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JAMES M. MONTGOMERY, CONSULTING ENGINEERS, INC. 

1000 M,II Street, San LUIS Obispo,Californ,a 93401/ (805) 544-6050 

June 25, 1982 

Plaza Builders, Incorporated 

16800 Devonshire Street 

Granada Hills, California 91344 

Attention: 	 Mr. Donal D. Engen, A.I.A 

Subject: 	 Report "Ground Water Availability for the Proposed Black Lake 
Golf Course Development Project" 

Gentlemen: 

Submitted herewith is the final report "Ground Water Availability for the 
Proposed Black Lake Golf Course Development Project n which has been prepared 
by James M. 	Montgomery, Consulting Engineers, Inc. pursuant to our Agreement 
of July 24, 1981 with Plaza Builders, Incorporated and subsequent instructions, 
both written and oral, from your Mr. Donal D. Engen, A.I.A. In accordance with 
your request, 	ten (10) copies of the Executive Summary are being furnished to 
you separately. 

We wish to thank Plaza Builders, Incorporated for selecting us to work on this 
challenging project on your behalf and for the cooperation and courtesies 
extended to us during this important phase of our engineering investigations. 
We will await 	further instructions before proceeding with additional work. 

Respectfully submitted, 

JAMES M. MONTGOMERY, 

CONSULTING ENGINEERS, INC. 


Charles H. Lawrance 
Project Engineer 

Karl H. Wiebe 

Vice President 
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1 
EXECUTIVE SUMMARY 

OFI 
REPORT ON GROUND WATER AVAD..ABn.lTY FOR 

PROPOSED BLACK LAKE PROJECT

1 by 
James M. Montgomery, Consulting Engineers, Inc. 

I 
1 , This is an Executive Summary of the Final Report on the technical study of 

ground water resources in Nipomo Mesa related to the proposed recreational
residential development known as "Black Lake Project." The purpose of the 
study was to determine the adequacy of available ground water in Nipomo Mesa 
as a source of water supply for the Black Lake Project. The following report 
presents pertinent information such as the occurrence of ground water supplies,

1 the estimated water demand of the project, current regional patterns of ground 
water use, and estimates of the project-related impacts to the local and 
regional ground water conditions. 

I 
1 This Executive Summary employs a Question-and-Answer format. The summary 

presents the salient aspects of the project related to the adequacy of available 
ground water within the context of 13 questions. For simplicity, the answers to 
the 13 questions which follow are somewhat abbreviated. The following report 

1 
presents more detailed discussions of the project and additional background 
data and supporting information. 

1) What is the total available supply of ground water for the Nipomo Mesa? 

1 Total available supply is hereby defined as the annual amount of ground 

I 
I 

water flowing into the Nipomo Mesa aquifer system LESS the annual 
amount of ground water flowing from Nipomo Mesa aquifer system to the 
sea. Inflow and outflow from the aquifer system are variable from year 
to year and may be influenced by a variety of factors. Therefore, for the 
purposes of this study, the long-term averages of inflow and outflow are 
considered to be representative. Based upon these averages, the total 
available ground water supply in Nipomo Mesa study area is estimated to 
be 4,540 acre-feet per year (AFY). 

1 2.) Bow was this available supply determined? 

I 

The California Department of Water Resources (DWR) prepared a district 
report in June 1979 entitled, "Ground Water in the Arroyo Grande Area."

J The report presented itemized estimates of the inflow and outflow for the 
Nipomo Mesa ground water basin. Those original estimates were revised 
by JMM based on the results of field investigations and consultation with 
DWR. The estimate of the total available supply was derived from the 
following calculation: 

1 
I 
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TOTAL AVA.ll..ABLE SUPPLY (T.A.S.) 
T .A.S. = INFLOW - OUTFLOW TO SEA 

Inflow = Percolation of Precipitation + Subsurface 
Seepage + Return Water 

Percolation of Precipitation 
Subsurface Seepage 
Return Water 
INFLOW (TOTAL) 

OUTFLOW TO SEA 
TOT AL A V An..ABLE SUPPLY 

3300 AFY 
500 

1000 
4800 

2.60 AFY 
4540 AFY 

3) Bow is this total available supply presently distributed? 

The present (1977) distribution of 
estimated by DWR as follows: 

Applied Irrigation 
Urban Supply 
Industry Cooling Water 
Subsurface Outflow to Arroyo 

Grande (N orth) 
Subsurface Outflow to Santa 

Maria Valley (South) 
TOTAL 

the total available 

2.000 AFY 
300 AFY 
650 AFY 

2.2.5-300 AFY 

2.300-2.800 AFY 
5475-6050 AFY 

supply has been 

In the future, the ground water distributed to subsurface outflow to the 
north and south will be reduced, if not eliminated, because of the manner 
in which the sub-basin will be operated. As a result, the ground water 
distributed to subsurface outflow to the north and south will be available 
for local basin usage (see Figure 1). On this basis, the comparison 

t 
i

• 
between total available supply and the present distribution does not 
indicate an overdraft condition. 

4) Is the Nipomo Mesa presently in an overdraft situation? 

No, it does not appear to be in an overdraft condition, based upon ground 
water studies performed by the DWR and JMM. In January 1980, the 
DWR published Bulletin 118-80 which presented the results of its State
wide evaluation of ground water basins in California. That report did not 
identify any ground water basins wholly within San Luis Obispo County as 
experiencing critical conditions of overdraft. Bulletin 118-80 stated that 
"A basin is subject to critical conditions of overdraft when continuation of 
present water management practices would probably result in significant 
adverse overdraft-related environmental, social, or economic impacts. II 

In 1979, the DWR evaluated the Arroyo Grande area and reported that the 
quantity of ground water in storage at elevations above sea level in 
Nipomo Mesa appeared to be adequate to meet the water demand until at 
least the year 2.000. The DWR indicated that as long as ground water 
levels remained above sea level, saline intrusion of the coastal aquifers 
was not likely. Ground water levels measured from 1967 to 1980 in 

E-2. 
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J 
representative coastal wells appear to be relatively stable. The coastal 
monitoring wells have maintained water levels above sea level from 1975 
to 1981. 

5) 	 Bow do supply distribution figures relate to other data on available supply 
from the DWR, the San Luis Obispo County Engineer and the Land Use 
Element? 

'1 	 The estimates of outflow are based on the previously referenced report 
for the Arroyo Grande area prepared by the State in 1979, and on revised 
estimates provided to JMM by DWR. The County's Land Use Element 
(LUE) and the San Luis Obispo County (SLOCO) South County Planning 
Area document indicate that the 1979 DWR report contains the most up
to-date information on the ground water resources of Nipomo Mesa. On 
that basis, the supply figures presented herein are in agreement with 
those of DWR, the SLOCO Engineer and the LUE. 

6) 	 Is the available supply adequate to meet the demaDds for agriculture and 

! 	
development on the Nipomo Mesa to the year ~OOO? 

J 
When available basin storage is considered, there will be sufficient water 
as stated in the DWR 1979 report and confirmed by JMM analyses,

1 although the supply available solely by recharge will not be adequate to 
meet either the DWR projected demands or those implied by the LUE. 

I 	 JMM analyses of the year 2.000 water demands used the following 

1 

assumptions. The Land Use Element provided population projections and 
growth rates, irrigated agricultural acreage, historic growth rates and 
ultimate agricultural acreage for the South County. Although these

J parameters provide some input, the water use factors and irrigated 
acreage within land use categories other than agriculture were not 
provided. As a result, certain assumptions were made by JMM in order to 
project year 2.000 water use. Combining the Nipomo and one-fifth of the 

] 

South County rural (based on proportion of rural acreage in Nipomo Mesa 
to the South County) populations and using a water use factor of slightly

) over 130 gallons per capita per day (gpcd), domestic and urban water use 
would be approximately 1400 AFY. Assuming complete development of 
agricultural acreage, golf course, and cemetery acreage and 5 percent of 
rural and residential rural categories under irrigation, the irrigation water 
requirement would be about 5430 AFY. Industrial development is 
projected to increase at a similar rate to population and therefore the , 	 industrial water requirement would be about 975 AFY in year 2.000. 

.. 
There will be some returnflow to the ground water basin of about 30 
percent of domestic and urban water use and 2.0 percent of irrigation

1 water use, the total of which would be about 1507 AFY. There is allowed 
in the long term annual yield 1000 AFY of returnflow. The net addi tional 
returnflow would be about 510 AFY. Reducing the total water use on 

f Nipomo Mesa by additional returnflow would result in a projected year 
2.000 water use of 7300 AF. 

, 

, 
E-3 
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7) 	 How much of the available supply does the existing Black Lake Public golf 
course facility utilize? 

The existing Black Lake Public golf facility has an estimated consumptive 
use requirement of approximately 400 AFY, of which effective rainfall 
satisfies about 13 percent. Pumpage of irrigation water is estimated to 
be about 464 AFY. This comprises the bulk of the golf course's 
consumptive use, some evaporation losses, and some returns to the ground 
water basin. The pumpage is not metered, but the theoretically calcu
lated amount is 464 AFY. This is slightly over 10 percent of the total 
available supply of 4,540 AFY. 

8) 	 How much supply would the proposed Black Lake RecreatioD/Residential 
Project utilize? 

The new development, which would be added to the present development, 
would consist of 9 holes of new public golf course (with 45 acres of 
irrigated fairways and greens), 38 acres of local residential landscaping 
(to be irrigated), 515 residences, a restaurant, a club house, an equestrian 
center, and a neighborhood commercial center. The increased pumpage 
from Nipomo Mesa attributable to the new development is estimated as 
174 AFY for the additional golf course and 74 AFY for the local 
residential landscaping and miscellaneous "outside" uses, most of which 
would be consumed and evaporated. The residential and commercial 
water would not represent new pumpage, inasmuch as all of the resulting 
wastewater would be reclaimed and used for irrigation of the existing golf 
course in substitution of direct pumpage of well water. The existing golf 
course already requires some 464 AFY of ground water pumpage. The 
new development would increase percolation of rainfall and runoff some

1 	 what so the consumptive losses from the new pumpage would be partially 
offset. 

I 9) Bow was the projected water use for the project calculated? 

The total water demand for the development is a summation of the water 
demand for the various project elements which comprise the projected1 	 residential and recreational aspects. The derivation of the projected 
water use for the project is presented diagramatically as Figure Z. 

J 	 Residential use was divided into "Inside" and "Outside" uses. "Inside" use 
was calculated on the basis of population projections which include 
residents and visitors and appropriate per capita use factors. "Outside"• 
use primarily considers irrigation of a limited area landscaped with 
vegetation which requires a moderate amount of water. Inside use water 
will ultimately be treated, blended with additional ground water, and used 

f 	 for irrigation on the public golf course. 

Irrigation requirements for the golf course and landscape were based on 
the total golf course and landscape acreage, and appropriate factors for 
consumptive use. A modest percentage of the annual rainfall will be 
effective in supporting the golf course irrigated areas and other land, scaped areas. 	 Pumpage requirements for the 9 hole golf course and 

1 	 E-4 

Copy of document found at  www.NoNewWipTax.com



................... ~ ... ,'""""-' ,..
-.~ 

WELLS 

712 AFY 


RESIDENTIAL DEVELOPMENT 
(PROPOSED) 

OUTSIDE USE 

LANDSCAPE 

87 AFV 

MISC 

7 AFV 

RESIDENTS 

1Z5 AFV 

INSIDE USE 

RESTAURANT 

10 AFV 

CLUBHOUSE 
COMMERCIAL 
EQUESTRIAN 

II AFV 

CONSUMED 

AND • 
EVAPORATED 

I 
74 AFY 

TREATMENT PLANT 

138 AFY 

PUBLIC 

GOLF COURSE 

638 AFY 

EXISTING 

18 ~LE 

(120 AC.) 

464 AFY 

PROPOSED 
9 HOLE 

(45 AC.) 

174 AFY 

A PORTION RETURNS 
TO THE GROUND 

WATER BASIN 

WATER USE DIAGRAM 

PROPOSED BLACK, LAKE PROJECT 


FIGURE 2 Copy of document found at  www.NoNewWipTax.com



residential landscape area are estimated at 174 AFY and 67 AFY, 
respectively. 

10) 	 Will projected water use requirements for the proposed Black Lake 
Project have significant effects on other water purveyors on the Mesa? 

No, based upon a JMM analysis of pumping from both the proposed Black 
Lake Project wells and the nearest public supply well, the Bevington Well 
of Nipomo Community Services District. This indicates that the in
creased extractions (averaging about 154 gpm on a continuous basis) 
attributable to the project will increase the pumping drawdown of the 
Bevington Well by about 2 feet over a period of 3 years after the Black 
Lake Project is fully developed. Other public supply wells of the District 
are more distant from the Black Lake wells and would experience even 
less effect. The wells of California Cities Water Company are also fairly 
remote and would not experience significant effect either. 

11) 	 Will there be noticeable effects on the water supply or wells of nearby 
property owuers? 

No, inasmuch as the private wells are even more distant from the Black 
Lake wells than the Nipomo Community Services Districtts Bevington 
Well. Drawdown impacts (if any) on these private wells are expected to 
be less than those calculated for the Bevington Well. 

12) 	 What methods are available to reduce water consumption for the Black 
Lake Project? 

Various methods to reduce water consumption for the Black Lake project

1 are available. These include: (1) use of reclaimed wastewater for golf 
course irrigation; (2) minimizing landscaped areas and use of native 
vegetative types with low water requirements; (3) reducing the golf

] course acreage which is irrigated (i.e., eliminating irrigation of rough 
areas); (4) use of water conserving faucets, shower heads and toilets; and 

1 
(5) preparation of an evaluation of water efficiency on the existing golf 
course and implementation of its recommendations. 

I3} Will the effluent from the proposed Black Lake project significantly 
pollute the ground water of the Nipomo Mesa, the Black Lake Canyon 
ponds and marsh areas nearby?J 
No, based upon the proposed blending of secondary treatment plant 
effluent with native well water prior to application for golf course 
irrigation and the ability of the golf course and subsoil to absorb such 
effluent. After the irrigation return flow joins the ground water body, it 
will be further diluted and should have only a very minor impact, if any, 
on the water quality conditions of Nipomo Mesa and the Black Lake 
Canyon ponds and marshes. No softening of the water supply for the 
Project will be practiced if such would increase the salt contributions to 
the ground water. . 

