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1.0 INTRODUCTION

1.1 Background

A large vernal wetland and its watershed occupy approximately 40 acres in southeastern
Moorpark, California, near Tierra Rejada Road and the Highway 23 freeway. The wetland is a
large and valuable habitat supporting vernal-pool vegetation and invertebrates, including two
federally- and state-listed endangered species -- Orcutt’s grass (Orcuttia californica) and
Riverside fairy shrimp (Streptocephalus woottonii). A listed third species, the forb Lyon’s
pentachaeta (Pentachaeta lyonii), grows on two low hills forming the southern and eastern edges
of the 4.6-acre pool, well above the maximum water level.

Lennar Homes of California proposes to construct a residential community on four tracts of the
City of Moorpark’s Carlsberg Ranch Specific Plan area, one of which includes the vernal pool
(Tract No. 4975). Lennar’s predecessor prepared a plan for Tract No. 4975 intended to address
vernal-pool values and functions, which served as the original footprint for the hydrologic
assessment. The plan was subsequently modified following appreciable dialog with and
technical input from state and federal agencies responsible for endangered-species and
wetlands regulation. Both plans include provisions for collecting and directing out of the vernal
pool watershed all runoff from the future residential areas, including roads and infrastructure.
This measure, a means of mitigating for water-quality effects of the project, will eliminate runoff
from about 12 of the 40 acres contributing runoff to the pool. Finding and evaluating means of
offsetting the related loss of runoff were among the main concerns leading to our investigation.
The more recent modified plan also includes addition of a broad open-space drainage corridor
allowing runoff to flow directly to the pool from the area of shallow rocky soils at the upper end
of the watershed, including at times (such as storms following wildfires) when the ephemeral
channels transport considerable wood and other debris.

This report is being prepared as Lennar Homes of California completes is application for project
review under Section 404 of the Clean Water Act and section 1603 of the Fish and Game Code.

1.2 Purposes and Scope

In this report, we summarize an investigation that utilized historical data, field observations,
and hydrologic modeling to:
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e Assess how and when the pool fills and dries, and how the hydrologic system
functions,

¢ Build a daily model of the pool’s hydrology based on 1998 data,

e Test the model with observations from a range of wet and dry years to set a model
baseline,

e Use the model to evaluate the potential impacts of the project on the pool’s
hydrologic functions, without mitigation,

e Then use the model to test mitigation alternatives for proposed land uses, and

o Evaluate whether potential effects on the pool’s hydrologic functions have been
effectively mitigated, including meeting the needs of the two in-pool protected
species, by (a) monitoring the post-project hydrologic conditions, and (b) testing
whether the hydrology responds as predicted by the pre-project daily model.

During the investigation, we were also asked to outline how the post-project hydrology might
tangibly be adjusted to better emulate pre-project conditions for a range of contingencies, and
(to the extent feasible through sensitivity analysis) simulate likely effects of these responses.

Finally, although not a specific objective of this study, it serendipitously provides a useful set of
baseline hydrologic observations for the pool and its watershed -- simply because water year
1998t was one of abundant and prolonged rainfall, plus we were fortunate in obtaining

considerable information from a diverse set of instruments and observations.

1.3 Summary of the Approach Used

Hydrologic analysis proceeded along three primary (and largely independent) lines of inquiry:

e Historical and archival analysis

o Field observations, anchored by continuous monitoring

o Detailed process-based simulations

1 A water year begins on October 1 and extends through September 30 of the named year. For example, water year
1998 (WY1998) began on Oct. 1, 1997 and concluded on Sept. 30, 1998.
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Each line of inquiry was pursued at the most specific and detailed level feasible, as we had no
assurance that pertinent archival materials could be found or that sufficient rain would fall
during the 1998 water year to provide a useful set of data. As it turned out, each line of inquiry
was productive, and the sequence of discovery proved pivotal. Archival analysis yielded
useful information during the initial months of the study, and substantially guided the field
installations and the general structure of the modeling approach; some of the framework
developed in this line of inquiry is presented in Chapter 2. Field observations occurred during
one of the wettest years on record, and fortuitously nearly all field measurements yielded useful
-- often definitive -- results. The measurements are discussed in Chapter 3. The initial
conceptual model was refined into a calibrated daily hydrologic model of the pool and its
watershed, described in Chapter 4. The lines of evidence were intertwined, as the model was
applied to synthesizing the daily water level history of the pool during a wet, mid-range, and
dry year, successfully reconstructing the water levels on several key dates for which
observations could be found. Chapter 4 also quantifies how sensitive the model results may be
to the values used in the model, by running the model with lower or higher values.

We also evaluated how watershed management and hydrologic monitoring needs might be best
addressed. Specific water-related requirements or sensitivities reported for each of the three
endangered species are considered in Chapter 5. Individual hydrologic questions or issues are
explored in Chapter 6. Other management and monitoring concerns are discussed in Chapters
7 and 8, which are followed by a summary of findings and recommendations.

14 Acknowledgments

We wish to acknowledge the essential assistance provided by Randy Toetder (Ramseyer
Engineering), Tony Bonkamp (Glenn Lukos Associates), and Deborah Rosenthal throughout the
course of the project. Lennar project manager Darin Hansen not only made sure that we had
the logistic support needed for significant field work, but also helped research the history and
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2.0 PHYSICAL SETTING

The Lennar vernal pool is a 4.6-acre seasonal pond, formed primarily by tilting and subsidence
along the Santa Rosa fault. This ‘tectonogenic’ pool is an isolated feature, with no other similar
landforms in the general area. Perched above the Tierra Rejada Valley, the vernal pool is
topographically separate -- except when spilling -- from the integrated channel network to the
south and east, draining through the Arroyo de Santa Rosa to Conejo and Calleguas Creeks and
to the Pacific Ocean. Since there are no similar features in the area, we assumed all the
information needed to understand and model the pool must come from observations and
measurements on the pool and its contributing watershed.

2.1 Distinguishing Properties of This Vernal Pool

The Lennar vernal pool differs in key hydrologic respects from the more familiar networks of
small pools developed (usually) on very old soils of alluvial or marine terraces throughout the
state. We call these small pools ‘pedogenic’, since they are fundamentally formed by soil-
development processes. Major distinctions include:

e Size: At 4.6 acres and up to 4 feet deep when spilling, this pool holds 100 to 800
times as much water as many pedogenic pools of 0.02 to 0.1 acre in extent, and 0.4 to
1 foot deep.

e Duration of ponding: During wet years, the Lennar pool holds water well into July
and August, in contrast with late May or early June for most pedogenic pools

e Mechanism of ponding: At Lennar, water is ponded atop accumulated fine clays
deposited by drainage ditches flowing into the pond; elsewhere, ponding is caused
by clays which have developed in place by soil-forming processes.

¢ Non-ponding frequency: In perhaps a third or more of all years, the Lennar vernal
pool does not pond; smaller pedogenic ponds and pond networks pond during
nearly all years, even if briefly.

e Hydrographic net: The Lennar pool is isolated from other seasonal wetlands, draining
directly to the local stream system; elsewhere, vernal pools are part of a complex
drainage network.

o Seedbank and bed storage: The biologically-active bed of the Lennar vernal pool is not
only much larger, but at 5 to 7 feet (and with most cracks deeper than 4 feet) is many
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times thicker than the bed of most pools; more seeds, cysts and salts can be stored
through dry periods, and in more diverse settings within the soil.

e Spill elevation: At the Lennar pool, the spill elevation has been gradually rising over
the years as the ‘main east’ alluvial fan aggrades up against the bedrock exposed
south of the pool’s outlet; elsewhere, pools spill over claypan or duripan sills which
have remained at essentially the same level for many tens or hundreds of thousands
of years.

o Sediment delivery: At Lennar, the watershed has steep slopes with scrub vegetation
yielding substantial amounts of sediment; sediment yields to most other vernal
pools under ‘natural’ conditions from virtually flat, grassy contributing areas are so
low as to be meaningless.

e Turbidity: The Lennar pool is naturally and persistently turbid, while smaller
pedogenic pools are generally clear.

Hydrologically, there are relatively few similarities between the pedogenic pools and the
tectonogenic, sediment-tolerant pool at the Lennar site. In past discussions, we have used terms
such as ‘vernal pond’ or ‘vernal playa’ to underscore how different this feature is than the
terrace vernal pools, but these terms are almost equally misleading. 2 Terminology
notwithstanding, a solid knowledge of key site-specific hydrologic processes at the Lennar pool

is essential if it is to sustain the species and biological dynamics which it presently supports.
This study was designed and supported to develop as much of the site-specific understanding
as possible, and to provide information on how the pool and watershed function hydrologically
to guide their future management.3

2.2 Land and Water Use History

We can trace varied, substantial disturbance and change the general area of the vernal pool
during the past 60 years using aerial photography.4 Through this period, the fan areas were
cultivated or cleared. The 1954 aerial photographs show substantial erosion and gullying, with
noticeable deltaic deposition along the north and west edges of the pool fringes, presumably

2 The term ‘vernal pool’ is used in this report, with due recognition that another more useful label is likely to be
applied to this feature in the future.

3 Because this hydrologic system differs so fundamentally from most vernal pools, rules of thumb, norms and
policies developed for vernal pools in general should not be applied to this pool unless shown to be both (a) clearly
applicable and (b) not harmful.

4 A list of the aerial photographs used is given in Appendix A.

5 The large mulefat bushes presently dominating the vegetation in these areas seems to have become established in
these deltaic deposits from the early 1950s. No large woody vegetation is visible in these areas on the aerial
photograph.
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from the regionally-significant high-intensity storms of 1952 and 1953. Between 1954 and 1965,
two sets of parallel “V” ditches were constructed along the northern edge of the alluvial apron,
which captured and diverted runoff from the rocky slopes above into the west main and east
main channels (shown on Figure 10). The ditches extend beyond the topographic watersheds of
these two channels. Diversion probably increased the contributions from the rocky upslope
areas by speeding water to the pool without the opportunity to infiltrate through the apron and
fan areas. It is likely that the diversion was constructed as a water- and soil-conservation
measure intended to reduce erosion and to increase the availability of spring and summer water
in the pool for livestock and other ranching purposes. The diversion is typical of the
conservation measures of the time, most of which were sponsored and financed by various
USDA agencies. Throughout the 1960s and through the early 1990s, cultivation for hay
occurred to -- and sometimes including -- the pool fringe. With the exception of the very edges,
the pool itself does not seem to have been cultivated, based on the record we have examined. A
smaller impounded pool to the northeast was lost to highway construction in the 1970s. In
1993, drainage from the pond was accelerated by ditchinggé, which was subsequently partly
reversed by placement of a soil plug.

