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SAN PASQUAL HYDROLOGIC SUBAREA

Geologz

The San Pasqual hydrologic subarea lies entirely within the
Peninsular Range Province. Crystalline rocks of the southern California
batholith are exposed in or underlie the entire subarea (fig. 23).

The most extensive rocks are granodiorites which cover slightly
over 50 percent of the subarea. These rocks are resistant to weathering
and form prominent hills and ridgetops.

Green Valley Tonalite is exposed in approximately 30 percent of the
subarea. Green Valley Tonalite is not resistant to erosion and forms
deeply weathered lowlands and hilly topography, especially in the vicinity
of faults. Green Valley Tonalite may weather to several hundred feet in
depth, forming a material known locally as residuum, or decomposed
granite (DG). These deeply weathered exposures occupy 1,550 acres, or
slightly over 8 percent of the subarea.

Small exposures of gabbro and diorite and metamorphic rock occur as
scattered remnants or roof pendants within the more extensive crystalline
rocks of the subarea. In some instances these rocks, particularly the
gabbro, are deeply weathered and resemble weathered outcrops of Green
Valley Tonalite.

Quaternary alluvium stretches across the southern half of the San
Pasqual hydrologic subarea. Three smaller alluvium-filled valleys join
the main valley from the northwest, northeast, and south. In total,
alluvium covers almost 15 percent of the subarea.

Soils

There are three major soil associations within the San Pasqual
hydrologic subarea. Fallbrook-Vista and Cienba-Fallbrook soils are
found in upland areas. Visalia-Tujunga soils are found in the valley
floor (fig. 24).

Soils of the Fallbrook-Vista association have developed along the
western edge of the subarea and near San Diego Wild Animal Park. This
association is characterized by Fallbrook and Vista soils, between
1.5 to 4 feet thick, and shallow Cienba soils, generally less than
1.5 feet thick. Deep soils are atypical of this association and only
small areas of Ramona soils, developed over weathered tonalite, attain
thicknesses greater than 5 feet. Infiltration capacities are high to
moderate throughout most of the Fallbrook-Vista association, ranging
from 0.6 to 2.0 in/h for Fallbrook soils, to 20 in/h for Cienba soils.
Ramona soils are characterized by a clay hardpan at a depth of 1.5 feet;
consequently, infiltration rates for Ramona soils are poor and range
between 0.2 to 0.6 in/h.
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EXPLANATION

QUATERNARY
Alluvium (Holocene)

CRETACEOUS
Undifferentiated grano-
diorites and Leuco-
granodiorites
Green Valley tonalite

Green Valley tonalite,
deeply weathered
JURASSIC
Undifferentiated gabbros
and diorites
Hybrid and undifferentiated
metamorphic rocks

HYDROLOGIC SUB-
AREA BOUNDARY

CONTACT

1 2 MILES

DT-Q

FIGURE 23.--Generalized geology of the San Pasqual

hydrologic subarea.
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tion rates, the underlying
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accept and transmit large
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E:l VISALIA-TUJUNGA--Thick
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high water table
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The Cienba-Fallbrook association has many of the same soils as
the Fallbrook-Vista association, but in different proportions. Shallow
Cienba soils developed over granodiorite dominate this association.
However, small areas of Fallbrook and Vista soils have developed over
exposures of tonalite and gabbro.

Limitations on applying reclaimed water to upland soils are soil
thickness and the ability of the underlying soil profile and geology to
accept, filter, and transmit water. Presently, many agricultural areas
in the uplands are able to transmit irrigation return water from hillside
avocado groves only through shallow circulation and subsurface discharge
to springs. If this were reclaimed water, there could be health hazards
associated with viruses not killed by wastewater treatment processes or
removed by limited soil contact. Proper choice of application sites,
methods, rates, and amounts should minimize shallow circulation and
surface discharge of reclaimed water, thus minimizing health concerns
associated with reclaimed water use on upland soils.

Soils of the Visalia-Tujunga association have developed over the
alluvium. All soils within this association are greater than 5 feet
thick. 1In general, infiltration capacities are high and range from
2.0 to 6.3 in/h for Visalia soils, to greater than 20 in/h for Tujunga
soils. Small areas of Ramona soils are also present in the Visalia-
Tujunga association, particularly where alluvial fill is thin. The
primary limitation on application of reclaimed water to soils of the
Visalia-Tujunga association is a high water table, within several feet
of land surface much of the year.

Surface Water

Streamflow Characteristics

Streamflow data are summarized in table 7, and the locations of
stream gages are shown in figure 25. Streamflow into the San Pasqual
hydrologic subarea is from Santa Ysabel, Guejito, Santa Maria, and
Cloverdale Creeks. A small amount of streamflow originates as springs
in uplands of the hydrologic subarea. All surface-water flow leaves the
hydrologic subarea through the San Dieguito River at San Pasqual Narrows.

Santa Ysabel Creek is the largest stream, draining 128 mi? of
largely undeveloped land above the San Pasqual hydrologic subarea.
Large parts of its watershed are within Cleveland National Forest and
several Indian reservations. Streamflow in Santa Ysabel Creek has been
regulated since July 1954 by Sutherland Reservoir, which has a capacity
of 29,680 acre-ft, and may further be controlled by the proposed Palmo
Dam, which will have a capacity of 30,000 acre-ft and an average annual
yield of 8,500 acre-ft.
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TABLE 7.--Summary of flow data for the San Pasqual hydrologic subarea

[UsGS, U.S. Geological Survey]

Maximum discharge

Median number of for
Drainage Annual discharge days with flow period of record
USGS Period of area average median greater than instantaneous annual
Station name No. record (mi?) (acre-ft) 0.1 ft3/s (ft3/s) (acre-ft)
Santa Ysabel 11025500 02-1912 to 02-1923 112 14,900 3,912 180 28,400 149,000
Creek near 10-1943 to 09-1981
Ramona!
Santa Ysabel 11026000 12-1905 to 09-1910 128 5,000 507 102 12,500 29,700
Creek near 03-1911 to 09-1912
San Pasquall 204-1947 to 11-1955
04-1956 to 03-1980
Guejito Creek 11027000 12-1946 to 09-1981 22 2,110 290 148 3,940 23,900
near
San Pasqual
Santa Maria 11028500 11-1912 to 09-1920 58 4,050 145 53 15,200 43,500
Creek near 10-1946 to 09-1981
Ramona
San Dieguito 11029000 204-1947 to 04-1956 250 31,610 0 0 33,600 314,500
River near 05-1956 to 09-1965

San Pasquall

1Flow in stream has been regulated since July 1954 by Sutherland Reservoir which has a capacity
of 29,680 acre-ft. There are additional small diversions above the station.

“Records compiled for irrigation season only.

3Based on one flow event in 1958.
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‘ STREAM-GAGING STATION

U. S. G. S, NUMBER STATION NAME

1 11025500 Santa Ysabel Creek near
Ramona, California
2 11026000 Santa Ysabel Creek near
San Pasqual, California
3 11027000 Guejito Creek near
San Pasqual, California
4 11028500 Santa Maria Creek near
Ramona, California
11029000 San Dieguito River near
5 San Pasqual, California
A INSTANTANEOUS DISCHARGE MEASUREMENTS--

At Cloverdale Creek near San Pasqual, California

SN HYDROLOGIC SUBAREA BOUNDARY

— e vEm—— -

DRAINAGE BASIN BOUNDARY

FIGURE 25.--Location of stream-gaging stations in the San Pasqual hydrologic subarea.
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Santa Ysabel Creek near San Pasqual typically flows 102 days during
the year and median annual discharge is 510 acre-ft. Maximum annual
flow in Santa Ysabel Creek was 29,700 acre-ft in 1979. Data for Santa
Ysabel Creek near Ramona (table 7) indicate Santa Ysabel Creek may
actually flow for a much longer period each year, and may discharge as
much as 3,900 acre-ft of water annually. However, these data reflect
natural flow regime before completion of Sutherland Dam, and a generally
wetter period of record.

With respect to median annual discharge, Guejito Creek is the
second largest stream in the hydrologic subarea. Guejito Creek near San
Pasqual drains a largely undeveloped watershed of 22 mi2, with flow
unregulated except for several small diversions. This stream flows about
148 days each year (median value) and has a median annual discharge of
290 acre-ft. Maximum annual flow from Guejito Creek was 23,900 acre-ft
in 1978, almost as much as the maximum annual flow from Santa Ysabel
Creek.

Santa Maria Creek drains a largely agricultural watershed of 58 miZ.
Streamflow is unregulated except for several small diversions. Although
the drainage area is much larger than that of Guejito Creek, flows in
Santa Maria Creek are dampened by another ground-water basin farther
upstream. Santa Maria Creek near Ramona flows about 53 days each year
(median value) and in many years it does not flow at all. Median annual
flow from Santa Maria Creek is 145 acre-ft and the maximum annual flow
was 43,500 acre-ft in 1916.

Cloverdale Creek drains an 18 mi? agricultural watershed. Stream-
flow is unregulated and ungaged. Irrigation return water from hillside
avocado groves has turned Cloverdale Creek into a perennial stream.
Instantaneous discharge measured on November 24, 1981, and March 25, 1982,
was 2.0 and 3.6 ft3/s, respectively. This water was primarily irrigation
return water, and will be discussed in the section on recharge.

Median annual surface-water flow into the hydrologic subarea,
excluding Cloverdale Creek, is about 940 acre-ft. In a typical year, no
surface-water flow leaves the subarea. In wet years and during floods,
enough surface water is available to provide flow in the San Dieguito
River at San Pasqual Narrows. Because the period of record includes
years 1946-77, the driest period in the last 400 years (Larry Michaels,
San Diego County Water Authority, written commun., 1982), estimates of
streamflow characteristics may be low.
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Surface-Water Quality

Historical water-quality data for Santa Ysabel Creek below Sutherland
Dam from 1956-81 are summarized in table 8. No discharge data are
available to determine the relation between water quality and discharge,
and to separate baseflow from stormflow. However, minimum concentrations
given in table 8 probably reflect quality of stormflow, and maximum
concentrations probably reflect quality of baseflow. Throughout the
period of record, water in Santa Ysabel Creek has been a mixed type,
dominated by bicarbonate on the anionic side; relative concentrations of
dissolved species have remained constant. Historical water-quality data
are not available for Guejito, Santa Maria, or Cloverdale Creeks.

Surface-water-quality data for the San Pasqual hydrologic subarea
were collected in 1981-82. Two samples were collected from Santa Maria,
Guejito, and Cloverdale Creeks, one in autumn to reflect baseflow, and
another during the recessional flow of a late spring storm. Only one
sample was collected from Santa Maria Creek, as there was no flow in
autumn 1981. Dissolved-solids concentrations were lowest in Santa Ysabel
and Guejito Creeks, 321 and 366 mg/L, respectively, and were highest
in Cloverdale Creek, 1,040 mg/L. Santa Maria Creek had an intermediate
dissolved-solids concentration of 734 mg/L. Water was a mixed type in
all streams. However, water from Cloverdale and Santa Maria Creeks was
dominated by sodium chloride and bore a strong resemblance to imported
water. Water from Santa Ysabel and Guejito Creeks was well mixed on the
cationic side, but dominated by bicarbonate on the anionic side. No
stream seems to contribute large amounts of sulfate to the hydrologic
subarea. Water-quality analyses are listed in appendix A.

TABLE 8.--Summary of water-quality data for Santa Ysabel Creek
below Sutherland Dam, 1956-81

[<, less than; --, no data]

Number of
observations Minimum Median Maximum
Instantaneous
discharge-«--------- ft3/s-- 0 -- -- --
Specific conductance
pmho/cm at 25°Ce-mmcmmmeunn 41 260 480 642
123 B e 40 7.0 8.4 10
Dissolved solids---~--- mg/L-- 39 180 306 406
Sodium----~-ococeuo- mg/L-- 41 17 38 160
Calcium---c-ccncocaaauo mg/L-- 41 22 32 100
Magnesium--«---w--c---- mg/L-- 41 5 15 31
Chloride-=---wmmecaaun. mg/L-- 4] 19 49 140
Sulfate~w-meccccmcaacna mg/L-- 41 5 36 360
Alkalinity as CaCO3-~---mg/L-- 36 85 130 157
BOron---weeeomamaccaouo ug/L-- 10 <10 90 220
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Ground Water

Crystalline Rocks

Granodiorite and much of the Green Valley Tonalite are weathered to
only a shallow depth, but may have fractures which can yield small
quantities of water to wells. In the San Pasqual area, well yields from
fractured crystalline rocks are as high as 15 gal/min, but typically
less than 2 gal/min. Specific capacities for wells in fractured crystalline
rocks of the San Pasqual subarea are less than 0.04 (gal/min)/ft of drawdown.

Residual Aquifer

Deeply weathered exposures of Green Valley Tonalite form the residual
aquifer. Water-yielding characteristics are summarized in table 9. In
the San Pasqual subarea, well yields are as high as 600 gal/min and the
median yield is 40 gal/min. Specific capacities for wells in weathered
tonalite are as high as 0.7 (gal/min)/ft of drawdown with a median value
of 0.4 (gal/min)/ft of drawdown. In addition to surface exposures, drillers’
logs reveal considerable weathered tonalite buried beneath alluvial fill.
If this material is accounted for and the average depth of weathered
material is assumed to be 100 feet, by using an average specific yield of
0.01 (Ramsahoye and Lang, 1961) the total storage in the residual aquifer
is estimated to be less than 5,000 acre-ft.

Water generally moves from the residual aquifer downgradient into
the alluvial fill. Movement between the two is accelerated during periods
of low ground-water levels in the alluvium. Although the residual aquifer
contains only a small quantity of water, it may be locally important during
such times.

Alluvial Aquifer

Alluvial fill covers 3,410 acres or almost 15 percent of the San
Pasqual subarea. Alluvial thickness exceeds 120 feet in San Pasqual
Narrows and increases to over 200 feet in the upper part of the basin
(fig. 26). The alluvial aquifer contains 364,000 acre-ft of fill.
Drillers' logs and specific-capacity data indicate alluvial fill in the
San Pasqual subarea has better water-yielding characteristics than the
San Dieguito subarea farther downstream, therefore an average specific
yield of 0.16 was used to estimate storage. Total ground-water storage
in the alluvial aquifer is approximately 58,000 acre-ft. The alluvial
fill is a water-table aquifer and ground water is not confined.
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CONTACT

BOUNDARY OF GROUND-
WATER BASIN

LINE OF EQUAL THICKNESS OF ALLUVIUM--
Dashed where approximately located. Contour
interval 50 and 100 feet.

ESTIMATED TRANSMISSIVITY, IN FEET SQUARED
PER DAY

Less than 25, 000

More than 25,000

116°57' 30"

T

33°
07’

Y

5 — Match

Geology modified from California Department
of Water Resources (1967)

116°56' 116955’ 307
; DAL NRETEERE BN .

T o
EASTERN EXTENTION OF BASIN

FIGURE 26.--Thickness of the San Pasqual alluvial aquifer,

San Pasqual Hydrologic Subarea

line

(%)
(%)
]

05’

85



TABLE 9.--Water-yielding characteristics of aquifers

[Data from drillers' information.

Exposure in Maximum
Geologic Map subarea thickness
unit symbol (acres) (feet) Description
Alluvium Qal 3,410 >200 River and stream deposits
of gravel, sand, silt,
and clay.

Crystalline Kgr, 15,040 Basement Primarily unweathered
rocks of the Kt, Jg, complex granodiorite and
southern Jm tonalite.

California
batholith

Deeply weathered Kt; 1,550 Plus or Deeply weathered Green
exposures of minus Valley Tonalite,

Green Valley 100, frequently covered by
Tonalite variable a thin layer of alluvium,

Wells in the alluvium yield as much as 1,600 gal/min. Although
highest yields are in the upper part of the basin, wells yielding almost
1,000 gal/min are found throughout the main canyon and Rockwood and
Bandy Canyons.

Well logs show a mixture of clean sand, gravel, and silt throughout
the alluvium. In general, well logs indicate a greater percentage of
clean sand and gravel in the upper basin and a greater percentage of silt
in the lower basin and San Pasqual Narrows (Kohler and Miller, 1982).

Specific-capacity data reflect generalized distribution of sand,
gravel, and silt within the aquifer. Several wells, most located in a
line along the northern edge of the upper basin from the mouth of Rockwood
Canyon east to the inflow of Santa Ysabel Creek, have specific capacities
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in the San Pasqual hydrologic subarea

>, greater than; --, no data]

Water-yielding characteristics

Specific
capacity
Well yield . ((gal/min)/ft Transmissivity
General (gal/min) of drawdown) (£t2/d)
Yields water freely As much as Typically 16, but Typically 4,000,
to wells. 1,600. may exceed 100. but may exceed
25,000.
Yields small quan- Less than 2, Less than 0.1. --

tities of water
to wells from
fractures.

but may be
as much as 15.

Yields water to
wells from
weathered
granite
matrix and
fractures.

Typically less Typically less than
than 40, but 0.4, but may be
may be as as much as 0.7.
much as 600.

greater than 100 (gal/min)/ft of drawdown.

One well in Bandy Canyon

also has a specific capacity greater than 100 (gal/min)/ft of drawdown.
Specific-capacity data from wells in the remainder of the aquifer average
16 (gal/min)/ft of drawdown with a maximum of 75 (gal/min)/ft.

Estimates of transmissivity can be obtained by multiplying specific
capacity by 250. This value is based on statistical correlations done
by Thomasson and others (1960) in California's Central Valley, and has
been routinely extended to California's coastal and desert basins.

Using this method, aquifer transmissivities along the northern edge of
the upper San Pasqual basin and Bandy Canyon exceed 25,000 ft2/d

(fig. 26). In the remainder of the alluvium, transmissivities are

less than 20,000 ft2/d and average 4,000 ft2/d.
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Recharge.--Recharge to the alluvial aquifer originates primarily
outside the hydrologic subarea as flow in Santa Ysabel, Guejito, and
Santa Maria Creeks. In a typical year no flow leaves the subarea and
all surface water becomes ground-water recharge, about 940 acre-ft/yr.
During wet years flow may be great enough to fill the alluvial aquifer,
with the excess leaving the subarea as flow in the San Dieguito River.
Additional recharge is provided by water imported to the subarea for
agricultural use. Streamflow originating inside the subarea, leakage
from the surrounding residual aquifer, and precipitation contribute
small amounts of recharge that may be locally important.

Imported water use in the San Pasqual subarea has grown in recent
years. In 1970, 2,140 acre-ft of water was imported to the subarea and
in 1980, 3,560 acre-ft of imported water was used. Currently, imported
water is used primarily in San Diego Wild Animal Park and hillside
avocado groves west of Cloverdale Canyon.

Based on calculations by the California Department of Water Resouces
(California Department of Water Resources, 1983), 710 acre-ft of imported
water used for irrigation was available for deep percolation and recharge
to the alluvial aquifer in 1970. By 1980 this figure increased to 1,160
acre-ft. This was sufficient to turn Cloverdale Creek into a perennial
stream in 1977 and to maintain water levels in Cloverdale Canyon near land
surface. At that time, water levels throughout the remainder of the alluvial
aquifer were generally greater than 40 feet, and occasionally as deep as
85 feet below land surface.

Occurrence and movement.--Movement of ground water is from the
major source of recharge at the inflow of Santa Ysabel Creek and from
smaller recharge areas in Rockwood, Bandy, and Cloverdale Canyons,
downgradient to the discharge area in San Pasqual Narrows. With the
exception of evapotranspiration losses, all water entering the alluvial
aquifer exits through San Pasqual Narrows.

In the early 1900's before the beginning of extensive ground-water
development, water levels were very near land surface throughout much of
the alluvial aquifer (fig. 27 and 28). Water levels remained high
throughout the 1930's, and declined only gradually during the 1940's and
1950's. Rate of water-level decline increased in the early 1960's and
historically low water levels occurred in 1965 and 1977.
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FIGURE 27. — Hydrographs for wells in the lower part of the San Pasqual basin.
Vertical bar indicates range of water—level fluctuation during year. ( Location
of wells shown in appendix C. ).

San Pasqual Hydrologic Subarea 89



LAND SURFACE

420.7

LAND SURFACE

419.4

410

400

390

380

370

360

350

ALTITUDE,IN FEET, ABOVE NATIONAL GEODETIC VERTICAL DATUM OF 1929

12S/1W-35L
—-—e

gaol—L 1 1 1 1 1 1 1 | %
1910 1920 1930 1940 1950 1960 1970 1980
CALENDAR YEAR

FIGURE 28. — Hydragraphs for wells in the upper part of the San Pasqual basin.
Vertical bar indicates range of water—level fluctuation during year. ( Location
of wells shown in appendix C. ).

Figure 29 is a water-level-contour map for spring 1977. At that
time, water levels in the San Pasqual alluvium were the lowest ever
recorded prior to the beginning of an irrigation season. The hydraulic
gradient through San Pasqual Narrows was reversed, and ground water was
moving into the basin from outside the hydrologic subarea. The only
discharge from the San Pasqual subarea was through evapotranspiration
of agricultural crops. Depth to water was greater than 40 feet through-
out most of the alluvium and exceeded 80 feet in some places. This
represented a reduction in storage of 23,800 acre-ft. Storage remaining
in the basin was 34,200 acre-ft, or 60 percent capacity.

Water levels rose rapidly in 1978 in response to a wet year. The
alluvial aquifer filled, and ground-water movement returned to normal.
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Figure 30 is a spring 1982 water-level-contour map. Ground-water
movement was again downgradient from major sources of recharge at Santa
Ysabel Creek, Rockwood Canyon, and Bandy Canyon to the discharge area in
San Pasqual Narrows. A new source of recharge was irrigation return from
avocado groves along the western edge of the lower basin and Cloverdale
Canyon. Irrigation return moves from hillsides through the residual
aquifer, surfacing as springs in many places, eventually entering the
alluvial aquifer. In only a small part of the alluvium were depths to
water greater than 10 feet, and nowhere was depth to water greater than
30 feet (fig. 30). The aquifer was full in spring 1982.

Ground-Water Quality

Crystalline Rocks

Water from wells in fractured crystalline rocks in San Diego County
has a median dissolved-solids concentration less than 500 mg/L (California
Department of Water Resources, 1967). However, because wells in this
material yield water from fractures which have little ability to adsorb
or filter pollutants, quality of the water is easily degraded. Little
information is available on current water-quality problems in crystalline
areas of the San Pasqual hydrologic subarea.

Residual Aquifer

Prior to 1967, water from weathered granite aquifers in San Diego
County had a median dissolved-solids concentration between 500 and
600 mg/L (California Department of Water Resources, 1967). In the
San Pasqual subarea, dissolved-solids concentrations in 1981 and 1982,
estimated from specific conductance, were as high as 1,430 mg/L, with
a median concentration of 1,040 mg/L. In the residual aquifer dissolved
solids (as reflected by specific conductance) tend to be higher down-
gradient from agricultural land.

Dissolved-solids concentrations in water from the residual aquifer
are on the average somewhat lower than dissolved-solids concentrations
in water from the alluvium in Cloverdale Canyon and the lower part of
the basin. Several wells in shallow alluvial fill (12S/1W-20M1 and
12S/1W-30A5) which were completed in the residual aquifer yield water
lower in dissolved solids than nearby wells completed only in the
surrounding alluvium (fig. 33). When ground-water levels are low in
Cloverdale Canyon and the lower basin, the residual aquifer contributes
water with a lower average dissolved-solids concentration to the alluvial
aquifer, and may actually improve water quality (with respect to dissolved-
solids concentration) in some wells.

Water in some areas of the residual aquifer has elevated concentrations

of nitrate that could move into the alluvium when ground-water levels are
low, particularly in the vicinity of San Diego Wild Animal Park.
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Alluvial Aquifer

Historical water quality.--Figure 31 is a ground-water-quality map
of the alluvial aquifer in spring 1957, prior to the increased water-
level declines of the 1960's. At that time, only one of the sampled
wells (12S/1W-30R1) yielded water with dissolved-solids concentrations
greater than 1,000 mg/L. Dissolved-solids concentrations from highly
transmissive areas in the upper basin were less than 500 mg/L.

During spring 1957, ground water in the alluvium was generally a
mixed type. Calcium and sodium were the predominant cations. Calcium
predominanted in the highly transmissive areas of the upper basin and
sodium predominanted downgradient. Bicarbonate was the predominant
anion and sulfate was of minor importance throughout the aquifer.

Water from upper reaches of Cloverdale Canyon was a sodium chloride
bicarbonate type. Sodium and chloride increased as water moved downgradient
through Cloverdale Canyon, becoming a sodium chloride type as it left the
canyon to enter the main body of the aquifer.

By the time ground water left the subarea at San Pasqual Narrows,
dissolved solids increased but did not exceed 1,000 mg/L. The percentage
of sulfate also increased and ground water was again a mixed type.

Historically, nitrate has been a problem in the alluvial aquifer.
Figure 32 shows wells which have yielded water with nitrate concentrations
greater than EPA drinking water limits of 10 mg/L as N. Most of the wells
are located in the upper part of the basin and may be associated with
dairy and poultry operations in that area.

Present water quality.--Present water quality in the alluvium is
variable (fig. 33). Lowest dissolved-solids concentrations are found in
highly transmissive parts of the upper basin and Rockwood Canyon. Ground
water from these areas generally has less than 500 mg/L dissolved solids.
Downgradient from highly transmissive parts of the upper basin dissolved-
solids concentrations increase, but generally remain below the basin
objective of 1,000 mg/L. Dissolved-solids concentrations in water in
the lower basin and San Pasqual Narrows are generally above 1,000 mg/L
and are as high as 1,550 mg/L. Dissolved-solids concentrations in
Cloverdale Canyon and in parts of the upper basin also exceed 1,000 mg/L.
Increasing dissolved-solids concentrations in these areas may be related
to land use. Irrigation return water appears to contribute to high
concentrations of dissolved solids in ground water from Cloverdale Canyon.

Field measurements of specific conductance were converted to
dissolved-solids concentration using the following relation:

DS=0.7S8C-40,
where
DS is dissolved-solids concentration, in milligrams per liter; and
SC is specific conductance, in micromhos per centimeter at 25°C.

This relation was developed using linear regression on data collected by
the U.S. Geological Survey and the city of San Diego between autumn 1981
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and spring 1982. Twenty-three samples with dissolved-solids concentrations
ranging from 414 to 2,480 mg/L were used and an R2 of 0.96 was obtained.
This relation is basin specific and care should be used when extrapolating
to other areas.

Chloride and sulfate exceed the EPA suggested limit for drinking
water of 250 mg/L in ground water from San Pasqual Narrows and Cloverdale
Canyon.

Ground water in highly transmissive areas of the alluvial aquifer
is a mixed type and resembles recharge water from Santa Ysabel and
Guejito Creeks. Cations are well mixed and the percent difference
between calcium, sodium, and magnesium is only a few milliequivalents.
Bicarbonate and chloride are the dominant anions in the upper basin.
Sulfate is relatively unimportant in ground water from highly trans-
missive areas of the upper basin. Downgradient, the relative importance
of sulfate increases. This is probably due to agricultural water use,
soil amendments (particularly calcium sulfate, used when irrigating with
water high in sodium), and irrigation return water. Increasing impor-
tance of sulfate does not seem to be related to recharge water from
Santa Maria Creek.

When ground water leaves the subarea at San Pasqual Narrows, it is
different from its original composition. Ground water in the Narrows is
a sodium chloride sulfate type and reflects agricultural water use in
the San Pasqual subarea, and mixing of native water with irrigation
return water imported from the Colorado River and northern California.

In 1981 and 1982, only two wells for which chemical analyses were
available (12S/1W-34K2 and 12S/1W-35H2) yielded water with nitrate
concentrations greater than the EPA recommended limit for drinking water
of 10 mg/L nitrate as nitrogen (45 mg/L nitrate as nitrate). Both wells
are in the upper part of the basin where dissolved-solids concentrations
are below 1,000 mg/L. High nitrate levels in these wells indicate there
is still a nitrate problem in the alluvial aquifer, particularly the upper
basin, despite the recent filling of the aquifer after floods in 1978.

Impact of Reclaimed Water Use

The impact of reclaimed water use in the San Pasqual hydrologic
subarea will depend greatly upon the reclaimed-water management scheme
ultimately used. To be properly evaluated, the impact of reclaimed
water use should be compared to and contrasted with possible future
trends in water quantity and quality for the San Pasqual hydrologic
subarea.

If reclaimed water is not used, the amount of ground water in
storage in the alluvial aquifer will follow historic patterns of filling
and subsequent depletion that are closely associated with long-term
trends in precipitation (fig. 27 and 28). During prolonged dry spells,
such as occurred prior to 1966 and 1978, ground-water levels will decline
and many wells will go dry. The value of the ground-water resource will
be greatly diminished when needed most.
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FIGURE 31.--Water quality in the San Pasqual alluvial aquifer, spring 1957.
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The quality of the water in the alluvial aquifer has deteriorated
since 1957. Changes in ground-water quality are evident when comparing
ground-water-quality maps for 1957 and 1982 (fig. 31 and 33). During
this period, dissolved-solids concentrations increased in much of the
aquifer and now exceed the basin objective of 1,000 mg/L. Sulfate and
chloride concentrations also increased and now exceed the EPA suggested
limit of 250 mg/L for public water supplies by the time ground water
leaves the subarea at San Pasqual Narrows. Ground-water types in
Cloverdale Canyon and the lower part of the basin have changed and now
resemble irrigation return water that comprises a significant part of
the recharge. Water quality in the alluvium will probably continue to
deteriorate through agricultural water use.

