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Executive Summary 

ES.1 Introduction 
This report presents an analysis of a plan to contain perchlorate that is present in the Saugus 
Formation aquifer, which lies beneath a portion of the Santa Clarita Valley (located in 
northwestern Los Angeles County, California). The containment plan consists of pumping 
from two deep production wells (SCWC-Saugus1 and SCWC-Saugus2) that have not 
operated in several years because of elevated concentrations of perchlorate in groundwater. 
The SCWC-Saugus1 and SCWC-Saugus2 wells will be pumped on a nearly continual basis 
at a rate of 1,200 gallons per minute (gpm) at each well. A third impacted well, NCWD-11, 
might be pumped seasonally (during the summer) at 1,200 gpm if it is put back into service. 
However, this well is not needed to meet the containment objectives and might be 
destroyed. The groundwater that is pumped from these wells will then be treated at a 
central location to remove perchlorate prior to entering the potable water conveyance 
system. The treated water will be pumped to the Rio Vista Intake Pump Station (owned and 
operated by the Castaic Lake Water Agency [CLWA]) for subsequent distribution, to help 
meet water demands. In addition to these containment operations, one perchlorate-
impacted production well (VWC-157) that lies downgradient of SCWC-Saugus1 and 
SCWC-Saugus2 will be destroyed, rather than being used for containment. Also, a network 
of sentinel monitoring wells will be used for performance monitoring of the containment 
plan and for providing early warning of any changes that might occur in groundwater 
quality upgradient of the containment wells.  

The selected pumping plan has been designed to cause perchlorate, which is migrating in 
groundwater from the nearby Whittaker-Bermite property, to be captured by these wells, 
thereby controlling its movement toward other portions of the aquifer, where additional 
water supplies could otherwise be impacted. The operation of these wells is also designed to 
capture perchlorate-containing groundwater that is present just downgradient of these two 
wells. The pumping rates have been selected by considering the water supply needs of the 
valley and analyses of groundwater flow patterns that are expected under the pumping 
plan for these wells. The analyses of groundwater flow patterns have been performed using 
a numerical regional-scale groundwater flow model of the valley, which was developed by 
the local water purveyors (herein referred to as the Purveyors1) for use in managing the 
local groundwater resource. Figure ES-1 shows the study area, including the model 
boundaries (tables and figures are located at the end of this summary).  

Returning perchlorate-impacted production wells to service with treatment requires the 
issuance of a permit by the California Department of Health Services (DHS) before the water 
can serve as a potable water supply. Before issuing a permit, DHS requires that formal 
studies and engineering work be performed to demonstrate that pumping these wells and 

                                                      
1The Purveyors, also referred to as the Upper Basin Water Purveyors, consist of the Castaic Lake Water Agency (CLWA), the 
Newhall County Water District, the Santa Clarita Water Division of CLWA, and the Valencia Water Company. 
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treating the water will be protective of human health for the users of the water2. To obtain a 
permit, the owner of the well must perform a detailed evaluation of the effects of returning 
the well to service. The process for conducting the evaluation is called the 97-005 process, 
named after the policy memo that describes the process (DHS, 1997). The policy memo also 
discusses the basic tenets under which the DHS Drinking Water Program evaluates 
proposals, establishes appropriate permit conditions, and approves returning an impacted 
well to service for direct potable use.  

This report presents the modeling analysis of the Purveyors’ preferred pumping plan for the 
Saugus Formation in the vicinity of the impacted Saugus production wells. This report also 
presents the objectives and general design of a groundwater quality monitoring program 
that will be implemented conjunctively with the pumping and treatment program, to 
identify any changes in groundwater quality that might adversely affect the treatment 
process. This monitoring program will include water level monitoring and groundwater 
modeling activities during startup of the long-term containment system, to verify that 
containment is being achieved and evaluate whether adjustments to the pumping program 
are warranted. This report has been prepared to support the source assessment and 
permitting process that the Purveyors are performing under the 97-005 Policy. 

ES.2 Background 
In 1997, two Saugus Formation production wells owned by the Santa Clarita Water 
Company (SCWC)3 (wells SCWC-Saugus1 and SCWC-Saugus2), one Saugus Formation 
production well owned by the Newhall County Water District (NCWD) (well NCWD-11), 
and one Saugus Formation production well owned by Valencia Water Company (VWC) 
(well VWC-157) were shut down because perchlorate was detected in groundwater at these 
wells. In 2002, an Alluvial Aquifer production well owned by SCWC (well SCWC-Stadium) 
was shut down because of a perchlorate detection. The locations of the five impacted 
production wells and nearby nonimpacted production wells are shown on Figure ES-2, 
along with the locations of monitoring wells and exploratory borings that have been 
installed to investigate the extent of perchlorate contamination. Figure ES-2 also shows 
perchlorate concentrations at locations where perchlorate has been detected in groundwater. 
At each of the five production wells, the detected perchlorate concentrations exceeded the 
State of California’s Action Level (AL) for perchlorate at the time of the detection4. 

Together, the four impacted production wells in the Saugus Formation pumped between 
1,900 and 6,800 acre-feet per year (AF/yr) during the early and mid-1990s, prior to being 
shut down. The average pumping from these four wells was 4,186 AF/yr from 1991 through 
1996, the 6 years preceding the perchlorate detections (see Table ES-1). The four wells have a 
combined instantaneous pumping capacity of 7,900 gpm. The Purveyors plan to return three 
of the four impacted Saugus Formation production wells to service (SCWC-Saugus1, 
                                                      
2The Purveyors and DHS require that water provided to customers contain no detectable perchlorate. 
3The SCWC was acquired by CLWA in 1999. It was formerly called the Santa Clarita Water Company and is now called the 
Santa Clarita Water Division of CLWA. 
4The AL has varied over time. DHS initially established an AL of 18 micrograms per liter (µg/L) in 1997, at the same time the 
four impacted Saugus Formation production wells were taken offline. In 2002, DHS revised the AL to 4 µg/L based on studies 
by the U.S. Environmental Protection Agency (EPA). In March 2004, the AL was revised to 6 µg/L based on a public health 
goal published by the Office of Environmental Health Hazard Assessment. See the internet site 
http://www.dhs.ca.gov/ps/ddwem/chemicals/perchl/actionlevel.htm for further details. 
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SCWC-Saugus2, and NCWD-11) and to replace one well (VWC-157) with a newer well 
located in the western portion of the valley (west of the area shown on Figure ES-2). 

ES-3 Objectives 
In addition to meeting the requirements of the 97-005 Policy Memo (DHS, 1997), the 
Purveyors have identified the following objectives that must be met by the pumping plan 
for the impacted Saugus Formation production wells: 

1. Hydraulically contain perchlorate that is migrating westward in the Saugus Formation 
from the Whittaker-Bermite property toward the impacted production wells. 

2. Hydraulically contain perchlorate that is present at wells MP-5 and VWC-157, which are 
located downgradient of the impacted wells. 

3. Protect downgradient production wells that are currently not impacted. 

4. Restore the annual volumes of water that were pumped from the impacted wells before 
they were shut down. 

5. Operate the impacted wells in a manner consistent with the Purveyors’ operational plan 
for the groundwater resources in the Santa Clarita Valley5. 

6. If possible, pump one or more of the impacted Saugus Formation production wells in a 
manner that also contains perchlorate migrating in the Alluvial Aquifer from the 
northern portion of the Whittaker-Bermite property. Unlike the previous objectives, this 
is a secondary objective for operating the impacted Saugus Formation production wells, 
because other long-term remedies are being developed for the Alluvial Aquifer. 
Consequently, this objective is not the basis for selecting or rejecting any given pumping 
plan for the impacted Saugus Formation production wells. 

The pumping plan that is developed and evaluated in this report for the impacted Saugus 
Formation production wells is an interim program that will operate throughout the period 
of evaluating, designing, and permitting long-term remedial actions for the Whittaker-
Bermite property and nearby groundwater. It is anticipated that the pumping plan for the 
impacted Saugus Formation production wells will continue to be implemented after the 
long-term remedies are in place on the Whittaker-Bermite property, in part because the 
pumping plan is intended to meet the water supply needs of the Purveyors. 

ES.4 Methodology 
The containment evaluation for the impacted Saugus Formation production wells was 
performed using the regional groundwater flow model for the Santa Clarita Valley 
(Regional Model). The Regional Model’s construction and calibration are discussed in detail 
in Regional Groundwater Flow Model for the Santa Clarita Valley: Model Development and 
Calibration (CH2M HILL, 2004a). The Regional Model simulates the temporal and spatial 
variations in groundwater flow patterns in three dimensions, including the recharge and 

                                                      
5This operational plan is described in the documents titled Urban Water Management Plan 2000 (Black & Veatch, 2000) and 
Santa Clarita Valley Water Report 2003 (Luhdorff & Scalmanini Consulting Engineers, 2004). 
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discharge rates of groundwater in the valley. The Regional Model covers the entire area 
underlain by the Saugus Formation, plus the portions of the Alluvial Aquifer that lie beyond 
the limits of the Saugus Formation. The Regional Model area largely coincides with the 
Santa Clara River Valley East Groundwater Subbasin, extending from the Lang stream gage 
at the eastern end of the valley to the County Line stream gage area in the west. 

The process of designing a modeling analysis to evaluate perchlorate containment consisted 
of the following activities: 

1. Refining the model grid in and around the areas where impacted wells are located 

2. Selecting a period over which to simulate groundwater conditions resulting from 
various pumping configurations 

3. Defining the pumping plan at the impacted wells and all other wells in the Santa Clarita 
Valley, considering the objectives above and the variability in pumping demands that 
occur due to cycles of drought and nondrought conditions and year-to-year variations in 
the availability of other water supplies 

4. Defining the variation in local hydrology (rainfall, streamflows, and groundwater 
recharge) on a month-to-month basis throughout the simulation period 

5. Running the model to calculate time-varying (monthly) groundwater elevations and 
groundwater discharge terms throughout the multi-year simulation period 

6. Evaluating the modeling results, as follows: 

a. Examining forecasted time-series plots (hydrographs) of water budget terms and 
groundwater elevations to evaluate the effects of the pumping plan at the impacted 
Saugus Formation production wells and across the basin  

b. Analyzing forecasted groundwater flowpaths (using particle-tracking techniques) to 
identify the degree of containment provided by the pumping plan for the impacted 
Saugus Formation production wells 

7. Performing two sets of sensitivity analyses to address the following questions 
concerning the selected pumping plan for the impacted Saugus Formation production 
wells: 

a. Can the containment objectives be met by using lower pumping rates at SCWC-
Saugus1 and SCWC-Saugus2, rather than the rate of 1,200 gpm that has been 
selected for each well, based, in part, on the water supply needs of the valley?  

b. How would the model predictions change if the degree of connection between the 
Alluvial Aquifer and the Saugus Formation is less than the degree of connection that 
is simulated by the calibrated model? 

Of importance to the analysis was not only the operation of the impacted wells, but also the 
operational pumping plan for other production wells in the Santa Clarita Valley. The 
operational plan for the Santa Clarita Valley’s groundwater resources has been defined in 
the Urban Water Management Plan 2000 (UWMP) for the Santa Clarita Valley (Black & 
Veatch, 2000) and in annual water reports that discuss the water demands, water supplies, 
and surface water and groundwater resources of the valley (including the Santa Clarita 
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Valley Water Report 2003 [Luhdorff & Scalmanini Consulting Engineers, 2004]). These reports 
provide ranges of values for groundwater extractions from the Alluvial Aquifer and the 
Saugus Formation during average/normal years and dry years. For the modeling analysis, 
the locations and temporal variation in pumping from the Alluvial Aquifer were defined 
from the operational plan and from historical records of the year-to-year variability in local 
hydrology. Simulated pumping from the Saugus Formation was defined from the 
operational plan, historical pumping records, and operational constraints and historical 
patterns of water supply availability for water supplies that are imported from the State 
Water Project (SWP). Pumping rates at individual wells were assigned using the recent and 
planned production schedules for each well and by evaluating the type of pumping plan 
that will meet the perchlorate containment objectives for the impacted wells. 

The Regional Model was run using a synthetic 78-year period that was derived from 
historical records of year-to-year variations in both the local hydrology and the hydrology of 
the SWP system. The 78-year period simulates the following conditions: 

1. Average rainfall during this period is similar to the long-term mean of approximately 
18 inches per year, as measured at the Newhall-Soledad rain gage. The period includes 
long periods (i.e., on the order of decades) of relatively dry conditions and relatively wet 
conditions. 