During our field work, we spoke with local residents Rudy Perez (b 1944) and Ruben Rodriguez
(b 1950), who were born and raised in the area. They recall hunting deer near the pool and in
the drainage immediately to the north during their school years, and report that these were
some of the most intensely hunted areas in the region at the time. They also noted no tall
shrubs were growing around the pool at that time.

Vegetation near the pool suggests that the watershed regularly burned during the years
preceding cultivation. Substantial changes in runoff rates, volumes, and quality occur following
wildfires in Southern California scrub, commonly for periods of 3 to 5 years following a burn.
Inflows of water, sediment, ash, and salts to the pool probably have changed episodically
following fires (c.f., Hecht, 1993).7 These effects are neither permanent nor thought to be
harmful to the pool.

The present biological resources and values of the pool have developed or been sustained
through changes of this type.

6 Personal observations of Mary Meyer, DFG, and consistent with our interpretation of the aerial photography
7 Most of the watershed was burned by a fire in late September 1998.

97068 final 1998.doc 7



2.3 Geologic Setting

The pool is underlain by the two main geologic terrains on either side of the Santa Rosa fault
(Figure 6). Northwest of the fault, Mio-Pliocene hard shales, mudstones and interbedded
volcanic units dip westward. The northern divide of the pool watershed, now supporting the
large green water tank, is a cuestaform (‘hogback’) ridge, with hard sedimentary rocks exposed
in a hogback at moderate angles westward. Material eroded from the hard rock exposures have
accumulated at their base in a thin apron of alluvial fan material. To the southeast of the fault,
the younger Saugus formation is composed of interbedded conglomerates, sandstones and
shales. This unit contains more calcareous (limey) fragments and material eroded from nearby
volcanic rocks; it weathers to a clay-rich, deeply-cracked soil supporting all of the Lyon’s
pentachaeta plants observed at the site. As shown in Figure 6, soils and surficial deposits are
seldom deeper than 5 to 6 feet on the slopes and 8 to 10 feet beneath the lower, flatter parts of
the watershed (c.f., Geotechnical Associates, Inc., 1997).

Geomorphically, the watershed includes zones of erosion, transportation, and deposition.
Erosion occurs in the upper segments of the slopes, where thin soils and rock outcrops prevail.
The alluvial apron is a zone of transportation, with little long-term accumulation or removal of
material. Deposition occurs in the lower segments of the alluvial fans, which grade into small
deltas and the pool.

Soil types mapped by the Soil Conservation Service (Edwards and others, 1970) correspond in a
general sense with the geomorphic zones of erosion (Calleguas series), transport (Linne series),
and deposition (Azule series)s. Some key hydrologic properties of the soils differ substantially
among the three soil types (Table 1). Most significantly, the Calleguas soils underlying the
rock-cut slopes?® supporting coastal scrub can hold about 1 inch of water before generating
runoff, where as the Linne soils on the alluvial fans and the Azule soils near and beneath the
pool can hold 5 to 8 (or more) inches. Because many storms or storm periods yield more than
one inch of rainfall, the rock-cut slopes generate runoff during most medium or large winter
storms; the deeper soils can usually retain the rainfall from such storms, generating runoff after
a series of major storms or during high-intensity rainfall. Hence, a much larger proportion of
the rain falling on the rock-cut slopes will flow into the pool.

8 Much of the area mapped as Azule series appears to be an unnamed vertical inclusion discussed in the 1970 soil
survey.

® Nacimiento soils occurring on the same parent material, but on the north-facing dip slopes, hold considerably more
water, underscoring the hydrologic significance of the upper, rock-cut slopes (see Figure 6, Table 1)
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24 Hydrologic Setting

The vernal pool lies within a 40-acre watershed with a coastal Mediterranean climate with
distinct wet and dry seasons and substantial year-to-year variability in rainfall. Mean annual
precipitation is about perhaps a fraction of an inch less than the 15.75 inches reported at Lake
Bard (Figure 3). Falling entirely as rain, well over 90 percent of the precipitation is typically
recorded during the months of November through April, and approximately 67 percent during
January, February and March. Ponding is sustained by winter storms, typically temperate
Pacific fronts. Rainfall from subtropical fronts can occur in some, but not most, summers; such
events normally deliver less than 2 inches of rainfall, and are thought to rarely induce ponding.

The Lennar site is located between two meteorological stations. Three miles to the southeast, the
Lake Bard station (called Wood Ranch Reservoir on the 7.5-minute topographic map) has the
longer record (32 years). Ventura County Flood Control District manages this station and
provides the data. The Moorpark Station, located about 4 miles to the west, has been recently
established to assist local growers with irrigation management; data are posted on the
worldwide web.10 Monthly summaries of rainfall, evaporation, evapotranspiration and pool
level are on file at Balance Hydrologics. During WY1998, rainfall at the pool measured 30.49
inches, as compared to 34.52 inches at Lake Bard and 38.01 inches at Moorpark.

Annual rainfall at Lake Bard ranged from a minimum of 5.94 inches (WY1976) to a maximum of
34.52 inches (WY1998). In addition to being the wettest year at the Lake Bard gage, WY1998
also included the wettest months on record for November, February and May; estimated
recurrences for those months were 35, 81 and 114 years, respectively. Based on the 32-year
record, rainfall for WY1998 is likely to be exceeded with a probability of about .023, equivalent
to about a 44-year recurrence.

Given an unusually wet year, we were able to observe the seasonal response of the pool, as well
as the results of individual storms. Eleven inches of rainfall were recorded at the Lennar pool
before inception of ponding, a threshold reached in about two-thirds of all years. The pool
filled with an additional 6 inches of rainfall, which is attained in about 1 in 3 years. Figure
illustrates the rainfall record and shows the ponding and spilling thresholds. We note that these
thresholds are for WY1998 and may be used as general indicators for other wet years, but levels
may depart depending on storm intensities and antecedent moisture conditions.

19 (http://www.kern.com/~pepet.
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The month of May 1998 was unusually wet. Even though the 2.6 inches of rainfall did not
substantially add to the pool volume, the rainy and cloudy weather led to evaporation rates for
the month which are about half of normal (3.5 inches as compared to a long-term mean of 6.4
inches). Evaporation during June 1998 was also less than normal (4.4 inches as compared to 7.3
inches expected). The combined effect of high rainfall and low evaporation resulted in
sustaining the pool at a higher level (and perhaps lower temperatures) than normal during the
late spring and early summer.

Our monitoring occurred in the seventh year of a wet period, 1992 through 1998, during which
ponding and spilling had likely occurred during 6 and 4 years, respectively. This wet period has
similarities to the period 1978 through 1983. The intervening period, from 1984 to 1991, was
drier than normal. The driest period of the Lake Bard record includes the years 1970 through
1977, when ponding occurred during only half of the years and the pool did not spill.

25 Hydrogeology

Although a regional ground-water table likely occurs at depth beneath the pool, it does not
affect the pool’s hydrology. Perched ground water also occurs at shallow depths within the 5-
to 10-foot thick mantle of surficial deposits overlying the hard sedimentary rock within the
pool’s watershed (Figure 6). We observed when and where perched ground occurs near the
pool in the piezometers and with the methods described in the next chapter. We found that a
small inflow to the pool occurs through the shallow ground-water path during prolonged wet
periods, such as February and March 1998, when the shallow water table or c)e slopes toward
the pool (c.f., Figure 11a); small amount of water move bankward from the pool through the
shallow ground zone (see Figure 11b). Water flowing from the pool by this shallow ground-
water pathway a) is transported by vegetation within the pool fringe, b) flows northwestward
past the pool outlet into watershed “T’’11or c) possibly percolates to the regional water table
many tens of feet beneath the pool. As with smaller, pedogenic pools, ground water is usually
not a major component affecting the depth or duration of ponding in the Lennar vernal pool.

11 Drained by the external stream labeled “Drainage A” in Glenn Lukos Associates (1997) and in the Corps of
Engineer’s public notice.
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3.0 MEASUREMENTS COLLECTED

The model discussed in the following chapters is partially based on and calibrated with a set of
field data collected by the authors. The range of field measurements were chosen after
developing a conceptual model of the watershed and pool at this site, and following review of
most of the prior regional and site field investigations. We made an initial set of measurements
and monitoring installations on November 13 and 14, 1997, following three preliminary visits to
the site to plan where such data might be obtained and where supplemental soils and
geotechnical information was needed. No significant rain had fallen prior to these dates.
Measurements of water levels, salinity, and temperature were made throughout the rainy
season, through final drying up of the water ponded in the cracks of the pool bed in early
September 1998. These observations are discussed in this chapter, supplementing the
discussion of the previous chapter, and serving as a basis for description of the hydrologic
model in the following chapter.

3.1 Soil and ground-water conditions

3.1.1 Backhoe pits

Backhoe trenches were emplaced at 11 locations by Balance Hydrologics staff on November 13,
1997 (see Figure 10). The locations of these trenches were chosen in large part to supplement
the existing geotechnical investigations, which (consistent with their purpose) did not gather
much information in areas to remain in open space, such as near the pool or in the upper
portions of the watershed above proposed roads and residential areas.'?2 Backhoe pits were
observed and/or logged by a senior Balance geologist. Samples of key horizons or units were
bagged and saved for future assessment.

3.1.2 Infiltration rates

Infiltration tests were conducted at 4 locations using standard single-ring infiltrometers, driven
approximately 3 inches into the ground. Measurement sites were pre-wetted. Rates of water-
level decline were measured intensively for the first 10 to 30 minutes after filling the rings, then
less frequently over the next one to two hours (with re-filling). Rates of infiltration following

12 As customary, the location of each trench has been provided to the soils engineer for the project, Geotechnical
Associates, such that the soils can be recompacted to residential standards prior to construction of roads or homes.
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the first few minutes were, in nearly all cases, fairly constant over time, and where different

were averaged.

3.1.3 Piezometers

Backhoe-trench piezometers were installed in most of the trenches, with the exception of
trenches 1, 4 and 5. Piezometers were constructed of factory-slotted 2-inch Schedule 40 PVC
casing, commonly with 2.5 feet of factory-slotted screen at the base, beneath blank casing
extending to the surface. Piezometers were sheathed in a manufactured geotextile liner for well
screens, and placed at one end of the trench3, which was then backfilled. Backfill compaction
was variable from hole to hole, but in all cases included tamping of the soil immediately
surrounding the casing and liner with the backhoe bucket.

Following the January rains, backfill in most of the trenches settled, allowing saturation and
ponding at the wellhead. Hence, the initial water levels and samples collected from some of the
piezometers may not have been representative. We believe that ground near the affected
piezometers had re-sealed by early to mid-February, and that most subsequent observations
reflect representative ground-water levels and salinities. For example, piezometers 2-deep and
3 were dry in mid-February even though the vernal pool, then full, was 6 to 12 inches deep at
these locations, with the casing sticking up out of the water. Plainly, water was not percolating
to the piezometers at the time.

Water levelst4, specific conductance (salinity) and water temperature were measured in the
piezometers, with the latter two parameters measured at the bottom and at the top. Results are
given in Appendix B.

3.1.4 Examination of seepage faces at the Tierra Rejada roadcut

Tierra Rejada Road improvements were under construction during the winter and spring of
1998. Fresh roadcuts were exposed immediately south and southeast of the pool, along the
north side of Tierra Rejada Road. We examined these fresh roadcuts on three occasions during
February and March, when seepage would have been most apparent from the pool or its

13 This was done so that the piezometer would not be affected by early-season infiltration which might pond at the
deepest location in the center of the trench. Piezometers were capped at the base, and seated firmly in the
undisturbed clay or rock at the bottom of the trench.

14 Ramseyer Engineering surveyed the elevations of reference points on each piezometer from which water levels
were measured, as well as the datums for each staff plate and the elevations of the high-water marks.
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watershed through rock fractures to the roadway beneath it (see Figure 6). No seepage was
noted even during this rainy period when the pool was usually filled to the point of spilling.

3.2 Water Levels, Temperature, and Salinity in the Pool

3.2.1 Water-level measurements in the pool

A continuous record of water levels in the pool was collected using a pressure transducer
reading to a datalogger. A fenced enclosure was constructed at the deepest part of the pool to
house the instrumentation. Measurements were collected every minute, and saved as a 15-
minute average throughout the season, beginning with installation on November 14. Two
transducers were used for redundancy. They were both anchored within a stilling well
mounted at the 0.00 datum of an enamel staff plate attached to a 4x4 wooden post secured in
the bed. The 0.00 datum set was at approximately 12 inches below the bed of the pool at the
fenced enclosure, such that we were able to monitor water levels in the pool-bed cracks prior to
development of surface ponding, and prior to the cracks closing for the season. The transducers
were calibrated a) prior to installation, b) approximately monthly by direct observation of water
level at the staff plate, and c) following their return to our laboratory.

The record of water levels in the pool during WY1998 is shown in Figure 15, in conjunction with
the seasonal rainfall record.

3.2.2 Specific conductance (salinity) and temperature of the pool

Specific conductance?!s of the water in the pool was also measured continuously, through a
calibrated probe reading to the datalogger, for the duration of ponding (Figure 16). The earliest
values recorded by the datalogger were elevated, while water was ponded in the cracks, as
stored salts were dissolved from the storage in the soils of the pool bed. Subsequent inflow
from direct rainfall (with a specific conductance typically of about 40 pmhos/cm), runoff from
the slopes (usually in the range of 55 to 80 pumhos/cm), and briefly from shallow ground water
(variable, but most typically between 120 and 400 umhos/cm) reduced the specific conductance

15 Specific conductance is a measure of the water’s ability to pass a small electrical current; it is expressed in units of
pmhos/cm standardized to a temperature of 25 degrees Celsius (77°F). In natural waters, specific conductance is an
index of the concentration of dissolved solids, or ‘salinity’; reflecting this close correlation, specific conductance is
used throughout the world as a surrogate for salinity, as it easy to measure and highly replicable. Because inflows
move into the pool through different routes and media (i.e., direct precipitation, ephemeral streamflow, etc.) each of
which impart a different salinity to the water, specific conductance can be used to distinguish waters originating
from diverse sources, or to measure the exchange of salts between the water in the pool and its bed.
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during the period of deepest ponding!¢. In common with all vernal pools specific conductance
increased during the late spring and summer months, as evaporation concentrated the salts
remaining in the pool, until the salts precipitated or returned to the soil for storage until the
next period of ponding.

3.2.3 High-water marks

We identified and flagged high-water marks from the previous season (WY1997) at three
widely-separated locations around the edge of the pool. Elevations of these high-water marks
were surveyed, and used to verify the water-level modeling for WY1997.

3.2.4 Turbidity

We made qualitative observations of when the pool was turbid and when it was clear. The pool
was turbid for most of the winter, occasionally clearing up after 10 to 14 days of days of little or
no wind. Randy Toedter, project engineer, has noted similar turbidity patterns during prior
years. The pool, when ponded, also appears to be turbid in earlier aerial photographs.

Turbidity at this site -- and a number of others populated by the Riverside fairy shrimp (c.f.,
Eng and others, 1990) -- is caused primarily by wind, with waves resuspending sediment from
the bed. The volume of re-suspended sediment is very large, much larger than inflows from the
drainage ditches. Although turbidity is widely used as an index of sediment in transport, most
typically in assessing the effects of sediment-control practices at a particular site, it will not be
an effective means of doing so at this site, due to wind re-suspension effects.?

3.3 Runoff and Soil-Saturation Observations During and Between Storms

3.3.1 Rainfall

Rainfall was recorded at the enclosure in the middle of the pool, using a standard tipping-
bucket rain gage. The internal bucket tips following each 0.01 inch of rainfall; each tip and the
time that it tipped is recorded on the datalogger. Daily rainfall and/or rainfall intensities for
specified period may be computed from the results.

16 Increases shown on the continuous record during March (Fig. 16) conflict with measurements made with field
meters during the same period (90 to 120 umhos/cm). We consider the latter to be more representative of the pool.
It is possible that the higher values recorded on the sensor reflect conditions within the bed.

17 In Chapter 6, we suggest use of photogrammetry to monitor long-term changes in sedimentation, if needed.
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Rainfall for each day during the 1998 water year is shown in Figure 4, which also graphs the
cumulative rainfall for the season on each given date. This same cumulative rainfall line
appears on a number of graphs to help readers interpret how the pool responded to various

events.

3.3.2 Evaporation

We did not measure evaporation at this site. Rather, we used data collected by Ventura County
Flood Control District at nearby Lake Bard, and at the Fox Canyon facility.

3.3.3 Runoff and soil saturation

During and immediately following several storms, we walked the site, observing where and
how much runoff was occurring. We made note of the volume and salinity of flows at the time
of the observation, and (if water levels were falling) the estimated peak flow for the storm at
that location. A number of these sites became regular points of observations. Measurements
and observations at these points are recorded in Appendix B. Notes of conditions at other
locations over the project site are on file at Balance Hydrologics. Among these are one-time,
detailed sets of observations as to which portions of a slope or a swale were generating runoff,
and which were not.
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4.0 MODELING THE VERNAL POOL

4.1 Introduction to the Model

A model was developed to predict vernal-pool elevations each day the pool holds water under
various land-use scenarios and alternative watershed areas. The model is intended to be a tool
to guide drainage and land-use planning within the vernal pool watershed. Adjustments can
be made to the design of the project so that pool water levels are as similar as desired to the
existing condition.

Our initial conceptual model was developed during October and early November 1997. It drew
upon prior work in modeling partly-closed hydrologic systems such as vernal wetlands. Its
primary purpose was to help us plan the field and archival investigations, but it was also
intended as an early skeleton for the eventual daily model. The model was subsequently
refined in March 1998 to help in developing alternatives which led to the modified site plan,
and then again in May 1998 to evaluate (a) whether the outlet should remain at the northeastern
end of the pool or be pumped to Tierra Rejada Road from the south end of the pool, (b) effects
of land-use alternatives suggested by agency staff and the project engineers, and (c) alternative
watershed configurations .

4.2 Model Structure

The model recognizes 8 sub-areas within and near the watershed, plus the pool (Figure 7). Rain
falling on each sub-area is routed through either two or three layers, with properties
(infiltration, runoff, water-holding capacity) corresponding to our interpretations those of the
various soil horizons. Two of the sub-units are the pool itself and the unchanneled pool fringe,
whose dimensions vary with water levels in the pond (Figure 8), and are changed daily in the
model. Others include the upper, rock-cut coastal-scrub steeplands, and the grass-covered
deeper soils of the alluvial fans and deltas.

The model routes rainfall into and through each of the sub-units and their layers using a daily
timestep. Rules used at this site for the routing?8 include:

18 Beyond conventional assumptions in hydrologic models, such as continuity, conservation of mass,
monodirectionality (water moves only downhill), incompressibility and constancy of the bulk modulus.
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o All rainfall accumulates in the layer of soil on which it falls until the storage capacity
of that layer is exceeded.1?

o Soil moisture if present is depleted by the daily evapotranspiration rate (ET), but
water that has percolated below the soil horizons, into the regional ground-water
system, is not subject to ET.

o Shallow, or perched, ground water discharges only to pool and pool fringe (i.e.,
rainfall recharge of the regional aquifers through the bottom of the soil zone is
negligible, except where recharge occurs in the pool-fringe and pool areas as
described below).

o Ground-water gradients are toward the pool only for short periods of time (several
weeks) after major precipitation. After that time the pool and pool bed lose water
toward the surrounding area through the sides of the pool (as documented by
piezometer water levels). Outflows are quantitatively small.20

o No water is lost through the bottom of the pool bed.

¢ Runoff from all subareas enters the pool directly, without traveling through a
possible intervening sub-area (overland flow downhill through a gully is rapid
compared to the one-day time step).

e Water lost to ET does not reenter model.

e Water lost to pool overflow does not reenter model.

e Contributions from fog and trace rainfall do not enter the model

4.3 Model Time Step

The model uses a daily time step, rather than the monthly time step customarily used for
hydrologic budgets. A daily step is needed at this site to incorporate key processes which help
fill and empty the pool. Growth and survival of invertebrates in this (and other) vernal pools is
probably most affected by factors which change daily. Hourly or minute time steps would

19 Or, in the pool and pool fringe, until ponding occurs. Rainfall intensities are usually low relative to the infiltration
capacity of the topsoils.

20 Monitoring results establish that outflows to ground water from the pool are quantitatively very small, as
evaporation rates measured hourly, daily, and monthly are virtually identical to the rates of water-level decline in
the pool throughout the year. Absence of seeps or springs downgradient from the pool, strong water-quality
contrasts in piezometer 3, and the low permeabilities of materials encountered in the walls of the near-pool
geotechnical trenches support this perspective. Computationally, outflows during periods of away-from-pool
gradients are incorporated in the model by artificially increasing ET losses by expanding the area of pool fringe.
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result in loss of model value, flexibility, and long-term viability.2! They are also not needed in a
hydrologic system this large.

4.4 Model Inputs

Daily inputs are rainfall and evapotranspiration (ET). We used rainfall data measured at the
pool by Balance Hydrologics, and ET data from Fox Canyon for water year 1998. For previous
years we used rainfall and ET data from Bard Lake supplied by Ventura County Pubic Works
Agency. Runoff into the pool and the small amount of ground-water inflows and outflows are
computed within the model. Effects of wind on evaporation are incorporated in the Class A
pan evaporation measurements at Bard Lake.

4.5 Model Initial Conditions

At the beginning of the water year, the entire pool and watershed are assumed to be totally dry.
In actuality, a small amount of tightly held water is likely to be stored deep below the surface,
however zero water content is a reasonable assumption for modeling. If an initial soil moisture
content were to be assumed in the model, early-October ET would quickly deplete the soil in
the absence of rainfall.

4.6 Model Measured Parameters

e Pool depth, area, volume relationships were derived from CAD file topographic map.

e Hydraulic conductivity (“permeability’) of soils and subsoils in the pool fringe and the
lower portions of the grassy slopes (generally below elevation 600) subsoil was estimated
from results of falling head tests in backhoe trenches, verified with published values for the
soil-types observed in the trenches.

o Infiltration rates of surface soils were estimated from results of falling head, ring
infiltrometer tests.

21 Key input values, such as evapotranspiration, are not available for periods shorter than a day. Additionally, use of
a one-minute time step would require routing the flows through rills and gulleys to the pool. Since rodents are
constantly changing the contributing areas of each gulley, and erosion is changing their shapes with each storm, the
additional complexity is not useful and not needed.
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o Soil depths were estimated from soil pits and from backhoe trenches placed by Balance, and
subsequently with additional information from trench logs and borings developed earlier by
the engineering geologists and geotechnical engineers for the project (collected in
Geotechnical Associates, 1997).

o Extent of aquifers was estimated by interpretation of soil pits and backhoe trenches and
from interpretations by Balance geologists of local geologic structure as they may affect the

vernal wetland.

4.7 Model Logic

The following are column headings in the vernal pool, spreadsheet model. Most of these values
are recalculated on a daily basis. The first set of headings is used in each sub-area. The second
set of headings is used in the pool itself. These headings are in the order in which they are

calculated in the model.

Sub-area headings

Rainfall: measured by tipping bucket gage or from historical data;

Interception: amount of rainfall that is caught by vegetation, never reaching the ground,;

Effective Rainfall: amount of rainfall reaching the ground;

Potential ET: calculated at a nearby weather station from climatic conditions daily for
water year 1998; for previous years ET was measured as pan evaporation at another
nearby weather station;

Area: constant value for each subarea;
Runoff: amount of effective rainfall that runs off overland (percent of rainfall);
Infiltration: amount of effective rainfall that does not run off overland;

Actual ET: amount of soil moisture lost to ET (if soil moisture is available)
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Soil Moisture: water stored in the soil horizon (less than or equal to soil moisture
capacity; soil moisture capacity = porosity * soil depth)

Excess Soil Moisture: infiltrated water causing soil moisture to exceed capacity (when
applicable, equals Soil Moisture + Infiltration - Soil Moisture Capacity);

Excess Soil Moisture as Runoff: portion of excess soil moisture that exceeds the
infiltration capacity (steady state infiltration rate);

Initial Volume Aquifer: starts dry at beginning of season, otherwise from end of
previous day;

Inflow to Aquifer: portion of excess soil moisture that does not runoff;

Final Volume Aquifer: inflow to aquifer plus initial aquifer water content (if volume is
available);

Outflow Area: zone of seepage (constant for sub-area);

Wetted Length of Aquifer: assuming aquifer fills from downslope end (aquifer volume /
outflow area / aquifer porosity);

Outflow Gradient: driving force for aquifer outflow (wetted aquifer length 7 total
aquifer length * aquifer slope; aquifer slope is approximately the same as the ground
surface slope);

Aquifer Outflow: discharge to pool ( outflow area * outflow gradient * hydraulic
conductivity);

Fast Flowpath Outflow: portion of inflow to aquifer if aquifer is already full (could flow
down burrows or other preferential flow paths; this can also be considered as partial
contributing area);

Overland Runoff: sum of initial runoff and runoff from excess soil moisture;

Total Outflow: sum of aquifer outflow, fast flowpath outflow, and overland runoff from
that sub-area.
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Pool Headings

Rainfall on pool and fringe: direct rainfall into the zone designated by elevation 657.5

feet;
Inflow to Pool: inflow from watershed sub-areas;

New Volume of Pool: ending volume from the previous day plus direct rainfall and

inflows;

New Pool Water-surface Elevation (WSE): corresponding WSE for the volume of the

pool,

Low-Overflow Height: amount that the WSE of the pool is above the overflow level of
the pool outlet (the “low overflow” path involves seeping through grass and other
organic debris that was swept to, and caught near the pool outlet);

High-Overflow Height: amount that the WSE of the pool is above the organic debris
dam near the pool outlet (the “high overflow” path is less restricted by organic debris);

Outflow from Pool: amount of water leaving the pool by overflow at the outlet (based
on two superimposed weir equations with two weir coefficients for the low- and high-
overflow paths)

Pool Surface Area: corresponding area for the volume of the pool;

Potential Pool Surface ET: equals daily ET;

Pool Surface ET: equals potential pool surface ET times pool area, if open water is
available to be evaporated;

Flow into Pool Bottom: water that soaks into the pool bottom from the pool if the pool
bottom is not already fully saturated,;

Water in Pool Bottom: water stored in the bed of the pool;
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Pool Fringe Multiplier: accounts for water loss from the pool bottom due to vegetation
outside the pool fringe area (also accounts for ground water flow away from the pool
late in the season; value can change through season);

ET from Pool Bottom: ET from the portion of the pool fringe area that is not inundated
by the pool but is wasted by capillary rise;

Ending Volume of Pool: equals new volume of pool minus outflows;

Ending WSE of Pool: corresponding WSE for the volume of the pool.

4.8 Model Calibration

We calibrated the model with water levels measured continuously for water year 1998, a much
wetter-than-average year with about 30.5 inches of rain. Parameters that were calibrated
against the data were: runoff, lowland soil depth, pool outflow, and pool fringe multiplier.

4.9 Model Verification

In the physical field sciences, the most robust means of validating and verifying a model is to
test whether it can adequately replicate the observed hydrologic record during years other than
those used to calibrate the model. If a vernal-pool model successfully predicts for existing
conditions (a) whether the pool filled, (b) how deeply it filled, or (c) when it dried up, the model
is likely to be useful both in projecting future performance of the pond and in assessing how the
pond will respond to changes in land use or watershed area.

Once the model was calibrated against the data from water year 1998, we checked the model
against several other years representing a range of hydrologic conditions. Validation and
verification were performed using data from WY1993 (wet), WY1994 (dry) and 1997
(moderately wet, but unusually early -- with rainfall ceasing in late January). The overall
rainfall pattern and distribution of larger storms within each year are described in Appendix D.

Water year 1993 represents a wetter than average year with about 27 inches of rain. We
challenged the model to predict the surface area of the pool on the date that an aerial
photograph was taken (March 7, 1993). The model predicted that the pool would have been
spilling on the data of the photo; the aerial photograph shows to the pool to, in fact, be spilling.
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The model predicted a slightly larger wetted area than the wetted area measured by planimeter
from the aerial photograph. This discrepancy is likely due to changes in the geometry of the
pool outlet between 1993 and 1998; the model was calibrated to the outlet geometry existing in
1998. Mary Meyer reports that she (and others) observed an outlet ditch being constructed
during the winter of 1993, and subsequently arranged for a soil plug to be placed during the

following summer.

Water year 1994 represents a drier-than-average year with about 10 inches of rain. We verified
the model against conditions shown in an aerial photograph taken on January 19, 1994, and
recollections of the project engineer.

The model predicts that the pool would remain completely dry during the water year,
consistent with the evidence provided by the aerial photograph. Randy Toetder, project
engineer, was frequently at the site during 1994, and does not recall any ponding.

Water year 1997 represents an approximately average year with about 14 inches of rain. We
verified the model against high-water marks (HWMSs) that we observed in the field on
November 17, 1997.22 We flagged the high-water marks at three locations; at each location, the
highest and lowest indications of high water were both flagged to reliably bracket the actual
value. Ramseyer Engineering level-surveyed these flagged locations one week later to
established the actual elevations of the HWMs. The model predicted a maximum water level at
elevation 655.12 feet, which compares to the six surveyed HWMs between elevations 654.92 and
655.16 feet. The results indicate that the model is able to successfully simulate to within about
one inch the maximum water levels observed during a year in which the pool filled only
partially.

The validation of the model using data from wet, dry, and normal years shows that it can
effectively predict ponding levels and durations over a wide range of years under existing
conditions.

