaluate compéanith the Upper Snake-Rock TMDL for the TP in-
stream water quality targets and to determine haakfise attainment for the Middle Snake River:

e Milner Dam to Twin Falls: Assessment Unit ID1704Q3K020_07
e Twin Falls to Rock Creek: Assessment Unit ID170424019 07
* Rock Creek to Box Canyon: Assessment Unit ID17028X007_07
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* Box Canyon to Lower Salmon Falls: Assessment Upif71040212SK005_07
* Lower Salmon Falls to Clover Creek: Assessment WDMi7040212SK001_07
* Clover Creek to King Hill: Assessment Unit ID170908W005_07.

Although these are the most recent assessment tir@tsare not the original segments used in the
TMDLs. In addition, these segments do not corredgorthe current monitoring locations that provide
data important for assessing changes in concemtrdtad, and flow. To compare previous TMDL
assumptions to current monitoring data (Sectioart) the mass balance results (Section 7), segments
defined in this document as:

* Milner Dam to Pillar Falls

» Pillar Falls to Crystal Springs

e Crystal Springs to Box Canyon

* Box Canyon to Gridley Bridge

» Gridley Bridge to Shoestring Bridge
e Shoestring Bridge to King Hill

Hereafter, these segments are referred to as “segiyents.” When reporting loads and flows forehes
segments, the study segment definitions referdéagehch beginning just below the upstream locatfon

to and including the downstream location. For extanthe second study segment begins just below the
Pillar Falls gage and ends just below Crystal Syrigage, so the load and flow at Crystal Springslavo
be included in any estimates for this segment.

By achieving the in-stream target of 0.075 mg/le, TP reductions outlined in the TMDL documents are
intended to meet beneficial uses by reducing ngssaguatic plant growths by 30 percent (on average)
the Crystal Springs reach portion of the Middle I&nRiver. The Upper Snake-Rock TMDL

Modification (2005) is the most current TMDL withet load capacity calculations and allocations for
each specific industry and facility. Under the TMPiocess, the load capacity may be described tth t
following formula:

TMDL = load capacity = WLA + LA + MOS + BK + FG
where
WLA = wasteload allocation for point sources
LA = load allocation for nonpoint sources
MOS = margin of safety (sometimes combined with BK)
BK = background (sometimes combined with WLA or LA)
FG = future growth reserve.
More specifically:

TP load capacity = TP target (mg/L) x flow (cfsb>89 (conversion factor) = TP load, pounds per
day (Ib/day)

TP target: Middle Snake River = 0.075 mg/L TP
Tributaries = 0.100 mg/L TP.

For the Middle Snake River, Table 6 lists the hasdbads estimated during the 1999 TMDL
development, as well as the wasteload, load, aatidtiocations expressed in the current TMDL (2005
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Among the segments, Pillar Falls to Crystal Sprinas the highest estimated point source load and
wasteload allocation among the study segments. ¢fdhe six study segments, Pillar Falls to Shdmgtr
Bridge, have the highest estimated nonpoint sdoaseline loads as well as load allocations. Théithga
capacity for the Middle Snake River was based dieaing the target of 0.075 mg/L at Gridley Bricaje
low flow conditions for 1991 (5,510 cfs) (DEQ 199BBM-10, the model used for the 1998 TMDL,
predicted a TP loading goal of 2,227.4 Ib/day.

Table 6. Comparison of Baseline Load and Current Al locations (TP Ib/day) for Point and Nonpoint
Sources in the Middle Snake River Study Segments (D EQ 2010)

Point Sources Nonpoint Sources Total: Point +Nonpoint Percent
Change,
Baseline Baseline Total Baseline to
Study Load Load Baseline Total 2000/2005
Segment 1990-1991 WLA 1990-1991 LA Load Allocations Allocations
Milner Dam to 51 3.3 993.8 407.2 998.9 410.5 -58.9%
Pillar Falls
Pillar Falls to 1,081.7 722.1 1,217.0 1,374.6 2,298.7 2,096.7 -8.8%
Crystal Springs
Crystal Springs 655.5 4740 | 1,684,8 1,345.6 2,340.3 1,819.6 -22.3%
to Box Canyon
Box Canyon to 72.3 50.1 1,381.2 1,524.9 1,453.5 1,575.0 8.4%
Gridley Bridge
Gridley Bridge 98.5 731 2,072.1 1,278.9 2,170.6 1,352.0 -37.7%
to Shoestring
Bridge
Shoestring 0.0 0.0 525.2 210.6 525.2 210.6 -59.9%
Bridge to King
Hill
Total 1913.1 1,322.6 7,874.1 6,141.7 9,787.2 7,464.3 -23.7%

Baseline = baseline water years 1990-1991 as defined in the Mid Snake TMDL and the Upper Snake-Rock TMDL.
The nonpoint source calculation is primarily based on the overall load capacity for the river sesgment and subtracting
out the point source component, but not subtracting out the margin of safety. Some of the ton/year estimates are
based on converting to Ib/day or vice versa.

Milner Dam to Pillar Falls. Baseline based on USR TMDL (1999). Point sources include City of Hansen only. Point
source after 2000/2005 based on the Upper Snake-Rock TMDL Modification (2005). Nonpoint source load after
2000/2005 is based on the net calculation between the total load at the discharge from one segment to another and
the total load at the input part of the segment.

Pillar Falls to Crystal Springs. Baseline based on USR TMDL (1999). Point sources include City of Twin Falls and
GAP-104. Point sources after 2000/2005 based on the USR TMDL Modification (2005).

Crystal Springs to Box Canyon. Baseline based on USR TMDL (1999). Point sources include City of Jerome, GAP-
016, GAP-100, GAP-041, GAP-054, GAP-014, and GAP-010. Point source after 2000/2005 based on the USR TMDL
Modification (2005).

Box Canyon to Gridley Bridge. Baseline based on USR TMDL (1999). Point sources include U of | Research Center
Lab and GAP-009. Point source after 2000/2005 based on the USR TMDL Modification (2005).

Gridley Bridge to Shoestring Bridge. Baseline based on USR TMDL (1999). Point sources include City of Hagerman,
GAP-111, GAP-065, GAP-056, GAP-082 (formerly GAP-081 [Rainbow Falls/Dunn] combined with GAP-082 [Eckles]),
GAP-098 (formerly GAP-098 [Barrett], GAP-020, GAP-090, GAP-118, GAP-119, GAP-120 and GAP-076. Point
source after 2000/2005 based on the Upper Snake-Rock TMDL Modification (2005).

Shoestring Bridge to King Hill. No point sources discharge directly to the Snake River. Point sources after 2000/2005
based on the Upper Snake-Rock TMDL Modification (2005).
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The Upper Snake-Rock TMDL (DEQ and Mid Snake TA@9)%and the 2005 modification (DEQ 2005)
applied mean flow conditions using a mean flow acien(WY 1983-1998) when calculating existing
loads and allocations. The baseline flows usedtimate the Middle Snake River existing and target
loads were drawn from low flow conditions for 19®%1510 cfs). Subsequently, the load and wasteload
allocations were calculated using a mean flow soerfd/Y1983—-1998) for the Upper Snake-Rock
TMDL (DEQ and Mid Snake TAC 1999) and 2005 modifica (DEQ 2005).

Impacts of phosphorus on aquatic life use suppoough eutrophication are chronic in nature, rather
than acute, so it makes sense to evaluate the Th#3kd on a representation of a flow over a somewhat
longer exposure time then an extreme low flow (€§10). However, use of an annual average flow
does not represent summer low flow critical comdisi during which excess plant growth occurs. A 30-
day average low flow may provide a more appropriepeesentation of critical conditions for

establishing the loading capacity. Also of condsrtine observation that WY 1983-1998, on which the
current allocations are based, was a wetter péhiga has been observed in the years since the TMDL.
This issue is discussed further in Section 4.2.

The proportion of the baseline load contributedhbtural tributaries, canalways, point sources, raet
corridor nonpoint sources varied by study segmigiufe 13). Corridor nonpoint sources were estichate
to represent at least half or more of the basédiaé to the first four study segments (Milner Dam t
Gridley Bridge). Point sources contributed reastnktrge loads to the two segments from Crystal
Springs to Gridley Bridge, and tributaries werérsated to account for the majority of loading te th
segment from Gridley Bridge to Shoestring BridgeeAsonably large portion of the load was
unaccounted for in all study segments. The propioii load allocated to each source (Figure 14@mdif
somewhat from the baseline load (Figure 13). Tabas are assigned a larger proportion of the total
allocation, and corridor nonpoint sources are assl@ smaller proportion. Some of the differences a
explained by the fact that baseline loads couldbeatstimated for all point sources.

100%
90%
80%
70%
60%  Unaccounted
50% m Tributaries
40% M Point Source
30% m Corridor NPS
20%
10% M Canalways

0% T T T T T

Milner Damto  Pillar Fallsto  Crystal Springs Box Canyonto Gridley Bridge Shoestring
Pillar Falls Crystal Springs to Box Canyon Gridley Bridge to Shoestring Bridge to King
Bridge Hill

Figure 13. Proportion of baseline load (1990-1991) contributed by each major source (DEQ 2010).

@ TETRATECH 26



Mid Snake Data Summary, Evaluation, and Assessment September 2014

100%
90%
80%
70%
60% ® Unaccounted
50% . .
40% M Tributaries
30% H Point Source
20%
10% m Corridor NPS

0% - T T . . .

H Canalways
Milner Dam Pillar Falls to Crystal Box Canyon Gridley Shoestring
to Pillar Falls Crystal Springs to to Gridley Bridge to Bridge to King
Springs Box Canyon Bridge Shoestring Hill
Bridge

Figure 14. Proportion of total allocations assigned to each major source (DEQ 2010).
(Note: The negative load allocation, due to diversions, for the two canalways in Shoestring Bridge to King Hill, is
represented as a zero load allocation for display purposes.)

A source of TP included in the corridor nonpointise load category is discharges from failing septi
systems in rural and urbanizing areas. It is diffitco estimate the magnitude of TP from failingte
systems because of uncertainty regarding their eanfdication, and condition. Septic system permiad
from the South Central Idaho Health District foreth counties (Jerome, Gooding, and Twin Falls)
indicate that septic systems continue to be irestadk rural land is converted to urban uses (e.g.,
subdivisions). Table 7 shows the estimated numbsemtic systems assumed to be installed in each
county prior to 2001 (on the basis of the consérgatssumption that 30 percent of rural househoddb
septic systems) and the number of permits issueskfatic system installation or replacement between
2001 and 2012. Because maintenance of septic syssethre owner’s responsibility and performance
information and failure rates are not tracked,dtsetribution of TP from this growing category of
nonpoint sources is unknown. These data providadication of trends in septic system use, but it i
important to note that the data are county-widerastdspecific to land within the subbasin.

Table 7. Septic system trends in three counties tha  t border the Upper Snake River Subbasin

Estimated Number of Septic Systems Septic Systems Installed or Replaced
County Installed Before 2001 Between 2001 and 2012
Jerome 1,284 1,078
Gooding 963 810
Twin Falls 2,848 2,391
Total 5,095 4,279
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4.Data Review and Analysis

This section summarizes available data and revibevslata for trends related to how well the exgstin
TMDL assumptions are achieving the targets, inclgdi consideration of critical flows, attenuation
(reduction, retention, and dilution), loading, agrdund water influences (note: Appendix A inverdsri
the sources of data). In addition, several analgsedde insight on recent trends in total phospe@nd
available studies on nuisance aquatic plant grangtdiscussed.

4.1 MONITORING STATIONS

There are monitoring stations along the Middle ®Rker mainstem as well as along natural tribagri
irrigation drains, and springs. Figure 15 illustsathe DEQ, USGS, Clear Springs Foods (CSF), Idaho
Power Company (IPC), and University of Idaho (U)dflaho Water Resources Research Institute
monitoring stations along the mainstem and tribesathat were considered in this assessment. The
location of the Jerome climate monitoring stati®also included. Some USGS stations were not iedlud
because they did not have relevant data. FiguantiG-igure 17 provide the monitoring locationstfer
Twin Falls Canal Co./USDA-ARS Kimberly and Northd8iCanal Co., respectively.
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Figure 17. Irrigation return flow and water quality
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4.2 FLow

Flow data have been collected by USGS since 198%d¥liiner Dam and King Hill gages, since 1924 at
the Kimberly gage, and since 1947 at the Buhl gilpav data have also been collected in tandem with
water quality monitoring.

DEQ (2010) indicated that the Middle Snake Rives bgperienced water volume reductions in recent
years. TMDL development in the 1990s assessedltmw(fL988—1995) and high flow (1983-1987,
1996-1998) scenarios as well as the baseline yE894-1992). DEQ compared these flow scenarios to
post-TMDL flows and found that post-TMDL lower-thanerage flow conditions in the Middle Snake
River have been below those for the baseline yaatshe low flow years. Since 2000, the greatentha
average flow conditions in the Middle Snake Rivavébeen above those for the baseline years and the
low flow years, but the overall flow conditionstime Middle Snake River since 2000 have not
approached the high flow scenario considered iTtiBL (DEQ 2010).

Figure 18 compares the flows used to calculatdéoduding capacity and allocations from the previous
TMDLs to recently-calculated flow statistics (sésoaabulated version in Appendix B). All threesset
TMDL flows are based on what was considered lowvftmnditions at the time of analysis. The flow
statistics include 2000—2009 mean annual flow &edallowing statistics for the period of record
(POR): 10 percentile flow, the 7Q10, and the 30&Mhere USGS gages did not coincide with the
exact study segment beginning or ending locatlwm proportion that did coincide was used to
approximate the flow represented for each studyngseq (see Appendix H for more explanation).

Recent mean annual flows are well below the 20002805 TMDL assumptions across the six locations.
The 1999 draft TMDL flow is similar to the 2000—2Déhean annual flow. The T@ercentile, 7010,

and 30Q10 fall below all three TMDL flow assump8aid999, 2000, and 2005). This comparison
suggests that, if the TMDL is meant to reflect lidow conditions, lower flows should be used when
calculating the loading capacity and allocationsaddition, the mean annual flow from the mostméce
decade falls only slightly above the low flow measu which indicates that lower than average flows
have occurred during the 2000—2009 period. Theltteward decreased flows in the Middle Snake
River indicates that the flow assumptions usecdktdegd and wasteload allocations might no longer b
applicable.

A review of the most recent flow monitoring datgparts the findings from DEQ (2010). USGS daily
flows, as well as average and median daily flowslégade, are displayed for each of the four gages i
Appendix B. Average and median daily flows are liged for the full year, as well as separately tiar
irrigation season (April 15 through October 15) émel non-irrigation season (October 16 through lApri
14).

! The 7Q10 flow for this period was defined as tAthipercentile flow among the lowest seven-dayayeiflows
for each year in the POR. The 30Q10 flow was ddfinethe 10th percentile flow among the lowest 8palerage
flows for each year in the POR.
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Figure 18. Comparison of TMDL assumptions to 2000-2 009 and POR flow statistics.

Across the full record for all four gages, the naedand average daily flows in the 2000s are thesbar
among the lowest compared to the other decadedaBinends occur when comparing these statistics
separately for the irrigation season and non-itidggeseason. These trends are more pronouncekleor t
two more downstream gages, suggesting that refmsnand ground water inflow to surface waters may
have declined within the last decade. A revieweafs®nal and longitudinal trends can provide insight
into where and when more significant decreasel®w iight be occurring. In particular, ground water
inflow is more influential within different riveregments and declines in ground water inflow co@d b
affecting TP concentrations to a greater extettiése segments.

Stream flow increases upstream to downstream peauidindicator of the influence from ground water
inflow. Time series of mean daily flow, 7-day minim flow, and average annual mean daily flow
(Figure 19 through Figure 27) show an increasiagfirend from upstream to downstream as inflows
from ground water (diffuse and spring), tributaagd irrigation return restore flow after diversatrthe
Milner Dam. The greatest increase in flow occuitsvieen the Buhl and King Hill Bridge gages
(13094000 and 13154500). The Thousand Springs ateae the greatest inflow from the Snake River
Plains aquifer occurs, is between the Buhl and KiigBridge gages. The large increase in flow
between these gages is likely due to both the lgrgend water inputs (diffuse and spring) and tine t
major tributaries entering from outside the suhiaSalmon Falls Creek and the Malad River.

A comparison of mean daily flow (Figure 19 througigure 21) illustrates the seasonal and cyclical
variation in flow and provides further insight irgoound water influence. From the beginning of the
water year (October 1), flows typically increasmttgh the winter and early spring. In dry yeamwfis
likely dominated by ground water inflow from botbrimgs and diffuse inputs. According to DEQ (1998),
the lowest aquifer flows occur in the spring beforigation increases the aquifer recharge raths T
trend can be seen during WYs 1990 through 19922 #@@ugh 2005, 2008, and 2012 during which a
brief decrease in stream flow occurs consistenihjng the middle of the water year, approximatepyrii
through May depending on the year. In the drieatgjewhen few if any large storms occur, flowshat t
two most upstream gages (Milner Dam 13088000 antbi€rly 13090000) remain low until the end of
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the irrigation season, when diversions are rela&eglight recovery in flow is evident, even duritige
driest years, for the two most downstream gagehb|(B8094000 and King Hill 13154500). This
difference in trends between upstream and dowmstggayes further suggests that the influence ofgpri
discharge and irrigation return flow is strongethet more downstream gages.

In wet years, flow is much more variable comparedry years. Flow is highly regulated at the Milner
Dam as well as other dams throughout the waterdtelflow pattern for any one year reflects the
combined effect of irrigation diversions, floodeakes, flow augmentation, irrigation return flowgund
water flows (both diffuse and spring), and natyrattcurring runoff. The highest stream flows are
expected to occur in the early spring, with gendeglines through the summer as irrigation floves ar
diverted from the mainstem and precipitation desesaOccasional storm events create peak flowagluri
the irrigation season. Irrigation return flows asgected to contribute to increasing flows from the
beginning of September until the end of OctobeesEtrends can be seen in some wet years, but are
distorted by the high variability. One distinct ebgtion is that, even during wet years, zero flowse
observed at Milner Dam during the irrigation seaswcept for WY 1998, 1999, and 2011.

Generally, a comparison of the flow data betweemtlost recent decades suggests that seasonal and
annual trends remain consistent but that flow @raye has decreased between the 1990s and 20@0s. Th
differences between decades are most evident atdhe downstream gages—Lower Salmon Falls,

Bliss, and King Hill. Because these gages occuraigeound water inputs (both diffuse and spring) ar
known to be influential, the declines may be andatbr of declining ground water inflows to the Mid

Snake River.

—— Milner (13088000) ——Kimberly (13090000)
——Buhl (13094000) ——Lower Salmon Falls (13135000)
King Hill (13154500) ——Bliss (13153776)

Flow (cfs)

Figure 19. Mean daily flow, pre-TMDL (water years 1 990-1999).
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Figure 20. Mean daily flow, post-TMDL (water years =~ 2000-2009).
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Figure 21. Mean daily flow, post-TMDL (water years =~ 2010-2013).
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* Water year 1991 summary for Bliss (13153776) only inlcudes flow for the month of September.

Figure 22. Seven-day minimum flow, pre-TMDL (water  years 1990-1999).
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Figure 23. Seven-day minimum flow, post-TMDL (water ~ years 2000—2009).
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Figure 24. Seven-day minimum flow, post-TMDL (water  years 2010-2013).
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* Water year 1991 summary for Bliss (13153776) only inlcudes flow for the month of September.

Note: calculated from mean daily flows
Figure 25. Average annual flow, pre-TMDL (water yea rs 1990-1999).
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Figure 26. Average annual flow, post-TMDL (water ye

ars 2000-2010).
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Figure 27. Average annual flow, post-TMDL (water ye

ars 2010-2013).
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4.3 WATER QUALITY

Water quality monitoring of the Middle Snake Riwerd its tributaries has been ongoing since 1968. Th
following entities sponsor water quality monitoriefforts: DEQ (seven mainstem stations, 39 tributar
stations), USGS (18 mainstem station, 174 tribustations), Twin Falls Canal Company and USDA-
ARS Kimberly (one mainstem station, 37 unique tidloy stations), North Side Canal Company (one
mainstem station, 12 tributary stations), CSF (Instam station, no tributary stations), IPC (3 rstém
stations, no tributary stations), and U of | (limséem station with post-2001 data). Point source
discharge monitoring data are also available frd?AE

Trends in water quality were initially assessedeldasn visual interpretation of time series, boxgqland
descriptive statistics. Then, advanced statistinalyses and nutrient load modeling were perfortoed
determine if total phosphorus concentrations exBignificant trends over time in the Middle Snake
River mainstem.

4.3.1 Mainstem Monitoring

Figure 28 through Figure 30 provide TP time sefoedVY 1990 through the present from DEQ and
USGS. Separate time series are also provided $sphllied ortho-phosphorus (DOP) measured by
DEQ/USGS (Figure 31 through Figure 33). The DEQ/\3S3iBe series are limited to Milner Pool,
Crystal Springs, and King Hill so that major tremads be illustrated. USGS daily mean flow at Buhl
(13094000) is overlaid with the Milner, Crystal #ys, and King Hill time series. Time series refileg
all DEQ/USGS monitoring locations as well as datilected by U of |, IPC, CSF, and the canal
companies are provided in Appendix C.

The TP time series suggest an overall decreasP acfoss the sampling period at all monitoring
locations. A trend analysis and load modeling wergsmed to verify this trend is independent of
changes in flow. Sections 4.3.5 and 4.3.6 disdus$tethods and results of these analyses.

Extreme TP concentrations, well above the 0.073_nagfet, occurred more frequently in dry years
across all locations. The magnitude of extremeesappears to have decreased since 2000. Across all
stations, TP concentrations have frequently exabttee TP TMDL target of 0.075 mg/L.

The extreme TP concentrations observed at Milnel (8R08) appear to have decreased in magnitude
but not necessarily frequency between decades. Wese extreme concentrations occur, they tend to
exceed concentrations at the other stations dtiimgame sampling events. This trend likely refi¢icat
upstream diversions often limit flow at Milner Ppahd during low flow years, less flushing may léad
much higher concentrations compared to averag@brflow years.

In more recent years and higher flow periods, ayeeiBP concentrations appear to increase at Crystal
Springs and stay elevated through Box Canyon Gmidley Bridge, where they gradually decrease from
there to King Hill (see figures in Appendix C anjl Ih the 1990s, average TP concentrations were
elevated at Crystal Springs but declined at Boxy6anThe decrease occurring downstream of Crystal
Springs could be attributed to aquatic vegetatigiake and dilution from springs inflow. The effeft
aquatic vegetation on nutrient concentrations enNftiddle Snake River is discussed in Section 6.

TP concentrations at King Hill Bridge (SR01) appeeanave less variability and fewer extremely high
values across all years compared to Milner PoolGnydtal Springs. This may be indicative of the
springs and irrigation return flow dominating tilléw sources at this location.

DOP trends are similar to the above TP trends afth@xtreme values do not appear to have decréased
magnitude at Milner Pool when comparing the lowflgears in the early 1990s and the early 2000s.
This difference could reflect a decrease in sedirsearces of phosphorus loading. Similar to thetiiirie
series, the DOP data indicate a slight decreasamglt
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Figure 28. TP from water years 1990 through 1999 fo r DEQ/USGS select monitoring locations.
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Figure 29. TP from water years 2000 through 2009 fr om DEQ/USGS at select monitoring locations.
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B Milner Pool O Crystal Springs & King Hill Buhl (13094000)
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Figure 30. TP from water years 2010 through present  from DEQ/USGS at select monitoring
locations.
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Figure 31. DOP from water years 1990 to 1999 for DE Q/USGS monitoring locations.
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Figure 32. DOP from water years 2000 to 2009 for DE Q/USGS monitoring locations.
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Figure 33. DOP from water years 2010 to present for  DEQ/USGS monitoring locations.
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Tetra Tech reviewed the DEQ data in more detailfandd that the increase in TP concentrations at
Crystal Springs relative to the upstream mainst&tiosis occurs consistently across seasons and
decades. However, in the 2000s, TP concentrat@main elevated downstream of Crystal Springs,
through Box Canyon, until Gridley Bridge, whereudstantial decrease is observed. In contrast, TP
concentrations in the 1990s begin to decline b&oystal Springs during all seasons except the winte
when they remain elevated at Box Canyon. Thesésrean be seen in the box-and-whisker plots
(showing 18", 25" 50" 75", and 98 percentiles generated by season) in Appendix D.

Appendix E provides box-and-whisker plots (showllj, 25", 50", 75", and 98 percentiles)

comparing TP at each mainstem station across seasohdecades using DEQ data only. When
comparing decades during each season, signifieamnedses in TP concentrations have been observed
during the fall (September through November) atialmer of stations: Crystal Springs (p<0.05), Gxidle
Bridge (p<0.002), Milner Pool (p<0.001), and Pilialls (p<0.001). The most visibly apparent differe
in trends across seasons and between decades atfiltar Falls, where TP is relatively constacross
seasons in the 1990s but shows a decreasing n@amdainter to fall in the 2000s. (Fall concentrato

are significantly different from spring and wint@ncentrations with p<0.001.) (See Appendix E, Figu
97.) The effects of diversions and irrigation ratflow could be more evident at this location, whic
would explain the strong seasonal trends.