Changes in agricultural practices may further degrade ground-water
quality. Currently, slopes surrounding the upper part of the basin are
not used for agriculture. However, many of these slopes, particularly
in the neighborhood of Bandy and Rockwood Canyons and the northeastern
edge of the upper basin, are being converted to avocado groves and are
being irrigated with imported water. Springs and seeps below these
groves now flow year round and ground-water quality in the Rockwood
Canyon area has already been affected (fig. 33). If this trend continues,
water quality throughout the alluvial aquifer may deteriorate and begin
to resemble ground-water quality now found in Cloverdale Canyon.

Further development of surface-water resources along Santa Ysabel
Creek at Palmo Dam may affect the quantity of recharge available to the
alluvial aquifer, particularly during dry years. This may affect water
quality and ground-water movement in the upper part of the basin.

Reclaimed Water Quality

Reclaimed water will be secondary treated sewage effluent from the
Hale Avenue Wastewater Treatment Plant in Escondido. Reclaimed water
has an average dissolved-solids concentration ranging from 650 to
950 mg/L, and is a sodium chloride type, chemically resembling imported
water rather than native ground water (California Department of Water
Resources, 1983). Nitrate concentrations in the reclaimed water would
not exceed EPA limits of 10 mg/L as nitrogen (45 mg/L as nitrate)
(Larry Michaels, San Diego County Water Authority, oral commun., 1982).
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Reclaimed Water Use Plans

Use of reclaimed water in upland areas surrounding Cloverdale
Canyon and the lower part of the basin as a substitute for irrigation
with imported water has been proposed by the California Department of
Water Resources (1983). Upland soils may be suitable for reclaimed
water use if application rates and techniques are selected on a site-
specific basis so that shallow circulation and discharge of water to
surface seeps can be avoided. In many upland areas where reclaimed
water use is possible, the underlying residual aquifer has already
been impacted by agricultural irrigation return and would not be
further degraded by applications of reclaimed water unless application
techniques are used that allow evaporative and transpirative concentration
to become excessive.

Reclaimed water applied to upland areas in the San Pasqual hydrologic
subarea will eventually enter the alluvial aquifer.

Current reclaimed water use plans for the alluvial aquifer, proposed
by the San Diego County Water Authority, divide the aquifer into three
subareas (fig. 34) (Larry Michaels, San Diego County Water Authority,
written commun., 1982). The upper part of the basin will not receive
reclaimed water. The lower basin will be managed as a reclamation basin
and will receive large quantities (up to 11,000 acre-ft/yr) of reclaimed
water. San Pasqual Narrows will be managed as an export basin. Ground-
water discharge through the narrows will be intercepted and exported for
use outside the hydrologic subarea to prevent reclaimed water from
entering Lake Hodges, a public water-supply reservoir.

Objectives of this management plan are to obtain ground water
having dissolved-solids concentrations less than 1,000 mg/L in the lower
part of the basin. The plan also tries to maintain high ground-water
quality in the upper part of the basin. Irrigation return water from
Cloverdale Canyon and hills along the western edge of the lower basin,
and possible future reclaimed water usé in those areas will be important
considerations in successful management.
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In 1982, water levels in the alluvial aquifer were near land surface
and little additional storage capacity was available for reclaimed water.
If reclaimed water is applied during a wet cycle when ground-water levels
are high, waterlogging of the soil and surface runoff could occur. To
combat this problem, the reclaimed water use plan proposes to lower water
levels by pumping ground water presently stored in the lower part of the
basin. This water would then be exported for use outside the hydrologic
subarea. Ground water presently in storage has dissolved-solids concen-
trations greater than 1,000 mg/L. Under current management proposals,
this water would be replaced by reclaimed water with dissolved-solids
concentrations between 650 and 950 mg/L. Therefore, transfer of ground
water from the hydrologic subarea also represents a net transfer of
dissolved solids. Water quality, with respect to dissolved solids, may
improve with time. Salt-balance calculations by the San Diego County
Water Authority indicate dissolved-solids concentrations may be reduced
to below 1,000 mg/L (Larry Michaels, San Diego County Water Authority,
1982).

Because storage in the alluvial aquifer is small (58,000 acre-ft)
when compared to the maximum annual streamflow into the subarea of
110,000 acre-ft?, the alluvial aquifer could fill in one rainy season
(as it did in 1978), and despite intensive management efforts, there may
not always be sufficient storage available to accept reclaimed water.
Reclaimed water use would have to be adjusted accordingly.

In dry years such as 1977, there would be ample available storage
in the lower part of the basin to accept reclaimed water (fig. 27).
However, during dry periods, ground-water levels would be low throughout
the entire aquifer except where reclaimed water is being applied. Applied
water would create a local ground-water high, with some reclaimed water
flowing to the export area in San Pasqual Narrows and some flowing to the
upper part of the basin. Because ground-water movement is slow, only a
small potential exists for reclaimed water to move from the reclamation
basin to the upper part of the basin where it could contaminate potable
water supplies, except during periods of extended drought. During drought
periods, movement of reclaimed water and ground-water quality could be
monitored to protect water quality in the upper part of the basin.

The current reclaimed water use plan proposed by the San Diego
County Water Authority does not incorporate changes in land use practices
and surface-water development which may alter the hydrologic system.
However, changes in water quality will occur with or without reclaimed
water use and reclaimed water may act to partly alleviate future water-
quality problems.

2Calculated as the sum of maximum measured annual recharge from
Santa Ysabel, Guejito, and Santa Maria Creeks (table 7).
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SUMMARY

Reclaimed water could be used to augment water supplies in the San
Diego area. Of the three hydrologic subareas studied, San Elijo has the
least opportunities for reclaimed water use, and San Pasqual the most.
The San Dieguito hydrologic subarea has possibilities for reclaimed
water use, but presents several difficulties to effective implementation
of reclaimed water use plans.

In the San Dieguito hydrologic subarea the greatest possibility for
reclaimed water use is in the alluvial aquifer (52,000 acre-ft of storage).
Ground-water quality within the alluvium has deteriorated as a result of
seawater intrusion, intrusion of ground water from surrounding marine
sedimentary rock, and changes in natural recharge patterns. Currently,
the aquifer is of limited value as a water supply, and dissolved-solids
concentrations typically exceed the basin objective of 1,000 mg/L and
may exceed 5,000 mg/L. Application of large quantities of reclaimed
water may, in time, improve water quality within the aquifer and increase
its usefulness.

During dry years, considerable storage would be available to accept
reclaimed water. During wet years when recharge is available from the
San Dieguito River, ground-water levels and storage would have to be
manipulated to avoid waterlogging of soils and surface runoff of applied
reclaimed water. If ground-water levels are lowered below sea level,
seawater intrusion would have to be controlled. It will not be possible
to eliminate intrusion of ground water from surrounding marine sedimentary
rock.

Limited use of reclaimed water may be made in upland areas of the
San Dieguito hydrologic subarea.

Reclaimed water use possibilities in the San Elijo hydrologic
subarea are confined primarily to upland areas of the Pacific Coastal
Plain having deep soils, high infiltration rates, and a gently rolling
topography. In some areas reclaimed water applied to upland areas may
enter the alluvial aquifer.
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Estimated Infiltration, Percolation, and Recharge Rates
at the Rillito Creek Focused Recharge Investigation Site,

Pima County, Arizona

By John P. Hoffmann, Kyle W. Blasch, Don R. Pool, Matthew A. Bailey, and James B. Callegary

Abstract

A large fraction of ground water stored in the alluvial
aquifers in the Southwest is recharged by water that percolates
through ephemeral stream-channel deposits. The amount of
water currently recharging many of these aquifers is insufficient
to meet current and future demands. Improving the understand-
ing of streambed infiltration and the subsequent redistribution
of water within the unsaturated zone is fundamental to quantify-
ing and forming an accurate description of streambed recharge.
In addition, improved estimates of recharge from ephemeral-
stream channels will reduce uncertainties in water-budget
components used in current ground-water models.

This chapter presents a summary of findings related to a
focused recharge investigation along Rillito Creek in Tucson,
Arizona. A variety of approaches used to estimate infiltration,
percolation, and recharge fluxes are presented that provide a
wide range of temporal- and spatial-scale measurements of
recharge beneath Rillito Creek. The approaches discussed
include analyses of (1) cores and cuttings for hydraulic and
textural properties, (2) environmental tracers from the water
extracted from the cores and cuttings, (3) seepage measure-
ments made during sustained streamflow, (4) heat as a tracer
and numerical simulations of the movement of heat through
the streambed sediments, (5) water-content variations, (6)
water-level responses to streamflow in piezometers within
the stream channel, and (7) gravity changes in response to
recharge events. Hydraulic properties of the materials underly-
ing Rillito Creek were used to estimate long-term potential
recharge rates. Seepage measurements and analyses of tem-
perature and water content were used to estimate infiltration
rates, and environmental tracers were used to estimate percola-
tion rates through the thick unsaturated zone. The presence
or lack of tritium in the water was used to determine whether
or not water in the unsaturated zone infiltrated within the past
40 years. Analysis of water-level and temporal-gravity data
were used to estimate recharge volumes. Data presented in this
chapter were collected from 1999 though 2002. Precipitation
and streamflow during this period were less than the long-
term average; however, two periods of significant streamflow

resulted in recharge—one in the summer of 1999 and the other
in the fall/winter of 2000.

Flux estimates of infiltration and recharge vary from
less than 0.1 to 1.0 cubic meter per second per kilometer of
streamflow. Recharge-flux estimates are larger than infiltra-
tion estimates. Larger recharge fluxes than infiltration fluxes
are explained by the scale of measurements. Methods used to
estimate recharge rates incorporate the largest volumetric and
temporal scales and are likely to have fluxes from other nearby
sources, such as unmeasured tributaries, whereas the methods
used to estimate infiltration incorporate the smallest scales,
reflecting infiltration rates at individual measurement sites.

Introduction

The city of Tucson and surrounding areas obtain most of
their municipal, agricultural, and industrial water from ground
water that is withdrawn from thick, alluvial-basin aquifers.
The amount of water currently recharging the aquifers within
the Tucson area is insufficient to meet current and future
demands. Resultant ground-water deficits are manifested in
water-level declines of more than 60 m since the middle of the
20th century. These declines are largest where ground-water
withdrawals are greatest.

The alluvial aquifers are recharged by infiltration from
irrigation and industrial returns and by seepage losses through
stream channels. In the Tucson area, where the climate is
semiarid, diffuse recharge through the basin sediments from
precipitation is considered a negligible component of total
recharge owing to low precipitation rates and high evapo-
transpiration (ET) rates (Scott and others, 2000). For instance,
annual precipitation averages 31.5 cm on the valley floor,
and annual potential ET ranges from 90 to 190 cm (Yitayew,
1990). Additionally, depth to ground water in the underlying
alluvial basin can be tens of meters, providing opportunity for
ample storage of infiltrated water. Because of these conditions,
concentrated infiltration repeated over time, such as infiltration
from irrigation and industrial returns, is necessary for recharge
to occur. A large fraction of ground water stored in the allu-
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vial aquifer was recharged by water that percolated through
ephemeral stream-channel deposits (Davidson, 1973; Hanson
and Benedict, 1994).

Rillito Creek, located in the Upper Santa Cruz Basin
in southern Arizona (fig. 1), is typical of a large, ephemeral
stream in the Southwest. In many basins of the Southwest,
such as in the Upper Santa Cruz Basin, streams originat-
ing at higher elevations coalesce downstream to form
larger ephemeral streams. Streams originating near moun-
tain fronts typically flow over thick, alluvial valleys, lose
hydraulic connection with the underlying aquifer, and are
ephemeral in their lower reaches. Underlying many of
these ephemeral streams is a coarse-grained stream-channel
deposit that overlies a basin-fill deposit. The coarse-grained
stream-channel deposit typically has high permeability and
infiltration rates (Anderson and others, 1992; Hanson and
Benedict, 1994).

Although recharge from infiltration of streamflow is
known to occur in ephemeral-stream channels in the South-
west, such as Rillito Creek, the processes that control the
spatial distribution and volume of infiltration that recharges
the underlying aquifers are poorly understood. The Rillito
Creek focused recharge investigation site was selected as one
of six sites to study recharge processes in the Southwest (see
chapter C) as part of the U.S. Geological Survey (USGS)
Ground-Water Resources Program and generally is repre-
sentative of ephemeral washes within the Sonoran Desert.
Improving the understanding of streambed infiltration and
the subsequent redistribution of water within the unsaturated
zone is fundamental to quantifying and forming an accu-
rate description of streambed recharge. Improved estimates
of recharge from ephemeral stream channels will reduce
uncertainties in water-budget components used in current
ground-water models. In addition, recharge augmentation has
been proposed along several reaches of ephemeral streams in
the Tucson area, including Rillito Creek, and understanding
processes that control recharge is important to the construc-
tion of recharge facilities.

Purpose and Scope

The purpose of this chapter is to present a summary of
findings related to a focused recharge investigation along
Rillito Creek, Pima County, Arizona. One of the challenges
of quantitatively studying recharge beneath ephemeral
streams is the need to integrate measurements made over a
wide range of spatial and temporal scales. No single method
of measurement or analysis can resolve the complex physi-
cal processes that contribute to infiltration, percolation, and
recharge beneath ephemeral streams; therefore, a variety of
approaches are presented that provide a wide range of tem-
poral- and spatial-scale measurements of recharge beneath
Rillito Creek.

Six approaches were used to evaluate infiltration, per-
colation, and recharge to the aquifer beneath Rillito Creek.

Cores and cuttings were collected during the drilling of five
boreholes. Laboratory measurements used to determine
physical and hydraulic properties of these cored subsurface
materials (Hoffmann and others, 2002) represent the smallest
spatial scale in this investigation. The core-based data typi-
cally are on the order of several centimeters, but are scaled
up to meters in this report. Water content extracted from the
cores, and environmental tracers measured in these waters,
represent a temporal scale that is a function of the thickness
and hydraulic properties of the unsaturated zone: in general,
these data represent a time scale of less than 2 years in this
investigation. Seepage measurements made during sustained
streamflow represent portions of a streamflow event and
typically have time scales of a few hours to several days.
Measurements of temperature and water content in vertical
(one-dimensional) and two-dimensional profiles represent
spatial scales that are typically less than 5 m and have tempo-
ral scales that vary from seconds to several days. Vertically
nested piezometers were installed in the boreholes drilled

in the stream channel to monitor water-level responses to
streamflow. These measurements also represent a tempo-

ral scale that is a function of the thickness and hydraulic
properties of the unsaturated zone and, in general, represents
a time scale of weeks to several months in this investiga-
tion. Measurements of ground-water storage changes using
temporal-gravity measurements have the largest spatial and
temporal scales spanning several square kilometers and a
period of record of several months to years. Data presented
in this chapter were collected from 1999 through 2002.

Previous Investigations

Smith (1910) probably was the first investigator to
examine recharge along Rillito Creek. He concluded there was
a difference in infiltration rates between the flashy, silt-laden
summer flows, and the steady, long-duration flows of the
winter snowmelt runoff. This conclusion was based partly on
seasonal well hydrographs and ground-water temperature data.
Investigators to follow, such as Schwalen and Shaw (1957)
and Matlock (1965), also concluded that winter streamflow
was the most effective source of recharge to the Tucson Basin.
Burkham (1970) developed an empirical formula to estimate
infiltration along a 15-km reach of Rillito Creek on the basis
of streamflow losses between discharge measurement points.
Davidson (1973) suggested that at least 90 percent of the
amount of infiltrated water results in recharge. The remaining
10 percent is lost to ET. Although not necessarily specific to
Rillito Creek, the work of Wallace and Lane (1978) related
infiltration potential to stream-channel order. Wallace and
Lane concluded that the greatest infiltration potential occurs
in the large-order streams because these streams contain the
greatest volume of alluvium. Hanson and Benedict (1994)
summarized previous estimates of recharge and developed new
estimates on the basis of work by previous investigators and
numerical simulation.
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Hydrologic Setting

The climate of the study area is semiarid; annual rainfall
averages 315 mm on the valley floor (fig. 2). There are two
distinct seasons that account for most of the total precipitation;
one (generally from July through September) is characterized by
large summer convection and the other (generally from Novem-
ber through February) is characterized by frontal storms (fig. 2).
The mean temperatures in January and July are 10°C and 29.6°C,
respectively. To a lesser extent, there is a fall season of precipita-
tion associated with tropical storms and climatic oscillations.

Rillito Creek is a tributary of the Santa Cruz River, which
drains the Upper Santa Cruz Basin in southern Arizona. The
Upper Santa Cruz Basin is in the Basin and Range Physio-
graphic Province, which is characterized by block-faulted
mountains separated by basins filled with alluvial sediments.
The block-faulted mountains comprise Precambrian through
Tertiary granitic, metamorphic, volcanic, and consolidated
sedimentary rocks. The sediments that fill the basins are col-
lectively termed alluvial basin-fill deposits and are composed
of gravel, sand, silt, clay, and minor amounts of anhydrous
sediments of Tertiary to Quaternary age. The basin-fill depos-
its generally are coarse grained along the basin margins and
grade into finer-grained deposits and anhydrite deposits in
the central parts of the basins. In the Upper Santa Cruz River
Basin, thickness of the alluvium ranges from a thin veneer (a
few meters) along the mountain fronts to as much as 3,400 m
in the central parts of the basin (Davidson, 1973; Anderson,
1987, 1988; Hanson and Benedict, 1994).

Recent stream-channel deposits and basin-fill deposits
underlie Rillito Creek. The recent stream-channel deposits, con-
sisting of fine- to coarse-grained alluvium, are about 10 m thick
and are detritus from the surrounding mountain ranges. The
basin-fill deposits, which underlie the stream-channel deposits,
are regionally extensive sedimentary units that form the regional
aquifer system. Previous investigators have divided the basin-
fill deposits into upper and lower basin-fill units on the basis of
their general hydrogeologic characteristics (Pool, 1986; Hanson
and Benedict, 1994). The upper basin-fill unit can be as much
as 300 m thick. It consists mostly of unconsolidated to semi-
consolidated gravel, sands, and clayey silt and is correlated to
the upper Tinaja beds and the Fort Lowell Formation described
by Anderson (1987, 1988). The lower basin-fill unit is a few
thousand meters thick and consists of conglomerates, gravels,
sands, silts, anhydritic clayey silts, and mudstones (Anderson,
1988). The lower basin-fill unit is represented by the Pantano
Formation and the lower and middle Tinaja beds described by
Anderson (1987, 1988).

Stream-channel infiltration is the predominant mechanism
of recharge to the regional aquifer in the basin-fill deposits and,
combined with contributions from other sources of recharge for
the area, is less than the amount of water withdrawn to support the
growing metropolitan population. As a result, water-level declines
and related land subsidence have occurred in some areas. Depth
to ground water immediately beneath Rillito Creek ranges from
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less than 6 m in the upper reach (near the mountain front) to 45 m
near the Santa Cruz River (Hoffmann and others, 2002). Flow of
ground water generally is northwestward; water-table elevations
range from about 760 m in the southeast to 640 m in the northwest
(Tucson Water, 2000). Ground water flows southwestward near
the upper reach of Rillito Creek toward the major pumping center
within the city of Tucson.

Rillito Creek has a drainage area of 2,256 km?. It is
ephemeral and most flows occur during the summer monsoon
(July—September) and winter frontal storms (December—
March; fig. 2). Characteristic monsoon streamflows result
from localized short-duration convective storms, whereas win-
ter streamflows are produced by longer-duration frontal storms
and accumulated snowmelt. To a lesser extent, there also is a
fall season in which tropical storms and climatic oscillations
often result in streamflow.

The creek has two major tributaries, Tanque Verde Creek
and Pantano Wash; Rillito Creek begins at the confluence of
these two tributaries. Tanque Verde Creek drains a 702 km? area
from the Santa Catalina and Rincon Mountains; Pantano Wash
drains a 1,554 km? area between the Rincon, Santa Rita, and
Whetstone Mountains. Several small washes divert runoff from
the northeastern suburbs of Tucson into Rillito Creek. Rainfall
runoff and snowmelt runoff from the Santa Catalina and Rincon
Mountains contribute most of the flow to Rillito Creek. The
creek flows westward to the Santa Cruz River from an elevation
of 762 m at the confluence of Tanque Verde Creek and Pantano
Wash to 657 m at its confluence with the Santa Cruz River. The
creek is about 100 m wide and the channel slopes toward the
Santa Cruz River at approximately 5.2 m/km with little variation
in the slope. Flows in Rillito Creek typically are less than 28
m?/s; the maximum recorded discharge was 680 m*/s during the
1993 El Nifio season (Tadayon and others, 2000). On average,
Rillito Creek flows about 36 days per year at the streamflow-
gaging station Rillito Creek at Dodge Boulevard (09485700).
The average annual flow is approximately 33.3 x 10° m?; about
44 percent of the flow occurs from the summer monsoonal
storms, whereas about 56 percent of the flow occurs from the
winter frontal storms.

The amount of water flowing in Rillito Creek, and there-
fore the amount available for recharge, is primarily related to
precipitation frequency, distribution, and intensity, as well as
to basin/channel runoff characteristics. The temporal distri-
bution of flow in ephemeral streams is highly variable with
observed decadal oscillations (Webb and Betancourt, 1992;
Don Pool, Hydrologist, U.S. Geological Survey, written
commun., 2003). Because of this, it is particularly difficult to
estimate or predict recharge rates for ephemeral-stream chan-
nels on the basis of limited temporal observations. During the
period of investigation there were two significant streamflow
periods (fig. 3); one occurred in the summer of 1999 and the
other in the fall of 2000 (mostly after September 30, or dur-
ing water year 2001). Annual streamflow in Rillito Creek for
the period of study was somewhat less frequent and smaller
in volume than the long-term average (table 1). Prior to this
study, a significant streamflow period occurred in the winter
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Figure 2. A, Monthly average temperature and precipitation, 1972-2002, at National Weather Service Station Campell Avenue
Experimental Farm near Rillito Creek, Pima County, Arizona; B, monthly precipitation near Rillito Creek during period of study, 1999-2002.

and spring of 1998 (water year 1998) that was associated with
El Nifio precipitation and snowmelt. From February through
April 1998, a total of 28.7x 10° m? flowed past the streamflow-
gaging station at Dodge Boulevard.

Infiltration, Percolation, and Recharge
Rates

Physical and Hydraulic Properties of Stream-
Channel and Basin-Fill Deposits

In March and April 1999, five boreholes were drilled
at four sites in the active channel of Rillito Creek (fig. 1)

to determine the physical and hydraulic properties of the
stream-channel and basin-fill sediments down to about 10

m below the water table (Hoffmann and others, 2002). Each
borehole was drilled using the ODEX air-hammer method,
which is also known as the under-reamer method (Driscoll,
1986; Hammermeister and others, 1986). The ODEX method
was used because it does not use fluids, thereby minimizing
disturbance of the subsurface materials. At each hole, cut-
tings were collected about every 0.3 m. Fifty-one cores also
were collected from these boreholes at 2- to 6-m intervals.
The cores and cuttings were analyzed for physical properties,
such as particle-size distribution, bulk density, particle density,
porosity, volumetric water content, and percent saturation, and
for hydraulic properties, such as saturated and unsaturated
hydraulic conductivity, matric potential, and water-retention
fitting terms. The detailed findings of these analyses are



described in Hoffmann and others (2002). This section of the
chapter focuses on the hydraulic properties of the sediments
and their role in infiltration rates, velocity of the wetting front,

and potential recharge.

Table 1.

Infiltration, Percolation, and Recharge Rates

191

Annual streamflow measured at Rillito Creek at Dodge
Boulevard (streamflow-gaging station 09485700), Pima County,
Arizona, during period of study.

In order for ephemeral streamflow within Rillito Creek to
recharge the underlying aquifer, the water must first infiltrate
into the stream-channel deposits and percolate downward
through the underlying deposits. The ability of water to
infiltrate and percolate through these deposits is primarily a
function of stream discharge and hydraulic properties of the
deposits. One-dimensional steady-state vertical flow through
a homogeneous, isotropic medium can be described by a form

of Darcy’s Law as:

g = —K(G)(@@D/az + 1) ,

Annual Percentage Percentage
Total flow as a of annual of annual
annual percentage stream- stream-
streamflow, of long-term  flow that flow that
Water in cubic annual occurred in  occurred in
year! meters streamflow summer winter
1999 11 x10° 33 2
2000 3.5x10° 10.5 100 0
2001 19.6 x 10° 59 95
2002 2 x10° 6 1

(D

where
q is the flux [L/T],
0 is the volumetric water content,
K(6)

and

z is the vertical dimension [L].
Determination of the rate of flow requires knowledge of the

is the hydraulic conductivity [L/T] as a
function of the volumetric water content,
W is the pressure head of the water phase [L],

'Water year extends from October 1 through September 30 and is desig-

nated by the calendar year in which it ends.

assumptions can be applied in the analysis of redistribution
than can be applied to infiltration. To fully characterize sub-

surface redistribution, measurements of both water flux and

hydraulic conductivity and saturation of the porous media, and

the head gradient. Water continues to move within the unsatu-
rated zone after it has infiltrated across the ground surface.
This subsurface redistribution is described by the unsaturated-

flow equation:

80/625 =Vg,

with the flux, ¢, as defined above. Because redistribution is
inherently transient and multidimensional, fewer simplifying

changes in subsurface water storage must be made repeatedly
throughout the unsaturated zone.

As shown in the section titled “Temperature and Water

Content,” vertical infiltration rates at the onset of infiltration
were as high as 22 mm/s because of high hydraulic perme-
ability, low antecedent water content, and resulting large

capillary gradients. Two-dimensional flow is also evident, and
lateral velocities were about the same as vertical velocities.

@)

Shortly after the onset of infiltration, however, the near-surface

stream-channel deposits are saturated, and large capillary

gradients decline. Flow of water becomes predominantly
vertical, as gravity is the dominant process controlling the

80 T T T T T T T T T T T T T T T T T T T T | T T T T T T T T T T | T T T T T T T T T T |
o L i
Z | -
(=)
o L i
(7]
e 60 |
[¥¥)
o — -
(7]
€= 50 —
- | .
=
S Wr —
= L i
=
o 30} -
= B _
& 20+ _
(-
< - ]
==
S 10 -
2 L J _
0 1 1 .1 1 1 T 1 1 1 1 1 1 I} 1 1 L 1 LI kl |- | 1 1 1 1 1 1 1 1 1 1 || |L 1 1 1 1
1999 2000 2001 2002

Figure 3. Mean discharge at Rillito Creek at Dodge Boulevard (streamflow-gaging station 09485700), 19992002, Pima County, Arizona.
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direction of flow. From Darcy’s Law, the flow rate through the
sediments under saturated conditions is equal to the product
of the hydraulic conductivity and the hydraulic gradient. If
both hydraulic conductivity and gradient are known, then the
flow rate can be calculated. This method of flow-rate estima-
tion can be used for saturated and unsaturated conditions.
Assuming properties of the pore water are constant, saturated
hydraulic conductivity (K ) is a constant and is related to the
texture and structure of the sediment. Unsaturated hydraulic
conductivity is not a constant as it decreases rapidly as water
content decreases. As surface flow proceeds, the infiltrated
water moves farther below the surface of the streambed, capil-
lary forces become less significant, and the hydraulic gradi-
ent approaches unity. If a unit gradient is assumed, the rate

of infiltration becomes equivalent to the saturated hydraulic
conductivity of the channel deposits.

On the basis of findings from the cuttings and cores,
the stream-channel deposits beneath Rillito Creek are coarse
grained, typically consisting of more than 95 percent gravel
and sand. The underlying basin-fill deposits also are sandy
gravels or gravelly sands, but typically contain more silt and
clay than the stream-channel deposits.

Saturated vertical hydraulic conductivity of the deposits
positively correlates with grain size (fig. 4). Values for the
stream-channel deposits range from 0.3 to 2.5 m/d, whereas
values for the basin-fill deposits tend to be less than about
0.6 m/d and in places are as low as 0.012 m/d. For heteroge-
neous media, such as the deposits beneath Rillito Creek, the

equivalent vertical hydraulic conductivity is calculated as the
harmonic mean of the K for each layer within the depos-

its and is always less than the arithmetic mean (Freeze and
Cherry, 1979). Although differing at each borehole, the overall
average equivalent hydraulic conductivity of the stream-
channel deposits is 1.2 m/d; the overall average equivalent
hydraulic conductivity of the basin-fill deposits is 0.19 m/d;
and the equivalent hydraulic conductivity of the combined
sediments (stream-channel and basin-fill deposits) is 0.23 m/d.
The calculated average vertical hydraulic conductivity for the
basin-fill sediments reported by Hoffmann and others (2002)
includes values associated with a fine-grained unit found in a
lower reach of Rillito Creek near the Santa Cruz River. These
values typically are as low as 0.012 m/d and may not be rep-
resentative of the hydraulic conductivity in upstream reaches.
Excluding the hydraulic-conductivity values for the basin-fill
sediments in the lower reaches where the fine-grained unit
was present, the average vertical hydraulic conductivity of the
study area is 0.3 m/d. Assuming a unit gradient, equivalent
vertical hydraulic conductivity values are equivalent to the rate
of infiltration and provide an estimate of potential recharge
rates under saturated conditions.

Saturated conditions will exist only after sustained peri-
ods of streamflow infiltration at a rate that enables water to
fully saturate the underlying sediments from the streambed to
the aquifer. Once a saturated hydraulic connection is achieved
between the stream and underlying aquifer, the system behaves
as though the stream were perennial. Unsaturated hydraulic-
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conductivity values need to be considered when estimating
potential recharge rates for conditions prior to full saturation.
Unsaturated hydraulic conductivity of the deposits beneath
Rillito Creek varies by several orders of magnitude as a func-
tion of water content. For water-content conditions at the time
of core collection, the unsaturated hydraulic conductivity was
generally two or more orders of magnitude less than the satu-
rated hydraulic conductivity (Hoffmann and others, 2002).

Antecedent pore water underlying Rillito Creek derives
from streamflow infiltration and subsequent percolation. In
this study, cores were collected in late March 1999; therefore,
antecedent pore water was derived from streamflows prior
to March 1999. Several flow events prior to 1999 could have
been sources of the antecedent water. On the basis of stream-
flow records at the streamflow-gaging station at Dodge Bou-
levard, the most recent flow prior to core collection occurred
in November 1998 and lasted for 2 days (average streamflow
was less than 0.82 m%/s). The last recorded flow prior to
November 1998 occurred in the summer of 1998 and lasted
for about 1 day. The most voluminous and long-lasting flow
within a few years of the core collection was the sustained
flow from February to April 1998, which was related to the
1998 El Nifio precipitation.

Volumetric water content in the unsaturated zone ranged
from 0.02 to 0.46 at the time of core collection (fig. 5). Vari-
ability in water content primarily is controlled by differences in
sediment texture and is positively correlated with the percentage
of fine-grained material (fig. 5). The stream-channel deposits
averaged 17.8 percent water content and 57.6 percent satura-
tion; the basin-fill deposits averaged 24 percent water content
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and 69.3 percent saturation. Integrating the water content over
the thickness of the unsaturated zone, cumulatively, the unsatu-
rated sediments beneath Rillito Creek contained 0.5 to 12.2 m
of water. The smallest amount of water was in the upstream
area at the borehole ((D-13-14)26daa) near Craycroft Road
where the unsaturated zone was about 3 m thick; the largest
amount of water was in the downstream area at the borehole
((D-12-14)26add) near La Cholla Boulevard where a 12-m thick
fine-grained unit lies above the water table. The sites probably
most representative of the unsaturated zone beneath Rillito
Creek are in the middle reaches where the unsaturated zone was
30 to 40 m thick and had 6.1 m of water (boreholes (D-13-
14)19bcbn, (D-13-14)19bcbs, and (D-13-14)28dba). The large
amount of water stored in the unsaturated zone indicates that
much of this water probably originated from the sustained flows
prior to the summer of 1998, that the stored water is likely to

be from several different streamflow and infiltration events, and
that the sediments beneath Rillito Creek drain slowly.

Environmental Tracers

Environmental tracers of tritium (°*H), oxygen-18 (**0),
deuterium (H or D), and chloride from the pore waters in the
unsaturated and saturated zones were analyzed to evaluate spa-
tial variations in infiltration and recharge patterns along Rillito
Creek. Tritium is a naturally occurring radioactive isotope
of hydrogen with a half life of 12.43 years. Large concentra-
tions of tritium were introduced into the atmosphere begin-
ning in 1952 as a result of the atmospheric testing of nuclear
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weapons. The input of tritium into the atmosphere related to
nuclear weapon testing peaked at nearly 6,000 tritium units
(TU) in 1963-64 prior to a ban on the tests. Atmospheric
tritium concentrations returned to natural conditions by 1992
(Dr. Chris Eastoe, geochemist, University of Arizona, written
commun., 2003), and the concentration of tritium in precipita-
tion today is about 5 to 7 TU. Tritium concentrations are often
used for dating ground water and to detect events, such as the
1963-64 peak. In this study, tritium was measured in water
vacuum extracted from cores and analyzed by liquid scintilla-
tion with electrolytic enrichment (Thatcher and others, 1977)
at the USGS laboratory in Menlo Park, California. Tritium was
detected in pore water extracted from each core sample and
ranged in concentration from 2 to 11 TU (fig. 6). The precision
of individual measurements was 0.3 TU. For the purposes of
this study, waters having tritium concentrations in this range
are interpreted as having infiltrated within the past 40 years.
Tritium concentrations within a given profile could not be used
to identify an event marker, such as the 1963 peak.

Given the presence of tritium in the unsaturated zone,
the locally high vertical hydraulic conductivity values of more
than 1 m/d in the stream-channel deposits, and depths to the
water table of generally less than 40 m, it is likely that most
of the pore water extracted from the cores was derived from
runoff events during the few years prior to 1999.

Assuming negligible mixing of infiltrated waters, varia-
tions in isotopic signatures and chloride concentrations can be
used to identify individual runoff and infiltration events. These
unique signatures remain intact during infiltration and allow
direct identification of runoff events as the infiltrated water
migrates through the unsaturated profile. Sampling through
the unsaturated zone at a point in time provides a snapshot of
the isotopic and chemical signatures throughout the profile.
This snapshot represents the composition of the water that
infiltrated into the sediment over a period of time—the deepest
water representing the beginning of the period. The downward
rate of water movement at a particular site is calculated using
the time elapsed between the runoff event and depth of infiltra-
tion of the water in the profile.

Oxygen and hydrogen isotopic compositions were deter-
mined for water extracted from cores by azeotropic distillation
(Revesz and Woods, 1990) with toluene at the USGS labora-
tory in Reston, Virginia, using analytical methods described
by Epstein and Mayeda (1953). Isotopic variations in water
are expressed as a per mil ratio (& value), which is a ratio of
130/'°0 and D/'H in a sample relative to the ratio in an ocean
water standard (Clark and Fritz, 1997). The delta symbol in
this report is followed by the chemical symbol for the heavier
isotope measured during isotopic analysis. Isotopic values are
described as lighter or heavier in relation to each other. Lighter
isotopic values are smaller or more negative per mil values,
and heavier isotopic values are larger or more positive per mil
values.

The source of precipitation is evaporation of seawater;
therefore, the 6'30 and 8D composition of precipitation is
linearly correlated, which is known as the meteoric water line
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Figure 6. Profile of tritium content in water collected from
boreholes drilled along Rillito Creek, Pima County, Arizona.

(MWL; Craig, 1961). Values of §'*0 and 8D in precipitation
vary from event to event and also seasonally. Many variables
influence the isotopic signature of a precipitation event,
including the origin, travel path, and duration of the storm,
and the elevation and temperature of condensation prior to
rainfall. In general, however, variations in isotopic signature
are predominately temperature dependent. The cool, high-alti-
tude precipitation events produce water having lighter isotopic
ratios than water from the warm precipitation events. In addi-
tion, evaporation will result in 8'*0-8D data for the remain-
ing water that plot to the right of the MWL. A more detailed
discussion on variations of isotopic ratios can be found in
Clark and Fritz (1997).

Values of 80 and 8D in waters extracted from the
unsaturated zone range from about -12 to -6 per mil, and
-80 to -37 per mil, respectively (fig. 7). Data for many of the
samples indicate the effect of evaporation (fig. 7). Isotopic
compositions from the Dodge Boulevard site generally indi-
cate the greatest amount of evaporation, and isotopic data from
a sample collected at First Avenue North from a depth of less
than 1 m indicated the greatest amount of evaporation for any
sample (fig. 7). Variations in isotopic compositions of water
from the unsaturated zone beneath Rillito Creek are, therefore,
attributed to both changes in the isotopic signatures of the
source water and to evaporation. Those samples that lack an
evaporative signal indicate that percolating waters were not
exposed to significant evaporation prior to infiltration.



Several trends were evident in the isotopic ratios of Rillito
Creek pore water. One trend is related to the location in the
stream reach where the samples were collected. The water-
weighted mean isotopic signature of the pore water in the
unsaturated zone generally becomes lighter in the downstream
direction (fig. 8). The water weighted mean uses the water con-
tent of the core as a weight that is multiplied by the isotopic ratio
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Figure 7. Stable isotope data of pore water collected from
cores collected from boreholes drilled along Rillito Creek, Pima
County, Arizona. A, unsaturated zone; B, below the water table.
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of the extracted water. Pore water in the borehole near Dodge
Boulevard ((D-13-14)28dba) had 8'*0 and 8D values of -8.0 of
-55.0 per mil, respectively, whereas pore water downstream in
the borehole near LaCholla ((D-13-13)16add) had 8'*0 and 6D
values of -9.5 and -64.0 per mil, respectively. At the intermedi-
ate boreholes near First Avenue ((D-13-14)bcbn and (D-13-
14)19bcbs), 8'%0 and 8D values were -8.8 of -60.3 per mil,
respectively. These variations are larger than the analytical preci-
sion (2-sigma values of 0.2 and 2 for 8'30 and 9D, respectively;
thus, in 95 percent of repeat analyses the same sample would
result in 8'%0 within 0.2 per mil of the originally reported value
and the 8D values would be within 2 per mil of the originally
reported value). Evaporative effects would cause a trend oppo-
site to the observed data; therefore, the trend is likely a function
of the origin and season of precipitation events that resulted in
streamflow and subsequent infiltration at the downstream sites.
Specifically, for the time period represented by the unsaturated
zone pore water, it is the longer duration and isotopically lighter
winter storms that were more important contributors to infiltra-
tion in the downstream reaches than in the upstream reaches. The
exception to this trend is at the uppermost borehole near Cray-
croft Road ((D-13-14)26daa) where the lightest values, a $'*0 of
-10 per mil, and a 8D of —65 per mil, were measured. Depth to
water at this site, however, is commonly only a few meters below
the streambed; therefore, water in the unsaturated zone at the
time of core collection probably is representative of infiltration
only from the most recent streamflows.

Another trend in the isotopic data is that water from the
saturated zone has 8'®0 and 8D values that are consistently
lighter than those in water from the unsaturated zone and do
not reflect evaporation effects as do those in water from the
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Figure 8. Weighted average of stable isotope values from
pore water collected from boreholes along Rillito Creek Pima
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unsaturated zone (fig. 8). This lighter isotopic composition
in the ground water from beneath the water table indicates a
greater influence of winter and (or) higher elevation precipita-
tion in the ground water than for the water in the unsaturated
zone at the time of collection. The lack of an evaporative sig-
nal indicates that water that reaches the water table is exposed
to minimal evaporation.

Oxygen-18 (6'%0) and 8D data for precipitation in
the Tucson Basin collected prior to the study period were
analyzed to define a possible isotopic input function to the
system. Isotopic compositions for precipitation in the Tucson
Basin that resulted in Rillito Creek streamflow indicate that
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light compositions are associated with the winter 1998 El
Nifio weather pattern, whereas compositions are varied for the
summer precipitation events of 1997 and 1998 (fig. 9).

A substantially heavy isotopic signal was associated with
precipitation in April and August 1998. Assuming conserva-
tive behavior, isotopic compositions measured in the precipi-
tation are possible event markers that might be identified in
the unsaturated zone. In order to identify event markers in
the unsaturated zone, vertical profiles of 8'30 and 6D were
compared to 80 and 8D in samples of runoff (fig. 10). This
analysis was done for the borehole near Dodge Boulevard
because it is near the streamflow-gaging station at Dodge
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Boulevard (09485700). The hydrograph for this gaging station
was used to determine timing of streamflow prior to drilling
and coring. The trends in isotopic compositions measured

in the pore-water cores approximately match the pattern of
signatures in the basin precipitation from particular storms
that occurred from February to November 1998. For instance,
the heavy isotopic compositions in precipitation in April

and August 1998 are possibly identified in pore water from
depths of 6.5 and 23 m, respectively (fig. 10). Below 23 m, the
compositions become lighter and are similar to those of the El
Nifio precipitation events about 14 months prior to the drilling
and coring. If this interpretation is correct, water in the unsatu-
rated zone below about 23 m is likely to have originated from
sustained flows related to 1998 El Nifio precipitation. Discrete
pore-water sampling and minor mixing of pore water within
the unsaturated zone can explain why the values for precipita-
tion tend to have a wider range (-32 to -65 dD) than values for
the unsaturated zone pore water (-40 to -61 dD). Correlation
between the precipitation events and depths of infiltration, on
the basis of corresponding isotopic signatures, indicates an
average vertical linear velocity of approximately 0.049 m/d at
the borehole near Dodge Boulevard. This velocity represents
the downward percolation rate of water. Percolation is defined
here as the flow of water that has infiltrated and is moving
downward or lateral toward the water table. Note that infiltra-
tion connotes movement of water into sediments, in contrast
to percolation, which connotes movement through sediments.
Owing to the decrease in hydraulic conductivity with decreas-
ing water content, the percolation rate is less than the mea-
sured saturated hydraulic conductivity.

Chloride concentrations in pore-water leachate were
determined from drill cuttings at 0.3-m depth intervals. To
derive the leachate, 50 mL of distilled water was mixed with
50 g of sieved cuttings having a particle size of less than
1 mm. The mixture was stirred and the specific conductance
measured. An ion-specific probe was used to measure the
chloride concentration after the specific conductance stabi-
lized. Chloride concentrations are reported for the boreholes
near Dodge Boulevard and near First Avenue (fig. 11).

Chloride concentrations at the borehole near La Cholla
Boulevard between about 10 and 30 m are not presented
because the fine-grained unit at this depth made leaching and
sieving difficult, and therefore the results were suspect. Chlo-
ride concentrations are not presented for the borehole near
Craycroft Road because of the shallow water table there.

Chloride concentration in runoff varies as a function
of the precipitation location and the runoff travel path and
surface-contact time. Chloride concentrations measured in the
profile varied substantially through the upper 18 m at all sites
(fig. 11). Below about 18 m, the variation in concentration
declined considerably. On the basis of 8'30 and 0D data dis-
cussed previously, this zone of smaller variation corresponds
to the infiltration depth of the 1998 El Nifio water. The small
variation and low mean chloride concentration are attributed
to infiltration from sustained streamflow having a low chloride
concentration. In addition, the low chloride concentration indi-
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cates the water had little exposure to evaporation. The greater
variation and higher concentration observed in post-El Nifio
pore water are likely due to mobilization of chloride from
evaporative concentrates and dry fallout on the streambed and
tributaries deposited between precipitation events. Calculation
of a downward percolation rate using an event marker in the
chloride profile at Dodge Boulevard yields an average linear
velocity of 0.055 m/d, and corresponds closely to the rate
calculated using the stable-isotope data. On the basis of the
environmental tracers measured at the borehole near Dodge
Boulevard, pore water in the unsaturated zone represents water
that infiltrated into the sediments within the 12 to 14 months
prior to drilling, and approximately half of the water (water

in the deeper half of the unsaturated zone) infiltrated from the
previous El Nifio runoff event.

Multiplying the downward percolation rate by the volu-
metric water content results in the flux of recharge that reaches
the water table. Using a percolation-rate estimate of 0.05 m/d,
an average volumetric water content of 13 percent measured
in the cores from the borehole near Dodge Boulevard borehole
(Hoffmann and others, 2002), and a wetted perimeter of 25 m,
results in a flux across the water table of 0.002 cubic meters
per second per linear kilometer of streamflow (m?/s/km).

Seepage Measurements

Seepage measurements were made at several sites
along Rillito Creek during the El Nifio-related sustained
flows of March through April 1998 to determine infiltration
rates for different stream reaches (Don Pool, hydrologist,
U.S. Geological Survey, written commun., 2003). Findings
from the 1998 seepage measurements are summarized here
because, on the basis of stable-isotope ratios and chloride-
concentration profiles, infiltration from the sustained EI Nifio
flow is likely to have provided most of the water stored in
the unsaturated zone at the time of borehole drilling and core
collection. Streamflow losses owing to infiltration along Ril-
lito Creek ranged from 0.07 to 0.9 m*/s/km and were largest
downstream from Swan Road (fig. 1). The small stream-
flow losses in the upstream area were attributed to rejected
recharge; depth to ground water upstream from Swan Road
was near land surface after several days of sustained flow,
whereas the depth downstream from Swan Road was typi-
cally greater than 30 m.

Seepage measurements were made again at four
sites along Rillito Creek during an 8-hr period on
October 24, 2000. Unlike the 1998 seepage measurements,
the October 2000 seepage measurements did not isolate
streamflow-infiltration rates relative to Swan Road; how-
ever, measured streamflow-infiltration rates generally agreed
with those measured in 1998, as they ranged from 0.09
to 0.4 m*/s/km and averaged 0.22 m*/s/km (fig. 12). The
October 2000 seepage measurements were made during an
8-hr period along a 14-km reach having an average wetted
perimeter of about 25 m. Using a wetted perimeter of 25 m
results in an average infiltration rate of 0.75 m/d, which is
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Figure 11.

similar to the measured saturated hydraulic conductivity

of the stream-channel deposits (1.2 m/d), but more than an
order of magnitude greater than percolation rates determined
by tracers. The difference between the estimated infiltration
and percolation rates probably is due to several factors, such
as (1) the variably saturated nature of the sediments—the
near-surface stream-channel deposits are likely to be nearly
saturated during streamflow and, therefore, are approaching
their saturated hydraulic conductivity, whereas the deeper
sediments are less than fully saturated and will, therefore,

Profile of concentration of chloride from cuttings leachate from boreholes drilled along Rillito Creek, Pima County, Arizona.

have a lower hydraulic conductivity; (2) some water will
spread laterally reducing the downward flux, and (3) per-
colation rates determined by tracers reflect average rates
over longer periods of time than infiltration rates, including
periods when the creek is not flowing.

Assuming 6 m of water in storage in the unsaturated
zone beneath the creek (as determined by volumetric water-
content measurements made on the cores; fig. 5) and a
stream width of 100 m, the amount of pore water beneath
every kilometer of the creek at the time of drilling and



coring was 6 x 10° m?. There was less water in the upper
reach where the unsaturated zone is shallower and more
water in the downstream reach where there is an 18-m-thick
fine-grained unit having high water content. Assuming an
average streamflow loss rate of 0.22 m?/s/km, about 33 days
of streamflow infiltration would be needed to infiltrate the
amount of water stored in the unsaturated zone. There were
about 31 days of cumulative flow in the creek in the 12
months prior to drilling and coring; about two-thirds of the
flow days were associated with the El Nifio snowmelt runoff
that occurred about 1 year before the drilling and coring.
Assuming the water in the bottom two-thirds of the unsatu-
rated zone collected in 1999 originated from surface water
flowing a year earlier, the average downward percolation rate
would be about 0.04 to 0.09 m/d, which brackets the percola-
tion rate estimated by environmental tracers. This analysis of
seepage and cumulative streamflow duration required to pro-
vide the amount of water held in storage in the unsaturated
zone provides an independent method of estimating the age
of water in the unsaturated zone, estimating infiltration and
percolation rates, and substantiates the interpretation made
on the basis of the environmental tracers.

Temperature and Water Content

One-Dimensional Temperature Monitoring and
Modeling

Heat can be transferred through sediments by a combina-
tion of advection and conduction. Although both advective and
conductive heat transport occur during infiltration, advective
heat transport is more prevalent in high water-flux settings,
whereas conductive heat transport is more prevalent in very low
or no water-flux conditions. For most hydrologic applications
related to infiltration through alluvial sediments, advection is the
primary mechanism for the transport of heat by flowing water,
and conductive heat transport is regarded as a negligible compo-
nent of heat transfer (Constantz and others, 2003).

In this study, heat as a tracer was used to estimate one-
dimensional vertical infiltration by inversely determining the
vertical saturated hydraulic-conductivity profiles beneath the
streambed. Stream-channel deposits were instrumented with
vertical nests of thermistors at three sites along Rillito Creek
(fig. 1). Thermographs predicted by numerical simulations
were fitted to measured thermographs from the field by adjust-
ing model parameters within appropriate ranges until the least
error (best match) was found between simulated and measured
thermographs. The three vertical-temperature arrays are buried
in the stream-channel deposits near the boreholes (fig. 1). One
array is near Craycroft Road in the upper reach of the study
area; one is near Dodge Boulevard in the middle reach of
the study area; and the other is near First Avenue also in the
middle reach of the study area.

The simulation domains for the Rillito Creek models
were represented numerically in one dimension, oriented
vertically. The upper boundary and datum of the simulation
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domains was the streambed. The lower boundary was at or
near the depth of the deepest measurements of temperature or
pressure, or both. For the simulations, time-varying hydraulic
and temperature potentials were defined at the upper- and
lower-domain boundaries.

The hydraulic head at the streambed is equivalent to the
stream stage. USGS streamflow-gaging stations provided
measurements of stage after correction for the datum eleva-
tion. Streambed temperatures were measured by thermistors
buried about 0.2 m below the streambed in the most active
part of the channel. Pressure-head measurements from
piezometers were used to define heads at the lower boundary
of the three study sites. The lower-boundary temperatures
for the Craycroft Road site were inferred from thermistor
measurements near the lower-boundary depth. The lower-
boundary temperatures coinciding with the water table for
the Dodge Boulevard and First Avenue sites were approxi-
mated from ground-water temperatures measured within 5
meters of the water table at those sites. The inverse simula-
tions were made with a numerical coupled water-flow and
heat-transport model, VS2DH (Healy and Ronan, 1996), that
was linked with parameter estimation software (PEST). A
detailed description of the theory, modeling approach, and
findings of this investigation is documented in Bailey (2002).

Infiltration at Craycroft Road Site

Infiltration for two periods of sustained streamflow
were modeled for the upstream-most site (near Craycroft
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Road). The first model period extends from July 20, 1999,

to July 27, 1999. The second modeled period extends from
July 29, 1999, to August 2, 1999. Streamflow and stage at
the nearby streamflow-gaging station (Tanque Verde Creek at
Tucson) fluctuated between 2.23 and 0.33 m?/s, and between
0.26 and 0.11 m, respectively, during the first modeled flow
period. Streamflow decreased from 1.11 to 0.05 m?/s and
stage decreased from 0.20 to 0.03 m during the second mod-
eled flow period. The wetted perimeter of the streambed near
the Craycroft Road site during these periods was about 10 m.

The measured thermograph at a depth of 1.2 m for the
first modeled period shows a characteristic sinusoidal pat-
tern that varies between about 24 and 26.5°C, whereas the
thermograph for the second modeled period is generally flat
and varies only between 25 and 25.5°C. Model simulation
at the Craycroft Road site approximately reproduced the
thermograph of the observed data for both model periods
(fig. 13). Model simulations were optimized on vertical
saturated hydraulic conductivity. Simulated vertical satu-
rated hydraulic-conductivity values were in general agree-
ment with those measured in the laboratory (Bailey, 2002;
Hoffmann and others, 2002). A physical change within the
streambed between flow periods at this site required the
addition of a thin surface layer having a low vertical hydrau-
lic conductivity within the model domain. The addition of
this surface layer resulted in a lowering of the simulated
equivalent saturated hydraulic conductivity by four orders
of magnitude, from about 4 m/d to 3 x 10~ m/d. The four
orders of magnitude change in hydraulic conductivity is too
large to result solely from changes in water viscosity owing
to temperature changes. Given the tranquil flow conditions
during the first flow period, it is possible that the change
was the deposition of a fine-grained layer at the streambed
surface. In fact, a thin layer of fine-grained material com-
monly was observed at the Craycroft Road site after small
streamflow events.

Flow in the creek typically resulted in hydraulic connec-
tion between streamflows and ground water (see section titled
“Water-Level Responses”). Thus, vertical gradients measured at
the vertically nested piezometer at the borehole near Craycroft
Road enabled estimation of infiltration rates using simulated
equivalent vertical saturated hydraulic conductivity. Vertical
hydraulic gradients measured from these piezometers typi-
cally ranged from 0.06 to 0.2 m/m and averaged 0.1 m/m. The
highest gradients occurred during and shortly after streamflow.
Assuming a typical gradient during and shortly after streamflow
(0.2 m/m) and a wetted perimeter of 10 m, estimated infiltration
rates ranged from 0.09 m?/s/km during the first modeled period
to 8 x 10® m*/s/km during the second modeled period. The first
modeled period is probably most representative of the typical
ephemeral-streamflow conditions; the second period of stream-
flow modeled is probably most representative of small flows
that occur after a layer of fine-grained deposits has been depos-
ited. The infiltration rate of 0.09 m*s/km for the first modeled
period is about half of that estimated by seepage measurements
(average of 0.21 m*/s/km).
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Infiltration at Dodge Boulevard and First Avenue sites

Infiltration also was modeled for two time periods at
the Dodge Boulevard and First Avenue sites: the first mod-
eled period extends from July 14, 1999, to July 17, 1999, and
the second modeled period extends from July 25, 1999, to
July 29, 1999. The proximity of the thermistors to the stream-
flow-gaging station 09485700 at Dodge Boulevard allowed
direct use of the gaging-station measurements to define the
hydraulic head at the upper boundary within the Dodge Bou-
levard model domain. These boundary conditions also were
used for the First Avenue model domain. Discharge and stage
for these two periods reached maximums of 254 m?/s and 2.7
m, respectively. The wetted perimeter for these flows was
about 10 m. An important difference between these sites and
the site near Craycroft Road is that the depth to the water table
near the Dodge Boulevard and First Avenue sites is greater
than 30 m; therefore, ephemeral flow in the stream channel at
these sites may never result in hydraulic connection between
the stream and the aquifer.

Thermographs from a depth of 0.8 m at the Dodge
Boulevard site for the two modeled periods have contrasting
signals. The thermograph for the first period shows a decline
in temperature associated with streamflow from about 29.5
to 20.5°C that is followed by a gradual increase to 26°C; the
thermograph for the second period shows a rapid increase in
temperature associated with streamflow from about 29 to 32°C
that is followed by a gradual decrease to 27°C (fig. 14). The
most accurate prediction of the observed thermograph for the
first modeled time period at the Dodge Boulevard site resulted
in an equivalent vertical saturated hydraulic conductivity of
about 5 m/d, which is similar to, yet slightly higher than, the
equivalent vertical saturated hydraulic conductivity simulated
at the Craycroft Road site. Vertical hydraulic gradients were
not measured at the Dodge Boulevard site, thus, infiltration
rates can not be estimated; however, by assuming a vertical
gradient of 0.2 m/m (on the basis of the measured gradient
at the Craycroft Road site), an equivalent vertical hydraulic
conductivity of 5 m/d, and a wetted perimeter of 10 m, the
infiltration flux was calculated as 0.12 m*/s/km.

To match the simulated thermograph to the measured
thermograph for the second modeled period, a thin surface
layer having a low-vertical hydraulic conductivity needed
to be added during the modeled period. During the first part
of the second simulation, the equivalent vertical saturated
hydraulic conductivity was 0.7 mm/s, which, if sustained,
would equate to 66 m/d. After about 3 hours of streamflow,
the addition of the low-conductivity surface layer reduced the
equivalent vertical hydraulic conductivity to about 0.25 m/d.
The decrease in hydraulic conductivity during a flow event is
consistent with the deposition and accumulation of fine sedi-
ments on the receding limb of a hydrograph.

Model simulations for the site near First Avenue relied
on stage data from the streamflow gaging-station 09485700
at Dodge Boulevard (Bailey, 2002). Simulations for this site
covered the same two time periods and resulted in equivalent
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Figure 14. Measured and simulated thermographs in Rillito Creek near Dodge Boulevard, Pima County, Arizona.

vertical hydraulic conductivity values that were similar to
those estimated for the site near Dodge Boulevard. In addition,
the simulation for the second modeled period required the
addition of a low vertical hydraulic conductivity surficial layer
during the latter part of the period. The model simulations for
the site near First Avenue, however, were less successful in
matching the observed data than the simulations for the site
near Dodge Boulevard. The inability of the simulations to
match the magnitude and changes in the temperature measured
at the site near First Avenue indicates the numerical model
likely is not representing some of the infiltration processes,
such as multidimensional flow beneath the streambed, the

model has poorly constrained sediment and hydraulic param-
eters, or a combination of these factors.

Results of this investigation indicate that, under well-con-
strained conditions where predominantly vertical infiltration
can be assumed, a one-dimensional inverse numerical model
can be used to estimate infiltration rates. One-dimensional
modeling, however, assumes lateral spreading does not occur.
If lateral spreading does occur, the estimated rates predicted
by one-dimensional modeling will be smaller than actual rates.
The results also indicate that streambed hydraulic conductiv-
ity can limit infiltration and that hydraulic conductivity can
vary significantly between and during flow events. Erosion
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and deposition associated with low-frequency, high-intensity
ephemeral streamflow can result in large variations in the
hydraulic conductivity of the streambed surface owing to an
accumulation or removal of fine-grained sediments. This vari-
ability affects the cumulative infiltration, which could vary
greatly as a function of the amount of streamflow and a func-
tion of the nature of the streamflow and the accumulation or
removal of fine-grained sediments. Additionally, these results
indicate that simulation of streambed infiltration should allow
for temporal variation of the streambed hydraulic conductivity
or should be done using short time periods to account for rapid
changes in the streambed hydraulic conductivity.

Two-Dimensional Temperature and Water-
Content Monitoring

For the purpose of measuring infiltration fluxes at the
onset and throughout the duration of streamflow events,
Blasch and others (2003) instrumented the stream-channel
deposits beneath Rillito Creek near Dodge Boulevard with a
two-dimensional vertical array of 28 paired thermocouples,
temperature probes, and time-domain reflectometry (TDR)
water-content probes placed perpendicular to flow (fig. 1). The
paired probes were arranged in four columns (profiles C1, C2,
C3, and C4 in figure 1) spaced 3 m apart. There are seven rows
(depths) within the array at depths of about 0.50, 0.75, 1.0,
1.25, 1.50, 2.0, and 2.5 m below the streambed. Depths of the
probes varied by as much as 0.25 m owing to deposition and

Period of streamflow

f_JH
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erosion during flow events. A near-surface temperature sensor
also was placed adjacent to the paired two-dimensional array
at a depth of 0.05 m.

The highly transient conditions that exist during the onset
of streamflow are more difficult to simulate using tempera-
ture measurements exclusively than the saturated conditions
presented in the previous section because of the rapid changes
in water fluxes and increased multidimensional infiltration.
Combined water-content and temperature measurements are
needed to simulate initial transient infiltration rates in unsatu-
rated sediments. Additionally, infiltration rates can be esti-
mated using wetting-front arrival times and changes in water
content at successive TDR probes.

Water-content data show rapid changes shortly after
the onset of streamflow (fig. 15). Volumetric water content
increases throughout the measured profiles from about 20 per-
cent to 40 percent within minutes of the onset of streamflow.
Initial infiltration rates measured as the change in volumetric
water content over time per unit area were as high as 2 mm/s,
which if sustained would be equivalent to 166 m/d. The high
rates are likely to include vertical and lateral flow components.
Temperature and water-content data for a September 2000
event indicate that infiltration occurs in both the horizontal
and vertical directions at the onset of streamflow (figs. 16 and
17). Measured lateral wetting-front velocities between profiles
were similar in magnitude to vertical velocities. The similar
velocities measured at the onset of streamflow probably were
due to tension gradients being much larger than the gravita-
tional gradient. Water traveled laterally almost the entire 9-m
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Figure 15. Water content of stream-channel sediments for duration of a streamflow eventincluding onset and cessation, from
within two-dimensional array in Rillito Creek near Dodge Boulevard, Pima County, Arizona.



distance between profiles within the first few minutes of the
onset of streamflow.

Multidimensional-flow simulations are required to
accurately represent the full volume of water infiltrating
into a porous, heterogeneous medium near the margins of
the advancing wetting front where capillary flow dominates.
Infiltration, however, is increasingly vertical near the center
of streamflow in a homogeneous medium, and lateral flow
diminishes as capillary gradients decline with distance from
the boundary of the wetted perimeter. The time from the onset
of flow required for vertical infiltration to dominate varies
depending on streamflow conditions and the texture of the
streambed material. For instance, small braided-ribbon flows
over fine material may never result in predominantly verti-
cal infiltration, whereas large bank-to-bank flows over coarse
material may produce predominantly vertical infiltration
beneath the streambed within minutes on the basis of the large
wetted perimeter and conductivity of the sediments.

A typical set of measured Rillito Creek thermographs from
an April 2001 event and from a November 2000 event were
simulated using a variably saturated heat and mass transport
model, VS2DH (Healy and Ronan, 1996). The thermographs
for the 0.5- and 2.5-m depths were used as boundary conditions,
and the thermographs for the remaining five depths were used
as observation points. One-dimensional models were created.
Parameter optimization software, PEST, was used to calibrate
thermal and hydraulic properties. Numerical simulations shown
for data from the two-dimensional array are for a 10-m wide
flow event starting on April 6, 2001 (fig. 18). The assumption
of vertical one-dimensional flow was considered valid because
temperature changes were predominantly in the vertical direc-
tion. The simulated infiltration rates varied from about 0.35 to
0.39 m/d throughout the initial 2 days of flow (fig. 19) and aver-
age 0.37 m/d. This represents a variation in predicted infiltration
rates of less than 10 percent among the four columns, indicat-
ing that infiltration was uniform and predominantly vertical.
Although the simulated and measured thermographs are in
general agreement, departures do exist. Simulated temperatures
differ from measured temperatures for several reasons, such as
error in the measured boundary conditions, error in hydraulic
and thermal property assignments, or an inability of the models
to fully represent multidimensional infiltration.

The infiltration rate generally declines as the streamflow
event proceeds. The declining infiltration rate is attributed to
a declining pressure head and (or) development of a thin, fine-
grained surface layer. Infiltration rates continued to decline
during the flow event and averaged 0.32 m/d for the 12 days
measured. By converting to flux units that are comparable
with those estimates made at the vertical temperature nests
described above and using a wetted perimeter of 10 m, an
average infiltration rate of 0.32 m/d equates to a flux of 0.04
m?¥/s/km. There are two important differences between these
estimates and estimates made at the one-dimensional temper-
ature-array sites near Craycroft Road and Dodge Boulevard.
First, the estimated infiltration rates at the vertical-array sites
near Craycroft Road and Dodge Boulevard are about twice
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that of the infiltration estimates made at the two-dimensional
array. Second, the infiltration rates at the vertical-array sites
required a low-hydraulic conductivity layer be incorporated
into the model in the later stages of infiltration. The addition
of a low-conductivity layer resulted in significantly reduced
infiltration rates during the later stages of streamflow. The
two-dimensional array was at the lowest part of the cross sec-
tion, whereas the vertical nest was near a depositional fringe
within the streambed, which may account for the deposition of
the low-conductivity layer at the vertical nests.

An estimated sustained infiltration rate of about 0.32 m/d
for the April 2000 streamflow event agrees with simulation
results for a November 2000 event lasting 10 days. An average
infiltration rate of 0.37 m/d was simulated for the November
event. These rates show general agreement with infiltration
rates of 0.41 to 0.50 m/d estimated by other investigators along
Rillito Creek (Burkham, 1970; Katz, 1987). Simulations were
also extended about 2 days beyond the periods of streamflow to
estimate the redistribution of water in the subsurface. Redistri-
bution rates, similar to infiltration rates, are determined from the
elapsed time between sharp decreases in water content at each
depth (fig. 15). After the cessation of streamflow, temperature
measurements indicated the simulated dewatering flux was 0.33
and 0.30 m/d for the April and November events, respectively.
Estimated redistribution rates using water-content changes were
0.08 and 0.1 m/d for the April and November events, respec-
tively. Thus, redistribution rates were slightly less than infiltra-
tion fluxes during steady-state flow, and estimates of dewatering
using water-content measurements were less than the simulated
fluxes using temperature methods.

The variety of physical and chemical methods presented
in this chapter (and elsewhere) are used to estimate rates of
infiltration and percolation under steady-state conditions. For
long-duration events (several days to months) steady-state
conditions may be an accurate assumption, but for short-dura-
tion events (less than 24 hrs) typical of those in Rillito Creek
and other streams in southern Arizona, infiltration fluxes that
occur shortly after the onset of flow may differ substantially
in magnitude from those throughout the duration of the event.
For detailed water-budget analyses and hydrologic models
dependent on infiltration flux estimates, the infiltration flux has
to be estimated more accurately than is possible when using
the assumption of steady-state conditions. Infiltration fluxes
through the first 2 m of unsaturated sediments at the onset of
streamflow calculated for 20 events ranged from 13 to 166 m/d.
Variability in antecedent water content and fluid temperature
were examined as possible factors contributing to the range in
onset fluxes. Onset infiltration rates were inversely correlated
to antecedent water content with a log-linear relation (fig. 20).
Measured onset infiltration fluxes differed from those of the
steady-state infiltration fluxes by four orders of magnitude.
Infiltration rates after onset declined more quickly for events
in which the antecedent water content was high; events start-
ing with higher antecedent water content required 3.7 hours to
achieve near steady-state conditions, whereas events with lower
antecedent water content required 6.8 hrs.
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Figure 16. Two-dimensional distribution of temperature during different streamflow conditions in
Rillito Creek on September 10, 2000, near Dodge Boulevard, Pima County, Arizona. A, Thermal transport
through conduction before the onset of streamflow; B, thermal transport through a combination of
advection and conduction at the onset of streamflow exhibiting multidimensional flow through the
sediments; C, combined advection and conduction thermal transport to the deeper sediments several
hours after the onset of streamflow.
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County, Arizona.

The general agreement in infiltration estimates among
these independent temperature and water-content methods
indicates that these methods provide accurate estimates of
infiltration. As such, vertical arrays of temperature probes
can be located along stream reaches to estimate the potential
for in-stream recharge and to provide guidance on citing
recharge facilities. High infiltration rates at shallow depths,
however, are not sufficient to ensure that water will percolate
to deeper depths and recharge the deep aquifer at a high rate.
Infiltration rates determined from shallow measurements

should be considered an upper limit of the potential recharge
rate for a particular site.

Water-Level Responses

Piezometer nests were installed in the stream-channel
boreholes and monitored for water-level variations in response
to streamflow. Nested piezometers included one shallow
piezometer completed in what is usually the unsaturated zone,
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near the contact between the recent stream-channel alluvium
and the basin-fill deposits, and a pair of deep piezometers—
one near the water table and one about 10 m below the water
table. With the exception of the piezometer near Craycroft
Road, the shallow piezometers generally were dry except
shortly after streamflow (fig. 21) and contained water for peri-
ods of days to several weeks. The magnitude of water-level
variation and the period of time the shallow wells contained
water varied. For instance, the water level in the shallow
piezometer near Dodge Boulevard varied the least (usually less
than 1 m), whereas the water level in the shallow piezometer
near La Cholla Boulevard varied the most (usually between

6 and 7 m); water-level variations in the shallow piezometer
near First Avenue were usually between 2 and 6 m. Dura-

tion in which the water level remained above the bottom of
the piezometer was longest in the piezometer near La Cholla
Boulevard where saturation persisted for 6 months after the
summer 1999 streamflow and 12 months after the winter
2000 streamflow; saturation time was shortest at the shallow
piezometer near Dodge Boulevard where it was typically less
than 2 months (fig. 21). The long duration of saturation at the
shallow piezometer near La Cholla Boulevard probably was
due to the fine-grained unit at depth of about 12 to 30 m (Hoft-
mann and others, 2002).

Water levels in each of the pairs of deep piezometers
responded several days to weeks later than the shallow
piezometers and generally after the shallow piezometers
became dry. There were little to no vertical gradients measured
in the pairs of deep piezometers. These responses suggest
gravity flow predominates, and that no hydraulic connection
is established between streamflow and the underlying deep
aquifer. Given the low-permeability of the basin-fill deposits,
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relative to that of the stream-channel deposits, it also is likely
that temporary perched conditions existed near the contact
between these two units for a period of several days to weeks
after cessation of streamflow.

Water levels in the deep piezometers showed an overall
decline during the period of investigation. Water-level declines
between spring 1999 and summer 2002 ranged from about 2 m
at the deep piezometer near Craycroft Road, to 8§ m at the deep
piezometer near Dodge Boulevard (fig. 21). The declines prob-
ably are related to ground-water pumpage from the basin-fill
aquifer. Superimposed on the declines are a series of rises that
range from about 0.5 to 3.9 m. These rises are in response to
the two most significant streamflow periods that occurred in
summer 1999 and fall/winter 2000.

The initial response of the water table in the deep
piezometers lags the onset of streamflow by about 2 weeks
at the piezometer nests near Dodge Boulevard and near First
Avenue, whereas the initial response of the water table at the
piezometer nests near Craycroft Road and near La Cholla
Boulevard is more rapid—within about a day of streamflow in
summer 1999. Lag time for the initial response at the piezom-
eters near Dodge Boulevard and near First Avenue is related
to the presence of a thick unsaturated zone at these sites. The
short lag time between the onset of streamflow and the initial
water-table response could be related to factors such as pref-
erential flow and uniformly high water content throughout the
unsaturated zone (Hoffmann and others, 2002). The occur-
rence of preferential flow is supported by the rapid response
of the water table to streamflow despite the presence of the
fine-grained unit.

Timing of the water-level peak also varies with location,
and the peak occurs several weeks to months after the onset of
streamflow. The longest lag time for the peak occurs near La
Cholla Boulevard where it was about 7 months. Dissipation to
prerecharge-event water levels also required several months at
each site (fig. 21).

The magnitude of the water-table response in the deep
piezometers is greatest at the piezometer nests near Dodge
Boulevard and First Avenue. The water-table response in the
piezometer nest near Craycroft Road is reduced relative to
the water-table responses near Dodge Boulevard and First
Avenue. Shallow piezometers near Craycroft Road indicate
the water table often reaches land surface during streamflow
events; therefore, the reduced water-level response probably
is related to rejected recharge. The magnitude of the water-
table response at the piezometer nest near La Cholla is the
smallest and is related to a smaller recharge rate related to less
frequent and smaller streamflows near La Cholla, relative to
the other sites, and the presence of the fine-grained layer in
the unsaturated zone. The lack of vertical gradients between
the middle and deep piezometers at each nest indicates flow is
predominantly horizontal in the saturated zone, except in the
piezometer nest near Craycroft Road where the vertical gradi-
ent averages about 0.1m/m.

A series of recharge estimates were calculated on
the basis of the water-level responses using an analyti-
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cal approach developed by Moench and Kisiel (1970). In
this analytical model, changes in water levels over time
near an ephemeral-stream channel are assumed to reflect
actual recharge. This is advantageous in that no information
or assumptions regarding unsaturated-zone processes are
required in order to make the calculations.

For any given streamflow event, a certain amount of
water may recharge the aquifer and thereby cause water
levels in nearby wells to rise. The water-level rise results in a
mound that slowly dissipates normal to the line source. Sub-
surface sediments will act to slow the dispersal. The varia-
tion in rate and duration of recharge can thus be viewed as
an input function, the aquifer as a filter or impulse-response
function, and the water levels as output. The variation in the
rate and duration of recharge can be calculated from a com-
bination of water-level data and the impulse-response func-
tion, which is derived from parameters of aquifer geometry,
aquifer storage, and hydraulic properties, using the ground-
water flow equations. By summing these rates of recharge for
the time period being studied, the volume of water recharged
can be determined.

Various assumptions about the aquifer flow-system
are required to implement the analytical model deveolpoed
by Moench and Kisiel (1970). Flow is assumed to be one
dimensional and horizontal. The aquifer is assumed to be
homogeneous and isotropic, to be infinite in horizontal
extent, and to receive recharge from a finite width source.
Agquifer characteristics are assumed to be invariant with time
and water-level fluctuations.

Input to the model includes temporal variations in water
levels, channel width, distance of the well from the center of
the stream channel, specific yield, and transmissivity. The
output is recharge calculated as cubic meters per second
per linear kilometer of stream channel (m?/s/km) over the
period of record. Variations in measured water levels were
assumed to be recharge events superimposed upon a gener-
ally declining water table. In order to find the amount of
water recharged without the bias of the decline, the data
were detrended (fig. 22). Detrending consisted, first, of cal-
culating the trend in the data using a linear regression. This
trend was then removed from the data under the assumption
that all other deviations from a constant water level were
caused by recharge. The period of record for the recharge
calculations was based on the time required for the water-
level response to return to prerecharge levels; therefore, the
period of record includes both the rise in water level associ-
ated with recharge and the dissipation of the water level. A
specific yield of 0.15 was used on the basis of measurements
made by Pool and Schmidt (1997). Bounding transmissivi-
ties of 1.6x 107 and 6.5 x 10 m?*/s estimated from Hanson
and Benedict (1994) were used to show the uncertainty in
the recharge values. The only difference between input data
for the various sites was the individual water-level records
and the distance of the well from the stream channel (to
which the model showed little sensitivity in comparison
with its sensitivity to transmissivity).
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Recharge estimates were calculated for the sites near
Dodge Boulevard, First Avenue, and La Cholla Boulevard for the
recharge events of 1999 and 2000. The recharge event in 1999
was caused by summer streamflows, whereas the recharge event
in 2000 was due predominantly to fall and winter streamflows
and only partly to summer flows (table 1). The site near Cray-
croft Road was excluded from this analysis because the presence
of vertical water-level gradients violated the assumptions of the
analytical model. The largest cumulative recharge estimates for
the 1999 event at the site near First Avenue range from 3.0 x 10
to 6.0x 10° m*km, which is about two to three times larger
than those from the other two sites (near Dodge Boulevard,
1.7%x10° to 3.4 x 10° m*/km; near La Cholla Boulevard, 1.3x10°
to 2.5x 10° m*/km; table 2). Cumulative recharge estimates for
the 2000 recharge event were greatest at the site near Dodge
Boulevard and decreased in the downstream direction. At the site
near Dodge Boulevard, recharge estimates range from 7.1x 10°
to 1.4x 10° m*km, which are slightly larger than those estimated
at the site near First Avenue (5.3x10° to 1.1 x 10° m*/km) and
about three times larger than those estimated at the site near La
Cholla Boulevard (2.2 % 10° to 4.3 10° m*km). The recharge
estimates for the 2000 event at the sites near First Avenue and
near La Cholla Boulevard were about twice those for the 1999
event at these sites and were more than five times that of the
1999 event at the site near Dodge Boulevard. The trends revealed
in this analysis are consistent with the fact that the winter 2000
streamflows were more voluminous and longer in duration than
the summer 1999 streamflows (table 1), and that water levels
in the piezometers rose higher in response to the winter 2000
streamflows than to the summer 1999 flows (fig. 21).

Volumetric recharge rates were estimated by dividing the
cumulative-recharge estimates by the cumulative duration of
streamflow at each site during the period of record. Stream-
flow duration at the streamflow-gaging station at Dodge
Boulevard totaled about 9 days between July 1, 1999 and
September 30, 1999, whereas streamflow duration at stream-
flow-gaging station 09486055, near La Cholla Boulevard, for
the same period totaled about 4.5 days. No streamflow-gaging
station existed near First Avenue; however, in this analysis, a
total of about 7 days of cumulative flow was assumed to have
occurred at the site near First Avenue during 1999—a dura-
tion less than that at the upstream gage, at Dodge Boulevard,
and greater than that at the downstream gage, near La Cholla
Boulevard. Using the values of estimated cumulative-recharge
determined using the Moench and Kisiel (1970) method and of
cumulative-streamflow duration, recharge rates range from 0.2
to 1.0 m*/s/km for 1999 (table 2). During the period of June 15
to December 31, 2000, a span that includes most of the stream-
flow for the second recharge period, cumulative-streamflow
duration ranged from a high of 43 days at the streamflow-gaging
station at Dodge Boulevard, to a low of 14 days at the stream-
flow-gaging station near La Cholla Boulevard. In this analysis,
a flow duration of 30 days was assumed to have occurred at the
site near First Avenue. Using these values, volumetric-recharge
rates range from 0.2 to 0.4 m*/s/km for 2000 (table 2). These
rates are generally greater than volumetric-infiltration estimates
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Table 2. Recharge estimates for sites in Rillito Creek, Pima County, Arizona, using the Moench and Kisiel (1970) analytical-model method.

[m?/sec, square meters per second; m*/km, cubic meters per kilometer; m¥/s/km, cubic meters per second per kilometer]

Distance of well

1999 2000

from center of Ril-
lito Creek channel,

Transmissivity =

Transmissivity = Transmissivity =  Transmissivity =

Site location in meters Recharge 1.6x10° m?/s 6.5x10" m?%/s 1.6x10° m?/s 6.5x10° m?%/s
Dodge Boulevard 3 Length of recharge
S 1 9 43
period, in days
Total, in m3/km 1.7 x 10° 34 x10° 7.1x10° 1.4 x 10°
Rate, in m*/s/km 0.2 0.4 0.2 0.4
First Avenue 45.7 Length of recharge
S 1 7 30
period, in days
Total, in m*/km 3.0x10° 6.0 x 10° 53x10° 1.1x10°
Rate, in m*/s/km 0.5 1 0.2 0.4
La Cholla 3 Length of recharge 45 14
Boulevard period, in days!' ’
Total, in m3/km 1.3x10° 25x10° 22x10° 43 x10°
Rate, in m¥/s/km 0.3 0.7 0.2 0.4

'Refers to the cumulative time streamflow existed in Rillito Creek. Streamflow durations were calculated using data from the streamflow-gaging stations near

Dodge and La Cholla Boulevards.

made using temperature, water-content, and seepage-loss
methods. Because infiltrated water can be stored in the shal-
low subsurface it is available for subsequent evaporation and
(or) transpiration; therefore, infiltration rates typically provide
an upper bound for recharge rates. Estimated recharge rates

in excess of infiltration rates indicate unaccounted sources

of water. These unaccounted sources likely are inputs from
adjacent tributaries, many of which drain the pediment north
of Rillito Creek.

Temporal Gravity Measurements

Ground-water storage was monitored along two gravity
profiles across Rillito Creek at Swan Road (5-km length) and
First Avenue (6.4-km length). The profiles included 11 gravity
stations that are closely spaced near Rillito Creek and at wells
where water levels are monitored (fig. 1). Gravity changes
along both profiles after summer 1999 show that increases in
ground-water storage were primarily within the flood plain
coincident with the stream alluvium (fig. 23). Gravity increases
on the First Avenue profile were largest between these measure-
ment dateswere at the station nearest Rillito Creek. The largest
increase between June 199 and August 1999 was 48 microgals,
which is equivalent to about 1.1 m of water, assuming the
mass change occurs within a horizontal slab of infinite extent.
Gravity increase on the Swan Road profile also was largest
between the June 1999 and August 1999 measurements at the
station about 0.5 km south of Rillito Creek. The greatest change
between these measurement dates was 42 microgals (equivalent

to about 1 m of water). The gravity changes and associated
water-level rises indicate that the highly permeable stream-chan-
nel and flood-plain deposits act as a ground-water reservoir that
readily accepts infiltrated streamflow.

Estimates of recharge through infiltration along Rillito
Creek were made by assuming the storage changes measured
by gravity at each profile were equivalent to recharge and by
integrating the two-dimensional gravity change for the length
of the creek. Similar to that shown with water-level trends,
the overall storage-change estimates during the period of
study steadily declined with two periods of recharge super-
imposed on the longer-term rate of decline (fig. 24). The
long-term storage decline shown in figure 24 is related to the
dissipation of a water-table mound produced in 1998, from
sustained flows related to the El Nifio precipitation, and to
ground-water pumpage from nearby public and private wells.
The periods of increased storage that reduce the rate of long-
term declines were associated with the summer 1999 and
fall/winter 2000 streamflows (figs. 3 and 24). The increase
in storage for the summer 1999 period is about 7.5x 10° m? ;
for the fall/winter 2000-2001 period it is about 11.1x 10° m?
for the 14-km reach between Craycroft Road and La Cholla
Boulevard. Although measurable, these seasonal storage
increases are small compared to the storage increases associ-
ated with the 1998 El Nifio event, which were about 5 x 107
m? (fig. 24).

Assuming that the increases in storage measured in
summer 1999 and fall/winter 20002001 were uniform
throughout the 14-km reach between Craycroft Road and La
Cholla Boulevard, they would equate to 5x 10° m*km and
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8% 10° m3/km, respectively. Using 7 days of flow (as estimated
at First Avenue; table 2) for the summer 1999 event and 30
days of flow for the fall/winter 2000-2001 event, these recharge
volumes equate to 0.9 m*/s/km in the 1999 event, and 0.3 m*/s/
km in the 2000-2001 event.

These rates are generally similar to those estimated using
water-level methods, yet greater than volumetric-infiltration
estimates made using temperature, water-content, and seep-
age-loss methods. As discussed previously, recharge-rate
estimates in excess of infiltration-rate estimates indicate unac-
counted sources of water. These unaccounted sources likely
are inputs from adjacent tributaries, many of which drain the
mountain-front area north of Rillito Creek.

Two-dimensional simulations of the change in water
distribution in the subsurface required to produce the change in
gravity for the period June 24, 1999 to August 18, 1999, along
both profiles are shown in figure 25. Simulations used GM-SYS
software (version 4.6) developed by Northwest Geophysi-
cal Associates, Inc. The software calculates the gravity field
response of polygonal features of variable subsurface density
using the theory and algorithms of Talwani and others (1959),
and Won and Bevis (1987). Simulation of the two-dimensional
vertical polygons requires simplifying assumptions about the
distribution of storage change in the third dimension, in this
case along the stream channel, and at the margin of the simu-
lated region. This application assumed the two-dimensional
polygons of storage change extended in infinite length along
the stream channel. Storage change in the crystalline rocks
adjacent to the northern boundary of the aquifer was assumed
to be insignificant. Storage change in the aquifer adjacent to the
southern end of the profiles was assumed to extend laterally to
an infinite distance. Each of these assumptions likely contrib-
utes little to no errors in the simulation. Available water-level
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data and gravity-derived estimates of specific yield were used
to constrain the vertical distribution of saturated storage change
at many gravity-station wells. Gravity changes along the First
Avenue profile are explained by a combination of higher water
levels and increases in water content in the unsaturated zone. A
10-percent increase in unsaturated water content was required
to match the observed gravity change at gravity stations near the
channel. The resulting model (fig. 25A) resulted in simulation
errors of less than 1 microgal at each station.

Simulation of gravity change along the Swan Road pro-
file could be explained by storage change within the zone of
water-level change: no changes in water content in the unsatu-
rated zone were required. Increases in gravity at all stations
along the Swan Road profile during June 24, 1999, to August
17, 1999, (fig. 25B) indicated that infiltration and recharge
during the intervening period between gravity surveys resulted
in storage increases within about 2 km of the stream channel.
The greatest increases in gravity occurred at the two stations
within about 0.5 km south of the channel. Gravity increases at
stations farther from the channel ranged from 2 to 23 microgal.
The resulting model (fig. 25B) resulted in simulation errors of
generally less than 1 microgal at each station.

Summary and Conclusions

The amount of water currently recharging the aquifers
within the Tucson area is insufficient to meet current and future
demands. Resultant ground-water deficits are manifested in
water-level declines of more than 60 m since the middle of the
twentieth century. The accurate determination of recharge is
critical to establishing a sustainable water budget on the basin
scale. In semiarid regions, recharge beneath ephemeral-stream
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Figure 24. Storage changes measured along Rillito Creek, Pima County, Arizona, from Craycroft Road to La Cholla Boulevard

relative to a measurement made in December 1997.
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channels typically represents a major component of the total
recharge. Improved understanding of streambed infiltration and
the subsequent redistribution of water within the unsaturated
zone is fundamental to quantifying and forming an accurate
description of streambed recharge.

One of the challenges of quantitatively studying recharge
beneath ephemeral-stream channels is the need to integrate
measurements made over a wide range of spatial and tem-
poral scales. No single method of measurement or analysis
can resolve the complex physical processes that contribute to
infiltration, percolation, and recharge beneath these channels;
therefore, various approaches that provide a wide range of
temporal and spatial scale measurements of recharge beneath
Rillito Creek were used in this study. The approaches dis-
cussed in this chapter included analyses of cores and cuttings
for hydraulic and textural properties, environmental tracers
from the water extracted from the cores and cuttings, seep-
age measurements made during sustained streamflow, heat
as a tracer and numerical simulations of the movement of
heat through the streambed sediments, water-content varia-
tions within a two-dimensional array, water-level responses
to streamflow in piezometers within the stream channel, and
gravity changes in response to recharge.

The amount of water flowing in Rillito Creek, and
therefore the amount available for ground-water recharge, is
primarily related to precipitation frequency, distribution, and
intensity, as well as to streamflow and basin/channel runoff
characteristics. The temporal distribution of flow in ephem-
eral streams is highly varied. Because of this, estimating or
predicting recharge rates for ephemeral-stream channels on the
basis of limited temporal observations is particularly difficult.
This investigation extended from 1999 through most of 2002
and represented a time of lower than average precipitation and
streamflow on the basis of data from the previous 30 years.
Estimates of cumulative infiltration and recharge during this
study period may differ from long-term averages; however,
estimates of infiltration and recharge rates for streamflow
events during the study period can be extrapolated to a variety
of climatic conditions.

In order for ephemeral streamflow within Rillito Creek
to recharge the underlying aquifer, the water must first
infiltrate into the stream-channel deposits and percolate
downward through the underlying deposits. The ability of
water to infiltrate and percolate through these deposits is a
function of the availability of streamflow and the hydraulic
properties of the deposits. Study results indicate that the ver-
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tical hydraulic conductivity of the stream-channel deposits
ranges from 0.3 to 2.5 m/d, whereas hydraulic conductiv-
ity of the the basin-fill deposits ranges from 0.012 to 0.61
m/d. For heterogeneous media, such as the deposits beneath
Rillito Creek, the equivalent vertical hydraulic conductiv-
ity is calculated as the harmonic mean of the Ksat for each
textural layer within the deposits. Although differing at each
borehole, the overall average equivalent saturated hydraulic
conductivity of the stream-channel deposits is 1.2 m/d; the
overall average equivalent saturated hydraulic conductiv-

ity of the basin-fill deposits is 0.19 m/d; and the equivalent
hydraulic conductivity of the stream-channel and basin-fill
deposits together is about 0.23 m/d (table 3). Assuming no
preferential flow occurs and unit gradient conditions, these
equivalent vertical hydraulic conductivity values provide an
estimate of long-term potential recharge rates under saturated
conditions. To convert these values into potential recharge
volumes, assumptions of flow duration and average wet-

ted perimeter and length must be made. For example, using
an annual cumulative flow duration of 36 days per year for
Rillito Creek, an average wetted perimeter of 20 m and a
wetted length of 20 km, yields an annual volumetric recharge
of 4.3 x 10° m*/y, which is about two-thirds of the commonly
reported long-term average recharge of 6 x 10° m*y (Hanson
and Benedict, 1994).

Environmental tracers were used to evaluate spatial
variations in infiltration and recharge patterns along Rillito
Creek and estimate percolation rates through the unsaturated
zone. Tritium was detected in pore water extracted from all
core samples and ranged from 2 to 11 TU, indicating that
water in the unsaturated zone infiltrated during the past 40
years. Given the presence of tritium in the unsaturated zone,
the locally high vertical hydraulic conductivity values greater
than 1 m/d in the stream-channel deposits, and a depth to the
water table of generally less than 40 m, it is likely that most
of the pore water extracted from the cores infiltrated during
runoff events in the past few years. Variations in isotopic
compositions of ground water beneath Rillito Creek are
attributed to changes in the compositions of the source water
and to evaporation. The lack of an evaporative signal for
some samples indicates that percolating water was exposed
to minimal evaporation.

Isotopic ratios measured in the pore water during the
study are representative of the isotopic ratios in the infiltrat-
ing waters of the recent past. Isotopic ratios in Rillito Creek
pore water become lighter in the downstream direction indi-
cating that for the time period represented by the unsatu-
rated-zone pore water, the longer duration and isotopically
lighter winter storms were more important contributors to
infiltration in the downstream reaches than in the upstream
reaches. The trends in isotopic ratios measured in the
pore-water cores approximately match the trends in ratios
in the basin precipitation from particular storms during the
year prior to drilling. Correlation between the precipita-
tion events and depths of infiltration, on the basis of corre-
sponding isotopic signatures, indicates an average vertical-
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percolation rate of approximately 0.049 m/d at the Dodge
Boulevard borehole site (table 3). Chloride concentrations
in pore-water leachate determined from drill cuttings varied
substantially through the upper 18 m at all sites. Below
about 18 m, variation in chloride concentration declined
considerably. This zone of smaller variation is interpreted as
corresponding to the infiltration depth of the 1998 El Niiio
water. The low variability and low mean value of chloride
concentration is attributed to a constant supply of runoff
having a low chloride concentration. In addition, the low
chloride concentration indicates the water had little expo-
sure to evaporation. The higher variability and concentration
observed in post-El Nifio pore water above 18 m likely is
due to mobilization of chloride from evaporative concen-
trates and dry fallout deposited between precipitation events
that resulted in runoff along a variety of surface-water flow
paths. Calculation of a downward percolation rate using

the El Nifio event marker in the chloride profile yields an
average percolation rate of 0.055 m/d (table 3). Although
the estimates of recharge determined by hydraulic proper-
ties and environmental tracers required the assumption of
no preferential flow, the water-level responses measured in
the deep piezometers indicate that factors such as prefer-
ential flow likely influence recharge rates. Estimates made
using these techniques, therefore, are likely representative of
minimum values.

Infiltration rates are typically assumed to provide an
upper bound for recharge rates. Infiltration rates were esti-
mated using seepage-loss, temperature, and water-content
methods. Seepage measurements made at several sites along
Rillito Creek during the El Nifio-related sustained flows of
March through April 1998 and again on October 24, 2000,
indicate that streamflow losses owing to infiltration along
Rillito Creek ranged from 0.07 to 0.9 m?*/s/km and averaged
0.21 m?*/s/km (table 3). Streamflow losses were smallest in
the upstream reaches. The losses in these reaches were attrib-
uted to a shallow water table and rejected recharge. Using a
wetted perimeter of 25 m, which was the average width of
the flow that occurred during October 2000, the calculated
average infiltration rate is 0.7 m/d, (table 3) which is simi-
lar to the measured saturated hydraulic conductivity of the
stream-channel deposits but more than an order of magnitude
greater than percolation rates determined by tracers. The
difference between the estimated infiltration and percola-
tion rates probably is due to the variably saturated nature of
the sediments. The near-surface stream-channel deposits are
likely to be nearly saturated during streamflow and there-
fore are approaching their saturated hydraulic conductivity,
whereas the deeper sediments are less saturated and will
therefore have a lower hydraulic conductivity.

Infiltration-rate estimates made using temperature and
water-content methods in this study are one dimensional;
information on stream width and length are required to esti-
mate volumetric rates from the infiltration estimates. Model
simulations using streambed-temperature data indicate
the likelihood of a thin surface layer having a low vertical



hydraulic conductivity at the site near Craycroft Road. The
addition of this surface layer to the model domain resulted
in a lowering of the simulated equivalent saturated hydraulic
conductivity by four orders of magnitude from about 4 m/d
to 3x 10* m/d. The four orders of magnitude change is too
large to result solely from changes in water viscosity owing
to temperature changes. Given the tranquil flow conditions
during the first modeled flow period near Craycroft Road,

it is possible that the change resulted from the deposition

of a fine-grained layer of sediment on the streambed sur-
face. In fact, a thin layer of fine-grained material commonly
was observed at the sites after small streamflows. Vertical
hydraulic gradients measured in the nested piezometers

at the site near Craycroft Road allowed for estimation of
infiltration rates using simulated equivalent vertical satu-
rated hydraulic conductivity. Vertical hydraulic gradients
during and shortly after streamflow were typically 0.1 m/m.
Estimated infiltration rates ranged from 0.09 m*/s/km dur-
ing the period probably most representative of ephemeral-
streamflow conditions. The infiltration rate of 0.09 m?/s/

km (table 3) is about half of that estimated using seepage-
measurement data. The difference between these methods is
primarily the wetted-perimeter value used in the calculation.
The seepage-measurement estimates used a wetted perimeter
of 25 m that was based on measured stream width, whereas
a wetted perimeter of 10 m was used for flows during the
period modeled with the temperature method because flows
during this period were smaller than those during the seepage
measurements. If hydraulic conductivity and vertical gradient
are assumed not to change with increasing wetted perimeter
and these rates are extrapolated to a wetted perimeter of 25
m, infiltration rates estimated with the temperature method
are 0.23 m*s/km—virtually the same that measured by the
seepage-loss method.

Two-dimensional arrays of temperature and water-
content sensors indicated that water-content measurements
enable better estimates of rapid-infiltration rates associ-
ated with the onset of streamflow. Infiltration rates within
the first few minutes after the onset of streamflow were as
large as 166 m/d; however, saturation within the relatively
homogeneous stream-channel deposits of Rillito Creek was
established in less than 10 minutes and subsequent infiltra-
tion rates declined significantly. Simplified one-dimensional
model simulations used to estimate infiltration as soon as the
sediments were saturated indicate infiltration rates declined
as streamflow duration increased and averaged 0.32 m/d for
the 12-day event in April 2000 and 0.37 m/d for the 10-day
event in November (table 3). The declining infiltration rate is
attributed to a declining pressure head and (or) development
of a thin fine-grained surface layer. On the basis of a wetted
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perimeter of 10 m, an average infiltration rate of 0.32 m/d
equates to a flux of 0.04 m*/s/km (table 3).

Water levels in the stream-channel piezometers showed
an overall decline during the period of investigation in rela-
tion to long-term records. The water-level decline probably is
related to ground-water pumpage from the basin-fill deposits.
Superimposed on the water-level decline is a series of water-
level rises that range from about 0.5 to 3.9 m. These rises
were in response to the two periods of greatest streamflow
occurring in the summer of 1999 and the fall/winter of 2000.
The water-level responses to streamflow were followed by
gradual water-level dissipation.

Water-level responses were analyzed by using an analytical
model to simulate cumulative recharge for the water-level rises
measured in 1999 and 2000. The largest cumulative-recharge
estimates for the 1999 event were for a piezometer site near the
middle of the study reach and range from 3.0x 10° to 6.0x 10°
m?/km. This range is about two to three times as large as that
for the other two sites. Estimates of recharge for 2000 were
about two- to five-times that of the estimates for 1999. The
trends revealed in this analysis are consistent with streamflow
volumes and duration, and the magnitude of water-level changes
that occurred in the piezometers in response to the streamflow.
Cumulative-recharge estimates for the 2000 recharge event were
greatest at the upstream-most site and decreased in the down-
stream direction. Recharge estimates for the upstream-most site
range from 7.1x 10° to 1.4 x 10° m*/km; these values are slightly
larger than those estimated for the middle-reach site and about
three times greater than that estimated for the site farthest down-
stream. Recharge rates, estimated by dividing the cumulative-
recharge estimates by the cumulative duration of streamflow,
resulted in rates that range from 0.2 to 1.0 m*s/km for 1999 and
from 0.2 to 0.4 m*/s/km for 2000 (table 3).

Gravity methods used to estimate recharge through
infiltration along Rillito Creek provide values similar to those
made by using the water-level method. Both gravity- and
water level-derived estimates, however, are higher than the
infiltration-rate estimates made by using seepage, tempera-
ture, or water-content change methods. Typically, infiltration-
rate estimates provide an upper bound for recharge-rate
estimates as some of the infiltrated water is stored in the
shallow subsurface and used by vegetation, or is subsequently
evaporated. The relatively high estimates of recharge deter-
mined by the gravity and water-level methods compared to
estimates of infiltration determined by use of the seepage,
temperature, and water-content methods probably is due to
recharge from ungaged tributaries. The ungaged tributaries
provide additional wetted perimeter and channel length not
accounted for in the recharge estimates made by using the
seepage, temperature, and water-content methods.
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Table 3. Summary of methods used and estimated rates of infiltration, percolation, and recharge along Rillito Creek, Pima County,

Tucson, Arizona.

[m/d, meters per day; m*/s, cubic meters per second; m*/yr, cubic meters per year]

Volumetric
rate, m¥/s per  Potential
kilometer of annual
streamflow average
(wetted recharge;
perimeter assumes
of 25 meters 36 days of
Vertical isused for  flow in the
One-dimensional percola- temperature- 20 kilome-
infiltration rate,  tion rate, method ter reach,
Method m/d m/d estimates) mfyr Comments

Physical: equiva- 0.23 Not Not 4.1x10° From Darcy’s Law the flow rate through the sediments
lent saturated calculated calculated under saturated conditions is equal to the product of
hydraulic the hydraulic conductivity and the hydraulic gradient.
conductivity This method uses the average vertical equivalent satu-

rated hydraulic conductivity of the combined stream-
channel and basin-fill deposits multiplied by a unit
gradient to estimate a recharge rate in meters per day.

Stable-isotope Not 0.049 Not Not Method uses isotopic signatures associated with specific
profiles calculated calculated calculated streamflow events and correlates pore water at depth

with timing of introduction of water to unsaturated
zone.

Chloride profiles Not 0.055 Not Not Method uses chloride concentrations associated with

calculated calculated calculated streamflow seasons and correlates pore water at
depth with season (timing) water was introduced to
unsaturated zone.

Seepage losses 0.75 Not 0.07 t0 0.9; 13.7x10° Method uses differences in streamflow measurements to

calculated average of calculate streamflow losses. Seepage losses represent
0.21 infiltration rates in cubic meters per kilometer per
second of streamflow. The one-dimensional rate
(0.75 meter per day) was calculated by using the
average (0.21 cubic meters per kilometer per second).

One-dimensional 0.8to0 1.0 Not 0.23 14.3x10° Rates shown are representative of infiltration rates prior
temperature calculated to the reduced rates simulated to occur owing to the
modeling accumulation of fine sediments on the streambed sur-

face. One-dimensional rates are based on a modeled
hydraulic conductivity of 4 to 5 meters per day and a
measured vertical hydraulic gradient of 0.2.

Temperature data 0.32 (April 2000) Not 0.09 5.8 x10° Temperature modeling results in vertical infiltration
from two-dimen- 0.37 (November calculated rates of 0.32 to 0.37 meters per day; drainage-rate
sional trench 2001) measurements after cessation of streamflow result in

a vertical velocity of 0.46 meters per day.
Water level Not calculated Not 0.2to 1.0 for Not Method uses an analytical solution to simulate recharge
calculated 1999; calculated on the basis of a hydrograph response. Volumet-
0.2 to 0.4 for ric rates represent recharge rates for the period of
2000-2001 streamflow in respective years.

Gravity integrated ~ Not calculated Not 0.8 for 1999;  Not Method uses ground-water storage changes measured at
from Craycroft calculated 0.3 for calculated Swan Road and First Avenue, and extents the storage
Road to 2000-2001 changes upstream to Craycroft Road and downstream
La Cholla to La Cholla Boulevard. An average flow duration

Boulevard

listed in table 2 is used to estimate the rate.
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SECTION 2 BASIN CONDITIONS

Figure 2-4
CASGEM Depth to Groundwater Levels
San Pasqual Groundwater Management State of the Basin Report Update
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Figure 2-4 shows the depth-to-water measurements of the monitoring wells included in the CASGEM
Program. The deepest groundwater is in the eastern part of the Basin, east of the confluence of Guejito
Creek. Groundwater in this area is as deep as 83 feet below ground surface (bgs) (at SP073). The shallowest
groundwater measured was adjacent to Lake Hodges (14 feet bgs at SDLH).

2.2.2 Groundwater Elevations

Figure 2-5 shows groundwater elevations for the City monitoring network measured between 2010 and
2014. Groundwater generally flows from the east to the west through the Basin. The highest groundwater
elevation was measured to be 440 feet msl, at SP093. The lowest groundwater elevation was measured at
318 feet msl, at SP106.

2.3 Water Quality

The City has measured and monitored groundwater quality in the Basin for decades, including as part of the
SPGMP. Groundwater monitoring is ongoing at several locations, because total dissolved solids (TDS) and
nitrogen (as nitrate [NOs]) concentrations have been of particular concern.

2.3.1 Groundwater Quality

Water quality objectives (WQQO) for the Basin were established by the San Diego Regional Water Quality
Control Board (RWQCB) as part of the Water Quality Control Plan for the San Diego Basin (RWQCB, 1994),
which is available online (http://www.waterboards.ca.gov/sandiego/water _issues/programs/basin_plan/).
Groundwater quality in some areas of the Basin does not meet the objective and include chloride, nitrate (as
NOs), sulfate, TDS, iron, and manganese, as noted in Table 2-1. The groundwater WQOs are protective of
beneficial uses that are consistent with the Basin management objectives and Basin utilization goals of the
City.

WBG120114222946SDO 2-5
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The City attempts to collect and analyze groundwater samples quarterly; however, often only one or two
sampling events occur in a year. The samples are analyzed for a variety of inorganics, organics, and metals.
Because TDS and NOs have been evaluated as the constituents of interest, the most recent concentrations in
groundwater have been graphed (see Figures 2-6 and 2-7). The overall trend shows that nitrate increases
from east to west, and TDS is highest toward the middle of the Basin, which can be attributed to the variety
of land uses in the Basin and general movement of groundwater through the aquifer. However, the
westernmost sampling location, SP010, has much lower concentrations than the other western groundwater
sites. Table 2-1 presents a summary of groundwater quality in the Basin.

2.3.1.1 Total Dissolved Solids

TDS concentrations is one way to quantify groundwater salinity within the Basin. More salts are currently
entering the aquifer than are being removed, which has resulted in an overall increase in groundwater
concentrations of TDS over time. Evapoconcentration of groundwater salts from irrigation pumping and
passive use by riparian vegetation is a significant factor contributing to elevated TDS concentrations in
groundwater. In addition, with more than 90 percent of the total nitrogen (TN) contributions to the Basin
coming from fertilizer and manure use, and given the historical elevated nitrate concentrations in
groundwater, effective nutrient management across agricultural and urban landscapes has been identified
as an important component of Basin water quality management.

TDS concentrations in the westernmost well (SP010) range from 604 to 1,050 milligrams per liter (mg/L),
which indicates that groundwater is leaving the Basin with TDS concentrations that exceed the
recommended secondary maximum contaminant level (MCL) of 500 mg/L and in some instances exceed the
WQO of 1,000 mg/L. An analysis of existing historical data indicates that TDS concentrations in the western
portion of the Basin have generally increased since 1950; however, constituent concentration trends seem
to have become more constant in the western portion of the Basin over approximately the last decade.

2.3.1.2 Nitrates

Although the most recent nitrate concentrations in well SP010 are relatively low, average NO3
concentrations in the western Basin are 40 mg/L, with a maximum concentration of 174 mg/L; thus, the
primary MCL for nitrate (as NOs) of 45 mg/L as well as the WQO of 10 mg/L is exceeded in some areas.
Historical data show that the general trend for nitrate concentrations has increased, with the exception of
wells SP089 and SP061, which have decreased.

2-6 WBG120114222946SDO
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August 12, 2021
Via Electronic Mail and Online Submission

Ms. Karina Danek

Public Utilities Department
City of San Diego

525 B Street

San Diego, CA 92101
KDanek@sandiego.gov

Subject: Comments on the San Pasqual Valley Basin Groundwater Sustainability Plan
Dear Ms. Danek:

The California Department of Fish and Wildlife (CDFW) is providing comments on the draft San
Pasqual Valley Basin Groundwater Sustainability Plan (SPV-GSP). As Trustee Agency for the
State’s fish and wildlife resources, CDFW has jurisdiction over the conservation, protection, and
management of fish, wildlife, native plants, and the habitat necessary for biologically sustainable
populations of such species [Fish & Game Code Sections 88 711.7 and 1802]. CDFW has an
interest in the sustainable management of groundwater, as many sensitive ecosystems and
public trust resources depend on groundwater and interconnected surface waters.

The San Pasqual Valley Groundwater Sustainability Agency (SPV GSA) was developed through
a Memorandum of Understanding (MOU) between the City of San Diego (City) and the County
of San Diego (County) and developed to comply with California’s Sustainable Groundwater
Management Act (SGMA) and its requirement to sustainably manage the San Pasqual Valley
Groundwater Basin (Basin). SGMA, which became effective January 1, 2015, provides a
framework to regulate groundwater by requiring local agencies to form Groundwater
Sustainability Agencies (GSAs) and providing those GSAs with the necessary tools to manage
groundwater use (California Water Code [CWC] Section 10720, et seq.)

COMMENT OVERVIEW

CDFW is writing to support ecosystem preservation and enhancement under SGMA
implementation in the context of the following SGMA statutory mandates and CDFW ecological
and biological expertise.

SGMA affords ecosystems specific statutory and regulatory consideration:

- GSPs must consider impacts to groundwater dependent ecosystems [Water Code
810727.4(1)].

- GSPs must identify potential effects on all beneficial uses and users of groundwater,
including fish and wildlife preservation and enhancement [Title 23 California Code of
Regulations § 666], that may occur from undesirable results [Title 23 California Code of
Regulations § 354.26(b)(3)].

Conserving California’s Wildlife Since 1870
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- GSPs must account for groundwater extraction for all Water Use Sectors including
managed wetlands, managed recharge, and native vegetation [Title 23 California Code of
Regulations § 351(al), § 356.2(b)(4)].

Furthermore, the Public Trust Doctrine imposes a related but distinct obligation to consider how
groundwater management affects public trust resources, including navigable surface waters and
fisheries. Groundwater hydrologically connected to surface waters are also subject to the Public
Trust Doctrine to the extent that groundwater extractions or diversions affect or may affect
public trust uses (Environmental Law Foundation v. State Water Resources Control Board
(2018), 26 Cal. App. 5th 844; National Audubon Society v. Superior Court (1983), 33 Cal. 3d
419). Accordingly, groundwater plans should consider potential impacts to and appropriate
protections for interconnected surface waters and their tributaries, and interconnected surface
waters that support fisheries, including the level of groundwater contribution to those waters.

In the context of SGMA statutes and regulations, and Public Trust Doctrine considerations,
groundwater planning should carefully consider and protect environmental beneficial uses and
users of groundwater, including fish and wildlife and their habitats, groundwater dependent
ecosystems, and interconnected surface waters. CDFW supports ecosystem preservation and
enhancement in compliance with SGMA and its implementing regulations based on CDFW
expertise and best available information and science. CDFW offers the following comments and
recommendations to assist SPV GSA in evaluating effects to GDEs.

COMMENTS AND RECOMMENDATIONS

Groundwater Dependent Ecosystems

Comment #1: Assessment of Interconnected Streams and Groundwater Dependent
Ecosystems (GDEs). (SPV-GSP Volume 1 Section 4.6, SPV-GSP Volume 2 Appendices J
and L, page 4-42)

Issue: The SPV-GSP conclusion that streams and wetlands in the eastern portion of the Basin
(eastern Basin) are disconnected from the Basin’s aquifer (i.e., not GDESs) is not fully supported
by the data provided in the SPV-GSP or in Appendices J and L. Readily available scientific data
indicates that the riparian and wetland vegetation in the eastern Basin likely maintain some
connectivity to groundwater and should still be considered GDEs. Under SGMA, a GSP is
required to avoid unreasonable adverse impacts on the beneficial uses of interconnected
surface waters, defined as, “surface water that is hydraulically connected at any point by a
continuous saturated zone to the underlying aquifer, and the overlying surface water is not
completely depleted” (Water Code §§ 10721(x)(6) and 10727.2(b); 23 CCR § 351(0).).

Concern: The SPV-GSP’s reliance on the 2015 to 2019 baseline analysis to identify
disconnected portions of the Basin and eliminate potential GDEs with a depth to groundwater
greater than 30 feet is not representative of current climate conditions. The 2015 to 2019
baseline analysis begins several years into a historic drought when groundwater levels
throughout the Basin were trending lower than usual due to reduced surface water availability.
As such, this period of groundwater elevations does not account for GDEs that can survive a
finite period without groundwater access (Naumburg et al. 2005). The following are additional
factors which support the need to further analyze GDEs and groundwater levels:

a. The distance to groundwater within the riparian/wetland habitat may be less than the
distance to groundwater at the well location, given that riparian and wetlands are located in
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topographical depressions compared to adjacent well locations; therefore, calculations for
GDE'’s should be corrected for actual ground surface elevation (The Nature Conservancy
2019). The corrected distance to groundwater elevation should be used in the GDE
analysis.

b. As shown in Appendix L, some hydrographs in the eastern Basin show measurement at or
around 30 feet in 2019, yet the SPV-GSP categorized streams in the eastern Basin as
disconnected due to depth to groundwater being greater than 30 feet since 2015. Wells in
the eastern reaches show recent connection to groundwater and should be considered
GDEs.

c. Appendix J notes that, “[tlhe major drainages in the San Pasqual Valley have significant
riparian or wetland vegetative communities with an abundance of woody phreatophytes
such as willows (Salix spp.), salt cedar (Tamarisk ramosissima), Fremont cottonwood
(Populus fremontii), California sycamore (Platanus racemosa), and California fan palm
(Washingtonia filifera)” (pg. 14). Some of these trees, such salt cedar, can have a rooting
depth up to 70 feet (Gries et al. 2003). These species, while not native to southern
California, provide habitat for the California Endangered Species Act (CESA)-listed least
Bell’s vireo (Vireo bellii pusillus).

d. Riparian areas in the eastern Basin remain functional without perennial surface flow and
were able to persist through drought conditions; for these reasons, they are likely connected
to groundwater. The GDE Pulse tool by The Nature Conservancy (TNC) also identifies the
eastern Basin’s riparian and wetland habitats as GDEs (Klausmeyer et al. 2019). Naumburg
et al. (2005) presents several models that evaluate how GDEs rely on fluctuating
groundwater elevations for long-term survival. GDEs have been sustained by groundwater,
despite the depth of the groundwater table being greater than 30 feet below ground surface
(bgs), due to these fluctuating groundwater elevations. Figure 3-25 shows that the Santa
Ysabel catchment, which is in the watershed furthest east, provided more than 20 acre-feet
of groundwater recharge even at the height of the drought in 2014. This surface to
groundwater connection sustains the riparian vegetation that is habitat for various
endangered species, such as the CESA-listed least Bell's vireo and CESA-listed tricolored
blackbird (Agelaius tricolor). This should be identified as a beneficial use.

e. Riparian areas that are considered gaining reaches may be considered GDEs even if
groundwater levels are greater than 30 feet bgs. Further guidance on riparian vegetation as
GDEs can be found in Groundwater Dependent Ecosystems Under the Sustainable
Groundwater Management Act Guidance for Preparing Groundwater Sustainability Plans
and ldentifying GDEs Under SGMA Best Practices for Using the NC Dataset. (The Nature
Conservancy 2018 and 2019 respectively).

Recommendation: The SPV GSA should clarify depth to groundwater for GDESs in the eastern
Basin and conduct additional studies as recommended in Appendix J. CDFW also recommends
including areas classified as wetland and riparian habitats as GDEs. This includes areas where
groundwater depth is greater than 30 feet bgs but habitat is still sustained by groundwater.
CDFW suggests these habitat areas be identified as GDEs in the final GDE map in the SPV-
GSP.
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Water Budgets

Comment #2: Water Budgets and Projected Deficits and Sustainability Goals (SPV-GSP
Section 5.5.3, page 5-15)

Issue: Figure 5-5 of Appendix H shows that project groundwater surface levels at the
representative wells in the eastern Basin will hit their planning or minimum threshold by 2035,
which is prior to the sustainable planning horizon of 2040 required under SGMA. Additionally,
the SPV-GSP already has identified a small deficit in groundwater storage. The model seems to
indicate that diminishing groundwater storages may be a long-term trend based on projected
data.

Concern: The SPV-GSP fails to identify specific actions which will determine if the deficit is a
trend, and potential management actions which will be implemented if the deficit is determined
to be a trend.

Recommendation: Thresholds should be revised to provide an earlier indicator of undesirable
reductions in groundwater storage. Management actions may need to be implemented to
prevent undesirable results both for chronic lowering of groundwater storage and potential
impacts to interconnected surface waters and GDEs.

Comment #3: Water Budgets and Impacts to GDEs (GSP Section 5.5.3, page 5-15)

Issue: The Average Annual Surface Water System Water Budget (Table 5-4) shows that during
SPV-GSP implementation, groundwater discharge to streams will decrease significantly, while
stream inflow from adjacent areas will double due to a few large storms. Fay et al. (2000) found
that, “[a]boveground net primary productivity, soil carbon dioxide flux, and flowering duration
were reduced by the increased inter rainfall intervals and were mostly unaffected by reduced
rainfall quantity” (pg. 308). It is unclear in the SPV-GSP how the change in water timing and
type will affect beneficial uses in the stream, such as vegetative growth and blooming periods,
especially during drought conditions.

Concern: Changes in water inputs that may impact GDE health should be monitored as part of
the SPV-GSP. This monitoring data will help to inform future water budgets.

Recommendation: Annual monitoring of GDE health, the use of Normalized Derived
Vegetation Index (NDVI) which estimates greenness, and Normalized Derived Moisture Index
(NDMI) which estimates vegetation moisture, should be used as metrics for interconnected
surface water and GDE impacts.

Undesirable Results

Comment #4: Groundwater Level as a Proxy for Interconnected Surface Waters and
GDE’s. (SPV-GSP Section 6.3.6, page 6-7)

Issue: Although groundwater levels are a simple proxy for many sustainability indicators, it is
not sensitive to changes in ecosystem health and noticeable changes to groundwater levels as
representative wells may lag real time impacts to GDEs due to relative location to the
groundwater surface.
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Concern: Current sustainability indicators will not detect changes, which will affect other
beneficial uses and GDEs.

Recommendation: NDVI and NDMI should be used as early indicators of water stress on
GDEs. NDVI and NDMI are remotely sensed color data that can be used as a refined proxy for
vegetation health in the Basin. The TNC GDE Pulse tool provides both a web viewer and
access to the raw data to analyze these metrics over different periods of time (Klausmeyer et al.
2019).

Comment #5: Degraded Water Quality (SPV-GSP Section ES, 4.1.6, 6.3.4, pages ES-4, 4-
16, 6-5)

Issue: Water quality within the Basin is being impacted by land use practices adjacent to the
Basin.

Concern: The SPV-GSP notes that the SPV GSA only has authority over issues related to
groundwater pumping in the Basin. Although nitrogen and Total Dissolved Solids sources are
outside of the Basin, CDFW is concerned that there are downstream impacts to water quality in
the Basin that could be addressed by managing entities outside of the MOU for the SPV GSA.

Recommendation: Although the SPV GSA only has authority over issues pertaining to
groundwater pumping, both the City and the County have planery authority and can address
water quality issues within their management areas, including upstream watersheds. CDFW
recommends that the SPV GSA coordinate with relevant municipal jurisdictions and landowners
on potential water quality projects to ameliorate the water quality issues upstream of the Basin.

Minimum Thresholds

Comment #6: Minimum Thresholds Are Set Lower Than Historic Baseline (SPV-GSP
Section 8.2.1, page 8-2)

Issue: Minimum thresholds are set well below historic minimums and are not protective of
beneficial uses. Setting minimum and planning thresholds at 50 to 100 percent lower than
historic minimums does not account for how current conditions may already be trending towards
a groundwater storage deficit (Comment #3). Additionally, the future range of groundwater
levels may fall within or near the historic range, which also included severe drought conditions.

Concern: Setting the minimum and planning thresholds below the historic range may not be
enough to allow for protection against undesirable results. Furthermore, as presented in the
SPV-GSP, the planning threshold for wells adjacent to GDEs is less protective than the
threshold set for wells that are further from GDEs. Given CDFW'’s concern that riparian and
wetland vegetation in the eastern Basin may also be GDEs, the absence of established
protective thresholds is of particular concern. Although the SPV GSA is not currently
experiencing an overdraft, trends of overdraft conditions, if they persist, may cause undesirable
results prior to reaching either the proposed planning or minimum threshold.

Recommendation: CDFW recommends following TNC’s guidance by setting minimum
thresholds at levels that prevent adverse impacts to GDEs (TNC 2018). The planning and
minimum thresholds for wells closer to GDEs should also be more protective of the GDEs than
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wells that are further, and the planning threshold should be closer to the measurable objective
rather than the minimum threshold in areas adjacent to GDEs.

Comment #7: Monitor GDEs Should Be A Tier 0 Project (SPV-GSP Figure 9-2, page 9-3)

Issue: Section 9 of the SPV-GSP includes monitoring of GDEs as a Tier 1 project that would be
implemented once the planning threshold is reached.