410 Testing the Model For Sensitivity

We made a final set of tests on the model before applying it to proposed future conditions -- its
sensitivity to changing the values used for key parameters such as:

22 The three high-water marks were spaced approximately at equal distances, each one third of the way around the
periphery of the pond. To eliminate any potential observer bias, each site was flagged independently by the three
senior Balance staff present at the site on that date -- Owens, White and Hecht.
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o soil depth

e percentage of rainfall as runoff

e pool bed thickness

e elevation of the outlet

e aquifer hydraulic conductivity

This section of the report describes how these were tested, and what the results show.

The parameters that we tested for sensitivity are the key parameters that we were not able to
measure in the field. The test for sensitivity consisted of running the model while varying one
parameter at a time; we then plotted the model output for the original, calibrated value plus the
output using a higher value and a lower value. The lower value was calculated as half the
original value; the higher value was calculated as the difference between the lower value and
the original value, added to the original value. For example, let’s say that our best guess for a
runoff coefficient was 10%; for the sensitivity test, we used a low value of 5 percent, and a high
value of 15%. In one case, for aquifer hydraulic conductivity, we used high and low values that
were ten times higher and lower than the original value (as is customary) because hydraulic
conductivity varies over such a wide range.

The high and low values that we used for the sensitivity tests of the parameters are often
outside the range of values that we consider likely to be valid; therefore even a moderate
change in the model output does not mean the model is overly sensitive. In almost all cases, the
model output for the high and low values was only slightly different from the model output for
the calibrated value. Of the tested parameters, the model was only moderately sensitive to pool
depth thickness, and the lowland area soil thickness; the model was fairly insensitive to large
changes in the other parameters. Concerning pool bottom depth thickness and lowland area
soil thickness, the model was only sensitive to those parameters early in the year, before the
pool ponded permanently. Results of the sensitivity tests are presented in graphic form in
Appendix C.

The sensitivity analysis indicates that the coefficients and values used in the model are likely
reasonable, and that there is probably little to be gained in further refining them.
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5.0 SPECIES TOLERANCES: MANAGEMENT AND MITIGATION OBJECTIVES

5.1 Riverside Fairy Shrimp

The vernal pool supports a population of Riverside fairy shrimp (Streptocephalus woottoni), an
anostracan found in large seasonal pools of southern California. The fairy shrimp are found in

“. . .tectonic swales or earth slump basins in patches of grassland and agriculture
interspersed in coastal sage scrub vegetation. Pools, filled by winter and spring rains
generally beginning in November, persisted into April or May. All reported habitats
exceeded 750 m2, and 30 cm in depth at maximum filling. Perennial vegetation
immediately surrounding these pools was minimal, but two contained emergent
Eleocharis. . .The more open or vegetationless pools had turbid water, while deeper or
partially vegetated pools were clear. TDS, alkalinity and chloride were very low. . .” [Eng
etal, 1990, p. 259]%

The pool at the Lennar site meets most of these descriptors. Riverside fairy shrimp are
considered a warm-water species, appearing relatively late in the season. Mature individuals
can tolerate very warm late-season water temperatures (>23°C; Eng et al., 1990), and persist
through April and sometimes into May. The species is an osmotic hyperregulator, most
tolerant of lower ionic concentrations (Gonzalez and others, 1996).24 The pH and alkalinity of
the pools does not appear to appear to significantly affect S. woottoni, within the ranges
normally occurring in natural wetlands (Gonzalez and others, 1996). Specific conductance
values reported from a limited number of pools ranged from approximately 50 to 210
pmhos/Zcm at 25°C, consistent with the range of about 80 to 130 pmhos/cm reported from the
Lennar pool during the main period of ponding. The literature suggests that the Riverside fairy
shrimp are tolerant of, or favored by, relatively warmer water, low salinities, deep ponding and
the presence of floating emergent vegetation or organic detritus.

None of these factors are likely to affected directly or indirectly by the proposed project (see
also Section 6.3, below).

23 Later research has shown that the Riverside fairy shrimp occurs in much more diverse pool sizes and depths than
originally believed.

24 For example, reported sodium tolerances (0.5 to 60 mmol/I, or 11.5 to 1380 mg/1) are lower than those for a
competing fairy shrimp, Branchinecta mackini. The lower ends of these ranges simply represent the lowest
concentrations that can be found in coastal California, where rain contains approximately 10 to 15 mg/I of sodium,
and should not be interpreted as physiologically limiting.
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5.2 Orcutt’s Grass

Tom Griggs, the biologist perhaps most familiar with Orcutt’s grass (Orcuttia californica) has
informed us that the duration of ponding during the month of February is the only specific
hydrologic criterion he can presently recommend. Ponding during three or more weeks in
February is optimal. Ponding inception2s or depth26 do not appear to be major influences.

Modeling show that ponding depths during February are not expected to be affected by the
proposed project if supplemental watershed area is added.

5.3 Lyon’s Pentachaeta

Lyon’s pentachaeta (Pentachaeta lyonii) is established in the uplands south and east of the pool.
Its distribution will not be affected by changes in hydrology which may be associated with the
proposed project. Lyon’s pentachaeta adds to the value and diversity of the buffer areas
surrounding the pool and pool fringe.

25 Inception of ponding in pools supporting Orcutt’s grass occurs at one a cumulative seasonal total of 1.4 inches has
been reach at the Phoenix Field Ecological Preserve in Sacramento County (unpublished Balance Hydrologics data)
and 10.5 inches at the Lennar vernal pool.

26 Ponding depth can indirectly affect Orcuttia if it results in excessive ponding duration. Based upon direct
observations by Glenn Lukos Associates during water years 1997 and 1998, long-term ponding (in excess of 4
months) apparently prevents significant germination growth of the Orcutt’s grass.
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6.0 ISSUES SUMMARY

Prior chapters have explored how the pool functions hydrologically, and how the proposed
project may be aligned to be compatible with these functions. In this chapter, we address
specific questions or issues which may be in the minds of readers regarding project-related
impacts on particular components of the pool’s hydrologic balance. Each issue, wherever
feasible, is considered in a four-part format:

e A one- or two-sentence summary of our findings, or those of other workers familiar
with the site;

e Elaboration, based largely on measurements or findings by Balance staff;

e A discussion of anticipated effects of the proposed project relative to prior land uses
identified from the aerial photographs;

e Recommendations or suggested measures to minimize or obviate potential effects on
the vernal pool.

While this discussion would have been amenable to presentation in a table, use of a text format
allows us to consider more significant impacts or those which are more uncertain in greater
length and with greater flexibility.

It is intention of this chapter to go beyond conventional pre-project discussion of impacts,
beginning the process of developing specific post-project guidelines for sound hydrologic
management. The following discussion outlines hydrologic issues which may warrant

consideration at the day-to-day operational level, and might eventually be considered in a
maintenance manual. See also, Section 7.5, below (“Possible Responses to Contingencies).

6.1 Hydrologic Sufficiency

There is some question as to what the optional inflow to the Lennar pool should be . Prior land
uses increased runoff into the pond by re-directing runoff from the upper rock-cut slopes, or
coastal scrub, areas into drainage ditches which flow into the pool, rather than dissipating the
flow over the alluvial apron converted into dryfarmed hayfields and pasture. Roads
constructed to serve these uses also contributed runoff to the pond, as did conversion to
agricultural land from the native brush or scrub which originally grew on the alluvial apron.
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Ditching of the outlet in 1993 resulted in slight decreases in ponding depth. All of these
changes make it difficult to specify one particular inflow or water level as ‘ideal’ or ‘optimal’.

Recognizing that ‘optimal’ inflow is a broad target, we discussed these issues with a number of
agency and consulting biologists in a meeting at the USFWS Ventura office on March 25, 1998.
Their consensus recommendation was to emulate current conditions as they prevail in 1998,
since it is clear that populations of all three protected species are doing reasonably well. Our
work has been directed toward meeting this narrower criterion.

Supplemental sources of runoff are needed in the appropriate seasons to offset effects of
exporting runoff from the residential and road areas of the proposed project. This finding is
based in part on the monitoring, modeling, and archival results of our investigation. Our
results are consistent with related calculations developed earlier by Ramseyer Engineers, and
with the published properties for soils mapped at the site by the Soil Conservation Service
(Edwards and others, 1970).

We decided that adding upland watershed area (from rock-cut slopes adjacent to and currently
outside of the pool’s watershed) would be the simplest and most site-appropriate means of
offsetting the surface runoff that would be exported from the project areas of the watershed.
We used our model results to calculate the area of upland watershed that would be needed to
produce approximately the same amount of runoff that would have been produced under
existing conditions by the lowland area that is proposed for project construction.

The model shows that adding extra acreage makes little difference in very wet years or very dry
years. In very wet years, the pool will fill to capacity and overflow for both existing and post-
project conditions. Similarly, in very dry years, the pool will remain dry for the entire year
whether extra acreage is added to the watershed or not. Water levels during normal and
moderately-dry years are most sensitive to changes in computed inflows (see Appendix C).

We used the model with water year 1997 data to predict water levels for normal years. The
model’s prediction make sense with our observations in that a small amount of upland area
offsets a larger amount of lowland area. The model predicts that an additional 2.9 acres of
upland area would precisely offset the effects of building homes and roads in the watershed.
We suggest that 4 acres of upland area be added, due to the following reasoning. Considering
model uncertainties, and that we did not have the opportunity to monitor during a moderately-
dry year, producing too much runoff in a moderately-wet year is probably better than
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producing too little runoff in a moderately-dry year. If it is found that too much runoff is
entering the pool, it will be simple to adjust the regraded “V”" ditching to reduce the amount of
additional upland area routed into the pool’s watershed, just as it will to add watershed area.

As noted above, the depth and duration of ponding in the pool can be maintained by adding
approximately 4 acres of runoff from the Venturan coastal scrub habitat at the northern edge of
the watershed. At least 6.9 acres are available for such purposes in areas ‘W’ and VvV’ (Table 2;
Figures 7 and 9). We suggest that the westernmost portion of area W, immediately adjacent to
the existing headwaters for the pool, be added to its watershed. Although not expected to be
necessary, the new contributing area can be adjusted based on monitoring results such that the
mitigation runoff areas can be expanded or reduced in area if needed.