DEQ calculated daily loads for each mainstem momigpstation, using daily USGS flows to calculate
loads for sampling locations with a flow gage (DEQ@L1). For those locations without flow gages,\dail
flows were interpolated based on river mile distaand linear relationship to the Milner Dam or King
Hill gages for each of the five monitoring sitesvioeen flow gages.

Table 8 summarizes the daily loads at each mainstation for the 1990-1999 and 2000-2009 time
periods. Daily load appears to have decreased batdecades at each station due to a combination of
lower concentrations and lower flows. DEQ calcudatet loading between Middle Snake River study
segments as shown in Figure 34. The net load edionk represent the difference between the upstrea
and downstream daily load as calculated by DEQXR2®or both decades, these load calculations show
load increases at every study segment except betdee Canyon and Gridley Bridge. This load
decrease could be explained by aquatic vegetafitaka and retention, as discussed further in Seétio
More detailed loading estimates are presentedétic®es 4.3.6 and 7.
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Figure 34. Mean and median net phosphorus loads by Middle Snake River study segment,
comparison by decades (DEQ 2011).

E] TETRATECH a4




Mid Snake Data Summary, Evaluation, and Assessment

September 2014

Table 8. Daily Total Phosphorus Loads (Ib/day), Des

criptive Statistics (DEQ 2011)

Site Decade Count Minimum Median Mean Maximum
1990-
. 1999 199 1 1,247 2,818 42,854
Milner Pool
2000-
2009 112 0.1 344 555 4546
1990-
. 1999 98 695 2,559 3,659 20,499
Pillar Falls
2000-
2009 116 43 943 1,417 14,679
1990-
. 1999 221 957 2,879 3,706 19,922
Crystal Springs
2000-
2009 115 0 2,040 2,077 8,099
1990-
1999 92 558 4,058 6,102 31,019
Box Canyon
2000-
2009 114 586 2,177 2411 8,084
1990-
Gridley Bridge 1999 125 1333 3,025 5,053 37,251
2000-
2009 115 787 2,027 2,456 28,607
1990-
Shoesiring Bridge 1999 155 1722 3,095 5,551 51,341
2000-
2009 114 977 2,481 3,051 22,138
1990-
. . 1999 77 0 4,602 7,157 57,164
King Hill
2000-
2009 114 366 2,985 3,402 16,428

Appendix F compares summary statistics for eachdizacross all mainstem stations and relevant

constituents analyzed for WYs 1990-2010. Statistiesreported together for USGS and DEQ data and

separately for Idaho Power and canal company tégan TP concentrations have remained relatively
constant or decreased slightly in the 2000s congparéne 1990s for any mainstem station. A

comparison of the most recent King Hill TP datp#st decades (Table 9) indicates a consistentatsere

in average and median TP concentrations.
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Table 9. Summary statistics for DEQ/USGS data at Ki  ng Hill (WY 1990-2013)

WY 1990-1999 WY 2000-2009 | WY 2010-2013
Count 181 224 39
Min 0.02 0.01 0.04
Mean 0.09 0.08 0.07
Max 0.34 0.41 0.11
Median 0.08 0.07 0.06

For mean dissolved ortho-phosphorus (Appendixdfhesstations have experienced minimal change
(Milner Pool and Gridley Bridge), increases (Pilills, Box Canyon, Shoestring Bridge), and dea®as
(Crystal Falls and King Hill). Dissolved oxygen, p&hd stream temperature appear to have remained
constant, on average, between the 1990s and 2088shas decreased at all stations in the 2000s
compared to the 1990s except at the Idaho Poweitoniog station. Turbidity appears to have either
decreased or remained at similar concentratiorssaall stations (either mean or median turbidity
decreased at all stations between the time periddi€ridley Bridge and all upstream stations, aoni
observation was that turbidity maxima are muchigraa the 2000s compared to the 1990s, but these
values reflect only a few outliers occurring in 8Gihd 2009.

Increases in total nitrogen and all analyzed nérogpecies have occurred at all mainstem stations
between the 1990s and the 2000s. Chlorohgfppears to have remained constant or increaggdlgli
at most stations except for Shoestring Bridge (S)Ra@d the Idaho Power monitoring station, where
chlorophylla appears to have increased in the 2000s. (The sarajple size in the 1990s may not have
captured sufficient variability.) No change in phbgtin is apparent. Data are available for filtefdl
and unfiltered ortho-P, but these data are limindmchange in filtered TP is apparent for the Kifitj
Bridge station (SR01).

4.3.2 Tributary Monitoring

Considering the large number of natural tributarsgsings, and irrigation drains, TP data are kahit
throughout the subbasin. However, significant dettaare available for several of the major tribietar
and extensive data have recently been collectetthéoirrigation drains within the subbasin.

Table 10 compares the average TP concentrationsiataries with at least 10 observations collddig
either DEQ or USGS after WY 2000. Two additionattistns were included because they provided
samples along the same stream but at a differeatitm. The DEQ data were available for only the
2000s, but USGS data are compared between the 486(2000s. Appendix F provides a companion
table including all tributaries with DEQ or USG Salaegardless of sample size.

In the few tributaries with data for both decadesall increases and decreases are evident, Isut it i
unlikely that these changes have a substantiadtedfe subbasin-wide loading. Because most tribegari
do not have data for comparison across decadsgjriknown whether significant changes in tributary
concentrations have occurred over time.

As noted in the TMDL Five-Year Review, TP observasi are not meeting the TMDL water quality
target in the following streams: Blind Canyon Cre€kdar Draw, Clear Springs, Cottonwood Creek,
Deep Creek, Dry Creek, McMullen Creek, Mud CreaknBer Reservoir, Rock Creek (RC town to
mouth), and Clover Creek (DEQ 2010). The USGS diim indicate that the target is not met in Blind
Canyon Spring and North Cottonwood Creek.
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Table 10. Comparison of Total Phosphorus Concentrat  ions across Decades for Select DEQ and

USGS Tributary Monitoring Stations

WY 1990-1999 WY 2000-2012
Stream or Spring Agency Mean Count Mean Count

Blue Lakes Spring Bel Pump Plant near Twin USGS 0.03 6 0.01 17
Falls, ID (13090999)
Box Canyon Creek: headwaters to mouth DEQ - - 0.02 5
Box Canyon Springs near Wendell, ID USGS 0.01 35 0.015 18
Rock Creek: headwaters to Rock Creek Town DEQ - - 0.03 45
Rock Creek: Rock Creek Town to mouth DEQ - - 0.08 161
Rock Creek at Highway 30/93 crossing at Twin USGS 0.09 86 0.10 111
Falls, ID
Rock Creek at USFS Footbridge near Rock USGS - - 0.03 2
Creek, ID

Note: “-“ indicates no data.

Figure 35 and Figure 36 display the average TPeatnations at each irrigation drain monitoring istat
for the North Side Canal Co. and Twin Falls CanalGSDA-ARS Kimberly, respectively. Figure 37
compares average daily TP loads at the Twin FallsaCCo. sites. Instantaneous flow data were ngadil
available for the Twin Falls Canal Co. locationsl arere used in the load calculations. Load estignate
can also be calculated for at least some of ther athigation drain locations, but more extensive
manipulation of available flow data would be regdiand was out of scope for this assessment.

The highest average concentrations in the Norte Signal Co. dataset occur at Y9, which drains into
Clover Creek (confluence with Middle Snake Rivewdstream of mainstem subbasin outlet). Average
TP concentrations are above the tributary standfa®dl mg/L. The remaining North Side Canal
locations average below the standard. The majofitile Twin Falls Canal Co./USDA-ARS Kimberly
monitoring locations average above the 0.1 mg/hdsed, and the greatest density of high conceatrati
occurs between the Pillar Falls and Crystal Sprgages and along Salmon Falls Creek.
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Figure 37. Twin Falls Canal Co. (2000-2012) average daily TP loads.

4.3.3 Point Source Discharge Monitoring

In May 2012, point source DMR data were retrievadafll point source dischargers in Gooding, Jerome,
and Twin Falls counties within the Upper Snake-R8ukbasin. The DMR data retrieval included the
monitoring period from 2001 to 2012. A total of Bdint source dischargers were found to be located
within the Upper Snake-Rock Subbasin. Of the 8tmurce dischargers, 78 facilities were found to
have TP load records recorded in pounds per d&daiy; the other six dischargers without TP load
records were removed from further analysis butiated in Table 11. In May 2013, updated informatio
on these dischargers was obtained from DEQ amtligded in Table 11. Aquaculture facilities are
identified by general aquaculture permit numbebs3$), while POTWs are identified by NPDES
numbers (IDs).
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Table 11. Facilities from DMR Dataset That Did Not

Have DMR Values for TP Load

Information Obtained May 2012

Updated Information From DEQ May 2013

Submitted Last
NOI for Submitted
NPDES ID Permit Name Facility Name Name on File Operating new GAP DMR
IDG130080 | BUHL TROUT BUHL TROUT Buhl Trout no no No data since
REARING REARING Rearing Facility - 3/1/2002
FACILITY FACILITY Fullmer Ponds
IDG130091 | COATS DEADMAN Correct no yes not
ENTERPRISES | GULCH FISH determined/ no
FARM data in current
office file
IDG130097 | CAND M FISH | C AND M FISH Correct no yes not
FARM FARM determined/no
data in current
office file
IDG130102 | SNYDER BLUE | SNYDER BLUE Snyder Ponds yes no 10/1/2005 thru
ROCK FARMS | ROCK FARMS 4/1/2006
LLC LLC
IDG130107' | RANGEN INC WOODS FARMS | Woods Farm no no 3/1/2002 thru
PARTNERSHIP Ponds 2/1/2003
ID0000230 | AMALGAMATE | AMALGAMATED | AMALGAMATED | yes N/A2 1/12/12
D SUGAR CO SUGAR SUGAR LLC?
LLC COMPANY LLC

TIDG130107 had a single average value of 0.01 Ib/day reported for permitted feature CPH at monitoring location 2 on

10/31/2003.

This facility discharges primarily noncontact cooling water and did not receive a total phosphorus wasteload

allocation in any of the Middle Snake River or Upper Snake Rock TMDL documentation.

*Not applicable because this is not an aquaculture facility.

Of the remaining 78 facilities, only 71 facilitiegere found to have TP loads reported with a moinitpr
location code (MLC) of 1 or 2, representing anwafit gross or net value, respectively, from the
following discharge points: SUM, CRB, 001. The sefacilities that did not have TP loads reported as
either an effluent gross or net value and did meEtrecords for discharge points of either SUM, C&B
001 are listed in Table 12. TP load data from tlasiities that were recorded at discharge pairtiteer
than SUM, CRB, or 001 and monitoring locations othan 1 or 2 were not analyzed. Tetra Tech was
informed by EPA (Leigh Woodruff, EPA, personal coomitation to Catherine Carter, Tetra Tech, Inc.,
May 25, 2012) that data from discharge locatiolgothan SUM, CRB, or 001 should be ignored
because these other locations do not represehefiteent discharge and data from monitoring |dmag
other than 1 or 2 should be ignored because thbee monitoring locations were established for sdec
studies and might not represent effluent discharge.
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Table 12. Facilities from DMR Dataset That Had TP L oad Data but Did Not Have Records for
Monitoring Locations 1 or 2 or for Permitted Featur  es SUM, 001, or CRB

NPDES ID Permit Name Facility Name
AQUARIUS AQUACULTURE - HIDDEN
IDG130048 | AQUARIUS AQUACULTURE SPRINGS FARM PONDS
IDG130050 | ARK FISHERIES INC LEE PONDS
IDG130084 HOLLARD, LARRY DAYDREAM RANCH

CLEAR SPRINGS FOODS INC/BRIGGS

IDG130088 | CLEAR SPRINGS FOODS INC EAST

IDG130100 | ARK FISHERIES INC WRIGHT FARM PONDS
IDG130106 | WOODS FARMS PARTNERSHIP WOODS FARMS PARTNERSHIP
IDG130130 | ARK FISHERIES INC JOHNSON FARM PONDS

Of the remaining 71 facilities, monthly averagel®®d records were used to calculate an average TP
load for each monitoring period of record for e&atility. Average yearly values were then used to
calculate annual average TP load (in pounds pératagss the monitoring period for each facility.
Annual average TP loads, as well as yearly miniramchmaximum TP load values, are listed for each
facility in Appendix G. Existing annual average bads were compared to WLAs provided in the Upper
Snake-Rock TMDL Modification documents (DEQ 200@03). The following four facilities were found
to have annual average TP loads that exceededatimailal average WLA: ID0020664 City of Buhl
WWTP, IDG130112 Lively Farm Pond, IDG130131 TupPends, and ID0027600 Jerome Cheese. In
addition, 16 facilities have maximum annual averdagiy loads above their WLAs, and four facilities
have both average and maximum annual averageldadlg above their WLAs (the same four noted
above). Negative existing load values indicate thatoad discharged is less than the load ent¢himg
facility through the source water intake.

WLASs were not listed in the Upper Snake-Rock TMDbdlification documents (DEQ 2004, 2005) for
four of the 71 facilities; for these four faciliiecurrent permit limit values for TP load (Ib/day listed
in Appendix G in place of WLAs.

During the analysis of DMR data, one record wasteel because it was thought to be an outlier. The T
load for this record was 1,448,159 Ib TP/day; iswecorded for facility IDG130001 on 3/31/2005 at
discharge point CRB at the net effluent monitodimgation.

Several facilities with WLAs listed in the Upperake-Rock TMDL Modification documents (DEQ

2004, 2005) either did not have data in the DMRasit (i.e., records were blank) or were not inaude
the DMR dataset download. The status of theseitfasils unknown, but it is plausible that since th
publication of the TMDL Modification documents ii0@4 and 2005, these facilities have been shut
down, have been sold, or have undergone a peamifer, in which case the GAP ID could be assatiate
with a different facility. These facilities aretksl in Table 13. In May 2013, updated informatiortliese
dischargers was obtained from DEQ and is includsold 13.
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Table 13. Facilities for Which There is a WLA but N

o DMR Data were Available in 2012

Information Obtained May 2012

Updated Information From DEQ May 2013

Submitted
WLA: TP NOI for Last Submitted
GAP Facility Name (Ib/day) Name on File | Operating | new GAP DMR
17 FDC 32.7 Correct yes yes current
130 | Johnson 0.7 Babington yes yes current
Ponds
50 Lee 1.0 Correct yes yes current
48 Hidden 3.2 Hidden Springs |yes no 12/1/2012
Farm Ponds
132 | EV-Ranch 0.9 Billingsley Cr. no no not determined/no
State Park Fish data in current
Ponds office file
19 Cedar Draw Hatchery 5.7 Correct no no 1/1/2007
27 Green's Trout Farm Correct no no 12/1/2003
47 Peter's Farm Pond Kaufman Ponds | no no not determined/no
data in current
office file
79 Blau Farm Pond 13 Correct no no not determined/no
data in current
office file
80 Buhl Trout Rearing 35 Buhl Trout no no not determined/no
Facility Rearing Facility data in current
- Fullmer Ponds office file
84 Daydream Ranch 4.2 Correct no yes 1/1/2004
Facility
88 Briggs Creek Fisheries 11.6 Briggs Cr. Fish | yes yes current
Hatchery -
Briggs Cr. East
91 Deadman Hatchery 22 Correct no yes 4/1/2012 (only one
on file)
97 C & M Fish Farm 3.3 Correct no yes 4/1/2012
100 | Gary Wright Farm 34 Wright Ponds no no not determined/ no
Ponds data in current
office file
102 | Rocky Ridge Ranch 0.8 Snyder Ponds | yes no 12/1/2012
105 | Mike Flemming 13 Flemming Farm | no no 5/1/2001
Ponds
106 | Rangen Inc.\Woods 35 Woods Farm no no 7/1/2001
Ponds
107 | Rangen Inc./Decker 25 Decker Springs | no no not determined/no
Springs Farm Ponds data in current
office file
115 | Leo Martins 22 Correct no no 7/1/2001
117 | Standal Ponds 17 White Water no no not determined/no
Falls data in current

office file
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4.3.4 Twin Falls POTW Discharge Assessment

Among the point sources identified, the City of TMAalls Wastewater Treatment Plant (WWTP)
discharges the highest daily loads measured fosemgye source. Given that this facility is the nos
significant point source discharger in the reaebent monitoring data was used to assess the mdgnit
of TP concentration and load from the Twin Falls WWR\relative to the receiving water, the Middle
Snake River. Two years of monitoring data span@it2-2013 were used. Data were available as part of
the plant’s monitoring requirements and includesgof daily measurements collected on a quarterly
basis. The data used for this evaluation includédemt flow and effluent TP concentration, as wasll
upstream flow and TP concentration in the MiddlainRiver. The values are shown in Table 14. The
analysis was also conducted using the plant’s péimits in place of the monitoring data. The cutre
permit does not include a limitation on outflow lolates list a weekly average TP load limit of 990
Ibs/day and a monthly average TP load limit of #i€day (EPA 2010).

Table 14. Twin Falls POTW Monitoring Data

TP, Middle

Snake River

Upstream of

Discharge TP, Effluent Flow, Snake Flow, Discharge
Quarter Date (mg/L) (mglL) River (MGD) (MGD)

2012, Q1 2/8/2012 0.052 11.18 2307 6.86
2012, Q2 5/2/2012 0.183 4.92 8337 6.25
2012, Q3 8/8/2012 0.058 6.43 711 5.44
2012, Q4 11/28/2012 0.13 4.2 475 8.4
2013, Q1 3/6/2013 0.324 5.9 544.8 8.1
2013, Q2 5/29/2013 0.171 5.54 1803 7.6
2013, Q3 8/14/2013 0.142 3.74 361 11.79
2013, Q4 11/6/2013 0.065 10.8 589 7.1

Using the monitoring data, flow-weighted conceritnas were calculated to show the expected
concentration of TP in the Middle Snake River assgrthe effluent is fully mixed with 100 percent of
upstream flow. The calculation was performed foe¢hconditions:

1. Using effluent concentrations from the monitorirggal(referred to as “effluent” concentration).

2. Using an estimated concentration correspondingegermit limit weekly average TP load 990
Ibs/day (referred to as “weekly permitted” concatitm). Flow was assumed to be equal to plant
flow on the quarterly monitoring date.

3. Using an estimated concentration correspondingeggermit monthly average TP load of 710
Ibs/day TP (referred to as “monthly permitted” cemication). Flow was assumed to be equal to
plant flow on the quarterly monitoring date.

Results are shown in Figure 38, Figure 39, andrEig0 for each of the three conditions and comptred
the upstream concentration. As seen in Figure 88lates when high flows were measured in the Middle
Snake River (2012, Q1; 2012, Q2; 2013, Q2), mixdahgffluent had little effect on TP concentrati@n

the dates when lower flows were observed, effldléhhad a noticeable effect on downstream
concentration. Figure 38 also compares the instigarmentrations to the TMDL instream target of 8.07
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mg/L TP. The upstream concentrations exceed tigettduring four of the seven events. Across all
events, the mixed “effluent” concentration exceetledtarget. A similar trend exists for the estiadht
“weekly permitted” and “monthly permitted” conceaiions (Figure 39 and Figure 40, respectively),
though the concentrations are considerably hightes comparison indicates that effluent conceruaregi

may contribute to target exceedance for some oétleats, and exacerbate exceedances in other gvents

but upstream flows and concentrations are likelya@ significant factor as well.
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Figure 38. Comparison of TP Concentrations Upstream
Using Measured Effluent Concentrations.

and Downstream of Twin Falls WWTP
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Figure 39. Comparison of TP Concentrations Upstream
Using Weekly Permitted Limit.

and Downstream of Twin Falls WWTP
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Figure 40. Comparison of TP Concentrations Upstream

and Downstream of Twin Falls WWTP

Using Monthly Permitted Limit.

TP loads were also calculated from the monitoriadrepresenting both upstream conditions and load
from the WWTP (Figure 41). With one exception (2@4), background loads in the Middle Snake
River are higher than the WWTP loads. If the weeklgrage TP load permit limit was evaluated, then
the value of 990 Ibs/day would simply substitutetfe WWTP loads, as shown in Figure 42. Likewise,
the monthly permitted load of 710 Ibs/day is shamfigure 43.
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Figure 41. TP Loads from the Middle Snake River and

Twin Falls WWTP.
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Figure 42. TP Loads from the Middle Snake River com  pared to Twin Falls WWTP weekly permitted

load.
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Figure 43. TP Loads from the Middle Snake River com  pared to Twin Falls WWTP monthly.

4.3.5 Trend Analysis

Advanced statistical analyses were performed terdene if total phosphorus concentrations exhibit
significant trends over time in the Middle SnakeeRimainstem. This section summarizes the methods
and results. Detailed methods are provided in Adpen

Four locations on the mainstem were analyzed: MilRélar Falls, Buhl, and King Hill. These locat®
were selected because they provided the most rapemhost complete data in terms of representing
seasonal and annual variability. Data collectediffgrent entities were analyzed separately. Ursikgr

of Idaho data at the TFCC diversion forebay (ISOA83 used as a surrogate for Milner Pool because
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these data were more complete and representednilertoations from the same inflow source as Milner
Pool.

The nearest USGS gage to Pillar Falls (near Twils B8090500) had discharge data only from
7/15/2009. Discharge data from 10/1/2000 to 7/1@%20ere estimated at this location using mainte@anc
of variance extension regression model (MOVE.1 L@@] daily discharge data from an upstream gage
at Kimberly (13090000). The USGS SREF 1.0 programs used to produce daily discharge estimates at
Twin Falls using Kimberly data and the MOVE.1 LO@thmod.

Available trend tests were performed for Buhl tat t&hether variability in test result would afféice
overall conclusions. First, the use of either Médamdall or Seasonal Kendall was considered. Then,
each of these tests were performed with or withernoval of variation due to flow. LOWESS, which
stands for locally weighted scatterplot smoothimgs used to remove variation due to flow (Cleveland
1979). While the test results varied, all four @nbinations resulted in a trend of statisticghgicance
when using a critical probability value of0.05.

The Seasonal Kendall test with LOWESS was usedilaei Pillar Falls, and Buhl. For the Seasonal
Kendall test, the trend slope represents the meafiarseries of slopes between values from the same
season, based on Sen’s nonparametric slope estifBaiw 1968). The Mann-Kendall test with LOWESS
was used for the King Hill IPC data because vetig l[seasonality was observed in the IPC data.

Results are shown in Table 15 for all four sitesing a critical value gb < 0.05, significant trends are
present at Milner, Pillar Falls, and Buhl, withatiely high magnitudes of decreasing trend in TP
concentration. A downward trend is predicted asidls, indicating that TP has been declining olver
monitoring period at a cross section of mainsterations. The trend is strongest at Pillar Fallsiand
also strong at Milner and Buhl. The trend is weaktdfing Hill.

It is important to note that trend tests are nptealiction of the future. Each test is valid foe time
period it covers, but that does not necessarilymtiea trend will continue. If a trend is presenisi
possible that whatever process has caused thewi#mbt behave in the same manner going forward.

Table 15. Trend Test Results for All Locations

Trend
Location Test p-value ! (mg/L/yr)
Milner Seasonal Kendall with LOWESS 0.0174 -0.0028
Pillar Falls Seasonal Kendall with LOWESS 0.0082 -0.0055
Buhl Seasonal Kendall with LOWESS 0.0195 -0.0031
King Hill (IPC data) Mann-Kendall with LOWESS 0.0001 -0.0010
King Hill (USGS data) | Seasonal Kendall with LOWESS 0.1640 -0.0008

Seasonal Kendall tests show p-value adjusted for autocorrelation

4.3.6 LOADEST Modeling

LOAD ESTimator (LOADEST) is a FORTRAN program demgéd by USGS for estimating constituent
loads in streams and rivers (Runkel et al. 200DADEST was executed at the same four locations
applied to the trend analysis in Section 4.3.5nb#t] Pillar Falls, Buhl, and King Hill. Daily loadgere
estimated from 10/1/2008 to 9/30/2013. LOADESThraliions were performed using observed
discharge and paired TP data from 10/1/2000 to/203@3. The same TP and discharge datasets used in
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the trend analysis were also applied to the LOADESIbration. LOADEST was run using a model
number of zero, which enables the program to chttwsbeest model from 9 in-built regression models.

Table 16 shows the annual TP loads and flow-we@ybtacentrations at Milner, Pillar Falls, Buhl and
King Hill. Figure 44 and Figure 45 show the LOADE8&8timated daily and annual TP loads. Figure 46
and Figure 47 show the annual flow-weighted TP eatrations at Milner, Pillar Falls, Buhl and King
Hill, respectively. The LOADEST analysis shows avdwvard trend at all sites with time. The trend is
strongest at Milner and Pillar Falls. The flow weigd TP concentrations are consistent with the@wds
Kendall and Mann Kendall trend analysis findingss important to note that these analyses were
conducted to study the trend, and the selectedp#med is not necessarily appropriate to evalteiget
compliance for regulatory purposes.

