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Executive Summary

Executive Summary

The Lower Santa Cruz River (LSCR) in northeastern Pima County is Arizona’s longest effluent-
dependent river. The condition of the LSCR is heavily influenced by effluent management
practices. Numerous efforts are underway to restore water quality and river conditions. The
Pima County Regional Wastewater and Reclamation Department (RWRD) is currently
implementing the $660 million Regional Optimization Master Plan (ROMP) which will upgrade
the two major regional wastewater treatment plants discharging to the river. According to
ROMP, the upgrades to the Water Reclamation Facilities (WRFs) near Ina Road and Roger
Road will significantly improve water quality of the effluent. The upgrade in water quality
anticipated by ROMP leads to a commensurate increase interest in reducing the need to mine
local groundwater for supply. Tucson Water, Metro Water, Oro Valley Water and Pima County
have interest in taking effluent to be used for non-potable uses such as recharge, turf irrigation,
and riparian enhancements.

The purpose of this study is to review historical conditions in LSCR and summarize possible
changes by water quality upgrade due to ROMP.

In Chapter 1, a history of the study area and background of the study were briefly summarized.

In Chapter 2, historical conditions of stream flow discharge and infiltration were evaluated by
using the United States Geological Survey (USGS) stream gauges data collected at Cortaro Rd
and Trico Rd and effluent discharge data collected at Roger Rd and Ina Rd. WRFs. The mean
annual discharge of the LSCR at Cortaro Rd and Trico Rd showed that large stormflow events
occurred in winter, 1993, and summer in 2006. In all years, flows are greater at Cortaro Rd. than
Trico Rd., indicating net losses due to infiltration and evapotranspiration between Cortaro Rd
and Trico Rd. Annual mean loss was the greatest in Calendar Year 1993, which is a year which
experienced the greatest annual mean discharge at Cortaro Rd and Trico Rd. The total annual
effluent discharged from Roger Rd. and Ina Rd. WRFs is a significant portion of the annual
discharge conveyed in the LSCR. While stormflow is a smaller part of the total volume in the
river, storm events are extremely important in partitioning the water between that which
infiltrates and that which flows downstream. Scouring of the stream bed removes the clogging
layer, which results in much higher infiltration following storm events. The previous studies
indicated that infiltration rate is more dependent on the number of scouring events and time
since last scour event. A bank repair project conducted by Pima County Regional Flood Control
District (RFCD) showed that flow diversion substantially increase effluent infiltration. This
suggests that infiltration rate is largely controlled by a clogging layer. The frequency and
magnitude of scouring events can be linked to regional rainfall patterns, especially fall and
winter rainfall patterns, which suggests a link to larger climate trends.

Historical changes in the morphology of the low flow channels were assessed in Chapter 3. The
study reach of the LSCR was divided into seven reaches using major road crossings. Low flow
channel area and length were digitized using aerial photos taken in 1998, 2002, 2005, 2008,
2010 and 2011. 20-foot DEMs were created to evaluate elevation changes and sediment
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Executive Summary

volume changes in low flow channels by using topographic data obtained in 1998, 2005 and
2008. Analysis showed that relatively small changes in location, area and volume occurred in
the reach between Trico Rd. and Sunders Rd. The changes in location, area and volume were
relatively large in the reaches with inflow from major washes such as Rillito River and Canada
del Oro Wash, suggesting that those reaches were relatively unstable during the study period.
Previous studies (Parker, 1995; RFCD, 1999; 2008) reported that effluent channel continued to
degrade over time. This study also showed that the overall trend has been toward degradation
over the period from 1998 to 2008. More degradation occurred between 2005 and 2008,
compared to the period between 1998 and 2005.

Chapter 4 reviewed available datasets to describe what is and is not known about the
vegetation changes in the LSCR during the period of effluent discharge, with emphasis on
riparian and wetland vegetation near the channel. It also described conceptual models (e.g.
hydrogeomorphic), if any, and what is known about factors that influence vegetative conditions,
drawing on literature from other Southern Arizona rivers. Several plant communities such as
Sonoran cottonwood-willow and mesquite forests and saltbush desert scrub have been
disproportionately diminished in areal extent by historic land use and water resource use along
the LSCR. Native plant species diversity was also reduced following the reduction of natural
baseflows and lowering of the shallow groundwater table. Effluent discharged to the LSCR from
the Roger Rd. WRF revived some of the wetland and riparian plant communities, and facilitated
the spread of non-native wetland and riparian species. At a time when other streams and
springs in southern Arizona have gone dry or are experiencing reduced discharges, the effluent-
dependent LSCR remains a unique “drought proof”’ stream. Mesquite bosques persist or have
become established in areas of infrequent bank erosion where water availability is augmented
either by effluent discharge from the municipal treatment facilities or where agricultural or urban
runoff is concentrated. Terraces that are no longer subject to inundation offer sites for
persistence or re-establishment of saltbush and other upland desert scrub.

In Chapter 5, historical changes in water quality were summarized by using data provided by
Pima County Regional Wastewater Reclamation Department (RWRD) and Arizona Department
of Environmental Quality (ADEQ). Sodium adsorption ratio (SAR), total dissolved solid (TDS),
major ions, nutrients and dissolved oxygen (DO) were selected to discuss historical change in
water quality. The SAR is the proportion of sodium (Na) ions compared to the concentration of
calcium (Ca) plus magnesium (Mg). Infiltration decreases with an increase of SAR. Results
showed that there was a trend that the average SAR gradually increased over time. The TDS
levels changed over time. It was not clear if the TDS level has changed since the CAP water
was introduced. The data from 2010 to 2012 showed an increase in Sodium, Sulfate and
Chloride. While there are several possible reasons for this increase in Sodium, Sulfate and
Chloride, the most likely candidate is the increased use in CAP water. Nutrients, such as
nitrogen and phosphorus, are essential for plants and animals. Nitrogen, in the forms of nitrate,
nitrite, or ammonia, is a nutrient needed for plant growth. Excessive nutrients in water can
cause adverse impacts on water bodies. Ammonia can be toxic to fish even at low
concentrations. Result showed that the ammonia concentration near Cortaro Rd. is substantially
higher than the ADEQ standard. The nitrate, nitrite and phosphorus concentrations were lower
in 2010-2011, compared to the period from late 1980s to early 1990s. The DO levels along the
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study reach were relatively low, and that the DO level was higher in 2009 and 2010, compared
to 2004.

In Chapter 6, previous studies of macro invertebrate in the LSCR were reviewed. According to
the U.S. Environmental Protection Agency (EPA), aquatic invertebrates can be a good indicator
of wetland health. Factor affecting aquatic invertebrate community composition (a key indicator
of water quality and aquatic conditions) include oxygen, toxic chemicals and nutrients. There
have been several efforts to evaluate macro invertebrates in the effluent-dependent Santa Cruz
River north of Tucson. The previous studies indicated that the limiting factor for the diversity of
macro invertebrate in the LSCR is not effluent quality, but physical habitat. Regardless of efforts
to create a “clean” effluent, there are limitations to what can be expected as a response in the
aquatic community. Effluent-dependent waters tend to be associated with urban environments,
where the impacts of stream ecosystems can come from many sources independent of
wastewater treatment plant operations. For example, many urban river channels have been
channelized for the purpose of flood control. The previous study pointed out that the low
diversity of aquatic macro invertebrates in the LSCR may be as result of a combination of poor
water quality with a lack of suitable substrate.

Chapter 7 summarized existing conditions of the wastewater reclamation facilities and
anticipated changes due to ROMP. As part of ROMP upgrades, process modifications and
changes of the Roger and Ina Rd. WRFs were required to lower ammonia and total nitrogen
discharge levels to meet future effluent quality regulations. Regulatory Compliance date for
expansion and compliance with the regulatory effluent quality requirements is January 30, 2015
for the Roger Rd. WRF, and January 30, 2014 for the Ina Rd. WRF. A significant element
affecting the strategies in ROMP is the need for a reduction in ammonia and nitrogen
concentrations discharged into the LSCR in order to comply with current and future
environmental regulatory requirements mandated by ADEQ. According to RWRD, nitrogen
concentration will be reduced to more than 0.1 times of the existing levels by the upgrades of
the WRFs. There are several studies documented about clogging layers in the LSCR. The
clogging layers reduce infiltration of surface water in the river, causing disconnection between
the stream and aquifer. The findings of the previous studies suggested that the water quality
upgrade by ROMP will prevent forming clogging layers, resulting in increasing infiltration rate.
The increased infiltration could reduce surface water running in the river without an increase in
effluent discharge at the WRFs. The reduced flow in the river could reduce scour or degradation
in a low flow channel. On the other hand, high-quality effluent with minimum solid load could
carry more sediment than low-quality effluent that is currently discharged from the WRFs. It is
uncertain if water quality upgrade will lead to an increase or decrease in sediment transport in a
low flow channel. Change in the river condition anticipated by ROMP upgrades is of concern to
RFCD.

Effluent is currently allocated to Tucson Water, Oro Valley, Metro, Pima County, Flowing Wells
Irrigation District, Spanish Trails Water Co. Tucson Water also intends to develop capability for
more extensive ‘Indirect Potable Reuse,’” which will require them to build additional capacity in
constructed recharge facilities to recharge the treated effluent. With this capability, they have
the ability will be able to take more reclaimed water for recharge any time throughout the year.
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However, it is likely that recharge will be greater when irrigation demand is less, because the
current reclaimed system will be used to distribute water to recharge facilities, and flows in the
pipes are below capacity in the winter. The land uses adjacent to the LSCR have historically
been commercial and industrial. Pima County has identified land adjacent to the river as an
economic development zone by providing incentives for infill development. ROMP will restore
water quality and improve wetland conditions in the river, which possibly leads to improved
public perception of the river and the land adjacent to the LSCR. Water quality upgrade by
ROMP will possibly provide socioeconomic impacts to the community.



Chapter 1: Introduction

1. Introduction

The Santa Cruz River originates in Arizona, looping down into Sonora, Mexico, and
flows north back into Arizona. Historically, the Santa Cruz River was perennial until it
reached Tubac, Arizona and supported lush vegetation and riparian ecosystem. In the
Tucson area, perennial water existed near San Xavier Mission. The shallow
groundwater and perennial water near San Xavier contributed to a stand of huge
mesquite trees known as ‘The Great Mesquite Forest’ which provided unique habitat for
birds and other biota. Perennial water also existed at the base of A Mountain. Late in
the 19" century a dam was constructed to form Silverlake, where a hotel was built so
patrons could enjoy the water.

In the middle of the 19" century, the Santa Cruz riparian ecosystem began declining
because of deforestation, overgrazing, extensive drought and regional downcutting —
some of which was initiated by non-Indian settlement activities. By the mid-1900's,
agricultural water demands, mining activities and urbanization led to a groundwater
overdraft had resulted in lowering groundwater table and loss of the perennial water in
the Santa Cruz River near Tucson. Riparian vegetation continued to die off as a result of
the decline of the groundwater table and continued wood cutting.

In the 1950s, a wastewater reclamation facility (WRF) was built at Roger Rd near the
Santa Cruz River. In the early years, most of the effluent generated by that plant was
supplied to farmers. In 1971 the Roger Rd plant began discharging to the Santa Cruz
River. By 1973 flows were perennial at the USGS flow gauging station at Cortaro Rd. In
1977, a second treatment plant at Ina Rd came on line and also began discharging
excess effluent from the (WRFs) into the Lower Santa Cruz River (LSCR). The perennial
effluent flows downstream of the WRFs led to the development of an effluent-dependent
riparian ecosystem. The LSCR currently supports and provides habitat for a variety of
wildlife and plant species with a perennial supply of effluent. The effluent-dependent
reach is dominated by cottonwood-willow and sustains roughly 300 acres of riparian
woodland. Open water, weedy fields, and abundant natural vegetation make this part of
the river an important stop-over for migrating birds, including waterfowl and raptors, and
provide habitat for bird species that have declined in other parts of Pima County due to
past land-use change.

The effluent-dependent LSCR has been a source of community concern for recharge,
water quality and preservation of riparian habitat. The wetland ecosystem along the river
is heavily influenced by river management and effluent practices. The City of Tucson
and Pima County released a 2011-2015 Action Plan for Water Sustainability, specifically
recognizing the need to preserve/enhance riparian and aquatic habitat by developing a
Lower Santa Cruz River Management Plan as a regional priority (Respect for the
Environment: Goal 4). Pima County Regional Wastewater Reclamation Department
(RWRD) has launched a Pima County Regional Optimization Master Plan (ROMP) in
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order to develop the optimal treatment process and plan to comply with regulatory
requirements to reduce total nitrogen concentrations in discharged effluent. ROMP
upgrades to the WRFs are designed to significantly improve water quality of the effluent.
The upgrade in water quality anticipated by ROMP upgrade leads to a commensurate
interest in using the effluent as an alternative to other supplies such as groundwater.
Water providers, including Tucson Water, Metro Water and Oro Valley Water and non-
providers such as Pima County have interest in taking effluent to be used for non-
potable uses such as turf irrigation, and riparian enhancement. Furthermore, Tucson
Water and Pima County Regional Wastewater are planning to use reclaimed water to
recharge along the LSCR, as well as the east side of Tucson.

This report summarized historical changes of the LSCR, focusing on channel flow,
effluent discharge, infiltration, channel morphology, water quality, macro invertebrate
and vegetation. Infiltration rate and scour and deposition were modeled for existing
conditions. The modeling analysis will be a basis for the assessment of impacts of
ROMP on the LSCR. This report also summarized possible changes and impacts by
ROMP.

Acknowledgment:
This report serves as in-kind cost share for a Wetland Grant from EPA Region IX,
Charting the Wetland Health of the Lower Santa Cruz River (EPA Grant 00T83301). We

are grateful to the EPA, and their Project Officer Elizabeth Goldmann, for their support of
our efforts to monitor wetland conditions on the Lower Santa Cruz River
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Chapter 2: Historical Changes in Stream Discharge and Loss

2. Historical Changes in Stream Discharge and Loss

2.1 Introduction

Initially, the Roger Rd WRF provided effluent to agriculture, so from 1955 to 1970 virtually all
effluent was used in agriculture rather than discharged to the LSCR (HLA, 1986). In 1971,
records show that about 29,000 ac-ft of effluent was discharged from the Roger Rd WRF, and
this accounted for a little more than half of the flow at the USGS gauge at Cortaro Rd that year
(HLA, 1986). However, USGS data indicate that flows were not perennial at Cortaro until 1973.
In 1977, the Ina Rd WRF opened and began discharging to the LSCR (HLA, 1986), so that in
1978, discharge from the Roger Rd WRF declined to about 27,000 ac-ft/yr, while the Ina Rd
WRF added about 10,000 ac-ft/yr, resulting in a net increase in discharge to the LSCR from the
WREFs.

In 1985, the State of Arizona classified the LSCR from the Roger Rd WRF to Baumgartner Rd in
Pinal County, as an Effluent Dominated Water (EDW) because the State had determined that
over 75% of the flow in this reach in a typical year was treated wastewater. While data exist on
flow measurement and discharge, continuous datasets on flow and effluent discharge are
available on data collected since about 1990, so most of the discussion in this chapter will focus
on flows since 1990.

Losses and infiltration are also of particular interest because groundwater overdraft has been a
significant concern in Arizona. The Arizona Groundwater Management Act of 1980 (State of
Arizona, 1980) was established in 1980 to manage water supply for the future. The Act focuses
on water management activities, such as establishing limits of groundwater withdrawals, and
promoting conservation by mandating a balance between recharge and withdrawal. The Act
established Active Management Areas (AMAS) where groundwater overdraft is severe. There
are five AMAs in the state of Arizona. Each AMA has a statutory management goal.

In the Tucson AMA, the primary management goal is ‘safe yield’, which means to attain a long-
term balance between the annual amount of groundwater withdrawn and the annual amount of
natural and artificial recharge. Most of the aquifer recharge in the Tucson AMA occurs along
major stream channels, like the Santa Cruz River, by infiltration through the channel beds and
percolation through highly permeable alluvium (Galyean, 1996). Effluent discharged to the
LSCR nearly doubled between 1971 (~29,000 ac-ft/yr, HLA, 1986) and 2004 (57,464 ac-ft/yr;
per RWRD) as demand for the effluent from local farmers ceased and most effluent was
discharged to the LSCR. Utilization of effluent is an important component of water resource
plans, so infiltration of effluent has been of considerable interest in the Tucson AMA.

Pima County Regional Flood Control District (RFCD) is involved in several recharge projects,

primarily intended to evaluate groundwater quality and riparian habitat viability. The following
are examples of the pilot recharge projects.
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The Lower Santa Cruz Replenishment Project was completed in 1998 by the
RFCD in partnership with the Central Arizona Water Conservation District. The
project was constructed in conjunction with a flood control levee along the LSCR
to protect the Town of Marana from flooding and to provide for underground
storage of Central Arizona Project water.

The Lower Santa Cruz River Managed Recharge Project is operated by the
Cortaro-Marana Irrigation District. Effluent that is discharged from the Roger Rd.
and Ina Rd is measured by the USGS gauges at Cortaro and Trico Roads, and
the difference is used to estimate the volume of recharge with an assumption
some of the difference is due to evapotranspiration. Phase 1 of the project
calculates the recharge between Roger Rd and Ina Rd, and Phase 2 calculates
the recharge between Ina Rd and Trico Rd. As a ‘Managed Recharge Project’,
only 50% of the calculated recharge is credited to the owners of the effluent
(Tucson Water, RWRD, Indian Water Rights [managed by the Bureau of
Reclamation] and several smaller entities). The project began accruing credits in
2003 and has a maximum permit capacity of 43,000 AF annually. Since the
inception of the Managed Recharge Project, recharge has never been more than
38,073 AF, and most years it.is about half of the permitted capacity.

The Marana High Plains Effluent Recharge Project (MHPERP) was developed in
2000 by RFCD in cooperation with the Bureau of Reclamation, Arizona Water
Protection Fund, Cortaro-Marana lIrrigation District, Pima County and the Town of
Marana. This constructed effluent recharge project is located along the south
bank of the LSCR. MHPERP was designed to investigate the feasibility of
recharging treated effluent into the local groundwater aquifer, while
simultaneously investigating wildlife habitat opportunities associated with
recharge facilities. Overall objectives of the project include investigation of the
feasibility of using treated effluent to enhance riparian habitat while recharging
the aquifer. Sources of the effluent for the project are discharged from the Roger
Rd. and Ina Rd. WRF. The effluent is conveyed downstream by the LSCR and is
diverted to the recharge facilities by constructed ditches.

The purpose of this chapter is to describe changes in the discharge and infiltration in the LSCR
that may affect the extent and availability of water for the wetlands in the LSCR.

2.2 Methods

The study used the data being collected by USGS at Cortaro Rd and Trico Rd, as well as
recorded effluent discharge to evaluate historical discharge and infiltration rates. The data
collected since 2003 with the establishment of the Lower Santa Cruz River Managed Recharge
Project have also been used.
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USGS flow data on the LSCR was selected to accompany the historical data of Roger Rd. WRF
and Ina Rd. WRF. Two (2) USGS stream gauges (http://waterdata.usgs.gov/az/nwis/rt) and
discharge data at two WRFs were analyzed to evaluate the historical conditions of the LSCR.
Monthly discharge data was evaluated for each gauge for the following time periods:

e Cortaro Road: USGS 09486500 Santa Cruz River At Cortaro Rd, AZ
o June 1990, October 1990 — December 2011
(data available from 1939 to present with missing data from 1947 to 1950 and
sporadic data from 1982 to 1990)
e Trico Road: USGS 09486520 Santa Cruz River at Trico Rd, Near Marana, AZ
0 October 1989 — September 2011
(data available from 1989 to present)
e Roger Rd. WRF
o 1989 -2011
e InaRd. WRF
0 1989 -2011

Per the USGS National Water Information System disclaimer, annual and monthly stream
gauge statistics utilized in the historical conditions report are based on approved daily-mean
data and may not match those published by the USGS in official publications.

Flows at these gauges measure both stormflow and effluent inflow from the Roger Road and Ina
Road WRFs. Effluent is reused on site, delivered to the City of Tucson’s Reclaimed Water
System, and discharged to groundwater. The rest of the effluent is released as surface water
discharge under the authorization of Arizona Pollution Discharge Elimination System Permits
(AZPDES). Fig. 2.1 shows the effluent production at the Ina Rd. and Roger Rd. WRFs and
discharge to the LSCR in 2010. This chapter summarizes historical effluent generation and
discharge to the LSCR and historical discharges at USGS gauge along the LSCR.

Effluent Production at Dischargetothe
Roger Rd WRF river at Roger WRF
Total 33,332 22,094
Efﬂoeunt Reused by TW and Others
Production 11,167
at Ina and Reuse on-site
Roger Rd. 70
WRF I
62,202 Effluent Production atIna Total Discharge
Rd WRF Discharge to the 50,915
28,869 river at Ina WRF
Reuse on-site 28 821
48

Fig. 2.1 Effluent Flow in 2010
Note: Unit: AFY, “TW” Tucson Water
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More influent is delivered to Roger Rd. WRF, but discharge to the LSCR from Ina Rd. WRF has
been greater in recent years, since effluent water is diverted to the reclaimed system at Roger
Rd. WRF.

2.3 Results and Discussions

2.3.1 Annual Flows

Statistics and trends were evaluated for the annual flow in the LSCR. Fig.2.2 illustrates the
mean annual discharge (Acre-Feet per Year, AFY) of the LSCR at Cortaro Rd and Trico Rd.
Large flood events occurred in winter, 1993, and summer in 2006. The 1993 event produced the
largest volume of flow, with a peak daily average of 25,000 cfs at the Santa Cruz at Cortaro.
The large summer event in 2006 caused the flood of record on the Rillito and peaked at 40,900
cfs, with an average daily discharge of 11,700 cfs.. In all years, flows are greater at Cortaro Rd.
than Trico Rd., indicating net losses due to infiltration and evapotranspiration between Cortaro
Rd and Trico Rd.

The total effluent discharged from Roger Rd. and Ina Rd. WRFs annually is a significant portion
of the annual discharge conveyed in the LSCR annually (Figs. 2.3 and 2.4). While stormwater
flows depend on the weather and watershed conditions and vary from year to year, the effluent
flows on the LSCR are entirely anthropgenic in origin and tend to be more stable (Fig. 2.3).
Both total influent and total effluent increased during the period from 1989 to 2003, while they
decreased during the period from 2003 to 2011 (Fig. 2.3).

On average, the annual flow at Cortaro Road and Trico Road are 1.21 and 0.65 of the total
annual effluent discharge, respectively, indicating that most of the volume in the river is effluent
- derived (Fig 2.4). However, large fractional annual discharges (LSCR discharge/total effluent
discharge) indicate years with significant flows in the LSCR being contributed by storm
generated flow (Fig. 2.4) with about 3.5 times more flow than effluent discharge in 1993 and
about 2.0 times more flow than effluent discharge in 2006.
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Annual Discharge: 1991-2011
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Fig. 2.2 Annual Discharge at Cortaro Rd. and Trico Rd. from 1991 to 2011

Annual Effluent: 1989-2011
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Fig. 2.3 Annual Effluent at Roger Rd. and Ina Rd. WRFs from 1989 to 2011
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Fractional Annual Discharge: 1991-2011
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Fig. 2.4 Fractional Annual Discharge at Cortaro Rd. and Trico Rd. from 1991 to 2011

2.3.2 Annual Losses

Losses on the LSCR are determined from a simple mass balance conceptual model (Fig. 2.5).
Assuming steady state conditions over long time periods, the change in storage (AS) is zero.
Losses are derived as the difference between the upstream inflow discharge (Cortaro Rd) and
the downstream outflow discharge (Trico Rd).

=
Qy (Cortaro) # . B Quyr(Trico)
@

Infiltration

AS = Q,y — Qyyr — ET — Infiltration

0= Q,y— Quyr — ET — Infiltration

Q,ny — Quyr = ET + Infiltration = Losses
Fig. 2.5 Mass Balance Conceptual Model
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Losses in the water balance of a surface water riparian corridor like the LSCR consist of
infiltration and evapotranspiration (ET). Fig. 2.6 illustrates the annual mean losses of the LSCR.
Calendar Year 1993 is a year of note; the same year which experienced the greatest annual
mean discharge also maintained the greatest losses. In addition, the last twelve (12) observed
years, 2000-2012 have experienced a reduction in annual mean loss at an approximate rate of
2000 AFY.

Annual Losses: 1991-2011

100,000

90,000 A
80,000

70,000

50,000

[
60,000 I \
[
| |

Loss (AFY)

A\
40,000 / \\ / -2000 AFY
; >‘< s R?=0.794
30,000 / & 0.7

10,000 v
0 T T T T T T T T T T T T T T T T T T T T T 1

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Fig. 2.6 Annual Losses, Cortaro Rd to Trico Rd. from 1991 to 2011

2.3.3 Monthly Discharge

Fig. 2.7 illustrates the monthly discharge (Acre-Ft per Month, AF-month) of the LSCR at Cortaro
Rd and Trico Rd. Very low monthly discharge was observed at Trico Rd immediately following
months when high discharge was observed at Cortaro Rd and Trico Rd. These results are
discussed in more detail in Section 2.3.5.

