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SECTION 1. INTRODUCTION

This report describes the process and products of developing a suite of year-round instream flow
recommendations for lower Hobble Creek in Utah County, Utah. This project was undertaken by
the Utah Reclamation Mitigation and Conservation Commission (the Commission) as a
component of the June Sucker Recovery I mplementation Program (JSRIP) 2008 Work Plan
(JSRIP 2008). The Commission is a Federal agency established by the Central Utah Project
Completion Act (CUPCA [Titles Il through V1 of Public Law 102-575]). The Commission is
responsible for mitigating impacts of the Bonneville Unit of the Central Utah Project (CUP) on
fish, wildlife, and related recreation resources. The Commission isrequired to include in itsfish
and wildlife mitigation plans measures that it determineswill “. . . restore, maintain, or enhance
the biological productivity and diversity of natural ecosystems within the State and have
substantial potential for providing fish, wildlife, and recreation mitigation and conservation
opportunities,” and “. . . be based on, and supported by, the best available scientific knowledge”.*
The JSRIP is a multi-agency cooperative program established to coordinate and implement
recovery actions for June sucker (Chasmistes liorus), an endangered fish native to Utah Lake that
historically used tributaries such as Hobble Creek for spawning (JSRIP 2002). The JSRIP
attempts to balance June sucker recovery needs with the need to provide for ongoing water
development for human needs within the Utah Lake basin.

The Commission recently completed a report describing ecosystem flow recommendations for
the lower Provo River (Stamp et al. 2008). The framework developed for the Provo River
recommendations has been applied here to lower Hobble Creek.

Purpose and Need

The guiding principle for this study is that the recommended flow regime for lower Hobble
Creek should protect the entire riverine ecosystem year-round. The flow regime(s) should be
scientifically derived, ecologically defensible and hydrologically feasible. A critical aspect of
this effort is the need to provide habitat for June sucker spawning and recruitment. The June
sucker was listed as an endangered speciesin 1986, and is native only to Utah Lake.

Historically, June sucker most likely had significant spawning populations in multiple tributaries
to Utah Lake but currently is known to primarily use the lower Provo River for spawning. The
June Sucker Recovery Plan (USFWS 1999) lists establishment of a second spawning runin a
tributary to Utah Lake other than Provo River as a requirement for long-term protection and
eventual recovery of the June sucker. Efforts are being implemented by the JSRIP and other
entities to establish Hobble Creek as this second spawning tributary. These efforts include
reconstruction and restoration of the lower Hobble Creek channel where it enters Utah Lake
(DOI 2008), and delivery of supplemental flows to lower Hobble Creek.

The Utah Lake Drainage Basin Water Delivery System (ULS) isthe fina component of the
Bonneville Unit of the CUP. When operational and under full water delivery conditions, the ULS

'From CUPCA, Sections 301(g)(4)(A) and (B)
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project will, among other things, deliver between 4,000 to approximately 12,000 acre-feet of
water per year to lower Hobble Creek to supplement stream flows and assist in June sucker
recovery (CUWCD 20044). Guidance is needed regarding desired daily and seasonal flow rates
and patterns for delivery of the water. Establishment and implementation of flow
recommendations will also be important to help maximize the benefits of the recently completed
channel restoration work at the mouth of Hobble Creek. Construction of the new channel and
floodplain was completed in November 2008.

Utah Lake Drainage Basin Water Delivery System (ULS)
Supplemental Flows

When operational and under full water delivery conditions, the ULS will deliver water to Hobble
Creek at the Mapleton-Springville Lateral Pipeline on the east side of Springville City (Figure
1.1) and will supplement flows within lower Hobble Creek. Of the 12,000 acre-fest,
approximately 4,000 acre-feet will be generated by water returned to the U.S. Department of the
Interior (DOI) from water conservation projects completed under Section 207 of CUPCA. This
4,000 acre-feet will be available for release to Hobble Creek every year (CUWCD 20044). The
additional 8,000 acre-feet will be available when transbasin CUP water is being delivered to
Utah Lake for exchange to Jordanelle Reservoir. During naturally high runoff years when Utah
Lake is above compromise level, this portion of Hobble Creek supplemental water would
typically not be available for delivery to the creek (CUWCD 2004a). The 8,000 acre-feet of CUP
water will build up over time and may not be fully available until up to 10 years after all ULS
distribution facilities are constructed and operational. The facility that will deliver supplemental
flows to Hobble Creek isbeing designed to have a 125 cubic feet per second (cfs) maximum
release rate (CUWCD 2003). The ULS s currently in the design and initial construction phases,
and it is anticipated that the infrastructure will be in place to begin supplemental flow deliveries
to Hobble Creek no sooner than 2011.

Study Area

The headwaters of Hobble Creek originate in the Wasatch Mountains of Utah at an elevation of
approximately 9,000 ft. The creek begins as two separate forks, Right Fork Hobble Creek and
Left Fork Hobble Creek, that merge to form Hobble Creek proper about 3 miles east of
Springville City (Figure 1.1). The total drainage area of Hobble Creek at its outlet to Utah Lake
is approximately 114 square miles. The majority of the watershed area (approximately 108
square miles) islocated in the mountains upstream of the canyon mouth. Lower Hobble Creek,
defined as the portion of the creek between the Mapleton-Springville Lateral and Utah Lake,
flows west to northwest for approximately 7 miles through Springville City (Figure 1.1).

Much of the upper watershed lies within the Uinta National Forest, although the corridor along
Left Fork Hobble Creek is privately owned and contains some residential and agricultural
development. Springville City’ s Hobble Creek Golf Course islocated just downstream from the
Left Fork and Right Fork confluence. The lower watershed is primarily in private ownership, and
land useisamix of agricultural, residential, and commercia uses. The population of Springville
City has grown very rapidly in recent years, and areas that previously were in agricultural use are
becoming developed for residential and commercial purposes.
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The Springville area contains many naturally occurring springs. Most were devel oped for
irrigation and municipal/industrial uses. As part of early agricultural development in the valley,
subsurface drains were installed to control the water table near Utah Lake. This drainage system
affects the areas on the south side of Hobble Creek west of 400 West in Springville.
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SECTION 2. EXISTING CONDITIONS

Hydrology

A new U.S. Geologica Survey (USGS) streamflow gage (#10153100) was installed on lower
Hobble Creek near 1500 West in November 2008 (Figure 2.1). Data collected at this gage will be
highly valuable in the future; however, at this time the stage-discharge rating relation is still
being developed for the gage and data are too limited to describe the hydrology of lower Hobble
Creek. Therefore, hydrologic information must be inferred from flow data collected at a
discontinued USGS gage (#10152500) that operated in Hobble Creek Canyon approximately 8.9
miles above Utah Lake from 1908-1916 and 1945-1974 (Figure 1.1). Data from this gage were
analyzed to provide an indication of the natural hydrologic conditions of lower Hobble Creek.
Springville City diverts water for municipal uses from underground springs in atributary canyon
to Left Fork Hobble Creek (FERC 2002); therefore, the hydrology of Hobble Creek at the gageis
not entirely natural. Upstream from the gage, flows in Hobble Creek and its tributaries are
affected by flow withdrawals for hydroelectric and irrigation purposes. However, the gage is
located downstream from the return points for most of the upper watershed irrigation uses, and is
below the Hobble Creek Hydroel ectric Plant where water diverted for power generation returns
to the creek. Therefore, these upstream power and irrigation uses do not substantially alter the
hydrology at the gage, and the gage data provide a reasonabl e estimate of natural conditions.

Data from the discontinued gage indicate that, as with most streams that drain Utah's Wasatch
Mountains, Hobble Creek’ s hydrology is characterized by a distinct springtime peak typical of
snowmelt-driven systems (Figure 2.2). Flows on Hobble Creek typically peak at the end of April
or in May (Table 2.1), with May having the greatest average monthly flow (Figure 2.3). Flows
on Hobble Creek vary greatly depending on yearly climatic conditions. In dry years, springtime
peaks are essentially nonexistent (Figure 2.2). In wet years with heavy snowpack, flowstypically
peak later in the year and have a magnitude that exceeds average conditions.

Table 2.1. Peak flow data (U.S. Geologic Survey Gage #10152500).

PEAK FLOW CHARACTERISTIC HOBBLE CREEK
Average date of peak April 29

Range of dates of peak February 1 — June 15
Magnitude of 2-year flood® 265 cubic feet per second (cfs)
Magnitude of 10-year flood® 633 cubic feet per second (cfs)
Magnitude of 100-year flood® 1,052 cubic feet per second (cfs)
Years of peak flow data 43

Flood recurrence intervals calculated using Log-Pearson Type Il analysis of instantaneous peak flow data. A 2-year flood has a 50
percent chance of occurring in any given year; a 10-year flood has a 10 percent chance of occurring in a given year; a 100-year
flood has a 1 percent chance of occurring in a given year.
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Typical Hydrographs for Wet, Dry, and Average Water Years
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Figure 2.2.  Typical Hobble Creek hydrographs (data from USGS gage located 8.9 miles
above Utah Lake).
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Figure 2.3.

Monthly flows at USGS gage #10152500 and below Springville diversions to
400 West. Note: values are averaged over a 40- to 50-year data period, and
flow in a given year can vary considerably from this average.
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The mgjority of irrigation diversions on Hobble Creek occur downstream from the discontinued
USGS gage (Figure 2.1). Streamflow and sediment transport are also affected by the Hobble
Creek debris basin, located near the canyon mouth about 1.5 miles downstream from the gage
location. The debris basin has a 120 acre-foot storage capacity and traps some of the sediment
entering from upstream. Accurate, continuous records of flow withdrawals from the Springville
City areadiversions are not available. As part of analysis work related to the ULS, the Central
Utah Water Conservancy District (CUWCD) devel oped estimates of diversion amounts and
average monthly streamflow within Springville City (CUWCD 20044). These estimates account
for diversions by the Springville and Mapleton Irrigation companies between the USGS gage and
400 West Street in Springville City; however, they do not account for the diversions or return
flows that occur between 400 West Street and Utah Lake. The total diversion capacity of the
agricultural diversions upstream of 400 West is 60 cfs (CUWCD 2003). To generate the data
plotted in Figure 2.3, the CUWCD used a “worst case” scenario that assumed 36 cfs would be
diverted in April and the full 60 cfswould be diverted from May through October (CUWCD
2003). Asevident in Figure 2.3, the diversions above 400 West Street are estimated to
substantially reduce average flows in Hobble Creek during the April through October irrigation
season.

Additional flow isremoved from Hobble Creek at four diversion points below 400 West Street
(Figure 1.2) (Stamp et al. 2003). No reliable records are available to estimate the diversion
amounts that occur at these locations. In addition, no estimates are available to quantify the
inputs to Hobble Creek from agricultural return flows, surface water runoff, or springtime
discharge that may occur within this area. Prior to development of the Springville valley, inputs
from natural springs would likely have added to flows in the lower parts of Hobble Creek. These
natural inputs have been reduced by development of the springs for irrigation and
municipal/industrial uses, and by the installation of subsurface drainage systems on agricultural
lands near Utah Lake. It islikely that some amount of return flow to the creek does occur, but it
is also apparent that under existing conditions very little flow typically reaches the lowest portion
of Hobble Creek during the summer irrigation season.

The Utah Division of Water Quality (DWQ) operates awater quality sampling station on Hobble
Creek at 1-15 (STORET # 4996100). Since 1982 the DWQ has conducted sampling at the site,
including measuring or estimating stream flow, atotal of 146 times. Flows of O cubic feet per
second (cfs) have been recorded 10 times during this record period between June and October,
with August and September being the most common months with no flow.

Various occasional field measurements of discharge on lower Hobble Creek have been made as
part of this study and previous studies on Hobble Creek (Stamp et al. 2003, Brown 2008). The
results of these measurements are summarized in Table 2.2.