Table 16. LOADEST estimated annual loads and flow-w  eighted concentrations (on a water year basis)

Milner Pillar Falls Buhl King Hill IPC King Hill USGS
Water
Year Load FwC Load FWC Load FwC Load FWC Load FwC
(tons) (mg/L) (tons) (mg/L) (tons) (mg/L) (tons) (mg/L) (tons) (mg/L)
2009 175 0.070 210 0.076 435 0.103 830 0.093 737 0.083
2010 111 0.082 148 0.085 289 0.096 643 0.083 554 0.071
2011 343 0.061 414 0.069 638 0.086 1126 0.092 1080 0.088
2012 233 0.070 292 0.079 387 0.077 786 0.079 745 0.075
2013 30 0.064 51 0.056 164 0.078 444 0.065 387 0.057
20,000 ——Milner
- O O Milner Measured
& 18,000 —Pillar
s O Pillar Measured
§_ 16,000 o M Buhl
2 14,000 Buhl Measured
3 f ——King Hill IPC
2 12,000 i O King Hill IPC Measured
sy ——King Hill USGS
§ 10,000 O King Hill USGS Measured
8 8,000
2
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o
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s ;
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0 kS : h
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Figure 44. Daily estimated and measured TP loads.
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4.4 MACROPHYTE HARVESTING

Harvesting of macrophytes constitutes a loss masimafor phosphorus in the Middle Snake River. Idaho
Power is currently tracking macrophytes removedhftbe Snake River for hydroelectric project
maintenance at four locations: Upper Salmon “B” Deipper Salmon “A” Dam, Lower Salmon Dam,
and Bliss Dam. The quantity of macrophytes remasedcorded in truckloads for each location. For
each truckload of macrophytes removed, an equival@ount of TP (in kilograms [kg]) removed was
calculated using TP concentrations (in milligrares ilogram [mg/kg]) measured for both dry and wet
aquatic vegetation (Table 17) and the net weigtinased for a truckload of macrophytes. It shoudd b
noted that these weights represent all trash abidsdeollected by trash racks; the data are ndtdiito
macrophytes. Therefore, TP load removal estimatiegjithese data should be used as a comparative
index rather than as absolute estimates.

Table 17. Aquatic Vegetation TP Concentrations (Ida  ho Power 2012)

TP
Date (mg/kg)
17-Jul-02 446
13-Feb-03 355
13-Feb-03 185
13-Feb-03 170
13-May-03 500
13-May-03 620
13-May-03 540
14-Aug-03 340
13-Nov-03 270
13-Nov-03 270
13-Nov-03 325
27-May-04" 3,640
27-May-04" 3,580
27-May-04" 3,720

TSamples from 2004 represent dry weight records; samples from 2002 and 2003 represent wet weight records.

Based on the assumptions that each truckload vleenidiincluded only wet agquatic vegetation, the
average annual TP removal was estimated for eadlidm (Table 18). The equivalent of approximately
1,241 Ibs of TP is removed annually from the Uppaimon “B” Dam; lesser amounts are removed from
Upper Salmon “A” Dam (317 Ibs), Lower Salmon Dari§lbs), and Bliss Dam (207 Ibs). These
calculations may be overestimating TP removal beedlue weights could include other, non-macrophyte
debris. A direct comparison to mainstem TP loadd lamited value; however, the fact that theseuwsin

@ TETRATECH 62



Mid Snake Data Summary, Evaluation, and Assessment September 2014

loads are within the range of the mainstem da#ylfoprovides some perspective on the magnitutheeof
TP load currently being removed. For example, #iydoad at King Hill in the 2000s was estimated t
range from 366 to 16,428 Ibs. This implies that T load removed annually through macrophytes is
less than or equal to the amount of TP that pahksasgh the Middle Snake River mainstem on a daily
basis.

Table 18. Estimated Average Annual TP Loss from Rem  oval of Macrophytes

Avg. Annual

TP Removal
Dam (Ib) Year Range
Upper Salmon "B" 1,241 1991 - 2011
Upper Salmon "A" 317 2006 - 2011
Lower Salmon 106 2007 - 2011
Bliss 207 2007 - 2011

Calculations of TP equivalency for this analysis based on the assumption that each truckload of
macrophytes removed was full (i.e., the truckloadse of equal weight) and contained only wet aguati
vegetation. Truckload weight was based on one lmackmeasured in the early 1990s, which was then
used to calculate all TP equivalency values basadai weight aquatic vegetation TP concentrations
recorded for the corresponding season. It is plessiat the truckloads contained varying quantities
macrophytes and that the macrophytes removed fnerdam varied in moisture content. The first
truckload measured in the 1990s could also haveded sediment, trash, or other debris and may not
have included solely macrophytes; quantities oehmaterials are likely to vary by truckload aslwieb
improve this assessment in the future, the trucklsaight and bulk density could be calculated every
year instead of basing these assumptions on odddad in the early 1990s. Given the current
assumptions, these data best represent only ax @ideacrophyte biomass removal and TP equivalency.
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5.Ground Water Modeling

A number of efforts have been ongoing to estimpting discharge to the Middle Snake River and
accurately predict trends. Among several methodetodeveloped by Kjelstrom (1995), the
“combination” method has been used frequently tonege spring discharge to the Snake River. This
method uses measurements from eight springs, gatgtign records for four springs and three sites o
the Malad River, and regression equations devel@oedfive of the measured springs.

A more recent study by the USGS and Idaho Powert(idss and Vidmar 2004) compared data from
Kjelstrom (1995) with 2001-2002 data and found thag-term changes in gain/loss estimates likely
were related to long-term changes in aquifer leurl2008 these methods were used to investigate
whether inflow from springs to the Middle Snake &ihad declined or stabilized. Initial results oated
a decline, but with several corrections to the mésha linear trend analysis suggested that spring
discharge had continued to decline (Blew and Bayvl609).

The ongoing aquifer modeling for the Eastern Sl Aquifer (ESPA) provides robust data for use i
determining aquifer flow trends in the Upper Sn&aek Subbasin. The Idaho Water Resource Board
(WRB) developed the ESPA Comprehensive Aquifer Manaent Plan in 2009 through a mandate from
the Idaho State Legislature.

As an initial step in the planning effort, WRB caioted a series of public meetings with stakeholdats
then presented the ESPA Plan Framework (Frameuotkk legislature in 2007. The Framework
indicated that supply of, and demands for, wateroatt of balance in the Eastern Snake River Plaih a
the connected Snake River, and it called for comtgid management of surface waters of the Snake
River and the underground waters of the ESPA. TThenEwork developed overarching goals and
objectives for management of the ESPA (WRB 2012).

The Framework identifies opportunities for managingilable water supply and demand to address
current and future water use needs, including tifimsierigated agriculture, aquaculture, industry,
hydropower, municipalities, real estate developmantl domestic users and to protect environmental
values. The long-term objective of the Framewotioiscrementally achieve a net ESPA water budget
change of 600,000 acre-feet annually. It is pre@that this hydrologic goal can be achieved byyds
2030 by implementing a mix of management actiomduding the following (WRB 2012):

» Ground water to surface water conversions

* Managed aquifer recharge

» Demand reduction through conservation and effigiemprovements

» A pilot weather modification (cloud seeding) pragran the Upper Snake.

In general, the actions are intended to stabilmkimprove spring flows, aquifer levels, and riflexwvs
across the Eastern Snake Plain (WRB 2012).

The Eastern Snake Plain Aquifer Model (ESPAM) waxgetbped to estimate impacts to surface water
resources from aquifer use and to support DWR adtraive and planning decisions. The most recent
version of ESPAM (Version 2.1) was built using poais modeling efforts dating from the early 1970s.
Using advanced parameter estimation tools, the hvaale calibrated to a 28.5-year dataset (sprin@198
through fall 2008) comprising more than 43,000 tajuivater level observations, more than 2,000
estimates of river gain and loss, and more tha@@tfansient spring discharge measurements, which
were collected from 14 different spring complex@8R 2013). The calibration period includes periods
of both drought and above-average precipitatiom Milodel provides simulations based on existing
conditions and does not provide future predictiohgroundwater trends.
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DWR (2013) discusses observed declines in watet lgithin ESPA. The ESPA discharge to the Middle
Snake River has been declining since the 1950Métels have declined between 1980 and 2008, and
modeling indicated a decrease in aquifer storagiegithis same period. These trends are occurrirtly b
for groundwater discharges to the Middle Snake Ragewell as for ESPA discharges in general.
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6. Attenuation during Transport

As a complex river system with diverse inflow sagcimpoundments, and extensive aquatic plant beds,
understanding the fate and transport of TP withenMiddle Snake River provides an essential link
between inflow sources and downstream concentiatidarious processes can reduce the concentration
and total load of phosphorus during transport thhoa river reach. Together these processes areaefe

to as attenuation. Specific types of attenuationtmfurther classified as dilution, retentionremoval.

As used in this report, these terms are explicidfined as follows:

« Dilution: A reduction in concentration due to the additibitleaner water, such as ground water
inflow with low phosphorus concentrations. It ispiortant to note that dilution does not reflect a
reduction in the total phosphorus mass that issprarted through the reach.

» Retention: A reduction in the mass and concentration of lutamt traveling through a reach due
to temporary storage. For example, uptake of phosphorus byapagtes reduces concentration
and mass transport during the growing season. Hemveve nutrients will be largely released and
transported downstream after fall die-off. Becatugetemporary storage, retention does not
reduce the total mass of phosphorus that is trategbdownstream. Rather, it changes the timing
of delivery of the phosphorus mass and, ofterchitmmical form (for instance, most of the
inorganic phosphorus taken up by macrophytes maglbased as organic phosphorus
compounds).

* Removal: A reduction in the mass and concentration of lafant travelling through a reach due
to permanent or long-term storage. This represents a condition in whichpth@sphorus mass is
prevented from further downstream transport, f@magle through the formation of insoluble
precipitates.

In reality there is not a bright line separatingen¢ion and removal for phosphorus, primarily baseaigw
forms of removal can be considered as truly permafhosphorus does not have a significant gasphas
SO emission to the atmosphere is not a signifipannanent loss pathway. Insoluble precipitates may
resolubilize under the right chemical conditionsn® attenuation mechanisms, such as storage on the
floodplain, may or may not represent long-termager. From a practical point of view, retention ban
defined as storage that typically lasts for less1th year, but may persist for multiple years (@uging

low flow conditions), and most often representgassnal delay in transport. Removal then represents
storage that is more permanent, and is expectegttfor more than a few years.

As noted above, physical and biological processewér reaches can result in net removal or tegor
retention of nutrients. One of the major processetemporary retention is uptake of nutrients by
macrophytes and periphytic algae. Aquatic plargsy@ll as heterotrophic organisms, require nutsient
for growth and remove inorganic nutrients from weger column, converting them to organic biomass.
Heterotrophs also remove organic matter as fooksiduas storage, however, is temporary. In additin
normal die-off and grazing, macrophytes and petigiyare subject to scour and transport downstream
during high flow events.

Tanner and Anderson (1996) demonstrated that padptare very effective in reducing dissolved
inorganic nutrients downstream of wastewater treatrplants in the South Umpqua River, Oregon.
Similarly, locations in the Bow River in Albertaguort dens€ladophora and macrophyte growths that
are sensitive to nitrogen load and effective inageimg inorganic nitrogen from the water column (8ks
2002). Such biological uptake is, however, lardelpporary in nature, as biomass follows seasonal
cycles with release of nutrients as biomass dexiiméhe fall. Decaying periphyton mats may also
promote anoxic conditions that can lead to deigtitfon and loss of nitrogen from the system buy ma
promote dissolved P release from sediment. Dodai332summarized the role of periphyton in removing
phosphorus from aquatic systems. Some of thisgtoraalso temporary; however, Dodds points ottt tha
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localized increases in pH during photosynthesislead to increased precipitation of calcium phospha
concurrent deposition of carbonate-phosphate compleand long-term burial losses of phosphorus.

Temporary retention in river reaches also occuis @sult of settling and storage of particulatétena
including organic detritus. Inorganic ortho-phogghzan also sorb to sediment particles and saitle o
These processes largely constitute temporary ietergs the stored particulate matter can be relimebti
by scouring flows.

Permanent removal of nutrient mass can occur iarséways. For nitrogen, denitrification and
conversion to nitrogen gas results in a loss abgén from the water to the air, but this doesapptly to
phosphorus. Water lost to deep ground water, dguial diversions, or riparian wells can remove
nutrients, as can the harvest and removal of agpktnts. Effective removal of phosphorus may also
occur due to burial in deposits that are not rgadinobilized (e.g., deposition behind a dam that i
sufficiently deep that resuspension back into théewcolumn is suppressed), export to the floodplai
conversion to tightly bound, insoluble mineral f@m

Phosphorus can be removed from the water colunsetiling or uptake by plants, and harvesting of
macrophytes can result in permanent removal ofentt (Section 4.4). Aside from harvesting, muth o
the mass removed through plant uptake is not pezntbnretained, but only delayed, as plants die and
release nutrients, deposited sediment can be stbyrkigh flow events, and dissolved phosphorus may
be regenerated from sediment under hypoxic comditin general, temporary retention is most impurta
during lower flow periods, which tend to coincidéwthe growing season. Temporary retention does
not, in the end, change the nutrient load thaelwdred downstream; however, it can significaatffect
both the timing and bioavailability of load deliyer

As discussed in Section 2.6, evidence exists #iahtion of phosphorus is occurring due to thegres

of aquatic vegetation. Falter and Carlson (1994lteF et al. (1995), and Falter and Burris (1996 e
results from detailed studies of aquatic macromhiytehe Middle Snake River. These studies adddesse
aquatic macrophyte growth from Twin Falls to UpBatmon Falls dam, with the greatest focus on
Crystal Springs and Box Canyon. These reaches emrsidered to represent the greatest macrophyte
density within the Middle Snake River while beimgpresentative of the processes occurring throughout
the River. Among the reaches studied, the Crygieh§s reach had the highest biomass density and th
least diversity of macrophyte species. Falter andiB (1996) also found that a significant relatibip
between biomass and soluble reactive phosphorud)(fBRhe water column existed within the Crystal
Springs reach, and this was the only reach for hwvthits relationship was found to be significantrdss

all reaches, EPA (2002) indicated that a poor taticen between dissolved nutrients in the wateucoi
and macrophyte biomass existed; however, the pwoelation was attributed to the inherent compiexit
of aquatic systems and the ability of rooted maleytgs to extract nutrients from both the sedimeit a
water column.

The relationship between water column nutrientsl@inthass was more apparent when considering
nonrooted macrophytes or epiphytes, which obtafriants exclusively from the water column. As cited
in EPA (2002), Howard-Williams (1981) found thaettievelopment of epiphyteGlédophora) onP.
pectinatus communities increased with N and P fertilizer input did not increase the rooted plant
biomass. This effect was consistent with the olaems in the Crystal Springs reach, where both
epiphytic dominance and nutrient inputs were ggatempared to the other studied reaches, and the
relationship between biomass and SRP was signffican

Sediment nutrient content provided further insighd processes occurring in the Middle Snake River.
Regarding the relationship between sediment tdtagphorus and aquatic plant biomass, Falter et al.
(1995) and Falter and Burris (1996) reported tiieviong results:

* Maximal aquatic plant biomass occurred at a tatalsphorus level of approximately 1,100 mg/g
TP dry weight (consistently measured throughouistlireaches); and
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e Aquatic plant biomass generally declined above@h@/g TP dry weight.

The decline in plant biomass was attributed to Inégglox potential, low dissolved oxygen, and lowipH
sediment coincident with high organic matter cont&he high organic matter content is associatad wi
plentiful TP, but low DO can discourage macrophygiat development.

Thomas et al. (1995) studied respiration ratesaagdnic carbon turnover rates in the Middle Snake
River. Turnover time for organic carbon is the tirequired for the average carbon molecule to pass f
being fixed into organic form by photosynthesib&ing released through decomposition under aerobic
conditions. Thomas et al. (1995) found that thedWidSnake River exhibited very high rates of
respiration but very low organic carbon turnoveesaThe slow rate of turnover suggested that high
levels of nutrients, as well as detritus and enengyre being trapped, and that the sediment deparsit
aquatic plant beds facilitated this process.

EPA (2002) concluded that this effect ultimatelguiéed in a reduced flow of nutrients downstream of
the aquatic plant beds. This effect was expectéatgreatest along the Crystal Springs reach wiatte
upstream nutrient loading and aquatic plant dengire greatest. In particular, aquatic plant bicsneas
measured up to eight times greater in Crystal §prihan in any other studied reach (EPA 2002).rduri
the periods of maximum plant growth in the CrySptings Reach, Falter et al. (1995) demonstratd th
TP and SRP decrease from upstream to downstre#ime afjuatic plant beds. While flow inputs from
springs within this reach may have contributegharnt, to the decrease in concentration, theserfiysdi
suggest that nutrient retention may be occurringinithe aquatic plant beds in the Middle SnakesRiv

Based on a review of recent data, TP concentraiintie Middle Snake River exhibit trends similar t
conditions described in earlier studies. In Apprmli Figure 81 through Figure 88 compare TP
concentrations across the monitoring locationsdnade using box plots. These figures illustrate tha
average TP concentrations were elevated at Ci$ptraigs and, at times, remained elevated at Box
Canyon, depending on the decade and season. Aettelownstream location of Gridley Bridge,
average TP concentrations decreased consideraflyazed to Crystal Springs and Box Canyon.

Since the studies documented in EPA (2002), thenteextent and growth trends of aquatic plant beds
has not been measured. However, a review of 2004 photographs indicates that aquatic vegetation
remains prevalent in the vicinity of Crystal Spsrand Box Canyon. Plant uptake and senescence is

likely resulting in temporary retention of phosph®rand nitrogen in aquatic plant bed sediments. The
retained nutrient load is likely to be re-suspenaed transported downstream during high flow events
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7. Mass Balance

A mass balance of TP load was performed along tidgl sl Snake River from Milner Dam to King Hill.
The goal of this analysis was to estimate the chamépad occurring within each study segment due t
inflow within the segment (as opposed to upstrezam). The first step in the process was to estimate
average instream loading rate for each monitoegtion. Then, the upstream rate was subtracted fro
the downstream rate to calculate the change irirlgatat occurs within the segment. Once the total
change in load was derived, portions of this loadenattributed to sources of inflow, using a flow
balance analysis.

The study segments were selected for this andlgsiause the segment breaks were defined by the

location of current DEQ water quality monitoringusbns that were near to or coincident with USGS

gages. The study segments are shown below in F{giedong with the location of DEQ water quality
monitoring stations.

The time period for the mass balance analysis ivatet by data available for DEQ mainstem
monitoring stations. A mass balance for each yeer mot feasible due to these data limitations.
Therefore, the results were reported for two fiegtyassessment periods, 2000-2004 and 2005-2009.

The mass balance calculations began with dailyihgadchtes, previously calculated by DEQ based on
their estimated flow and TP data, for each mainstamitoring station (DEQ 2011). (Details on the
DEQ'’s calculation method are provided in SectidyTo estimate an average loading rate for each
location and time period, the daily loading ratesevaveraged first by month, then by year, andlfina
across the five-year assessment period. The loaniitig remained as daily loads (Ibs/day). The @astr
average rate was subtracted from the downstrearage/eate to calculate the total change in TP loads
within a study segment and time period.

The total changes in TP loads within each studynest are provided in Table 19. Negative TP loading
changes along the mainstem were observed for tke€CRayon to Gridley Bridge study segment for both
five-year assessment periods; a negative TP loadingge was also observed for the Shoestring Bridge
to King Hill Bridge study segment for the WY 200@a2 assessment period. Decrease in load might
result from retention of TP within the study segisenr they could be an artifact of the uncertainty
inherent in the load estimation, which was limibgddata availability. Retention of phosphorus iniair
plant beds could explain at least a portion ofrtbgative TP loading changes. This explanation is
especially appropriate for the Box Canyon to Gyidigidge study segment because a high density of
aquatic plant beds has been observed within theityiof Box Canyon. While the retention of
phosphorus in the plant beds is temporary, thesfiof the load to the next study segment is deldyy
the temporary retention. Re-suspension of phospharthe plant beds would occur during high flows,
which may explain why the negative load is lessiptmced within Box Canyon to Gridley Bridge

during the wetter period of 2005-20009.

The LOADEST modeling, discussed in Section 4.3dfaily documented in Appendix |, provides an
additional time period for comparison to the maalabce results. Table 20 compares the resultssacros
similar segments, using Crystal Springs and Bulgirazimal locations. The increasing load trend
upstream to downstream in the 2005-2009 mass lmafesalts is evident in the 2009-2013 LOADEST
results.
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Figure 48. Study segments for mass balance.
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Table 19. Total Change in TP Load (Ibs/day) within  the Study Segments

Change in TP Load, WY Change in TP Load, WY
Study Segment ! 2000-2004 (Ibs/day) 2005-2009 (Ibs/day)
Milner Dam to Pillar Falls 915.0 596.3
Pillar Falls to Crystal Springs 304.7 1,257.3
Crystal Springs to Box Canyon 528.7 43.2
Box Canyon to Gridley Bridge -94.8 -29.7
Gridley Bridge to Shoestring Bridge 1,059.6 331.0
Shoestring Bridge to King Hill Bridge -119.1 801.8
Total 2,594.2 2,999.9

!As defined in Section 3, the study segments represent the reach just below the starting location through the end
location; for example, the second segment includes the Crystal Springs monitoring station but not the Pillar Falls

station.

Table 20. Comparison of Mass Balance and LOADEST Re  sults
Change in TP Load, Change in TP Load, CT_%';%E \';&J #
Study Segment * HY ZWE0—ATC BT 20l—A00 Study Segment 2009-2013
(Ibs/day) from Mass (Ibs/day) from Mass
Balance Balance sy et
LOADEST
Milner Dam to Milner to Pillar
Pillar Falls 915 596 Falls 243
Pillar Falls to Pillar Falls to
Crystal Springs 305 1257 Buhl 875
Crystal Springs to 1374 1146 Buhl to King Hil 2099
King Hill

A detailed mass balance of TP loading was alsmpedd for each major pollutant source in the
watershed. The pollutant sources consisted of ihgafilom tributaries, springs, diffuse ground water,
irrigation return drains, and both indirect andedtrpoint source dischargers. A flow balance was
conducted to estimate the portion of inflow withisegment that is attributed to a particular soarck
these results were then used to estimate the aotligad attributed to each source. The flow baanc
methods are documented in Appendix H.

For ground water TP loading estimates, baseflovioBRing was considered equal to loading from
diffuse ground water. Estimates of baseflow weretusong with data on spring flow to calculate iogd
associated with ground water. Detailed method#hfebaseflow calculations are provided in Appendix
H. A ground water TP concentration of 0.02 mg/L \easumed, equal to the in-stream target
concentration for ground water sources (DEQ 20@5)alculate load from baseflow for each of thelgtu
segments. This target concentration was documémt®&Q and the Mid Snake TAC (1999) as the
average for springs in the Upper Snake-Rock Sublirsied on a review of USGS and DEQ data that
indicated 95 percent of the TP data were at or (lrarbelow) 0.02 mg/L.

Tributaries and springs with available USGS flowtedaere the only tributaries and springs for which
loading was directly estimated in the detailed ntedance analysis. The tributaries included werekRo
Creek (13092747), Cedar Draw (13093478), Cloveek(23154400), and Salmon Falls Creek
(13108150). The springs included were Devil's Wastil{13089500), Devil's Corral (13090100), Blue
Lakes (13090999), Briggs (13095175), Blind Canyt®005400), and Box Canyon (13095500).
Instantaneous discharge records for gaged tritastand springs were sparse and were not available f
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all years included in this analysis. Water quali&ga for these sites were also sparse. The TP
concentrations presented in Appendix F (Table 28ewsed to estimate loads for these tributary and
spring stations.

Tributaries and springs without available flow amhcentration data were grouped into a categotgctal
“unaccounted waters.” The TP loading for unaccadimtaters was calculated as the difference between
the total change in TP loading for each study sexifieable 19) and the sum of TP loading from all
accounted-for pollutant sources contributing toghaly segment. This represents an estimate ofahe

of additional loads and loss processes.

Much of the measured flow data used for ESPAM2elcansistent with data used in the flow balance
analysis. Data collection efforts for ESPAM2.1 acegh additional spring flow data from water users.
Upon review, these data demonstrated that a goetdp of the unaccounted-for flow along the study
segments of the Middle Snake River is derived fepming flow. On average, from 2000 to 2009, spring
flow was found to contribute greater than 50 peroéfiow to the mainstem for all study segments
except the farthest upstream study segment (Mibaen to Pillar Falls) and the farthest downstream
study segment (Shoestring Bridge to King Hill Béjgvhere spring flow contributions were less th@n 1
percent each. Although these data were helpfuisioodering potential contributions to unaccounted-f
flow, they were not directly included in flow batzncalculations because of the nature of theiectitin.
These data were collected by various spring watersy and rely on measurements reported by the wate
users. In some cases, total flow includes estinaftaameasured spring discharge and its use in the
analysis would have introduced additional uncetyajdennifer Sukow, DWR, personal communication
to Catherine Carter, Tetra Tech, Inc., April 2312D

Paired flow and TP concentration data availablarfaggation return drains from the Twin Falls Cacd.
and USDA-ARS-Kimberly were used to estimate an ahauerage TP loading rate for each drain for the
five-year assessment periods. Annual average Tdmigdrom both indirect and direct point sourceswa
estimated from monthly average TP loading repartede DMR data for each point source. Indirect
point source dischargers are all point sourcesdisaharge directly to a tributary or spring of the
mainstem Middle Snake River. Direct point sourceHdargers are all point sources that discharge
directly to the mainstem of the Middle Snake River.