6.1.1 Recommended actions

1. Implement the proposed program to divert approximately 4 acres of coastal scrub into
the vernal-pool watershed.

2. Maintain the re-graded ‘V’ ditches and other drainage features.

3. Monitor the results for up to 5 years, compare the post-project response with the
predicted values using the calibrated model, and adjust if needed.

6.2 Excessive Depth or Duration of Ponding

The potential for unduly increasing ponding depth or prolonging duration of ponding has not
been considered in prior impact-assessment documents.

At times, programs to protect or (especially) create vernal-pool habitat have resulted in longer
or excessive periods of ponding. More often than not, the lengthened duration of ponding is a
result of overly-conservative planning intended to ‘ensure that sufficient inflow is available to
protect the hydrologic regimen of the pool(s)’. One result is sometimes the unwanted
colonization by plants which would not otherwise occur at the site; two widely-known and
instructive examples are the establishment of Glyceria declinata (mannagrass) which shades out
desired grasses in constructed vernal pools in the Central Valley, or the development of algal
mats which smother other vegetation in the ‘freeway’ constructed vernal pools of San Diego
County.
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The proposed project is not expected to result in increased depth or duration of ponding.
Selection of the existing spill elevation by consensus of the agency and consulting biologists
familiar with the site also implies that the pool will spill at levels which discourage excessive
ponding.

Previous land uses would not appreciably have directly affected the depth or duration of
ponding, with the exception of construction of a ditch leading from the pool in 1993 (as noted
above), mitigated by subsequent placement of a earthen plug. More water presently enters the
pool now than under 'natural’ conditions, as noted in Section 6.1 an indirect effect.

6.2.1 Recommended actions

1. No attempts should be made to artificially augment the depth of ponding, or to
supplement the volume of water in the pond beyond that exhibited during the past
several decades (reflected in the Balance Hydrologics model).

2. Unless otherwise indicated for Riverside fairy, shrimp and Orcutt’s grass needs the pool
outlet should be kept at the existing elevation and regularly maintained to prevent
obstruction or partial clogging.

6.3 Salination Potential

No long-term buildup of salinity is expected in the pool. Similarly, no buildup is expected of
the principal individual ionic components of salinity in this system, such as sodium, chloride,
calcium, magnesium or bicarbonate.

Salinity can constrain invertebrate populations in certain of the more common, pedogenic
vernal pools. These are small, with little if any salt-storing bed material, capable of holding at
most several pounds or tens of pounds of salts during the dry season.

Data collected in 1998 from the much larger Lennar vernal pool, which stores many tons of salts
its bed, shows that salinities do not approach the maximum tolerances reported for Riverside
fairy shrimp (Gonzalez and others, 1996). They also do not exceed the range reported for
Streptocephalus woottonii until the pool is nearly dry -- generally well after the shrimp would be
expected to be found in the water column. During the late-February through April growth
period for the shrimp, salinities (as measured by specific conductance) were in the range of 70
to 100 mg/I, not much saltier than the rainwater falling on the watershed. Low levels of salinity
are reported despite years of cultivation because the pool regularly spills; salts can flow out of
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the system without accumulating. The incidence and duration of spill is not expected to
change, so salinity outputs will not be affected. Since salinity inputs will be equal to (or slightly
less than) those presently prevailing, no accumulation is expected.

It should be noted that seasonally-soluble salt storage in the bed of the pool is probably 10 to 30
times greater than existing salt inputs during a mid-range year, based on the data we collected
in 1998.27 Many consecutive years of no spilling can occur before a measurable change in mid-
season pool salinities would be expected. The longest realistic droughts, such as the six-year
droughts (periods of no spilling) observed three times during the past 150 years in the region,
should not cause appreciable mid-season increases.

Prior land uses would have resulted in salt inputs to the pool slightly larger than those
anticipated as part of the proposed project. Since salt has not accumulated to date, there seems
no reason to expect future increases in pool salinity.

6.3.1 Recommended action

1. Monitor pool salinity during the initial period of up to 5 years, either continuously (with
a probe and datalogger) or occasionally with hand-held meters. Observed increases, if
any, should be evaluated. Occurrences of specific conductance values exceeding 400
pmhos/Zcm during the juvenile and adult life stages of the Riverside fairy shrimp should
be specifically noted in monitoring reports. Measurements exceeding 1600 pumhos/cm
(or about 1000 mg/1) should be a potential source of concern and trigger detailed
assessment and/or remedial action.

6.4 Eutrophication Potential

Current impact-assessment documents conclude that water-quality impacts on the pond are not
expected.

The proposed project will result in export of all nutrients in surface runoff from 12 acres of non-
native grassland in the watershed, including all areas converted to roads or residential uses,
reducing the post-construction nitrogen and phosphorus inputs to the pool. Nutrients from an
additional 4 acres * of coastal scrub will be added. Although low in both cases, runoff from

21 Based on a mean pool-bed thickness of 4 feet, and sustained specific conductance values of approximately 320
pmhos/cm@25°C sustained over several storms in the soil cracks prior to ponding, adjusted for expected
undissolved salts.
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grasslands usually contains somewhat higher concentrations of nutrients than runoff from
chaparral or scrub. No increase in eutrophication potential should occur.

Prior uses of the site for a dryfarmed hay/grazing rotation resulted in greater bioavailable
volumes and pulses of nutrients entering the pool than are expected with the proposed project.

6.4.1 Recommended Actions

None

6.5 Sedimentation Potential

Construction activities could result in a temporary increase in erosion potential and transport of
eroded material into intermittent drainages. Sediment delivery during construction, however,
is a familiar issue in coastal California, and can be mitigated by planning and implementing a
sound Storm-water Pollution Prevention Plan (SWPPP) which will be reviewed and inspected
by the County. The construction-period monitoring program suggested below has been
developed for inclusion in the SWPPP, and to help adapt standard best-management practices
for control of construction-period erosion for the specific needs of a vernal-pool setting.

The project is expected to have a beneficial post-construction reduction in sedimentation. As
the site matures in the several years following construction, minimally-erosive surfaces and
landscaping will reduce sedimentation.

Prior uses of the site for a dryfarmed hay/grazing rotation resulted in considerably greater rates
of pool sedimentation than will be expected following construction.

6.5.1 Recommended actions

1. Implement the construction and post-construction monitoring programs proposed in
Chapter 7.
2. As proposed, drain the residential and road areas to an NPDES basin and export the

runoff from the watershed, providing both construction-period and post-construction
erosion control.

3. Design the “V”’ ditches and drainage facilities to accommodate episodic accelerated
water and sediment runoff following fires in the upper portion of the watershed.
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4. Retain a digital version of the existing topographic map to facilitate photogrammetric
comparison after several decades of pool and delta configurations to see if
sedimentation is reducing the pool volume significantly.

6.6 Toxics Spill Potential

There is virtually no potential for spill of toxics into the pool or its tributary waterways as the
proposed (modified) project is presently configured.

Proposed land uses do not involve the use of fluid toxics once construction is completed.
Construction-period hazardous-substance management should be strictly regulated as part of
the SWPPP. Export of drainage of the residential and roadway areas from the watershed
provides further control of potential impacts from spills to a level beyond that obtained in most
other vernal pools sharing watersheds with urban or residential uses. See also Section 6.7.

The vernal pool watershed is already designated as a no-application area for fire retardants by
the local fire department. Retardants were, in fact, not used within the watershed during the
September 1998 fire. The pool should not be sprayed for vector or pest control.

Prior uses of the site for dryfarming and grazing would have been unlikely to introduce toxics
into the pool. Spills which may occur from or on the Highway 23 (Moorpark) freeway cannot
enter the vernal pool watershed as the land surface is presently (and will be) configured.

6.6.1 Recommendation actions

1. Designate pool and watershed as no-application areas in fire-department, mosquito-
abatement and other agency databases.

6.7 Introduction of Chlorinated Water

Potable water usually contains a chlorine residual, commonly in the range of 1 to 1.5 mg/I. 28
Chlorine at concentrations present in most potable water is toxic to most aquatic animals,
including the juvenile or adult stage of the Riverside fairy shrimp. We recommend that future
management manuals or guidelines specifically consider the possible intentional or inadvertent
introduction of chlorine as a hazard to the vernal pool during ponding.

28 When exposed to air, concentrations drop to subtoxic levels -- typically 10 to 20 percent of those currently found in
most municipal water supplies -- after 8 to 12 hours.
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We believe that the potential for chlorine-related toxicity to the pool biota is vanishingly small,
provided that the entity responsible for management of the pool is cautioned against deliberate,
well-intentioned introductions of water from the domestic water supply intended to ‘augment’
ponding in the pool. Because of the large volume and surface area of the pool, dilution and

rapid off-gassing provide a significant level of protection against adverse effects from accidental
one-time spills during the period each year when the pool is occupied by Streptocephalus
woottoni juveniles or adults. Further protection is afforded by:

o the high ambient turbidities, which sequester or ‘mask’ chlorine and sharply reduce
toxicity to shrimp

o the substantial distance between project improvements and the pool, over which
chlorine is likely to dissipate, and

o the likelihood that municipal water supplies will use other disinfectants (such as
chloramines) less harmful to vernal pool biota in the future.

Prior uses of the site would not likely have resulted in chlorine being introduced to the pool.

6.7.1 Recommended actions

1. The pool-management guidelines provided to future managers of the pool preserve be
advised not to deliberately introduce domestic water supplies into the pool, under the
misguided intention of ‘helping’ the sensitive species.

6.8 Potential to De-Water

Trenching through the vernal pool or modification of the level of its outlet level might
potentially result in partial de-watering of the pool.

Even though unusually thick clays pond water at the Lennar pool, trenching should not be
permitted within the pool or pool fringe areas. All pipelines, conduits, and courses should be
routed around these areas.

The pool outlet should be placed at the current level, 656.8 feet NGVD, per the consensus
opinion of biologists familiar with the site. It should be understood that the outlet level varies
somewhat from year to year, depending upon where and how high organic detritus piles up in
the shoals leading to the outlet. Tolerances of about + 0.25 foot should be accepted. The pool
presently spills at levels 3 to 6 inches lower than it did prior to ditching of the outlet in 1993.
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The pool is likely to eventually attract research or interpretive activities which may require
placement of devices in the pool. It is evident to us that minor disturbance of the pool bed, such
as placement of posts or supports to depths of one to two feet, will not result in any measurable
hydrologic change; after all, the pool bed develops deep cracks 3 to 4 feet deep during the
summer. Deeper borings or excavations which might potentially extend deeper than the bed
material (or, in the pool fringe, its outward projection to daylight) should require a plan to
prevent leakage through or around the bed disturbance. This plan should be prepared by and
stamped by an geotechnical engineer or engineering geologist maintaining current State of
California registration, and preferably with demonstrated experience in control of leakage
through earthen membranes.