Although these miscellaneous discharge measurements do not provide a complete representation
of existing flow patterns on lower Hobble Creek, they do provide some further insight into
existing flow conditions, and confirm the patterns described above. Flows on lower Hobble
Creek during the spring season are highly variable depending on the water year. In 2003, which
was a drought year, flow measured in early May was only 8.3 cfs, while in 2006, a wet year,
flow was measured at 461.7 cfsin early May (Table 2.2). Although data are limited, it also
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Table 2.2. Summary of miscellaneous discharge measurements on lower Hobble

Creek.
MEASURED DISCHARGE
DATE APPROXIMATE LOCATION (CUBIC FEET PER REFERENCE
SECOND)
Measurements made during springtime
5/17/06 900 East (BYU Site 3) 304.5 Brown 2008
5/19/06 900 East (BYU Site 3) 240.7 Brown 2008
5/24/06 900 East (BYU Site 3) 155.2 Brown 2008
5/30/06 900 East (BYU Site 3) 103.2 Brown 2008
6/1/06 900 East (BYU Site 3) 80.6 Brown 2008
4/27/06 100 South 200 East 457.0 Brown 2008
5/26/06 200 West 100 North (BYU Site 4) 134.9 Brown 2008
6/1/06 200 West 100 North (BYU Site 4) 76.3 Brown 2008
4/13/03 1500 West (downstream side) 37.5 Stamp et al. 2003
5/5/03 1500 West (downstream side) 8.3 Stamp et al. 2003
6/20/08 1000 North 19.4 measured for this study
4/27/06 Frontage Road 512.0 Brown 2008
5/2/06 Frontage Road 461.7 Brown 2008
5/30/06 570 feet below Frontage Road 93.6 Brown 2008
Measurements made during non-irrigation season base-flow period
12/5/02 1,200 feet below Frontage Road 18.0 Stamp et al. 2003
10/15/08 Below Packard Dam 19.8 measured for this study
Measurements made during summer irrigation season
717108 Below Packard Dam 0.59 measured for this study
8/4/08 Below Packard Dam 6.71 measured for this study
9/3/08 Below Packard Dam 3.85 measured for this study
9/12/07 1000 North 0.24 measured for this study

appears that flows are similar in the lower and upper parts of the creek during high runoff
periods. Brown (2008) measured aflow of 473.1 cfs at the Hobble Creek Golf Course (in Hobble
Creek Canyon) on May 3, and asimilar flow (461.7 cfs) at the Frontage Road about 9 miles
downstream on May 2. These field measurements on the lower creek aso provide additional
evidence that flows become very low during the summer irrigation season, and that they vary
depending on irrigation patterns (Table 2.2). Base flows measured during periods when no
apparent irrigation was taking place (on 12/5/02, 6/20/08, and 10/15/08) were consistently about
19 cfs (Table 2.2).
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Geomorphology and Riparian Vegetation

Utah Lake to Interstate-15

Hobble Creek enters Utah Lake at Provo Bay, an area of the Utah Lake shoreline characterized
by extensive wetland habitat. Reconstruction and rel ocation of the portion of Hobble Creek
between 1-15 and Provo Bay was completed in November 2008. Prior to project completion, the
Hobble Creek stream channel below 1-15 was an artificially straightened, dredged channel that
had been installed for flood control purposes. Its connection to Provo Bay had been altered by
reduced flows, debris accumulations, and channelization, and debris blockages created barriersto
fish migration. The old channel had atrapezoidal cross-sectional form entrenched between
narrow, tall levees (Stamp et al. 2003, DOI 2008).

The new Hobble Creek channel meanders gently, supporting adiversity of aguatic habitat
including a deltaic river-lake transitional zone, pool and riffle areas, and depositional point bar
features (DOI 2008) (Figure 2.4). The channel isinset within an excavated 200 to 250 foot-wide
floodplain and is designed to flood over bank with an average frequency of once every 2 years.
Stream channel width is 45 feet, with a depth of approximately 2.0 to 3.5 feet. Average slope of
the new stream channel is approximately 0.2 percent. The total length of the main channel
between I-15 and Utah Lake is approximately 0.5 river mile. Figure 2.5 illustrates a cross section
of the new stream channel and floodplain wetlands. Because of the low streambed gradient in
this reach, bed material consists primarily of sand and silt, with the exception of several patches
where cobble-sized material was placed as part of the restoration design.

Because construction was only recently completed, riparian vegetation within this reach of
Hobble Creek is currently limited. Approximately 120 native cottonwood and willow trees and
450 willow and dogwood shrubs were planted within the project area. A seed mix including
native wetland and upland species was applied throughout the project area. With time, itis
anticipated that this restored reach of Hobble Creek will support a diverse native riparian
community, with regular overbank flooding promoting natural recruitment of new cottonwood
and willow seedlings.

Interstate-15 to 400 West Street

In this reach, Hobble Creek consists of atrapezoidal-shaped channel between tall levees. This
reach has atotal length of approximately 2.1 river miles. The levees limit the ability of the creek
to meander, and sinuosity islow (Figure 2.2). Review of historical air photos indicates that at
least one meander bend was straightened between 1946 and 1958 (Stamp et al. 2003); prior
agricultural development likely entailed straightening and re-alignment of other sections of the
creek aswell. In-stream habitat consists primarily of riffles and runs, while well-devel oped pools
are relatively rare. Stream channel plan form is single-threaded with the exception of an area of
channel located immediately upstream from the 1500 West crossing. This areawas artificially
widened after the 1983 floods to help capture sediment and logs and reduce debris problems
during floods. Sediment deposition has created a mid-channel island in this location, and the
channdl divides into two threads before recombining into a single channel and flowing under
1500 West and the railroad.
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Figure 2.4.  Plan view of Hobble Creek restoration design (DOI 2008).
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Figure 2.5. Cross section of Hobble Creek restoration design (DOI 2008).

The channel in this reach is typically about 30 to 40 feet wide at low flow and about 60 to 75 feet
wide between the tops of the levees. The levees are generally about three to five feet higher than
the adjacent agricultural fields (Figure 2.6). Average channel slope varies from about 0.2 percent
in the downstream portion of the reach to 0.7 percent in the upstream portion of the reach (Stamp
et a. 2002). The streambed profile isinterrupted by irrigation diversions at 1000 North and at
Packard Dam, each of which creates a vertical bed elevation drop of about four feet. These
structures flatten the local slope and cause deposition of fine sediment both upstream and
downstream. Streambed substrate consists of sand and silt in the vicinity of these diversions and
the 1500 West debris basin. In the remaining portions of the reach, bed material typically
consists of gravel and cobble particles that are occasionally algae-coated or partially embedded
with fines (Stamp et al. 2002).

Plot of Cross Section XS2A: downstream view
(located 600 ft below 1500 West crossing)
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Figure 2.6.  Plot of lower Hobble Creek cross section near 1500 West.
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Within this reach, the levees are typically well-vegetated with willows, cottonwoods, and
Russian Olives. However, the lateral extent of riparian vegetation is limited because the levees
prevent the stream from being connected to a broad, well-developed floodplain. The total width
of riparian vegetation typically extends about 20 to 35 feet beyond the streambank on both sides
of the channel. One relatively large stand of mature cottonwood trees is present beyond the levee
on the north side of Hobble Creek upstream of 950 West; this stand islikely arelict from a
previous channel or floodplain location prior to levee construction. A second stand of mature
cottonwoods had been present beyond the levees on the south side of the creek in this area as
well. However, that stand of trees was converted to a housing subdivision between 2002 and
2006.

400 West Street to 1700 East Street

This reach extends for alength of approximately 3.2 river miles and is the most urbanized reach
of Hobble Creek. Numerous roads cross the stream in this reach and development constricts
channel width. In many sections, the streambanks have been stabilized with vertical concrete
walls or rip rap. As with the downstream reaches, the channel in this reach has been confined
between levees and portions have been straightened, resulting in low sinuosity. Channel width is
generally narrower in this reach, ranging from approximately 10 to 15 feet at low flow to about
25 feet at high flow (Stamp et a. 2002, CUWCD 2004b). Pool habitat is infrequent, and average
channel slopeis 1.1 percent. Theirrigation diversion at Swenson Dam (near 700 East) altersthe
bed profile and creates a backwater when boards are in place (CUWCD 2004b). Streambed
material typically consists of cobble-sized material, often coated with algae. Riparian vegetation
islimited to anarrow width along the channel banks; areas of broad floodplain are lacking.

1700 East to Mapleton-Springville Lateral

This upper reach of lower Hobble Creek remains less urbanized than the reach from 400 West to
1700 East. Stream length in this reach is approximately 0.84 river mile. However, land use in this
area has been shifting from agricultural to residential, and several new housing subdivisions have
been constructed in the downstream half of this reach within the last seven years. Aswith the
downstream reaches, the channel is confined between |evees and access to broad floodplain areas
islacking. On the north side of the creek, many of the new homes have been built within 65 feet
of the Hobble Creek channel centerline, limiting future opportunities to widen the leveesto
restore habitat. Aswith the downstream reaches, riparian width is limited to the streambank and
levee area, and extends from about 20 feet to about 40 feet from the streambank on both sides of
the channel. Channel gradient averages 1.4 percent in this reach, and channel width and substrate
composition generally remain similar to the reach between 400 West and 1700 East (Stamp et al.
2002). The Sage Creek and Island Dam Diversions withdraw water from Hobble Creek in this
reach. These structures locally alter the streambed profile and create backwater effects when
boards are in place (CUWCD 2004b, Stamp et al. 2002). Two areas of bank instability were
noted in this reach during studies associated with UL S planning (Appendix A of CUWCD
2004b).
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Water Quality

Hobble Creek is listed as a class 2B, 3A, 4 stream by the Utah Division of Water Quality. The
corresponding designated beneficial uses are secondary contact recreation (2B), cold water
fishery (3A), and irrigation (4). Hobble Creek is not currently on the Utah 303(d) list as being
impaired or requiring a Total Maximum Daily Load (TMDL) analysis for any constituents.

Overall, according to State data, Hobble Creek water quality meets all State standards under
current flow conditions. According to the description of baseline conditions in the ULS Final
Environmental Impact Statement, dissolved oxygen (DO), total dissolved solids (TDS), pH,
nitrate plus nitrite, ammonia, and selenium meet State standards on a monthly basis (CUWCD
2004a). According to the state of Utah’s 2006 305b report, Hobble Creek is indicated as
supporting its assessed beneficial use classes with some tributaries not assessed (UDEQ 2006).
However, Utah Lake is listed as impaired on the Utah 303(d) list for total phosphorus and total
dissolved solids.

There are indications that total phosphorus (TP) and temperature may be problematic in Hobble
Creek under current conditions during certain times of the year. Based on review of data
collected since 1999 at the water quality station on Hobble Creek at I-15 (STORET site
#4996100), average TP concentration is 0.06 milligrams per liter (mg/L), which slightly exceeds
the Utah indicator value of 0.05 mg/L. Recent data also indicate temperatures can exceed 206°C,
which is the State cold water fishery standard. This temperature increase typically occurs during
summer days when air temperatures are high and flow in the channel is low. For example, water
temperature in Hobble Creek was 23.63 C on August 7, 2001. Flow on this day was only 3.5 cfs
(EPA 2008). Additional temperature data were collected specifically for this project to quantify
the relationship between flow and water temperature, as described in Section 3 of this report.

Fisheries

General

Hobble Creek contains populations of brown trout; headwater portions of the creek contain
Bonneville cutthroat trout and rainbow trout (CUWCD 2004b). Carp have been observed in the
portions of Hobble Creek below I-15 (Stamp et al. 2002). Mountain sucker (Catostomus
platyrhynchus) and sculpin (Cottus spp.) have also been found in Hobble Creek (CUWCD
2004b).

June Sucker

As discussed above, June sucker are not currently known to use Hobble Creek for spawning,
although it is believed that lower Hobble Creek was used historically. Recent tracking studies
and monitoring efforts have found adult June sucker staging in Provo Bay near the mouth of
Hobble Creek during the springtime spawning period (Buelow 2006, UDWR 2008). The recently
completed channel realignment project at the mouth of Hobble Creek removed access barriers to
the creek, and it is hoped that June sucker will utilize the new channel for spawning and rearing
beginning in 2009.
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Because June sucker have not been observed in Hobble Creek for at least the last several
decades, no Hobble Creek-specific fisheries monitoring data are available to help determine the
relationship between flow and June sucker spawning success. However, information has been
collected on the lower Provo River and on other rivers where similar sucker species spawn.
Based on this information, the linkages between streamflow patterns and the specific life history
requirements of June sucker are discussed below.

Spawning
It is believed that river flow is aprimary factor influencing the cue for June sucker to initiate the

spawning migration (USFWS 1999). However, a congener species, the cui-ui (Chasmistes
cujus), is believed to be cued by water temperature in addition to flow characteristics
(Scoppettone et al. 1983, Sigler et a. 1985, Scoppettone et al. 1986). Peak migrations for cui-ui
occur in river temperatures varying from 9°C to 17°C and mean daily temperatures from 12°C to
15°C (Scoppettone et a. 1986). Hatching success is highest at temperatures lower than 17°C
(Coleman et al. 1987). In addition to the apparent importance of temperature, Scoppettone et al.
(2000) suggest that “sufficient fresh turbid flow” is also required to stimulate migration of that
species. However, it remains unclear how readily the spawning requirements for cui-ui translate
to the requirements for June sucker. To date, existing monitoring data collected on the lower
Provo River, where June sucker spawning regularly occurs, have not been sufficient to
conclusively determine arelationship between runoff patterns and spawning behavior (Stamp et
al. 2008). The inability to safely and consistently sample fish during high flow periods has made
it difficult to relate spawning preferences to flow conditions. Therefore, it remains unclear
precisely which factor (i.e., turbidity, temperature, flow volume) is the most critical in attracting
June sucker up river to spawn. Results of monitoring planned for 2008 using a stationary antenna
should provide new insights into this relationship.