The results of the detailed mass balance are pgegbanTable 21. The first column of values repdtits
total change in TP loading from upstream to dovaastr that occurs within the segment. Then this isad
broken down into portions from each source. Findhg load from unaccounted waters is presented,
which represents the difference between the tbi@hge in load and the sum of the known source snput

Negative TP loading from unaccounted waters ocstien the sum of the multiple source estimates are
greater than the total change in load calculateah fthe monitoring stations, which is the case éwesal

of the study segments. When interpreting thesdtsgsiis important to note that the mass baldace
based on gross averages of loading rates andamtiflads occurring instantaneously at the various
locations. Data uncertainty is the most likely expaition for the negative loading results calculébed
unaccounted waters. However, TP retention or refmoagt explain a decrease in average TP load from
load contributed within a segment.

Based on the first column totals in Table 21, tdfalloading from just below Milner Dam through King
Hill Bridge, increased from approximately 2,600didy to 3,000 Ib/day between the two five-year
assessment periods. This increase in TP loadimgdle mainstem is reflective of an increased bRl
loading from gaged tributaries, irrigation retumaids, and both indirect and direct point source
dischargers between the two assessment periddsmportant to note the increase in TP loading for
irrigation return drains between the two assessiperibds is strongly reflective of more data being
available for the second assessment period thahddirst. For instance, no data from USDA-ARS-
Kimberly drains were available for WY 2000-2004.
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Table 21. Detailed Mass Balance for Five-Year Asses

sment Periods

Change in
TP Load
Between Irrigation Un-
Mainstem Base- Gaged Gaged Return Indirect Direct accounted
DEQ flow TP | Tributary | Springs Drain PS TP PSTP | Waters TP
Study Stations Load TPload | TPLoad | TPLoad! | Load® | Load” Load
WYs Segment (Ib/day) (Ib/day) (Ib/day) (Ib/day) (Ib/day) (Ib/day) | (Ib/day) (Ib/day)
Milner Dam to
Pillar Falls 915 7 0 4 3 0 0 900
Pillar Falls to
Crystal
Springs 305 23 44 8 90 2 671 -534
Crystal
Springs to
Box Canyon 529 41 0 27 14 203 284 -40
wy Box Canyon
2000—- -
2004 to _Grldley
Bridge -95 22 63 0 0 21 31 -232
Gridley Bridge
to Shoestring
Bridge 1,060 50 0 0 0 22 33 954
Shoestring
Bridge to King
Hill Bridge -119 31 0 0 0 0 0 -150
Total 2,594 174 107 39 107 248 1,020 899
Milner Dam to
Pillar Falls 596 7 0 4 226 0 2 357
Pillar Falls to
Crystal
Springs 1,257 23 47 8 1,273 2 578 -675
Crystal
Springs to
Box Canyon 43 39 2 19 766 211 466 -1,460
wy Box Canyon
2005— -
2009 to _Grldley
Bridge -30 21 60 0 176 25 25 -337
Gridley Bridge
to Shoestring
Bridge 331 49 0 0 0 28 30 224
Shoestring
Bridge to King
Hill Bridge 802 32 0 0 0 0 0 769
Total 3,000 172 110 32 2441 266 1,101 -1,122

T Irrigation return drain loads were calculated from data received by Twin Falls Canal Co. and USDA-ARS-Kimberly

drains.

2ps = point source. Indirect PS are all point sources that discharge to a tributary of the Snake River; direct PS
discharge directly to the Snake River.
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Flow balance results on a yearly basis from 2000 are provided in Table 22. Detailed methods fo
these calculations are provided in Appendix H améxample calculation is provided in Figure 49.

In Table 22, “Total Inflow within Reach” represelt® gage-to-gage difference in the mainstem Middle
Snake River flow calculated from instantaneoustdisge recorded at USGS gage locations and adjusted
to represent study segment flow based on streagthiefnhe variability observed in reach inflow from
year to year and within the 10-year period couldheeresult of factors not captured by these daizt

as cyclic climatic variability. To assess trendsdach inflow, data from a wider assessment period
(greater than 10 years total) would need to beyaadl In addition, the baseflow presented in T28le
reflects a percentage of the mainstem flow basati@percentages provided in Appendix H. These
percentages were captured from an estimate oflbasa¥eraged over approximately 30 years and they
do not reflect a year-to-year evaluation of charigdmseflow. The flow and mass balance results
presented here represent a crude analysis of lwhflav from the various TP sources throughout the
watershed. More extensive methods were beyonccthmesof this assessment and would require
additional data (for both flow and water qualitgy fnany of the TP sources throughout the watershed.

Table 22. Flow Balance by Study Segment, WY 2000-20 09

Flow (cfs)

Study
Segment Flow Category 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

Upstream | Mainstem Flow at

: 2,740 | 441 | 337 | 336 | 285 | 519 | 2,268 |1,014| 668 | 2,553
Boundary | Milner

Milner Baseflow 75 65 66 63 62 60 69 66 64 73

Dam to

Pillar Falls Gaged Tributaries 0 0 0 0 0 0 0 0 0 0
Gaged Springs 39 40 36 32 39 35 32 41 34 31
Irrlg_atlon Return 0 8 12 0 3 28 36 66 65 0
Drains
Direct Point Sources 0 0 0 0 0 0 0 0 0 0
Unaccounted 522 | 479 | 441 | 444| 419| 380 | 366 | 411 | 378 | 409
Waters

Total Inflow Within

R 2 636 592 554 539 523 503 503 584 542 513
each

Pillar Falls | Mainstem Flow at

- 3,376 | 1,033 | 891 | 875 | 808 | 1,022 | 2,771 | 1,598 | 1,210 | 3,066
to Crystal Pillar Falls

Springs
Baseflow 243 210 212 203 198 194 222 213 207 234
Gaged Tributaries 115 80 77 63 77 86 97 0 78 0
Gaged Springs 175 171 138 136 163 156 0 0 0 0
Irigation Return o| 00| 67| 1201| 77| 175 187| 211| 265 | 17
Drains
Direct Point Sources 0 0 11 11 11 10 10 10 10 10
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Flow (cfs)

Study

Segment | Flow Category 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Unaccounted 481 | 315| 379 | 332 | 301 | 189 408 | 453 | 304 | 715
Waters
Total Inflow Within 1014 | 877 | 885 | 847 | 827 | 810 | 925| 887 | 864 | 977
Reach

Crystal Mainstem Flow at 4390 | 1,910 | 1,776 | 1,722 | 1,635 | 1,832 | 3,695 | 2,485 | 2,074 | 4,043

Springsto | Crystal Springs

Box

Canyon Baseflow 397 | 388 | 373| 365| 363 | 358 | 372| 357 | 362 | 370
Gaged Tributaries 0 0 0 0 0 0 0 3 0 0
Gaged Springs 351 | 352 | 321 | 321| 318 | 302 o| 21 0 0
Irrigation Retum 0 9| 13| 13| 15| 59 65| 34| 38| 16
Drains
Direct Point Sources 0 0 2 2 2 3 3 3 4 4
Unaccounted 756 | 719 | 704 | 679 | 676 | 633 | 969 | 932 | 965 |1,015
Waters
E‘;ﬁ‘éﬁ?"oww“h'” 1,504 | 1,467 | 1,413 | 1,380 | 1,375 | 1,354 | 1,409 | 1,351 | 1,369 | 1,405

Box Mainstem Flow at 5,894 | 3,377 | 3,190 | 3,102 | 3,010 | 3,186 | 5,104 | 3,837 | 3,442 | 5,448

Canyonto | Box Canyon

Gridley

Bridge Baseflow 211 | 211 | 202 | 198 | 198 | 195| 199 | 191 | 195| 196
Gaged Tributaries 175 | 171 | 138 | 136| 163 | 156 0 0 0 0
Gaged Springs 0 0 0 0 0 0 0 0 0 0
Irrlg_atlon Return 0 0 0 0 0 0 0 0 0 0
Drains
Direct Point Sources 0 0 0 0 0 0 0 0 0 0
Unaccounted 309 | 403 | 410| 401| 374 | 374 | 541 | 519| 530 | 533
Waters
Total Inflow Within 785 | 785| 750 | 735| 735 | 725 | 740 | 709 | 725 | 729
Reach

Gridley Mainstem Flow at 6,679 | 4,162 | 3,939 | 3,837 | 3,745 | 3,911 | 5,844 | 4,546 | 4,167 | 6,177

Bridge to Gridley Bridge

Shoestring

Bridge Baseflow 495 | 487 | 461 | 446 | 444 | 444 | 491 | 443 | 448 | 447
Gaged Tributaries 0 0 0 0 0 0 0 0 0 0
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Flow (cfs)
Study
Segment | Flow Category 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Gaged Springs 0 0 0 0 0 0 0 0 0 0
Irrig_ation Return 0 0 0 0 0 0 0 0 0 0
Drains
Direct Point Sources 0 0 0 0 0 0 0 0 0 0
Unaccounted 1,400 | 1,373 | 1,298 | 1,255 | 1,248 | 1,252 | 1,398 | 1,250 | 1,265 | 1,260
Waters
E‘;ﬁ‘ér']rz‘"oww“h'” 1,895 | 1,860 | 1,759 | 1,701 | 1,693 | 1,697 | 1,888 | 1,693 | 1,714 | 1,707
Shoestring | Mainstem flow at 8,574 | 6,022 | 5,698 | 5,537 | 5,438 | 5,607 | 7,732 | 6,239 | 5,881 | 7,884
Bridge to Shoestring Bridge
King Hill
Bridge Baseflow 331 | 305| 280 | 258 | 252 | 268 | 383 | 285| 280 | 270
Gaged Tributaries 0 0 0 0 0 0 0 6 0 0
Gaged Springs 0 0 0 0 0 0 0 0 0 0
Irrig_ation Return 0 0 0 0 0 0 0 0 0 0
Drains
Direct Point Sources 0 0 0 0 0 0 0 0 0 0
Unaccounted
Waters! 1,063 | 982 | 900 | 830 | 810 | 863 |1,233| 910 | 900 | 869
E‘;ﬁ‘ér']rz‘"oww“h'” 1,393 | 1,287 | 1,180 | 1,088 | 1,062 | 1,131 | 1,616 | 1,201 | 1,180 | 1,140
Mainstem flow at
King Hill Bridge 9,967 | 7,309 | 6,878 | 6,626 | 6,500 | 6,738 | 9,349 | 7,440 | 7,060 | 9,024

! Unaccounted-for water flow is the difference between the total inflow within the reach and the sum of flow from all
accounted-for sources. Unaccounted-for surface waters included ungaged tributaries, ungaged springs, and
discharge from point sources that do not discharge directly to the mainstem.

2 Total inflow within reach represents the gage-to-gage difference in mainstem Middle Snake River flow calculated
from instantaneous discharge recorded at USGS gage locations and adjusted to represent study segment flow based
on stream length.
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Example Flow Balance Calculations for Study Segment Milner Dam to Pillar Falls (WY 2000) *

Inputs

* Flow at USGS Milner Dam gage = 2,739.6 cfs

* Flow at USGS Kimberly gage = 3,061.3 cfs

* Flow at USGS Buhl gage = 4,665.1 cfs

» Percent of total inflow within reach from USGS Milner gage to USGS Kimberly gage
as baseflow = 0 (not provided in source information)

» Percent of total inflow within reach from USGS Kimberly to USGS Buhl as baseflow = 24%

» Percent of USGS Segment Milner Dam to Kimberly that is coincident with Study Segment
Milner Dam to Pillar Falls = 100%

» Percent of USGS Segment Kimberly to Buhl that is coincident with Study Segment Milner
Dam to Pillar Falls = 19.6%

» Gaged spring flow to Study Segment Milner Dam to Pillar Falls (sum of flow from Devils
Washbowl and Devils Corral Springs) = 38.6 cfs

* Flow from gaged tributaries, irrigation return drains, and direct point sources to Study
Segment Milner Dam to Pillar Falls = 0 cfs (potentially included in unaccounted waters due
to lack of flow data available from these sources for this study segment)

Calculations

Total inflow within USGS Segment Milner Dam to Kimberly
=3,061.3 cfs - 2,739.6 cfs = 321.7 cfs
Total inflow within USGS Segment Kimberly to Buhl
=4,665.1 cfs - 3,061.3 cfs = 1,603.8 cfs
Total inflow within Study Segment Milner Dam to Pillar Falls
= (1.00 * 321.7 cfs) + (0.196 * 1,603.8 cfs) = 636.0 cfs
Baseflow from USGS Segment Milner Dam to Kimberly
=0*321.7 cfs =0 cfs
Baseflow from USGS Segment Kimberly to Buhl
=0.24 *1,603.8 cfs = 384.9 cfs
Baseflow from Study Segment Milner Dam to Pillar Falls
= (1.00 * O cfs) + (0.196 * 384.9 cfs) = 75.4 cfs
Flow from gaged tributaries
=0cfs
Flow from gaged springs
= 38.6 cfs
Flow from irrigation drains
=0cfs
Flow from direct point sources
=0cfs
Flow from unaccounted waters to Study Segment Milner Dam to Pillar Falls
=636.0 cfs - (75.4 cfs + 38.6 cfs) = 522.0 cfs

'Bold underline indicates values reported in Tal2le 2

Figure 49. Example Flow Balance Calculation.
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8. Assessment Discussion

Past assessment of flow trends has indicated deseale declines in flows, particularly ground wate
inflows (both diffuse and from springs) in the Mid&nake River. A review of the most recent flowada
appears to support these trends, without identifitire cause, and demonstrates a disparity between
observed flows and the flow assumptions used 2605 TMDL.

The most recent water quality data, trend analgsid, LOADEST modeling indicate that TP
concentrations have declined in recent years iiidelle Snake River. TP concentrations continue to
frequently exceed the TP targets, both in the nainsnd along the tributaries. More extreme TP
concentrations tend to occur in dry years, indigathat lower flows can lead to higher TP conceiting
within the subbasin when less dilution capacitsnailable.

The major differences in water quality that haverbebserved between the 1990s and 2000s are the
following:

» The extreme TP concentrations observed at Milnef (2R08) and Crystal Springs (SR06)
appear to have decreased in magnitude, but nosserdly frequency between decades (and
remain above the target).

* Inthe 2000s, TP remains elevated below Crystahgprwhereas TP generally began to decline
below this station in the 1990s.

« At Pillar Falls, TP in the 1990s was fairly congtaoross seasons but in the 2000s, showed a
significant decreasing trend from winter to falim®ar, less pronounced trends occur at other
stations.

« Areview of other water quality constituents indedan increase in all nitrogen species
concentrations, consistent across the mainstemrstat

* An assessment of differences between decades e@cinsive for most tributaries due to a lack
of data. Small increases and decreases were e¥atahe few tributaries with observations in
both decades.

Studies of macrophyte growth and response to migria the 1990s and early 2000s indicated that
sedimentation encouraged establishment of aqulatit beds and high nutrient concentrations susiaine
and perpetuated further growth of aquatic planpépiBtes and non-rooted macrophytes have been
shown to extract nutrients from the water columd, dhrough senescence, lead to nutrient retention i
aquatic plant beds. While the retained load carebaspended during high flows, this temporary
retention can alter the timing of nutrient loadidieied downstream and could help explain the deserea
in concentrations and load downstream of Box Canytie highest densities measured in these studies
occurred in the vicinity of the Crystal Springs @wk Canyon monitoring locations. Anecdotal evidenc
indicates that macrophytes continue to be a proble@rystal Springs, Box Canyon, and elsewherhen t
Middle Snake River during the growing season, sstiigg that phosphorus reductions are still necgssar
to protect designated uses.

Findings from the EPA risk assessment (EPA 2002efydlix 1) provide an important perspective for
evaluation of nuisance aquatic plant beds and n@mmnant strategies. EPA (2002) concluded that the
macrophyte beds presented a substantial risk tblitidle Snake River ecosystem. From the Crystal
Springs reach to the Boulder Rapids reach, the RB&thulation results indicated a high risk of
exceedance for the total macrophyte and epiphgi@&ss tolerance limifsEPA (2002) stated that the

! The biomass tolerance limits were designated 8sy2& biomass (ash free, dry matter), which represéets t
threshold above which nuisance levels occur.
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likelihood of recovery depended on “the availapibtf clear, cold water, with high flows capablesagburing
out long-deposited sediments.” The alcove spriafpng the Middle Snake River provided a benchnf@rk
recovery due to the cold, clear, and significamvfinput of the springs, the relatively low nuttien
concentrations, and the resulting high diversity kv density of the aquatic macrophytes downstreéthe
springs. EPA (2002) generally suggested that sfforaddress nuisance macrophyte beds should docus
reducing nutrients and sediment and returning flafterns to a more natural hydrograph.

Regarding sources of nutrient loading, the reviéenmailable loading data indicated (1) that thgéamajority
of point sources are meeting, on average, theitelees] allocations, and (2) that TP loads in theneiam
appear to have experienced a net decrease betinae@890s and 2000s, which may be due to both
management and lower flows within the period (®eti4.3 and 4.3.3, respectively). The LOADEST asigly
confirmed a declining trend in load. The mass badaanalysis (Section 7) indicated that some ineseasTP
loads from gaged tributaries, irrigation returniisaand indirect or direct point source dischadave
occurred within the most recent decade (the iner&asn irrigation return drains was inconclusiveeda a
disparity in sample size between the time periods).

Declines in ground water inflows (both diffuse drain springs) could be influencing the river’s élyito
achieve designated uses in the Upper Snake-RodkaSimbdespite point sources meeting wasteload
allocations. Table 23 compares the current 2005 TMIbcations to the average annual inflow from Q@0
2009 for each reach (all flow to the study segnmeinus flow from the upstream study segment; basetth®
flow balance analysis using measured flow from USf@&es) and the load capacity calculated for tfioses
to meet the 2005 TMDL's target TP concentratioawfimultiplied by the target). This comparison irades
that, for all but one study segment, the currdiotations for inflow exceed the estimated load cipdased
on average annual inflow for 2000-2009.

Table 23. Comparison of Estimated Phosphorus Load C ~ apacity based on 2000-2009 Average
Annual Inflows to 2005 TMDL Allocations

Average Annual Estimated Load Total Current (2005) TMDL
Inflow, 20001—2009 Capacity (Ibs/day; Allocations (Ibs/day) for
Study Segment (cfs) for Inflow Only Inflow Sources
Milner Dam to Pillar Falls 549 222 4105
Pillar Falls to Crystal Springs 891 360 2,096.7
Crystal Springs to Box Canyon 1,403 567 1,819.6
Box Canyon to Gridley Bridge 742 300 1,575
Gridley Bridge to Shoestring Bridge 1,761 712 1,352
Shoestring Bridge to King Hill Bridge 1,228 496 210
Total 6,574 2,658 7,464

"From Appendix B, Table 25; calculated from flows in Appendix H, Table 34. These flows represent all inflow to the
mainstem within the reach, other than the flow from the upstream study segment. This inflow is the result of baseflow,
tributaries, springs, irrigation return drains, indirect point sources, direct point sources, and un-accounted waters.
2Average annual inflow multiplied by the 0.075 mg/L TP target, with units conversion.

*Total current allocations as reported in Table 6 (DEQ 2010).

! Alcove springs are springs that discharge frormaier canyon walls along the Snake River banks.
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Particular attention to the elevated concentratar@rystal Springs is warranted, especially cariig)
the high density of nuisance aquatic vegetatidhiatlocation. Sources of phosphorus loading t® thi
location include point sources and irrigation dsaamd declines in ground water inflows (both diéfasmd
from springs) could be affecting dilution of phospls loading, leading to elevated phosphorus
concentrations. To more fully understand the caatésese effects, more detailed analysis is regiio
control for the complexity of the hydrologic systamd the interaction of decadal, cyclic, and sealson
trends.

Independent of flow trends over time, consideratibthe validity of flow assumptions used in the
TMDL development is warranted. As explained in 8ect.2, DEQ (2010) found that even the low flow
scenarios referred to in the TMDL development doappear to represent critical low flow conditions.
Mean flow conditions, as applied in the current TM&llocations, might not be an appropriate scenario
to reflect the modified nature of the Middle Sn&keer system. In a comparison of long-term flowajat
Switzer et al. (2010) found that greater than 6&¢m of the time flows below the Milner Dam never
reached the mean flow observed between 1910 ari ¥0ih the extensive diversions and
impoundments in the system, a low flow scenaridd:be a more appropriate application for TMDL
allocations. As ecological responses to nutriergscaronic and cumulative over time scales on thero
of weeks to months, a 30-day average low flow waittD-year recurrence (30Q10) may be a more
appropriate basis for allocations. This review aasessment of available data suggests that further
investigation is warranted. While some reduction$P load have been achieved, the TMDL target
concentrations have not been achieved. These cmlifis well as the potential spatial and seasonal
effects of ground water decline (as observed irdtte), support further investigation of the TMDL
assumptions.

E] TETRATECH 33



Mid Snake Data Summary, Evaluation, and Assessment September 2014

(This page is intentionally left blank.)

@ TETRATECH 82



Mid Snake Data Summary, Evaluation, and Assessment September 2014

References

Best, M.D. and K.E. Mantai. 1978. Growth of Myrigfibm: sediment or lake waters as the source of
nitrogen and phosphoruscology. 59:1075-1080.

Blew, D., and J. Bowling. 2009. Spring DischargdcGktion for the Snake River Milner to King Hill
Reaches Review of Kjelstrom Methodologies. Acceddayg 2012.
http://www.idwr.idaho.gov/WaterBoard/PDFs/Kjelstrowvhite Paper.pdf.

BOR (Bureau of Reclamation). 2011. 2011 Salmon FAagmentation Program and Other Activities
Associated with the NOAA Fisheries Service 2008 @jaal Opinion and Incidental Take Statement for
Operations and Maintenance of Bureau of Reclamd#tiojects in the Snake River Basin above Brownlee
Reservoir: Annual Progress Report. U.S. Departroktite Interior, Bureau of Reclamation, Pacific
Northwest Region.

Cleveland, W.S. 1979. Robust locally weighted regien and smoothing scatterplalsurnal of the
American Satistical Association. 74:829-836.

DEQ and Mid Snake TAC (Idaho Department of Envirental Quality and Middle Snake River
Technical Advisory Committee). 1999. The Upper SnBlck Watershed Management Plan (or Upper
Snake/Rock Creek Watershed Management Plan). @apartment of Environmental Quality—Twin
Falls Regional Office and Middle Snake River TechhAdvisory Committee, Twin Falls, Idaho.

DEQ (Ildaho Department of Environmental Quality)989The Middle Snake River Watershed
Management Plan, Phase 1 TMDL, Total Phosphorasiddepartment of Environmental Quality, Twin
Falls, Idaho.

DEQ. 2004. Upper Snake Rock TMDL Modification, Upf@make Rock Watershed Management Plan
Modification: A Modification of the Mid-Snake TMDBaNnd Upper Snake Rock TMDL to Account for the
Aquaculture Wasteload Allocation. Part 1. Idaho &é&ment of Environmental Quality, Twin Falls,
Idaho.

DEQ. 2005. Upper Snake Rock TMDL Modification, Upf@make Rock Watershed Management Plan
Modification: A Modification of the Mid-Snake TMDBaNnd Upper Snake Rock TMDL to Account for the
Billingsley Creek Wasteload Allocation. Part 3. hdaDepartment of Environmental Quality, Twin Falls,
Idaho.

DEQ. 2010. Upper Snake Rock/Middle Snake TMDLs B#YEMDL Review. Idaho Department of
Environmental Quality, Twin Falls, ldaho.

DEQ. 2011. Middle Snake River Data PresentatioaftDildaho Department of Environmental Quality,
Twin Falls, ldaho.

Dodds, W.K. 2003. The role of periphyton in phospis retention in shallow freshwater aquatic
systems.Journal of Phycology, 39: 840-849.

DWR (Idaho Department of Water Resources). 201Bakoed Snake Plain Aquifer Model Version 2.1.
Final Report. January 2013. Idaho Department ofdMatesources with guidance from the Eastern Snake
Hydrologic Modeling Committee.

EPA. 2002. Ecological Risk Assessment for the MadBlhake River, Idaho. U.S. Environmental
Protection Agency, Office of Research and DevelapntePA/600/R-01/017. Accessed March 2012.
http://ofmpub.epa.gov/eims/eimscomm.getfile?p_doad! id=8261

EPA. 2010. Permit No.: ID-002127-0: AuthorizatienDischarge Under the National Pollutant Discharge
Elimination System. City of Twin Falls Wastewataed@tment Plant.

E] TETRATECH 85



Mid Snake Data Summary, Evaluation, and Assessment September 2014

Falter, C.M. and C. Burris. 1996. Middle Snake Rpmductivity and nutrient assessment, (1994)ddah
Water Resources Research Institute, Universitgafid, Moscow, ID.

Falter, C.M., C. Burris, J.W. Carlson, et al. 1989fddle Snake River productivity and nutrient
assessment, (1993) Idaho Water Resources Reseatithté, University of Idaho, Moscow, ID.

Falter, C.M. and J.W. Carlson. 1994. Middle SnakeRproductivity and nutrient assessment. Idaho
Water Resources Research Institute, Universitgafid, Moscow, ID.