2. For the Saugus Formation, the simulation period includes 18 years of SWP drought and 
corresponding dry-year pumping during the 78-year period, including two droughts 
that last for 3 years and two droughts that last for 2 years. Dry-year pumping from the 
Saugus Formation ranges between 15,000 and 35,000 AF/yr, compared with 
15,000 AF/yr or less in nondrought years (see Table ES-2). 

3. For the Alluvial Aquifer, the 78-year period includes 24 years of dry-year pumping, 
which is approximately 5,000 AF/yr lower than the pumping that occurs during years of 
normal or above-normal rainfall and streamflows. This period includes one drought 
lasting for 4 years and two droughts that last 3 years. 

Model results were evaluated as follows: 

1. Time-series plots (hydrographs) of water budget terms and groundwater elevations 
were used to forecast the effects of the pumping plan at the impacted wells and across 
the basin. 

2. Groundwater flowpaths were forecast using three-dimensional particle-tracking 
techniques to identify the degree to which pumping from the impacted Saugus 
Formation production wells contains perchlorate migrating westward toward these 
wells from the Whittaker-Bermite property. 

ES.5 Conclusions from the Modeling Analysis 
The major conclusions from the modeling analysis are as follows: 

1. Operating production wells SCWC-Saugus1 and SCWC-Saugus2 at rates of 1,200 gpm 
each on a nearly continual basis will effectively contain perchlorate migrating westward 
in the Saugus Formation from the Whittaker-Bermite property, and will also contain 
perchlorate that is present at Saugus wells MP-5 and VWC-157. This is shown by Figure 
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ES-3, which displays groundwater flowpaths from MP-5, VWC-157, and the Whittaker-
Bermite property; and by Figure ES-4, which displays the areas within the Saugus 
Formation where water is obtained by each of the impacted production wells and each 
of the nonimpacted production wells that are located downgradient of SCWC-Saugus1 
and SCWC-Saugus2. 

2. Operating production wells SCWC-Saugus1 and SCWC-Saugus2 at rates as low as 700 
to 800 gpm each will not fully contain groundwater that is migrating westward from the 
Whittaker-Bermite property. Additionally, if these wells are operated at 1,000 gpm each, 
perchlorate that is present in the Saugus Formation at wells MP-5 and VWC-157 will not 
be captured, and will instead migrate to existing nonimpacted wells VWC-160 and 
VWC-205.  

3. No new production wells are needed in the Saugus Formation to meet the perchlorate 
containment objectives.  

4. Impacted well NCWD-11 is not a required component of the containment program. 

5. Use of other water supplies in lieu of pumping at SCWC-Saugus1 and SCWC-Saugus2 
will likely be detrimental to the long-term quality of groundwater in the Saugus 
Formation. Pumping at these two wells is necessary to prevent migration of perchlorate 
to other portions of the Saugus Formation. 

6. The pumping plan for SCWC-Saugus1 and SCWC-Saugus2 may contain perchlorate that 
is migrating in the Alluvial Aquifer from the northern portion of the Whittaker-Bermite 
property, including perchlorate that has been detected in the Alluvial Aquifer at and 
south of Bouquet Junction. 

7. The operational plan for the impacted production wells will not cause detrimental short-
term or long-term effects to the groundwater and surface water resources of the Santa 
Clarita Valley. In particular, the modeling analysis indicates that short- and long-term 
variability in local rainfall and streamflows is the predominant cause of fluctuating 
groundwater elevations, river flows, and groundwater storage volumes. This is 
indicated by Figures ES-5 through ES-7, which together show that year-to-year changes 
in groundwater recharge volumes and groundwater storage volumes are much greater 
than year-to-year fluctuations in pumping. Compared to local hydrology, implemen-
tation of the operational pumping plan for the valley, including the planned use of wells 
SCWC-Saugus1 and SCWC-Saugus2, has much less influence on the water resources of 
the valley.  

It is important to note that the model simulations described in this report distribute 
pumping in a manner that is based on current and projected uses of both the Alluvial 
Aquifer and the Saugus Formation. The conclusions presented in this report regarding 
containment of perchlorate-containing groundwater will potentially be different if the 
pumping plan for other Saugus Formation wells is significantly different than what was 
simulated. In particular, a significant change in the Saugus Formation pumping regime in 
the South Fork Santa Clara River area or near its mouth could potentially cause ground-
water flow patterns and capture zones to be notably different from those described in this 
report. Changes that could appreciably alter groundwater flow patterns and capture zones 
could include the operation of new wells in that area, or notably greater instantaneous 
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pumping rates or annual pumping volumes than those simulated by the Regional Model. 
Consequently, before a new well is sited in that area or a significant increase in pumping 
occurs from an existing wellfield in that area, it is recommended that an analysis first be 
conducted of the potential effects of the contemplated change on the perchlorate 
containment program. 

ES.6 Sentinel Monitoring Program 
DHS Policy Memo 97-005 requires the implementation of sentinel monitoring in 
groundwater upgradient of impacted wells to provide early warning of any unanticipated 
changes in groundwater quality. Based on this policy, the sentinel monitoring plan for the 
impacted Saugus Formation production wells is intended to provide advanced warning of 
concentration changes or the presence of additional contaminants in groundwater that 
might affect the perchlorate treatment processes. Additionally, groundwater elevation and 
pumping data will be collected under the sentinel monitoring plan to evaluate the 
effectiveness of the perchlorate containment plan that is described in this report. 

As shown on Figure ES-8 and in Table ES-3, the monitoring well network for the sentinel 
monitoring program will monitor both the Alluvial Aquifer and the Saugus Formation 
upgradient of each production well. Monitoring will occur at eleven wells, seven of which 
do not yet exist. Well locations were selected according to the following considerations: 

1. Locating sentinel wells sufficient distances from the production well to allow adequate 
time to respond to significant concentration changes 

2. Using existing monitoring wells, to the degree possible 

3. Locating new monitoring wells in areas where site access will not cause undue 
restrictions on drilling, installing, and monitoring new sentinel monitoring wells 

Table ES-4 lists the chemical constituents to be monitored, and the frequency at which 
monitoring will occur as the operational plan for the impacted wells is implemented. The 
program will focus primarily on monitoring for perchlorate, volatile organic compounds, 
nitrate, and sulfate, which are the constituents most likely to affect the treatment system if 
present at concentrations greater than those observed to date. General minerals (anions and 
cations) will be sampled on a biannual basis to provide geochemical information that may 
be helpful for evaluating groundwater migration in the vicinity of each impacted 
production well. However, nitrate and sulfate will be analyzed annually because of their 
potential influence on the ion-exchange treatment system, which is the system likely to be 
selected for perchlorate treatment at SCWC-Saugus1, SCWC-Saugus2, and NCWD-11. 

Performance monitoring of the pumping plan’s ability to meet the containment objectives 
will be accomplished by monitoring groundwater levels and pumping rates during system 
startup and analyzing these data with the Regional Model. Water level monitoring will be 
conducted at each sentinel well that is completed in the Saugus Formation and at multi-port 
monitoring well MP-5, which is also completed in the Saugus Formation and is located 
downgradient of SCWC-Saugus1 and SCWC-Saugus2. Water levels will be measured at 
these wells during the start-up period for the containment system, as well as immediately 
prior to startup. The water level trends will then be compared with water level trends that 
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are calculated from Regional Model simulations of the pumping at impacted and non-
impacted wells during the initial startup period for the containment pumping plan. 
Together, the system monitoring data and the subsequent modeling analysis will used to 
draw conclusions concerning the effectiveness of the containment plan and whether adjust-
ments to the pumping operations at SCWC-Saugus1 and SCWC-Saugus2 are warranted. 
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SECTION 1 

Introduction 

This report presents an analysis of a plan to contain perchlorate that is present in the Saugus 
Formation aquifer, which lies beneath a portion of the Santa Clarita Valley (located in 
northwestern Los Angeles County, California). The containment plan consists of pumping 
from two deep production wells that have not operated in several years because of elevated 
concentrations of perchlorate in groundwater. The selected pumping plan has been 
designed to cause perchlorate, which is migrating in groundwater from the nearby 
Whittaker-Bermite property, to be captured by these wells, thereby controlling its 
movement toward other portions of the aquifer, where additional water supplies could 
otherwise be impacted. The operation of these wells is also designed to capture perchlorate-
containing groundwater that is present just downgradient of these two wells. The pumping 
rates have been selected by considering the water supply needs of the valley and analyses of 
groundwater flow patterns that are expected under the pumping plan for these wells. The 
analyses of groundwater flow patterns have been performed using a numerical regional-
scale groundwater flow model of the valley, which was developed by the local water 
purveyors (herein referred to as the Purveyors1) for use in managing the local groundwater 
resource. Figure 1-1 shows the study area, including the model boundaries.  

Following is background information on the impacted production wells and the presence of 
perchlorate, followed by a summary of the state regulatory program under which the 
evaluation work was conducted, and a summary of the purpose and content of this report. 

1.1 Background 
In 1997, two Saugus Formation production wells owned by the Santa Clarita Water 
Company (SCWC)2 (wells SCWC-Saugus1 and SCWC-Saugus2), one Saugus Formation 
production well owned by the Newhall County Water District (NCWD) (well NCWD-11), 
and one Saugus Formation production well owned by Valencia Water Company (VWC) 
(well VWC-157) were shut down because perchlorate was detected in groundwater at these 
wells. In 2002, an Alluvial Aquifer production well owned by SCWC (well SCWC-Stadium) 
was shut down because of a perchlorate detection. The locations of the five impacted 
production wells and nearby nonimpacted production wells are shown on Figure 1-2, along 
with the locations of monitoring wells and exploratory borings that have been installed to 
investigate the extent of perchlorate contamination. Figure 1-2 also shows perchlorate 
concentrations at locations where perchlorate has been detected in groundwater. At each of 

                                                      
1The Purveyors, also referred to as the Upper Basin Water Purveyors, consist of the Castaic Lake Water Agency (CLWA), the 
Newhall County Water District, the Santa Clarita Water Division of CLWA, and the Valencia Water Company. 
2The SCWC was acquired by CLWA in 1999. It was formerly called the Santa Clarita Water Company and is now called the 
Santa Clarita Water Division of CLWA. 
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the five production wells, the detected perchlorate concentrations exceeded the State of 
California’s Action Level (AL) for perchlorate at the time of the detection3. 

The four production wells that were shut down in 1997 are constructed in the Saugus 
Formation, a deep aquifer system that underlies much of the Santa Clarita Valley. Wells 
SCWC-Saugus1 and SCWC-Saugus2 are screened from depths ranging between 490 and 
1,620 feet below ground surface (ft bgs), and NCWD-11 well is screened from 200 to 
1,075 ft bgs. Well VWC-157 is screened from 586 to 2,008 ft bgs. The production well that 
was shut down in 2002 (SCWC-Stadium) pumps groundwater from the Alluvial Aquifer, 
and is screened from 33 to 130 ft bgs. 

Together, the four impacted production wells in the Saugus Formation pumped between 
1,900 and 6,800 acre-feet per year (AF/yr) during the early and mid-1990s, prior to being 
shut down. The average pumping from these four wells was 4,186 AF/yr from 1991 through 
1996, the 6 years preceding the perchlorate detections (see Table 1-1). The four wells have a 
combined instantaneous pumping capacity of 7,900 gallons per minute (gpm). The 
Purveyors plan to return three of the four impacted Saugus Formation production wells to 
service (SCWC-Saugus1, SCWC-Saugus2, and NCWD-11) and to replace one well 
(VWC-157) with a newer well located in the western portion of the valley (west of the area 
shown on Figure 1-2). The Purveyors have concluded that it is important to return these 
wells to service for the following reasons: 

1. They are important sources of water supply to the valley, particularly in years of 
reduced availability of other water supplies. 

2. Two of these wells (SCWC-Saugus1 and SCWC-Saugus2) are located in an area where 
they must be pumped to prevent perchlorate from migrating to currently nonimpacted 
areas in the Saugus Formation. 

In addition, the Purveyors have established that the design of the operational plan for 
SCWC-Saugus1, SCWC-Saugus2, and NCWD-11 should be protective of human health as 
follows:  

1. Implementation of the selected pumping plan for the impacted Saugus Formation 
production wells should minimize the risks to other water supply wells in the valley. 

2. A sentinel monitoring program should be implemented to provide early warning of any 
changes in groundwater quality that could adversely affect the perchlorate treatment 
system or other water supplies.  

Accordingly, the Purveyors have developed the following primary elements for the 
perchlorate containment plan: 

1. Pumping and treating groundwater from wells SCWC-Saugus1, SCWC-Saugus2, and 
NCWD-11. The pumped groundwater will be treated at a central location to remove 
perchlorate prior to entering the potable water conveyance system. The treatment 

                                                      
3The AL has varied over time. The California Department of Health Services (DHS) initially established an AL of 18 
micrograms per liter (µg/L) in 1997, at the same time that the four impacted Saugus Formation production wells were taken 
offline. In 2002, DHS revised the Action Level to 4 µg/L based on studies by the U.S. Environmental Protection Agency (EPA). 
In March 2004, the Action Level was revised to 6 µg/L based on a public health goal (PHG) published by the Office of Environ-
mental Health Hazard Assessment. See http://www.dhs.ca.gov/ps/ddwem/chemicals/perchl/actionlevel.htm for further details. 
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process will include the use of ion-exchange resins, followed by disinfection. The 
treatment system will be designed for a capacity of at least 2,400 gpm. 

2. Pumping the treated groundwater to CLWA’s Rio Vista Intake Pump Station for 
subsequent distribution, to help meet water demands. 

3. Destroying one perchlorate-impacted production well (VWC-157) that lies 
downgradient of SCWC-Saugus1 and SCWC-Saugus2 and will not be used for 
containment. 

4. Installing a network of sentinel monitoring wells for performance monitoring of the 
containment plan and sentinel water quality monitoring. 

The pumping, treatment, and subsequent conveyance of water will be performed by CLWA 
for wells SCWC-Saugus1 and SCWC-Saugus2 and by NCWD for well NCWD-11. 

1.2 State Regulatory Program 
Returning perchlorate-impacted production to service with treatment requires the issuance 
of a DHS permit before the water can serve as a potable water supply. Before issuing a 
permit, DHS requires that formal studies and engineering work be performed to 
demonstrate that pumping these wells and treating the water will be protective of human 
health for the users of the water4. To obtain a permit, the owner of the well must perform a 
detailed evaluation of the effects of returning the well to service. The process for conducting 
the evaluation is called the 97-005 process, named after the policy memo that describes the 
process (DHS, 1997). The policy memo also discusses the basic tenets under which the DHS 
Drinking Water Program evaluates proposals, establishes appropriate permit conditions, 
and approves returning an impacted well to service for direct potable use.  

1.3 Report Purpose and Content 
Numerical modeling has been performed to forecast the degree of perchlorate containment 
in groundwater that is likely to be achieved by the pumping plan, and to assist in the 
selection of a monitoring well network for a sentinel monitoring program. This report 
presents a modeling analysis of the Purveyors’ preferred pumping plan for the Saugus 
Formation in the vicinity of the impacted Saugus production wells. The modeling analysis 
was designed to evaluate the following aspects of the pumping plan: 

1. Whether the existing impacted Saugus Formation production wells (SCWC-Saugus1, 
SCWC-Saugus2, and NCWD-11) could be used to contain perchlorate while meeting the 
water supply needs of the valley 

2. Whether additional Saugus Formation production wells are needed in addition to, or 
instead of, these three impacted wells to meet the containment objectives 

3. How the wells should be operated (i.e., the frequency and magnitude of pumping) 

4. How operation of other wells in the valley might affect perchlorate containment 

                                                      
4The Purveyors and DHS require that water provided to customers contain no detectable perchlorate. 
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In addition to the modeling analysis, this report discusses the general design of a ground-
water quality monitoring program that will be implemented conjunctively with the 
pumping and treatment program, to identify changes in groundwater quality that might 
adversely affect the treatment process. This monitoring program will include water level 
monitoring and groundwater modeling activities during the startup of the long-term 
containment system, to verify that containment is being achieved and evaluate whether 
adjustments to the pumping program are warranted. 

Although the impacted Alluvial Aquifer production well (SCWC-Stadium) has remained 
shut down, it is not part of the focus of this analysis because pumping activities, and any 
necessary perchlorate treatment for this well, will resume only after containment pumping 
has begun in the Saugus Formation. The longer period for returning the SCWC-Stadium 
well to service arises from the dependence of this activity on the effectiveness of ongoing 
groundwater remediation activities being conducted by the Whittaker-Bermite Corporation. 
Consequently, the plan for the SCWC-Stadium well will be developed in the future, 
separately from the plan that is described in this report. 

This report has been prepared to support the source assessment and permitting process that 
the Purveyors are performing under the 97-005 Policy. Section 2 of this report presents the 
analysis of perchlorate containment, including its relationship to the operational plan for 
Santa Clarita Valley groundwater resources. Section 3 presents the objectives and general 
design of the sentinel groundwater quality monitoring program, which includes identifying 
the network of existing and new wells that will be sampled under this program. Section 4 is 
the reference list. 
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SECTION 2 

Analysis of Perchlorate Containment 

2.1 Objectives 
In addition to meeting the requirements of the 97-005 policy memo (DHS, 1997), the 
Purveyors have identified the following objectives that must be met by the pumping plan 
for the impacted Saugus Formation production wells: 

1. Hydraulically contain perchlorate that is migrating westward in the Saugus Formation 
from the Whittaker-Bermite property toward the impacted production wells. 

2. Hydraulically contain perchlorate that is present at wells MP-5 and VWC-157, which are 
located downgradient of the impacted wells. 

3. Protect downgradient production wells that are currently not impacted. 

4. Restore the annual volumes of water that were pumped from the impacted wells before 
they were shut down. 

5. Operate the impacted wells in a manner that is consistent with the Purveyors’ 
operational plan for the groundwater resources in the Santa Clarita Valley5. 

6. If possible, pump one or more of the impacted Saugus Formation production wells in a 
manner that also contains perchlorate migrating in the Alluvial Aquifer from the 
northern portion of the Whittaker-Bermite property. Unlike the previous objectives, this 
is a secondary objective for operating the impacted Saugus Formation production wells, 
because other long-term remedies are being developed for the Alluvial Aquifer. 
Consequently, this objective is not the basis for selecting or rejecting any given pumping 
plan for the impacted Saugus Formation production wells. 

The pumping plan that is developed and evaluated in this report for the impacted Saugus 
Formation production wells is an interim program that will operate throughout the period 
of evaluating, designing, and permitting long-term remedial actions for the Whittaker-
Bermite property and nearby groundwater. It is anticipated that the pumping plan for the 
impacted Saugus Formation production wells will continue to be implemented after the 
long-term remedies are in place on the Whittaker-Bermite property, in part because the 
pumping plan is intended to meet the water supply needs of the Purveyors. 

2.2 Methodology 
The containment evaluation for the impacted Saugus Formation production wells was 
performed using the Regional Groundwater Flow Model for the Santa Clarita Valley 
(Regional Model). The Regional Model’s construction and calibration are discussed in detail 

                                                      
5This operational plan is described in the documents titled Urban Water Management Plan 2000 (Black & Veatch, 2000) and 
Santa Clarita Valley Water Report 2003 (Luhdorff & Scalmanini Consulting Engineers, 2004). 
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in Regional Groundwater Flow Model for the Santa Clarita Valley: Model Development and 
Calibration (CH2M HILL, 2004a). The Regional Model simulates the temporal and spatial 
variations in groundwater flow patterns in three dimensions, including the recharge and 
discharge rates of groundwater in the valley. Table 2-1 summarizes the components of the 
valley’s hydrology that are simulated by the model. Figure 2-1 shows these processes 
schematically. Following are discussions of the Regional Model’s design and the methods 
by which the model was used to evaluate the containment approach for the impacted 
Saugus Formation wells. 

2.2.1 Regional Model Design 
The Regional Model is a three-dimensional numerical model that uses the MicroFEM® 
finite-element software (Hemker and de Boer, 2003). The Regional Model covers the entire 
area underlain by the Saugus Formation, plus the portions of the Alluvial Aquifer that lie 
beyond the limits of the Saugus Formation. The Regional Model area largely coincides with 
the Santa Clara River Valley East Groundwater Subbasin, extending from the Lang stream 
gage at the eastern end of the valley to the County Line stream gage area in the west. The 
Regional Model is based on a finite-element mesh consisting of 7 layers, with 17,103 nodes 
and 32,496 elements in each layer. The upper model layer simulates the Alluvial Aquifer, or 
the upper portion of the Saugus Formation where the Alluvial Aquifer is not present. The 
underlying layers simulate the underlying freshwater Saugus Formation and the Sunshine 
Ranch Member. Figure 2-2 is a geologic map of the valley, including the boundaries of the 
Regional Model. 

The boundary conditions in the model consist of the following: 

1. Specified flux boundaries for:  

a. Precipitation 
b. Irrigation 
c. Recharge from ephemeral streams 
d. Pumping 
e. Underflow from beneath Castaic Dam 

2. Head-dependent flux boundaries for: 

a. Groundwater discharges to the perennial reach of the Santa Clara River 

b. Residual drainage of groundwater to the Santa Clara River in the ephemeral reach 
under high water table conditions 

c. Evapotranspiration (ET) by phreatophyte plants, which extract groundwater from 
the shallow water table that lies along riparian river corridors 
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3. Constant-head boundaries for: 

a. Subsurface inflow to the valley in the Alluvial Aquifer at the eastern end of the 
valley, at the Lang gage6 

b. Subsurface outflow in the Alluvial Aquifer at the western end of the valley, at the 
County Line gage 

Groundwater recharge rates are estimated using precipitation records; streamflow records; 
watershed maps; topographic maps; and aerial photography. These recharge rates are 
calculated using a detailed Surface Water Routing Model (SWRM) that was written 
specifically to provide time-dependent, spatially varying recharge rates as input to the 
Regional Model. The SWRM relies on historical records of rainfall and streamflow data from 
several sources. Rainfall data have been recorded since 1883 at the Newhall-Soledad gage 
(Station No. FC32CE), located at the Los Angeles County Department of Public Works 
(LADPW) Newhall-Soledad Division Headquarters office, on San Fernando Road in the 
community of Newhall. A second rain gage is located approximately 1.3 miles to the south, 
at the NCWD office. Figure 2-3 shows the annual rainfall at the Newhall-Soledad rain gage 
for calendar years 1950 through 2000 and at the NCWD gage from 1979 through 2000. 
Rainfall varies across the basin according to elevation differences and the locations of 
surrounding mountain ranges. Figure 2-4 shows lines of equal precipitation (rainfall 
isohyets) throughout the Santa Clara River East watershed, based on long-term mean 
annual precipitation data compiled from the U.S. Geological Survey (USGS), the California 
Department of Water Resources (DWR), and California Division of Mines and Geology 
maps and data. 

The depths from which production wells obtain water are defined in the Regional Model 
from well construction records. The locations and rates of pumping are based on the 
Purveyors’ pumping plan for the basin and on the surveyed location of each production 
well. 

2.2.2 Design of Modeling Analysis 
The process of designing a modeling analysis to forecast perchlorate containment consisted 
of the following activities: 

1. Refining the model grid in and around the areas where impacted wells are located 

2. Selecting a period over which to simulate groundwater conditions resulting from 
various pumping configurations 

3. Defining the pumping plan at the impacted wells and all other wells in the Santa Clarita 
Valley, considering the objectives above and the variability in pumping demands that 
occur due to cycles of drought and nondrought conditions and year-to-year variations in 
the availability of other water supplies 

4. Defining the variation in local hydrology (rainfall, streamflows, and groundwater 
recharge) on a month-to-month basis throughout the simulation period 

                                                      
6A constant-head boundary was established in the model at this location based on recent field conditions that were observed 
after the model calibration report (CH2M HILL, 2004) was published. This change to the model improved the model’s 
calibration in the Alluvial Aquifer in the upper reaches of Soledad Canyon and did not appreciably change the calibration quality 
elsewhere. 
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5. Running the model to calculate time-varying (monthly) groundwater elevations and 
groundwater discharge terms throughout the multi-year simulation period 

6. Evaluating the modeling results, as follows: 

a. Examining forecasted time-series plots (hydrographs) of water budget terms and 
groundwater elevations to evaluate the effects of the pumping plan at the impacted 
Saugus Formation production wells and across the basin 

b. Analyzing forecasted groundwater flowpaths (using particle-tracking techniques) to 
identify the degree of containment provided by the pumping plan for the impacted 
Saugus Formation production wells 

7. Performing two sets of sensitivity analyses to address the following questions con-
cerning the selected pumping plan for the impacted Saugus Formation production wells: 

a. How large a factor of safety does the Purveyors’ pumping plan for the impacted 
Saugus Formation wells provide for containment of Saugus groundwater migrating 
westward from the Whittaker-Bermite property, given that the plan is based, in part, 
on restoring groundwater pumping at the impacted production wells? 

b. How would the model predictions change if the degree of connection between the 
Alluvial Aquifer and the Saugus Formation is less than the degree of connection that 
is simulated by the calibrated model? 

These activities are described in further detail below. 

2.2.3 Grid Refinements 
The Regional Model grid is shown on Figure 2-5. The Regional Model grid contains 
17,103 nodes that are spaced 500 feet apart in the majority of the modeled area. However, 
the Regional Model contains finer node spacing (150 feet) along the Santa Clara River and 
its tributaries, to allow for improved resolution and precision in calculations of surface 
water/ groundwater exchange rates. Nonetheless, it was deemed necessary to reduce the 
node spacing in the area around the impacted wells to increase the spatial resolution of the 
model, including its ability to calculate groundwater flowlines (groundwater particle traces) 
and hydraulic capture zones. 

A node spacing of 75 feet was applied to an area of approximately 2,500 acres (approxi-
mately 4 square miles [mi2]), which is approximately 3 percent of the 119-mi2 area contained 
within the Regional Model’s boundaries. This smaller node spacing was used within the 
northwestern portion of the Whittaker-Bermite property and adjacent areas to the north and 
west where perchlorate has been detected in groundwater. The 75-foot node spacing was 
used for all nodes in this area, including stream nodes. Figure 2-6 shows the refined finite-
element grid in this localized area. The refinement of the grid caused the total number of 
nodes in the Regional Model to increase by 20,180 nodes per layer, for a total of 37,283 nodes 
per layer. 

2.2.4 Simulation Period 
The operational pumping plan for the Santa Clarita Valley’s groundwater resources has 
been defined in the Urban Water Management Plan 2000 (UWMP) for the Santa Clarita Valley 
(Black & Veatch, 2000) and in annual water reports that discuss the water demands, water 
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supplies, and surface water and groundwater resources of the valley (including the Santa 
Clarita Valley Water Report 2003 [Luhdorff & Scalmanini Consulting Engineers, 2004]). These 
reports provide ranges of values for groundwater extractions from the Alluvial Aquifer and 
the Saugus Formation during average/normal years and dry years. For the modeling 
analysis, the locations and temporal variation in pumping from the Alluvial Aquifer were 
defined from the operational plan and from historical records of the year-to-year variability 
in local hydrology. Simulated pumping from the Saugus Formation was defined from the 
operational plan, historical pumping records, and operational constraints and historical 
patterns of water supply availability for water supplies that are imported from the State 
Water Project (SWP).  

Because the local pumping plan for the Saugus Formation is linked to the hydrology and 
operational constraints for the SWP system, the year-to-year variability in Saugus Formation 
pumping is, to a certain extent, dependent on the hydrology outside the valley (i.e., in 
northern California). As shown in Table 2-2, local hydrology is often not a good indicator of 
local pumping conditions in the Saugus Formation, because local droughts and SWP 
droughts frequently do not coincide with each other. The following are examples: 

1. In 1955, dry conditions in the SWP system coincided with approximately 14 inches of 
rainfall at the Newhall-Soledad rain gage, which is similar to the long-term median 
rainfall recorded at this gage. 

2. In 1976 and 1977, the SWP system hydrology was critical, while the local hydrology 
during those years was near normal (1976) and wetter than normal (1977). 

3. In 1987 and 1988, the SWP system hydrology was dry (1987) and critical (1988), while 
the local hydrology during those years was near normal (1987) and wetter than normal 
(1988). 

4. In 1991 and 1992, the SWP system hydrology was in its fifth and sixth consecutive years 
of dry or critical hydrology, while the local hydrology was wetter than normal both 
years. 

5. In 2001, dry conditions in the SWP system coincided with wetter-than-normal local 
conditions. 

Consequently, it was decided that the model would need to be run over several decades to 
capture the year-to-year variability in the hydrology of each system, as well as the less 
frequent times when both systems are experiencing similar hydrologic conditions (as 
occurred periodically during the 1960s and in 1994). Analyses of historical records were 
then conducted to identify a synthetic simulation period that would meet the following 
criteria: 

1. The simulation time should be long enough to include an historical period that accounts 
for the year-to-year variations in local hydrology that have been observed in the past.  

2. The period should be long enough to include longer-term (i.e., on the order of decades) 
periods of relatively dry conditions and relatively wet conditions. 
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3. The average rainfall during the simulation period should be similar to the average 
rainfall of 17.84 inches per year (in/yr) that was observed from 1950 through 2000 at the 
Newhall-Soledad gage. 

4. The period should be sufficiently long to allow simulation of two occurrences of reduced 
SWP water supplies during the period 1990 through 1992, which corresponds to periods 
of increased pumping from the Saugus Formation under the valley’s operational plan. 

5. The frequency of dry-year occurrences in the SWP system, corresponding to increased 
pumping from the Saugus Formation, should be similar to the historical frequency. 

6. If necessary to meet other criteria, the simulation should repeat parts of this sequence 
before and/or after the historical sequence. 

Examination of historical local hydrology and independent simulations of SWP deliveries 
resulted in the selection of a 78-year period over which the model was run, with monthly 
time steps. Details regarding how the pumping conditions and local hydrology were 
defined during this period are described below in Section 2.2.5. 

2.2.5 Assignment of Pumping Rates 
Pumping rates were assigned in accordance with the operational plan for the Santa Clarita 
Valley, which defines ranges of valleywide annual pumping, given the water supply needs 
of the Purveyors. Pumping rates at individual wells were assigned using the recent and 
planned production schedules for each well and by evaluating the type of pumping plan 
that will meet the perchlorate containment objectives for the impacted wells. Details of 
pumping rate assignments are discussed below. 

2.2.5.1 Description of Operational Plan for Groundwater Pumping 
The operational plan for the Santa Clarita Valley’s groundwater resources defines the ranges 
of annual groundwater pumping rates that are planned for the Alluvial Aquifer and the 
Saugus Formation under variable hydrologic conditions as follows (Black & Veatch, 2000; 
Luhdorff & Scalmanini Consulting Engineers, 2004): 

1. Pumping from the Alluvial Aquifer in a given year is governed by local hydrologic 
conditions in the eastern Santa Clara River watershed. Under the operational plan, 
pumping ranges between 30,000 and 40,000 AF/yr during normal and above-normal 
rainfall years, but is reduced to between 30,000 and 35,000 AF/yr during locally dry 
years. 

2. Pumping from the Saugus Formation in a given year is tied directly to the availability of 
other water supplies, particularly imported water from the SWP system. For the Saugus 
Formation, the operational plan consists of pumping between 7,500 and 15,000 AF/yr 
during average-year conditions within the SWP system. Planned dry-year pumping 
from the Saugus Formation ranges between 7,500 and 25,000 AF/yr during a drought 
year, and increases to between 21,000 and 25,000 AF/yr if SWP deliveries are reduced 
for longer than 1 year. 

Table 2-3 summarizes the operational pumping plan for the Alluvial Aquifer and the 
Saugus Formation and compares this plan with the model-simulated valleywide pumping 
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rates for each type of year (normal and above-normal years, dry year 1, dry year 2, and dry 
year 3). The selections of the simulated valleywide pumping rates are described below. 

2.2.5.2 Variations in State Water Project Hydrology and Saugus Formation Pumping 

CLWA has performed a statistical evaluation of SWP deliveries using the 2021B scenario 
from the CALSIM II model, which was developed by DWR for its SWP Delivery Reliability 
Report (DWR, 2002). The CALSIM II model and the SWP Delivery Reliability Report were 
developed to support (1) the preparation of urban water management plans by the water 
agencies that are SWP contractors, (2) analyses required to comply with Senate Bills 221 
and 610, and (3) other water supply planning activities that include the SWP as a component 
of supply. The 2021B scenario simulates the anticipated deliveries of water to the 29 SWP 
contractors using an historical hydrologic record and anticipated operating and regulatory 
conditions for the SWP system in 2021. In addition to the CLWA evaluation 
(Kennedy/Jenks Consultants, 2003), the U.S. Bureau of Reclamation (USBR) has used 
CALSIM II to perform biological assessment studies for the Operating Criteria and Plan 
(OCAP) for the SWP (USBR, 2004). These studies, which were made public for review in 
February 2004, include evaluations of the role and function of an Environmental Water 
Account (EWA) that consists of water purchased to mitigate the water supply impacts of 
protection measures for endangered species. These CALSIM II simulations have been 
performed for the SWP system at a present-day level of development and for the anticipated 
level of development in 2020. Table 2-4 compares the municipal and industrial water use 
allocations calculated by CALSIM II for the SWP Reliability Report (DWR, 2002) and for the 
OCAP (USBR, 2004) for the hydrology that occurred from 1950 through 1993. 

CLWA’s evaluation reached the following conclusions regarding the deliveries it will 
receive under this scenario (Kennedy/Jenks Consultants, 2003): 

1. A regression analysis indicates that there is a weak relationship between the SWP 
delivery in a given year and the previous year’s delivery. 

2. SWP deliveries will equal or exceed 70 percent of CLWA’s 95,200 AF/yr Table A 
Amount during approximately 75 percent of the simulated years. During the remaining 
years, the deliveries will vary between 20 and 70 percent. 

3. A Monte Carlo analysis of projected deliveries during 73 consecutive years indicated 
that at a 95 percent confidence level, 4 years of a 7-year drought period in the SWP 
system (such as was observed from 1988 through 1994) will have sufficiently low 
deliveries to require short-term pumping of increased groundwater volumes to meet 
local water demands. This includes a period of 3 consecutive years of increased 
pumping. 

As discussed in Sections 2.2.4 and 2.2.5.3, a 78-year period was simulated with the 
groundwater model. Table 2-5 shows the sequence of SWP droughts, SWP allocations, and 
resulting pumping volumes for the Saugus Formation that have been defined based on the 
CLWA and USBR analyses. The 78-year period contains the following: 

1. Eighteen years of dry-year pumping from the Saugus Formation, or an average of 1 dry 
year approximately every 4 years 
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2. Two droughts lasting 3 years, plus (in both cases) a dry year that occurs 2 years before 
the beginning of each 3-year drought and another dry year that begins 1 year after each 
3-year drought has ended 

3. Two droughts lasting 2 years 

4. Sixty years of normal-year pumping from the Saugus Formation 

Pumping rates at specific wells were assigned for each type of year (normal, dry year 1, dry 
year 2, and dry year 3) using the operational plan for the valley and information on the 
capacity, recent and planned use, and location of each well. Figure 2-7 shows the locations 
of these wells and other wells in the valley. Table 2-6 summarizes the annual pumping 
volumes at each Saugus Formation well7. Significant aspects of the pumping rate selection 
at each well are as follows: 

1. Two of the three impacted wells (SCWC-Saugus1 and SCWC-Saugus2) were assumed to 
operate on a continuous basis to contain perchlorate in this portion of the Saugus 
Formation. The modeling analysis simulated a continual pumping rate of 1,200 gpm at 
each well, consistent with the Purveyors’ water supply needs from these wells. The 
analysis assumed each well will be offline 1 month each year for routine maintenance, 
but would otherwise operate on a continuous basis. The resulting simulated annual 
pumping volume was 1,772 AF at each of these two wells, for a combined annual 
pumping volume of 3,544 AF from both wells. 

2. In contrast to the near-continuous operation of SCWC-Saugus1 and SCWC-Saugus2, 
modeling simulations showed that well NCWD-11 can operate on a seasonal basis 
without any adverse effects on the objective of containing perchlorate in the Saugus 
Formation east of this well. Consequently, well NCWD-11 was assumed to operate at a 
yield of 1,200 gpm for a period of 5 months during the peak-demand season, providing a 
volume of 811 acre-feet (AF) during this period. Consequently, total pumping from the 
three impacted Saugus Formation wells that will be returned to service (SCWC-Saugus1, 
SCWC-Saugus2, and NCWD-11) was simulated as 4,355 AF/yr. 

3. Pumping from other existing Saugus Formation production wells was based on recent 
and planned use of these wells, as defined by the Purveyors. The simulation included 
increased dry-year pumping from the Saugus Formation in the western portion of the 
basin, where it is anticipated that future wells will be installed. 

The pumping rates at each Saugus Formation well were also allocated in specific manners 
with respect to the pumping depth and the time of year. These allocations were as follows: 

1. Except for one well (NCWD-13), each Saugus Formation production well has open 
intervals that are significantly longer in vertical extent than the thicknesses of the 
individual layers that represent the Saugus Formation in the Regional Model. 
Consequently, the pumping rates were assigned to multiple layers in the model by 
considering the depths of the open interval and the transmissivity of each model layer. 
Table 2-7 shows the allocation of pumping in each model layer for each Saugus 

                                                      
7Table 2-5 only lists wells that are anticipated to be operating in the future. Existing wells that are not listed in this table 
(including VWC-157) are currently not in service or pump very limited quantities of groundwater, and therefore are not 
expected to provide significant quantities of water in the future. Well VWC-157 has been replaced by new well VWC-206. 
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Formation production well, as well as the open intervals of each well and the model-
simulated transmissivity in each layer at each well location.  

2. Table 2-8 shows the allocation of pumping, by month, for agricultural and urban 
production wells in both the Saugus Formation and the Alluvial Aquifer. Separate 
distributions were used because agricultural demands are for exclusively outdoor uses, 
whereas urban demands are for both indoor and outdoor uses. As discussed in the 
model development report (CH2M HILL, 2004a), the monthly distribution of 
agricultural pumping was derived from crop consumptive use requirements published 
by the California Irrigation Management Information Service (CIMIS). The monthly 
distribution of urban demand was determined by examining historical monthly flow 
records for the two LACSD water reclamation plants (WRP) and monthly demand 
distributions recorded by VWC during the past several years. 

2.2.5.3 Variations in Local Hydrology and Alluvial Aquifer Pumping 
Annual rainfall records from 1950 through 2003 at the Newhall-Soledad rain gage (Station 
No. FC32CE) were inspected to identify dry years, wet years, and years of near-normal 
rainfall in the Santa Clarita Valley. For near-normal and wet years, the operational plan for 
the Valley’s groundwater resources calls for Alluvial Aquifer pumping to range between 
35,000 and 40,000 AF/yr. During locally dry years, groundwater elevations in eastern 
Soledad Canyon can decline several feet per year, and the historical record shows that 
multiple dry years can occur before sufficient rainfalls return to increase streamflows and 
groundwater recharge (see Section 2.6 of the Regional Model development and calibration 
report [CH2M HILL, 2004a]). Consequently, the operational plan calls for reducing 
pumping to between 30,000 and 35,000 AF/yr during dry years. As shown on Figure 2-8, the 
average rainfall from 1950 through 2000 at the Newhall-Soledad rain gage was 17.84 in/yr. 
To define pumping trends in the Alluvial Aquifer, the dry-year pumping rate was assigned 
to years when rainfall at the Newhall-Soledad rain gage is below 12 in/yr.  

Figure 2-9 shows the year-to-year rainfall in the valley and the cumulative departure from 
average rainfall for each year during the 78-year simulation period. The figure also shows 
each simulation year’s corresponding historical year. The cumulative departure from 
average rainfall is plotted to show the occurrence of relatively wet versus relatively dry 
periods. A year-to-year decline in the slope of the cumulative departure curve indicates 
conditions are dry, whereas a year-to-year increase indicates rainfall is above normal. Also 
plotted are the occurrences of SWP droughts. The figure shows the following: 

1. The first 19 years of the simulation period are generally wet, as a whole, though a multi-
year drought occurs in years 5 through 12 (1984 through 1991). 

2. A prolonged dry period begins in year 20, as indicated by the downward slope in the 
cumulative departure curve. This period lasts through year 39, as the curve starts to 
slope upward to the right beginning in year 408. This 20-year period of generally dry 
conditions corresponds to the historical period 1999 through 2003, followed by 1950 
through 1964. 

                                                      
8Year 40 is equivalent to historical year 1965, when rainfall was over 32 inches, or 2.2 times the long-term median rainfall and 
1.8 times the long-term average rainfall. 
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3. Rainfall was generally at or above normal from years 40 through 45 (historical years 
1965 through 1970), before a drought ensued from years 46 through 51 (historical years 
1971 through 1976). 

4. Rainfall was then generally above normal during years 52 through 58 (1977 through 
1983), followed by the drought years 59 through 66 (1984 through 1991), the wetter-than-
normal years 67 through 76 (1992 through 2001), and dry years 77 and 78 (2002 and 
2003). 

Table 2-9 shows the sequence of local hydrologic conditions and resulting valleywide 
pumping volumes for the Alluvial Aquifer that have been defined from the operational 
pumping plan for the valley. The 78-year simulation period contains the following: 

1. Twenty-four years of dry-year pumping, which is approximately 30 percent of the 
simulated 78-year period. 

2. One drought consisting of 4 consecutive years of below-normal pumping (in years 
34 through 37, based on historical hydrology from 1959 through 1962). 

3. Two droughts consisting of 3 consecutive years of below-normal pumping (in years 
10 through 12 and 64 through 66, both of which are based on historical hydrology from 
1989 through 1991). 

4. Three years (years 12, 37, and 66) when rainfall is near or above normal, but pumping is 
assigned at a dry-year rate because the year was preceded by a multi-year local drought. 

Pumping rates at specific wells were assigned for normal and dry years using the opera-
tional plan and information on the capacity, recent and planned use, and location of each 
well. Figure 2-7 shows the locations of these wells and other wells in the valley. Table 2-10 
compares recent annual pumping volumes at each Alluvial Aquifer well with the assumed 
future production rates at each well under normal and dry-year conditions. Significant 
aspects of the pumping rate selection at each well are as follows: 

1. The SCWC-Stadium well was simulated as pumping 800 AF/yr. The Whittaker 
Corporation is developing plans to mitigate the source of perchlorate to the portion of 
the Alluvial Aquifer situated immediately north and downgradient of the Whittaker-
Bermite property. The modeled pumping scenario simulates the possibility that the well 
will be returned to service in the future, and will pump at a rate similar to historical 
volumes, after source mitigation activities have reduced perchlorate concentrations to 
undetectable levels in the Alluvial Aquifer at and near this well. 

2. As shown in Table 2-10, most Alluvial Aquifer wells were specified to operate at similar 
rates regardless of year type. However, there were two exceptions, as follows: 

a. Wells in the eastern portion of the basin (the NCWD-Pinetree wells, nine wells 
owned by SCWC, and the privately owned Robinson Ranch well) were assumed to 
have lower pumping capacities during dry years than nondrought years because of 
lower groundwater elevations during dry periods. This assumption was based on 
historical observations indicating that the eastern portion of the Alluvial Aquifer 
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experiences declines in water levels, in contrast to other parts of the valley, during 
dry periods.  

b. Pumping was also reduced at NCWD’s three operating wells in Castaic Valley, in 
accordance with recent pumping records from those wells. 

2.2.6 Simulation Method for Other Local Hydrologic Processes 
In addition to groundwater pumping, infiltration from irrigation (from urban and 
agricultural lands), precipitation, and streamflows (stormwater and WRP discharges) were 
also modeled. These other local hydrologic processes were defined using the SWRM, which 
is described in Appendix C to the Regional Model development and calibration report 
(CH2M HILL, 2004a). Key aspects of the derivation of these terms are as follows: 

1. Urban Irrigation. Under existing land use and water use conditions, the estimated long-
term infiltration rates of applied irrigation water beneath urban areas, under full build-
out conditions in the valley, were estimated to be 1.0 in/yr for industrial and retail 
lands, 2.2 in/yr for residential developments and parks, and 4.6 in/yr for golf courses. 
These rates were applied during each year (and each month) of the 78-year simulation 
period. The areas over which these rates were applied were larger than under current 
conditions. The areas were defined from existing land use data and from LACSD 
mapping of projected future land uses in the rest of the Santa Clarita Valley9. 

2. Agricultural Irrigation. As discussed in the Newhall Ranch Updated Water Resources 
Impact Evaluation (CH2M HILL, 2002), irrigation of lands owned by the Newhall 
Land & Farming Company results in existing agricultural return flows. The source of 
most irrigation water is groundwater pumping from the Alluvial Aquifer, with some 
limited pumping occurring from one Saugus Formation well (NLF-156). Under full 
valley build-out conditions, the currently irrigated lands will no longer be irrigated 
because their water source will be used as part of the water supply for Newhall Ranch. 
Therefore, under full build-out conditions, no agricultural irrigation will occur within 
the area simulated by the Regional Model. 

3. Precipitation. Infiltration from direct precipitation within the Regional Model domain 
was defined using data from the two rain gages in the valley (the Newhall-Soledad and 
NCWD gages), an isohyet map of rainfall throughout the watershed, and a power-
function equation developed by Turner (1986) that describes the relationship between 
annual rainfall and ET rates within the valley. Details concerning the derivation of 
precipitation infiltration rates from these data are contained in Appendix C to the 
Regional Model development and calibration report (CH2M HILL, 2004a). Table 2-11 
lists the simulated monthly precipitation at the NCWD rain gage for the 78-year model 
period10. 

4. Stormwater Flows in Streams. For each month of the simulation, the SWRM calculated 
the amounts of stormwater flow and groundwater recharge in all streams, plus the 

                                                      
9LACSD land use mapping indicates that, including Newhall Ranch, approximately 14,000 acres of currently undeveloped land 
will be urbanized in the future within the Regional Model simulation area. Additional urbanization will also occur in areas that 
are within the watershed, but outside the Regional Model’s boundaries. 
10The simulated monthly precipitation was defined from measurements at the NCWD gage from 1979 through 2003, as well as 
by combining the isohyet map with measurements at the Newhall-Soledad gage from 1950 through 1978. 
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amount of flow and groundwater recharge arising from projected future WRP dis-
charges to the Santa Clara River. For the Santa Clara River, the volume of streamflow 
was defined from measured and estimated streamflow data at the Lang gage 
(Table 2-12). For Castaic Creek, the volume of streamflow was defined from historical 
DWR operations and consideration of the hydrologic year type (Table 2-13). For the 
remaining Santa Clara River tributaries, streamflow volumes were defined by the 
SWRM using monthly rainfall data and the Turner (1986) relationship between rainfall, 
ET, and the subsequent yield from each watershed.  

5. WRP Discharges to the Santa Clara River. Under full valley build-out conditions, 
future flows into and from WRPs will be higher than historical flows because of 
increased development and the associated increase in indoor water use volumes. 
Additionally, a portion of the future treated water will be reclaimed. Future inflows to 
the Saugus and Valencia WRPs were estimated from projected future water demands 
and from comparisons of historical water use and measured inflows to both WRPs. 
Table 2-14 shows the derivation of urban water demands outside the Newhall Ranch 
development (which will be served by a new, separate WRP). Table 2-15 shows the total 
amount of treated water generated by the Saugus and Valencia WRPs, and the amount 
of this water that is reclaimed and discharged to the river. Table 2-15 shows this 
information by month, and the analysis assumes that the reclaimed water volume will 
be no more than 16,000 AF/yr, to maintain existing flow volumes in the Santa Clara 
River. For the Newhall Ranch WRP, discharges to the river will be 286 AF/yr, occurring 
primarily in December and January, when demands for reclaimed water are at their 
seasonal low. The total combined volumes of treated water discharged to the Santa Clara 
River under full valley build-out conditions (including Newhall Ranch) are summarized, 
by month, in Table 2-16. These rates were used in each year of the 78-year model run. 

The month-by-month assignment of rates and locations of surface water infiltration to the 
underlying Alluvial Aquifer system was performed by the SWRM using the procedures 
described in Section C.8.5 of Appendix C to the Regional Model development and calibra-
tion report (CH2M HILL, 2004a). Streambed infiltration capacities were the same as those 
used in the calibrated model. For each of the 78 years in the model simulation, the stream-
bed infiltration capacity values were selected by matching the year to one of the 20 years 
(1980 through 1999) from the model calibration runs, using rainfall and streamflow data to 
select the corresponding streambed infiltration rates.  

The SWRM also tracked the volume of surface water in each simulated stream that does not 
infiltrate during each month because of gaining stream conditions (i.e., rejected stream 
leakage). This rejected stream leakage was calculated to remain as surface water in the Santa 
Clara River and to eventually exit the Regional Model at the west end of the valley at the 
County Line gage. 

2.2.7 Running the Model 
As discussed in the previous sections, the Regional Model was run with monthly time steps, 
in which pumping and recharge terms were varied each month. The model was run using a 
convergence criterion of 0.0001 foot for groundwater elevations, and a water budget 
convergence criterion of 1 cubic foot per day.  
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2.2.8 Evaluation Methods (Particle Tracking) 
Model results were evaluated as follows: 

1. Time-series plots (hydrographs) of water budget terms and groundwater elevations 
were used to evaluate the potential effects of the pumping plan at the impacted wells 
and across the basin; and  

2. Groundwater flowpaths were calculated using three-dimensional particle-tracking 
techniques to identify the degree to which pumping from the impacted Saugus 
Formation production wells contains perchlorate migrating westward toward these 
wells from the Whittaker-Bermite property. Particle tracking was performed by first 
calculating the time-weighted average groundwater elevations at each node in each 
model layer, using the monthly elevations calculated by the model. The particle tracking 
was then performed in two manners: 

a. Forward in time. Particles traces were delineated forward in time, starting along the 
western boundary of the Whittaker-Bermite property. These traces were delineated 
to evaluate the degree to which perchlorate-containing groundwater moving west-
ward from the Whittaker-Bermite property will be captured by the impacted wells. 
This evaluation also provided an indication of whether this groundwater could 
migrate to currently nonimpacted production wells. 

b. Backward in time. Particle traces were tracked backward in time from SCWC-
Saugus1, SCWC-Saugus2, and NCWD-11 to delineate the groundwater capture 
zones of each well. The 2-year, 5-year, 10-year, and 20-year capture zones were 
defined for each of these wells, to support other 97-005 work activities (identifying 
contaminant sources and locating sentinel groundwater monitoring wells). The time-
related capture zone delineations were based on an effective porosity of 0.10. Long-
term particle tracking was also performed to define the size of the combined capture 
zone within the Saugus Formation that is created by pumping SCWC-Saugus1, 
SCWC-Saugus2, and NCWD-11. This included evaluating whether two wells with 
perchlorate detections to the northwest (former production well VWC-157 and 
Saugus monitoring well MP-5) would lie within the combined capture zone created 
by SCWC-Saugus1, SCWC-Saugus2, and NCWD-11. 

2.2.9 Sensitivity Analyses 
Two sets of sensitivity analyses were performed to address the following questions: 

1. Can the containment objectives be met by using lower pumping rates at SCWC-Saugus1 
and SCWC-Saugus2, rather than the rate of 1,200 gpm that has been selected for each 
well based, in part, on the water supply needs of the valley? This was evaluated by 
running the model several times to identify the pumping rates at the two wells (SCWC-
Saugus1 and SCWC-Saugus2) that would potentially cause Saugus Formation 
groundwater to migrate to Saugus Formation wells that are not impacted by perchlorate. 
Particle-tracking analyses were performed for the entire 78-year simulation and for 
shorter periods within the 78-year period. 

2. How would the model predictions change if the degree of connection between the 
Alluvial Aquifer and the Saugus Formation is less than the degree of connection that is 
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simulated by the calibrated model? This was evaluated by reducing the connection by a 
factor of 4, which corresponds to decreasing the vertical hydraulic conductivity of the 
Alluvial Aquifer and/or the uppermost beds of the Saugus Formation. 

2.3 Results 
This section presents and discusses the following analyses from the 78-year model runs: 

1. Hydrographs of groundwater elevations and Santa Clara River flows. The purpose of 
the hydrographs is to show that the pumping plan at the impacted wells is consistent 
with the objective of operating the basin in a manner that maintains long-term stability 
in groundwater levels and river flows. 

2. Maps of particle traces showing forecasted Saugus Formation groundwater flowpaths 
that leave the Whittaker-Bermite property.  

3. A map of particle traces showing the area of forecasted hydraulic containment (capture) 
within the Saugus Formation that is achieved by pumping wells SCWC-Saugus1, 
SCWC-Saugus2, and NCWD-11 at the planned pumping rates described in Section 
2.2.5.2 of this report. 

4. Maps showing the forecasted 2-year, 5-year, 10-year, and 20-year capture zones for 
SCWC-Saugus1, SCWC-Saugus2, and NCWD-11. 

2.3.1 Hydrographs 
Hydrographs are displayed for different portions of the Alluvial Aquifer on Figures 2-10 
through 2-14 and for different portions of the Saugus Formation on Figures 2-15 and 2-16. 
Each figure shows results for the 78-year model run to illustrate the potential effect of the 
operational plan for the Santa Clarita Valley, including the planned pumping at the impact-
ed Saugus Formation production wells. These figures show that the spatial distribution and 
temporal variation of pumping are not expected to cause a long-term decline in ground-
water levels in the Alluvial Aquifer or the Saugus Formation. The model simulates distinct 
multi-year periods of overall declining or overall increasing groundwater elevations, due to 
cycles of below-normal and above-normal rainfall periods. This variation is consistent with 
historical observations of the relationship between rainfall and groundwater level fluctu-
ations (CH2M HILL, 2004). The model also simulates short-term declines in Saugus 
Formation groundwater elevations that arise from the increased Saugus pumping that 
occurs during the second and third years of a drought in the SWP system.  

Figure 2-17 shows the total flows estimated by the model for the Santa Clara River at the 
County Line gage, which is located at the western end of the valley. The figure contains both 
a linear plot and a semi-logarithmic plot, to better illustrate the flows during low-flow 
periods. As shown by both plots, the total streamflows vary considerably over time at this 
location, due primarily to variations in rainfall.  

The relative influences of local hydrology and the operational plan on the Santa Clara River 
are illustrated by Figure 2-18, which shows the model-calculated volumes of monthly 
groundwater discharge to the river. Groundwater discharges to the river occur along the 
river reach lying downstream of the mouth of San Francisquito Canyon. The figure shows 
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that the groundwater discharges to the river also vary over time, both seasonally and over 
multi-year periods. Additionally, the figure shows a period of relatively low groundwater 
discharge to the river occurs from years 23 through 39 (historical years 2002 through 2003, 
followed by 1950 through 1964), which corresponds to the prevailing below-normal rainfall 
conditions in those years. The figure also shows higher volumes of groundwater discharge 
to the river in years of above-normal rainfall, particularly the very wet periods years 1 
through 4, years 13 through 19, years 52 through 58, and years 67 through 72. The similarity 
between rainfall and groundwater discharges to the river indicates that local hydrology is 
the primary influence on these discharges. Additionally, the groundwater discharge 
hydrographs do not show any marked short-term declines in flows that coincide with the 
marked short-term declines in Saugus Formation groundwater levels when Saugus wells 
pump at drought-year rates. The model therefore indicates that the operational plan for the 
groundwater system is not expected to notably affect river flows. 

Figures 2-19 and 2-20 show the variations in groundwater recharge and groundwater 
discharge, respectively, throughout the 78-year simulation period. These annual valleywide 
groundwater recharge and discharge rates are also listed in Table 2-17. Figure 2-21 shows 
the annual and cumulative changes in groundwater storage volumes. Figures 2-19 
through 2-21 and Table 2-17 together show the following: 

1. Groundwater recharge rates (Figure 2-19) are highly variable from year to year, due to 
variations in precipitation within the Regional Model domain, and precipitation and 
stormwater generation in the watersheds lying upstream of the aquifer system. In con-
trast, total groundwater discharge (Figure 2-20) is much less variable from year to year, 
with the more limited variations arising from increased pumping during drought years 
and increased ET and groundwater discharge to the Santa Clara River during wet years. 

2. Year-to-year and cumulative changes in groundwater storage during the 78-year 
simulation period (Figure 2-21) provide insights as to the manner in which the basin is 
functioning hydrologically under the operational pumping plan for the Valley. The 
cumulative change in groundwater storage is a measure of the longer-term trends in the 
amount of groundwater in storage, and is plotted on a monthly basis. Table 2-17 
tabulates the annual water budget for each year of the 78-year simulation, and shows the 
cumulative change on an annual basis (in contrast to the monthly basis shown on 
Figure 2-21). Figure 2-21 and Table 2-17 together show the following: 

a. The cumulative change in total groundwater storage volume, which measures the 
continuous change in storage since the beginning of the simulation, ranges between 
approximately a 150,000 AF decline and a 260,000 AF increase. The change in 
groundwater storage during a single year ranges from approximately an 
80,000 AF/yr decline to a 170,000 AF/yr increase. 

b. A nearly 20-year period of overall decline in the cumulative groundwater storage 
volume occurs between years 19 and 39, as shown on Figure 2-21. Beginning in 
year 40, the cumulative change in storage shows a generally upward trend, with 
occasional downward trends during specific drought periods.  
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c. The Regional Model estimates that the total volume of groundwater in storage above 
a depth of 2,500 feet is approximately 5 million AF11. Consequently, the cumulative 
declines and increases in groundwater storage represent 5 percent or less of the 
volume of groundwater in storage. 

3. Implementation of the operational pumping plan, including operation of the impacted 
Saugus Formation production wells, will have no significant effect on long-term 
groundwater conditions. This is shown by the forecasted recovery of groundwater 
storage volumes after periods of continued decline, such as the 20-year period of 
groundwater declines that occurs during years 19 through 39. 

4. Based on the previous observations, changes in groundwater storage volumes, 
particularly over a period of many years, are governed primarily by local hydrologic 
conditions, not by the operational pumping plan. Local precipitation and streamflows 
are the most important influences on the year-to-year and longer-term changes in 
groundwater storage volumes. 

The curves presented on Figures 2-10 through 2-21 provide a general indication of the types 
of fluctuations in groundwater conditions that could be expected to occur in the future in 
the Santa Clarita Valley over a period of many years. However, these curves have been 
derived using an assumed sequence of local hydrologic conditions that is based on the 
sequence of rainfall and streamflow volumes that were measured during the past several 
decades. In the future, the volumes and year-to-year trends in rainfall and streamflow could 
vary from those observed in the past. Consequently, the most significant conclusion from 
the 78-year simulations is that local hydrologic conditions, rather than the operational 
pumping plan and the use of the impacted Saugus Formation production wells, will be the 
predominant influence on the water resources (groundwater and river flows) of the Santa 
Clarita Valley. 

2.3.2 Hydraulic Containment 
As discussed previously in Section 2.2.5.2, the combined pumping volume from the three 
impacted wells was modeled as 4,355 AF/year. Figures 2-22 and 2-23 show the long-term 
average groundwater elevations in the Alluvial Aquifer and the Saugus Formation, 
respectively, in the vicinity of the Whittaker-Bermite property and the impacted production 
wells12. These groundwater elevations were used to delineate three-dimensional ground-
water flowpaths using the MicroFEM® model’s particle-tracking routines. The flowpaths 
were used to forecast the degree of hydraulic containment in the Saugus Formation that will 
arise from the pumping plan at wells SCWC-Saugus1, SCWC-Saugus2, and NCWD-11. 

Figure 2-24 shows the traces of groundwater particles (1) migrating westward in the Saugus 
Formation from the Whittaker-Bermite property and (2) migrating away from Saugus wells 
                                                      
11This calculation excludes groundwater deeper than 2,500 feet and shallower groundwater residing in the Sunshine Ranch 
Member of the Saugus Formation. The calculation also assumes a specific yield of 0.15 for the Alluvial Aquifer and 0.065 for 
the Saugus Formation, which are similar to values used by Richard C. Slade and Associates, LLC (2002), for similar 
calculations of the volume of groundwater in storage. The model-based calculations estimate that the groundwater storage 
volumes are 1 million AF of groundwater in the Alluvial Aquifer and 4 million AF in the Saugus Formation. Richard C. Slade and 
Associates, LLC, estimated these volumes to be 0.16 million AF and 1.65 million AF, respectively. Robson (1972) estimated 
this volume to be 6 million AF based on a specific yield of 0.10 and a Saugus Formation thickness of 3,500 feet. 
12Figure 2-23 shows the average groundwater elevations in the fourth layer of the model, which represents the depth interval 
from 1,000 to 1,500 ft bgs. 
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MP-5 and VWC-157. The figure uses different colors for the flowpaths to illustrate the 
depths in the Saugus Formation from which the wells derive their water. The flowpaths 
extending westward from the Whittaker-Bermite property were initiated at depths between 
500 and 1,000 ft bgs, and the flowpaths migrating from MP-5 and VWC-157 were initiated at 
depths between 150 and 1,500 ft bgs. Three principal observations about the flowpaths are 
as follows: 

1. Each flowpath initiated at these depths along the Whittaker-Bermite property’s western 
boundary on Figure 2-24 ends at wells SCWC-Saugus1 and SCWC-Saugus2. This 
includes flowpaths originating near multi-port monitoring well MP-2, which end at well 
SCWC-Saugus2. Groundwater sampling results at MP-2 indicate that perchlorate is 
present as deep as approximately 800 ft bgs (CH2M HILL, 2003). 

2. None of the groundwater particles migrate to nonimpacted production wells lying 
downgradient (west and northwest) of the three impacted wells that are closest to the 
Whittaker-Bermite property (SCWC-Saugus1, SCWC-Saugus2, and NCWD-11). 
Consequently, no new production wells are needed in the area around SCWC-Saugus1, 
SCWC-Saugus2, and NCWD-11 to control groundwater migrating from the Whittaker-
Bermite property. 

3. None of the flowpaths end at NCWD-11, which indicates that the pumping plan for 
SCWC-Saugus1 and SCWC-Saugus2 alone will contain groundwater migrating from 
areas on the Whittaker-Bermite property where perchlorate has been detected in 
groundwater, south and west of the San Gabriel Fault.  

4. Saugus Formation groundwater at wells MP-5 and VWC-157 is captured by containment 
pumping at SCWC-Saugus1. 

Figure 2-25 shows the area of hydraulic containment within the Saugus Formation that will 
be achieved by the planned pumping for SCWC-Saugus1, SCWC-Saugus2, and NCWD-11. 
The figure shows groundwater flowpaths that have been traced backward from these three 
wells to delineate the horizontal extent of the capture zone in the Saugus Formation created 
by pumping from these wells. Capture zones are also shown for three nearby nonimpacted 
Saugus Formation production wells (VWC-160, VWC-201, and VWC-205) that lie 
downgradient of SCWC-Saugus1, SCWC-Saugus2, and NCWD-11. The flowpaths were 
drawn by placing imaginary groundwater particles through the entire open interval of each 
well and tracing the flowpaths in a backward direction to delineate the full extent of the 
capture zones created in the Saugus Formation for each well13 (see Table 2-7 for the depths 
of the open intervals at each Saugus Formation production well). Figure 2-25 shows the 
following: 

1. The capture zones for SCWC-Saugus1 and SCWC-Saugus2 occupy a large volume of the 
Saugus Formation, extending as far east as the Whittaker-Bermite property and as far 
northwest as wells VWC-157 and MP-5, which have historical detections of perchlorate. 

2. The capture zones for VWC-160, VWC-201, and VWC-205 lie west of, and generally do 
not overlap, the capture zones for SCWC-Saugus1 and SCWC-Saugus2.  

                                                      
13For clarity, flowlines that were delineated to the base of the Alluvial Aquifer were stopped at that location so Figure 2-25 
would show capture zones only in the Saugus Formation, which is the focus of the containment evaluation.  
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3. The capture zones for VWC-160, VWC-201, and VWC-205 do not extend to the locations 
of other Saugus Formation wells that have historical perchlorate detections (VWC-157 
and MP-5). 

In summary, Figures 2-24 and 2-25 together indicate that the pumping plan for production 
wells SCWC-Saugus1 and SCWC-Saugus2 will likely meet the objectives of (1) containing 
perchlorate that is migrating westward in the Saugus Formation from the Whittaker-
Bermite property, (2) containing perchlorate that is present in the Saugus Formation at wells 
MP-5 and VWC-157, and (3) preventing perchlorate migration to nonimpacted Saugus 
Formation wells located farther west in the Santa Clarita Valley. Additionally, pumping at 
NCWD-11 is not necessary for meeting these objectives. These conclusions are further 
reinforced by the results of sensitivity analyses that are described in Section 2.3.4. 

2.3.3 Time-related Capture Zones 
Delineations of the 2-year, 5-year, 10-year, and 20-year capture zones of the impacted wells 
have been developed at DHS’ request, for use in conducting the contaminant source 
inventory that is required by DHS Policy Memo 97-005. These capture zones are shown on 
Figures 2-26 through 2-29 respectively. As shown by the color scheme for the flowlines in 
each figure, the hydraulic capture zones lie not only in the Saugus Formation, but also in 
portions of the Alluvial Aquifer. The particle traces indicate that a portion of the yield to the 
impacted Saugus Formation production wells comes from downward leakage of ground-
water from the Alluvial Aquifer to the Saugus Formation. This finding is consistent with the 
understanding of the basinwide and localized hydrogeology, which is discussed in the 
Regional Model development and calibration report (CH2M HILL, 2004a) and is based on 
drilling records, well-yield data, aquifer tests, streamflow data, and long-term monitoring of 
pumping rates and groundwater elevations across the basin. These data together indicate 
SCWC-Saugus1, SCWC-Saugus2, and NCWD-11 lie in a regional groundwater recharge 
area where the Saugus Formation is recharged by the Alluvial Aquifer, which in turn 
receives recharge from rainfall and streamflows. Figure 2-30 shows where the Saugus 
Formation is recharged by the Alluvial Aquifer. 

Figures 2-26 through 2-29 also show that the portion of the Alluvial Aquifer that would 
contain groundwater migrating toward production well SCWC-Saugus1 lies within an area 
where perchlorate has been detected in the Alluvial Aquifer, north of this well and south of 
the Santa Clara River. In this area, perchlorate detections in Alluvial Aquifer monitoring 
wells have ranged from as little as 3.6 µg/L (well AL04_R1) to as high as 40 µg/L (well 
AL09_R1) and 64 µg/L (well EM03). The flowpaths suggest that the Alluvial Aquifer 
monitoring wells with perchlorate detections contain groundwater that will eventually 
migrate to SCWC-Saugus1, and thereby be contained by the near-continuous pumping 
activity that is planned for SCWC-Saugus1. This conclusion is supported by recent 
groundwater elevation data from the Alluvial Aquifer that show higher groundwater 
elevations exist at the AL09 series wells than at the AL04 series wells (see Figure 2-31). 
These data indicate that under the nonpumping conditions that have existed in the Saugus 
Formation in this area since 1997, the groundwater flow direction in the Alluvial Aquifer in 
this area is from north and northeast to south and southwest. This observation is consistent 
with water budget analyses that indicate significantly greater flow rates of surface water 
and Alluvial Aquifer groundwater occur along the Santa Clara River than along the South 
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Fork Santa Clara River. Because the Saugus Formation is recharged by the Alluvial Aquifer 
in this area, this hydraulic connection between the two aquifers means that implementation 
of Saugus Formation pumping could gradually increase the rate of downward leakage from 
the Alluvial Aquifer over a long period of time. This, in turn, could potentially help reduce 
the migration of Alluvial Aquifer groundwater farther west from the area around 
monitoring wells AL04 and AL06. This is evaluated in further detail in the sensitivity 
analysis, which is discussed below. 

2.3.4 Sensitivity Analysis 
As discussed in Section 2.2.9, sensitivity analyses were performed to further evaluate the 
likelihood that implementation of the Purveyors’ pumping plan for the impacted Saugus 
Formation production wells will meet the containment objectives, particularly the objective 
of preventing movement of perchlorate to nonimpacted Saugus Formation wells located 
farther downgradient (to the west of the impacted wells). A model run was performed to 
evaluate each of the following questions: 

1. Can the containment objectives be met by using lower pumping rates at SCWC-
Saugus1 and SCWC-Saugus2, rather than the rate of 1,200 gpm that has been selected 
for each well based, in part, on the water supply needs of the valley? The purpose of 
this simulation was to evaluate whether the pumping plan for SCWC-Saugus1 and 
SCWC-Saugus2 does either of the following: 

a. Involves more pumping than is necessary for containment reasons alone  

b. Provides a high degree of certainty that groundwater migrating westward from the 
western boundary of the Whittaker-Bermite property will be prevented from moving 
farther west to wells that are not currently impacted by perchlorate 

2. How would the model predictions change if the degree of connection between the 
Alluvial Aquifer and the Saugus Formation is less than the degree of connection that 
is simulated by the calibrated model? The purpose of this simulation was to evaluate 
whether uncertainty in the degree of hydraulic connection would notably affect the 
Regional Model’s prediction that Alluvial Aquifer groundwater north of this well will 
migrate to this well, rather than migrating westward in the Alluvial Aquifer. This was 
evaluated by reducing the hydraulic connection by a factor of 4, which corresponds to 
decreasing the vertical hydraulic conductivity (Kv) of the Alluvial Aquifer and/or the 
uppermost beds of the Saugus Formation. 

The sensitivity analyses showed the following: 

1. Containment of Saugus groundwater migrating westward from the Whittaker-Bermite 
property will not be completely achieved if the two wells are operated at 800 gpm each 
or lower. Figure 2-32 compares groundwater flowpaths initiated at the western 
boundary of the Whittaker-Bermite property for the base model run and the sensitivity 
run that models a pumping rate of 700 gpm at each of these two wells. The figure shows 
that for the lower pumping rate, the southern end of the western property boundary will 
not lie within the capture zone of SCWC-Saugus1 and SCWC-Saugus2. At monitoring 
wells MP-2 and MP-4, which are both located on the Whittaker-Bermite property, 
Saugus groundwater migrates northwest and lies within the capture zones of 
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SCWC-Saugus1 and SCWC-Saugus2 for both sets of pumping rates (1,200 gpm per well 
and 700 gpm per well).  

2. Although Figure 2-32 shows that pumping rates of 800 gpm per well or higher will 
capture most of the Saugus groundwater moving west from the Whittaker-Bermite 
property, pumping rates below 1,200 gpm will not completely capture perchlorate and 
groundwater that are present in the Saugus Formation at wells MP-5 and VWC-157. This 
is illustrated on Figure 2-32 by the blue flowpaths, which were generated using a 
pumping rate of 1,000 gpm per well at SCWC-Saugus1 and SCWC-Saugus2. At MP-5, 
groundwater above a depth of 1,000 feet migrates to SCWC-Saugus1 and to 
nonimpacted well VWC-205, while groundwater at and below 1,000 feet migrates to 
nonimpacted well VWC-160. At VWC-157, groundwater within the well’s open interval 
migrates to SWC-Saugus1 and nonimpacted well VWC-205. Consequently, because 
these lower pumping rates are unable to fully contain perchlorate that is present at MP-5 
and VWC-157, the containment plan will consist of pumping SCWC-Saugus1 and 
SCWC-Saugus2 at 1,200 gpm each. 

3. The continuous pumping of wells SCWC-Saugus1 and SCWC-Saugus2 will likely cap-
ture much of the Alluvial Aquifer groundwater north of these wells that has historically 
contained perchlorate detections (see Figure 2-33, which compares the 20-year capture 
zones for the base model run and the sensitivity run). Modeling analyses indicate that if 
the vertical anisotropy14 is as high as 200:1 in the upper beds of the Saugus Formation, it 
is still possible to contain Alluvial Aquifer groundwater from this area.  

2.4 Conclusions 
Analyses using a locally scaled version of the Regional Model of Santa Clarita Valley’s 
groundwater resources indicate that the Purveyors’ pumping plan for the impacted Saugus 
Formation production wells will meet the following objectives that have been defined by the 
Purveyors: 

1. Hydraulically contain perchlorate migrating westward in the Saugus Formation from 
the Whittaker-Bermite property toward the impacted wells. 

2. Hydraulically contain perchlorate that is present at wells MP-5 and VWC-157, which are 
located downgradient of the impacted wells. 

3. Protect downgradient production wells that are currently not impacted. 

4. Restore the annual volumes of water that were pumped from the impacted wells before 
they were shut down because of perchlorate detections. 

5. Operate the impacted wells in a manner that is consistent with the Purveyors’ 
operational plan for the Santa Clarita Valley’s groundwater resources. 

                                                      
14The vertical anisotropy of a geologic unit is the ratio of its horizontal hydraulic conductivity (Kh) to its vertical hydraulic 
conductivity (Kv). In the Saugus Formation, the vertical anisotropy of 50:1 in the Regional Model was revised upward to 200:1 
for this sensitivity analysis. 
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6. If possible, pump one or more of the impacted Saugus Formation production wells in a 
manner that also contains perchlorate migrating in the Alluvial Aquifer from the 
northern portion of the Whittaker-Bermite property. 

The major conclusions from the modeling analysis are as follows: 

1. Operating production wells SCWC-Saugus1 and SCWC-Saugus2 at rates of 1,200 gpm 
each on a nearly continual basis will effectively contain perchlorate migrating westward 
in the Saugus Formation from the Whittaker-Bermite property and will also contain 
perchlorate that is present at Saugus wells MP-5 and VWC-157. This is shown by 
Figure 2-24, which displays groundwater flowpaths from MP-5, VWC-157, and the 
Whittaker-Bermite property; and by Figure 2-25, which displays the areas within the 
Saugus Formation where water is obtained by each of the impacted production wells 
and each of the nonimpacted production wells that are located downgradient of SCWC-
Saugus1 and SCWC-Saugus2. 

2. Operating production wells SCWC-Saugus1 and SCWC-Saugus2 at rates as low as 700 
to 800 gpm each will not fully contain groundwater that is migrating westward from the 
Whittaker-Bermite property. Additionally, if these wells are operated at 1,000 gpm each, 
perchlorate that is present in the Saugus Formation at wells MP-5 and VWC-157 will not 
be captured and will instead migrate to existing nonimpacted wells VWC-160 and 
VWC-205. (See Figure 2-32.) 

3. No new production wells are needed in the Saugus Formation to meet the perchlorate 
containment objective.  

4. Impacted well NCWD-11 is not a required component of the containment program. 

5. Use of other water supplies in lieu of pumping at SCWC-Saugus1 and SCWC-Saugus2 
will likely be detrimental to the long-term quality of groundwater in the Saugus 
Formation. Pumping at these two wells is necessary to prevent migration of perchlorate 
to other portions of the Saugus Formation. 

6. The pumping plan for SCWC-Saugus1 and SCWC-Saugus2 might contain perchlorate 
that is migrating in the Alluvial Aquifer from the northern portion of the Whittaker-
Bermite property, including perchlorate that has been detected in the Alluvial Aquifer at 
and south of Bouquet Junction. 

7. Planned operation of the impacted production wells will not cause detrimental short-
term or long-term effects to the groundwater and surface water resources of the Santa 
Clarita Valley. In particular, the modeling analysis indicates that short- and long-term 
variability in local rainfall and streamflows is the predominant cause of fluctuating 
groundwater elevations, river flows, and groundwater storage volumes. Compared to 
local hydrology, implementation of the operational pumping plan for the valley, 
including the planned use of wells SCWC-Saugus1 and SCWC-Saugus2, has much less 
influence on the water resources of the valley.  

It is important to note that the model simulations described in this report distribute 
pumping in a manner that is based on current and projected uses of both the Alluvial 
Aquifer and the Saugus Formation. The conclusions presented in this report regarding 
containment of perchlorate-containing groundwater will potentially be different if the 
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pumping plan for other Saugus Formation wells is significantly different than what was 
simulated. In particular, a significant change in the Saugus Formation pumping regime in 
the South Fork Santa Clara River area or near its mouth could potentially cause ground-
water flow patterns and capture zones to be notably different from those described in this 
report. Changes that could appreciably alter groundwater flow patterns and capture zones 
could include the operation of new wells in that area, or notably greater instantaneous 
pumping rates or annual pumping volumes than those simulated by the Regional Model. 
Consequently, before a new well is sited in that area or a significant increase in pumping 
occurs from an existing wellfield in that area, it is recommended that an analysis first be 
conducted of the potential effects of the contemplated change on the perchlorate 
containment program. 
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SECTION 3 

Sentinel and Performance Monitoring Programs 

This section of the report discusses the objectives and design of the sentinel and perfor-
mance monitoring programs that will be implemented for the impacted Saugus Formation 
production wells as part of the permitting process for returning them to service. The sentinel 
monitoring program is designed to provide early warning of any changes that might occur 
in groundwater quality. The scope of this discussion is limited to the ambient groundwater 
quality monitoring that will be performed upgradient of each impacted well (SCWC-
Saugus1, SCWC-Saugus2, and NCWD-11). Monitoring of raw and/or treated water pro-
duced by the wells will be addressed in separate documents describing the selection and 
implementation of the planned perchlorate treatment process at each well. The performance 
monitoring program evaluates whether containment is being achieved by the containment 
pumping plan. 

3.1 Objectives 
DHS Policy Memo 97-005 requires the implementation of sentinel monitoring in ground-
water upgradient of impacted wells to provide early warning of unanticipated changes in 
groundwater quality. This monitoring program is described under the source protection 
element of the evaluation process for returning an impacted well to service. Based on this 
policy, the sentinel monitoring plan for the impacted Saugus Formation production wells is 
intended to provide advanced warning of concentration changes or the presence of 
additional contaminants in groundwater that might affect the perchlorate treatment 
processes. 

Additionally, groundwater elevation and pumping data will be collected under the sentinel 
monitoring plan to evaluate the effectiveness of the perchlorate containment plan that is 
described in this report. Specifically, these data will be evaluated to verify that the contain-
ment objectives of the containment pumping plan are being achieved and identify any 
changes to the operations of the containment wells that might be warranted. 

3.2 Monitoring Network 
As shown on Figure 3-1 and in Table 3-1, the monitoring well network for the sentinel 
monitoring program will provide access to both the Alluvial Aquifer and the Saugus 
Formation upgradient of each production well. Monitoring will occur at the following 
locations: 

1. Two new Alluvial Aquifer monitoring wells and four new Saugus Formation 
monitoring wells (for monitoring upgradient of production well SCWC-Saugus1) 

2. One existing Alluvial Aquifer monitoring well and two screens in existing Saugus 
Formation multi-port monitoring well MP-2 (for monitoring upgradient of production 
well SCWC-Saugus2) 
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3. One existing Alluvial Aquifer monitoring well and one new Saugus Formation 
monitoring well (for monitoring upgradient of production well NCWD-11)  

This program will require the installation of seven new monitoring wells (six near 
SCWC-Saugus1, and one near NCWD-11). 

The rationale for the well locations is provided in Table 3-1. Well locations were selected 
according to the following considerations: 

1. Locating sentinel wells sufficient distances from the production well to allow adequate 
time to respond to significant concentration changes 

2. Using existing monitoring wells, to the degree possible 

3. Locating new monitoring wells in areas where site access will not cause undue 
restrictions on drilling, installing, and monitoring new sentinel monitoring wells 

The shape of the SCWC-Saugus1 capture zone requires that sentinel wells be located north 
of SCWC-Saugus1. However, site access restrictions in this area are significant. Conse-
quently, sentinel monitoring wells can only be located just north of SCWC-Saugus1, at 
locations that might provide only 1 year of warning and response time. At SCWC-Saugus2, 
the sentinel wells are anticipated to provide as much as 10 years of warning and response 
time. At NCWD-11, the sentinel wells are anticipated to provide approximately 2 years of 
warning and response time. 

Alluvial Aquifer monitoring is planned near each production well because of the potential 
for groundwater containing perchlorate to migrate downward into the Saugus Formation 
and move toward each impacted production well. The Draft Final Conceptual Hydrogeology 
Technical Memorandum for the Eastern Santa Clara Sub-basin Groundwater Study (CH2M 
HILL, 2004b) has identified a potential pathway for perchlorate migration to production 
well NCWD-11, consisting of stormwater runoff from Oakdale Canyon that infiltrates into 
shallow groundwater and migrates vertically into the Saugus Formation due to ambient or 
induced (by pumping) hydraulic gradients. This pathway has been identified from the 
hydrogeologic data in this area and the detection of perchlorate in monitoring well AL03, 
which is located downstream of Oakdale Canyon near production well NCWD-11. In 
addition, perchlorate detections in Alluvial Aquifer monitoring well AL06, located near 
SCWC-Saugus2, are consistent with the conceptual pathway involving stormwater runoff 
influence on the Alluvial Aquifer. This impacted Alluvial Aquifer groundwater is likely to 
be in direct contact with the upper Saugus Formation, thereby warranting monitoring of the 
Alluvial Aquifer, and not just the Saugus Formation. 

3.3 Chemical Constituents and Monitoring Frequency 
Table 3-2 lists the chemical constituents to be monitored, and the frequency at which 
monitoring will occur as the operational plan for the impacted Saugus Formation 
production wells is implemented. The following are key aspects of the program’s design: 

1. The program will focus primarily on monitoring for perchlorate, VOCs, nitrate, and 
sulfate, which are the constituents most likely to affect the treatment system if present at 
concentrations greater than those observed to date at the impacted Saugus Formation 
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production wells. Perchlorate concentrations would need to increase by a factor of 
approximately 10 or higher above concentrations measured to date before the treatment 
systems (which will use ion-exchange resins) would be unable to function as necessary. 

2. General minerals (anions and cations) will be sampled on a biannual basis to provide 
geochemical information that may be helpful for evaluating groundwater migration in 
the vicinity of each impacted production well. However, nitrate and sulfate will be 
analyzed annually because of their potential influence on the ion-exchange treatment 
system. 

3. The monitoring frequency will be the same for Alluvial Aquifer sentinel wells as for 
Saugus Formation sentinel wells. 

4. Laboratory-quality-assured analytical data will be submitted to DHS after each 
monitoring event. Additionally, an annual report will be prepared that summarizes the 
sentinel monitoring results and identifies any recommended changes to the scope of the 
monitoring program. Proposed changes will also consider treatment operations and 
analytical data for the production wells being monitored. Changes to the sentinel well 
monitoring program that are recommended in the annual reports will be implemented 
after DHS has reviewed and approved the proposed changes.  

The sentinel monitoring program will coincide with a long-term groundwater monitoring 
program occurring at various locations to the east on the Whittaker-Bermite property. That 
program will consist of monitoring for the constituents above, plus other constituents that 
can be associated with perchlorate presence, but which have not been detected in 
groundwater beneath the site to date. 

3.4 Evaluating Capture Zone Effectiveness 
As discussed in Sections 1.1 and 2.2.5.2 of this report, CLWA will operate SCWC-Saugus1 
and SCWC-Saugus2 on a nearly continual basis at a combined rate of 2,400 gpm to provide 
hydraulic containment of perchlorate that is moving westward in the Saugus Formation 
from the Whittaker-Bermite property. Groundwater level monitoring and additional 
groundwater modeling will be conducted to evaluate whether the containment plan is 
meeting its intended objectives. 

Water level monitoring will be conducted at each sentinel well that is completed in the 
Saugus Formation and at multi-port monitoring well MP-5, which is also completed in the 
Saugus Formation and is located downgradient of SCWC-Saugus1 and SCWC-Saugus2. 
Water levels will be measured at these wells during the startup period for the containment 
system, as well as immediately prior to startup. Additionally, detailed records of 
groundwater extraction rates, and the timing of those extractions, will be maintained for 
SCWC-Saugus1 and SCWC-Saugus2 and the other nearby Saugus Formation production 
wells (VWC-160, VWC-201, VWC-205, NCWD-11, NCWD-12, and NCWD-13). 

The water level trends will then be compared with water level trends that are calculated 
from Regional Model simulations of the pumping at impacted and nonimpacted wells 
during the initial startup period for the containment pumping plan. If the comparison of 
simulated and measured water level trends indicates that adjustments are warranted to the 
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assignment of Saugus Formation aquifer properties in the model, those adjustments will be 
made and the capture zone evaluations presented on Figure 2-24 of this report will be re-
evaluated. Regardless of the need for changes to the model, the information that is obtained 
from this field data collection program and the subsequent modeling analysis will be used 
to draw conclusions concerning the effectiveness of the containment plan and whether 
adjustments to the pumping operations at SCWC-Saugus1 and SCWC-Saugus2 are 
warranted. These conclusions will be presented in a separate report to DHS. 
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