In anatural setting, temperature and the associated flow pattern of inflow streams may influence
spawning events. However, refuge popul ations of June sucker have spawned in lake shore
environments. A population of stocked June sucker in Camp Creek Reservoir has been spawning
and recruiting with such success that the reservoir can not support the recruitment (Webber and
Thompson 2008). The common factor seems to be use of a gravel/cobble substrate as the
spawning bed. It may be that as long as the water temperature is within the optimum range of
12-17 °C (Keleher et al. 1998) and a suitable substrate for spawning is present, then spawning
will occur independent of water velocity.

Radant et al. (1987) devel oped habitat suitability index (HSI) curves for preferred water depth
and velocity for June sucker spawning. These curves indicate that June sucker spawn in areas
with an average depth of 1.67 feet (ft) and average velocity of 1.2 feet per second (ft/s). Preferred
substrate was described as ranging in size from 100-200 millimeters (mm). However, this
substrate curve has been updated based on the observations of June sucker spawning over larger
substrates in Red Butte Reservoir. These sources suggested that June sucker use larger substrates
in addition to those identified in the Radant et a. (1987) curves. The larger substrates are also
predominant in the section of Provo River where June sucker spawn. The presence of low
velocity pools that provide resting habitat adjacent to spawning areas may also be important for
Spawning sUccess.
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Larvae

Modde and Muirhead (1990) suggested that emergent June sucker larvae on the Provo River
drifted downstream, primarily at night and shortly after hatching; these results were supported by
studies during the spawning seasons in 1996 (Crowl and Thomas 1997) and 1997 (Keleher et al.
1998). Keleher et al. (1998) also determined that when Provo River flows are below 400 cfs,
changesin flow have a more dramatic effect on velocity, and possibly drift rates of larvae, than
when flows are above 400 cfs. However, Wilson and Thompson (2001) found that neutrally
buoyant beads were able to drift at sufficient speed when flows were 300 cfs to move from the
spawning areas to the lake during one night (approximately 5 hours) and presumably avoid the
high predation risk. At 100 cfs the researchers found that beads drifted only 30 meters (m) in
approximately 30 hours, suggesting that this flow would not allow efficient transport to the lake.
A study by Ellsworth et al. (forthcoming) suggests that recruitment failure may be related to
larvae not being able to reach the higher zooplankton densities within the lake before they
deplete their yolk reserves. While these studies are specific to the lower Provo River and not to
Hobble Creek, they suggest that streamflow and velocity patterns are important determinants of
how effectively larvae are able to drift and reach suitable rearing habitats with cover from
predators.

Water Temperature Requirements

According to Kindschi et al. (2005), a laboratory evaluation of chronic lethal temperatures on 8-
inch fish indicated that the LC50 (temperature at which there was 50% survival for 60 days)
occurred between 27.9° C (actual mortality was 18.7%) and 29.7° C (actual mortality was
61.3%). Water temperatures that provided maximum weight gain and feed efficiency in these 8-
inch fishwas 21.9° C and 21.6° C, respectively. Although this study focused on asingle life
stage and was a laboratory-based study that did not account for interaction effects of other
factors, the information nonethel ess provides val uable guidance for managing water
temperatures in lower Hobble Creek. In another study Shirley (1983) reported that June sucker
eggs hatch faster at 21.1° C (4 days) than at 10.6° C (10 days).
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SECTION 3. FLOW RECOMMENDATIONS FRAMEWORK
AND DATA

Lower Hobble Creek Instream Flow Recommendations Framework

The ideal approach to instream flow recommendations would take into account all the types of
riverine processes and ecological functions supported or affected by streamflows. Thisidealized
approach is promoted by several of the Instream Flow Council’s Policy Statements (Annear et al.
2004):

| FC Riverine Components Statement: Instream flow studies must evaluate flow
needs and opportunities in terms of hydrology, geomorphology, biology, water
quality, and connectivity.

| FC Riverine Resource Stewardship Policy Statement: All streams and rivers
should have instream flows that maintain or restore, to the greatest extent
possible, ecological functions and processes similar to those exhibited in their
natural or unaltered state.

| FC Flow Variability Statement: Instream flow prescriptions should provide
inter- and intraannual variable flow patterns that mimic the natural hydrograph
(magnitude, frequency, duration, timing, rate of change) to maintain or restore
processes that sustain natural riverine characteristics.

The idea of acomprehensive framework that includes al riverine componentsis also suggested
in the principles of effective instream flow science outlined in arecent National Research
Council report (NRC 2005). Thisideais further supported by the resolution passed by the
American Fisheries Society at their 2008 annual meeting (American Fisheries Society 2008).
Additional discussion of the idea of developing ecologically based comprehensive flow
recommendations, as well as a complete description of available methods for determining
instream flows can be found in Stamp et al. 2008.

On lower Hobble Creek, protection of certain individual ecological functionsis of higher priority
than other functions. For example, protection of flow-dependent ecological functionsfor the
endangered June sucker is of high priority because establishment of a spawning run on Hobble
Creek isarecovery goa for the JSRIP. Table 3.1 identifies some of the important flow regime
components that support the June sucker life cycle. Additional Hobble Creek factors that affect
the ecological functions important for June sucker independent of flows are also identified. In
Table 3.2 we incorporate some of the priorities on lower Hobble Creek with a more complete list
of riverine components to generate a specific lower Hobble Creek instream flow
recommendation framework.
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Table 3.1.

June sucker life history stages supported by instream flows.

Attraction Flows

their timing of spawn on
water temperature/
turbidity/flow conditions
associated with
springtime snowmelt
runoff.

Recovery Plan-
USFWS 1999;
Scoppettone et al.
1983, 1986, 2000; but
it is uncertain whether
the main spawning
cue is water
temperature, turbidity,
flow magnitude, or
some combination
thereof.

to coincide with
natural springtime
snowmelt runoff

JUNE SUCKER
SUPPORTING TYPE OF FLOW
LIFE HISTORY DESCRIPTION DATA/RESEARCH REQUIRED OTHER FACTORS
STAGE
Spawning: June sucker may cue June Sucker flows patterned/timed | Existing diversion

structures may prevent
June sucker from
accessing portions of
Hobble Creek
upstream of 1000
North.

emerge from spawning
beds and drift
downstream during the
night.

1990, Crowl and
Thomas 1997,
Keleher et al. 1998,
Wilson and Thompson
2001, Ellsworth et al.
forthcoming.

transport June
sucker larvae from
spawning to rearing
habitats

Spawning: June sucker spawn in Radant et al. 1987, regularly occurring Existing diversion
Flushing of coarse gravel to small Sigler and Sigler 1996 |flows of sufficient structures may prevent
Spawning cobble-sized substrate magnitude/duration | June sucker from
Substrate and do not spawn in finer to flush accumulated |accessing portions of
material. fine sediment/algae |Hobble Creek
and maintain clean, |upstream of 1000
loose spawning North.
substrate
Spawning: June sucker spawn in Radant et al. 1987, flows during the Existing diversion
Hydraulic moderate-velocity Shirley 1983 spawning period that |structures may prevent
Habitat riffles/runs 1 to 3 feet maximize spawning |June sucker from
deep with gravel/cobble habitat in terms of accessing portions of
substrate adjacent to depth/velocity Hobble Creek
lower-velocity resting upstream of 1000
areas. North; levees and
channelization above I-
15 limit spawning/
staging habitat
regardless of flow.
Larval Drift June sucker larvae Modde and Muirhead |flows adequate to Predation by non-

native fish, which are
common in Utah
Lake/Provo Bay, may
limit reproductive
success regardless of
flows.

Juvenile and

June sucker adults and

Buelow 2006 (tracking

flows adequate to

Predation by non-

Adult Life juveniles live in Utah Lake |study); Crowl and provide appropriate |native fish, which are
Stages and congregate at the Thomas 1997; UDWR |Utah Lake levels, common in Utah
mouths of tributaries 2005; information temperature, Lake/Provo Bay, may
during pre- and post- regarding use of main |nutrient, and water  |limit recruitment
spawning periods; Hobble | part of lake remains  |chemistry conditions |success regardless of
Creek is a significant limited that maximize habitat |flows.
tributary to the lake and at Provo Bay mouth
influences the water level during congregation
(and associated refuge periods
habitat availability) and
water quality of Provo
Bay.
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Table 3.2. Ecological functions supported by instream flows and their relative priority
on lower Hobble Creek under existing (January 2009) conditions °.
LOWER
HOBBLE CREEK
ECOLOGICAL GENERAL TYPE OF
CATEGORY FUNCTION PURPOSE/ISSUES FLOW REQUIRED CONSIDERATIONS/
RELATIVE
PRIORITY
Water Quality | maintenance of When summertime flows | adequate summertime high priority

water temperature
below
harmful/lethal
levels

become too low
temperatures can exceed
lethal levels.

base flow

Water Quality

nutrient cycling

High, overbank flows that
inundate the floodplain
provide lateral
connectivity between the
channel and floodplain,
and allow for nutrient
cycling.

high-magnitude, low-
frequency flood flows

high priority below I-
15; low priority above
I-15 where levees
and channelization
limit floodplain
inundation regardless
of flows

. . spawning: Springtime-spawning flows patterned/ timed to | high priority
B'OIOQy' attraction flows species may cue their coincide with natural Additional research is
Aquatic timing of spawn on water | springtime snowmelt needed to identify
temperature/chemistry runoff and/or appropriate | specific components
conditions associated with | early springtime flow of flows that cue
springtime snowmelt patterns spawning on Hobble
runoff. Creek.
Biology: spawning: Adequate flows are regularly occurring flows | high priority
Aquatic flushing of gravels/ | needed to flush of sufficient magnitude/ | downstream from
cleansing of accumulated fine duration to flush fine 1000 North; lower
substrate sediment/algae and sediments priority upstream of
maintain clean, loose 1000 North because
spawning gravels. existing diversion
structures may
prevent spawning
access
Biology: hydraulic habitat Flows affect the flow regime that provides | medium priority
Aquatic availability availability of habitats with | an appropriate mix of Levees and
different depths/velocities | hydraulic habitats during | channelization limit
required by various critical life stage periods | availability of low-
aquatic species and life depth/velocity habitat
stages. at high flows.
Biology: cottonwood/willow | Seed-based recruitment | flows that inundate an high priority below I-
Riparian recruitment of native woody riparian appropriate germination | 15; low priority above
species requires a surface during the seed | I-15 where levees
specific combination of dispersal window and and channelization
flows and fluvial surfaces. | then decline slowly limit floodplain
enough for root growth to | inundation regardless
keep up of flows.
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Table 3.2. (cont.)
LOWER
HOBBLE CREEK
ECOLOGICAL GENERAL TYPE OF
CATEGORY PURPOSE/ISSUES CONSIDERATIONS/
FUNCTION FLOW REQUIRED RELATIVE
PRIORITY
Biology: prevention of Low flow or dry conditions |adequate summertime medium priority
Riparian vegetation during the summer base flow
encroachment/ growing season allow
channel narrowing |vegetation to encroach into
the active channel and can
lead to channel narrowing.
Geo- channel Moderate-magnitude regularly occurring flows |medium priority
morphology |maintenance (bankfull) floods are of sufficient duration/ Sediment trapping by
needed to maintain magnitude to fully Hobble Creek Debris
channel capacity and form |mobilize the streambed Basin and other
(pools/riffles) and transport |and transport the diversions alter
sediment. incoming sediment load |sediment transport/
channel maintenance
regardless of flows.
Geo- channel complexity |Large, overbank floods occasional large, high priority below I-
morphology |creation/ create and maintain overbank flood flows 15; low priority above
maintenance complex habitat such as I-15 where levees and
side channels and channelization limit
backwaters. floodplain inundation
regardless of flows.
Hydrology inter- and intra- Native plants and aquatic |mimicry of natural inter-  [high priority

annual flow
variability

species are adapted to
natural flow variability at
short- and long-term time
scales.

and intra-annual flow
variability (duration,
magnitude, rise and fall
rates, etc.)

? The priorities listed in this table reflect the existing leveed condition of lower Hobble Creek above I-15 and are not meant to imply
that certain functions are unimportant in natural systems.