Filbin, G.J. and J.W. Barko. 1985. Growth and migini of submersed macrophytes in a eutrophic
Wisconsin impoundmend. Freshwater Ecol. 3(2):275-285.

Higgins, R.W., V.B.S. Silva, W. Shi, and J. Lars@f07. Relationships between Climate Variabilitd an
Fluctuations in Daily Precipitation over the Unit8thtesJournal of Climate 20: 3561-3579.

Hortness, J. and P. Vidmar. 2004. Surface-Watet@td/Nater Interaction along Reaches of the Snake
River and Henrys Fork. Idaho Scientific Investigat Report 2004-5115.

Howard-Williams, C. 1981. Studies on the abilityad?otamogeton pectinatus community to remove
dissolved nitrogen and phosphorus compounds framaterJ Appl Ecol. 18:619-637.

JISAO (Joint Institute for the Study of the Atmospéand Ocean). 2011. The Pacific Decadal
Oscillation. Joint Institute for the Study of théndosphere and Ocean, College of the Environment,
University of Washington, Seattle, Washington. Assasxl December 2011. http://jisao.washington.edu
/pdo/PDO .latest.

Kjelstrom, L.C. 1995. Methods to Estimate AnnualdvieSpring Discharge to the Snake River Between
Milner Dam and King Hill, Idaho. U.S. GeologicaliSay, Boise, ldaho.

NCDC (National Climatic Data Center). 2012. South®scillation Index. National Oceanic and
Atmospheric Administration, National Climatic Da&nter. Accessed May 21, 2012.
http://www.ncdc.noaa.gov/teleconnections/enso/mics/soi.php.

NRCS (Natural Resources Conservation Service). .298fional Engineering Handbook, Section-4
Hydrology, USDA, Washington, D.C.

Runkel, R.L., C.G. Crawford, and T.A. Cohn. 2004at Estimator (LOADEST): A FORTRAN
Program for Estimating Constituent Loads in Streants Rivers, U.S. Geological Survey, Reston,
Virginia.

Sen, P.K. 1968. Estimates of the regression caerfibased on Kendall's tadournal of the American
Satistical Association. 63:1379-1389.

Sosiak, A. 2002. Long-term response of periphgod macrophytes to reduced municipal nutrient
loading to the Bow River (Alberta, Canad&anadian Journal of Fisheriesand Aquatic Sciences, 59:
987-1001.

Sukow, J. 201 1Esti mation of Ground Water Contribution fromthe South Side of the Shake River, Milner

to King Hill. Eastern Snake Plain Aquifer Model Version 2. Accessed April 24, 2013.
http://www.idwr.idaho.gov/Browse/Waterinfo/ESPAM/ESM_2 Design_Docs/SouthSideContribution/
ESPAM2_South_GW_Contribution_Design_Doc_1228201dumepdf.

Sukow, J. 2012. Reach gains below Milner for calion of ESPAM 2.0. Presented to the Eastern Snake
Hydrologic Modeling Committee on January 23, 20t Boise, Idaho. Accessed June 2012.
http://www.idwr.idaho.gov/Browse/Waterinfo/ESPAM/etangs/2012_ESHMC/01 23rd_2012/ReachGa
insBlwMilner_Jan2012 .pdf.

E] TETRATECH 36



Mid Snake Data Summary, Evaluation, and Assessment September 2014

Switzer, S., B. Buhidar, and M. Etcheverry. 201@lithinary Water Quality Analysis of the Mid-Snake
River 2000-2009 for TP, TSS akdcoli TMDL Pollutants. Presentation to the Mid Snake WAd&aho
Department of Environmental Quality, Twin Fallsalub.

Tanner, D.Q. and C.W. Anderson. 1996. Assessnfafater Quality, Nutrients, Algal Productivity,
and Management Alternatives for Low-Flow Conditip8suth Umpqua River Basin, Oregon, 1990-92.
Water-Resources Investigations Report 96—-4082. GeBlogical Survey, Portland, OR.

Thomas, S.A., G.W. Minshall, C.T. Robinson, etl&95. Ecological structure and function of the nedd
reach of the Snake River. Volume II: Ecosystem lwaltam and organic carbon dynamics. Prepared for
Idaho Department of Environmental Quality, Boif2, |

U.S. Department of Commerce. 2007. TIGER/Line Sfi@péncorporated Places. U.S. Census Bureau,
Geography Division. Accessed April 2012.
http://www.idwr.idaho.gov/Geographiclnfo/GISdatéi&s.htm.

USGCRP (U.S. Global Change Research Program). 208 National Assessment of the Potential
Consequences of Climate Variability and Change cRtional Resources, Regional Paper: Rocky
Mountain/Great Basin Region. US Global Change RekdRrogram. Accessed May 21, 2012.

http://www.usgcrp.gov/usgcrp/nacc/education/rockjesatbasin/rockiesandgreatbasin-edu-2.htm.

USGS (U.S. Geological Survey). 2012. National Hgraphy Dataset. U.S. Geological Survey. Accessed
May 2012. http://nhd.usgs.gov/.

Wang, S.Y., R.R. Gillies, E.S. Takle, and W.J. Gugki, Jr. 2009. Evaluation of precipitation in the
Intermountain Region as simulated by the NARCCAdamal climate modelsGeophysical Research
Letters 36: L11704.

WRB (Idaho Water Resource Board). 2012. EasterkeésRaver Plain Aquifer (ESPA) Comprehensive
Aquifer Management Plan (CAMP) Website. Idaho W&esource Board (WRB). Accessed May 2012.
http://www.idwr.idaho.gov/waterboard/WaterPlannDgMP/ESPA/espa-process.htm.

Wylie, A. 2012. Magic Valley Underflow. MemorandumEastern Snake Hydrologic Modeling
Committee, dated January 12, 2012. Idaho Departofaiater Resources. Accessed May 2013.
http://www.idwr.idaho.gov/Browse/Waterinfo/ESPAM/ESM_2 Design_Docs/Memo_Underflow.pdf

E] TETRATECH 87



Mid Snake Data Summary, Evaluation, and Assessment September 2014

(This page is intentionally left blank.)

@ TETRATECH 38



Mid Snake Data Summary, Evaluation, and Assessment September 2014

Appendix A. Data Sources

TETRATECH
] =



Mid Snake Data Summary, Evaluation, and Assessment September 2014

(This page is intentionally left blank.)

@ TETRATECH AD



Mid Snake Data Summary, Evaluation, and Assessment

September 2014

Table 24. Upper Snake-Rock Subbasin Data Sources

truckloads) and TP equivalency from Upper Salmon
A, Upper Salmon B, Lower Salmon, and Bliss dams

Name Source Description Years Constituents
Mid Snake DEQ Includes raw data from 7 water quality and 4 flow 1989-2010 Flow, TSS, Lab NTU, TP, DOP, TKN, NH3,
Statistics Files stations on the mainstem and 30 water quality (depends on NOX, E COLI, F COLI, CHLORO, PHEOP,
stations on tributaries. In addition, the mainstem station; tributary | TEM, Field NTU, pH, SC, TDS, DO, % DO
data are summarized by various time periods, data are for SAT
including calendar years, decades (1990s and 2007-2008)
2000s), months, seasons, and water years. (Not all constituents were sampled at each
station location)
Irrigation Return USDA-ARS Water quality and flow volume records for 26 drains | 2005-2008 Flow, TKN, TP, Dissolved Aluminum,
Flow Monitoring Kimberly for irrigation return flow monitoring Dissolved Ca, Dissolved Chloride, Diss.
Iron, Diss. Potassium, Diss. Magnesium,
Diss. Manganese, Diss. Sodium, Diss.
Ammonia, Nitrate, Diss. P, Diss. Sulfur,
Diss. Zinc, Specific Conductivity, pH, and
Suspended Sediment
Twin Falls Twin Falls Water quality and flow data (for some dates and 1990-2011 TSS, TP, air temp, water temp, flow, stage,
Irrigation Drain Canal Co. stations) for Twin Falls Canal Co. irrigation drains. turbidity, electrical conductivity, dissolved
Monitoring oxygen, pH, Total Nonfilterable Residue,
Total Ammonia, TKN, N-dissolved and
oxidized, TP, Orthophosphate Dissolved
(May not be available for all years or
locations)
North Side Canal | North Side Water quality for North Side Canal Co. irrigation 2002-2011 TP, OP, TSS
Irrigation Drain Canal Company | drains.
Monitoring
Macrophyte Idaho Power Aguatic vegetation removal (in number of 1991-2011 NA
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Name Source Description Years Constituents
Water Quality Idaho Power Water quality data collected at river mile 546. 1991-2013 Ammonia, Chla, DO, Nitrate, NitrogenTotK,
Spreadsheet includes raw data, paired data, time OrgCTot, OrgCTotDis, OrthoPDis, pH, Ptot,
series plots, and daily mean flow at King Hill. SpecCond, SusSolTot, Temperature,
Turbidity, VolSusSol
Water Quality USGS - NWIS Nutrient and sediment monitoring data throughout 2003-2013 TP, TN, Suspended Sediment
the Upper Snake-Rock Subbasin (depends on
station)
Water Quality Clear Springs Water quality data collected at the Clear Lakes 2001-2013 TP (other constituents available)
Foods Grade Road Bridge.
Water Quality University of Water quality data collected near Milner. 2000-2013 TP (other constituents available)
Idaho
Irrigation Return Ildaho Gage height records and calculated daily flow (cfs) 2002-2010 Return flow data (not WQ data)
Flow Department of and flow volume (acre-ft) for return flow drains to the | (depends on
Water Snake River. drain)
Resources
ESPAM Idaho Estimation of average flow contributions due to Average of data | Flow (cfs)
Department of springs and underflow (“baseflow”) from 1980 to from 1980 to
Water roughly 2009. 2008 or 2009
Resources depending on

reach segment
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Table 25. Comparison of TMDL Flow Assumptions (1997

,1999, 2000, and 2005) to Flow Summary Statistics ( 2000—2009)

TMDL Flow Assumptions

1997 Mean Annual
Study | TMDL Q, 1999 Draft 2005 TMDL Q, Q 2000- 10th Percentile
Segment* cfs? TMDL Q,cfs® | 2000 TMDL Q, cfs * cfs® 2009, cfs® | 30Q10PORcfs’ | 7Q10 POR cfs POR cfs
42510 1,302=| 3,8601t04,737 = 3,860 t0 4,737 =| 1,116 to 1,665 = 210562 = 110530 = 1310 710 =
MD to PF NA
877 877 877 549 560 529 697
1,302t02,075=| 4,737105,498 = 4737105498 =| 1,665t02556=| 562t01,393=| 530t01,311=| 710t01,693=
PFto CS NA
773 761 761 891 831 781 983
2075t03,817=| 5498t07,212= 5498107,212=| 2,556t03,959=| 1,2393t02776=| 1,311t02,678=| 1,693 103,179 =
CStoBC NA
1,742 1,714 1,714 1,403 1,383 1,367 1,486
3817105,709=| 7,212t09,113 = 7,212109,113=| 3,959t04,701=| 2,776t03516=| 2678t03,417| 3,179 to 3,958 =
BC to GB NA
1,892 1,901 1,901 742 740 739 779
5709t07,545=| 9113t011,108=| 9,113t011,108=| 4,701t06,461=| 3516t05,173=| 3417105043 =| 3,958 105,722 =
GB to SB NA
1,836 1,995 1,995 1,760 1,657 1,626 1,764
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TMDL Flow Assumptions

1997 Mean Annual
Study | TMDL Q, 1999 Draft 2005 TMDL Q, Q 2000- 10th Percentile
Segment* cfs? TMDL Q,cfs® | 2000 TMDL Q, cfs * cfs® 2009, cfs® 30Q10 POR cfs’ | 7Q10 POR cfs POR cfs
7,545t07,966 =| 11,1081t011,398 =| 11,1081t011,398=| 6,461t07,689=| 5,173t06,106 =| 5043t05,892=| 5,7221t0 6,761 =
SB to KH NA

421

290

290

1,228

933

849

1,039

™MD = Milner Dam; PF = Pillar Falls; CS = Crystal Springs; BC = Box Canyon; GB = Gridley Bridge; SB = Shoestring Bridge; KH = King Hill; Q = flow; POR =
period of record.
’NA = Not applicable; The segregation of the TMDL reach segments did not occur until the 2000 TMDL. The 1997 TMDL did not incorporate these six reach

segments. However, Table 7 (page 14) of the TMDL indicates flows at the USGS gage stations as: MD = 3,430 cfs; near Kimberly = 3,800 cfs; near Buhl = 5,450
cfs; near Hagerman = 9,280 cfs; and KH = 11,020 cfs.

*The values are based on net flow (output — input) as found in the 1999 TMDL (pages 357-363). This is referred to as the “Difference” as net flow for the segment
(output — input).
42000 TMDL Executive Summary, TSS TP Allocation Summary for Segments 1-6. This summary was developed by EPA and DEQ and was the basis for the 2000
TMDL based on the 1999 Draft TMDL.

*The flows for these reaches were estimated as average (or mean) flows (page 37, Section 10.1, 2005 TMDL) at the compliance points for each of the six
segments. Each segment has two compliance points, an input and an output.

®Mean annual flow for 2000-2009 for USGS gage stations: MD = 1,116 cfs; near Kimberly = 1,389 cfs; near Buhl = 2,799 cfs; near Hagerman = 6,046 cfs; and KH

=7,712 cfs.

"Percent of reach for USGS gages is the following: MD = 5/1/1909 to 9/30/2010; near Kimberly = 10/1/1923 to 9/30/2010; near Buhl = 12/12/1946 to 1/4/2012;
near Hagerman = 10/1/1937 to 9/30/2011; and KH = 6/1/1909 to 1/9/2012.
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Milner Dam
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Figure 50. Milner Dam daily flows, 1910-1950.
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Figure 51. Milner Dam daily flows, 1951-2010.
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Figure 52. Milner Dam average and median daily flow

s by decade.
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Figure 53. Milner Dam average and median daily flow

s by decade during the irrigation season.
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Figure 54. Milner Dam average and median daily flow

s by decade during the non-irrigation season.
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Figure 55. Kimberly daily flows, 1925-1950.
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Figure 56. Kimberly daily flows, 1951-2010.
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Figure 57. Kimberly average and median daily flows by decade.
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Figure 58. Kimberly average and median daily flows by decade during the irrigation season.
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Figure 59. Kimberly average and median daily flows by decade during the non-irrigation season.
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Figure 60. Buhl daily flows, 1948—-1979.
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Figure 61. Buhl daily flows, 1980-2011.
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Figure 62. Buhl average and median daily flows by d  ecade.
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Figure 63. Buhl average and median daily flows by d  ecade during the irrigation season.
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Figure 64. Buhl average and median daily flows by d  ecade during the non-irrigation season.
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Figure 65. King Hill daily flows, 1910-1950.
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Figure 66. King Hill daily flows, 1951-2011.
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Figure 67.

King Hill average and median daily flows by decade.
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Figure 68.

King Hill average and median daily flows

by decade during the irrigation season.
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Appendix C. Water Quality—Time Series
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B Milner Pool ® Pillar Falls © Crystal Springs @ Box Canyon @ Gridley Bridge ¢ Shoestring Bridge < King Hill

Figure 70. TP from water years 1990 through 1999 fo r all DEQ mainstem monitoring locations.
(Includes USGS monitoring data at coincident locations. )
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Figure 71. TP from water years 2000 through 2009 fo r all DEQ mainstem monitoring locations.
(Includes USGS monitoring data at coincident locations. )
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B Milner Pool ® Pillar Falls © Crystal Springs @ Box Canyon @ Gridley Bridge ¢ Shoestring Bridge < King Hill
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Figure 72. TP from water years 2010 through 2013 fo
(Includes USGS monitoring data at coincident locations.)

r all DEQ mainstem monitoring locations.
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Figure 73. TP from water years 1990 to present for
River that are not coincident with DEQ monitoring |
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Figure 74. TP from water years 1990 to present for  the Clear Springs Foods monitoring location.
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Figure 75. TP from water years 1990 to present for  the Idaho Power monitoring locations.
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O University of Idaho (ISOAS, Milner Bridge-Main Pool Area)

0.5
0.45
0.4
0.35
0.3 1
0.25
E 02 -

0.15 +

(mg/L)

0.1 4
0.05 -

0
o

o o

T

&
o

(o

i

T T T T

\99(’ x"’gﬂ \,"’qg 2
o o o o o o o o o o

Figure 76. TP from water years 1990 to present for  the University of Idaho monitoring location at

Milner.
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Figure 77. TP from the Twin Falls Canal Co. and Nor th Side Canal Co. monitoring locations at

Milner Dam.
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Figure 78. DOP from water years 1990 through 1999 f  or all DEQ mainstem monitoring locations.
(Includes USGS monitoring data at coincident locations. )
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Figure 79. DOP from water years 2000 through 2009 f  or all DEQ mainstem monitoring locations.
(Includes USGS monitoring data at coincident locations.)
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Figure 80. DOP from water years 2010 through 2013 f or all DEQ mainstem monitoring locations.
(Includes USGS monitoring data at coincident locations.)
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September 2014

Seasonal definitions for Appendix D figures:

e Winter — December 1 to February 28
e Spring — March 1 to May 31
¢ Summer — June 1 to August 31

» Fall — September 1 to November 30
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Figure 81. Winter TP concentration along mainstem f  or water years 1990-1999.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 82. Winter TP concentration along mainstem f  or water years 2000-2009.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 83. Spring TP concentration along mainstem f
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)

or water years 1990-1999.
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Figure 84. Spring TP concentration along mainstem f
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)

or water years 2000—-2009.
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Figure 85. Summer TP concentration along mainstemf  or water years 1990-1999.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 86. Summer TP concentration along mainstemf  or water years 2000—2009.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 87. Fall TP concentration along mainstem for
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)

water years 1990-1999.
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Figure 88. Fall TP concentration along mainstem for
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)

water years 2000—2009.
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September 2014

Seasonal definitions for Appendix D figures:

e Winter — December 1 to February 28
e Spring — March 1 to May 31
¢ Summer — June 1 to August 31

* Fall — September 1 to November 30

Decadal definitions for Appendix D figures:

e 1990s — Water years 1990 to 1999
e 2000s — Water years 2000 to 2009
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Figure 89. Milner Pool decadal TP concentration com

parison between seasons.

(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 90. Pillar Falls decadal TP concentration co

mparison between seasons.

(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 91. Crystal Springs decadal TP concentration

comparison between seasons.

(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 92. Box Canyon decadal TP concentration comp

arison between seasons.

(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 93. Gridley Brid%e decadal TP concentration
(Boxes represent 25'

comparison between seasons.
" 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 94. Shoestring Bridge decadal TP concentrati

on comparison between seasons.

(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 95. King Hill Bridge decadal TP concentratio  n comparison between seasons.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 96. Milner Pool seasonal TP concentration co  mparison between 1990s and 2000s.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 97. Pillar FaIIs seasonal TP concentration ¢ omparlson between 1990s and 2000s.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)