Monthly flows have been perennial at Cortaro since 1973. The minimum monthly discharge at
Cortaro Rd, 1370 AF-month, occurred during April 1991. In contrast, flow at Trico Rd has
sometimes ceased for over a month. No monthly discharges (AF-month) at Trico Rd occurred
during the following time periods: April 1991 — July 1991, February 1993 — July 1993, April 1995
— July 1995 (which was studied by Lacher, 1996), September 1995 — October 1995, and
October 1996; mean monthly discharges less than 1.0 cfs occurred in September 1991 and
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September 1993. These periods of flow generally occurred following major scouring periods,
however there has not been a mean monthly flow < 1 cfs since 1996.

Fig. 2.8 illustrates the mean monthly discharge for Cortaro Rd and Trico Rd, sorted by month.
January experienced the maximum monthly mean discharge during the observed time period,
followed by July and August, all greater than 6,000 AF-month; May and June experienced the
minimum monthly mean discharges, at approximately 3,000 AF-month.

Monthly Discharge: 1990-2011

1,000,000
Cortaro Road Trico Road
100,000 |
10,000
— ~
=
g 1000 |\ |
E
('
<
Y 100
g
©
-
2 10
a
1 T T - T T T T T T T T T T T T T T T

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011
Fig. 2.7 Monthly Discharge at Cortaro Rd. and Trico Rd. from 1990 to 2011
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Mean Monthly Discharge: 1990-2011
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Fig. 2.8 Mean Monthly Discharge at Cortaro Rd. and Trico Rd. from 1990 to 2011

2.3.4 Monthly Losses

Monthly losses were calculated as the difference between the Cortaro Rd monthly mean
discharge and the Trico Rd monthly mean discharge (Fig. 2.9). The average monthly mean loss
is 2600 AF-month.

January 1993, the month that experienced the greatest monthly mean discharge at Cortaro Rd
and Trico Rd experienced the greatest loss between the two stream gauge stations, 58,900 AF-
month. Months that experienced negative losses (March 1991, February 1995, February 1998,
January 2010, March 2010) suggest greater rainfall-runoff events occurring downstream of the
Cortaro Rd stream gauge and upstream of the Trico Rd stream gauge.
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Monthy Losses from Cortaro Road to Trico Road: 1990-2011
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Fig. 2.9 Monthly Losses, Cortaro Rd. to Trico Rd. from 1990 to 2011

Table 2.1 provides a statistical analysis of the mean monthly losses. May is the least variable
month and February is the most variable month for losses.

Table 2.1 Monthly Mean Losses: Sorted (1990-2011)
Mean Monthly Losses (AF-month)
Mean STD Variance
JAN | 4,600 | 12,500 148,500
FEB | 2,200 | 2,100 4,300
MAR | 1,900 | 1,100 1,200

APR | 2,100 700 500
MAY | 2,300 500 200
JUN | 2,400 600 400

JUL | 2,700 | 1,100 1,100
AUG | 2,900 | 1,700 2,700
SEP | 2,600 | 1,100 1,200
OCT | 2,600 | 2,100 4,100
NOV | 2,400 | 1,800 2,900
DEC | 2,100 800 700
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Monthly Discharge: 1990-2011 (Scatter Plot)
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Fig. 2.10 Monthly Discharge: Cortaro Rd. vs. Trico Rd. from 1990 to 2011

Fig. 2.10 demonstrates the strong correlation between the monthly discharge at Cortaro Rd and
Trico Rd. The linear regression indicates 66% of the flow conveyed at Cortaro Rd is conveyed
at Trico Rd (explained by 94% of the variance).

2.3.5 Factors affecting Infiltration Losses

Studies have been conducted to quantify the amount of recharge from the effluent stream
through the Lower Santa Cruz River bed to aquifer in the Tucson AMA. Lacher (1996) examined
recharge characteristics of an effluent stream of the LSCR. Galyean (1996) studied the
infiltration of effluent into the LSCR from WRFs in the early 1990s. More recently Case (2012)
looked at the extent of the clogging layer in the LSCR, comparing it to infiltration in the San
Pedro River (a control) and downstream of the Nogales International Treatment Plant, which
discharges water with lower nutrients. She found that in the effluent streams, infiltration rates
increase further from the treatment plant. She attributed the clogging in the LSCR to a
combination of biotic (e.g. microbial or algal growth which would be affected by nutrients in the
water) and abiotic processes, such as physiochemical effects, (which would also be impacted
by water quality), and siltation in the interstitial spaces, (which would not be impacted by water
guality). While she found the strongest correlation between percent fines and clogging, she
concludes that higher quality effluent will result in reduced clogging.

These studies and the annual and monthly flow observations indicate that infiltration rates were
higher in the early 1990s than present. Gaylean (1996) looked at infiltration rates of the effluent
flows in the early 1990s and concluded that virtually no effluent reached the Pinal County line,
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and was instead lost to infiltration and evapotranspiration. His study indicated that 88.4-90.2%
of the effluent discharged from Roger Rd and Ina Rd WREFs infiltrated the LSCR channel. He
also observed that discharge of effluent downstream of the WRFs decreased sharply after storm
flows, indicating that the disturbance of streambed by storm flows caused a considerable
increase in infiltration rate. A summary of the annual discharges and flows are as follows:

Table 2.2 Annual Discharge, Infiltration and Percent Infiltration from 1991-1993

1991 46,600 41,890 90%
1992 49,380 43,640 88%
1993 50,620 45,670 90%

The data collected by USGS at Cortaro Road and Trico Road was used to determine infiltration
rates from 2004 to 2011 in the LSCR for the managed recharge project, which also accounted
for evapotranspiration. The results are summarized in Table 2.3.

Since the initiation of the Lower Santa Cruz Managed Recharge Project, the volumes of water
infiltrated and the percent of the effluent discharged have both dropped considerably. While the
volume of effluent discharged is slightly higher since the implementation of the managed
recharge project, the volume actually infiltrated is only about half of the volumes observed by
Gaylean in 1991-1993.

Table 2.3 Annual Discharge, Infiltration and Percent Infiltration from 2004-2011

2004 55,903 21,960 39%
2005 53,287 21,620 41%
2006 53,102 22,370 42%
2007 52,390 28,701 55%
2008 53,523 38,073 71%
2009 52,404 28,773 55%
2010 51,632 25,436 49%
2011 49,500 22,268 45%
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The findings of the past studies are summarized in the following sections.

a.

Impacts of Clogging Layers

The formation of biological clogging layers (especially the black biological layer that
forms below the surface in effluent-dependent streams known as Schmutzdecke) is well-
documented in the Santa Cruz River. This has been associated with the nutrient-
loading. Treese (2008) reported that localized clogging forms exist in the Santa Cruz
River north of Nogales and that a clogging layer formed during pre-monsoon months and
removed by a set of large flood flows during the monsoon season Furthermore, following
the upgrades to the treatment plant in Nogales, the infiltration rates increased,
presumably because the reduced nutrient loading resulted in a decline in the prevalence
of this clogging.

While we can expect that decline in infiltration rate is related to the formation of a
clogging layer, like Schmutzdecke (Treese et al, 2009), this decline in infiltration rate
since the last major flow event has been observed in CAP water recharge project on the
San Xavier District of the Tohono O’odham reservation and on the San Pedro River
(Case, 2012), so it is not strictly a function of nutrient loads. However, Case found that in
the effluent dependent Santa Cruz River there is a spatial component to the clogging,
with higher infiltration rates further from the point of effluent discharge. Areas of lower
infiltration had higher microbial counts and lower nitrates.

The USGS field notes from the Trico and Cortaro gauging stations describe a darkening
of the soils in the channel at the soil/water interface, which indicates the development of
an algal layer immediately at the surface. USGS staff who supervise the collection of
the field data at these sites, say that he observes that the number of saltating grains of
sand declines as this algal layer becomes more prevalent. This suggests that the biotic
components that contribute to development of the clogging layer also contribute to
sediment cohesion, which changes the sediment transport characteristics of the channel.

Impacts of Scouring Storm Events

Review of the historical data clearly indicates that approximately twice as much effluent
infiltrated into the LSCR per year in the early 1990s than it has since the establishment
of the Lower Santa Cruz River Managed Recharge Project (Phase 1 and Phase 2).
While the water quality has become slightly more likely to disperse clays, thus reducing
infiltration rates (, the more likely difference is that there were more scouring events in
the early 1990s, and that infiltration rates decline following a scouring event. As such,
the time since the last scouring event affects the amount of effluent infiltrated. Lacher
(1996) studied the infiltration following a flow event in 1995. By calibrating the flow
between two gaging stations using the Kineros 2 model, she was able to determine the
effective hydraulic conductivity rate. She reported that vertical hydraulic conductivity of
the effluent stream bed decreased exponentially following a summer storm, ranging from
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37 mm/hr (1.5 in/hr) in late January to 11 mm/hr (0.43 in/hr) in early August. She pointed
out that the decay of the hydraulic conductivity was caused by the development of
microbial clogging layer. This modeling exercise with Kineros 2 was recreated using
flow data from 2010, and the final infiltration rate was about half the rate observed by
Lacher with a low of 6.4 mm/hr (0.25 in/hr) The results are described in Appendix D.

Figure 54
40.00 KSAT vs. Time Since Last Major Storm Event (Feb. 15, 1995 to Aug. 3, 1993)

30.00 Fit Results
Equation:

Y =-5.11835 * In{X) + 37.3032

Number of data points used = 5

Average In(X) = 3.61508

Average ¥ = 18.8

Regression sum of squares = 464 978

Residual sum of squares = 2,.30187

Coef of determination, R-squared = 0.8995074
Residual mean square, sigma-hat-sq'd = 0.767292
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Fig. 2.11 Infiltration Rate Change Over Time (Lacher, 1996)

The time series showcases the calendar years of 1993 and 2006 having the greatest
magnitude of discharge of the time period evaluated for the LSCR (Fig. 2.2). While both
experienced mean daily scouring flows exceeding 10,000 cfs (Figs. 2.12 and 2.13), the
results differed significantly. Following the July 19, 1993 flow, which peaked at a daily
mean flow of 25,000 cfs at Cortaro, the Trico Rd gauge maintained a mean daily
discharge of zero for 197 days (January 28 to August 13, Fig. 2.12). Even though a
larger event with a mean daily discharge of 1150 cfs occurred 32 days after the January
19 event, on February 20, no flow was recorded at Trico Rd indicating an extended
capacity of the channel to infiltrate flow.
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Mean Daily Discharge: 1993
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Fig. 2.12 Mean Daily Discharge at Cortaro Rd and Trico Rd Gauges, 1993
In contrast, in July 2006, the mean daily discharge peaked at Cortaro at 11,700 cfs.
While other stormflow events occurred during, that monsoon season, the flow at Trico

was zero for no more than five days, and returned to near-pre-event flows with 50 days
(Fig. 2.13)
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Mean Daily Discharge: 2006
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Fig. 2.13 Mean Daily Discharge at Cortaro Rd. and Trico Rd. Gauges, 2006
c. Possible Climatic Effects on Infiltration

While clearly flood events affect infiltration, the frequency of floods can be related to
climate. Fall and winter events tend to reflect regional precipitation patterns, and a
statewide rainfall analysis shows that the periods from 1975-1984 and 1990 to 1994
experienced some of the highest winter rainfalls of the past 100 years (Jacobs et al.,
2005; Fig. 2.14). This larger regional rainfall pattern has been linked to the Pacific
Decadal Oscillation, which was anomalously high in the periods of more scour events in
the 1974-1984 and 1990 to 1994.

Lacher (1996) reported that infiltration increased after scouring events (Fig. 2.11). She
noted that infiltration increased following an event which had a daily flow rate of least
2,200 cfs, though infiltration rates were found to be greater following a 3,000 cfs (daily)
flow. Furthermore, she noted that infiltration rates declined with time since the last large
event. Fig. 2.14 suggests increased infiltration rates are maintained for approximately
150 days after the latest major event.

While Lacher (1996) estimated the scouring flow to increase infiltration to be over 2200
cfs, a plot of flow rates with recharge values calculated for the managed recharge project
shows increased recharge rates following events at slightly less than 2000 cfs (Fig.
2.15).
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More recent studies have documented similar increasing infiltration following scour
events on the Santa Cruz River north of Nogales (Treese et al, 2009); as well as in the
LSCR (Case 2012). Case (2012) notes that drying the clogging layer can also cause the
clogging layer to degrade, though it may come back faster when water returns.

A histogram of number of scouring events in five-year periods shows that the frequency
of the scouring events over 2000 cfs varies over time, as does the time of year that the
scouring events occur (Fig 2.16).
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Fig. 2.14 Arizona Statewide Five-Year Average Winter Half Year (November to April)
Precipitation, with the long term average five-year winter precipitation (Jacobs et al., 2005).
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2.3.6 Impacts of Flow Diversion on Effluent Infiltration

Figs. 2.17 and 2.18 show the discharge measured at Cortaro Rd and Trico Rd gauges from May
1 to June 30, 2012. During the period from May 21 to June 8, 2012, the effluent flow did not
reach Trico Road and USGS Trico Road gauge experienced zero discharge (Fig. 2.17). Pima
County Regional Flood Control District (RFCD) had two projects to repair bank protections in
the LSCR in May and June 2012 (Map 1). The first one is the excavation and dewatering the
low flow channel to create a new flowpath at downstream of Cortaro Rd (approximately 1600
feet disturbance). This project was completed on May 4, 2012. The second one is a temporal
diversion of a flow at upstream of Twin Peaks Rd where a split flow was observed in the past
(over 6000 feet disturbance). The flow was diverted to the east branch of the low flow channel
during the period from May 21 to June 4, 2012. According to a personal communication with a
RFCD staff, east branch of the channel was dry before the diversion. Based on the timing that
the USGS Trico Road gauge experienced no flow, it appears that the second project, the
diversion of the flow to the east dry channel, caused no flow at the Trico Road gauge.

Rates of recharge for effluent flow between the USGS Cortato gauge and Trico gauge were less
(~2.8 AF/mile/day ) than recharge of effluent on the LSCR in the early 1990s and other wetter
periods (Tucson Water, 2011). The recharge rates have increased to an average of 3.15
AF/mile/day in 2006 and 2007, as a result of large storm flows. In 2008, recharge rate was as
high as 4.1 AF/mile/day (RFCD, 2011). Average recharge rate during the period from May 22 to
June 7, 2012 that no flow was observed at the Trico gauge was 4.4 AF/mile/day with ranging
from 3.9 to 5.1 AF/mile/day.

USGS 09486500 SANTA CRUZ RIVER AT CORTARO, AZ
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Fig. 2.17 Discharge at Cortaro Rd. Gauge from May 1 to June 30, 2012
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Fig. 2.18 Discharge at Trico Rd. Gauge from May 1 to June 30, 2012

RFCD measured the flow at approximately 45 feet downstream of the Twin Peaks Road Bridge
on June 4, 6, 13, 20 and June 29, 2012. Fig. 2.19 and Table 2.4 show the measurement result.
The flow increased with time after the blockage of the flow was removed at upstream of Twin
Peaks Road.

Those results suggest that dry channel, the east branch where the flow was temporally diverted,
was not covered with a clogging layer, resulting in an increase of infiltration rate.
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Fig. 2.19 Flows at Twin Peaks, Cortaro and Trico Roads
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Table 2.4 Flow Measurement at Twin Peaks and Cortaro Road

Twin Peaks Cortaro Loss Loss Rate
Time Discharge | Discharge Triangle ‘ Fraction
(cfs) (cfs) (cfs) % AF/mile/day
6/4/2012 | 5:15PM 28 44 16 37% 7.7 11.8
6/6/2012 | 5:30 PM 30 46 16 36% 7.7 14.1
6/13/2012 | 5:45PM 38 46 8 18% 3.9 6.2
6/20/2012 | 5:30 PM 43 49 6 13% 3.0 4.6
6/29/2012 | 5:15PM 50 54 4 8% 2.0 2.6

The loss at Twin Peaks was determined during the high flow for the day, and is likely to change
during the low flow part of the day. However, based on observations of the way losses have
occurred through the year, a higher and lower estimate was calculated as follows:

Triangle — This method assumes that the hydrograph can be assumed to be a triangle, with
low flow the same at both Cortaro and Twin peaks. The difference then is ¥z flow difference
summed through a day (i.e. ¥z height x base).

Fraction — This method assumes that the loss through the day is proportional to loss
measured at peak flow (e.g. if loss is 37% at peak, assume it is 37% of all flow at Cortaro for
the day).

These calculations assume that losses occur throughout the 2.1 miles from Cortaro to Twin
Peaks. However, most of the losses likely occurred in the diverted reach (especially in the first
three dates), so loss rates may be about a factor of two higher for the early dates.

2.3.7 Enhanced Recharge Demonstration Project

The Bureau of Reclamation (Reclamation) launched a collaborative project with Tucson

Water, Flowing Wells Irrigation District, RWRD and Metropolitan Domestic Water Improvement
District to construct and operate the Enhanced Recharge Demonstration Project (ERDP) to
increase recharge of treated effluent at the Managed Recharge Phase Il Project (MR 1) (Bureau
of Reclamation, 2012). The purpose of the project is to increase recharge of effluent at the MR Il
under existing Arizona Department of Water Resources (ADWR) Underground Storage Facility
(USF) permit number 71- 591928 and ADEQ Aquifer Protection Permit (APP) number 100630.
The MR Il USF is permitted to recharge 43,000 acre-feet per year (AFY) but historically has
recharged less than 50% of the permitted recharge volume.

The ERDP was constructed in the LSCR in the Town of Marana (near SC-09, Map2) in January,
2011. ERDP was designed to allow a portion of the LSCR flow to divert into an abandoned
thalweg for recharge via gravity flow. A hydraulic connection between the LSCR and the ERDP
was excavated, lowering the bottom elevation of the abandoned thalweg. Flows into and out of
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the ERDP were recorded and infiltration rates were calculated. The ERDP was operated from
January 28, 2011 to July 5, 2011. Unfortunately the ERDP was terminated sooner than the
original plan because the ERDP washed out and the flumes and inlet were buried by sediment
by summer monsoon storm flows on July 5, 2011.

Diversions into the ERDP ranged from less than 1 cubic foot per second (cfs) to approximately 5
cfs. The ERDP project was operated in a manner to discourage formation of a biologic clogging
layer. Three maintenance events including improvements to the diversion inlet and drying,
scraping, and ripping of the channel bottoms were completed during operation of the ERDP to
promote maximum infiltration rates. The findings of the projects are i) average daily recharge
rate was 0.28 AF for an undisturbed condition. Infiltration rate for the undisturbed condition
averaged 1 foot per day (ft/day) with a range from O ft/day to 15 ft /day; ii) average daily
recharge rate was 1.13 AF after channel maintenance to remove sediment. Infiltration rate for
the disturbed condition (after the maintenance events) averaged 3 feet per day (ft/d), and
ranged from O ft/day to 10 ft/day. The project found that in-channel recharge rates declines over
time after the maintenance events and channel maintenance could increase recharge rates 4 to
5 times that of pre-maintenance rates. The project suggested that in-channel recharge has
multiple benefits including conservation and management of water resources, maintenance and
enhancement of environmental habitat and increased public recreation opportunities.

2.3.8 Diurnal Effluent Flow

Figs. 2.20 and 2.21 show diurnal effluent discharge measured at the Ina Rd. and Roger Rd.
WREFs in 2010. There was little variation in diurnal discharge at the Ina Rd. WRF in 2010, while
the diurnal discharge varied during a day at the Roger Rd. WRF. The peak discharge occurred
around 1 pm at the both WRFs except August 17, 2010 at the Roger WRF (Figs. 2.20 and
2.21). Effluent discharge at the Ina Rd. WRF decreases until approximately 7 am, increases
between 8 am to 1 pm and it remains at relatively greater rates from 1 pm to 12 am (Fig. 2.20).
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Diurnal Flow at Ina Rd. WRF (cfs)
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Fig. 2.20 Diurnal Effluent Discharge at the Ina Rd. WRF

Diurnal Flow at Roger Rd. WRF (cfs)
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Fig. 2.21 Diurnal Effluent Discharge at the Roger Rd. WRF

2.4 Conclusion
The LSCR has been a perennial stream since about 1973 with most of the flow at Cortaro Rd
being effluent-derived. Only in years with very large flood events does stormflow contribute

significantly to the total flow.

While stormflow is a smaller part of the total volume in the river, storm events are extremely
important in partitioning the water between that which infiltrates and that which flows
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downstream. Scouring of the stream bed removes the clogging layer, which results in much
higher infiltration following storm events.

The previous studies indicated that infiltration rate is more dependent on the number of scouring
events and time since last scour event. The frequency and magnitude of scouring events can
be linked to regional rainfall patterns, especially fall and winter rainfall patterns, which suggests
a link to larger climate trends. The RFCD project showed that flow diversion substantially
increase effluent infiltration. This suggests that infiltration rate is largely controlled by a clogging
layer.

The reduction in nutrients discharged from the Nogales international treatment plant has
coincided with an increase in infiltration rates in that portion of the river, which suggests a
reduction in nutrients will cause a reduction in biological clogging.

In the LSCR we can expect that a reduction in nutrient discharge will improve infiltration rates,
but it is unknown whether it will exceed the rates observed by Gaylean from 1991 to 1993.

A 10-year running average of monthly losses clearly demonstrates a continuous reduction in
infiltration in the LSCR. From 1991 to 2000, the LSCR experienced an average monthly loss
rate of 3174 AF-month; from 2001 to 2010 the average monthly loss rate was reduced to 2094
AF-month.
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3. Historical Changes in Channel Geomorphology

3.1 Introduction

The Santa Cruz River has been experiencing degradation over time. Parker (1995)
assessed channel changes from 1936 through 1986 along a 70-mile reach of the Santa
Cruz River in Pima County, AZ, by using aerial photos, field observations, and published
and unpublished geomorphic, topographic, geotechnical, and historical data. He
reported that the timing and magnitude of channel change at a particular location are
controlled primarily by hydrologic and climatic factors, while the location of channel
change and its magnitude are controlled largely by topographic, geologic, hydraulic and
artificial factors. He also found that the dominant vertical change was degradation during
the study period. For example, the channel elevation was decreased by 2 feet at Cortaro
Road during the period from 1956 to 1976. The comparison of the channel location
changes in 1978 and 1986 showed that most meanders between Cortaro Rd. and Avra
Valley Rd. were destroyed by the flood of 1983, which had a peak discharge of 65,000
cfs. Aerial photographs taken in 1984 indicated that mean width on the reach between
Cortaro and Avra Valley Rd. increased from 150 to 270 feet as a result of the 1983 flood.
However, by 1986, mean width of the reach had declined to 170 feet as a result of
subsequent low-flow incision, in-channel deposition, and revegetation.

The Lower Santa Cruz River has experienced significant bed degradation, especially the
reach between Ina Rd and Avra Valley Rd. RFCD surveyed cross sections along the
Lower Santa Cruz and compared the bed elevation changes from 1987 to 1999 (RFCD,
1999). The field survey showed that the significant bed degradation within the low-flow
channel, especially the reach between Ina Rd and Avra Valley Rd, is primarily caused by
the perennial effluent flow discharged from the wastewater treatment plants. Sediment
transport modeling was also performed to assess the underlying factors in the
degradation process. The modeling was performed for the effluent flow using the
computer program IALLUVIALZ2, which is the enhanced PC-version of the model
IALLUVIAL (Karim and Kennedy, 1982). Both field survey and modeling results indicated
that sediment-free, perennial effluent flow from the WTPs at Ina and Roger Rds was the
principal cause of degradation/local scour, and that the impact of major floods on
streambed degradation was relatively minor.

Large flooding conditions occurred in Tucson on July 31, 2006, primarily as a result of
saturated soil conditions after five days of rainfall with a recurrence interval of
approximately five years (Griffiths et al. 2009; Magirl et al. 2007). The peak discharge
measured on July 31, 2006 was 40,900 cfs at Cortaro Rd. and 27,200 cfs at Trico Rd.
Following the flood of 2006, failures of soil cement bank were observed adjacent to
effluent flow channels (RFCD, 2008). RFCD submitted disaster relief applications to the
Federal Emergency Management Agency (FEMA) for funding of the repair of the bank
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collapse areas. All failure areas were repaired during the period of September through
November of 2007. In addition to repair the bank failures, RFCD assessed the effluent
flow channel bed elevation changes from 1999 to 2007 using LiDAR data with an
assumption that the effluent channel is 2 feet in depth (RFCD, 2008). The study
indicated that the effluent flow channel invert has continued to degrade throughout the
majority of the project area from Cortaro Rd. to Avra Valley Rd.

