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APPENDIX C 

 

DEVELOPMENT OF GROUND WATER FLOW MODEL 

FOR A PORTION OF MZ-1 

CONTAINING CITY OF CHINO HILLS WELLS 

 

1.0 INTRODUCTION 

The proposed ground water production from City of Chino Hills’ wells under the 245 ft 

Guidance Level is based on ground water flow modeling of a portion of the Chino Basin.  The 

following sections describe the development of the model, its calibration, development of model 

scenarios and model results. 

 

 

2.0 MODEL DEVELOPMENT 

2.1 Conceptual Model 

The City of Chino Hills ground water model was developed for the unconsolidated sediments in 

the vicinity of City of Chino Hills’ wells and surrounding area in the southwestern portion of the 

Chino Basin (see Figure C-1).  Consolidated sedimentary and crystalline basement rocks 

underlying and surrounding the basin fill are considered impermeable and are not part of the 

alluvial ground water flow system.  The conceptual ground water model (see Figure C-2) 

consists of two distinct model layers based on the aquifer systems discussed by GEOSCIENCE 

(2001): 

• Layer 1 – Upper alluvial aquifer system 

• Layer 2 – Lower alluvial aquifer system 
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Flow is assumed to occur horizontally within the each of the model layers while the layers 

maintain hydraulic connection to each other through vertical leakance.  The Central Avenue 

Fault and the Riley Barrier (WE, 2005 and 2007) were modeled as a lower permeability feature 

using the MODFLOW Horizontal-Flow-Barrier package (HFB).  

 

The sources of recharge to the aquifers in the model area included subsurface inflow from 

adjoining portions of Chino Basin and Temescal Basin, deep percolation of precipitation falling 

directly on the land surface (areal recharge), artificial recharge at spreading basins, mountain 

front runoff, surface water percolation along the unlined river and stream channels and return 

flow from applied agricultural water.  The Santa Ana River was modeled using the MODFLOW 

Streamflow-Routing package. 

 

The discharge terms in the model area included ground water pumping, evapotranspiration along 

the Santa Ana River, subsurface outflow into the Santa Ana River canyon below Prado Dam and 

subsurface outflow to the adjoining portions of Chino Basin. 

 

 

2.2 Description of Model Codes 

2.2.1 USGS MODFLOW 

MODFLOW, a block-centered, finite-difference ground water flow model, was the computer 

code used in the City of Chino Hills ground water model.  Widely used and highly versatile, it 

was developed by the United States Geologic Survey (McDonald and Harbaugh, 1988) for the 

purpose of modeling ground water flow.  The Streamflow-Routing package (Prudic, 1989) was 

incorporated for use in the USGS MODFLOW model to account for the interaction between 

surface streams and ground water. 
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MODFLOW is modular in the sense that a standard format has been established for the interface 

between each module of the program, as well as the common variables that must be accessible to 

all modules.  Consequently, new modules (also called packages) may be added as necessary.  

Since its initial development, various modifications and additional packages have been added. 

 

The following modules or packages were used in the City of Chino Hills model: 

 
• Basic (BAS1 by McDonald and Harbaugh, 1988); 

• Block Centered Flow (BCF3 by McDonald et al., 1991); 

• Drain (DRN1 by McDonald and Harbaugh, 1988); 

• Evapotranspiration (EVT1 by McDonald and Harbaugh, 1988); 

• Horizontal-Flow-Barrier (HFB1 by Hsieh and Freckleton, 1993);  

• Preconditioned Conjugate-gradient Method (PCG2 by Hill, 1990); 

• Recharge (RCH1 by McDonald and Harbaugh, 1988);  

• General Head Boundary (GHB1 by McDonald and Harbaugh, 1988)  

• Streamflow-Routing (STRM v2 by Prudic, 1989); and 

• Well (WEL1 by McDonald and Harbaugh, 1988). 

 
The Basic package (BAS1) handles most of the administrative tasks for the model.  It contains 

the definition of the finite-difference model grid, the listing of all active and inactive cells (cells 

make up rows, columns, and layers) and the basic building blocks of time that the model 

simulation will use (stress periods and time steps).  It also contains the initial head for each 

model cell and the identification of the solver and each of the source and sink packages that will 

be used in the model. 

 

The Block Centered Flow package (BCF3) includes the definitions of horizontal hydraulic 

conductivity and vertical leakance that are used to compute the conductance component of the 
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finite-difference equations that determines flow between adjacent cells and layers.  This package 

computes the terms that determine the rate of movement of water to and from storage within 

each cell, based on the cell-by-cell storativity and effective porosity.   

 

The Drain Package (DRN1) is a head dependant sink boundary condition that removes water 

from a model cell based on the difference between the model calculated head and the specified 

stage of the drain.  The drain package was used to simulate the discharge of rising ground water 

in the vicinity of Prado Dam.  

 

The Evapotranspiration package (EVT1) is a head-dependant sink that simulates the effects of 

plant transpiration and bare-soil evaporation on ground water.  Evapotranspiration was included 

along the Santa Ana River in the areas of riparian vegetation. 

 

The Horizontal-Flow-Barrier package (HFB1) was designed to simulate thin, vertical, low-

permeability geologic features that impede the horizontal flow of ground water. This package 

lowers the conductance term between two adjacent cells without explicitly modeling the fault as 

a row or column of low permeability model cells.  The Central Avenue Fault and the Riley 

Barrier were modeled in model Layers 1 and 2 as a HFB. 

 

The Preconditioned Conjugate-Gradient method solver package (PCG2) solves the equations 

produced by the model that determine hydraulic head using iterative methods that are less 

susceptible to round-off error, are more efficient for large problems, and require less computer 

storage.  Nonlinear flow conditions (unconfined aquifers) may be simulated using this package. 

