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Abstract

The water in Sycamore Creek is currently of unknown origin; this study will look at possible
sources for the water. After visiting the site, it was found that there is downhill flow in
Sycamore Creek; it is not standing water. This topic is of importance to the San Diego River
Conservancy because Sycamore Creek drains into the San Diego River and the origin of the
water is currently unknown. There are three probable sources for the water: Santee Lakes, Ray
Stoyer Water Recycling Facility, and groundwater, however other sources cannot be ruled out.
The methods used in this study will be onsite sampling and laboratory analysis. The laboratory
analysis will be looking at the composition of the water, including but not limited to: pH,
salinity, electrical conductivity, and isotopic ratios. A scientific interpretation will be made
based on the data I collect from the samples.

Introduction

The watershed investigated in this study is the Santee - EI Monte groundwater basin. The main
tributary streams of this watershed are San Vicente, Forester, Los Coches, and Sycamore Creek
[1]. The watershed is approximately 116 square miles in area and drains into the San Diego
River. San Vicente and El Capitan Reservoirs are on the east end of the watershed and Mission
Gorge is on the west end. The dams on San Vicente and El Capitan limit stream flow in the
basin and control the hydrology of the watershed. Precipitation runoff, baseflow discharge, urban
runoff, and wastewater discharges contribute to the surface water flow of the basin. The surface
water flow leaves the basin and enters Mission Gorge through a narrow bedrock constriction.

Santee Lakes consists of seven lakes that act as a water filtration system for the Padre Dam [1].
Sycamore Creek is located west of the Santee lakes, in between the lakes and the residential
housing. The Padre Dam operates the Ray Stoyer WRF and offers the recycled water to nearby
customers and Santee Lakes Recreation Preserve [2]. The water used by the customers is
primarily for irrigation and dust control at the nearby landfill. However, the water that is not
sent to reuse sites is discharged into Santee Lakes and eventually flows into Sycamore Creek;
discharge that flows into the creek is regulated under a National Pollutant Discharge Elimination
Systems (NPDES) permit [2]. According to a document released by Padre Dam, Sycamore creek
is a tributary to the San Diego River and excess recycled water from Ray Stoyer WRF is
discharged into Sycamore Creek [2]. This excess water could be contributing to the water in
Sycamore Creek.
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Fig. 1a. The image above shows the area of study. There are seven lakes in Santee Lakes, with Lake 7 being the
most northern and Lake 1 the most southern. Sycamore Creek is to the west of Santee Lakes and the Groundwater
Well is located at the Padre Dam Water Recycling Facility. There is a culvert to the west of Lake 1 that was
sampled along with the creek and lakes.

San Diego River Conservancy removed invasive plants from Sycamore Creek and noticed that
there was water in the creek, after the plants had been removed. The origin of this water is
currently unknown to SDRC. Upon visiting Sycamore creek, Julia Richards of SDRC showed
me and Dr. Eylon Shamir and Dr. Rochelle Graham, of the Hydrologic Research Center, the area
where non-native species had been removed. We walked along the stream to one of the most
southern pools as well as the most northern pool that was easily accessible. This trip allowed us
to see the site and get a better sense of what we were working with, however samples were not
taken until the second trip. During the time between the first and second trip | purchased an
Extech EC500 meter, 30ml collection jars, NaCl for calibrating the probe, and drafted a sampling
protocol. The meter measures pH/Conductivity/TDS/Salinity/Temperature and is rated for a
sensitivity of £2% error [3]. | built a sampling device that consisted of a telescopic pole and



strings on the end which could hold the 30ml collection jars. Two samples were taken at each
location, one sealed immediately and taken back to the lab at CSUSM for isotopic analysis and

the other sample used for the hand held meter measurements.
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Fig. 1b. Topographical map of geography near Santee Lakes.

The sampling trip was scheduled for November 23", 2015, and Rochelle Graham and | met with
Julia Richards at the Padre Dam. The goal for finding sample locations was to have samples
from the most northern and southern portions of the lake and creek while also sampling from

areas that were generally along the same latitude.

The first site we took samples from was the groundwater well located on Padre Dam’s property.
Next Rochelle and | walked to the most northern lake, Lake Seven, and collected a sample. A
sample was then collected from the northern portion of the creek where water was visible. Then
we sampled the lakes, choosing to sample from lakes five, three, two, and one. After sampling
the lakes we returned to the creek and headed to the southern portion. Along the way we noticed
a culvert, located west of lake one, that had a large pool of standing water at its entrance. This
water was not moving at all, unlike most of the creek water, and appeared to be a drainage outlet
from either nearby residential storm water systems or the Padre Dam. Samples were collected



from the culvert and then from the most southern pool, located west of lake one. The next
sample taken from the creek was located west of the lakes and situated between lakes one and
two. The last sample was taken in the creek underneath the bridge, west of lake two.

Literature Review

Isotope Hydrology, A Study of the Water Cycle, is a text book written by Joel R. Gat that covers
topics in hydrology where isotopes can be contribute valuable data [4]. Chapter 3 covers Isotope
Fractionation and how it can be applied to hydrology. Different isotopes have properties unique
to the atom or molecule such as rates of motion, frequencies of inter-molecular vibrations,
rotations, and stability of chemical bonds. The term “isotopic fractionation” refers to any
situation where changes in isotopic abundances result. The processes that change isotopic
abundances are all mass-dependent effects and this causes each isotope to have different rates of
change. Evaporation can cause isotope fractionation because heavier isotopes evaporate slower
than lighter isotopes. Isotope fractionation caused by evaporation can be used to determine
whether a body of water is connected to another and has undergone evaporation [4].

A study conducted by B. Le Bot titled Using and interpreting isotope data for source
identification examined the principal uses of stable-isotope analysis for tracing origins or sources
[5]. Many fields of study were examined, including hydrology. They found that for isotope data
interpretation, statistical methods used were dependent on the field of study. In hydrology,
isotope measurements are used to provide data about groundwater quality, geochemical
evolution, recharge processes, rock-water interaction, and the origins of salinity and
contamination. Scatter plots are used to assess the contributions of various sources to a mixture
which is usually seen in hydrologic studies. Most of the studies were exploratory and the data
interpretation methods were not dealt with in detail [5].

|sotopic tracers

Field Objective used Ref.
Hydrology Origin of groundwater 813C, 8°H, 6180,  [45], [46], [47]. [49] and [87]
TSH®Sr, 574
Pb
Sources of salinization ~ §**S, 5B [88] and [89]
Sr¥Egr 570
Plant water sources &H, 5'%0 [50]
Sources of river water  &°H, 8'°0 [73]
Sources of fog drip &°H, 8'°0 [90]

Fig. 2. Table shows which isotopes are used in each area of study within Hydrology [5].

Y. Liu and a team from China studied water source identification in the Heishui Valley during
the dry season [6]. Their studied, titled Spatio-temporal variation of stable isotopes of river
waters, water source identification and water security in the Heishui Valley (China) during the
dry-season, found that the glacial and early snowpack melt-water was isotopically
distinguishable from the precipitation and river water. They collected samples from the river at



different locations and showed that both Deuterium and 2O spatially varied among the
tributaries [6].
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Fig. 3. Above plot shows relationship between tributary waters, groundwater, and glacial meltwater and the local
meteoric water line [6].
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Fig. 4. The plot above shows spatial variations of ?H (a) and 80 (b). Sampling sites A, B, E, H, F, I, and K were in
the outlets of their tributaries [6].

A study led by A. Horst looked at stable isotopes to discover different sources of groundwater
and mixing processes, titled Estimating groundwater mixing and origin in an overexploited
aquifer in Guanajuato, Mexico, using stable isotopes (strontium-87, carbon-13, deuterium and
oxygen-18) [7]. They found that Deuterium and 80 are affected by evaporation and mixing
processes.

Methods

Isotope Hydrology is a comparatively new area of study which combines a method from nuclear
physics for the detection of isotopes and applies it to hydrology. In hydrology, the primary
isotopes investigated are Hydrogen and Oxygen which make up the water molecule. The
isotopes investigated in this study will be the ratio of Hydrogen (*H) to Deuterium (*H) and
Oxygen 16 (*°0) to Oxygen 18 (*20) [8]. While isotopic ratios are the main parameters being
studied, data has also been collected on other measureable parameters including pH, salinity, and
electrical conductivity.

The instrument being used to take isotopic measurements is a Picarro L2120-1 infrared
spectrometer. The measurement technique used by this instrument is known as Cavity Ring-
Down Spectroscopy (CRDS). H20 has a unique near-infrared absorption spectrum that consists
of narrow and distinct lines each at a characteristic wavelength. Because these lines are well
known, the concentration of any sample can be determined by measuring the strength of
absorption. In conventional infrared spectrometers, measurements are typically limited to the
parts per million. CRDS avoids this limitation by using an effective pathlength of many
kilometers. This enables gases to be measured in seconds or less at the parts per billion levels,
and some gases at the parts per trillion levels [9].

Picarro’s CRDS system uses a single frequency laser diode to power a beam that enters a cavity
consisting of three high reflectivity mirrors. The three mirror system supports a continuous
traveling light wave as opposed to two mirror systems that support a standing wave. When the
laser is turned on, the cavity fills with a circulating laser beam. A photodetector senses the small
amount of light leaking through one of the mirrors to produce a signal that is directly
proportional to the intensity in the cavity [9].

Once the photodetector reaches a threshold level, the laser is abruptly turned off. The light
continues to bounce around the cavity, about 100,000 times, but because the mirrors are slightly
less than 100% reflectivity, the light intensity inside the cavity decays to zero. The exponential
decay, or ring down, is measured in real time by the photodetector. The amount of time it takes
for the ring down to happen is determined by the reflectivity of the mirrors for an empty cavity.
The Picarro cavity is only 25 cm in length, but the effective pathlength within the cavity can be
over 20 km [9].
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Fig. 5a. Picarro CRDS analyzer showing how a ring down measurement is carried out [8]. Fig. 5b. Light intensity as
a function of time in a CRDS system with and without a sample having resonant absorbance [9].

If a gas that absorbs laser light is introduced into the cavity, a new loss mechanic is introduced
by absorption. This speeds up the ring down time compared to a cavity without any gas. The
instrument makes measurements by comparing the ring down time for a cavity when there is no
absorption and when the gas is absorbing. The instrument is able to target a certain gas by using
a laser whose wavelength can be tuned, instead of removing the gas from the cavity. By tuning
the laser to different wavelengths where the gas absorbs light, and where the gas does not absorb
light, the cavity only ring down time can be compared to the ring down time when the target gas
is contributing to the optimal loss within the cavity [9].

The Picarro instrument is able to turn this raw data into isotopic concentrations by measuring and
controlling laser wavelength, sample pressure, and temperature. The sample cavity is surrounded
by layers of thermally insulating material as well as a solid state heating system locked to the
output of a thermal sensor. The sample pressure is sensed using a high linearity pressure
transducer. The pressure data is used in a feedback loop to control the proportional valves that
adjust the inlet and outlet gas flow of the cavity [10].

The analyzer measures
or controls the following:
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Fig. 7. The wavelength, temperature, and pressure are precisely controlled, and the time based ring down
measurement accurately determines the isotopic concentration [10].

The Picarro L2120-i instrument makes measurements of ¥0/*0 and ?H/*H by quantifying the
absorption associated with ro-vibrational lines of H**OH (7183.59cm™), H®OH (7183.69), and
H80%H (7183.97) [11].

The Extech EC500 has two electrodes it uses for measurements. The flat surface electrode on
the tip of the meter is used for pH measurements while the two electrodes 4 cm apart is used to
measure Conductivity/TDS/Salinity.

The pH meter makes a measurement by using a pH sensitive electrode, a reference electrode, and
a temperature measurement. The pH electrode is made of a specially formulated pH sensitive
glass that when it comes in contact with the solution a potential voltage is produced that is
proportional to the pH of the solution. The reference electrode is designed to maintain a constant
potential at any given temperature, and serves to complete the pH measuring circuit within the
solution. This measurement provides a known reference potential for the pH electrode. The
difference in the potentials of the pH and reference electrodes provides a millivolt signal
proportional to the pH [12].

The conductivity electrode makes measurements by means of an amperometric method that uses
two electrodes spaced by a given distance. A known voltage is applied between the electrodes
and the current is measured. By using Ohm’s law, I1=V/R, and knowing that conductivity is the
inverse of resistance a measurement can be made; the higher the measured current, the higher the
conductivity [13].

Field sampling was implemented in this study and samples were taken from eleven locations.
Samples were collected from five of the seven lakes at Santee Lakes, five samples were taken
from Sycamore Creek, and one sample was taken from the groundwater well at Padre Dam.
Samples were taken on November 23, 2015, and were taken to Dr. Dominguez’s laboratory the
same day for isotopic analysis. Measurements using the Extech EC500 probe were taken in the
field and recorded.

Isotope fractionation is the process that contributes to the relative abundance of isotopes. In this
study | focused on the stable isotopes of Oxygen and Hydrogen. Isotope fractionation can be
measured by isotope analysis and can give excellent information that is needed to understand
natural systems. Isotopic fractionation factor can be calculated by finding the ratio of heavy to
light isotopes, 2H/*H or 80/*®0. The process that contributes to isotope fractionation that 1 am
mainly focusing on in this study is evaporation. Evaporation causes the lighter isotopes to
evaporate quicker because there is less activation energy needed for evaporation. This leaves the
water enriched in the heavier isotopes [4].



To calibrate the Extech EC500 probe | purchased Sodium Chloride (NaCl) from Fisher
Chemical. 1 used the equation 1 gram of NaCl in 1 kilogram of water will create a salinity of
1,000 ppm. 1 used the conversion factor of 1 liter of distilled water weighs 1 kilogram [14].

Salt in grams Salinity Measured Salinity Eexpected Error
0 0 ppm 0 ppm 0%
0.10 206 ppm 200 ppm 3%
0.20 401 ppm 400 ppm 0.25%
0.30 603 ppm 600 ppm 0.5%
0.40 797 ppm 800 ppm 0.375%

Calibration of Salinity Probe

Table 1. The table shows the data used in my probe calibration.
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Fig. 8a. Extech EC500 probe [15]. Fig. 8b. The plot shows the linear line of Salinity vs Salt that is expected.

The Extech EC500 is rated at a +2% error and all but one of the samples fell within the given

range.

Results

The results of the isotopic analysis are shown below. Each sample was run through the
instrument three or four times to ensure accuracy. The data was then imported to Matlab and the
weighted averages and weighted errors were found for each sample. The lake samples all nearly
fit onto a linear line which is expected for isotopic fractionation.

Sample Name

Measured A180

Measured A%H

Groundwater -5.7774 £ 0.1182 -18.9070 £ 0.4789
Northern Lake (Lake 7/7) -6.4537 + 0.1326 -39.0358 + 0.5740
Northern Creek -2.9762 + 0.1233 -1.9057 + 0.5506

Lake 5/7 -4.4509 + 0.1245 -27.4864 + 0.5613
Lake 3/7 -2.0600 + 0.1192 -17.8961 + 0.4310
Lake 2/7 -0.9229 + 0.1217 -10.7578 £ 0.5427




Southern Lake (Lake 1/7) 0.8557 + 0.1323 -2.3853 £ 0.5217
Culvert -4.6649 + 0.1124 0.8765 + 0.5890
Southern Creek 0.7001 + 0.1227 -1.7179 £ 0.5263
Creek Between Lake 1&2 -1.8633 £ 0.1232 -7.2925 + 0.5400
Creek Under Bridge -2.0946 + 0.1212 -8.3468 + 0.4902

Table 2. Table shows results of Picarro L2120-1 isotopic analysis.
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samples. This was done to show their vertical error bars.

The Global Meteoric Water Line is an equation defined by geochemist Harmon Craig that shows
the relationship between hydrogen and oxygen isotope ratios in natural terrestrial waters [16].
The slope of the GMWL is 8 and represents the isotopic fractionation caused by evaporation.
This line is based on precipitation data from locations around the globe. Local Meteoric Water
Lines are derived from local precipitation data and are usually £0.5 fom the GMWL; however
slopes of 5 to 9 are not uncommon [17]. The slope of this line is 8 and shows that the lakes are

consistent with natural isotopic fractionation.
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north the sample is.

Sample Name pH TDS mg/L Conductivity | Salinity ppm | Temperature
micro S/cm Celsius

Groundwater 7.89 1170 1694 820 19.9
Northern Lake 9.12 1020 1460 720 18.3
(Lake 7/7)

Northern Creek 7.35 2100 3010 1540 18.3
Lake 5/7 8.74 1088 1052 778 20.4
Lake 3/7 8.1 1215 1740 870 20.6
Lake 2/7 8.33 1278 1836 921 18.6
Southern Lake 8.84 1344 1930 972 19.6
(Lake 1/7)

Culvert 7.13 285 408 190 19.3
Southern Creek 8.38 1374 1970 994 19.8
Creek Between 7.68 1440 2070 1030 18.4
Lake 1&2

Creek Under Bridge | 7.6 1312 1883 950 18.2

Table 3. Table shows results of Extech EC500 field measurements.
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Fig. 11. The plots above show the results of the Extech EC500 measurements. TDS, Conductivity, and Salinity all
have similar plots because the probe uses conductivity measurement and a scaling coefficient to calculate TDS and
Salinity. Salinity and Conductivity have been graphed on the same plot. Samples four, five, six, and seven are all
lake water and almost fall onto a linear line for the TDS/Salinity measurements; this confirms that they are the same
body of water undergoing evaporative processes.

The data from the Extech EC500 was recorded at the site of each sample and was inputted into
Matlab for graphical analysis. The error was calculated based on the +2% error provided by the
manufacturer.

Discussion

Sample Name Sample Number Geographic Location and
Notes

Groundwater 1 Padre Dam facility, most
southern sample taken

Northern Lake (Lake 7/7) 2 Most northern lake in the
Santee Lakes recreational area

Northern Creek 3 Most northern creek sample,
directly west of Lake 5/7




Lake 5/7 4 Second most northern lake
sample

Lake 3/7 5 Below midpoint of Santee
lakes, first southern sample

Lake 2/7 6 Second southern lake sample

Southern Lake (Lake 1/7) 7 Most southern lake in Santee
Lakes rec area

Culvert 8 Drainage area with large
concrete opening, west of
Lake 1

Southern Creek 9 Most southern creek sample,
directly west of the midpoint
in Lake 1

Creek Between Lake 1&2 10 Second southern creek sample,
west and between Lakes 1&2

Creek Under Bridge 11 Located west of Lake 2 and
north of sample 10

Table 4. The table above shows sample name, sample number, geographic locations and notes.

SSsample 2, Northern Lake (Lake 7/7)
=_6.4537+0.1326

Sample 3, Northern Creek
180 =2 9762+ 0.1233
*H = -1.9037 £ 0.5506

Sample 11, Creek Under Bridge
180 =-2.0946 £ 0.1212
TH = -8 3468 + 0.4902

150 =-0.9229+0.1217
2H=-10.7578 £ 0.5427

Sample 10, Creek Betwee
§A180 = -1.8633 £ 0.1232

Ysample 1, Groundwater &
180 =_5.7774 +0.1182
ZH =-18.9070 + 0.4789

Fig. 12. The above image shows where samples were collected and their measured isotopic ratios.




The slope between the groundwater sample and the northern creek is close to 6; this is near the
slope of the GMWL. This could be seen as evidence that the northern creek is groundwater that
has undergone evaporation. Samples ten and eleven (creek between lake 1&2 and creek under
bridge) show characteristics that they could be a mixture of the northern creek water and the lake
water. If lake and creek water were mixing, the isotopic ratio of that sample would be an
average of the two. The averaged isotopic ratios of sample three, five, and six (Northern creek,
lake 3/7, lake 2/7) would give samples that look very closely to that of samples ten and eleven.
Samples ten and eleven also have very similar conductivity to the lake samples. The geographic
locations of these samples support this evidence as well. Samples seven and nine (southern lake
and southern creek) have very similar isotopic ratios and conductivities. These samples were
taken at nearly the same latitude and there was a very large pool of water in the southern creek.
Sample nine also has very similar conductivity to samples five and six. Sample eight (culvert)
has characteristics that are completely standalone and is evidence that this water is either from
storm water or municipal water; it looks very close to rain water. The evidence seems to show
that water from lakes is making its way into the creek, especially water from the southern lake.

My scientific conclusion, based on the evidence | have gathered throughout the project, leads me
to believe that the creek is a mixture of groundwater and lake water. To confirm my idea that the
northern creek water is coming from groundwater, more samples must be taken in the northern
portion of the creek to see if they fall along the same slope line with the groundwater. If this is
found to be true, this could be seen as a confirmation that the northern creek water is
groundwater that has undergone evaporation. My conclusion that lake water is entering the
creek is because the further south the samples were collected, the closer they began to look like
lake water as opposed to the northern creek water. Sample 9, the southern creek, was almost
identical to sample 7, the southern lake. Natural evaporative processes could not cause the
isotopic ratios that were measured in samples 10 and 11 without other water mixing in. These
measurements are evidence that lake water is mixing with the creek water.

I believe that the next step in this project is to acquire more information about the site. Samples
should be collected from every lake and from several corresponding geographic locations inside
the creek for further isotopic analysis. | would like to learn where Padre Dam discharges water
into the creek; although it is seasonal and could not account for year round flow. I also think it
would be interesting to travel as far north as possible in Sycamore Creek to see if there is water
flow at the base of the mountains it runs though. When viewing in Google Earth, there is a lot of
vegetation that can be seen inside the creek. This vegetation covers a couple miles north of
where samples were taken. It was difficult to detect water, in the northern portion of the creek
we visited, because of the amount of vegetation. There are plenty of areas in the creek located
west of lakes 3-7 with large amounts of vegetation that could be used for sample sites. If this
vegetation were removed, similar to the removal project on the southern creek, more water
would travel to the surface and could be used for testing. Another direction that could be useful
is to conduct a chemical tracer test to confirm the idea that lake water is entering the creek.
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