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Executive Summary 

In March 2003, CH2M HILL (as part of a cooperative exercise embarked upon by various 
parties who account for essentially all of the current groundwater production in the Seaside 
Basin [Basin]) preliminarily concluded that current extractions from the Basin might 
significantly exceed its perennial yield. In light of this preliminary finding, California 
Ame1ican, with the encouragement of other groundwater producers within the Basin, 
directed CH2M HILL to complete its assessment of the Basin focusing on the following: 

• Completion of preliminary ·work to determine the Perennial Yield of the Basin. 

• Assess the probability that unrestricted pumping from the Basin would cause 
salinity intrusion or other long-term adverse effects to the Seaside Basin. 

• Define or better characterize the boundaries of the Seaside Basin. 

• Provide recommendations on how the Basin could be managed over the next five to 
eight years, while additional water supplies which, directly or in lieu, could provide 
recharge capability for the Basin are developed. Management during this period of 
time would be for the protection of the Basin v,rhile allowing, to the maximum 
degree possible, continued extraction from the Basin. 

The Seaside Basin is a northwest-southeast trending coastal subbasin that occupies an area 
of approximately 22 square miles and is located within a larger groundwater basin that 
potentially extends north to Pajaro Valley and east to Corral de Tierra. Previous 
investigators have divided the Seaside Basin into the inland subbasin, which underlies Fort 
Ord, and the coastal subbasin, which underlies the majority of the City of Seaside. TI1e 
subbasins are further divided into subareas. TI1ese subdivisions are loosely based on the 
inferred locations of discontinuous, soutlnvest steeply dipping, northwest trending reverse 
faults associated with the Monterey fault zone and the presence of an east-west trending 
anticline in the southern part of Fort Ord, which is considered a banier to groundwater flow 

A physical conb·ol does not exist for the northern and eastern boundaries, which ,..,•ere 
established in previous studies bas~d on limited groundwater level data suggesting the 
presence of a groundwater divide caused by local pumping. Geologic evidence exists to 
suggest the water-bearing formations utilized for water supply in the Basin are contiguous 
with those encountered at depth north of the Basin boundaries. Hydrographs for 
monitoring wells north of Seaside's boundary exhibit a pronounced response to pumping in 
the Seaside Basin. This evidence suggests that the northern Basin boundary may be subject 
to migration depending on the relationship of pumping in Seaside to the wells supplying 
water for the Marina area. 

Available driller's logs for wells in the study area were compiled and used to construct 
hydrogeologic cross-sections in the study area. The principal formations were identified and 
interpretation of formation surfaces were superposed on the hydrogeologic cross-sections 
and used to deplct basinwide hydrostratigraphic units. 11,e principle water-bearing 
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EXECUTIVE SUMMARY 

formations in the study area from oldest to youngest are: (1) the Miocene/Pliocene Santa 
Margarita Formation; (2) the Miocene/Pliocene Purisima Formation; (3) the Plio-Pleistocene 
Paso Robles Formation; and (4) the Pleistocene ,Aromas Formation. Wells in the Seaside 
Basin primarily are screened in the Paso Robles and Santa Margarita Formations. North of 
the Seaside Basin, municipal wells are completed in the Paso Robles and Purisima 
Formations. 

Aquifer test data for the study area are limited. Therefore, the majority of the available 
h·ansmissivity values were estimated using specific capacity data. Mean values of 
transnussivity for the Paso Robles Formation range from 20,000 gallons per day per foot 
(gpd/ft) in the Fort Ord subarea to 21,500 gpd/ft in the Northern subarea and 8,500 gpd/ft 
in the Southern subarea. Only two wells, City No. 1 and 2 located in the Northern subarea, 
are completed exclusively in the Santa Margarita Formation. Mean transmissivity for these 
wells ls 38,500 gpd/ft. Well yields in the Basin typically nmge from 20 to 1,900 gpm. The 
lowest yields occur in the Southern subarea, and the greatest in the Northern and Fort Ord 
subareas. Increasing yields to the north can likely be attributed to a thickening of water~ 
bearing sediments in this direction. 

Groundwater in the Seaside Basin typically flows from areas of higher elevation in the east 
to lower elevations along the coast. Prior lo any significant groundwater development in the 
Basin, water levels ranged from over 300 feet mean sea level (ft MSL) in the foothills of the 
North Inland subarea to about 10 ft MSL near the coast. After about 1965, groundwater 
production in the Basin substantially increased and pumping became the primary influence 
on water levels in the study area. Long-term pumping of municipal supply ,vells has 
created a large cone of depression, causing the gradient to be steep in the Fort Ord and 
Northern coastal subareas. The most dramatic declines are observed in the Fort Oxd 
subarea, where water level elevations in production wells such as Luzem and Ord Grove 
have declined to -30 ft MSL. 

Groundwater in the Paso Robles formation is generally of good quality and can be 
characterized by relatively low concentrations of total dissolved solids (TDS) (190 to 650 
mg/L with a mean of about 265 mg/L), chloride (40 to 230 mg/L), sulfate (15 to 290 mg/L), 
and nitrate (2 to 12 mg/L). Groundwater in the Santa Margarita Formation can be 
characterized by moderate concentrations of TDS (225 to 680 mg/L with a mean of about 
510 mg/L) and chloride (70 to 190 mg/L), and elevated concentrations of iron (0.03 to 1.25 
mg/L). North of the Basin, water quality data for the Purisima Formation is available from 
water supply wells in the vicinity of Marina and a deep monitoring well cluster installed by 
the U.S. Geological Survey (USGS). Water quality in the Purisima Formation is of good 
quality, with some localized zones of high salinity due the presence of fine-grained marine 
sediments. Where continuous data were available, long-term trends in water quality for 
coastal wells were reviewed. ms and chloride for coastal wells suggest that ionic 
concentrations are increasing with depth. Previous investigators have concluded that the 
marine depositional environment of the Santa Margarita sandstone, longer residence times, 
and less flushing of residual waters by recharging meteoric water are the potential reasons 
for this vertical trend (MPWMD 1997). Additional chemical data for inland monitoring wells 
suggest the vertical variation in TDS and chloride diminishes inland and to the north. 

Geologic maps used as part of this study indicate that the Aromas Sand and Paso Robles 
units outcrop in the Monterey Bay immediately offshore of the Northern and Fort Ord 
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subareas and pose a threat to fresh \Vater supply wells in the Basin. Seawater intrusion has 
locally impacted the shallow "180-Foot" and "400-Foot" aquifers (the Aromas Sand 
equivalent) in the Salinas Valley and Marina C~mst \Yater District (MCWD). Salt water has 
intruded about 6 miles in the 180-Foot aquifer and about 3 miles in the 400-Foot aquifer in 
the Salinas Valley (Harding ESE 2001a). Farther south in the vicinity of Marina and the 
former Fort Ord area, seawater has intruded about 2 miles in the 180-Foot aquifer and about 
3 miles in the 400-Foot aquifer (Harding ESE 2001a). In the Seaside Basin, periodic 
occurrences of seawater intrusion associated with heavy pumping have been reported in 
Cal-Am's Orange well (15S/1E-21Jl) in 1966, 1974, and 1976 (USGS 1982). 

A water budget ,-vas compiled for the Seaside Basin in order to quantify the primary sources 
of recharge to and discharge from the Basin. This analysis, coupled with information about 
the physical characteristics of the Seaside Basin, was utilized to develop an estimate of the 
perennial yield of the Basin for existing conditions. The perennial yield calculation is based 
on a "base period," typically defined by climate trends. Criteria for selection of a base 
period must include at least one period each of overall wet conditions and overall dry 
conditions (relative to average annual conditions). The base period selected for the Seaside 
Basin (1962 through 1989) satisfies most of these criteria. Perennial yield was also assessed 
using a long-term period which accounts for all the available data for the period of record 
(1949 to 2002). An alternative perennial yield was estimated, which represents the potential 
yield of the Basin should subsurface flow from the North ~nland subarea be capturecl 
instead of migrating northward out of the Basin. Results of the perennial yield assessments 
indicate U1at a net groundwater extraction of 2,913 acre-feet per year (afy) over a climatic 
period similar to that of the base period could be sustained in the Basin without triggering 
an adverse impact (e.g., wells going dry or inducing seawater intrusion). This perermial 
yield estimate may potentially increase to 3,472 afy if pumping operations are optimized to 
capture subsurface flow exiting the northern boundary of the Basin. Peremtlal yield based 
on the long-term period, which incorporates aU the data for the period of record, is 2,581 afy 
for existing conditions and 3,481 afy jf production wells are positioned to capture subsurface 
flow exiting the northern boundary of the Basin. 

Due to uncertainties in the soil moisture model, perennial yield was also estimated using an 
additional 20 percent deep percolation of precipitation for the same periods and scenarios 
described above. Results of this assessment suggest that there is no net benefit of an 
additional 20 percent of recharge from deep percolation for the base period, Because the 
North Inland area accounts for a large portion of the total recharge from deep percolation of 
precipitation, the groundwater gradient in the vicinity of the north boundary significantly 
increases under this scenario, which facilitates additional subsurface flow across the north 
boundary before reaching the coastal subareas and becoming recharge to wells. However, 
the perennial yield may potentially increase to 3,754 afy for this scenario if the subsurface 
flow exiting the northem boundary of the Basin is captured, Table ES-1 provides a range of 
possible perennial yields for the Basin depending on the scenario. 
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TABLE ES-1 
Summary of Perennial Yield Estimates for the Seaside Groundwater Basin 

Base Period (1962-1989) 

Long-Term (1949-2002) 

Scenario 

Base Period plus 20% more deep percolation of preciprlation (1962-1989) 

Long-Term plus 20% more deep percolation of precipitation (1949-2002) 

Note: 

Perennial Yield, 
No Capture' 

(afy) 

2,913 

2,581 

2,625 

2,673 

EXECUTIVE SUMMARY 

Perennial 
Yield, 

w/Capture1 

(afy) 

3,472 

3,481 

3,754 

4,051 

1 "Capture" signifies capture of subsurface flow from North Inland subarea, as opposed to this flow migrating 
northward out of the Seaside Basin. 

Current net groundwater extraction in the Seaside Basin is estimated to total approximately 
4,800 afy, and was about 5,600 afy as recently as 1995. This indicates that current extraction 
may exceed the perem1ial yield estimate of 2,913 afy by as much as 40 percent for the base 
period. Net groundwater extraction in excess of this perennial yield is expected to continue 
until an alternate source of water can be used in lieu of groundwater and/ or pumping is 
reduced and additional flows in the North Inland subarea are captured before exiting 
through the northern boundary of the Basin. 

Development of a supplemental supply to relieve over-production is estimated by Cal-Am 
to range from five to eight years. To protect and manage Seaside Basin's ground water assets 
on a sustainable basis, while supplemental supplies are pursued, it is recommended that 
groundwater production from the Basin remain at the current rates and/or be reduced 
where appropriate. Currently, the Basin has excess groundwater available due to a recent 
period of relatively wet climatic conditions as evidenced by precipitation and groundwater 
level data. Therefore, current levels of groundwater production may be temporarily 
sustained in excess of the long~term perennial yield which will result in borrowing against 
future production. During this period, groundwater levels in the Basin should be closely 
monitored to assess storage conditions in the Basin and an annual determination should be 
made as to the status of the Basin. Eventually net groundwater extraction from the Basin 
should be reduced to within its pere1mial yield. Additional recommendations include the 
following: 

• Develop a numerical groundwater flow model of the Seaside Basin and adjacent 
areas. A calibrated flow model of the Basin can be used as a groundwater 
management tool to evaluate and optimize future operational scenarips. 

• Evaluate the potential for redistributing pumpage to capture subsurface flmv from 
the North Inland subarea that would othern•ise exit the Basin across the northern 
boundary. 

• Perform additional studies to assess the lateral and vertical extent of the Santa 
Margarita Formation underlying the Seaside Basin. If results of these studies indicate 
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that conditions are favorable (i.e., reasonable aquifer properties and little or no 
potcnlfol for seawater intrusion), temporarily mining the Santa Margarita Formation 
may be considered as a shorHerm man13gement option to sustain production while 
other supplies are being developed. 

• The lateral extent of stratigraphic suhuniL'l within the Paso Robles formation within 
the Fort Ord and Northern subareas should be investigated to evaluate the feasibility 
of installing production wells in only the lower confined portion of this unit. 
Production from the lmver water-bearing subunit will temporarily reduce the risk of 
seawater intrusion to the Paso Robles Formation. 

• Develop and implement a detailed water level and water quality monitoring 
prog,:am. 

• Suitable wells in the Seaside Basin should be identified and retrofitted for aquifer 
storage and recovery operations in order to replenish the Seaside Basin from any 
surplus flows that might occur in the Carmel River system during the next 5 to 8 
years 

• A review of all water level and water quality data collected should be assessed on an 
annual basis to ,:e~evaluate the Basin's status and update the groundwater model for 
use in making management decisions 
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1.0 Introduction 

1.1 Purpose 
In March 2003, CH2M HILL (as part of a cooperative exercise embarked upon by various 
parties v,rho account for essentially all of the current groundwater production in the Seaside 
Basin [Basin]) preliminarily concluded that current exl1'aCtions from the Basin might 
significantly exceed its perennial yield. In light of this preliminary finding, California 
American, with the encouragement of other groundwater producers within the Basin, 
directed CH2M HILL to complete its assessment of the Basin focusing on the following: 

• Completion of prelintinary work to determine the Perennial Yield of the Basin. 

• Assess the probability that unrestricted pumping from the Basin would cause 
salinity intrusion or other long~term adverse effects to the Seaside Basin. 

> Define or better characterize the boundaries of the Seaside Basin. 

• Provide recommendations on how the Basin could be mal1aged over the next five to 
eight years, while additional water supplies which, directly or in lieu, could provide 
recharge capability for the Basin are developed. Management during this period of 
time would be for the protection of the Basin while allowing, to the maximum 
degree possible, continued extraction from the Basin. 

1.2 Background 
Water supply in the Monterey Peninsula area is comprised of surface water from the Carmel 
River, groundwater from the Carmel Valley alluvial aquifer, and groundwater from the 
coastal subareas of the Seaside Basin. In 1995, the California State Water Resources Control 
Board (SWRCB) issued Board Order No. 95-10, which stated that the Carmel River was 
over-appropriated during summer months and required Cal-Am to reduce its annual 
diversions from the river, including pmnpage from the Carmel River aquifer system, by 
more than 10,000 acre-feet (af). Restricted supply from the Carmel River has increased 
reliance on groundwater in the Seaside Basin to meet the current water supply demand of 
the communities. Plans for supplemental water supplies for the region are being evaluated 
by various government agencies and Cal-Am, and include desalinization, aquifer storage 
and recovery (ASR) using surplus winter flows from the Cam1el River, and reclaimed water. 
Development of a supplemental supply to relieve over-production from the Cam1el River is 
estimated by Cal-Am to take five to eight years. In the interim, groundwater production 
from the Seaside Basin will provide a substantial share of the water supply for the 
commw1ities on the Monterey Peninsula. While a supplemental supply is pursued, 
increased reliance on grou_ndv,•ater production from Seaside Basin will require proper Basin 
management to protect local groundwater assets from adverse consequences. This study 
provides the results of an assessment of Seaside Basin's hydrogeologic condition, an 
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1.0 INTRODUCTION 

evaluation of the Basin's perennial yield, and recommendations for Basin management until 
a supplemental ,valer supply can be secured. 

1.3 Methods and Limitations 
This study was prepared in accordance \vith CH2M H1LL's scope of ,vork provided in 
December 2002. The intent of this evaluation was to synthesize existing data on the Seaside 
Basin, and to provide an assessment within the context of the objectives of the overall study. 
It is important to note that no new fieldwork has been conducted, and all analyses and 
information summarized herein are based on existing data a11d reports. Many reports 
associated with the Basin were reviewed, and those that yielded significant information or 
analyses are summarized in the next section. 

Existing work was evaluated as the basis for t\,is study. Previous studies were completed 
with existing data, and limited analysis of data gaps. In this study, data gaps have been 
identified where existing data led to uncertainties in the assessment. 

1.4 Previous Work 
The Seaside Basin has been studied extensively in order to evaluate the hydrogeologic 
condition of the Basin and develop a physical solution for groundwater management within 
the Basin. These reports are primarily focused on regional geology (including offshore), 
local hydrogeology, existing and potential for seawater intrusion, and quantification of a 
Basin perennial yield. Documents pertinent to this study are summarized in Table 1-1 
below. (A complete listing of sources referred to in the preparation of this report is 
presented in Section 7,0, References.) 

TABLE1-1 
Pertinent Documents Referenced in This Study 

Document 

California Geological survey, 
California Department of Conservation 
2002. Geologic Map of Monterey 30' x 
60' Quadrangle and Adjacent Areas, 
Cal/fomia: A Dig/tat Database. CGS CD 
2002-04 (CD-ROM). 

Clark, J.C., W.R. Dupre, and L.1. 
Rosenberg 1997. Geologic Map of the 
Monterey and seaside 7.5-minute 
Quadrangles, Monterey County, 
California: A Digital Database. U.S. 
Geological Survey Open-File Report 97-
0030. 
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Description 

This digital database provided a geo-referenced geologic map 
accompanied by an explanation of the geology and of the electronic 
files delivered with the database. 

This digital database provided a geo-referenced geologic map 
accompanied by an explanation of the geology and of the electronic 
files delivered with the database. The map is an updated version of 
previous maps constructed for the quadrangles. In addition, 
descriptions of the local stratigraphy, fault geometry, and quaternary ' 
deformation are presented by the authors. 
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TABLEM 
Pertinent Documents Referenced in This Study 

Document 

Feeney, Martin, and Lewis Rosenberg 
2002. Deep Aquifer lnvestigation­
Hydrogeo/ogfc Data Inventory, Review, 
Interpretation and Implications. 
Technical Memorandum-Technical 
Review D(a~ Prepared for WRIME, Inc. 
September 2002. 

Fugro West, Inc, (Fugro) 1997a. 
Reconnaissance-Leve/ Feas/bllity Study 
for Seaside Basin Injection/Recovery 
Project. Prepared for Monterey 
Peninsula Water Management District. 
February 1997. 

Fugro 1997b. Hydrogeologio 
Assessment: Seaside Coastal 
Groundwater Subareas Phase Ill Update, 
Monterey County, California. Prepared 
for Monterey Peninsula Water 
Management District. September 1997. 

Greene, Herbert G. 1990. "Regional 
Tectonics and Structural Evolution of the 
Monterey Bay Region, Central 
California." In Geology and Tectonics of 
the Central California Coast Region, San 
Francisco lo Monterey-Volume and 
Guidebook, edited by Garrison, RE., 
H.G. Greene, K.R. Hicks, G.E. Weber, 
and T.L Wright. Bakersfield, California: 
American Association of Petroleum 
Geologists, Pacific Section. June 1990. 
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Description 

The purpose or this Investigation was to refine the conceptual model 
of the deep coastal aquifer system underlying the "180-Foot" and 
"400-Foot" aquifers of the Salinas Valley and Marina area to update 
the Salinas Valley Integrated Ground and Suriace Water Model 
(SV{GSM). To accomplish this, the authors integrated all available 
data on the deep coastal aquifer systems from Monterey to Moss 
Landing. The data were used lo construct hydrogeologlc 
cross-sections of the study area, present a description .of the 
geology, and assess the response to local water levels in the deep 
aquifers from pumping of the Marina Coast Water District's wells. 
Results ofthls Investigation were considered preliminary. 

This study focuses on the qualitative aspects of a conjunctive use 
program that would utilize available excess Carmel River flows for 
subsurlace storage and recovery within the Seaside Basin. 
Specifically, the study evaluates the technical, regulatory, and 
economic issues associated with Implementation of a conjunctive 
use program. Work conducted as part of thfs study included review 
of existing hydrogeologic data, quantifying the availability of excess 
flows, identifying favorable areas for Injection/extraction In the 
Seaside Basin, identifying potential constraints for program 
implementation, developing prellmlnary cost estimates for pilot 
testing and full-scale program implementation, and evaluating 
existing facilities. 

Fugro conducted a study to assess the hydrogeologlc conditions 
and groundwater resources of the coastal portion of the Seaside 
Groundwater Basin. Work conducted during thls study Included 
complllng and reviewing existing hydrogeologic data, constructing a 
base map using a Geographic Information System (GIS) format, 
updating existing cross-sections and hydrographs with new 
information, updating groundwater production data, assessing the 
boundary between the Northern Coastal and Fort Ord subareas, 
estimating the capture zone of the Paralla well, revising estimates of 
hydraulic parameters and storage, reassessing the potential for 
seawater Intrusion, updating an assessment of long-term yield under 
natural conditions, and developing recommendations for Basin 
management. 

This is one or a number of articles included In a guidebook arranged 
by the American Association of Petroleum Geologists, whlch 
includes papers on the regional tectonics, structural evolution, and 
quaternary geology of the Monterey Bay region. 
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TABLEM 
Pertinent Documents Referenced in This Study 

Document 

Harding ESE 2001a. Final Report: 
Hydrogeologic Investigation of the 
Salinas Valley Basin in the Vicinity of Fort 
Ord and Marina, Salinas Valley, 
Callfomla. Prepared for Monterey 
County Water Resources Agency. 
Prepared by M. Taraszki and D.J. Craig. 
April 2001. 

Logan, John 1982. Hydrogaology of the 
Seaside Area. Prepared for Monterey 
Peninsula Water Management District. 
June 1982. 

Monterey Peninsula Water 
Management District (MPWMD) 1991. 
Technical Memorandum 91-05: Summary 
of Para/ta W0/I Aquifer Test. Prepared by 
Oliver, Joseph W. October 1991. 

MPWMD 1994. Summary of 1994 Fort 
Ord Monitor Well lnsta//atlons. Technical 
Memorandum 94-07. Prepared by 
Oliver, Joseph W. December 1994, 

MPWMD 1996a. Summary of Seaside 
Basin Monitor Well Data, with Focus on 
Local Response to Production from the 
Para/ta Well, April to December 1995. 
Technical Memorandum 96-01. 
Prepared by Oliver, Joseph W. February 
1996, 

MPWMD 1996b, Summary of Seaside 
Basin Monitor Well Data, with Focus 011 
Para/la Well Pumping and Recovery 
Period, December 1995 to June 1996. 
Technical Memorandum 96-02. 
Prepared by Oliver, Joseph W. August 
1996. 

MPWMD 1997a. Seaside Basin Coastal 
Monitor Wells: Ground Water Quality 
Monitoring Results, 1990-1996. 
Technical Memorandum 97-02, 
Prepared by Oliver, Joseph W. February 
1997. 
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Description 

This report examines the hydrostra\igraphic continuity of water -
bearing sediments underlying the Salinas Valley, Marina, and former 
Fort Ord areas to assess the potential for seawater intrusion. 
Hydrogeologlc data from the Salinas Valley and Marina area were 
collected and used lo construct cross-sections and assess existing 
water quallly data. The study concludes that the "180-Foot" and 
"400-Fool" aquifers are continuous throughout the study area and 
have been affected by seawater Intrusion in response to excessive 
groundwater production. Deeper water-bearing units, the Paso. 
Robles and Purlslma Formations, were not examined in detail for 
this investigation. 

Logan's study represents the second comprehensive study of the 
Seaside Basin after Muir (USGS 1982), In this study, Logan 
assessed the onshore and offshore geology of the study area, local 
hydrog(lology Including waler levels and hydraulic properties, water 
quality, perennial yield, and recommendations for management. 

This memorandum summarizes aquifor testing activities at the 
Paralta well in the Fort Ord coastal subarea. Hydraulic properties 
were assessed and water quality data collected during aquifer 
testing were evaluated. 

As part of the MPWMD's expanded groundwater monitoring 
program In the Seaside Basin, three monitoring well clusters (FO #7, 
#8, and #9) were installed in the Fort Ord subarea. Information 
Included In thereport Includes well constructions details, water level 
data, and results of waler quality sampling. 

This memorandum presents water level data from monitoring wells 
In the vicinity of Cal-Am's Paralta well up to December 1995, Water 
level data for monitoring wells FO-#7, FO-#8, FO-#10, PCA-East, 
PCA-West, MSC, and Ord Grove are presented In the report. The 
report discusses the response of the local groundwater system to 
pumping from the Paralta well. 

This memorandum presents waler level data from monitoring wells 
in the vicinity of Cai-Am's Paralfa well from 1995 to 1996. Water 
level data for monitoring wells FO-#7, FO-#8, FO-#1 o. Playa 4 Well, 
and the Paralta test well are presented in the report. The report 
discusses the response of the local groundwater system to the 
period of recovery when the Paralta well is not In operation. 

This memorandum presents water quality data collected In 
monitoring well clusters FO-#7, FO-#8, FO-#9, PCA-East, PCA· 
West, MSC, and Ord Grove well from 1990-1996. The purpose of 
the report was to provide information on the water quality conditions 
in the coastal portion of the Basin, and document background waler 
quality for comparison In future studies. Tho memorandum also 
addressed seawater Intrusion potential In the Seaside Basin. 

I'rMlcged and Confidential Svttlement Communkalion (Cnl. lM<lcncc Code§§ 11~2 ""d l154); S\1bjcs:t to Cc•1,fi1fc111inlily Agrwnrnt Rrlating To 
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TABLE1-1 
Pertinent Documents Referenced in This Sludy 

Document 

MPWMD 1997b. Summaryof1996 
Seaside Basin Monftor Welt Installations. 
Technical Memorandum 97-04. 
Prepared by Oliver, Joseph W. July 
1997. 

St;ial, Gardner, & Ounne,.lnc, (SGO) 
1987. /-lydrogeologlo Investigation: 
Seaside Coastal Ground Water Basin, 
Monterey County, Cali/om/a. Prepared 
for Monterey Peninsula Water 
Manag1;1ment District. May 1987. 

SGD 1990a, Hydrogeofogic 
fnvestigatlon: PCA Well Aquifer Test, 
Sand City, California. Prepared for 
Monterey Peninsula Water Mamigement 
District. July 1990. 

SGD 1990b, Summary of Operations: 
Para/ta Test Well, Seaside, Califomla. 
Prepared for Monterey Peninsula Water 
Management District. July 1990. 

SGD 1990c. Hydrogeologlc Update: 
Seaside Coastal Ground Water Basins, 
Monterey County, California. Prepared 
for Monterey Peninsula Water 
Management District. August 1990. 

U.S. Geological Survey (USGS) 1970. 
Geology of Southam Monterey Bay and 
its Relationship to the Ground Water 
Basin and Salt Water Intrusion. Open-file 
Report 1970. Preliminary report. 
Prepared by H. G. Greene In cooperation 
with the California State Department of 
Water Resources. 
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Description 

In 1996, two additional monitoring well clusters (FO-#10, and F0-
#11) were Installed In the former Fort Ord Military Reservation, north 
of the Seaside Basin boundary. for the purpose or providing 
hydrogeologlc Information in this area and to monitor the local 
groundwater response to Cal-Am's Paralta well. This memorandum 
summarizes construction and completion of the monitoring wells, 
including waler level and waler quality data. 

The objective of this study was to assess the feasibility of additional 
groundwater development In the coastal portion of the Seaside 
Basin. Work performed as part or this study Included development of 
a water budget, evaluation for the potential for seawater Intrusion 
under future operational scenarios, review of water levels including 
hydrographs, review of groundwater extraction In the Basin, an 
estimate of the long-term perennial yield, and identifying locations 
for increased extractions. 

The MPWMD developed an "Interim Water Supply Program" to 
Identify and develop sources of water to augment the existing supply 
for the Monterey area until a long-term supply could be obtained. As 
part of the MPWMD's Interim Water Supply Program, SGD 
conducted an investigation which Included the Installation of two 
monitoring well clusters (PCA-East and PCA-West) to monitor 
aquifer response during a five-day aquifer test on the PCA 
production well. The purpose of the test was to assess the feasiblllly 
of increased producUon from the PCA production well. The study 
summarizes the construction of the two monitoring well clusters and 
aquifer testing. 

As part of the MPWMD's Interim Water Supply Program, water 
supply projects were identified that could provide additional water to 
the area. Groundwater production from the Fort Ord subarea was 
Identified as a feasible option. To pursue this option, the MPWMD 
and Cal-Am provided joint f1,mdlng for the installation of the Paralta 
test well. This report summarizes drilling operations. well 
completion, water quality, and aquifer testing of lhe Paralta test well. 

To assess the impacts and feasibility of additional groundwater 
development from the Seaside Basin, SGD developed a field 
exploration program with U1e MPWMD to help fill In additional data 
gaps. The field exploration program included Installation of 
monitoring wells and a five-day pumping test on the PCA production 
well. Data collected from the field exploration program were used to 
update and refine the hydrogeologic framework of the Seaside 
Basin. This report documents the field exploration program and 
provides an updated hydrogeologlc analysis of tne Seaside Basin 
using the new information. Included in the analysis is an updated 
estimate of the Basin's perennial yield. 

The U.S. Geological Survey, in cooperation with the State of 
California, performed an Investigation of Monterey Bay to delineate 
the offshore groundwater basins and determine where aquifers may 
outcrop and pose a threat of seawater Intrusion. The study 
concluded that the water-bearing sediments of the Paso Robles 
Formation and parts of the "180 Foot" aquifer outcrop offshore in 
Monterey Bay and may provide an entrance for seawater. 
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TABLE1-1 
Pertinent Documents Referenced in This Study 

Document 

USGS 1977a. Geology oflhe Monterey 
Bay Region. Open-file Report 77-718. 
Preliminary report. Prepared by H. G. 
Greene. 

USGS 1977b. Initial Assessmi;int of the 
Ground-water Resources in the Monterey 
Bay Region. Califomfa. Prepared in 
cooperation with the Association of 
Monterey Bay Area Governments. 
Water-Resources lnvestigations 77-46. 
Prepared by K.S. Muir. 

USGS 1982. Ground Water in the 
Seaside Area, Monterey County, 
California. Prepared in cooperation with 
the Monterey Peninsula Water 
Management District. Water-Resources 
Investigations 82-10. Prepared by K.S. 
Muir. September 1982. 

USGS 2002. Geohydrology of a Deep­
Aquifer System Monitoring-We/I Site at 
Marina, Monterey County, California. 
Prepared in cooperationwith the 
Monterey County Water Resources 
Agency. Waler-Resources lnvestfgations 
Report 02-4003. Prepared by Hanson, 
R.T., R.R. Everett, M.W. Newhouse, S.M. 
Crawford, M.1. Pimentel, and G.A. Smith. 

USG$ and California Department of 
Conservation, Division of Mines and 
Geology 1989. Geology of the Central 
California Continental Margin, Scale 
1:250,000. California Continental Margin 
Geologic Map Serles. Central California 
Continental Margin-Area 5 of 7. Map 
Nos. 5A, 5B, SC, and 5D. Edited by 
Greene, H.G. and M.P. Kennedy, 

Yates, G., M. Feeney, and L.. 
Rosenberg 2002. Draft Report: Laguna 
Seca Subarea Phase Ill Hydrogeo/ogic 
Update. Prepared for Monterey 
Peninsula Water Management District. 
April 2002. 
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Description 

This study provides a comprehensive look al the regional geology 
surrounding the Seaside Groundwater Basin. Detailed maps 
developed as part or this study Illustrate the onshore and offshore 
geology of the Monterey Bay. Offshore geology was interpreted from 
seismic refraction surveys and ocean floor rock samples. 

This report summarizes an Initial !:'lssessment of groundwater in the 
Monterey area to assist In the development of local and regional 
plans. The study area Includes the entire area adjacent to the 
Monterey Bay from Santa Cruz south lo Carmel. Muir divided tho 
region Into six groundwater subbasins based on the drainage areas 
of various coastal streams. The study ls primarily qualitative and 
does not provide any detail regarding perennial yield analyses of the 
subbasfns. 

This investigation represents the first detailed hydrogeologic 
assessment of the Sesslde Groundwater Basin. In this report the 
boundaries of the Basin are established and the Basin is divided into 
five subareas. Muir discusses the local hydrogeology, Including 
water levels and water quality. In addition, a water budget and 
perennial yield are developed during !his investigation to be used by 
the MPWMD in planning long-term utilization of groundwater within 
the Basin. 

The USGS completed a deep-aquifer system monitoring well cluster 
at Marina, California to provide basic geologic and hydrologic 
information about the deep-aquifer system of the coastal region 
along Monterey Bay. Four monitoring wells were constructed at the 
site and completed in the Paso Robles and Purisima Formations to 
a total depth of 1,860 feet below ground surface. The study provides 
a detailed description of lithology, hydraulic properties, 1;1nd water 
quality of the deep-aquifer system In the vicinity or the Seaside 
Groundwater Basin. 

These maps are the fifth set in a series of seven that detail the 
geology of the California continental margin. The maps provided In 
the set for the central region series {5A - 5D) are geology, fault 
plane solutions and earthquake epicenters, gravity and magnetic 
anomaly, and well trackline and data source. The geology map (5A) 
is a larger-scale, color version of the offshore maps presented by 
Greene In previous studies. 

Yates et. al. evaluated groundwater conditions and water supply 
demand in the Laguna Seca subarea of the Seaside Basin. 
Evaluation of the subarea included assessing updated geology with 
respect to the structural characterization of the subarea, thickness of 
the water-bearing sediments, analysis of groundwater production 
records, review of water level elevation data, development of a 
groundwater budget, and quantification of the perennlal yield of the 
Laguna Seca subarea. 
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2.0 Basin Description 

This section describes the location, setting, physiography, climate, and land use of the 
Seaside Basin and t1djacent areas. 

2.1 Location and Setting 
The Seaside Basin is located along the central coast portion of Monterey County, California. 
The Basin is situated on the Monterey Bay, directly northeast of the Monterey Peninsula and 
south of Marina and Salinas Valley (Figure 2-1). Population centers overlying the Basin 
include the City of Seaside~ Sand City, and parts of Del Rey Oaks, as well as the fonm~r 
Fort Ord Military Reservation. 

2.2 Physiography 
The physiogi·aphk and topographic features of the Seaside Basin have been described in 
numerous previous investigations (USGS 1982, Logan 1982, SGD 1987b, SGD 1990c). The 
area that defines the Seaside Basin, as described by Muir (USGS 1982), is characterized as a 
northwest-southeast trending coastal alluvial subbasin that occupies an area of 
approximately 24 square miles and is located within a larger groundwater basin that 
potentially extends as far north as Pajaro Valley (Feeney and Rosenberg 2002) and as far east 
as Corral de Tierra (Logan1982). For the purposes of this study, the Basin is defined as 
being bound on the west by the Monterey Bay and the south by the Chupines Fault where 
aUuvial sediments are in contact with the Monterey shale formation. The southern and 
,vestem boundaries represent a hydrogeologic boundary and were established based on 
physical features. A physical control does not exist for the northern and eastern boundaries, 
which were established in previous studies based on limited water level data suggesting the 
presence of a groundwater divide caused by local pumping (USGS 1982). A more detailed 
discussion of these boundaries and their impact on this study are addres.sed in Section 3.1, 
Basin Boundary. 

Previous investigators have divided the Seaside Basin into the inland subbasin, 'Nhich 
underlies Fort Ord, and the coastal subbasin, which underlies the majority of the City of 
Seaside (USGS 1982). The coastal subbasin generally comprises the area t::ast of Monterey 
Bay and west of North-South Road paralleling the Fort Ord Military Reservation boundary. 
The inland subbasin lies entirely within the former Fort Ord Military Reservation. The 
coastal subbasin is further subdivided into the Fort Ord, Northern, and Southern subareas 
locatt::d from north to south, respectively (Figure 2-1). These subdivisions are loosely based 
on the inferred locations of discontinuous, steeply southwest-dipping, northwest-trending 
reverse faults associated with the Monterey fault zone. The Ord Terrace fault separates the 
Fort Ord subarea and the Northern subareas, and the Seaside fault separates alluvial 
deposits betv,,1een the Northern and Southern Subareas. The inland subbasin can be further 
divided into the Northern Inland and Laguna Seca subareas. The division between the 
Northern Inland and Laguna Seca subareas is based on the presence of an east-west 

SFO\SEASIDE_HYOROOEO_ASSESS VU T.OOC 2·1 

l'rlvilcgcd and C<>nfldontial S.tllumcnt Communkati<>n (Cal. F.1•Jdcnt~ Code§§ l 152 and ll!\-1); Subjf<'I to Co11fidmtinlity Agrwmmt Relating To 
Tiic S,,/1/emotl NtgcliaUvn, For 111( Sca,ldr Gr.,,rnd l\'"1cr llo.•i11 Adj11</icalio,r (Menlmy Suptrfor Court C.nf< No, M66343). 



2.0 BASIN DESCRIPTION 

trending anticline in the southern part of Fort Ord, which is considered a barrier to 
groundwater flow (Figure 2-1), Table 2-1 summarizes the approximate area each subarea 
occupies within the Basin. 

TABLE 2-1 
_fl2Proximate Size of Seaside Groundwater Basin Subareas (In Acres) 

Coastal Subbnsin Inland Subbasin 

Fort Ord Northern Southern North Inland Laguna Scca 

1,462 824 1,021 7,725 2,977 

Topography consists primarily of currently active coastal sand dunes, followed by a coastal 
plain and older stabilized sand dunes (SGD 1987b ). Coastal sand dunes are present along a 
narrow quarter-mile-wide stretch of land where the Basin meets the bay. These coastal 
dunes rise approximately 100 feet in elevation and grade eastward into a narrow coastal 
plain varying in width from one to hvo miles (Logan 1982). Older sand dunes dominate the 
topography in the eastern portion of Seaside and the majority of Fort Ord Military 
Reservation. Topography generally slopes downward to the Monterey Bay, ranging in 
elevation from about 800 feet mean sea level (ft MSL) in the east to Oft MSL in the west, 
where the active sand dunes meet the Monterey Bay (Figure 2-2). 

2.3 Climate 
The area has a Mediterranean-type climate, with warm dry summers and mild winters. Rain 
gauge stations al"e not present within the Seaside Basin. Precipitation in the Seaside Basin 
was therefore estimated for the period 1949 through 2002 using monthly data available from 
nearby NOAA Stations (Station #045795 [Monterey] and, to a much lesser degree, NOAA 
Station #047669 [Salinas Municipal Airport.]) Yates et al. (2002) estimate that long-term 
average aimual precipitation in the Seaside Basin is approximately 15 inches per year. Using 
this estimate of long-term average annual precipitation, monthly rainfall values in the 
Seaside Basin were estimated by scaling the average annual precipit~tion at the Monterey 
NOAA staUon (19.72 inches per year) by 15/19.72 and applying this scaling factor to the 
monthly NOAA data. Using this method, average annual rainfall in the Seaside Basin is 
estimated at 14.62 inches, most of which occurs between the months of November and 
April. Figure 2-3 provides a graphical summary of water-year annual precipitation in the 
vicinity of the Seaside Basin, ns estimated by this method. Historically, precipitation has 
ranged from 5.45 inches (low -1951) to 36.02 inches (high - 1998). Figure 2-3 also provides a 
plot of cumulative departure from mean annual precipitation for the same period and 
illustrates longer-term climate trends. Drier or drought conditions occurred for the periods 
1958 thrnugh 1966 and 1983 through 1992, and \•Vetter-than-average conditions occurred 
during the periods 1977 through 1983 and 1992 through 1998. 

2.4 Land Use 
Current land use in Seaside Basin varies greatly due to the location of the former Fort Ord· 
Military Reservation with respect to the communities of Seaside, Del Rey Oaks, and Marina. 
A large portion of the Basin is occupied by the former Fort Ord Military Reservation and has 
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historically remained undeveloped. Figure 2-4 summarizes the cwTent land use within the 
Basin. 

The Port Ord Reuse Authority (FORA) was established in 1994 to adopt, finance, and 
implement a plan for the area formerly occupied by Fort Ord. FORA published a plan in 
1997 that outlined the future development of the former Fort Ord within the context of 
current regional land use. The North Inland subarea, which comprises about 55 percent of 
the total Basin area, lies entirely within the former Fort Ord Military Reservation and was 
historically used by the U.S. Army as a practice range. Currently, the land remains 
undeveloped and the upland portions of the subarea are subject to ordnance removal 
(Figure 2-4). In the plan presented by FORA, the North Inland Subarea will be designated 
primarily for habitat management, with smaller areas reserved for open space recreation. In 
the western portion of the North Inland subarea, some land is zoned for a military enclave, a 
medium-density residential area, business parks, a golf course and hotels (Figure 2-5). The 
majority of the Fort Ord Subarea is within the boundaries of the former Fort Ord Military 
Reservation. Land use in this area is currently a military enclave but has been designated for 
constrnction of a golf course with hotels and a medium-density residential area (Figure 2-5). 

The Northern and Southern subareas are within the cities of Seaside and Del Rey Oaks. 
Land use in these subareas is dominated by residential, commercial, and industrial uses 
(Figure 2-4). Land use in the western portion of the Laguna Seca subarea is predominantly 
business parks and industrial, whereas the eastern half is characterized by residential areas 
interspersed with open areas for parks and recreation (Figure 2-4). 

The closing of the former Fort Ord Military Reservation may have contributed to the overall 
population decline of the Basin in the last decade (USGS 2002). The main population center 
of Seaside has declined approximately 27 percent during the last decade, from 38,921 in 1990 
to 28,404 in 1999 (U.S. Census Bureau 2000). TI1e former Fort Ord Military Reservation 
historically maintained a military presence of approximately 14,500 personnel. In addition, 
family members of active-duty personnel totaled about 17,000 and Fort Ord employed 3,800 
civilians. The resident population of Fort Ord totaled 31,270 in 1991. 
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3.0 Hydrogeologic Setting 

This section presents a description of the hydrogeology of the Seaside Groundwater Basin 
and water-bearing strata contiguous with the Basin boundary. The description is based 
largely on a compilation of information from sources listed in Table 1-1. ln addition, a 
project GIS database was developed as pad of this study that compiled electronic 
information from Geographic Data Technologies (GDT) and the USGS, The GIS includes 
digital information files generated from tables and figures developed by the MPWMD, 
Cal-Am Water, City of Seaside, Marina Coast Water District (MCWD), and other consultants 
that have performed work in the Monterey coastal region. 

The Seaside Groundwater Basin lies in a tectonic depression between two structural highs, 
the GabiHan Range to the northeast and the Santa Lucia Range to the southwest 
(Dupre 1990), This region is a geologically complex and diverse portion of the continental 
margin within the California Coast Ranges Province and represents a deformed part of the 
active tectonic boundary between the Pacific and North American plates known as the 
Salinian block. The San Andreas and San Gregorio fault zones define the northeastern and 
southwestern boundaries of the Salinian block, respectively. As a result of compressional 
tectonics related to these fault systems, numerous high angle faults trend northwest across 
the study area. These less-understood subsidiary faults displace bedrock, locally offset 
water-bearing Quaternary deposits, and help define the physical boundaries of the 
groundwater systems in the study area and vicinity. 

3.1 Basin Boundary 
The northern and eastern boundary of the Seaside Groundwater Basin has been somewhat 
tentative since it was defined by Muir (USGS 1982). More recent information developed by 
the MPWMD and investigations of the Fort Ord subarea indicate that the notthern 
boundary requires further analysis. 

Previous investigations of the Seaside Groundwater Basin have used the Basin boundaries 
advai1ced by Muir (USGS 1982) as the basis for study. Muir's brief description of the study 
area states that the north and east boundaries are in the vicinity of groundwater divides but 
provides no additional evidence for establishing these boundaries. Cross-sections provided 
by Muir suggest that the primary water-bearing formations in the Basin extend beyond the 
defined boundary, especially in the north. Subsequent investigations acknowledge the lack 
of hydrogeologic control on the northern and eastern boundaries but do not attempt any 
additional Investigation (Logan 1982; SGD 19876). Recent hydrogeologk Investigations 
conducted north of the study area in the vicinity of Marina and the Salinas Valley (see 
Figure 2-1) present data that indicate deep water-bearing formations as far north as the 
Salinas River are contiguous with those of the Seaside Basin (Harding ESE 2001a; USGS 
2002; Feeney and Rosenberg 2002). The USGS, in cooperation with the Monterey County 
Water Resources Agency, conducted a study (USGS 2002) to characterize the hydrogeology 
of the deep co.1stal aquifer system underneath Marina. Work conducted as part of the study 
led to an increased understanding of the continuity of the water-bearing sediments that 
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3.0 HYDROGEOLOGIC SETTING 

compose the coastal deep aquifer system and the relationship of \•Vater pressures in the 
deep-aquifer system to pressures in the submarine outcrops in the Monterey Bay, which are 
the source of local seawater intrusion. A deep monitoring well installed during the study 
penetrated the same principal water-bearing formations underlying the Seaside 
Groundwater Basin. Building on information collected by the USGS (2002), Feeney and 
Rosenberg (2002) compiled all available information on deep wells in an area encompassing 
the Seaside Basin, Marina, and Salinas Valley north to the Monterey County line. Their 
study represents the first documented attempt to integrate all available geologic data to 
assess the continuity of the major water-producing sedimentsin the Seaside area. 
Cross-sections produced from the study show that the hydrostratigraphic units of the 
Sea.side Basin continue north at least 13 miles to Moss Landing. 

Since recent studies show that the principal water-bearing strata underlying the Seaside 
Basin extend northward, ground\.vater pumping from those formations may potentially 
impact water levels in the vicinity of the boundary established by Muir (USGS 1982). Water 
level fluctuations caused by putnpingcould influence the position and shape of the 
groundwater divide currently used to delineate Seaside's northern boundary. During the 
mid-90s the MPWMD installed a monitoring well network in the northern portion of the 
Basin to more effectively monitor the response of the local groundwater system to 
production from the Paralta well. The Paralta well is owned and operated by Cal-Am and 
was completed in 1991 in the Fort Ord subarea. TI1e Paralta well was screened in multiple 
aquifer zones, and historical production has averaged about 40 percent of Cal-Am's total 
production. Monitoring wells FO #81 FO #10, and FO #11 were installed in Fort Ord, north 
of the Seaside Basin boundary (Figure 3-1). Figures 3-2 to 3-4 show water levels collected 
from these wells for the period 1994 to 2002 with relation to pumping by Cal-Am in Seaside 
and from MCWD's deep production wells. Water levels for the period appear to be strongly 
influenced by pumping in the area. Because Cal-Am's production is significantly greater 
than MCWD' s for the period of record, and the monitoring wells were completed at depths 
aimed at measuring drawdown from Seaside, it is inferred that the observed water levels 
are primarily influenced by Cal-Am's pumping in the Seaside Basin. 

Hydtostratigraphic and groundwater-level evidence suggests that the northern Basin 
boundary may be subject to migration depending on the relationship of pumping in Seaside 
and of wells supplying water for MCWD. For the purposes of assessing the perennial yield 
and quantifying Seaside Basin's water budget components, the present investigation 
primarily focuses on the area within the original Basin boundaries advanced by Muir (USGS 
1982) and accounts for fluxes into and out of the Basin across the north bow1dary. However, 
the investigation of local hydrogeoiogy, including hydrostratigraphy, aquifer properties and 
yield, groundwater movement, and water quality, includes the area within the historically 
established Basin boundary as well as adjoining areas considered important to the current 
evaluation and future management of local groundwater assets. 'TT1ese include the Monterey 
Bay, Marina, and the western extent of the Salinas Valley; all of these areas are collectively 
referred to in this report as the "study area"(Figure 2-1). 

3.2 Hydrostratigraphic Units 
As part of this study, available driller's logs for wells in the study area were compiled and 
entered in an electronic database. The majority of the logs were obtained from previous 
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investigations and Cal-Am. Within the study area, there were 53 driller's logs with geologic 
information. Each log entry was reviewed and placed into one of the Unified Soil 
Classification System (USCS) categories. The x-y coordinates for some wells were available 
from tables or the log itself and the remainder were assigned approximate values based on 
digital map files. The driller's logs were used to construct six hydrogeologic cross-sections in 
the study area (Figures 3-5 through 3-11). 

The hydrostratigraphy of the coastal Monterey Bay area has been characterized and mapped 
in detail (Clark et al. 1997; Feeney and Rosenberg 2002; Greene 1977; Logan 1982, 
USGS 1970; USGS 1977a) and has resulted in identification of the principal formations 
within the study area. Interpretations of the formation surfaces were superposed on the 
hydrogeologic cross-sections and used as a guide to Basin-wide stratigraphic analysis 
(Figures 3-5 through 3-11). Some investigators have assigned subdivisions to layers within 
these units (USGS 1982; Logan 1982); however, the lateral continuity of the layers is 
uncertain (MPWMD 1997). An attempt lo correlate these subdivisions in cross-section was 
not made durh1g this investigation. 

From oldest to youngest, the subsurface geology of the Seaside Ground·water Basin and 
surrounding area, as described i11 available well logs and reports, consists of the following: 

• Miocene Monterey Formation 
• Miocene/Pliocene Santa Margarita Formation 
• Miocene/Pliocene Purisima Formation 
• Plio-Pleistocene Paso Robles Formation 
• Pleistocene Aromas Formation 
• Surficial Quaternary Sediments 

Figures 3-12a and 3-12b present the geology of the Monterey Bay region. A more detailed. 
map illush·ating local onshore and offshore surficial geology of the Seaside Basin (as 
described by the California Geological Survey 2002; USGS 1977a; and USGS and Ca. Dept. of 
Conservation 1989) is presented in Figure 3-13. The following subsections briefly describe 
each of the geologic units identified above. 

3.2.1 Monterey Formation 
The Monterey Formation is a sequence of marine shale and mudstone that consists of 
siliceous and diatomaceous beds that may be as much as 3,000 feet thick in the Monterey 
Peninsula area (California Geological Survey 2002). 11uee mappable subdivisions of the 
Monterey Formation have been identified within the vicinity of the study area. The lower 
unit ls a thinly bedded, yell01.vish-brown mud.stone containing siltstone interbeds. This 
subdivision is about 100 feet thick. The middle unit is as much as 2,000 feet thick 
predominantly consisting of thin, laminated porcenalite with waxy-yellow brown chert 
interbeds. The upper unit is characterized as a thick bedded, pale orange to white diatomite 
containing thin interbeds of dark brown chert and light gray tuff (Clark et al. 1997). This 
unit is approximately 800 feet thick. Recognition of the white diatomite is commonly used in 
driller's logs to distinguish between the Monterey and overlying Santa Margarita 
Formations. The Monterey Formation outcrops south of the Chupines fault and in parts of 
the Laguna Seca subarea. Withh1 the Seaside Basin, the Monterey Formation is vertically 
offset by the Chupines and Seaside Faults (see Figure 3-13). As a result, alluvial sediments in 
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the Southern subarea are less than 200 feet thick. The Monterey Formation was encountered 
at a depth of 820 feet while drilling the Paralta test well in the Fort Ord subarea 
(SGD 19906). Offshore geologic mapping shows the Monterey Formation outcropping 
immediately offshore from the Northern and Southern subareas (USGS 1977a; USGS and 
Ca. Dept. of Conservation 1989) (Figure 3-13). Logan (1982) characterizes the Monterey 
Forrnation as having almost no porosity and only providing water to a few domestic wells. 
The Monterey Formation defines the base of water-bearing alluvial sediments in the Seaside 
Basin. 

3.2.2 Santa Margarita Formation 
The Santa Margarita Formation conformably overlies the white diatomite unit of the 
Monterey Formation. The Formation is generally characterized as a greenish-white, wetl 
sorted, fine to coarse grained arkosic sandstone originating from a transgressive, 
shallow-water environment (Clark et al. 1997; MPWMD 1997b). The formation outcrops 
along the steep walls of the El Toro River Canyon immediately east of the Seaside 
Groundwater Basin (Figures 3-12a, 3-12b and 3-13). Driller's logs show the sandstone ranges 
in thickness from less than 100 feet near the coast to more than 300 feet inland, Drill cuttings 
and geophysical logs from the Pam.Ha test well drilled in the Fort Ord subarea indicate the 
Santa Margarita is 195 feet thick at this location, and was encountered from 625 to 820 feet 
below ground surface (ft bgs) (Figure 3-7). Monitoring wells located north of the Seaside 
Basin encounter the Santa Margarita Formation at approximately 1,080 ft bgs 
(MPWMD 1997b). According to driller's logs, thickness of the formation north of the Basit1 
varies from about 40 feet at FO #11 to 420 feet at FO #10. Based on deflections in the 
geophysical log for FO #11, the MPWMD (1997b) suggests the Monterey Formation is 
encountered at or near the borehole bottom. Less than full sections of the Santa Margarita 
Formation have also been observed at other locations in the Basin and are attributed to 
either non-deposition or erosiot1 prior to deposition of the overlying units (SGD 1990d; 
MPWMD 1997b). Alternately, the abnormally thick section observed at FO #10 may 
represent a transition to the marine sediments of the Purisima formation, which overlies the 
Santa Margarita north of Seaside. 

Logan (1982) reports that the Santa Margarita Formation is only important in the 
east-central portion of Seaside, where it is used to supply the municipal water systems. 
Using available borehole and geophysical data, early investigators concluded. that the 
Santa Margarita Formation does not extend west to the coast; it is thought to have pinched 
out or been eroded in that location (Figure 3-8) (Logan 1982; SGD 1987b). However, drill 
cuttings and geophysical data collected more recently from a monitoring well cluster 
located on the coast of the Fort Ord subarea reveal the presence of the Santa Margarita 
sandstone at depths below 700 ft bgs (SGD 1990d). North of the Seaside Basin, the 
Santa Margarita is not typically identified by investigators or in driller's logs. It is uncertain 
if the formation pinches out north of the Basin boundary or is presei1t at depths most 
boreholes do not encounter. TI1e Santa Margarita is one of the two pl'incipal water-bearing 
formations undedying the Seaside Groundwater Basin and has been the subject of recent 
investigations (SGD 1990d) aimed at expanding groundwater production in the Seaside 
Basin. 
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3.2.3 Purisima Formation 
The Purisima Formation consists primarily of poorly indurated gravels, sa11ds, sills, and 
silty clay, deposited in a shallow marine environment. Regionally, the formation may attain 
a thickness of up to 10,000 feet (USGS 1970); however, driller's logs indicate the formation 
thickness ranges from 500 to 1,000 feet in the vicinity of the study area (Feeney and 
Rosenberg 2002). The formation is not present directly under the Seaside Groundwater 
Basin but overlies the Santa Margarita Formation north of Seaside and is one of the principal 
water-bearing formations utilized by the MCWD and the groundwater users in the Salinas 
Valley. Data collected from driller's logs and cross-sections developed as part of this study 
and previous investigations shows the Purisima as being relatively thick in the northern 
Monterey Bay area and thinning toward the southern end of Monterey Bay in the vicinity of 
the Basin's northern boundary (Figmes 3-6 and 3-7), The formation is exposed in the 
northern portion of Pajaro Valley and offshore along the Monterey Bay submarine canyon 
(USGS 1970; USGS and Ca. Dept. of Conservation 1989). 

3.2.4 Paso Robles Formation 
Unconformably overlying the Santa Margarita Sandstone in the Seaside Basin is the Paso 
Robles Formation. The Paso Robles is a series of continental deposits that can be described 
as semiconsolidated, fine-grained, oxidized sand and silt beds with gravel interbeds (Clark 
et. al. 1997). Muir (USGS 1982) reports the Fom1ation to be as much as 700 feet thick in the 
Seaside Groundwater Basin; however, drill cuttings and geophysical logs from the Paralta 
test well indicate that the Paso Robles Pormation is about 415 feet thick in the Fort Ord 
subarea (210 to 625 ft bgs). Interpretations of driller's logs north of the Basin indicate that 
the Paso Robles may be as much as 700 feet thick in the vicinity of the MCWD and Salinas 
Valley (Figures 3-6 and 3-7). The Paso Robles Formation outcrops in the foothills south of 
the Chupines fault and Laguna Seca subarea, along the eastern part of the Basin in. the 
El Toro River Valley, and directly offshore of the Fort Ord subarea (Figures 3-12a, 3-12b and 
3-13). 

Previous investigators have subdivided the Paso Robles Formation into separate 
components based on lithology and productivity. Muir (USGS 1982) separates the formation 
into two identifiable units, upper and lower. The upper unit consists of continental elastic 
sediments typical of alluviated mountain valleys, such as sand, silt, gravel, and day. These 
sediments are partly consolidated to indurated and are characterized by abundant 
fragments of diatomaceous flint and chert. The lower unit is about 150 feet of blue clay and 
clayey sand containing shells that appear to be of a 1agoonal or bay origin. Logan (1982) 
subdivides the Paso Robles into four units: (1) an upper variable zone; (2) a unit termed the 
"Seaside Clay"; (3) a lower variable zone; and (4) a zone of whitish sandy clays. Of these 
units, the two variable zones (units 1 and 3) are the most significant producers of 
groundwater. 'I11e Seaside Clay separating the two water-bearing units ranges in thickness 
from 40 to 70 feet and is characterized by mixed silty clays and bluish- or greenish-gray 
clayey sands, The lowest unit is characterized by whitish sandy clays, not to be confused 
with the white sandstones of the Santa Margarita Formation. Logan points out that this 
sequence may not be recognizable in every well record and the units he has identified are 
primarily recognized in the northern Seaside Basin. SGD (May 1987) recognizes the two 
sand and gravel units separated by the Seaside Clay but gives no mention of the lower-most 
unit identified by Logan (1982). Water level data collected from piezometers completed 
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above and below the Seaside Clay indicate that strata below are confined to semiconfined 
and the portion above the Seaside Clay is unconfined (SGD 1987b). The Paso Robles 
Formation is an important groundwater source for the Basin and surrounding area, 
including the MCWD and Salinas Valley, where it locally contains part of the" 400-Foot" 
aquifer. All of the wells in the Basin, with the exception of the City of Seaside Wells No. 1 
and 2, produce water from the Paso Robles Formation (SGD 1987b). 

3.2.5 Aromas Formation 
The Aromas Formation consists of moderately well sorted, friable, quartzose, brown and 
red sand deposited in a lagoonal or shoreline environment by wind and ,-vaves (USGS 1970). 
This formation lies unconformably over older continental deposits and is up to 300 feet thick 
in the study area. The Paralla test well encounters the sands from Oto 210 ft bgs. The sands 
are extensively exposed in the hilltops of the North Inland and Laguna Seca Subareas 
(Figures3-12a, 3-12b and 3-13). Previous investigators have noted that it is often difficult to 
distinguish between the Aromas Sands and the older Paso Robles Formation in well logs 
and that the hvo units may, in part, be fades equivalents (USGS 1982; Clark et al. 1997). 
Logan (1982) mal<es no effort to separate the Aromas Formation from the younger alluvial 
sediments, and Muir (USGS 1982) groups the Aromas formation with the Paso Robles when 
illustrating the Basin's hydrostratigraphy in cross-section. Much of the Aromas Formation is 
unsaturated with the exception of the extreme western edge of the Basin, where it becomes 
saturated (Logan 1982; SGD 1987h). The Aromas sand is not a significant water-bearing 
formation with the exception of the near shore envirotunent, where it may a1so contain parts 
of the 400-Foot aquifer (USGS 1970). 

3.2.6 Surficial Quaternary Deposits 
Stlrficial Quaternary sediments include floodplain deposits, alluvial fans, eolian deposits, 
flu vial and marine terraces, and basin deposits (Feeney and Rosenberg 2002). With the 
exception of the valley fill deposits in the Salinas Valley, ,vhich mew contain the "180-Foot 
aquifer," these deposits are not a major water supply source for the study area. 

3.3 Hydrogeologic Properties and Well Yield 
Aquifel' test data for the study area are limited. Therefore, the majority of the available 
transmissivity values were estimated using specific capacity data. For wells where only 
specific capacity data are available, the methods presented in Driscoll (1995, page 1021) and 
Logan (1982) for confined aquifers were used to estimate transmissivity. Hydraulic 
conductivity estimates were calculated by dividing transmissivity by total screen length of 
the tested well. Available specific capacity and transmissivity data are presented on 
Figure 3-14 and summarized in Appendix A. Mean values oftransmissivity for the 
Paso Robles Formation range from 20,000 gallons per day per foot (gpd/ft) in the Fort Ord 
Subarea to 21,500 gpd/ ft in the Northern subarea and 8,500 gpd/ ft in the Southern subarea. 
Only two wells, City No. 1 and 2 located in the Northern subarea, are completed exclusively 
in the Santa Margarita Formation. Mean transmissivity for these wells is 38,500 gpd/ft. 
Logan (1982) estimated a mean transmissivity fot the Basin of 44,000 gpd/ft using estimates 
of subsurface inflow from the inland subarea to the coastal subareas. The composite value is 
in general agreement with estimates made from pumping tests and specific capacity data. 
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3 0 HYDROGEOLOGIC SETTING 

Logan believes this value may be too high because leakance from confining layers is not 
considered in this estimate. A brief description of available aquifer test data for the study 
area is presented below. 

A pumping test of the District's PCA well was conducted as part of an "Interim Water 
Supply Program" to evaluate the potenlial for incol'porating the well into Cal-Am's system, 
determine if the Ord Terrace fault acts as a barrier to flow between the Fort Ord and 
Northern subareas, and assess local aquifer parameters. The PCA well is screened in the 
Paso Robles Formation from 200 to 632 ft bgs. Work conducted as part of the pumping test 
program included installation of hvo monitoring well clusters, PCA East and PCA West, 
located 750 and 700 feet from the pumping well, respectively. Each cluster included 
completion of a monitoring well in the Paso Robles and underlying Santa Margarita 
Formations. Analyses of test data from the pumping well provided a transmissivity estimate 
of about 9,100 gpd/ft and a specific capacity of 7.7 gallons per minute per foot (gpm/ft) of 
drawdown at 500 gpm (SGD 1990b). Values of transmlssivity estimated from the PCA West 
shallow monitoring well range from 9,780 gpd/ft for the drawdown data and 21,120 gpd/ ft 
for the recovery data. Analysis of data collected from the PCA East shallow monitoring well 
provided transmissivity values l)f 77,650 for the drawdown data and 122,000 gpd/ ft for the 
recovery data. These higher values may suggest that the monitoring well was not in direct 
hydraulic communication with the producing zones of the pumped well (SGD 1990b). 
Water level data collected from the deep monitoring wells in the Santa Margarita Formation 
do not show an aquifer response to pumping in the overlying Paso Robles. 

A pumping test of Cal~Am's Paralta well provided a lransmissivity estimate of about 
130,000 gpd/ft and a specific capacity of 57 gpm/ft at approximately 1,400 gpm 
(MPWMD 1991). The Paralta well is completed in multiple aquifers below 430 ft bgs that 
correspond to the Paso Robles and Santa Margarita Formations. Since the Paralta well is 
completed in multiple aquifers, the transmissivity estimate represents a composite value for 
both aquifers. Determination of aquifer parameters for the individual units is not possible 
without the use of specialized tools during testing, such as packers. 

Pumping tests of MCWD's supply wells provided estimates of transmissivity and hydraulic 
conductivity of 30,500 gpd/ft and 25.4 feet per day (ft/d) for MCWD 10, 24,500 gpd/ft and 
16.4 ft/ d for MCWD 11, and 29,500 gpd/ ft and 16.5 ft/ d for MCWD 12 (USGS 2002). 
MCWD's supply wells are screened in sediments below 800 ft bgs that correspond to the 
Purisima Formation. Slug tests performed on a nearby deep monitoring vvell cluster also 
screened in the Purisima Fonnation yield estimates of transmissivity and hydraulic 
conductivity that range from 300 gpd/ ft and 2 ft/ d to 4,300 gpd/ ft and 14.5 ft/ d 
(USGS 2002). The relatively lower values of trnnsmissivity and hydraulic conductivity 
estimated from the monitoring well may be attributable to the method of testing. Slug test 
results are based on very small changes in water level measured over very short periods and 
therefore may represent only a small fraction of the aquifer material around the well screen, 
whereas pumping tests are longer-term and influence a much larger volume of aquifer 
material adjacent to the well. 

Well yields in the Basin range from 20 to 1,900 gpm. The lowest yields occur in the Southern 
subarea, and the greatest in the Northern and Fort Ord subareas. Increasing yields to the 
north can likely be attributed to a thickening of alluvial sediments in this direction. Also, 
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3.0 HYOROGEOLOOIC SETTING 

deeper wells tend to be screened across multiple aquifers and therefore do not provide 
direct information regarding aquifer properties or yield. 

3.4 Water levels 
As part of this study, historical water level data were coIJected and entered into an 
electronic database. The database holds over 3,000 water level entries for 72 wells from 
spring 1955 to fall 2002. Groundwater elevations stored in the database were used to 
prnduce groundwater elevation maps (Figures 3-15 through 3-20) and hydrographs 
(Figures 3-2 through 3-4 and 3-21 through 3-32) for select wells in the study area. 

Groundwater in the Seaside Groundwater Basin generally flows from areas of higher 
elevation in the east to lower elevations along the coast Under natural conditions (pre­
groundtvater development), water levels generally miinic the topography. Prior to 1965, 
groundwater production for the Basin was relatively low, less than 1,000 acre-feet per year 
(afy). During thisperiod water levels ranged from oYer 300 ft MSL in the foothills of the 
North Inland subarea to about 10 ft MSL near the coast (Figure 3-15). Water level data were 
noi available for the North Inland subarea, The groundwater elevation contours presented 
for this subarea are a modified version of the fall 1979 water level map presented by Muir 
(USGS 1982). 

After about 1965, groundvl',:iter production in the Basin substantially increased and 
pumping became the primary influence on water levels in the sludy area. Recent water level 
maps illush·ate the impact of pumping on groundwater elevations in the coastal subareas 
(Figures 3-16 through 3-20). Long-term pumping of municipal supply wells has created a 
large cone of depression causing the gradient to be steep in U·tis portion of the Basin. 
Groundwater levels that were historically above sea level inthe Northern and Fort Ord 
subareas have dropped below sea level. Long-term hydrographs plotted with production 
data illustrate the steady decline of water levels since 1985. The most dramatic declines are 
observed in the Fort Ord subarea where water level elevations in production wells such as 
Luzern and Ord Grove have declined to -30 ft MSL. 

Recent hydrographs for monitoring wells FO #8, #9, #10, and #11 illustrate the effects of 
pumping near the northern Basin boundary on water levels in the Paso Robles and Santa 
Margarita Formations. Monitoring wells FO #8 and #9 show a steep decline in water levels 
in the Paso Robles and Santa Margarita aquifers. Since about 1995, groundwater elevations 
in the Paso Robles aquifer system declined from 15 ft MSL to about 2 ft MSL and from about 
5 ft MSL to -10 ft MSL in the Santa Margarita aquifer (Figures 3-2 and 3-22), Water levels in 
these wells are heavily influenced by production from Cal-Am's nearby Paralta well, which 
went on-line inl995 and is the only well in the subarea screened in the Paso Robles and 
Santa Margarita aquifers. Monitoring wells FO #10 and #11 show a more subdued response 
to pumping from Cal-Am's Paralta well (Figures 3-3 and 3-4). FO #10 may be screened in 
the transitional zone between the Purisima and Santa Margarita Formations and therefore 
ll'1ay not he in direct hydraulic communication with the Paralta well's primary zones of 
production (MPWMD 1997b). FO #11 only encountered a thin section of the Santa Margarita 
Formation during drilling and therefore may also not be in direct hydraulic communication 
with the Paralta well's prnduction zones. Watel' level fluctuations in these wells are a'lso 
potentially influenced by the MCWD supply wells; however, these wells are screened 
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3 0 HYDROGEOLOGIC SETTING 

exclusively in thin water-bearing zones of the Purisima Formation. Hydrographs for wells 
in this part of the study area illustrate the fluid nature of the northern Basin boundary and 
the potential impacts local pumping may have in the vicinity of this boundary. 

Two monitoring well clusters, PCA East and PCA West, were constructed near the PCA 
production well in the western margin of the Fort Ord subarea. Each duster included 
completion of a monitoring well in the Paso Robles and underlying Santa Margarita 
Formations. Hydrographs for these monitoring well dusters exemplify the impact of the 
Parnlta well on the Paso Robles and Santa Margarita fonnations near the coast (Figures 3-23 
and 3-24). Water levels in the Paso Robles aquifer fluctuate seasonally with production. 
Water levels in the Santa Margarita Formation have declined as much as 20 feet from 
approximately 5 ft MSL prior to Paralta's production to about -15 ft MSL after Paralta came 
online (Figures 3-23 and 3-24). Prior to Para I ta well operation, water levels in the Santa 
Margarita Formation were about 5 feet higher on average than in the Paso Robles 
Formc1lion, indicating a strong vertical upward gradient in this portion of the Basin. These 
conditions suggest that under non-pumping conditions the Santa Margarita Formation is a 
source of recharge to the Paso Robles Formation (SGD 1990a). 

Hydrographs for some wells in the study area indicate water levels in the Paso Robles 
formation in some wells stopped declining in about 1998. TI1is response is most pronounced 
h't monitoring wells FO #9, PCA-West, and PCA-East (Figures 3-22 through 3-24, 
respectively). Though the cyclic effects of pumping are still clearly visible, the overall trend 
of declining waler levels in the Paso Robles formation in these wells ceases and water level 
response to pumping is more subdued. Water levels in the Santa Margarita formation, 
however, continue to exhibit a steep .decline despite the trend reversal in the Paso Robles 
formation. TI1e change in water level trend can be explained by the anomalously high 
precipitation experienced in 1998 and the higher than average precipitation during the 1990s 
in general (see Figure 2:-3). These exceptionally wet years appear to temporarily curb the 
steep decline in water levels in some wells. 

3.5 Water Quality 

3.5.1 General Water Quality 
Available water quality data for the Basin were compiled from previous reports and are 
summarized in Figures 3-33 through 3-48, and tabulated in Appendix B. Water quality data 
presented in Figures 3-34 through 3-43 represent the maximum concentration detected 
historically at a given location for the shallow and deep aquifer units. For the purposes of 
this discussion, the Aromas Sands and Paso Robles Form<1tions are categorized on the 
figures as "Shallow Aquifers" and the Santa Mi,'!rgarita and Purisima Formations are 
referred to as ''Deep Aquifers." Some of the water quality data listed in Appendix A for the 
FO and PCA monitoring wells were not used for analysis or presented in figures, Initial 
sampling events at these wells resulted in anomalously high concentrations for total 
dissolved solids (TDS) and chloride. Elevated concentrations of these constituents were 
likely due to residual contamination from fluids used during the drilling process. 

Groundwater in the Paso Robles Formation is generally of good quality and can be 
characterized by relatively low concentrations of TDS (190 to 650 milligrams per liter 
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3.0 HYOROGEOLOGIC SETTING 

( mg/L] with a mean of about 265 mg/ L), chloride (40 to 230 mg/L), sulfate (15 to 290 
mg/L), and nitrate (2 to 12 mg/L) (Figures 3-34 through 3-38). The Calabrese well, located 
along the coast of lhe Northern subarea, has elevated concentrations of11)S and chloride. 
The well is less than 150 feet deep and is likely completed in the Aromas Sands Formation. 
Elevated concentrations of iron in shallow wells are prevalent, with the highest 
concentration reported on the coast in the PCA East well. Average concentration of iron in 
the shallow aquifers of the Basin is about 0.75 mg/L. TI1e California Department of Health 
recommends that the concentration of iron in domestic wells not exceed 0.3 mg/L. The 
highest concentrations of ions are observed along the boundary between the Northern and 
Fort Ord subareas and may be related to the Fort Ord fault. 

Groundwater in the Santa Margarita Formation can be characterized by moderate 
concentrations of TDS (225 to 680 mg/L with a mean of about 510 mg/L), chloride (70 to 
190 mg/L) and elevated concentrations of iron (0.03 to 1.25 mg/L) (Figures 3-39 
through 3-41). North of the Basin, water quality for the Purisima Formation is available 
from MCWD's water supply wells and the USGS deep monitoring well cluster, designated. 
DMW (Figure 3-33). Groundwater samples collected from DMW-1-3, which is screened 
from 1,040 to 1,060 ft MSL, reveal extremely elevated concentrations of TDS (23,000 mg/L), 
chloride (10,800 mg/L), and sulfate (1,500 mg/L). DMW-1-3 is part of a coastal monitoring 
well duster installed during a study by thelJSGS to gain insight into the deep aquifer 
system present under the Salinas Valley and Marina areas. By comparing isotope data from 
the well with seawater, the USGS was able to rule out recent seawater intrusion and cited 
fine-grained marine sediments as the likely source of high salinity in this well. With the 
exception of DMW-1-3, groundwater in the Purisima Formation is generally of very good 
quality, with TDS ranging from 300 to 500 mg/Land chloride ranging from 50 to 150 mg/L. 

Figures 3-44 through 3-48 illush·ate long-term trends in water quality for wells where 
continuous data were available. Plots of TDS and chloride for coastal wells PCA-East, PCA­
West, and MSC suggest that ionic concentrations are increasing with depth. Olivei· 
(MPWMD 1997a) cites the marine depositional enviromnent of the Santa Margarita 
sandstone, longer residence times, and less flushing of residual waters by recharging 
meteoric water as the potential reasons for this vertical trend. Plots of che1nical data for 
FO #9 and #10 suggest that the vertical variation in TDS and chloride diminishes inland and 
to the north. 

Though water quality of the Santa Margarita fom1ation is generally good, hydrogen sulfide 
is present in relatively high concentrations. A rotten egg odor, due to hydrogen sulfide in 
solution, is commonly observed when drilling in the formation. Currently, groundwater 
frmn the Paralta well is treated to remove excess hydrogen sulfide. Treatment systems to 
remove hydrogen sulfide from groundwater will likely be required for new wells completed 
in the Santa Margarita formation. 

3.5.2 Seawater Intrusion 
Seawater intrusion is the landward flow of seawater from the ocean through the submarine 
outcrops of aquifer systems (USGS 2002). Seawate1· intrusion can occur when coastal 
freshwater aquifers (unconfined or confined) are in hydraulic connection with the sea and 
are under the influence of extensive groundwater development, as is the case with the 
Seaside Basin. Due to complexities in flow derived from differences in density betvveen 
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3.0 HYDROOEOLOGIC SETTING 

freshwater and saltwater, seawater intrusion is difficult to assess and is often discussed in 
qualitative terms. Previous investigators have assumed that the aquifers in the Seaside Basin 
outcrop miles offshore, which suggest there is a large freshwater "buffer'' protecting the 
Basin. However, geologic maps used as part of this study indicate that the Aromas Sand 
and Paso Robles aquifers outcrop in the Monterey Bay immediately offshore of the Northern 
and Fort Ord subareas and pose a tlu-eat to fresh water supply wells in the Basin. Seawater 
intrusion has locally impacted the shallow 180-Foot and 400-Foot aquifers (the Aromas Sand 
equivalent) in the Salinas Valley and MCWD. Salt water has intruded about 6 miles in the 
180-Foot aquifer and about 3 miles in the 400-Foot aquifer in the Salinas Valley (Harding 
ESE 2001a). Farther south in the vicinity of Marina and the former Fort Ord area, seawi:lter 
has intruded about 2 miles in the 180-Foot aquifer and about 3 miles in the 400-Foot aquifer 
(Harding ESE 2001a). Shallow wells. in these areas have been abandoned, ;u,d pumping in 
the lower aquifers, such as the Paso Robles and Purisima Formations, have increased in the 
last decade as a result. In the Seaside Basin, periodic occurrences of seawater intrusion 
associated with heavy pumping have been reported in Cal-Am's Orange well (15S/1E-21Jl) 
in 1966, 1974, and 1976 (USGS 1982). This weH was abandoned in 1979, 
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4.0 Water Budget and Perennial Yield Analysis 

A water budget was compiled for the Seaside Basin in order to quantify the primary sources 
of recharge to and discharge from the Basin. This analysis, coupled with information about 
the physical characteristics of lhe Seaside Basin, were utilized to develop an estimate of the 
perennial yield of the Basin for existing (current) conditions. The water budget and 
perennial yield analyses were also utilized to predict approximate changes in storage within 
the Seaside Basin for several scenarios representing incremental increases in groundwater 
withdrawal. 

4.1 Definition of Water Budget 
A water budget is a full accounting of all the sources of rechal'ge to and discharge from a 
groundwate1· basin. This accounting is generally conducted for as long a period of time (i.e., 
"period of record") as practicable in order to evaluate variations in the water budget and to 
identify those components to which the basin is most sensitive. Som.e data are available via 
direct measurement (e.g., precipitation via rain gauge, or pan evaporation). Other data are 
more difficult to quantify, and require estimation vJa commonly used techniques and 
professional judgment. Each quantified component is then integrated, and when considered 
alongside information about the physical properties of a groundwater basin, they should 
lead to a predictable groundwater basin response (e.g., change in groundwater level) which 
accompanies te1nporal deficit or surplus conditions. 

After verifying that the water budget approximates conditions within the groundwater 
basin for the period of record, the water budget can be utilized to quantify the basin's 
perennial yield, and current surplus or deficit. Each of these is discussed in greater detail 
below. 

4.2 Methods of Calculation 
Previous estimates of basin yield were based on the "practical rate of withdrawal" method. 
The practical rate of withdrawal inethod for estimating a water budget for, and the 
perem1ial yield of, a groundwater basin is discussed below. The current analysis utilized a 
full accounting method for estimating the water budget for the Seaside Basin (based on 
historical information - i.e., period of record), and ultimately for estimating the perennial 
yield of the Seaside Basin. Details for the current analysis are also provided below. 

4.2.1 Practi.cal Rate of Withdrawal 
The majority of previous investigators estimated the yield of the Seaside Basin via the 
practical rate of withdrawal method. Estimates of yield based on these historical estimates 
vary amongst authors. The estimate is completed by identifying a period of stability in 
water levels (Le., no change in groundwater basin storage), identifying as many other 
sources of recharge or discharge that can be t1uantified, and by making the assumption that 
the sum of those recharge and discharge components must equal zero (as predicated by the 
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4 0 WATER BUOOF.T ANO PERENNIAL YIELD ANALYSIS 

no change in storage assumption). This is a usef1.II method for evaluating the "bulk" yield of 
a basin without having to quantify individual components of recharge and discharge. 

4.2.2 Full Accounting 
A complete water budget for a groundwater basin should include a full accounting of all 
sources of recharge to or discharge from the basin, coupled with the ability to evaluate 
storage conditions through the use of groundwater elevation data. This full accounting 
should include an inventory and quantification of all recharge and discharge terms, as 
observed or estimated, for as long a period as possible. The full accounting method also 
requires an in-depth understanding of the geometry and physical characteristics of the 
groundwater basin. As described in Section 3.0, Hydrogeologic Setting, an extensive review 
of the physical characteristics of the Seaside Basin was conducted for this report. This 
information was used to determine total storage potential, usable storage, and dewatered 
storage (1963-2002) for the Seaside Basin. The physical properties of the Seaside Basin 
(primarily the aquifer storage coefficient) were integrated into the water budget, and allow 
expression of change in storage throughout the groundwater basin as a change in 
groundwater level elevation. The following sections describe the water budget analysis 
completed for the Seaside Basin. 

4.3 Previous Water Budgets 
Review of the documents described at the beginning of this sh1dy (Table 1-1) indicate that a 
full accounting of the primary components of discharge and recharge into the Seaside Basin 
was not completed in previous reports. Some components of a full accounting were 
provided, primarily as estimates for a recent period. Previous water budgets for the Seaside 
Basin appear to have utilized the practical rate of withdrawal method of estimation. 
Table 4-1 provides some previous estimates of Seaside Basin yield offered by other studies 
(Fugro 1997b). Estimates of perennial yield range from 2,000 to 4,375 afy. 

TABLE 4-1 
Previous Estimates of Seaside Groundwater Basin Yield 

USGS 1982 

Logan 1984 

Author/Date 

Staal, Gardner & Dunne 1987 

Staal, Gardner & Dunne 1990 

Fugro 1997b 

Source: Fugro 1997b 

4.4 Current Water Budget 

Yield Estimate {afy) 

2,000 • 3,000 

3,300 - 3,800 

3,475 

4,505 

4,375 

CH2M HILL has completed a water budget for the period 1949-2002. This water budget 
sought lo identify the primary sources of recharge to -and discharge from the Seaside Basin 

Sf0\SEASIDE_HYDR00EO_ASSES$ VU T DOC 

l'rMlegi,d and Confidentinl Settlement Conm1Unl~.itlon (C•l. IMd,,nc~ Code§§ 1152 and 1154); Sul>]cct to C.mji,tmti,dlly Asrw,wll Rdnting T~ 
TTrr Scllli'mml N,·gotiatio11~ For 11,,, SN<i,1,, Gn111ml l'V,1/cr 8nd11 Adj11,ficalio11 (Mo111,•rcy S111'crior Court C.1,,:0 No. M66343/. 



4.0 WATER BUDGET AND PERENNIAL Y1i;LD ANALYSIS 

for that period. The following subsections summarize the nature of each source of recharge 
to or discharge from the Basin, as well as the observed or calculated range of values. 

As previously described, the Seaside Basin is a' relatively small, coastal groun~'hvater basin. 
Several known hydrostratigraphic units are present at depth which provide water for 
agricultural, domestic, and.municipal and industrial (M&T) uses through groundwater 
pumpage. The Seaside Basin has been subdivided by previous authors into five subareas: 
Fort Ord, North Coastal, South Coastal, North Inland, and Laguna Seca. Each of these 
subareas is defined by geologic or hydraulic boundaries, as mapped or inferred by previous 
authors. Some of these boundaries are static (e.g., Monterey Formation outcrops), while 
others are dynamic, and dependent on groundwater flow regimes which may vary 
temporally (e.g., the north boundary of the Basin). Rel':harge to, and discharge from, the 
Seaside Basin are controlled primarily by deep percolation of precipitation, tmderflow to 
and from the ocean at the coastal boundary, underflow across the northern boundary (see 
also previous discussions of this boundary in Section 3.1, Basin Boundary), and 
groundwater pumpage. Long- and short-term climatic conditions, superimposed 011 

groundwater pumpage, drive storage conditions in the Basin, and underflow rechatge to or 
discharge from the Seaside Basin is driven by this surplus or deficit (i.e., they are dependent 
on groundwater level elevations within the Basin). 

4.4.1 Sources of Recharge 
As previously described, the primary sources of red1arge to the Seaside Basin include deep 
percolation of precipitation and underflow of groundwater into the Seaside Basin via the 
north and ocean boundaries. A lesser source of the water to the Seaside Basin is domestic 
(e.g., septic system) return flows. Total recharge to the Seaside Basin was estimated to range 
froml,479 to 17,314 afy, and averaged 4,406 afy during the period 1949 through 2002 
(including, in sorne periods, poor quality seawater) (Figure 4-1). Each of these sources of 
recharge to the Seaside Basin are described in greater detail below. 

4.4.1.1 Deep Percolation of Precipitation 
Deep percolation of precipitation water to the Seaside Basin was estimated on a monthly 
basis utilizing a soil moisture budget approach. The soil moisture budget is an accounting 
program that considers all sources and sinks of water to the soil profile on a monthly basis. 
This information, when combined with information about local crops, evaporation, soil 
types and soil runoff characteristics, allows calculation of deep percolation to the 
groundwater system resulting from precipitation on land surface. A full description of the 
soil moisture budget used for this analysis, as well as calculated. values for the Seaside 
Basin, are provided in Appendix C. 

Annual values of precipitation (including minimum, maximum, and average observed) 
were presented previously in this report. The yearly distribution of precipitation follows 
what is typical for coastal California, with the bulk of rainfall occurring between the months 
of October and April. Evaporation varies seasonally based on temperature and other climate 
characteristics; it is highest during the summer months, and lowest during winter months. 

There are four Soil Conservation Service soil types (A, B, C, and D) which occur in the 
vicinity of the Seaside Basin (Figure 4~2). Each of these soil types has different percolation 
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4.0 WATER SUDGET AUD PERENNIAL YIELD ANALYSIS 

and water storage capacities, as described further in Appendix C. Land use within the 
Seaside Basin is dominated by native vegetation, urban areas, and urban landscaping. 

Each of these components was evaluated at monthly time-steps for the Seaside Basin. Deep 
percolation of precipitation based on the soil moisture budget ranged from 1,479 to 
16,163 afy for the Seaside Basin, and averaged 3,778 afy (Figure 4-3). 

4.4.1.2 Underflow In 
The boundarifas of the Sf!aside Basin on the east and south side of the Basin aro defined by 
geologic structures which isolate the Basin from adjacent areas. Boundaries on the westand 
north are hydraulic in nature, and subject to variation based on conditions outside of and 
within the Basin (i.e., they are driven by water level variations). Because the ,vestern 
boundary of the Seaside Basin is the Pacific Ocean, there is a constant source of water 
available, and as such, water moves from the Seaside Basin to the ocean in tim.es of surplus, 
and from the ocean to the Seaside Basin (Le., seawater intrusion) during periods of Basin 
deficit. Groundwater flow across these boundaries to the Seaside Basin was a water budget 
calibration parameter, with some gl'oundwater gradient information included for the 
purposes of bracketing (i.e., some years with sufficient data to calculate hydraulic gradients 
across the boundaries). 

Landward flow of groundwater to the Seaside Basin across the western boundary was 
estimated to occur during the period 1988 through 2002. The estimated quantity for that 
period ranged from 104 to 1,353 afy, and averaged approximately 940 afy. Landward flow of 
groundwater across this boundary is the result of increased groundwater development it1 
the Basin during this period. 

Recharge to the Seaside Basin across the northern boundary of the Basin was estimated to 
occur during the periods 1971 through 1982 and 1991 through 1992.For those years, the 
range of estimated recharge was 377 to 2,696 afy, and averaged approximately 1,490 afy. 
Flow out of the Basin across the north boundary typically occurs when groundwater 
production in the vicinity of the MCWD is high and/ or increased recharge to the North 
Inland subarea creates mounding of water levels near the boundary. 

4.4.1.3 Domestic (Septic) Return Flows 
The only other notable soUl'ce of rechal'ge to the Seaside Basin included domestic return 
flows (e.g., septic systems). It was assumed that 10 percent of domestic water use (not 
inclusive of municipal and industrial use) returned to the groundwater system via 
percolation. Recharge due to domestic l'eturn flows ranged from Oto 29 afy, and averaged 
16 afy. 

4.4.2 Sources of Discharge 
Sources of discharge from the Seaside Basin include groundwater pumpage and underflow 
out of the Basin across the north and west (ocean) boundaries. Discharge from the Seaside 
Basin during the period 1949 through 2002 was estimated to range from 2,669 to 9,344 afy, 
and averaged 5,259 a(y (Figure 4-4). 
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4.4.2.1 Groundwater Extraction 
The primary source of discharge from the Seaside Basin is groundwater pumpage for M&I, 
agricultural, and domestic use, Total groundwctter extraction during the period 1949 
through 2002 ranged from Oto 5,690 afy, and averaged 2,960 afy. The majority of, 
groundwater extraction is associated with M&I pumpage. Table 4-2 provides a summary of 
the types and quantities of pumpage for each of the listed categories. 

TABLE4-2 
Summary of Groundwater Extraction, Seaside Groundwater Basin, 1948 through 2002 

Extraction Category 

Municipal and Industrial 

Agricultural 

Domestic 

4.4.2.2 Underflow Out 

Estimated Minimum 
(afy) 

0 

0 

0 

Estimated Maximum 
(afy) 

5,290 

861 

290 

Estimated Average 
(afy) 

2,600 

195 

160 

As previously described, the boundaries on the west and north side of the Seaside 'Basin are 
hydraulic in nature, and subject to variation based on conditions outside of and within the 
Basin (i.e., they are driven by water level variations). Because the western boundary of the 
Basin is the Pacific Ocean, there is a constant source of water available, and as such, water 
moves from the Basin to the ocean in times of surplus, and from the ocean to the Basin 
(i.e., seawater intrusion) during periods of Basin deficit. Groundwater flow across these 
boundaries to the Seaside Basin was a water budget calibration parameter, with some 
groundwater gradient information for the purposes of bracketing. 

Discharge from the Seaside Basin across the western boundary (sw-plus conditions) was 
estimated to occur during the period 1949 through 1988. The estimated quantity for that 
period ranged from 108 to 2,700 afy, and averaged approximately 2,050 afy. 

Discharge from the Seaside Basin across the northern boundary of the Basin was estimated 
to occur during the periods 1983 through 1990, and 1993 through 2002. For those years, the 
estimated range of discharge was 540 to 3,775 afy, and averaged approximately 2,700 afy. 

4.4.3 Storage 
The total storage capacity of the Seaside Basin represents the total pore space available for 
saturation in the alluvial portion of the Basin. Storage calculations are based on an estimate 
of: (1) the specific yield, and (2) the volume of the saturated sediments as determined from 
the alluvial area, alluvial thickness, and average depth to water. Previous estimates of 
storage for the Seaside Basin range from about 572,000 to 730,000 af (USGS 1982; 
SGD 1987b), 111ese values were estimated assuming a specific yield of 12 percent. 

For the current water budget analysis, groundwater storage capacity is based on an alluvial 
area of 14,000 acres, a specific yield of nine percent, and an estimate of saturated thickness. · 
Saturated thickness was estimated for the beginning (1949) and end (2002) of the ,vnter 
budget analysis. Saturated thickness was calculated using observed water levels in the Paso 
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4.0 WATER BUDGET AND PERENNIAL YIELD ANALYSIS 

Robles Formation in 1963 and 2002 and the depth to the Monterey Formation as interpreted 
from well logs and previous investigations (Figures 3-15, 3-18, and 4-5). For the beginning 
of the water budget analysis period (1949), saturated thickness vvas estimated using 
observed water levels for 1963. Available water level data for years prior to 1963 are scarce 
and insufficient for constructing a reasonable water level map. In addition, 1963 represents a 
period of average rain.fall and little or no groundwater use within the Seaside Basin. 'D1e 
total saturated storage within the Seaside Basin calculated for the begitming of the water 
budget analysis is approximately 484,000 af. Storage of the coastal subareas during this 
period is about 147,000 af. Observed water levels in the Paso Robles Formation for 2002 
were used to estimate saturated thickness for the end of the water budget analysis. Total 
saturated storage of the Seaside Basin for this period is about 449,000 af. The coastal 
subareas total about 134,000 a£ for the same period. For comparison purposes, the storage 
estimates of previous investigators were re-calculated using a specific capacity of 9 percent. 
Using this value of specific yield, previous estimates of storage for the Seaside Basin range 
from about 429,000 to about 547,000 af. 

Estimated groundwater in storage in the Seaside Basin has steadily declined, with a few 
minor rebounds from its starting condition of 484,000 af to the 2002 level of 439,000 af - a 
net depletion of 45,000 af. Figute 4-6 provides a time-series plot of annual change in storage 
in the Seaside Basin (based on the water budget), and Figure 4-7 provides a time-series plot 
of cumulative change in storage in the Seaside Basin for the period 1949 through 2002. 

Changes in storage closely mimic climatic trends for early portions of the period of record, 
but track them less closely in later years as groundwater demand increases due to 
population growth and the associated rise in M&I demand. 

Based on an estimated bulk specific yield of Seaside Basin sediments of 9 percent, 
groundwater storage conditions were translated into fluctuations in water level elevations at 
wells. The existing "Luxton" well was used as a basis for calibration of the water bud.get. 
Figure 4-8 provides a hydrograph of observed water level elevations at this well, along with 
predicted \Yater level elevations based on storage conditions calculated by the water budget 
and an estimated value of bulk specific yield for Basin sediments. 

4.5 Perennial Yield Analysis 
In order to evaluate the sustainability of operations related to discharge or recharge of 
groundwater from a basin, it is important to identify that basin's perennial yield, The 
perennial yield _is the annual quantity of groundwater that can be removed from the 
groundwater basin without creating adverse impacts such as land subsidence, seawater 
intrusion, and long-term declining groundwater levels. The perennial yield calculation is 
based on a "base period," typically defined by long-term climate trends. The base period 
represents long-term, average hydrologic conditions. Criteria for selection of a base period 
must include at least one period each of overall wet conditions and overall dry conditions 
(relative to average annual conditions) and have an average precipitation that is the same or 
very close to the average precipitation for the entire period of record. Furthermore, the 
begitming of the base period should be during a period of overall dry conditions to 
eliminate the potential for any ''in-transit" recharge water that might otherwise not be 
reflected in storage condition changes. Finally, the base period should begin and end at the 
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same point on the cumulative departure from mean annual precipitation in order to 
represent the average precipitation over the base period. The base period selected for the 
Seaside Basin (1962 through 1989) satisfies these criteria reasonably well and it represents 
current cultural conditions in the Basin. 

Perennial yield was also assessed using a long-term period which accounts for all the 
available data for the period of record (1949 to 2002). The long-term period does not adhere 
to the same set of criteria used to define the base period but provides another benchmark 
against which to estimate the potential long-term yield of the basin, 

The perennial yield of the Seaside Basin was calculated several ways (as described below); 
each based on the assumption that 700 afy of discharge from the Seaside Basin to the Pacific 
Ocean at the western boundary was required to prevent seawater intrusion. This 
assumption was made based on estimates of transmissivity, hydraulic gradient, and the 
cross-sectional area of U-ie water~bearing sh·ata along the coastal boundary of the Basin. 
Perennial yield is summarized in Table 4-3 for the following scenarios; (1) perennial yield 
during the identified base period which best represents existing conditions; (2) perennial 
yield for the period of record (long-term); (3) perem1ial yield for the base period assuming 
an additional 20 pel'cent more deep percolation of precipitation due to uncertainties in the 
soil moisture model, especially precipitation and evapotranspiration; and (4) perennial yield 
for the long-term period assuming 20 percent more deep percolation of precipitation. Tn 
addition to the four scenarios listed above, an alternative perennial yield is provided, which 
represents the pote11tial yield of the Basin should subsurface flow from the North Inland 
subarea be captured instead of migrating northward out of the Basin as predicted by current 
water level maps (see Figures 3-16 and 3-18 throtigh 3-20). 

TABLE4•3 
Summary of Perennial Yield Estlrnates for the Seaside Groundwater Basin 

Base Period (1962-1989) 

Long-Term (1949-2002) 

Scenario 

Base Period plus 20% more deep percolation of precipitation (1962-1989) 

Long-Term plus 20% more deep percolation of precipitation (1949-2002) 

Note: 

Perennial Yield, 
No Capture1 

(afy) 

2,913 

2,581 

2,625 

2,673 

Perennial 
Yield, 

· w/Capture1 

(afy) 

3,472 

3,481 

3,754 

4,051 

1 "Capture" signifies capture of subsurface flow from North Inland subarea, as opposed to this flow migrating 
northward out of the Seaside Basin. 

4.5.1 Scenarios 
In order to evaluate the impact of future pumping on the Seaside Basin, the water budget 
used for perennial yield analyses was extended ten years through the year 2012. Estimates 
of the future recharge and discharge components were made using the long-term average 
for each water budget con1ponent. Estimated storage conditions (reflected as water levels) 
resulting from ten additional years of pumping at various rates were predicted by changing 
theoretical net extraction from the Basin at a constant rate for this period. In a typical 
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4.0 WATER BUDGET AND PERfNNll,L YIElD ANALYSIS 

analysis, these iterative adjustments are bound by the requirement that the levels of 
groundwater in storage in the Basin never drop below the historic low storage; however, 
storage conditions in the Basin are currently at the historic low (Figures 4-7 and 4-8). The 
four net extraction rates analyzed were 21500 af, 3,000 af, 4,000 af, and 5,000 af of total 
pumping. Figures 4-9 tlu·ough 4-12 indicate that additional groundwater extraction from the 
Basin for ten years into the future will result in a steady decline in water levels past the 
Basin's historic water level low, which may lead to adverse impacts in the Basin. 

4.6 Perennial Yield Discussion 
Groundwater conditions within the Seaside Basin were quantffied using a water budget, 
and perennial yield was estimated for multiple scenarios based on that water budget and 
observed l3asin conditions and operations. The water budget indicates that storage 
conditions in the Seaside Basin are driven by precipitation recharge and groundwater levels 
within the Basin, and that periods of both deficit and surplus have been observed in the 
recent past. The perennial yield analysis provides a benchmark for management of the 
Basin, and demonstrates that increased yield can be obtained by capturing all local 
groundwater, while maintaining a seaward groundwater gradient. Estimates of perennial 
yield developed during this investigation are in general agreement with those made in 
previous investigations (see Tables 4-1 and 4-3). A discussion of the perennlal yield 
assessment with and without additional recharge is presented below. 

4.6.1 Perennial Yield (No Additional Recharge) 
For reasons described above, the period that best represents conditions in the Seaside Basin 
is the existing conditions scenario for the base period 1962-1989. Results of the perennial 
yield assessments indicate that a net groundwater extraction of 2,913 afy over a sirnilar 
climatic period could be sustained in the Seaside Basin without triggering an adverse impact 
(e.g., wells going dry or impacted by seawater intrusion). This perennial yield estimate 
could potentially increase to 3,472 af y if pumping operations are optimized to capture 
subsurface flow exiting the north boundary of the Basin. Perennial yield based on the long­
term period, which incorporates aU the data for the period of record, is 2,581 afy for existing 
conditions and 3,481 afy if production wells are positioned to capture subsurface flow 
exiting the north boundary of the Basin. 

4.6.2 Perennial Yield (Additional 20 Percent Recharge) 
Due to uncertainties in the soil moisture model, perennial yield was also estimated using an 
additional 20 percent deep percolation of precipitation for the same pel'iods and scenarios 
described above. Results of perennial yield for the base period under existing conditions 
indicate that the net groundwater extraction that could be sustained in the Seaside Basin 
without triggering an adverse irnpad decreases to 2,625 afy. Results of this assessment 
suggest there is no net benefit of an additional 20 percent of recharge from deep percolation 
for this period. Because the North Inland area accounts for a large portion of the total 
recharge from deep percolation of precipitation, the groundwater gradient in the vicinity of 
the north boundary significantly increases under this scenario, which facilitates additional 
subsurface flow across the north boundary before reaching the coastal subareas and 
becoming recharge to wells. Similar to previous perennial yield assessments, the perennial 
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4,0 l'/ATERBUDGF.T ANO PERENNIAL Yl£LOANAlYSIS 

yield may potentially increase to 3,754 afy for this scenario if the subsurface flow exiting the 
north boundary of the Basin is captured. 

Current net groundwater extraction in the Seaside Basin is estimated to total approximately 
4,800 afy, and was about 5,600 afy as recently as 1995 (Figures 4-13 and 4-14). 111is indicates 
that current extraction exceeds the perennial yield by as much as 40 percent for the base 
period. The disparity between the perennial yield estimate and current net groundwater 
extraction may decrease if su bsurfoce flow exiting the Basin along the north boundary Is 
captured. Because land use in the Seaside Basin is not expected to change dramatically, net 
groundwater extraction in excess of the perennial yield is expected to continue until an 
alternate source of water can be used in lieu of groundwater, and/ or until pumping is 
reduced and additional flows in the North Inland subarea are captured before exiting 
through the north boundary of the Basin. 
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5.0 Conclusions 

Restricted water supply from the Carmel River, due to Board Order No. 95-10 issued by the 
SWRCB, has increased reliance on groundwater in the Seaside Basin to meet the current 
water supply demand of the communities. Current groundwater extraction in the Seaside 
Basin is estimated to total approximately 4,800 afy, and was about 5,600 afy as recently as 
1995. Results of this study indicate that groundwater extraction in the Seaside Basin 
currently exceeds the estimated perennial yield by as much as 40 percent. Estimates of 
perennial yield calculated in this study range from 2,900 afy for existing conditions to 3,700 
afy when estimated recharge is increased by 20 percent and additional subsurface flows in 
the North Inland area are captured. These estimates are based on water budget data 
available for a base period from 1962 to 1989 and are in general agreement with previous 
estimates of perennial yield made in earlier investigations. 

Hydrographs for wells screened in the Paso Robles and Santa Margarita Formations show 
that water levels have reached historic lows, and in some cases are below sea level. The 
greatest impact from pumping is occurring in the Fort Ord and North Coastal subareas. 
Production from Cal-Am's Paralta well has had the greatestimpact on water levels in the 
Fort Ord subarea and north of the Seaside Basinboundary as evidenced by recent 
hydrographs. The most pronounced impact from production of the Paralta wcU is in the 
confined Santa Margarita Formation. Response to Paralta's pumping north of the Basin 
boundary also suggests that this boundary is fluid and subject to change shape or migrate, 
which in turn wilI impact the Basin's perennial yield. 

TI1e most significant threat to the Seaside Basin while net extraction exceeds the pere1mial 
yield is induced landward migration of salt water into the freshwater aquifers underlying 
the Basin. Previous investigators have assumed that the Aquifers in the Seaside Basin 
outcrop miles offshore; however, geologic maps used as pait of this study indicate that the 
Aromas Sand and Paso Robles Formations outcrop immediately offshore from the Fort Ord 
and North Coastal subareas. Shallow aquifer subunits within these aquifers may therefore 
be in direct near-shore hydraulic communication with the Monterey Bay. Deeper subunits, 
such as the water-bearing strata present below the Seaside Clay in the Paso Robles 
Formation, may outcrop farther offshore, but are closer than assumed by previous 
investigators. Geologic mapping does not suggest thal the Santa Margarita Formation 
outcrops offshore, and previous itwestigalions have stated that the Formation likely pinches 
out near the Monterey Bay margin; however, installation of coastal monitoring wells 
indicates that the Santa Margarita Fol'mation is still present at depth along the coast. 
Seawater intrusion has occuned extensively north of the Seaside Basin. 
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6.0 Recommendations 

Currently, extl'action from the Seaside Basin exceeds estimates of perennial yield developed 
as part of this study. Potential adverse impacts, such as seawater intrusion, may occur if the 
current rates of groundwater extraction continue in the Seaside Basin. Development of a 
supplemental supply to relieve over-production will take an estimated five to eight years 
according to Cal-Am. To prntect and manage Seaside Basin's groundwater assets on a 
sustainable basis ,vhile supplemental supplies are pursued, the following are 
recommended: 

1. Maintain groundwater production from the Basin at the current rates andfor reduce 
production where and when appropriate. Precipitation during much of the 1990s has 
been above average resulting in significant recharge to the Seaside area, and some 
stabilization in groundwater levels, especially in the Paso Robles Formation. In addition, 
the deeper portions of the Paso Robles and the Santa Mararita Formations are somewhat 
protected from seawater intrusion on a short-term basis due to the hydrogeologic 
conditions in the Seaside Basin. ThereforeJ current levels of groundv,1ater production 
may be temporarily sustained in excess of the perennial yield, which will result in 
borrowing against future production. During this period, groundwater levels in the 
Basin should be monitored to assess storage conditions in the Basin. Groundwater may 
continue to be m.ined in the deeper aquifers (Santa Margarita and lower parts of the Paso 
Robles). Groundwater may also be withdrawn from storage in the shallower aquifers as 
long as an appropriate gradfont toward the ocean is maintained. An annual assessment 
should be madefo determh1e'the extent to which pumping in exe,;ess ofperennial yield 
can be sustained or if pumping patterns and rates should be modified in the following 
year based on then current groundwater storage conditions. Eventually, groundwater 
extraction from the Basin should be reduced to within the perennial yield. 

2. Develop a numerical groundwater flow model of the Seaside Basin and adjacent 
areas. A calibrated groundwater flow model of the Basin can be used as a groundwater 
management tool to evaluate and optimize future operational scenarios that may 
optimize yield from the Seaside Basin and aid in the assessment of temporarily pumplng 
in excess of perennial yield. Development of the groundwater model should occur 
within the next year so that various managernent scenarios can be evaluated more 
thoroughly as soon as possible. 

3. Evaluate the potential for redistributing pumpage to capture subsurface flow from the 
North Inland subarea that would otherwise exit the Basin across the northern 
boundary. Consider installing several monitoring wells in the former Fort Ord Military 
Reservation to evaluate the hydrogeologic conditions beneath the North Inland subareu 
and the northern boundary. Water levels collected from these wells would be beneficial 
to understanding the gradient and direction of groundwater flow in the upland areas 
and the quantity and timing of subsurface flow available for recharge to downgradient 
wells. Evaluation of this option would also be dependent on available land access to the 
former Fort Ord Military Reservation and results of groundwater modeling. 
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4. Perform additional studies to assess the lateral and vertical extent of the Santa 
Margarita Formation underlying the Seaside Basin. 111is should include construction of 
several test ,vells in favorable portions of the Basin that may be used for pumping tests. 
If results of these studies indicate that conditions are favorable (i.e., reasonable aquifer 
properties and little or no potential for seawater intrusion), temporarily mining the 
Santa Margarita Formation may be considered as a short-term management option to 
increase yield as described above. Additional consideration includes evaluating the 
potential need for temporary treatment facilities to remove hydrogen sulfide in 
groundwater produced from U1e formation. Hydrogen sulfide is present in relatively 
high concentrations in the Santa Margarita Formation and groundwater from the Paralta 
well is currently treated to remove excess hydrogen sulfide. Groundwater modeling 
would also be used to assess the potential impacts of temporarily over-pumping the 
Formation. 

5. Previous investigators have divided the Paso Robles Formation into hvo distinct water­
bearing subunits, an upper unconfined unit and a lmver confined unit separated by the 
Seaside Clay. The lateral extent of the these subunits and the Seaside Clay within the 
Fort Ord and Northern subareas should be investigated to evaluate the feasibility of 
installing production wells in only the lower confined unit. Construction details of 
existing wells should also be reviewed to evaluate the potential for lowering pumps or 
installing packers to seal off screened zones in the shallow subunit. Production from the 
lower water-bearing subunit may temporarily reduce the risk of seawater intrusion to 
the Paso Robles Formation. 

6. Develop and implement a groundwater level and water quality monitoring program. 
Development would include identifying existing monitoring wells that could be used in 
the monitoring network and installing an additionol monitoring well cluster in the 
North Coastal subarea west of monitoring well F09. A monitoring well cluster in this 
location would serve as a sentinel well for early detection of seawater intrusion and 
augment data collected from coastal monitoring wells PCA-East and PCA-West. 
Collection and evaluation of groundwater level data can also be used to assess the 
impacts of pumping in the Basin. This will be particularly important should the Santa 
Margarita Formation continue to be temporarily mined. Collection of water level data 
should occur on at least a quarterly basis. Water quality data would also be collected on 
a semi-annual basis to determine if seawater intrusion is occurring, It is recommended 
that the water quality analysis include chloride, boron, and bromide data used 
individually and/ or as paired ratios to indicate seawater intrusion in a more sensitive 
fashion. The potential benefits of deuterium-oxygen and tritium isotopic sampling to 
assess the sources of groundwater should also be evaluated. 

7. Suitable wells in the Seaside Basin should be identified and retro(itted for aquifer 
storage and recovery operations. In the event of a particularly wet period, any 
additional flows from the Carmel River may then be used for conjunctive USl~ 

operations. 

8. A review of all waterJevel and water quality data collected should be assessed on an 
animal basis to re~evaluate the Bai.in's perennial yield and update the groundwater 
model. Decisions based on groundwater n1odeling may then dictate whether the 
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perennial yield could be expanded on a short-term basis to reflect favorable climatic 
changes or if pumping patterns and rates should be modified. 
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APPENDIX A: SUMMARY OF HYDROGEOLOGIC PROPERTIES 

TABLEA-1 

Summa!}'.of Hydrogeologic Pro~erties 
Subbasin Well Date Top Pert Bot Pert B Q s T' T' T' K s Source 

Fort Ord Paralta 1991 420 840 420 1.400 - 132,354 - 265 0.014 Fugro 1997b 

PCA 1966 200 632 432 600 40 27.000 30,000 63 SGD1987b 

PCA 1990 200 632 432 500 65 9,100 15,355 21 SGD 1990a 

Northern City No.1 1976 245 275 30 290 21.5 - 24,300 26.977 810 Logan 1982 

CityNo.1 1977 245 275 30 290 8.5 61.400 68.235 2047 Logan 1982 

CityNo.1 1977 245 275 30 305 19 28,900 32,105 963 Logan 1982 

CityNo.1 1977 245 275 30 280 20 25,200 28,000 840 Logan 1982 

CityNo.2 1977 - 260 17 27,50() 30,588 Logan 1982 

City No. 2 1977 351 15 42,100 46.800 Logan 1982 

City No. 3 1974 340 540 200 910 65 25,200 28,000 126 - Logan 1982 

City No. 3 1974 340 540 200 550 42 23,600 26.190 118 Logan 1982 

City No. 3 1976 340 540 200 580 32 32,600 36,250 163 Logan 1982 

CityNo.3 1977 340 540 200 580 28 37,300 41,429 187 Logan 1982 

City No. 3 1977 340 540 200 580 37.5 27,800 30,933 139 Logan 1B82 

City No. 3 '!977 340 540 200 583 36.5 28,800 31,945 144 Logan 1982 

Darwin 19£4 124 224 100 300 87 6,210 6,897 62 Logan 1982 

Harding 1957 141 225 84 135 78 3,114 3.462 37 SGD1987b 

LaSalle 1 1955 150 236 86 550 103 9,600 10,680 112 SGD 1987b 

LaSalle2 1959 178 326 148 175 66 4,770 5,303 32 Logan 1982 

LaSalle2 1959 178 326 148 250 86 5,230 5,814 35 Lcgan1982 

Luxton 1960 150 2n 127 100 180 1,000 1,111 8 SGD 1987b 

Luzern 1966 212 266 54 1910 65 52,900 58,769 980 Logan 1982 

Mililaly 1966 184 264 80 315 52 11,016 12,115 138 SGD 1987b 

Ord Grove 1968 353 478 125 1550 59 47,300 52,542 378 Logan 1982 

Ord Village 1982 205 707 502 450 13 15,500 69231 31 SGD 1987b 

Playa-#3 1967 188 218 30 580 98 10,656 11,837 355 SGD 1987b 
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.APPENDIX A: SUMMARY OF HYOROGEOLOGIC PROPERTIES 

TABLEA-1 
Summa'.}'. of Hydrogeologic Proeerties 

Subbasin Well Date Top Peri BotPerf B Q s T1 T2 r K s Source 

Southern Amador 1973 135 168 33 100 38 4,740 5,263 144 Logan 1982 

Elm 1968 1.60 34 8,280 9,412 SGD 1987b 

Harcourt 1967 110 120 1,656 1,833 SGD 1987b 

MGT 1954 187 307 120 63 18 6,300 7,000 53 - SG01987b 

Monte 1966 32 80 48 20 19 1,890 2,105 39 SGD 1987b 

Orange 70 110 40 643 76 15,228 16.921 381 SGD 1987b 

Plumas 1 1958 120 276 156 610 79 13,900 15,443 89 Logan 1982 

Plumas2 1958 105 275 170 140 27 9.330 10,370 55 Logan 1982 

Plumas2 1958 105 275 170 315 60 9,450 10,500 56 - Logan 1982 

Plumas3 1961 109 283 174 290 80 6,512 7,250 37 SGD 1987b 

Marina Coast DMW1-44 2001 930 950 20 48-40 2.4-2.0 USGS2002 

DMW1-3• 2001 1040 1060 20 279-224 13.8-11.2 USGS2002 

DMW1-2• 2001 1410 1430 20 - 152-124 7.6-6.2 USGS2002 

DMW1-1 4 2001 1820 1860 40 580-464 14.5-11.6 USGS2002 

MCWD#12 240 29,700 16.5 Feeney and Rosenberg 2002 

MCWD#11 200 24.300 16.4 Feeney and Rosenberg 2002 

MCWD#10 210 40,000 25.4 Feeney and Rosenberg 2002 

MCWD#10 4.6 Feeney and Rosenberg 2002 
@842 

MCWD#10 - - 0.6 Feeney and Rosenberg 2002 
@1460 

Notes: 
1 Transmissivity calculated from Time/Drawdown Analysis 6 = thici<ness T = lransmissivity 
2 Transmissivity calculated using specific capacity (Logan 1982) Q = pumping rate K = hydraulic conductivity 
3 Transmissivity calculated using specific capacity (Driscoll 1995) S' = drawdown S = storage coefficient 

• Transmissivity calculated from slug tests 

SFO\SEASIDE_HYDROGEO_ASSESS V2_LT.OOC A-2 

Privileged and Confidential S<ettlemenl Communication (Cal. Evidence Code§§ 1152.:tnd 11S4);Subject l<> C,mfi1li!11/i,r!ily ,•\grMnml fu·ldli11;: To 11ie &f/1,:,nml N,;_'<Jtialfo11s For Tire St·<1ei,fc Ground Witter iJa,i,: 
Adjudicntio,; (M,ml~rcy Superior G:,url C1s~ No. M66.>4J). 
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APPENDIX 8; SUMMARY OF WATER QUALITY DATA 

TABLEB•i 

Well Screen Field Parameters General Chemistry 

Top Bttm. Temp pH Conduc. TDS Sulfide Ca Na Mg K Fe Mn HC03 504 Cl Silica Boron 

Well ID Date feet feet ·c umho/cm ppm mg/I. mg/I. mg!L mg/L mg/I. mg/I. mg/L mg/L mg/L mg/L mg/L mg/L 

Calabrese1 01/29/93 - 150 22 6.9 1633 1047 0 132 127 41 8 0.1 <0.03 1n 61 411 25 027 

Darwin1 01/291~3 124 224 18 6.8 416 267 0 24 49 10 3 0.22 <0.03 78 24 72 19 0.38 

Delmonte OW1 01/29/93 155 174 21 1 301 193 0 17 38 6 3 2.71 0.087 83 8.6 55 20 0.42 

Fort Ord GolfCourse1 01/29/93 160 208 - 7.2 429 275 0 29 51 8 2 0.11 <0.03 95 14 92 20 0.41 

LaSaJle-2' 01/29/93 178 326 16 6.9 845 542 0.08 72 94 18 5 0.16 0.035 249 67 140 22 0.27 

Luzem12 01129/93 212 266 24 6.9 833 534 0.03 72 96 22 5 0.44 0.038 248 :i1 139 21 0.3 

02/28/79 - 7.5 920 588 - 75 97 19 - 0.09 . 250 61 139 - 0.33 

Mintary1 01/29/93 184 264 22 7.3 682 437 0 58 71 15 4 0.13 <0.03 169 71 113 21 0.46 

Mission.Mern. Pk.1 01/29193 360 400 20 6.9 685 439 0 51 50 15 3 0.1 <0.03 243 22 43 21 0.52 

Monterey Sand (Metz)' 01/29/93 400 710 28 7.2 1028 659 2.3 76 136 19 7 0.3 0.045 354 46 189 21 0.26 

Ord grove-212 01/29/S3 296 376 23 7 960 615 0.04 72 95 10 5 0.1 <0.03 253 71 141 22 · 0.31 

02/2S/79 - 72 1000 640 - 87 97 21 - 0.06 - 293 84 133 - 0.3 

Playa-312 01/29193 188 218 18 6.9 860 551 0 61 95 18 5 0.13 0.031 168 81 153 21 0.55 

02/28/79 - 7:9 920 584 - 63 98 22 . 0.03 . 202 93 134 . 0.26 

P!umas-31 01/29/93 105 2B8 19 6.7 482 309 0 12 62 11 2.3 0.6 <0.03 50 17 90 19 0.46 

PCA Production2.' 09125/80 200 632 - - 380 243 . . - - - - - . - 56 - -
07116/90 200 632 - 7.5 370 244 - 24 18 20 2.7 <0.05 <0.02 - 51 48 - -

Playa-4 12/17192 385 580 20 7.2 1247 799 6.2 85 H4 22 7 0.38 0.054 334 53 273 22 0.54 

Playa-4 12117/92 385 580 20 6.8 1258 806 62 89 175 22 8 0.2 0.053 327 49 279 21 0.57 

Playa-4 12/17192 385 580 22 6.9 1600 1026 . 86 174 22 7 0.31 0.056 324 47 279 22 0.57 

Playa-4 12/17/92 530 580 16 7.3 1300 833 0.4 83 147 22 7 0.66 0.052 303 47 233 22 0.37 

Playa-4 (530') 12/18/92 530 550 15 7.4 1130 724 0 69 139 20 - 0.42 0.034 303 43 173 22 0.31 

Playa-4 (5501 12/18192 550 580 19 7 1800 1154 3 124 1.92 29 8 1.38 0.105 303 59 413 22 0.55 

FO #7 (shaDow)' 07/15194 600 640 - 7.9 1692 1083 - 79 230 14 7.6 <0.1 <0.03 - 77 374 - -

SfO\SEASIDE_HYDROGEO_ASSESS vur.DOC 
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APP[NDIX B: SUMMARY O'e WA ff:R 0UA1.H'l' DATA 

TABLES-1 
--······- -· . . - _____ ... ----

Well Screen Field Parameters General Chemistry 

Top Bttm. Temp pH Conduc. TDS Sulfide Ca Na Mg K Fe Mn HCC>,, S04 Cl Silica Boron 

Well ID Date feel feet "C umho/cm ppm mg/L mg/L mg/l mgil mg/l mg/l mg/L mg/L mg/L mg/L mg/L mgJL 

FO#7(deep)" 07115/94 900 940 - 7.8 751 481 - 61 76 10 5.6 <0.1 0.19 - 34 99 - -
FO #8 (shallow)J 08/01/94 740 780 - 11.2 613 392 - 56 55 <1 6.9 <0.1 <0.03 - 57 64 - -
FO #8 (deep)~ 08/01/94 900 940 - 7.9 797 510 . 59 87 11 5.7 <0.1 0.03 . 67 100 - -

FO #9 (shallow)3 08/19/94 610 650 - 9.5 315 202 . 12 S'l 4 5.8 0.31 <0.03 - 47 55 - . 

FO #9 (shallow)3 05/03/95 610 650 - 8.4 348 223 - 23 34 4.0 3.6 <0.10 <0.30 - 19 56 - -
FO #9 (shallow)3 11130/95 610 650 - 8.4 334 214 - 23 35 4.0 3.7 <0.10 <0.03 - 12 54 - -
FO #9 (shallow)3 04/25/96 610 650 - 7.9 343 220 - 22 33 4.0 3.7 <0.10 <0.03 . 11 53 . -

FO #9 (shallow)3 10/11196 610 650 - 7.8 336 215 - 22 35 4.0 4.0 <0.10 <0.03 - 13 53 - -
FO #9 (shallowf 04/21/97 610 650 - 6.9 333 213 - 22 35 4.0 3.7 <0.10 <0.03 - 13 56 - -
FO #9 (shallow)' 11119197 610 650 - 8.0 330 211 - 23 33 5.0 3.7 <0.10 <0.03 - 13 56 - -
FO #9 (shallow)' 10/27/98 610 650 - 7.4 334 214 - 23 36 4.0 3.9 <0.10 <0-03 - ts 51 . -
FO #9 (shallow)' 11/02/99 610 650 - 8.1 333 213 - 21 32 4.0 3.6 <0.10 <0.03 - 13 51 . -
FO #9 (shallow)3 11/02/00 610 650 - 8.1 322 206 - 22 34 4.0 3.7 <0.10 <0.03 - 12 52 . -

FO #9 (shallow}' 10/25/01 610 650 - 8.1 325 208 . 23 40 4,0 3.6 <0.10 <0.03 . 12 54 . -
FO #9 (shallow)' 11/01/02 610 650 - 8.1 328 210 - 21 30 4.0 2.9 <0.10 <0.03 - 13 57 - -
FO#9 (deep)3 08119/94 190 830 . 8.1 822 526 - 51 88 10 4_5 0.57 O.Q7 - 62 102 - -
FO#9(deep)3 05/03/95 790 830 ! - 8.3 442 283 - 27 52 4.0 3.4 <0.10 <0.03 - 12 72 - -
FO #9 (deep)' 11/30/95 790 830 - 8.3 427 273 - 27 51 4.0 3.6 0.30 <0.03 - 17 70 - -
FO #9 (deep)3 04/25/96 790 830 - 8.0 443 284 - 25 51 4_0 3.5 0.63 <0.03 - 15 66 - -
FO #9 (deep)' 10/11/96 790 830 . 7.7 436 279 - 27 53 4.0 3.9 0.29 <0.03 - 13 66 . -
FO #9 (deep)3 04/21/97 790 830 - 7.3 436 279 - 26 51 . 4.0 3:5 0.19 <D.03 - 15 73 . -
FO #9 {deep)' 11/19/97 790 830 - 8.0 429 275 - 28 50 4.0 3.6 <0.10 <0.03 . 15 69 - -
FO #9 (deep)3 10/27/98 790 830 - 7.4 432 276 - 27 49 4.0 3.6 <0.10 <0.03 - 16 66 - -
FO #9 (deep)' 11/02/99 790 830 - 82 432 276 - 26 50 4.0 3.5 <0.10 <0.03 - 14 64 - -

SFO\SEASIOE_lffDROGEO.ASSESS V2.LT.DOC 

Prr,ik-ged ,md Confidentfol Settlement Communication (Oil. Eviden<:c Code §Ji tl52and 1154);Subjcct lo Confid,:ntiality t\grrrmml F:dating T,, 11u: Sct/fc,nrm N,soti.rti,m.< For The Se-.stk Gruund l·'vala &,,,;,, 
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APPEN00:13: SUMMARY OF WAT:>-R QUALITY DATA 

TASLEB-1 

·--··-

Well Screen Field Parameters General Chemistry 

Top Bttm. Temp pH Conduc. TDS Sulfide Ca Na Mg K Fe Mn HC03 so .. Cl Silica Boron 

Well ID Date feet feet ·c umholcm ppm mg/L mgJL mg/L mg/L mg/L mg/L rng/L mg/L mg/L mg/L mg/L mg/L 

FO #9 (deep)° 11/02/00 790 830 - 8.1 425 272 - 26 50 4.0 3.5 <0.10 <0.03 - 14 66 - -

FO #9 {deep}3 10/25/01 790 830 . 82 425 272 - 32 49 4.0 3.8 <0.10 <0.03 - 14 68 - -
FO #9 (deep)3 11/01/02 790 830 - 8.1 426 273 - 25 45 4.0 2.7 <0.10 <0.03 - 15 71 . -
FO #10 (shallow)' 09/20196 620 640 - 7.7 910 582 - 91 45 18 4.4 4.69 1.01 - 9 73 - -
FO #10 (shallow)3 04/24/97 620 640 - 7.5 430 275 - 28 43 8 2.4 0.15 0.06 - 25 71 - -
FO #10 (shallow)3 11/19/97 620 640 - 7.9 386 247 - 24 40 8 2.2 <0.1 <0,03 - 14 72 - -
FO #10 (shal!ow)3 10/27/98 620 640 - 7.5 389 249 - 24 40 7 2.3 <0.1 <0.03 - 14 64 - -
FO #10 (shallow? 11/02199 620 640 . 8.1 387 248 - 23 38 7 2.2 <0.1 <0.03 - 13 64 - -
F0#10 (shallow)3 11/02/00 620 640 - 8.1 375 240 - 23 40 7 2.3 <0.1 <0.03 - 12 62 - -
FO #10 (shallowJ3 10/26101 620 640 - 8.1 365 234 - 24 44 6 2.0 <0.1 <0.03 - 16 51 . . 

FO #10 (shaUow)' 11/01/02 620 640 - 82 353 226 - 20 34 5 2.1 <0.1 <0.03 - 17 58 - -
FO #10 (mid)3 09/20/96 990 1020 . 72 1031 660 - 114 59 18 6 0.75 127 . 11 81 . -
FO #10 (deep)' 09/20196 1380 1410 - 7.8 1447 926 - 148 107 25 7.2 122 0.84 - 27 136 . -
FO #10 (deep)" 04/24/97 1380 1410 - 7.7 652 417 - 41 55 8 4.2 <0.10 020 - 12 78 - -

F0#10{deep}" 11/19/97 1380 1410 - 7.9 469 300 - 36 46 10 3.1 0.76 0.15 - 12 70 - . 

FO #10 (deep)3 10/27/98 1380 1410 . 7.5 442 283 . 30 46 8 4.2 <0.10 0.20 - 46 66 - -
FO #10 (deepf 11/02/99 1380 1410 . 8.2 394 252 - 24 39 6 2.6 0.97 0.09 - 11 61 . . 

FO #10 (deep)3 11/02/00 1380 1410 - 8.1 380 243 - 23 41 6 2.6 0.84 0.04 - 16 60 - -
FO #10 (deep)3 10/26/01 1380 1410 - 8.2 372 238 - 25 46 6 2.6 0.48 0.09 - 13 60 - -

FO #10 (deep/ 11/01/02 1380 1410 . 8.2 372 238 . 21 36 6 1.8 0.33 0.04 - 13 64 - . 

FO #11 (shallow)' 10/31(96 700 730 - 7.7 516 330 - 56 47 12 4.2 1.48 0.36 - 25 75 - -
FO #11 (deep)' 10/31/96 1090 1120 - 7.8 353 226 - 34 39 5 2.5 1.14 0.17 - 19 42 - -
PCA-East [shallow)' 04/27/90 350 400 - 7.3 350 212 - 27 16 19 a <0.05 <0.01 . 71 62 9.5 . 

PCA-East (shallow)' 04/28/92 350 400 . 7.9 290 186 . 16 39 3.8 1.9 <0.02 - . 8 46 - -

SFO\SEASlDE.HYDROGEO_ASSESS V2_Li.OOC 

Privileged and ConfidL-ntial Settlement Comtnuniation (DI. Evidena, Codi>§§ 1152 and 1154); Subicct to C,,nfi,l,-n-tidily Agn:,ment Rdu!ing To 71,e St1tlcnmtl Negotiations for The 5,:csidr Gro:.mrJ Waler Basin 
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APPEND/XS: SUMMARY OF WATER QUALITY DATA 

TABLEB-1 

Well Screen Field Parameter's General Chemistry 

Top Bttm. Temp pH Conduc. TDS Sulfide Ca Na Mg K Fe Mn HC03 504 Cl smca Boron 

Well ID Date feet foot oc umho/cm ppm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg{L mg/L mg(L mg/L 

PCA-East (shallow)' 06/01/92 350 400 - - - - - 16 39 3.8 2.3 <0.02 - - 8 45 - -

PCA-East (shallow)4 11130195 350 400 - 8.5 306 196 - 17 40 4.0 1.8 0.10 <0.03 - <5 46 - -

PCA-East (shallow}' 11/02199 350 400 - 82 384 246 - 40 40 10.0 3.1 4.8 026 . 14 51 - -
PCA-East (shaUow)' 11/01/00 350 400 - 82 314 201 - 20 40 4.0 2.1 3.8 0.74 - 8 49 - -
PCA-East (shallow)' 10/26/01 350 400 - 8.1 302 193 - 22 38 5.0 2.7 2.07 0.06 . 8 49 - -
PCA-East (deep)' 04/25/90 650 700 - H 1080 656 . 59 81 60 24 <0.05 0.3 . 214 142 29 . 

PCA-East (deep)' 04/27/90 650 700 - 7.4 1080 691 - 59 81 60 24.0 <0.05 0.30 . 214 142 - -
PCA-East (deep)' 04/28/92 650 700 - 7.2 900 576 - 77 114 16 5.0 <0.08 . - 41 135 - -
PCA-East (deep}' 06/02/92 650 700 - - . . . 75 110 15 4.9 . . - - - - . 

PCA-East (deep)' 06/04/92 650 700 - . . - - 74 114 16 5.3 <0.08 - . 40 134 . -
PCA-East (deep)' 11/30/95 650 700 . 8.0 968 620 - 65 105 15 4.7 0.10 0.11 . 45 142 . . 

PCA-East {deep)' 11/02/99 650 700 - 8.1 941 602 - 73 103 15 4.8 0.50 0.15 - 44 132 - -
PCA-East (deep}' 11/01/00 650 700 - 8.0 900 576 - 72 102 14 4.6 0.87 0.13 . 42 130 . -
PCA-East (deep)' 10/26/01 650 700 - 8.3 880 563 . 78 99 13 4.6 0.46 0.12 - 43 126 - -
PCA-West (shallow}' 04/26/90 525 575 - 7.3 340 218 . 19 16 23.0 7.7 <0.05 <0.01 . 57 68 - -
PCA-West (shallow)' 06/14/90 525 575 - . 340 218 . . . - . . - - . 50 . . 

PCA-Wesi (shallow)' 06/17/90 525 575 . - 330 211 . - - . - . . . 50 - . 
PCA-West (shallow)4 04/26/91 525 575 - 7.8 311 199 - 19 33 5.4 2.7 - . - 21 48 - -
PCA-West (shallow)' 07/24191 525 575 - 7.9 321 205 - 21 33 5.2 2.5 <0.10 <0.03 - . 44 . -
PCA-West (shallow)' 10121/91 525 575 - 82 326 209 - 19 36 . - . . . . 53 - . 

PCA-West (shal1ow)4 04/29/92 525 575 - p 280 179 - 20 35 5.i 2.4 <0.01 - . 11 44 - -
PCA-West (shallow)' 06/03/92 525 575 . - - . . 20 35 5.2 2.3 <0.01 . . - - . -
PCA-West (shallow}' 10/20/92 525 575 - 82 302 193 - 20 36 5.0 2.3 <0.10 <0.05 - 16 50 . -
PCA-West (shallow)' 04/28/93 525 575 . 8.2 311 199 - 19 34 5.0 2.2 <0.10 <0.05 . 13 46 - -

SF01SEASIDOIYOROGEO.ASSESS V2.LTDOC 

Privilcgt.'<l amt ConfidL>ntial Se!tlcmcnt Communication (Gil fa~dcncc Code§§ 1152 ;md 115-!); Subject to Co11fidmtiil/i1y Agreement &/at/ng Tv Tire Set1/emer1I lltegoliaticm.< Fdr TTu, Sca,i,fr Ground Wttlcr Basin 
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APPENDIX B: SUMMARY OF WATER OUA!JTY DA TA 

TABLEB-1 
·•··· •1 ·····-······ 

Well Screen Field Parameters General Chemistry 

Top Bttm. Temp pH Conduc. TDS Sulfide Ca Na Mg K Fe Mn HC03 $04 Cl Silica Boron 

Well JO Date feet feet "C umho/cm ppm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

PCA-West (shallow)' · 10128/93 i 525 575 - 62 327 209 - 19 32 5.0 2.:3 1.1 <0.05 - 20 42 - -
PCA-West (shallow)' 10/28/94 525 575 . 8.2 338 216 - 23 35 5.0 2.0 <.0.10 <0.03 . 20 46 - -
PCA-West (shallow}' 05/03195 525 575 - 8.6 317 203 - 21 34 5.0 2.7 1.1 <0.03 - 12 48 . -
PCA-West (shallow)' 11/30/95 525 575 - 8.3 315 202 - 20 33 5.0 22 0.20 <0.03 - 6 52 - . 

PCA-West (shallow}' 04/25/96 525 575 - 7.9 319 204 - 19 33 5.0 22 0.11 <0.03 - 11 44 - -
PCA-West (shallow)' 10/11/96 525 575 . 7.8 315 202 - 17 32 4.0 2.2 <0.10 <0.03 . 9 44 . -
PCA-West (shallow)' 05/21/97 525 575 - 6.3 314 201 - 18 34 5.0 2.1 <0.1 <0.03 - 10 44 - -
PCA-West (shallow)' 11/19197 525 575 . a.a 311 199 - 20 33 6.0 2.2 <0.1 <0.03 . 12 50 - -

PCA-West (shallow}' 10/30/98 525 575 . 8.0 316 202 - 20 35 5.0 2.3 <0.1 <0.03 . 13 44 - -

PCA-West (shallow}' 11/02/99 525 575 - 8.2 315 202 - 20 33 5.0 2.3 <0.1 <0.03 - 11 43 . . 

PCA-West (shallow)' 11/01/00 525 575 - 8.2 311 199 - 19 34 5.0 2.2 <0.1 <0.03 . 10 45 - -
PCA-West (shallow)' 10/25/01 525 575 - 8.1 308 197 - 24 34 5.0 2.7 <0.1 <0.03 . 11 46 . -

PCA-Wesl (shallow)' 10131/02 525 575 - 8.0 301 196 . 18 28 5.0 1.6 <0.1 <0.03 - 11 48 - . 

PCA-West (deep)' 04/26/00 825 875 . 7.2 1080 660 - 51 81 64 24 <0.05 0.06 . 214 144 29 -
PCA-West (deep)' 04/26/91 825 875 . 7.7 978 626 . 63 114 17 6.8 . - . 60 156 - . 

PCA-West (deep)' 07/24/91 825 875 - 7.9 1034 662 . 57 110 18 6.7 <0.10 <0.03 . . 150 . . 

PCA-West (deep)' 10121/91 825 875 . 7.9 1065 682 - 68 114 . - . . - - 153 . . 

PCA-West (deep)' 04/29/92. 825 875 - 7.5 900 576 - 76 117 18 5.9 - - - 38 135 - . 

PCA-West (deep)' 06/02192 825 875 . - . - - 73 113 18 6.1 <0.01 - - . . - -
PCA-West (deep)' ·10/20192 825 875 - 8.1 926 593 . 66 113 17 5.9 <0.1 <0.05 - 68 152 - . 

PCA-West (deep)' 04/28/93 825 875 . 8.0 1012 648 . 64 108 19 6.0 <0.1 <0.05 - 42 150 - -
PCA-Wesl (deep)' 10/28/93 8:25 875 . 7.8 1033 661 . 65 108 17 5.5 0.2 0.07 - 41 148 . . 

PCA-Wesl (deep)' 10/28/94 825 675 . 7.9 1011 647 . 72 107 17 5.6 0.8 0.11 . 71 152 - -
PCA-West (deep)4 05/03/95 825 875 . 7.9 1016 650 - 73 112 18 5.3 0.98 0.14 . 44 162 . . 

SFO\SEASIDE_HYOROGEO_ASSESS V2_LT.DOC 
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APPENDIX 8:SUMMARY OF WATEROUAUT'I DATA 

TABLEB-1 

Well Screen Field Parameters General Chemistry 

Top Bttm. Temp pH Conduc. TDS Sulfide Ca Na Mg K Fe Mn HC03 $04 Cl Silica Boron 

Well ID Date feet feet "C umho/em ppm mg(L mg/L mg/L mgJL mglL mg/L mg/L mg/L mg/l. mg/L mg/L mg/L 

PCA-West (deep)' 11/30/95 825 875 - 8.0 992 635 - 68 102 18 5.4 0.40 0.10 - 42 154 - -
PCA-West (deep}' 04/25/96 825 875 - 7.8 1003 642 - 66 107 18 5.3 0.11 0.08 - 46 144 - -

PCA-West (deep)' 10/11/96 825 875 - 7.6 967 619 - 63 107 17 5.6 <:0.10 0.07 - 39 150 - -
PCA-West (deep)' 05/21/97 825 875 - 6.9 916 586 - 64 109 17 5.4 0.20 0.06 - 42 158 - -
PCA-West (deep)' 11/1-9/97 825 875 - 7.7 969 620 - 71 106 20 5.3 0.18 0.05 - 46 150 - -
PCA-West (deep}' 10/30/98 825 875 - 7.7 970 621 - 79 109 18 5.4 <0.1 0.08 - 42 146 - -
PCA-West (deep)4 11102/99 825 875 . 8.0 964 617 - 75 105 12 5.8 0.49 0.11 - 43 145 - -
PCA-West (deep)' 11/01/00 825 875 - 7.9 976 625 - 76 103 18 5.1 <0.1 0.09 - 43 149 - -
PCA-West (deep)" 10/25/01 825 875 - 8.2 960 614 - 90 103 17 5.2 1.25 0.11 - 42 146 - -
PCA-West (deep)' 10/31/02 825 875 - 7.9 960 614 - 75 96 17 4.1 0.86 0.11 - 44 159 - -
MCWD#95 Avg. 2000 - - - 1.n 680 408 0.006 39 69.9 17.2 2.8 0 0 159 71.1 67.1 - . 0.00 

Avg.2001 - - - 7.89 659 410 0.001 38 80 17 3.7 0 0 180 69.9 62.7 - 0.09 

MCWDff.105 Avg.2000 788 1398 - 6.04 521 304 0.02 24.1 67.2 6.67 1.69 0 0 124 43.7 47.6 - 0.13 

Avg.2001 788 1398 - 8.24 481 310 0.02 23 76 6 2.4 0 0 141 36.7 52 - 0.12 

MCWD#11° Avg.2000 828 1508 - 7.95 636 366 0.01 25.1 91.1 7.74 2.27 0 0 157 55.9 64.9 - 0.19 

Avg.2001 828 1508 - 7.99 626 400 0.005 25 100 7.4 2.9 0 0 181 55.3 62.1 - 0.14 

MCWD#1i' Avg.2000 1283 1833 - 8.19 715 340 0.19 4.2 110 0 2.3 0 0 121 38.9 111 - 0.09 

Avg.2001 1283 1833 - 8.19 715 340 0.19 4.2 1i0 0 2.3 0 0 121 38.9 111 - 87.5 

DMW-1-1 6 2001 1754 1804 26 8.31 881 506 - 15.3 164 1.9 3.8 <0.01 0.01 - 74 153 23.9 0.11 

DMW-1-28 2001 1334 1354 21.5 8.46 459 318 - 7.71 81.1 2.74 5.2 <0.01 0.01 - 32 47.8 64.4 0.09 

DMW-1-36 2001 984 1004 22.5 7.07 26,500 23,800 - 2,570 2.770 1,080 31.9 <0.15 0.38 - 1.510 10.800 29.4 0.25 

DMW-1-46 2001 874 694 21 7.82 672 417 - 31.8 94 11.1 0.17 <0.01 0.02 - 61.5 68.6 45.8 0.15 
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APPENDIX B: SUMMARY OF WATEROUALliY DATA 

TABLE B-1 
-• - ~ ~-• __,. -••w 

Well Screen Field Parameters 

Top Bttm. Temp pH Conduc. TDS 

Well ID Date feet feet "C umho/cm ppm 

Sources: 
1. CH2M HIU 1993a 
2. USGS 1982 
3. Unpublished Monterey Penlnsula Water Management District data 
4. SGD 1990a and 1990b 
5. Marina Coast Water District (no date) 
6.USGS2002 

SFO\SEAStOE_HYDROGEO_ASSESS V2_LT.OOC 

General Chemistry 

Sulfide Ca Na Mg K Fe Mn HC03 so" Cl Silica Boron 

mg/L mg/L mg/L mg/L mgtL mg/L mgJL mgll mg/L mg/L mg/L mg/L 

Privileged and O:in!idential Settlement Communication iCal. Evident~ Code§§ 1152 and 1154); Subject to C:<•1,ftdenli«lily Agrceme,r/ Rt'lath1g T~ 17u: Seti km en I Ncgoli<ltion~ Fur 17,c Sta.<i,I; Cruund vVnfrr Bi,s/11 
lldj11diattion (Monlrn:y Supmor Catirt o,~ Nc.M6634J). 

N (NOJ) 

mg/L 

B-7 



AppendixC 
Soil Moisture Budget Model Documentation 



Soil Moisture Budget Model Documentation 

Introduction 
The quantity and distribution of precipitation runoff, infiltration, and deep percolation to 
groundwater are governed by the atmospheric conditions, topography, land use, vegetation, 
and soil characteristics. These parameters, while tempora11y and spatially highly variable, 
are important components of water balances. Deep percolation of precipitation and applied 
irrigation water is often a significant contribution to ground water basin recharge. Runoff 
from precipitation is often the most significant contribution to stream flow. Applied water 
demands for agricultural crops, lawns, landscaping, etc. often drive the use of both surface 
water and groundwater supplies. Direct measurement of each of these parameters is 
generally not possible. The Soil Moisture Budget (SMB) model described herein estimates 
direct nmoff, infiltration, deep percolation, evapotranspiration (E1), and applied water from 
climatic inputs. Climatic inputs include precipitation, reference ET, geographic inputs of 
land use, vegetation, and soil characteristics. 

Soil Moisture Accounting 
The SMB model performs an accounting of soil moisture in the root zone by estimating 
direct runoff, infiltration, deep percolation of precipitation and irrigation, ET, and irrigation 
applied water. The soil moisture accounting is currently performed on a monthly time step. 
Precipitation is first partitioned into direct runoff and infiltration. Infiltration contributes to 
either soil moisture, interflow, or deep percolation to groundwater. Depending on the land 
use, soils, and climatic conditions, soil moisture is either held in storage or consumptively 
used through ET, In irdgated areas, additional vvater applied to the land for irrigation is 
also consumptively used tlu·ough ET or held in soil moisture storage. Soil moisture in 
excess of the maximum holding capacity of the root zone is assumed to contribute to deep 
percolation. The soil moisture accounting process is represented by Equation 1. 

where: 

SM 

lp 

AW 

ETa 

:::: 

"' 
::, 

=: 

soil moisture in the root zone 

infiltration of precipitation 

irrigation applied water 

actual evapotranspiration 

(Eq. 1) 

DP = deep percolation of precipitation and applied water to groundwater 

Each of the parameters required for the solution of Equation 1 are described in more detail 
below. 
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Direct Runoff 
Direct runoff of precipitation is computed from the Soil Conservation Service (SCS) runoff 
curve number method (SCS 1972). The SCS method consists of determining a runoff curve 
number (CN) based on the land use, soil, and hydrologic condition of the area evaluated. An 
empirical relationship has been developed by the SCS, and founded on field studies, that 
relates precipitation and curve number to direct runoff: 

R/ = (Pt - 0.2 S)/ (P1 + 0.8 S) 

Rr1 =0 

if P > 0.2S 

if P ~ 0,2S 

(Eq. 2a) 

(Eq. 2b) 

where Rp is the direct runoff of precipitation in inches, Pis the rainfall in inches, and Sis the 
retention parameter. The curve number and retention parameter are related as shown in 
Equation 2c. 

S = (1000/CN) -10 (Eq. 2c) 

f-lor the purposes of the SMB model, the curve numb~r is selected based on SCS antecedent 
moisture condition (AMC) II. Curve numbers are input into the model for the pervious 
areas and impervious areas separately. Composite curve numbers should not be used. 
Currently, it is assumed that impervious areas have a curve nuQ1ber of 98. 

Based on experiments on small watersheds, SCS has estimated the initial abstraction (the 
amount of rainfall that accumulates prior to the beginning of runoff) to be equal to 0 .. 2 Sin 
the formulation of Equation 2. To compensate for the variability of precipitation over the 
monthly computational time step in the SMB model (i.e., multiple storms are more likely, so 
that the monthly abstraction will be greater than that for a single storm), the retention 
parameter is increased based on the monthly precipitation. For monthly precipitation 
greater than Po, the expression 0.2 Sis replaced with 0.2 (P /Po) S. Evaluation of monthly 
rainfall-runoff measured data for small watersheds in southern California has provided an 
estimate of 3 inches for P.,. For monthly precipitation less than Po, no modification is made 
to Equation 2a-b. 

Infiltration 
While infiltration of precipitation is not explicitly represented in the SCS method, it can be 
estimated as the difference between precipitation and direct runoff: 

(Eq. 3) 

Evapotranspiration 
Evapotranspiration by the crop, or other vegetative cover, causes depletion of soil moisture. 
The potential evapotranspiration (lrfc) is estimated from the California Irrigation 
Managementlnformation System {CIMIS) method for determining reference 
evapotranspiration (E'fo) and crop coefficients (f<c) for various vegetative covers (CIMIS 
2000). CIMJS utilizes the modified Penman and Penman-Monteith equations and numerous 
weather stations to determine the ET rate of a reference crop (grass}. The ET rate for all othe1· 
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crops are related to this reference ET. The general equation used in this SMB model is 
shown below. 

(Eq. 4a) 

Note that ET, is the actual ET for irrigated crops, but may not be the actual ET for non~ 
irrigated vegetative covers such as native vegetation ,vhich may rely solely on precipitation, 
Actual ET (ETa) is limited by the soil moisture available to the vegetative crop, as shown in 
Equation 4b: 

(Eq. 4b) 

where P .. is the monthly effective rainfall and AW is the irrigation applied water. The 
determination of these components is described in the following sections. 

Effective Rainfall 
Effective rninfall is the amount of rainfall that is available for crop consumptive use. The 
computation is based on the SCS method that relates monthly rainfall and consumptive use 
to an estimate of monthly effective rainfall (SCS 1970). This empirical method was 
developed from a comprehensive analysis of precipitation and climatic conditions and 
computed soil moisture balances at various locations. Monthly effective rainfall is computed 
as: 

Pel"" (0.70917 Pt ll/l24!6 - 0.11556) 1Q0.02426u f 

where: 

p 

u 

f 

monthly rainfall in inches 

average monthly consumptive use in inches 

depth of water application factor 

The depth of application factor, f, is computed as; 

f"' 0,531747 + 0.295164 D - 0.057697 02 + 0.003804 03 

(Eq. Sa) 

(Eq. 5b) 

·where D is the net depth of application in inches. In the 5MB model, D is approximated as 
the maximum available soil moisture in the root zone for the particular vegetative cover and 
u is estimated as the potential ET rate (ETc), 

Applied Water 
For irrigated crops, a computation is included in the 5MB model to estimate the amotmt of 
water that is required to satisfy the ET demand and minimum soil moisture requirements 
associated with irrigation practices. The model first determines the available soil moisture 
for crop consumptive use considering only precipitation supplies. U1m1et ET demand, 
termed ET of applied water (ETaw), is then assurncd to be satisfied through irrigation. In 
addition, lhe amount of water needed to bring the soil moisture to the minimum specified 
monthly values (soil moisture deficit (SMD]) represents an irrigation demand. These terms 
are computed as: 
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ETaw1 "' ET~1 - min(ETct I SMt-l + p .,1) 

SMDt = max[SM111i0 t - (SMt-1 +· Pet - min(ETc1, SMt-1 + P0t)) , OJ 

The total applied water demand is computed as: 

AWt = (ET~w' + SMDt)/IE 

where IE is the irrigation efficiency. 

Deep Percolation 

(Eq. 6a) 

(Eq. 6b) 

(Eq. 6c) 

Deep percolation of precipitation and applied waler is computed in a two-stage process in 
the SMB model. First, precipitation in excess of direct runoff, effective :rainfall, and interflow 
storage is assumed to contribute to deep petcolation: 

DP1t-::: pt - Rrt - p,1 - Rs (Eq. 7a) 

where Rs is the inte1·flmv retention storage and is assumed to equal 0.1 inch. 

Precipitation and applied water in excess of the maximum soil moisture capacity are then 
assumed to percolate to groundwater, which is computed as: 

(Eq. 7b) 

where SMma~ is calculated as the product of root depth and fractional available wa.ter 
capacity (or field capacity minus wilting point). 

Distribution uniformity is an important element of on-farm irrigation efficiencies. It is a 
measure of the variation in the amount of water applied to the soil throughout the irrigated 
area (bWR b-160 1998) and affects the magnitude of deep percolaUon. In the SMB model, it 
is assumed that 25 percent of the irrigated area is over-irrigated by 30 percent, 25 percent of 
the area is under-irrigated by 30 percent, and the remaining 50 percent of the area is 
irrigated at the average amount. 

The total deep percolation amount is the sum of the lwo components: 

(Eq. 7c) 

Input Data Requirements 
The SMB model has been developed at a level of detail appropriate for basin-scale analyses 
and for which data are commonly available. ln general, the model is designed to work with 
GIS spatial data, time series climatic data, and l'elational tables that define characteristics of 
the spatial attributes. This section describes the input data i:equirements and data sources 
that have proved valuable, 

Spatial Data 
Spatial data requirements for the SMB model include delineation of study area boundaries, 
distribution of soils, and land use information. The basic requirement is that each unique 
combination of soil type and land use is delineated as a polygon and acreage computed, The 
polygons serve as the computational unit for the soil moisture accounting. Soils information 
for many counties ln the U.S. can be obtained from the USDA Natural Resources Conserva-
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tion Service SSURGO GIS Database (http://www.ftw.nrcs.usda.gov/ ssur_data.html). Land 
use information can generally be obtained from local planning agencies and/or state water 
planning agencies. In California, the Department of Water Resources Division of Planning 
and Local Assistance performs county land and water use surveys for statewide pla1ming 
purposes (http:/ /www.waterplan.water.ca.gov/ landwateruse/Ianduse/Iudataindex,htm). 
An intersection of the soils and land use information is usually sufficient for generating the 
unique computational polygons. 

Time Serles Data 
Climatic data are input in the 5MB model as monthly time series information. Precipitation 
and reference ET at any number of representative stations are included. 'I11ese data can be 
obtained from local cities, state water plannii1g agencies, or the National Oceanic and 
Atmospheric Administration(http://www.noaa.gov/ J. For the western United States, the 
Western Regional Climate Center (http://www.wrcc.dri.edu/) maintains a database of 
histol'ical climate information. In California, CIMIS maintains weather stations throughout 
the state and houses a database of the detailed climate information generated from these 
stations, including reference ET (http://www.cimis.water.ca.gov/ ). Note that pan 
l~vaporation is not equal to reference ET and that values from other data sources may need 
to scaled appropriately. 

Relational Data 
There are a number of soil, crop/irrigation, runoff, and other hydrologic characteristics that 
are necessary to perform the soil moisture budget and that are related to the spatial data. 
The key soil characteristics are the SCS hydrologlc soil group (needed for the computation 
of direct runoff) and available water capacity, and are accessible through the SSURGO 
database. The ET crop coefficients for various crops and landscaping can be obtained from 
CIMIS. Rooting depths, soil moisture minimums, irrigation efficiency, and distribution 
uniformity can be estimated with assistance from local agricultural extension personnel or 
taken from published data sources. These factors, particularly rooting depth for native 
vegetation, tend to be the most uncertain input parameters used i11 the model. Runoff curve 
numbers can be estimated from SCS tables (SCS 1972, 1986) or county hydrology manuals. 
Percent imperviousness is best- estimated from aerial photos. 

Limitations 
The SMB model has been developed with the primary purpose to estimate deep percolation 
of precipitation and applied water on a basin or subbasin scale to assist in estimating 
groundwater basin budget components. Direct runoff and applied water demands are also 
important outputs from the model and may be used in estimating surface runoff and 
agricultural demands supplied by groundwater pumping, surface water diversions, or 
imported supplies. Simplifying assumptions have been made to accommodate monthly 
model time step and general nvailability of data. TI1e modification of the initial abstraction 
in the computation of direct runoff is an example. Typically, SCS runoff curve numbers are 
calibrated for surface water flow evaluations where it is possible to measure the outflow of a 
watershed of sub-watershed. Sensitivity analysis should be performed for areas in which it 
is not possible to calibrate surface flows. Likewise, the input data assumptions for root 
depth, minimum soil moisture requirement, and irrigation efficiency should be screened for 

SfOISEASIDE_HYDROGEO_ASSESS VU T.DOC C-5 

PrMlegN and Ct>nlideniial Sclllement Cmnmunil'.iltion {C.l lM,foice C\ldc §§ 1152 and 115-1); Subj,'Cl lo Cw1fidmtu1/ily Asn·cm,·11I Rclati11g To 
111t Sr/111114•111 Nt'golin/iom ro, 11,e Smside Gr<11111tf l'\'i1trr Bn,in Adjudi,ation (M~11/my S11r,·rior Com/ Ca,<' N,,. A166J4J). 



APl'ENOIX C: SOil MOISTURE 8UOGET MOOELOOCUMENTATION 

appropriateness. The use of these parameters represents a simplification of complex soil­
water processes and agticultural practices. 

The SMB model estimates deep percolation of precipitation that falls dil'ectly on pervious 
surfaces only. Runoff from each polygon is not routed to stteams or ponds/lakes where 
additional groundwater recharge may occur. Likewise, indoor water use and water used for 
purposes other than irrigation are not accounted. Other methods for estimation of these 
types of water demands and associated recharge are likely more appropriate. 
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TABLEC-1 
-----·-- -·---~,-.-. -·-· -·- . -_.-.. •,---•·- ---···----

Maximum SCS Runoff Curve Number 6 

Available Soil 
Rooting Water Moisture (by Hydrologic Soil Group} 

DWRLandUse CIMISCroi:1 Dept!l Capacity Capacity Percent 
Type 1 Coefficienf (in) 3 [%)4 (in) 5 Irrigated A B C D Impervious 7 

Native vegetation 0.90 48.0 9% 4.32 No 31 57 71 78 0% 

Urban 0.70 24.0 11% 2.64 Yes 3g 6i 74 80 60% 

Urban commercial 0.70 24.0 11% 2.64 Yes 39 61 74 80 80% 

Urban industrial 0.70 24.0 11% 2.64 Yes 39 61 74 80 80% 

Urban landscape 0.70 24.0 11% 2.64 Yes 49 69 79 84 25% 

Urban residential 0.70 24.0 11% 2.64 Yes 39 61 74 80 60% 

Pasture 0.85 24.0 9% 2.16 Yes 39 61 74 80 10% 

Truck crops 0.90 48.0 9% 4.32 Yes 65 75 82 86 10% 

Semi-agricultural 0.70 24.0 9% 2.16 Yes 39 61 74 80 10% 

Surface water 0.65 -- -- -- -- -- -- -- -- 0%. 

Vacant 0.70 24.0 11% 2.64 Yes 39 61 74 80 0% 

Unknown 0.70 24.0 11% 2.64 Yes 39 61 74 80 0% 

Notes: 
1 

Source: California Department of Water Resources Land Use Survey 
2 Source 1: Cooperative Extension of Unfversity of California, Division of Agriculture and Natural Resources .. No date. Using Reference Evapotranpiration (ETo) 

and Crop Coefficients to Estimate Crop E.vapotranspiration {ETc) for Agronomlc Crops, Grasses, and Vegetable Crops. Leaflet 21427. 
Source 2: Cooperative Extension of University of California. Division of Agriculture and Natural Resources. No date. Using Reference Evapotranpiration (E.T.,) 
and Crop Coefficients to Estimate Crop Evapotranspiration (ETc) for Trees and Vines. Leaflet 21428. 

, Crop potential ET is determined by multiplying reference evapotranspiration by crop coefficient Outdoor areas only, 
:i Source: Callfomia Department of Water Resources. 1979. A Computer Program to Estimate Monthly Consumptive Use and Water Requirements. 
4 Source: U.S. Department of Agriculture, Natural Resources Conservation SeTVice. Monterey County Soj} Survey {G!S coverages). Estimated from major soil type 

within the land use category. 
5 Calculated by multiplying rooting depth by available water capacity percentage. 
6 Source: U.S. Department of Agriculture, Soil Conservation Service. 1968. "Hydrology" supplement A to Sec. 4, Engineering HandtJook. Pervious areas only. 

Urban areas assumed to be representative of Open Space in Good Hydrologic Condition. Impervious areas assigned constant curve number of 98. 
7 Estimated from digitaf aerial photos. 
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