 

The Recharge package (RCH1) is a specified flux source that is used to simulate areally 

distributed recharge to the ground water system as a result of precipitation, mountain front runoff 

or artificial recharge in spreading basins.  Direct infiltration of precipitation was included across 

the entire model area.  Mountain front runoff was included along the natural model boundaries in 

model Layer 1 to simulate the indirect recharge of precipitation that falls on the bedrock 



Expert Report of Dennis E. Williams Ph.D. APPENDIX C 
Comments on Chino Basin Watermaster’s Proposed    
Long Term Plan for the Management of Subsidence in MZ-1      21-Sep-07 

GEOSCIENCE Support Services, Inc.  Jenkins & Hogin, LLP 

 C-5 

outcrops.  Artificial recharge was added to the model at the Chino Basin Watermaster 

(Watermaster) spreading basin facilities, in accordance with Watermaster documentation.    

Recharge was added to the highest active cell at each location. 

 

The General Head Boundary (GHB1) simulates the flow from an external source provided in 

proportion to the difference between the head in the cell and the head assigned to the external 

source.  General Head boundary (GHB1) was assigned to borders of the City of Chino Hills  

ground water model to simulate the underflow inflow and underflow outflow from and to the 

aquifers extended beyond the bounds of the model area. 

 

The Streamflow-Routing package (STRM) is a variable head source or sink and is used to 

simulate interaction between surface streams and ground water, and to account for the amount of 

flow in streams.  This package accounts for the flow of surface water available for percolation in 

the stream and estimates percolation based on the difference between the model calculated head 

and the stage of the stream.  The rate of percolation of groundwater to or from the aquifer is 

controlled by the conductance term, which represents the material in the streambed.  The stream 

package accounts for surface water using a reach and segment hierarchy, where flow proceeds 

downstream from one reach to another and flows from one or more tributary segments into 

another segment.  All stream flow is tributary to the Santa Ana River and leaves the model at 

Prado Dam. 

 

The Well package (WEL1) is a specified flux source or sink.  Water is either added to (injection) 

or taken from (pumping) a cell at a rate that is independent of the calculated head at that cell.  

Wells occur throughout the model area in both layers, representing all types of municipal, 

industrial and irrigation wells.  
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2.2.2 Model Pre- and Post-Processors 

The pre- and post-processors that were used to manipulate model input and output arrays include 

GWV5 (Groundwater Vistas version 5.01 released by Environmental Simulations, Inc., 2007), 

and ArcGIS 9.2 (Environmental Systems Research Institute, Inc., 2007).  GWV5 and ArcGIS 9.2 

are available as public domain.   

 

FORTRAN programs were developed by GEOSCIENCE to prepare transient MODFLOW input 

data for the WEL1, GHB1 and STRM packages. 

 
 

2.3 Model Size and Grid Geometry  

The ground water flow model grid covers approximately 154 square miles (98,700 acres) with a 

finite-difference grid consisting of 270 cells in the I-direction (northeast to southwest along 

rows), 398 cells in the J-direction (northwest to southeast along columns) and 2 cells in the K-

direction (layers) for a total of 214,920 cells (149,613 active cells). All model cells are squares 

200 feet by 200 feet (see Figure C-1). 

 

The origin of the relative model cell coordinate system is in the upper left corner of the top layer 

(I=1, J=1, K=1), while the origin of the site coordinate system is the lower left corner of the 

bottom layer (X=0, Y=0, Z=0).  The “site” coordinate system origin is located at the Zone 10 

UTM coordinate (X = 428,667.1 m, Y = 3,763,263.0 m) and the model grid is rotated 

51.4 degrees clockwise from horizontal.       

 

 
2.4 Boundary Conditions 

A boundary condition is any external influence or effect that either acts as a source or sink 

adding or removing water from the ground water flow system.  The City of Chino Hills ground 
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water model includes no-flow cells (inactive), wells, drains, general head boundaries (GHB), 

streams, recharge and evapotranspiration (see Figure C-3).  In general, ground water flow model 

boundary conditions can be grouped into three main types:  1) constant head (this type was not 

used in the City of Chino Hills ground water model); 2) specified flux (i.e., wells, recharge and 

no-flow); and 3) head-dependant with a limiting conductance or rate term (i.e., GHB, drains, 

streams and evapotranspiration). 

 

The edge of the active model area immediately surrounding the area of interest is bounded by 

natural boundaries (contact between basin fill alluvium and bedrock) and open boundaries 

(where the aquifers extend beyond the bounds of the model area).  A GHB is used to simulate the 

underflow inflow and outflow across the open boundaries based on observed water levels near 

the open boundaries.  The recharge package was used to simulate the contribution of flow from 

the bedrock outcrops along natural model boundaries into the upper model layer. 

 

 
2.5 Aquifer Characteristics 

2.5.1 Layer Elevations 

Land surface elevation, as determined from Digital Elevation Models (DEMs) for the              

7.5” Topographic Quadrangles which covers the City of Chino Hills ground water model area, 

was used as the top of Layer 1.  The top of model Layer 2 was considered the bottom of model 

Layer 1.  The bottom elevation of Layer 2 was the effective base of the aquifer (see Figure C-4). 

 

Delineation of the boundary between Layer 1 and Layer 2 was based on the geohydrologic 

criteria discussed by GEOSCIENCE for the construction of the Chino Desalter model (2001).  

The bottom of Layer 2 was based on published contour maps of the effective base of the aquifer 

(James M. Montgomery, 1992; DWR, 1970). 
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2.5.2 Hydraulic Conductivity 

Hydraulic conductivity values were initially estimated based on transmissivity values from 

pumping test data and specific capacity data.  Zones of equivalent hydraulic conductivity were 

created, based on the distribution of hydraulic conductivity data and understanding of the 

depositional environment (see Figure C-5).  For areas of the model where no data were available, 

hydraulic conductivity in Layer 2 was assigned lower values than in Layer 1 based on depth-

specific aquifer test data from wells in other areas of the model and a general conceptual 

interpretation that overburden and confining pressure results in lower permeability in the lower 

aquifer zones. 

 

The values for each hydraulic conductivity zone were further modified during model calibration.  

Figure C-5 shows the zones of hydraulic conductivity for model Layers 1 and 2 and the 

calibrated hydraulic conductivity values obtained from the transient model calibration.  In the 

immediate vicinity of City of Chino Hills’ wells area, the hydraulic conductivity values range 

from 1.2 ft/day (9 gpd/ft2) in model Layer 2 to 30.8 ft/day (230 gpd/ft2) in model Layer 1. 

 

 

2.5.3 Effective Porosity and Storativity 

The initial effective porosity zones for model Layer 1 were developed based on the specific yield 

map provided in DWR (1934).  The values for each zone were further modified during model 

calibration.  The calibrated effective porosity values in the immediate vicinity of City of Chino 

Hills’ wells area range from 10% to 11% (see Figure C-6). 

 

Layer 2 is assigned as a confined aquifer and a storativity value was initially assigned based on 

published values for similar aquifer types and conditions.  The values for each zone were further 

modified during model calibration. Based on the transient model calibrations results, a storativity 

value of 6.4 x 10-7) was assigned in the immediate vicinity of City of Chino Hills’ wells. 
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2.5.4 Vertical Leakance Between Aquifers 

Vertical leakance between model Layers 1 and 2 was determined based on model calibration 

results.  Because published estimates of vertical conductance between the model layers were not 

available, these values were initially estimated based on differences in historical water levels 

between wells screened only in model Layer 2 and wells screened in model Layer 1, and then 

modified during calibration.  The lowest calibrated leakance values (lowest inter-layer 

conductivity) is in the immediate vicinity of City of Chino Hills wells area (1.9x10-8 day-1), 

while leakance values are as high as 10 day-1 in the northern portion of the model where the two 

model layers are conceptually treated as one aquifer (see Figure C-7). 

 

 
2.5.5 Conductance of Horizontal-Flow-Barriers 

The Central Avenue Fault and the Riley Barrier were modeled with the Horizontal-Flow-Barrier 

package by assigning a lower hydraulic conductivity value to the conductance term between 

model cells along the fault trace (see Figure C-8).  The values were derived primarily by trial-

and-error during model calibration.  For model layer 1, the hydraulic characteristic of the barrier 

is the barrier hydraulic conductivity divided by the width of the horizontal-flow-barrier (units of 

day-1).  For model layer 2, the hydraulic characteristic value is the barrier transmissivity divided 

by the width of the horizontal-flow-barrier (units of ft/day)1. 

 

The final calibrated hydraulic characteristic value of horizontal-flow-barrier for model Layer 1 

was 1 day-1 at the Riley Barrier, and ranged from 0.01 day-1 to 1 day-1 at the Central Avenue 

Fault.  For model Layer 2, the values ranged from 0.000662 to 0.000922 ft/day at the Riley 

Barrier, and ranged from 0.00002 to 0.000835 ft/day at the Central Avenue Fault. 

 

                                                 
1  As model layer 1 is unconfined, the HFB package requires the hydraulic characteristic to be calculated 

using hydraulic conductivity.  For confined and semi-confined aquifers, transmissivity is used. 
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2.6 Recharge and Discharge 

2.6.1 General 

The model packages that representing the boundary conditions that were used to simulate the 

sources (recharge) and sinks (discharge) of water in the model area include Streamflow-Routing, 

Recharge, Well, Drain, Evapotranspiration and General Head Boundary packages.  These 

packages are described in the following sections.   

 

 
2.6.2 Streamflow-Routing Package 

The streamflow-routing package was used to simulate the interaction between the surface water 

and aquifers within the model domain.  Major streams with current USGS gage data and 

wastewater treatment plants that report discharges to the tributaries of the Santa Ana River were 

included in the Streamflow-Routing package.  The streams were divided into segments and 

reaches.   The reaches indicate the order in which a stream flows across the active model cells.  

A stream segment is defined as the longest portion of a surface watercourse having no tributaries.  

Segments and reaches for the streamflow-routing package are shown on Figure C-9.  Quarterly 

streamflow inflow and wastewater discharge during the model calibration period from      

January 1982 through September 2005 are summarized in Table C-1. 

 

A “reach” is defined as that portion of a segment within a single model cell.  Model cells 

containing a portion of a stream across a cell corner or along a cell edge were generally not 

included as reaches.  Reaches were identified by their i, j coordinates and were numbered in each 

segment upstream to downstream.  The streambed’s top elevation for each reach was determined 

based on the average surface elevation along the trace of the stream within the reach.  The stream 

stage and the bottom elevation of the streambed were assumed to be 2 ft above and 5 ft below the 

top elevation of the streambed, respectively.  
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The initial streambed conductance was calculated using the following equation: 

 

M
KLWCSTR =  

  
 where: 
  CSTR  = streambed conductance, [ft2/day] 
  K  = vertical hydraulic conductivity of streambed, [ft/day] 
  L  = length of reach (distance across cell), [ft] 
  W  = width of stream, [ft] 
  M  = thickness of streambed, [ft] 
 
During the model calibration, streambed conductance values were adjusted, within reasonable 

limits, to match measured outflow at Prado Dam.  Figure C-9 shows the streambed conductance 

values used for the final model calibration.  Streambed conductance values for the Santa Ana 

River ranged from 1,787 to 15,809 ft2/day.  Streambed conductance values for tributaries ranged 

from 19 ft2/day to 226 ft2/day.   

 

During “wet” years, an increase in the width of the stream usually occurs due to significant 

amounts of streamflow overflowing the stream channels (i.e., “over bank” flow).  In addition, the 

vertical hydraulic conductivity of the streambed increases due to the removal of fine-grained 

sediments by the high energy of the streamflow.  Both of these result in an increase in streambed 

conductance.  In order to account for variations of streambed conductance in the Santa Ana River 

over time, conductance values for each reach of the river were doubled when annual streamflow 

at the gage below Prado Dam was greater than 400,000 acre-ft (for years 1983, 1993, 1995, 1998 

and 2005). 
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2.6.3 Recharge Package 

The Recharge package simulates regionally distributed recharge to the ground water system as a 

result of precipitation, mountain front runoff or artificial recharge.  Areal recharge for most of 

the basin was assigned a constant rate of 1.192x10-4 ft/day to simulate the percolation of 

precipitation in the model area (Woolfenden and Koczot, 1999).  This rate was held constant for 

all stress periods over the entire simulation. 

 

The mountain front runoff (recharge zones along alluvium-bedrock contact in Layer 1) was 

increased in wet years to simulate the increase in runoff and percolation from the bedrock 

outcrops.  All recharge rates for the mountain front runoff zones were doubled in the first quarter 

of all lower magnitude wet years (for years 1986, 1991, 1992, 1996, 1997, 2000, 2001 and 2003) 

and tripled in the first quarter of all exceptional above normal precipitation years (for years 1983, 

1993, 1995, 1998 and 2005) to account for additional recharge due to runoff.  Artificial recharge 

was simulated by adding water to the model in the location of artificial recharge basins.      

Figure C-10 shows the location of mountain front runoff zones and artificial recharge facilities.      

Table C-2 summarizes the quarterly recharge rates used during the model calibration period from 

January 1982 through September 2005.   

 
 
2.6.4 Well Package Data 

The well package includes municipal, industrial and agricultural production from wells screened 

in Layer 1, Layer 2 or both (see Figure C-11).  Ground water production data was obtained from 

Watermaster and included annual summaries from 1982 to 1992 and quarterly summaries from 

1993 to September 2005.  The annual data (1982 to 1992) was subdivided into quarters based on 

the average quarterly split for the period when quarterly pumping records were available (see 

following table for split applied to annual data). 
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Criteria for Subdividing Annual Production Data into Quarterly Data 

Quarter 
Average Fraction of Total Annual 

Ground Water Production 
(1993-2000) 

1st 0.18 

2nd 0.28 

3rd 0.32 

4th 0.22 

 
 

Four different criteria were used to assign model layers (or ratio of both layers) from which a 

well would pump.  These criteria were established due to the large number of wells with little or 

no completion information or well screen data.  If information was available regarding the top 

and bottom of the screened interval, this information was used with the following equation, to 

assign the layer or layer ratio: 

 
 

( ) ( )2211

11
1

kbkb
kbratio

×+×
×

= ,         ( ) ( )2211

22
2

kbkb
kbratio

×+×
×

=  

 
 where: 
  ratioi  = ratio or fraction of pumping from model layer i,  
  bi  = length of production interval in layer i, [ft] 
  ki  = hydraulic conductivity of layer i at well, [ft/day] 
 
If no screened interval was available, the total depth was used to estimate the production interval 

and the layer ratio using the above relationship.  If no completion information was available but 

the well’s use was listed as “irrigation” it was assumed to be screened entirely in model Layer 1.  

If no information was available regarding any of the previous criteria, the average ratio for all 

wells that did have completion or total depth data was assigned to the well (62 percent Layer 1, 

38 percent Layer 2).  
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All pumping from model Layer 1 was reduced 30 percent to account for return flow from 

irrigation or agricultural use.  Wells located within the same model cell were combined into one 

well in the model. 

 
 
2.6.5 Drain Package 

The drain package was used to simulate the removal of rising ground water from the upper 

aquifer at Prado Dam (see Figure C-3 for location of drain cells).  The drains were assigned a 

stage elevation equal to the average land surface at the model cell and a conductance term.   

 
 
2.6.6 Evapotranspiration Package 

The Evapotranspiration (ET) package simulates the effects of plant transpiration and direct 

evaporation on the saturated ground water regime (see Figure C-12 for location of model cells 

with ET).  Evapotranspiration from ground water was applied to the Santa Ana River and Prado 

Dam area based on potential ET data obtained from the USGS and adjusted to account for 

precipitation.  An extinction depth of 10 ft was used for all stress periods. 

 
 

Evapotranspiration Estimates Applied to the City of Chino Hills Ground Water Model 
 

Quarter 
Average Precipitation 

[inches] 
Fontana (Station # 43120) 

Potential 
Evapotranspiration 

[inches] 

Evapotranspiration 
from Ground Water 

[inches] 
1 10.0 10.0 0.0 
2 1.5 19.7 18.2 
3 0.5 24.2 23.7 
4 3.9 10.9 7.0 

Total 15.9 64.8 48.9 
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2.6.7 General Head Boundary Package 

A general head boundary (GHB) was assigned to portions of the ground water model where the 

aquifers extended beyond the bounds of the model area (see Figure C-3).  The heads assigned to 

the GHB cells in the model were varied over time, based on measured fluctuations in ground 

water levels at wells located near the model edge during the model calibration period from 

January 1982 through 2005. 
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3.0 MODEL CALIBRATION 

The City of Chino Hills ground water model was calibrated for transient conditions.  The transient 

calibration covered the period from January 1982 through September 2005 using quarterly stress 

periods.  This time period includes both wet and dry climatic cycles.  Fall 1981 water levels were 

used as the initial water levels for the model transient calibration (see Figure C-13) 

 

 

3.1 Calibration Process 

The method of calibration used by this model was the standard “history matching” technique.  In 

this method, a transient calibration period of January 1982 to September 2005 was chosen to 

represent a historical time period where water levels, streamflows, pumping, and 

evapotranspiration are known with a reasonable degree of accuracy.  Model-generated ground 

water levels were compared with measured levels for wells in the model area, particularly for the 

wells in the immediate vicinity of the City of Chino Hills’ wells.  Adjustments in hydrogeologic 

parameters (e.g., hydraulic conductivity, effective porosity, storativity, vertical leakance between 

layers, and hydraulic characteristic of the horizontal-flow barriers) were made within tolerable 

limits until a satisfactory match between modeled and measured ground water levels was 

obtained.  Parameter changes during model calibration were assigned to groups of cells.  

Adjustment of individual parameters for individual model cells was not considered.  Model-

calculated quarterly streamflow was also compared to the measured streamflow at Prado Dam. 

 

 

3.2 Transient Model Calibration Results 

Measured versus model-generated ground water levels for 62 selected target wells is shown on 

Figure C-14.  The selection of target wells was based on water level data availability, areal 

distribution of the wells, and the aquifer screened.  In general, the pattern of model-generated 
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and measured levels are similar in that the model appears to capture the long- and short-term 

temporal trends in ground water levels throughout the model area.  Hydrographs of 20 selected 

wells were plotted showing the comparisons between model-generated water levels and 

historical water levels (see Figures C-15 through C-18).  As shown in Figure C-15, the model-

generated water levels closely matched the measured water levels in Well 18A (City of Chino of 

Hills) and PA-72 with an average water level residuals of -5.01 ft (overestimation) and 1.44 ft 

(underestimation), respectively.  These two wells are both screened in the deep aquifer and 

separated by the Riley Barrier.   