Instream Flow Determination Methods/Data for Lower Hobble Creek
Riverine Components

Various existing data sets and analyses completed specifically for this study were used to
develop instream flow recommendations for lower Hobble Creek. These data and analyses are
described below.

Hydrologic Data
As discussed under Existing Conditions, available hydrologic data for Hobble Creek include data
from the discontinued USGS gage, the periodic field discharge measurements summarized in
Table 2.2, and monthly flow estimates developed by the CUWCD accounting for water
diversionsin Springville above 400 West. In addition to these data sources, as part of this study,
adimensionless flow duration technique, which has been useful in other river systemsfor
determining a natural range of variability for periods of low streamflow, was used. Additional
details of this technique can be found in Stamp et al. 2008. For this study, an analysis of Hobble
Creek springtime runoff patterns was completed using data from the discontinued USGS gage.
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Dimensionless Flow Duration Analysis

This analysis approach begins with the selection of a group of gaged streams with climatic,
geologic, and physiographic characteristics similar to the stream of interest, in this case lower
Hobble Creek. These streams are termed “reference” streams because they are used as a
reference for natural streamflow distribution. Streams are selected that have limited human
alteration of naturally variable temporal patterns of streamflow (e.g., streams without excessive
alteration of the watershed, streams without large dams, streams with limited diversion capacity).

The following seven streams were selected for use as reference streams:

Bear River near the Utah-Wyoming state line
Hobble Creek near Springville, Utah

North Fork Provo River near Kamas, Utah

Payson Creek above Diversions near Payson, Utah
Spanish Fork above Thistle, Utah

Weber River near Coleville, Utah

Y ellowstone River near Altonah, Utah

Although all these streams have some level of hydrologic alteration, they represent the natural
distribution of streamflow in this areareasonably well. Note that Hobble Creek at the
discontinued USGS gage (#10152500) was included as one of the reference sites.

Streamflow data from the selected group of reference streams can be plotted to create a standard
flow duration relation, as shown in Figure 3.1. Notice that streams of different size are
distributed vertically along the y-axis (discharge). Although the curves appear to have similar
shapes, the vertical distribution makes it impossible to use the data from one stream to guide
flow recommendations on another stream, unless they happen to be of exactly the same
discharge volume. In order to use these data to guide flow recommendations, away must be
found to remove the effect of stream size on the data, which would allow basins of different sizes
to plot in the same space. This can be accomplished by dividing each of the measured discharges
for the period of record by the mean flow for the same period, which produces the plots shown in
Figure 3.2. The result isadimensionless variable that we will call “dimensionless discharge.” It
is dimensionless because the units of discharge cancel out when dividing by the mean discharge.
Notice that the plots that were previously distributed along the y-axis are now grouped much
more closely. The new plots are quite useful for determining a natural range of discharge for
other streams in the area.

Because this technique is new to most people, a quick example may provide some helpful

insight. In away, the dimensionless discharge units can be thought of in terms of multiples of the
mean flow. For example, on Hobble Creek, which has a mean flow of approximately 45.7 cfs,
the flow on a given day may be 22.8 cfs, which becomes a dimensionless discharge of 0.50 (22.8
cfs/ 45.7 cfs=0.5), or 0.5 times the mean flow. In the springtime, during the runoff period, the
discharge may be 228 cfs, which becomes a dimensionless discharge of 5 (228 cfs/ 45.7 cfs=5),
or five times the mean flow. Dimensionless discharges, like those shown in Figure 3.2, can be
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Figure 3.1. Standard flow duration relations for seven Utah
reference streams.

Figure 3.2. Dimensionless flow duration relations for seven
Utah streams.
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scaled for any similar stream by multiplying the values by the mean discharge for the new
stream. This simple procedure can be applied to any stream with similar characteristics.

In order to determine a more appropriate range of streamflow during different seasons for
Hobble Creek, gage data from the reference streams were analyzed to produce dimensionless
flow duration curves for each month. Figure 3.3 provides an example of one of these monthly
curves (July) for the Utah reference streams. For comparison purposes, the estimated average
July flow on Hobble Creek below the Springville diversions (3.7 cfs) is also plotted as a
dimensionless value. This value plots well below the reference streams, indicating that flows are
substantially lower in July than would be expected in aless-altered system. These low flows
occur during the warmest times of the year, when temperatures in the river are hovering at or
above lethal levels for many organisms and oxygen levels are extremely low. The biological
implications of these low flows are potentially profound.

100

| =— Utah Reference Streams
~ € Estimated Hobble Creek - July

10

0.1

0.01

Dimensionless Discharge (Q/Q, ..)

0.001
05 1 2 5 10 20 30 50 70 80 90 95 98 99 99.8

Exceedance Percentage

Figure 3.3. Monthly (July) dimensionless flow duration relations for seven Utah
reference streams. Estimated average July flow for Hobble Creek below
Springville diversions is shown as an X on the plot.

The table of monthly dimensionless discharges can then be scaled for any similar Utah stream by
multiplying by the mean discharge. Such a scaling was completed for lower Hobble Creek,
which resulted in the values shown in Table 3.3. Monthly discharge values were computed for
water years ranging from alow of the 10" percentile to a high of the 90™ percentile. In addition
to the 20", 50™, and 80™ percentile water year values generated from the dimensionless analysis
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of all seven Utah reference streams, the comparabl e values specific to the Hobble Creek gage are
aso listedin Table 3.4.

Table 3.3. Calculated natural average monthly flows for lower Hobble Creek based on

median dimensionless values for seven Utah reference streams.
MONTH WATER YEAR PERCENTILE

10 20 30 40 50 60 70 80 90

January 12.3 14.0 15.5 18.2 18.7 18.9 19.0 19.2 20.5
February 12.1 13.6 15.9 16.2 17.8 17.8 18.4 19.4 20.3
March 13.2 14.6 17.6 18.6 19.4 19.9 21.0 21.0 21.4
April 15.2 20.5 25.4 35.0 42.2 53.1 73.8 88.9 110.5
May 42.4 71.4 88.2 112.1 132.2 147.3 159.4 184.4 234.4
June 31.5 39.7 49.9 79.2 118.1 129.6 146.1 183.0 229.2
July 18.6 27.7 32.2 35.5 38.5 43.7 48.4 59.3 86.0
August 111 14.1 16.3 19.3 20.9 24.5 29.1 38.0 40.1
September 10.7 12.4 15.8 17.8 19.3 21.5 24.9 26.3 31.5
October 115 14.8 16.9 19.0 20.2 22.3 22.6 23.4 26.3
November 12.6 15.6 17.4 19.4 21.2 22.6 24.1 24.8 25.7
December 12.7 16.0 17.2 18.0 18.7 20.5 20.9 21.4 22.9
Table 3.4.  Monthly flows for lower Hobble Creek for 20", 50", and 80™ percentile water

years based on median Utah reference stream values and based on data

from the discontinued USGS gage on Hobble Creek (#10152500).

WATER YEAR PERCENTILE

MONTH 20 50 80

UT Median B89 (X UT Median | Hobble Ck gage | UT Median B89 (X

gage gage

January 14.0 cfs 15.1 cfs 18.7 cfs 19.4 cfs 19.2 cfs 23.3 cfs
February 13.6 cfs 15.9 cfs 17.8 cfs 21.2 cfs 19.4 cfs 24.8 cfs
March 14.6 cfs 20.1 cfs 19.4 cfs 25.5 cfs 21.0cfs 38.9 cfs
April 20.5 cfs 41.7 cfs 42.2 cfs 97.8 cfs 88.9 cfs 168.8 cfs
May 71.4 cfs 68.9 cfs 132.2 cfs 132.2 cfs 184.4 cfs 184.4 cfs
June 39.7 cfs 35.4 cfs 118.1 cfs 59.5 cfs 183.0 cfs 74.6 cfs
July 27.7 cfs 14.8 cfs 38.5 cfs 25.9 cfs 59.3 cfs 30.6 cfs
August 14.1 cfs 12.6 cfs 20.9 cfs 19.5 cfs 38.0 cfs 22.4 cfs
September 12.4 cfs 12.0 cfs 19.3 cfs 17.9 cfs 26.3 cfs 21.5¢cfs
October 14.8 cfs 12.6 cfs 20.2 cfs 19.8 cfs 23.4 cfs 23.3 cfs
November 15.6 cfs 14.7 cfs 21.2 cfs 21.2 cfs 24 .8 cfs 24 .8 cfs
December 16.0 cfs 16.1 cfs 18.7 cfs 20.5 cfs 21.4 cfs 24.5 cfs

For the most part, the values generated by the group of Utah reference streams are similar to
those generated from the Hobble Creek gage data (Table 3.4). However, some differences are
apparent. The Hobble Creek gage values are higher in the winter and early spring, most likely
because Hobble Creek has alower elevation watershed with a snowpack that melts off relatively
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early. For this same reason, the Hobble Creek values are lower than the Utah reference values for
June and July. The Hobble Creek August and September values are also dlightly lower, while the
values for October through December are quite similar to the Utah reference values.

Springtime Runoff Analysis

As discussed above, records of daily diversion amounts for diversions on lower Hobble Creek
are not available. Therefore, it is difficult to know how the existing flow regime differs from
natural conditions during the springtime June sucker spawning period. The CUWCD estimates
below the Springville diversions (to 400 West) indicate that monthly flowsin April, May, and
June are reduced relative to flows at the discontinued USGS gage upstream (Figure 2.3).
However, it is unclear how the diversion structures on lower Hobble Creek are actually typically
operated during high flow periods. Most of the diversion structures are simple concrete sill/wing
wall structures that are operated by placing wooden boards into slots to raise the water level to
the degree needed to divert flow into an adjacent pipe or ditch. During high flow periods when
sediment and woody debris are being transported by the creek, these boards are susceptible to
damage and some irrigators may opt to delay flow withdrawals until runoff recedes.

Regardless of the extent to which the lower Hobble Creek diversions affect springtime flows, it
is helpful to try to identify the springtime flow patterns that would occur naturally as a basis for
devel oping springtime flow recommendations. Because flows during the springtime runoff
period are highly variable day-to-day, analysis of monthly average flows such as the CUWCD
estimates (2003) or of the values generated from the dimensionless analysis (Tables 3.3 and 3.4)
are not helpful in determining appropriate daily springtime values. Instead, we relied on the
available daily and instantaneous peak flow records for April through July at the discontinued
USGS gage for our analysis.

Toidentify aninitial set of hydrographs, percentile statistics (20", 50", 80", and 90" percentile
water years) were generated for each calendar day using the record of daily flows at the USGS
gage. These statistics provide an indication of the types of flow patterns that would occur under
dry, moderate, and wet-year conditions. Plots of these hydrographs are shown in Figure 3.4 for
the springtime runoff period from March 1 through July 31. Because these plots are based on
calculated daily statistics rather than actual flows that occurred on consecutive daysin agiven
year, they may show some unusual day-to-day patterns as arelict of the analysis method. To
evaluate this, the percentile plots were compared to various actual gaged hydrographs for dry,
moderate, and wet-year conditions. These plots are included as Appendix A. Based on these
comparisons, the statistical plots (Figure 3.4) do not generally appear to be unreasonable or
unrealistic; however, the actual recorded hydrographs for moderate and wet years tend to have
somewhat higher peak magnitudes, slightly shorter overall runoff duration, and somewhat
steeper rise and fall rates. Dry-year hydrographs appear to be rather variable, with somewhat
lower peaks and shorter runoff duration than the 20™ percentile plot shown in Figure 3.4.
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Springtime Hydrographs
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Figure 3.4.  Springtime hydrograph plots based on daily percentile statistics at Hobble
Creek USGS gage #10152500.

Geomorphic/Hydraulic Data
Several existing data sets are available to help determine the flows needed to support geomorphic
processes on lower Hobble Creek.

Sediment Transport Data

As part of studies completed for ULS environmental documents, the WinXSPRO software
program (Parker equation) was used to model bedload transport on Hobble Creek at ariffle cross
section 1,000 feet downstream from the Mapleton-Springville Lateral. Results indicate that
initial mobilization of the bed material occurs at about 95 cfs and that between 145 and 210 cfs,
bedload transport rates increase rapidly (CUWCD 2004b). Channel slope at this cross sectionis
1.1 percent, and the median bed material particle sizeis 51 mm.

Bedload transport was field-measured at severa locations on Hobble Creek during spring 2006
by Brown (2008). Although data are somewhat limited for the lower reaches of Hobble Creek,
multiple samples were taken at a sampling site located near 900 East in Springville (Figure 2.1).
Based on these samples, it appears that during the 2006 springtime runoff, significant sediment
transport was initiated at about 100 cfs, and that transport rates increased rapidly at flows above
about 240 cfs (Brown 2008). In 2006, bedload particle sizes of up to about 25 mm were captured
at Site 3, and the maximum streamflow measured during bedload sampling at the site was 304.5
cfs (Brown 2008). However, spring season 2008 bedload sampling by Brigham Y oung
University (BY U) at 950 West and 1600 West did not collect any measurable amount of
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sediment. Maximum flow measured during these sampling efforts was 200 cfs (R. Hotchkiss
2008, pers. comm.).

