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CONVERSION FACTORS 

Metric to Customary System of Measurement 

Quantity Metric Unit 

Length millimetres (mm) 

centimetres (cm) for snow depth 

metres (m) 

ki lometres (km) 

Area square millimetres (mm2) 

square metres (m2) 

hectares (ha) 

square kilometres (km2) 

Volume litres (I) 

mega Iitres 

cubic metres (m3) 

cubic metres (m3) 

cubic metres (m3) 

cubic dekametres (dam3 ) 

cubic hectometres (hm3) 

cubic kilometres (km3) 

Flow cubic metres per second (m3/s) 

litres per minute (I/min) 

litres per day (I/day) 

megalitres per day (MI/day) 

cubic metres per day (m3/day) 

Mass ki lograms (kg) 

tonne (t) 

Velocity metres per second (m/s) 

Power ki lowatts (kW) 

Pressure kilopascals (kPa) 

ki lopascals (kPa) 

Specific litres per minute per 

capacity metre drawdown 

Concentration milligrams per litre (mgll) 

Electrical microsiemens per 

conductivity centimetre (,ts/em) 

Temperature degrees Celsius (0G) 

Multiply by 

0.03937 

0.3937 

3.2808 

0.62139 

0.00155 

10.764 

2.4710 

0.3861 

0.26417 

0.26417 

35.315 

1.308 

0.0008107 

0.8107 

0.8107 

0.8107 

35.315 

0.26417 

0.26417 

0.26417 

0.0008107 

2.2046 

1.1023 

3.2808 

1.3405 

0.145054 

0.33456 

0.08052 

1.0 

1.0 

(1.8 x 0G) + 32 

To set customa!l eguivalent 

inches (in) 


inches (in) 


feet (ft) 


miles (m) 


square inches (in2) 


square feet (ft2) 


acres (ac) 


square miles (mi2) 


gallons (gal) 


million gallons (106 gal) 


cubic feet (ft3) 


cubic yards (yd3) 


acre-feet (ac-ft) 


acre-feet (ac-ft) 


thousands of acre-feet 


mi II ions of acre-feet 


cubic feet per second (ft3 / s) 


gallons per minute (gal/min) 


gallons per day )(gal/day) 


million gallons per day (mgd) 


acre-feet per day 


pounds (Ib) 


tons (short, 2,000 Ib) 


feet per second (ft/ s) 


horsepower (hp) 


pounds per square inch (psi) 


feet head of water 


gallons per minute per 

foot drawdown 


parts per mi II ion 


micromho per centimetre 

degree Fahrenheit (OF) 
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FOREWORD 


At present, a major portion of the water supply of the Central 
Coastal area of California comes from the local ground water basins. 
Generally, the extraction from these basins has exceeded the replenish­
ment, with the result that the ground water levels have decliued. 

Recognizing that declining water levels increase energy 
consumption and pumping costs, water users are asking for more information 
on current and potential ground water supplies. 

To provide this information, the Department of Water Resources 
and the San Luis Obispo County Flood Control and Water Cons~rvation 
District entered into a cooperative agreement for a study in the Arroyo 
Grande area. Such information can be used by local agencies in water 
supply and basin management planning. 

A comprehensive study was made of the geohydrology of the area 
and the potential use of the water in the offshore aquifers was evaluated. 

Appreciation is expressed to the staffs of the San Luis Obispo 
County Flood Control and Water Conservation District and the San Luis 
Obispo County Water Resources Advisory Committee for their cooperation 
and advice throughout the study. Others contributing valuable information 
include: the United States Geological Survey in Menlo Park; the California 
Division of Oil and Gas in Los Angeles and Santa Maria; the Regional Water 
Quality Control Board, Central Coastal Region; the San Luis Obispo County 
Farm Advisor; water well drillers; local water companies; and numerous 
private individuals. 

i~i~
Southern District 
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I. INTRODUCTION AND SUMMARY 


During the past several decades, San Luis 
Obispo County has grown substantially in 
population, accompanied by a proportionate 
increase in urban and agricultural 
activities. 

At first, its urban and agricultural 
water demands were met by using surface 
water supplies and, in time, by using 
increasing amounts of ground water. 
Although the amount of surface water 
available varies from year to year, 
depending on annual precipitation, the 
extent of this supply that can be used 
is generally known. Similar knowledge 
of the availability of ground water 
supplies, however, has remained meager. 
Consequently, the San Luis Obispo County 
Flood Control and Water Conservation 
District requested the Department of 
Water Resources to undertake a study to 
assess the amount of ground water 
resources available for inclusion in 
plans to meet water demands of the 
county. 

One of the areas chosen for study is the 
area near the community of Arroyo Grande 
(Figure 1). The Arroyo Grande area was 
chosen because of a concern that the 
increasing use being made of its ground 
water might deplete the supply to the 
extent that the basin and the ground water 
resource would become permanently damaged. 

Objective of Investigation 

Thus the objective of the study is, 
according to the cooperative agreement 
between the two agencies, "to identify 
the information needed for effective use 
of ground water basins and to develop the 
information as far as time and funding 
permit." 

Area of Investigation 

The Arroyo Grande area is on the coast 
in the southwesterly corner of San Luis 

Obispo County 24 kilometres (15 miles) 
south of San Luis Obispo (Figure 1). It 
includes the Arroyo Grande Creek and 
part of the Santa Maria River watersheds 
(Figure 2). The ground water basin 
portion, which is the study area, forms 
a 190-square-kilometre (73-square-mile) 
triangle bounded by the ocean on the 
west, the San Luis Obispo-Santa Barbara 
County line on the south, and Highway 101 
along the northeast. The study area plus 
its watershed covers 53 000 hectares 
(130, 000 acres)-;-""> J .~, I :~, ~ t'A ~,C' 

The area lying offshore is also part of 
the study area. The aquifers in coastal 
plains usually continue offshore, and the 
fresh water they contain is an integral 
part of the area's water resources. 

The City of Arroyo Grande and the 
communities of Grover City and Oceano 
are within the boundaries of the study 
area. Nipomo is outside the basin 
boundaries but is covered in this report 
because most of its water supply comes 
from the ground water resources in 
Nipomo Mesa. The communities of Pismo 
Beach, Shell Beach, and Avila are nearby 
but lie outside the basin boundaries and 
are not covered in this report. 

Topography 

The rugged Santa Lucia Mountains, rising 
600 to 900 metres (2,000 to 3,000 feet) 
above sea level and trending 
northwestward along the eastern boundary 
of the watershed, form a backdrop to the 
study area. From their upper drainage 
area, the Arroyo Grande Creek and the 
Santa Haria River drainage systems wind 
through deep V-shaped canyons in the 
Santa Lucia Mountains and terminate in 
the study area as flat coastal plains 
that open to the ocean. In the study 
area the terrain alternates between 
high-rising sand mesas and these low­
lying coastal plains. Recent sand dunes 
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and the beach run the length of the study 
area on the west. 

The Santa Maria River coastal plain, 
locally known as the Santa Maria Valley, 
extends 32 kilometres (20 miles) inland 
and is 8 kilometres (5 miles) across at 
its widest point near the coast. Most 
of the Santa Maria Valley is in adjoining 
Santa Barbara County; only the portion 
that lies north of the river between 
Nipomo Hesa and the San Luis Obispo-Santa 
Barbara County line is in the study area. 
This portion consists of 73 square 
kilometres (28 square miles) of flood 
plain and dune sand. The flood plain is 
relatively flat with a slope of about 
1.9 metres per kilometre (10 feet per 
mile) • 

The Arroyo Grande Creek coastal plain, 
commonly referred to as the Arroyo 
Grande Plain, is much smaller than the 
Santa Maria River coastal plain. It 
comprises about 12 square kilometres 
(4.7 square miles) and measures 
7.2 kilometres (4.5 miles) from the 
foothills to the ocean and 3 kilometres 
(2 miles) across its widest point. The 
flood plain slopes 2.8 to 3.8 metres 
per kilometre (15 to 20 feet per mile) 
from the foothills to the ocean. 

The Arroyo Grande Creek drainage upstream 
from the coastal plain forms a canyon 
with a narrow flood plain that winds 
through the mountains for 24 kilometres 
(15 miles) to Lopez Dam. The flood 
plain, although narrow, supports 
extensive farming activities. 

The Arroyo Grande Plain separates two 
sand mesas: Tri-Cities Mesa and Nipomo 
Mesa. Tri-Cities Mesa, an area of 
44 square kilometres (17 square miles), 
lies in the north end of the study area 
between the Arroyo Grande Plain and the 
San Luis Hills on the north. It rises 
to an average elevation of 60 metres 
(200 feet) and slopes gradually to the 
beach and to the Arroyo Grande Plain. 

The larger Nipomo Mesa covers an area 
of about 85 square kilometres 

(33 square miles) between the Arroyo 
Grande Plain on the north and the Santa 
Maria River coastal plain on the south. 
The eastern part of the mesa rises to 
more than 120 metres (400 feet) and 
slopes westward to the beach. Unlike 
the Tri-Cities Mesa, Nipomo Mesa is 
marked with drainage gullies that give 
it a generally uneven, undulating surface. 
The north and south boundaries are 
sharply set apart from the adjoining 
flood plains by steep cliffs. The 
boundaries, however, are surface features 
and do not inhibit the subsurface flow of 
ground water. 

A wide, gently sloping beach runs along 
the entire west boundary. Next to the 
beach, Recent sand dunes, as much as 
30 metres (100 feet) high and 
2.4 kilometres (1.5 miles) wide, parallel 
the beach. From the beach, the ocean 
floor slopes offshore at a low angle, 
uninterrupted by underwater canyons or 
dropoffs that commonly occur offshore 
of similar large creeks and rivers 
elsewhere along the California coast. 
There is a slight increase in the slope 
of the ocean floor 16 to 19 kilometres 
(10 to 12 miles) offshore. 

Drainage Systems 

The study area is drained by two major 
systems, the Arroyo Grande Creek and the 
Santa Maria River. 

The Arroyo Grande Creek runs a course of 
about 32 kilometres (20 miles) from the 
crest of the Santa Lucia ?-iountain Range 
to the ocean. The watershed comprises 
28 300 hectares (70,000 acres). Its 
tributaries include Lopez Canyon, Tar 
Spring Creek, and Los Berros Creek. 

The runoff from 17 400 hectares 
(43,000 acres) of the upper drainage 
area comprising the upper reaches of 
Arroyo Grande Creek and all Lopez Canyon 
is impounded by Lopez Darn to form Lopez 
Reservoir. The reservoir water is piped 
to nearby communities along the coast 
for all or part of their municipal water 
supply and is also released to Arroyo 
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Grande Creek for agricultural purposes Cuyama and Sisquoc Rivers also recharge the 
downstream. Santa Maria Valley ground water reservoir. 

Perennial flow is maintained in Arroyo 
Grande Creek downstream from Lopez Dam by 
a combination of natural runoff, underflow 
from the adjacent hills, irrigation 
return, and releases from the dam. 

The Santa Maria River, running along the 
southern boundary of the study area, 
drains part of Nipomo Mesa, Nipomo Valley, 
and Santa Maria Valley. Infiltration in 
the Santa Maria River recharges the Santa 
Maria Valley ground water reservoir. 

The Cuyama and Sisquoc Rivers join to 
form the Santa Maria River, 16 kilometres 
(10 miles) upstream from the study area. 
The Santa Maria River within the study 
area usually flows only during storms. 
Runoff in the Cuyama River is captured 
at Twitchell Reservoir, 24 kilometres 
(15 miles) upstream, for recharge to 
the Santa Maria Valley and flow in the 
Sisquoc River usually infiltrates its bed 
upstream from the Santa Maria River. The 

Population 

The main industry in the Arroyo Grande 
area is agriculture and its associated 
businesses. The population is centered 
in small communities and dispersed 
thinly throughout the countryside. 

In the 9 years of 1968 to 1977, total 
gross urban and suburban land increased 
1 110 hectares (2,742 acres) (Table 1). 