 

Figure C-19 is an “x-y” plot showing a comparison of measured and model-generated ground 

water levels.  The graphical comparison between measured and model-predicted heads (from 62 

target wells) for the transient calibration shows the 5,229 ground water level measurements 

mainly clustered around the straight line.  Some outliers are scattered further away from the 

straight line and may have resulted from comparisons of a relative smaller time discretization of 

water level measurements (e.g., monthly) to a relative larger time discretization of the model-

generated water levels (i.e., quarterly stress period).  In general, the measured and model-

predicted heads compared favorably, and the calibration is further supported by a relative error 

below 10%.  The relative error (the standard deviation of the ground water level residuals3 

divided by the observed head range (Zheng and Bennett, 2002) of the model-generated 

groundwater levels between January 1982 and September 2005 is approximately 9.2%.  

Common modeling practice is to consider a good fit between historical and model-predicted data 

if the relative error is below 10% (Spitz and Moreno, 1996; and Environmental Simulations, Inc., 

1999). 

 

 

                                                 
2  The Watermaster’s proposed Long Term Plan for the Management of Subsidence in MZ-1 uses a depth to 

water of 245 ft in PA-7 as the initial Guidance Level for the subsidence threshold. 
3  “Residual” = measured – modeled 
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Residual water levels for the 5,229 measurements from the 62 target wells during the period 

from January 1982 through September 2005 were plotted as histograms (see Figure C-20).  The 

histograms show a bell shape with most of the water level residuals in the range of +/- 25 ft (70% 

of the measurements), indicating an acceptable model calibration. 

 

A comparison of model-generated quarterly streamflow at Prado Dam with gaged outflow at the 

USGS gage just downstream of the Prado Dam is shown on Figure C-21.  This comparison 

shows a good match of model-generated versus gaged streamflow with the model slightly 

underestimating streamflow in very wet quarters. 

 

The quarterly ground water budget for the transient calibration is shown in Table C-3.   
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4.0 MODEL OPERATIONAL SCENARIOS 

4.1 Description of Model Operational Scenarios 

Predictive scenarios for the City of Chino Hills ground water flow model were developed in the 

context of various ground water pumping schedules for the City of Chino Hills’ wells.  All 

scenarios developed for analysis using the ground water model included the following general 

assumptions: 

 
• The model-generated water levels at the end model calibration (September 2005, see 

Figure C-22) were used as the initial water levels of model operational scenarios; 
 

• The length of the predictive simulation was 20 years with a quarterly stress period; 
 

• The recorded hydrology (i.e., areal recharge, recharge from mountain front runoff 
and, streamflow) for the latest 20 years transient calibration period (i.e., October 1985 
through September 2005) was repeated for the predictive period; 

 
• Ground water pumping for all the wells other than the City of Chino Hills’ wells and 

heads in GHB cells for the water year 2005 (i.e., October 2004 – September 2005) 
were repeated for the predictive period. 

 
Three model scenarios were developed to assess potential future ground water conditions in the 

vicinity of City of Chino Hills’ wells area, particularly the depth to water in PA-7.   

 
Scenario 1: Simulates the maximum pumping of the City of Chino Hills’ wells (as 

provided by City of Chino Hills).  Maximum use of wells would include 
the use of all wells to 90% capacity.  The remaining 10% would account 
for down time for maintenance. Total ground water production would be 
approximately 14,800 acre-ft/yr. 

 
Scenario 2: Simulates the approximate historical pumping from City of Chino Hills’ 

wells (see Figure C-23 for historical pumping).  Total ground water 
pumping would be approximately 4,400 acre-ft/yr.      
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Scenario 3: Simulates the pumping used in Scenario 2 plus pumping from shallow 
aquifer of two new wells located west of the Riley Barrier                    
(see Figure C-24) and pumping from City of Chino Hills Well 18A 
(located east of the Riley Barrier).  Total ground water pumping would be 
approximately 7,400 acre-ft/yr. 

 
The following table summarizes the pumping from the City of Chino Hills’ wells for each of the 

model scenarios.  For purpose of this study, the annual pumping was evenly distributed to each 

quarter. 

 
Ground Water Pumping of City of Chino Hills’ Wells – Model Operation Runs 

Annual Ground Water Pumping 
[acre-ft] Well No. Aquifer 

Scenario 1 Scenario 2 Scenario 3 

1A Shallow 1,411 1,000 1,000 

1B Deep 1,717 0 0 

7A Deep 1,010 400 400 

7B Shallow 908 800 800 

15 Deep 2,625 600 600 

17 Deep 3,533 800 800 

19 Deep 3,632 800 800 

18A Deep 0 0 1,000 

New 1 Shallow 0 0 1,000 

New 2 Shallow 0 0 1,000 

Subtotal Shallow 2,319 1,800 3,800 

Subtotal Deep 12,517 2,600 3,600 

Total 14,836 4,400 7,400 
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4.2 Ground Water Flow Model Results 

Ground water level differences between the current level and the end of model simulation of 

each the model scenarios were plotted to show the potential impacts from the various pumping 

schedules for the City of Chino Hills’ wells (see Figures C-25 through C-27).  Selected hydrographs 

for these model operational runs are shown on Figure C-28.  Depth to water in PA-7 was plotted 

to compare the model-predicted level to the proposed Guidance Level (see Figure C-29).  

 

For Scenario 1 (maximum use of City of Chino Hills’ wells, i.e., 14,800 acre-ft/yr), the ground 

water level in model Layer 1 would decline approximately 10 ft to 30 ft in the vicinity of the 

City Chino Hills’ wells.  The ground water level in model Layer 2 would decline approximately 

100 ft to 700 ft in the same area.  This could deplete almost all the ground water storage of the 

deep aquifer in the City of Chino Hills’ wells area.  The depth to water in PA-7 would be 647 ft 

to 667 ft bgs (see Figure C-29), which is approximately 402 ft to 422 ft below the Watermaster’s 

proposed Guidance Level of 245 ft in PA-7.  Using Scenario 1, it appears that there could be a 

significant adverse impact on the ground water level under the City of Chino Hills maximum 

pumping schedule. 