0.35 4
0.30 -+
0.25 -

5 0.20 -

caBeagilg

0.05 -+

0.00
winter ‘ spring ‘summer‘ fall | winter ’ spring ‘summer‘ fall

1990s 2000s

Figure 98. Crystal Spnngs seasonal TP concentrato  n comparlson between 1990s and 2000s.
(Boxes represent 25" 50" and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 99. Box Canyon seasonal TP concentration com  parison between 1990s and 2000s.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 100. Gridley Bridge seasonal TP concentratio ~ n comparison between 1990s and 2000s.
(Boxes represent 25", 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 101. Shoestrlng Brldge seasonal TP concentra  tion comparlson between 1990s and 2000s.
(Boxes represent 25" 50", and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Figure 102. King H|II Brldge seasonal TP concentrat  ion companson between 1990s and 2000s.
(Boxes represent 25" 50" and 75" percentiles; whiskers represent 10" and 90" percentiles.)
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Table 26. Water Quality Summary Statistics forthe  Mainstem of the Middle Snake River (WY 1990-2010)
DEQ and USGS Idaho Power TFCc* | Nscc?
Shoestring Milner Milner
Milner Pool Pillar Falls Crystal Springs Box Canyon Gridley Bridge Bridge King Hill King Hill Dam Dam
<2000 | >2000 | <2000 | >2000 | <2000 | >2000 | <2000 | >2000 | <2000 | >2000 | <2000 | >2000 | <2000 | >2000 | <2000 | >2000 | >2000 | >2000
TP (mg/L
N 252 131 95 126 218 125 89 125 122 126 152 125 181 244 99 305 517 10
Min 0.03 0.03 0.05 0.01 0.05 0.05 0.03 0.04 0.06 0.04 0.06 0.03 0.02 0.01 0.05 0.05 0.02 0.04
Mean 0.15 0.13 0.10 0.10 0.14 0.12 0.11 0.11 0.10 0.09 0.09 0.09 0.09 0.08 0.10 0.09 0.11 0.08
Max 0.90 0.41 0.26 0.91 0.29 0.58 0.20 0.23 0.21 0.24 0.26 0.62 0.34 041 0.36 0.25 0.44 0.12
Median 0.09 0.11 0.09 0.07 0.14 0.11 0.11 0.10 0.10 0.09 0.08 0.08 0.08 0.07 0.09 0.08 0.09 0.09
DOP (mg/L)
N 198 119 95 123 218 124 89 125 122 125 152 125 70 125 98 305 518 10
Min 0.003 | 0.003 | 0.003 | 0.003 | 0.005 0.010 | 0.007 | 0.005 | 0.006 0.003 | 0.009 | 0.003 | 0.008 | 0.003 | 0.003 | 0.003 | 0.002 | 0.010
Mean 0.061 | 0062 | 0.032 | 0.037 | 0.079 0.065 | 0.046 | 0.055 | 0.044 0.045 | 0.026 | 0.037 | 0.044 | 0.034 | 0.041 | 0.045| 0.044 | 0.039
Max 0420 | 0363 | 0.103 | 0.183 | 0.290 0.430 | 0113 | 0172 | 0.110 0120 | 0.067 | 0.113 | 0.108 | 0.135| 0.160 | 0.096 | 0.419 | 0.070
Median | 0.038 | 0.042 | 0.024 | 0.019 | 0.080 0.054 | 0.040 | 0.052 | 0.038 0.044 | 0.024 | 0.034 | 0.086 | 0.030 | 0.040 | 0.045| 0.022 | 0.035
TSS (mg/L)
N 244 131 95 128 218 125 89 125 122 126 152 125 186 246 38 184 518 10
Min 0.50 0.50 0.50 0.50 0.50 0.10 0.50 0.50 0.50 0.50 0.10 0.50 1.00 0.25 050 2.30 2.00 6.00
Mean 18.82 | 10.93 | 1552 | 10.66 | 25.92 9.83 19.71 7.94 | 18.91 7.94 | 19.41 849 | 27.62 | 11.02 | 13.16 | 17.28 | 15.80 11.50
Max 274.00 | 35.00 | 50.00 | 79.00 | 442.20 56.00 | 97.00 | 54.00 | 109.00 160.20 | 156.00 | 32.00 | 319.00 | 73.00 | 45.00 | 116.50 | 68.00 17.00
Median | 17.00 | 10.00 | 12.00 854 | 13.00 8.00 12.00 6.40 | 12.45 480 | 10.35 7.80 | 16.00 800 | 10.83 | 16.00 | 15.00 11.00
DO (mg/L)
N 251 128 95 123 218 123 89 122 122 123 152 124 184 238 199 299 512
Min 6.56 3.20 7.44 6.60 6.15 5.80 711 3.22 6.37 3.16 6.19 6.80 5.44 5.90 7.90 757 7.00
Mean 10.53 | 10.01 | 10.18 9.96 9.79 10.37 9.89 9.57 9.46 9.24 | 10.33 9.84 | 10.08 9.80 | 10.05 | 10.24 | 10.23
Max 17.00 | 20.00 | 14.38 | 13.81 | 14.75 14.70 12.67 | 14.35 | 13.39 12.75 | 1481 | 1235 | 1340 | 1570 | 14.00 | 13.84 | 19.70
Median | 10.48 9.74 9.86 9.80 9.70 10.50 9.60 9.59 9.08 9.26 | 10.49 9.79 | 10.10 9.77 | 10.09 | 10.25 9.80
pH
N 252 128 95 124 218 125 89 125 122 125 152 126 181 241 199 290 519
Min 6.90 7.20 7.58 7.04 7.30 7.60 7.84 7.14 7.00 717 7.80 7.65 6.80 7.20 7.46 5.98 7.30
Mean 8.57 8.52 8.38 8.47 8.35 8.40 8.27 8.34 8.15 8.25 8.17 8.39 8.30 8.37 8.26 8.23 8.62
Max 9.40 | 10.40 8.93 | 10.38 8.95 10.21 8.81 | 10.17 8.79 10.27 8.60 | 10.29 9.10 | 10.30 9.19 9.73 | 10.00
Median 8.60 8.55 8.40 8.41 8.37 8.37 8.28 8.32 8.16 8.22 8.15 8.35 8.30 8.36 8.26 8.27 8.70
Temp. (T)
N 310 129 95 123 218 124 89 124 122 124 152 124 186 239 202 300 518
Min -1.00 | -2.14 116 | -1.20 1.47 1.68 2.88 1.68 1.56 2.05 2.04 1.98 0.90 1.36 3.18 5.73 0.40
Mean 11.12 | 11.10 | 12.01 | 11.69 | 13.95 12.53 12.93 | 12.86 | 12.81 12.80 | 12.02 | 12.83 | 12.89 | 1299 | 13.66 | 1379 | 1261
Max 24.20 | 2440 | 22.02 | 2420 | 23.90 24.00 19.85 | 21.00 | 21.00 23.00 | 20.24 | 21.00 | 22.00 | 22.00 | 2053 | 21.82 | 28.90
Median | 11.10 | 10.88 | 11.27 | 11.70 | 14.47 12.10 12.91 | 12.30 | 13.17 12.27 | 1064 | 1255 | 13.15| 1290 | 13.63 | 13.37 | 12.60
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DEQ and USGS Idaho Power TFcc* | Nscc!
Shoestring Milner Milner
Milner Pool Pillar Falls Crystal Springs Box Canyon Gridley Bridge Bridge King Hill King Hill Dam Dam
<2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 >2000 >2000
Turbidity (NTU) *
N 119 106 95 115 152 112 89 114 122 116 152 116 103 116 185 238 522
Min 1.70 1.70 0.10 1.70 0.10 1.17 0.10 0.70 0.10 0.80 1.50 1.40 0.30 1.00 0.90 1.50 2.00
Mean 10.44 12.90 10.88 10.05 13.42 12.80 13.67 10.56 14.15 13.00 11.21 9.98 10.60 10.03 13.28 7.40 7.94
Max 40.10 | 208.90 30.80 76.10 41.20 240.00 69.40 | 158.30 62.50 454.40 71.20 68.20 88.00 88.30 | 133.00 58.10 26.00
Median 9.20 8.29 9.30 7.70 12.00 6.20 10.00 6.36 12.15 5.55 6.60 5.65 4.30 5.60 9.40 6.40 7.00
TN (mg/L
N 201 119 95 124 218 124 89 125 122 125 152 125 142 152 99 305 518
Min 0.02 0.22 0.45 0.43 0.51 0.80 0.84 0.98 0.87 1.12 0.88 0.92 0.54 0.90 0.78 1.00 0.36
Mean 0.80 1.24 1.24 2.10 2.02 2.54 1.92 2.71 1.74 2.31 1.38 2.10 1.48 1.98 1.53 1.84 0.91
Max 2.40 4.13 3.30 4.74 4.02 4.57 4.88 5.34 3.49 5.41 2.00 5.50 3.62 4.40 251 3.14 5.14
Median 0.70 1.06 1.05 2.03 2.12 2.55 1.69 2.63 1.78 2.23 1.39 2.04 141 1.91 1.52 1.85 0.75
TKN (mg/L)
N 201 119 95 124 218 124 89 125 122 125 152 125 142 152 99 305 518
Min 0.01 0.20 0.23 0.18 0.05 0.10 0.18 0.07 0.20 0.13 0.19 0.05 0.04 0.05 0.05 0.05 0.26
Mean 0.47 0.71 0.49 0.65 0.43 0.58 0.47 0.53 0.45 0.50 0.39 0.47 0.26 0.40 0.44 0.45 0.58
Max 1.88 1.91 1.19 1.90 1.34 1.80 1.04 1.60 1.09 2.71 0.75 2.68 1.47 2.28 1.10 1.33 1.44
Median 0.37 0.60 0.46 0.58 0.41 0.55 0.44 0.47 0.43 0.40 0.36 0.38 0.18 0.35 0.42 0.42 0.54
NO3 + NO2 (mg/L)?
N 252 131 95 124 218 124 89 125 122 125 152 125 181 245 99 305 518
Min 0.01 0.01 0.04 0.05 0.17 0.38 0.35 0.55 0.38 0.58 0.32 0.59 0.44 0.06 0.43 0.51 0.01
Mean 0.35 0.49 0.74 1.44 1.59 1.97 1.45 2.17 1.29 1.81 0.99 1.64 1.23 1.48 1.09 1.38 0.33
Max 2.06 3.67 2.55 4.02 3.15 3.89 4.04 5.03 2.82 3.75 1.69 3.38 3.19 3.92 1.85 2.56 4.76
Median 0.16 0.26 0.64 1.32 1.69 1.97 1.32 2.10 1.29 1.75 1.03 1.60 1.22 1.44 1.18 1.40 0.12
NH3 (mg/L)
N 252 131 95 124 218 124 89 125 122 125 152 125 182 245 99 305 518
Min 0.0003 | 0.0025 | 0.0030 | 0.0025 | 0.0060 0.0025 | 0.0120 | 0.0190 | 0.0110 0.0025 | 0.0100 | 0.0025 | 0.0030 | 0.0025 | 0.0050 | 0.0050 | 0.0050
Mean 0.0266 | 0.0833 | 0.0391 | 0.0662 | 0.0875 0.0916 | 0.0772 | 0.0968 | 0.0616 0.0769 | 0.0299 | 0.0580 | 0.0412 | 0.0375 | 0.0387 | 0.0274 | 0.0383
Max 0.3000 | 0.7330 | 0.2480 | 0.4650 | 0.3733 0.5530 | 0.3695 | 0.5710 | 0.2710 0.4650 | 0.1054 | 0.4500 | 0.1590 | 0.4700 | 0.1500 | 0.2400 | 0.2700
Median | 0.0200 | 0.0500 | 0.0222 | 0.0500 | 0.0700 0.0655 | 0.0610 | 0.0800 | 0.0510 0.0600 | 0.0260 | 0.0500 | 0.0310 | 0.0200 | 0.0250 | 0.0200 | 0.0300
Chlorophyll- a (micrograms per liter [pg/L}) s
N 106 117 21 123 21 124 21 124 25 125 9 124 21 124 120 289 471
Min 2.10 2.20 8.52 1.68 2.13 0.88 3.02 1.25 0.49 0.02 2.14 0.53 2.48 0.91 0.50 1.13 0.50
Mean 24.84 25.34 19.84 21.91 11.76 13.83 9.90 11.26 13.14 10.32 8.19 13.40 11.39 14.42 10.53 20.33 33.72
Max 114.00 | 168.00 60.29 74.00 32.35 70.00 30.94 65.00 38.74 61.00 21.74 98.00 38.25 98.00 | 133.20 | 148.88 142.00
Median 18.35 17.00 14.73 17.00 11.04 10.05 7.50 7.30 10.68 6.60 4.06 8.20 6.93 8.44 6.65 15.20 25.00
Pheophy tin (ug/L)
N 115 21 121 21 123 21 123 25 124 9 123 21 123
Min 0.26 041 0.23 1.22 0.02 0.78 0.06 0.12 0.02 0.48 0.02 0.96 0.03
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DEQ and USGS Idaho Power TFcc* | Nscc!
Shoestring Milner Milner
Milner Pool Pillar Falls Crystal Springs Box Canyon Gridley Bridge Bridge King Hill King Hill Dam Dam
<2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 <2000 >2000 >2000 >2000
Mean 7.91 4.00 6.14 4.44 4.15 3.57 3.24 2.16 2.43 2.03 3.09 4.45 4.13
Max 56.55 9.88 45.90 10.24 30.00 11.83 18.23 5.66 12.00 5.96 19.76 12.35 18.00
Median 4.40 4.20 3.80 4.13 2.50 2.76 2.47 2.07 1.70 1.31 2.40 4.03 3.15
TP, filtered (mg/L)
N 2 91 27
Min 0.01 0.01 0.01
Mean 0.02 0.05 0.04
Max 0.03 0.59 0.07
Median 0.02 0.04 0.05
Ortho-P, unfiltered (mg/L)
N 13 12
Min 0.02 0.03
Mean 0.16 0.06
Max 0.31 0.13
Median 0.12 0.06

! Field turbidity measurements were used for summary.
2NO3 + NO2 for Idaho Power is reported as NO3 only.
% Chlorophyll a data from varying sources may reflect different lab analysis methods.
4TFCC = Twin Falls Canal Co.; NSCC = North Side Canal Co.
Note: blank cells indicate no data available.
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Table 27. Comparison of Total Phosphorus (Mean and
Available DEQ or USGS Data

Sample Size) for Each Tributary with

WY 1990-1999 WY 2000-2012
Stream or Spring Agency Mean Count Mean Count
5th Fork Rock Creek: headwaters to Rock
Creek DEQ - - 0.04 4
Alpheus Creek: headwaters to mouth DEQ - - 0.02 3
Bickle Springs: headwaters to mouth DEQ - - 0.02 4
Billingsley Creek: headwaters to mouth DEQ - - 0.07 5
Blind Canyon Creek (Cedar Draw Creek):
headwaters to mouth DEQ - - 0.82 3
Blind Canyon Spring near Buhl, ID  08S 14E
28BDD1S (13095400) USGS - - 0.16 3
Blue Lakes Spring Bel Pump Plant near Twin
Falls, ID (13090999) USGS 0.03 6 0.01 17
Box Canyon Creek: headwaters to mouth DEQ - - 0.02 5
Box Canyon Springs near Wendell, ID USGS 0.01 35.00 0.015 18
Briggs Creek: headwaters to mouth DEQ - - 0.03 5
Briggs Spring at Head near Buhl, ID USGS 0.01 7.00 0.02 2
Cedar Draw: headwaters to mouth DEQ - - 0.15 9
Cedar Draw at Clover Road (3900 N.) Near
Filer, ID USGS - - 0.1355 2
Clear Springs: headwaters to mouth DEQ - - 0.12 6
Clover Creek: headwaters to Pioneer
Reservoir DEQ - - 0.08 8
Clover Creek: Pioneer Reservoir to mouth DEQ - - 0.02 2
Clover Creek near King Hill, ID USGS - - 0.01 2
Cottonwood Creek: headwaters to mouth (at
Foothill Road) DEQ - - 0.13 1
North Cottonwood Creek near Rogerson, ID USGS - - 0.09 2
Crystal Springs: headwaters to mouth DEQ - - 0.03 6
Devils Washbow! Spring near Kimberly 10S
18E 04AAD1S USGS - - 0.02 2
Deep Creek: headwaters to mouth DEQ - - 0.22 5
Dry Creek: headwaters to Murtaugh Lake DEQ - - 0.14 3
Ellison Creek DEQ - - 0.03 5
Malad River DEQ - - 0.03 4
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WY 1990-1999 WY 2000-2012
Stream or Spring Agency Mean Count Mean Count
McMullen Creek DEQ - - 0.14 3
Mud Creek DEQ - - 0.14 5
Niagara Springs DEQ - - 0.02 6
Pioneer Reservoir DEQ - - 0.16 4
Riley Creek DEQ - - 0.04 5
Riley Lake DEQ - - 0.02 4
Rock Creek: headwaters to Rock Creek Town DEQ - - 0.03 45
Rock Creek: Rock Creek Town to mouth DEQ - - 0.08 161
Rock Creek at Highway 30/93 crossing at Twin
Falls, ID USGS 0.09 86 0.10 111
Rock Creek at USFS Footbridge near Rock
Creek, ID USGS - - 0.03 2
Salmon Falls Creek: headwaters to mouth DEQ - - 0.09 5
Sand Springs: headwaters to mouth DEQ - - 0.04 5
Thousand Springs (Ritter Springs): headwaters
to mouth DEQ - - 0.02 5
Tool Box Creek: headwaters to 5th Fork Rock
Creek DEQ - - 0.05 2
Vinyard Creek: headwaters to mouth DEQ - - 0.03 6
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Appendix G.  Point Source Dischargers
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Table 28. Point Source Dischargers’ Existing TP Loa  d and Wasteload Allocations (WLA)
Minimum: Average: Maximum:
WLA: Annual Annual Annual Annual Average
Average TP Average TP Average TP TP Load Count of Year
NPDES ID | GAP Facility Name Load (Ib/day) Load (b/day) * | Load (Ib/day) * (Ib/day) * Records Range
ID0020061 FILER, CITY OF - FILER WWTP 17 3.8 4.7 7.3 26 2003 - 2011
JEROME, CITY OF - JEROME
ID0020168 WWTP 205 1513 190.6 247.6 83 2005 - 2011
ID0020664 BUHL, CITY OF - BUHL WWTP 174 6.0 18.1 22.3 116 2001 - 2012
TWIN FALLS, CITY OF - TWIN
ID0021270 FALLS WWTP 710 363.0 499.3 627.5 120 2001 - 2012
ID0022446 HANSEN, CITY OF 3.3 1.3 1.6 1.9 51 2007 - 2012
ID0025941 HAGERMAN, CITY OF 5.7 25 34 4.9 17 2007 - 2011
ID0027600" JEROME CHEESE COMPANY 0.04 0.0 0.8 15 101 2003 - 2011
IDG130001 1 IDAHO SPRINGS 36.9 0.7 34 6.4 59 2002 - 2007
IDG130002 2 SNAKE RIVER FARM 49 374 39.7 42.0 120 2001 - 2011
IDAHO DEPARTMENT OF FISH
AND GAME - HAGERMAN STATE
IDG130003 3 FISH HATCHERY 17.2 49 8.5 115 84 2001 - 2011
U.S. FISH AND WILDLIFE
SERVICE - HAGERMAN NATIONAL
IDG130004 4 FISH HATCHERY 12.2 27 5.2 7.1 87 2001 - 2011
IDG130005 5 JONES FISH HATCHERY 18.3 110 135 16.3 118 2001 - 2011
CLEAR SPRINGS FOODS INC -
IDG130006 6 CRYSTAL SPRINGS TROUT FARM 87 66.9 85.1 130.7 120 2001 - 2011
CLEAR SPRINGS FOODS INC -
IDG130007 7 CLEAR LAKE FARM 74.5 59.8 63.9 73.3 120 2001 - 2011
IDG130008 8 BLUE LAKES TROUT COMPANY 69.2 14.2 38.3 49.7 118 2001 - 2011
SEAPAC OF IDAHO INC - MAGIC
IDG130009 9 SPRINGS HATCHERY 50.1 20.0 275 32.7 120 2001 - 2011
RIM VIEW TROUT COMPANY -
IDG130010 10 WENDELL HATCHERY 66.3 318 40.7 54.6 121 2001 - 2011
IDG130011 11 CLEAR LAKES TROUT FARM 70.9 28.1 42.0 61.4 120 2001 - 2011
IDAHO DEPARTMENT OF FISH
AND GAME - NIAGARA SPRINGS
IDG130013 13 FISH HATCHERY 14.4 3.0 7.4 104 82 2001 - 2011
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Minimum: Average: Maximum:
WLA: Annual Annual Annual Annual Average
Average TP Average TP Average TP TP Load Count of Year
NPDES ID | GAP Facility Name Load (Ib/day) Load (Ib/day) * | Load (Ib/day) * (Ib/day) * Records Range
IDG130014 | 14 | CLEAR SPRINGS FOODS INC 141 1035 117.6 128.9 120 2001 - 2011
IDG130015 | 15 | RANGEN INC 7.9 24 35 8.9 97 2001 - 2011
IDAHO DEPARTMENT OF FISH
AND GAME - MAGIC VALLEY
IDG130016 | 16 | STEELHEAD HATCHERY 15.2 -26.2 -1.2 6.4 52 2002 - 2011
SEAPAC OF IDAHO INC -
IDG130018 | 18 | PRISTINE SPRINGS HATCHERY 26.8 18 18.6 50.4 120 2001 - 2011
WHITE SPRINGS TROUT FARM -
IDG130020 | 20 | HAGERMAN HATCHERY 135 35 6.1 9.8 120 2001 - 2011
IDG130026 | 26 | WHITE WATER RANCH 4.3 19 2.8 33 15 2008 - 2011
IDAHO TROUT COMPANY -
RAINBOW TROUT FARMS FILER
IDG130028 | 28 | HATCHERY 5.3 0.6 20 35 35 2002 - 2011
RAINBOW TROUT FARMS BUHL
IDG130029 | 29 | HATCHERY 3.8 04 15 33 34 2002 - 2011
IDG130036 | 36 | CANYON TROUT FARM 4.7 -0.3 0.1 04 6 2008 - 2010
IDG130040 | 40 | TUNNEL CREEK 33 0.6 18 3.0 42 2003 - 2011
FISH BREEDERS OF IDAHO INC -
IDG130041 | 41 | CATFISH FARM 16.3 7.1 8.5 11.0 45 2008 - 2011
IDG130046 | 46 | SEAPAC OF IDAHO 37 -11.3 -2.1 19 16 2008 - 2011
IDG130049 | 49 | BELL FISH PONDS 12 0.0 04 0.8 8 2004 - 2011
IDG130053 | 53 | JACK'S PONDS 6.7 -1.7 18 12.3 19 2002 - 2011
IDG130054 | 54 | CLEAR SPRINGS FOODS INC 29.5 6.5 22.8 275 94 2003 - 2011
FISH BREEDERS OF IDAHO - BIG
IDG130056 | 56 | BEND TROUT FARM 12.1 14 4.4 6.8 25 2004 - 2011
BOSWELL TROUT FARMS - COX'S
IDG130057 | 57 | PONDS 6.6 -3.1 0.7 2.9 19 2002 - 2011
ARK FISHERIES INC - OLSON
IDG130059 | 59 | PONDS 12 0.3 0.9 2.9 25 2001 - 2011
IDG130060 | 60 | BLIND CANYON HATCHERY 3.8 -1.1 23 4.6 16 2008 - 2011
IDG130061 | 61 | TEN SPRINGS HATCHERY 13.8 6.1 9.0 115 106 2002 - 2011
ARK FISHERIES INC - BIRCH
IDG130062 | 62 | CREEK 4.3 13 15 17 16 2008 - 2011
IDG130063 | 63 | WHITE'S HATCHERY 16 0.2 05 0.8 15 2001 - 2011
IDG130064 | 64 | SWEETWATER FARM 4.8 -1.5 0.5 18 8 2001 - 2011
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Minimum: Average: Maximum:
WLA: Annual Annual Annual Annual Average
Average TP Average TP Average TP TP Load Count of Year
NPDES ID | GAP Facility Name Load (Ib/day) | Load (lb/day) * | Load (Ib/day) * (Ib/day) * Records Range
ARK FISHERIES INC - BUCKEYE
IDG130065 | 65 | FARMS 75 0.0 2.6 145 23 2002 - 2011
IDG130066 | 66 | BILLINGSLEY CREEK RANCH 23 1.0 16 2.2 18 2001 - 2007
IDG130069 | 69 | DOLANA TROUT FARMS INC 18 0.7 14 20 8 2008 - 2011
ARK FISHERIES INC - JUKER
IDG130070 | 70 | FARM PONDS 13 04 0.8 13 25 2001 - 2011
IDG130076 | 76 | LEMMON PONDS 19 0.3 1.0 17 21 2003 - 2011
IDG130077 | 77 | DEEP CREEK PONDS 6.1 -2.0 -1.2 -0.1 7 2008 - 2010
IDG130082 | 82 | BILLINGSLEY BAY FARMS 11 0.2 18 3.0 20 2004 - 2011
IDG130083 | 83 | TALBOTT TROUT FARM 25 0.1 0.1 0.1 12 2005 - 2005
AWALT FAMILY REVOCABLE
IDG130087 | 87 | TRUST 2.9 0.0 05 14 9 2008 - 2011
FISH BREEDERS OF IDAHO -
IDG130090 | 90 | SMITH'S PONDS 7.7 29 54 14.2 30 2002 - 2011
IDG130096 | 96 | BOYER PONDS 16 0.0 0.1 0.1 13 2004 - 2005
IDG130098 | 98 | LYNCLIF FARMS 3.8 04 0.6 0.8 7 2008 - 2011
IDG130103 | 103 | STUTZMAN FARM PONDS 0.6 0.2 04 0.7 14 2003 - 2011
IDG130104 | 104 | CANYON SPRINGS 12.2 30 74 10.6 16 2008 - 2011
RCP - RICK AND CHERYL
IDG130109 | 109 | EGGLESTON 14 0.0 0.2 0.3 6 2007 - 2010
FISH BREEDERS OF IDAHO -
IDG130111 | 111 | HENSLEE HATCHERY 29 0.2 19 8.2 12 2004 - 2011
LIVELY, ROBIN AND TERRY -
IDG130112 | 112 | LIVELY FARM POND 17 0.7 22 4.1 4 2008 - 2011
IDG130116 | 116 | FIRST ASCENT FISH FARM 7.2 26 35 4.8 17 2007 - 2011
WHITE WATER FISHERIES INC -
IDG130118 | 118 | SLANE POND 19 0.5 05 0.6 14 2008 - 2011
IDG130119 | 119 | WHITE WATER FISHERIES INC 2.7 0.6 0.9 13 15 2008 - 2011
IDG130120 | 120 | WHITE WATER FISHERIES INC 24 14 15 17 16 2008 - 2011
COLLEGE OF SOUTHERN IDAHO
(CSI) FISH TECHNOLOGY
IDG130124 | 124 | PROGRAM - CSI FISH HATCHERY 22 0.2 1.0 17 26 2003 - 2011
IDG130131 | 131 | TUPPER PONDS 0.3 0.2 04 0.6 6 2004 - 2007
IDG130133 | 133 | BAKER PLACE 4.6 2.6 2.9 3.2 13 2008 - 2011
TETRATECH
] =




Mid Snake Data Summary, Evaluation, and Assessment September 2014
Minimum: Average: Maximum:
WLA: Annual Annual Annual Annual Average
Average TP Average TP Average TP TP Load Count of Year
NPDES ID | GAP Facility Name Load (Ib/day) Load (Ib/day) * | Load (Ib/day) * (Ib/day) * Records Range
CLEAR LAKES TROUT
IDG132001° PROCESSING 33 04 05 0.7 44 2008 - 2011
CLEAR SPRINGS FOODS INC -
IDG132002° FISH PROCESSING PLANT 20.2 9.0 10.6 13.1 47 2008 - 2011
IDG132003° RAINBOW TROUT FARMS INC 25 0.8 11 13 48 2007 - 2011
IDG132004° SEAPAC OF IDAHO 4.7 12 15 21 46 2008 - 2011

"Negative existing load values indicate that the load discharged is less than the load entering the facility through the source water intake.

2 Facility WLA was not included in USR TMDL Modification documents (DEQ 2004, 2005). The value reported for WLA in this table is the current permit limit for
average TP load (in pounds per day).
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A flow balance was developed for the mainstem efittiddle Snake River using continuous discharge
data from five USGS gage sites (Figure 48). The fhainstem USGS gages, listed from upstream to
downstream, were Milner Dam (13088000), Kimberl$q20000), Buhl (13094000), Lower Salmon
Falls near Hagerman (13135000), and King Hill (8). Annual average flow along the mainstem
was calculated for each gage for WY 2000-2009 @ aB). Mainstem flow between each of the five
USGS gages was then calculated by subtractingpsteaam gage annual average flow from the closest
downstream gage annual average flow, starting Mither Dam at the farthest upstream location. The
result of this calculation is the “total inflow” fahe reach length between each of the five USGfgga
(Table 30); from this point forward these reactgtés will be referred to as USGS segments. The
calculation used to determine total inflow for eAtI8GS segment” is provided in Equationi Bndj in
this equation represent two consecutive USGS gages.

Equation 1:

Downstream annual average flow; — upstream annual average flow;
= USGS segment total inflow;  ;

Table 29. Annual Average Flow at USGS Gages, WY 200 0-2009

Annual Average Flow (cfs) at USGS Gage

USGS Gage 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Milner Dam 2,740 | 441 | 337 | 336 | 285 | 519 | 2268 | 1,014 | 668 | 2,553
(13088000)

Kimberly (13090000) | 3,061 | 761 | 617 | 613 | 552 | 771 | 2,484 | 1,323 | 942 |2,764
Buhl (13094000) 4,665 | 2,148 |2,016 |1,953 | 1,860 |2,053 | 3,947 | 2,726 | 2,308 | 4,309

Lower Salmon Falls | 8,101 | 5,586 |5,299 | 5,169 | 5,079 |5,225 | 7,186 |5,832 | 5,481 | 7,498
near Hagerman
(13135000)

King Hill (13154500) |9,992 |7,332 | 6,899 | 6,646 | 6,520 | 6,759 | 9,379 | 7,462 | 7,082 |9,045

Table 30. Total Inflow for USGS Segments by Water Y  ear

Total Inflow (cfs) between USGS Gages

USGS Segment 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

Milner Dam to 322 320 280 276 266 252 216 309 274 210
Kimberly

Kimberly to Buhl 1,604 | 1,387 | 1,400 | 1,340 | 1,309 | 1,281 | 1,463 | 1,404 | 1,367 | 1,545
Buhl to Lower 3,436 | 3438 | 3,282 | 3,216 | 3,218 | 3,172 | 3,238 | 3,105 | 3,173 | 3,190
Salmon Falls near

Hagerman

Lower Salmon Falls 1,891 | 1,746 | 1,600 | 1,477 | 1,441 | 1,534 | 2,193 | 1,630 | 1,601 | 1,546
near Hagerman to
King Hill
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Average baseflow, defined as stream flow thatiimarily from diffuse ground water inflow occurring
within the same reach without surface expressi@peangs, was obtained from the DWR ESPAM efforts
(Wylie 2012) and was used to determine baseflovritnrions to each USGS segment. ESPAM
provided baseflow values as averages from 1980@8 2r 2009, depending on the segment, for USGS
segments between Kimberly and Buhl, Buhl and Lo8&mon Falls near Hagerman, and Lower Salmon
Falls near Hagerman and King Hill USGS gages. Bawefalues were not provided for the USGS
segment between Milner Dam and Kimberly USGS gatesefore, these flows are considered
unaccounted waters in the mass balance analysisioes below.