In 1970, the Arroyo Grande study area had 
a population of 23,800. Of this number, 
over 80 percent were in the urban areas. 
Table 2, based on data from the San Luis 
Obispo County Planning Department, shows 
1970 and projected increases in the 
population of about 20 percent for each 
10-year period to 2000, with the largest 
increase of 29 percent expected between 
1970 and 1980. In the July 1975 issue of 
Population and Housing, the San Luis 
Obispo County Planning Department stated: 

TABLE I 
URBAN AND SUBURBAN LAND AREAS 

ARROYO GRANDE AREA!; 
1968 and 1977 

Water service area 
19UY 

Hectares Acres 
1977 

Hectares Acres 
Change 

Hectares Acres 

Residential 

Commercial 

Industria I 

Unsegregated urban and 
suburban area 

Subtota I 

Included nonwater service 
area 

Tota I gross urban and 
suburban area 

605 1,490 

65 160 

15 40 

390 970 

1 075 2,660 

590 1,460 

1 665 4,120 

1 890 

180 

125 

325 

2 520 

255 

2 775 

4,671 

443 

313 

799 

6,226 

636 

6.862 

1 285 

115 

110 

-65 

1 445 

-335 

1 110 

3 181 

283 

273 

-171 

3,566 

-824 

2.742 

!J Nipomo Valley not included. 	 Land area data for Nipomo Valley 11977) follows: ResIdentIal, 125 ha (309 acres) 

Commercial,2 ha (5 acres); Industrial, 9.31 ha 123 acres); unsegregated Urban and 

Suburban, 16.18 ha (40 acres); included nonwater service area 94 ha (232 acres) 

~ From update of OWR Sulletin No. 103 "San Luis Obispo and Santa Barbara CountIes Land and Water Use Survey, 1959". 
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TABLE 2 
POPULATION PROJECTION 

ARROYO GRANDE STUDY AREA 

1970· 1980" 1990" 2000" 

Rural portion 4,194 4,210 4,090 3,980 

Arroyo Grande 7,454 9,990 12.160 14,350 

Grover City 5,939 8,190 10,170 12,160 

Nipomo 3.642 4,930 6,060 7.180 

Oceano 2,564 3,400 4,110 4,820 

Total 23.793 30.720 36.590 42,490 

From the 1970 census data 

*" Determined from Ihe trend line bv the San LUIs ObiSpo 


County Planning Department 


"Arroyo Grande Census County Division is 
the fastest growing Division in ~he 
County with a 7 percent population 
increase over last year. Nipomo is the 
fastest growing unincorporated town at 
12.2 percent and Arroyo Grande at 
8 percent tops the incorporated cities." 
By comparison, the county population 
increased 5.1 percent during this 
same period. 

Summary of Findings 

1. 	 The water demand in the Arroyo Grande 
area is primarily for irrigation. 
The irrigation demand was 52.2 cubic 
hectometres (42,300 acre-feet) in 
1977 and is projected to be 
52.3 cubic hectometres (42,400 acre­
feet) in 2000 without the addition 
of new supplies or to increase to 
58.1 cubic hectometres (47,100 acre­
feet) with a supplementary water 
supply. The urban water demand, 
which was 4.40 cubic hectometres 
(3,570 acre-feet) in 1970, is 
projected to be 7.92 cubic hectometres 
(6,420 acre-feet) by 2000. 

2. 	 The water supply for the study area 
comes from the ground water in storage 
and from surface water in Lopez 
Reservoir. Lopez Reservoir has 
supplied water for most of the local 
urban demand since 1969, but all 

storage in the reservoir is 
appropriated, and, with the urban 
water demand increasing, the 
communities will become more 
dependent upon the local ground 
water for their water needs. Except 
for 	releases into Arroyo Grande 
Creek, the water in Lopez Reservoir 
is not used for irrigation, and 
ground tvater continues to be the 
main agricultural water supply. 

Ground water extractions have resulted 
in declining water levels in all parts 
of the study area. With the 
agricultural and urban demand expected 
to increase, water levels can be 
expected to continue to decline. 
Currently, an exception to this trend 
is the stable or rising water levels 
in the Arroyo Grande Plain-Tri-
Cities Mesa area. Ground water 
pumpage has been reduced in this 
area since the introduction of Lopez 
Reservoir water for local urban use. 
However, this is a temporary 
condition. As the urban demand on 
the ground water pool increases, 
the amount extracted will probably 
again exceed replenishment to this 
part of the basin and water levels 
will again decline. 

Currently, municipal and urban waste 
\vater is not reclaimed as a water 
supply. Most of the sewage from the 
Arroyo Grande Plain-Tri-Cities Mesa 
area is treated in the South San Luis 
Obispo County Waste Water Treatment 
Plant with the effluent discharged to 
the ocean. Elsewhere, in Nipomo Mesa 
and the Santa Maria Valley some reuse 
of waste water is realized as effluent 
from individual septic tank-leach 
field systems percolates to recharge 
the ground water basin. 

3. 	 The early part of the study showed 
that subsurface geologic data and 
ground water data were lacking on 
the seaward side of Nipomo Mesa and 
two exploratory holes were drilled 
to obtain information in the area. 
The data from these holes showed that 
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the sediments below this portion 
of the study area formed discrete 
aquifers along the beach. Water 
well drillers t logs showed that the 
same aquifers were less defined 
inland. The specific yields of the 
aquifers penetrated by the two 
exploratory holes were calculated to 
be 9 percent in the upper aquifer 
and 8 percent in the lower. 

4. 	 In 1975, the water in storage above 
sea level was estimated to be 
10.50 cubic hectometres (8,500 acre­
feet) in the Arroyo Grande Plain-Tri­
Cities Mesa area, 212 cubic 
hectometres (172,000 acre-feet) in 
Nipomo Mesa, and 56.2 cubic 
hectometres (45,600 acre-feet) in 
the portion of Santa Maria Valley 
within the study area. 

5. 	 The ground water stored in Arroyo 
Grande Plain-Tri-Cities Mesa area 
increased by 7.1 cubic hectometres 
(5,800 acre-feet) from 1965 to 1975, 
largely reflecting the construction 
of Lopez Reservoir. In Nipomo Mesa, 
from 1967 to 1975, the amount of 
ground water stored declined by 
28.0 cubic hectometres (22,000 acre­
feet) and in Santa Maria Valley (that 
portion in San Luis Obispo County) 
it declined by 3.5 cubic hectometres 
(2,800 acre-feet). 

6. 	 The mineral quality of the ground 
water in the Arroyo Grande area is 
generally acceptable for domestic 
and agricultural uses. The water 
in the deeper aquifers is generally 
higher in its mineral concentrations 
than water in the upper aquifers. 

Nitrate concentrations in the ground 
water in the Arroyo Grande Plain­
Tri-Cities Mesa area exceed the 
acceptable limits of the State 
health standards. The high nitrogen 
concentrations may occur cyclically 
and the ground water meets the 
drinking water standards of the State 
Department of Health Services part 
of the time. 

The ground water in Nipomo Mesa 
generally meets the drinking water 
standards of the State Department of 
Health Services and is suitable for 
most agricultural uses. 

The total dissolved solids (TDS) 
concentrations in the ground water 
in the Santa Maria Valley of San 
Luis Obispo County are mainly in 
the range between 500 and 1 000 mg/l, 
with some well samples ranging 
from 1 000 to 1 500 mg/l. A few 
samples exceed 1 500 mg/l. The 
ground water is suitable for most 
agricultural uses. 

As part of an earlier study, 
32 piezometers were constructed 
along the coast to test for sea 
water intrusion. Thus far no 
evidence of intrusion has been found. 

7. 	 An offshore seismic profile, coupled 
with what is known about the onshore 
geology, points to an offshore 
extension of fresh water-bearing 
aquifers. 

If the geology along the beach were 
projected offshore, the water-bearing 
sediments, which include two aquifer 
systems, would measure 15 kilometres 
(9 miles) along the beach and 
19 kilometres (12 miles) offshore. 
At the shoreline between Arroyo 
Grande Creek and the Santa Maria 
River, the upper aquifer has an 
average thickness of 60 metres 
(190 feet) and the lower aquifer 
averages 130 metres (430 feet). 

8. 	 Assigning the specific yields of the 
sediments in the test holes on the 
beach to the sediments offshore, 
there would be an estimated 
3 700 cubic hectometres (3,000,000 
acre-feet) in storage offshore 
between Arroyo Grande Creek and the 
Santa Maria River. Not all the 
water would be potable, however, 
because a wedge of sea water intrudes 
and displaces fresh water in all 
aquifers offshore. The size of the 
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wedge depends upon the hydraulic 
conditions in individual aquifers. 

9. 	 The quality of the water in the 
aquifers offshore cannot be 
determined directly with the 
available data. 

10. 	 The full use of local ground water 
supplies would minimize adverse 
economic impact in the Arroyo 
Grande area. However, it is not 
consistent with the Regional Water 
Quality Control Board's strategy 
for implementing the water quality 
control plan. 

Conclusions 

1. 	 With average annual replenishment, 
the amount of ground water in storage 
at elevations above sea level in the 
Arroyo Grande Plain-Tri-Cities Mesa 
area appears to be adequate to meet 
the water demand until at least 
1990, and in the Nipomo Hesa and 
the Santa Maria Valley within San 
Luis Obispo County to at least 2000. 
Generally, as long as ground water 
levels remain above sea level, the 
sea water is not likely to intrude. 

2. 	 Based upon the geology onshore, the 
aquifers that underlie the land 
portion of the study area apparently 
extend offshore and are in hydrologic 
continuity with the recharge areas 
onshore. As the ground water levels 
on land decline, the water in the 
offshore aquifers can migrate 
landward toward the production wells. 
Thus the available ground water 
supply includes whatever fresh water 
returns to the land from the offshore 
storage. 

3. 	 The amount of offshore fresh ground 
water estimated in this study is 
speculative. Accordingly, it 
presents a possibility that 
intrusion may not be observed 
onshore for a number of years to 
come but, on the other hand, provides 

no assurance that intrusion is not 
imminent. Consequently, the option 
of pumping and using ground water 
beyond the long-term replenishment 
rate should include provisions for 
facilities in the future to prevent 
or alleviate sea water intrusion. 
Such facilities could entail 
substantial capital and annual costs. 

4. 	 The quality of the water in the 
aquifer offshore may be similar to 
that of the water samples obtained 
from the monitoring wells which 
probably penetrate the same offshore 
aquifer onshore. In these samples 
the TDS concentration ranged from 
500 to I 200 mg/l. 

5. 	 There appears to be a need to 
consider the full use of local ground 
water, both from the upper and lower 
aquifers and also a need for 
concurrent reassessment of the Water 
Quality Control Plan strategy and 
the policy underlying the plan. 

Recommendations 

1. 	 The piezometers along the coast 
should be monitored on a semi-annual 
schedule for sea water intrusion. 
The sudden unexplainable increase of 
the chloride concentrations in well 
water by 100 mg/l or more would 
suggest sea water intrusion. 

2. 	 A comprehensive plan should be 
developed for managing the ground 
water resources and for providing 
for the future delivery of a 
permanent supplemental water 
supply. The management plan should 
be selected after fully exploring 
the potential benefits and risks 
of alternative plans that include 
increasing the use of ground water 
from the confined aquifers for a 
limited period. Because return of 
the fresh water from offshore 
storage may be interrupted by sea 
water intrusion, the chosen plan 
should articulate methods to provide 
a continuing supply in the event of 
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the premature appearance of sea 4. Feasible waste water reclamation and 
water intrusion. The plan may reuse plans should be implemented 
provide for an interim water supply and water conservation instituted 
or for a significant reduction in in conjunction with further ground 
the area's water demand or both. water development. 

3. In developing a comprehensive plan, 5. Ground water should continue to be 
consideration should be given to the the main agricultural water supply 
full use of local ground water, from and the supplemental urban supply 
both the upper and lower aquifers; as long as the delivered water 
concurrently, the policy and the quality meets the standards of 
strategies of the Water Quality the State Department of Health 
Control Plan would need to be Services for domestic drinking 
reassessed. water. 
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I I. WATER DEMAND AND SUPPLY 


Water Demand 

The overall urban water demand shown in 
Table 3 was estimated for 10-year 
intervals from 1970 to 2000 by applying 
a unit use factor of 511 litres 
(135 gallons) per capita per day to the 
1970 census and to the San Luis Obispo 
County Planning Department's population 
projections to 2000. These per capita 
water demands to 2000 do not make 
allowances for conservation methods that 
may be widely practiced in the future; 
therefore, water requirements can be 
substantially less than those shown. 

The urban demand, using the given constant 
unit use factor, is anticipated to 
increase from 4.403 cubic hectometres 
(3,570 acre-feet) in 1970 to 7.919 cubic 
hectometres (6,420 acre-feet) in 2000, 
an increase of 80 percent. 

By far the largest use of water in this 
area is for agricultural irrigation. 

According to estimates based upon the 
Department of Water Resources' 1977 
land and water use survey, there were 
5 545 hectares (13,700 acres) of irrigated 

agriculture in 1977 (Table 4). The main 
products were truck crops in Arroyo 
Grande Valley, citrus, subtropical, and 
field crops in Nipomo Mesa and Nipomo 
Valley, and truck and field crops in 
Santa Maria Valley. The total applied 
water demand for these crops in 1977 
was 52.2 cubic hectometres (42,300 acre­
feet). By 2000 the demand is projected 
to be 52.3 cubic hectometres 
(42,400 acre-feet) per year if there is 
no augmentation of water supplies. With 
more water available and without 
substantial cost increases, more acres 
would be irrigated and the applied water 
demand would probably be 10 percent higher. 

Table 5 shows the 1977 applied agricultural 
water demand and projections to 2000. 

Water Supply 

The water supply for the Arroyo Grande 
area comes from local ground water and 
surface water from Lopez Reservoir. 