, 
•
, 
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SUMMARY OF 
FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

, 
The water adequacy study for the Black Lake Project consisted of review of the 
water requirements of the proposed development, an evaluation of local groundr 
water conditions, a 	review of recent and projected land and water use involvingl 
the Nipomo Mesa, and an evaluation of impacts on the local ground water supply 
which would result from implementation of the Black Lake Project. A summary 
of the findings, conclusions, and recommendations reached as a result of this 
study is presented in the following paragraphs. 

" FINDINGS AND CONCLUSIONS 
• 

1. 	 The project area is underlain by the Nipomo Mesa Ground Water Sub-basin. 
Ground water is stored and transmitted through the alluvial and marine 
sediments of the sub-basin. Adjacent sub-basins which receive ground 
waters from Nipomo Mesa Ground Water Sub-basin are Santa Maria Valley 
to the south and Arroyo Grande Valley to the north. Water-bearing zones 

\ 	 of the Nipomo Mesa Ground Water Sub-basin also appear to be in hydraulic
I continuity with offshore aquifers. 

(' 

\ Z. The Black Lake Project covers an area of 515 acres and consists of an 

• existing IS-hole (lZO-acre) golf course, a country club and restaurant, a 
proposed 9-hole (45-acre) golf course, a proposed equestrian center, a 
proposed 515 unit residential area, and a proposed neighborhood commer

J cial center. Two water wells have been developed for irrigation of the 
existing golf course and limited domestic supplies. The two wells and 
perhaps a third well would provide the water necessary for the Black Lake

1 Project in conjunction with the use of reclaimed wastewater for golf 
course irrigation purposes. 

1 3. The California State Department of Water Resources (DWR) has estimated 
that in 1975, the Nipomo Mesa Ground Water Sub-basin contained 17Z,000 
AF of ground water above sea level, and 1,000,000 AF of ground water 
below sea level within the aquifers. DWR also estimated that the quantity

J 	 of water annually reCharging the basin over the long term is 4,540 AF. 
These numbers have been reviewed and are accepted by JMM. In addition, 
there are fresh ground waters stored offshore of Nipomo Mesa. 

4. 	 The quality of ground waters underlying Nipomo Mesa generally conforms 
both to the USPHS Drinking Water Standards and to the water quality 
objectives of the CRWQCB with only isolated and minor exceptions.J Ground water quality of supplies underlying Nipomo Mesa is generally 
superior to that found either to the north or south of the Mesa. 

5. 	 Based upon the results of ground water studies performed by the DWR and 
JMM, the Nipomo Mesa Sub-basin does not appear to be in an overdraft , 

I 	 8-1 
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condition at the present time. However, overdraft could occur in the 
future if available water supply is not properly managed. 

6. 	 No evidence exists to date on the occurrence of sea water intrusion along 
the coast of Nipomo Mesa, based upon observations of ground water levels 
and mineral quality in coastal monitoring wells• 

• 7. The water usage on Nipomo Mesa for two development conditions has been , estimated as follows: (a) year 1977 - Z,950 AFY; and (b) year ZOOO - 6,100
-; 

to 7,300 AFY. 

8. The annual water usage of the completed Black Lake Project is estimated

j to be 71Z AFY. The existing golf course uses an estimated 464 AFY. The 
increased requirement from ground water is therefore estimated at Z48 
AFY. The additional water usage would be approximately 5 percent of the 
long-term annual yield for the ground water sub-basin. Some of this 

j 

1 additional requirement would be offset by increased percolation of rainfall 
and runoff attributable to the development. This increase or credit is 
estimated to be about 49 AFY. 

9. 	 The drawdown effects in the nearest production well due to the additional 
pumpage would be less than 5 feet. This effect is not considered to be 
significant in terms of pumping costs.J 

I 
10. The return flow resulting from golf course irrigation will probably increase 

the total salt concentration in the underlying ground water basin by less 
than 1 mgll per year at full buildout. Nitrogen and phosphorus in the 
reclaimed water are anticipated mostly to be taken up in the golf course 
vegetation and to have only a very small effect, if any, upon the ground) 	 water qUality. 

RECOMMENDAnONS 

J 

) 
1. When the project expansion is undertaken, Plaza Builders should incor

porate water conservation measures in the Black Lake Project in order to 
maximize the efficiency of the ground water used. This is particularly 
important on the irrigated golf course acreage and includes both the 
existing course and new course. 

I Z. Plaza Builders should also maximize the facilities available for the 
percolation of runoff from the developed area by means of retention and , percolation basins , and should minimize consumptive use losses to the 
extent possible.j 

J 
, 

f 
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, 	 SECTION 1 

INTRODUCTION 
, 

1 

, This report is the culmination of a ground water adequacy study for the proposed 
, Black Lake Golf Course Development Project. The study covered the Nipomo 

Mesa ground water sub-basin with a particular emphasis on the project site and 
vicinity (see Figure 1-1). Plaza Builders retained James M. Montgomery, 
Consulting Engineers, Inc. (JMM), in July 24, 1981 prior to acquisition of the 
property to provide a professional appraisal of ground water resources and land 
and water use in Nipomo Mesa and vicinity. 

1 SCOPE OF WORK 

The work performed during this water adequacy study included the Stage One 
Work defined in the proposal/contract signed by JMM and Plaza Builders on July 
24, 1981. These items are quoted below: 

1. 	 Define the Study Area. 

2. 	 Collect and review all relevant reports pertaining to local hydrology 
and hydrogeology. 

3. 	 Ascertain and interpret the nature of the Department of Water 
Resources data upon which the June 1979 Southern District Report 
"Ground Water in the Arroyo Grande Area" and the May 1981 
Southern District Report "Water Action Plan for the San Luis Obispo
Santa Barbara Counties Area" were based.. 

1 4. Collect, review, and analyze well data on record with San Luis Obispo 
County for the Study Area. 

] 5. 	 Collect, review, and analyze rainfall data in the Study Area in 
conjunction with the historic ground water level data. 

] 6. 	 Collect and compile ground water extraction data readily available 
within the Study Area for public entities and private pumpers in 
supplementation of data available via Tasks 2 and 3. 

7. 	 Conduct a brief field reconnaissance of wells, recharge areas, and 
applied water areas of particular significance to the study., 

8. 	 Review relevant portions of the San Luis Obispo County General PlanJ 
(Land Use Element) and Specific Plan for the project., 

1 9. Review relevant development reports and other information per
i 

taining to the Black Lake Golf Course Development, including , 
J 

1 	 1-1 
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• 

aspects of water supply, sewage treatment and disposal, and re
cycling. 

10. 	 Obtain up-to-date information on water quality and wastewater 
effluent considerations from the Regional Water Quality Control 
Board, State Department of Health, Farm Advisors, and other sources 
as may be relevant to the Study Area and proposed project. 

11. 	 In the light of considerations of the foregoing, make a tentative 
finding as to the probable physical feasibility of providing adequate 
water supply for the proposed project to warrant proceedings with 
additional investigations. 

12. 	 Submit a brief progress report summarizing the work to date and 
findings thereof. 

1 	 Upon verbal authorization from Plaza Builders, the Stage One Work was 
expanded to include (1) a brief investigation of the project's impact on ground 
water quality, (2) an elaboration of the project's water demand, (3) water balance] 	 calculations, (4) attendance at meetings by Mr. Lawrance, and (5) an executive 
summary and report summarizing the findings and conclusions reached during the 
investigation.

] 
CONDUCT OF STUDY 

I This appraisal provided a basis for Plaza Builders' decision to proceed with 
planning for the Black Lake Project. The work performed prior to the initial 
appraisal included field reconnaissance, interviews with county and local offi 
cials and water purveyor representatives, review of available data, and office] analyses. A progress report was presented to Plaza Builders on September 19, 
1981 and an executive summary of the progress report on October 28, 1981. 
Further consulting for Plaza Builders was performed in the ensuing months on an

I "as needed" basis including reviewing the water demands required by various 
development plans and appearing at meetings with county planning team 
representatives and the Board of Supervisors.

] 

I 
This report presents our findings and conclusions concerning ground water 
availability, regional and site-specific land and water use, proposed development 
plans and water conservation. 

1 
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SECTION Z 

PROPOSED BLACK LAKE PROJECT 

The proposed Black Lake project is a residential/recreational development, 
located on a SIS-acre parcel of land between Black Lake Canyon and Willow 
Road, west of Pomeroy Road. The existing improvements on this property 
consist of an 18-hole public golf course and country club and residences along 
Pomeroy Road. The proposed development would include a 9-hole addition to the 
existing public golf course, a new country club and restaurant, 515 residences, an 
equestrian center, and a neighborhood commercial site. The Envicom Corpor
ation's January 7, 1982 Report "Development Constraints Analysis, Black Lake 
Golf Course, San Luis Obispo County, California," presented the project's 
conceptual layout and a detailed description of the environment on and surround
ing the site. 

l 
The existing public golf course uses two wells to supply irrigation water. A third , 	 well is capped. These wells were initially tested by the drilling contractor and 
each found capable of producing about 450 gallons per minute (gpm). Both1 production wells have sanitary seals. Other wells are located adjacent to 
Pomeroy Road on the property, but no information was available concerning 
their construction or yield. Water is stored in a small pond and an adjacent 

I 
J storage tank. Currently, water production from the wells is estimated to be 

about 464 acre-feet per year (AFY), or 288 gpm based on continuous pumping. A 
large portion of the pumpage occurs during the summer· months to meet 
irrigation demands. 

The proposed development would use the existing wells and potential new well

I (No.3) to produce the additional water required for the new golf course and 

I 
residential uses. The wastewater resulting from residential and commercial 
uses would be treated, reclaimed and blended with fresh ground water for 
irrigation of the golf courses. The anticipated water demands for residential and 
golf course uses are further described in Section 4. 

I 

I 

I 

r 
i 

r 
l 

2-1 


Copy of document found at  www.NoNewWipTax.com



I 
J 

1 SECTION 3 

1 HYDROGEOLOGY 

J 
The proposed development is located within the Nipomo Mesa Ground Water Sub
basin which will be the source of ground water for the project. In order to 

] 
evaluate the adequacy of the water supply from this source, the hydrogeologic 
regime and ground water in the Nipomo Mesa Ground Water Sub-basin were 
studied by JMM. The findings and conclusions resulting from this study are 
presented in this section of the report. 

I HYDROGEOLOGIC REGIME 

I 
The Nipomo Mesa study area is underlain by a thick section of water-bearing 
sediments deposited upon a base of structurally deformed, consolidated sedimen
tary, volcanic and metamorphic rocks of low permeability. The surficial geology 
has been described in detail by Dr. Clarence Hall in the California Division of 
Mines and Geology (CDMG) Map Sheet 2.4, in the Geologic Society of American

I Bulletin, Vol. 78, pp. 559-582., May 1967, and by Woodring and Bramlette in the 

I 
U.S. Geological Survey Professional Paper 2.2.2., 1950. Subsurface geologic 
studies based on well logs have been made by several oil companies and the 
California Department of Water Resources (DWR). These reports have been 
compiled and are herein summarized. A generalized geologic map based upon 
CDMG Map Sheet 2.4 is presented in Figure 3-1. 

I Lithology 

In general, the geologic formations may be classified as water-bearing or

I nonwater-bearing. The water-bearing formations are (from youngest to oldest): 

I 
young alluvium, sand dunes, Paso Robles, Careaga and Schumann. These 
formations overlie nonwater-bearing rocks of the Sisquoc, Knoxville and Francis
can Formations. 

I 
The water-bearing units all consist of sand, gravel, silt and clay layers which act 
conjunctively to store and transmit ground water. Therefore, they may be 
considered as an aquifer system. The Recent sand dunes are approximately 2.00 
feet thick. For the most part, they are unsaturated. However, they do allow 
rainfall to percolate and filter through the uniform porous dune sand and

I ultimately enter the underlying formations. Where saturated, as is the case near 
the coast (generally west of Highway 1), the dune deposits may yield water to 
wells. 

1 
J The Recent alluvium is probably less than 30 feet thick and of limited regional 

extent. Alluvium has been deposited in the Black Lake Canyon. It has been 
postulated that due to the more prevalent growth and decay of plants in the 
canyon, the permeability of the alluvium may be somewhat less than the 
adjacent dunes. , 

J 
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The Paso Robles Formation unconformably underlies the alluvium and sand 
dunes, and is a major aquifer. The Paso Robles Formation consists of alluvial 
sand, gravel, silt and clay with clasts of Monterey shale. The formation outcrops 
along the northwest portion of Highway 101. Its thickness varies from 100 feet 
in the eastern portion of the basin to 450 feet in the west. 

Below the Paso Robles Formation are the marine beds of the Careaga Sand. This 
formation is, in part, equivalent to the Pismo Formation. Typically, the Careaga 
Sand attains a thickness of 100 to 300 feet and consists of fine to medium white 
quartzose sand and some shell beds. The formation has a good water yielding 
capability and is tapped by some wells, including Wells llN/35W-10G3, llN/35W
10G1, llN/35W-10Jl and llN/35W-lZEZ. 

The Schumann Sand is a marine formation which underlies the Careaga and is 
comprised of interbedded blue clay, sand deposits and some shell beds. The 
Schumann Sand is located west of township and range coordinates llN/35W
Section 11. One of the Black Lake Canyon golf course wells (llN/35W-10G3) and 
Well llN/35W-7Rl penetrate and are perforated in this zone. 

Several formations are locally encountered within the basin beneath the 
Schumann Sand. The Sisquoc Formation is probably encountered in the western 
Nipomo Mesa area while Cretaceous Knoxville and Franciscan rocks are encoun
tered in the eastern area. The materials comprised by these formations vary but 
primarily consist of shale, clay and sandstone. In general, the basin deepens to 
the west as shown on Figure 3-2. 

Structure 

The basin is a southerly dipping structure which parallels the foothills to the 
northeast. It appears that the basin forms one flank of a syncline mapped south 
of the Mesa by both the DWR and CDMG. One fault dissects the Nipomo Mesa 
north of Black Lake Canyon. The fault appears to exhibit vertical movement 
which has displaced sediments of Pleistocene (Paso Robles formation) age and 
older. Neither the influence of this fault on ground water movement nor its 
length are known at this time. It may be that this fault is a barrier to ground 
water movement which affects the interaction of ground waters on both sides of 
the fault. 