 

For Scenario 2 (approximate maximum historical pumping from the City of Chino Hills’ wells, 

i.e., 4,400 acre-ft/yr), the ground water level in model Layer 1 would decline approximately a 

few feet to 10 ft in the vicinity of the City Chino Hills’ wells.  The ground water level in model 

Layer 2 would decline approximately 20 ft to 140 ft in the same area.  The depth to water in PA-

7 would be 206 ft to 226 ft bgs (see Figure C-29), which is approximately 19 ft to 39 ft above the 

Watermaster’s proposed Guidance Level of 245 ft in PA-7.  This suggests that using Scenario 2, 

additional ground water pumping in the City of Chino Hills’ wells area could be available if the 

proposed initial Guidance Level in PA-7 was implemented. 

 

For Scenario 3 (approximate maximum historical pumping from the City of Chino Hills’ wells 

plus two new shallow wells west of the barrier, and Well 18A east of the barrier, i.e., 7,400 acre-
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ft/yr), the ground water level in model Layer 1 would decline approximately 10 ft to 40 ft in the 

vicinity of the City Chino Hills’ wells.  The ground water level in model Layer 2 would decline 

approximately 30 ft to 160 ft in the same area.  The depth to water in PA-7 would be 227 ft to 

247 ft bgs (see Figure C-29), which is approximately at the Watermaster’s proposed Guidance 

Level of 245 ft in PA-7.  This suggests that in order to comply with the initial Guidance Level in 

PA-7, the maximum ground water pumping that might be produced from the City of Chino Hills’ 

wells is approximately 7,400 acre-ft/yr. 
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Table C-2

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Ely 8th street
[ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day]

Quarterly Areal Recharge, Recharge from Mountain Front Runoff and Artificial Recharge
Transient Model Calibration January 1982 - September 2005

Recharge from Mountain Front runoffAreal 
RechargeYear Qtr

Artificial Recharge

1989 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1989 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1989 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1990 1st 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1990 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1990 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1990 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1991 1st 0.000119 0.015217 0.010709 0.010843 0.004872 0.002689 0.001627 0.126737 0.000119
1991 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1991 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1991 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1992 1st 0.000119 0.015217 0.010709 0.010843 0.004872 0.002689 0.001627 0.126737 0.000119
1992 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1992 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1992 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1993 1st 0.000119 0.022826 0.016063 0.016264 0.007308 0.004033 0.002441 0.126737 0.000119
1993 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1993 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1993 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1994 1st 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1994 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1994 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1994 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1995 1st 0.000119 0.022826 0.016063 0.016264 0.007308 0.004033 0.002441 0.126737 0.000119
1995 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1995 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1995 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1996 1st 0.000119 0.015217 0.010709 0.010843 0.004872 0.002689 0.001627 0.126737 0.000119
1996 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119

 21-Sep-07 Page 2 of 4 GEOSCIENCE Support Services, Inc.
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Long Term Plan for the management of Subsidence in MZ-1

Table C-2

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Ely 8th street
[ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day]

Quarterly Areal Recharge, Recharge from Mountain Front Runoff and Artificial Recharge
Transient Model Calibration January 1982 - September 2005

Recharge from Mountain Front runoffAreal 
RechargeYear Qtr

Artificial Recharge

1996 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1996 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1997 1st 0.000119 0.015217 0.010709 0.010843 0.004872 0.002689 0.001627 0.126737 0.000119
1997 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1997 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1997 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1998 1st 0.000119 0.022826 0.016063 0.016264 0.007308 0.004033 0.002441 0.126737 0.000119
1998 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1998 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1998 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1999 1st 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1999 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1999 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
1999 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2000 1st 0.000119 0.015217 0.010709 0.010843 0.004872 0.002689 0.001627 0.126737 0.000119
2000 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2000 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2000 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2001 1st 0.000119 0.015217 0.010709 0.010843 0.004872 0.002689 0.001627 0.126737 0.000119
2001 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2001 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2001 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2002 1st 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2002 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2002 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2002 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2003 1st 0.000119 0.015217 0.010709 0.010843 0.004872 0.002689 0.001627 0.126737 0.000119
2003 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2003 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
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Jenkins & Hogin, LLP
Comments in Chino Basin Watermaster's Proposed
Long Term Plan for the management of Subsidence in MZ-1

Table C-2

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Ely 8th street
[ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day] [ft/day]

Quarterly Areal Recharge, Recharge from Mountain Front Runoff and Artificial Recharge
Transient Model Calibration January 1982 - September 2005

Recharge from Mountain Front runoffAreal 
RechargeYear Qtr

Artificial Recharge

2003 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2004 1st 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2004 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2004 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2004 4th 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2005 1st 0.000119 0.022826 0.016063 0.016264 0.007308 0.004033 0.002441 0.126737 0.000119
2005 2nd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.126737 0.000119
2005 3rd 0.000119 0.007609 0.005354 0.005421 0.002436 0.001344 0.000814 0.000119 0.031232
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Jenkins & Hogin, LLP
Comments in Chino Basin Watermaster's Proposed
Long Term Plan for the management of Subsidence in MZ-1

Table C-3

Inflow Inflow Inflow Outflow Outflow Outflow

Recharge 
from 

Streamflow

Areal Recharge, 
Recharge from 

Mountain Front 
Runoff and Artificial 

Recharge

Underflow 
Inflow

Evapotransp
iration

Net Ground 
Water 

Pumping

Rising 
Ground 
Water

[acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft]
1982 1st 7,363 1,927 25,533 34,823 0 13,663 5,825 19,488 15,335
1982 2nd 6,920 1,926 24,320 33,167 5,186 21,253 2,711 29,149 4,017
1982 3rd 7,033 1,926 26,692 35,651 6,124 23,150 1,996 31,269 4,382
1982 4th 5,388 1,926 33,852 41,167 1,950 15,914 3,256 21,119 20,048
1983 1st 7,033 3,057 29,513 39,604 0 13,019 5,158 18,177 21,427
1983 2nd 3,966 1,926 26,292 32,185 5,479 20,255 2,779 28,512 3,673
1983 3rd 4,456 1,926 30,500 36,883 6,530 25,399 2,090 34,019 2,864
1983 4th 3,765 1,926 28,719 34,410 2,089 17,461 3,379 22,929 11,481
1984 1st 3,031 1,926 25,129 30,085 0 14,286 4,580 18,866 11,219
1984 2nd 3,351 1,926 24,839 30,116 5,657 22,225 2,792 30,673 -556
1984 3rd 3,961 1,926 26,309 32,196 6,761 23,007 2,094 31,862 334
1984 4th 3,293 1,925 25,643 30,861 2,158 15,817 3,294 21,270 9,591
1985 1st 2,336 1,926 21,901 26,163 0 12,936 4,360 17,296 8,867
1985 2nd 2,866 1,926 23,370 28,162 5,746 20,133 2,548 28,427 -265
1985 3rd 3,501 1,926 27,043 32,470 6,830 22,842 1,882 31,554 916
1985 4th 2,541 1,926 24,862 29,329 2,192 15,680 3,099 20,971 8,358
1986 1st 1,699 2,493 24,013 28,205 0 12,833 4,254 17,087 11,118
1986 2nd 4,447 1,926 9,871 16,244 5,838 19,972 2,505 28,315 -12,070
1986 3rd 5,059 1,926 19,077 26,062 6,887 24,518 1,841 33,246 -7,184
1986 4th 4,459 1,926 17,424 23,809 2,176 16,873 2,950 22,000 1,810
1987 1st 3,944 1,926 15,702 21,572 0 13,774 3,969 17,743 3,829
1987 2nd 4,873 1,926 16,460 23,259 5,666 21,465 2,280 29,410 -6,151
1987 3rd 5,636 1,926 19,399 26,961 6,639 23,393 1,662 31,694 -4,733
1987 4th 5,061 1,926 17,837 24,825 2,105 16,093 2,780 20,978 3,847

Year Qtr

Quarterly Ground Water Budgets for the City of Chino Hills Model
Transient Model Calibration January 1982 - September 2005

Change in 
Ground 
Water 

Storage

Total 
Inflow

Total 
Outflow
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Jenkins & Hogin, LLP
Comments in Chino Basin Watermaster's Proposed
Long Term Plan for the management of Subsidence in MZ-1

Table C-3

Inflow Inflow Inflow Outflow Outflow Outflow

Recharge 
from 

Streamflow

Areal Recharge, 
Recharge from 

Mountain Front 
Runoff and Artificial 

Recharge

Underflow 
Inflow

Evapotransp
iration

Net Ground 
Water 

Pumping

Rising 
Ground 
Water

[acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft]

Year Qtr

Quarterly Ground Water Budgets for the City of Chino Hills Model
Transient Model Calibration January 1982 - September 2005

Change in 
Ground 
Water 

Storage

Total 
Inflow

Total 
Outflow

1988 1st 4,596 1,926 15,473 21,995 0 13,154 3,838 16,993 5,003
1988 2nd 5,503 1,926 12,948 20,376 5,523 20,478 2,202 28,202 -7,826
1988 3rd 6,202 1,926 16,758 24,887 6,439 21,924 1,598 29,961 -5,074
1988 4th 5,602 1,926 15,519 23,047 2,043 15,060 2,647 19,750 3,297
1989 1st 5,010 1,926 9,642 16,578 0 12,351 3,662 16,012 566
1989 2nd 5,673 1,926 12,810 20,409 5,358 19,169 2,073 26,600 -6,191
1989 3rd 6,365 1,926 14,899 23,190 6,212 23,163 1,458 30,833 -7,643
1989 4th 5,753 1,926 15,725 23,405 1,970 15,932 2,440 20,342 3,063
1990 1st 5,101 1,926 13,774 20,801 0 13,039 3,411 16,451 4,350
1990 2nd 5,758 1,926 13,361 21,045 5,223 20,271 1,935 27,429 -6,384
1990 3rd 6,628 1,926 14,991 23,545 6,084 22,452 1,382 29,917 -6,373
1990 4th 6,061 1,926 15,657 23,643 1,933 15,427 2,376 19,736 3,907
1991 1st 5,386 2,491 17,218 25,094 0 12,626 3,382 16,008 9,086
1991 2nd 6,006 1,926 15,312 23,244 5,174 19,651 1,940 26,765 -3,522
1991 3rd 6,286 1,926 16,690 24,901 6,123 23,232 1,433 30,787 -5,886
1991 4th 5,179 1,926 22,544 29,649 1,977 15,955 2,495 20,427 9,222
1992 1st 3,976 2,493 20,960 27,429 0 13,085 3,563 16,648 10,781
1992 2nd 4,325 1,926 20,523 26,775 5,406 20,317 2,064 27,787 -1,012
1992 3rd 5,696 1,926 16,368 23,990 6,380 22,452 1,517 30,349 -6,359
1992 4th 5,893 1,926 13,567 21,387 2,032 13,154 2,583 17,769 3,618
1993 1st 8,604 3,056 3,903 15,562 0 10,170 4,291 14,461 1,102
1993 2nd 7,573 1,926 3,903 13,402 5,347 21,901 2,126 29,373 -15,971
1993 3rd 7,950 1,926 12,695 22,571 6,141 18,618 1,534 26,292 -3,721
1993 4th 8,386 1,926 2,870 13,182 1,908 13,613 2,580 18,101 -4,920
1994 1st 7,750 1,926 14,738 24,415 0 11,203 3,602 14,805 9,610
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Jenkins & Hogin, LLP
Comments in Chino Basin Watermaster's Proposed
Long Term Plan for the management of Subsidence in MZ-1

Table C-3

Inflow Inflow Inflow Outflow Outflow Outflow

Recharge 
from 

Streamflow

Areal Recharge, 
Recharge from 

Mountain Front 
Runoff and Artificial 

Recharge

Underflow 
Inflow

Evapotransp
iration

Net Ground 
Water 

Pumping

Rising 
Ground 
Water

[acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft]