Results of HEC-RAS hydraulic model calculations performed for the design of the Hobble Creek
restoration project predict that particles between 20 and 30 mm would be mobile at flows equal
to the 2-year recurrence interval flood of 265 cfs. These results are applicable to the steeper riffle
sections constructed at the eastern end of the restoration project.

As part of conceptual habitat enhancement studies (Stamp et al. 2003), BIO-WEST surveyed
channel cross sections on Hobble Creek below 1500 West (previous street name 700 East) and
above 950 West (previous street name 1150 East). Modeled (WinX SPRO) shear stress results at
the 950 West cross section predict that flows of about 140 cfs would be adequate to mobilize
medium-sized gravel (20 to 30 mm diameter), flows of about 490 cfs would be adequate to
mobilize large-sized gravel (50 mm diameter) and flows of about 950 cfs would be adequate to
mobilize cobble material >64mm diameter.

Although these available data sets and analyses are not comprehensive, they suggest that flows
greater than 200 cfs are important for sediment transport on lower Hobble Creek. Flows of this
magnitude appear capable of mobilizing medium-sized gravel particlesin riffle habitats, which
suggests they would be adequate to flush spawning substrates and maintain them free of fine
sediments. However, no specific “flushing flow” study has been completed on lower Hobble
Creek, and it is not yet known which specific riffle habitats will be accessible to and used by
spawning June sucker. In the future, once fish monitoring data indicate where spawning occurs,
additional sediment transport modeling or sampling efforts would be recommended to more
definitively establish flushing flow magnitudes for the relevant locations along the channel.

Particle Size Data

Streambed surface particle size data were collected at several locations on lower Hobble Creek
by Brown (2008); these data are summarized in Figure 3.5. These data suggest that substrate
particles of the size preferred by June sucker for spawning (100 to 200 mm) are rare or absent in
the lowest reaches of Hobble Creek, but become more common in the upstream reaches of the
Study Area. As part of the Hobble Creek restoration project, cobble substrate material in this size
range was placed in several riffle locations within the reconstructed channel (DOI 2008). Again,
it will be important to monitor actual June sucker spawning habits in the future to better identify
the actual substrate and hydraulic characteristics of the locations they are observed to spawnin
Hobble Creek. Thiswill, in turn, allow the relationship of these spawning habitats to streamflow
to be more accurately described.

Channel Geometry/Hydraulic Data

As part of conceptual habitat enhancement studies (Stamp et al. 2003), BIO-WEST surveyed
channel cross sections on Hobble Creek below 1500 West (previous street name 700 East) and
above 950 West (previous street name 1150 East). Hydraulic analysis of the 950 West cross
section using WinX SPRO predicts that flows between 35 and 141 cfs would provide appropriate
spawning depths (1 to 3 feet) and velocities (0.2 to 3 feet/second) for June sucker (Stamp et al.
2003). Similar WinX SPRO analysis of the cross section below 1500 West predicts that flows
between 37 to 319 cfs provide the preferred spawning depths and velocities.
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Particle Size Distributions and Downstream Fining
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Figure 3.5. Hobble Creek streambed particle size distributions. Figure from Brown
(2008). Site 4 is located at 200 West; Site 3 is located at 900 East; Sites 1
and 2 are upstream of the Mapleton-Springville Lateral.

As part of field surveys and analyses completed for UL S environmental documents, estimates of
bankfull discharge were made at several cross sections (CUWCD 2004b). In this report, the term
“bankfull discharge” refersto the flow that just begins to overtop alluvial bank features or
deposits such as point bars; on lower Hobble Creek, these banks are typically much lower than
the artificial levees that line much of the channel. Flows much greater than what we refer to here
as bankfull discharge would be needed to overtop the levees on Hobble Creek. Reported bankfull
estimates were 140 to 150 cfs for the upstream portion of the Study Area (CUWCD 2004b).
Similar values are obtained when the WinX SPRO results at the 950 West and 1500 West cross
sections are examined. At 950 West, the wetted width reaches the break in slope at the right bank
at adischarge of about 146 cfs (Figure 3.6). At 1500 West, the floodplain/bar surface isfully
inundated at flows of about 162 cfs. Within the newly constructed Hobble Creek restoration
project, the channel was designed to overtop its banks beginning at flows of about 200 cfs.
Although a comprehensive analysis of bankfull discharge or effective discharge has not been
completed for Hobble Creek, the available data suggest that flows in the range of 140 to 200 cfs
are important for maintenance of the bankfull channel.
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Figure 3.6.  Plot of lower Hobble Creek cross section near 950 West.

Another geomorphic and hydraulic consideration involves base flows to limit vegetation
encroachment by grasses, sedges, or woody shrubs. WinX SPRO results at the 950 West and
1500 West cross sections predict that flows of about 18.8 to 23.5 cfs fully inundate the low flow
channel and would be adequate to prevent excessive vegetation growth during the summer
growing season.

Biological Data

In general, available biological datafor lower Hobble Creek are limited. Now that the Hobble
Creek restoration project is complete and lower Hobble Creek has been re-connected to Utah
Lake, it is hoped that June sucker will swim up Hobble Creek during the spawning period
beginning in spring 2009. Future fisheries monitoring efforts should provide valuable biological
information regarding June sucker spawning habitat requirements/preferencesin Hobble Creek
aswell aslarval drift patterns and rearing habitat use.

Asdescribed in Table 3.1, one biological flow component important for June sucker hasto do
with larval drift. Brown (2008) completed a drift bead study on lower Hobble Creek in 2006.
Beads were deployed on July 17, 2006, at the 1600 West bridge, and nets were used to collect
the beads at three sites west of 1-15 in the pre-restoration lower Hobble Creek channel. Flow was
not measured during the study, but was estimated at 40 cfs (Brown 2008). Beads were captured
and observed at thefirst net site, located near what is now the entrance to the Hobble Creek
restoration project. No beads were observed or collected at the net sites located farther
downstream in the old outlet channel (Brown 2008). Observations indicated that the beads,
although intended to be neutrally buoyant, tended to sink to the streambed, limiting the ability of
the beads to accurately simulate larval drift. In addition, the fact that streamflow was only
estimated rather than field measured limits the conclusions that can be drawn about drift
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effectivenessrelative to flow. Nevertheless, the study results tend to suggest that flows of
approximately 40 cfs are effective at transporting beads through the 1-15 culvert. We recommend
that June sucker larval monitoring be completed on Hobble Creek to better assess this
relationship, and to assess transport of larvae into and within the newly restored lower channel.

Water Quality Data

As discussed in the Existing Conditions section, available water quality data indicate that water
temperatures occasionally exceed the 20 degree cold water fishery standard (DWQ 2005) during
low-flow periods in summer. As part of this study, additional data were collected and an
empirical analysis of the relationship between flow and temperature was undertaken to help
identify a minimum flow that would be protective of the temperature standard. In addition, we
reviewed existing temperature data to determine if water temperatures ever reach the chronic
level lethal to June sucker (approximately 28 degrees C for 60 days, Kindschi et al. 2005).

Initial Analysis

Periodic, non-continuous, water temperature and streamflow data collected on Hobble Creek by
the Utah Division of Water Quality between 1982 and 2006 were obtained and analyzed. After
initial review of the complete data set, a subset of the data containing only July and August flows
less than 25 cfs were analyzed in greater detail. Thisisthe time period and flow conditions when
temperature exceedances are most common.

Asevident in Figure 3.7, temperatures very rarely approach the 28 degree C chronic lethal level.
Therefore, avoidance of temperatures lethal to June sucker will not be a driving factor in
recommending minimum base flows.

Maintaining water temperature below the 20 degree C fishery standard is a greater concern. Once
flows drop below about 11 cfs, water temperatures above 20 degrees C become quite common
(Figure 3.7). At flows greater than about 11 cfs, temperatures rarely exceed 20 degrees C.

Data Collection Methods

BIO-WEST installed one HOBO U22 Water Temp Pro v2 (U22) and one HOBO U20 Water
Level Logger (U20) in the lower reach of Hobble Creek. The U22 was deployed on July 7, 2008,
below the I-15 culvert, and recorded temperature data every minute through July 25, 2008. The
U20 was deployed on July 7, 2008, below Packard Dam, and recorded both temperature and
pressure (stage) data every minute through July 18, 2008. The data was collected and then
converted to hourly and daily averages. The hourly averages were calculated such that for a
given hour data point, the minute data from said hour through said hour plus 59 minutes were
averaged (e.g., data point 12:00 is the average of minute data for 12:00 through 12:59). The daily
average data points are averages from 12:00 midnight through 11:59 p.m. Daily averages for
days with incomplete data sets were not included as these tended to skew the results.

Dataloggers were re-deployed in September and collected data from September 4, 2008, through
October 14, 2008. These data were downloaded and plotted but were not analyzed in detall
because air temperatures were relatively cool during this period and recorded water temperatures
during this period did not exceed 20 degrees C.
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Historic DWQ Temperature and Flow Data for July and August
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Figure 3.7.  Plot of July and August water temperature data collected by the Utah
Division of Water Quality (DWQ) on lower Hobble Creek. Thick black line
indicates cold water fishery standard of 20 degrees C.

In-stream flow data was collected during four site visits to the station below Packard Dam using
aMarsh-McBirney velocity meter and top-set rod calibrated to record at 0.6 depth from water
surface. Water level was also recorded during for each discharge measurement and used to create
a stage-discharge rating curve.

Temperature Analysis Results

Temperatures above 20 degrees C were observed almost continuously at the station below the |-
15 culvert (Figures 3.8 and 3.9). Temperatures were 20 degrees C or greater 91 percent of the
time. During lower flow events, average hourly temperatures approached, and in severa
instances, exceeded 25 degrees C. However, these events would last approximately three to five
hours and did not approach the maximum temperature threshold of the June sucker. The
maximum temperature recorded below the |-15 Culvert was 26 degrees C (Figures 3.8 and 3.9).
Temperatures greater than or equal to 20 degrees C occurred 35% of the time during the sample
period at the station below Packard Dam. The maximum temperature recorded below Packard
Dam was 22.3 degrees C. Based on recorded water level (stage) data, flow rates during the
sample period are estimated to have been between about 0.6 and 2 cfs for the Packard Dam site,
and between 0.6 and 7 cfsfor the I-15 site. More data over a greater range of flows would be
needed to establish a more definitive relationship between discharge and temperature. The
available data do suggest however, that flows in this range are not adequate to provide average
hourly temperatures below 20 degrees C. When also considering the DWQ data set, the threshold
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Figure 3.8.  Hourly temperature and water level (stage) data at Hobble Creek
temperature monitoring sites.
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Figure 3.9.  Average daily temperature and water level (stage) data at Hobble Creek
temperature monitoring sites.
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appears to be approximately 11 cfs. Now that the new USGS gage near Packard Dam is
operational, it would be useful to re-deploy the temperature loggers during summer 2009 to
obtain a more comprehensive data set and further refine this estimate of the flow needed to
maintain water temperature quality. The Packard Dam site has a vegetative canopy that shades
the stream which may have influenced the temperature data. Data collected at this site show
lower water temperatures and less hourly variability than the downstream I-15 site, which isless
shaded (Figure 3.8).

Summary

The methods and analysis results used to develop lower Hobble Creek flow recommendations
are summarized in Tables 3.5 and 3.6.