Aquifer System Description 

The formations comprising the basin are principally the Paso Robles, Careaga, 
and Schumann zones. The extent of the aquifers and aquitards within these 
formations are better understood along the coast. Inland toward the east side of 
Nipomo Mesa, the extent of the aquifer system is less clear. Along the coast, 
the aquifer system has been divided into several zones by the California DWR 
and a few of these zones have been individually tapped by wells and monitored in 
order to develop representative hydrographs for each zone (Figure 3-3). The 
similarity of hydrographs from Wells l2N/35W-36Ll, L2 and llN/35W-12Cl, C2 
confirms that the aquifers are continuous. Normal to the coast, the Schumann 
Sand appears to be confined by a clay aquitard while the Paso Robles and 
Careaga interfinger and are probably locally hydraulically connected. The Paso 
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1 Robles/Careaga aquifers include a shallow unconfined aquifer. In the east the 
underlying aquifers are semi-confined and become confined zones toward the 
coast. 

The aquifer system appears to extend offshore of Nipomo Mesa Ground Water, Sub-Basin and may constitute a large reservoir storing considerable quantities of 
fresh water. The DWR 1979 report has projected the aquifer system offshore 
based on sea floor topography and possible outcrop patterns; 6 miles for the , upper aquifer and 1Z miles for the lower aquifer. The actual conditions offshore, 

! however, are not known. There may be lithologic facies changes and faulting
l which could alter the configuration and hydrogeologic characteristics of the 

offshore aquifer system considerably and influence the interaction between fresh 

I and salt water within the aquifers. 

The permeabilities of each formation have been estimated by the California 
Department of Water Resources(l) with the following results: 

Permeability 
(gallons per day per square-foot)

1 Paso Robles Formation 500 to 1,700 
Careaga Formation 70 to 100 

These permeability values for Nipomo Mesa were not confirmed by JMM and 

} 

1 therefore should be considered as estimates. Much lower permeability values 
were used by DWR to calculate outflow quantities. In addition, the DWR 
averaged specific yield values for all water-bearing formations and concluded 
that the average specific yield was 14 percent. This value appears to be based 
on a reasonable number of well logs and is considered justified. 

I GROUND WATER 

The description of ground water resources in Nipomo Mesa has been divided into

I the following three elements: (1) occurrence and movement, (2) basin recharge 
and disposal; and (3) ground water storage and long-term annual yield. 

Occurrence and MovementJ 
Ground water underlying Nipomo Mesa is stored in shallow perched and deep 
extensive aquifers within the Paso Robles Formation, Careaga Sand, and1 Schumann Sand zones. These formations extend into the adjacent valleys and 
offshore. As a result, ground water moves to and from these adjacent areas. In 
the vicinity of the Mesa, ground water is typically at higher elevations than in

1 the adjacent areas as illustrated by the water elevation contour maps prepared 

1 
both by the County and the DWR. Consequently, subsurface flow occurs to the 
Santa Maria Valley, the Anoyo Grande Valley, and offshore. Discussions of 
subsurface inflow and outflow are presented in the portion of this report devoted 
to basin recharge and disposal. 

l (l)Memorandum Report 282.31, Water Quality Conditions, Coastal Region, San 
Luis Obispo County, California Department of Water Resources, October 6, 
1969. 

1 '---,-.------.~ 
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Ground water in the deep extensive aquifers is unconfined along the eastern 
portion of the Mesa and is confined along the western portion of the Mesa and 
offshore. Ground water elevations of the deep aquifers are above sea level 
throughout the Mesa and range from several feet above sea level along the coast 
to 150 feet above sea level along the eastern portion of the Mesa. Annual ground 
water level fluctuations are usually less than 20 feet. These fluctuations vary 
depending on the year, the aquifer and well location. Figure 3-3 presents well 
hydrographs which illustrate these variations. 

Individual well hydrographs are also means by which long-term ground water 
conditions can be evaluated. Locally, the DWR and the County have monitored 
several local wells. Semi-annual water level measurements are on record for the 
period since about 1967; however, measurements reflecting the conditions prior 
to 1967 are sparse. 

DWR reports prepared in 1958, 1969 and 1979 have evaluated basin-wide changes 
in water levels on the basis of a few hydrographs. The 1958 report stated that 
"relatively little perennial change in water levels occurred over the past 10 
years." The 1969 report confirmed that "there has been only a slight net decline 
between 1953 and 1958. However, most wells evidence a slight sustained water 
level decline with the largest occurring in Nipomo Mesa." As a basis for this 
latter statement, three wells were cited for water level changes through 1967: 
one in the southeast (12N/34W-19Fl), one in the west (11 N/35W-7Rl), and one in 
the north on the Mesa. The 1979 report indicated a rise in water level at 
11N/35W-7Rl for the period from 1967-1974 and used a well (l1N/35W-11JI) in 
the center part of the basin to show a decline between 1962 and 1974. This 
latter conclusion is questionable because of the poor early records on that well. 
A review of more recent water levels (October 1979) in these same wells or 
adjacent wells indicates that ground water levels have slightly declined in the 
southeast, central and north since the October 1974 measurements. In contrast, 
water level data collected in the west indicates that ground water levels have 
risen. 

On the basis of these well hydrographs, there is no absolute evidence of an 
overdraft condition in the Nipomo Mesa basin. 

Another method of using hydrographs to evaluate basin water level trends is 
shown in Figure 3-4. Hydrographs for wells located along a line normal to the 
coast and at regularly spaced intervals illustrate basin trends between 1967 and 
1979. This period of time had an average of 16.4 inches of annual rainfall. Well 
hydrographs show that water levels did not change significantly. 

Ground Water Recharge and Disposal 

Recharge to the Nipomo Mesa Ground Water Sub-basin has also been estimated 
in several reports. The DWR Bulletin 118 (1958) states that "Storage in Nipomo 
Mesa is replenished primarily from percolation of precipitation". In 1971 DWR 
reported that "The only significant recharge to the upper aquifers in Nipomo 
Mesa basin is direct deep percolation of precipitation". In his "Water Feasibility 
Report - Black Lake Country Club," July 5, 1976, John Mann, Jr., reported that 
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1, 
"whereas percolation of precipitation is the main source of recharge, small 
quantities of 	underflow may come from the alluvium of Nipomo Creek and 
fractures in the older rocks cropping out to the northeast of Nipomo." The mostJ recent DWR study (1979) quantified ground water recharge from various sources 
as follows: deep percolation of precipitation, 3300 AFYj subsurface seepage 
from nonwater-bearing rocks, 500 AFY; irrigation return, 800 AFYj wastewater 

I 
1 and percolating urban water used outdoors, ZOO AFY. In addition to these 

quantitied inflow items, subsurface flow from Nipomo Creek may also constitute 
an inflow item. 

Recharge to the basin from deep percolation of precipitation can clearly be seen 
as a major inflow item. A comparison of the accumulative departure from mean 
precipitation with the fluctuation in ground water levels at Well llN/3SW-7Rl inJ Figure 3-S illustrates the effect. Other well hydrographs do not reflect as 
clearly the effects of precipitation; however general trends are still evident. 
The amount of recharge occurring from deep percolation of precipitation isJ 	 difficult to estimate. 

The percentage of the precipitation which reaches the ground water body is] 	 probably significantly higher than that which occurs in a typical alluvial basin 
because of the absence of surface runoff as a means of disposing of the rainfall. 
In a typical alluvial basin, deep percolation of precipitation could range from S

] 	 to IS percent of the total rainfall. With no runoff, however, this value might 
increase to IS to ZS percent of the total rainfall. Evapotranspiration would also 
increase for the same reason. Los Berros Creek runoff, over a 10-year period, 
averaged roughly 10 percent of the precipitation which occurred in its water1 	 shed. The DWR value for deep percolation of precipitation used a ratio of deep 
percolation of precipitation to tot'!-l precipitation of about 13 p~rcent. 

) The annual precipitation according to the DWR must be greater than 17 inches in 
order to raise ground water levels under current (1979) conditions. Recharge 
from deep percolation of precipitation does occur during periods of lesser] rainfall but may vary considerably on the basis of intensity of rainfall. 

Ground water 	contours on the northeast edge of Nipomo Mesa appear to indicate 

) 	 that some recharge occurs along Nipomo Creek where the subsurface conditions 
appear favorable to subsurface flows. These conditions are shown on the cross 
sections in DWR Bulletin 118. Recharge to the ground water basin from Nipomo 
Creek cannot be accurately determined because of lack of data. However,] 	 recharge may be as great as 500 acre-feet per year. 

Ground water 	disposal has been determined by DWR to consist of pumpage and] subsurface outflow. Pumpage items include applied irrigation, urban supply, and 
industrial cooling water. Subsurface outflow items include outflow to Arroyo 
Grande, outflow to Santa Maria Valley and outflow to the ocean. These

1 components have been estimated for 1977 conditions by DWR. 

1 
Most of the urban extractions from the Nipomo ground water basin are metered, 
however agricultural extractions are not. Inasmuch as agricultural extractions 
may be as much as twice as great as urban extractions there is an inherent 
limitation in the accuracy of the estimates of total ground water pumpage. 

1 
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Customarily, agricultural pumpage is estimated on the basis of the amount of 
irrigated land, local cropping patterns and appropriate unit factors for applied 
water. Basin conditions are usually assessed on the basis of cultural development 
prevailing at the time of the most recent agricultural pumpage appraisal and in 
terms of long-range mean supply. 

Since the estimates of total pumpage are approximations, it was concluded that 
pumpage of the two major municipal water systems would be representative of 
the municipal and domestic extractions from the Nipomo Mesa. Appendix C 
presents a tabulation of municipal and industrial pumpage from Nipomo Mesa 
Sub-basin. This tabulation comprises pumpage from California Cities Water 
Company's Vista System and Nipomo Community Services District system. Also 
included are the DWR estimates for industrial cooling water which have been 
taken as the pumpage for the Union Oil Company refinery and coking plant in the 
coastal area north of Guadalupe. It was noted that the total municipal pumpage, 
obtained from SLOCO records on file, was substantially greater than had been 
indicated in the DWR Ground Water Report. 

Agricultural pumpage, inferred from the total irrigated acreage and other 
factors, was reviewed in order to refine the assessment of water supply and 
disposal for the Nipomo Mesa Sub-basin. DWR conducted field surveys and 
prepared reports on land use in both Santa Barbara and San Luis Obispo Counties 
in 1959 and 1968. In 1975, DWR made estimates of irrigated land for eight types 
of crops in San Luis Obispo County, based on limited field surveys supplemented 
by high altitude photography. The survey totals were somewhat low. On the 
basis of the subsequent DWR Central Coastal land use study conducted in 1977,

1 the 1975 estimates and projections were adjusted accordingly. 

The DWR data on both irrigated agricultural acreage and applied irrigation water 

] 

) published in the Water Action Plan, combined several areas adjacent to Nipomo 
Mesa with Nipomo Mesa. DWR provided JMM with land use data and applied 
water factors which would be applicable to Nipomo Mesa alone. The DWR 
Ground Water Report cites these factors for the Nipomo Mesa separately, using 
the DWR 1977 Central Coastal land use study as the basis. The results indicate 
that irrigated acreage increased and that the factors for applied irrigation also 
increased. A review of the DWR land use survey map and the appropriate unit] applied water factors for various irrigation uses on Nipomo Mesa (including 
discussions with SLOCO Farm Advisors) indicates that the irrigation pumpage in 
1977 may have been substantially higher than presented by DWR. Appendix C] includes certain agricultural pumpage estimates. 

The DWR pumpage estimates are used as general approximations of 1977 
" \ conditions. These are summarized below: 
I 

Applied Irrigation 
Urban Supply 
Industrial Cooling 

TOTAL PUMPAGE" 

1 
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2.000 AFY 
300 AFY 
650 AFY 

2.,950 AFY 
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Subsurface outflow values determined by DWR were revised by JMM on the basis 
of discussions with DWR. In a letter from DWR to JMM dated January 14, 1982 
(Appendix B), the components of total subsurface outflow were provided. These 
outflow estimates are presented below: 

Outflow to Santa Maria 2300-2800 AFY 
Outflow to Arroyo Grande 225- 300 AFY 
Outflow to the Ocean 225- 350 AFY 

TOTAL SUBSURFACE OUTFLOW 2800-3500 AFY 

The subsurface outflow estimates were based upon the parameters of permeabil
ity, cross sectional area, and ground water gradients along the boundary of the 
Nipomo Mesa Ground Water Sub-Unit. Although the estimated permeability may 
be low, there are no more reliable data available. 

Ground water gradients have changed with time perpendicular to the boundary of 
the Mesa with Arroyo Grande and Santa Maria due to heavy pumping in those 
adjacent sub-units. It may be interpreted that outflow to these adjacent sub
units has been induced to some extent. Subsurface outflow to the ocean, on the 
other hand, has probably not changed very much due to man's influence. 

Ground Water in Storage 

Estimates of ground water in storage made by the DWR (1969, 1979) and Mann 
(1976) vary considerably. The DWR Bulletin 118 (1958) estimated the area of the 
Mesa to be 16,000 acres. This estimate was employed by Mann. The DWR Memo 
282.31 (1969) does not make refer~nce to the total area but the DWR Report 
(1979) uses a figure of 21,100 acres. Underlying this area, the storage estimates 
distinguish two portions of the basin - the volume of water above sea level and 
the volume of water below sea level. This distinction is based on the gross 
assumption that the water above sea level may be extracted without allowing sea 
water intrusion along the coast. The most recent ground water storage 
estimates (DWR 1979) are likely to be the most accurate. These are 172,000 AF 
above sea level and 1,000,000 AF below sea level. The estimates appear reliable 
because the average specific yield and the depth to the base of the permeable 
sediments were developed specifically for the sub-basin. 

Long-Term Annual Yield 

The recharge and disposal estimates may be used to determine the long-term 
yield for Nipomo Mesa Ground Water Sub-basin. The average total annual 
inflow, less the average annual amount of ground water flowing from the Nipomo 
Mesa aquifer system to the sea, is basically equivalent to the long-term yield 
for Nipomo Mesa. Based on the previously determined estimates for these items, 
the long-term annual yield is 4540 AFY. 

The County's Land Use Element (LUE) states that there is a safe yield of 1000 
AFY for the Nipomo Mesa Sub-basin. This estimate was apparently interpreted 
from the hydrologic balance prepared for the 1979 DWR report. The DWR did 
not, however, come to the same conclusion within the 1979 report. 
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The County LUE has concluded that the Nipomo Mesa is in an overdraft 
condition based upon the ground water conditions presented by the hydrologic 
balance in the DWR 1979 report. This interpretation needs to be modified in 
light of the DWR's position on the subject and "safe yield/long-term yield" 
discussion in this report. 

Based upon the results of ground water studies performed by DWR and JMM, the 
Nipomo Mesa does not appear to be in an overdraft condition. In January 19S0, 
DWR published Bulletin lIS-SO, which presented the results of its State-wide 
evaluation of ground water basins in California. That report did not identify any 
groundwater basins wholly within San Luis Obispo County which were experien
cing critical conditions of overdraft. Bulletin l1S-S0 stated that: "A basin is 
subject to critical conditions of overdraft when continuation of present water 
management practices would probably result in significant adverse overdraft 
related environmental, social, or economic impacts." 

The 1979 DWR report does not directly address the issue of a current overdraft 
but implies that there is a possibility of an overdraft in the future. One issue 
that is included in the concept of overdraft which was addressed by the DWR in 
1979 is the degradation of the aquifer system due to sea water intrusion. The 
DWR indicated that as long as ground water levels remained above sea level, 
saline intrusion of the coastal aquifers was not likely. The DWR also reported 
that the quantity of ground water in storage at elevations above sea level in 
Nipomo Mesa appeared to be adequate to meet the water demand until at least 
the year ZOOO. Ground water levels measured from 1967 to 19S0 in representa
tive coastal wells appeared to be relatively stable. The coastal monitoring wells 
have maintained water levels above sea level from 1975 to 19S1. 

The safe yield/long-term yield discussion alters the interpretation of the ground 
water balance for 1977 on Nipomo Mesa. It may be interpreted that there was a 
surplus of ground water in the Nipomo Mesa Sub-basin in 1979 rather than a 
deficit and that this surplus ground water was flowing into the adjacent sub
basins. This surplus would be the difference between the total inflow (4S00 AFY) 
and loss due to pumpage (Z950 AFY) and outflow to the ocean (Z60 AFY) or 1,590 
AFY. 

GROUND WATER QUAUTY 

JMM abstracted mineral quality data from the several referenced reports and 
also obtained selected water well analyses data from Mr. Tim Mazzacano, 
SLOCO Sanitarian, and from Messrs. Robert Gregg and D. Frank Kostas, Chief 
Engineer and Sanitary Engineer, respectively, of Southern California Water 
Company_ General information pertaining to water quality control was obtained 
from Messrs. William Leonard and Rick Aleshire of the Central Coastal Regional 
Water Quality Control Board (RWQCB). Supplementary information on State 
well numbers for certain municipal water wells was obtained from Mrs. Perry 
Garfingkel of the State Department of Health.. 

Ground water quality information can be used to interpret the movement of 
ground water and the effects upon local ground water quality from surface 
development and activities, including pumpage, irrigation, ground water and 
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wastewater disposal. In addition, water quality investigations can indicate the 
suitability of the ground water for many uses, including drinking, and may be 

1 used to determine typical water quality conditions of distinct aquifers, to the 
~ extent that available data will permit. 

Appendix D, "Ground Water Quality Aspects" summarizes current ground water 

1 quality, reclaimed water quality, and effects of the latter upon the former for 
Nipomo Mesa Sub-basin" _ Included are the water quality objectives presented by 
the RWQCB in its Water Quality Control (Basin) Plan as well as surface water 
quality for Los Berros Creek, which has modest recharge effects upon the sub1 basins and coastal lakes between Nipomo Mesa and the Pacific Ocean. 

1 In brief, the review of the available ground water quality data has indicated the 
following: 

o 	 With only isolated exceptions, ground water withdrawn from the) 	 various wells in the Nipomo Mesa Sub-basin conforms to both the 
USPHS Drinking Water Standards and to the water quality objectives 
of the RWQCB.

] 
o 	 Some increases in mineral content have been noted in one private well 

(I1N/35W-12E) and two wells of California Cities Water Company 
(11N/34W-19L1 and llN/34W-19L3, the former now abandoned). How
ever, the significance of this trend has not been established. In 
general, the mineral quality remains good. 

1 o Only two wells (11N/35W-6H and 12N/35W-29R), of over 60 wells for 
which sampling data were available, exhibited nitrate concentrations 
in excess of Drinking Wafer Standards.

) 

I 
o Surface water in Los Berros Creek appears to provide some subsurface 

recharge to the Nipomo Mesa Sub-basin. Based upon a limited number 
of samples reported in the DWR 1969 memorandum report to the 
RWQCB, there was a considerable variation in water quality_ Mineral 
content was inversely related to the amount of runoff. DWR's 
suggested water quality objectives for the creek were achieved in only

J 	 one of the three samples reported in the 1961-67 period of sampling. 
Ground water quality should not be influenced to any great degree 
since Los Berros Creek is not a major recharge factor.

]
• o 	 Ground water quality both north (Arroyo Grande Sub-basin) and south 

(Santa Maria Valley Sub-basin) of Nipomo Mesa Sub-basin is generally 
inferior to that of Nipomo Mesa from the standpoint of total mineral 
content. 

o 	 Surface water quality in the coastal lakes between Nipomo Mesa and 
the Pacific Ocean, as evidenced by mineral analyses from isolated 
samples taken during the period 1960-67 and reported in the DWR 1969 
memorandum report to the RWQCB, generally conformed to DWR
suggested water quality objectives for these lakes. The coastal lakes 
exhibit a somewhat brackish character (TDS approaching 2,500 mg/l). 
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The bicarbonate concentration normally is significant in comparison to 
the chloride concentration, suggesting that the relatively high mineral 
content results from drainage waters and evaporation rather than from 
the invasion of sea water. . 

o 	 Water quality data and information derived from analyses of ground 
water from the coastal wells do not indicate any evidence of sea water 
intrusion• 

.
• 
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SECTION 4: 


LAND USE, POPULATION AND WATER REQumEMENTS 


GENERAL 

The County has prepared planning documents for the South County which 
consider the availability of water as a critical aspect of future development. 
Nipomo Mesa has been zoned in the Land Use Element (LUE) into ap:propriate 
land use categories on the basis of development for year 2000. These documents, 
combined with the DWR 1977 Land Use Survey and the 1979 DWR Report, 
provide data upon which water use on Nipomo Mesa may be estimated and 
projected. The Black Lake Project water requirements have been reviewed in 
light of overall water usage on Nipomo Mesa. 

The Nipomo Mesa study area encompasses 21,100 acres and is divided into 
several land use categories. The County planning document does not specifically 
separate Nipomo Mesa from other portions of the South County. Therefore, 
total acreages for each category have been revised from land use maps and DWR 
estimates. The categories include: Rural, Agriculture, Recreation, Residential 
Rural, Industrial, and Urban and Village Residential Reserves. Water use 
estimates for each of these categories are based on population, irrigated 
acreage, and industrial use. The current estimate of actual water use, projected 
year 2000 water use and ultimate water use for all categories are presented in 
this section of the report. 

PRESENT (l977) WATER DEMAND 

The DWR 1977 and 1979 reports conclude that the irrigation water demand by 
far exceeds municipal and industrial (M&I) water demands. In 1977, irrigation 
water demand was estimated to be 2000 AFY and M&I water demands were 
estimated to total 950 AFY. SLOCO Department of Engineering provided ground 
water production information for Nipomo Community Services District and 
California Cities Water Company. The information indicated that M&I water 
demand could be significantly higher than the DWR estimate (Appendix C). 

As mentioned previously, the DWR estimate of agricultural development and 
water use was based on the 1977 land use study and amounted to 2000 AFY. 

YEAR ZOOO PROJECTED WATER USE 

Two approaches were taken to estimate the year 2000 projected water use: (1) 
using DWR projections; and (2) using LUE projections. Simply stated, the DWR 
1979 report included estimates for domestic and urban water demand and 
irrigation water demand for year 2000, while the present (1977) industrial water 
demand was assumed to remain constant. The resulting year 2000 projected 
water use would be 6100 AF. 
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The Land Use Element provided population projections and growth rates, 
irrigated agricultural acreage, historic growth rates and ultimate agricultural 
acreage for the South County. Although these parameters provide some input, 
the water use factors and irrigated acreage within land use categories other than 
agriculture were not provided. As a result, certain assumptions were made by 
JMM in order to project year 2000 water use. Combining the Nipomo and one
fifth of the South County rural (based on proportion of rural acreage in Nipomo 
Mesa to the South County) populations and using a water use factor of slightly 
over 130 gallons per capita per day (gpcd), domestic and urban water use would 
be approximately 1400 AFY. Assuming complete development of agricultural 
acreage, golf course, and cemetery acreage and 5 percent of rural and 
residential rural categories under irrigation, the irrigation water requirement 
would be about 5,430 AFY. Industrial development is projected to increase at a 
similar rate to population and therefore the industrial water requirement would 
be about 975 AFY in year 2000. 

There will be some returnflow to the ground water basin of about 30 percent of 
domestic and urban water use and 20 percent of irrigation water use, the total of 
which would be about 1,507 AFY. There is allowed in the long term annual yield 
1000 AFY of returnflow. The net additional returnflow would be about 510 AFY. 
Reducing the total water use on Nipomo Mesa by additional returnflow would 
result in a projected year 2000 water use of 7,300 AF. 

The San Luis Obispo County planning document has estimated that population, 
industry and recreation will increase in the South County area to 1.5 times the 
1980 estimates by the year 2000. The populace (combining the urban and rural 
land use areas) for Nipomo Mesa is projected to consume less water per capita 
than at present. The estimated demand is approximately 941 AFY. Recreation 
water demand will increase to 746 AFY and industrial water demand is estimated 
to be 975 AFY. The total M&tI water demand would be about 2662 AFY. 

Local agriculture is also expected to expand by the year 2000. By applying a 
factor of 1.37 (growth rate from 1959-1979) to the period from year 1980 to 
2000, and assuming that much of the agriculture will be in orchards with a unit 
water use of 2.2 AFY, the calculated irrigation water demand is 4400 AFY. 

The total JMM projected water use for year 2000 on Nipomo Mesa would 
therefore be approximately 7,100 to 7,300 AF. The DWR 1979 report estimate 
for year 2000 was 6100 AFY. 

PROPOSED BLACK. LAKE PROJECT 

The proposed Black Lake public golf course is anticipated in the LUE as a 
recreation/residential area. In light of the LUE objectives established for the 
Black Lake project, an approach has been prepared to minimize water consump
tion and allow for recreational/residential development within existing water 
resources constraints. The following analysis compares the Black Lake Project 
to the enti!e Nipomo Mesa in terms of acreage, population and water use. 

The land used for the proposed development is approximately 2~ percent of the 
total land area in the Nipomo Mesa and comprises a very large percentage of the 
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recreation/residential area for the entire South County. Black Lake Public Golf 
Course is the only facility of its type in the South County. 

The projected population for the residential development in the proposed project 
is 1,290 people. This would be 13 percent of the total popUlation projected for 
the Nipomo Mesa in the year 2000. This residential population plus the 70,000 
persons per year already utilizing the existing public golf course is a significant 
part of the public recreation opportunity available for South County residents 
and visitors. 

The current irrigation water requirement for the existing public golf course is 
estimated to be 464 AFY. This is calculated on the basis of 12.0 acres, 
consumptive demands of 3.33 ft/p, and water loss and returnflow (29 percent) 
minus the water demand supplied by effective precipitation. The project plans 
indicate that the development would include an area of 515 acres. It is projected 
that the project's annual water use would be 712. AFY. Figure 4-1 explains the 
water usage for the proposed project. It is understood that the project sponsors 
will strive for further water conservation particularly as pertains to the existing 
golf course. 

The project will use reclaimed water from the residential uses to meet a portion 
of the irrigation demand for public golf course. Consumption and evaporation 
water requirements for the residential water use (74 AFY) will be for landscape 
irrigation and miscellaneous outside uses. Minimal landscaped areas would be 
irrigated and would be planted with vegetation which requires little to moderate 
quantities of water. The proposed 45-acre, 9-hole addition to the existing public 
golf course will require 174 AFY of irrigation water. Total additional ground 
water pumpage for the proposed development will be 248 AFY or approximately 
5 percent of the long-term annual yield for the ground water sub-basin. 

From these comparisons, it is evident that the proposed project is efficient in its 
use of a small percentage of the total available water supply to serve a high 
level of public recreation use and residential use within the South County 
Planning Area. 
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SECTION 5 

WATER AVAn...ABn.ITY AND IMPACTS 

Previous sections of this report have quantified and described the ground water 
resources and have estimated or projected the present and future water 
requirements for the project. This information indicates that there is currently 
a surplus of ground water underlying Nipomo Mesa, some of which is flowing out 
of Nipomo Mesa to the Santa Maria and Arroyo Grande Sub-basins. The 
projected development of Nipomo Mesa (including the proposed Black Lake 
Project), will require the use of this surplus ground water during the period from 
1980 to the year 2000. Therefore, it will be necessary for the County to 
encourage conservation measures and consider the need for each type of land use 
on the basis of water consumption and benefit to the South County. When 
approving development projects, the impacts on other ground water users will 
also require study. 

IMPACT ON GROUND WATER USERS 

JMM has reviewed the impacts of the additional ground water production on 
adjacent wells. The adjacent ground water users were identified on the basis of 
the County Engineering Department well location map and well logs. The 
proximity of these wells to the existing Black Lake Golf Course production wells 
was determined as presented in Ta~le 5-1. 