Therefore, almost all current water 
supplies in the study area are dependent 
upon local precipitation. For an insight 

TABLE 3 

DOMESTIC AND URBAN WATER DEMAND· 


ARROYO GRANDE AREA 

In cubic hectometres (acre-feet) 


1970 1980 1990 2000 

Rural portion 

Arroyo Grande 

Grover City 

Oceano 

Nipomo 

Total 

0.777 

1.357 

1.110 

o.4HO 

0.678 

4.403 

(630) 

(1.100) 

(900) 

(390) 

(550) 

(3.570) 

0.789 

1.850 

1.480 

0.630 

0.925 

5.674 

(640) 

(1.500) 

(1,200) 

(510) 

(750) 

(4,600) 

0.765 

2.220 

1.850 

0.765 

1.135 

6.735 

(620) 

(1,800) 

(1,500) 

(620) 

(920) 

(5.460) 

0.740 

2.714 

2.220 

0.900 

1.345 

7.919 

(600) 

(2,200) 

(1,800) 

(730) 

(1,090) 

(6,420) 

'Based upon 511 litres (135 gallons) per capita per day. 
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TABLE 4 


IRRIGATED AGRICULTURE" 


Area 1971"'­

ARROYO GRANDE AREA 
In hectares (acres) 

1980 1990 2000 

With additional 
water S IIDDlv 

1990 2000 

Arroyo Grande Plain­
Tri-C Hies Mesa 

688 
(1.700) 

648 
(1.600) 

648 
(1,600) 

648 
(1.600) 

648 
(1,600) 

648 
(1,600) 

Arroyo Grande Va lIey 607 
(1,500) 

728 
(1.800) 

769 
(1.900) 

769 
(1,900) 

890 
(2,200) 

1 052 
(2.600) 

Nipomo Mesa 324 
(800) 

486 
(1,200) 

648 
(1,600) 

769 
(1,900) 

1 133 
(2.800) 

1 335 
(3,300) 

Los Berros Va Iley 81 
(200) 

81 
(200) 

81 
(200) 

81 
(200) 

81 
(200) 

81 
(200) 

Santa Maria Va lIey 
(in San Luis Obispo 
County) 

3 359 
(8300) 

2 914 
(7,200) 

2 954 
(7 300) 

2 954 
(7 300) 

2954 
(7300) 

2 954 
(7300) 

Nipomo Valley 486 
(1.200) 

648 
(1.600) 

769 
(1,900) 

890 
(2,200) 

1 052 
(2,600) 

1 376 
(3.400) 

-
TOTAL 5545 

(13.700) 
5505 

(13.600) 
5869 

(14.500) 
6 111 

(15.100) 
6758 

(16.700) 
7446 

(18,400) 

'Adapted Irom data developed lor Bulletin 4 "The California Water Plan Policies and Action to the Year 2000". 

"In 1977, some parts 01 the ArrOyo Grande area experienced a temporary increase in irrigated acreage in anticipation of greater 
demand lor larm products during the drought. 

TABLE 5 

ARROYO GRANDE AREA 


IRRIGATION WATER DEMAND 

In cubic hectometres (acre-feet) 

With additional 
water SUDDlv 

Subarea 1977 1980 1990 2000 1990 2000 

Arroyo Grande Plain­ 6.5 6.2 6.2 6.2 6.2 6.2 
Tri-C ities Mesa (5.300) (5.000) (5.000) (5.000) (5.000) (5.000) 

Nipomo Mesa 2.5 3.5 4.2 5.0 6.3 7.4 
(2.000) (2,800) (3.400) (4.100) (5.100) (6,000) 

Upper Arroyo Grande 5.9 6.5 6.7 6.7 6.9 7.4 
Valley (4.800) (5.300) (5,400) (5,400) (5.600) (6,000) 

Los Berros Va lIey 0.8 0.8 0.8 0.8 0.8 0.8 
(640) (640) (640) (640) (640) (640) 

Santa Maria Va Iley 33.3 28.1 28.3 28.3 28.3 28.3 
(In San Luis Obispo 
County) 

(27.000) (22,800) (23.000) (23.000) (23,000) (23.000) 

Nipomo Va lley 3.2 4.3 4.7 5.3 6.4 8.0 
(2.600) (3.500) (3,800) (4,300) (5.200) (6.500) 

TOTAL 52.2 49.4 50.9 52.3 54.9 58.1 
(42.300) (40.040) (41.240) (42.440) (44.540) (47.140) 
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into the amount of water available from 
natural sources, the 3l-year period for 
water years 1935-36 to 1966-67 was 
selected as a base period representative 
of the average climatic conditions in the 
Arroyo Grande area. This base period 
represents an interval in which hydrologic 
conditions prevailing at its beginning 
and at its end were similar. It began 
during a dry period and ended at the next 
similar dry period. The 3l-year average 
annual precipitation ranged from 
300 millimetres (11.8 inches) near sea 
level to 800 millimetres (31.4 inches) 
at the highest elevations and averaged 
410 millimetres (16.2 inches) overall. 
The San Luis Obispo County's isohyetal 
map of the average seasonal precipitation 
during the base period (Figure 3) 
illustrates the distribution of rainfall 
over the study area. 

Information on waste water and surface 
water is summarized below. Ground water 
is discussed in the following chapters. 

Waste Water 

Currently, reclaimed waste water is not 
a source of supply. Sewage from Arroyo 
Grande, Oceano, and Grover City is given 
secondary treatment at the South San Luis 
Obispo County Treatment Plant, and the 
effluent is discharged to the ocean. The 
plant has a capacity of 9.5 megalitres 
(2.5 million gallons) per day, or 
2.47 cubic hectometres (2,000 acre-feet) 
per year, but currently discharges an 
average of 3.8 megalitres (1 million 
gallons) per day to the ocean. 

Sewage in Nipomo Mesa, Nipomo Valley, 
the Santa Maria Valley, and areas in the 
Arroyo Grande Plain-Tri-Cities Mesa 
area outside the South San Luis Obispo 
County Treatment Plant sewerage system is 
discharged to septic tank-leach line 
systems and percolates to replenish the 
ground water in storage. 

Surface Water 

The water supply from surface sources 
comes from Lopez Reservoir and the Arroyo 
Grande Creek. 

Prior to the construction of Lopez 
Reservoir in 1969, the urban supply was 
obtained from the local ground water 
basin. Today the local communities and 
the City of Arroyo Grande obtain most of 
their supply from Lopez Reservoir. 

Before Lopez Reservoir, the storm runoff 
in Arroyo Grande Creek flowed unchecked 
to the ocean and was lost as a water 
supply. Storm flow in the upper reaches 
of the Arroyo Grande Creek drainage is 
now impounded by Lopez Dam and this loss 
of fresh water to the ocean has been 
reduced significantly. However, when 
seasonal rainfall is above average there 
may not be adequate reservoir storage 
available to capture the resulting 
runoff. Consequently, the reservoir has 
spilled several times since its 
construction. 

The initial deSigned storage capacity of 
the reservoir is 63.9 cubichectometres 
(51,800 acre-feet). The water supply 
available from Lopez Reservoir is 
committed to nearby communities for part 
or all of their urban supply and to 
release into Arroyo Grande Creek for 
agricultural use downstream. 

Currently, 10.768 cubic hectometres 
(8,730 acre-feet) of reservoir water 
are allocated annually toward meeting 
water demands in the study area. Of this 
amount, 5.588 cubic hectometres 
(4,530 acre-feet) is contracted to nearby 
communities and the City of Arroyo Grande 
for their water supply. Arroyo Grande, 
Grover City, and Oceano (Community 
Service District 13) have the following 
entitlements to Lopez Reservoir water: 
Arroyo Grande, 2.82 cubic hectometres 
(2,290 acre-feet); Grover City, 
0.99 cubic hectometre (800 acre-feet); 
and Oceano, 0.37 cubic hectometre 
(303 acre-feet). Avila and Pismo Beach, 
both of which are outside the study area, 
also have entitlements to Lopez water. 

Another 5.18 cubic hectometres 
(4,200 acre-feet), the only water from 
Lopez Reservoir allocated for agricultural 
use, is released to Arroyo Grande 
Creek. 
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Water in the creek is diverted for 
irrigation in Arroyo Grande Valley. 
The streamflow also replenishes the 
ground water resources along its route 
from Lopez Dam to the ocean. 

A mineral analysis of a May 1971 sampling 
of the reservoir, presented in Table 6, 
shows that the water in Lopez Reservoir 
is low in TDS concentration and is of 
good quality. Water in the Arroyo 
Grande Creek is initially good quality 
at Lopez Dam but deteriorates downstream 
as poor quality irrigation return enters 
the stream. Near Arroyo Grande, 
24 kilometres (15 miles) downstream, the 
average TDS concentration in the creek 
had increased to more than 650 milligrams 
per litre (mg/l). Its TDS concentration 
exceeds the California domestic water 
supply standards recommended limit of 
500 mg/l.* 

Flow in Los Berros Creek, a tributary to 
Arroyo Grande Creek, is sustained by 
irrigation return water, underflow, and 
runoff from the adjacent hills. The 
creek's water quality exceeds the 
"limiting concentrations" of the State's 
domestic water supply standards in its 
TOS, sulfate, and nitrogen concentrations. 

An analysis from Los Berros Creek in 
1967 showed a total nitrate (as N) 
concentration of 20 mg/l. This exceeds 
the "limiting concentrations" for total 
nitrogen (as N) of 10 mg/l in the 
domestic water supply standards. This 
high nitrogen concentration is 
attributable to the presence of a feedlot 
and the use of fertilizers in Los Berros 
Valley. 

The Santa Maria River within the study 
area has seasonal flow only. Its main 

tributary, the Cuyama River, is dammed 
for flood control and local recharge 
programs, while the other tributary, the 
Sisquoc River, infiltrates its riverbed 
before reaching the Santa Maria River. 

With the exception of Black Lake, water 
in the sand dune lakes exceeds the 
domestic water supply standards in TDS, 
sulfate, chloride, and fluoride 
concentrations. Black Lake has good 
quality water because the lake is 
sustained by water in the perched water 
table in Nipomo Mesa. A 1967 analYSis 
of the water in Black Lake showed a TDS 
concentration of 400 mg/l and no 
constituents exceeded the limiting 
concentrations of the State's domestic 
water supply standards. 

TABLE 6 

MINERAL ANALYSIS OF 


SAMPLE FROM LOPEZ RESERVOIR 

May 1971 


Temperature 70 0 

EC 602 micromhos/cm 

Ca 72 mg/l 

Mg 28 mg/l 

K 4 mg/l 

C03 14 mg/l 

HCQ3 237 mg/l 

S04 87 mg/l 

CI 18 mg/l 

N03 4 mg/l 

B .06 mg/l 

F 0.5 mg/l 

TDS 327 mg/t 

TH 297 mg/l 

* 	Title 17 in California Administrative Code, "Domestic Water Supplies Quality and 
Monitoring", sets limits for a number of constituents and gives the State Depart­
ment of Health Services responsibility for enforcement. 
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III. PHYSICAL CHARACTERISTICS OF THE GROUND WATER BASIN 


Information on the physical limits of 
the basin was needed to determine the 
extent of the ground water resource 
and to evaluate its potential role in 
meeting future water demands. Data 
were available from previous studies 
by the Department of Water Resources 
and the U. S. Geological Survey (USGS), 
including information from water wells, 
four sea water intrusion monitoring 
wells, and oil wells. In addition to 
the existing data, San Luis Obispo County 
drilled two exploratory holes, PSBo-l and 
-2, in an 8-kilometre (5-mile) span in 
west Nipomo Mesa to obtain subsurface 
information~ where, previously, none had 
been available. (Induction logs and 
lithologs of these holes are given in 
Appendix A.) 

Information on the subsurface sediments 
1.5 to 3 kilometres (1 to 2 miles) 
offshore was provided by the USGS from 
its 1973 offshore geophysical (sparker) 
survey. 

Water-bearing Formations 

The formations in the study area can be 
categorized as water-bearing sands and 
gravels and nonwater-bearing sandstones, 
volcanics, and metamorphic rocks. 
Figure 4 shows the geology. 

The nonwater-bearing rocks contain 
limited amounts of water in weathered 
material that may extend 30 to 60 metres 
(100 to 200 feet) below the ground and in 
joints and fractures that may go even 
deeper. They form the foothills and 
mountains upstream from the water-bearing 
basin area and provide temporary 
subsurface storage for percolating water 
and serve as a path by which water moves 
slowly downgradient into the water-bearing 
sediments. Thus, nonwater-bearing rocks 
play an important role in the ground water 
supply of the area. 

Although the yield from the nonwater­
bearing formations is small, the 
accumulative effect is that significant 
amounts of water are added to the ground 
water basin as underflow through the 
interface between the water-bearing and 
the nonwater-bearing formations. The 
small amount of water obtainable from 
wells in these nonwater-bearing 
formations can be adequate for domestic 
supplies. If wells are deep and 
perforated through much of their length, 
sufficient water may be obtained for a 
few acres of crops, as shown in the 
Nipomo Valley where wells penetrate the 
nonwater-bearing rocks for hundreds of 
metres. 

