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Introduction

This report describes work completed under Pima Association of Governments’ (PAG) 2008-2009 Overall Work
Program, which includes monitoring in lower Cienega Creek and Davidson Canyon, both of which have priority
aquatic and riparian resources as specified in the Sonoran Desert Conservation Plan. PAG has monitored the
hydrology in the Cienega Creek Natural Preserve since 1989, in coordination with the Pima County Regional
Flood Control District (PCRFCD). PAG staff continued to monitor surface water and groundwater at the Preserve
during the 2008-2009 Fiscal Year (FY), which spanned from July 2008 to June 2009. Data tablesand figuresin
thisreport focus on results from the 2008-2009 monitoring year, but they also show some data from previous
years for comparison purposes.

The Cienega Creek Natural Preserve, which is owned by PCRFCD, includes lower Cienega Creek and portions of
lower Davidson Canyon. The reach of lower Cienega Creek between Interstate 10 and a diversion dam east of
Vail, Arizona, is the focus of this monitoring program and for this report, it is referred to as ‘Cienega Creek'.
When including monitoring sitesin lower Davidson Canyon in our calculations, we use the term ‘Cienega Creek
Natural Preserve’. If monitoring sitesin upper Davidson Canyon (south of the I-10) are also includedin the
calculations, we refer to the whole set of monitoring sites as the ‘Cienega Watershed'. The locations of the
monitoring sites are shown in Figure 1. During FY 08-09, monitoring methods and locations remained
essentially the same asin past years, with any exceptions for this year explained in this report. The specific
methodology for each aspect of monitoring is described within its corresponding section. PAG staff generally
conducts monitoring during the middle of each month, with exceptions for weather (explained in detail in the
streamflow section below). PAG has further documentation for protocols, forms and metadata available in-
house, as well as reports from previous years.

The purpose of PAG’'s monitoring program is to firmly establish baseline hydrologic conditions for comparison
purposes, in the event that future groundwater development occursin the vidinity of the creek. Cienega Creek
isan important water, recreation, and wildlife resource in the Santa Cruz River watershed. It is one of the few
low-elevation streams in Pima County that exhibit significant perennial flow. Perennial reaches of Cienega
Creek support native fish and the surrounding riparian vegetation provides habitat for a diversity of wildlife. In
recognition of its value to the state of Arizona, the reach of Cienega Creek downstream from Interstate 10 to Del
Lago Dam has been designated by the Arizona Department of Environmental Quality (ADEQ) as an
“Outstanding Water,” (R18-11-112) which means that site-specific water quality standards are established to
maintain and protect the existing water quality. The certificate of in-stream flow rights was granted by the
Arizona Department of Water Resources (ADWR) to Pima County Regional Flood Control District in December
1993 (No.89090.0000). Monthly monitoring of groundwater levels, streamflow extent and stream discharge in
the preserve are conducted so that long-term trends are firmly established and conditions documented.

Additions to this year's report include monthly streamflow presence data at the well sites, information on flow
extent past the Del Lago dam, a photo analysis and drought reporting information. We also assisted in the
interpretation of water quality lab results for samples collected at Davidson Canyonin September 2008. In
February 2009, a segment of Davidson Canyon was designated an Outstanding Arizona Water.
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Figure 1. Map of PAG Monitoring Sites in Cienega Creek Natural Preserve
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Streamflow Volume

Methods

Throughout Fiscal Year 2008-2009, PAG took monthly streamflow volume measurements at two sitesusing a
USGS Pygmy Flow Meter and calculated the discharge (Q) in cubic feet per second (CFS). The sitesare Marsh
Station Road Bridge, which is downstream from the Cienega/Davidson confluence and Tilted Beds, which is
located several miles upstream from Marsh Station (Figure 1).

We monitor the streamflow during baseflow conditions, as required in the methodology of the program.
Baseflows are produced by discharges from the aquifer into the stream channel without the direct influence
from surface runoff. If a significant rainfall event occurs within three days prior to a scheduled field event, the
sampling is postponed until drier conditions prevail and runoff no longer has a direct influence on streamflow
in the canyon. Baseflow is determined through County gages on the PCALERT Web site,
http://alert.rfcd.pima.gov/scripts/pima.pl including rain gages 4280,4310,4220 and 4250, and stream gages
4283 (Cienegaat 1-10),4313 (Davidson Canyon) and 4253 (Pantano at Vail). Field staff does not conduct field
monitoring under hazardous conditions, such as during flood flows or lightning storms. Based on standard
guidelines, measurements are taken at alocation along the stream where the channelis relatively straight and
streamflow is fairly uniform. When possible, points of converging and diverging flow paths are avoided.

Results

Annual average streamflow remained generally consistent with last year’s levels at the streamflow sites.
Streamflow data for this fiscal year are shownin Table 1, while Figure 2 graphically presents the streamflow
trends for the past two fiscal years. To provide alonger term perspective on flow trends, Figure 3 shows
discharge datafrom 1993 to the present.

Since 1993, annual average flow isoverall on adownward trend (Figure 4), but the past four years show this
average increasing toward earlier 1995-2000 levels. The annual average streamflow at Marsh Station was
slightly higher than the average of the previous year by 0.17 cfs (Table 1). Asshownin Figure 2, streamflow at
the Marsh Station site ranged from 1.99 cfs (in July 2008) t0 0.21 cfs (in June 2009). Figure 3 shows that FY 08-09
streamflow patterns are consistent with long term seasonal patterns.