It should be noted that a large geotechnical trench was excavated through the pool in 1976 or
1977 as part of earthquake investigations being performed at the site. We looked carefully for
signs of the trench within the existing pool and pool fringe. Although we were able to precisely
locate this trench from aerial photographs and can find slight indications of subsidence in the
alluvial apron area north of the dirt road, we were not able to find any observable signs of this
trench within the pool and its fringe. We conclude that the highly expansive clay-rich vertisols
comprising the bed and portions of the fringe were able to seal without subsidence in these
areas. Nonetheless, the pool bed should not be dug through without a sealing plan developed
by a qualified professional.

6.8.1 Recommended Actions

1. Preclude construction of ditches, conduits, or utility courses throughout the pool
exclusion zone (below the 660-foot contour).2?

2. Require that a sealing plan developed by a qualified, registered professional if
excavation or penetration through the pool bed or its outward projection out to the 660-
foot contour is contemplated.

29 A further level of protection is currently provided through the requirements for permits under CWA Sec. 404 and
the Endangered Species Act.
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7.0 MANAGEMENT ALTERNATIVES

71 Approach to Analysis

The hydrological assessment and modeling effort was planned and initially implemented to be
independent of any specific project. Our original goal was to be able to evaluate -- using both
field and simulative evidence -- the project which had been approved by the City of Moorpark
plus other land-use alternatives which might affect inflow. We also assessed two alternative
points of outflow, one near the existing outlet, and one at the southern of the pool, where the
approved tentative map showed a pump and pipeline extending across the saddle and into the
storm drain along Tierra Rejada Road. Although it added substantial complexity to our work,
the modeling and field investigation were planned such that they would allow us to consider a
reasonable range of outlet elevations, recognizing that the outlet elevation of the pool has been
altered over the years both by natural processes (aggradation of the fan which controls the
outlet elevation) and human activity (including ditching).

In April 1998, Lennar Homes and the natural-resource regulatory agencies reached agreement
on a modified project, designed in part using initial findings of this study, and predicated upon
emulating existing hydrologic regimes or otherwise avoiding adverse hydrologic impacts. The
hydrological assessment then focused on evaluating how the existing conditions might be best
emulated once the modified project is constructed

7.2 Alternatives Considered

We considered these three alternatives to address pool inflow lost to residential-area drainage
to be exported from the watershed:

1. Not actively mitigating for lost inflow

2. Extending the boundaries of the watershed to the east, into the East Main
headwaters

3. Extending the boundaries of the watershed to the west, by repairing and extending
the existing ‘V’ ditches.

97068 final 1998.doc 37



The first alternative was not pursued. Although possibly hydrologically and biologically

feasible it did not meet Lennar’s goal of replicating existing conditions as closely as possible.

The second and third alternatives would expand the high-runoff bedrock area draining into the
pool by adding areas U, V, and/or W (see Figure 9). We concluded that either alternative is
hydrologically feasible. The location and manner of extension can be made based on other
planning or environmental considerations. All other factors being equal, we suggest extending
the existing watershed into area W.

We also considered allowing the pool to drain at the existing outlet, or through an outlet to a
pump and pipeline at the southern end as proposed in the tentative map. In our opinion, the
hydrologic and water-quality consensus criteria of biologists are best met by establishing an
outlet at approximately the same elevation near the existing point of outflow. The project
engineers have concluded that it will be feasible to do so.

7.3 Processes Not Evaluated

We chose not to model or evaluate three processes, as they were unlikely to affect future long-
term management of the pool. First, we recognized that the pool has developed in association
with wildfires. Itis unlikely that fire can or will be used as a management tool once residential
uses become fully established. Non-managed fires will occur, as they have in the past. Little
change from existing conditions is expected in this respect. There is no real need to model the
effects of fires, although the spatial and temporal framework of the model does allow detailed
modeling of post-fire runoff. We reiterate that all drainage changes or facilities (such as the “V”
ditches) be sized to accommodate fires and post-fire effects.

We decided not to model one set of inputs for the post-project alternative: Return flows via
ground water from irrigation applied to landscaping within the project area. We made this
decision because initial calculations show that it is very unlikely that percolating ground water
might reach the pool. If this were to occur, it would be the result of a water-main break, blatant
over irrigation by one or two owners, or other non-normal condition. The structure of the
model calls for uniform inputs (e.g., rainfall) into each of the contributing cells, and it is not
appropriate to use it for point-source or upset assessment. In this case, it is better to plan for
contingencies (see below) rather than use a model for prediction. If ‘nuisance’ subflow from the
project area does occur, soils conditions in the lower buffer area are such that it will almost
certain be observed as a seep or green area during the otherwise-dry summer months, and
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suitable measures can be taken to curtail the source or re-direct the seepage out of the
watershed.

Finally, we did not simulate or evaluate hydrologic effects during the construction period.

7.4 Findings

With the addition of approximately 4 acres of contributing area from the upper slopes of
shallow soils over bedrock, the pool is expected to initiate ponding, fill, and drain as it presently
does. As noted above, we suggest that the additional acreage be drawn from the portion of the
East Main drainage immediately adjoining the West Main area; the acreage may also be drawn
from other locations, if ecologically preferable.

7.4 Possible Responses to Contingencies

Potential contingencies, criteria and suggested responses include:

¢ Insufficient inflow--the pool does not fill during years in which the model predicts that it
would have under existing conditions: The watershed can be expanded further into the
bedrock slopes near the crest of the ‘water-tower’ hill. The model can be used to
assess how much additional area is needed. Expansion of the watershed is feasible
far beyond the 4 acres proposed above.

e Excessive inflow--the pool spills during years in which the model predicts that it would not
fill under existing conditions: We do not see any attribute of the project as presently
designed which would result in excess runoff. If excess inflow does occur, its cause
should be identified and appropriate actions taken to correct the excess. If no cause
of ‘excess’ can be found, the model may need to be changed.

¢ Salination--the pool becomes saltier than at present: There is no normal cause for a pool
which spills in about one-third of all years to become more saline. If salination is
observed at biologically-significant levels, it would likely by attributable to
inadequate spilling. If spills are adequate and salts are still accumulating, the
sources should be investigated. We note that the high salinities observed in the
north stream watershed “T” near the freeway imply a geologic source in the
watershed to the east; in our experience, inputs from geologic sources can be readily
identified based on the major-ion chemistry or using isotopic fingerprinting.

e Summer inflows--sustained runoff is observed during the dry months. As noted in Sec. 7.3
above, summer inflow is likely to be caused by upsets or non-normal events.
Inflows can be caught in a cutoff drain and be re-directed out of the pool’s
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watershed, as now occurs at the DFG’s Phoenix Field Preserve in Sacramento, as
well as at other sites around the state.
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e Persistent turbidity in the pool. The pool presently is turbid for weeks or months at a
time. The high turbidity may have value in the life cycles of the shrimp or the
Orcutt’s grass. If an outside or non-normal source of turbidity is suspected, it will
likely prove feasible to distinguish this source (a), first, microscopically, to assess
whether it is biological or mineral in nature, and (b) if mineral, use simple xray
diffraction methods to identify potential sources beyond the present pool and pool-
fringe areas.
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8.0 MONITORING AND MITIGATION PLAN

8.1 Monitoring Objectives

The pond should continue to function during and following land-use conversion. Issues to be
addressed in monitoring may vary by activity period:

Construction period:

e Successful completion of the changes in channels and watersheds as proposed in this
report

o Appropriate protection and cleanup of the vernal pond and fringe areas during
construction

e Establishment of an outflow with an invert elevation of approximately 653.5, with an
anticipated spill level of approximately 653.8.

Post-construction periods, immediate and long-term:

e Changes in channels and in the watershed draining to the pond should continue to
function into the indefinite future. Most problems are likely to become apparent
during the first 5 years of the project. The maintenance procedures developed
during this period need to be codified after 5 years, and developed as a manual.

e The pool should spill when ponding reaches an elevation of approximately 653.8
NGVD

¢ The rate of seasonal water-level decline should emulate that observed during
WY1998

e Flows should not enter the pool during summer or other unseasonal periods
e The pool should remain free of scums, foams, or of floating rubbish

o Deposition of sediment on deltas in the pool-fringe and pool areas during the
immediate post-construction period should not appreciably exceed the rates
observed since the 1940s, but may be appreciably less.
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8.2 Monitoring Approach

Conditions will be observed at appropriate levels during each of the three activity periods.
Monitoring reports detailing observations will be made :

e at the end of the construction period;

e annually through the end of the immediate post-construction period of
approximately 3 to 5 years.

The reason for distinguishing an immediate post-construction period is to systematically
identify how changes in the channels, watershed boundaries, and pool-protective infrastructure
are actually functioning once tested by significant storms, and by initial occupance of the
residential areas. Most problems or unexpected challenges are expected to arise during the
immediate post-construction period.

Because rainfall and other weather conditions can vary considerably over time in Southern
California, defining a useful immediate post-construction period merits some care. We suggest
that this period be a minimum of 3 years long, and include at least:

e one storm with rainfall intensities exceeding the contemporary criteria for a 5-year,
short-duration event®, and

e one year during which the pool spills.

The immediate post-construction period may end after 5 years, if events of this magnitude have
not occurred.

8.3 Monitoring Program

Construction period: A monitoring report will be submitted following post-construction cleanup
of the site describing:

e protective measures implemented, such as erosion control, fencing and containment;

¢ as-built maps and diagrams of changes in channels and watershed boundaries;

30 For an event of 12 hours or less, at the Fox Canyon, Lake Bard or other recording rain gage within 5 miles of the
site, and deemed representative of site conditions for that storm by the monitoring professional.
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e construction drawings of the outlet controls constructed for the pool;

e |ocations of all trenching or excavation deeper than 3 feet conducted within 100 feet
of the edge of the pool3t during the construction period; and,

e actions taken to clean up the site and to restore existing land-surface contours.