Alluvium extends below the water table 
in both the Arroyo Grande Plain and 
Santa Maria Valley. In Nipomo Valley, 
alluvium is present as a thin cover on 
bedrock or as fill in the drainage 
gullies. The alluvium consists of 
unconsolidated silts, sands, and gravels 
with some clay. These sediments readily 
yield water to wells where they are 
saturated. Where they lie above the 
saturated sediments, they permit water 
to percolate easily to the water table. 
Large irrigation wells tap the alluvium 
in Santa Maria Valley and the Arroyo 
Grande Plain. USGS aquifer tests of 
two wells in the alluvium in Santa Maria 
Valley showed discharges of 4 500 and 
5 200 litres (1,180 and 1,385 gallons) per 
minute and a specific capacity of 174 and 
423 litres per metre (14 and 34 gallons 
per foot) of drawdown, respectively. 

Recent dune sands lie in a belt between 
the mesas and the beach. These dunes 
consist in large part of shifting sands 
and are differentiated from the older 
dunes by their lack of vegetative growth. 
The sands are highly permeable but lie 
above the water table and are essentially 
unsaturated. 
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Older dune sands form the upper layer of 
Tri-Cities and Nipomo Mesas. These sands 
are lightly compacted fine sands 
containing clay and silt stringers. Most 
of the formation lies above the water 
table, but clay strata create local 
perched water tables. Because of the 
permeability of the dunes, there is 
little runoff from the mesas. 
Precipitation is usually consumed as 
evapotranspiration or infiltrates to 
the ground water table. 

The Paso Robles Formation is the major 
water-producing formation in the study 
area and appears in all the large basins 
in the county. In the Arroyo Grande 
Area, it underlies the basin from 
Tri-Cities Mesa to the Santa Maria Valley. 
It attains its maximum thickness of more 
than 300 metres (1,000 feet) along the 
south boundary of the study area under 
the Santa Maria River. The formation is 
composed of sands, gravels, silts, and 
clay. Thick silt and clay beds separate 
the sediments into discrete aquifers. 
Large municipal and irrigation wells 
draw from the Paso Robles Formation. 
Reported yields from wells in the 
formation range from 757 1itres 
(200 gallons) per minute in a municipal 
well in east Nipomo Mesa to 3 800 and 
6 000 litres (1,000 and 1,600 gallons) 
per minute in industrial wells in the 
western part of the Nipomo Mesa. 

To present a graphic subsurface 
representation of the water-bearing 
sediments in the basin, cross sections 
were drawn along lines A-A' and B-B' 
shown in Figure 5. Line A-A' 
(Figure 6) was drawn using data from 
the sea water intrusion monitoring 
holes and PSBO-l and -2. Line B-B' 
(Figure 7) was constructed using water 
well drillers' logs. 

Geologic Structures 

The study area lies between two major 
northwest-trending fault systems: the 
Huasna fault zone, located 8 kilometres 
(5 miles) northeast of Arroyo Grande 

in the Santa Lucia Mountains, and the 
Hosgri fault, 19 kilometres (12 miles) 
offshore. Between the two faults are 
smaller associated faults and other 
geologic structures having a 
northwestward trend. Data from 
monitoring wells POO-5 and PSBO-l and a 
nearby oil well suggest that there is a 
fault between POO-5 and PSBO-l near the 
Arroyo Grande Creek outlet to the ocean. 
Displacement of the sediments of 60 to 
120 metres (200 to 400 feet) is indicated, 
with the relative movement down on the 
north side. Another fault south of the 
San Luis Obispo-Santa Barbara County 
line is implied by the alignment of folds 
and faults offshore with sharp folds in 
Santa Maria Valley. 

The study area lies over the north limb 
of an asymmetrical syncline that 
underlies the basin. The syncline is 
the major subsurface geologic structure 
in the study area. The north limb is 
longer and slopes at a lesser angle than 
the south limb. The south limb rises 
sharply because of its proximity to the 
hills on the sOllth side of the valley. 
The axis of the syncline trends east-west 
through the Santa Maria Valley and 
intersects the shoreline near the Santa 
Maria River outlet to the ocean. The 
north limb of the syncline extends about 
14 kilometres (8 miles) at the shoreline 
to a fault near POO-S. It underlies Santa 
Maria Valley and Nipomo Mesa. The south 
limb is considerably shorter, about 1.5 
to 3 kilometres (1 to 2 miles) wide. 

Base of Fresh Water 

The contour lines shown on Figure 8 
delineate the effective base of fresh 
water, which is defined as the top of 
the fine-grained sediments or bedrock 
itself. In the construction of the map, 
minor variations in the base were 
averaged to present the predominant 
trends in the configuration of this 
base of fresh water. The map is a 
modification of the base of fresh water 
map contained in the "Preliminary 
Evaluation of the Water Supply of Arroyo 
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Grande and Paso Robles Areas" by the 

Department of Water Resources, 1971. 

The map was modified using data obtained 

from the two new exploratory holes, 

PSBO-1 and -2. 


The configuration of the base of the 

fresh water follows the slope of the 

bordering bedrock, dipping southwesterly 

to a maximum depth of more than 

400 metres (1,300 feet) under the Santa 

Maria River channel. 


Water-yielding Characteristics 

The available water supply in the 
sediments, expressed as their specific 
yield, is the percent of the volume of 
the sediments that can be occupied by 
extractable water. The specific yield 
varies widely with the size, shape, 
arrangement, and gradation of the 
sediments and the compaction, cementation, 
and fracturing of the material. Direct 
specific yield measurements were not 
available but were estimated by the 
calculated specific yield method. In 
this method, reasonable specific yield 
values are assigned to lithologic 
descriptions in well drillers' logs and 
the weighted specific yield value 
calculated for the penetrated sediments 
of each well. Then the weighted specific 
yields from selected wells are averaged 

to arrive at a specific yield value that 
WDu1d be representative of the sediments 
in the area. The following assigned 
specific yield values, which were used 
in the calculations, are from the USGS 
compilation of "drillers terms used in 
estimating specific yield". 

Assigned specific 
Sediment yield (percent) 

Clay 3 
Shale If 

Soil 5 
Silty clay " 
Clay and sand 
Sandy silt " 
Sandy clay " 
Silt " 
Clay and gravel 7 
Clay, sand, and gravel II 

Sand, gravel, clay 10 
Gravel 18 
Gravel and sand " 
Sand 20 
Sand and gravel II 

In the Arroyo Grande P1ain-Tri-Cities 
Mesa area the average weighted specific 
yield of 20 selected wells was 11.25, 
in Nipomo Mesa the average specific 
yield of 32 selected wells was 14, and 
and in the Santa Maria Valley the 
average specific yield of 12 selected 
wells was 15. 
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IV. GROUND WATER 


An important component of the study 
was an estimate of the amount of ground 
water in storage in the study area, 
its distribution, its quality, and the 
amount of replenishment to the ground 
water supply. 

The basin can be subdivided into three 
storage areas on the basis of different 
inflow-outflow patterns and topographical 
differences. These three areas (Figure 9) 
are the Arroyo Grande Plain-Tri-Cities 
Mesa, Nipomo Mesa, and the Santa Maria 
Valley. 

Water Levels 

\vith the advent of ground water pumping 
there has been a long-term lowering of 
water levels in wells. In recent years 

Figure9 - GROUND WATER BASIN SUBDIVISIONS 

this trend has slowed and in some areas 
water levels have risen. Most notably, 
water levels in the Arroyo Grande Plain­
Tri-Cities Mesa area have risen since 
1969 when the pumping of ground water 
for urban use was largely discontinued 
in favor of water from Lopez Reservoir. 

To illustrate water level changes over 
the study area, ground water level contour 
maps for 1965 and 1975 are shown in 
Figures 10 and 11. 

In the Arroyo Grande Plain-Tri-Cities Mesa 
area, hydrographs of wells 32S/13E-29H4 
and -30K14 (Figures 12 and 13) show that 
water levels had declined to near sea 
level in 1968 but by 1973 had risen 
4.6 metres (15 feet) above sea level. 
There was a slight decline in 1975 
because of below average rainfall, but 
overall there was a net increase in water 
levels of 3 metres (9.2 feet) between 
1967 and 1975. 

In the Arroyo Grande Valley upstream 
from Arroyo Grande there was little 
ch~nge in the ground water levels between 
1971 and 1974. The average annual depth 
to water in 12 wells ranged from 10 to 
11 metres (33 to 36 feet) during this 
period. 

In Nipomo Mesa, wells llN/35W-7Rl and 
-llJl (Figures 14 and IS) show that the 
water levels in the central and western 
parts of the mesa are behaving 
differently. Well -7Rl, in the western 
part of the mesa approximately 
3.2 kilometres (2 miles) from the beach, 
shows that the water level elevation in 
this part of Nipomo Mesa was as low as 
2.74 metres (9 feet) above sea level 
between 1961 and 1967 and 6 metres (20 feet) 
above sea level in 1974. It showed a 
general rise in water levels until 1975 
When rainfall was below average. 
\-Jell -llJl, located in the central portion 
of the mesa about 9.6 kilometres (6 miles) 
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from the ocean, showed a decline in water 
level elevations from 32.6 metres 
(107 feet) in 1962 to 18 metres 
(60 feet) in 1972. There has been a 
partial recovery as a result of heavy 
rainfall in 1974. 

Historically, water levels in the Santa 
Maria Valley declined steadily. From 
1967 to 1972, they rose, probably due 
to spreading operations at Twitchell 
Reservoir and above average rainfall. 
Levels have declined somewhat since 1972. 
The two wells below illustrate the recent 
pattern of water levels in the valley. 

Well llN/35W-28M1 (Figure 16) shows a 
low water level measurement of 4.1 metres 
(13.5 feet) above sea level in 1967 and 
11.4 metres (37.5 feet) in 1972, a gain 
of 7.3 metres (24 feet). 

Well llN/35\';-33G1 (Figure 17) shows a low 
water level measurement of 6.6 metres 
(21.7 feet) above sea level in 1967 and 
13.3 metres (43.6 feet) in 1972, a gain 
of 6.7 metres (21.9 feet). 

Storage 

Storage calculations were based on the 
volume of saturated sediments as 
determined from water level measurements 
in wells. Water in storage during 1965, 

1967, 1970, and 1975 is shown in Table 7. 
Calculations in the Arroyo Grande P1ain­
Tri-Cities Mesa are for 1965, 1970, and 
1975 to show the differences in storage 
conditions before and after operations 
began at Lopez Reservoir. 

The Arroyo Grande P1ain-Tri-Cities Mesa 
area shows a significant increase in the 
amount of ground water in storage since 
local communities started using water 
from Lopez Reservoir in place of local 
ground water for most of their urban 
supply. Also, regulating flow in 
Arroyo Grande Creek by controlling the 
release of water at Lopez Dam provided 
greater opportunity for stream seepage 
and contributed to the ground water in 
storage. The effect of decreasing 
pumping in the Arroyo Grande P1ain-Tri­
Cities Mesa area is shown by the sharp 
increase in the ground water in storage 
between 1965 and 1970. In 1965 there 
were 3.4 cubic hectometres (2,700 acre­
feet) in storage and 10.4 cubic 
hectometres (8,400 acre-feet) in storage 
in 1970. 

Until 1969, when Lopez Reservoir became 
the source for the urban water supply, 
the ground water in the Arroyo Grande 
P1ain-Tri-Cities Mesa area provided for 
both agricultural and municipal water 
demands. The amount of ground water 
extracted exceeded replenishment and 

TABLE 7 

GROUND WATER IN STORAGE 


ARROYO GRANDE AREA 


Area 

Average 
specific 
yield 

jpercen·t) 

Area in 
hectares 

(acres) 

Storage above sea level 
in cubic hectometres 

(acre-feet) 

Storage below sea level 
in cubic hectometres 

(acre-feet) 
1965 1967 1970 1975 

Arroyo Grande Plain­
Tri-C ities Mesa 

Nipomo Mesa 

Santa Maria Valley 

11.25 

14.00 

15.00 

2 930 
(7.200) 

8.550 
(21 100) 

7285 
(18000) 

3.40 -­ 10.40 10.50 
(2.700) (8.400) (8.500) 

-­ 240 -­ 212 
(194.000) (172.000) 

-­ 59.7 -­ 56.2 
(48.400) (45.600) 

505 
(410.000) 

1 250 
(1.000.000) 

2 874 
(2.330.000) 
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the water levels were depressed to near 
sea level. In 1969 extraction for urban 
use was about 3.5 cubic hectometres 
(2,800 acre-feet). Since 1969, with 
most of the urban supply coming from 
Lopez Reservoir, the water levels 
measured in wells show that the water 
in storage has increased. However, the 
water supply allocated to the separate 
communities from Lopez Reservoir is not 
sufficient to meet the water demands in 
every case, and the communities continue 
their dependency upon ground water to 
meet their demands. According to the 
population growth projections and the 
current unit water use, the demand on 
the ground water reservoir will again 
exceed the replenishment to the Arroyo 
Grande Plain-Tri-Cities Mesa area in 
1990 or soon after. 

Storage in the Arroyo Grande Valley 
upstream from Arroyo Grande was calculated 
under hydrologic conditions prevailing 
since the construction of Lopez Dam. The 
water-bearing sediments in the valley 
cover an area of approximately 810 hectares 
(2,000 acres) and have an estimated average 
thickness of 30 metres (100 feet). During 
1971 to 1974 the saturated portion of these 
sediments ranged from 19.5 to 20.4 metres 
(64 to 67 feet). Based upon an estimated 
specific yield of 14 percent, the water in 
storage in the valley during this period 
was 19.7 to 21 cubic hectometres (16,000 
to 17,000 acre-feet). 

Pismo Beach, which is outside the study 
area, also obtains some of its water supply 
from wells in the Arroyo Grande Area. 
However, since 1970-71 the community's 
water demand has been met by its 
entitlement from Lopez Reservoir, and 
only a negligible amount of ground 
water from the Arroyo Grande ground water 
basin has been used. Pismo Beach has 
drawn its full entitlement from Lopez 
in 1975-76 and 1976-77 and may draw more 
water from the Arroyo Grande area in the 
future. 

The Nipomo Mesa showed a decrease in the 

amount of ground water in storage above 

sea level between 1967 and 1975. In 


32 

1967, 240 cubic hectometres (194,000 acre­
feet) were in storage and, in 1975, 
212 cubic hectometres (172,000 acre-feet), 
a reduction of 28 cubic hectometres 
(22,000 acre-feet), for an average 
reduction of 3.4 cubic hectometres 
(2,750 acre-feet) per year. The loss of 
ground water in storage between these 
two sampling periods shows only a 
difference for these two periods and 
does not represent a steady year to year 
decline. During the interim years, the 
amount of water in storage fluctuated 
according to the amount of rainfall. 
Generally, 432 millimetres (17 inches) 
or more of precipitation during one 
season increased the water in storage 
While less rainfall resulted in a 
decrease. 

The Santa Maria Valley shows only a 
slight reduction in ground water in 
storage above sea level. In 1967, there 
were an estimated 59.7 cubic hectometres 
(48,400 acre-feet) in storage and in 
1975, there were 56.2 cubic hectometres 
(45,600 acre-feet) in storage. There 
was a decrease of 3.5 cubic hectometres 
(2,800 acre-feet). This amounts to an 
average annual storage decrease of 
0.44 cubic hectometre (350 acre-feet). 

However, the portion of the Santa Maria 
Valley within San Luis Obispo County is 
a small part of the valley and the amount 
of water in storage at any time will be 
determined by the ground water resources 
management practices in the entire valley. 
Currently, the ground water in the valley 
moves northwesterly into San Luis Obispo 
County from Santa Barbara County, but 
can migrate southward out of the study 
area if the flow from the upper valley 
decreases or pumping in Santa Barbara 
County reverses the gradient. 

Ground Water Quality 

The mineral quality of the ground water 
in the Arroyo Grande study area is 
generally acceptable for domestic and 
agricultural uses. However, water in 
the deeper aquifers generally has a 
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higher mineral concentration than does 
water in the upper aquifers. Therefore, 
as more water is pumped from the deeper 
aquifers and used for agriculture the 
mineral concentration in the irrigation 
return water and thus in the receiving 
water in the upper aquifers will increase 
at a faster rate than if only water from 
the upper aquifers were used. This may 
be contrary to the Regional Board's 
strategy in implementing the State Water 
Resources Control Board's water quality 
control plan, which is, in part, based 
on the State Board's nondegradation 
policy. The strategy is to minimize 
increase of mineral concentrations in 
the ground water. If the local ground 
water is used to its full potential, 
there could be an adequate water supply 
to delay the possible curtailment of 
agricultural operations and the need 
to finance and construct importation 
facHi ties. 

A problem that requires attention is the 
high nitrate concentrations commonly 
found in ground water in the Arroyo 
Grande Plain-Tri-Cities Mesa area. 

High nitrates in drinking water have 
been linked to infant methemoglobinemia 
(blue babies), a disease characterized 
by certain blood changes and a bluish 
discoloration of the skin due to blood 
oxygen deficiency. Many authorities 
attribute the disease to high nitrate 
concentrations in water used for preparing 
feeding formula. Because of this health 
threat, the State Department of Health 
Services has specified a limiting 
concentration of 10 mg/l for nitrogen.* 
This concentration of nitrogen equals 
45 mg/l nitrate. Nitrate is most commonly 
the only significant nitrogen compound 
found in ground water. Because of the 
importance of nitrate, it receives added 
attention in this discussion. 

Sea water intrusion is an important factor 
to ground water management in the study 
area because it is a key limiting factor 

as to how much ground water--especially 
water in the offshore aquifer--can be 
safely and economically used. Conversely, 
the amount of ground water in the onshore 
and offshore aquifers will significantly 
influence the location, timing, and 
magnitude of sea water intrusion. 

For convenience of data retrieval, 
compilation, and discQssion, the study 
area is divided into three areas in 
confQrmance with the Department's system 
for areal designation of hydrologic units. 
These are: Arroyo Grande hydrologic 
subarea, Nipomo Mesa hydrologic subarea, 
and Santa Maria Valley hydrologic subunit 
within San Luis Obispo County (Figure 18). 
Appendix B contains a printout of all 
quality data available during the study. 

Arroyo Grande Hydrologic Subarea 

In the Arroyo Grande hydrologic subarea, 
according to the frequency of observations, 
TDS concentration is mainly in the 
250 mg/l to 1 250 mg/l range, although 
the 1 250 mg/l to 1 750 mg/l range is not 
uncommon (Appendix B). Nitrate usually 
exceeds 45 mg/l and total hardness 
predominantly exceeds 250 mg/l. However, 
at times, the nitrate concentration is 
within the drinking water standards.* 
Sulfate concentrations of 250 mg/l, the 
recommended limit for acceptable drinking 
water, are often exceeded, but chloride, 
fluoride, and boron constitute 
insignificant problems. 

In the subarea, wells in the Arroyo 
Grande Valley upstream of Highway 101 
typically draw from the Recent alluvium. 
In well 32S/l3E-12Q2 (Figure 19) the TDS 
concentration has remained essentially 
unchanged although nitrate has increased. 

However, there appears to be progressive 
dv'Ostream deterioration of the quality 
of water in the Recent alluvium. This 
is reflected in the water quality for 
32S/l3E-12Q2, 32S/l3E-14R2, 32S/l3E-23Fl, 
and 32S/l3E-22Ql (Appendix B). 

* Title 17, California Administrative Code, "Domestic Water Supplies Quality and 
Monitoring". 
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Figure 19 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
NO. 32S/13E-12Q2 

In the Tri-Cities Mesa, wells primarily 
draw from the Paso Robles Formation. 
Wells 32S/l3E-28El (Figure 20), 
32S/l3E-29E2 (Figure 21), 32S/l3E-29Gl 
and -29G2 (Figure 22), and 32S/l3E-30H2 
(Figure 23) are typical of such wells. 
Except for well 32S/l3E-28El, nitrate 
concentrations reach levels of concern 
exceeding 45 mg/l. The Paso Robles 
Formation is subject to vertical recharge 
and is therefore affected by irrigation 
return water and subsurface sewage 
disposals. 

In the Arroyo Grande Plain, wells are 
primarily extracting from either the 
Recent alluvium or the Paso Robles 
Formation. The quality of ground water 
in the Recent alluvium, as typified by 
observations in wells 32S/l3E-31J3, 
32S/l3E-3lH7, 32S/l3E-33K3, and 
12N/35W-29Nl, is of marginal quality 
(Appendix B). TDS concentration is about 
1 500 mg/l, while nitrate ranges as high 
as 160 mg/l and sulfate about 650 mg/l. 

The water in the Paso Robles Formation is 
of better quality. Wells 32S/13E-31Fl, 
32S/l3E-31F3, and 32S/13E-3lF4 are 
representative wells in this formation. 
TOS concentrations range from about 
600 mg/l in -3lF4, a deeply perforated 
well, to about 1 100 mg/l in -31F3 
(Appendix B). Nitrate concentration is 
generally low. 

Nipomo Mesa Hydrologic Subarea 

The amount of ground water quality data 
in the Nipomo Mesa hydrologic subarea 
is substantially less than in the Arroyo 
Grande subarea. Available data indicate 
that ground water is generally of good 
quality. Total hardness is the principal 
problem, frequently exceeding 250 mg/l 
(Appendix B), TDS concentration is 
largely less than 500 mg/l and 
infrequently exceeds 1 000 mg/l 
(Appendix B). Chloride, sulfate, 
fluoride, and boron do not cause concern. 
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Figure 21 	 TDS AND NITRATE CONCENTRATION AND WATER LEVEL 
CHANGES IN WELL NO. 32S/13E - 29E2 
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Figure 23 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
NO. 32S/13E-30H2 
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However, in isolated shallow wells, 
nitrate concentrations have exceeded 
45 mg/l. 

Wells mainly draw from the Paso Robles 
Formation. Wells lIN/3SW-SLl (Figure 24), 
IlN/3SW-7RI (Figure 25), lIN/3SW-9Pl 
(Figure 26), and llN/3SW-12El and -12E2 
(Figure 27), which have the longest water 
quality data records, show no clear 
degrading trend in either TDS or nitrate 
concentrations. However, ground water 
from the deeper zones has higher TDS 
concentrations. 

Santa Maria Valley Hydrologic Subunit 

The Santa Maria Valley subunit is mainly 
in Santa Barbara County; only a small 
part of the subunit is north of the 
Santa Maria River and therefore in San 
Luis Obispo County. The TDS 
concentration of ground water in the 
San Luis Obispo County portion of this 

'I./..... 

subunit is mainly in the 500 mg/l to 
I 000 mg/l range, with observations 
less frequently in the I 000 mg/l to 
1 500 mg/l range (Appendix B). Sulfate 
and total hardness are the principal 
problems, frequently exceeding 250 mg/l 
and 400 mg/l, respectively. Chloride, 
nitrate, fluoride, and boron are 
infrequent problems (Appendix B). 

Well 10N/35W-4Cl (Figure 28) is just 
across the line in Santa Barbara 
County. Wells IlN/35W-18Ml (Figure 30) 
and IlN/35W-19E2 (Figure 31), about 
1.6 kilometres (1 mile) from the coast, 
have shown erratic quality patterns 
but little long-term changes. However, 
the nitrate concentration in 
well llN/35W-18Ml increased unusually 
in 1973; a sampling error is possible. 
Further inland, in well llN/35W-26Ml 
(Figure 32), both TDS and nitrate 
concentrations increased from 1965 
through 1968, while the long-term 
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Figure 24 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
NO. llN/35W-5Ll 
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Figure 25 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
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Figure 28 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
NO. lON/35W-4Cl 
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Figure 29 	 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
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Figure 31 	 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 

NO. 11N/35W-19E2 
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Figure 32 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
NO. llN/35W-26M1 
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Figure 33 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
NO. llN/3SW-33Fl 

quality in llN/35W-33Fl (Figure 33) has 
been relatively unchanged. 

Some wells near the Santa Maria River 
show water quality deterioration and 
some show improvement. In 
well 10N/35W-4Cl (Figure 28), both TDS 
and nitrate concentrations have slowly 
increased, while the TDS concentration 
in well 10N/36W-2Gl (Figure 29) has 
substantially decreased. 
Well llN/36W-13Rl (Figure 34), another 
well near the coast, has not shown a 
changing trend in water quality. 

Sea Water Intrusion 

Intrusion of sea water into fresh water 
aquifers can threaten the loss of valuable 
fresh water contained in the aquifers as 

well as the valuable storage and 
transmission capabilities of the ground 
water basins themselves (Appendix C). 
Consequently, when several wells in the 
PismO-Guadalupe area showed increasing 
chloride concentrations and sea water 
intrusion was suspected, the Department 
and the San Luis Obispo County Flood 
Control and Water Conservation District 
cooperatively studied the problem.* 

The study, which was completed in 1969, 
found that shallow coastal ground water, 
less than 30 metres (100 feet) deep in 
Recent tidal and fluvial deposits and in 
upper Paso Robles beds north of Arroyo 
Grande Creek, contained chloride 
concentrations from 100 to 1 630 mg/l. 
However, historic ground water levels 
precluded sea water intrusion. The 
chloride sources were attributed to: 

* "Sea Water Intrusion: Pismo-Guadalupe Area", California Department of Water 
Resources, Bulletin 63-3, February 1970. 
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Figure 34 TDS AND NITRATE CONCENTRATION CHANGES IN WELL 
NO. llN/ J6W-13Rl 

"(a) 	 The natural salinity of 
the geologic environment 
(former tidal marshes and 
sloughs), 

neb) 	 Salt concentration by 

evaporation, 


"(c) 	 Downward percolation of 
sea water entering tidal 
channels at times of 
extremely high tides." 

The study found that water levels at the 
coast were then above sea level. However, 
the potential for sea water intrusion in 
the Paso Robles and Careaga aquifers 
existed; water levels in the southern 
part of the Arroyo Grande subarea and in 
the Santa Maria hydrologic subunit 
persistently declined during 1951-68 due 
to pumping. Nevertheless, the study 
concluded that sea water intrusion was 
an immediate onshore problem at the 
time. 

In connection with the 1969 sea water 
intrusion study, 32 piezometers were 
constructed. Table 8 presents relevant 
data for these piezometers. A number 
of these piezometers were sampled in 
1976 for mineral analyses. Table 9 
compares the 1976 chloride concentrations 
in water from different depths in four 
holes with chloride concentrations 
observed in 1967. On the basis of these 
comparative observations, the basic 
conclusion of the 1969 study is still 
applicable--sea water intrusion is not 
an onshore problem at present. 

Analyses from the two test holes, PSBO-l 
and -2, in Nipomo Mesa, which were 
drilled especially for this study, are 
presented in Table 10. The results show 
no signs of sea water intrusion. The 
locations of these monitoring holes are 
shown on Figure 5. 

Nevertheless, sea water intrusion cannot 
be discounted as a potential ground 
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TABLE 8 

DESCRIPTION OF PIEZOMETERS· 


Dep-..h of Le::e:th of Depth ofStateFidd n=ber lIell nu.wber bole, casing,- perforations, Formation tapped 
in feet 1~_ ~ee~ in feet 

POO-lA 325/12E-2453 964 435 210-435 Ca.re~a SMd 
POO-IB 325/12£-24!l2 ~64 145 120-145 Paso Robles 
POO-lC 32S/12E-24El 964 65 45-65 Allllviu:lO 
P00-2A 3?5/12E-24R3 848 390 300-390 Careagasa:nd 
POO-2!l 32S/1~::-24!'l2 848 100 15-100 P"so Roblos 
POO-;;C 32:: /l<:::-24Rl 848 60 30-60 Paso !'lcbles 
P00-3A 328/13E-30F3 802 312 305-312 Car'!! eoa s e.r.d 
POO-3!l 32S/13E-30F2 802 100 75-100 Pasy Robles 
P00-3C 32S/13E-30Fl 802 55 15-30 Paso Robles 

40-55 
P00-4A 325/131::-30:12 873 255 115-:t55 Paso Robles 
POO-I.:; 32S/13£-30:13 873 135 60-135 Pp..so Robles 
POO_J.C 32S/13E-3::;1 873 40 15-40 Alluviu:n 
POO-SA 32S/13E-31F4 906 565 480-565 Caree.ga sand 
POO-5B 32S/13E-31F3 906 260 240-260 Paso iiobles 
poo-SC 32S/13E-31F'2 906 152 132-152 Paso Robles 
uFO-lA 111l/3cloi-13K6 1,165 400 320-400 Paso Robles 
OFO-1B llr;/3I)loi-131(5 1,165 210 230-210 Paso Robles 
OFO-IC lUI/36loi-131(4 215 203 120-203 Paso Robles 
OFO-lD 1111/30'..-131(3 215 90 70-90 Alluvium 
OFO-IE 1l.N/36loi-13!C2 215 45 30-45 Alluviu:n 

GO-lA 10N/36loi-2Ql 61"- 6n 568-6n Paso RObles 
GO-i.E 10N/36'';-2Q2 6n 535 467-535 Paso ;;obl"5 
GO-i.C 10N/36;;-2Q3 448 444 391-444 Pa!!o Robles 
GO-lD lON/36',;-2Q4 448 318 291-316 Paso Robles 
GO-U: 10:>/36'.-2,<S 448 246 185-246 All'J.vlum 
GO-IF 10N/361.i-2:(6 448 176 130-176 Alluvium 
GO-IG 10N/36'''-2..;j7 41 47 19-41 Alluvium 
GO-2A 11.'I/36w-35J2 629 615 521-615 Paso Robles 
GO-2I; 11."/36',1- 35J3 629 495 241-495 Puo Rcb1es 
GO-2c lLN/36'.i-35J4 629 228 115-228 Alluvium 
GO-2D llN/36'';-35J5 138 138 74-138 Alluvium 
GO-2E 11." /36;;- 3SJ6 31 31 14-31 Recent sand dune 

*F,om 'Cal,lornia Department of Water Resources Bulletrn 63-3 Sea-Water 'ntrUSion: Pismo-Guadalupe Area, 
February 1970 . 

water management problem. The conclusion 
reached in the 1969 study that sea water 
intrusion is occurring offshore and may, 
in time, reach coastal wells remains 
valid. Intrusion is probably advancing 
landward from different salt water 
forebays at different rates in each 
confined aquifer. It will likely reach 
the coast first in shallow aquifers 
that are subject to heavy pumping and 
that crop out closer to the shore. 

Replenishment 

Most of the recharge to the study area 
originates as precipitation within the 
boundaries of the study area and its 
watershed. Rainfall on the basin may 
percolate to ground water. That on the 
watershed may run off to the study area 
to infiltrate and percolate to ground 

water or may directly infiltrate the 
weathered layer of the nonwater-bearing 
rock and migrate to the study area as 
subsurface flow. A significant amount 
of recharge also enters the study area 
as underflow in the Santa Maria 
Valley. 

Because there are no data on infiltration 
rates or permeability of the sediments, 
estimates on replenishment to the study 
area are based upon information such as 
water levels in wells, long-term average 
precipitation, reasonable permeability 
factors of sediments, and local ground 
water conditions. 

The estimated replenishment to the basin 
is based upon the area's average annual 
precipitation and calculations of 
subsurface inflow and outflow based on 
the 1975 water levels. 
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TABLE 9 

SELECTED CONSTITUENTS IN THE SEA WATER 


INTRUSION MONITORING HOLES IN 1961 AND 1915 

ARROYO GRANDE AREA 


Hole 

number 

Depth 
sampled 
in metres 

(feet) 

Date 
sampled 

EC CI I lOS 
in mg/l 

I 

Dominant ions 

anions I cations 

GO-2 160.6-187.5 
(527-615) 

9-28-67 
6-4-76 

1090 
1072 

28 
27 

811 
795 

Ca 
Ca 

5°4 
5°4 

75.3-150.9 
(247-495) 

9-28-67 
6-4-76 

1367 
1059 

54 
59 

1031 
1059 

Ca 
Ca 

5°4 
5°4 

53.3-69.5 
(175-228) 

9-28-67 
6-4-76 

1533 
1650 

66 
71 

1177 
1256 

Ca 
Ca 

5°4 
504 

22.5-42.1 
(74-138) 

9-28-67 
6-4-76 

1341 
1394 

45 
51 

1029 
1043 

Ca 
Ca 

5°4 
5°4 

4.3-11.3 
(14-37) 

4-20-67 
6-4-76 

848 94 
94 

546 
623 

Ca 
Ca 

HC03 
504 HC03 

GO-l 173.1-204.5 
(568-671 ) 

5-12-67 
5-21-76 

1129 
977 

30 
26 

900 
700 

Ca 
Ca 

5°4 
5°4 

142.3-163.0 
(467-535) 

5-12-67 
5-21-76 

989 
1072 

23 
32 

766 
808 

Ca 
Ca 

5°4 
5°4 

121.0-135.3 
(394-444) 

5-28-67 
5-21-76 

950 
977 

22 
24 

738 
727 

MgCa 
Ca 

5°4 
5°4 

88.7-115.2 
(291-378) 

5-28-67 
5-21-76 

1006 
1038 

24 
31 

797 
754 

Ca 
Ca 

5°4 
5°4 

56.4-75.0 
(185-246) 

5-27-67 
5-21-76 

1277 
1278 

55 
64 

989 
943 

Ca 
Ca 

5°4 
5°4 

40.0-53.1 
(130-176) 

5-26-67 
5-21-76 

1336 
1107 

61 
42 

1047 
813 

Ca 
Ca 

5°4 
5°4 

5.8-14.3 
(19-47) 

5-26-67 
6-4-76 

1126 
1028 

138 
89 

780 
683 

Ca 
Ca 

HC03 
HC03 

OFO-l 97.6-121.9 
(340-400) 

10-2-67 
6-7-76 

1248 
1279 

44 
40 

944 
970 

Ca 
Ca 

5°4 
5°4 

70.1-82.3 
(230-270) 

10-2-67 
6-7-76 

1212 
1249 

45 
41 

881 
938 

CaNa 
Ca 

5°4 
5°4 

36.6-61.9 
(120-203) 

10-2-67 
6-7-76 

951 
948 

36 
38 

665 
655 

Ca 
Ca 

5°4 
5°4 

21.3-27.4 
(70-90) 

10-3-67 
6-7-76 

898 62 583 Ca 
5ample destroyed in transit 

HC03 

9.1-13.7 
(30-45) 

10-3-67 
6-7-76 

1169 
943 

136 
80 

707 
564 

Na 
Ca 

HC03 
HC03 

POO-5 146.3-172 
(480-565) 

9-28-67 
5-26-76 

1010 
971 

83 
96 

570 
599 

Ca 
Ca 

5°4 
HC03 

73.2-79.2 
(240-260) 

9-2A-67 
5-26-76 

1386 
1087 

48 
51 

1089 
1087 

Ca 
Ca 

5°4 
5°4 

40.2-46.3 
(132-152) 

9-28-67 
5-26-76 

1283 
1394 

44 
50 

949 
1069 

Ca 
Ca 

5°4 
5°4 
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TABLE 10 

SELECTED CONSTITUENTS IN TEST HOLES 


IN NIPOMO MESA 

JUNE 8, 1976 


Hole and 
depth of 

the sample 

EC pH Ca Hg Na K HCOl 504 

Millisrams ~er litre 
Mill iequivalents per litre 

CI NO l Total 
dissolved 

solids 
in mgll 

PSBO - 1 

227 - 237 1212 7.9 130 -
6.49 

48 -
3.92 

72 -
3.12 

3.5 223 423 - - -
.09 3.66 8.81 

38 -
1.06 

0.6 -
.01 

936 

535 - 545 1301 8.0 94 -
4.69 

44 -
3.59 

118 -
5.14 

6.6 392 184 - - -
.17 6.43 3.83 

126 -
3.55 

0.0 -
.00 

820 

PSBO - 2 

280 - 290 1209 8.0 139 -
6.94 

47 -
3.86 

72 -
3.13 

3.5 219 439 - - -
.09 3.59 9.15 

40 -
1.13 

1.4 -
.02 

920 

450 - 460 1258 7.7 129 -
6.44 

52 -
4.27 

90 -
3.92 

4.6 184 488 - - -
.12 3.02 10.15 

48 -
1.35 

1.4 -
.02 

1015 

720 - 730 1170 7.8 89 -
4.44 

43 
-
3.53 

98 -
4.26 

5.9 293 235 - - -
.15 4.80 4.89 

94 -
2.65 

0.4 -
.61 

813 

The following data on replenishment are 
summarized in Table 11. Total 
replenishment to the Arroyo Grande Plain­
Tri-Cities Mesa area is estimated to be 
9.03 to 10.26 cubic hectometres (7,320 
to 8,320 acre-feet). Of this amount, 
2.96 cubic hectometres (2,400 acre-feet) 
is attributed to deep percolation of 
rain on the area; 0.27 cubic hectometre 
(220 acre-feet) to subsurface flow 
through the alluvium in Arroyo Grande 
and Los Berros Creeks; 0.62 cubic 
hectometre (500 acre-feet) to underflow 
from Nipomo Mesa and San Luis Hills, 
2.47 to 3.70 cubic hectometres (2,000 to 
3,000 acre-feet) to percolation of 
surface flow in the Arroyo Grande Creek; 
2.10 cubic hectometres (1,700 acre-feet) 
to irrigation return water; and 0.61 
cubic hectometre (500 acre-feet) to deep 
percolation of urban water used outdoors. 

Outflow from the Arroyo Grande Plain­
Tri-Cities Mesa area is estimated to be 
about 7.53 cubic hectometres (6,100 acre-

feet). Of this amount, 6.54 cubic 
hectometres (5,300 acre-feet) is 
attributed to applied irrigation water; 
0.74 cubic hectometre (600 acre-feet) to 
pumpage for urban supplies; and 
0.25 cubic hectometre (200 acre-feet) to 
subsurface flow to the ocean. 

Under these conditions, the ground water 
supply available in the Arroyo Grande 
Plain-Tri-Cities Mesa area would be 
increased by 1.75 to 2098 cubic 
hectometres (1,420 to 2,420 acre-feet) 
annually. 

Recharge to the Arroyo Grande Valley 
upstream from Arroyo Grande comes from 
subsurface seepage from the bordering 
highlands and infiltration of 
precipitation and of streamflow in 
Arroyo Grande Creek. The amount of 
replenishment from these sources was 
not determinable with the available 
data, however, changes in the water 
Levels in the valley over the years 
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TABLE II 

SUMMARY ESTIMATED INF LOW AND OUTFLOW TO 


THE GROUND WATER BASIN IN THE ARROYO GRANDE STUDY AREA 


Arroyo Grande Plain - Tri-Cities Mesa 

Category of inflow Cubic hectometres 

Deep percolation of precipitation 2.96 
Subsurface seepage 0.89 
Infiltration in Arroyo Grande Creek 2.47 to 3.70 
Irrigation and urban water return 2.71 

Total 9.03 to 10.26 

Category of outflow 

Appl ied irrigation 6.54 

Urban supply 0.74 
Subsurface outflow to ocean 0.25 

Total 7.53 

Nipomo Me.. 

Cat.,ory of Inflow Cubic hectometres 

Deep percolation of precipitation 4.07 

Subsurf.ace seepage 0.62 

Irrigation and urban water return 1.23 

Total 5.92 

Cat.,ory of outflow 

Applied irrigation 
Urban supply 
Industry cooling water 
Subsurface outflow 

2.47 
0.37 
0.80 
4.07 

Total 7.71 

Santa Maria Valley (S.L. O. County) 

Cubic hectometresCatelory of inflow 

9.87Deep percolation of precipitation 
24.05Subsurface seepage 
11 .10Irrigation return 
45.02Total 

Cat.,ory of outflow 
35.77Applied irrigation 

9.87Outflow to ocean 
45.64Total 

Acre-feet 

2.400 
720 

2,000 to 3.000 
2,200 

7,320 to 8,320 

5,300 

600 

200 


--'- ­

6.100 

Acre-feet 

3.300 
500 


1,000 


4,800 

2.000 

300 

650 


3.300 

6,250 

Acre-feet 

8,000 
19.500 

9,000 

36.500 

29,000 
8.000 

37,000 
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SUMMARY OF WATER MANAGEMENT CONCE PTS 


When, over an extended period. extractions 
exceed replenishments in a ground water 
basin. a declining trend of ground water 
levels is indicated; The basin is said to 
be in overdraft. 

Under these circumstances, water managers 
very often adopt a safe yield operation, and 
ground water extractions are limited to just 
the safe yield amount. (A safe yield amount 
is defined as the average annua I amount of 
ground water that can be extracted over a 
long-time period without reducing the 
amount of ground water in storage over 
that period.) Usua Ily. the basin is 
replenished artificia lIy with both local 
surface water and imported water to 
increase the safe yield amount, 

This mode of basin management requires 
control of extractions through either 
adjudication or mutua I agreement of ground 
water pumpers, At the same time. to help 
meet the demand. other sources of supply. 
such as surface water and imported water. 
are needed. These sources are usua lIy 
more expensive than local ground water. 

The elimination of overdrafting a basin 
requires careful consideration of the 
geohydrologic. env ironmenta I. econom ic. 
and socia I consequences. A long .term 
water management plan. including water 
conservation and waste water reclamation. 
has to be developed to ensure adequate 
suppl ies of water at a reasonable cost and 
with acceptable environmental consequences. 

have been small, indicating that the 
inflow and outflow are near equilibrium 
for the prevailing hydrologic conditions. 
The Arroyo Grande Creek has a stabilizing 
influence on the ground water levels in 
the valley. The creek is apparently a 
losing stream in the upper reaches of 
the valley and a gaining stream in the 
lower reaches. Thus, infiltration in 
the creek channel contributes to the 
ground water in storage in the upper 
reaches of the valley and, downstream, 
the creek channel serves as a drain 
for rising ground water. 

Estimated replenishment to Nipomo Mesa is 
5.92 cubic hectometres (4,800 acre-feet). 
Of this amount, 4.07 cubic hectometres 
(3,300 acre-feet) is attributed to deep 
percolation of precipitation, 0.62 cubic 
hectometre (500 acre-feet) to subsurface 
seepage from the nonwater-bearing sediments 
upstream, 0.98 cubic hectometre (800 acre­
feet) to irrigation return, and 0.25 cubic 
hectometre (200 acre-feet) to waste water 
and ~ercolating urban water used outdoors. 

Estimated outflow from Nipomo Mesa is 
7.71 cubic hectometres (6,250 acre-feet). 
Of this amount, 4.07 cubic hectometres 
(3,300 acre-feet) is attributed to 

subsurface outflow to the ocean, to the 
Arroyo Grande Plain, and to the Santa 
Maria Valley; 0.37 cubic hectometre 
(300 acre-feet) is attributed to 
extraction by the community of Nipomo; 
0.80 cubic hectometre (650 acre-feet) to 
extraction by industry for cooling water 
which is then discharged to the ocean; 
and 2.47 cubic hectometres (2,000 acre­
feet) to extraction for irrigation. 
Under these conditions, the ground water 
in storage would be reduced by 1.79 cubic 
hectometres (1,450 acre-feet) annually. 

Estimated replenishment to the portion 
of Santa Maria Valley within San Luis 
Obispo County is 45.02 cubic hectometres 
(36,500 acre-feet). Of this amount, 
9.87 cubic hectometres (8,000 acre-feet) 
is attributed to deep percolation of 
precipitation, 11.10 cubic hectometres 
(9,000 acre-feet) to irrigation return, 
2.84 cubic hectometres (2,300 acre-feet) 
to underflow seepage from Nipomo Mesa, 
and 21.22 cubic hectometres (17.200 acre­
feet) to underflow from the Santa Maria 
Valley south of the San Luis Obispo 
County boundary. 

Estimated outflow from the Santa Maria 
Valley (San Luis Obispo County) is 
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45.64 cubic hectometres (37,000 acre­
feet). Of this amount, approximately 
9.87 cubic hectometres (8,000 acre-feet) 
is attributed to outflow to the ocean 
and 35.77 cubic hectometres (29,000 acre­
feet) to irrigation water. Under these 
conditions, the ground water in storage 
would be reduced by 0.62 cubic hectometre 
(500 acre-feet) annually. 

There is a difference in the amount of 
water that is available from ground 
water sources as indicated by the 

water level measurements and by the 
estimated flow into and out of the 
basin. Such differences in results of 
the two measurements are to be expected 
when data are distributed unevenly and 
when estimations of hydrologic 
conditions are applied over large areas. 
Although these inconsistencies are not 
large. a continuing program for 
collecting and reviewing ground water 
data is mandatory to update and improve 
understanding of the basin and its 
available ground water supply. 
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V. OFFSHORE AQUIFERS 


The probability that the confined 
aquifers under the land surface in the 
study area extend some distance offshore 
is indicated by the regional geology and 
by information from the seismic profile 
obtained in a 1973 USGS survey offshore. 

These aquifers are believed to contain 
fresh water because ground water levels 
in the forebay areas are not thought to 
have been below sea level for any 
extended period. Therefore, to evaluate 
this potential water supply, a major 
portion of this study was directed 
toward defining the amount of water in 
storage, the physical dimensions and 
characteristics of the aquifers, and 
the potential of developing this water 
supply. 

There is no direct subsurface geologic 
or water quality information on the 
offshore area; therefore, the existence 
and the probable character of the offshore 
aquifer system are inferred from the 
regional geology and the geologic 
information developed during this study. 

First, along the California coast, large 
creeks and rivers, such as the Arroyo 
Grande Creek and the Santa Maria River, 
typically deposit thick sections of 
sediments offshore. These deposits can 
extend for several kilometres offshore 
and can be hundreds of metres thick. The 
sediments form aquifers and aquicludes and 
are in hydraulic continuity with onshore 
forebay areas. Because these forebay 
areas have probably been above sea level 
for sometime and have maintained a 
seaward hydraulic gradient in the ground 
water, the aquifers offshore probably 
contain fresh water. Second, the geology 
offshore can be constructed by extending 
the geology on land into the area offshore. 

The shape and size of the offshore 
aquifer systems result largely from the 
structural geologic features that extend 

from the land to the offshore area. A 
syncline gives the basin depth and 
provides a relatively stable depositional 
environment in which the strata could 
form in extensive undisturbed layers. 
The general shape and location of the 
syncline was recognized in the 1970 sea 
water intrusion investigation. The large 
size and the character of the syncline 
imply that the structure extends for some 
distance offshore. 

The study area lies on the longer north 
limb of an asymmetrical syncline. The 
axis of the syncline trends northwestward 
offshore near the south boundary of the 
study area, intersecting the shore near 
the Santa Maria River. The north limb 
extends about 13 kilometres (8 miles) 
at the shoreline and underlies the north 
side of Santa Maria Valley and the 
Nipomo Mesa. The south limb is shorter, 
being about 1.6 to 3.2 kilometres (1 to 
2 miles) in width. 

The north and south limbs of the syncline 
are intersected by longitudinal faults 
that mayor may not be barriers to the 
flow of ground water. The fault on the 
north limb of the syncline was suggested 
by the lack of correlation between the 
E-logs of POO-5 and PSBO-l. To further 
substantiate the existence of the fault, 
an E-log from an oil well between POO-5 
and PSBO-l was found to contain 
similarities that correlate with POO-5, 
indicating that the beds from the north 
were dipping more sharply southward than 
was suggested by correlations between 
wells to the south. The fault across the 
south limb is suggested by the alignment 
of sharp folds onshore with faults and 
folds offshore. 

By projecting the geology on the land 
into the offshore area, a theoretical 
offshore aquifer system can be constructed, 
which is a continuation westward of the 
system below the land surface. The 
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concept of the offshore aquifer is shown 
in Figure 35. The cross section on the 
beach showed that there were two aquifer 
systems and that if these aquifers were 
projected westward offshore without a dip 
to where they surface on the.ocean floor 
they would have the following dimensions: 
The upper aquifer would measure 
15 kilometres (9 miles) along the beach 
from Arroyo Grande Creek to Santa Maria 
River and 10 kilometres (6 miles) seaward 
from the beach. It would have an average 
thickness of 60 metres (190 feet). The 
lower aquifer would measure the same 
distance along the beach and 19 kilometres 
(12 miles) seaward at its furthest point, 
and it would have an average thickness of 
130 metres (430 feet). The aquifers are 
thickest at the south end near the San 
Luis Obispo County line. 

The overall configuration of the 
sedimentation and of the confined 
aquifers offshore is based upon reasonable 
geologic assumptions, but, locally, the 
sedimentary picture can be different. 
The main concern is that the confining 
layers separating the sea water from 
the fresh water aquifers may be leaky, 
permitting the sea water to mix with 
the fresh water. If such a condition 
exists, the lower aquifer, lying below 
an aquifer and under its own thick 
confining ~lay layer, would not be nearly 
as vulnerable to sea water intrusion from 
above as the upper aquifer. 

Quantity and Quality 

There was nO direct on-site information 
available on the water-bearing character 
of the sediments offshore. Therefore, to 
expedite estimating the ground water in 
storage offshore, the calculated specific 
yield and the lithologic description of 
the sediments penetrated by wells on the 
beach were considered representative of 
the offshore sediments. 

lbe sea water intrusion monitoring holes 
and the two new county exploratory holes 
show that there are at least two confined 
aquifer systems separated by an l8-metre 

(60-foot) clay layer. The upper layer 
is confined by a less prominent clay 
stratum that may not be more than 
6 metres (20 feet) thick in some places. 
The calculated specific yields for the 
upper and lower aquifers are 9 and 
8 percent, respectively. 

There is an estimated 3 700 cubic 
hectometres (3,000,000 acre-feet) of 
water in storage offshore between Arroyo 
Grande Creek and the San Luis Obispo 
County line, with about 600 cubic 
hectometres (500,000 acre-feet) in the 
upper aquifer and 3 100 cubic 
hectometres (2,500,000 acre-feet) in 
the lower aquifer. 

However, not all the water in offshore 
storage is fresh. A sea water wedge 
exists in aquifers exposed on the ocean 
floor due to the differential in density 
between that of sea water and fresh water 
(Appendix C). The higher density sea 
water encroaches at the bottom of the 
aquifer as a wedge, with the toe 
approaching the land first. The extent of 
sea water encroachment into the aquifer is 
a function of the hydraulic gr~dient 
within the aquifer and the thickness of 
the aquifer. If the seaward hydraulic 
gradient were 3 metres (10 feet) per 
4.8 kilometres (3 miles) in the vicinity 
of hole GO-2, the sea water wedge in the 
upper aquifer would extend landward 
2.4 kilometres (1.5 miles) and in the 
lower aquifer, 8.,5 kilometres (5.3 miles). 
With a similar hydraulic gradient the 
wedge would be shorter to the north where 
the aquifers are not as thick. 

The quality of the fresh water offshore 
cannot be determined but may be similar 
to that in wells near the beach. Because 
the water from deeper sediments in this 
area is generally higher in TDS 
concentration, the quality could also 
deteriorate with distance offshore. 

Potential Use of Water 

Because the geology and water quality 
sampling along the beach give strong 
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indications that there could be 
substantial amounts of fresh water in 
confined aquifers offshore, consideration 
should be given to the recovery and use 
of this water. However, before a 
decision to use it is made, the method of 
use, approach in using it, consequences 
of the use and actions needed after the 
use should be given careful thought. 

The use of offshore fresh water does not 
require any specific offshore facility. 
It simply requires that: (1) ground 
water be used as needed; and (2) if new 
wells are developed, they be perforated 
in either the upper or lower aquifers to 
minimize intermixing of water between 
aquifers. 

This will, in time, result in lowering 
the piezometric head in the Paso Robles 
Formation, which will induce the landward 
movement of offshore fresh water. This 
fresh water constitutes, along with the 
water that percolates to the onshore 
ground water basin, the water supply 
that can be used for a certain period 
of time. 

The test holes drilled for the 
investigation, along with the test holes 
drilled earlier for a sea water intrusion 
study, form a monitoring system to detect 
encroachment of the sea water wedge. 
Because the movement of ground water is 
slow, when sea water appears in the 
monitoring holes, adequate time will still 
be available to take remedial action 
before the sea water wedge affects the 
quality of water in the production wells. 
For example, in the case of Ventura 
County a sea water intrusion front moved 
at the rate of about 1.6 kilometres 
(1 mile) per 10 years. 

As new wells are drilled and more ground 
water is used, additional data such as 
specific capacity, transmissivity, and 
water level change will become available. 
The data can be analyzed and the plan 
of use can be refined with experience. 

If the fresh water moves landward as 
predicted, the sea water wedge will come 

closer to shore. In time, it will be 
observed in the monitoring wells. 

As the piezometric pressure declines in 
the Paso Robles Formation, wells located 
in fringe areas would "go dry. fI To 
ensure continued water supplies to the 
area overlying the Paso Robles Formation, 
provision would have to be made for 
making ground water available from 
adjacent areas. 

The use of offshore fresh water 
necessarily requires that water levels 
onshore be lowered (planned decrease in 
storage). An institutional mechanism 
may have to be established to protect 
the advantages that existing ground 
water pumpers are expected to enjoy. 

When the sea water wedge reaches the 
production wells, another supply 
must be available so that a substantial 
reduction could take place in the use of 
ground water. This would restore the 
piezometric head, which would reverse 
the ground water movement. Then the 
amount of ground water used each year 
in the area would have to be maintained 
at an amount equal to or less than 
average annual replenishment. 

Developing new water supplies must be an 
tmportant part of long-term basin 
management planning and should be arrived 
at only after thoroughly considering all 
alternatives. Additional water supplies 
to this area could be obtained from the 
State Water Project, the Nacimiento 
Reservoir, desalination, treated waste 
water, bottled water, or a combination 
of the sources. An effective water 
conservation program could decrease 
demands. 

The use of offshore fresh water could 
delay the need to finance facilities 
for an additional water supply. The 

. questions of how much and how long the 
of f shore ground \~a ter could be relied 
upon as a supply cannot be answered 
precisely with the available data. 
However, useful operational information 
could be obtained during actual use of 
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the ground water. If 25 to 50 percent 
of the water in storage offshore is 
recoverable fresh water, the aquifer 
could provide 925 to 1 850 cubic 
hectometres (750,000 to 1,500,000 acre­
feet) of water to the onshore basin and 
to the local water supply. 

At the projected rate of ground water 
usage, the replenishment to the area 
and the water that is estimated to be in 
storage in the basin appear sufficient 
to meet water demands to year 2000. 

The offshore water returning to the 
onshore portion of the study area would 
not be expected to become part of the 
water supply until sometime after year 
2000. However, the timing of the arrival 
of offshore fresh water and of sea water 
depends upon the pumping practices in 
the basin. Concentrated heavy pumping 
of wells in shallow aquifers would 
bring offshore water onshore sooner. 
Dispersing production wells and pumping 
from the deeper aquifers would delay the 
appearance of sea water onshore. 

For those persons wishing more information, a bibliography of selected references is 
contained in Appendix D. 
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APPENDIX A 


LITHOLOGS AND ELECTRIC LOGS 


OF TEST HOLES PSBO-l AND PSBO-2 
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LITHOLOG OF EXPLORATORY HOLE 
PISMO STATE BEACH OBSERVATION NO. 1 (PSBO-l) 

State Well Numbers: l2N/36W - 36Ll - 36L2 (hole contains 2 piezometers) 

Hole diameter: 8 inches 

Depth Interval 
in feet Description of Sediments 

0- 44 Dune Sand. 

44- 78 Gravel and coarse sand. Dark minerals, sea shells. 

78- 105 Silty clay. Soft organic clay. 

105-125 Silty sand and silty clay. Organic clay and shells. 

125-140 Silty clay. Organic clay. 

140-240 Medium sand and gravel. Brown iron stained sand and gravel 
and light brown clay stringers. 

240-260 Fine sand, gravel and clay. Brown sand, gravel and clay. 

260-310 Silty clay. Black silty clay, some large gravel. 

310-370 Fine sand and silty clay. White sand and gravel, black silty 
clay. 

370-380 Sand and gravel. White sand and gravel, pebbles to 3/4-inch. 

380-400 Clay and gravel. Soft tan clay and white gravel. 

400-460 Coarse sand and gravel. White sand and gravel. 

460-490 Medium sand. Green sand. 

490-550 Fine sand and gravel. Blue-gray sand and gr:avel, some olive 
and brown clays. 

550-630 Fine sand and gravel and shells. Blue sand and gravel. 

630-755 Silty clay and shells. Plastic olive clay. 

755-830 Silty clay. Olive clay, some shell fragments. 

830-847 Sand clay. Olive clay, some shell fragments. 
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LITHOLOG OF EXPLO~.TORY HOLE, (PSBO-2) 


State Well Numbers: llN/36W - l2Cl, l2C2, l2C3 (hole contains 3 piezometers) 


Hole diameter: 10 inches 

Depth Interval 
in feet Description of Sediments 

0- 98 

98-102 

102-168 

168-170 

170-190 

190-225 

225-275 

275-310 

310-330 

330-375 

375-395 

395-455 

455-470 

470-480 

480-530 

Fine Sand. Reddish-brown dune sand. 

Silty clay. Dark grey silty clay. 

Fine to medium sand. Reddish-brown sand 102 to 150 feet; 
white and black sand from 150 to 168 feet; some stringers 
of clay. 

Sand and clay. 70 percent buff to red sand/30 percent clay; 
some gravel. 

Clay. Buff to light brown clay with some gravel from 170 to 
172 feet; blue-green sticky clay from 172 to 190 feet. 

Fine to coarse sand. 70 percent fine reddish brown sandi 
30 percent coarse white sand. 

Fine sand and clay. Fine white sand with stringers of soft 
yellow sandy clay. 

Fine sand, gravel and sandy clay. 80 percent fine sand and 
grave1/20 percent yellow sandy clay. 

Silty clay and fine sand. 60 percent olive c1ay/40 percent 
fine white sand and gravel. 

Clay and fine sand. 80 percent olive clay/20 percent white 
sand. 

Clay. sand and gravel. Yellow clay, white sand and gravel. 

Gravel and sand. 80 percent white gravel/20 percent white and 
grey iron stained sand. 

Gravel and sand. 90 percent fine white sand/lO percent white 
and grey coarse sand. Iron stained sediments. 

Fine sand and clay. 90 percent fine sand/lO percent dark 
grey clay. 

Clay. shells, gravel and sand. 50 percent olive clay/up to 
40 percent shells/blue and black gravel and sand. 
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Depth Interval 
in feet Description of Sediments 

530-600 

600-620 

620-660 

660-670 

670-700 

700-720 

720-750 

750-760 

760-1000 

Clay. Mushy to plastic olive clay, many shell fragments. 


Gravel and clay. Blue-green gravel and clay. 


Fine sand and gravel. Blue sand and gravel; traces of silty 

light blue clay; many shell fragments. 

Shells and sand. 90 percent shell fragments/10 percent blue 
sand. 

Clay. Stiff, silty, olive clay; a few shell fragments. 

Sandy clay and coarse sand. 85 percent sandy olive clay/ 
15 percent green sand and gravel. 

Sandy clay and gravel. Olive sandy clay; blue and green 
gravel and sand. 

Gravel and sand. Light blue gravel and sand; some shell 
fragments. 

Silty clay. Stiff, silty olive clay. 
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APPENDIX B (continued) 
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APPENDIX B (continued) 
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APPENDIX B (continued) 
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Appendix C 

PHYSICAL CHARACTERISTICS OF SEA WATER INTRUSION 


Intrusion of sea water into aquifers is governed by physical laws which are 
relatively simple in theory but difficult in application because of inherent 
complexities of ground water basins. 

Physical Characteristics of Sea Water Intrusion 

Two fundamental conditions must exist before a ground water basin can be 
intruded by sea water. First, the water-bearing materials forming the basin 
must be in hydraulic continuity with the ocean. Second, the normal seaward 
gradient of the ground water must be reversed or, at least, must be too flat 
to counteract the greater density of sea water. A discussion of these con­
ditions and the physical laws governing sea water intrusion occurrence and 
behavior follows. 

First Condition 

Ground water supplies in coastal basins in California are stored mainly in the 
larger alluvium-filled valleys. This valley fill, which extends to variable 
depths, is composed of unconsolidated alluvial fan, floodplain, and shallow 
marine deposits. These deposits extend to many hundreds of feet below sea 
level along the coast and may extend for some distance beneath the floor of 
the Pacific Ocean. 

Geologic evidence indicates that confined aquifers along the seaward margins 
of these coastal ground water basins either may be in direct contact with the 
ocean floor near the shoreline or may extend beneath the floor in contact with 
sea water at some distance offshore. 

Second Condition 

Sea water can intrude only when its pressure head exceeds that of the fresh 
ground water. This condition usually results when ground water levels are 
lowered to or below sea level by excessive pumping of wells. In other 
words, when the hydraulic gradient within a coastal basin slopes seaward, 
ground water moves toward the ocean. Conversely, when the slope is reversed, 
sea water moves landward. It should be noted that, under extremely low 
seaward gradients of the fresh water, both movements can take place 
simultaneously. 

In practice, the slope of the hydraulic gradient is determined from measure­
ments of depth to water in observation wells. 

Physical Laws 

Fresh water weighs less than sea water. Therefore, when the two come in 
contact within a permeable formation, the lighter fresh water tends to float 
on the heavier sea water. 
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The floating body of fresh water conforms to Archimedes' law of buoyancy, 
which states that any floating object will displace its own weight of the 
medium in which it floats. This principle, as applied to the relationship 
between fresh and sea water in ground water, is commonly known as the Ghyben­
Herzberg principle. It was described by W. Badon Ghyben in 1869 and applied 
to water supply problems by Alexander Herzberg in 1901. 

Because sea water weighs 1.025 times as much as fresh water, the relationship 
between water table elevation above sea level (h) and depth to the sea water­
fresh water interface (H) may be developed by simple algebra as follows: 

(H + h) 1.025H (Equation C-l) 
h = 1.025H-H 
h H(1.025-1) 
h 0.025H 
h 1 H 

40 

This equation indicates that a body of fresh water, floating upon sea water 
within a porous medium, adjusts in elevation until the depth of its lower 
surface, measured below sea level datum, is 40 times the height of its upper 
surface above this datum. Thus the floating body of fresh water assumes a 
shape such that its depth below sea level is everywhere 40 times its surface 
elevation above sea level. 

The minimum elevation of the fresh water level required to prevent sea water 
intrusion is determined by this principle. 

GROUND SURFACE _.ullin 

SEA LEVEL--- ----------r 
B 

M 

~--------------------- L 

PIEZOMETRIC SURFACE 

h: (5-1) H 

t 
H 

---q FRESH WATER 

Figure 36 - SCHEMA OF A SECTION THROUGH A CONFINED 
AQUIFER 
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A theoretical sea water front assumes the shape of an included surface that 
always slopes landward. Because of its shape, this prism of ocean water has 
been called the sea water wedge. 

In theory, this wedge can be held in a stationary postion, or in equilibrium 
with the freshwater body, by maintaining the fresh water level at the proper 
elevation above mean sea level. 

Figure 36 shows an idealized section through a confined aquifer subject to 
sea water intrusion. B represents the distance below sea level to the lowest 
level which must be protected. M represents the thickness of a confined 
aquifer, L is the length of the sea water wedge, and q represents flow. 

Under equilibrium conditions, there is no energy gradient within the saline 
wedge to provide movement. The pressure at a point on the sea water side of 
the saline water-freshwater interface is equivalent to that produced by a 
column of sea water extending from that point up to sea level. To produce the 
same pressure on the freshwater side of the interface, the freshwater column, 
because of the lower density of fresh water, must extend above sea level. 
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Figure 37. HYDRAULIC CONDITIONS IN A CONFINED AQUIFER 
IN CONTINUITY WITH THE OCEAN 
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Advance and retreat of the wedge commence at the toe. The position of the 
upper end of the interface remains fixed at the shoreline until all fresh 
water near the coast is depleted to sea level, at which time the upper end 
of the interface commences its advance and the entire wedge moves as a body. 

If, on its landward advance, the toe of the wedge extends into a water level 
depression, an upwelling of sea water occurs. The configuration of this up­
welling conforms to the dictates of equation C-l. Where the depression is 
conical, as in the depression created by a pumping well, the upwelling of 
saline waters assumes the shape of an image cone. The surface of this cone 
theoretically becomes 40 times as high from the original interface as the 
depth to the pumping depression surface from the original water surface. 

The hydraulic conditions for the movement of a sea water wedge within a 
confined aquifer are indicated in the schematic illustrations of Figure 37, 
and those within an unconfined aquifer are shown on Figure 38. By reasoning 
similar to that developed in the preceding paragraphs, it can be demonstarted 
that the relationship H = 40h holds true. 
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