Baseflow was incorporated into the flow balanca gercent of the average reach gain estimatedafdr e
reach from 1980 to 2008 or 2009, depending onegenent (Wylie 2012) (Table 31). These percentages
were applied to the USGS segment total inflowseti@anine the baseflow contribution for each USGS
segment (Table 32). Although a constant percentageassumed for each USGS segment, the percent of
reach gain from baseflow is not expected to betemhdecause baseflow is believed to occur at adow
elevation than spring discharge and is assumed teds sensitive to changes in aquifer head. Basef

is expected to become a slightly larger percentdi¢fee total flow as reach gains decrease.

Table 31. Percent of Reach Gain from Baseflow (Wyli e 2012)

Average Reach Gain Average Reach
from 1980 to 2008(9) Baseflow from 1980 Percent of Reach Gain
USGS Segment (cfs)® to 2008(9) (cfs) * from Baseflow
Kimberly to Buhl 1,105 265 24.0%
Buhlto Lower Salmon Falls 3,370 907 26.9%
Lower Salmon Falls to King Hill 1,539 365 23.7%

* Average reach gain and reach baseflow values displayed here were taken from DWR ESPAM efforts (Wylie 2012).

Table 32. Example Calculations for WY 2000 Baseflow  Contributions to USGS Segment Total
Inflow

WY 2000 USGS

Segment Total Percent of Reach WY 2000 Baseflow
USGS Segment Inflow (cfs) * Gain from Baseflow 2 Contribution (cfs)
Milner Dam to Kimberly 322 Not Provided Unaccounted For
Kimberly to Buhl 1,604 24.0% 385
Buhlto Lower Salmon Falls 3,436 26.9% 924
near Hagerman
Lower Salmon Falls near 1,891 23.7% 448

Hagerman to King Hill

" Flow obtained from Table 30.
2 percentages from Table 31.

As an intermediate step in the flow balance, totainstem inflow and baseflow contributions for each
USGS segment were proportioned to the six studseats based on the percent of USGS segment
length that was coincident with each study segrtieigure 48); Table 33 lists these percentages. An
example calculation used to proportion flow from@&Ssegments to the Milner Dam to Pillar Falls study
segment is provided in Equation 2.
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Equation 2:

(% of USGS segmentyp o ¢ * USGS segment total inflowyp ¢ k)
+ (% of USGS segmentg 4, g * USGS segment total inflowg ¢, )
+ (% of USGS segmentpg 4, 1 * USGS segment total inflowg ¢, 1)
+ (% of USGS segment; 1, g * USGS segment total inflowy ¢, )
= Study segment total inflowyp to pr

where MD = Milner Dam, K = Kimberly, B = Buhl, L Eower Salmon Falls near Hagerman, H = King
Hill, and PF = Pillar Falls.

Table 34 presents the calculated total inflowsstady segments. The calculation performed to determ
baseflow contributions for each study segment wa#as to Equation 2 except that USGS segment total
inflow was replaced with USGS segment baseflow riimution.

Table 33. Percent of USGS Segments Coincident with  Study Segments

Percent of USGS Segment Coincident with Each Study ~ Segment

USGS: Lower

USGS: Buhl to Salmon Falls
USGS: Milner USGS: Lower Salmon Near

Dam to Kimberly to Falls Near Hagerman to

USGS Segment Kimberly Buhl Hagerman King Hill

Milner Dam to Pillar Falls 100% 20% 0% 0%
Pillar Falls to Crystal Springs 0% 63% 0% 0%
Crystal Springs to Box Canyon 0% 17% 36% 0%
Box Canyon to Gridley Bridge 0% 0% 23% 0%
Gridley Bridge to Shoestring Bridge 0% 0% 41% 25%
Shoestring Bridge to King Hill Bridge 0% 0% 0% 74%

@ TETRATECH H5



Mid Snake Data Summary, Evaluation, and Assessment September 2014
Table 34. Total Inflow Calculated for Study Segment s
Total Inflow (cfs) for Study Segments
USGS Segment 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Milner Dam to
Pillar Falls 636 592 554 539 523 503 503 584 542 513
Pillar Falls to
Crystal Springs 1,014 877 885 847 827 810 925 887 864 977
Crystal Springs to
Box Canyon 1,504 1,467 1,413 1,380 1,375 1,354 1,409 1,351 1,369 1,405
Box Canyon to
Gridley Bridge 785 785 750 735 735 725 740 709 725 729
Gridley Bridge to
Shoestring Bridge 1,895 1,860 1,759 1,701 1,693 1,697 1,888 1,693 1,714 1,707
Shoestring Bridge
to King Hill Bridge 1,393 1,287 1,180 1,088 1,062 1,131 1,616 1,201 1,180 1,140

The final step in the flow balance was to deterntiireeremaining contributing sources of flow for leac
study segment. Because data availability was loniteis flow balance was calculated by subtracting
known contributing sources from total inflow to dehine unaccounted flow for each study segment.
Equation 3 provides an example calculation of uoanted flow for a single study segment.

Equation 3:

study segment total inflow - (baseflow + tributary flow + spring flow

The results of the flow balance are provided inl@ &2 in Section 7.

+ irrigation return drain flow + direct point source flow)
study segment unaccounted flow
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I-1. Purpose

In the 1990s, concern over the extensive growttuifance aquatic plants (e.g., algal mats and
macrophytes) in the Middle Snake River resultedrireffort by the Idaho Department of Environmental
Quiality (DEQ) to address the problem through theDIMbrocess. Water quality studies identified
phosphorus as the limiting nutrient contributinghe excess nuisance aquatic plant growths, platigu
in the Crystal Springs Reach, which was considdredhot bed for macrophytes and algal mats. THis le
to development of a Total Phosphorus (TP) TMDLtFer Mid Snake/Upper Snake Rock Subbasin.

From 1997 through 2005, the following TMDL docurretitn, developed by DEQ and approved by
EPA, established targets and load and wasteloadagitbns for achieving the targets:

* Middle Snake River Watershed Management Plan, 1/#%%ed 1998
e Upper Snake-Rock Watershed Management Plan, 1999
» Upper Snake-Rock TMDL Maodification, 2005

The TMDL includes the following targets: (1) tofglosphorus (TP) in-stream target of 0.075 mg/L at
Gridley Bridge; (2) TP instream target of 0.1 mgilthe tributaries; and (3) a 30 percent reductan
average) of nuisance aquatic plant growth in thestat Springs Reach.

DEQ conducted a five-year review in 2010, whichidgated that the TP targets had not been achieved in
the mainstem and multiple tributaries during 209@Q@08. The review illustrated that flows have been
reduced in the most recent decade, suggestinghinatbility of the TMDL to support beneficial uses
should be reevaluated. Possible causes of redimesd &re water withdrawals, drought, and climatic
patterns (DEQ 2010).

In light of the above circumstances, DEQ and EP4i&e10 initiated an assessment and evaluation of
all readily available data to determine the neecaf6oMDL revision. As the first step, the Data Suamm
Evaluation, and Assessment Report (Data Reporigwed all relevant documents and existing data.
EPA, DEQ, and Idaho Department of Water Resoui®¥R) provided data, technical guidance, and
review of this assessment report. This technicaharandum provides supplemental data analysis and
literature review to augment the Data Report. Rigeollected monitoring data, not available durthg
Data Report development, has been incorporatedhig@supplemental analysis.

A subset of monitoring locations was selected sottee utility of the supplemental analysis. Thérdi
Pool and King Hill locations were selected to reerg conditions at the inflow and outflow points o
Middle Snake River. The locations of Pillar FalimleBuhl were selected because large datasetseavith f
seasonal or annual gaps were available for thesgidms, and they represent conditions in the akntr
portions of the River, with Buhl in proximity to @tal Springs where TP concentrations average highe
than other central locations. These initial locasiprovided a test for whether the supplementdiaisa
would provide meaningful results. The following Bisés methods were selected to investigate tremds i
TP concentration and load:

e Trend analyses using data collected in 2000 thr@@dI3 for the following mainstem locations:
Milner, Pillar Falls, Buhl, and King Hill

» Development of LOADEST models for the following mstiem locations: Milner, Pillar Falls,
Buhl, and King Hill

» Evaluation of the influence of City of Twin Fallfflaent on theoretical downstream TP
concentrations using available monitoring data it limits. This evaluation was completed
because the Twin Falls WWTP TP discharge is ttgektrwithin the subbasin, and TP

TETRATECH
@ -3



Mid Snake Data Summary, Evaluation, and Assessment September 2014

concentrations at the next downstream monitorinigtgBuhl), are higher than other downstream
locations.

In addition to these analyses, the following docainveas reviewed and summarized, focusing on how TP
is related to macrophyte growth in the Middle SnRkeer: Ecological Risk Assessment for the Middle
Snake River, Idaho (EPA, 2002). The methods andtesfor each analysis are documented in this
technical memorandum, followed by recommendationgnicluding this information in a revised version
of the Data Report.

I-2. Trend Analysis

Advanced statistical analyses were performed terdene if total phosphorus concentrations exhibit
significant trends over time in the Middle SnakedRimainstem. The Mann-Kendall test, Seasonal
Kendall test, and Sen’s nonparametric slope estimvedre used to test for the presence of a stalisti
significant trend. Four locations on the mainsteenenanalyzed: Milner, Pillar Falls, Buhl, and KiHgl.
In the following sections, detailed methods arevjated, and results are presented and discussednirs t
of both significance and magnitude.

I-2.1 STATISTICAL METHODS

The Mann-Kendall test for trend (Mann, 1945; KehdE375) forms the basis of the method that islyike

the most frequently used for trend analyses peddrom water quality monitoring data — the Seasonal

Kendall Test. The method was developed and pogelhby USGS researchers throughout the 1980s

(Hirsch et al., 1991), and USGS published compedee supporting its use. In recent years, the USGS
Kendall Program (Helsel et al., 2006) has been tsednduct these analyses.

Mann-Kendall is especially useful for detectingntte in environmental variables for several reasons:

» The test is nonparametric (that is, unlike mangnotbsts, it does not depend on an assumption
that the distribution of the data follows a specifirm such as the normal distribution).

e Missing values are allowed.

» Data reported at the detection limit can be useldout censoring, so long as the values are set
lower than the smallest observation.

This is all possible because Mann-Kendall looky @tlthe relative magnitudes of sequential dataéhso
type of distribution, gaps, and the assumptiond senon-detects become irrelevant. The probgbilit
interpretation of the original Mann-Kendall tesedphowever, assume that the data are not serially
correlated, an assumption frequently violated bsirenmental monitoring data. Serial correlatiors¢al
called autocorrelation) occurs when sequential gdatiats are not independent from each other.

The Seasonal Kendall test is a generalizationefMann-Kendall test, developed by Hirsch et al8g)9
In its original application, data were divided irlt® “seasons”, with each month representing a seaso
The Mann-Kendall test statistic and its varianee@lculated separately on each season. Theistatist
are summed and a Z statistic computed, which igpesed to the standard normal distribution tablés T
null hypothesis blis there is no trend, while the alternative hyjsth H, is that a trend versus time
exists (either an upward or downward trend; thtsatailed test). The effect of serial correlatiarthe
data can be addressed by a modification of thestatistic (Hirsch and Slack, 1984). The modificatis
recommended in cases where there are 10 or moeevalisns per season (i.e., 10 years of data if
seasons are defined monthly) due to difficultieadaurately determining the adjustment for shateies
of data.
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An estimate of the trend slope can be calculatedmunction with the Seasonal Kendall test. Toesl
is based on Sen’s nonparametric slope estimator, (68). The method estimates a series of slopes
between values from the same season. The SeasendhKslope is the median of this series of slopes

The presence of flow effects on concentration magkra trend, or exaggerate it; one cannot tell faom
concentration time series whether an apparent tsetide solely to systematic differences in disghar
over time (for instance, a series of wet yearsjrudy due to a real trend in the concentrationeOn
method for reducing extraneous variance is call®dMESS, which stands for locally weighted
scatterplot smoothing (Cleveland, 1979). A smoa@hinndow with a user-defined width in terms of the
fraction of total observations is passed over #ta,done observation at a time. The smoothing fomct
gives stronger weight to observations with lessavere compared to the center point, while obseraati
with greater variation have less weight. As a el WESS is less sensitive to outliers and isgradfle
over parametric regression procedures for timesenalysis. In the case of concentration and flow,
LOWESS is performed on the relationship betweernwle(Hirsch et al., 1991). Once the variation due
to flow is removed, trend analysis is conductedhenresiduals. The choice of the width of the siinot
window (denoted af§ may be important; the goal is to seletti minimize variability of concentration
related to flow, while still allowing any underhgrtrend to remain undistorted. Cleveland (1979)
recommends using a value of 0.5 ffais a starting point, with variations in the ran§6.2 to 0.8 being
reasonable.

It is important to note that trend tests are nptealiction of the future. Each test is valid foe time
period it covers, but that does not necessarilymtiea trend will continue. If a trend is presenisi
possible that whatever process has caused thewi#mbt behave in the same manner going forward.

I-2.2 MONITORING DATA

TP monitoring data were obtained for several lacetialong the Middle Snake River mainstem. Periods
of record and data sources are shown in Table i8%e $eries plots are provided in Figure through
Figure 107 for each location. The nearest USGS gaBélar Falls (near Twin Falls 13090500) had
discharge data only from 7/15/2009. Discharge ftata 10/1/2000 to 7/14/2009 were estimated at this
location using maintenance of variance extensigression model (MOVE.1 LOC) and daily discharge
data from an upstream gage at Kimberly (130900008.USGS SREF 1.0 program was used to produce
daily discharge estimates at Twin Falls using Kirhbdata and the MOVE.1 LOC method.

Table 35. TP Monitoring Data Used for Trend Analyse s

TP Data TP Period of

Location Flow Gage Source Record

Milner 13088000 University of Mar 2000 —

Idaho (U of I) Jul 2013

Pillar Falls 13090500 Dept. of Env. Oct 1999 —
13090000 Quality (DEQ) Sep 2009

Buhl 13094000 Clear Springs Apr 2000 —
Foods (CSF) Sep 2013

King Hill 13154500 Idaho Power Jan 2001 —
Company (IPC) | Sep 2013

King Hill 13154500 USGS Oct 2000 —
Aug 2013
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Figure 103. TP monitoring data series at Milner

[Ws

»

J

NATVA

U

- 800¢C 0O

- £00C PO

- 900¢ O

- S00¢C PO

- ¥00¢C O

- €00¢C O

- ¢00C PO

- T00C PO

- 000¢C O

0.3

0.25

0.2
.15

o
1/8w ‘d1

0.1

0.05

6661 0
o

Is

Figure 104. TP monitoring data series at Pillar Fal

I-6

@ TETRATECH



September 2014

Mid Snake Data Summary, Evaluation, and Assessment

0.25

0.2

1/8w ‘d1

0.05

o

¢T0C PO

TT0C PO

0T0C PO

600¢ R0

800¢ RO

£00C PO

900¢ PO

S00C PO

¥00¢ 30

€00C PO

¢00C PO

T00C PO

000¢ PO

Figure 105. TP monitoring data series at Buhl
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Figure 107. USGS TP monitoring data series at King  Hill

Since monitoring is performed at the same King lditiation for both USGS and IPC, the potential for
pooling these datasets was investigated. A pldtRofrersus flow superimposed for both data sets
suggests that IPC values tend to be higher than3J&(Bies across a range of flows (Figure 108).0A pl
of same-day paired IPC versus USGS values showsth@st cases, the magnitude of the IPC value is
higher than the USGS value (Figure 109). For théson, the data sets were analyzed separately.
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Figure 108. TP versus Flow at King Hill for USGS an  d IPC Data Sets
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The monitoring data was reviewed to determine tiesgnce of seasonality. When analyzing data for
trend, the Seasonal Kendall test is preferred veleasonality is present. Otherwise, the Mann-Kendall
test may attribute a trend to a data series whasosality explains a portion of the variation ie thata.
The explanatory power of trend tests is improvedmources of variation other than the trend are
removed prior to the tests.

To test for seasonality in the TP data, an autetation function (ACF) plot was prepared for eaehies.
Autocorrelation occurs when a particular measurdrnsesimilar to adjacent observations in time. The
ACF provides the degree of autocorrelation betvgsea points at+ k lags, wheré is each observation
andk is the series of lags 1n..When seasonality is present, monthly data at sactessive multiple of
lag 12 are correlated to each other. Much of tha das sampled bi-weekly (though not consistensly),
prior to running the ACF analysis, a monthly mediatue was calculated for each time series. The ACF
analysis was then performed on the series of mpntiles.

The degree of autocorrelation for each lag is nreasin terms of a correlation coefficient rangingn
-1 to 1. As autocorrelation increases, the absefaliee of the correlation coefficient increases. Fo
example, for Milner Dam in Figure 110, the corrslatcoefficient of 0.53 at Lag 12 suggests strong
seasonality. In addition to Milner Dam, a strorgnsiture of seasonality exists at Pillar Falls (Fegb11)
and Buhl (Figure 112). Seasonality is weaker basgnt for the King Hill USGS data (Figure 114) isut
essentially absent from the King Hill IPC data (Fig113).
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Figure 110. ACF for Milner

E] TETRATECH 10



Mid Snake Data Summary, Evaluation, and Assessment September 2014
Time Series Basic Diagnostics
Lag AutoCorr -.8-.6-4-20.2.4.6.8
0 1.00000 : : : :
1 0.58% '
2 0.2806 Cf
3 01645 Cf
4 0.0043 2 (1l
5 -0.1079 : B
6 -0.2541 :
7 -0.2406 E
8 -0.0915 e
9 0.0603 Ik
10 0.2229 K
11 0.3676 Hi
12 0.5188 g
13 0.4932 e
14 0.3205 e
15 0.1854 i
16 0.0212 ]
17 -0.1658 ; =
18 -0.2329 |
19 -0.1435 |
20 -0.1018 |
21 0.0003 ]
22 0.1365 ol
23 0.3089 =
24 03973
25 0.3433 g
Figure 111. ACF for Pillar Falls
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Time Series Basic Diagnostics
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Figure 113. ACF for King Hill (IPC Data)
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Figure 114. ACF for King Hill (USGS Data)
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I-2.3 TREND ANALYSIS RESULTS

The trend analyses were performed on the entigesiates (not the monthly median series prepared fo
the ACF plots). Mann-Kendall tests treat the datguentially so all the data are utilized. When fagn

the Seasonal Kendall test, the USGS Kendall progratomatically calculates the median value for each
season, and for the purposes of the test, eacthmas designated as a different season. When trend
tests were run with LOWESS for flow, the smoothiaduef was set to 0.5 as recommended by
Cleveland (1979).

In order to illustrate how trend analysis resulispdepending on the test used (Mann-Kendall or
Seasonal Kendall, with or without LOWESS), the falhge of tests were performed for Buhl (Table 36).
In all cases, there is a trend of statistical digaince when using a critical probability valuepof 0.05.

TP is declining as shown by the negative sign erréported trend. The two tests without LOWESS
show a similar magnitude of trend in the neighbothof -0.005 mg/L/yr, while the two tests with
LOWESS are close to -0.003 mg/L/yr. A comparisonlugerved flow and TP at Buhl suggests that an
extended period of low flow prior to 2006 is coateld to higher TP concentrations (Figure 115% It i
likely that some of the variation in TP is correldto flow, and part of the downward trend in TP is
simply related to a series of wetter years. This t@ith LOWESS account for the influence of flow BR
concentration, resulting in a lower trend magnitudewever, the significance of the tests still cates
there is a downward trend in TP independent of flow

Table 36. Trend Test Results for Buhl

Trend
Trend Test p-value* (mg/L/yr)
Mann-Kendall, no LOWESS <0.0001 -0.0047
Mann-Kendall, with LOWESS <0.0001 -0.0027
Seasonal-Kendall, no LOWESS 0.0015 -0.0052
Seasonal -Kendall, with LOWESS 0.0195 -0.0031

* Seasonal Kendall tests show p-value adjusted for autocorrelation
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Figure 115. Comparison of TP and Flow at Buhl

Results are shown below for all four sites (Ta® 3he Seasonal Kendall test with LOWESS was used
at Milner, Pillar Falls, and Buhl, while the Manrerkdall test with LOWESS was used for the King Hill
IPC data (recalling that there is little if any seaality observed in the IPC data as shown in Eigui3).
Using a critical value gb < 0.05, significant trends are present at MilneltaPFalls, and Buhl, with
relatively high magnitudes of decreasing trend fhébncentration. The results are mixed at King; Hill

the Mann-Kendall test result is significant for i€ data while the Seasonal Kendall test resulbts
significant for the USGS data. The lack of sigrfice when testing the USGS data may be due to the
large gaps in monitoring as shown in Figure 10%& f@ported trend using IPC data is weaker than the
trends for the upstream stations.

A downward trend is predicted at all sites, indiogithat TP has been declining over the monitoring
period at a cross section of mainstem locations.tfénd is strongest at Pillar Falls and is alsongt at
Milner and Buhl. The trend is weaker at King Hitlis important to note that the reported trendsrat a
prediction of anticipated future decreases. Thedttests are valid for the periods that they cdwer
should not be extrapolated to other time periods.

Table 37. Trend Test Results for All Locations

Trend
Location Test p-value * (mg/Llyr)
Milner Seasonal Kendall with LOWESS 0.0174 -0.0028
Pillar Falls Seasonal Kendall with LOWESS 0.0082 -0.0055
Buhl Seasonal Kendall with LOWESS 0.0195 -0.0031
King Hill (IPC data) Mann-Kendall with LOWESS 0.0001 -0.0010
King Hill (USGS data) | Seasonal Kendall with LOWESS 0.1640 -0.0008

Seasonal Kendall tests show p-value adjusted for autocorrelation
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I-3. LOADEST Modeling

LOAD ESTimator (LOADEST) is a FORTRAN program demgéd by USGS for estimating constituent
loads in streams and rivers. LOADEST (Runkel et2dl04)was executed at four locations within the
Middle Snake River watershed with grab total phaspé (TP) data and daily discharge data. Dailydoad
were estimated from 10/1/2008 to 9/30/2013. LOADESIbrations were performed using observed
discharge and paired TP data from 10/1/2000 to/203(3. LOADEST was run using a model number of
zero, which enables the program to choose therbedel from 9 in-built regression models.

LOADEST provides three methods for load estimatimamely, Maximum Likelihood Estimation

(MLE), Adjusted Maximum Likelihood Estimation (AMDEand Least Absolute Deviation (LAD).

AMLE is the primary load estimation method used WADEST. When the calibration dataset is
uncensored AMLE converges to MLE. AMLE and MLE naath apply under the assumption that the
model residuals are normally distributed. If thrésamption is not satisfied then results from théLA
method should be used. Tests for normality of redglwere performed for LOADEST models at all four
locations prior to summarizing results.

I-3.1 MILNER

TP data from the University of Idaho (U of 1) angingd discharge from USGS (Milner Dam 13088000)
were used for the analysis. There were numerotanioss where the USGS reported zero discharge at
this location. Since LOADEST requires non-zero ki&ges for the entire estimation period, zero
discharges were substituted with a nominal valug. btfs.

Figure 116 and Figure 117 show paired TP and digehat Milner, and daily hydrograph at Milner along
with U of | TP data, respectively.
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Figure 116. Paired TP concentration and discharge a  t Milner
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Figure 117. Milner hydrograph overlain by U of I TP data

LOADEST chose regression model # 8,
Ln(Load) = ay + a;Ln(Q) + a,Ln(Q?) + a; sin(2ndtime) + a, cos(2ndtime) + asdtime
where,
Load = constituent load (kg/d)
Ln(Q) = Ln(Q) - center of Ln(Q)
dtime = decimal time - center of decimal time

The model coefficients and their respective p-vafiee the Milner model are shown in Table 38.

Table 38. Model coefficients and p-values for the M ilner model

Coefficients Value p-value
ao 2.5857 <0.0001
ai 0.9927 <0.0001
a -0.0061 0.0472
as 0.1326 <0.0001
a -0.1261 0.0009
as -0.0631 <0.0001

The linearity of the normal probability plot (Figul18) suggests that the residuals are normally
distributed and hence, fulfills the assumptionstifier AMLE or MLE methods. Since none of the sample
observations were censored, the AMLE and MLE methmdduce the same estimates.
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Figure 118. Normal probability plot for AMLE regres  sion at Milner

Figure 119 and Figure 120 show LOADEST estimated fiveighted monthly TP concentration and
monthly TP load, respectively, at Milner. The erbars show the upper and lowef"gfercentile
confidence interval.
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Figure 119. Flow weighted monthly TP concentration at Milner as estimated by LOADEST
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Figure 120. Monthly TP load at Milner as estimated by LOADEST

I-3.2 PILLAR FALLS

TP data from DEQ and paired discharge from USG® weed for the analysis. The nearest USGS gage
(near Twin Falls 13090500) had discharge data foaim 7/15/2009. Discharge data from 10/1/2000 to
7/14/2009 were estimated at this location usingnteaiance of variance extension regression model
(MOVE.1 LOC) and daily discharge data from an ugestn gage at Kimberly (13090000). The USGS
SREF 1.0 program was used to produce daily disehestimates at Twin Falls using Kimberly data
using the MOVE.1 LOC method.