Concern: Given CDFW'’s many concerns pertaining to interconnected surface waters and
GDEs for the Basin, we are concerned that undesirable results may occur well before Tier 1
projects are implemented, particularly given that planning and minimum thresholds set for the
representative wells is not protective of GDEs and beneficial uses.

Recommendation: Additional studies and monitoring pertaining to GDE'’s should be
implemented, as identified in Appendix J, as a Tier O project that can be implemented at any
time after plan adoption. Again, NDVI and NDMI should be used to assess habitat health on an
annual basis and should inform the revision of both the planning and minimum thresholds for
the representative wells to within or near the historic baseline.

Comment #8: Use of CNDDB Data to Presume Absence (SPV-GSP Volume 2 Appendix J
Groundwater Dependent Ecosystems Technical Memo Table 1, page 6)

Issue: Appendix J notes that presence and/or absence of sensitive species is based on
California Natural Diversity Database (CNDDB) occurrence data. CNDDB only provides positive
occurrence data where studies have been conducted and cannot be relied upon to presume
absence due to lack of data in a specific location.

Concern: Species-specific studies conducted in suitable habitat according to species-specific
protocols are required to determine species absence from a particular area. Only presence can
be assumed and should be assumed in suitable habitat where species-specific surveys have
not been conducted.

Recommendation: In the absence of species-specific protocol surveys, the GSP should
assume presence for sensitive species in areas where suitable habitat exists.

Comment #9: Species Dependence on Groundwater and Mischaracterization as Not
Applicable (SPV-GSP Volume 2 Appendix J Groundwater Dependent Ecosystems
Technical Memo Table 1, page 6)

Issue: Table 1 of Appendix J states that the reliance of many of the sensitive plants and
invertebrates on groundwater is Not Applicable (NA) based on omission from the Critical
Species LookBook (Rohde et al. 2019). The Critical Species LookBook Appendix | Other
Threatened or Endangered Species Relevant to SGMA includes many of the species noted as
NA. Although groundwater relationships may be less apparent and not fully discussed in the
LookBook, groundwater relationships between plants and vernal pool habitats do exist and have
been described in the scientific literature. In one study in the Central Valley, “[plerched
groundwater discharge accounted for 30—-60% of the inflow to the vernal pools during and
immediately following storm events. (Rains et al. 2006, pg. 1157). Endangered plants such as
the threadleaf brodiaea (Brodiaea filifolia) which CNDDB notes as potentially present in the
eastern Basin may also be impacted by changes to groundwater.
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Concern: Although these groundwater relationships are not well understood for the Basin,
CDFW is concerned that additional monitoring of known sensitive populations have not been
included in the SPV-GSP.

Recommendation: Sensitive plants and invertebrates should be included in Appendix | of the
Critical Species LookBook as having a potential reliance on groundwater rather than ‘NA.” The
SPV GSA should also coordinate with the City and County to include periodic monitoring of
sensitive species populations within the Basin, beginning with baseline studies where suitable
habitat exists.

Editorial Comments

Comment #10: Pictures Were Not Provided for Eastern Field Data Points That Were
Determined to Not Be GDEs (GSP Volume 2 Appendix J Groundwater Dependent
Ecosystems Technical Memo Attachment 1)

Issue: Appendix J does not include representative photos of field surveys in the eastern Basin.
The SPV-GSP makes the conclusion that the riparian and wetland habitat in the eastern portion
are not GDEs due to the depth of groundwater being greater than 30 feet.

Concern: Pictographic evidence regarding GDEs was not included to support the GDE analysis
provided.

Recommendation: Representative photographs of the field surveys conducted in the eastern
Basin should be included in Appendix J. The Final SPV-GSP should contain updated analysis in
Appendix J to addressed issues discussed in this letter.

CONCLUSION

In conclusion, the SPV-GSP does not comply with all aspects of SGMA statute and regulations,
and CDFW deems the SPV-GSP inadequate to protect fish and wildlife beneficial users of
groundwater. CDFW recommends that the SPV-GSP consider CDFW’s comments for the
following reasons:

1. the assumptions, criteria, findings, and objectives, including the sustainability goal,
undesirable results, minimum thresholds, measurable objectives, and interim milestones are
not reasonable and/or not supported by the best available information and best available
science. [CCR § 355.4(b)(1)] (See Comments # 1, 2, and 6);

2. the SPV-GSP does not identify reasonable measures and schedules to eliminate data gaps.
[CCR & 355.4(b)(2)] (See Comments # 1, 2, 8, and 9);

3. the sustainable management criteria and projects and management actions are not
commensurate with the level of understanding of the Basin setting, based on the level of
uncertainty, as reflected in the SPV-GSP. [CCR § 355.4(b)(3)] (See Comments # 1, 2, and
7);

4. the interests of the beneficial uses that are potentially affected by the use of groundwater in
the Basin have not been considered. [CCR § 355.4(b)(4)] (See Comments # 1, 8, and 9);
and,
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5. the SPV-GSP does not include a reasonable assessment of overdraft conditions and
includes reasonable means to mitigate overdraft if present. [CCR § 355.4(b)(6)] (See
Comment # 2, 3, 4, and 6)

CDFW appreciates the opportunity to provide comments. Please contact Mary Ngo, Senior
Environmental Scientist (Specialist) at Mary.Ngo@wildlife.ca.gov or (562) 477-0743 with any
guestions.

Sincerely,

DocuSigned by:

MM

DD?OOizm%V

David Mayer

Environmental Program Manager
South Coast Region
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From: Alicia Appel <aappel@escondido.org>
Sent: Tuesday, August 17, 2021 10:54 AM
To: Danek, Karina <KDanek@sandiego.gov>
Subject: San Pasqual GSP comments

**This email came from an external source. Be cautious about clicking on any links in this email or
opening attachments.**

Hi Karina,

My sincere apologies -something came up last week and | failed to send our comments on the Draft GSP.
| hope they may still be considered for the final version.

Hope you're well!

Alicia
Page # | Section | Figure/Table/ Comment
Paragraph

4-4 4.1.2 Fig 4-2 Update map or add footnote to denote errors on this
map. Santa Ysabel should be named San Dieguito and San
Dieguito River should read Cloverdale Creek. The map on
the next page is correct.

5-3 5.1 Title Approach (sp)

8-1 8 General Is there a different term that can be used rather than
“exceedance”? Exceedance is going "over" a limit but in
the case of groundwater levels it would be falling below a
threshold. This term is often used in stormwater
compliance. It would make sense for the water quality
metrics (e.g. nitrate and TDS)

9-7 9.5 Last Delete repeated table reference (9-2)

paragraph

Vol 2 Figure 3-27 Water District Source map does not match the Escondido

pdf Water boundaries. See attached map and contact me if

Page you want the GIS layer.

648

Alicia Appel

Environmental Programs Manager

Utilities | City of Escondido

Direct: 760-839-6315 | Mobile: 760-215-2339
www.escondido.org
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Source: City of Escondido G
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Was 2 chemical analysis made? Yes O3

-
Mo (37

Was electric log made of well? Yes ]  No [X if yes, ateach copy

DWR 188 (REV. 9-63)

SKETCH LOCATION OF WELL ON REV];:RSE SIDE

[Smmzn]"ﬁf/ 7 U
(geﬂ .thﬂrr) . . -z
License anvg/‘:?& O T):ced% 17, , 19_&4_?

i . x6391-550 jo-65 soM TRIF (D A osp
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APR 10 1948

A

T
ORIGINAL

File with DWR

WATER WELL DRILLERS REPORT

(Sections'7079, 7080, 781, 7082, Water Code)

THE RESOURCES AGENCY OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

IASOIw 31 R00AS S

Do Net Fill In
N9 39875
State Well No. JMMOZ

Other WellNoo.

[ N S |

(11) WELL LOG:
‘Total depth ft. Depth of completed well ft.
Formation: Describe by color, chareeter, size of material, and ‘.r!mcturt
" frto fr.
(2), LOCATION OF WELL: &3 c

County Owner’s number, if any

330 - lLOQJSemd bro%m. fine to coarse

San Diego

Township, Range, and Section . 7'y 1 1ma F'yem Tapamdd ﬂn fata)

IO - 5'023Sangl, black QQlQ}:, fine _

Distance fram cities, roads, railroads, etc. FOl!{: Ei:l 1&5 erm E;s;:Qndj dQ
_on  Hishuway 78 east (San Paqmu al ;

27

6'—? - '?‘%'dJSand. dark wre}r, some small gravel

(3) TYPE OF WORK (check):

1/84 g 1V gize

New Well {1 Deepening [] Reconditioning []
If destruction, describe material and procedure in Ifem 11.

Destroying []

75 - 80 wS'L't't.. hlack "Toolie Lavert
80 - 85 28and & gravel

(4) PROPOSED USE (check): (5) EQUIPMENT:

R o

ot o e

{ 85 = 90¢¥Sand, grev color, fine to wedium =iz

Domestic [] Industrial ] Municipal [] Rotary M|
Irrigation £] Test Well [ Other [ Cable H |medium size
Other O 1100 - 12hivSand, broun color, partly cemented
(6) CASING INSTALLED:  fine to medinm size
STEEL: OTHER: I‘f gravel packed 12k - 135! fDecomnosed granite
SINGLEE] ROUSLE [] . d i
R Gage Diameter b =
From To or of From To -
ft, ft, Diam. “Wall Bore fo. ft, . ’
) 0 40 12 | .250] o200 o) 135 -
'., 1,0 23 12 « 213
23 1138 12 £200
Size of shae or well sing:  Wine sieeof gravel:  3/BH round .
Describe joint Helded

(7) PERFORATIONS OR SCREEN: 100 Slot Screen

Type of perforation or name of seraenPil 1 1 slo‘h—Louvre_Johnson :
From Te P;;f. RPO::S Size LaU i\! i“! DF N.F! A ] ?\! ﬂT
fr. fr. row ft. in. X in, Jmm T EIV T o™ Iyt g 4 e o
10 70 8 & /R &3 x 23/8 FooolRCEEASE
70 75 Hell deraen
75 80 8 Is 1/8 & Y% % 23/8 \
80 85 Well Sereen
85 135 o) h 1/8 & 1._/3_3" 23/8
(8) CONSTRUCTION: ' .
Was a surface sanitary seal provided? Yes T]  No B¢ To what depth ft.

Were any straia sealed agzinst pallution? Yes [ No J) If ves, note depth of strata

From ft. to Ei

From ft, to fr.

67

Work stareed How Q@ 19 &7 . Completed Wov 2)_[ 19 i

Meathod of sealing

WELL DRILLER’S STATEMENT:"

(9) WATER LEVELS:

This well was drilled under my jurisdiction and this report is true to the pest
of my krnowledge and belief. :

Depth atr which water was first found, if known ]:;':_;/ ft.

Standing lovel before pecforating, if_known Jiks e, NAME frme Drilline Copmansr

Standing level afcer perforating and developing JI}L fe. (Person, ftrm, 0t f:o:pnra'tion) “{Typed or prinied)
Address PO, Boyw 830

(10) WELL TESTS: ]
a5 pump Wit made? Yes W No ] If yes, by whom¥lEDh Pﬂl_‘g CO.

9
R,

*85 -t ;’:, a;}idoagaftcr—a E 3

Valley Center, Calif 2082
[Stonen) 7/ ?ﬁw - -

;OO gal, fmin, with hzse,
. . = (el D\jiler)
Temperature of water Was a chemical analysis made? Yes TJ No [% i
Was elcetrie log made of well?  Yes E] No [ 1f ;es, ateach copy License Nn/ 7 A 2‘?@ Dated 19

SKETCH LOCATION OF WELL ON REVERSE SIDE

DWR 188 (REV. 8.63)
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ORIGINAL
File with DWR

Page 1 of _1

Owner’s Well No, _MW_— 1

Date Work Began

STAZE OF CALIFORNIA

WELL COMPLETION REPORT

Refer 1o Instruction Pamphler

N 449191

6£/30/97

, Ended __7/2/97

Local Permit Agency _ Dept of Env, Health

—-llllll_l_ll|l|_|‘

STATE WELL NC./STATION NO.

llLMllDlJlill‘D

LORGITUDE
Lo o v |

Permit No. __}633901 Permit Date _ /27 /97
GEOLOG]C LOG WETrIYT NnWNLTD
ORIENTATION () _X_VERTICAL ... HORIZONTAL __.__ ANGE __ _ (SPECIFY)
DEPTH TO FIRST WATER __ykn (Ft) BELOW SURFACE
DEPTH FROM
SURFACE DESCRIFTION
Ft. to Ft. Describe material, grain size, color, etc. WELL LOCATION
v ' Alluvial fill as follows: Address Battle Monument Rd & Bwy 78
i i (see attached geolegic log) Gity S5an Diego (San Pasqual Valley)
3 Tned silt with County 2an Blogs
: 3 : ne graine : t r} th some APN Book 700 Page 170 parcel 03
' ' coarse graine sand ~ brown cold ﬁ"oﬂship Range W Section 33
i : - . oty Latitude 1 L HOAM  Longitude \ \ WEST
36 60 Medium grained sand with some DEG.  MIN.  SEC. DEG. M. SEC.
0 T 1 - - LOCATION SKETCH r—ACTIVITY {Z )~
: ! silt - grey f brown tolor NGRTH X ew weiL
K : . . MODIFICATION /REPASR
60 ' 70 Medium to coarse sand Despen
T T i m—
: : w0 Other (Specify)
70 80 . Claey silt ~ black color
: In —— DESTROY (Describe
8¢ 1101:_ Fine to very coarse sand kool
' ' grey color = 33 = PLANNED USE(S) -
i Z
k ! y 3] X wonmonrmg
110 : 126: silty sand with some rock g I T
. . fragments e v Réf—-’< - Domestic
: ; -— e - s EE’E - L —_—
: s ;SB) kﬁ - - “~ ___ Public
126 : 158, TFine to coarse sand and silt Wed —_ Weigation
. . some rock fragments - brown coldr  duatrial
. . — . “TEST WELL™
158 : 165! tonalite/quartz diorite soumm —_ CATHODIC PROTEC-
] [ TION
1 : EYey color Hlustrate or Describe Distance of Well from Landmarks —— OTHER (Spacity)
1 ) such as Roods, Buildings, Fences, Rivers, etc.
. PLEASE BE ACCURATE & COMPLETE.
1 1
’ 1 DRILLING
| ' meETHOD __Rotary rup . Gel
' ' WATER LEVEL & YIELD OF COMPLETED WELL
: : DEFPTH OF STATIC
: : WATER LEVEL. 21 . (F1) & DATE MEASURED _7/2/97
: ! esTMaTED viELD 100+  (apwy & TEST TYPE_pump
TOTAL DEPTH OF BORING _165  _ (Feet) TEST LENGTH 3 (Hrs) TOTAL DRAWDOWN _15  (F1)
TOTAL DEPTH OF COMPLETED WELL _160  _ (Feet) * May not be vepresentative of a well’s long-term yield.
DEPTH BORE- CASING(S) DEPTH ANNULAR MATERIAL
FROM SURFAGE | 000 ["TvPE (2 ) FAOM SURFACE TYPE
bA. [ol= 51  MATERIAL/ ma?;g GAUGE SLOT SIZE P YT
’ & R OR WALL IF ANY FILTER PACK
Foote ko | MY ISIRBHS  GRADE tnches) | THICKNESS | gnches) Ft. to Ft ':'5")7 T{ofT)E {F"}") (TVPE/ SIZE)
1 1
0 _+ 25115 Ix A=53 8.125]| 188 0 10 lx
0 80 8 X F480 4 sch_40 10 125 X
| 80 | 160 | 8 X F4A0 4 sch 40 Q40 0 160 6%16
1 ]
T T

ATTACHMENTS ()

_X Geologk Log

—— Woall Constructlon Diagram
x_ Geophysical Log(a)

—— Soll/Water Chemical Analyses

X other Afa& %) .Zocgfwnu’

ATTACH ADDITIONAL INFORMATION. IF IT EXISTS.

CERTIFICATION STATEMENT

NAME

1, the undersigned, certify ihat this report is complete and accurate to the best of my knowledge and belief.

Fain Drilling & Pump Co Inc.

(PERSON, FIRM, OR CORPORATION) (TYPED OR PRINTED)

ADDRESS

Signed

12029 01d Castle Rd. Valley Center, califoria 92082
cIry

ORIZED REPRESENTATIVE

TTRIE iz
7/7/97 328287
DAY SheD EE7 ICENSE NUMBER

DWR 188 REV. 7-80

IF ADDITIONAL SPACE IS NEEDED, USE NEXT GONSEGUTIVELY NUMBERED FORM




: »GOU TY OF SAN DIEGO
DEPARTMENT OF ENVIRONMENTAL HEALTH

N
> “. Control #:_\A )L B2Y9]
Assessor’s Parcel Number: 730- / /ﬂ O3
LOCATION 44919

IndlcatebelowmevlctrﬂtvmdexactlocatbnofweIMrespocttoﬂufoﬂowhghmm Propertyllms water
bodies or water courses, drainage pattem, roads, existing wells, sewers and private sowago disposal systems
and other potentlal contamination sources, including dimensions.
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STATE OF CALIFORNIA

ORIGINAL THE RESOURCES AGENCY Do not fill in
File with DWR DEPARTMENT OF WATER RESOURCES
WATER WELL DRILLERS REPORT No. 341173
e
' Jotice of Intent No. State Well No.

Lacal Permit No. or Date M{ Other Well No.
{

(12) WELL LOG: Total depth 12UL _ ft Completed depth A28 fr

from ft. to ft: Formation (Describe by color, character, size or material)
{
—f——— 40 - fine to-coarsesand—7
(2) LOgATIBN OF WELL (See instructions): =
County 220 L1€90 Owner’s Well Number 40— 60— —siliy-sand—{black-color}———
same -

Well add if djfferent f bove
ell a rem|1di§en rom above W U}

Township Range Sisar 0—— 80— fineto-coarse sand-with-some
: " " prox N Bandy o0 A
Do R B Al Tk Bandy CynRa.T - -gravelQqses-
behind dairy _ A

{3) TYPE OF WORK:

Ne\o /'. . . New Well B Deepening [

w‘v ; Reconstruction
Reconditioning
\ q‘pega Hgrizontal Weil

truction ] (Describe
destruction materials and pro-
cedures in ltem 12}

(4) PROPOSED USp*

Promestic

Irrigation
Lfndustrial
Test Well
Munici

RYT7 geg® . y
WELL LOCATION SKETCH 14 @%ﬂm) o~
(5) EQUIPMENT: cm%cx; \¥ Lo </
Rotary (54 Reverse [ No Si /1—\\\(7')
Cable [ Air 3 i of bore
Other [ Buck}-Q rom ? 20 t \% -
£, 0 -
{T) CASING INSTALLED-: (8) PE nh% ~Z —
Steel (X Phastic [] bgod 599@ _
i & "N
From )l; . | Gageor S~ \ S 'ﬁ%t -
ft. f ﬁ Wall & size -

0 21N 250 110 1\(\1\&%\' 060 -
o | 126012 375 %&5 -

(9) WELL SEAL: : _
Was surface sanitary seal provided? Ym)P No [0 Hyestodepth_20 . ft -

Were strata sealed against polhution?  Yes [ No [ Interval [t —

Method of sealing . cemented- Work started 19 Completed_2 /34 19_. g4
{10) WATER LEVELS: WELL DBILLEE’S STATEMENT:

Depth of first water, if known — ke 1 This well was deifled dedi jurisdigion and this report is true to the
Standing level after well cnmpletion 35 ft. [ best of my kp T * » ) .

(11) WELL, TESTS:

(Well Driller)

Was well test made? Yes No i yes, by whom? _Sa.m.%*_.‘

7~ ~Type of test Pump Bailer (] Air lift NAME sin deills
Jepth to water at start of test 367 _ ft. Atendofest g .. ft 2 n} (Typed or prinfed)
Discharge 1010 galyminafter __6 _ hours Water temperature .. LK. Address 12029 dl an.iG ~2
Chemical analysis made? Yes (1 No &) If yes, by whom? City Va ”ey Center £ California 2P32082
Was electric log made Yes []  No fd 1 yes, attach copy to this report License No. 328287 Date of this report 3/10/90
DWR 188 REV. 12.86) IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM o pa3ss




ORIGINAL
File with DWR

S

7

STATE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES

WATER WELL DRILLERS REPORT

.ice of Intent No.
Local Permit No. or Date M2 o] SBEBR

Do not fill in
No. 353081
State Well No.
Other Well No.

{1 from ft

i (12) WELL LOG: Total depth 4g5g— ft. Completed depth 3 gq—- ft

to  ft Formation (Describe by color, character, size or material)

(2 LOCATION OF WELL (See instructions):

County Owner's Well Number
Well address if different from above Same
Township 12.5 Range 1T W Section 3l

Distance from cities, roads, railroads, fences, atc _A,ppmx.._..s_mﬂ.es_

34

{3) TYPE OF WORK:

New Well [ Deepening [J

Reconstruction |
Reconditioning a
Horizontal Well (]

Destruction [J  (Describe
ction materials and pro-

{ (4) PROPOSED Us

cedures in Jtem 12)
/]
™

ogoag

{5) EQUIPMENT:
Rotary B4 Reverse [
Cable (O Alr a
Other [

cRAV FoCE: @m@

7220—\%—tw@w

{7) CASING INSTALLED: {8) PER. TI ~
N i S o -
From T 'E) Gage or ~ \\ =
ft. f iﬁ Wall (Q_ size —

b ~4

_o__.uér_-/.g_.zso_ 060 =
o 160{ 101375 ANAN -
i =

(9) WELL SEAL:
Was surface sanitary seal provided? Yes %
es

No[] Ifystodepth. 20 .1t

g1 _Completed——g g a9y

Were strata sealed against pollution? Y NoX]  Interval ft. -

Method of sealing . Comented Work started 19

{10) WATER LEVELS: WELL DRILLER’S STATEMENT:
Depth of first water, if k 504 fr

e of test

th to waler at start of best k.

At end of test fr

Standing leve] after well completion Lns5 it
(11) WELL TESTS: -
Was well tast made? Yeas X1 No O  If yes, by whom?
Pump [1 Batler [] Adr Kft ;é
—150—

Discharge —8.0.04-gal/rain after _§—__ hours

. Water temperature gplegy Address

This well was drilled under m: ?juriaik:ﬁan and thiz report is true to the

%aﬂdhﬂe é
—FainDeilline

[ |
12029 Ofd"

best of
Signed

NAME

Chemical analysismade? Yes (1 Noj[]  If yes by whom? City Al —grpgr—
Waseloctriclogmade  Yes [1  No [3¢ M yes, atiach copy to this report License No. __:Sg.ngﬂ___mf}ateofthlsrepoﬂ_s?'m:
IF ADDITIONAL SPACE 15 NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM

DWR 188 (REV. 12-86)




ORIGINAL 012S001W35F002S STATE OF CALIFORNIA ——DWR USE ONLY — DO NOT FILL IN —
File with DWR WELL COMPLETION REPORT L. « | | | | 4 | | | | |
Page 1 of 1 Refer to fnstruction Pamphler STATE WELL NO./STATION NO.
Owner’s Well No. No. 485441 Ll | 1 ] lWDLl [y IJ!:
Date Work Began ___7=29-91 Ended _g-19-971 - LATITUDE LONGITUDE
Local Permit Agency | l T B B B S A SR
Permit No. ___Wg1867 _ Permit Date 729 0% APN/TRS/QTHER
GEOLOGIC LOG : WELL OWNER
ORIENTATION {(Z£) __X VEATICAL ____ HORIZONTAL _ ANGLE ___ (SPECFY) | Name -.—_Wuman—Raneh
DE. ili e
Ty FTH TO FIRST WATER._{Jj¢piFt) BELOW SURFACE | Mailing Address —P.0.-Box 1959
SURFACE DESCRIPTION {ats i . H H
Fi. tlo Ft. Describe material, grain size, color, erc. ey : w E LL LOCATION STATE ap
' . i — Address .18118-Bandy-CanyonRed——
] ] - . . . - -
. i City —San Diege
' | - 38
: ; APN B040k7.5.g__ Page 179— Parc.el
——35—70——Fine-to-coarse-sand—brown—cofor—| To%ship 12.S_ Range 1 W._ Section _34
L L. _\ars ancoc ok s [T i 1 WEST
| L ith-lenses—of grey sitt— Latitude DEG MR SEC MORM - Longitude BEG.WMIN. SEC.
T T LOCATION SKETCH — ACTIVITY (Z)~
—FH—H5—Fine-to-coarse-sand-with—some——— NORTH X NEW WELL
1 1
: — beulders MODIFICATION/REPAIR
: : M& — Daspen
11k 1 &5 . cotse—samc fale 1 £ 3 Gﬁ‘ —— Other (Specity)
o oo oA wWrir renses uTgravel /
: —and some-boutders—grey cotor—1
' . DESTROY (Describe
1p ;: 1on : . Proceq_uroa and Materia
ST Trhre—to coarse-sanmd-withrsome ] i

o Il
WUUTUTET S

partty cementsd

FPLANNED USE(S)
v

WEST

(Z)
— MONITORING

grey cotlor

WATER SUPPLY

—_—

Domentic

—— Public

X_. Irrigation

—— Industrial

— “TEST WELL"

—— CATHODIC PROTE(
TION
«—— OTHER (Specity)

SOUTH
Tllustrate or Describe Distance of Well from Landmarks

such as Roads, Buildings, Fences, Rivers, etc.

PLEASE BE ACCURATE (- COMFPLETE.

DRILLING
METHOD Roatary FLuic — Gel

WATER LEVEL & YIELD OF COMPLETED WELL —

DEPTH OF STATIC

WATER LEVeL __48  (Ft) & DATE MeasuReD __7-29-91

- - b =d |-~} -

TOTAL DEPTH OF BORING 195 (Feet)

esTMATED viELD'—_1500 (apm) & TEST TYPE _air lift
Test LENGTH 8 (Hrs) TOTAL DRAwWDOWN 140 (Fry

TOTAL DEPTH OF COMPLETED WELL _195 __ (Feet) * May not be representative of a well’s long-term yield.
DEPTH BORE- CASING(5) DEPTH ANNULAR MATERIAL
FROM SURFACE | Ui [TYpE (2) FROM SURFACE TYPE
DIA. = INTERNAL|  GAUGE SLOT SIZE
wcneny |E |5 le §1 | MGRape  [DIAMETER| OR WaLL P ANY MENT|TONITE| FiLL | -FILTER PACK
Ft. to Ft. 2lg8g = (inches) | THICKNESS {inches) Ft. 0 Ft ) | 2y ] (2 (TYPE/SIZE)
i ]
Q 21 36" | X A=120 19 =& A 0 .20 X
' LM S v - 4 r-ye e s aJU T
1] 100 24" | ¥ A-124 192 L 20 195 X 5 /16y
' L =124 LI 4 T I7J N oot
100380 ! 24n [ SS304 19 LYY Ao ]
’ £, L4 T U = « &I « UOU '
1Rf_|l 195 2’.!" “ Aldn 11 LT 1. !
; Ty L2 «J7I'J :

ATTACHMENTS (Z)

—— Geologic Log

—— Woell Congtruction Diagram
Geophysical Log(s}
Soil/Water Chemical Analyses
Other

CERTIFICATION STATEMENT

NAME

ATTACH ADDITIONAL INFORMATION. IF T EXISTS.

DWR 188 REV. 7-90

IF ADDITIONAL SPACE

I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief.

Fai

(PERSON, FIRM, OR CORPORATION)

Tl L]

Inc

PED OR PRINTED)

opP

G AT A 57 Qe BER

NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM



ORIGINAL
File with DWR

THE RESOUR

FEB 2 81978

/S 355>
AT 2

Notice of Intent No.

Lﬁermit No. or Date.

STATE OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
WATER WELL DRILLERS REPORT

Do not ill in

No.04702

State Well No.
Other Well No.

(12) WELL LOG: Total depﬂl.@ﬂ‘. Depth of

from ft. o

CES AGENCY

pleted well/é’:g fr.

it. Formadon {Describe by color, character, size or material)

{2) LOCATION OF WELL (See instructions):
D

County. Cwmer’s Well N

Well address if different from above, AoLE

C_-48 faue sacw e te Yy Brve. gravel
¥~ 99 JAV > o/ " A & e
N PP 455 Rl Alie (:/4;-’

Township. /- 25 Range VL 36

Section,

Distance from cities, roads, railroads, F , ete, D fILES E- o Ll

£SC. S5 HWY 78  ((THorss Bros Y0¥ £-2Z

(3) TYPE OF WORK:

New Well N Deepening (J

Reconstruction (]

Reconditioning m]

Horzontal Well a

Destruction [J (Describe
destruction makerials

~= procedures in liem - (?Av \
¥(4) PROPOSED <~ N AN
Domestic 9 " \\Wj f\“\' \ bt
Irrigati ) A\_ :\> T\\Nf\\ ~
Industrial o LWV NN
well OANNN- -
i ﬁ Mumici <\ _/A\\Q"A
WELL LOCATION SKETCH  \\ /) Otber o [~ N
{5) EQUIPMENT: 6) cm@r%mx: @ K-
Rotary Reverse l:lQ M No Si ((\\\\\Q—»
Cable [ Air O : ¥ of bore . N \\“‘) z
Other O Bucket n\_&____ £ \\\V -
(7) CASING INSTALLED: (8)YPERFORA' S: Q\v -
Steel ﬁ Plastic (J C& Type of pe)@i’:&ze of scxee{(‘\\ \J -
W) N -
D F T
e %}ﬁ wall | 1 R QQ%@ -
O | ZeNIL2T | 2075 | 76 N5 -
N/ Aﬁ\\ Z
Q,\Z\\}j) ~
(9) WELL SEAL: -
Was surface senitary scal provided? Yes X  No O If yes, to aeon_ 20 o -
Were strata sealed againct pollution? Yes (] No% Intexva) t. -
Method of seali Work staried TG 1977 Completed F-2d 10 77

(18¢) WATER LEVELS:
Depth of first wator, if known

Standing level after well completion

70 ft.
&5 .