Inthe last several years, the highest flow month occurred within the July to September timeframe as a result of
monsoon flows. The monsoons brought up the average flow levels for these years. In the few years prior to
that, when water levels were at their lowest on average for the year, the months with highest flows were found

in the spring after being sustained by the heavier winter rains.

In 2007, flow was identified for the first time at the Tilted Beds site since April 2003 and since the last monitoring
year it hasrisen slightly and flowed more consistently. Long term datain Figure 3 show that the Tilted Beds site
ephemeral flow and it is generally during the winter months. During this fiscal year, the site flowed throughout
the year except for two summer months (Table 1). Tilted Beds appearsto have a possible pattern of spells of
flow for a couple years, followed by absence of flow for a couple years. The year 2007 marked the end of a
three-year dry spel,| which was the longest dry spell in our records.
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Table 1. Cienega Creek, Monthly Streamflow Volume for the Fiscal Year: July 2008 to June 2009

DATE FLOW (cfs) FLOW (cfs)
Marsh Station Tilted Beds
July 2008 1.99 0.12
August 2008 0.90 0.00
September 2008 1.71 0.06
October 2008 130 0.04
November 2008 0.79 0.06
December 2008 1.12 0.12
January 2009 1.26 0.19
February 2009 1.56 0.17
March 2009 137 0.12
April 2009 1.09 0.12
May 2009 0.60 0.08
June 2009 0.21 0.00
2006-2007 AVERAGE 1.06 0.00
2007-2008 AVERAGE 0.99 0.07
2008-2009 AVERAGE 1.16 0.09
06-07 to 07-08 CHANGE -0.07 + 0.07
07-08 to 08-09 CHANGE +0.17 +0.02

PAG measured all flows with USGS Pygmy Flow Meter.
O Difference between fiscal year averages
“+" = increase in discharge
“-" = decrease in discharge

Figure 2. Cienega Creek Monthly Streamflow Volume for July 2007 to June 2009
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Figure 3. Cienega Creek Monthly Streamflow Volume for July 1993 to July 2009
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Figure 4. Cienega Creek Annual Average Streamflow Volume Trends at Marsh Station (FY 93-94 to FY
08-09)
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Groundwater Levels

Methods

Depths to groundwater were measured at eight wells either with a Solinst Water Level Meter or with insitu
transducers. The wells are distributed throughout the preserve length and are named (east to west) Empirita 2,
O’Leary Windmill, Jungle, Cienega, Davidson 2, Del Lago 1,PS-1 and PN-2(Figure 1). Ona monthly basis, PAG
monitored the well sites: Jungle, Cienega, Del Lago 1and Empirita 2 (when accessible). Davidson 2 continued to
be monitored on a quarterly schedule. The PS-1 and PN-2 wells are monitored hourly by ADWR transducers.
Any monitor dates that fell outside this schedule are noted in Table 2. The O'Leary well had a pump installedin
June 2007 which influenced subsequent water levels, so it has been removed from the monitoring program and
calculations.

Results

Annual Variation:

Yearly declinesin groundwater levels were exhibited since 2001, but since FY 06-07 we have seen some periods
when water levelsincreased. Similar to FY 06-07, water levels rose during FY 08-09 in all but one of the wells
that had consistently available data (Table 2). In contrast, water levels were down at two-thirds of the wellsin
FY 07-08, which was more consistent with the data since 2001, when drought impacts began to be detected.
Figure 5 graphically represents water level data for this monitoring year and the previous fiscal year, whereas
Figure 6 shows water level datafrom 1994 to the present, exhibiting the longer term trends.

Seasonal Variation:

Seasonal variation in water levels was observed at most monitoring wells during this year (Figure 5). Asis
typical, groundwater levels rose most dramatically in August and September this monitoring year, with
additional smaller increasesin January at most wells. The degree of seasonal fluctuation at each well depends
on the amount of precipitation, the proximity to the creek and the geology. The Jungle and Cienega wells
experience gradual seasonal changes, whereas the three wells near or downstream of the dam (Del Lago, PS-1
and PN-2) had the largest seasonal response. For the Del Lago well, this contrasts with the past when it had
stable water levels with minimal seasonal responses throughout the low water years of 2003-2006. The levels
seem to fluctuate less where the underlying bedrock creates shallow groundwater zones and we find more
stable perennial flows within ‘gaining stream’ reaches.

