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time period, spans across the wettest and driest decades of available precipitation data
for the San Diego region (Fig. 8).

3.4 Groundwater flow in the San Diego River basin

The mean annual BCM-derived water entering the San Diego River basin
(BCMrch +BCMrun) during 1982–2009 is 47.6 million m3 yr−1, and is considered total5

water entering the basin (Table 7). Reconstructed streamflow at FV is estimated at
28.8 million m3 yr−1 at FV, and ssumed a fair measure of surface-water flow o the
Pacific Ocean. Subtracting reconstructed streamflow at FV from CM input, ground-
water flow to the aquifer is 18.8 million m3 yr−1 (Table 7). This is the first-pass estimate
of subsurface flow through the coastal plain adjacent to the San Diego River basin.10

he roundwater flow estimate efines 60/40 partitioning ratio between runoff and
recharge. Sixty percent of the water entering the basin exits as streamflow; forty per-
cent exits as subsurface or groundwater flow.

The mean annual BCM-derived water entering the San Diego River basin is used
as boundary conditions to numerically simulate groundwater flow using MODFLOW.15

As stated previously, the primary purpose of the simulation was to further develop
the conceptual model of groundwater recharge and provide independent evidence to
support groundwater flow estimates for the coastal plain. The mean annual BCMrch

for the San Diego River Basin during 1982–2009 (33.1 million m3 yr−1) is input to the
model domain using the RCH boundary. The mean annual BCMrun during 1982–200920

is 14.5 million m3 yr−1 and was subdivided, as per the BCMrun distribution, and applied
to eight SFR stream segments (Table 2). Model parameters that control horizontal
hydraulic conductivity of the crystalline rock (Fig. 7, Kh1), metavolcanic (Fig. 7, Kh4),
coastal plain conductivity (Fig. 7, Kh2), streambed hydraulic conductivity (Fig. 7, Kh3),
and rtion of BCMrch applied to the top model layer were adjusted. Simulation results25

were compared to reconstructed streamflow at Mast and FV, eight water-levels in the
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Mission Valley and Santee/El Monte alluvial sub-basins, and the estimated groundwa-
ter flow to the aquifer.

An initial model calibration (model alternative 1) focused on minimizing the misfit be-
tween observed and simulated conditions without enforcing constraints on the subset
of parameters that are allowed to vary. general, Kh1 controls water levels in the San-5

ee/El Monte alluvial sub-basin, Kh4 controls simulated streamflow and subsurface flow
at Mast, and Kh2 controls the partitioning of water to streamflow at FV and subsurface
flow through the coastal plain to the Pacific Ocean. The parameter values resulting in
the lowest sum of squared weighted residuals are listed in Table 8 under Model Alter-
native 1. For alternative 1, subsurface flow through the coastal plain is simulated at10

18.0 million m3 yr−1 (in comparison to 18.8 calculated by adding BCMrch and BCMrun
and subtracting reconstructed flows). Simulated water levels at the Santee/El Monte
and Mission Valley alluvial sub-basins are n average of 7-m above observed water
levels.

For comparison, model alternative 2 was calibrated within a constrained solution15

space defined by (1) Kh1 <=1.0 m day−1, (2) Kh4 <Kh1, and (3) Kh2 >Kh1. meet the
Kh1 constraint BCMrch was reduced by 30 % (Table 8). The 30 % reduction results in
a similar reduction in subsurface flow through the coastal plain of 12.3 million m3 yr−1

(5.7 million m3 yr−1 less than alternative 1; Table 8). mulated water levels at the San-
tee/El Monte and Mission Valley alluvial sub-basins are an average of 9.1-m above20

observed water levels. The water-level match can be improved by further reduction
of BCMrch, t that also results in less simulated streamflow, and increased misfit to
reconstructed streamflow at FV. Model alternative 2 represents a compromise between
educing Kh1, not simulating excessively high water levels, and maintaining streamflow.

A condary model objective was to compare a physically-based routing scheme to25

the empirical process used by the BCM to post-process the grid-based BCMrch and
BCMrun into streamflow, baseflow, and subsurface groundwater flow. Average annual
basin discharge at FV (Stream), using Eq. (1) to (7), is 34.6 million m3 yr−1, and is about
15 % higher odel alternative 1 simulated streamflow at FV (Table 7). The annual
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Table 7. The mean annual Basin Characterization Model-derived water entering the San Diego
River basin, MODFLOW-simulated streamflow in the San Diego River at Fashion Valley and
subsurface flow in the coastal plain adjacent to the San Diego River basin, and Basin Charac-
terization Model empirically routed streamflow and deep groundwater flow, for 1982–2009.

Method Estimated flow
(million m3 yr−1)

Groundwater flow model (alternative 1)

Runoff+Recharge, (equivalent to BCMrch +BCMrun) 47.6
Streamflow at Fashion Valley 29.5
Subsurface flow in coastal plain 18.0

Basin Characterization Model

Basin discharge (Stream) 34.6
GWdeep 13.0
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Table 8. Groundwater flow model parameter values and simulation results, San Diego region,
California.

Model Alternative 1 Model Alternative 2

Horizontal hydraulic conductivity (m day−1)
Kh1 8.0 1.0
Kh2 2.7 2.0
Kh3 10.0 20.0
Kh4 0.2 0.3

BCMrch (million m3 yr−1) 33.1 23.2
Subsurface groundwater flow (million m3 yr−1) 18.0 12.3
Sum of squares weighted residual 293 431
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