In the vicinity of the proposed Black Lake Project, the closest producing well is 
owned by Nipomo Community Services District and is known as the Bevington 
Well (State Well No. llN/35W-10Jl). The estimated drawdown effects of the 
Black Lake Golf Course wells on the Bevington Well were calculated based on 
non-verified estimates of transmissivity (35,000 gallons per day per foot), the 
Storage Coefficient (0.14), and new long-term pumping rates of various dura
tions. For the purposes of these calculations, the two Black Lake Golf Course 
wells were combined and analyzed together. Total average ground water 
extraction from the two wells was estimated to be 442 gpm, which is an increase 
of 154 gpm from the current rate of extraction. This increase is the amount of 
ground water which would be necessary to satisfy the water demand of the 
project. On the basis of this analysis, the increased ground water withdrawal 
from the two Black Lake golf course wells is expected to result in an additional.2 
feet of drawdown at the Bevington Well after a period of 3 years of cgntinuous, 
non-stop pumping. These drawdown effects are not considered to be significant 
in terms of lost production or increased lift at the Bevington Well. 

In view of the fact that the other nearby wells are more distant from the project 
than the Bevington Well, drawdown impacts (if any) at these wells are expected 
to be less than those calculated for the Bevington Well. Shallow wells could 
experience greater drawdown than deep wells which withdraw ground water from 
unconfined aquifers. However, available well data suggests that the nearby wells 
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TABLE 5-1 

WELLS IN THE VICINITY OF THE BLACK LAKE PROJECT 

Distance from 
Black Lake 

Project Wells State Well 
(Feet) Identification No.a Owner 

10 Gl Black Lake Golf Course 
10 G3 Black Lake <Golf Course 

1300 	 10 Jl NCSDb (Bevington Well) 
3000 	 Z NI NCSDb (Black Lake Canyon Well) 
3000 	 10 Q Valentine 
3700 	 10 Rl Turkey Farm 
3700 	 10 RZ Turkey Farm 
4100 	 9 Jl 
4Z00 	 11 Cl Erwin Farms 
4Z00 	 11 CZ Erwin Farms 
4700 	 9 Gl Taylor Farms 
4700 	 9 GZ Taylor Farms 
5000 	 9 K4 
5400 	 9 HI ShortIeff 
5500 	 9 K5 NCSDb 
5500 	 9 KZ 
5500 	 11 Bl Erwin Farms 
5700 	 9 Ql Yokoyama 
6300 	 11H GatesC 

6300 	 11H Fuatelioc 
6300 	 11 Rl Andres 
6600 	 11 Jl Camancho 
7300 	 11 JZ NCSDb 

a 	 All well numbers are prefaced by Township 11 North and Range 35 West of the 
San Bernardino Base and Meridian. 

b NCSD is the abbreviation for Nipomo Community Services District. 

c 	 Well is within area to be purchased for proposed project. 
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will not be significantly affected by the increased ground water extraction from 
the project wells. 

IMPACT ON GROUND WATER QUAUTY 

The impacts of treated effluent and ground water return flow on the shallow 
ground water were also studied in light of possible ground water quality 
degradation. The wastewater treatment plant effluent will be used for irrigation 
water and fertilizer on the golf course. The effluent would have an estimated 30 
mg/l of nitrogen. This concentration is equivalent to 68 Ib/acre/year when 
applied to the full 165-acre golf course. In comparison to the maximum 
application allowable for agricultural land under the Basin 4B Plan of 500 
Ib/acre/year, the anticipated application would be acceptable. The phosphate 
phosphorous concentration in the effluent used for irrigation would be in the 
order of 7 mg/l, representing the bulk of total phosphorus. When applied to the 
165-acre golf course, this would be equivalent to 16 Ib/acre/yr, in comparison 
with the Basin 4B Plan limit of about 300 Ib/acre/yr; obviously, there is 
considerable latitude in the application of effluent when diluted with well water. 
The phosphorus would largely be adsorbed or otherwise immobilized in moist soils 
(Appendix D). 

Considering that some of the irrigation water will become return flow to the 
ground water basin, there will be some increased mineralization of the ground 
water. The wastewater will be diluted with natural ground water at a ratio of 1 
part effluent to 3.6 parts ground water prior to application for long-range 
conditions. Consequently, the irrigation water quality will be much less 
distinctive than the original effluent. The blend will probably have up to about 
60 mg/l more TDS than the native well water. JMM's calculations indicate that 
TDS increase attributable to the Black Lake Project will be in the order of 0.3 
mg/l annually. 
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APPENDIX A 


REVIEW OF SEA WATER INTRUSION STUDIES 


STATUS OF SEA WATER INTRUSION 

1. DWR Bulletin 63-5 (Excerpt) 

p. Z34 Arroyo Grande Basin-Basin 176 

Offshore geology - Alluvium and older water-bearing sediments continue 
offshore and may be in hydraulic continuity with the ocean at a considerable 
distance offshore. These reservoir conditions favor an extensive and thick 
accumulation of offshore fresh water. 

Sea water intrusion - No evidence of intrusion. For the most part, the hydraulic 
gradient is seaward. Sufficient fresh water flows into the coastal part of the 
valley to hold ground water levels at or above sea level and maintain a seaward 
hydraulic gradient. Increased pumping could create a threat of sea water 
intrusion. Chlorides in shallow ground water bodies in the coastal part of the 
valley range from 100 to ZOO ppm, and appear to be related to a surface source 
not sea water. 

p. Z35 Santa Maria River Valley-Basin 177 

Offshore geology - Alluvium and older water-bearing sediments continue 
offshore and may be in hydraulic continuity with the ocean for a considerable 
distance offshore. These reservoir conditions favor an extensive and thick 
accumulation of offshore fresh water. 

Sea-water intrusion - No evidence of intrusion. A seaward hydraulic gradient 
exists. Wells in the coastal portion flow when water levels are high. Presently, 
sufficient fresh water flows into the coastal part of the valley to maintain safe 
ground water levels. Increased pumping may reverse the hydraulic gradient and 
encourage sea-water intrusion. Shallow ground water with chlorides ranging 
from 100 to ZOO ppm appears to be moving toward the sea. 
waters do not originate from intruded sea water. 

These chloride 

p.391 Mechanics of Sea-water Intrusion 

•••Along a coastal aquifer, the intruding saline water assumes the shape of a 
prism having an inclined surface that always slopes landward and that advances 
or recedes in response to changes in the hydraulic gradient. Because of its shape, 
this prism of ocean water is called the sea-water wedge. Advance and retreat of 
the wedge commences at its toe, the position of the upper end of the fresh
water/sea-water interface remaining fixed at the shoreline until all fresh water 
near the coast is depleted to sea level. At that time, the upper end of the 
interface commences its advance and the entire edge moves as a body••• 
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2. 	 DWR Bulletin 63-3 "Sea-Water Intrusion: Pismo-Guadulupe area," 2/70. 

3. 	 USGS Water-Resources Investigations 76-12.8 "Evaluation of Ground-Water 
Quality in the Santa Maria Valley," by Jerry L. Hughes, July 1977 

p. 1 Abstract (excerpted) 

Pumpage of ground water for agricultural, municipal, and industrial uses has 
exceeded recharge by about 10,000 acre-feet per year (12.3 cubic hectometers 
per year). Most of the ground water pumped in the Santa Maria Valley is for 
agriculture. The result of pumping in excess of recharge is a declining 
potentiometric surface, an accumulation of solutes, and an increase in nitrogen 
in ground water. At present (1976), the area of confined water is most severely 
affected by this degradation. Nitrogen concentrations in ground water have 
reached as much as 50 milligrams per liter in isolated areas, with concentrations 
in excess of 10 milligrams per liter occurring through most of the area of 
confined water. Continued pumping in excess of recharge may also lower the 
potentiometric surface sufficiently to permit intrusion of seawater into the 
fresh-water zones. 

p.26 

The potentiometric surface in the valley is above sea level, indicating discharge 
to the ocean and no apparent sea water intrusion. Miller and Evenson (1966, 
p.14) estimated underflow to the ocean from the ground water basin to be 11,000 
acre-ft/yr (13.6 hm3/yr) for 1918-58 and 8,000 acre-ft/yr (9.9 hm3/yr) for 1950
58. At a ground water gradient of 4.5 ft/mi (0.85 m/Km), the present (1976) 
discharge to the ocean would be approximately 7,000 acre-ft/yr (8.6 hm3/yr), a 
reduction of 1,000 acre-ft/yr (1.2 hm3/yr) since 1958. 

p. 29 (Figure 9- Diagrammatic section showing potentiometric surface in 1907, 
1918,1936, 1944, 1967, and 1975.) 

This section is taken along B-B', from the Pacific Ocean to above the Town of 
Sisquoc (See p. 4-3). It shows that in 1918, the water levels were apparently at 
an historic high. In contrast, the 1967 water levels were apparently at an 
historic low. 

(See subsequent discussion for interpretations.) 

4. 	 DWR Bulletin No. 130-75 "Hydrologic Data-1975, Volume V: Southern 
California," March 1977 

p. 4 "Representative Precipitation Characteristics for San Luis Obispo" 

This figure depicts precipitation in inches by water year (October I-September 
30) and cumulative deviation from mean precipitation as a percent of mean, for 
water years 1869-70 through 1974-75. The 50-year mean period was 192.0-Z1 
through 1959-70, for which mean preceipitation was 21.46 inches. See page A-4. 
For 1915-17, it is noted that a cumulative deviation summit had been reached, 
being about 55-60% above zero (Page A-4). 
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If it is assumed that generally the precipitation pattern at Santa Maria Valley is 
comparable to that at San Luis Obispo, it appears that the 1918 high water levels 
in SMV corresponded to the end of a wet period, the largest one on record to that 
time. It is surmised that large urban and, (especially) large agricultural, 
development had not yet commenced in the SMV. 

p. 66 Figure C-7 (page A-6) "Fluctuation of Water Level in Wells." 

This depicts hydrographs for three relevant wells: 

a) 	 32S/13E-28Gl(MDB&M) "Arroyo Grande Hydrologic Subunit (T-10.CO) 
1942-1975 

b) 	 10N/34W-14E3,14E2, 14E5(SBB&M) "Santa Maria Hydrologic Subunit 
(T012.AO)" 1917-1975 (located E. of Santa Maria)' 

c) 	 10N/35W-7F1(SBB&M) "Santa Maria Hydrologic Subunit (T-12.AO)" 1930
1975 (located W. of Guadalupe) 

d) 	 T-12.AO shows a declining trend with peaks and valleys corresponding to 
Figure 3-4. Also corresponds to potentiometric surfaces (qualitatively). 

See page A-6 for Figure C-7 

5. 	 Toups Corporation "Santa Maria Valley Water Resources Study," 1976. 

Figure 12 from this report "Precipitation Characteristics at Santa Maria" (see 
page A-7) show that these charact~ristics are, in fact, quite comparable to those 
of San Luis Obispo (page A-4). It may thus be supposed that hydrologic supply 
conditions for the Arroyo Grande Area Ground Water Basin (including Nipomo 
Mesa Sub-basin) have tended to follow those for Santa Maria Valley (although 
Nipomo Mesa is primarily reliant upon direct precipitation, while Santa Maria 
Valley GWB has large surface inflows as well.) 

P. 122 - "The depth of the interface between ground water, etc•••• " Sheets A-8, 
A-9 (Fig. 9-3 "Relationship between A-10, A-ll, A-12, A-13 (Fig. 9-4 "Relation
ship of Hydraulic Gradient to Fresh Water Head at the Coast" A-14, & A-15. 
The thesis of these sheets is that: 

o 	 Fresh water head at the coast required to block sea water intrusion is 
proportional to the thickness of the alluvial deposit, 40 ft of sea 
water being held at bay by one foot of fresh water surcharge. 

o 	 Maximum fresh water head was probably experienced in 1918, which 
also was believed to have witnessed maximum subsurface outflow and 
seaward hydraulic gradient, which was about 10 ft/mi. At that time, 
the salt water wedge would have extended shoreward from the 
aquifer intersection with the ocean floor about 1.5 mi., for an 
outflow of about 16,000 AFY. 
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The depth of the interface between groundwater and salt water in an 
aquifer undergoing seawater intrusion is determined theoretically by 
applying the principal of differential density between fresh and salt 

~ .water. In proportion to the slightly greater density of seawater the ."
contact between the two wi" be depressed about 40 feet below sea level 
for each foot of fresh water head above sea level, assuming the specific 
gravity of sea water to be 1.025. 

The a'luvial deposits along the coast are estimated to attain a maximum 
thickness of about 1,500 feet along the axis of the Santa Maria syncline 
[USGS 1951; Santa Barbara County 1974; DWR 1971J Therefore, a fresh 
water head at the coast of about 38 feet would be necessary to completely 
block seawater intrusion. Figure 9-3 shows the relationship between 
fresh water head at the coast in 1907, 1918, 1936, 1944, 1959, 1966. and 
1975, and the depth of the potential fresh water/salt water interface. 

A maximum head of about 55 feet above sea level occurred in 1918, and 
this is believed to represent a maximum condition. The 1918 hydraulic 
gradient of about ten feet per mile is also believed to be a maximum. 
The fresh water head along the coastline now is about ten feet above sea 
level. This head would theoretically cause a potential fresh water/salt, 
water interface to be about 400 feet below sea level at the coast, which 
would not prevent the intrusion of sea water into the deep aquifer 
system. Recent water quality analyses show that seawater intrusion has 
not occurred in the onshore groundwater basin. However, the analyses 
were from depths too shallow to detect the presence of a wedge intruding 
the deep aquifer system, if such a wedge were present. The trend in 
recent years has been toward both reduced head at the coast and reduced 
potential depth of the fresh water/salt water interface. 

The length of an intruded seawater wedge into an aquifer is theoretically 
dependent upon the length of the wedge is directly proportional to the 
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thickness of the aquifer. It is inversely proportional to the hydraulic 
gradient of the groundwater discharge. These relationships are expressed 
by the following mathematical equation: 

(1) 

where 

a 

L • length of intruded seawater wedge (ft) 
m • thickness of pressure aquifer eft) 

s • ~. 1.025 • ratio of unit weight of sea water to fresh water 
w 1 

(w is density of sea water; w is density of s 
fresh water 

I • hydraulic gradient (in ft per ft). 

] 
Using the above equation, it is possible to estimate the length of the 
intruded seawater wedge if thickness of the aquifer is assumed. At the'] 
coastline the maximum thickness of water bearing deposits below the 
confining layer is about 1,200 feet. Assuming this maximum thickness 
throughout the entire offshore aquifer system with the year 1918 gradient 
of ten feet per mile, the salt water wedge developed under these condi· 
t10ns would extend shoreward about 1.5 miles from the location offshore 
where the fresh water aquifer discharges from the ocean floor. The 
estimated groundwater outflow to maintain the wedge in this location was 
16,000 acre-feet annually. 