WELL DRILLER’S STATEMENT

(11} WELL TESTS:

No [(J 1If yes, by whom? Ak M&féﬂ*

ThuW nd this report is true to the best of my
knau.-led.ge beli d %}

Was well test made? Yes
Type of st Pump Bailer [] Air Kft ] _ .
Depthtowtterntktartoftsi__@‘.’_ﬁ At end of tesi

Dud:arge_{@m..gal/ min aftem..vﬁ&_h

analysis made? Yes [

-]
Water temperature; w

-r

No I yes, by whom?

(W& Dril
Mﬂ;—w@eo Prsee IWC,
{ Person, firm, or corporahon) {Typed or printed)

&szzm/ c:4¢: 20 FEBL

skectric log made?  Yes [) No [ I yes, attach copy to this ) 1

Lwense NOM—DMB of this repurt_L‘A_ﬁA

F
L .R 168 (REV. 7-78)

=
IF ADDITIONAL SPACE 1S NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM

43016-980 7.76 50M QUAD ®T oBF




ORIGINAL
File with DWR

fEB 2081

/Ol ¥0&
2 A2 4L

Notice of Intent No

Iﬂerm.it No. or Date,

STATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

WATER WELL DRILLERS REPORT

Do not fill in

No.04703

State Well No,
Other Well No.

(12) WELL LOG: ot deptn Vi Depth of completed well /.35 f.

from ft io ft. Formation (Describe by color, character, size or material)
C Qe Terter Bempn  Souo
(2) LOCATION OF WELL (Sec instructions): P_= 33 Meo 7o Sosy Bemwss SEOD
County__“aiAd O Owner's Well Number__ 2.2 33 92 e -‘QQAJ/) Iu/ BAve. [ShAck -StrAil
Well address if different from ahove w”ﬁ - (? 7"’:"-’4 oo’ CA” i/
Township__ /S Range___ £ ¥V Section__Z36s @2 Q8.0 Layer oL Yt a%a‘.e/
Distance from cities, roads, milroads, fences, ctc. 42 AHES 87 OF X< —NY C A L/ Foae Qvael

ESCoNDIDD  O55 AUy TE

(3) TYPE OF WORK:
New Well K Deepening [

Destruction [J (Describe
*— | destruction materials
procedures in Item

(4) PROPOSED

Reconstruction O — Qe/)
Reconditioning ] % - v @\V
Horizontal Well | \&\ — A%\_&‘))

Domestic 7 N\ A\
Irrigation. ,--.\\\“ 4“ S\\)i\ hd
Industrial (] N ®);X\\7 v\\.v.v
went DN - &
~ . AV MEZANC
L P | Musici q —Q\Q"}j
WELL LOCATION SKETCH  \\ /} Other A oY =V

{5) EQUIPMENT:

(8) cmw;;cx:
No Si

Rotary M‘ Reverse [
Gable 0O Air DQ : * of bore___7"
Other [N Bucket [ \lﬁ

)

(7) CASING INSTALLED:;
soel )  Plasic 0 G

From | To.~| Dia. AN N Q&l@v -
E@)m Wall \ it 2 \siz -
O 7BNEK 777 | 20 S | 75 N -
N PO -
Q&s\\},\) =
{9) WELL SEAL.: -
Was surface samitary seal provided? Y&,& No O I yes, to depth_&_ﬂ. -
Were strata sealed against pollubion? Yes OJ No% Interval = = ft -
Method of sealing Work _started__ 2 ~2F 10 77 Completed 2%/ 1977
(10) WATER LEVELS: ?,(-7 WELL DBILLERS STATEMENT:
Depth of fist water, if known t. This well wh ger my this report s true ta the best of my
Standing level after well completion fr. | kmowledge & 47 % %ﬂﬂ
: . S SIGNED.
s\}i)w::E}:sthzd'EﬂfTs Y f No[) K )cr;u;;*whtl:n? fee Systens j (Well/Driller,
Type of tost Pump X Batler [J Air tift [ NAME /9@046& Arre /0C,
Depth to water et start of . At end of t (Person, firm, or corporation} {Typed or privted)
Discharge 35'0 gal/min aﬁer_tié_hours Water temp Buxe. {7/(‘ m_ﬂ_??fs W" !/WV 5 za /
i analysis made? Yes [] No w If yes, by whom? » City. Bd.es-rwul ML' Zips. ? /
elocivic log made? Yes [J No 1f ves, attach copy to t;us .wpart License Nb,_;. _2?_/1 / ,';E Drate of this report f'é"?g

L «wR 188 (REV. 7-76)

{F ADDITIONAL SPACE IS NEEDED USE NEXT CONSECUTIVELY NUMBERED FORM

43816950 7-76 30W ouAD (T osP




e
o

' .

i

A - GRIGINAL

File’'with DWR
agd__ of 1

f"J’IA(;)V,'vner s Well No. . 2/02

STATE OF CALIFORNIA

OWR USE ONLY

— DO NOT _FILL

N

WELL COMPLETION REPORT [l | | |

I I

]

STATE WELL NOJSTATION NO.

Hefer"‘m Instruction Pamphlef
L

LI

L[

757095

Date Work Began — 7/25/02____, Ende d_ﬁLZ/_OZ_. I LATYTUDE LONGITUCE I
Local Permit Agency Dept of Env. Health | | [} |APfjJ‘TRStIOTLEF{I |
Permit-No. _WRA4S2G, Permit Date /11 102 PN
" GEOLOGIC LOG e MY Ao -
ORIENTATION (x~) X ____VERTICAL —___HORIZONTAL ____ ANGLE ___.__ (SPECIFY)
DRILLING
T METHOD . Rotary fup_Gel
SURFACE DESCRIPTION R
o AL Describe material, grain size, color, ete.” . ~ N - -
: — —~ WELL LOCATION
! ! g i AddleSS 3
: ! : 2L Qlty : Qan_D;l.e.g.o—_San_EaquBT

—LQ——,—S—]:—,—E]:ne——Eo—eeaa;se—sand_—_b;m_»coler_ Counfy‘ mon :
APN Book.760 — Page 170 Parcel

A9

TO\}_’HShlp, —128  Range 19— Section. 36 ‘_D

i ; L. 1 ‘. Sov S i
! ! - oo Ve M h Latitade ] 1 NORT  Longitude i L WEST
. gt
K : ‘ R . DEG. MIN. SEC. DEG. MIN. SEC.
—F#0——73—Hard-packed-silt—— — - LOCATION SKETCH — ACTIVITY {z) —
: ) , L = - NORTH o X... NEW WELL
. N K T L ' -
L 23 ' g4 @ and 1 . Ll g MODIFICATION/REPAIR
-~ n == i " A ™
1 i T . . i v —— Deepen
T T }‘JL\f“ \—ul\.u:. - - T ; ? L“" ’::{ —— Othar (Specify)
1 ¥ \ .. . L. - Lot )
i ] ra o - o d
94— 114 “Eard, Eirm -1y cenented Q e l ' DESTROY {Dsscribe
i > s . ' Procedures and Malerials
! L) 1 R P ‘3 Lobd ' Under “GEOLOGIC LOG")
; L SR Hi b Ty PLANNED USES (<)
! i . £ iy ) & WATER SURPLY
114 134—Fine—+to coarse—sands—-hards—firm— [ i Q-;r“’ —_ Domestiz . Publc
——————grey—te—black-eolor o b ii p | e Tiealion . industriad
N wn .
; : 2 by a | g MONITORING
T T = by st
1 1 - 4 TEST WELL
— 34174 —Fine—tomedium-pgrained sand———| ‘ s -
T Y a i o IR a Y * | GATHODIC PROTEGTION —
; : nara; \..U.I.llPd.L.tBu grey Co10oT (-..... N ) HEAT EXCHANGE _.__
- : ; - & DIRECT PUSH ____
—174—180—Weatheredgranites; grey—ecolor— HWECTION
] VAPOR EXTRACTION — .
! 5;\” vAS?JﬁL ﬂﬂﬂvfﬁ/ SPARGING
N R
Hlustrate or Describe Dtstance of Well from Buads, Buildings, EMEDIATION
Fences, Rivers, eic, and attach o map_ Use peditional papor if CTHER (SPEGIFY)
necessary. PLEASE BE ACCURATE & CO'lfPLETE

DEPTH TO FIRST WATER _7g__

DEPTH OF STATIC 70

)
T
1
T
b
T
E]
T
i
T
1
T
1

WATER LEVEL

{FL} & DATE MEASURED

ESTIMATED YIELD * ‘7@ (GPM) A TESTTYPE a4l fe

WATER LEVEL & YIELD OF COMPLETED WELL
{Ft) BELOW SURFACE

8/2/02

TOTAL DEPTU OF BORING 180  (Fee) TEST LENGTH 4 (Hrs.) TOTAL DRAWDOWN (1)
TOTAL DEPTH OF COMPLETED WELL, _ 174  (Feet) * May not be representative of a well’s long-term yield.
DEPTH BORE. CASING (5) DEFTH ANNULAR MATERIAL
FROM SURFACE | TolE | TYPE(Z) FROM SURFACE TYPE
DlA. ¥ A MATERIAL / INTERMAL GAUGE SLOT SIZE GE- | BEN- _
tnches) | 2 g ZH GRADE DIAMETER| OR WALL IF ANY MENT [ToNmE| FiLL FILTER PACK
FL e R 2|83 {rches) | TrHCKNESS {Inches) Bl R (ol iey ] (2)]  (TVPESIZED
0‘ 120 132 Steel A53 | 23.5| .250 0 20 |X
20 ' 93 23 teel AS53 112 <375 20 1180 ‘ 5/16 X 16
93 * 133 23 04_SS 12 + 250 060 :
133 ¢ 143 1 23 X Steal A-S3 12 2375 !
14% 1163 23 04_S8S i2 250 . 060 '
163 ' 173 23 steel A-=5 12 =375 !

[

ATTACHMENTS ( )

— Geologic Log
—— Well Construction Diagram

Geophysical Log(s}

SoilWater Chemical Anaiyses

" e Fain Drilling & Pump Co Inc

- CERTIFICATION STATEMENT -
I, the undersigned, cerlify that this report is complete and accurate to the best of my knowledge and belfef.

(PERSCN, TWRM, OR CORPORATEONY (TYPED CR.PRINTED}

12029 01d Castle Rd. Valley Center, Callfornla 92082

ADDARESS

Olher__MﬁF

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS,

LK Tl

Signed

Y5702

358287

P -

WEU iLLERJAUTHORIEED REPRESENTATIVE

DATE SGNED

C-57 LIGENSE NUMBER

DWR I35 REV.

1197

IF ADDITIONAL SPACE 1S NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM
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The information in this grayed area has been blocked from public
viewing pursuant to section 13752 of the Water Code and the
Information Practice Act of 1977, to protect personal information.









The information in this grayed area has been blocked from public
viewing pursuant to section 13752 of the Water Code and the
Information Practice Act of 1977, to protect personal information.












The information in this grayed area has been blocked from public
viewing pursuant to section 13752 of the Water Code and the
Information Practice Act of 1977, to protect personal information.
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DEM 20w —LWELL - 0D I 259~

COUNTY OF SAN DIEGO

DEPARTMENT OF ENVIRONME ed
LAND AND WATER QUALITY. D PERMIT #
WATER WELL PERMIT APPLICATIOMIAR 2 8

DEH USE ONLY

t San Diego '
Dept(.:gfughyvﬁonmental ea WATERDIST:

Land & Water Quality Div
Property Owner;

Phone

Mailing.Address: _(0 £pyx (994 City: ZconDO State: (4 Zip: 92025
Well Location - Assessors Parcel Number: 7@~ [70- 4% 1/ 242 - (0O - (O
Type of Work: [ﬁ,New O Reconstruction O Destruction Time Extension: O 1% QO 2M-
Type of Equipment
Depth of Well: Proposed: Existing:
Proposed: N

Conductor Casing Filter/Filler Material Perforations

M Yes [ No .:\ﬂ-Yes 0 No From:_(LOTo:@

Depth: ZQ From:_QTo:&D_Q From: To
Diameter:&in. Diameter:__Z_"(_in. Type: Q&!E& From: Tor
Wall/Gauge: +B7> Wall/Gaugs: 220

Annular Seal; Depth: ZQ ft. Sealing Material:

Borehole Diameter: ZZ in. Conductor Diameter: th in.  Annular Thickness: { in.

Best Management Plan for confining/well drillir)g waste on the project site provided? . KYes O



PERMIT #
peN: A Z (@ -(0
SITE PLAN

Indicate below the vicinity and exact location of the well with respect to and including the following items: property lines, water bodies,
water courses, drainage pattern, roads, existing wells, sewer laterals, septic systems, livestock enclosures, and other potential
contamination sources. Please include lot dimensions, and please draw the plot plan to a standard engineers scale.

e ¢

New Well
7

Page 2 of 2
DEH-LWQ Well Permit Application
6/16/2008






Oounty of Ban Biego

{
STORMWATER & DISCHARGE MQKA\}GEME_NT PLAN FOR WATER WELLS

This form must be subniitted with all Well Fermlt Applications

Department Use Only o

Well Permit Application Number: Assessor's Parcel Number 760 7176 =¥ 4
» 241 -(006-1©

SECTION 1. Required Information from Contractor o; Consultant:

Longltude & Lalitude: 232 os56l./1y N [(SGF -6l How obtalned?

1. Are lhere any watercourses or water bodies within 6! feet of the limits of soll.disturbance?
2. Does the plat show the project boundarles? (A “detall Inset’ Is acceptable for & large parcel or lot.),

3. Does the plal show foolprints of eny existing structures and facllittes within 100 fest of tha wellhead position?
4. Does e plat show locations where run-off may enter stormdralns, dralnage courses and/or recelving walers?
5. s grading fequlred to access site or Install well?

8. Does the project contform to the local grading ordifance?

7. Will drilling additives be used to drill the well?

8

. Are the Basl Management Practices attached lo this permit applicatioh? (| ARG ;'\QLD o
SECTION 2, * Best Management Practices <

The goal of stormwater and discharge conlrol managemsnt planning while drilling and installing welis 15 lo recuce
pollution to the maximum extent practicable using Best Management Practices (BMPs). Construction related
materials, sedimsents, chemlical residues such as driliing foam, wastes, and spills must be relalned within the
property boundarles to eliminate trangport from the site to nearby streets; drainage courses, recelving walers and
adjacent properties. It ls the responslbllily of the property. owner and the contractor to determine which BMPs will
be usad In order to ensure thet all contamlnants are retaint d on-slte,

Examples of Best Management Practices to conteln well Inglallation run-off Includs, but are not limited 6,
fnstallation of a sediment basin to contaln run-off, using geotextile fabric to contain sedimants anc arkiing rova, o
eliminating the use of drilling foam, (Webslte Information Is avallable al wvw.prolecicleanwater org) ‘

SECTION3. Certification
| have read and understand the following: heck

L(/Selected BMP's will be implementad so that water quailty Is not negatively impacied by well construction activilies

O | am aware the salecled BMP's must be Installed, malntalned, monltored and revised as necessary 50 they arg
effective,

(I understand that non-compllance with the San Dlego County Walershed Protection Ordinance may result in
enforcement actions by the County, These may include fines, cltations, slop-wark orders, or olher actions.

c/ DEH Inspectdrs and psersonnsl from other regulatory agencles are authorized 1o enter my property al any ime
for purposes assoclatsd with this well parmit until such time the well |s gompletad to the satlsfaction of DEH.

o/ Should DEH determine during the fleld review that the well Installation procedures contradict this Discharge

Managemenl Plan or the well pligatierhe well driling permit may be suspanded or revoked Furnet
activity will reqete~anew nt to the exlsling permit

Coniractor Date 1C

Property O Dae R -l -1

Reviewed by DEH















The information in this grayed area has been blocked from
public viewing pursuant to section 13752 of the Water Code
and the Information Practice Act of 1977, to protect personal
information.












The information in this grayed area has been blocked from public
viewing pursuant to section 13752 of the Water Code and the
Information Practice Act of 1977, to protect personal information.









The information in this grayed area has been blocked from public
viewing pursuant to section 13752 of the Water Code and the
Information Practice Act of 1977, to protect personal information.












The information in this grayed area has been blocked from public
viewing pursuant to section 13752 of the Water Code and the
Information Practice Act of 1977, to protect personal information.
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DEM 20w —LWELL - 0D I 259~

COUNTY OF SAN DIEGO

DEPARTMENT OF ENVIRONME ed
LAND AND WATER QUALITY. D PERMIT #
WATER WELL PERMIT APPLICATIOMIAR 2 8

DEH USE ONLY

t San Diego '
Dept(.:gfughyvﬁonmental ea WATERDIST:

Land & Water Quality Div
Property Owner;

Phone

Mailing.Address: _(0 £pyx (994 City: ZconDO State: (4 Zip: 92025
Well Location - Assessors Parcel Number: 7@~ [70- 4% 1/ 242 - (0O - (O
Type of Work: [ﬁ,New O Reconstruction O Destruction Time Extension: O 1% QO 2M-
Type of Equipment
Depth of Well: Proposed: Existing:
Proposed: N

Conductor Casing Filter/Filler Material Perforations

M Yes [ No .:\ﬂ-Yes 0 No From:_(LOTo:@

Depth: ZQ From:_QTo:&D_Q From: To
Diameter:&in. Diameter:__Z_"(_in. Type: Q&!E& From: Tor
Wall/Gauge: +B7> Wall/Gaugs: 220

Annular Seal; Depth: ZQ ft. Sealing Material:

Borehole Diameter: ZZ in. Conductor Diameter: th in.  Annular Thickness: { in.

Best Management Plan for confining/well drillir)g waste on the project site provided? . KYes O



PERMIT #
peN: A Z (@ -(0
SITE PLAN

Indicate below the vicinity and exact location of the well with respect to and including the following items: property lines, water bodies,
water courses, drainage pattern, roads, existing wells, sewer laterals, septic systems, livestock enclosures, and other potential
contamination sources. Please include lot dimensions, and please draw the plot plan to a standard engineers scale.

e ¢

New Well
7

Page 2 of 2
DEH-LWQ Well Permit Application
6/16/2008






Oounty of Ban Biego

{
STORMWATER & DISCHARGE MQKA\}GEME_NT PLAN FOR WATER WELLS

This form must be subniitted with all Well Fermlt Applications

Department Use Only o

Well Permit Application Number: Assessor's Parcel Number 760 7176 =¥ 4
» 241 -(006-1©

SECTION 1. Required Information from Contractor o; Consultant:

Longltude & Lalitude: 232 os56l./1y N [(SGF -6l How obtalned?

1. Are lhere any watercourses or water bodies within 6! feet of the limits of soll.disturbance?
2. Does the plat show the project boundarles? (A “detall Inset’ Is acceptable for & large parcel or lot.),

3. Does the plal show foolprints of eny existing structures and facllittes within 100 fest of tha wellhead position?
4. Does e plat show locations where run-off may enter stormdralns, dralnage courses and/or recelving walers?
5. s grading fequlred to access site or Install well?

8. Does the project contform to the local grading ordifance?

7. Will drilling additives be used to drill the well?

8

. Are the Basl Management Practices attached lo this permit applicatioh? (| ARG ;'\QLD o
SECTION 2, * Best Management Practices <

The goal of stormwater and discharge conlrol managemsnt planning while drilling and installing welis 15 lo recuce
pollution to the maximum extent practicable using Best Management Practices (BMPs). Construction related
materials, sedimsents, chemlical residues such as driliing foam, wastes, and spills must be relalned within the
property boundarles to eliminate trangport from the site to nearby streets; drainage courses, recelving walers and
adjacent properties. It ls the responslbllily of the property. owner and the contractor to determine which BMPs will
be usad In order to ensure thet all contamlnants are retaint d on-slte,

Examples of Best Management Practices to conteln well Inglallation run-off Includs, but are not limited 6,
fnstallation of a sediment basin to contaln run-off, using geotextile fabric to contain sedimants anc arkiing rova, o
eliminating the use of drilling foam, (Webslte Information Is avallable al wvw.prolecicleanwater org) ‘

SECTION3. Certification
| have read and understand the following: heck

L(/Selected BMP's will be implementad so that water quailty Is not negatively impacied by well construction activilies

O | am aware the salecled BMP's must be Installed, malntalned, monltored and revised as necessary 50 they arg
effective,

(I understand that non-compllance with the San Dlego County Walershed Protection Ordinance may result in
enforcement actions by the County, These may include fines, cltations, slop-wark orders, or olher actions.

c/ DEH Inspectdrs and psersonnsl from other regulatory agencles are authorized 1o enter my property al any ime
for purposes assoclatsd with this well parmit until such time the well |s gompletad to the satlsfaction of DEH.

o/ Should DEH determine during the fleld review that the well Installation procedures contradict this Discharge

Managemenl Plan or the well pligatierhe well driling permit may be suspanded or revoked Furnet
activity will reqete~anew nt to the exlsling permit

Coniractor Date 1C

Property O Dae R -l -1

Reviewed by DEH
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ORIGINAL

a~ File with DWR ﬁT
4

101968

12.501W 31 TOORS -

WATER WELL DRILLERS REPORT . Do Not Fill In

{Sections 7079, 7080, 7081, 7082, Water Code)} - - 0
‘ N¢

THE RESOURCES AGENCY OF CALIFORNIA
" DEPARTMENT OF WATER RESOURCES

39872

Other Well No

( (11) WELL LOG:
E Total dept; 12!1 ft.  Depth of completed well _ -1 1l, fr.
f Formation: Describe by color, chardcier, size of malerial, al%d' structure o

" ft. 1o ft.
(2) LOCATION OF WELL: " - : ohi by o rin
County S an | !j ega Owner's aumber, if any . med_uﬁ size
Tawaship, Range, and Section ] 15 ~ 35 Sand, dark brO}-_m color - fine tao.
Distance from ciries, roads, railroads. etc. Trnr mil -(4 T?cc,an,-.,«'l-. An IﬂEdlum SILZP . 7

on Highuay 78 Bast (San Pasgusl Vall mr) 35 = 37 8ilt, black color

(3) TYPE OF WORK (check): - Y m size

New Well [ Deepening [

Reconditioning [ Destroying [
If destruction, describe material ond procedure in Item 11.

bl = k5 Sl’l‘t black color

5 = By Sand grey color - fine o medinm sige

(4) PROPOSED USE {check):
Domestic ] Industrial [} Municipal [} | Rotary .

(5) EQUIPMENT:
[

55 « 43 "Taolie Bed!  Fine hlack sands, old
logs : ]

Irrigation Test Well [ Other [] Cable & - X P2 apeaa /AN
Other + [ {401 " round -
(6) CASING INSTALLED: - ” s s
STEEL: OTHER: If gravel packed Sige
SINGLE DOUBLE [ - YT : . a3
Gage Diameter O =~ 100 b -
From To or of From To gige
fe. Diam. “Wall Bore fr. ft. 100 - 105 Sand E; EEQEEIE:! F.-.I ne to o 5 3
0 50 | 12 | o0l oom 0 | 130 |3/8% to 1* gravel round
_ EUEEE T EETECT: 105 - 119 Sand, partly cemented - fine %o
mediym size
Size of shoe or well ring: NON & Size of gravel: 3 /R T ";"'wld 119 - 1?’_[ Sand & .'?T‘a_ve—l =%
Deseribe joine___W21ded : 10l = 127 Sand,. Brown, finst ﬁn mediumn
(7) PERFORATIONS OR SCREEN: 127~ 132 Decomposed p‘r:m'r*l'p ‘
Type of perforation or name of screen T Ivre_ & Johnean 100 07 .0 '
— = fh e LAV -
Perf. Raws . . - = - :
From To per per v Sizen T T g .nla Vera ¢t bD Y“‘: !CL‘- ;./_'0 /
fr. fe, row fr. in, x in. L e { ek
50 100 8 13 1/8 x 23/8 | - i - e am
100 1 OS ,Tnh_‘rlson LI eil o b0y e it B }
105 119 8 e 1378 . p a78 CONF!DFNT AL - NOT Y
419 12} | Johnsonliell serben EER—PUR :C primACe
12k 132 8 11 1 /8 - 0 /0 i Fubk we
L =4 e L U .
(8) CONSTRUCTION: - . -
Was a surface sznjrary seal provided? Yes [] No X3 To what depth - ft. 3. . .. i - 1
Were any strata sealed zgzinge pollution? Yes [} No OX If ves, note depthho‘f‘atrata- —— e, !
From fr. to fr. [ . “—f
From ft, to fr, Work stareed (v ) D19 67 , Complered N’nv 0 19 6'.7
Method of sealing B WELL™ DRILL'ER.,S STATEMENT ‘
This well was drilled wnder! my ]urud:ctztm aml #his report is frue fo the best
® ) WATER LEVELS: r . - of my knmvfedge and ‘Belief, \
Depth at which water was first found, #f known [ C;r;“\ fr.e v 3 v
Standing level before perforating, if known }!9 o fe, 1 NAME .. ‘Acme Drl‘] 14 ne Gom’oan'tf v
Seanding level after perforating and developing R h'()‘ 2 'f:. (Pesson, firm, or corpératidn)  (Typed or prinsed)

(10) WELL TESTS:

Address PO, Box 835

Yallev (Center. . 3 3n

:"us pump fest made? Yes [ No [0 1f yes, by whom? Welhh  Plpm On
R — o oy
K jeld: 1200 gal./min. with E:O fr. drawdown after

"y hrs.

I
‘Temperature of water

Was 2 chemical analysis made? Yes O3

-
Mo (37

Was electric log made of well? Yes ]  No [X if yes, ateach copy

DWR 188 (REV. 9-63)

SKETCH LOCATION OF WELL ON REV];:RSE SIDE

[Smmzn]"ﬁf/ 7 U
(geﬂ .thﬂrr) . . -z
License anvg/‘:?& O T):ced% 17, , 19_&4_?

i . x6391-550 jo-65 soM TRIF (D A osp

State Wcll No. MO 2




. WELL LOCATION SKETCH s ’
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ORIGINAL L|ke|y__S-P'022 STATE OF CALIFORNIA T=LDWA USE ONLY — DO NOT FILL IN —
File with DWR WELL COMPLETION REPORT Lo | I I N |
Page of ] 012S001W31B005S Refer to Instruction Pamphlet STATE WELL NO./STATION NO.
Owner’s Well No.__Am-Sod No. 459843 Lot 0y 1 ]
Date Work Began 7/22793 de 7/27/93 LATITUDE LONGITUDE
Local Permit Agency County f Uepi Lo b e b e a v g0
Permit No. 62480 Permit Date 7/20/93 APN/TRS/ QTHER
GEOLOGIC LOG ‘WELL OWNER
ORIENTATION (£) _XVERTICAL ——— HORIZONTAL ____ ANGLE ____ (SPECIFY) | Name _g,bgy_gﬁ_g&u_g,éegg.__—_
e DEPTH TO FIRST WATER __gyf1q (Ft) BELOW SURFACE | Mailing Address — Mt -Sta—b1-ASeettyPaetifte—
SURFACE DESCRIPTION C . i -
Ft. t:: Ft. l')erm'be n:atm'al, grain size, color, etc. o WELL LOCATION ’
0 . 35. Altuviak §iL as follows: Address —02d San Pasqeat—Rdl——————————
- _Fine to coarnse sand with Cily Gy Dig i
N | s = UL VACYU
: L Lenses of small gravel County Sy Bioas
! ! . . APN Bookag1 . Page 199 Parcelzg
35 65 Fine to coarse sand with Lenses |rommhip T12g  Rangepgy Section - éq
X . of black st Lafftude I NORT™  Longitude L L WEST
' ' DEG. MIN.  SEC, DEG. MIN.  SEC.
: : - LOCATION SKETCH — ACTIVITY (Z£) -
65 ! 75 ! Am «EQJ‘IA e -~ g!LQy COZO)L 0 NORTH AN NEW WELL (=)
f . _ - ; L= 37 Phef of 325 Ac MODIFICATION /REPAIR
751 132, Fine to coarsde sand with Presie —_ Despen
:' ‘: qmu@e stneaks and small —— Other (Specify)
1 . __boulders - ned/broun cofon 5 ot 0 A
I Ocr 5 ek 3 Foear o ——
L I chaad _ escribe
132135 Rocl Granite - grey colon Bring -~ F~—s procedures and Materis!
! ! e e 5 PLANNED USE(S)
’ =
N : 3 7[067 + 3 MO(NIT())RING
E : WATER SUPPLY
! . — Domaestic
: ___ public
E X_. Irrigation
. — Industriat
X “TEST WELL"

255\

w— CATHODIC PROTEC

TION
— OTHER (Specify)

—

PROU DR RPN NSO Y Y S

QU P S

Hlustrate or Describe Distance of Well from Landmarks
such as Roads, Buildings, Fences, Rivers, etc.