Table 3.5. Instream flow determination methods for lower Hobble Creek.
QUANTIFICATION DATA SETS/
TYPE OF FLOW METHOD(S) ANALYSIS TOOLS IMPORTANCE FACTOR
Base Flows dimensionless flow |DWQ cold water fishery June Sucker Habitat = low, given June
to Maintain Water |duration curve standard; DWQ and BIO- sucker do not use Hobble Creek during
Temperature approach; empirical |WEST temperature data; lab |the warm low-flow months
temperature vs. flow |study of June sucker
evaluation temperature requirements Hobble Creek Ecosystem = high, given
potential impacts to aquatic biota
Base Flows visual evaluation BIO-WEST cross sections June Sucker Habitat = medium, given
to Limit Vegetation | of cross section plots |from 2002-2003 and potential impact to spawning habitat
Encroachment WInXSPRO analysis results
Hobble Creek Ecosystem = medium,
given potential impacts to channel
capacity and aquatic habitat
Base Flows data not currently data not currently available; June Sucker Habitat = unknown;

for Aquatic Habitat

available to quantify
this type of flow

monitoring of June sucker use
of Hobble Creek is
recommended to help
determine flows that provide
appropriate hydraulic habitat

however, probably high during the
spawn and larval drift period

Hobble Creek Ecosystem = high, given
potential impacts to aquatic biota

Spawning
Attraction Flows

mimicry of natural
hydrograph

cui-ui research; analysis of
USGS springtime hydrograph
patterns as representation of
“natural” hydrologic conditions

June Sucker Habitat = unconfirmed,
limited information suggests June
sucker may respond to increasing
springtime flows

Hobble Creek Ecosystem = unknown

Spawning Gravel
Flushing Flows

empirical/test flow
method; sediment
transport modeling

Brown (2008) bedload study
data; USGS gage data as
representation of “natural”
hydrology; WinXSPRO and
Parker transport modeling

June Sucker Habitat = high during most
years given need to maintain clean
gravel/cobble spawning substrate

Hobble Creek Ecosystem = high during

(CUWCD 2004b) most years given need to reduce
embeddedness, flush pollutants that
periodically build up, and scour algae
and aquatic macrophytes
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Table 3.5.

(cont.)

TYPE OF FLOW

QUANTIFICATION
METHOD(S)

DATA SETS/
ANALYSIS TOOLS

IMPORTANCE FACTOR

Spawning Habitat
Flows (Depth
and Velocity)

hydraulic modeling
(comparison of June
sucker spawning
depth/velocity
preferences with
WInXSPRO results)

BIO-WEST cross sections
from 2002-2003 and
WInXSPRO analysis results
(Stamp et al. 2003)

June Sucker Habitat = high during most
years to provide adequate spawning
habitat

Hobble Creek Ecosystem = unknown

Flows to Promote
Effective Larval

field experiment

drift bead study (Brown 2008);
drift monitoring of actual June

June Sucker Habitat = high, given
available rearing habitat

2004b); BIO-WEST cross
sections and WinXSPRO
analysis results

Transport sucker larvae is
recommended to obtain more |Hobble Creek Ecosystem = low
accurate results
Channel empirical/test flow Brown (2008) bedload June Sucker Habitat = high, given
Maintenance method; sediment sampling data; estimates of  |flushing flow needs
Flows transport modeling | bankfull discharge (CUWCD

Hobble Creek Ecosystem = high under
natural conditions

Inter- and Intra-
annual Flow

dimensionless flow-
duration curve

dimensionless flow-duration
curve analysis

June Sucker Habitat = low, given June
sucker do not use the Hobble Creek

Variability approach during the low-flow months
Hobble Creek Ecosystem = high under
natural conditions
Channel floodplain inundation |BIO-WEST HEC-RAS model |June Sucker Habitat = high once
Complexity method; for designed restored channel; |restoration of river-lake interface is
Creation/ empirical/test flow Brown (2008) bedload complete; out-of-bank flows will be
Maintenance method; sediment sampling data important to create and maintain rearing
Flows transport modeling habitat

Hobble Creek Ecosystem = high under
natural conditions

Overbank Flows
to Promote
Nutrient Cycling

same data and methods as channel complexity creation/maintenance flows

Riparian
Recruitment Flows

same data and methods as channel complexity creation/maintenance flows
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Table 3.6.

recommendations.

Summary of results considered in determining lower Hobble Creek flow

TYPE OF FLOW

QUANTIFICATION METHOD(S)

RESULT

Base Flows empirical temperature vs. flow |<11 cfs = frequent temperature problems
to Maintain Water evaluation

Temperature

Base Flows visual evaluation of cross 18 to 24 cfs

to Limit Vegetation section plots

Encroachment

Base Flows for Aquatic
Habitat

dimensionless flow duration
curve approach

See Table 3.3 and Table 3.4.

Spawning Attraction
Flows
for June Sucker

analysis of natural hydrograph
patterns

target hydrographs for dry, moderate, and wet water
years (see Section 4 below)

Spawning Gravel
Flushing Flows

empirical/test flow method,;
sediment transport modeling

flows greater than 200 cfs for a multi-day duration

Spawning Habitat Flows
for June Sucker
(Depth and Velocity)

hydraulic modeling (WinXSPRO)

35 to 141 cfs (950 W cross section)

37 to 319 cfs (1500 W cross section)

Flows to Promote
Effective Larval
Transport

drift bead study (Brown 2008)

the estimated flow of 40 cfs was not adequate to
transport the drift beads to Utah Lake but did transport
beads under I-15

Channel Maintenance
Flows

empirical/test flow method;
sediment transport modeling;
visual field estimates of bankfull

140 to 200 cfs

Inter- and Intra-annual
Flow Variability during
Non-Runoff Periods

dimensionless flow duration
curve approach

See Table 3.3 and Table 3.4.

Channel Complexity
Creation/ Maintenance
Flows

floodplain inundation evaluation;
empirical/test flow method,;
sediment transport modeling;
WinXSPRO results

flows > 200 cfs begin to inundate restored floodplain
medium gravel (20-30mm) is mobile at flows of about
265 cfs

cobble (>64mm) mobile at flows of about 950 cfs at
950 W cross section
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SECTION 4. LOWER HOBBLE CREEK INSTREAM FLOW
RECOMMENDATIONS

No legally binding minimum instream flow requirements have been established to date on lower
Hobble Creek. The UL S project is still in the construction phase, and supplemental flows are not
yet being delivered to Hobble Creek. Therefore, at this time no formal working group has been
established to guide the operations of the supplemental flow deliveries. It is anticipated that such
aworking group will form in the future so that flow deliveries can be managed to maximize
ecosystem benefits.

Thisreport is intended to assist the parties involved in these operational decisions. The following
flow recommendations are intended to be adaptive. Studies on Hobble Creek, Provo River, and
Utah Lake are ongoing, and as more is learned about the associations between streamflow and
specific ecological functions, with emphasis on June sucker needs, recommendations may be
adjusted. Also, if additional restoration activities that change the physical conditions of Hobble
Creek upstream of 1-15 are implemented, flow recommendations may need to be updated.

Base-Flow Guidelines

Base-flow guidelines to protect the lower Hobble Creek riverine ecosystem were developed for
dry-, moderate-, and wet-year conditions (Figure 4.1). Guidelines were developed separately for
winter, summer, and autumn base-flow seasons. Base-flow guidelines were not developed for the
spring season (April-June); instead, the natural springtime runoff hydrograph examples (see
below) should be used to guide supplemental flow-release decisions during this time period.

Figure 4.1. Lower Hobble Creek base-flow guidelines.
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Winter Base Flows

Winter base flows apply from January through March and were quantified by averaging the
January and February values determined from the dimensionless curve analysis (Table 3.4). The
20th, 50th, and 80th water year percentile values were used to determine guidelines for dry,
moderate, and wet years, respectively. March flows were not included in the calcul ation because
they are commonly influenced by early snowmelt runoff inputs and do not reflect a purely “base-
flow” condition. However, the recommended winter base-flow values (Figure 4.1) should be
used to guide minimum flow conditions throughout the full January—March period. These winter
base-flow guidelines mimic natural hydrologic conditions and are assumed to support winter
aguatic ecosystem needs. Because irrigation diversions are not active during these months, the
existing winter flows on lower Hobble Creek most likely already meet the base-flow guidelines.
At thistime, it is not anticipated that supplemental flow deliveries will be needed during the
winter season. However, once several years of data have been collected at the new USGS gage,
the recorded wintertime flow data should be examined to confirm that flows are within the
recommended range.

Summer Base Flows

Summer base flows apply from July through September (Figure 4.1). The dry- and moderate-
year recommendations of 12.3 and 18.7 cfs, respectively, were calculated by averaging the
August and September 20th and 50th percentile values from the analysis of daily flow data
recorded at the discontinued Hobble Creek USGS gage (Table 3.4). The Hobble Creek
summertime flow values are dightly lower than the values derived from the Utah dimensionless
curves (Table 3.4), and therefore were used to guide the recommendations. This approach avoids
arecommendation for aflow higher than what would naturally occur on Hobble Creek. The wet-
year summer base-flow recommendation of 21.5 cfs matches the September 80th percentile
value from the Hobble Creek gage analysis (Table 3.4). The July (dry- and moderate-year) and
July—August (wet-year) values were not included in these cal culations because they are
commonly influenced by the falling limb of the snowmelt runoff period and do not reflect a
purely “base-flow” condition.

Based on the limited temperature data available, these summer recommendations are adequate to
protect water temperature even in dry years (Table 3.6). The moderate and wet-year
recommendations are also competent to limit riparian vegetation encroachment, based on the
limited hydraulic geometry information available (Table 3.6). Because the recommended
summer flows mimic natural hydrologic conditions, it is assumed that they are also protective of
aguatic habitat needs in terms of flow depths and velocities. However, it isimportant to keep in
mind that the existing straightened, channelized, and leveed condition of Hobble Creek upstream
of 1-15 limits the availability of pool habitat and other low velocity/backwater habitat regardless
of flows.

Summer base flows on lower Hobble Creek are currently affected by water diversions for
irrigation. Available monthly flow estimates (Figure 2.3) and field measurements of flow made
during the summer (Table 2.2) suggest that delivery of supplemental flows will be needed to
meet these summer base-flow guidelines during most years.
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Autumn Base Flows

The autumn base-flow guidelines apply from October through December (Figure 4.1). The
averages of the 20th, 50th, and 80th percentile values for October, November, and December
(Table 3.4) were used to calculate recommended values for dry-, moderate-, and wet-year
conditions, respectively. The dry-year value of 14.5 cfs was derived from the Hobble Creek gage
analysis, because it is lower than the respective value derived from the Utah reference stream
analysis. The moderate- and wet-year autumn recommendations were derived from the Utah
reference stream analysis (Table 3.4) because those values are lower than the Hobble Creek gage
analysis results. However, differences in the autumn results for these two separate analyses are
very minor, and recommendations derived from either analysis would be quite similar.

Some irrigation withdrawals on lower Hobble Creek may continue through the month of
October; therefore, supplemental flow deliveries may be needed to meet the proposed autumn
base-flow guidelinesin certain years. However, field measurements of discharge on lower
Hobble Creek in October and December were 19.8 and 18.0 cfs (Table 2.2), suggesting that
existing flows come close to matching the moderate-year recommendation of 20.0 cfs, at least in
some years (Figure 4.1).

A Note Regarding Variability

The base-flow recommendations presented in Figure 4.1 are intended to serve as flow release
guidelines. The intent is not to hold flows perfectly constant (i.e., “flat-lined”) at the
recommended val ue throughout each season. Short-term (i.e., 1-3 day) variations within
10-20% of the recommended values are appropriate and would more closely match natural
hydrologic patterns than would perfectly constant conditions. However, during the summer
season in dry years, dropping flows below 11 cfs should be avoided due to water temperature
concerns. It is aso important to note that the proposed base-flow guidelines are not the same as
minimum instream-flow requirementsin the traditional sense. Under minimum instream-flow
requirements, any flows greater than the recommended minimum value (even flows much
greater than the recommended minimum) would “meet” the requirement. Under the proposed
base-flow guidelines (Figure 4.1), releasing flows substantially greater than the recommended
values for extended periods of time would not mimic natural hydrology and would not meet the
guideline objectives. Base flows that exceed the natural range of values can negatively affect
aquatic habitat diversity, riparian vegetation, and sediment-transport processes. These negative
effects can occur when base flows are too high relative to the channel size, sediment supply,
annual peak flow magnitude, and sediment size of the stream. Releasing excessive base flows
also runs counter to the objective of mimicking natural hydrology.

Although the current problem on lower Hobble Creek is that summer base flows are too low and
“excessive’ releases are unlikely to be an issue, it is nevertheless important to emphasize that the
proposed base-flow guidelines are not simply minimum requirements. Depending on where
irrigation demands on Hobble Creek must be met, “excessive’ flows could be an issuein the
reaches of the Study Area closest to the Mapleton-Springville Lateral. For example, if the
Swenson Dam diversion (Figure 2.1) was removing 20 cfs from the stream, the total flow in the
reach between Mapleton-Springville Lateral and Swenson Dam would need to be 38.7 cfsin
order to ensure that the recommended base flow of 18.7 cfs would reach the lower portions of
Hobble Creek. Flows of 38.7 cfs are above the natural range of variability for summer base
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flows. To avoid this potential issue, optionsto deliver irrigation water via pipe or canal
conveyance systems other than Hobble Creek should be explored.