! 

\.., 
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In 1935, the beginniRg of the base period, the hydraulic gradient was 
about six feet per mile. The length of the intruded salt water wedge 
under this gradient would be about 2.5 miles from the ocean floor fresh 
water discharge area. The estimated groundwater outflow to maintain the 
wedge in this location was 9,500 acre-feet annually. 

The average hydraulic gradient in 1972, the end of the base period, was 
no more than two feet per mile. The length of the salt water wedge 
under this gradient would be about 7.5 miles. The estimated groundwater 
outflow to maintain the wedge in this location was 2,000 acre-feet 
annually. 

The above analysis indicates a rate of advance of the salt water wedge 
between 1918 and 1935 of 0.85 feet per day, and between 1935 and 1972 of 
1.90 feet per day. The 1935 to 1972 rate appears excessive when compared 
to measured rates of sea water intrusion into coastal aquifers in Los 
Angeles and Orange Counties, which amount to about 1.0 feet per day and 
1.15 feet per day, respectively. Because a salt water wedge in the 
Santa Maria off-shore aquifer would be moving under an adverse gradient, 
a rate of one-half foot per day is assumed for the years 1935 through , 1972. This would place the intruded salt water wedge about two and one-. 

1 half miles from the ocean floor fresh water discharge area. 

The difference in volume between the 1935 wedge and the 1972 wedge 
represents the amount of fresh water lost by the aquifer to seawater 
intrusion during the base period. If it is assumed that the offshore 
aquifer system maintains its coastal configuration throughout the offshore 
portion, the amount of fresh water lost to seawater intrusion amounts to 
well over 5,000 acre-feet annually during the base period. The above 
analYSis shows clearly that while fresh groundwater outflow is occurring. 
underlying salt water is flowing landward. This seawater intrusion will 
continue unless the hydraulic gradient of the aquifer is stabilized. 
The fresh water head at the coast, if sufficiently high. would hold out 
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seawater intrusion, but it too is related to the hydraulic gradient; as 
the gradient dim';nishes, the fresh water head lowers. This relationship 

is shown on Figure 9-4. 

It is not possible to predict the amount of fresh water remaining in 
storage in the offshore aquifer system, since the extent and porosity of 
the system are unknown. The quality of this water is also unknown. 

Based on the above theoretical analysis it can be concluded that the 
offshore aquifer system is being intruded by seawater, which will 
accelerate in the future, as the hydraulic gradient in the semi-confined 
area is further reduced. 

ON-SHORE AQUIFER 

The hydrologic equations summarized in Chapter 8 for future levels of 
groundwater development in the Santa Maria Valley point to a condition 
of overdraft. This situation will serve to further depress the seaward 
gradient in the coastal portion of the on-shore aquifer system. Hence, 
the process of seawater flow into the off-shore fresh groundwater system 
w111 continue. Since it is apparent that the confining clay layer in ;.~ ~I·. 

the on-shore regime is not totally impervious to percolati~, it is L 

overly-optimistic to assume that the same strata immediately offshore , 
would exh'ibit extremely different properties. Therefore, seawater is 
anticipated to appear as infiltration through the offshore clay layer as 
well as in the form of additional movement of the classic seawater wedge 
or wedges. 

The off-shore system has historically protected the valley from intrusion 
by seawater. The most practical and economical course of action avail
able to water users in the Santa Maria Valley is to maintain the current 
practice of overdraft. This will result in exploitation of the offshore 
freshwater resource to the greatest possible extent. 
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At the time seawater is detected in producing on-shore wells, management 
strategies can be implemented which will maintain the productivity of 
the groundwater basin. A number of general stratagies can be implemented 
which will prevent or control seawater intrustion at such time when it 
is detected [DWR 1975c]. These strategies include: 

o 	 Raising the off-shore trending gradient above sea level by reductions 
in extractions, by rearrangement of the areal pattern of pumping. 
or by a combination thereof. 

o 	 Direct recharge of depressed aquifers to maintain groundwater 

levels above sea level. 


o 	 Development of a fresh water injection barrier along the coast. 

o 	 Maintenance of a pumping trough between saline water and the princi
pal areas of groundwater extraction. 

o 	 Implementation of a combination injection-extraction barrier. 

o 	 Construction of a static subsurface physical barrier. 

All of the foregoing control measures require that basin groundwater be 
managed in a coordinated manner. A primary emphasis of any strategy for 
seawater intrusion control is the assurance of an adquate water supply 
to lands whose economy depends on groundwater. Control measures differ 
from one another principally with regard to the degree they permit 
storage capacity of the groundwater basin to be utilized. The option of 
reduced extraction is especially limiting in this regard. Implicit.in 
strategies incorporating recharge is acquistion of source water through 
additional local water resources development, water importation, or 
redistribution of groundwater from forebay areas. 
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A practical course of action that could be pursued in the Santa Maria 
Valley to maintain the integrity of the groundwater basin in light of 

seawater intrusion involves implementation of a two-phase program of 
salt water extraction and reduced or curtailed pumping in the area of 
semi confined groundwater. Production wells along the coast would be 
converted to extraction wells once seawater has intruded their radius of 
influence. It would be desirable to incorporate new wells into the 
extraction barrier. Experience obtained in similar seawater control 
operations indicates that it is nessary to space barrier wells about 
500 feet apart. In relatively permeable formations, closer spacing may 
be required. 

To effectively control the intrusion problem the extraction operation 
would be complimented by a coordinated program of restricted pumpage in 
the semiconfined area and delivery of groundwater extracted from the 
forebay to users over the clay cap. Because of the dynamic interrelation
ship among these various hydrologic components, a mathematical model of 
the basin would become an indispensable aid in program management. If 
properly implemented, the strategy of barrier mai~tenance and managed 
pumping would make a large volume of groundwater available for mining 
from the reservoir in the basin forebay. This resource should be adequate 
to satisfy water requirements projected to 2025.1 

• 

J 
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o 	 In 1935, the estimated hydraulic gradient was about 6 ft/mi., the salt 
water wedge about Z.5 mi shoreward from its origin (intersection of 
aquifer with ocean floor), and the outflow was about 9,500 AFY. 

o 	 In 197Z, the average hydraulic gradient was Z ft/mi., max, the salt 
water wedge was 7.5 mi. shoreward, and the outflow was Z,OOO AFY. 

o 	 The (theoretical) analysis indicates a rate of advance of the saltwater 
wedge 

1918-35 - 0.85 ft/day 
1935-7Z - 1.90 ft/day 

o 	 The theoretical advance rate appears unreasonably high when 
compared with measured advance rates in coastal LA Co. (1.0 ft/day) 
and Orange Co. (1.15 ft/day). 

o 	 In view of the existence of a positive offshore gradient during 1935
7Z, Toups assumed the advance for this period averaged 0.5 ft/day. 
(When added to the 1935 condition, this would imply about 1.3 mi., 
for 1935-7Z, plus Z.5 mi at 1935 equals about 3.8 mi. total intrusion 
by 197Z.) 

6. 	 Santa Barbara County Water Agency "Final Report, Adequacy of the Santa 
Maria Groundwater Basin," November 1977. 

p. Z9 	Subsurface Outflow. 

"Groundwater moving down gradient, etc•••" (See pages A-17, A-18, A-19, and AJ ZO). 

) The gist of these pages is: 

o The subsurface outflow is a function of hydraulic gradient seaward 
and is computed via flow across a known cross-section less the

1 consumptive use of extractions between that cross-section and the 
coastline. This latter is taken as 11,000 AFY for agriculture plus 

'f 	 1,000 AFY for Union Oil Company's Oso Flaco Refinery, making 
lZ,OOO AFY total cons. use. 

o 	 The computed 1975 value of subsurface outflow is 18,000 AFY (across 
the cross-section) less lZ,OOO AFY (coastal cons. use) or 6,000 AFY. 

o 	 The 1959-75 period average subsurface outflow is taken as 7,000 
AFY. 

o 	 A 1975 condition of 6,000 AFY subsurface outflow would imply a 
total seawater intrusion of 4 mi• .:t to date from the point where the 
fresh water is discharged on the ocean floor. 
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25 percent over the 1959-75 period. Net consumption of applied 
,water thus amounted to 61,700 AFY during this period. As 

compared to average base period conditions, recent increases 
in agricultural acreage have occurred primarily in the . 
unconfined portion of the groundwater basin. This has resulted 
in an increase in the weighted average irrigation returns 'in 
the basin. Thus, under current (1975) conditions, 27 percent 
returns accounted for a net agricultural water consumption 
of 82,700 AFY. Projected demands for the year 2000 similarly 
assume an increase in irrigation returns to 28 percent of the 
total applied water. 

Subsurface Outflow 

Groundwater moving downgradient beneath the confining beds 
is eventually discharged to the ocean, where the unconsolidated 
deposits are exposed on the ocean floor about two to four miles 
offshore (1). Because of the lack of well logs in the offshore 
area, the precise configuration of the submarine extension of 
the groundwater basin is unknown. 

The method used to estimate groundwater discharge by outflow 
is based on Darcy's law of saturated flow, patterned after 
the methodology used by the USGS [1951 (l)}. Geologic cross
section 0-0' (see Fig. 5) which cuts the basin just west of 
Guadalupe, defines an area thro~gh which water being discharged 
at the coast must move. The water-bearing deposits cut by 
this section include the Careaga sand, Paso Robles formation, 
the lower part of the Orcutt formation and the lower member 
of the Alluvium. The actual cross-sectional area and the per

J 	 meabilities of the various formations were previously determined 
by the USGS [1951 (l)] from well-logs and 1aborat9ry tests. 
These data are presented in Table 5. As thus defined, the total1 	 saturated cross-sectional area is about 43 million square feet. 
Water level changes in the confined area do not significantly 
affect the cross-sectional area since the top of the saturated 
zone remains within the confining layer. 

Given the information on the cross-sectional area and permea
bilities of the affected formations, the hydraulic gradient across 
this section will determine the seaward flow potential. The 
calculated flow across this section less any demands west of 
this-line of section will equal the subsurface outflow. 

The hydraulic gradient was computed from a 1975 water level map 
prepared by the Water Agency. A gradient of 11 feet per mile, 
corresponding to a flow of approx~tely 18,000 AFY was found 
to coincide with the gradient derived from a 1975 water., level 
map independently prepared by the USGS. Because of consumptive 
extractions seaward of this section, the actual subsurface out
f~ow ,must b~, somewJ:lat _l~~_s tI:an 18,000 AFY. Agricultural acre~9,e 
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Table ~ f 

SUBSURFACE OUTFLOW 
SANTA MARIA GROUNDWATER BASIN!/ 

Formation 

Alluvium 
(lower member) 
Paso Robles 
&Orcutt 
Careaga Sand 

Hydraulic Gradient 
(ft./mile) 

1 
, 2I, . 

;() 4 
3 

1 5
i 
J 6
j ·7 
~ 8 

'1 9 
10 
11 
12 

, - «S"- / ).....-... _,.. 
< .,--r 

_ /S -if 
::';::j)c,.ff'i.: ; 

Permeability
(gpd/ft.2) 

450 

5,500 

2,200 


Wedge Length
(ft.) 

79,200 
39,600 
26,400 
19,800 
15,800 
13,200 
11,300 

9,900 
8,800 
7,920 
7,200 
6,600 

Saturated 
Cross-Section 

(ft.-miles) 

2,000 

65 
-

75 

. Discharge 
CAFY) 

1,600 
3,200 
4,800 
6,400 
8,000 
9,600 

11,200 
12,800 
14,400 
16,000 I 

-17,600 
19,200 

. -. 


!lCross-sectional area and permeability from Worts, Geology
and Groundwater Resources of the Santa Maria Valley, cA. 
USGS Water suppiy Paper '1000, 1951. _ 

, '.' 

"
,. -
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west of D-D' was planimetered from the GRSU 1975 agricultural 
land-use maps and found to total approximately 6,000 acres. 
Most of this land is intensively farmed truck crops. Due to 
the relatively low evaporation potential and fine-grained 
soils along the coastal fog belt, ET·of these crops is somewhat 
less than the overall basin average. Applying a water duty 
of 2.0 AF/ac/yr Toups 1976, Table D-6 (4) to this acreage 
and accounting for five percent return flow yields a consumptive 
use figure of 11,000 AFY. Combined with an estimated 1,000 
AFY of water use by Union Oil'~ Oso Flaco Refinery [Toups 1976 
(4»), total consumptive extractions. west of D-D' are approximately 
12,000 AFY. Therefore, subsurface outflow from the basin 
under 1975 conditions was about 6,000 AF. Since s\wsurface 
outflow in 1959 as estimated by the USGS [1966 (2)] was 8,000 
AF, average annual outflow during the period 1959-75 is considered 
to be 7,000 AFY. A recent study by the USGS (16) has concluded 
that subsurface outflow presently totals 7,000 AFY. 

Miller and Evenson roSGS (2)] suggested that with continuing 
overdraft, underflow to the ocean would~crease from 8,000 AFY 
to 3,000 AFY as the hydraulic gradient decreased from five 
feet to two feet per mile. Toups [1976 (4)J estimated that 
on the basit of their 1975 water level contours that the hydraulic 
gradient had been reduced to two feet per mile, and consequently 
concluded that this would result in subsurface outflow totaling 
~,OOO AFY. The substantial difference in hydraulic gradients 
determined by the Water Agency and the Toups Corporation 
study [1976 (4)] is related to the respective areas over which 
the gradient was calculated. Toups calculated the gradient 
over the entire basin while the present study determined the 
gradient between the 30 and 50 foot water level contours which 
roughly straddle section 0-0' (11). Because concentrated areas

I of demand within the unconfined area can produce significant 
water level fluctuations, use of the basin-wide hydraulic gradient 
does not necessarily reflect groundwater conditions at the coast. 
The piezometric level within the confined area is less subject1 	to variations induced by pumping stresses, and therefore cal
culation of the hydraulic gradient near the coast is more 
likely to reflect actual conditions of discharge. 

The prediction by the USGS that continuing overdraft conditions 
would bring about a 5,000 AFY reduction in subsurface outflow 
appears not to have been substantiated by recent data(2). While 
some lowering of head in the confined area has undoubtedly 
occurred, this does not necessarily imply a reduction in 
gradient. A more or less uniform lowering of water levels 
near the coast could tend to establis~ the same gradient at a new 
equilibrium level. 

A subsurface outflow to the ocean has decreased under continuing
overdraft, some mining of the offshore extension of the ground
water basin has occurred. The magnitude of this loss of fresh 
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water storage is indeterminable because of the unknown volume 
of the offshore aquifer. If the subsurface ,outflow from the 
basin has declined from 8,000 AFY in 1959 to 6,000 AFY in 
1975, this would imply that the salt-water wedge within the main 
aquifer has moved about one mile landward from its former 
position. Subsurface outflow at the rate of 6,000 AFY would 
mean that the salt-water wedge would have intruded the offshore 
aquifer system by a total of approximately four miles from the 
point where fresh water is discharged on the ocean floor. 
Water quality analyses of wells to date have not shown any ab
normally high chloride levels which would indicate that sea
water intrusion of the onshore portion of the basin had occurred. 
However, progressive lowering of water levels along the eastern 
margins of the confined area will tend to reduce the seaward 
hydraulic gradient, thereby causing a landward movement of 
seawater. The potential for brackish water contamination of 
near shore wells is currently being assessed in a coastal 
well monitoring program by the USGS in cooperation with the SBWCA 

Early detection of seawater contamination of the onshore aquifer 
system is essential to the timely implementation of mitigation 
measures. 

The Hydrologic Equation 
. 

The previously quantified elements of recharge and discharge 
are applied in the hydrologic equation for the period 1959-75 
shown in Table 6. The equation displays relatively good 
agreement between estimates of recharge and discharge and calcu
lations of net depletion of storage. These figures indica'te 
an annual overdraft of about 10,000 AFY in the Santa Maria 
Groundwater Basin. Because this is an average depletion over 
the base period, increases in M & I and agricultural water ex
tractions have probably resulted in an increasing rate of storage
loss in recent years. 

Also presented in Table 6 are the elerr.ents of supply and dis
posal for the 1935-72 base period. In particular, the computed 
values for the various sources of recharge during this period, 
plus the average incremental yield from Twitchell Reservoir 
operations, are equated to the long-term source of supply to 
the basin. Under 1975 basin cultural conditions, average annual 
groundwater recharge is estimated at nearly 82,000 AFY. 

All the estimates for the various .elements of the hydrologic 
equation are subject to a range of error. This is apparent 
from the change in storage calculations as compared to the 
difference between total recharge and total discharge over 
the same time period. Errors in the estimated recharge may be 
due to underestimation of rainfall infiltration and additional 
unknown sources of recharge. Errors in estimated net pumpage 
may be due to inaccurate estimates of return irrigation water. 
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7. 	 John F. Mann, Jr. "Water Feasibility Report, Black Lake Country Club," 
July 5, 1976. 

pp. 4-5 "•••As there was very little ground water development in the Nipomo 
Mesa as of 1954, we may assume that 1954 represented conditions close to those 
that occurred historically••• " 

pp. 13-14 "Status of Sea-Water Intrusion 

"There is no evidence, etc••••" (See pages A-ZZ, A-Z3, & A-Z4) 

The gist of these pages is: 

o 	 Inasmuch as there was no significant development of ground water 
prior to 1954, there must have been significant subsurface outflow to 
the ocean sufficient to prevent sea water intrusion (this is implied). 

o 	 Even with the alteration of historical status by initial ground water 
development, there was not yet (1976) a commencement of sea water 
intrusion offshore from Nipomo Mesa. 

o 	 "It is difficult to imagine that the front of intruding sea water could 
reach the coastline in the next 50 years." 

o 	 Projections of the lower aquifers of the Paso Robles formation 
beneath the ocean indicate that the closest submarine outcrops are 
about 10 miles from the present coastline. 

8. 	 DWR "Ground Water in the Arroyo Grande Area, District Report (Southern 
District)," June 1979 

p. 52. - Figure 35 - Conceptual Drawing of the Offshore Aquifers" (See page A
Z5) 

p. 51 - "Because these forebay areas have probably maintained a seaward 
hydraulic gradient in the ground water, the aquifers offshore probably contain 
fresh water. Secondly, the geology offshore can be constructed by extending the 
geology on land offshore•••" 

p. 53 - "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 
dim ensions: 

The upper aquifer would measure 15 Km {9 mil along the beach from Arroyo 
Grande Creek to Santa Maria River and 10 Km (6 mil seaward from the beach. It 
would have an average thickness of 60 m (190 ft). The lower aquifer would 
measure the same distance along the beach and 19 Km {lZ mil seaward at its 
furthest point, and it would have an average thickness of 130 m (430 ft). The 
aquifers are thickest at the south end near the San Luis Obispo County line••• '1'1 

"There is an estimated 3 million AF of water in storage offshore between Arroyo 
Grande Creek and San Luis Obispo County line with about 500,000 AF in the 
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more mineralized than the well water used for the irrigation. 

Also, treated domestic sewage is expected to be about 250 to 300 

ppm higher in TDS than the delivered water. When the treated 

domestic sewage is used for irrigation, there will be ~further 

increase in the salinity of the irrigation return waters. Within 

the expected pumping hole, a certain amount of re-circulation 

must be anticipated. The net result of the project will be a 

slow increase in the salinity of the underlying ground waters. 

Such an increase will be slow no more than a few per cent 

per year. 

In situations such as this, nitrates particu~rly 

should be watched. Heavy use of nitrates in grass fertilizers 

should be avoided. After treatment, domestic sewage will have 

an appreciable nitrate content. An important mitigating factor 

in the potential nitrate problem is the use of the trea~ed 
~ 

j 	 domestic sewage for golf course irrigation. Much of the nitrate 

will be utilized by the grass, and only the remainder will be

1 able to percolate downward in the return water. 


Status of Sea-Water Intrusion
J 
There is no evidence of sea-water intrusion beneath 

the Nipomo Mesa area. The Pismo-Guadalupe report (Reference 4) 

concluded that. sea-water intrusion was not a problem (as of 1970) 

onshore anywhere in this coastal reach. As of now there is a 

seawara water-level gradient. beneath t.he Nipomo Mesa and fresh 

water is being wasted to the ocean, especially from the shallower 

aquifers. With increased pumping, water-level gradients may be 

expected to flatten and in time produce pumping holes which are 
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below sea level. Under the last condition, intrusion of sea 

•.,., I 	 ~ater into the subsea outcrops of the Paso Robles formation 

may be expected. The sea bottom topography to the west of Nipomo 

Mesa is shown on the United States Coast and Geodetic ~urvey 

Chart 1306N-20, Cape San Martin to Point Conception. This chart 

shows the ocean floor to be gently sloping and smooth, with no 

submarine canyons. Projections of the lower aquifers .of the Paso 

Robles formation beneath the ocean indicate that the closest sub

marine outcrops are about ten miles from the present coastline. 

In nearby Santa Maria Valley, Toups Engineering (Reference 6, 

page 119) has estimated that sea-water intrusion into the offshore 

aquifers for the period 1935 to 1972 has advanced at a rate of 

one-half foot per day. This is equivalent to an advance of 1 mile 

in about 29 years. Sea-water intrusion offshore from Nipomo Mesa 

() 	 has not yet started and it is difficult to imagine tha~the'front 

of intruding sea water could reach the coastline in the next 50
1 

years. However, asa measure of vigilance, the Department of 

1 Water Resources has already installed monitor wells along the 

coast in the Nipomo Mesa area. These monitor wells are numbered 

1 -12N/36W-36Ll,2 and lIN/36W-12CI,2,3. The 36L well has a total 

1 depth of 846 feet and is perforated in two zones at depths of 

226-236 feet and 534-544 feet. The 12C well found the bottom of 

~ 	 the fresh water at 770 feet and is perforated in three zones at 

depths of 280-290, 450-460, and 720-730 feet. There is an earlier 

monitor well in the Oso Flaco Lake area (11N/36W-13k2-6) which 

is perforated in 5 different zones· (Reference 4, page 20). 

I • 

\. I 
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upper aquifer and 1.,500,000 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••• The extent of sea water encroachment into the aquifer is a function of 
the hydraulic gradient within the aquifer and the thickness of the aquifer. If the 
seaward hydraulic gradient were 10 ft/mi in the vicinity of hole GO-1., the sea 
water wedge in the upper aquifer would extend landward 1.5 mi and in the lower 
aquifer 5.3 mi. With a similar hydraulic gradient the wedge would be shorter to 
the north where the aquifers are not as thick. The quality of the freshwater 
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." 

p. 6 "An offshore seismic profile, coupled with what is known about the onshore 
geology, points to an offshore extension of fresh water-bearing aquifers. 

pp. 6-7 "Not all the water (in offshore aquifers) would be potable, however, 
because a wedge of sea water intrudes and displaces fresh water in all aquifers 
offshore. The size of the wedge depends upon the hydraulic conditions in 
individual aquifers. The quality of the water in the aquifers offshore cannot be 
determined directly with the available data... 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•••" 

9. 	 Considerations of Storage Changes Nipomo Mesa Sub-Basin and Offshore 

a. 	 Extractions (cumulative) since initial development of Nipomo Mesa (1950
55+}(Refer to page C-U). Approximation of total extractions through 1981 
is 81.,000 AF. Allow for cons. use and export 60,000 AF.-.,II 

b. 	 Supply (1951.-53 to present) is about: 

plus 1.1.0% to plus 180% (page A-7)(10 yrs) and minus 10% to zero (page A
3}(18 years) or 30% loss in 1.8 yrs or 1% loss per year below normal. 

c . 	 Assuming that DWR deep percolation of precipitation of 3,300 AFY (p.48, 
6/79 report) is correct as well as 500 AFY of subsurface seepage, the 
supply from natural sources during the period ('53-'81) would be about 3800 
x 1.8 =106,000 AF for average rainfall. The actual supply would not have 
been significantly different. 

d. 	 Assuming (for simplicity) that DWR's 1977 subsurface outflows of 3,300 
AFY are also correct for that earlier period (1.,300 to 1.,800 to Santa Maria 
Valley and ZZ5 to 300 AFY to Arroyo Grande-Tri-Cities Mesa), then the 
ocean outflow would have been higher (under normal supply) when the 
Nipomo Mesa Sub-basin water levels were higher but the outflows to SMV 
(especially) would probably have been lower because the ground water 
levels in SMV were higher too. 
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e. 	 For 1967, DWR estimated 194,000 AF in storage in Nipomo Mesa above sea 
level. For 1974, DWR estimated 172,000 AF (p.30,6/79). Drop is 22,000 
AF or 3,000 AFY in 7 yrs. 

f. 	 Rainfall during 1967-74. 

o 	 Sheet A-4 indicates the supply increased from a minus 130% to a plus 
80% or 2lO% divided by 7 = 30%/yr above-average rainfall (San Luis 
Obispo). 

o 	 Sheet A-7 indicates the supply decreased from a plus 80% to a plus 
700% or 10% divided by 7 = 1%/yr below-average rainfall (Santa 
Maria). This is not a significant difference. 

o 	 Figure 3-5 indicates the supply increased from a minus 22% to a 
minus 15% or 7% divided by 7 = 1%/yr above-average rainfall 
(Nipomo). This is probably not a significant difference either. 

o 	 The rainfall differences are small enough and imprecise enough to 
ignore. The supply can be considered average for this period. 

g. 	 Trial hydraulic gradients of ground water seaward for 1965 and 1967. 

o 	 For 1965, DWR shows (Fig. 10, 6/79) contours sloping seaward near 
the coast from which a general approximation indicates a slope of 
about 0.3% to 0.5%, say, 0.4% average. 

1 
o For 1975, similar contours (Fig. 11, 6/79) slope seaward near the 

coast in somewhat less uniform manner, so that the gradient could be 
interpreted as anywhere between 0.2% and 0.6% with an average of, 
say, 0.35% but 0.2% being also representative (for closest to the 
coast).

1 h. Theoretical subsurface ocean outflow for 1965 and 1975-77 

) 	 o The cross sectional area is taken as 787 ft deep and 2.2 mile wide = 
9.1 x 	106 sq ft. 

1 	 o DWR used an assumed permeability of 10 gpd/sq ft for the aquifers 
j 	 leading offshore in their analysis of 1977 conditions (summarized in 

Table 11, p. 48, 6/79). (Permeability value is for 100% slope.) 

o 	 Assuming 50 gpd/sq ft, the following outflows to the ocean from 
Nipomo Mesa Sub-basin would be calculated as: 

. 1965 Q(gpd) =50 gpd/sq ft x 9.1 x 106 sq ft x slope" I 	 Q,AFY = 455 x (365 days/326,000 gal) x Slope x 106 
= 0.51 (slope) x 106 AFY

• A t Slope = 0.004, AFY = 2,000 
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1975 	Q,AFY =0.51 (0.002)(106) = 1,000 AFY (0.2% slope) 
or 0.51 (0.0035)(106) = 1,800 AFY (0.35% slope) 

It is noted that DWR's computed values for 1977 show only about 1/8th of the 
higher 1975 (JMM) value, but somewhat different cross section and 1/5th of the 
permeability. (The true permeability would be expected to be at least 50 or 100 
gpd/sq ft.) 

i. Possible Reconciliation of Various Factors 

o 	 1952-53 to present, supply was -106,000 AF (cumulative) 

1952-53 loss to cons. use/export- 60,000 AF (cumulative) 

1952-53 available for outflow 46,000 diff. (assuming no change in 
storage) 

o 	 Change in storage 1967-75 (8 yrs) (DWR, 6/79) 22,000 AF loss 

o 	 Assumed changes in storage not documented: 

1952-1967 Total extractions ......., 26,000 AF (Page C-12) 
26/15=1.7KAFY «2.9 avg.) 

1952-1967 Rainfall about 200-100=100% undersupply in 15 yrs (6.7% 
belowavg.) 

John Mann (p. 6) "DW~ preliminary evaluation of 1965 water level 
. contours showed basic pattern of outflow unchanged from 19541 contours, but some pumping holes and ground water mounds had 

developed." 

1 	 As a result of the foregoing, assume that the loss in storage in the 15 
years 1952-67 was only 5,000 AF cumulative. 

] 	 For the 7 years since 1974, assume the above-average supply has 
nearly compensated for the above-average consumptive use, and the 
loss in storage is thus assumed as negligible. 