Streamflow Near Wells:

Using this first year of data on streamflow presence, it appears that streamflow is generally present at most well
sites from July through September (Table 2). Del Lago is the sole site that has perennial flow, while Empirita and
PN-2 are the only sites without any ephemeral baseflow. By comparing well depths to flow presence, we can
see how shallow the groundwater levels need to be in order to have surface flow at each site. For example, the
stream near the Cienega well site appears to flow when the depth to water isless than 13 feet, near the Jungle
well site when the depthisless than 30 feet and near the Davidson well site when the depthisaround12 feet.
The dates during which the PS-1 well site had surface flow reflect the release of water from the flume at the
damin August 2008, which raised the groundwater levels about 16 feet above the average depth to water for
that site.
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Table 2. Gienega Creek Natural Preserve Monitor Well Sites, Monthly Depths to Water and Streamflow Presence, Fiscal Year: July 2008
—June 2009

DATE DEL LAGO 1 CIENEGA JUNGLE EMPIRITA2  DAVIDSON #2 PS-1? PN-2?
7/15/08 67.45 flow 1445 flow 3059 flow @ dry () dry 4843 dry 20076  dry
8/6/08 6205 flow 1475 dry 3061 dry @ dry ™ dry 3623 flow 18808 dry
9/4/08 61.40 flow 1262 flow 3077 dry & dry 11.97 flow 2942 dry 17854  dry
10/17/08 66.15  flow 1478 dry 3167 dry 8090 dry ™ dry 4388 dry 16795 dry
11/13/08 7026  flow 1465 dry 3150 dry 8103 dry ™ dry 4669 dry 16858 dry
12/11/08 7440  flow 1390 dry 3110 dry 8110 dry 2050 dry 5116 dry 17137  dry
1/28/09 6260  flow 1340 dry 3067 dry @ dry ™ dry 4702 dry 17786  dry
2/20/09 6375 flow 1330 dry 3048 dry @ dry ™ dry 4628 dry 18109  dry
3/20/09 68.75 flow 1368 dry 3043 dry & dry 21.06 dry 4899 dry 18426  dry
4/16/09 7374  flow 1430 dry 3065 dry 8106 dry ™ dry 5138 dry 18662 dry
5/11/09 76.45 flow 1570 dry 3130 d ry 81.10  dry o dry 5409 d ry 18838 d ry
6/16/09 76.94 flow 17.84 3245 81.20 dry 23.16 dry 56.92 191.74

Note: All depths are feet below land surface. Streamflow is observed in the closeststreambed location.

*Due to fluctuation in well water depth levels from pumping, we are no longer monitoring the O’Leary well.

" Measured quarterly

@ Monitored by ADWR

® Inconsistently accessible

@ Difference between fiscal year averages.Change is represented with “+” for a rise in water level and™“for a drop in water level
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Figure 5. Genega Creek Natural Preserve Monthly Depth to Groundwater for July 2007 to June
2009
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Data are not available for some months due to inaccessibility.

Figure 6. Cenega Creek Natural Preserve Monthly Depth to Groundwater for June 1994 to June
2009
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PN-2 is notfeatured due to scale. See Figure 5 forinformation on this well.
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Extent of Surface Flow (Wet/ Dry Mapping Walk-Throughs)

Methods

The extent of surface flow was mapped by walking through the length of the creek channelsand marking
the location of the flows. For thisreport, when we refer to the length of flow, we are discussing the distance
of stream that has flow extent, not the span of time that it is flowing. Annual wet/dry mapping was
conducted during the month of June from 1999 to 2001; the current quarterly schedule for the wet/dry
program began during the FY 01-02 monitoring year. Quarterly mapping is conducted during the months of
September, December, March and June. Cienega Creek walk-throughs begin at the ephemeral reach at
Jungle Road and continue to the Pantano (Del Lago/Vail Water) diversion dam, a distance of about 8 miles.
Lower Davidson Canyon walk-throughs have been conducted near its confluence with Cienega Creek since
FY 01-02 and in upper Davidson Canyon, south of Interstate 10 on the County’s Bar V property, since FY 05-
06. Walk-through extents are delineated on Figure 1.

The mapped extent of streamflow is processed using GIS. From 1999 to 2008, wet/dry mapping was
completed on hardcopy aerial photography mapsin the field and was subsequently hand digitized in GIS
(ArcMap) to clip a creek shapefile line into corresponding flowing segments. In FY 07-08, we began using a
GPS (Trimble) Unit to mark points at the beginning and end of intermittent flow. We continue to use GISto
clip the same Cienega streamflow shapefile line for consistency of comparative length of flow through the
years. This shapefile line isarough creek line that follows the generalincision of the creek. It does not
necessarily follow the small meanders, braids or actual stream path in detail due to changes every year in
this path. Thisshapefile template isfrom the Pima County Land Information System and was created at a
1:200,000 scale. The mapping resultsare shown in Figure 7.

The length of surface flow for each quarterly walk-through is calculated by totaling the sum of the flowing
segments. Asis consistent with historical records, we consider the total length of creek channel within the
preserve to be 9.5 miles. Thisincludes the section of creek that begins at the I-10 crossing and flows north-
west to the dam, but we do not walk the first 1.5 miles since it is known to be dry. All flow lengths within the
Preserve, including lower Davidson Canyon, are included in the total sum of flow length. Located outside
the Preserve, the sum of flow length for upper Davidson Canyon (Figure 1) is calculated and presented
separately.

Results

Cienega Flow Extent:
These data are evaluated for trends of average annual total distance of the surface flow length, seasonal

variation, intermittency of segments and minimal perennial flow trends.

The annual average total distance of surface flow extent in the Cienega Creek Preserve since 1975 has
decreased over time (Figure 9). It decreased from 7.7 miles, the average flow length from 1975 t0 1992 to 4.2
miles on average since 2001. Using this flow extent data plus groundwater levels, streamflow volume and
precipitation data, we consider the time period since 2001 to be a drought period. In the short term (Figure
8), the annual average flow extent has slightly increased by 0.8 miles to atotal of 5.4 milesin the last year.