The objective of this chapter is to assess changes in i) effluent flow channel locations,
area, length and width, ii) channel bed elevation, and iii) sediment volume.

3.2 Methods

This study assesses the channel morphology changes in the Santa Cruz River from
Sweetwater Dr. to Trico Rd. The study reach of the Santa Cruz River was divided into
seven reaches. Reach 1 is from Trico Rd. to Sanders Rd., Reach 2 is from Sanders Rd.
to Cement Plant Rd., Reach 3 is from Cement Plant Rd. to Twin Peaks Rd., Reach 4 is
from Twin Peaks Rd. to Cortaro Rd., Reach 5 is Cortaro Rd. to Ina Rd., Reach 6 is Ina
Rd. to Sunset Rd., and Reach 7 is from Sunset Rd. to Sweetwater Dr.

Effluent flow channel area and length were digitized using aerial photos taken in 1998,
2002, 2005, 2008, 2010, and 2011. Aerial photos were taken in April 1998, September
2002, May 2005, March to April 2008, April to June 2010 and April 2011. It should be
noted that the 1998 aerial photo is black and white. It is harder to distinguish between
flow and others such as vegetation on a black and white photo.

20-foot DEMs were created to evaluate elevation changes and sediment volume
changes in effluent flow channels. DEM for 2008 was obtained from 2-ft contour and
point data with 30-foot resolution obtained from orthophotos. LIDAR was used to create
DEMs for 2005 and 2008. Elevation changes were evaluated by using the 20-ft DEMs. It
should be noted that the original topographic data to create DEM for 1998 contains less
detail than the one for 2005 and 2008.

In order to assess elevation change in effluent flow channels, effluent flow channel areas
in two different periods were used (Fig. 3.1). For example, the elevation change between
1998 and 2002 was assessed by extracting elevation change in areas where effluent
flow channel was observed in 1998 and/or 2002. In other words, digitized effluent flow
channel areas for both 1998 and 2002 were used to extract elevation change between
1998 and 2002. Elevation changes were divided into 8 classes; more than -3 feet, -3 to -
2 feet, -2 to -1 feet, -1 to O foot, O to 1 foot, 1 to 2 feet, 2 to 3 feet and over 3 feet. It
should be noted that there are discussions about the uncertainty of terrain analysis using
LiDAR. The accuracy of the LiDAR-derived DEM, which was used in this study, could be
affected by possible errors in LIDAR data and data process.
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Effluent flow channel width was calculated by dividing channel area by channel length.

Sediment volume was estimated by multiplying a total area of each elevation difference
class by middle value of the range of each class. For example, the depth of 2.5 was
used for an elevation difference class from -2 to -3 feet. For the classes with the
changes more than 3 feet, the depth of 4 feet was used to estimate the changes in
sediment volume. Sediment volume was converted to annual average sediment volume
change per area in order to compare the changes.

Effluent flow Area for
Two Different Periods

Elevation Difference between
Two Periods

Effluent flow Channel Bed
Elevation Difference between [
Two Periods

Fig. 3.1 Procedure to Evaluate Elevation Changes in Effluent Flow Channels

3.3 Effluent Flow Channel Location, Area, Length and Width

Exhibit 1.1-1.6 shows effluent flow channel location changes in the Reaches from 1998-
2011. Washes with 100-yr flood peak discharge exceeding 2,000 cfs (cubic feet per
second) flowing into the Santa Cruz River are shown in Exhibits 1.1-1.6. Figs. 3.2, 3.3
and 3.4 summarize changes in effluent flow channel length, area and width. Tables 3.1
to 3.3 summarize the area, length and width of flow paths observed in 1998, 2002, 2005,
2005 and 2011. Because field measurements taken in 2011 generally indicated narrower
widths than those in Table 3.3, the values in the table are considered conservatively
high.
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Table 3.1 Area of Effluent Flow in Reaches

Wetted Area (acres)

Reach 1098 | 2002 | 2005 | 2008 | 2010 | 2011
1 Trico-Sanders 32.9 40.6 44.8 37.3 31.8 32.4
2 | Sanders-Avra Valley 43.4 31.3 24.1 41.9 41.3 38.2
Avra Valley-Cement
3 Plant 21.5 23.9 13.2 14.3 11.1 9.7
Cement Plant-
4 Cortaro 14.4 9.2 9.1 18.3 10.8 16.2
5 Cortaro-Ina 19.0 19.6 12.1 15.1 8.3 7.9
6 Ina-Sunset 30.9 135 12.1 21.8 22.7 14.4
7 | Sunset-Sweetwater 10.4 9.6 9.3 7.0 9.9 8.8
Total 172.4 147.7 124.8 155.6 135.8 127.6
Table 3.2 Length of Effluent Flow in Reaches
Length (ft)
Reach 1998 | 2002 | 2005 | 2008 | 2010 | 2011
1| Trico-Sanders | 25,291 | 28,882 | 31,416 | 28,987 | 28,934 28,723
Sanders-Avra
2 Valley 38,069 | 30,176 | 31,786 | 37,805 | 44,299 44,299
Avra Valley-
3| CementPlant | 20,117 | 28,565 | 16,018 | 16,315 | 16,158 15,840
Cement Plant-
4 Cortaro 11,141 | 11,880 | 11,179 | 19,853 | 11,007 17,477
5| Cortaro-Ina 7,973 | 10,138 8,976 9,926 8,554 10,982
6 Ina-Sunset 21,226 | 16,104 | 16,157 | 16,157 | 19,166 18,374
Sunset-
7| Sweetwater 12,144 | 14,942 | 13,622 | 12,085 | 12,224 12,197
Total 135,960 | 140,686 | 129,154 | 141,128 | 140,342 | 147,893
Table 3.3 Width of Effluent Flow in Reaches
Ave Width (ft)
Reach 1998 | 2002 | 2005 | 2008 | 2010 | 2011
1 Trico-Sanders 56.6 61.2 62.2 56.0 | 47.9 | 49.2
2 Sanders-Avra Valley 49.6 45.1 33.0 | 483 | 40.6 | 37.6
3 | Avra Valley-Cement Plant | 46.5 36.5 359 | 38.1 | 29.8 | 26.6
4 Cement Plant-Cortaro 56.1 33.8 35.3 40.1 42.6 40.3
5 Cortaro-Ina 103.7 | 84.1 589 | 66.3 | 423 | 314
6 Ina-Sunset 63.5 36.5 32.7 58.8 515 34.1
7 Sunset-Sweetwater 37.3 28.0 298 | 253 | 353 | 314
Mean (Length-weighted) | 55.2 45.7 421 | 48.0 | 42.1 | 37.6
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i)

Reach 1: Trico Rd. to Sanders Rd.

Throughout the study period from 1998 to 2011, changes in the effluent flow
locations, area, length and width are relatively small in Reach 1 (Exhibit 1.1, Figs
3.2, 3.3 and 3.4). The effluent flow channel area, length and width all increased
during the period from 1998 to 2002 (Figs. 3.2, 3.3 and 3.4). This is mainly due to
a downstream extension of the flow during the period. The flow path did not
reach Trico Rd. in 1998, while it ran through the road in 2002. During the period
from 2002 to 2005, the effluent flow channel area, length and width all increased
but the increase in the width was minor. The increase in the channel area and
length can be resulted from a flow split occurred at approximately 9,000 feet
downstream of Sanders Rd. During the period from 2005 to 2008, the effluent
flow channel area, length and width all decreased. The decrease can be partially
because split flows observed in 2005 merged into a single reach during the
period. During the period from 2008 to 2010, the effluent flow channel area,
length and width all decreased, while the location change of the flow path was
minor. This may be because the effluent flow channel width became narrower.
There was little change in the effluent flow location, area, length and width
between 2010 and 2011.

Reach 2: Sanders Rd. to Avra Valley Rd.

The effluent flow channel area, length and width all decreased between 1998 and
2002 (Exhibit 1.2, Figs. 3.2, 3.3 and 3.4). This can be because the flow split
observed at approximately 6,000 feet downstream of Cement Plant Rd. in 1998
became a single reach with less meandering bends by 2002 (Exhibit 1.2). During
the period from 2002 to 2005, the flow area and width decreased, while the flow
length slightly increased. The increase in the length may be related to a relatively
small flow split occurred at approximately 8,500 feet upstream of Sanders Rd.
between 2002 and 2005. During the period from 2005 to 2008, the flow area,
length and width all substantially increased. The location of the effluent flow
channel was substantially changed during the period. The effluent flow channel
shifted toward the left bank immediately downstream of Cement Plant Rd.
(approximately 1300 feet downstream of Avra Valley Rd.), and minor flow
location changes occurred at approximately 9,000 upstream of Sanders Rd
(Exhibit 1.2). The increase in the effluent flow area, length and width can be
because of flow splits and meandering bends developed during the period
(Exhibit 1.2). During the period from 2008 to 2010, the effluent flow channel
location was substantially changed at approximately 10,000 feet upstream of
Sanders Rd. and relatively minor change in the flow location occurred at
approximately 10,000 feet downstream of Cement Plant Rd. The effluent flow
channel length substantially increased during the period, while the width
decreased. The change in the effluent flow area was minor during the period.
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ii)

There were minor changes in the location, area, length and width between 2010
and 2011.

Reach 3: Avra Valley Rd. to Cement Plant Rd.

Flow splits and meandering bends were developed at the upstream of Avra
Valley Rd. during the period from 1998 to 2002 (Exhibit 1.3). The effluent flow
channel area and length increased while its width decreased during the period
(Figs 3.2, 3.3 and 3.4). The increase in flow length is relatively large, which can
be resulted from the flow splits and meandering bends developed at the
upstream of Avra Valley Rd. during the period (Exhibit 1.3). The decrease in the
flow width indicates that the effluent flow channel became narrower during the
period. During the period from 2002 to 2005, split flows observed in 2002
became a single flow path in 2005. The effluent flow channel in 2005 has less
meandering bends, compared to 2002 (Exhibit 1.3). The effluent flow area, length
and width decreased between 2002 and 2005. Especially the decrease in the
flow length is large during the period, which can be related to the flow merged
into a single flow path between 2002 and 2005. Small channel location changes
occurred between 2005 and 2008, and the changes in the effluent flow area,
length and width were relatively small during the period. During the period from
2008 to 2010, the effluent flow channel location changes were very minor. The
effluent flow channel area and width decreased during the period while there was
little change in the flow width. These results indicate that the flow path became
narrower between 2008 and 2010. During the period from 2010 to 2011, the
effluent flow channel location change was very minor with a small decrease in
the effluent flow channel area, length and width.

Reach 4: Cement Plant Rd. to Cortaro Rd.

During the period from 1998 to 2002, the flow path shifted approximately 400 feet
toward the right bank at around 2,000 feet downstream of Cortaro Rd (Exhibit
1.4). The effluent flow channel area and width decreased while its length slightly
increased during the period (Figs. 3.2, 3.3 and 3.4). The decrease in the flow
width is relatively large, which indicates that the channel became narrower during
the period. There was little change in effluent flow channel location, area, width
and length between 2002 and 2005. During the period from 2005 and 2008, two
flow splits occurred at immediately downstream of Cortaro Rd. and at 5,000 feet
downstream of Cortaro Rd. The effluent flow area, length and width all increased
during the period. The increase in the flow length is especially large. The
increase in the flow length can be related to the two flow splits developed during
the period. During the period from 2008 and 2010, the flow splits observed in
2008 merged into a single flow path, and the effluent flow channel length and
area decreased. The decrease in the channel length should be resulted from the
flow merged into a single channel. During the period from 2010 to 2011, flow split
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Vi)

occurred at the upstream of Twin Peaks Rd., and flow area and length increased
as a result of the flow split.

Reach 5: Cortaro Rd. to Ina Rd.

During the period from 1998 to 2002, the flow path substantially shifted toward
the left bank (1,600 feet at maximum, Exhibit 1.4). Effluent flow channel width
largely decreased during the period (Fig. 3.4), which indicates that the flow path
became narrower during the period. Flow area and length increased during the
period. During the period from 2002 to 2005, the effluent flow channel location
change was relatively small but it appears that the flow path in 2005 has less
meandering bends than the flow path in 2002. The effluent flow channel area,
length and width all decreased. The decrease in the channel width during the
period is large. Those results indicate that the effluent flow channel became
narrower with less meandering bends between 2002 and 2005. During the period
from 2005 to 2008, the split flow was developed and the flow path shifted toward
the left bank. The flow area, length and width all slightly increased during the
period. During the period from 2008 to 2010, the split flows became a single
reach at immediately upstream of Cortaro Rd. The flow area, length and width all
decreased during the period. This change can be partially because the flow splits
observed in 2008 merged into a single flow path by 2010. During the period from
2010 to 2011, split flows were developed at immediately downstream of Ina Rd.,
and the flow length increased. The flow area and width decreased during the
period, suggesting that the flow path became narrower.

Reach 6: Ina Rd. to Sunset Rd.

During the period from 1998 to 2002, flow splits observed in 1998 became one
single flow path with less meandering bends by 2002 (Exhibit 1.5). The effluent
flow area, length and width all substantially decreased during the period. During
the period from 2002 to 2005, the flow location, area, length and width had very
minor change. During the period from 2005 to 2008, the flow path shifted toward
the left at approximately 9,600 feet downstream of Sunset Rd. and toward the
right bank at approximately 4,000 feet upstream of Sunset Rd. The effluent flow
area and width increased during the period, while there was little change in the
channel length. Those results indicate that the effluent flow became narrower
during the period. During the period from 2008 to 2010, relatively minor flow split
occurred at approximately 3,000 feet upstream of Ina Rd. The effluent flow area
and length increased while its width decreased during the period. During the
period from 2010 to 2011, minor flow split occurred at immediately upstream of
Ina Rd. and at approximately 1,600 feet downstream of Sunset Rd., while the
split flow observed in 2010 became a single flow path at approximately 4,400 feet
upstream of Ina Rd. The effluent flow area, length and width all decreased during
the period.
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vii) Reach 7: Sunset Rd. to Sweetwater Dr.

Throughout the study period from 1998 to 2011, the effluent flow location
changes were minor (Exhibit 1.6). The changes in effluent flow channel area,
length and width are also relatively small (Figs. 3.2, 3.3 and 3.4).

Fig. 3.2 Changes in Effluent Flow Channel Area
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Fig. 3.3 Changes in Effluent Flow Channel Length

Fig. 3.4 Changes in Effluent Flow Channel Width
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3.4 Channel Bed Elevation

3.4.1 Effluent Flow Channel

Exhibits 2.1-2.4 show elevation changes within effluent flow channels in the Reaches 1-7
during the period from 1998 to 2005 and from 2005 to 2008. Figs. 3.5.1 and 3.5.2 show
the percentage of area of erosion or deposition separated by erosion or deposition
depth. Fig. 3.5.1 show the percentage of area of erosion or deposition between 1998
and 2005, and Fig. 3.5.2 shows the one for the period from 2005 to 2008. Tables 3.4.1
and 3.4.2 summarize the percentage of total area of erosion and deposition in each
reach.

i) Reach 1: Trico Rd. to Sanders Rd.

The changes in the effluent flow channel bed elevation were relatively small for
the both periods from 1998 to 2005 and from 2005 to 2008 (Exhibit 2.1). Bed
elevation changes with depth less than 1 foot (-1 to 0, 0 to 1 foot) occurred at
approximately 50% of the effluent flow channel for the both periods (Tables 3.4.1
and 3.4.2). This indicates that relatively shallow erosion or deposition is dominant
in the reach for the both periods.

i) Reach 2: Sanders to Avra Valley Rd.

Severe erosion and deposition with depth exceeding 3 feet occurred between
Sanders Rd. and approximately 6,100 feet upstream of the road during the
period from 1998 to 2005 (Exhibit 3.3). This is one of the areas where the flow
path location substantially changed between 1998 and 2005 (Exhibit 3.3). The
severe erosion occurred in the area where new flow path was developed
between 1998 and 2005, while the severe deposition occurred in the area where
the flow path observed in 1998 was replaced by a new flow path by 2005. During
the period from 2005 to 2008, severe erosion exceeding 3 feet occurred at 39%
of the effluent flow area (Table 3.1.2). The severe erosion occurred mainly in the
area where new flow paths were developed between 2005 and 2008. More
erosion occurred in the reach between 2005 and 2008 (Table 3.4.2).
Approximately 77% of the effluent flow channel area experienced erosion during
the period (Table 3.4.2).

iif) Reach 3: Avra Valley Rd. to Cement Plant Rd.

Severe erosion and deposition with depth exceeding 3 feet occurred between
Cement Plant Rd. and approximately 5,200 feet upstream of the road during the
period from 1998 to 2005 (Exhibit 2.3). Severe erosion occurred in the area
where a new flow path was developed between 1998 and 2005, while severe
deposition occurred in the area where the flow path observed in 1998 was
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replaced by a new flow path by 2005. During the period from 2005 to 2008,
severe deposition with depth exceeding 3 feet occurred between Cement Plant
Rd. and approximately 7,000 feet upstream of the road (Exhibit 2.3). The severe
deposition occurred in the area where the flow path observed in 2005 was
replaced by a new flow path by 2008. Approximately 61% of the effluent flow
channel area experienced erosion during the period (Table 3.4.2).

iv) Reach 4: Cement Plant Rd. to Cortaro Rd.

Severe erosion with depth exceeding 3 feet occurred immediately upstream of
Twin Peaks Rd. between 1998 and 2005 (Exhibit 2.3). More erosion occurred
between 2005 and 2008, compared to the period from 1998 to 2005 (Tables
3.4.1 and 3.4.2). Approximately 56% of the effluent flow channel experienced
erosion during the period from 1998 to 2005 (Table 3.1.1), while approximately
77% of the effluent flow channel area experienced erosion during the period from
2005 to 2008 (Table 3.4.2). During the period from 2005 to 2008, severe erosion
occurred at approximately 28% of the effluent flow channel area where a new
flow path was developed during the period.

v) Reach 5: Cortaro Rd. to Ina Rd.

Majority of change between 1998 and 2005 was severe erosion with depth
exceeding 3 feet (Table 3.4.1). Approximately 48% of the effluent flow channel
experienced the severe erosion during the period. The severe erosion occurred
in a effluent flow channel where a flow path substantially shifted toward the left
bank (Exhibits 1.4 and 2.3). During the period from 2005 and 2008, severe
erosion occurred at the left flow path of the effluent flow channel, while major
deposition occurred at the right flow path (Exhibit 2.3). The deposition occurred
at the location where the flow path observed in 2005 was replaced by a new flow
path by 2008.

vi) Reach 6: Ina Rd. to Sunset Rd.

Deposition occurred at more than 60% of the effluent flow channel area between
1998 and 2005 (Table 3.4.1). Major deposition occurred at locations where the
flow path observed in 1998 was replaced by a new flow path by 2005 (Exhibits
1.5 and 2.4). During the period from 2005 to 2008, severe erosion with depth
exceeding 3 feet occurred at locations where effluent flow channel observed in
2005 was replaced by newly developed flow paths by 2008 (Exhibit 2.4). The
severe erosion occurred at more than 33% of the effluent flow channel during the
period (Table 3.4.2).
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vii) Reach 7: Sunset Rd. to Sweetwater Dr.

Severe erosion with depth exceeding 3 feet occurred at more than 50% of the
effluent flow channel area between 1998 and 2005 (Table 3.4.1). Deep
deposition with depth exceeding 3 feet occurred at more than 30% of the effluent
flow channel area during the period (Table 3.4.1). Deep deposition occurred
between Camino del Cerro and Curtis Rd during the period, while deep erosion
occurred most of the rest of the effluent flow channel area (Exhibit 2.4). During
the period from 2005 to 2008, severe erosion occurred between Camino del
Cerro and Curtis Rd where deep deposition occurred between 1998 and 2005.
The severe erosion occurred at approximately 39% of the effluent flow channel
during the period (Table 3.4.2). Approximately 70% of the effluent flow channel
area experienced erosion during the period (Table 3.4.2).
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Table 3.4.1 Percentage of Total Area of Erosion and Deposition between 1998 and 2005

<-3 4.6 25.7 17.1 16.5 48.0 13.1 53.6

-3--2 4.9 7.6 6.4 8.3 4.7 6.9 4.2

-2--1 15.7 11.0 8.6 13.8 4.3 8.4 4.2

-1-0 29.9 13.5 11.2 17.7 4.6 10.7 2.7

0-1 21.2 12.6 14.6 17.0 9.9 12.7 2.6

1-2 134 12.4 15.7 13.0 12.7 13.0 1.4

2-3 6.6 8.3 15.5 9.7 10.3 16.2 1.2

>3 3.8 9.0 10.9 4.0 5.5 19.0 30.3
Erosion 55.1 57.8 43.3 56.3 61.6 39.1 64.6
Deposition 44.9 42.2 56.7 43.7 38.4 60.9 35.4

Percentage of Area (%)
100
90 H>3
80
m2-3
70
60 1-2
50 0-1
40 1-0
30 m-2--1
20
m3-2
10
0 m<-3
Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7

Fig. 3.5.1 Percentage of Total Area of Erosion and Deposition between 1998 and 2005
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Table 3.4.2 Percentage of Total Area of Erosion and Deposition between 2005 and 2008

<-3 7.2 39.1 20.7 28.3 21.7 33.6 38.9

-3--2 8.2 13.5 10.3 19.7 3.3 10.7 4.9

-2--1 134 12.3 14.0 16.2 6.2 10.8 12.9

-1-0 24.7 11.6 15.7 12.7 7.6 13.3 13.6

0-1 20.8 7.7 11.3 8.6 7.7 11.5 9.9

1-2 10.8 6.4 9.3 4.7 9.9 7.1 9.7

2-3 6.1 4.8 7.1 3.4 17.3 4.8 3.9

>3 8.9 4.6 11.5 6.2 26.3 8.3 6.2

Erosion 53.4 76.6 60.8 77.0 38.8 68.3 70.3
Deposition 46.6 23.4 39.2 23.0 61.2 31.7 29.7

Percentage of Area (%)

100

90

80 >3
70 m2-3
60 1-2
50 0-1
40 -1-0
30 m-2--1
20 m3-2
10 H<-3

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7

Fig. 3.5.2 Percentage of Total Area of Erosion and Deposition between 2005 and 2008
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3.4.2 Floodplain

Exhibits A1 and A2 show elevation changes occurred within a floodplain including
overbank of effluent flow channels between 1998 and 2005 or between 2005 and 2008.
The floodplain was determined based on a FEMA floodplain, Zone AE. Artificial impacts
such as gravel pits along the Santa Cruz River were removed from the floodplain. As
shown in Exhibits A1 and A2, the floodplain near Trico Rd. is narrower than the FEMA
Zone AE. The floodplain near Trico Rd. was determined using the aerial photo taken in
2011, instead of using the FEMA Zone AE boundary.

Figs. 3.6.1 and 3.6.2 show percentages of total area of erosion and deposition separated
by depth in a floodplain of each reach.

During the period between 1998 and 2005, deep erosion with depth exceeding 3 feet
occurred in the Reach 5, while deep deposition occurred in the Reach 7 (Exhibit A1 and
Fig. 3.6.1). An opposite change occurred in those reaches during the period from 2005
and 2008. Deep deposition occurred in the Reach 5, while deep erosion occurred in the
Reach 7 (Exhibit A2 and Fig. 3.6.2). A comparison of Figs. 3.6.1 and 3.6.2 indicates that
more deposition occurred in a floodplain of the study reaches during the period between
2005 and 2008.

Percentage of Area (%)
100
90 H>3
80 m2-3
70
60 1-2
50 0-1
40 -1-0
30 2.4
20
m-3--2
10
0 m<-3
Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7

Fig. 3.6.1 Percentage of Total Area of Erosion and Deposition in a Floodplain between
1998 and 2005
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Percentage of Area (%)
100
90 H>3
80 m2-3
70
60 1-2
50 — - _— - _— | | - - 0-1
40 — — — — — — — — 1-0
30 2.4
20
m-3--2
10
0 m<-3
Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7

Fig. 3.6.2 Percentage of Total Area of Erosion and Deposition in a Floodplain between
2005 and 2008

3.5 Sediment Volume

3.5.1 Effluent Flow Channel

Fig. 3.7 shows the annual average of sediment volume changes per area in effluent
channels between 1998-2005 and 2005-2008. Negative sediment volume change
means that erosion is a dominant process in an effluent flow channel during a period.
Positive sediment volume change means that deposition is dominant.

Annual average of sediment volume change per area in the Reach 1 was substantially
smaller than the other reaches in both periods (Fig. 3.7). As mentioned previously,
approximately 50% of the effluent flow channel area in the Reach 1 experienced less
than 1 foot erosion or deposition in the both periods (Tables 3.1.1 and 3.1.2). This
indicates that the effluent flow channel in the Reach 1 is relatively stable without major
location or elevation changes for the periods from 1998 to 2008.