Once supplemental flow deliveries on lower Hobble Creek are operational, we recommend that
base-flow patterns (as recorded at the new USGS gage on lower Hobble Creek) be periodically
evaluated to ensure that year-to-year variability is being achieved. For example, over a 10-year
period, some water years should mimic the wet-year base-flow guidelines, others the moderate-
year base-flow guidelines, and others the dry-year base-flow guidelines. If only the dry-year
guidelines were being met year after year, the intent of these comprehensive flow
recommendations would not be achieved. Therefore, if year-to-year variability isfound to be
lacking after such an evaluation in the future, operational practices for supplemental flow
deliveries may need to be revisited at that time.

March and July Considerations

As discussed previoudly, “natural” average monthly March and July flow values are commonly
influenced by the rising and receding limb of the snowmelt runoff period and are higher than
purely “base-flow” conditions. Therefore, in March and July, the base-flow guidelines listed in
Figure 4.1 should be applied as “minimum” values. Exceeding the recommended winter and
summer base-flow values during March and July in order to match natural snowmelt patternsis
appropriate and encouraged. It is also important to note that the springtime runoff hydrograph
examples (see below) extend into July and should take precedence over the July base-flow value.
However, July was included in the summer base-flow recommendations to ensure protection of
water temperature conditions.

Springtime Runoff Hydrographs

Asdiscussed in Section 3 above, at thistime it is not well understood to what extent existing
springtime flows on lower Hobble Creek diverge from natural runoff patterns. Irrigation
diversions most likely reduce peak flow magnitudes during dry years and some moderate years,
but may not be active during flood flow conditions due to concerns about damaging withdrawal
structures. Based on data collected during spring 2006, arelatively wet water year, flows near |-
15 were similar to flows in Hobble Creek Canyon during the runoff period (Table 2.2) (Brown
2008). Therefore, delivery of supplemental flows during the springtime will likely only be
needed during certain years. Another relevant consideration is that the facility that will deliver
supplemental flowsto Hobble Creek is being designed to have a 125 cfs maximum release rate
(CUWCD 2003). It isunlikely that the full 125 cfs capacity will be entirely dedicated or
available to provide environmental flowsto Hobble Creek. Evenif it were fully available, 125
cfsislessthan the estimated 2-year recurrence interval flood (Table 2.1). Therefore, the mgjority
of the lower Hobble Creek springtime runoff volume will typically come naturally from the
upstream watershed, and its timing and volume will largely be dictated by the natural runoff
patternsin agiven year.

Nevertheless, there will be years when it is determined that springtime supplemental releases
would be beneficia for lower Hobble Creek ecosystem functions or for specific June sucker
recovery objectives. Therefore, examples of natural springtime hydrograph patterns for dry,
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Figure 4.2.  Guideline hydrographs for the springtime runoff period.

moderate, and wet years are provided in Figure 4.2. These hydrographs can be used to help guide
decisions regarding the timing and magnitude of supplemental deliveries during the spring
season. The plots shown in Figure 4.2 were generated by modifying the plots (Figure 3.4)
derived from percentile statistics at the discontinued USGS gage.

Wet-Year Guidelines

The wet-year hydrograph guideline was developed by modifying portions of the 80" and 90™
percentile plots based on comparisons with gaged wet-year runoff hydrographs for individual
water years (Appendix A). The total volume of water (33,576 acre-feet) under the wet-year
guideline curve matches the volume under the 80" percentile plot for the March 1-July 31 time
frame. The guideline wet-year peak-flow magnitude of 485 cfswill ensure that gravel-sized
streambed material isthoroughly mobilized. It is expected that the wet-year guideline
hydrograph would support ecological functions including June sucker spawning, larval drift,
gravel flushing, overbank flows, riparian recruitment, and channel maintenance.

Moderate-Year Guidelines

The moderate-year guideline hydrograph (Figure 4.2) was derived from the 50" percentile plot
shown in Figure 3.4. The plot was modified to include a higher peak flow magnitude that would
initiate bedload sediment transport. Specifically, the guideline hydrograph includes flows greater
than 200 cfs for a duration of 4 days, and flows greater than 260 cfs for 2 days. In addition to
mobilizing medium-sized gravel material, these peak flows are estimated to be adequate to
inundate the restored floodplain west of 1-15 (Table 3.6). The tails of 50" percentile plot were
also adjusted to match the March and July base-flow values, and the rising and falling limbs
were steepened. These modifications better match observed springtime hydrographs at the USGS
gage during average-volume water years (Appendix A). Although the shape of the curve differs,
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the total volume of water (19,014 acre-feet) under the moderate-year guideline curve matches the
volume of water under the 50™ percentile plot for the March 1-July 31 time frame. Based on
available analyses, the resulting moderate-year guideline hydrograph would be expected to
support ecological functions including June sucker spawning, larval drift, gravel flushing,
channel maintenance, and partially support overbank flow and riparian recruitment functions.

Dry-Year Guidelines

The dry-year guideline hydrograph (Figure 4.2) was derived from the 20" percentile plot shown
in Figure 3.4. The “tails’ of the hydrograph in March and July were modified dlightly to better
match the winter and summer dry-year base-flow recommendations and observed dry-year
hydrograph patterns. Although the shape of the curve differs, the total volume of water (10,271
acre-feet) under the dry-year guideline curve matches the volume of water under the 20'
percentile plot for the March 1-July 31 time frame. Dry-year runoff patterns are highly variable,
and it is natural for a springtime peak to be essentially absent in some years on Hobble Creek
(Figure 2.2). Flows of the peak magnitude shown in the dry-year guideline (87 cfs) are generally
not adequate to support sediment transport, channel maintenance, or gravel flushing functions
(Table 3.6). However, flows in this range may be important for spawning habitat or larval drift
functions. We recommend that biological monitoring be conducted to better understand June
sucker use of lower Hobble Creek habitats, and to help determine whether delivery of
supplemental flows during years that lack a natural springtime peak would be beneficial for
recruitment success. It may be the case that in some years, it would be more beneficial to “bank”
water during the spring season and instead use it to provide supplemental flows during the
summer or the following springtime.

At this time, these guideline hydrographs should be considered preliminary. We anticipate that
the timing, magnitude, and volume of the hydrographs may be modified in the future as the
constraints and opportunities associated with supplemental flow delivery become better
understood. Adjustments may also be made as additional, more detailed biological information
becomes available regarding June sucker habitat use on lower Hobble Creek. Once supplemental
flow deliveries are operational, we recommend that springtime flow patterns (as recorded at the
new USGS gage on lower Hobble Creek) be periodically evaluated to ensure that year-to-year
variability is being achieved. For example, over a 10-year period, some water years should
mimic the wet-year guideline hydrograph, others the moderate-year hydrograph, and others the
dry-year hydrograph. If year-to-year variability islacking, operational practices may need to be
revisited.

Operational Considerations

Because daily discharge data describing flow conditions on lower Hobble Creek below the
irrigation diversions are not available, it is difficult to estimate the volume of supplemental water
that would be needed to meet the guidelines described above. One approach could be to simply
base supplemental delivery rates on the rates at which flows are being diverted at irrigation
structures. This approach would essentially “replace” the natural flows entering from the canyon
upstream. The ideal version of this approach would involve using pipes and ditch conveyance
facilities other than the Hobble Creek channel to deliver supplementa water from Mapleton-
Springville Lateral directly to irrigators. This method would allow flows in lower Hobble Creek
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to be “run of theriver” and accurately mimic natural hydrologic patterns. As discussed above,
this approach would also avoid the need to deliver “excessive” flows to the upper sections of
lower Hobble Creek in order to ensure adequate flows pass by the various diversion structures
and reach Utah Lake.

We completed severa preliminary estimates of supplemental flow volumes that would need to
be delivered to achieve the base-flow and springtime runoff guidelines. If supplemental flows
were used to replace water diverted at a constant rate of 60 cfs (the estimated total diversion
capacity of the Springville diversions above 400 West) for the entire month of May,
approximately 3,690 acre feet of water would be needed. If supplemental flows were used to
provide 11 cfsthrough al of July and August to maintain water temperatures, approximately
1,350 acre feet of water would be needed. As arough estimate of the annual amount of water that
would be needed to meet the moderate-year flow recommendations, we calculated the difference
between the recommendations and the CUWCD’ s baseline monthly flow estimates (Figure 2.3)
for the April through October period, when supplemental flows would be needed. Based on this
calculation, atotal of approximately 8,200 acre feet of supplemental water would be needed.

These values are intended to simply provide some approximate estimates of the water volumes
that may be needed to achieve specified ecological functions. Better data on irrigation diversion
rates and existing flows would be needed to accurately determine how much supplemental water
would be needed to meet the proposed recommendations.
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APPENDIX A: SPRINGTIME HYDROGRAPH PLOTS
COMPARING STATISTICALLY DERIVED
VALUES WITH FLOWS RECORDED
AT USGS GAGE #10152500
DURING SPECIFIC WATER YEARS



Wet Year Springtime Hydrographs

600
—— wet (80th%)
500 —— wet (90th%) |
— 1969
A A /\ —1914 |

Flow (cfs)
N oW A
o o o
o o o

Il

. MWW\M
ﬁm

100
0 ‘ ‘ ‘ ‘
1-Mar 1-Apr 1-May 1-Jun 1-Jul
Moderate Year Springtime Hydrographs
350 —— moderate (50th%) | |
300 —1971 ||
k /\ —1974
|4
3 150 v
(18
100
50
0 T T T T
1-Mar 1-Apr 1-May 1-Jun 1-Jul
Dry Year Springtime Hydrographs
123 ——dry (20th%) |
wl N m A ]
| VAV VWA — 1072
— 1954
5 el \ [ AN
Lo |/ \ | b o X
2 4 _ /J\//\/,i\/\ \\M
© a0 ya Vi \,V AN
20 J J\_/f/l—'\«/vv N 7%
10 A AAS Nk TTTCEDA
-~ W
0 T T T T