PLEASE BE ACCURATE & COMPLETE.
DRILLING

metHoo __Rofasy FLUID Geld

WATER LEVEL & YIELD OF COMPLETED WELL ——

DEPTH OF STATIG
WATER LEVEL 12 _ __ (Ft) & DATE Measurep 7/27/93

esTmaTeD vietn*700%  @pwy & TesT TvPRLIALAEL

TOTAL DEPTH OF BORING 135 (Feet)

TEST LENGTH 8 (Hrs) TOTAL DRAWDOWN 100 (F1)

TOTAL DEPTH OF COMPLETED WELL _ 137  (Feet) * May not be representative of a well’s long-term yield.
DEPTH BORE- CASING(S) DEPTH ANNULAR MATERIAL
FROM SURFACE HOLE | TYPE(Z) FROM SURFACE JYPE
. INTERNAL [  GAuGE SLOT SIZE - -
e |E|BEEE| MATERALY |oimeTeR| om waALL | I ANY MENT[TONITE| FiLL | FILTER PACK
Ft. to Ft MEEE Gnches) | THICKNESS (inches) Fuoto R Ny (2| (YPESIZE)
o — — -—
0 . 20| 3¢ A0120 23.5] 250 0 20 | X
0 : 72 24 1 X ASTMF4£0[ 12 C-150 0. 132 3/% pac
72 \ 132 24] 1 X ASTMF480! 12 | C-150 097 l
1 K ]
* 1

ATTACHMENTS (Z£)

CERTIFICATION STATEMENT

Geologic Log

Woell Construction Diagram

Geophysical Log(s)

Soil/ Water Chamical Analyses

|, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief.

NAME _Em_Dmde_s_Eum#: Co _TIno
(PERSON, FIRM, OR CORPORATION] (TYPED OR PRINTED)

12029 Ofd Castle Rd. Valley Centen, Ca 97082

—X. Other Man

Wi o

ATTACH ADDITIONAL INFORMATION. IF IT EXISTS,

ADDRESS , [+1)4
signed 7/30/93 32
DRILLER/AUTHORIZED REPRESENTATIVE DATE SIGNED

STATE 2P

C57 LICENSE _NUMBER

DWR 188 REV. 7-60

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM


DSisk
Typewritten Text
Likely SP022


ORIGINAL

S",ITEOFCALIFORNIA ——DWR USE ONLY — DO NQT FILL IN ——
File with DWR 012S001W31B006S WELL COMPLETION REPORT S N N I A
Page 1 o 1 Refer to Instrucrion Pamphle: STATE WELL NO./STATION NO.
Owner’s Well No. __2 463737 l I |EH_[ |D
Date Work Began 6/17/94 , Ended 6 /24 / 94 LATITUDE HONGITUDE
Local Permit Agency ___County Health Deépt Lo b Uy oy Lo
Permit No. We2747 Permit Date __ @ [15/94 APN/TRS/ QTHER
GEOLOGIC LOG - WELL OWNER
ORIENTATION {2} __XVERTICAL ... HORIZONTAL ___ ANGLE ___ (sPECFY) | Name _Am;So_d_ELo_y_d_Luﬂ.LbiLu‘
- DEPTH TO FIRST WATER __(LR WFt) BELOW SURFACE | Mailing Address ____ 2606 HolfListoen Stneet
PTH FROI - - : . :
SURFACEM DESCRIPTION = 4 ;’TATE 55
Ft. 1? Fi. Describe material, grain size, color, etc. - WELL LOCATION
i) 15 4dne grasned sand - brown cofPAddress 15023 0fd San Pasgual Rd
. : ‘ City San Diega
15 .40 . 4ine to coakhse Aand with smaffCounty San Diego
) I
: ;bnui‘donA APN | Book 241 Page 100 Parcel 31
: ' To_‘;,hlp 13 Q Range _ 2  Section 31
40 6 & Gagy A ,r' 2ty sand Latitude 1 L NORTH  Longitude L L WEST
. 1 v d d DEG. MIN.  SEC. DEG. MIN.  SEC.
7 v LOCATION SKETCH — ACTIVITY (£ ) —
g ‘75 'nnruuo Anwr] nvm’ gravel NORTH — X new werL
: . MODIFICATION /REPAIR
_Zj_sg_o_ip_auﬁ_y_c_e,mgn:fad Aamrl — Deepen
: : —— Other (Spacity)
a0 2131 fine to ocoakse. sand with
- 1 1 Jm = -~ d bl il w.‘l
! some—bouldens : Ebn,{’ — DESTROY (Describe
! ' R Procedures and Maleriais
: : Under "GEOLOGIC LOG")
' ' ,.. i PLANNED USE(S)
' ' (=)
L A E | \ S| __ wonronms
1 1
VA Ew ATER SUPPLY
: : 1 o New |
T T \ —— Domestic
: - . _
2 L - Public
I -
: | Sl 0- G' (e _Xlrrinalion
. ; ﬁww ,”LL —— Industrial
: ' Sez- AtaiHsd MAP | cresTwe
X . . CATHODIC PROTEC-
! ! SOUTH TION
: - IHlustrate or Describe Distance of Well from Landmarks —— OTHER (Specify)
\ \ such as Roads, Buildings, Fences, Rivers, efc.
PLEASE BE ACCURATE ¢ COMPLETE.
L} 1
y ' DRILLING
: : meTHOD ___Roda iy FLUID Gel
' ' WATER LEVEL & YIELD OF COMFPLETED WELL
T T DEPTH OF STATIC
WATER LEVEL 2 4 (F) & DATE MEASURED _4./.24 /04
) 1
: 37 ESTIMATED YIELD" 140 @ (GPM) & TEST TYPE Pimp—
TOTAL DEPTH OF BORING __" ¥ * (Feet)’ g TEST LENGTH £ (Hrs.) TOTAL DRAWDOWN _4 5 (Ft)
TOTAL DEPTH OF COMPLETED WELL £ (Feet) * May not be representative of a well’s long-term yield.
DEPTH BORE. CASEING(S) DEPTH ANNULAR MATERIAL
FROM SURFACE HOLE L TYPE () FROM SURFACE TYPE
DIA. [_J=z]. = =] wMaTERIAL; |MTERNAL| GAUGE SLOT SIZE cE- T BEN-
Z|lHzE = DIAMETER| OR WALL IF ANY FILTER PACK
Froto R | U9 |5EBe S GRADE (nches) | THICKNESS |  (nches) Fl 1o Ft “(‘EN)T T(OTT)E (FE"') (TYPE/SIZE)
] [
i ‘920 i AL 2 R 92 2L A ' a2n %
v LI —an - 4 o 7 TV ~ T L4 L & SR 7 v T = U ) 11 L
'g—_:_féj 23 X € 11 gl r129 9g  1ag |l oolegalo 5/16x7
§ 178 [ %3 'K 4801175 "CI54 .094 I I e
I - ‘
T T
: )
ATTACHMENTS (Z£) CERTIFICATION STATEMENT
Goeologic Log I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief.
—— Well Construction Diagram NAME FCL{:W. 'D/‘L»{'.ﬂf.»f,n g & Pump Co Inc
{PERSON, FIRM, OR CORPORATION) (TYPED OR PRINTED)
—— Geophysical Ltog{a)
——.. Soil/Watar Chemical Analyses 12029 04d Castle Rd, VYalloy Coenien, Ca 9292
X ommer Map ADDRESS N cry STATE
' i 7/20/94 2L g7
ATTACH ADDITIONAL INFORMATION. IF IT EXISTS. Signed HORIZED REPRESENTATIVE DATE SIGNED C-57 LICENSE NUMBER

DWR 188 REV. 7-90¢ IF ADDITIONAL SPACE 1S 'NEEDED, USE NEXT

CONSECUTIVELY NUMBERED FORM
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TCOUNTY OF SAN DIEGO

WELL PERMIT APPLICATION
DEPARTMENT OF HEALTH SERVICES- Lo

LOCATION

Control #U\) (ﬂ 2 j:'q?/

Assessor's Parcel No. 2%/-/00-3 |

INDICATE BELOW THE VICINITY AND EXACT LOCATION OF WELL WITH RESPECT TO THE FOLLOWING

ITEMS:

. DD A i
W (G MBS
hl “\"‘,:.' DN D0«

MIRATYD

DN

HEL t S S iER § \ARD
: O Ry

»
R

ST

\
-

T3 Y
U2 P

PROPERTY LINES, WATER BODIES OR WATER COURSES, DRAINAGE PATTERN, ROADS,
DISPOSAL SYSTEMS
g . ;{;;d‘_‘\)h

SXIC L}
AVt ‘mmv.—rr: 7

AND OTHER POTENTIAL CON-. ooving
Ry P ST X
it =S

"ol

* ) ”
AL
Folo.
é b\ well A MRS .
';‘-‘E o.._. :'. 2 . = '
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. . 2 — g B - (Rl '
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STATE OF CALIFORNIA

ORIGINAL THE RESOURCES AGENCY 013S001W04HO01S Do not fill in
File with DWR DEPARTMENT OF WATER RESOURCES
WATER WELL DRILLERS REPORT No. 341173
Notice of Intent No. - State Well No.
Local Permit No. or Date %M/ Other Well No.

(1) OWNER: Name H (12) WELL LOG: Total depth 174 _ ft. Completed depth 74— f

Address —l.Elll_Bandy_Canynn Rd from ft. to ft. Formation {Describe by color, character, size or material)
City Escondido,-California ZIP 92025 |

(2) LOgggIB?egg WELL (See instructions): -

County Owner's Well Number I e 60 S“t‘.‘ sand tblack-eote )
same

Well address if djffetent from above
) 34

Township Range W %tﬁﬁmmao——:—%—ﬁne~te—eea+se—saﬁd—wﬁ-h—m
Distapce from cjti roegs. railcoads, fepces, aeprox ° andy — gravel (,FC:“.SGS
E’yn Rd'Bri ge (on anaty Cyn Rd.] _ = NN A

behind dairy 80—  an firva hlacl aits
T - ll\;v LASA R A N4 04"
— '\\‘/
. (3} TYPE OF WORK: — S {
hN hY \ A
ﬂﬁ'b.,/" . . New Well id Deepening O m— —small-beulders
“’1“' Reconstruction | _’ id i

Reconditioning O

(d Horizontal Well O
\q R‘e’? zfstruction O (Describe

destruction materials and pro-
cedures in Item 12)

(4) PROPOSED USE:";: -

Domestic

Irrigation o
Lfndustrial < <‘“\\ N,
B
Test Well NN ) ’
Ny

Municipff‘ o

Coo0o0gQd

WELL LOCATION SKETCH

(5) EQUIPMENT:

Rotary [¥ Reverse [ -

Cable [ Air O i of bore /211/ - oS e

Other [] Bucke’L.J:] - 20 174 & S

s TN /»( . - -

(7) CASING INSTALLED: \\ “\\ {8) PER, AT[O.§§: /’/‘\\‘ ~7 -

Steel [X Plastic [] C@rﬂﬁtﬁi{ﬂ@??ﬂekequ N —
S M

From T, “Dia Gage or 4 ) N @Bt =
ft. f ié} Wall € (\Q/\ ~size -
0 2194 | 950 | 119 JOa70~ T g0 -
0 176112 | 375 QPN VL Z

(9) WELI. SEAL: —
Was surface sanitary seal provided? Yesp No [J Ifyes,todepth_ 20 ft. —

Were strata sealed against pollution? Yes [] No & Interval . ft. -
Method of sealing cemented Work started_g 4 p 190 Completed_2 /431 19 gg
(10) WATER LEVELS: WELL DRILLER’S STATEMENT:
Depth of first water, if known ulen ft.

) bbbl This well was drilled under my jurisdighion and this report is true to the
Standing level after well completion 35 . | best of my kpetéfge and beli ‘%h‘\

. o~ >

(11) WELL TESTS: Signed <4 ,(/HQ
Was well test made? Yes, No [] If yes, by whom? _SMe__ T (Well Driller)
Type of test Pump Bailer [] Airlift [ NAME i HIH
Jepth to water at start of test 35 ft. Atendoftest g . ft on) f l yped oir ernfed)
Discharge 700 gal/minafter B hours Water temperature ~kn|Address 12029 d - =
Chemical analysis made? Yes [1 No fgd  If yes by whom? Cilyva”ey Center‘, California 7192082
Was electric log made Yes [1  No b I yes attach copy to this report License No. 328287 Date of this report 3/10/90
DWR 188 (REV. 12-86) IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 88 94335
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DEM 20w —LWELL - 0D I 259~

COUNTY OF SAN DIEGO

DEPARTMENT OF ENVIRONME ed
LAND AND WATER QUALITY. D PERMIT #
WATER WELL PERMIT APPLICATIOMIAR 2 8

DEH USE ONLY

t San Diego '
Dept(.:gfughyvﬁonmental ea WATERDIST:

Land & Water Quality Div
Property Owner;

Phone

Mailing.Address: _(0 £pyx (994 City: ZconDO State: (4 Zip: 92025
Well Location - Assessors Parcel Number: 7@~ [70- 4% 1/ 242 - (0O - (O
Type of Work: [ﬁ,New O Reconstruction O Destruction Time Extension: O 1% QO 2M-
Type of Equipment
Depth of Well: Proposed: Existing:
Proposed: N

Conductor Casing Filter/Filler Material Perforations

M Yes [ No .:\ﬂ-Yes 0 No From:_(LOTo:@

Depth: ZQ From:_QTo:&D_Q From: To
Diameter:&in. Diameter:__Z_"(_in. Type: Q&!E& From: Tor
Wall/Gauge: +B7> Wall/Gaugs: 220

Annular Seal; Depth: ZQ ft. Sealing Material:

Borehole Diameter: ZZ in. Conductor Diameter: th in.  Annular Thickness: { in.

Best Management Plan for confining/well drillir)g waste on the project site provided? . KYes O



PERMIT #
peN: A Z (@ -(0
SITE PLAN

Indicate below the vicinity and exact location of the well with respect to and including the following items: property lines, water bodies,
water courses, drainage pattern, roads, existing wells, sewer laterals, septic systems, livestock enclosures, and other potential
contamination sources. Please include lot dimensions, and please draw the plot plan to a standard engineers scale.

e ¢

New Well
7

Page 2 of 2
DEH-LWQ Well Permit Application
6/16/2008






Oounty of Ban Biego

{
STORMWATER & DISCHARGE MQKA\}GEME_NT PLAN FOR WATER WELLS

This form must be subniitted with all Well Fermlt Applications

Department Use Only o

Well Permit Application Number: Assessor's Parcel Number 760 7176 =¥ 4
» 241 -(006-1©

SECTION 1. Required Information from Contractor o; Consultant:

Longltude & Lalitude: 232 os56l./1y N [(SGF -6l How obtalned?

1. Are lhere any watercourses or water bodies within 6! feet of the limits of soll.disturbance?
2. Does the plat show the project boundarles? (A “detall Inset’ Is acceptable for & large parcel or lot.),

3. Does the plal show foolprints of eny existing structures and facllittes within 100 fest of tha wellhead position?
4. Does e plat show locations where run-off may enter stormdralns, dralnage courses and/or recelving walers?
5. s grading fequlred to access site or Install well?

8. Does the project contform to the local grading ordifance?

7. Will drilling additives be used to drill the well?

8

. Are the Basl Management Practices attached lo this permit applicatioh? (| ARG ;'\QLD o
SECTION 2, * Best Management Practices <

The goal of stormwater and discharge conlrol managemsnt planning while drilling and installing welis 15 lo recuce
pollution to the maximum extent practicable using Best Management Practices (BMPs). Construction related
materials, sedimsents, chemlical residues such as driliing foam, wastes, and spills must be relalned within the
property boundarles to eliminate trangport from the site to nearby streets; drainage courses, recelving walers and
adjacent properties. It ls the responslbllily of the property. owner and the contractor to determine which BMPs will
be usad In order to ensure thet all contamlnants are retaint d on-slte,

Examples of Best Management Practices to conteln well Inglallation run-off Includs, but are not limited 6,
fnstallation of a sediment basin to contaln run-off, using geotextile fabric to contain sedimants anc arkiing rova, o
eliminating the use of drilling foam, (Webslte Information Is avallable al wvw.prolecicleanwater org) ‘

SECTION3. Certification
| have read and understand the following: heck

L(/Selected BMP's will be implementad so that water quailty Is not negatively impacied by well construction activilies

O | am aware the salecled BMP's must be Installed, malntalned, monltored and revised as necessary 50 they arg
effective,

(I understand that non-compllance with the San Dlego County Walershed Protection Ordinance may result in
enforcement actions by the County, These may include fines, cltations, slop-wark orders, or olher actions.

c/ DEH Inspectdrs and psersonnsl from other regulatory agencles are authorized 1o enter my property al any ime
for purposes assoclatsd with this well parmit until such time the well |s gompletad to the satlsfaction of DEH.

o/ Should DEH determine during the fleld review that the well Installation procedures contradict this Discharge

Managemenl Plan or the well pligatierhe well driling permit may be suspanded or revoked Furnet
activity will reqete~anew nt to the exlsling permit

Coniractor Date 1C

Property O Dae R -l -1

Reviewed by DEH
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Page 2 of 2
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ORIGINAL 012S001W35F002S STATE OF CALIFORNIA ——DWR USE ONLY — DO NOT FILL IN —
File with DWR WELL COMPLETION REPORT L. « | | | | 4 | | | | |
Page 1 of 1 Refer to fnstruction Pamphler STATE WELL NO./STATION NO.
Owner’s Well No. No. 485441 Ll | 1 ] lWDLl [y IJ!:
Date Work Began ___7=29-91 Ended _g-19-971 - LATITUDE LONGITUDE
Local Permit Agency | l T B B B S A SR
Permit No. ___Wg1867 _ Permit Date 729 0% APN/TRS/QTHER
GEOLOGIC LOG : WELL OWNER
ORIENTATION {(Z£) __X VEATICAL ____ HORIZONTAL _ ANGLE ___ (SPECFY) | Name -.—_Wuman—Raneh
DE. ili e
Ty FTH TO FIRST WATER._{Jj¢piFt) BELOW SURFACE | Mailing Address —P.0.-Box 1959
SURFACE DESCRIPTION {ats i . H H
Fi. tlo Ft. Describe material, grain size, color, erc. ey : w E LL LOCATION STATE ap
' . i — Address .18118-Bandy-CanyonRed——
] ] - . . . - -
. i City —San Diege
' | - 38
: ; APN B040k7.5.g__ Page 179— Parc.el
——35—70——Fine-to-coarse-sand—brown—cofor—| To%ship 12.S_ Range 1 W._ Section _34
L L. _\ars ancoc ok s [T i 1 WEST
| L ith-lenses—of grey sitt— Latitude DEG MR SEC MORM - Longitude BEG.WMIN. SEC.
T T LOCATION SKETCH — ACTIVITY (Z)~
—FH—H5—Fine-to-coarse-sand-with—some——— NORTH X NEW WELL
1 1
: — beulders MODIFICATION/REPAIR
: : M& — Daspen
11k 1 &5 . cotse—samc fale 1 £ 3 Gﬁ‘ —— Other (Specity)
o oo oA wWrir renses uTgravel /
: —and some-boutders—grey cotor—1
' . DESTROY (Describe
1p ;: 1on : . Proceq_uroa and Materia
ST Trhre—to coarse-sanmd-withrsome ] i

o Il
WUUTUTET S

partty cementsd

FPLANNED USE(S)
v

WEST

(Z)
— MONITORING

grey cotlor

WATER SUPPLY

—_—

Domentic

—— Public

X_. Irrigation

—— Industrial

— “TEST WELL"

—— CATHODIC PROTE(
TION
«—— OTHER (Specity)

SOUTH
Tllustrate or Describe Distance of Well from Landmarks

such as Roads, Buildings, Fences, Rivers, etc.

PLEASE BE ACCURATE (- COMFPLETE.

DRILLING
METHOD Roatary FLuic — Gel

WATER LEVEL & YIELD OF COMPLETED WELL —

DEPTH OF STATIC

WATER LEVeL __48  (Ft) & DATE MeasuReD __7-29-91

- - b =d |-~} -

TOTAL DEPTH OF BORING 195 (Feet)

esTMATED viELD'—_1500 (apm) & TEST TYPE _air lift
Test LENGTH 8 (Hrs) TOTAL DRAwWDOWN 140 (Fry

TOTAL DEPTH OF COMPLETED WELL _195 __ (Feet) * May not be representative of a well’s long-term yield.
DEPTH BORE- CASING(5) DEPTH ANNULAR MATERIAL
FROM SURFACE | Ui [TYpE (2) FROM SURFACE TYPE
DIA. = INTERNAL|  GAUGE SLOT SIZE
wcneny |E |5 le §1 | MGRape  [DIAMETER| OR WaLL P ANY MENT|TONITE| FiLL | -FILTER PACK
Ft. to Ft. 2lg8g = (inches) | THICKNESS {inches) Ft. 0 Ft ) | 2y ] (2 (TYPE/SIZE)
i ]
Q 21 36" | X A=120 19 =& A 0 .20 X
' LM S v - 4 r-ye e s aJU T
1] 100 24" | ¥ A-124 192 L 20 195 X 5 /16y
' L =124 LI 4 T I7J N oot
100380 ! 24n [ SS304 19 LYY Ao ]
’ £, L4 T U = « &I « UOU '
1Rf_|l 195 2’.!" “ Aldn 11 LT 1. !
; Ty L2 «J7I'J :

ATTACHMENTS (Z)

—— Geologic Log

—— Woell Congtruction Diagram
Geophysical Log(s}
Soil/Water Chemical Analyses
Other

CERTIFICATION STATEMENT

NAME

ATTACH ADDITIONAL INFORMATION. IF T EXISTS.

DWR 188 REV. 7-90

IF ADDITIONAL SPACE

I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief.

Fai

(PERSON, FIRM, OR CORPORATION)

Tl L]

Inc

PED OR PRINTED)

opP

G AT A 57 Qe BER

NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM

































ORIGINAL
Fite with DWR

Page . of

STATIE OF CALIFO

WELY, COMPLETION REPORT |1 1 | 1 1 i o L 7]

Refer to Instruction Pamphiet

Ao bs- | I‘N00943827 Lot b b b ]

DWR USE ONLY — DO NOT FlLl IN

RNIA

STATE WELL NOJ/STATION NO.

LATITUDE LONGITUDE

EEEEEEEET

Owner’s Well No.
Date Work Began Y l‘ By , Ended
Local Permit Agency Scu\ \ Ve g

Permit No.

La€l Qooisl ¢ Permit Date Y ! L ! A3,

APN/TRS/OTHER

GEOLOGIC LOG

WLI L ()WNI' R

Name 0(& O ( G, \J :K o\f\c\r«b Q\AL 41\%

ORIENTATION (=) ) verTicn HORIZONTAL ____ ANGLE _____ (SPECIFY)
R ag%lgg _Q’\:}\ Rt D Mailing A ch{‘ss ‘ 5 J&LU__‘?):L_W
SURFACE DESCRIPAI E f oo, )L Ia A ‘a0
e w  FL Describe material, grain size, color, ele. ciry WELL_LOCATION STATE i
0 14 Ton So\_wad Tine Seal hvm'\»: Bevwsh Address 'A“] 22 Sen usdn u.J’ Moy Rl
M2y Codese Saod Quechz | Gty g eeaNide AN fron
G ron, \uL{ Yrma e .i"r'i \ County San Ei et
2y My Coeeie Sead G X s T 1 APN Book 243 Page ©1e Pacel 33
S e 53 \Sr Township .12 2 Range { LJ Saction SUO
“» 3 SRS Silh-\ \‘.4 Sr-..n& ’.‘m\f'&u C\u.u\ Tt D32 0w i, w3 N Long [he® 5'1& Ld5e ‘j:inW
- S\edd TRV A LA . LOCATION SKETCH e ACTIVITY (2) —
£e 1y G-V s X ok Q\m NORTH NEW WELL
Ay g2y Crarse &M\E\ TT&Q;: S \‘\J MODIFICATIONREPAIR
L AR G -A e Sanl e Ela — Docren
Ao _tvn ' Veah D 6 N T et
A .2 Grani e " ‘—Ei ke " Q‘mt-_x""z. Yeg freds . e DESTROY (Descrite
MY B0 Gunoloid Qui i Bk procacyes i,

USES (=)
WATER SUPPLY
e DORIGSYHC L Public
vy fingation . Industrial
MONITORING __.
TEST well ..
CATHODIC PROTECTION .
HEAT EXCHANGE ____
DHRECT PUSH __..

WEST

INJECTION __.
o YAPOR EXTRACTION ...
/;QA“-‘ SPARGING ____.
SOu f REMEDIATION
Hiustrate or Deseribe Distance uf W{H h Bmkhng,f ) T
Fences, Ricers, ele. and atlach 4 map, Use addi muf}:rrpw if OTHER (SPECIFY) ...
necessary. PLEASE BE ACCURA E & ¢

1 1
T T
1 3
T T
1 1
1 T
1 1
T 3
E 3
T T
+ i
T T
H t
T ¥
1 1
T T
t i
T T
1 1
T T
1 1
1 T
1 b
¥ H
{ i
k] T
1 1
T T
I '
T T
i I
T T
1 1
T T
1 ¥
T T
i i
¥ T
i i
T T
1 I
T T
I i
T T
1 1
Y T
1 3
T T
1 i
T T
1 1
T T
i I
T T
1 i
T T
i 1
T T
1 t

TOTAL DEPTH OF BORING _ VR (reet)

TOTAL DEFTH OF COMPLETED wiLL _ YA (et

WATER LEVEL & YIELD OF COMPLETED WELL
DEPTH TO FIRST WATER ________ (FL} BELOW SURFACE

DEFTH OF STATIC . A ’ \
WATER LEVEL .. {Ft) & DATE MEASURED ... {1} § 1

ESTMATED VIELD © _obS (aemy & TesT Tvee_Pie. Lide
TEST LENGTH ..., (Hrs.) TOTAL DREAWDOWN.___.____ )
" May mot be representative of a well’s long-terns yiekd,

—— Geophysical Log(s)

. FERSGN, Fihw, OF_JORPORATIONT ‘
Chemical Analyses \’Z < \0.{6 M (\L\.\\\,\ —?\\ \] (\\\.ﬂ,, Q ((\\\‘-_; ( A C‘ [ b 'S’ .

e SOilMWalor

e OthEF

DEPTH BORE- CASING (8) DEPTH ANNULAR MATERIAL
FROM SURFACE HOLE TYPE {~) FROM SURFACE TYPE
DIA. e | = L MATERIAL / INTERNAL GAUGE SLOT SIZE CE- | BEN-
tches) | | & Zg & ShADE DIAMETER |  OR WaLL IF ANY MENT [TONITE| FILL FILTER PACK
Ft. o FL 819 32 = (inches) THICKNESS {Inches) FL. 1o Ft {TYPE/SIZE)
@ EE () {2y (=)
O 5|15 |V Stee 1O |.250 ST I Y
{ 1
O S0 [ W Py 5 15081471 .
50 1 30 |10 v g § lsbRADL 032 LN IS R I R
GO 10 11Oy Py g |08 ,
1 1
ATTACHMENTS (=} CERTIFECATION STATEMENT
Goolagic Log I, the unders:gned certify that tl\ijfoa%mplete and accurate to the best of my knowledge and belief.
e Geclogi
e Well Construction Diagram NAME -S *‘ \\ w F&VM\) \ \M ‘T_V\ 4

(IYPED OR PRINTED)

ADDRESS

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS.

o G Skl

C Y STATL

- 24 13 10% %(g

C-57 LICENSED WATER WELL CORTRACTOH DATE SIGNED C-57 LICENSE NUMBER

DWR 188 REV. 05-03

IF ADDITIONAL SPACE |S NEEDED, USE NEXT C‘GNSECUTIVELY NUMBERED FORM

08P 03 78836




STEHLY BROTHERS DRILLING, INC,

4/15/13

Attn: Dudek
Rodney Corporation
605 Third Street
Encinitas, CA 92024
760-942-5147

License: C-57 #709686
13268 McNally Road
Valley Center, California 92082
760-742-3668 / 760-742-4564 Fax

Rockwood Observation Well

Well Site: Guejito Ranch Well#RWOBS-1 (#16-2013)
APN: 242-070-15
17224 San Pasqual Valiey Road
liscondido, CA 92027
Permit: LWELOO0157 4/11/13

Guejito Ranch Well#RWOBS-1 - Rockwood Observation Well - (#1 6-2013) drilled for Rodney
Co. N.V. at 17224 San Pasqual Valley Road in Escondido, CA 92027. Started Drilling 4/8/13
and Finished Well 4/11/13.  APN: 242-070-15 Permit LWEL000157 4/11/13.

0-14 Top Soil and Fine Sand Dark Brown
14-25 Coarse Sand, Quartz, Granitic Fragments
25-45 Coarse Sand, Gravel with Some Silt
45-50 Siit-like Sand, Trace Clay, Slight Plasticity
50-75 Silt-like Sand, Slight Clay

75-85 Coarse Sand, Trace Silt

85-90 Silt-like Sand with Clay

90-110 Hard D.G.

110-117 Granite, Biotite and Quartz Fragments
117-130 Granodiorite, Quartz and Biotite
Comments:

Total Depth Drilled:
Total Well Depth:
Hole Diameter:
Liner:

Gravel Pack:
Surface Seal:

Water:

Well Development:

130°

110’

10” Mud Hole 0-50° Solid
40" of 57 SDR17 Screen 50-90° Screen
707 of 5 SDR17 Solid 90-11¢ Solid
2cuyds

Cement

25+ GPM
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