The documentation of seasonal variation helps to identify ephemeral and perennial reaches. Seasonal
variation is evaluated for each year by taking the difference between the quarters with the longest and
shortest total flow extents. The largest change in flow extent generaly occurs as a decline between the
months of March and June, which coincides with the time period when evapo-transpiration ratesincrease,
precipitation is minimal and recharge rates decrease (Figure 7 and Table 3). Since 1975, increasing seasonal
variation of surface flow length was observed (Figure 9). However, in the last three years, the difference
between the high and low seasons has stabilized at around 3 miles difference between the longest and
shortest flow extent.

Mapping streamflow during the driest part of the year conservatively identifies the perennial reachesin the
Preserve. Asseenin Figure 8, the total flow extent in the Preserve is consistently lowestin the summer
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(June). Summer flow extents have declined substantially since the 1980s (Table 4). In July 1984, the creek
flowed continuously from I-10 to the Pantano Dam, a distance of 9.5 miles (Montgomery & Associates 1993).
In contrast, the average percentage of wet (i.e.flowing) creek since 1999 has been 28 percent. Since 1999,
the summersof 2001 and 2002 were years with increased flow extent whereas 2004 and 2005 were a low
point (Figure 9). With aslight rise in flow in the last few years, this year, in June 2008, the creek flowed for
3.05 miles, composing 33 percent of the creek length (Figure 10). This was 0.4 miles more than the average
since 1999. In addition to shorter total flow extent, drier years and drier seasons also generally have more
intermittent sesgments and shorter length stream reaches, as seen in Figure 7 and Table 3.

In wetter seasons, there are fewer flowing segments and greater lengths of continuous flow because the
ephemeral segments connecting the perennial segments are flowing (Figure 7 and Table 3). The month
with the longest total flow extent is usually either March or September. We find that arise in annual average
flow extent coincides with the longest extent occurring in September. These lengthier September extents
are aresult of the monsoon precipitation, which decreases drought impacts when looked at asan annual
average of flow. Thisis consistent with thisyear’sfindingsand s true for both streamflow volume and flow
extent.

Lower Davidson Canyon Flow Extent:

Since 2001 when mapping began in lower Davidson Canyon near the confluence with Cienega Creek, the
extent of surface flow has varied considerably in each annual average and in each season. This year (FY 08-
09), lower Davidson Canyon had flowing extents for three quarters of the year (Table 3). In FY 07-08, the
reach only flow during in a single quarter, in September; Fiscal Year 06-07 had flow year-round, and FY 05-06
had no flow year round.

Upper Davidson Canyon Flow Extent:

The flowing reaches of upper Davidson Canyon are located at a spring next to a bedrock outcrop south of
the I-10 crossing (as seen on the map in Figure 7). The longest total flow extent in upper Davidson Canyon
was found in September 2008 when it flowed for 7,442 feet (Table 3). This is the fourth year that these
surface flows were systematically mapped, but the streamflows along this reach were also noted during
earlier PAG studies. Pools of considerate size, between one to three feet deep, remain along this channel,
but no fish have been sighted since the summer of 2005.

Outreach and Coordination

We continued to coordinate with the Bureau of Land Management (BLM) and The Nature Conservancy (TNC)
on methods of surface flow mapping to ensure that our hydrologic monitoring programs are consistent with
those of the upper reaches of Cienega Creek within the Las Cienegas National Conservation Area. To
organize asingle week for Arizona rivers mapping, we also coordinate with Arizona NEMO, who maps the
GilaRiver and the Agua Fria River; with The Nature Conservancy, Community Watershed Alliance, BLM, and
CONANP (Comisién Nacional de Areas Naturales Protegidas), who map the San Pedro River; and with TNC,
who maps Sonoita Creek.

Outside agency staff and other interested individuals are invited to accompany PAG staff on quarterly walk-

throughs to provide them an opportunity to learn about Cienega Creek and become more familiar with
some of the management issues of the Preserve and the surrounding region. The invited agenciesindude

PCRFCD, Pima County Natural Resources, Arizona Game and Fish Department, Arizona Department of
Environmental Quality, U.S. Fish and Wildlife Service, TNC, Sonoran Institute, University of Arizona, Cienega

Watershed Partnership, Arizona Department of Water Resources, Sky Island Alliance, Empire-Fagan Coalition,
the Sustainability of semi-Arid Hydrology and Riparian Areas center, Tucson Audubon Society, NEMO, USDA
Agricultural Research Center, Rincon Institute, Watershed Management Group, Colossal Cave Park, Tucson
Electric Power, Arizona State University, Congresswoman Giffords Office and the Master Watershed Stewards
program.
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Table 3. Cienega Creek and Upper Davidson Canyon, Quarterly Data for Lengths of Each Flowing
Segment for the Fiscal Year: September 2008 to June 2009

Length of Flowing Reach (feet)