1-

Mar 1-Apr 1-May 1-Jun 1-Jul





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AachenBT-Bold
    /AachenBT-Roman
    /AbadiMT-CondensedLight
    /ABIGAIL-Normal
    /ABRACADABRA-Normal
    /AcadEref
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /ACTION-Normal
    /AdLibBT-Regular
    /ADONIS-Normal
    /ADRIANA-Normal
    /ADRIAN-Normal
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AIGDT
    /AKEEM-Normal
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /AlefbetNormal
    /Algerian
    /AlgerianBasD
    /AlgerianD
    /AllegroBT-Regular
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmdtSymbols
    /AmeliaBT-Regular
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanGaramondBT-Bold
    /AmericanGaramondBT-BoldItalic
    /AmericanGaramondBT-Italic
    /AmericanGaramondBT-Roman
    /AmericanTextBT-Regular
    /AmericanUncD
    /AmerigoBT-BoldA
    /AmerigoBT-BoldItalicA
    /AmerigoBT-ItalicA
    /AmerigoBT-MediumA
    /AmerigoBT-MediumItalicA
    /AmerigoBT-RomanA
    /AmerikaSans
    /AmerTypewriterITCbyBT-Bold
    /AmerTypewriterITCbyBT-Medium
    /AMGDT
    /Angelina
    /AnimalTracks
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AriaScriptSSi
    /ArnoldBoeD
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /ArribaArribaLetPlain
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /ArsisD-Regu
    /ArsisD-ReguItal
    /AtlanticInline-Normal
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BAILY-Normal
    /BakerSignetBT-Roman
    /BalloonBT-Bold
    /BalloonBT-ExtraBold
    /BalloonBT-Light
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BatikRegular
    /Bauhaus93
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BENJAMIN-Normal
    /BergellLetPlain
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BETSY-Normal
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BILLY-Normal
    /BinnerD
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BLAIR-Normal
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BONNIE-Normal
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BRADDON
    /BRADDONBold
    /BRADDONBoldItalic
    /BradleyHandITC
    /BremenBT-Black
    /BremenBT-Bold
    /BRIA-Normal
    /BRINKLEY-Normal
    /BritannicBold
    /Broadway
    /BRODY
    /BRODYBold
    /BRODYBoldItalic
    /BRODYItalic
    /BRODY-Normal
    /BRUCE-Normal
    /Brush445BT-Regular
    /Brush738BT-RegularA
    /BrushScriptBT-Regular
    /BrushScriptMT
    /BrushScriptStd
    /BUMP-Normal
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /CALVIN-Normal
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /CAMPBELL
    /CAMPBELLBold
    /CAMPBELLBoldItalic
    /CAMPBELLItalic
    /CAMPBELL-Normal
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASSANDRA-Normal
    /Castellar
    /CastleT-Bold
    /CastleT-Book
    /CastleT-Ligh
    /CastleT-Ultr
    /Castorgate
    /Castorgate-Distort
    /Castorgate-Messed
    /Castorgate-Rough
    /Castorgate-Upright
    /CastorgateWide
    /CELESTE-Normal
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CHANTAL-Normal
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CHARLEE-Normal
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CHINAONE-Normal
    /ChinaTown
    /CHONG-Normal
    /CityBlueprint
    /CITYSCAPE-Normal
    /CLARENCE-Normal
    /ClarendonBT-Black
    /ClarendonBT-Bold
    /ClarendonBT-BoldCondensed
    /ClarendonBT-Heavy
    /ClarendonBT-Light
    /ClarendonBT-Roman
    /ClarendonBT-RomanCondensed
    /CLASSIC-Normal
    /CLEVER-Normal
    /CLOWNINGWAY-Normal
    /CODY-Normal
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /Coronet
    /COUNTER-Normal
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CRASH-Normal
    /CurlzMT
    /DAKOTA-Normal
    /DANA-Normal
    /DANNY-Normal
    /DARNELL-Normal
    /DauphinPlain
    /DAVID-Normal
    /Ddvut01i
    /Ddvut02i
    /Ddvut03i
    /Ddvut04i
    /Ddvut05i
    /Ddvut06i
    /Ddvut07i
    /Ddvut08i
    /Ddvut09i
    /Ddvut10i
    /Ddvut11i
    /Ddvut12i
    /Ddvut13i
    /Ddvut14i
    /Ddvut15i
    /Ddvut16i
    /Ddvut17i
    /Ddvut18i
    /Ddvut19i
    /Ddvut20i
    /Ddvut21i
    /DELANEY-Normal
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /DENISE-Normal
    /DESIGN-Normal
    /DESIREE-Normal
    /DESTINE-Normal
    /DEVON-Normal
    /DIANE-Normal
    /DomBoldBT-Regular
    /DomCasualBT-Regular
    /DomDiagonalBT-Bold
    /DomDiagonalBT-Regular
    /DreamOrphans
    /DreamOrphans-Bold
    /DreamOrphans-BoldItalic
    /DreamOrphans-Italic
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EccentricStd
    /EdwardianScriptITC
    /ELEGANCE-Normal
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ESRIAMFMElectric
    /ESRIAMFMGas
    /ESRIAMFMSewer
    /ESRIAMFMWater
    /ESRIArcPad
    /ESRIArrowhead
    /ESRIBusiness
    /ESRICartography
    /ESRICaves1
    /ESRICaves2
    /ESRICaves3
    /ESRIClimate&Precipitation
    /ESRICommodities
    /ESRIConservation
    /ESRICrimeAnalysis
    /ESRIDefaultMarker
    /ESRIDimensioning
    /ESRIElements
    /ESRIEnviroHazardAnalysis
    /ESRIEnviroHazardIncident
    /ESRIEnviroHazardSites
    /ESRIEnvironmental&Icons
    /ESRIFireIncidentNFPA
    /ESRIGeology
    /ESRIGeologyAGSO1
    /ESRIGeologyUSGS95-525
    /ESRIGeometricSymbols
    /ESRIHazardousMaterials
    /ESRIHydrants
    /ESRIIGLFont16
    /ESRIIGLFont20
    /ESRIIGLFont21
    /ESRIIGLFont22
    /ESRIIGLFont23
    /ESRIIGLFont24
    /ESRIIGLFont25
    /ESRIMilMod01
    /ESRIMilMod02
    /ESRIMilRed01
    /ESRIMilSym01
    /ESRIMilSym02
    /ESRIMilSym03
    /ESRIMilSym04
    /ESRIMilSym05
    /ESRINIMACityGraphicLN
    /ESRINIMACityGraphicPT
    /ESRINIMADNCLN
    /ESRINIMADNCPT
    /ESRINIMAVMAP1&2LN
    /ESRINIMAVMAP1&2PT
    /ESRINorth
    /ESRIOilGasWater
    /ESRIOrdnanceSurvey
    /ESRIPipelineUS1
    /ESRIPublic1
    /ESRISDS1.951
    /ESRISDS1.952
    /ESRISDS2.001
    /ESRISDS2.002
    /ESRIShields
    /ESRISurveyor
    /ESRITelecom
    /ESRITransportationCivic
    /ESRIUSForestry1
    /ESRIUSForestry2
    /ESRIUSMUTCD1
    /ESRIUSMUTCD2
    /ESRIUSMUTCD3
    /ESRIWeather
    /EstrangeloEdessa
    /EuroRoman
    /EuroRomanOblique
    /Eurostar
    /EurostarBlack
    /EurostarBlackExtended
    /EurostarRegularExtended
    /FELIX-Normal
    /FelixTitlingMT
    /FELIZ-Normal
    /FELTPOINT
    /FELTPOINTBold
    /FELTPOINTBoldItalic
    /FELTPOINTItalic
    /FELTPOINT-Normal
    /FiolexGirls
    /FIRSTHOME
    /FIRSTHOMEBold
    /FIRSTHOMEBoldItalic
    /FIRSTHOMEItalic
    /Flareserif821BT-Bold
    /Flareserif821BT-Light
    /Flareserif821BT-Roman
    /FLIPPANT-Normal
    /FLOWERCAPS-Normal
    /FONTFEVER-Normal
    /FootlightMTLight
    /ForteMT
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /Freeform710BT-Regular
    /Freeform721BT-Black
    /Freeform721BT-Bold
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /GalaxyBT-Regular
    /GalleriaPlain
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /GandoBT-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /GATLINGGUN-Normal
    /Gautami
    /GDT
    /GENUINE
    /GENUINEBold
    /GENUINEBoldItalic
    /GENUINEItalic
    /GeographicSymbolsNormal
    /Geometric212BT-Book
    /Geometric212BT-BookCondensed
    /Geometric212BT-Heavy
    /Geometric212BT-HeavyCondensed
    /Geometric231BT-BoldC
    /Geometric231BT-HeavyC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /Geometric415BT-BlackA
    /Geometric415BT-BlackItalicA
    /Geometric415BT-LiteA
    /Geometric415BT-LiteItalicA
    /Geometric415BT-MediumA
    /Geometric415BT-MediumItalicA
    /Geometric706BT-BlackB
    /Geometric706BT-BlackCondensedB
    /Geometric706BT-BoldCondensedB
    /Geometric706BT-MediumB
    /Geometric885BT-RegularD
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeometricSlab703BT-XtraBoldCond
    /GeometricSlab703BT-XtraBoldItal
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlacierItalic
    /GlacierPlain
    /GlaserSteD
    /GloucesterMT-ExtraCondensed
    /GoldMinePlain
    /GorillaITCbyBT-Regular
    /Gothic720BT-BoldB
    /Gothic720BT-BoldItalicB
    /Gothic720BT-ItalicB
    /Gothic720BT-LightB
    /Gothic720BT-LightItalicB
    /Gothic720BT-RomanB
    /Gothic725BT-BlackA
    /Gothic725BT-BoldA
    /Gothic821CondensedBT-Regular
    /GothicE
    /GothicG
    /GothicI
    /GothicNo13BT-Regular
    /GoudyCatalogueBT-Regular
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudyStout
    /GreekC
    /GreekS
    /GRIFFEN-Normal
    /GriffonPSMT
    /GriffonShadowPlain
    /GrizzlyITCbyBT-Regular
    /GrouchITCbyBT-Regular
    /Haettenschweiler
    /HANA
    /HANABold
    /HANABoldItalic
    /HANAItalic
    /HANA-Normal
    /HarlowSolid
    /Harrington
    /HERMAN-Normal
    /HIGHEMOTIONS-Normal
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /HoratioD-Bold
    /HoratioD-Ligh
    /HoratioD-Medi
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /HUNTSON
    /HUNTSONBold
    /HUNTSONBoldItalic
    /HUNTSONItalic
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IRIS
    /IRISBold
    /IRISBoldItalic
    /IRISItalic
    /IRIS-Normal
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCPEUR
    /ISOCPEURItalic
    /ISOCT
    /ISOCT2
    /ISOCT3
    /ISOCTEUR
    /ISOCTEURItalic
    /Italic
    /ItalicC
    /ItalicT
    /JACKIE
    /JACKIEBold
    /JACKIEBoldItalic
    /JACKIEItalic
    /JACKIE-Normal
    /JAMES-Normal
    /Jokerman-Regular
    /JOSIE-Normal
    /JuiceITC-Regular
    /JUNIOR-Normal
    /JUSTSTEW-Normal
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KENDRIC
    /KENDRICBold
    /KENDRICBoldItalic
    /KENDRICItalic
    /KILLIAN-Normal
    /KINGSFONT-Normal
    /KorinnaITCbyBT-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LINCOLN-Normal
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LIVINGWELL
    /LIVINGWELLBold
    /LIVINGWELLBoldItalic
    /LIVINGWELLItalic
    /LIVINGWELL-Normal
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LUKE-Normal
    /LYNN
    /LYNNBold
    /LYNNBoldItalic
    /LYNNItalic
    /MACBETH-Normal
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /Marigold
    /MARIO-Normal
    /MARKETPRO-Normal
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MAXELL-Normal
    /MAXIMO
    /MAXIMOBold
    /MAXIMOBoldItalic
    /MAXIMOItalic
    /MAXIMO-Normal
    /MELTEDTEXT-Normal
    /MesquiteStd
    /MICHAEL-Normal
    /MicrosoftSansSerif
    /MILES-Normal
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /MODERNART-Normal
    /Modern-Regular
    /MOHAMMED-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Mincho
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Condensed
    /MyriadWebPro-CondensedItalic
    /MyriadWebPro-Italic
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /Nina
    /Nina-Bold
    /Nina-BoldItalic
    /Nina-Italic
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Occidental
    /OCRAExtended
    /OCRAStd
    /Ogirema
    /OgiremaBold
    /OgiremaItalic
    /OldEnglishTextMT
    /OldgateLaneOutline
    /OLIVEOIL
    /OLIVEOILBold
    /OLIVEOILBoldItalic
    /OLIVEOILItalic
    /OLIVEOIL-Normal
    /Onyx
    /OPENCLASSIC-Normal
    /OratorStd
    /OratorStd-Slanted
    /Orlando
    /OzHandicraftBT-Roman
    /PAINTSTROKE-Normal
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PanRoman
    /Papyrus-Regular
    /Parchment-Regular
    /ParisianBT-Regular
    /PEOPLESTYPE-Normal
    /PepperPlain
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PioneerITCbyBT-Regular
    /PipelinePlain
    /Playbill
    /PlaybillBT-Regular
    /PMingLiU
    /PoorRichard-Regular
    /PoplarStd
    /POSTBOY-Normal
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /ProseAntiqueBold
    /ProseAntiquePlain
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /PTBarnumBT-Regular
    /PumpTriD
    /QlassikBold
    /QlassikMedium
    /QuigleyWiggly
    /Raavi
    /RageItalic
    /Ravie
    /REALVIRTUE-Normal
    /ReservoirGrunge
    /RETURNTOEARTH-Normal
    /ROARINGFIRE-Normal
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /RosewoodStd-Regular
    /ROYALBASE-Normal
    /SABINA-Normal
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Santana
    /Santana-Black
    /Santana-BlackCondensed
    /Santana-Bold
    /Santana-RegularCondensed
    /ScriptC
    /ScriptMTBold
    /ScriptS
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShowcardGothic-Reg
    /Shruti
    /Simplex
    /SimSun
    /SisterEurope
    /SisterEuropeItalic
    /SisterEuropeShadow
    /SisterEuropeShadowItalic
    /SisterEuropeWide
    /SisterEuropeWideItalic
    /SMALLROSE-Normal
    /SnapITC-Regular
    /SNOWWRITE-Normal
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Square721Blk-Italic
    /Square721Blk-Normal
    /Square721-BoldItalic
    /Square721BT-Bold
    /Square721BT-BoldCondensed
    /Square721BT-BoldExtended
    /Square721BT-Roman
    /Square721BT-RomanCondensed
    /Square721BT-RomanExtended
    /Square721Demi-Italic
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /SquireD-Bold
    /SquireD-Regu
    /Staccato222BT-Regular
    /Stencil
    /StencilStd
    /STERN-Normal
    /StylusBT
    /SUBLIME-Normal
    /SuperFrench
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss911BT-ExtraCompressed
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /Symbol
    /SymbolMT
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /TektonDisplaySSi
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimeScrD-Bold
    /TimeScrD-Ligh
    /TimeScrD-Medi
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TinBirdhouse
    /TRACY-Normal
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TrimbleGPSPathfinder
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Txt
    /TypoUprightBT-Regular
    /UniversalMath1BT-Regular
    /VAGRoundedBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VERTICALSMUDGE-Normal
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /WHITEWATER-Normal
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WIRED-Normal
    /WISHINGTYPE-Normal
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZurichBT-BlackExtended
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice




