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May 15, 2015
Mr. Kris Ohlson, PE,
Utility Planning & Projects Department
City of Modesto
1010 Tenth Street, Suite 4600
Modesto, California 95353

1) Re:
Draft Well Impact Analysis for the Del Rio Water Systems Upgrade:
Groundwater Well Inventory, Baseline Transducer Investigation, City of Modesto,
California
Dear Mr. Ohlson:
This letter report is the first of two deliverables, and provides all data collected under task one of the
contract agreement between URS and the City of Modesto, California. The data and analysis provided in
this text have been prepared to document the results of a domestic groundwater well inventory and a
baseline groundwater level investigation conducted in the Del Rio area of Modesto. The purpose of this
project was to provide more site-specific baseline hydrogeological information and to further assess the
potential effect pumping the Del Rio New and Replacement wells may have on domestic, agricultural,
and ranch wells in the surrounding area of the proposed Del Rio well sites. Because the proposed wells
will be located within an active pumping area, the City of Modesto has chosen to conduct the analysis to
determine impacts to groundwater that may result from pumping the proposed wells.

INTRODUCTION
The purpose of this project was to provide more site-specific baseline hydrogeological information and to
further assess the potential effect pumping the Del Rio New and Replacement wells may have on
domestic, agricultural, and ranch wells in the surrounding area of the proposed Del Rio well sites (Figure
1). In an effort to achieve this goal, URS conducted a baseline transducer monitoring investigation. This
technical memorandum summarizes field work, site inventory, and groundwater level data gathered from
the transducer investigation as outlined in Task 1of the scope of work (URS, 2014).
Task 1 involved two phases, the first of which involved working with the City of Modesto staff to identify
local well owners in the Del Rio area (Figure 1). During this phase, URS attempted to contact the
landowners to ascertain historic pumping rates and water level data, and also determine periods of
groundwater demand. Several attempts to contact landowners were made by City of Modesto and URS
personnel; many landowners were hesitant and resistant to the request by either not replying to requests
for contact, or denied access. Because landowners were resistant to well monitoring efforts, no data on
historical pumping and water level behavior was obtained. The first phase effort yielded access from the
wells of only two private land owners who granted URS access for water level monitoring with pressure
transducers.
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The second phase of Task 1 involved the placement of pressure transducers in three groundwater wells
and monitoring of groundwater levels for a period of six months. Transducers were installed on August
08, 2014; water-levels were measured at15 minute intervals until February 17, 2015. The objective of
this Tech Memo is to provide all data gathered during this investigation and provide an interpretation of
water-level trends during the period of record.

PRVATE WELL INVENTORY
A well inventory map is plotted on an aerial image (Figure 2) to illustrate the locations of existing
domestic wells within a one mile radius of the Proposed Del Rio New Well location. Domestic well data
were gathered from the California Department of Water Resources (CA DWR) well registry database.
URS compiled all drillers’ logs CA DWR provided in a well database. The database contains well
information (well diameter, top and bottom of well screen, and lithology data). This information was
used to help refine the list of wells to include for water-level monitoring and installation of transducers.
Historic water-level and water usage data was unable to be obtained.
Initially, only three private land owners returned URS attempts for contact, and out of the initial effort,
URS was able to perform initial site inventories on four wells. Figure 1 provides the locations for these
wells. Table 1 shows site details and well-specific data for these sites. Attachment A provides wellhead
pictures gathered during the field inventory. Out of the four wells initially inventoried, URS was granted
permission to monitor water levels in only two of the domestic wells with transducers for six months
(Setliff Property and Denlinger Property at 718 Ladd Rd), and was denied access to the other two (Table
1). Because of the resistance by landowners to this monitoring, URS installed a third transducer at a City
of Modesto Well at 718 Ladd Rd., a well located at the proposed location for the Del Rio New Well
(Figure 1).

MONITORING WELL AND GROUNDWATER LEVEL DATA
The proposed Del Rio production wells are expected to be screened from 400 feet to 600 feet below
ground surface in the deep alluvial aquifer. URS was unable to obtain access to wells completed in that
aquifer. A review of the DWR well inventory database suggests that very few wells are completed at this
depth, and of those, none are located within 1,000 feet of the proposed well locations. Most domestic
wells in the Del Rio area are completed in the shallow aquifer (100-265 feet below ground surface). Well
completion records that were obtained (Table 1) indicate that the wells monitored for this investigation
are screened at depths less than 200 feet below ground surface (shallow aquifer), and are representative of
the large majority of domestic wells in the area. The data presented in this tech memo provides a
representative baseline dataset for the majority of domestic wells located in the Del Rio area.
Hydrographs compiled from transducer data from the three shallow groundwater wells monitored from
August 08, 2014 to February 17, 2015 are presented in Figures 3,4, and 5. Two wells (Ladd Rd wells,
Figures 3 and 4) are located proximally to the chosen location for Del Rio New Well and one well is
located proximally to the chosen location for the Del Rio Replacement Well (Setliff Well, Figure 5). For
purposes of this tech memo, the term “proximally located” is used to refer to wells within 1,000 feet of
proposed production well location.
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Upward trends in groundwater levels are evident in all figures throughout the six month record. The
upward trend displayed over the six month time period was probably influenced by seasonal fluctuations
in the regional aquifer. Monitoring commenced in August when water levels were expected to be at their
annual low point; monitoring ceased in February during the expected annual high. Statistical evaluation
provided in insets on each figure show that water levels increased over the period of record by 3.02, 1.90,
and 1.31 feet in figures 3, 4 and 5, respectively. Seasonal trends observed in long-term historical records
from groundwater monitoring conducted by the USGS are consistent with the fluctuations observed
during this investigation (USGS, 2007). Average seasonal water level fluctuations reported by USGS in
shallow (100-265 feet), intermediate (265-360 feet), and deep (360-600 feet) zone wells have been 1, 3,
and 18 feet, respectively.
Frequently occurring, short-duration (less than one-hour duration), high-magnitude (1-4 feet) decreases in
water levels followed by a rapid recovery in water levels are observed throughout the period of record in
Figures 4 and 5; this water level behavior is similar to the drawdown curve produced by a well that is
pumped for a short time period, shut off, and allowed to recover. To illustrate the influence of domestic
localized pumping to the aquifer, an amplification of the hydrograph (Figure 5) is provided in Inset 1 of
Figure 5. The pumping drawdown curves in the hydrograph (Inset 1, Figure 5) are not consistent with
pumping of municipal wells (municipal pumping lasts for 2-4 hours), and are most likely the result of
local domestic groundwater usage. The lack of interest and willingness by private well owners prevented
URS from obtaining pertinent private well operational data, hindering further analysis.

CONCLUSIONS
Based the results of the groundwater well inventory and baseline water-level monitoring, the following
conclusions were drawn:
•
•

•
•
•

•

The DWR Private well database suggests that the majority of private wells located within the Del
Rio area of Modesto, CA are completed in the shallow zone (less than 265 feet below ground).
Data gathered during the course of this groundwater level investigation were collected from wells
completed in the shallow zone, and therefore, are representative of the majority of private
domestic wells located in the area, and are expected to provide representative baseline for the
majority of private wells in the Del Rio area.
There are few private wells completed at the depth that the proposed Del Rio wells are expected
to be completed, and none are located within 1,000 feet of the proposed locations.
A gradual increase in water-levels observed throughout the course of this investigation of 0.3 to
3.02 feet was probably the result of normal seasonal changes for the aquifer.
Short-duration, high magnitude decreases in groundwater-levels followed by recovery were
observed in water levels of two wells throughout the period of record. These impacts to
groundwater levels are greater than the observed seasonal fluctuation, and are attributed to local
domestic pumping for groundwater usage.
Local domestic groundwater pumping and usage is currently impacting the water levels in the
shallow zone by 1-4 feet.
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•

Determining hydrogeogolgical characteristics and aquifer properties were ultimately hindered by
the lack of interest and willingness of private land owners to assist in this effort by allowing
access and provide historic usage information.

REMCOMENDATIONS
•

It is recommended that groundwater levels be periodically monitored in proximally located wells
where access is allowed when the Del Rio wells are on-line. It is recommended that water levels
are monitored in all three zones (shallow, intermediate, and deep) of the alluvial aquifer.

URS appreciates this opportunity to provide hydrogeologic consulting services to the City of Modesto.
Please contact the undersigned at (916) 717-1628 if you have any questions.
Sincerely,

Eddy Teasdale, PG. (#7791)., C.HG. (#926)
Project Hydrogeologist

Nicholas J. Tucci
Geologist

Attachments:
Table 1. Initial Site Inventory
Figure 1. Site Details Map
Figure 2. Well Inventory Map
Figure 3. Six month groundwater-level trend for site located at 718 Ladd Road. Water-level statistics
provided in inset.
Figure 4. Six month groundwater-level trend for site located at 706 Ladd Road. Water-level statistics
provided in inset.
Figure 5. Six month groundwater-level trend for site located at 201 Stewart Rd. (Setliff Property).
Magnification of the water level trend (Inset 1) enhances the detail of the impacts of localized pumping.
Water-level statistics provided in inset.
Attachment A. Field Photographs
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TABLES
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Table 1: Initial Site Inventory

Property Owner
Setliff Property (McHenry/Stewart)
Saso Property
Denlinger Property
Denlinger Property
City of Modesto
City of Modesto Well 289 (supply well)
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Tagged
Total Depth
(ft)
>200-feet
NR
~90-feet
NR
> 60-feet
NR

Static
Water
Level
46.35
NR
45.09
NR
44.74
~58-feet

Property Address Latitude
Longitude
201 Stewart Rd
NR
NR
816 Ladd Rd
37.732793 -121.004759
706 Ladd Rd
37.732777 -121.003048
636 Ladd Rd
37.732769 -121.002164
718 Ladd Rd
37.732778
-121.0032
7118 Beltis Dr
37.743701 -121.003407
NA Not applicable, NR Not recorded
*Well highlighted in red show wells that were implemented with transducer
and monitored for water levels

Casing
Diameter
10-inch
NR
6-inch
NR
6-inch
NR

Permission to
Install
Transducer
Yes
No
Yes
No
Yes
NA
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FIGURES
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Del Rio Area

Modesto, California
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Statistic
Depth to Water (feet)
Average
44.00
Max
47.20
Min
43.61
Difference (Max-Min)
4.59
Change(period of record)
3.02
Change(Daily)
0.20
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Figure 3. Six month groundwater-level trend for site located at 718 Ladd Road. Water-level statistics provided in inset.

Statistic
Average
Max
Min
Difference (Min-Max)
Change(period of record)
Change(Daily)

Depth to Water (feet)
44.96
48.85
44.06
4.79
1.90
1.80

Figure 4. Six month groundwater-level trend for site located at 706 Ladd Road. Water-level statistics provided in inset.
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Drawdown caused by
local domestic pumping.

Statistic
Average
Max
Min
Difference (Min-Max)
Change(period of record)
Change(Daily)

Depth to Water (feet)
45.77
52.53
44.87
7.67
1.31
3.70

Figure 5. Six month groundwater-level trend for site located at 201 Stewart Rd. (Setliff Property). Magnification of the water level trend
(Inset 1) enhances the detail of the impacts of localized pumping. Water-level statistics provided in inset.
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ATTACHMENT A: FIELD PHOTOGRAPHS
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Close-up of 6-inch Well head

Well inside pump house

706 Ladd Road
Appendix A
Field photographs of groundwater well inventory
City of Modesto, CA Task 1

A-1

Measuring water-level and downloading transducer

718 Ladd Road
Appendix A
A-2

Field photographs of groundwater well inventory
City of Modesto, CA Task 1

Setliff Property
Appendix A
A-1

Field photographs of groundwater well inventory
City of Modesto, CA Task 1

URS 2015b – Well Impacts Analysis

May 15, 2015
Mr. Kris Ohlson, PE,
Utility Planning & Projects Department
City of Modesto
1010 Tenth Street, Suite 4600
Modesto, California 95353
Re:
Draft Well Impact Analysis for the Del Rio Water Systems Upgrade: Revised Groundwater
Flow Model, City of Modesto, California
Dear Mr. Ohlson:
This letter report has been prepared to document the results of drawdown analysis conducted at the two
proposed Del Rio Well locations. The purpose of the analysis was to re-evaluate the potential impacts of
pumping the Del Rio New Well and the Del Rio Replacement well on local groundwater levels in the
area. Because these wells will be located within an active pumping area, the City of Modesto has chosen
to conduct the analysis to determine impacts to groundwater that may result from pumping the proposed
wells. This letter report presents a determination of the estimated maximum groundwater drawdown
expected in wells at 125 feet and 1,000 feet radii in each of three depth zones by pumping of the one
proposed well or both proposed wells.
1.0

INTRODUCTION

An aerial photo showing the two proposed location of the Del Rio production wells and surface features
in the area is presented on Figure 1. URS conducted an initial drawdown analysis in 2012, and submitted
the findings in a letter report submitted to the City of Modesto on June 26, 2012 (URS, 2012). The
current work builds upon the previous analysis providing more in-depth, accurate and detailed modelling
results in the following ways;
1) The previous investigation was conducted using only one of the two proposed production wells.
Because there are two proposed production wells anticipated, two evaluations were conducted,
one for each production well location. This was done to account for the impacts of both proposed
wells. Model simulations were conducted accounting for the pumping of each proposed Del Rio
production well separately, and then combined.
2) Simulation Run Times: In the previous analysis (URS, 2012) 30 days of pumping were simulated
with the model, and the simulations did not account for long-term impacts to the aquifer. The
simulated pumping time evaluated for this report was 3,650 days (10 years).
3) Del Rio production well flow rates: The original Del Rio model assumed an operational pumping
rate of 1,280 gallons per minute (gpm), and operational times of 8 hours a day over a 30-day
period. For the revised model, URS coordinated with City of Modesto staff to derive both sitespecific operational pumping rates (flow information) and operational time information. The flow
rates for both Del Rio production wells were updated to more accurately simulate the hydraulic
effects of anticipated pumping rates, which will vary over the course of a year because of
anticipated monthly variations in water demand.
4) Sensitivity Analysis: URS quantified uncertainty in the model by conducting a sensitivity
analysis on horizontal hydraulic conductivity (K), the hydraulic parameter used to predict waterlevel drawdown.
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To complete the drawdown analysis efficiently, URS developed a numerical groundwater flow model
based on the United States Geological Survey (USGS) Northeastern San Joaquin Valley Groundwater
Numerical Flow Model (USGS, 2007). The computer code selected to model groundwater flow was
MODFLOW. MODFLOW is a three dimensional, cell-centered, finite difference, saturated flow model
developed by the USGS (McDonald and Harbaugh, 1998). MODFLOW is widely accepted in the
professional hydrologic community and is recognized as a valid numerical model to simulate groundwater
flow. The area covered by the regional USGS groundwater model includes the northeastern San Joaquin
Valley extending from north of the Stanislaus River to the south of the Merced River and bounded on the
northeast by the Sierra Nevada foothills and the southwest by the San Joaquin River. The area included in
the USGS model domain is shown on Figure 2. The regional model has 16 model layers, each layer
representing a separate subsurface lithology. The total model thickness varies from approximately 900 to
1,200 feet thick. A cross-section view of the USGS model is presented in Figure 3.
For the drawdown analysis, the regional USGS groundwater flow model was converted into a local-scale,
transient-state groundwater flow model using Telescope Mesh Refinement (TMR) techniques with
Groundwater Modeling System (GMS). GMS was developed by Aquaveo (Aquaveo, 2011) and is a
comprehensive graphical user interface for performing groundwater simulations. TMR (also called grid
zooming) is the technique for creating a more refined model from a portion of the larger model (i.e., the
Regional Scale USGS model) to more accurately simulate hydraulic stresses in the Del Rio Well “area of
interest”; the refined model grid retains the directional orientation of the regional model. The TMR model
is not linked to the larger model; rather, it is a separate model but it uses the hydrogeologic properties
(i.e., hydraulic conductivity/ transmissivity, storage coefficient, etc.) of the larger model. The northern
boundary of the TMR model is the Stanislaus River and the southern boundary is an east-west line
approximately 2 to 3 miles south from the river. The active area of the local model is about 11 mi2 (7,200
acres). . The horizontal TMR model grid and its 16 vertical layers are shown on Figure 4. . These layers
were assigned the same hydraulic properties and thickness as the layers in the regional model.
2.0
2.1

DRAWDOWN ANALYSIS
Drawdown Analysis Assumptions and Inputs

In the model, hydraulic conductivity parameters vary according to depth and layer; groups of cells within
each layer have their own unique value. Variations in hydraulic conductivity within and between layers
are illustrated for shallow, intermediate, and deep zones in Figure 5. Based on anticipated water supply
demand, City of Modesto staff calculated monthly pumping rates and well burden estimates for both
proposed Del Rio wells; the estimated pumping rates updated for the new simulations are shown for each
well and each month of the water year in Figure 6. The monthly pumping rates were estimated from
expected operational pumping rates (1,000 gpm) and estimated monthly operation periods. The estimated
operational times were variable (4-18 hours) based on expected demand; however, operational times used
for the estimates are conservative because the majority of the current municipal wells operate between 2
and 4 hours per day. The model simulation time was 3,650 days (10 years). The proposed Del Rio Wells
will be screened in the deep zone from 400 to 600 feet below ground surface (bgs).
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2.2

Drawdown Analysis Results

To assess the possible drawdown impacts from pumping, two separate evaluations were conducted (one
for Del Rio New Well and one for Del Rio Replacement Well), and four scenarios were simulated for
each evaluation. Scenario 1 assumed one well was operational and simulated effects on groundwater
levels at wells within a 125-foot radius of the proposed well location. Scenario 2 assumed both proposed
Del Rio Wells were in operation and simulated effects on groundwater levels at wells within a 125-foot
radium of the proposed well location. Scenario 3 assumed one well was operational and simulated effects
on groundwater levels at wells within a 125-foot radius of the proposed well location. Scenario 4 assumed
both wells in operation, and simulated effects on groundwater levels at wells within a 1,000-foot radius of
the proposed well location. The groundwater model simulation matrix is summarized in Table 1.
The TMR model domain for Del Rio Wells consists of 16 individual model layers and existing wells were
grouped by depth as the following:




Shallow Aquifer – Layers 1 to 8 and wells screened from 100 to 265 feet deep
Intermediate Aquifer – Layers 9 and wells screened from 265 to 360 feet deep
Deep Aquifer – Layer 10 through 12 and wells screened from 360 to 600 feet deep

Maximum simulated drawdown at the maximum pumping rate (751 gpm) for both models are
summarized in Table 2. A more thorough discussion of drawdown is provided below.
2.2.1 Drawdown Analysis Results for evaluation 1, Del Rio New Well
Evaluation 1 was conducted for the purpose of estimating drawdown in the Del Rio New Well near Ladd
Rd (Figure 1). This section discusses the drawdown estimated by the evaluation.
2.2.1.1 Evaluation 1, Scenario 1, One pump operational (125-foot radius)
Temporal analysis of drawdown for Evaluation 1, scenario 1 in all zones is provided in Figure 7. For
comparative purposes, operational pumping rates are provided on the figure (Figure 7, dashed lines).
Drawdown was consistent with well demand, as demand increased (i.e. increased pumping rates) during
the higher demand periods, drawdown increased and then recovered after the high demand period in each
year. The following bullets summarize maximum drawdown predicted at the maximum anticipated
monthly flow rate of 751 gpm anticipated for the month of July.
 Shallow aquifer drawdown is predicted to be 0.17 ft. (Table 2, Figure 7)
 Intermediate aquifer drawdown is predicted to be 1.1 ft. (Table 2, Figure 7)
 Deep aquifer drawdown is predicted to be 19 ft. (Table 2, Figure 7)
2.2.1.2 Evaluation 1, Scenario 2, Both pumps operational (125-foot radius)
Temporal analysis of drawdown for Evaluation 1, scenarios 2 in all zones is provided in Figure 8. For
comparative purposes, simulated drawdown when both wells are operational is compared with simulated
drawdown when only one well is operational (Figure 8, dashed lines). Drawdown was consistent with
well demand, as demand increased (i.e. increased pumping rates), drawdown increased. The following
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bullets summarize maximum drawdown observed at the maximum anticipated monthly flow rate of 751
gpm anticipated for the month of July.
 In the shallow aquifer is predicted to be 0.25 ft. (Table 2, Figure 8)
 In the intermediate aquifer is predicted to be 1.5 ft. (Table 2, Figure 8)
 In the deep aquifer is predicted to be 20 ft. (Table 2, Figure 8)
2.2.1.3 Evaluation 1, Scenario 3, One pump operational (1,000-foot radius)
Temporal analysis of drawdown for Evaluation 1, scenarios 3 in all zones is provided in Figure 9. For
comparative purposes, operational pumping rates are provided on the figure (Figure 9, dashed lines).
Drawdown was consistent with well demand, as demand increased (i.e. increased pumping rates),
drawdown increased. , the following bullets summarize maximum drawdown observed at the maximum
anticipated monthly flow rate of 751 gpm anticipated for the month of July:
 In the shallow aquifer is predicted to be 0.21 ft. (Table 2, Figure 9)
 In the intermediate aquifer is predicted to be 1 ft. (Table 2, Figure 9)
 In the deep aquifer is predicted to be 7 ft. (Table 2, Figure 9)
2.2.1.4 Evaluation 1, Scenario 4, Both pumps operational (1,000-foot radius)
Temporal analysis of drawdown for Evaluation 1, scenarios 4 in all zones is provided in Figure 10. For
comparative purposes, simulated drawdown when both wells are operational is compared with simulated
drawdown when only one well is operational (Figure 10, dashed lines). Drawdown was consistent with
well demand, as demand increased (i.e. increased pumping rates), drawdown increased. To satisfy the
objectives of this investigation, the following discussion summarizes maximum drawdown observed at
the maximum anticipated monthly flow rate of 751 gpm anticipated for the month of July:
 In the shallow aquifer is predicted to be 0.26 ft. (Table 2, Figure 10)
 In the intermediate aquifer is predicted to be 1.4 ft. (Table 2, Figure 10)
 In the deep aquifer is predicted to be 8 ft. (Table 2, Figure 10)
2.2.2 Drawdown Analysis Results for Evaluation 2, Del Rio Replacement Well
Evaluation 2 was conducted for the purpose of estimating drawdown in the Del Rio Replacement Well
located near the intersection of McHenry Ave and Stewart Rd. (Figure 1). This section discusses the
drawdown predicted at two radial distances by the evaluation.
2.2.2.1 Evaluation 2, Scenario 1, One pump operational (125-foot radius)
Temporal analysis of drawdown for Evaluation 2, scenarios 1 in all zones is provided in Figure 11. For
comparative purposes, operational pumping rates are provided on the figure (Figure 11, dashed lines).
Drawdown was consistent with well demand, as demand increased (i.e. increased pumping rates),
drawdown increased. , the following discussion summarizes maximum drawdown observed at the
maximum anticipated monthly flow rate of 751 gpm anticipated for the month of July.
 In the shallow aquifer is predicted to be 0.1 ft. (Table 2, Figure 11)
 In the intermediate aquifer is predicted to be 1.6 ft. (Table 2, Figure 11)
 In the deep aquifer is predicted to be 17 ft. (Table 2, Figure 11)
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2.2.2.2 Evaluation 2, Scenario 2, Both pumps operational (125-foot radius)
Temporal analysis of drawdown for Evaluation 2, scenarios 2 in all zones is provided in Figure 12. For
comparative purposes, simulated drawdown when both wells are operational is compared with simulated
drawdown when only one well is operational (Figure 12, dashed lines). Drawdown was consistent with
well demand, as demand increased (i.e. increased pumping rates), drawdown increased. The following
discussion summarizes maximum drawdown observed at the maximum anticipated monthly flow rate of
751 gpm anticipated for the month of July.
 In the shallow aquifer is predicted to be 0.21 ft. (Table 2, Figure 12)
 In the intermediate aquifer is predicted to be 2.1 ft. (Table 2, Figure 12)
 In the deep aquifer is predicted to be 18.2 ft. (Table 2, Figure 12)
2.2.2.3 Evaluation 2, Scenario 3, One pump operational (1,000-foot radius)
Temporal analysis of drawdown for Evaluation 2, scenarios 3 in all zones is provided in Figure 13. For
comparative purposes, operational pumping rates are provided on the figure (Figure 13, dashed lines).
Drawdown was consistent with well demand, as demand increased (i.e. increased pumping rates),
drawdown increased. The following discussion summarizes maximum drawdown observed at the
maximum anticipated monthly flow rate of 751 gpm anticipated for the month of July:
 In the shallow aquifer is predicted to be 0.1 ft. (Table 2, Figure 13)
 In the intermediate aquifer is predicted to be 1.2 ft. (Table 2, Figure 13)
 In the deep aquifer is predicted to be 6.6 ft. (Table 2, Figure 13)
2.2.2.4 Evaluation 2, Scenario 4, Both pumps operational (1,000-foot radius)
Temporal analysis of drawdown for Evaluation 2, scenarios 4 in all zones is provided in Figure 14. For
comparative purposes, simulated drawdown when both wells are operational is compared with simulated
drawdown when only one well is operational (Figure 14, dashed lines). Drawdown was consistent with
well demand, as demand increased (i.e. increased pumping rates), drawdown increased. The following
discussion summarizes maximum drawdown observed at the maximum anticipated monthly flow rate of
751 gpm anticipated for the month of July:
 In the shallow aquifer is predicted to be 0.18 ft. (Table 2, Figure 14)
 In the intermediate aquifer is predicted to be 1.6 ft. (Table 2, Figure 14)
 In the deep aquifer is predicted to be 7.5 ft. (Table 2, Figure 14)

3.0

SENSITIVITY ANALYSIS AND QUANTIFICATION OF UNCERTAINTY

Other than pumping rates and distance from the pumping well, hydraulic conductivity is the predominant
variable that determines drawdown. In order to quantify uncertainty associated with input parameters, a
sensitivity analysis was conducted on hydraulic conductivity values assigned to model layers. The
sensitivity of drawdown to hydraulic conductivity was evaluated between a low end limit and an upper
end limit. To provide the low end member, the models original hydraulic conductivity values were
decreased by 50% in all cells in all layers within the model. To provide the upper end member for the
uncertainty analysis, the model’s original hydraulic conductivity values were increased by 50% in all cells
in all layers within the model. The scenarios with both proposed Del Rio Wells pumping were re-
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simulated with the lower and upper end member values substitutions. This was done to provide
conservative estimates for both upper and lower end members. Figure 15 provides the temporal analysis
of modelled drawdown for the sensitivity analysis conducted in the shallow (in red), intermediate (in
blue), and deep (in green) zones. The drawdowns at radial distances of 125-feet (Figure 15, top), and
1,000-feet (Figure 15, bottom) are shown for original hydraulic conductivity, 0.5 times hydraulic
conductivity, and 1.5 times hydraulic conductivity. The 1.5 times hydraulic conductivity value
substitution resulted in less drawdown in shallow, intermediate and deep zone wells, and the 0.5 times
hydraulic conductivity value substitution resulted in increased drawdown in the three zone’s wells.
Table 3 summarizes sensitivity analysis results and compares them to the values obtained with original
hydraulic conductivity values (highlighted in yellow). Drawdowns for the three hydraulic conductivities
predicted for two flow rates (198 and 751 gpm) and two radial distances from the pumping well (125 and
1,000 feet from the pumping well) are compared in Table 3. The two flow rates provided in Table 3 are
representative of periods of low demand (198 gpm) and periods of high demand (751 gpm). On average,
a 50 percent reduction in hydraulic conductivity resulted in a 48% more drawdown in shallow wells, 35%
more drawdown in Intermediate wells, and 35% more drawdown in deep wells. A 50 percent increase in
hydraulic conductivity resulted in average of 68 percent less drawdown in shallow wells, 55 percent less
drawdown in intermediate wells, and 35 percent less drawdown in deep wells.

4.0

SUMMARY AND CONCLUSIONS

Based on the model-predicted drawdown analysis, the impacts from pumping the proposed Del Rio wells
at monthly rates estimated for varying demand will not significantly impact surrounding wells screened in
the shallow and intermediate aquifers, in which all of the domestic wells in the Del Rio area are screened.
Based on model simulations, pumping could cause between 0.1 and 1.6 feet of additional drawdown in
wells screened from 100 to 360 feet bgs. In an effort to gather site-specific water-level data in the Del
Rio area of Modesto, CA, data gathered by URS personnel between August 2014 and February 2015
show that natural annual seasonal fluctuations are between 1 to 3 feet in shallow wells (URS, 2015)
These findings and observations are supported by data published by USGS in wells in the Modesto urban
area, which indicate that natural seasonal groundwater fluctuations are generally less than 3 feet in the
shallow (water table) aquifer (USGS, 2007).
Based on the drawdown analysis, the impacts from pumping the proposed two Del Rio wells could cause
between 6.6 and 20 feet of drawdown in wells screened from 360 to 600 feet bgs within 1,000 feet of the
proposed well location. However, DWR well survey data indicate that there are no wells within a 2,500foot radius of either proposed Del Rio Wells that are screened in that depth interval. Data from USGS
wells in the Modesto urban area indicate that seasonal fluctuations are approximately 18 feet in the deeper
wells (USGS, 2007)
4.0

MODEL USE, LIMITATIONS, AND USEABILITY

This groundwater model can be a powerful tool, if used appropriately, to assist in making management
decisions. Use of this model is subject to some limitations; like any computer model, it has inherent
uncertainty. This does not, however, preclude its use to help make groundwater management decisions.
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To the contrary, this model should be used whenever possible as a tool to assess current operations and to
help implement response actions.
Groundwater models are simplifications of the natural environment and, therefore, have recognized
limitations. Hence, some uncertainty exists in the ability of this model to predict groundwater flow.
During the development of the USGS model, considerable effort was expended to minimize model
uncertainty by using real-world values as model input whenever available and by conducting numerous
model simulations to calibrate and verify the model. Uncertainty of the model output reflects uncertainties
in the conceptual model, the input parameters, and the ability of the mathematical model to simulate realworld conditions adequately. The model was developed based on USGS steady-state flow conditions.
Because flow conditions change over time, the average conditions that the calibrated steady-state model
simulates may not always match real conditions closely; this may affect the uncertainty of this model. The
resulting uncertainty is therefore variable, depending on the degree to which actual conditions differ from
the calibrated steady-state model.
5.0

RECOMENDATIONS

URS recommends the installation of nested groundwater wells that are proximally located (within 1,000
feet of the pumping location) to each Del Rio location. Observed water-level data can be coupled with
the modelling data to determine if pumping of the Del Rio municipal wells are impacting the surrounding
aquifer after well installation. Water-levels should be monitored at regular intervals (i.e. daily, weekly,
monthly), or through the use of transducers. The data could be used for long term monitoring purposes,
and would be useful in calibrating the current Modesto groundwater model.
6.0
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URS appreciates this opportunity to provide hydrogeologic consulting services to the City of Modesto.
Please contact the undersigned at (916) 717-1628 if you have any questions.
Sincerely,

Eddy Teasdale, PG. (#7791)., C.HG. (#926)
Project Hydrogeologist

Nicholas J. Tucci
Geologist

Attachments:
Table 1 – Groundwater Modelling Simulation Matrix
Table 2 – Simulated Maximum Drawdown Results at Maximum Pumping Rate (751 gpm)
Table 3 – Hydraulic Conductivity Sensitivity Analysis
Figure 1 – Well Location Map
Figure 2 – USGS Model Domain
Figure 3 – USGS Model Domain Cross-Section
Figure 4 – Project Site Model Domain, Grid, and Layer Information
Figure 5 – Hydraulic Conductivity in Shallow, Intermediate, and Deep Zones
Figure 6 – Estimated Del Rio Production Well Monthly Pumping Rates
Figure 7 – Simulation Results for Model 1, Simulation 1
Figure 8 – Simulation Results for Model 1, Simulation 2
Figure 9 – Simulation Results for Model 1, Simulation 3
Figure 10 – Simulation Results for Model 1, Simulation 4
Figure 11 – Simulation Results for Model 2, Simulation 1
Figure 12 – Simulation Results for Model 2, Simulation 2
Figure 13 – Simulation Results for Model 2, Simulation 3
Figure 14 – Simulation Results for Model 2, Simulation 4
Figure 15 – Sensitivity Analysis Vs Drawdown Results

Mr. Kris Ohlson
May 15, 2015
Page 9

Table 1. Groundwater Modeling Simulation Matrix
Monitoring Well
Distance from
Evaluation Simulation
Production Well
Production Well (feet)
A
Del Rio New Well
125 (S, I, and D)
B
Del Rio New Well
125 (S, I, and D)
1
C
Del Rio New Well
1000 (S, I, and D)
D
Del Rio New Well
1000 (S, I, and D)
A
Del Rio Replacement Well
125 (S, I, and D)
B
Del Rio Replacement Well
125 (S, I, and D)
2
C
Del Rio Replacement Well
1000 (S, I, and D)
D
Del Rio Replacement Well
1000 (S, I, and D)
S= Shallow Zone, I = Intermediate Zone, and D = Deep Zone monitoring wells.

Pumping
Wells
NW only
NW & RW
NW only
NW & RW
RW only
NW & RW
RW only
NW @ RW

Pumping
Rates
NW only
NW & RW
NW only
NW & RW
RW only
NW & RW
RW only
NW @ RW

Table 2. Simulated maximum drawdown at 751 gpm
Maximum Drawdown
(feet)
Distance from
Pumping
Evaluation
Production Well
Well (feet)
Wells
Shallow Middle Deep
Del Rio New Well
125
1
0.17
1.1
19
Del Rio New Well
125
2
0.25
1.5
20
1
Del Rio New Well
1000
1
0.16
1
7
Del Rio New Well
1000
2
0.26
1.4
8
Del Rio Replacement Well
125
1
0.1
1.6
17
Del Rio Replacement Well
125
2
0.21
2.1
18.2
2
Del Rio Replacement Well
1000
1
0.1
1.2
6.6
Del Rio Replacement Well
1000
2
0.18
1.6
7.5
*Numbers highlighted in yellow denote values that are less than observed historical annual seasonal
fluctuations in groundwater levels (USGS, 2007).
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Table 3. Hydraulic Conductivity Sensitivity Analysis
Modelled Drawdown 125-Feet From Pumping Well
Flow Rate
K value
Shallow Intermediate
Deep
Low K
0.1360
0.6940
9.2050
198
Original K
0.0700
0.4030
5.3490

751

High K
Low K
Original K

0.0230
0.4920
0.2500

0.1840
2.5160
1.4570

3.5340
34.4970
20.0400

High K
0.0810
0.6700
13.2910
Modelled Drawdown1,000-Feet From Pumping Well
Flow Rate
K value
Shallow Intermediate
Deep
Low K
0.13200
0.60000
3.03000
198
Original K 0.07100
0.38800
2.16800

751

High K
Low K
Original K

0.02300
0.47500
0.25600

0.17200
2.16700
1.39900

1.39600
11.13800
7.98600

High K
0.08000
0.62400
5.18200
*Original K values (highlighted in yellow) were hydraulic conductivity values
used during all actual simulations (USGS, 2007).
*Low K value = True K * 0.5
*High K value = True K * 1.5
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