Year Qtr

Quarterly Ground Water Budgets for the City of Chino Hills Model
Transient Model Calibration January 1982 - September 2005

Change in 
Ground 
Water 

Storage

Total 
Inflow

Total 
Outflow

1994 2nd 8,349 1,926 16,276 26,552 4,901 20,156 2,048 27,105 -553
1994 3rd 8,946 1,926 14,463 25,335 5,673 24,633 1,481 31,786 -6,451
1994 4th 8,480 1,926 10,514 20,921 1,798 16,781 2,505 21,084 -163
1995 1st 12,169 3,058 11,433 26,660 0 12,971 4,160 17,130 9,529
1995 2nd 8,237 1,926 15,702 25,865 4,892 22,337 2,043 29,272 -3,407
1995 3rd 8,933 1,926 17,241 28,099 5,634 25,872 1,467 32,973 -4,874
1995 4th 8,466 1,926 11,111 21,504 1,786 16,529 2,489 20,803 700
1996 1st 7,938 2,491 12,534 22,964 0 14,141 3,508 17,649 5,315
1996 2nd 8,216 1,926 14,624 24,766 4,789 19,261 1,995 26,045 -1,279
1996 3rd 8,871 1,926 15,106 25,902 5,634 21,993 1,437 29,063 -3,161
1996 4th 8,418 1,926 11,272 21,616 1,802 16,919 2,440 21,162 455
1997 1st 7,837 2,493 12,328 22,658 0 15,542 3,425 18,967 3,691
1997 2nd 8,085 1,926 13,131 23,143 4,807 19,444 1,928 26,180 -3,037
1997 3rd 8,446 1,926 15,152 25,523 5,677 20,271 1,380 27,328 -1,804
1997 4th 7,718 1,926 12,420 22,064 1,837 16,368 2,369 20,574 1,490
1998 1st 9,897 3,056 13,499 26,451 0 14,118 4,004 18,122 8,329
1998 2nd 7,146 1,926 10,996 20,069 5,076 18,916 1,935 25,927 -5,859
1998 3rd 7,727 1,926 14,440 24,093 5,895 20,845 1,357 28,097 -4,004
1998 4th 7,195 1,926 13,728 22,849 1,876 18,044 2,323 22,243 606
1999 1st 6,637 1,926 13,499 22,062 0 16,896 3,267 20,163 1,899
1999 2nd 7,257 1,926 13,522 22,704 4,915 18,825 1,798 25,537 -2,833
1999 3rd 7,798 1,926 14,027 23,751 5,762 20,133 1,260 27,156 -3,404
1999 4th 7,241 1,926 11,731 20,898 1,860 17,424 2,227 21,511 -613
2000 1st 6,543 2,493 13,407 22,443 0 16,070 3,182 19,252 3,191
2000 2nd 7,300 1,926 13,039 22,266 4,844 19,605 1,740 26,189 -3,923
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Jenkins & Hogin, LLP
Comments in Chino Basin Watermaster's Proposed
Long Term Plan for the management of Subsidence in MZ-1

Table C-3

Inflow Inflow Inflow Outflow Outflow Outflow

Recharge 
from 

Streamflow

Areal Recharge, 
Recharge from 

Mountain Front 
Runoff and Artificial 

Recharge

Underflow 
Inflow

Evapotransp
iration

Net Ground 
Water 

Pumping

Rising 
Ground 
Water

[acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft]

Year Qtr

Quarterly Ground Water Budgets for the City of Chino Hills Model
Transient Model Calibration January 1982 - September 2005

Change in 
Ground 
Water 

Storage

Total 
Inflow

Total 
Outflow

2000 3rd 7,916 1,926 13,522 23,363 5,624 23,600 1,214 30,438 -7,075
2000 4th 7,477 1,926 12,810 22,213 1,791 19,628 2,156 23,574 -1,361
2001 1st 6,837 2,491 12,603 21,931 0 16,185 3,104 19,288 2,642
2001 2nd 7,585 1,926 14,669 24,180 4,637 24,449 1,676 30,762 -6,582
2001 3rd 8,526 1,926 9,711 20,163 5,280 25,230 1,159 31,669 -11,506
2001 4th 8,349 1,926 10,560 20,836 1,676 19,238 2,087 23,000 -2,165
2002 1st 7,870 1,926 10,331 20,126 0 18,549 3,017 21,566 -1,439
2002 2nd 8,299 1,926 12,856 23,081 4,293 23,301 1,605 29,199 -6,118
2002 3rd 9,233 1,926 8,724 19,883 4,890 26,905 1,107 32,902 -13,019
2002 4th 8,921 1,926 12,167 23,014 1,538 20,684 2,002 24,224 -1,210
2003 1st 8,542 2,491 8,264 19,298 0 17,769 2,932 20,700 -1,403
2003 2nd 8,848 1,926 13,085 23,859 4,063 21,166 1,556 26,786 -2,927
2003 3rd 9,447 1,926 13,545 24,917 4,614 29,385 1,067 35,067 -10,149
2003 4th 9,236 1,926 8,953 20,115 1,469 21,212 1,935 24,617 -4,502
2004 1st 8,882 1,926 13,085 23,893 0 17,906 2,849 20,755 3,138
2004 2nd 9,279 1,926 12,626 23,831 3,811 23,691 1,497 28,999 -5,168
2004 3rd 9,759 1,926 11,938 23,623 4,316 29,155 1,024 34,495 -10,872
2004 4th 9,454 1,926 11,019 22,399 1,377 17,034 1,889 20,301 2,098
2005 1st 14,582 3,058 9,412 27,052 0 13,567 3,506 17,073 9,979
2005 2nd 9,180 1,926 9,871 20,978 3,949 20,615 1,561 26,125 -5,147
2005 3rd 9,685 1,490 14,692 25,868 4,385 23,026 1,033 28,444 -2,576

6,832 2,029 15,756 24,616 3,205 18,850 2,463 24,517 98
27,326 8,115 63,023 98,464 12,819 75,400 9,851 98,070 394

Quarterly Average
Annual Average

 21-Sep-07 Page 4 of 4 GEOSCIENCE Support Services, Inc.