It is likely that this report will be submitted by the civil engineer or construction manager, and
will draw heavily upon the grading plan and conditions approved for the project, and may be
considered an update or as-built amendment. The report should be submitted within 90 days of
completion of construction.

Immediate post-construction period: Reports will be submitted annually describing:

o total rainfall for the water year, and dates of any storms exceeding the 5-year, short-
duration threshold

e approximate duration of spilling, or maximum water level for the year if the pool
did not spill

e approximate depth and duration of ponding during February, if ponded32

o rate of water level decline during a representative 30-day period without rain during
May, June or July

o performance of the relocated channels north of the pond, and recommendations for
adjustments

o performance of the changes in the contributing watershed, and recommendations for
adjustments

e performance of the outlet, and recommendations for adjustments

e presence of non-seasonal or ‘nuisance’ flows entering the pool-fringe or pool areas, if
any

e ualitative observations, such as those describing odors or sheens

31 Defined as elevation 658.5
32 Or other similar period which subsequent research may show as being more crucial to germination of Orcuttia
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Reports will be submitted by September 15 of each year. The reports will also evaluate the
status for concluding the immediate post-construction period, per the criteria discussed in
Section 8.2.

8.3.1 Long-term post-construction period

The monitoring objective for this period is to verify that the facilities placed to protect the pool
are still functioning as appropriate. Once every three years, a report will be submitted

describing:

o performance of the relocated channels north of the pond, and adjustments made or
recommendations for adjustments;

e performance of the changes in the contributing watershed, and adjustments made or
recommendations for adjustments; and

o performance of the outlet, and adjustments made or recommendations for
adjustments.

Post-construction monitoring will cease 12 years after construction has been completed.

8.4 Monitoring Professionals

Monitoring of hydrology will be conducted under the direction of a qualified professional,
currently registered in California as a professional engineer, engineering geologist, or landscape
architect.33

Monitoring will be coordinated, where appropriate, with site monitoring to be performed by a
qualified biologist.

33 Given the duration of this program, registration requirements or categories may change. It is the intent of this
paragraph to indicate that the responsible professional meet the qualifications of at least one of these registration
categories as they exist in 1998.
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9.0 LIMITATIONS
This report is prepared under current California professional registration. It conforms to the

standard of care applicable to hydrologic reports prepared under state registration. No other
warranty, expressed or implied, is made.
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10.0 CONCLUSIONS

This report summarizes an investigation into means of sustaining the depth and duration of
ponding, water quality, and other hydrologic attributes in a 4.6-acre vernal wetland in
Moorpark, California, around which Lennar Homes plans to construct homes. The
investigation is based on a combination of approaches, involving:

e Research into the hydrologic history of the site, including use of aerial photography
and other archival documents

¢ Intensive field monitoring during the winter of 1998, a very wet year

¢ Simulation of runoff during 1998 under existing conditions and post-project
conditions for one configuration of lots and several drainage scenarios

The pond supports Orcutt’s grass (Orcuttia californica) and Riverside fairy shrimp
(Streptocephalus woottoni), both endangered species presently listed by USFWS. Orcutt’s grass is
also listed by the California Department of Fish and Game. Many of the hydrologic criteria for
its management are set by the needs of these two species, to the extent to which they are
known. Other criteria used are intended to sustain other functions and values of a seasonal
wetland in the midst of the southern Ventura County mosaic of habitats, and with due
consideration of the needs of Lyon’s pentachaeta (Pentachaeta lyonii), an upland forb growing on
hills adjoining the southern and eastern edges of the vernal pool.

The pond differs fundamentally in size, origin, depth and duration of ponding, contributing
areas and the thickness of the underlying sediments from the more-familiar and smaller vernal
pools, formed in flat areas of older soils with highly-developed claypans and hardpans. Its
hydrology differs fundamentally from these pedogenic vernal pools. No convincing analogs to
this pond have been identified. In many respects, it responds more like a small playa than a
vernal pool. It will need to be managed on its own terms, based on knowledge of site-specific
processes and conditions.

The pool occupies the lowest point in a watershed subject to large degree of natural variability
in rainfall and runoff processes, and one which has been extensively modified by human
activities, including:
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o clearing and disking for hay crops and grazing

e ditching to promote early drainage

e re-directing drainage from the upper one-third of the watershed via a series of ‘V’
ditches initially constructed during the late 1950s or early 1960s.

e deep trenching in 1977 to identify the location of the Santa Rosa fault, the feature
along which the pond seems to have formed.

The existing shoreline vegetation has developed very much in response to sedimentation
associated with disking and with changes in the spill elevation caused by the ditch.

The model developed to simulate existing and post-project hydrology evaluates daily
contributions from eight areas with up to three soil layers. It permits the soil-moisture or
ponding deficits of each cell to be satisfied before runoff or percolation occurs. The model
includes parameters based on several types of field data collected by our staff and others,
including:

e continuous monitoring of water level, salinity, and rainfall at the pool during
WY1998

e trenching performed at key locations by Balance staff

¢ infiltration and percolation tests by our staff

e observations made in piezometers constructed at 10 locations in the watershed

o field observations of flows, specific conductance, and high-water marks made by our
staff during and between rainstorms during WY1998

e precipitation and evaporation data collected by the Fox Canyon Water District at
two locations, less than 4 miles from the pond

e ecological, soil survey, geotechnical, and vegetation studies performed by others,
both at the site and in nearby areas.
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10.1 How the Pool Functions

Ponding commences when the thick, cracked clays forming the floor of the pool have
completely rehydrated. Under the very intense rainfall which occurred during the first part of
WY1998, ponding commenced after 10.1 to 10.5 inches of rainfall had been recorded in the rain
gage at the site. During years with less-intense or occasional storms, more rainfall would be
needed to initiate ponding. Ponding probably does not occur in about 30 to 40 percent of all
years, including occasional sequences of several consecutive years.

Upper watershed areas with shallow soils yield most of the runoff filling the pond,
proportionately more so during drier years with shallow ponding or early in the rainfall season.
Once ponded, water enters the pond primarily from these steep areas of coastal scrub and very
shallow soils underlain by bedrock in the upper portions of the watershed, and from the pond
fringe, where the clay-rich soils become saturated frequently and persistently. Additionally,
rainfall onto the pond contributes inch-for-inch to the pool depth until the spill elevation is
attained. Lesser volumes originate from alluvial aprons with deeper soils, once plowed for
dryfarmed hay, which surround the pond.

Shallow ground water from sandy soils just beyond the pool fringe contributes slightly to pool
volume during periods of high rainfall, such as during February and March 1998. Once rain
ceases, ground-water levels quickly fall beneath the level of the pool, precluding further
ground-water inflow. As with other vernal pools, flow occurs from the pool into the banks at
other times.

10.2 Water-management alternatives

To evaluate effects of the proposed project configuration, estimated water levels in the pond
were modeled using three alternative drainage configurations:

1. The existing topographic watershed, with no active mitigation

2. 1., plus drainage from watershed W (‘main east)

3. 2., plus drainage from watershed V (‘east east’)
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In each case, we have assumed that the existing outlet location and spill elevation will be
retained, a consensus preference of the biologists familiar with the site; the model was
developed to so that both assumptions can be altered if warranted. In each case, all surface
drainage from the residential areas of the project (including nearly all infrastructure) is routed
out of the basin, and is not available to fill or sustain the vernal pond.

10.3 Modeling

A daily rainfall-runoff model was developed based on our current understanding of hydrologic
functions in the watershed. The model’s present objective is primarily to assess how much
watershed area should be added to the catchment presently draining to the pool to offset the
complete routing of surface runoff from the proposed project area to drains outside of the
watershed, and to evaluate how the initiation, depth and duration of ponding will be affected
by these changes each day during the ponding season. It was calibrated with data collected
under existing conditions for WY1998, and successfully emulates water levels observed in
several previous years of varying rainfall.

We did not model water temperature or salinity. The model could be extended to do either.
Salinity does not appear to be an issue in this pond, due to its very large size relative to other
vernal wetlands, and its propensity to spill and flush at intervals averaging three years. Water
temperature will not be discernibly changed by the proposed project, and hence was not
modeled; readers should be aware that the pond probably stayed cooler in 1998 than might be
expected during a typical spring, when temperatures may be higher and the pool not as full.

10.4 Results

With the addition of approximately 2.9 acres of contributing area from the upper slopes of
shallow soils over bedrock, the pool is expected to initiate ponding, fill, and drain as it presently
does. We suggest that 4 acres of contributing area be added, to cover uncertainties of
operations and simulation. The additional acreage can readily be drawn from the portion of the
East Main drainage immediately adjoining the West Main area in area W. The acreage may also
be drawn from other locations, if ecologically preferable.
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10.5 Monitoring

Monitoring programs for the construction and post-construction periods are outlined. We also
define a 3- to 5-year ‘immediate post-construction’ monitoring program during which more
intensive monitoring will occur. All monitoring will be under the supervision of appropriately-
registered professionals.
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10.6 Recommendations

e To best emulate existing conditions, runoff from 4 acres of shallow soils near the crest of the
hill north of the pool should be re-directed into the pool’s watershed by re-grading existing
“V/” ditches.

e Drainage from the “V” ditches should be routed in channels sized to accommodate post-fire
runoff through an open corridor to the pool.

e The current spill elevation should be maintained. Facilities should be installed at levels
which will allow future raising of water levels by up to 6 inches, for additional flexibility.

e Drainage from the pool should be maintained through its existing outlet rather than
conveyed through the proposed southerly pipe system. This can be accommodated if the
current project configuration can be modified slightly.

e A monitoring program similar to that outlined in Chapter 8 should be implemented.

o The emergency access road to parallel the northern edge of the pool should be constructed
at grade with Arizona crossings closely matching local dips and swales to facilitate
unimpeded runoff into the pool.

e Conservation easements or other means to allow adjustment of contributing area should be
incorporated into the project plan. Criteria for evaluating whether post-project adjustments
are needed may be based on the anticipated water levels in the pool using the daily model
developed during this study.
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