Figure 121 and Figure 122 show paired TP and digetat Pillar Falls, and daily hydrograph at Pillar
Falls along with DEQ TP data, respectively.
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Figure 121. Paired TP concentration and discharge a  t Pillar Falls
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I ——Pillar Falls Hydrograph (based on Twin Falls) = DEQdata |
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Figure 122. Pillar Falls hydrograph along with DEQ TP data

LOADEST chose regression model # 8,
Ln(Load) = ay + a;Ln(Q) + a,Ln(Q?) + a3 sin(2ndtime) + a4 cos(2ndtime) + asdtime
where,
Load = constituent load (kg/d)
Ln(Q) = Ln(Q) - center of Ln(Q)

dtime = decimal time - center of decimal time

The model coefficients and their respective p-valiae the Pillar Falls model are shown in Table 39.

Table 39. Model coefficients and p-values for the P illar Falls model

Coefficients Value p-value
ao 5.9501 <0.0001
a1 1.1777 <0.0001
a -0.0838 0.1413
as 0.3316 <0.0001
a -0.1204 0.0616
as -0.0594 0.0002

The linearity of the normal probability plot (Figul23) suggests that the residuals are normally

distributed and hence, fulfills the assumptionstifier AMLE or MLE methods. Since none of the sample

observations were censored, the AMLE and MLE methmdduce the same estimates.
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Figure 123. Normal probability plot for AMLE regres  sion at Pillar Falls

Figure 124 and Figure 125 show LOADEST estimated fiveighted monthly TP concentration and
monthly TP load, respectively, at Pillar Falls. ®reor bars show the upper and lowef @&rcentile
confidence interval.
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Figure 124. Flow weighted monthly TP concentration at Pillar Falls as estimated by LOADEST
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Figure 125. Monthly TP load at Pillar Falls as esti  mated by LOADEST

I-3.3 BUHL

TP data from Clear Springs Foods (CSF) and paiiahdrge from USGS (Buhl 13094000) were used
for the analysis. Figure 126 and Figure 127 shavegd P and discharge at Buhl and daily hydrograiph
Buhl along with CSF TP data, respectively. TP datmn USFS and U of | were also reviewed but these
datasets were less representative of the timefodiimeerest and may have introduced seasonal hias d
to gaps in the sampling periods.
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Figure 126. Paired TP concentration and discharge a  t Buhl
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Figure 127. Buhl hydrograph along with CSF and USGS TP data

LOADEST chose regression model # 9,
Ln(Load) = a, + a,Ln(Q) + a,Ln(Q?) + a, sin(2ndtime) + a, cos(2ndtime) + asdtime + a dtime?
where,
Load = constituent load (kg/d)
Ln(Q) = Ln(Q) - center of Ln(Q)

dtime = decimal time - center of decimal time

The model coefficients and their respective p-valae the Buhl model are shown in Table 40.

Table 40. Model coefficients and p-values for the B uhl model
Coefficients Value p-value
ao 6.9123 0.0000
a1 0.8716 <0.0001
az 0.0677 0.0817
as 0.0797 <0.0001
a -0.1317 <0.0001
as -0.0347 <0.0001
as -0.0055 <0.0001

The linearity of the normal probability plot (Figul28) suggests that the residuals are normally

distributed and hence, fulfills the assumptionstiier AMLE or MLE methods. Since none of the sample

observations were censored, the AMLE and MLE methmdduce the same estimates.
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Figure 128. Normal probability plot for AMLE regres  sion at Buhl

Figure 129 and Figure 130 show LOADEST estimated fiveighted monthly TP concentration and
monthly TP load, respectively, at Buhl. The errarssshow the upper and lower9gercentile
confidence interval.
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Figure 129. Flow weighted monthly TP concentration at Buhl as estimated by LOADEST
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Figure 130. Monthly TP load at Buhl as estimated by =~ LOADEST

I-3.4 KING HILL

TP data from IPC and USGS were available at thiatlon. Two separate LOADEST models were run
using IPC and USGS data paired with dischargefdata USGS (King Hill). Figure 131 and Figure 132
show paired TP and discharge at King Hill and dajidrograph at King Hill along with IPC and USGS
TP data, respectively.
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Figure 131. Paired TP concentration and discharge a  t King Hill
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Figure 132. King Hill hydrograph along with IPC and USGS TP data

LOADEST chose regression model # 9,
Ln(Load) = ay + a;Ln(Q) + a,Ln(Q?) + a; sin(2rndtime) + a, cos(2ndtime) + asdtime + agdtime?
where,
Load = constituent load (kg/d)
Ln(Q) = Ln(Q) - center of Ln(Q)
dtime = decimal time - center of decimal time

The model coefficients and their respective p-valae the King Hill USGS model are shown in Table
41.

Table 41. Model coefficients and p-values for the K ing Hill USGS model

Coefficients Value p-value
ag 7.7833 <0.0001
a 1.4468 <0.0001
a -0.1956 0.1054

-0.0824 0.0007
0.1137 <0.0001
-0.0157 0.0006
-0.0039 0.0012
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The model coefficients and their respective p-valae the King Hill IPC model are shown in Table 42

Table 42. Model coefficients and p-values for the K ing Hill IPC model

Coefficients Value p-value
ao 7.7947 0.0000
ai 1.2642 <0.0001
a 0.0209 0.8357
as -0.0361 0.0270
a 0.0511 0.0035
as -0.0185 <0.0001
as -0.0059 <0.0001

The linearity of the normal probability plots (Figul 33 and Figure 134) suggest that the residvals a
normally distributed and hence, fulfill the assuiops for the AMLE or MLE methods. Since none of the
sample observations were censored, the AMLE and khethods produce the same estimates.
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Figure 133. Normal probability plot for AMLE regres  sion at King Hill using IPC data
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Figure 134. Normal probability plot for AMLE regres  sion at King Hill using USGS data

From the normal probability plots above it is evitthat the LOADEST model with the USGS data
produces a better fit than the model with IPC ddtawever, it is important to note that there ween

IPC samples than USGS for the calibration peri@D@to 2013). Fewer samples can introduce seasonal
bias in the LOADEST estimates. Figure 135 and EidiB6 show LOADEST estimated flow weighted
monthly TP concentration and monthly TP load, resipely, at King Hill using IPC data. The error bar
show the upper and lower 9percentile confidence interval.
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Figure 135. Flow weighted monthly TP concentration at King Hill as estimated by LOADEST using
IPC data
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Figure 136. Monthly TP load at King Hill as estimat  ed by LOADEST using IPC data

Figure 137 and Figure 138 show LOADEST estimated fiveighted monthly TP concentration and
monthly TP load, respectively, at King Hill usingQ data. The error bars show the upper and low&r 95
percentile confidence interval.

in mg/L
(=)
2
T
|
[}
._D_I.
|
[}
|
[}
|
]
|
[}
——

—t0—
_0—t

L o]

S =

| —a—

D—D—I|
[}
|
[}
|
[}

s
D
|
|
[}

l—'ﬂ—l
—0
—o—

'_?_.
—g—

i et
P
L
| L

l—D—I'I

—
[}
]
|
1
|
[}
|
[}
|

—o
[}
|
|

0.02

Flow weighted total phosphorus concentration,

Oct-08 Apr-09 Oct-09 Apr-10 Oct-10 Apr-11 Oct-11 Apr-12 Oct-12 Apr-13

Figure 137. Flow weighted monthly TP concentration at King Hill as estimated by LOADEST using
USGS data
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Figure 138. Monthly TP load at King Hill as estimat  ed by LOADEST using USGS data

I-3.5 SUMMARY

This section provides a combined summary of the DBAT analysis at four locations in the Middle
Snake River watershed. Table 43 shows the annuldad? and flow-weighted concentrations at Milner,
Pillar Falls, Buhl and King Hill. Figure 139 andglare 140 show the LOADEST estimated daily and
annual TP loads. Figure 141 and Figure 142 showtheal flow-weighted TP concentrations at Milner,
Pillar Falls, Buhl and King Hill, respectively. Th&®ADEST analysis shows a downward trend at all
sites with time. The trend is strongest at Milned ®illar Falls. The flow weighted TP concentrati@ne
consistent with the trend analysis findings in #®&c®. It is important to note that the above asady

were conducted to study the trend, and the seldéictexdperiod is not necessarily appropriate to st
target compliance for regulatory purposes.

Table 43. LOADEST estimated annual loads and flow-w  eighted concentrations (on a water year
basis)

Milner Pillar Falls Buhl King Hill IPC King Hill USGS

Water
Year Load FWC Load FwC Load FWC Load FwC Load FWC
(tons) (mg/L) (tons) (mg/L) (tons) (mg/L) (tons) (mg/L) (tons) (mg/L)
2009 175 0.070 210 0.076 435 0.103 830 0.093 737 0.083
2010 111 0.082 148 0.085 289 0.096 643 0.083 554 0.071
2011 343 0.061 414 0.069 638 0.086 1126 0.092 1080 0.088
2012 233 0.070 292 0.079 387 0.077 786 0.079 745 0.075
2013 30 0.064 51 0.056 164 0.078 444 0.065 387 0.057
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Figure 139. Daily estimated and measured TP loads
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Figure 140. Annual estimated TP loads (on a watery ear basis)
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Figure 141. Flow weighted TP concentrations (onaw  ater year basis)

@ TETRATECH 31



Mid Snake Data Summary, Evaluation, and Assessment September 2014

Milner

Confidence
Interval

Pillar
Falls

—
o
oo
£
£
C\
(@]
)
(1)
(o
-
(=
)
(&)
(=
(o]
(&)
(%)
>
(=
(@]
A=
Q.
(%]
(@)
A=
Q.
©
L
O
e
©
Q
et
A=
.
()
z
S
9
(N

2010 2011 2012

Figure 142. Flow weighted TP concentrations (onaw  ater year basis)

@ TETRATECH




Mid Snake Data Summary, Evaluation, and Assessment September 2014

I-4. City of Twin Falls WWTP

About 80 point sources were identified in the DR&port, and among these point sources, the City of
Twin Falls Wastewater Treatment Plant (WWTP) disgka the highest daily loads measured for any
single source. Given that this facility is the meighificant point source discharger in the reaebent
monitoring data was used to assess the magnitutie cbncentration and load from the Twin Falls
WWTP relative to the receiving water, the Middleaga River. Two years of monitoring data spanning
2012-2013 were used. Data were available as p#negflant’s monitoring requirements and included a
set of daily measurements collected on a quarbeys. The data used for this evaluation included
effluent flow and effluent TP concentration, as vasl upstream flow and TP concentration in the Néidd
Snake River. The values are shown in Table 44 aHadysis was also conducted using the plant’s permi
limits in place of the monitoring data. The currpetmit does not include a limitation on outflowtbu
does list a weekly average TP load limit of 990dag and a monthly average TP load limit of 710
Ibs/day (USEPA, 2010).

Table 44. Twin Falls POTW Monitoring Data

TP, Middle

Snake River

Upstream of

Discharge TP, Effluent Flow, Snake Flow, Discharge

Quarter Date (mglL) (mglL) River (MGD) (MGD)

2012, Q1 2/8/2012 0.052 11.18 2307 6.86
2012, Q2 5/2/2012 0.183 492 8337 6.25
2012, Q3 8/8/2012 0.058 6.43 711 5.44
2012, Q4 11/28/2012 0.13 42 475 8.4
2013, Q1 3/6/2013 0.324 59 544 .8 8.1
2013, Q2 5/29/2013 0.171 554 1803 7.6
2013, Q3 8/14/2013 0.142 3.74 361 11.79
2013, Q4 11/6/2013 0.065 10.8 589 7.1

Using the monitoring data, flow-weighted conceritnas were calculated to show the expected
concentration of TP in the Middle Snake River assgrthe effluent is fully mixed with upstream flow.
The calculation was performed for three conditions:

1. Using effluent concentrations from the monitorirggal(referred to as “effluent” concentration).

2. Using an estimated concentration correspondingegermit limit weekly average TP load 990
Ibs/day (referred to as “weekly permitted” concatitm). Flow was assumed to be equal to plant
flow on the quarterly monitoring date.

3. Using an estimated concentration correspondingeggermit monthly average TP load of 710
Ibs/day TP (referred to as “monthly permitted” cemication). Flow was assumed to be equal to
plant flow on the quarterly monitoring date.
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Results are shown in Figure 143, Figure 144, agdrEi145 for each of the three conditions and
compared to the upstream concentration. As seEigire 143, on dates when high flows were measured
in the Middle Snake River (2012, Q1; 2012, Q2; 2023), mixing of effluent had little effect on TP
concentration. On the dates when lower flows wéseoved, effluent TP had a noticeable effect on
downstream concentration. Figure 38 also compaemstream concentrations to the TMDL instream
target of 0.075 mg/L TP. The upstream concentnatexceed the target during four of the seven svent
Across all events, the mixed “effluent” concentratexceeded the target. A similar trend existster
estimated “weekly permitted” and “monthly permittedncentrations (Figure 144 and Figure 145,
respectively), though the concentrations are cemalily higher. This comparison indicates that efflu
concentrations may contribute to target exceedmcgome of the events, and exacerbate exceedamces
other events, but upstream flows and concentratiomdikely to be a significant factor as well.
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Figure 143. Comparison of TP Concentrations Upstrea  m and Downstream of Twin Falls WWTP
Using Measured Effluent Concentrations
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Figure 144. Comparison of TP Concentrations Upstrea

m and Downstream of Twin Falls WWTP

Using Weekly Permitted Limit
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Figure 145. Comparison of TP Concentrations Upstrea
Using Monthly Permitted Limit

m and Downstream of Twin Falls WWTP

TP loads were also calculated from the monitoriagdrepresenting both upstream conditions and load
from the WWTP (Figure 146). With one exception (2@4), background loads in the Middle Snake
River are higher than the WWTP loads. If the weellgrage TP load permit limit was evaluated, then
the value of 990 Ibs/day would simply substitutetfe WWTP loads, as shown in Figure 147. Likewise,
the monthly permitted load of 710 lbs/day is shamwfigure 148.
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Figure 146. TP Loads from the Middle Snake River an

d Twin Falls WWTP
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Figure 148. TP Loads from the Middle Snake Riverco  mpared to Twin Falls WWTP monthly
permitted load

I-5. EPA Risk Assessment

In the late 1990s and early 2000s, EPA conducteztalogical risk assessment of the Middle Snake
River, which was documented in EPA (2002). Thestalected tolerance limits for fish populations,
macroinvertebrates, and aquatic plants as welliigents and other state variables. Then, a model
simulation estimated the probability of exceedimgse tolerance limits. Two major ecosystem
components were assessed: 1) chemical, physiahhialogical characteristics of the moving water
column, and 2) the benthic plant community of iwerbottom. EPA (2002) discusses how changes to
the river’'s hydrology have altered aquatic spediesrsity, composition, and other indicators of
ecosystem health.

EPA (2002) assessed ecological risk to the Middiak® River using the model River Basin Model-10
(RBM10), which was a dynamic river basin model afsmand energy developed by Yearsley (1991,
modified in 1996). Using standard kinetics, the gl@imulated temperature, dissolved oxygen, nitnoge
phosphorus, and algal biomass. Time scales ramgedHours to decades, and the model allowed for
both vertical and longitudinal segmentation. Desfiiese functionalities, the model presented skvera
limitations to understanding the complex ecologpraicesses in the river system. The simulation mass
and energy flow was limited to the water column aadld not be simulated for sediments. Flow of mass
and energy from sediment to roots of vascular plaats assumed to be unlimited by plant uptake, and
neither gain nor loss of substrate to depositioscouring was addressed.

A comprehensive monitoring dataset supported melatlopment, and a discussion of previous studies
on the Middle Snake River was included to suppgmtassessment’s findings. Assessment endpoints
included:

» Reproduction and survival of three select fish msefrainbow trout, mountain whitefish, and
white sturgeon);

* Reproduction, survival, and diversity of macroirtebrates; and

» Growth and diversity of phytoplankton, macrophytasg epiphytes.
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EPA (2002) discussed, in detail, the formationapfiatic plant beds and the feedback loops that
perpetuate and exacerbate nuisance aquatic ptamtigin the Middle Snake River (Figure 149). EPA
(2002) describes how the plant beds initially fdrom sedimentation, which reduces river depths and
provides light availability and an ideal substrimtemacrophyte’ This concept was supported by
findings that dense aquatic plant beds in the Mi®Hake River exist downstream of agriculturalmetu
flows and aquaculture discharges, which were samt sediment sources during the development of
EPA (2002). Once established, the plant beds dlewiter’s velocity and increase sedimentation,
encouraging further growth and establishment ohtigplant beds.

Within the aquatic plant beds themselves, the nmwfi@s extract nutrients from the sediment and wate
column. High nutrient concentrations during the lgtowing season can lead to the dominance of non-
rooting macrophytes since these species obtairentgrexclusively from the water column. This plant
growth forms a feedback loop in which nutrientsramoved from the water column and deposited to the
bed sediments during senescence, which are thdalaegor uptake by rooted macrophytes. These
processes can lead to an increase in nutrienteibdéd sediments and perpetuate macrophyte growth.
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Figure 149. Factors controlling aquatic plantsint ~ he Middle Snake River, reproduced from EPA
(2002)

®> The macrophytes generally occur beyond 90 to 26@ns downstream of the elevated sediment discharge
because sediments more proximate to the dischaedeghly anaerobic, and the macrophytes are rlettatyrow
under such conditions despite the high nutrienteaar(EPA, 2002).
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Falter and Carlson (1994), Falter et al. (1995l Ralter and Burris (1996) provided results frortaded
studies of aquatic macrophytes in the Middle Sriker as a supplement to the RBM10 modeling.
These studies addressed aquatic macrophyte groavthTwin Falls to Upper Salmon Falls dam, with
the greatest focus on Crystal Springs and Box Qanjbese reaches were considered to represent the
greatest macrophyte density within the Middle Sriakesr while being representative of the processes
occurring throughout the River. Among the reachedisd, the Crystal Springs reach had the highest
biomass density and the least diversity of macrtghgecies. Falter and Burris (1996) also fountaha
significant relationship between biomass and selubactive phosphorus (SRP) in the water column
existed within the Crystal Springs reach, andwas the only reach for which this relationship fiasd
to be significant. Across all reaches, EPA (2008)jdated that a poor correlation between dissolved
nutrients and macrophyte biomass existed; howgvemoor correlation was attributed to the inherent
complexity of aquatic systems and the ability afteal macrophytes to extract nutrients from both the
sediment and water column.

The relationship between water column nutrientsl@inthass was more apparent when considering
nonrooted macrophytes or epiphytes, which obtafriants exclusively from the water column. As cited
in EPA (2002), Howard-Williams (1981) found thaettievelopment of epiphyteGlédophora) onP.
pectinatus communities increased with N and P fertilizer input did not increase the rooted plant
biomass. This effect was consistent with the olaems in the Crystal Springs reach, where both
epiphytic dominance and nutrient inputs were ggatempared to the other studied reaches, and the
relationship between biomass and SRP was signffican

Sediment nutrient content provided further insighd processes occurring in the Middle Snake River.
Regarding the relationship between sediment tdtagphorus and aquatic plant biomass, Falter et al.
(1995) and Falter and Burris (1996) reported tileviong results:

« Maximal aquatic plant biomass occurred at a tatalsphorus level of approximately 1,100 mg/g
TP dry weight (consistently measured throughouistiireaches); and

» Aquatic plant biomass generally declined above@h@/g TP dry weight.

The decline in biomass was attributed to the rezmential, low dissolved oxygen, and low pH
coincident with extremely high organic matter conite

The risk assessment findings provide evidence ditnient retention within the aquatic plant bedsAEP
(2002) cited the results of Thomas et al. (199%)ctv studied respiration rates and organic carbon
turnover rates in the Middle Snake River. Turnauae for organic carbon is the time required fa th
average carbon molecule to pass from being fixgzhtosynthesis to being released through
decomposition under aerobic conditions. Thomas €1895) found that the Middle Snake River
exhibited very high rates of respiration but very lorganic carbon turnover rates. The slow rate of
turnover suggested that high levels of nutrierdsyell as detritus and energy, were being trapped,
that the sediment deposits and aquatic plant mamlgdted this process. EPA (2002) concluded tihiat
ultimately resulted in a reduced flow of nutriedtasvnstream of the aquatic plant beds. This effext w
expected to be greatest along the Crystal Spramshrwhere both upstream nutrient loading and aquat
plant density were greatest. In particular, aqualdat biomass was measured up to eight timesegramt
Crystal Springs than in any other studied reachA(E¥02). During the periods of maximum plant
growth in the Crystal Springs Reach, Falter ef1#195) demonstrated that TP and SRP decrease from
upstream and to downstream of the aquatic plarg.b#tile flow inputs from springs within this reach
may have contributed, in part, to the decreasertentration, these findings suggest that nutrient
retention may be occurring within the aquatic plaeds in the Middle Snake River.

The EPA risk assessment concluded that the mad®plegls presented a substantial risk to the Middle
Snake River ecosystem. From the Crystal Springshreathe Boulder Rapids reach, the RBM10
simulation results indicated a high risk of excewdafor the total macrophyte and epiphyte biomass
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tolerance limits. EPA (2002) also compared biomass densities mehsuthe Crystal Springs, Box
Canyon, and Thousand Springs reaches to denstiekiic the literature for other systems, andlaite
Mid Snake locations compared with, or exceedealtemeasured in other systems classified as
eutrophic. The high risk probability was especiaiydent for low-flow years and strongly tied t@th
management practices current during the model dpwetnt. EPA (2002) stated that the likelihood of
recovery depended on “the availability of clealdomater, with high flows capable of scouring carnd-
deposited sediments.” The alcove spriragleng the Middle Snake River provided a benchrark
recovery due to the cold, clear, and significamvfinput of the springs, the relatively low nutitien
concentrations, and the resulting high diversitg v density of the aquatic macrophytes downstream
of the springs. EPA (2002) generally suggesteddfiatts to address nuisance macrophyte beds should
focus on reducing nutrients and sediment and retgrffow patterns to a more natural hydrograph.

EPA (2002) provides a wealth of information releManthe Data Report and future management efforts
within the Upper Snake-Rock Subbasin. Tetra Techmenends adding this information to the following
sections of the Data Report:

Section 2. Setting: Add sentences to the soils and hydrology sectiinscting the reader to EPA (2002)
for additional information on geology and hydrologgpectively.

Section 4.6. Macrophytes: Add introductory text explaining the mechanisnediag to aquatic plant bed
establishment. Revise to include four subsectibpdacrophyte Species (including rooted versus non-
rooted); 2) Macrophyte Density; 3) Seasonal Valitghin Macrophyte Growth Rates; and 4) Macrophyte
Harvesting. The density subsection would includeflitocumentation of macrophyte density
measurements and a comparison across the reactiesdain EPA (2002). The latter section would
include the text currently in Section 4.6.

Section 6. Attenuation: Retain the general text discussing the bread#itefuation mechanisms.

Remove the last paragraph discussing SPARROW. Rethig second to last paragraph to address results
from EPA (2002) and incorporate the EPA (2002)ifigd relating to retention of nutrients in the atipua
plant beds. Two subsections may provide improvegamization: 1) General Mechanisms and 2)
Macrophyte Nutrient Cycling and Retention.

Section 7. Mass Balance; Revise statements about attenuation to be consistih the revised Section 6.

Section 8. Assessment Discussion: Revise statements about attenuation to be consistth the revised
Section 6. Incorporate conclusions from EPA (200&)Juding likelihood of tolerance limit exceedance
and recovery potential.

I-6. Recommendations

The supplemental data analysis provides importaditimely information regarding the most recent
trends in TP concentration and loading as well ashanisms for nutrient retention and management
implications for the Middle Snake River. To incorate this information, Tetra Tech recommends the
following revisions to the Data Summary, Evaluatiand Assessment Report:

e Trend Analysis and LOADEST Modeling:

0 Include full methods and results text as an appendi

® The biomass tolerance limits were designated Bg2€ biomass (ash free, dry matter), which represéets t
threshold hold above which nuisance levels occur.
’ Alcove springs are springs that discharge fromdher canyon walls along the Snake River banks.
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0 In Section 4.3 Water Quality, Mainstem, summarigeresults and include Table 3
(Trend Results for All Locations) and LOADEST tahled figures showing results for all
locations.

0 Indicate that previous data review did not incladsst recent years and, therefore, did
not indicate the recent decreasing trends (lowel lef effort)or revise mainstem data
figures in the main text and appendix to reflecstmecent data (higher level of effort).

e Twin Falls Comparison:

0 In Section 4.5 Point Source Discharge Monitorimg|ude a separate subsection for the
Twin Falls Comparison.

 EPA (2002) literature review:
0 Add text to multiple report sections as recommenatediously in Section 5.

These recommendations are provided for discussigmoges and in order to solicit feedback from EPA
and DEQ regarding the appropriate inclusion of #iditional analysis in the Data Summary, Evalumgtio
and Assessment Report.
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