Relatively large sediment volume changes occurred in the effluent flow channel of the
Reach 2, and erosion is dominant in the effluent flow channels of the reach for the both
periods. Sediment volume change per area in the Reach 3 is relatively small for the both
periods. Annual average of sediment volume changes per area between 1998 and 2005
are relatively small in the Reaches 4 and 6. The changes per area are relatively large in
the both Reaches 4 and 6 between 2005 and 2008, and erosion is dominant in the both
reaches during the period. The annual average of eroded sediment volume per area in
the Reach 5 between 1998 and 2005 is close to the annual average of deposited
sediment volume per area in the reach between 2005 and 2008. This indicates that
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overall sediment volume change for the entire study period from 1998 to 2008 is small in
an effluent flow channel of the Reach 5. Annual average of sediment volume change
per area in the Reach 7 is relatively large between 2005 and 2008. As mentioned
previously, more than 40% of the effluent flow channel of the Reach 7 experienced
severe erosion with depth exceeding 3 feet (Tables 3.2.1 and 3.2.2), while the location,
area, and width changes were minor in the Reach 7 for the entire study period (Exhibits
1.6). This indicates that channel bed degradation occurred in the effluent flow of the
Reach 7, particularly between 2005 and 2008.

Overall sediment volume changes shown in Fig. 3.7 indicate that erosion is a dominant
process in most of the effluent flow channels in the study reaches for the period from
1998 to 2008. Annual average of eroded sediment volume per area is substantially
larger during the period between 2005 and 2008, compared to the period between 1998
and 2005. Annual average erosion depth is also larger during the period between 2005
and 2008. These trends are patrticularly clear in the Reaches 2, 4, 6 and 7.

Sediment Volume Change (ft3/AC/yr)

e ©
A & 3 <
-\7>\6 e,(& (.i"-“'tL ng;&
o > [¢; X E.
< § S &
(\bz v \\@\\ X Nl £ c_;x\e
i &° N & O N &
-] & & <& X2 b2} &
& P S & & N <
15,000
10.000 Reachl | Reach2 | Reach3 | Reach4 | Reach5 | Reach6 | Reach7

5,000 I
0 —
-5,000 I

-10,000 ]
-15,000 ]
-20,000
1998-2005
-25,000
m 2005-2008
-30,000 :

Fig. 3.7 Sediment Volume Changes in Effluent Flow Channel between 1998-2005 and
2005-2008
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3.5.2 Floodplain

Fig. 3.8 shows the annual average of sediment volume changes per area in a floodplain
between 1998-2005 and 2005-2008. The result indicates that, on average, erosion is
dominant in a floodplain of the study reaches between 1998 and 2005, while deposition
is dominant between 2005 and 2008. As previously mentioned, more erosion or
degradation occurred in effluent flow channels between 2005 and 2008. These results
suggest that eroded sediment in effluent flow channels could be transported to overbank
during the period.

Sediment Volume Change (ft3/AC/yr) Q\é"“ o
Ry X > L
N QO & 2
. ISR SN <&
K e
F N &' Q\'bo S ¢ W
3 & > s o N e
b2) g ,‘}\\ @6“\ (,3;\ ,"-30 &
<& @ & & & < o
20,000
Reach Reach Reach | Reach Reach Reach | Reach
15,000 2 3 4 5 <) 7
10,000
5,000 I I I
0
-5,000 ]
-10,000
1998-2005
s 0 B I e e i tn
m 2005-2008
-20,000 '

Fig. 3.8 Sediment Volume Changes in Floodplain between 1998-2005 and 2005-2008

3.6 Historical Floods and Scouring Daily Discharge

Tables 3.5.1 and 3.5.2 summarize the largest peak discharge of the year recorded at
USGS gages at Cortaro Rd. and Trico Rd. The flood occurred on July 31, 2006 was the
largest at both Cortato and Trico gages during the study period (Tables 3.5.1 and 3.5.2).
The flood of record on most streams in northeastern Pima County on July 31, 2006 was
caused by a rare meso-scale convective storm, that had a duration of about 6-hours
(Griffiths et al. 2009). Rainfall depth with a recurrence interval of about five years caused
the floods on July 31, 2006 that exceeded the 100-year estimates, largely as a result of
saturated soil conditions after five days of rainfall (Griffiths et al., 2009; Magirl et al.,
2007).
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Lacher (1996) reported that infiltration rate in the Santa Cruz River sharply decreased
after the storms with mean daily discharge exceeding 2,200 cfs. She concluded that a
flow of approximately 3,000 cfs average daily discharge at Cortaro Rd. was a
conservative estimate for the threshold magnitude of storm flow required to achieve
significant increase in infiltration of the effluent stream channel. The significant increase
in infiltration rate was most likely resulted from scour in channels. Therefore, we
assumed that average daily discharge exceeding 2,200 or 3,000 cfs (for a conservative
estimate) could trigger scour in effluent flow channels of the Santa Cruz River.

Tables 3.6.1 and 3.6.2 summarize mean daily discharge exceeding 2,000 cfs during the
study period from 1998 to 2011. Flow with mean daily discharge exceeding 3,000 cfs
occurred three times at both Cortaro and Trico Rds. between 1998 and 2005. During the
period from 2005 to 2008, flow with mean daily discharge exceeding 3,000 cfs occurred
three times at Cortaro Rd. and four times at Trico Rd. Since the duration between 2005
and 2008 is shorter than the period from 1998 to 2005, the frequency of the flow
resulting in scour in an effluent flow channel is higher during the period between 2005
and 2008.

As mentioned before, LIDAR data was collected in April 1998, May 2005 and March to
April 2008. This means that the 2005 LiDAR data was collected before the largest flood
event in 2005. As shown in Figs. 3.7 and 3.8, annual average of eroded sediment
volume per area is higher between May 2005 and April 2008 in the most reaches,
compared to the period from 1998 to 2005. This may be caused by i) higher flood peak
during the period from May 2005 to April 2008 (Tables 3.5.1 and 3.5.2), and ii) more
frequent flows causing scour during the period (Tables 3.6.1 and 3.6.2).

Table 3.5.1 Largest Flood Peak at Cortaro Rd.

Peak Discharge
Year Date (cfs)
1998 | Feb-18 4,600
1999 Jul-15 13,700
2000 Jul-23 1,560
2001 | Nov-07 10,000
2002 | Aug-05 8,340
2003 | Aug-26 9,000
2004 | Aug-14 5,420
2005 | Aug-23 16,300
2006 Jul-31 40,900
2007 Jul-31 11,400
2008 | Jan-28 4,270
2009 Jul-04 2,130
2010 Jul-31 16,800
2011 | Sep-10 12,000
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Table 3.5.2 Largest Flood Peak at Trico Rd.

Peak Discharge

Year Date (cfs)
1998 | Feb-18 6,510
1999 Jul-15 10,600
2000 | Jun-30 644
2001 | Oct-23 8,270
2002 | Aug-06 3,440
2003 | Aug-27 5,490
2004 | Aug-14 1,780
2005 | Aug-23 15,000
2006 Jul-31 27,200
2007 Jul-28 10,900
2008 | Jan-28 5,080
2009 Jul-04 2,360
2010 Jul-31 9,450
2011 | Sep-11 6,630

Table 3.6.1 Mean Daily Discharge Exceeding 2,000 cfs at Cortaro Rd.

Mean Daily

Year Date Discharge
(cfs)

1999 Jul-15 3,700
2000 Oct-23 6,900
2000 Oct-24 2,720
2000 | Nov-07 3,140
2005 Feb-12 2,000
2005 Aug-23 4,230
2006 Jul-29 5,450
2006 Jul-30 2,340
2006 Jul-31 11,700
2007 Jul-28 2,440
2010 Jul-31 3,350
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Table 3.6.2 Mean Daily Discharge Exceeding 2,000 cfs at Trico Rd.

Mean Daily

Year Date Discharge
(cfs)

1998 Feb-18 3,970
1999 Jul-15 2,750
2000 Oct-23 4,350
2000 Oct-24 3,020
2005 Aug-23 3,670
2005 Aug-24 2,120
2006 Jul-29 6,510
2006 Jul-30 3,070
2006 Jul-31 10,500
2008 Jan-28 2,020
2010 Jul-31 2,720

3.7 Summary and Conclusion

Table 3.7 summarizes the results of the historical changes in channel geomorphology,
focusing on the effluent flow channels location, area, length and width and channel
elevation and sediment volume. There were no substantial location changes occurred in
the Reaches 1 and 7 during the study period. Relatively small sediment volume change
occurred in the Reach 1, resulting from bed elevation changes with scour or deposition
depth less than 1 foot in a effluent flow channel. Meanwhile, large volume of sediment
was eroded in the Reach 7, resulting from severe scour with depth exceeding 3 feet in a
effluent flow channel. These results indicate that channel degradation occurred
especially in effluent flow channels of the Reach 7 during the study period, and that
effluent flow channels of the Reach 1 are relatively stable with no major channel incision
or location change. Table 3.7 also shows that the changes in location, area and volume
of effluent flow channels were relatively large in the Reaches 2 and 6, suggesting that
effluent channels in those reaches were relatively unstable during the study period.
There are three washes with 100-yr flood peak discharge exceeding 2,000 cfs flowing
into the Reach 6 (Rillito River, Canada del Oro Wash and East Idel Hour Wash). Rillito
River and Canada del Oro Wash are major washes with 100-yr peak discharge
exceeding 10,000 cfs at the confluence with the Santa Cruz River. The instability of the
Reach 6 can be resulted from inflow from those two major washes.

Previous studies (Parker, 1995; RFCD, 1999; 2008) reported that effluent channels
continued to degrade over time. This study also showed that the overall trend has been
toward degradation in both effluent channels and a floodplain over the period from 1998
to 2008. More degradation occurred between 2005 and 2008, compared to the period
between 1998 and 2005.
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Table 3.7 Summary of Results (Red means “major” change, Blue means “minor”
change, and No-Color means “moderate” change.)

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7
) Cement
Trico- [Sanders-Avra Avra Valley- Sunset-
Plant- | Cortaro-Ina| Ina-Sunset
Sanders Valley Cement Plant e Sweetwater

Location Change

Area Change

Erosion/Deposition

Deposition

Volume Change
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Exhibit 1.5
Reach 6

Reach

Low Flow Channel 1998
Low Flow Channel 2002
Low Flow Channel 2005

Low Flow Channel 2008
Low Flow Channel 2010
Low Flow Channel 2011

The information depicted on this display is the result
of digital analyses performed on a variety of databases
provided and maintained by several governmental agencies.
The accuracy of the information presented is limited to
the collective accuracy of these databases on the date
of the analysis. The Pima County Regional Flood Control
District makes no claims regarding the accuracy of the information
depicted herein.

This product is subject to the GIS Division Disclaimer
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Chapter 4: Historical Conditions of Vegetation

4. Historical Conditions of Vegetation

4.1 Introduction

Treatment facility upgrades will alter water quality and change distribution and
abundance of effluent discharge, which may in turn affect vegetation. The purpose of
this section of the report is to:

1. Review available datasets to describe what is and is not known about the
vegetation changes in the study reach, from Roger Road to Trico Road, along
the LSCR during the period of effluent discharge, with emphasis on riparian and
wetland vegetation near the channel.

2. Describe conceptual models (e.g. hydrogeomorphic), if any, and what is known
about factors that influence vegetative conditions, drawing on literature from
other southern Arizona rivers where necessary.

The LSCR is characterized by sandy to silty alluvium deposited by the stream over the
last several thousands of years. The channel is incised into its former floodplain. The

terraces have been used primarily for farming and other increasingly urban land uses;

the channel has been used for effluent disposal and sand-and-gravel operations.

The low elevation and the distance from high-elevation mountain ranges provides a
warmer climatic setting and a hence a longer growing season than present along many
other perennial and intermittent streams in Pima County, such as Cienega Creek,
Rincon Creek, Sabino Creek or the upper San Pedro River.

The demise of the historical perennial reach of the Santa Cruz River at Tucson is a story
well known and oft-told (Glennon 2002; Logan 2002). Groundwater pumping eliminated
the springs and perennial and intermittent streamflows that characterized several of the
reaches upstream of the study reach. Comparatively little attention has been given to
the study reach, because it was largely ephemeral during historic times, with some
evidence for intermittency near Nine Mile Water Hole near the confluence of the Rillito
and Canada del Oro Wash (Huntington, 1914).

The water table in the study reach was quickly drawn down by agriculture in the Cortaro-
Marana Irrigation District during the 1920s and 1930s (Schwalen and Shaw, 1957) and
contributed to the local disappearance of many other plants (Mauz 2002).

By the 1970s, farming of the floodplain had reached its maximum extent and significant

discharges of wastewater from municipal sewage treatment at Roger and Ina Roads had
created perennial or intermittent flow in the channel, increasing the survival potential for
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riparian and wetland plants species. Sand and gravel operations were in use in- and off-
channel, and some former gravel pits were being used for landfills.

Following a series of floods in the late 1970s and 1980s, a number of soil-cement
embankments were constructed along the river. These structures confined lateral
erosion and restricted development of point bars that are typically colonized by
vegetation. In places channelization and natural channel avulsion has changed the
channel slope, and dramatically reduced the potential for widespread inundation of
adjacent lands during infrequent large flood events.

Unlike the Upper Santa Cruz River, wastewater flows in Tucson have not re-established
a permanent floodplain aquifer within the rooting zone of riparian vegetation. Effluent
recharge would refill the aquifer, but continued extraction of groundwater by Cortaro-
Marana Irrigation District and other water providers keeps the water table 80 to 300 feet
below the land surface, beyond the rooting depth of most plants, with possible
exceptions downstream of Ina (personal observation of a spring in a gravel pit) and near
Orange Grove Road (Postillion, unpublished report).

4.2 Literature Review and Other Methods

U. S. Geological Survey (Galyean 1996) mapped vegetation in June 1993 along a 23-
mile reach of the effluent-dependent Santa Cruz River for the purpose of estimating
transpiration demands, primarily within the arroyo of the river. The classification used
was primarily structural.

SWCA (1995) mapped and classified riparian vegetation according to dominant species
and density for the river reach downstream of Avra Valley Road.

Fonseca and Wahl (1998) examined channel change and vegetation dynamics in the
channel near Sanders Road.

A detailed survey of vegetation along 28 miles of the Lower Santa Cruz River was
conducted in September 1999 for the Regional Effluent Planning Partnership on behalf
of U. S. Bureau of Reclamation. The primary purpose of the vegetation mapping was to
determine the current extent of riparian habitat along the effluent-dependent Santa Cruz
River. Baker (2000) mapped vegetation to a distance of approximately 500 feet beyond
the edge of the upper river terrace used the Brown, Lowe and Pase vegetation
classification. This mapping was then used by Harris (2001) for the Sonoran Desert
Conservation Plan riparian maps, which used the Brown, Lower and Pase system of
classification.

The Regional Effluent Planning Partnership also sponsored studies of bird life (SWCA
2000) and a conceptual model of riparian dynamics (Stromberg 2001). SWCA (2000)
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included observations of vegetation at five locations within the Reviving Rivers project
area. The proportion of each vegetation association (as described by Baker 2000) was
measured based on large-scale aerial photographs.

Baker delineations (2000) were then converted to “Arizona cover types for the river and
additional classifications of disturbed land cover were added within the Tres Rios del
Norte project study area by U. S. Army Corps of Engineers (2002). Cover types
included open water, parks, sand and gravel operations and other non-natural cover
types, as well as vegetative cover.

U.S. Geological Survey and others collaborated to create raster-based land cover maps
for Arizona and the Southwest in 1999 and again in 2002-2003. The first generation
maps were called GAP vegetation maps, and the second generation was called the
SouthWest ReGAP. These maps covered the entire project area and were based on the
characteristics of Landsat spectral reflectance.

The Science Technical Advisory Team studied the representation of vegetation
communities across Pima County for the Sonoran Desert Conservation Plan in public
preserves of various types and made recommendations for protection and restoration of
riparian and upland land cover (Fonseca and Connolly 2001)

In 2002 and 2003, the U. S. Army Corps of Engineers (Burks-Copes and Webb 2009)
collected field data for a hydrogeomorphic assessment of the LSCR. Measurements
included canopy cover for three structural layers of vegetation, and the richness of native
and non-native plants, among other factors. Field data were also collected from
reference reaches elsewhere in southern Arizona.

Fonseca et al. (2008) analyzed the 2001 and 1992 National Land Cover Datasets
(NLCD) for changes in riparian plant cover. The NLCD classification is based on

spectral reflectance from remote sensors and cover the entire area. NLCD places
greater emphasis on classification of cultural land covers than does GAP or Southwest
ReGAP. Areas of shrub/grassland were converted to urban land uses in the Santa Cruz
Valley north of Ina, and the acreage of forested wetlands increased along the effluent-
dominated Santa Cruz River. Additional NLCD classifications for 2006 are now available.

Environmental Planning Group (EPG 2004) compared plant communities present in
2002 and 2004, immediately before and after construction of the High Plains Effluent
Recharge Project near Sanders Road. Measurements included plant height of dominant
species, canopy and overall plant density. Saltbush increased after introduction of water
into recharge basins. The study also listed all vascular plant observations, including
aguatic algae.

Mauz (2002) documented the changes in vegetation diversity under conditions of
groundwater depletion and cessation of agriculture at the West Branch of the Santa Cruz
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River south of downtown Tucson . Mauz 2011 Identified the historic flora of the Santa
Cruz and Rillito bottomlands based primarily on herbarium records.

Gormally (2002) compared the density, richness, diversity and nativity of native and non-
native plants in belt transects in reaches with and without effluent, and with and without
“channelization” [soil-cement embankments]. Two of the five study sites were located in
the study reach. Data were collected during April and May 2002.

RECON (2008) mapped vegetation communities of the Anza Park near Trico Road.

White (2011) compared streamside herbaceous cover and woody vegetation of the
effluent-dominated Santa Cruz River to the San Pedro River. Data are available at
Amado, Continental, Sahuarita in the upper Santa Cruz River, and at Hardin Road,
Sasco Road, and Wheeler in the distal reaches of the Santa Cruz River in Pinal County.
Field data were collected in 2007.

Villareal et al. (2011) used LANDSAT imagery to examine land use and land cover
change in the watershed of the Santa Cruz River upstream of the Central Arizona
Project canal crossing. The time periods analyzed included 1979, 1989, 1999, and 2009.
Over this time period, palustrine forested wetlands in the watershed varied from 1335
acres in 1979 declining each decade to 866 acres in 2009. Emergent herbacecous
wetlands varied from a high of 141 acres in 1999 to 54 acres in 2009.

Wetlands have been mapped by University of Arizona using remote sensing imagery for
the National Wetland Inventory through a grant to Arizona Department of Environmental
Quiality (Jason Jones, ADEQ, Personal Communication to Julia Fonseca, 2012).
Wetland classification followed the Cowardin system used by U. S. Fish and Wildlife
Service, which is primarily based on physical features such as substrate and hydrology,
as structural characteristics of vegetation.

4.3 Results

4.3.1 Vegetation communities and significance of vegetation
communities

Vegetation communities in the project area are described using the Brown, Lowe, and
Pase classification of Harris (2001) and Baker (2001), augmented by the author’s
observations based on field visits and aerial photography between 1986 and 2012, and
the previously cited datasets. A vegetation map based on Harris (2001) is included as a
plate. A general description of the community is presented in the text below, followed by
a more detailed analysis of the vegetation associations found within each community.
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The LSCR is characterized by a broad, multi-channel wetland community. The five
principal wetland communities represented in the LSCR include: (1) Sonoran Riparian
Deciduous Forest and Woodland, (2) Sonoran Riparian Scrubland, (3) Sonoran Interior
Strand (4) Sonoran Interior Marshland and (5) Non-native Semi-desert Grassland. The
upland habitat is represented by the Sonoran Desertscrub community. Associations are
subcategories within the community and refer to a specific grouping of dominant plants.

The Sonoran Riparian Deciduous Forest and Woodland community along the LSCR is
represented by three plant associations: the Sonoran cottonwood-willow association,
the Sonoran Mesquite Association and the Athel Woodland Association. The first
association is of Goodding willow (Salix gooddingii) and saltcedar (Tamarix ramosissima,
Tamarix aphylla) with occasional velvet mesquite (Prosopis velutina), and cottonwood
(Populus fremontii) (Fig. 4.1). The Sonoran cottonwood-willow stands along the Santa
Cruz River are second only to Cienega Creek in total area, and because of their
elevation on the landscape, retain their canopy far longer than other higher-elevation
natural occurrences in Pima County. The Science Technical Advisory Team
recommended that all occurrences of cottonwood-willow patches be maintained
(Fonseca and Connolly, 2001). In the LSCR, this vegetation is entirely dependent upon
a consistent water supply from surface flow as high groundwater levels are absent
except where this plant community grows at the base of a “spring” in a gravel pit just
north of Ina Road. Although cottonwoods are less common than Goodding willow
along the river, cottonwoods are the dominant species present in a pond holding
wastewater from gravel-washing facilities.

Fig. 4.1 Sonoran Riparian Deciduous Forest (principally Goodding willows) and Strand
along the LSCR

Large areas of the Mesquite Association were mapped by Baker (2000) in the drier
margins of the lower floodplain and tributaries. The majority of what Baker (2000)
mapped on the floodplain outside of the tributaries would not classify as the true Velvet
Mesquite woodlands due to the sparse cover. As mapped, the community included blue
paloverde (Parkinsonia florida), creosote-bush (Larrea tridentata), saltcedar, burro-brush,
desert-broom, and desert-willow (Chilopsis linearis), and graded into grass and forbs.
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Examples of mature mesquite woodland are few, but can be found at the outfall of
Silverbell (Columbus Park) Lake, and along Trico Road where they are sustained by
tailwaters from other uses. Mature mesquites are also found also in the reach north of
Camino del Cerro Road to Sunset Road (Fig. 4.2).

Fig. 4.2 Mesquite Woodland along the LSCR

The review of well records, photographs and place names from the late 19th century and
early 20th century suggest that at times the water table was close enough to the surface
to support mesquite woodland in Cortaro-Marana Irrigation District south of Avra Valley
Road. As recently as the 1970s, mesquite bosque persisted in some bosques located
north of Cortaro Road.

Mesquite woodland restoration of 1000 acres County-wide has been targeted for the
Sonoran Desert Conservation Plan (Fonseca and Connolly, 2001), and the Tres Rios
Del Norte study targeted this community type for restoration along the Santa Cruz River
(ref needed). The Pima County Regional Flood Control District has targeted this plant
community for establishment at the Cortaro Mesquite Bosque site near Continental
Ranch.

There are also several patches of Athel Woodland Association (Tamarix aphylla) located
primarily in former gravel pits that have been filled by floodwater deposition.
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The Sonoran Riparian Scrubland community occurs in and along drainages where the
vegetation is considered too dense to quality as a "desertscrub or strand community"
and not tall or structured enough to be considered a "forest and woodland community"
as described above (BOR 2002). The vegetation has adapted to the successional
situations that occur in the flood-prone areas they inhabit (Brown 1982). Vegetation
typical of this community type consists of burro-brush (Hymenoclea monogyra), desert-
broom (Baccharis sarothroides), and seepwillow (B. salicifolia), as well as upland
species such as wolfberry (Lycium sp.), acacia (Acacia sp.) desert hackberry (Celtis
pallida) and mesquite (Baker 2000). Within the project area, the channel bars are
predominantly burro-brush and desert-broom. Thickets of elderberry (Sambucus), broom
and seepwillow are found along a rancher’s irrigation channel crossing Sanders Road.

The Sonoran Interior Strand community is found in the channel where it is subject to
more recent scouring. This habitat consists primarily of open stands of shrubs and
weeds such as seepwillow, tree tobacco (Nicotiana glauca), cocklebur (Xanthium
strumarium), nightshade (Solanum sp.). Some areas subject to frequent scour may only
be populated with algae. Within the project area, the vegetation consists primarily of
scattered burro-brush and bermuda grass (Cynodon dactylon) and weedy annuals.

The Sonoran Interior Marshland community is rare within the study reach of the LSCR,
and is usually associated with depressions along or near the channel. Although not
mapped by Baker (2000) several pockets of marshland and/or open water habitat occur
in the project area, notably in former gravel pits, just upstream of the Ina Road grade
control structure, and within the Marana Frisbee Golf basin after large flow events.

Semi-Desert Grassland community — There are no native grassland communities
present in the study reach’s wetlands, however non-native grasslands are present. The
distribution of this community has not been well-studied or distinctly mapped. Bermuda
grass (Cynodon dactylon) and arundo (Arundo donax) are found primarily along the
channel in moister microsites, whereas .buffel grass (Pennisetum ciliensis), Sorghum
halapense, and Schismus are common outside the wetlands. One of the purer examples
of a buffelgrass community is at the Camino del Cerro landfill, where it is being managed
with herbicide. The Grasses/Forbs Association mapped by Baker (2000) occurs
primarily in the uplands west of the Avra Valley airport and is composed of a variety of
annual and perennial species (Bureau of Reclamation, 2002).

The Sonoran Desertscrub community occupies habitat on the uplands, terraces and
bajadas surrounding the river corridor. A small portion of the project area consists of
paloverde-cacti mixed scrub vegetation. The primary plant species found within this
habitat include foothill paloverde (Parkensonia microphylla, saguaro (Cereus giganteus),
mesquite, catclaw acacia (Acacia greggii), ocotillo (Fouquieria splendens), ironwood
(Olynea tesota), barrel cactus (Ferocactus acanthodes), and cholla (Opuntia) species.
The project area is predominately creosotebush-bursage vegetation, a more open

4-7



Chapter 4: Historical Conditions of Vegetation

habitat type dominated by shrubs such as triangle-leaf bursage (Ambrosia deltoidea),
creosotebush (Larrea tridentata) and saltbush (Atriplex sp.). One of the most intact
examples of desert scrub is located on County-owned land south of Ina Road and east
of Silverbell Road. Creosote-dominant desertscrub is abundant on the river terrace
downstream of Avra Valley Road.

The Desert Saltbush Association is

particularly noteworthy as it is a plant

community that used to be more widely

distributed in the floodplain of the Santa

Cruz River (Turner 1974). Today the

distribution of this plant community in

Pima County is extremely limited. The

Science Technical Advisory Team

recommended protection of all remaining

patches in reserve design for the Sonoran

Desert Conservation Plan (Fonseca and

Connolly 2001). Today it occurs in

relictual stands at Los Morteros (Figs. 4.3

and 4.4) and on the terrace adjacent to

Silverbell Road between Camino del

Cerrro and Ina Road. It was successfully

restored in the Continental Ranch area

through dryland seeding.

Fig. 4.3 Saltbush, Atriplex polycarpa,
along the LSCR near Ina Rd (Right)
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Fig. 4.4 Saltbush Association, near Los Morteros, Santa Cruz River floodplain.

4.3.2 Other Land Cover Types
Other land cover types listed below are based on SW ReGAP:

Agriculture — Existing agricultural lands, primarily cotton, are found downstream of Avra
Valley Road, bordering the river. As used by SW ReGAP, the cover type includes
fallowed lands and Bermuda-grass pasture lands irrigated with effluent from the river in
the areas just upstream and downstream of Sanders Road.

Open Water- Areas of open water in and along the Santa Cruz River include former
gravel pits, flooded borrow pits, recharge basins, recreational ponds, stock ponds, as

well as the wetted stream itself.

Medium-High Intensity Development- As mapped by SW ReGAP this includes the
treatment facilities, recreational turf.

Developed Open Space-Low Intensity- This includes bank protected sandy channel
bottoms that in 2012 evidence denser ribbons of riparian vegetation along water’s edge.
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4.3.3 Vegetation Structure

White (2011) classified the vegetation structure of the subject reach and beyond. At the
two sites within Pima County, forest and woodland combined covered less than 20% of
the floodplain. Most of the floodplain was occupied by herbaceous cover, and less than
20% of the floodplain was bare ground.

Baker (2000) determined the age class and the vegetative structure of the riparian
woodland vegetation. The age of Goodding willow was estimated at six years which
corresponded to the 1993 flood, however the author observed that many of the
Goodding willows just downstream of the Roger Road outfall had established prior to the
1993 and resprouted through the flood deposits of 1993. A later study by White (2011)
found that stem diameter of Goodding willow along the effluent-dominated Santa Cruz
River declined with distance from the effluent discharge origin.

Baker (2000) estimated a range of 15 to 48 years for “salt cedar”, but it is unknown
whether this refers to evergreen athel tree or the deciduous tamarisk. Although
saltcedar was located adjacent to the river channel it also occurred away from the river
channel making it less susceptible to flood effects.

Baker classified vegetative structure utilizing the system devised by Anderson and
Ohmart (1984). The structure stage varies by tree species but most riparian trees
progress in the following sequence: Stage VI, V, IV, lll, l and Il. Stage VI is described
as short stature (< 6 ft); while Stage V begins to have some separation into a midcanopy.
Stages IV and lll have well developed under and mid stories, but the canopy is not well
developed. Stage | has well developed under, mid and canopy layers, while the Stage Il
understory has been shaded out.

The Goodding Willow Assaociation was equally split between Stages | and Ill. The
Goodding Willow/Saltcedar association was primarily (70%) in Stage lll. Stage I's multi-
layered structure correlates with higher avian diversity (MacArthur and MacArthur 1961,
Carothers et al. 1974, Anderson and Ohmart 1977, Anderson et al. 1983 in USBR 2001).
Stage Ill which has some canopy development also provides good habitat for avian
species. The majority of the Saltcedar Association was nearly equally divided between
Stages IV and V. Saltcedar Association Stages | and Ill, which provide higher wildlife
value, had significantly less acreage. The Velvet Mesquite Association was
overwhelmingly classified in Stage V which is typical of most non-bosque type mesquite
habitat. Upland and riparian mesquite were lumped by Baker (2000) during the
vegetation survey (BOR 2002).

Vegetation structure of the mesquite-palo verde association was studied by EPG (2004)
at the High Plains site. Most of the canopy fell within the one to two meter range, and all
of the measured values were below 6 meters). This association has a much higher
estimated percent annual ground cover (42%) than for creosote-bush association (6%)
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or tamarisk-willow (2%). Per cent coverage measurements and estimates were made
following normal winter rains received during the 2003-2004 winter season (EPG 2004).
EPG’s observations are consistent with the findings of White and Stromberg (no date) on
the depression of herbaceous cover under conditions of high streamside canopy cover
along the Upper Santa Cruz River.

In comparison with reference areas selected along the Hassayampa, Salt River, and
Tanque Verde Creek, transects along the LSCR similar if not better maintenance of
characteristic plant community structure and composition (Burke-Copes 2009). The
LSCR showed a lesser degree of maintenance of characteristic plant community
structure and composition as compared to the Upper Santa Cruz (Tumacacori), and San
Pedro Rivers.

4.3.4 Species diversity

Many species have been lost from the Santa Cruz River floodplain. Mauz (2002) found
that about half of the species present in Thornber’s 1909 study are extirpated at that
location. Mauz (2011) later documented the losses in bottomland flora of the Santa Cruz
and Rillito rivers within the Tucson Basin, an area that includes the southern half of the
study area. Notable extirpations of common wetland or riparian species included the
disappearance of screwbean mesquite, Huachuca water umbel, and arrowweed, two
species that would seem to be well-adapted to the saline soil and water of the modern
LSCR. (In the mid-2000s, the author found a population of arrowweed at a sand-and-
gravel pit located near Valencia, a considerable distance upstream of the study reach of
the LSCR, a specimen of which was taken by Mauz to the University of Arizona
Herbarium.) Soapberry, canyon hackberry, ash, walnut, coyote willow and sacaton
have disappeared from the Santa Cruz bottomlands near Tucson, and no post-1970
records exist of their occurrence in the project reach were water is now abundant.

Non-native species are a prominent component of the flora of the LSCR. Gormally
(2002) found giant reed, Bermuda grass and curly-leaf dock to be predominant
components of some effluent-transects, and detected a significant difference between
native and exotic plant species between areas with and without effluent. In general,
effluent was associated with increased plant density, diversity, richness, cover and
incidence of exotic plants relative to the ephemeral reaches upstream.

Athel trees (Tamarix aphylla) are more common along the Santa Cruz River than are the
deciduous species of tamarisk are well-studied along the Gila, Colorado and Salt River
systems. Unlike their deciduous, shrubby relatives, athel trees have tall, evergreen
canopies, sheltering wildlife and homeless humans alike. Athel reproduces primarily
through vegetatively, rather than by seed. The author's observations over the past 30
years suggest that monospecific stands of T. aphylla preferentially establish in former
gravel pits and borrow pits (Fig. 4.5).
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Fig. 4.5 Athel oIomzmg teormer grave pit Iocted on Flood Control D|tr|c property
at the confluence of the Rillito River. August 2008 Santa Cruz River color imagery.

Species richness, plant height, nitrogen score and percent cover of wetland indicator
species declined with distance from the effluent discharge origin (White 2011). The
percent of wetland pioneer species declined relative to non-pioneer species with
increasing distance from effluent discharge points (White 2011).

4.4 Discussion of Conceptual Models and Relevant Factors

The primary biophysical drivers of vegetation community structure and composition are
the floodplain processes of the LSCR, the discharge of effluent, groundwater pumping
and the land use history (particularly mechanical disturbances due to channelization,
agriculture, and extraction of sand or gravel materials).

The state and transition model for southern Arizona riparian plant communities in
relation to flooding is summarized in the figure below (Gori, 1996 in Fonseca and Regan,
2001). In general, in absence of large floods, floodplain sand and gravel bars become
progressively more stabilized by vegetation. Bare sand bars become colonized by
strand vegetation which evolves into riparian scrub, and depending on water availability
can become cottonwood-willow (C-W) forest or mesquite bosques if not eroded by larger
floods.
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Woodland and Floodplain Grassland plant communities

According to a conceptual model created for the effluent-dominated Santa Cruz River,
flood pulses serve to clear and create establishment sites for seedlings, as well as
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causing mortality of established plants (Stromberg 2001). In the project reach, mortality
occurs not only through erosion but can also be triggered by shifts in availability of the
surface flows caused by sedimentation and erosion, in absence of a shallow
groundwater table that might otherwise aid persistence.. Despite this additional mortality
factor, the rates at which willows in the Santa Cruz project reach survived the 1990/1993
floods is similar to the rate at which similar sized trees in the Hassayampa River
survived the 1993 floods (Stromberg 2001).

“No-action” scenarios associated with the development of a hydrogeomorphic model for
the LSCR predicted reduced discharges of effluent, conversion of vacant and agricultural
parcels to future urban development, and increased bank protection (Burks-Copes and
Webb, 2009). This is predicted to cause the loss of 150 acres of river bottom, and half
of the existing mesquite woodlands. The existing narrow bank of riparian vegetation
supported by current effluent flows would continue to exist, but would decline over time
in response to decreased effluent flow, causing a slow but complete loss of cottonwood-
willow communities. Shrublands are expected to dominate the study area by 2062
under the no-action scenario (Burks-Copes and Webb 2009).

Reductions in flow would cause reduced areal extent of the aquatic and native willow
forestland and aquatic habitats (Patten et al. 1998; Stromberg 2001). The effects of
reduced effluent discharge would be observed first in the areas most distant from the
outfalls. For the Roger outfall, the most distant locations are just upstream of the Ina
Road outfall. For the Ina outfall, the distal reaches are sometimes in Pinal County, but
stream gages show that even now, the reach downstream of Trico sometimes goes dry.
Effluent reductions could also impair the recharge, restoration and ranching projects
located in Marana. Stromberg (2001) also notes that reduced availability of water could
shift the community toward an increased amount of tamarisk.

Channel straightening increases the slope and reduces meanders, and might thereby
reduce the area and stability of the sites available for occupancy. Channel
encroachment can increase velocities, and shift the vegetation toward species that are
very resilient to these new conditions. Gormally (2002) found that channelization of the
Santa Cruz River was associated with increased shrubs and fewer tree and herbaceous
forms. Channelized reaches had no significant effect on plant density, diversity and
cover. Channelization did, however, more than double plant richness on sites lacking
effluent, perhaps due to the greater effect of flood disturbances.

Several man-made experiments offer some insights into the factors which create and
encourage persistence of the more mesic plant communities along the Santa Cruz River.
Pima County Regional Flood Control District and a rancher divert effluent to vegetate the
floodplain and recharge water along the Santa Cruz River upstream of Sanders Road.
The rancher’s water diversion into an abandoned portion of the river channel maintains
and augments one of the densest riparian patches along the lower Santa Cruz River.
Thickets along the rancher’s earthen canal also increase the area and diversity of the
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riparian plant community, as this is only place along the project reach where elderberries
may be found. The combined effects of the diversion demonstrate that off-channel
diversions of base flows from the river to areas more isolated from flooding could be
used elsewhere along the effluent-dominated reach to increase the quality and breadth
of the riparian corridor.

Two other examples seem to show that areas of aggradation, whether natural or induced,
offer places for sustained and rapid vegetation growth, even after complete obliteration.
At La Osa Ranch in adjoining Pinal County, effluent and storm flows of the Santa Cruz
River spread out into a broad network of small channels bordered by mesquite woodland
which is unconstrained by levees or bank protection. Although a developer removed
much of the vegetation, and even filled some of the channels in 2003 (Rosen and
Fonseca, 2003), recent aerial photographs demonstrate a rapid rate of natural recovery
of vegetative cover in this area of net aggradation. At Ina Road and more recently at
Twin Peaks, grade-control structures have artificially flattened the channel slopes
upstream. The extent of wetlands above the grade control increased after the
mechanical disturbance associated with construction, although it could be argued that
induced scour and channel-bed degration may have rendered some of the channel
downstream of the grade control less suitable for re-growth.

4.5 Conclusions

Several plant communities such as Sonoran cottonwood-willow and mesquite forests,
and saltbush desert scrub have been disproportionately diminished in areal extent by
historic land use and water resource use along the LSCR. One plant community, native
floodplain grasslands, is virtually absent. Native plant species diversity was also
reduced following the reduction of natural baseflows and lowering of the shallow
groundwater table.

Beginning in the 1970s, effluent discharged to the LSCR at Roger Road revived some of
the wetland and riparian plant communities, and facilitated the spread of non-native
wetland and riparian species. Today the project reach supports some of the most
extensive and productive wetland plant communities in Pima County, and the structure
and composition of the plant communities in the floodplain compares favorably to other
southern Arizona valley bottom streams. At a time when other streams and springs in
southern Arizona have gone dry or are experiencing reduced discharges, the effluent-
dominated LSCR remains a unique “drought proof” stream.

In the future, however, reduction of effluent discharges, land development and additional
flood control measures are predicted to reduce the extent of the wetland plant
communities along the LSCR. Impacts due to effluent flow reductions could be expected
to be seen first in the areas most distal from the outfalls, that is, above Ina Road and
downstream of Trico Road. Reductions in effluent flows could also impair the recharge,
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restoration and ranching projects located in Marana. Effects due to water quality
changes would be more likely to be noticed near outfalls. Reduced nitrogen loading may
cause some shifts in the composition of wetland forbs, and increasing the salt load may
favor tamarisk.

Studies of the river vegetation suggest that maintaining or restoring flood-dependent
cottonwood-willow forests will be easier in reaches with floodplains lacking bank
protection and having effluent flows. Mesquite bosques persist or have become
established in areas of infrequent bank erosion where water availability is augmented
either by effluent discharge from the municipal treatment facilities or where agricultural
or urban runoff is concentrated. Terraces that are no longer subject to inundation offer
sites for persistence or re-establishment of saltbush and other upland desert scrub. In
comparison to other plant communities, relatively little is known about the restoration
potential for floodplain grasslands.
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5 Historical Changes in Water Quality

5.1 Introduction

A treatment plant has operated at Tucson’s Roger Road site since 1951, and in its early
operation nearly all of the effluent was sold to area farmers for irrigation. In 1970s Roger
Road WRF output exceeded the water demand of the local farmers, particularly during
the winter season. At that time, the City of Tucson began discharging effluent into the
LSCR. In 1977, the Ina Road WRF came on line and also began discharging effluent to
the LSCR. Since that time, water quality of the effluent in the LSCR has been a
continual concern. In 1976, the EPA implemented the Clean Water Act and developed
water quality criteria intended to protect the most sensitive aquatic species, which
applied to discharges such as those from the WRFs.

The WRFs were designed as secondary treatment plants to reduce Biological Oxygen
Demand (BOD), suspended solids, fecal coliform, and oil & grease, and the water
discharged from the plants was in compliance with permit requirements (Greeley and
Hansen, 1984). These original designs did little to achieve tertiary removal of nitrogen or
other constituents. However, standards for ammonia were exceeded in most samples of
discharge at the outfalls collected prior to 1986 (Harding Lawson Associates; HLA,
1986).

In 1985, the State of Arizona classified the reach of the LSCR from the Roger Rd WRF
to Baumgartner Rd in Pinal County as an ‘effluent-dominated water’ (EDW, which now
stands for effluent dependent water) and asked Pima County to establish a water quality
monitoring program for the River. A study was then initiated to assess the physical,
chemical and biological characteristics of the effluent-dominated stream in order to attain
actual and potential aquatic uses (HLA, 1986). This information was used to develop
site-specific water quality sampling for the river, which allowed for water quality sampling
to be directed to species that commonly occur at a site (EPA, 1983).

Data on water quality and physical and biological characteristics were collected in 1986
(HLA, 1986), 1997 (HLA, 1997) and 2002 (URS-CDM, 2002). Also, in addition to
collecting water quality compliance data from the WRF outfalls, RWRD has collected
surface water quality data from select downstream monitoring sites since 2003.

One of the primary concerns has been the nutrients introduced into the LSCR. Nutrients,
such as nitrogen and phosphorus, are essential for plants and animals. However,
nutrient impacted waters can experience nuisance levels of algae and other aquatic
vegetation (macrophytes) growing quickly in response to nutrient availability if other
limiting factors such as light, temperature, substrate, etc. are favorable. Algae directly or
indirectly causes most problems related to excessive nutrient enrichment. Algae can
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bloom as single or multiple species, involving complex relationships of water quality
parameters, such as dissolved oxygen (DO).

Abundant biomass of algae and macrophyte vegetation may contribute to severe diurnal
swings in DO and pH. Low DO can, in turn, mobilize metals from sediments and
increase availability of ammonia and hydrogen sulfide, affecting habitability for aquatic
organisms, including fish. Algal growth may cause high turbidity; under turbid conditions,
macrophytes may not thrive and algae may be present in dense algal mats. Algae that
dies and decays can further reduce the dissolved oxygen level, harming fish and aquatic
life. So, a stream’s nutrient load impacts its aquatic community composition and species
diversity.

Nitrogen, in the forms of nitrate, nitrite, or ammonia, is a nutrient needed for plant
growth, while ammonia can be toxic to fish even at low concentrations. Historically
nitrogen has been mostly in the ammonia form in the effluent of the LSCR. The total
nitrogen concentration in the effluent of the LSCR has typically ranged over 30 mg/l.
Arizona EDWs do not have a standard for total nitrogen or nitrate nitrogen, but there is a
standard for ammonia. The acute standard varies with the pH of the stream; but,
expressed in mg/l, the standard is in the range of 10.1 — 36.1 for pH of 7.0-7.9. The
chronic standard varies with both pH and temperature and is in the low single digits
(ranging from about 1.5 to 4.7 mg/l). There is no standard for EDWs for phosphorous.
The DO standard for EDWs is 3.0 mg/l daytime and 1.0 mg/I nighttime.

The vast majority of water delivered to the WRFs originated as potable water delivered
by Tucson Water. Groundwater was the sole source of potable water prior to the 1990s
in the Tucson metropolitan area. Water from the central wellfield had a very low Total
Dissolved Solids. A recent sample collected by Tucson Water showed that water from
the central well field had a TDS of 172 mg/l.

Since 1992 the potable water in the Tucson metropolitan area has been derived from
Colorado River water (i.e. Central Arizona Project water; CAP water), which has a higher
mineral content. A recent CAP water sample collected in Avra Valley by Tucson Water
had a TDS of 569 mg/l. Because the water quality was substantially different than
groundwater, CAP water dissolved mineral deposits in water supply piping and resulted
in red, discolored water at the tap (Blevens, 2012). There was a public backlash to
direct delivery of CAP that resulted in passing proposition 200 in 1995, the Water
Consumer Protection act, requiring Tucson Water to cease delivery of CAP until it could
be done in a way that did not damage pipes (Song, 2009). By 2001 Tucson Water had
built a recharge facility in Avra Valley that recharged CAP and retrieved a blend that
would slowly increase in CAP content. This blend is the dominant potable supply
delivered to Tucson Water customers, and subsequently discharged to the treatment
plants on the LSCR. While early deliveries have been predominantly groundwater,
current potable water is a blend of about 50% CAP and 50% Avra Valley groundwater.
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According to the CAP website (http://www.cap-az.com/Water/Quality.aspx), the
Colorado River water typically has higher total dissolved solids (TDS) levels than some
sources of groundwater. TDS are measured by the amounts of calcium (Ca),
magnesium (Mg), bicarbonate (HCO3), sodium (Na) and sulfate (SO,) in the water.
Because CAP water is composed of water from the Colorado and Agua Fria rivers and
the system stretches 336 miles, levels of TDS vary throughout the canal. The water
guality tests show that the TDS not only vary due to the mixture of the two water
sources, but also change by season and other natural conditions, decreasing during
floods and increasing during drought periods.

This chapter reviews surface water quality conditions in the LSCR collected by RWRD
and Arizona Department of Environmental Quality (ADEQ) and discusses variability over
time. The most significant changes evident in the available data are related to nutrient
levels and major ion composition of the water. While in recent years, there has been
increasing awareness of emerging contaminants in effluent, this chapter does not
discuss or present the data on emerging contaminants.

5.2 Selected Water Quality Parameters

Sampling locations of the RWRD and ADEQ data are shown in Map 1. RWRD collected
data at all sampling sites from SC-01 to SC-12 in 2004. From 2009 to 2011, samples
were collected only at SC-01, SC-03, SC-06 and SC-12. RWRD has continuously
collected data for compliance at Roger Rd and Ina Rd WRF outfalls. ADEQ collected
data near Cortaro Rd. from late 1980s to early 1990s, and 2010-2011. Both RWRD and
ADEQ have been monitoring numerous water quality parameters. In this section, we
selected parameters related to salinity and infiltration, in addition to major ions and
nutrients that can affect aquatic animals and vegetation. Selected data are summarized
in Table 5.1.
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Table 5.1 Selected Water Quality Parameters
Parameters RWRD Data ADEQ Data
Sodium X X

Calcium

Magnesium

Bicarbonate

Chloride

Sulfate

Total Dissolved Solids
Total Kjeldahl Nitrogen
Ammonia

Nitrate and Nitrite
Total Phosphorus

X |X | X | X | X | X | X | X |X

Dissolved Oxygen X

Temperature
pH

X | X | X | X [X |X [X |X [X |X [X |X [X

5.3 Nutrients
5.3.1 Nitrogen

Nitrogen discharged from the treatment plants takes the form of ammonia, organic
nitrogen, nitrate and nitrite. Total Kjeldahl nitrogen or TKN is a common analysit that
tests for the sum of organic nitrogen, ammonia (NH3), and ammonium (NH,") —
otherwise known as ionized ammonia. To calculate the total amount of nitrogen (TN) in
the effluent, the concentrations of nitrate-N and nitrite-N are determined and added to
TKN. The abundance of different species of nitrogen varies depending on the treatment
process used, the efficiency of treatment, the time of year, the distance traveled within a
stream system, and other factors such as the amount of nitrogen tied up in biomass.

Fig. 5.1.1 shows temporal changes in Nitrogen discharges at the Roger Rd WRF. TKN is
higher in the winter when the bacteria digesting the Nitrogen are less active due to lower
temperature, and lower in the summer when the bacteria is more active with higher
temperature. In addition, the ammonia component of degasses more in the summer
when it is warmer. Nitrate and Nitrite are higher in the summer and are a product of the
treatment of the TKN. Therefore, Total Nitrogen is dominated by TKN content, but
shows less variability than the TKN because of the introduction of higher concentrations
of Nitrate and Nitrite in the summer.

Fig. 5.1.2 shows the temporal changes in nitrogen discharge at Ina Rd WRF and how
nitrogen concentrations decrease with the implementation of treatment processes to
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denitrify the effluent. The graph indicates the point in 2006 when biological nitrogen
removal — activated sludge (BNRAS) was introduced for half of the plant’s flow — the
east train. There is an upturn in nitrogen in the discharge in October 2011 when the east
train was removed from service to convert it to the Regional Optimization Master Plan
(ROMP) upgraded Bardenpho design (the detail of ROMP will be described in Chapter
7). There is a significant drop in nitrogen in September 2012 when the east train was
brought on-line and the west train is taken out of service to convert it to the Bardenpho
design. Soon, the entire plant will be discharging low-level nitrogen, and the total
nitrogen levels will stabilize at concentrations in the low single digits.

Fig.5.2.1 shows the TKN concentration at the RWRD sampling sites. The TKN
concentrations at RWRD sampling sites downstream of Ina Rd. WRF (SC-03-SC-12) in
2004 were higher than the concentrations in 2009, 2010 and 2011. The TKN
concentration was relatively high at upstream of Ina Rd. WRF (Roger Rd. and Ina Rd.
WRFs and SC-01) in 2011.