Flowing Reach September] December| March June
9/1/2008 |12/11/2008] 3/4/2009 | 6/11/2009
Cienega CreekReach A 8222 8833 3460 3049
Cienega CreekReach B 3510 10847 11597 4094
Cienega CreekReach C 2092 4666 10792 3998
CienegaCreek Reach D 674 3563 4509 686
Cienega Creek Reach E 5105 2524 448 3815
Cienega Creek Reach F 10741 1457 485
Cienega CreekReach G 1546
Cienega CreekReach H 817
Lower Davidson Canyon 946 108 70 dry, no
Reach A pools
LowerDavidson Canyon 537 5
Reach B 3 03
Lower Davidson Canyon 59
Reach C
i F I
TOTAL (ft) 33653 31027 32536 16127
(miles) 637 5.88 6.16 3.05
Upper Davidson Canyon 7442 504 19 495
Reach A
Upper Davidson Canyon 1733 8838 374
Reach B
Upper Davidson Canyon 714 260 318
Reach C
Upper Davidson Canyon
Reach D 124 1877
TOTAL (ft) 7442 3075 3044 1187
(miles) 141 0.58 0.58 0.22

Reaches are not numberedin sequence; they are not associated with any one fixed portion on the
creek. Alower total number of reaches generally indicates less interrupted flow.

Upper Davidson Canyon reaches are mapped ondifferent dates than Cienega Creek and lower
Davidson Canyon reaches due to the length of time required to complete both creeks.
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Table 4. Cienega Creek and Upper Davidson Canyon, Summer Months’ Total Length of Flow

Extent, 1984 to 2009

Year Length of Cienega Length of Upper Source
Creek Davidson
Jul-84 50,000 ft. (9.5 miles) No data
May-85 50,000 ft. (9.5 miles)
May-86 43,140 ft. (8.2 miles) Errol L.
May-87 43,200 ft. (8.2 miles) Montgomery
May-88 41,500 ft. (7.9 miles) & Associates,
Inc.
May-89 34,640 ft. (6.6 miles)
May-90 37,400 ft. (7.1 miles)
May-91 42,160 ft. (8.0 miles)
May-92 37,740 ft. (7.1 miles)
No data 1993-1998
Jun-99 14,290 ft. (2.7 miles) No data
Jun-00 14,590 ft. (2.8 miles)
Jun-01 24,950 ft. (4.7 miles)
Jun-02 17,220 ft. (3.3 miles)
Jun-03 10,630 ft. (2.0 miles) PAG
Jun-04 8,145 ft. (1.5 miles)
Jun-05 7,865 ft. (1.5 miles)
Jun-06 12,025 ft. (2.3 miles) 170 ft. (.03 miles)
Jun-07 15,860 ft. (3.0 miles) 483 ft. (.09 miles)
Jun-08 14,831 ft. (2.8 miles) 0 ft. (0 miles)
Jun-09 16,127 ft. (3.1 miles) 1,187 ft (.22 miles)

The length of the Cienega Creek channel from Interstate 10 to the Pantano Dam equals 50,000 ft.

(9.5 miles) and includes 1,100 ft. (0.2 1 miles) of Lower Davidson near the confluence with Cienega
in this calculation. Upper Davidsonincludes 22,700 ft. of creek channel (4.3 miles) from the spring
south ofthe I-10 crossing down to the beginning of the Lower Davidson Reach. Data were collected

by Errol L. Montgomery & Associates from 1984 to 1993. Data were not collected from 1993

through 1998.

Cienega Creek Preserve Monitoring FY 08-09
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Figure 7. Maps of Cienega Creek and Davidson Canyon, Quarterly Flow Extent for Fiscal Year: September 2008 to June 2009
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Figure 8. Genega Creek Quarterly Flow Extent, 1999 to 2009
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Figure9. Genega Creek Quarterly Flow Extent, 1975 to 2009
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Figure 10. Map of Cienega Creek’s June Flowing Reaches with Wet/Dry Pie Charts, 1999 to 2009
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Water Chemistry

Methods

In January 2007, PAG began regular water quality monitoring at four monitoring sites that had also been
monitored in past PAG studies. ADEQ's inclusion of Davidson Canyon in their proposal for Outstanding
Arizona Waters was the impetus for resuming water quality monitoring in 2007. This monitoring will serve
as additional baseline data, should the creek become impacted by upstream copper or limestone mining.
For example, limestone mines can affect pH and if calcium and sulfate combine, the resulting gypsum may
show up in TDS readings.

The locations of the monitoring sites for water chemistry are displayed in Figure 1. Davidson 1 islocated
south of I-10, upstream of the PC ALERT stream gage. Davidson 3 functions as a replacement for Davidson 1,
whichis now dry. Davidson 3 is an ephemeral site just downstream of the fence crossing and spring.
Davidson 2 has ephemeral flow and is located in Davidson Canyon within 1,000 feet of the Cienega
confluence. Cienega 1 ison Cienega Creek within afew hundred feet upstream of the Davidson Canyon
confluence and is a perennial site. Cienega 2 islocated downstream of Davidson Canyon at Marsh Station
Bridge whichisalso the perennial streamflow monitoring site where ADEQ had over 10 years of water
quality data.

All sites are measured quarterly during walk-throughs. In addition, Cienega 2, is measured during monthly
streamflow monitoring. We use an Ultrameter to measure Total Dissolved Solids, temperature, conductivity
and pH at the four sites. The water quality Ultrameter is maintained by monthly calibration. Field notesalso
include date and time of sampling, a description of the weather, the names of the field crew, the site name,
and any calibration observations. Water quality measurements are only gathered during baseflow
conditions when clear, non-storm runoff water is flowing in the creek. Samplesand readings are not
collected from standing water, eddies or immeasurable flow.

Results

Our data shows the seasonal variation and differencesin water chemistry between sites, but we did not
detect any significant long term trends. The seasonal trend for total dissolved solids (TDS) isa drop in the
fall, fluctuating by about 200 parts per million within a year (Figure 11). The average TDS of the Davidson
Canyon sitesis lower than the Cienegasites. The contribution of Davidson Canyon to baseflows of Cienga
possibly playsa role in creating the lower TDS found at the Cienega site downstream of the Davidson
confluence (Cienega 2) when compared to the site upstream of the confluence (Cienega 1) (Figure 12). The
long term trend isillustrated in Figure 15, comparing the last few years' data with 2002-2003 data. Over the
last eight years, we found that TDS increased slightly at all sites, except for alight decrease at Davidson 2
(Figure 15). The pH and temperature were highest and most similar at Davidson 2 and Cienega 2 (located
below the confluence) (Figures 13 and 14).

Further sampling and water chemistry datais available from the following sources:
e Errol L.Montgomery & Assoc. (EMA) in June 2008 at Cienega 1, Davidson 2 and Davidson 3 and in
October 2008 at Cienega 1, Davidson 2 and Tilted Beds
e PAGsampling results (Test America Lab Work) taken at Davidson 3 in September 2008
e Water Quality Studies Within The Cienega Creek Natural Preserve: Prepared by: David Scalero,

Principal Hydrologist, and Frank Postillion, Chief Hydrologist, Pima County Regional Flood Control
District, Water Resources Division, April 10,2009 (analysis of EMA and PAG lab-work form 2008)

e PAGAQuarterly sampleswere takenin 2002-2003 and a single sample in 2005 for the Unique Waters
study and in 2005 for the Davidson Unique Waters Plan more metals were sampled.

e PAG2002-2003 quarterly samples for isotopes, chemistry and constituent sampling in the Davidson
Cienega Study
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Figure 11. Cienega Watershed - Seasonal Fluctuation of Total Dissolved Solids from January 2007
to June 2009
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Figure 12. Cienega Watershed - Baseline Average Specific Conductivity and Total Dissolved Solids
for 2002 through 2009
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Davidson 3 serves as a replacement for the Davidson 1 site since March 2007. Depending on the site,
readings were measured every 1-3 months, when sites had available flow. No data was collected from

2004-2006.
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Figure 13. Cienega Watershed - Baseline Average pH for 2002 through 2009
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Figure 14. Cienega Watershed - Baseline Average Temperature per Site for 2002 through 2009
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Figure 15. Cienega Watershed — Change in Average Conductivity per Site from 2002 through 2009
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Repeat Photography

PAG continued photographing 21 established photo stopsin FY 08-09. We have created an initial review of
these photo sites to assess the methodology of the program and see if thereis evidence of site morphology,
flow or vegetation change recorded within the images of this large set of baseline data.

In 2006, PAG established repeat photography locations and methodology for documentation and has
modified the methods as needed. In FY 06-07, PCRFCD requested that PAG conduct repeat photography
during quarterly walk-throughs. The collection of photos with a history of recorded site conditions was
assessed in 2006. The site locations, acquired by GPS, are shown in Figure 1. Each photo site location was
selected because historical photos were available and/or because the site had unique features that were
likely to change over time. Additional sites were added so that photos were distributed evenly throughout
the creek. Supplementary photos are taken as needed to show change of conditions or maintenance issues
and are reported as needed in monthly memos to Pima County. Care istaken to photograph at the same
location each time, adjusting the frame slightly if needed to accommodate conditions. The photo sitesare
describedin a spreadsheet that is used as a photo-guide in the field. Photos are stored digitally at PAG and
documentation of the site is stored with each photo. For record keeping, photos are named accordingto a
photo-stop number, description and view direction. They are sorted into files by date.

We reviewed repeat photography and found that site changes that might go unnoticedin the field are often
noticed by comparing historical photos. Therefore, it is advisable to continue regular photography at many
of the sites. The large number of photo sitesdistributed throughout the creek that now have baseline data
is valuable because of the unpredictability of change at each location. Possible improvements to the
program would consist of: a database system that can draw upon photos with queries, an inclusion of
example photosin our photo guide and narrowing down the photos angles taken at each site that best
portray the most information based on the history of photos. We hope to create aweb album during the
coming fiscal year.

Repeat photography is a valuable tool for assessing the change along the creek and for sharing information
with others. For this report, we have selected photos from two sites, which demonstrate how photography
can be used to document the change the stream experiences at particular locations (see photo figuresin
assessment below). In addition to the assessment included in this report, the photos have been useful for
other outreach and research usesand have been shared when requested. Such requests have included
Davidson Canyon photos, Del Lago Dam, the TEP hydroaxe and a series of photos to demonstrate
longitudinal changes along the creek at the headcut.
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Photography Assessment Figures

Vegetative Changes Near Del Lago Dam
Repeat photography at the Del Lago Dam site
on Cienega Creek. These photographs
document the dramatic changesin aquatic
vegetation cover, which took place over atwo
year period. This dynamic transition in cover is
characteristic of the creek at this site. The
September 2008 photograph was taken after a
large flood event, which removed all the
vegetation from the creek. Flow extends well
past the dam in this photograph. In contrast,
the June 2009 photo, shows the creekfilled with
vegetation induding bulrush, rabbitsfoot grass
(exotic) and cattails.

Sept.2008, Cienega Creek upstream from Del Lago Dam

Note:

The tree is highlighted in red, so
that the reader can match the
photographs.

T o
L L ]

June 2009, Cienega Creek upstream from Del Lago Dam
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Scour Pool Below Del Lago Dam

Repeat photography at the Del Lago Dam site on
Cienega Creek. These photographs document dramatic
changesin the geomorphology and fish habitat below
Del Lago Dam. Large floods and seasons where the
creek flows over the dam and flume both bring fish to
thislarge pool habitat. However, the pool diminishesin
dry seasons and with changesin sedimentation, erosion
or flume management.

The November 2001 and December 2008 photographs
shows alarge scour pool, which intermittently becomes
modified and dries up during the dry fall and spring
seasonsin the other photographs.

This seriesis an example of how the angle of the
photograph had to change because of access conditions
in the more recent photographs.

Nov.2001, Cienega Creek at Del Lago Dam

c. 2004,Cienega Creek at Del Lago Dam

Note:

The cliff ledge is highlighted in red, so
that the reader can match the
photograph:s.

Cienega Creek Preserve Monitoring FY 08-09

May 2009, Cienega Creekat DeI Lago Dam
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March 2008, Cienega Creek at Jungle Rd., view upstream

Sedimentation at Jungle Rd.
Repeat photography facing
upstream at the Jungle Road site
on Cienega Creek. In the first and
second photographs the
streambed is covered with
cobbles and the fine sediment has
been winnowed away. Within one
year, a new load of fine sediments
has been deposited on the

streambed, shown in the third
photograph, March 2009.

Note:

The tree is highlighted in red, so
that the reader can match the
photographs.

Cienega Creek Preserve Monitoring FY 08-09

March 2009, Cienega Creek at Jungle Rd., view upstream
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Canopy Cover and Sedimentation at Jungle Rd.

Repeat photography facing downstream at the Jungle Road site on Cienega Creek. This sequence
of photographs illustrates how the creek experiences scouring and sedimentation over time as well
as seasonal changes in vegetation overstory density.

Dec.2004, Cienega Creek at Jungle Rd.

Sept.2008, Cienega Creek at Jungle Rd. - Oct. 2008, Cienega Creek at Jungle Rd.

Note:
The tree is highlighted in red, so that the reader can match the photographs.

Cienega Creek Preserve Monitoring FY 08-09
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Extent of Flow Past Del Lago Dam

Asaspecial request from PCRFCD in 2007, PAG was asked to document the length of flow past Del Lago
Dam. The observations are recorded in Table 5 below and consist of notes on the presence of pools, fish,
flow over the dam or flume and length of flow past the dam. There has always been flow upstream of the

dam in our observations. The notes about the average flow at the USGS gage at the dam reveal little
correlation between gage readings and whether there is flow over the dam or the distance it flows past the

dam.However, the peak flow notes are helpful at explaining the scour and pool presence, which deepens
and fills seasonally (see photosin the above photo assessment of the site for Del Lago Dam scour pool).

The greatest flow length in the last two years was when the flume was left open for several months from
August through September in 2008. After roughly one month of the flume valve being open, the flow

extended all the way to the PS-1 well, 2,200 feet downstream of the dam. The flow extent diminished within
two months after the flume door was closed. At the nearby well site (PS-1), groundwater levels rose to 29.42

feet below land surface when water was released in the summer of 2008, whereas the average depthis
typically 46 to 50 feet bls. The flow also extended downstream of the scour pool during the wet season of
early winter 2009. For a visual explanation of these occurrences, see the Del Lago Dam flow photography

below.

Table 5. Del Lago Dam Flow

Date

Flow Over Dam and
Distance Past Dam Skirt

Scour [ Ponding Notes

Weather f Photo Comments

January-07

Flow over full width of dam

Numerous fish die-off due to diminished pond
below dam

photos available

September-07

Flows into pool below dam
and not out

small pool, 10 feet long x 8 feet wide x 1 foot
deep, no scour, many fish

December-07

Flowing wide over dam

Mo pool noted

photo available

Trickle of flow over dam,

dam and P51

March-08 No pool present, no scour hoto available
ends within 25 feet poote P
Huge peak flow measured at USGS gage at
May-08 Flowing over dam g_ p_ . gag
beginning of April. Gage average at .45 ft.
) Scour pool is immediately after dam skirt and is |USGS gage at dam had lots of peaks in last half
June-08 Flow 10 ft past dam skirt A A
40 feet x 12 feet, murky of May. Rain .04 in. at dam on 5/23.
PS1 well and possibly Dam gage at 0.3cfs to 2 cfs (fluctuations within
July-08 Scour Pool . . i
beyond each day). Several inches of rain this month.
Flow to a point between
August-08 first elbow downstream of |Scour Pool Flume Valve Open - irregular. photos available

September-08

Flowing over dam and
grate. Flow ends at PS1
well (.42 miles [ 2,200 ft
past dam)

Massiuescourpool after dam has formed

Flume valve still open part of this month.
Approx. 5inches rain in the last 30 days. Gage
average at.3 ft. photo available

MNovember-08

Small flow over dam. Mo
flow past scour (within 100
feet of dam).

Large cloudy pool with toads in massive scour
area (~18 feet deep)

photo available

Flowing over dam and

Massive scour pool estimated 200 feet long x 40

Peak on stream gage and rain earlier in month.

from dam skirt

Shrinking pool size with fewer large fish than
prior visit.

D ber-08 |fl te to elb
ecember ume grate 1o elbow feet wide % 15 feet deep, fish present photo available
downstream.
Flow to first elbow (200
( _ Creek flowing heavily over dam and clogged
January-09 yards measured on aerial  [Large pond below dam
flume grate
photo)
Trickle of flow over dam Large scour with pool: 40 feet wide x 60 feet )
March-09 . } A photo available
with no flow past pool long by 15 feet deep, estimation
Greatly diminished and isolated | with fish
April-09 Trickle of flow over dam reatly ciminished and isolated poot with s photos available
below dam
May-09 Nao flow past dam Small isolated pool, murky Gage average at .5 ft, 11cfs. photo available
At a distance of about 25 feet from the dam
skirt, a pool about 25 feet long and 40 feet wide
Pool ends about 50 feet ) - _
June-09 with a depth of 2 feet. Small fish present. photos available

Cienega Creek Preserve Monitoring FY 08-09
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Del Lago Dam Flow Photography Figures

Dead Fish in Dried Dam Scour Pool, January 2007  Flume Valve Open, August 2008
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Head cut Study

The headcut at the railroad horseshoe is being studied through a two-year Arizona Water Protection Fund
Grant (AWPF Grant No. 07-144). PAGis monitoring groundwater levels through two piezometers, measuring
headcut entrenchment, taking repeat photography, monitoring two streamflow sites and assessing habitat
throughrriffle/poal distribution. The erosion impacts have traveled upstream another 1,000 feet this year,
deepening theincision another three feet at the Horseshoe study site, where sediments are in transition.
Reports will be completedin2010.

Wildlife Observations

Over the past two years, we have created a simple informal guide for common speciesin the Preserve, as
part of the habitat study portion of the headcut projects. Observations of flora and fauna below were noted
during quarterly walk-throughs and during the headcut habitat survey in March 2008 and March 2009.

Pool habitats were present at various locations along Cienega Creek during each quarterly walk-through this
year. The native threatened and endangered fish and frog species observedin these poolsand other
flowing reaches consist of Gila Topminnow, Gila Chub and Lowland Leopard Frog. We did not see or hear
Bullfrog within the creek (an invasive species). Longfin Dace is the most commonly sighted native fishin
lower Cienega Creek.

The dominant native vegetation includes an overstory of Cottonwood, Goodding Willow, Mesquite and Ash,
and an understory of Coyote Willow, Cattail, Bulrush, Horsetail, Canada Wildrye, Desert Broom and Deer
Grass. There are only afew Sycamore trees along the creek. Invasive and exotic vegetation species
commonly seen along lower Cienega Creekinclude Johnson Grass, Rabbitsfoot Grass, Tamarisk and
Buffelgrass. We have not seen the Huachuca Water Umbel, the endangered plant species that is found in
upper Cienega Creek.

We also commonly see coatimundi, javelina, deer, hawks, barn owls, heron and reptiles. In the past few
years, we have seen mountain lion and bear and bobcat tracks.

Drought Watch

In 2008, PAG began contributing Cienega monitoring data to the Local Drought Impact Group. On a
quarterly basis, we upload monthly reports on the impact and trends of drought on lower Cienega Creek to
the Web ssite: http://azdroughtwatch.org/ . For each of the categories of groundwater and streamflow, we
are asked to report the presence of drought impacts and whether the trend is ‘better’ or ‘worse’. Flow extent
data are reported within the quarter they are collected. Marsh Station serves as the streamflow site. Three
wells (Cienega, Jungle and Empirita 2) are used for groundwater analysis for this reporting system. These
wells were selected because they have similar response times to precipitation, they are consistently
accessible and they have a set of historic monthly data available. Data from all of the well sites are averaged
for the analysis.

To determine whether there are drought impacts, we compare the monthly data to the water levelsseenin
pre-drought years. We consider 2003 through 2007 to be the drought years and 1994 through 2002 the pre-
drought years. To assess the trend of these impacts, we compare to data one year prior instead of one
month prior, to account for seasonal changes. For example, during our monthly monitoring, if stream
volume has decreased, flow extent has decreased or groundwater levels become lower when compared to
the level that it was at one year prior, we submit a record of worsening trend.
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PAG data clearly shows the presence of drought. Since 2002, Cienega groundwater levels have been
approximately five feet lower than the pre-drought average. Throughout the first half of FY 08-09, the
presence of drought impact was reported for every month with the trend improving for most months.
Beginning in March 2009, the trend for the remaining months of the fiscal year was mostly worsening. The
largest impacts of drought for our dataset were found during FY 04-05. The gradual drying trend in Cienega
flow lengths since 1984 (Table 4) is probably due in part to the current drought, but we cannot rule out all
other contributing factors, such as water withdrawals from nearby wells or upstream land uses.
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