Fig. 5.1.1 Temporal changes in Nitrogen discharge at Roger Rd. WRF

5-5



Chapter 5: Historical Changes in Water Quality

60 .
Ina Road WRF Discharge Total N (mg/L)
50
ly, 2006: First De- October, 2011: September,
itrification cell come First De- 2012: Both
ine nitirfication cell De-

§40 aken off fine. Jitrification
£ while both are cells on line
S upgraded
1)
o
2 30 -
E esmwNitrate/Nitrite
1)
2 e Nitrogen, Total
[}
'3 20 - Ammonia

10

0 T T T T

© 4 Db Y Q N ' >
Q Q Q QO N &S &S &y
Q Q Q Q Q Q Q Q
Vv V Vv V Vv Vv V Vv
R\ D\ ‘b\ 0 o 0 D\ 0
N\ N N N N N N N\
Date Sampled

Fig. 5.1.2 Temporal changes in Nitrogen discharge at Ina Rd. WRF (Note: Outliner data
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Fig. 5.2.1 Total Kjeldahl Nitrogen concentration near Cortaro Road
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Fig. 5.2.2 Total Kjeldahl Nitrogen concentration at RWRD sampling sites

Fig. 5.3 shows the ammonia concentration near Cortaro Rd with ADEQ standard for
effluent-dependent streams. The ADEQ standard of ammonia level varies by
temperature and pH (Title 18. Environmental Quality, Arizona Administrative Code). The
ammonia concentration near Cortaro Rd. is substantially higher than the ADEQ
standard. Walker et al. (2005) reported that the high ammonia concentration in the
LSCR may have had negative consequences not only on diversity of aquatic
macroinvertebrates, but their ability to survive in the first place. Fig.5.4 shows the
ammonia concentration at the RWRD’s sampling sites. The ammonia concentration in
2004 tends to be higher at downstream of SC-04 (SC-04-SC-12). The ammonia
concentaration was relatively high at the Roger Rd. WRF outfall and SC-01 in 2010 and
2011.
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Fig. 5.3 Ammonia concentration near Cortaro Road
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Fig. 5.4 Ammonia concentration at RWRD sampling sites

Fig. 5.5 shows the nitrate and nitrite concentration near Cortaro Rd. Fig.5.6 shows the
the nitrate and nitrite concentration at the RWRD’s sampling sites. The nitrate and nitrite

concentration near Cortaro Rd. and the RWRD sampling sites tends to be higher during
the period of 2009- 2011 (Figs. 5.5 and 5.6).
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Fig. 5.5 Nitrate and Nitrite concentration near Cortaro Road
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Fig. 5.6 Nitrate and Nitrite concentration at RWRD sampling sites

During the period of 2009-2011, the nitrate and nitrite concentration was relatively high
at SC-12, compared to the other RWRD sites (Fig. 5.6). As described above, Nitrate
and Nitrate are products of the biological processing of TKN (especially the ammonia
component of TKN). Therefore, the higher concentrations of Nitrate and Nitrite at SC-12

are likely the product of increased biological conversion of TKN as the flow moves
downstream.

ADEQ’s Santa Cruz Watershed Assessment issued as the 305b Report for 2010
identified both the Roger Rd and Ina Rd downstream reaches as “Not Attaining” for
ammonia (Appendix D). With respect to the Ina Rd WRF, most of the data points used in
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the assessment preceded the change to BNRAS treatment for the east half of the plant,
which occurred in July, 2006. ADEQ’s report recognizes that both Roger and Ina WRFs
are under compliance schedules that require ROMP upgrades directed at remedying the
problem. The 305b assessment also identifies certain metals (copper, lead, zinc) that
are elevated when stormwater flow is present in the channel.

5.3.2 Phosphorous

Fig. 5.7 shows phosphorus concentration near Cortaro Rd. The phosphorus
concentration apprears lower in 2010-2011, compared to the period from late 1980s to

early 1990s. This may be the effect of the denitrification in the east train, which can also
break down some of the phosphorus.
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Fig. 5.7 Phosphorus concentration near Cortaro Road

5.4 Dissolved Oxygen

In winter 2003 and summer 2004, Walker et al. (2005) measured linear profile and
diurnal pattern (24 hour period, every 30 min) of the DO levels near the outfall of the
Roger WRF and at a point north of the Canada del Oro Wash confluence upstream of
Ina WRF. They reported that DO levels were relatively low (approximately ranging from
4.0 to 6.0 mg/l) along the entire channel length and DO levels are extremely low (1 to 2
mg/l) for a substantial period of time (nighttime) over a 24-hour period upstream of the
Ina WRF, especially in summer. They pointed out that temperature obviously had an
effect on dissolved oxygen levels, with summertime temperatures increasing loss of DO

from the water. The sampling results suggested that the DO levels were not adequate to
support aquatic life for long periods of time.
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Fig. 5.8 shows dissolved oxygen (DO) near Cortaro Rd. while Fig. 5.17 shows DO at the
RWRD sampling sites. The DO level near Cortaro varies from 2 mg/L to over 9 mg/L

(Fig. 5.16). The DO levels at the RWRD sampling sites ranged from 3.5 mg/L to over 7
mg/L (Fig. 5.9).
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Fig. 5.8 Dissolved oxygen concentration near Cortaro Road
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Fig. 5.9 Dissolved oxygen concentration at RWRD sampling sites
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5.5 Total Dissolved Solids and Major lons

5.5.1 Total Dissolved Solids

A shift in major ion composition of water in the Tucson metropolitan area is underway,
and it is affecting surface water quality. One indicator of this change is seen in the Total
Dissolved Solids (TDS) data. As mentioned previously, CAP water typically has higher
TDS levels than Tucson’s groundwater supply with CAP having about triple the TDS
than in central well field water. CAP was originally introduced to central Tucson residents
with direct delivery in 1992. However, direct delivery of CAP temporally ceased after the
disastrous introduction of direct delivery. Since 2001 the water delivered to Tucson
Water customers has been a blend of groundwater and CAP water. Water quality in the
influent water to the WRFs and their effluent is, by necessity, impacted by the potable
water that has been discharged to the sewer system. The water delivered to the WRFs
contains increasing amounts of CAP water because of the recharge and recovery
process.

Fig. 5.10 shows the TDS levels measured by ADEQ in the Santa Cruz River near
Cortaro Rd. from late 1980s to early 1990s, and 2010-2012. TDS was lower (around
500 mg/l) prior to the direct introduction of CAP water in 1992, at which point TDS levels
increased. The TDS level of the CAP water was 662.7 mg/l in 2009, while it was 623.3
mg/l in 2011. ADEQ data are not available between 1993 and 2010, but that was a
period of change. Between 1994 and 2001, CAP was not used, and since 2001,
increasing proportions of CAP have been delivered. One of the RWRD monitoring sites
(SC-04) is located approximately 3000 feet downstream of the ADEQ’s sampling site
near Cortaro Rd. Average TDS level at SC-04 is 532.5 mg/L in 2004.

Fig. 5.11 shows the TDS level measured at RWRD’s sampling sites. The TDS level
measured in 2004 varied from approximately 500 (similar to the pre-CAP TDS) to 700
mg/L, but was generally lower than TDS levels measured more recently from 2009 to
2011. The TDS levels at Roger Rd. WRF outfall and SC-01 have been relatively high
(above 700 mg/l) from 2009 to 2011.
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Fig. 5.10 Total Dissolved Solid (TDS) near Cortaro Rd.
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Fig. 5.11 Total Dissolved Solid (TDS) at RWRD sampling sites

5.5.2 Major lons

One way to understand the distribution of major cations and anions is to represent water
quality as a Stiff Diagram, a polygon with six ordinates defined by the three major anions
(Cl, HCO3; and SO,) and three major cations (Na, Ca and Mg) (H.A. Stiff, 1951). Stiff
Diagrams are useful in making a rapid visual comparison between water from different
sources. Sometimes, Potassium concentrations are added to the Sodium and COs;
added to HCO3, but these two ions tend to occur in relatively small concentrations, and
are not usually important for assessing major trends. lonic compositions are plotted as
milliequivalents per liter, which is a measurement of the molar concentration of the ion,
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normalized by the ionic charge of the ion. Cations are plotted on the left side of the zero
axis, one to each horizontal axis, and anions are plotted on the right side.

i) Temporal Changes in Major lons: The ADEQ data collected at Cortaro has the
longest period of record, so it is most useful for examining temporal change.
Because data collection was not consistent, all major cations and anions are not
available for all events, so average concentration for each ion was calculated for
each year. Potassium and CO; were used in this calculation, however they occur
in low concentrations and are relatively unimportant.

The temporal changes in water quality are illustrated in Fig. 5.12. The primary
temporal changes occurred in the anions and in Sodium concentration. As the
figure shows, from 1986 to 1991 water quality is fairly uniform with the cations
dominated by Na at about 4 meq/l, Ca at about half that, and a small contribution
from Magnesium. Anions were dominated by Bicarbonate at about 4 meg/l and
Chloride at about 2 meq/l and Sulfate at slightly less. This would be described as a
sodium bicarbonate-chloride type of water.

In 1993, the Stiff Diagrams seem to show the effect of the failed attempt to
introduce CAP water directly into Tucson Water’s delivery system. Chloride,
Sodium and Sulfate are all markedly higher. However, because much of the
Tucson Water delivery area was still on groundwater, the full effects of CAP water
were not manifest in the Stiff Diagram. This would be described as a mixed water
because none of the anions is dominant. The two waters are very different as
shown by Stiff diagrams of well water and CAP water as shown in Fig 5.13. The
well water and CAP water data was collected in February 2013.

The data from 2010 to 2012 shows a clear change from prior water quality.
Chloride increased from about 3 meqg/l to 5 meq/| over this period and Sulfate
increased from about 2 meqg/l to 4 meg/l. In addition, Sodium shows an increase
from about 4 meg/l in the 1990s to nearly 6 meg/l in 2012. This would be
described as a sodium chloride-bicarbonate water. While there are several
possible reasons for this increase in Sodium, Sulfate and Chloride, the most likely
is increased use of CAP water in the CAP/groundwater blend being delivered by
Tucson Water. Other possible contributing factors to this water quality shift may be
use of sodium bisulfite as a chemical additive to dechlorinate the effluent,
increasing use of water softeners, and changes in detergents.
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Fig. 5.12 Temporal Changes in Major lons (meg/l) near Cortaro Road
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Fig. 5.13 Major lons of Central Well Field and CAP Water

i) Major lons at Treatment Plant Outfalls: Adequate data sets for plotting Stiff
Diagrams are only available since 2009. Fig. 5.14 shows the water quality for the two
outfalls The water quality at the outfalls is similar, but shows some subtle distinction.
Discharge from Roger Rd WRF tends to have more Sodium, Chloride and Sulfate than
Ina Rd. This effect may reflect a higher proportion of the CAP blend being distributed by
Tucson Water in the part of its service area that contributes to the Roger Rd WRF. The
trends mimic the trends seen in the temporal data from the River Samples with
increasing Sodium and Chloride over time — especially at Roger Rd.
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Fig. 5.14 Major lon Concentrations at Outfalls (meg/I)

iii) Spatial Changes in Major lons: The spatial changes are best illustrated by
examining the data from RWRD for sampling locations SC-03 (Fig. 5.15.1), SC-06
(Fig. 5.15.2) and SC-12 (Fig. 5.15.3). These sampling locations are shown on Map
2.
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Fig.5.15.1-3 show the same temporal trends noted in the ADEQ data set. The water
from 2004 resembles the quality of the deliveries from 1986 to 1992. However, by
2009, increases in Sodium, Chloride and Sulfate are notable, and these tend to
increase between 2009 and 2011. As noted above, the likely reason for this change is
the increasing use of CAP in the blend being delivered to Tucson Water customers.

A spatial decrease in Bicarbonate can also be seen in the water quality samples from
2009 to 2011. At SC-03 Bicarbonate concentrations are higher than Sulfate.
Bicarbonate shows a notable decrease downstream at SC-06 and a further decrease
at SC-12, while Sulfate and the other cations and anions show little change
downstream. This bicarbonate loss is due to an as yet unidentified in-stream process
affecting the hydrochemistry.
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Fig. 5.15.1 Major lon Concentrations (meg/l) at SC-03
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Fig. 5.15.2 Major lon Concentrations (meg/l) at SC-06
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Fig. 5.15.3 Major lon Concentrations (meg/l) at SC-12
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5.5.3 Sodium Adsorption Ratio (SAR)

Studies of irrigation water have determined that water with higher sodium and potassium
can disperse clays and reduce infiltration rates. Two most common water quality factors
controlling infiltration rate are the salinity of water (total quantity of salts in the water) and
its sodium content relative to the calcium and magnesium content. A high salinity water
tends to increase infiltration, while infiltration rate decreases when sodium content in
water is relatively high compared to the calcium and magnesium contents. It is possible
that the CAP water and effluent derived from CAP water would have water quality that is
less conducive to infiltration.

The most common measure to assess infiltration rate related to a sodium imbalance is
described as the Sodium Adsorption Ratio (SAR). The SAR is the proportion of sodium
(Na) ions compared to the concentration of calcium (Ca) plus magnesium (Mg).

[Na+]

[Ca® 1+ [Mg? "]
2

SAR =

Where concentrations are in meg/L

Average annual SARs near Cortaro Rd (ADEQ sampling site) are shown in Fig. 5.16.
Fig. 5.17 shows average SARs near Cortaro Rd. for the period before CAP became
primary portable water source (1986-1991), immediately after that (1992-1993), and the
past two years (2010-2011). Average annual SARs at the RWRD sampling sites are
shown in Fig. 5.18.
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Fig. 5.16 Sodium Adsorption Ratio (SAR) near Cortaro Road. SAR at SC-04 (located
approximately 3000 feet downstream of the ADEQ’s sampling site) is 3.84 in 2004 (Fig.
5.17).
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Fig. 5.17 Average Sodium Adsorption Ratio near Cortaro Road
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Fig. 5.18 Sodium Adsorption Ratio (SAR) at RWRD sampling sites

SAR and adjusted SAR were calculated based on river samples collected from two
different stream segments in 1990-1992 (Esposito, 1993) and samples collected in 2004
by RWRD. Cortaro segment data includes sampling sites SC-03 through SC-06, while
Marana segment data includes sampling sites SC-08 through SC-12. Calculating an
adjusted SAR accounts for the fact that CaCO3 can precipitate out if Calcium and
Bicarbonate (HCO3) are high. The SAR and Adjusted SAR are lower in the downstream
Marana segment than in the Cortaro segment. However, SAR and Adjusted SAR are
higher in the samples collected in 2004 than the values for 1990-92. The extent of
reduced infiltration effects caused by increased SAR depends on soil conditions. Without
measuring the Electrical Conductivity (EC) of the soll, it is impossible to know whether
the soils will have diminished infiltration rates with the slight increase in SAR observed in
the data.
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Table 5.2 Water Quality Data

Esposito (1990-1992) RWRD (2004)
Cortaro Marana Cortaro Marana

mg/| mg/I mg/I mg/I
Ca 48 55 50 51
Mg 7 10 7 9
Na 103 108 118 115
K 12 13 16 20
HCO; 231 234 232 223
Cl 76 83 100 108
SO, 84 86 120 87
NO; 4 5
NH3 25 23
SAR 3.68 3.52 4.14 3.90
Adj SAR 4.54 4.36 5.15 4.76
TDS 565 594 643 613

Note: Cortaro data includes RWRD’s sampling sites SC-03 through SC-06, while
Marana data includes SC-08 through SC-12.

5.6 Other Constituents

5.6.1 E Coli

Escherichia Coli (E. Coli) is fecal indicator bacteria. As an Effluent Dependent Water, the
Lower Santa Cruz River is expected to meet standards for Partial Body Contact
designated use. The ADEQ standard for a single-sample maximum for partial body
contact is 575 MPN/100 mL. E.Coli was measured at SC-03 and SC-11 in August,
2004. The measured value is 727 MPN/100 mL at SC-03 and over 2419 MPN/100 mL at
SC-11. The sampling results showed that E. Coli levels in the stream exceeded the
ADEQ standard in 2004.

E. Coli was also measured at the Roger Rd. WRF and Ina Rd. WRF from 2009 to 2011.
The E. Coli level at the Roger Rd. WRF outfall ranged from less than 1.0 to over 107.6
MPN/100 mL in 2009, from less than 2.0 to 93.4 MPN/100 mL in 2010, and from less
than 1.0 to 150.0 MPN/100 mL in 2011. The E. Coli level at the Ina Rd. WRF outfall
ranged from less than 1.0 to over 2419.6 MPN/100 mL in 2009, from less than 1.0 to
156.5 MPN/100 mL in 2010, and from less than 1.0 to 85.7 MPN/100 mL in 2011. These
results suggest that the E. Coli level at the two treatment plants generally tends to be
lower than the single-sample maximum ADEQ standard. Not enough data were
evaluated to determine whether the few higher E Coli Levels constitute an exceedance
because the standard is given as a geometric mean when multiple samples are
available. However, ADEQ has not identified these stream segments as “Not Attaining”
for E. Coli in the state’s most recent (2010) 303d list analysis.
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Higher E. Coli levels measured at SC-03 and SC-11 in 2004 could be explained by
either of two possible mechanisms. After dechlorination and discharge at the outfall,
regrowth of bacteria is likely to occur within the stream. Also, it is likely that bacteria are
contributed to the river by wildlife sources within the downstream wetland environment.

5.6.2 pH

Fig. 5.19 shows pH measured near Cortaro Rd. Fig. 5.19 shows temperature measured
near Cortaro Rd. This data show temperatures range frequently above 80°F.
Temperature measured at SC-04 by RWRD (located approximately 3000 feet
downstream of the ADEQ’s sampling site shown in Fig. 5.20) in 2004 was 82.2 F in April,
91.6 F in July, and 89.8 F in August. Walker and others (2005) noted the elevated
temperatures in this stream segment are often above 91°F and that the high
temperatures contribute to the effect of low DO. Both pH and temperature affect the

ADEQ standard for ammonia — lower temperatures and higher pH result in more
restrictive standard levels.
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Fig. 5.19 pH measured near Cortaro Road. Average pH at SC-04 (located approximately
3000 feet downstream of the ADEQ’s sampling site) in 2004 was 7.6.
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Fig. 5.20 Temperature measured near Cortaro Road
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6. Historical Conditions of Macro Invertebrate

6.1 Introduction

As mentioned in Chapter 1, the LSCR supports and provides habitat for a variety of
wildlife, aquatic animals and plant species with a perennial supply of effluent. According
to the U.S. Environmental Protection Agency (EPA), aquatic invertebrates can be good
indicators of wetland health. Factor affecting aquatic invertebrate community
composition (a key indicator of water quality and aquatic conditions) include oxygen,
toxic chemicals and nutrients. There have been several efforts to evaluate macro
invertebrates in the effluent-dependent Santa Cruz River north of Tucson. This chapter
briefly summarizes the purpose, methods, and findings of the previous studies.

6.2 Past Studies

The Roger Rd. WFR began discharging effluent to the LSCR in 1977. The LSCR
became perennial for the first time in more than at least two decades due to a
permanent source of water from the WRF. Harding Lawson Associates (HLA) sampled
macro invertebrates at seven stations downstream of the Roger Rd. WRF in 1986 and
1997. The HLA's study (1986) is the first study of aquatic environment in the LSCR since
effluent discharge began. HLA (1997) sampled aquatic organisms in 1997 to compare
the results in 1986. They reported that overall diversity was slightly greater in 1997
compared to 1986. HLA (1986) also summarized the flow history for the LSCR. The
Rillito River and Canada del Oro Wash were perennial at that time and were important
water sources to the LACR. The reach of the LSCR from the confluence with the Rillito
River to the confluence with the Gila River was ephemeral, and sufficient storm flows to
allow the LSCR to floe the Gila River occurred only once every 10 to 20 years.

Arizona Department of Environmental Quality (ADEQ) conducted two informal
macroinvertebrate surveys at Cortaro Rd in October, 1990 . The purpose of the sampling
was to document the types of invertebrates that should be protected by water quality
criteria being developed specifically for effluent-dominated waters. They found a small
number of Daphnia [zooplankton] and four taxa including Belostoma (giant water bug),
Tropisternus lateralis (hydrophild beetle), Ischnura (damselfly) and Chironomus
(chironomid or non-biting midge). Overall, they found low species richness and
consistent with a stream with poor water quality.

United States of Geological Survey (USGS) studied aquatic environment in central and

southern Arizona in 1998 . They compared chlorophyll a levels and aquatic invertebrate
community characteristics of effluent-dependent and non-effluent dependent streams.
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The Arid West Water Quality Research Project Habitat Characterization Study (Arid
West Study) was conducted by URS and CDM. The study was directed by the Pima
County Regional Wastewater Reclamation Department (RWRD) with financial
assistance of U.S. EPA. The field survey was conducted in 2002 and the final report was
published in 2002. The objective of the study was to improve the scientific base for
regulation of water quality, protection of species, habitats, and uses of watercourses,
and designation of appropriate treated wastewater effluent controls in ephemeral and
effluent-dependent watercourses of the arid and semi-arid western states including the
LSCR. The Arid study discussed the findings of the study conducted by the Water
Environment Research Foundation (WERF, 2000). The WERF study documented two
important findings; 1) physical limitations on in-stream habitat appear to be greater than
previously understood, and 2) the emphasis on wastewater treatment upgrades
produced only limited improvements in the aquatic communities of effluent-dependent
waters. The Arid Study discussed the factor(s) limiting aquatic community (e.g.
abundance and diversity). The study pointed out that the limiting factor in the LSCR is
not effluent quality, but physical habitat. The Arid Study suggests that regardless of
efforts to create a “clean” effluent, there are limitations to what can be expected as a
response in the aquatic community. Effluent-dependent waters tend to be associated
with urban environments, where the impacts of stream ecosystems can come from many
sources independent of wastewater treatment plant operations. For example, many
urban river channels have been channelized for the purpose of flood control. The Arid
Study emphasized the importance of physical habitat as a limiting factor of aquatic
community.

Environmental Planning Group (EPG; 2002, 2004, 2006) conducted monitoring of the
biological characteristics of a constructed aquifer recharge project site. The project site
is approximately 18-acre on the Santa Cruz River, near Marana, Pima County, AZ.
Monitoring at the site was conducted in June 2002 and 2004 and November 2004. The
greatest change at the project site between 2002 and 2004 is the introduction of water
into the recharge site. This has resulted in an overall increase in vegetation, birds and
diversity of butterfly species. Diversity of bloodworms and aquatic earthworms was
increased in 2004. The increase in bloodworms and aquatic earthworms could be
related to the low dissolved oxygen level in 2004 (2.4 mg/L) (c.f. 3.6 mg/L in 2002.
According to EPA, a recommended minimum dissolved-oxygen content to adequately
support aquatic life is 5 mg/L), because both of them are tolerant of lower water oxygen
contents. However, the study mentioned that it was difficult to make evaluation of
changes in macroinvertebrate because of the limited number of samples.

Due to the loss of the control stricture for the diversion channel, sampling for
macroinvertebrates was conducted in November, 2006. No aquatic earthworms nor any
other taxa observed in 2004, except the Chironomids, were found in 2006. The study
pointed out that the decrease in the diversity could be resulted from the loss of diversion
structure and subsequent draining and drying of the diversion channel.
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Walker et al. (2005) sampled macro invertebrate at two locations in the LSCR between
Roger and Ina Rds. WRFs. The study reported that 1) the stream channel substrate was
underlain by relatively fine material, such as sand and gravel; 2) dissolved oxygen levels
were relatively low, especially in summer, and they decreased with distance from the
effluent outfall; 3) the levels of reduced and organic nitrogen (as measured by ammonia-
N and total kjeldahl nitrogen respectively) as well as organic carbon were high; and as a
result, 4) diversity of macroinvertebrates was very low. The authors pointed out that the
low diversity of aquatic macroinvertebrates may be resulted from combination of poor
water quality with a lack of suitable substrate. This conclusion is consistent with the
finding of the Arid West Study.

Each study used a different method to collect invertebrates. According to the Arid West
Study, key differences include a) samplers varied between a Surber sampler and kick
nets of varying sizes, b) carrying mesh sizes in the sampler from 205 microns to 1,000
microns, and c) the number and/or area of habitat sampled at each site. This indicates
that the data of the previous studies may not be directly comparable due to the method
differences.

The Arid West Study summarized the sampling methods and results of the previous
macro invertebrate studies. Table 6.1 is a summary table of the comparison of the
methods used in the previous studies and Table 6.2 is a summary table of the results of
the previous studies. Those tables were created using the information found in the Arid
West Study and other past studies. As mentioned above, it should be noted that the
results of the previous studies may not be directly comparable due to the method
differences.
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Table 6.1 Comparison of Invertebrate Collection and Identification Methods

Invertebrate Sample Sample Site Reported
Study Period Sample Method Sample Taxonomic
Processing dentifi
cation
Harding Lawson May 20 Downstream Benthic Invertebrates: Appears to be the
Associates (1986) and of Roger Invertebrates: Kick net lowest level
24,1985 WRF Samples and grab practical for all
collected from samples - groups.
runs and riffles sugar water
(mostly method used to
runs) with a 1-m Separate
kick net held in animals from
place in the debris.
current. A 1-m?
area was agitated | - Zooplankton
upstream of the "No
“lozamin | Processing
addition, grab necessary.
samples were
collected and
screened through
a 250-micron
mesh sieve.
Zooplankton:
Clarke-Bumpus
plankton tow net.
Two
samplessite.
400 L collected
from deepest part
of channel
ADEQ (1990) October Cortato No information No information No information
1and 23, Road available available available
1990 Crossing
Harding Lawson April 2 Downstream Benthic No information | Lowest taxonomic
Associates (1997) and 3, of Roger Invertt()ebrates: 'll'w available level practical,
1997 WRF, 0 Surber samples ;
Cortaro (1 ft2) collected mostly family level.
Road from runs and
Crossing, riffles (mostly
Avra Valley runs) at each site.
Bridge Sampler fitted
Crossing, with a 1,000-
Sandario micron mesh net.
Road, Trico-
Marana Zooplankton: Two
Bridge samples per site
Crossing, with a 15-in a
Hardin Motte plankton
Road, Sasco | tow net. Samples
Road collected for 1-2
(Redrock minute period at
Road) each site.
Crossing
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Table 6.1 Comparison of Invertebrate Collection and Identification Methods (continue)

Invertebrate Sample Sample Site Reported
Study Period Sample Method Sample Taxonomic
Processing Identific
ation
USGS (1998) January Cortaro NAWQA method: No information Insects - family
1996 Road Five available level;
Crossing? semiquantitative non-insects -
riffle samples lowest level
using modified practical - usually
Surber sampler order and class
with
425-micron
mesh net.
Samples
composited
(1.25m?).
Qualitative
sample from all
habitat types
using 210-
micron mesh D-
frame kick net.
Arid West Study | June 2000 Upstream D-frame kick net Field counted; Field identification
(2002) and with subsampled as to lest practical
Downstream 500-micron necessary level - typically,
of Roger mesh; Three family for insects;
WRF, 1-minute kick order or class for
Downstream non-insects
of Cortaro nets from
Road Bridge, variety of
Downstream | habitat types.
of the Ina
Road Bridge,
Downstream
of the Trico-
Marana
Bridge
EPG (2002, 2004, | 6/19/2002, Aquifer Bottom kick net Samples were Identified to
2006) 6/16/2004, | Recharge (900-um mesh) preserved with Species if
11/8/2006 Project Site, collection (2x30- alcohol-formalin possible
near second duration). solution.
Marana,
Pima
County.
Walker et al. June 2003 | Downstream ADEQ method: Minimally Identified to
(2005) and of Roger Samples are processed to genus or species
Fezborgiry WRF and collected and remove large level for the
upstream of composited from debrisand sand | insects and levels
Ina WRF 3- 1 m? areas of in a field. specified in the
riffle habitats at Samples are Macroinvertebrate
each site, using a preserved with procedures
D-frame kick net. 99% isopropyl manual for all
alcohol on-site. other taxa
groups.
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Table 6.2 Comparison of Invertebrates Reported from the Previous Studies

Harding Harding Arid Walker et | Walker et
Phylum/Division Class Order Family Genus/Species Lawson ADEQ ADEQ Lawson USGS West EPG EPG EPG al. (20(.)5): al. (20(.)5):
(1986) (10/1/1990) | (10/23/1990) (1997) (1998) | Study | (2002) | (2004) | (2006) | Sampling | Sampling
(2002) 6/25/2003 | 2/28/2004
Invertebrates
Cnidaria Hydrozoa Hydroida Hydridae Hydra americana X
Platyhelminthes Nemertea X
Annelida Oligochaeta X X
Haplotaxida Tubificidae X X
Clitellata Haplotaxida Naididae Amphichaeta sp. X X
Arthropoda Crustacea Ostracoda X
Cladocera X
Bosminidae Bosmina sp. X
Daphnidae Daphnia sp. X X
Moinidae Moina sp. X
Copepoda Cyclopidae Eucyclop sp.s X
Insecta Collembola X
Ephemeroptera X
Ephemeroptera Baetidae X
Plecoptera Chloroperlidae Sweltsa sp. X
Odonata Coenagrionidae Coenagrion/Enallagma
Coenagrionidae Ischnura sp. X
Coenagrionidae X
Libellulidae
Hemiptera X X
Hemiptera Corixidae X
Naucoridae X
Belostomatidae Belostoma sp. X X
Corixidae Pseudocorixa beameri X X
Corisella sp.
Gerridae Gerris sp. X
Megaloptera X X
Coleoptera X X
Elmidae Heterelmis glaber X
Hydrophilidae Tropisternus sp. X
Hydroscaphidae X
Berosus sp.
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Harding Harding Arid Walker et | Walker et
Phylum/Division Class Order Family Genus/Species Lawson ADEQ ADEQ Lawson USGS West EPG EPG EPG al. (2095): al. (2095):
(1986) (10/1/1990) | (10/23/1990) (1997) (1998) | Study (2002) | (2004) | (2006) | Sampling | Sampling
(2002) 6/25/2003 | 2/28/2004
Invertebrates
Enochrus sp.
Hydroporinae Hydrochus sp.
Dytiscidae Eretes occidentalis
Laccophilus maculosus
Liodessus obscurellus
Dryopidae Postelichus sp.
Noteridae Pronoterus sp. X
Lepidoptera X
Trichoptera X
Diptera Chironomidae X X X
Chironomus sp. X X X X
Eukiefferiella X
Goeldichironomus sp.
Unid. Orthocladiinae
Bryophaenocladius sp. X X
Glyptotendipes sp. X X X
Chaoboridae Chaoborus sp.
Culicidae X
Dolichopodidae X
Muscidae X
Psychodidae X
Psychodidae Psychoda sp. X X
Psychodidae Pericoma X X
Simuliidae X
Syrphidae X
Tabanidae Tabanus sp. X
Tipulidae Ormosia X
Hydracarina Hydryphantes sp.
Crustacea Amphipoda Dogielinoridae Hyalella azteca cx. X
Annelida Hirudinea Erpobdella punctata punctata
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7. Anticipated Changes due to the ROMP Upgrade

7.1 Introduction

Pima County Regional Wastewater Reclamation Department (RWRD) owns and
operates two major wastewater reclamation facilities (WRF) located near Roger and Ina
Roads. RWRD is currently implementing the $660 million Regional Optimization Master
Plan (ROMP) which will upgrade the two major regional wastewater treatment plants
discharging to the LSCR. Effluent discharged into the LSCR increases nitrogen and
ammonia levels in both surface water and aquifer. Although nitrogen helps plant growth,
high levels of nitrogen can be harmful. ROMP addresses the current and future
regulatory requirements of the Arizona Department of Environmental Quality (ADEQ) to
reduce the ammonia and nitrogen concentrations discharged into the LSCR by the year
2014 for the Ina Road Wastewater Reclamation Facility (WRF) and the year 2015 for
Roger Road WRF. A significant element in effecting the ROMP strategy is building plant
upgrades that incorporate denitrification. ADEQ’s regulatory standards are based on
Clean Water Act requirements set by the United States Environmental Protection
Agency (EPA) and on state regulations regarding BADCT (Best Available Demonstrated
Control Technology).

The objectives of ROMP are i) to expand the capacity of the Ina Rd WRF to meet
anticipated population growth; ii) to replace the aging Roger Rd WRF; iii) to build an
interconnect linking the plants; iv) to provide an effluent quality non-toxic to the aquatic
environment; v) to develop a system-wide odor control plan to address the long lingering
odor issues in the community.

This chapter summarizes existing conditions of the WRFs the changes in water quality
and discharge from the ROMP upgrades, and the possible impacts of these upgrades on
the LSCR.

7.2 Wastewater Reclamation Facility

7.2.1 Roger Road WRF

The location of the Roger Rd WRF is shown in Map 2. The capacity of the facility is
41 million gallons per day (MGD). Currently the average winter influent flow (peak
season) is approximately 39.7 MGD. The Roger Rd WRF is the oldest metropolitan
treatment facility in Tucson and was first operated in 1951 as a 12-MGD activated
sludge facility. It was expanded with a separate 13-MGD trickling filter plant in 1960,
and a 13-mgd activated sludge/contact stabilization facility was added in 1967. In
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1979 the facility was consolidated into a single facility with the major biological
treatment process, which increased the capacity to 41 MGD.

For the Roger Road WRF, process modifications and changes are required to lower
ammonia and total nitrogen discharge levels to meet effluent quality regulations.
Since complete rehabilitation is needed to repair process units, replace equipment
and structures that are beyond useful service life, address odor control and safety
issues, and be compliant with environmental, regulatory, and building code
requirements, it is preferable to build a new facility.

7.2.2 Ina Road WRF

The original Ina Road WRF was constructed from 1975 to 1977. The location of the
WREF is shown in Exhibit 3. The capacity of the Ina Rd WRF was recently increased
to 50 MGD. Current average winter influent flow (peak season) is approximately 23.8
MGD. The facility was designed to produce a treated effluent meeting secondary
treatment quality requirements as set forth by ADEQ. Modifications to the original
design to enhance equipment performance and reliability were completed in 1990.

Process modifications/changes will be required to lower the ammonia and total
nitrogen discharge levels to meet ADEQ regulatory requirements. Rehabilitation is
needed to replace some equipment and upgrades are necessary for the facility to be
compliant with environmental, regulatory, and building code requirements.

7.2.3 Upgrade of Treatment Facilities

Upgrade project for the Roger Rd WRF includes the following.
e Construct a new 32 MGD facility.
¢ Incorporate advanced Bardenpho treatment process.
¢ Incorporate state-of-the-art odor control and good neighbor features.
e Through an interconnect sewage conveyance line, manage flows to the
facility in conjunction with flows to Ina Rd WRF for operational efficiencies.

Regulatory Compliance date for expansion and compliance with the regulatory
effluent quality requirements for the Roger Rd. WRF is January 30, 2015.

Upgrade project for the Ina Rd WRF includes the following.
e Expand existing 37.5 MGD capacity to 50 MGD.
¢ Replace existing treatment processes with a Bardenpho system.
¢ Incorporate system-wide biosolids processing and handling for beneficial use.
e Incorporate biogas utilization program.
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e Incorporate an Operations Control Center for process control and system-
wide monitoring.

e Incorporate a plant security system.

¢ Incorporate state-of-the-art odor control system and good neighbor features.

Regulatory Compliance date for expansion and compliance with the regulatory
effluent quality requirements for the Ina Rd. WRF is January 30, 2014.

7.2.4 Projected Capacity of Treatment Facilities

RWRD has designed upgrades the wastewater treatment facilities to meet the
projected demand in 2030. As part of ROMP, the Ina Rd WRF will be upgraded with
the Bardenpho technology and expanded capacity from 37.5 MGD to 50 MGD. The
Roger Rd WRF will be replaced by a new 32 MGD wastewater reclamation plant with
Bardenpho technology. The existing treatment facilities at Roger Rd will be
decommissioned and demolished after the new plant is placed into service.

The projected capacities are as follows:

Future Capacities (by 2030)
Roger 32 MGD 35,847 AFY
Ina 50 MGD 56,011 AFY

Note: MGD: Million Gallon per Day; AFY: Acre-feet per year

While the projected capacity represents a significant increase over current reclaimed
production, flow into the reclaimed system (influent) and effluent generation have
been in a steady decline since peaking in 2007 (Table 7.1). The decrease in total
effluent can be related to several factors:

¢ Growing water conservation

e Decreased economic activity and growth

e Drought

Based on these conditions, it is not clear whether flows into the sewage collection
system will increase in the near term, even if population grows modestly.
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Table 7.1 Historical Influent and Effluent Volumes by Metropolitan Treatment Facility

Effluent Effluent
Discharged
Influent Reused On- .
. ) or Delivered | Effluent Total
Year Received site at to Reclaimed (AFY)
(AFY) County WRFs
(AFY) System
(AFY)
2003 69,064 928 67,270 68,198
2004 69,786 1,205 67,049 68,253
2005 70,968 1,088 67,920 69,007
2006 72,021 1,356 67,711 69,067
2007 72,437 69 68,230 68,299
2008 71,989 139 68,402 68,540
2009 69,152 368 66,043 66,411
2010 67,000 119 64,420 64,539
2011 66,595 145 63,771 63,917

Note: Data Source: Effluent Generation and Usage Report, RWRD, 2011

7.3 Anticipated Changes in Effluent Quality

A significant element affecting the strategies in ROMP is the need for a reduction in
ammonia and nitrogen concentrations discharged into the LSCR in order to comply with
current and future environmental regulatory requirements mandated by ADEQ. Table 7.2
summarizes the existing pollutant efficiency. Table 7.3 summarizes the anticipated
changes in average pollutant concentration. Nitrogen concentration will be reduced to
approximately 10% of existing levels through improved treatment; Phosphorus may be
essentially eliminated; and settleable solids will be reduced to less than half of present
levels.

Table 7.2 Existing Pollutant Removal Efficiency

Pollutant Removal Efficiency (%)

Ina Rd WRF Roger Rd WRF
Nitrogen 48 34
Phosphorus 52 42
BOD 93 98
TSS 96 96

Note: Average Removal Efficiency based on 2010 data
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Table 7.3 Existing and Anticipated Pollutant Concentration

Existing Concentration Anticipated Concentration
(mg/liter) (mg/liter)
Ina Rd WRF | Roger Rd WRF Ina Rd WRF Roger Rd WRF
Nitrogen 26 31 2.5 2.3
Phosphorus 3.4 4 <1 <1
BOD 12 10 2.4 2.7
TSS 7 16 3.1 3.3

Data Source: RWRD, Compliance and Regulatory Affairs Office, April 2011

7.4 Possible Environmental Impacts by ROMP

7.4.1 Infiltration

Previous studies (Galyean, 1996; Lacher, 1996; Treese et al., 2009; Case, 2012)
have documented that clogging layers (“schmutzdecke”; black anaerobic layer) exist
in the LSCR. Clogging layers can be formed by biotic processes (microbial or algal
growth on the substrate), abiotic processes (siltation of interstitial spaces or
deposition of settled organic matter from effluent), or both (Case, 2012). Okubo and
Matsumoto (1983) reported that suspended solids and organic carbon had to be
maintained at low concentration to prevent clogging.

The clogging layers reduce infiltration of surface water from the river, causing
disconnection between the river and underlying aquifer. Case (2012) reported that
hydraulic conductivity increases with distance from the WRF outfall. Her study
showed that hydraulic conductivity on the low-nutrient reach of the Santa Cruz River
(where denitrified effluent is discharged) was 1.4 - 3.1 times higher than the high-
nutrient reach (non-denitrified). Currently, effluent discharged at the Roger Rd. and
Ina Rd. WRFs is not denitrified, but the ROMP upgrade will accomplish nitrogen
removal. Case (2012) concluded that utilizing higher-quality effluent can be sufficient
to reduce clogging. The findings of the previous studies suggest that water quality
upgrade by ROMP will reduce the extent of the clogging layers and increase
infiltration rate.

7.4.2 Sediment Transport

In sandy-bedded channels, the sediment itself has no cohesion, and sediment
entrainment is assumed to be a transport-limited process, so that the amount of
sediment in the water column is dependent on the discharge and velocity of the flow.

In the LSCR, the biotic components of the clogging layer include the development of
algal and microbial films that provide cohesion to the sediment. These layers also
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may trap silt and clay size particles that may tend to fill interstitial voids (Case, 2012).
In the absence of these cohesive elements, the fine sediment would be entrained at
the velocity of the effluent flows discharged to the stream.

ROMP upgrades will discharge effluent with low nutrient content and minimal
suspended matter. As a result, it is likely that the clogging layer and associated
cohesion will diminish. It is expected that the fine sediment in the clogging layer will
diminish as the clogging layers become less pervasive.

As the clogging layers diminish, infiltration rate will increase. Therefore, more
effluent will infiltrate closer to the discharge points. This scenario will result in less
effluent reaching the distal end of the project (i.e. anticipated decrease in flows at
Trico Rd).

With the changes in cohesion, and decreased flows further from the treatment plant,
the nature of the effluent flow channel will change. Because the cohesive elements
of the biotic component of the clogging layers will diminish with decreased nutrients,
the bed is likely to have fewer fines. The higher quality effluent with lower initial
suspended solids may also be able to transport more sediment, because it enters
with a capacity to entrain more fines. Furthermore, because the difference between
effluent flow at the treatment plant and Trico Rd will be greater, the differences in
channel geomorphology are likely to be greater (e.g. a narrower low flow channel
downstream).

7.4.3 Vegetation

The ROMP upgrades will impact nutrients and the wetted extent of water in the
LSCR, key components related to vegetation quality in this effluent dependent
wetland area. Following the change of the Nogales International Treatment Plant to
a modified Ludzack-Etinger system capable of nitrogen removal, the extent of open
water decreased. As the discussion of clogging and infiltration noted, the upgrades
from ROMP will likely result in similar decreased extent of open water and increased
infiltration closer to the discharge points. Although it is difficult to predict unsaturated
zone conditions without modeling, vegetation closer to the treatment plants may
have increased access to water in the unsaturated zone beneath the river, while
vegetation further away is likely to experience diminished water in the unsaturated
zone.

Different plants have differing nutrient requirements. For example, many desert
plants able to thrive in soils with relatively low nutrients and organic matter. With the
decreased amounts of ammonia and total nitrogen following the ROMP upgrades, it
is anticipated that water quality changes will impact the vegetation pallet in the
LSCR. Effects due to water quality changes would be more likely to be noticed near
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outfalls. Reduced nitrogen loading may cause some shifts in the composition of
wetland forbs, and increasing the salt load may favor tamarisk.

7.4.4 Macro Invertebrate

It has been reported that diversity of macro invertebrates in the LSCR was low,
particularly in summer (Walker et al., 2009). Additionally, the study showed that
there were at least 4 major limitations to diversity in the LSCR: ammonia-N, un-
ionized ammonia, dissolved oxygen, and mean diel dissolved oxygen. As the study
pointed out, it is possible that diversity of macro invertebrates will increase when
water quality is upgraded.

7.4.5 Vertebrate

With the beginning of the upgrades at Ina Rd, mosquito fish have returned to the
LSCR. Prior to that point, there were no fish of any kind in the river. As a point of
comparison, following the upgrade in water quality from the Nogales International
Treatment Plant, an increase in both native and non-native fishes were observed.
Therefore, it is possible that increases in numbers and variety of fish will occur
following the ROMP upgrades.

7.5 Possible Changes in Effluent Use

7.5.1 Effluent Entitlement

In 1979, the City of Tucson and Pima County entered into an agreement to merge
the city wastewater system and the county wastewater system (Water Resources in
Pima County; http://rfcd.pima.gov/wrd/planning/pdfs/wrpolicy01.pdf). The City
transferred all their wastewater conveyance and treatment system assets to the
County to operate as the regional wastewater management agency. In exchange for
the wastewater conveyance and treatment assets, the County agreed that the City
would have use of 90% of the effluent from the metropolitan treatment plants, leaving
the remaining 10% for county to use.

In 1983, the City entered into an agreement with the US Secretary of the Interior to
make available 28,200 acre-feet per year (AFY) of effluent to satisfy the Southern
Arizona Water Rights Settlement Act (SAWRSA). The SAWRSA effluent water is
discharged to the Santa Cruz River. The portion of this SAWRSA that is calculated
to have been recharged to the aquifer in the Lower Santa Cruz River Managed
Recharge projects is stored as groundwater recharge credits. Because these
underground storage projects are identified as ‘managed’ recharge, only half of the
water that reaches the aquifer is credited.
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In 2000, the City and County agreed to supplement the original 1979 agreement.
Largely due to the development of the Sonoran Desert Conservation Plan, a portion
of the 2000 Supplemental Intergovernmental Agreement between the City and
County was developed whereby the parties jointly agreed to set aside up to 10,000
acre feet per year of effluent (the Conservation Effluent Pool effluent or CEP) for use
as part of a Habitat Conservation Plan (HCP) or on riparian projects. The CEP
effluent is to be taken on a priority basis from the effluent produced by the County-
operated metropolitan wastewater reclamation facilities. It is currently anticipated that
City of Tucson and Pima County CEP projects could reach the maximum CEP
allotment of 10,000 AFY of effluent by 2015 (PCWMD, 2006).

Before the effluent is discharged from the Roger Rd WFR to the LSCR, a portion of
the flow is pumped to reclaimed water treatment facilities owned and operated by
Tucson Water. The reclaimed water facilities are located on the east side and
adjacent to the Roger Rd WRF-.

Effluent is currently allocated to water providers including Tucson Water (TW), Oro
Valley (OV), Flowing Wells Irrigation District (FWID), Spanish Trails Water Co.(ST)
and Metro Water (Met) and Pima County (PC) (Figure 7.1). So far, no effluent has
been used for CEP.

[ Effluent Production at Roger and Ina WRFs ]

A 4
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28,000 AFY
SAWRSA
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v
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10,000 AFY
CEP
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Fig. 7.1 Current Effluent Entitlement and Distribution (AFY: Acre-feet per year)
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7.5.2 Plans for Effluent Use — Reclaimed & Recharge

i) Tucson Water: Tucson Water is currently preparing a ‘Recycled Water Master
Plan’ that will clearly present their long-range goals for use of the water resource
derived from treated effluent. Tucson Water expects limited expansion of use by
reclaimed customers, because most of the larger turf facilities are already using
reclaimed water.

Tucson Water also intends to develop capability for more extensive ‘Indirect Potable
Reuse,” which will require them to build additional capacity in constructed recharge
facilities to recharge the treated effluent. With this capability, they will be able to take
more reclaimed water for recharge any time throughout the year. However, it is likely
that recharge will be greater when irrigation demand is less, because the current
reclaimed system will be used to distribute water to recharge facilities, and flows in
the pipes are below capacity in the winter.

Based on full effluent production available in 2030, Tucson Water expects to have an
allocation of about 40,000 AFY of metropolitan effluent. Tucson Water estimates
that about 15,000 AFY of that would be used in the reclaimed system, while the
remaining 25,000 AFY would remain in the river, or be recharged. One such
recharge facility will be the South Houghton Area Recharge Project (SHARP) which
is expected to be receiving about 4000 ac-ft/yr of reclaimed water for recharge by
mid-2017. If indirect potable reuse is employed, it is not clear how the new off-
channel recharge facilities will be operated (i.e. throughout the year, recharge more
in winter, recharge only in winter etc). There is still significant uncertainty in how and
where Tucson Water may use and/or recharge their effluent.

ii) Metro Water: Metro Water has an agreement with Tucson Water to provide a
portion of the reclaimed water. Metro Water is actively looking for users for their
reclaimed water and expects that their full reclaimed allotment will be used for
irrigation with five years. Metro has a max daily delivery rate defined by 3000 ac-
ft/365 days. Therefore, these turf users cannot take all of Metro’s water and will
leave water in the river during the low water use demand periods. At this point,
Metro has no plans to construct facilities specifically identified for indirect potable
reuse. However, Metro Water is planning to recharge the balance of its effluent that
is not taken as reclaimed water, and they will do so through groundwater savings
facility (GSF) credits.

iii) Oro Valley Water: Oro Valley has an agreement with Tucson Water to wheel
their effluent allocation through the reclaimed water system. Oro Valley Water has
an allotment of reclaimed similar to that available to Metro Water and currently takes
full allotment of reclaimed water.
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iv) The Bureau of Reclamation: The Bureau of Reclamation (BOR) might prefer to
keep all 28,200 AFY of SAWRSA water in the river. However, they are not
accumulating full recharge credits possible. To get 100% recharge credits for their
allotment, they either need to conduct off-channel constructed recharge, participate
in a GSF, or secure a change to the statute regarding water accounting at Arizona
Department of Water Resources (ADWR) that would allow them to get 100% credit
for their share of the managed recharge.

7.6 Possible Socioeconomic Impacts by ROMP

The land uses adjacent to the LSCR have historically been commercial and industrial.
Pima County has identified land adjacent to the river as an economic development zone
by providing incentives for infill development. ROMP will restore water quality and
improve wetland conditions in the river, which possibly leads to improved public
perception of the river and the land adjacent to the LSCR. Water quality upgrade by
ROMP will possibly provide socioeconomic impacts to the community.

7.6.1 Flowing Wells Neighborhood Association and Community Coalition
Flowing Wells is an economically stressed urban area with potential for economic

development. A plan to amend the mixed used zoning to urban industrial planned
land use designation will revitalize existing industries and encourage new
developments. The water quality upgrade by ROMP will provide better environmental
conditions, benefit neighborhoods and possibly encourage new development.

7.6.2 Corazon de Los Tres Rios Del Norte
The City of Tucson and Pima County recognize that upgrading the WRFs will

transform the LSCR into an amenity. The Corazon project will convert an area
adjacent to the river into a multi-use space providing recreation, wildlife habitat, and
water storage credit. The goals of the project include reclamation and restoration of
habitat, flood control, recreation and protection of cultural resources, water supply
improvements and management. The water quality upgrade is essential to achieve
the goals of the project.

7.6.3 Linear Parks
Tucson’s increasing population and the need to accommodate a broad range of user

groups from pedestrians to equestrians, has resulted in the creation of linear parks
along urban waters such as the Rillito River Park and Santa Cruz River Park. The
water quality upgrade will possibly encourage and accelerate the use of linear park
along the LSCR.
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7.6.4 Santa Cruz Managed Recharge Project
Two managed groundwater recharge projects are being operated in order to accrue

credits for effluent recharge and storage: The Santa Cruz River Managed
Underground Storage Facility and the Lower Santa Cruz River Managed Recharge
Project. Increases in infiltration directly benefit communities with effluent allocation
rights, described in “5.5. Possible Changes in Effluent Use”. However, as mentioned
in 7.2.4, if effluent discharge will be reduced, the reduced flows could impair the
recharge and restoration projects.
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Appendix

A. Modeling Infiltration Rates in the Lower Santa Cruz River

A.1 Modeling Approach

For our approach we considered both empirical loss calculations and modeled infiltration
rates. The modeling approach followed on the methods used by Lacher (1996) who
modeled infiltration using the KINEROS2 hydrologic model, which routes flows using the
kinematic wave and models infiltration using a modified Green & Ampt infiltration
equation. The primary benefit of this approach is the use of one parameter to model the
migration of the wave (Manning’s n) and one parameter to model infiltration (saturated
hydraulic conductivity). Lacher modeled flow and calibrated using data collected at Ina
and Avra Valley Roads.

The approach we used was to replicate Lacher’s study using the KINEROS2 model so
that infiltration rates can be compared with the rates determined by Lacher. Rather than
doing our own stream gauging, we used the data being collected by USGS at Cortaro
and Trico Roads.

A.2 Purpose

The purpose of this study is twofold as follows:
1.) To determine how infiltration parameters have changed since they were last
determined in the study described by Lacher (1996).
2.) To develop parameter values that can be used to simulate infiltration for
modeling on flow and scour for determining the impacts of flows before and after
the ROMP upgrades.
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A.3 Methods

a. Development of Model Geometry for Kineros2: KINEROS2 models channels
as trapezoidal features requiring a base width, length, channel side slope and
profile slope. While Lidar data has proven to be an effective means to develop
channel geometry for flood flow models, it did not prove to be helpful for
determining the low flow channel geometry containing the effluent flows, because
the lidar was unable to penetrate through the water to provide an elevation in the
wet portion of the channel.

The strategy we used was to use the most recent air photo data (2010
Pictometry, supplemented with 2008 1’ orthophotos where pictometry is not
available) and digitize the wet portion of the channel from the air photo.

The channel was digitized in a series of reaches where a polygon of similar width
could be identified. The length was also determined. By determining the area of
the polygon and the length, a mean channel width could be determined. The
profile slope was determined by identifying a point adjacent to the channel at
approximately the water surface. Because the water slope is assumed to be
parallel to the channel slope, and the reaches were fairly long the channel slope
determined in this was assumed to be reasonable.

Based on field observation which showed that the main flow channel had nearly
vertical side slopes, a channel side slope of 0.5 (2 ft high for every ft wide) was
used.

b. Development of ‘equivalent channel geometry’ for split flow conditions:
Because KINEROS cannot model split flow conditions, when split flow conditions
were encountered, we developed an ‘equivalent channel geometry’ by
considering the geometry of each side of the split. In most cases, the splits had
very similar flow lengths (<5% difference), so the two lengths were averaged.
Likewise, since the infiltration depends on the footprint of the channel, the widths
of the two splits were summed. In this way, a single channel flow width
configuration.

c. Validation with Channel Geometry: We also performed some field checks of
channel geometry to validate the values determined from digitizing the wet
portion of the channel in the air photos.

d. Preliminary Estimate of Saturated Hydraulic Conductivity (Ks) and
Manning’s n: Initial parameter values came from Lacher (1996). While she
determined that Ks values varied through the year we began with her values and
then assumed that calibrated values would be a ‘multiplier’ of the initial estimate
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(e.g. Ksn caivrated = KSon X multiplier for channel reach n). In this way, any spatial
variability identified in the initial estimate could be preserved while moving all
initial estimates higher or lower.

e. Calibration of Saturated Hydraulic Conductivity (Ks) and Manning’s n for
the channel. The model was calibrated using the multiplier approach with inflow
data for four different dates being calibrated to match discharge data from the
USGS gauging stations for Trico Rd and validated by comparing the modeled
hydrograph from Cortaro Rd with the USGS gauging station data for that site.
Each of the four dates were modeled separately, because infiltration has been
observed to change based on whether a scour event has occurred recently.
Calibration was done using an automatic optimization procedure, which used
repeated trial and error coupled using the Nash Sutcliffe statistic as a measure of
success (SCEUA — Duan, 1992). The trial and error process then converged on
a parameter set for each dataset

f. Goodness of Fit Criteria: The goodness of fit of the simulation was calculated
using two different statistics as follows:
a. Root Mean Square Error (in cfs): The root mean square error (RMSE)
was calculated for each point in the hydrograph for the observed value
and the modeled value as follows:

" (Modeled — Observed)?
RMSE =
n

b. Nash-Sutcliffe Model Efficiency Statistic: The Nash-Sutcliffe statistic

> (Modeled — Observed)?

> Observed ,

=)
n

NSE =1-

> (Observed —

The NSE is dimensionless. A perfect simulation will yield a value of 1.0. A
value of ‘0’ would represents a simulation equivalent to using the mean of the
observed values for all simulations.
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A.4 Results

a. Selected Multipliers: The following multipliers were derived using the

optimization technique.

Table D.1 Selected Multipliers

Optimal Parameter Set

Event multiplier Ks multiplier 'n'
19-Feb-10 0.533 0.938
5-May-10 0.508 0.873
17-Aug-10 0.673 0.818
22-Nov-10 0.346 0.927

These values indicate that saturated hydraulic conductivity (Ks) have declined to

about half (35% to 67%) of the values determined by Lacher (1996), while
Manning’s ‘n’ of the channel has remained approximately the same.

. Selected Parameter Values: The parameter values for the events with the

goodness of fit criteria are as follows:

Table D.2 Selected Parameters

Cortaro Trico
Ks
Event (in/hr) Man 'n' RMSE (cfs) NSE RMSE (cfs) NSE
19-Feb-10 0.38 0.028 15.0 042 7.3 0.65
5-May-10 0.36 0.026 12.8 -0.11 9.0 0.25
17-Aug-10 0.48 0.025 8.3 0.61 6.7 0.51
22-Nov-10 0.25 0.028 10.2 0.66 7.2 084

In this optimization, the Trico data served as calibration data, and the Cortaro

data served as validation. The NSE values greater than 0.5 are generally
considered to be good. For visual comparison, the plotted comparisons are

shown in the figures below.
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Fig. A.1 Modeling Results
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Fig. A.3 Modeling Results
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Fig. A.4 Modeling Results

A-8




Appendix

A.5 Discussion

The results indicate a general trend of decreased infiltration of effluent into the bed of the
Santa Cruz River in comparison to 1996. However, the values do change through the
year. To understand the reason for the variability it is helpful to understand that larger
events have the potential to scour the river bed and remove the clogging layer known to
be present in the Santa Cruz River. Lacher (1996) determined that Ks increased by a
factor of three following four larger events, the largest of which was about 3500 cfs.
Likewise, Treese et al. (2009) found that events an order of magnitude less (350 cfs)
were powerful enough to scour the bed in the Upper Santa Cruz River near Tubac.

In 2010, the highest flows occurred during the Monsoon, including a flow of 16,800 cfs at
Cortaro Rd on 7/31/2010 (9450 cfs at Trico). Following this event, daily discharge at
Trico falling almost to zero (0.7 ac-ft/day) from an average daily discharge of 114 ac-
ft/day. For this reason, it is not surprising that the highest of the four Ks values occurred
on August 17, 2010.

A.6 Conclusions

A modeling exercise that reproduced the study done by Lacher (1996) found that the
Manning’s ‘n’ roughness values were similar to those used by Lacher, but that saturated
hydraulic conductivity was only about half. While the Ks varied through the year, and
increases following the large Monsoon flow events, it returned to a value of about 0.37
in/hr. Manning'’s ‘n’ remained at about 0.02
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B. Summary of Channel Geomorphology Changes

Tables B1.1-B2.2 summarize the average, minimum and maximum depth change and standard
deviation in an effluent flow channel or a floodplain.

Table B1.1 Summary of Depth Changes in a Floodplain between 1998 and 2005

Reach Average [ Minimum | Maximum Std
(feet) (feet) (feet) (feet)
1 Trico-Sanders -0.34 -17.00 11.00 1.60
2 Sanders-Avra Valley -0.15 -19.00 19.00 1.62
3| Avra Valley-Cement Plant -0.69 -13.00 19.00 2.15
4 Cement Plant-Cortaro -0.06 -10.00 17.00 1.24
5 Cortaro-Ina -4.50 -19.00 19.00 5.30
6 Ina-Sunset 0.30 -19.00 15.00 2.05
7 Sunset-Sweetwater 1.45 -19.00 19.00 5.26
Table B1.2 Summary of Depth Changes in a Floodplain between 2005 and 2008
Reach Average | Minimum | Maximum Std
(feet) (feet) (feet) (feet)
1 Trico-Sanders 0.19 -14.00 12.00 0.85
2 Sanders-Avra Valley -0.16 -13.00 9.00 1.31
3| Avra Valley-Cement Plant 0.22 -17.00 11.00 1.72
4 Cement Plant-Cortaro -0.13 -17.00 17.00 1.34
5 Cortaro-Ina 0.85 -18.00 19.00 3.05
6 Ina-Sunset 0.21 -14.00 19.00 1.99
7 Sunset-Sweetwater -1.72 -19.00 19.00 4.86
Table B2.1 Summary of Depth Changes in an Effluent flow Channel between 1998 and
2005
Reach Average | Minimum | Maximum Std
(feet) (feet) (feet) (feet)
1 Trico-Sanders 0.06 -17.00 10.00 1.49
2 Sanders-Avra Valley -1.03 -16.00 19.00 3.11
3| Avra Valley-Cement Plant -0.39 -10.00 10.00 2.92
4 Cement Plant-Cortaro -0.28 -8.00 5.00 1.96
5 Cortaro-Ina -3.90 -14.00 14.00 4.28
6 Ina-Sunset 0.32 -19.00 10.00 2.65
7 Sunset-Sweetwater -0.42 -19.00 19.00 7.83
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Table B2.2 Summary of Depth Changes in a Effluent flow Channel between 2005 and

2008
Reach Average | Minimum | Maximum Std

(feet) (feet) (feet) (feet)
1 Trico-Sanders 0.03 -10.00 7.00 1.79
2 Sanders-Avra Valley -1.80 -13.00 8.00 2.95
3| Avra Valley-Cement Plant -0.67 -12.00 8.00 3.14
4 Cement Plant-Cortaro -1.13 -11.00 9.00 2.34
5 Cortaro-Ina 0.03 -15.00 8.00 3.96
6 Ina-Sunset -0.96 -13.00 7.00 2.53
7 Sunset-Sweetwater -3.76 -19.00 18.00 6.50

C. Cross Section Profiles

Figs. C1-C7 show cross section profiles in 1998, 2005 and 2008. As mentioned before, it should
be noted that the original topographic data for 1998 is not as fine as the topographic data for
2005 and 2008. The locations of the cross sections are shown in Exhibit A3. A couple of cross
sections were placed in each reach. Additionally, cross sections were placed at immediately
downstream of large washes with 100-yr peak discharge exceeding 2,000 cfs. Cross section
station # 60486 is located immediately downstream of Canada Agua wash. Cross section
station # 67120 is located immediately downstream of Picture Rock wash. Cross section station
# 89768 is located immediately downstream of the confluence with Canada del Oro wash, while
cross section station # 95731 is located immediately downstream of Rillito River. Cross section
station # 102472 is immediately downstream of unknown wash.

Low flow channel locations were substantially changed during the study period at the cross
section stations # 44429, 51522, 53911 and 76072. At the cross sections immediately
downstream of Canada del Oro wash and Rillito River (89768 and 95731), both erosion and
deposition occurred during the study period.
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Fig. C1 Cross Section Profiles in the Reach 1
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Fig. C2.1 Cross Section Profiles in the Reach 2
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Fig. C2.2 Cross Section Profiles in the Reach 2
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Fig. C3.1 Cross Section Profiles in the Reach 3

A-18



Appendix

Fig. C3.2 Cross Section Profiles in the Reach 3
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Fig. C4 Cross Section Profiles in the Reach 4
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Fig. C5 Cross Section Profiles in the Reach 5
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Fig. C6.1 Cross Section Profiles in the Reach 6
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Fig. C6.2 Cross Section Profiles in the Reach 6
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Fig. C6.3 Cross Section Profiles in the Reach 6
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Fig. C7.1 Cross Section Profiles in the Reach 7
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Fig. C7.2 Cross Section Profiles in the Reach 7
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D. Sodium Absorption Ratio and Hydraulic Conductivity

Table D1 Effects of the SAR on Soil Physical Conditions

SAR Infiltration Hydraulic
Target Should ensure an adequate No significant reduction in hydraulic
Water infiltration rate for soils conductivity below inherent soil
Quality sensitive to the formation of hydraulic conductivity expected in
Range infiltration rate- reducing this SAR range for any soil; no
# surface seals under conditions hardsetting above inherent
1.5 of rainfall during the irrigation hardsetting expected in any soil in
season or irrigation with water this SAR range
having an EC << 20 mS/m
1.5 - 3.0 | Infiltration problems likely to occur | No significant reduction in hydraulic
in soils sensitive to the formation of | conductivity below inherent soil
infiltration rate-reducing surface hydraulic conductivity expected in this
seals under conditions of rainfall SAR range for any soil; no hardsetting
during the above inherent hardsetting expected in
irrigation season or irrigation with any soil in this SAR range
water having an EC << 20 mS/m;
no problem is expected with
irrigation waters having on EC =
90 mS/m and slight to moderate
problems at ECs in the range of
20 - 90 mS/m
3.0 - 6.0 | Infiltration problems likely to occur | Hydraulic conductivity reduction likely to
in soils sensitive to the formation of | occur in soils sensitive to hydraulic
infiltration rate-reducing surface conductivity reduction. A low EC in the
seals when irrigated with water soil solution may cause hydraulic
having an EC << 25 mS/m; no conductivity to be irreversibly reduced
problem is expected with irrigation | by up to 25 % for sensitive soils;
waters having an EC = 130 mS/m | Hardsetting increasingly likely to occur
and slight to moderate problems at | in sensitive soils at ECs << 60 mSg/m
ECs in the range of 25 - 130 mS/m | for SAR = 3 and << 120 mS/m for SAR
=6
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infiltration rate- reducing surface
seals when irrigated with water
having an EC << 90 mS/m; no
problem is expected with irrigation
waters having an EC = 310 mS/m
and slight to moderate problems at
ECs in the range of 90 - 310 mS/m

6.0 - 12.0] Infiltration problems likely to occur | Hydraulic conductivity reduction likely
in soils sensitive to the formation of | to occur in soils sensitive to hydraulic
infiltration rate-reducing surface conductivity reduction. A low EC in the
seals when irrigated with water soil solution may cause hydraulic
having an EC << 35 mS/m; no conductivity to be
problem is expected with irrigation | irreversibly reduced by = 25 % for
waters having an EC = 200 mS/m | sensitive soils and < 25
and slight to moderate problems at | % in less sensitive soils, depending on
ECs in the range of 35 - 200 mS/m | the particle size distribution of the soll

and the type of clay mineral present in
the clay size fraction. Tolerant soils will
show little or no effect
Small and reversible changes in
hydraulics occur in sensitive soils when
EC is in the range of 100 - 200 mS/m,;
Hardsetting likely to occur in sensitive
soils at ECs << 120 mS/m for SAR = 6
and << 240 mS/m for SAR = 12
12.0 - Infiltration problems likely to occur | Hydraulic conductivity reduction likely
20.0 in soils sensitive to the formation of | to occur in soils sensitive to hydraulic

conductivity reduction. A low EC in the
soil solution may cause hydraulic
conductivity to be irreversibly reduced
by = 25 % for sensitive soils and

<< 25 % in less sensitive soils,
depending on the particle size
distribution of the soil and the type of
clay mineral present in the clay size
fraction. Tolerant soils will show little or
no effect

Small and reversible changes in
hydraulics occur in sensitive soils when
EC is in the range of 100 - 200 mS/m,;
Hardsetting likely to occur in sensitive
soils at

ECs << 240 mS/m for SAR = 12 and <<
400 mS/m for SAR

= 20
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20

Infiltration problems likely to occur
in soils sensitive to the formation of
infiltration rate-reducing surface
seals when irrigated with water
having an EC << 180 mS/m; no
problem is expected with irrigation
waters having an EC = 560 mS/m
and slight to moderate problems at
ECs in the range pf 180 - 560
mS/m

Hydraulic conductivity reduction likely
to occur in soils sensitive to hydraulic
conductivity reduction. A low EC in the
soil solution may cause hydraulic
conductivity to be irreversibly reduced
by = 25 % for sensitive soils and

<< 25 % in less sensitive soils,
depending on the particle size
distribution of the soil and the type of
clay mineral present in the clay size
fraction. Tolerant soils will show little or
no effect

Small and reversible changes in
hydraulics occur in sensitive soils when
EC is in the range of 100 - 200 mS/m.

Data Source: South African Water Quality Guidelines, Volume 4: Agricultural Use : Irrigation,
Second Edition, 1996
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E. ADEQ’s Santa Cruz Watershed Assessment

anta Cruz River

Roger Road WWTP oulfail- intermillent Reach
150503010038
2.9 miles

“Cate

gory.aB

(, o ‘:__‘ i / Z ‘1 5 3 L
A&Wedw - Not Att < PBC - Attaining
Exceedances
Parameter Applicable Standard Date & Result Designated use support,

suppaorting evidence, comments

1.61 mg/L" =", 13,7 mg/Lw A&Wedw is not attaining. 2 acule exceed-
@ pH 7.7 and temp 26.4 °C 11/15/2005 16 mg/l ances during the last 3 years of monioring
2,67 Ing/Leene, 20,2 mg/Liee and 4 chronlc exceedances during the assess-
@pH 7.5 and temp 22.0°¢ | /2372006 | 24ma/L Fment period.
AN /L 22.0 /L
@ pH 7.4 and temp 26.6°¢ | /2008 1 24 me/L
1.68 ,-ng/“L:I-MnI:
/
@ pH 7.5 and temp 30.0°C 6/28/2007 20 me/L
Chiorine A&Wedw Is inconclushve. 1 exceedance inthe
{total 19 ug/Lme 6/28/2007 100 ug/L last 3 years of monitoring.
residual)

Sampling perfod: 1/6/2004 - 5/28/2007

M onitoring Summary

Site Name(s) Site ID # DEQ # Sampling Agency Purpose
Noar Roger Rd WWTP SCSCRAB.ST 10505 | Pima County Waste- 1 anitoring
water Management
Two Mites Downstream . - Pima Counly Waste- . .
Rogers Rd WWTP SCSCR43.79 105060 water Management Permit monltoring
Below Ruthrauff Road SCSCR045.13 103623 ADEQ Fixed Statlon Network, Ambient
Metals Samples Nutrients & Related Samples Other Samples
4 total & 2-4 dissolved: 2 ammonia 2 F. eoli
antimony, arsenic, beryllium, boron, cadmiwm, 3-4 nitrite/nitrate, total nltrogen, | 4 fluoride
chromium, copper, fead, manganese, mercury, total phosphorus, total Kietdaht | 4 selenlum
nickel, zinc nitrogen, dissolved oxygen, and | 4 suspended sediment
pH 7 total dissolved solids
1 chiorine

Santa Cruz Watershed Assessments - 65
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"4 Data Gaps and Monitoring Needs

Exceedances Needing More Samples to Assess | Chlorine
Missing Core Parameters None
Missing Seascnal Dlstributlon None
Lab Petection Limits Not Low Enough None

Priority

Monitoring Recommendations

Low

Permit is currently under review, Continue monitering for chlorine.

[mpairment Discussion

As part of the Ina Road WWTP expansion and upgrade project, the Roger Road wastewater treatment plant will be repiaced
by a new faciiity that would reduce the amouni of ammonia and other chemicals in treated water,

Santa Cruz Watershed Assessmenis - 56
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anta Cruz River

Canada del Oro - HUC 15050303

16050301 001
8

| ateor .

Nat Attaining

A&Wedw - Not Aitairing s PBG «Attaining
o e U
[ -.—'«J ‘7. ¢ \‘-J * t'-r
Exceedances
Designated use support,
Parameter Applicable Standard Dafe & Result supporting evidence, comments
1.06 mg/Leve, 9.76 mg/tie A&Wedw Is not aftaining. 3 acute exceed-
@ pH 7.9 and temp 29,1 °C 8/12/2005 18 mg/t aices within the last 3 years of monitoring
1.49 mg/toene 8 57 mg/hian and 6 chronic exceedances within the assess-
@ pH g./o and temnp 22g.(/5 G 11/15/2006 2Bmg/L | ment period,
2.82 mg/Laemh, 13 5 g/
| @pH77andtempdrocg | M323/2008 | 28mg/L
Amimonia 1.74 mg/Loe 17,9 mg/Leme
. , 47, .
@pH 7.6 and temp 27.8°¢ | /2008 | 3ima/L
2.03 mg/L""""“‘f
@ pH 7.6 and temp 253 °C 9/14/2008 125 mg/t
283 mE/LI 12 8 mg/tEe
@ pH 7.8 and temp 18.0°C 12/37/2008 18 me/t.
29.3 ug/Lrnre, 49,6 ug/Leue A&Wedw is inconclusive. The 7/29/04 and
@ > 400 mg/L hardbess 7/29/2004 533 ug/L 12/8/04 exceedances of the chronic stan-
. 12,2 g /L dardd were collected during storm events and
Copper @ 143 me/L hardness 12/8/2004 | 12.79ug/L | thorefore not Inlouded in the assessment
- determlination.
41.9 ug/i_cz\::-m(
@ 140 mg/L hardness 8/8/2005 | 1728 ug/L
. A&Wedw is nconclusive, Only 1 exceedance
) 405 g/l 284 ug/Lime . ’
Lead? y /29,2004 421 ug/l. of the acute standard during the assessrnent
@ > 400 mg/l hardiness perlod,
7/29/2004 | 0631 ug/L jA&Wedw chronic s aftaining. 2 exceedances
" during the assesament period were colfecied
Mercury 0.010 ugrt 8/6/2004 £.49 ugsL under storm flow conditlons and not represen-
tatlve of chronic conditions.
A&Wedw is attaining. Only 1 exceedance of
. 370 ug/l the chronic standard during the assessment
4
ine @ > 400 mg/L hardness /2972004 999 ug/L period. Collected under storm conditions and
does not represent ehironle conditions.

Santa Cruz Watershed Assessments - 63
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Sampling period: 1/5/2004 - 12/17/2008

M onitoring Summary

Slte Namel(s) Site ID # DEQ # Sampling Agency Purpose
3.2 Miles Dowhstream Pima County Waste-
of Ina Rd WWTP SCSCR37.79 105063 water Managament Permit monlioring
4.6 Miles Downstream Pima County Waste- . -
Ina Rd WWTP SCSCR38.50 105064 water Management Permit monitoring
Near ina Rd WWTP SCSCR40,94 10501 | PIma County Waste- |, 0o itoring

water Management
Near Marana SCSCR024.56 101081 ADEQ Ambient
Two Miles Downstream Pima County Waste- .
of Ina Rd WWTP SCSCR39.02 105062 water Management Permit monltoring
Metals Samples Nutrients & Related Samples Other Samples

1-G fotal & 14-23 dissolved: 6 ammonia, nitrite/nitrate, and | 6 £, collf
antimeny, arsenic, beryliium, cadmiun, chro- total phosphorus © fluoride
mium, copper, iead, nickel, selenium, thallium, 23 total nitrogen and total Kjel- | 5 suspended sediment
and zing dahi nitrogen 22 {otal dissolved solids
6-14 total & 0-4 dissolved: 35 dissolved oxygeir and pH &-7 organic compoltnds
boron, manganese, merciiry, nicke!, and silver

Data Gaps and Monitoring Needs

Exceedances Needing More Samples to Assess | Dissolved lead and zing (A&Wedw)
Missing Core Parameters None
Missing Seasonal Distribution one
Lab Detecticn Limits Not Low Enough Selenlim (A&W)

Priority Monitoring Recommendations

Coliect more ammonia and dissolved meiai samples once upgrades to the existing piant are complet-
. ed.
Medium Use a lower lab detection limit for selentum.

Impalrment Discussion

The Ina Road wastewater treatment faclBly has a permit variance for copper, ammonia, and chlerine starting In 2006, This
variance was granted for an expansion and upgrades of the existing plant with the latest technologles to remove metals.

Santa Cruz Watershed Assessments - 64
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