J o Total change in storage, 1952-53 to present _ 
5,000 + 22,000 = 27,000 AF 

•i 
J 	 o Total subsurface outflow, 1952-53 to present (ocean, SMV, Arroyo 

Grande etal) 

46,000 + 27,000 = 73,000 AF 
73,000/2,8 years = 2,,600 AFY avg• 

., 
o 	 A more detailed analysis would be required to better estimate the 

subsurface outflow and its division among the offshore aquifer, the 
SMV, and Arroyo Grande etal sub-basins• .. 
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o 	 It appears reasonable to assume that the Nipomo Mesa Sub-basin 
subsurface outflow to the offshore aquifer: 

o 	 Has never been less than DWR-estimated value of 2.2.5 
AFY, applicable to 1977 water levels. 

o 	 Has normally exceeded the 2.2.5 AFY value, perhaps by 
several times, especially prior to 1965 

o 	 Will be maintained at at least 2.25 AFY for several years 
unless greatly increased extractions cause significant 
lowering of the water table. 

10. 	 Location of Salt Water Wedge off Nipomo Mesa , 
Length of Wedge (Shoreward from aquifer discharge on ocean floor) = L(ft) 

L = (S-l) in 
(1) (Sheet A-10)

2.1 

=(1.02.5-1) (787 ft) = 0.025 (787)/l =9.8/1
21 	 2 

1,% 	 L(ft) L(mi) Min. Outflow* Max(?) Outflow* * 

0.2 	 4,900 0.9 200 AFY 1,000 AfY 
0.3 	 3,300 0.6 300 AFY 1,500 AFY 
0.4 	 2.,500 0.5 400 AFY 2.,000 AFY 
0.5 	 2,000 0.4 500 AFY 2.,500 AFY 
0.6 	 1,600 0.3 600 AFY 3,000 AFY 
0.7 	 1,400 0.3- 700 AFY 3,500 AFY1 	 0.8 1,200 0.2.+ 800 AFY 4,000 AFY 
0.9 	 1,100 0.2 900 AFY 4,500 AFY 

1 	 1.0 1,000 0.2- 1000 AFY 5,000 AFY 

* 	 Using 10 gpd/sq ft permeability (DWR value) 
Using 50 gpd/sq ft permeability (JMM value)

1 	 ** 
11. 	 Summary 

1 	 1. It appears unlikely that the salt water wedge in the offshore aquifer 
from Nipomo Mesa Sub-basin has intruded even as much as one (1) 
mile from the point of fresh water discharge on the ocean floor. 

, 
i 2.. 	 If there had been an intrusion of 5,2.80 feet in 2.8 years (1953 to 

present) this would correspond to 5,280/(28)(365) 0.5 ft/day. This 
is probably excessive when compared with the value assumed by 
Toups for Santa Maria Valley where coastal gradients have been 
generally flatter than for Nipomo Mesa (the Mesa ground water is 
higher than that of coastal Santa Maria Valley). Therefore, the 
existing intrusion is likely considerably less than one (1) mile. 
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3. 	 Even with reduced gradients (less than 0.2%) there is prospect of 
many years of pumpage before the salt water wedge would likely 
approach the coast line of Nipomo Mesa. 

4. 	 Additional study would be required to "quantify" the future prospects 
for partial dewatering of fresh water storage above sea level in 
Nipomo Mesa Sub-basin and above the salt water wedge offshore 
without jeopardizing the sub-basin water quality. 

Due to data limitations, such "quantification" would, of necessity, be 
very approximate at best. It could be indicative, however, and might 
assist water planners. 

5. 	 As in the case of offshore interpretations by all hydrologic 
investigators (DWR, USGS, Toups, Mann, etc.), it has been necessary 
to rely upon theoretical concepts to provide interpretations and 
estimates. This is the only possibility under these conditions. The 
tentative conclusions reached thereby are subject to the inherent 
limitations of such analyses. 

6. 	 It is noted that SLOCO LUE (p. 31) addresses the aspect of partially 
dewatering the onshore and offshore fresh water of Nipomo Mesa 
Sub-basin and concludes: 

"A policy decision to use the offshore resource would have potential 
major consequences since that aquifer is apparently not rechargeable, 
and since existing onshore supplies would have to be heavily mined to 
reach the offshore reser:voir. Over the long term, the result would be 
to effectively deplete both water sources. Consequently, the 
possibility of using offshore supplies should be carefully evaluated 
before any decision. It may be most appropriate to consider the 
offshore aquifer as only a long range solution to water supply 
problems." 

r 
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APPENDIX B 

GROUND WATER RECHARGE CREDITS FROM 
BLACK LAKE PROJECT IMPROVEMENTS 

Credit in exchanging weeds and brush for irrigated lands with increased ability to 
percolate rainfall. 

SBCWA Model'" 


With brush and weeds, 17-18" of rainfall required before percolation 

occurs. 

With irrigated lands, 11-12" of rainfall required before percolation occurs. 


In effect, for an average annual precipitation of 14.7 inches, it might be 
anticipated that 3.7 inches, say 0.3 feet of additional percolation from rainfall 
should be realized 0.3 x 45 =14 AFY. 

Impervious Area Runoff-Enhanced Percolation 

Sht. S-4 (1/25/82) 1988 total bldg. floor plans is 20 ac1 
i 

Assume that roof, sidewalk, driveway, patio impervious area 30 ac 
Asssume that newly developed acreage is:

1 

1 
1 525 ac 

-60 ac golf course new 
-80 ac (parks no mig.) 
-122 ac exist, country club 
~ac New 	Development 

1 	 Allow 10% of this in roads 26 ac 

Total assumed impervious acreage =56 ac 

] 	 Avg. rainfall 14.7" 
Evap. imperv surf 6" diff. 8.7" runoff, concentrated area, percolate 

~i.7 (56) =41 	AFY imperv surf credit 

Less evaporation allowance of 15 percent during percolation 41 AFY-6 AFY = 35 AFY 
I " 

Total Credit Due to Development: 	 a) Moist Soil 14 AFY 
b) Impervious Area 35 AFY, 

Total 49 AFY 

'" 	 Appendix C, p. C-3 report on "Adequacy of the Ground Water Basins of Santa 
Barbara County." December 15, 1977. (11" irrig. land 17" native veget.) 
Also, if annual precipe >30 inches, the excess amount is considered ineffec
tive for recharge. 
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Appendix B 

WATER BUDGET MODEL 

A mathematical input-output model was developed by 
the Water Agency staff and was adapted for use in the 
evaluation of the hydrologic equation for each of the 
Santa Barbara County groundwater basins. This model 
allowed the Water Agency staff to verify existing 
estimates of groundwater recharge and discharge as 
well as to develop new data in some instances. The 
water budget model is particularly helpful in assessing 
the impacts of current cultural development on the safe 
yield of a groundwater basin. Once the historical base 
period conditions within a particular basin are reasonably 
well determined, current conditions of water supply, 
disposal, and land use can be superimposed over the base 
period rainfall, giving an estimate of the long-term 
safe yield assuming current cultural development. A 
si.milar approach can also be used to approximate pro
jected groundwater availability. 

Basic data input to the model includes net subsurface 
inflow, precipitation data, gross M&I and agricultural 
pumpage, and imports. These data must be specified 
for each year of the base period and are further modi1 	 fied by several percentage factor inputs which must be 
specified for incremental three-year periods. Included 
in the list of factors are rainfall, stream seepage,] 	 M&I pumpage returns, agricultural pumpage returns, and 
imported water returns. Irrigated and non-irrigated 
acreage within the basin must also be input as part of 
a subroutine which determines rainfall infiltration. 
These factors allow one to adjust the various data over 
the historical period in reponse to changing conditions 
of supply and disposal. Additional flexibility in the use 
of the model exists in the form of multipliers which act 
upon the underflow, rainfall, and stream seepage data 
and can be used to uniformly scale these inputs up or 
down. 

Once the data inputs are complete, the computer calculates 
net supply and disposal for each year of the base period, 
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and accumulates the annual change in storage. This 
enables the elements of recharge and disposal to be cali 
brated against a given change in storage over a particular 
base period. 

The model can also accommodate estimates of recharge 
losses due to the filling of the basin over a series of 
wet years. The program can be set to begin at any level 
below full, thus simulating historic conditions. In 
addition, losses from the basin are simulated in an 
elastic fashion since each basin has a specified "fringe 
area," over ';lhich losses occur. In other words, the 
basin does not simply reach a full state and then begin 
to reject additional recharge. Once groundwater sotrage 
capacity reaches the "fringe area," losses begin slowly 
and they increase prportionally as the basin reaches a 
full state. In the opposite sense, if the basin is 
nearly full in a particular year, and the following year 
is one of little or no recharge, the basin will continue 
to spill although at a decreasing rate. 

Based on the above parameters, the model calculates 
average annual recharge, disposal, weighted average 
return flows from M&I and agricultural pumpage, imported 
water returns, and the safe yield for extractions and 
consumptive use. A sample computer printout is presented 
on the following page. 

J 

1 

J 
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Appendix C 

RAINFALL INFILTRATION MODEL 

The deep percolation of precipitation in the several ground
water basins of Santa Barbara County is one of the more dif 
ficult items of groundwater recharge to quantify. Of the 
total gross seasonal precipitation over an area, the major 
proportion of rainfall is disposed of through surface 
runoff and transpiration. A small quantity of the total 
rainfall may percolate to an underlying aquifer system 
under the proper conditions. The major factors which in
fluence the quantity of deep percolation are: 

1. 	 Soil type and underlying rock type. 
2. 	 Topography (increasing slope increases surface 

runoff) • 
3. 	 Vegetative cover (irrigated vs. non-irrigated). 
4. 	 Field capacity (the amount of water held in the 

soil after the rate of downward movement of water 
has materially decreased) . 

5. 	 Rainfall intensity, duration and chronological 
distribution. 

Several methods of evaluating deep percolation of preci
pitation have been presented in previous hydrologic in
vestigations. Indirect methods can be applied by using 
the residual of all the components of water supply to 
a basin after the requirements of water use and disposal 
have been satisfied. If such quantities are roughly equi
valent to the yearly changes of groundwater in storage, 
such estimates may approximate the amount of deep infil 
tration of precipitation. Such analysis has typically 
been in basins where extensive basic data on precipitation 
variations, stream flow, land use and consumptive use are 
available. 

Perhaps the only available empirical data on deep percola
tion of rainfall in Southern California is that developed 
by H. F. Blaney in Ventura County [1934 (11)]. He con
cluded that in the semi-aria coastal basins of Southern 
California, rainfall reaches the groundwater table only 
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during years of average or above average precipitation. 
This is because a portion of infiltrating rainfall is 
retained within the soil profile against the force of 
gravity, or is intercepted by plants and is returned to 
the atmosphere by evapotranspiration. Thus, the amount 
of water which can percolate below the root zone is con
trolled by the consumptive use of local vegetation, soil 
field capacity, and the chronological distribution of 
rainfall. In areas of deeply rooted native vegetation, 
where a relatively large soil moisture depletion is main
tained, very little water is able to penetrate below the 
root zone. However, more rainfall is available for 
deep percolation on irrigated farmland since the appli 
cation of irrigation water tends to maintain the soil 
moisture at or near field capacity. 

The chronological distribution of rainfall also has a 
significant effect on deep percolation of rainfall. 
Precipitation which occurs in the early part of the 
rainy season will be readily taken up by vegetation 
or used to satisfy soil moisture deficiencies. Subse
quent rainfall will have a much greater chance of percolating 
below the root zone if the field capacity has been satisfied 
by previous storms. Thus, high-intensity storms will 
quickly satisfy the soil field capacity, allowing for a 
greater proportion of rainfall infiltration to the water 
table. However, there must be some threshold level at 
which the soil becomes 100 percent water saturated, and 
therefore, prevents downward percolation of rainfall. In
cremental precipitation above this threshold level would 
be expected to become surface runoff. Similar observations 
in the Carpinteria Basin also indicate an upper limit on 
rainfall which effectively increases the quantity of 
deep percolation (7). 

Since information on storm intensity and duration is 
generally lacking, previous studies have attempted to 
relate rainfall infiltration to vegetative cover. Little 
improvement has been made on the method of estimating 
rainfall infiltration proposed by Blaney (11). The re
sults of this study were graphically summarized in infil 
tration curves relating rainfall to deep percolation on 
irrigated and non-irrigated land. A subsequent study by 
Blaney et a1. in 1963 showed that rainfall infiltration 
in the Lompoc Uplands also occurs only during years of 
average or above average precipitation, essentially con
firming his earlier conclusions in addition to developing 
new empirical data (12). 
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Although many groundwater investigations have cited the 
Blaney study as a basis for calculating rainfall infil 
tration, certain inconsistencies in the figures so derived 
have become apparent. For example, rainfall infiltration 
in the Montecito Basin was determined by the USGS to 
average 1,800 AFY (10). However, a report by Geotech
nical Consultants, Inc., on the Carpinteria Groundwater 
Basin, which has a larger recharge area and substantially 
more irrigated acreage than Montecito, showed the cal
culated base period rainfall infiltration at 1,560 AFY 
(7). Even though annual precipitation is slightly greater 
in the Montecito area, deep percolation of rainfall should 
be greater in the Carpinteria Basin on the basis of size 
of the recharge area and irrigated acreage. 

In order to 	avoid this problem, the Water Agency sought 
to develop a rainfall infiltration model which could be 
uniformly applied to all Santa Barbara County groundwater 
basins. Rainfall infiltration curves used in this report 
were patterned after those developed by Blaney in his 
Ventura County investigation, thus, distinguishing between 
rainfall infiltration on irrigated and non-irrigated land 
(11). These curves were modified to incorporate subsequent 
information gathered in the Lompoc Uplands study [Blaney 
et al. (12)] as well as additional data generated by a 
mathematical model of the Carpinteria Basin in the Geotech 

) 	 report (7). They are shown in Figure C-l and were simpli
fied into a mathematical function which was used as the 
basis for a computerized rainfall infiltration model. 

J'-.
J The assumptions inherent in the model are that no deep 


percolation occurs if rainfall is less than 11 inches 

in irrigated land, or if rainfall is less than 17 inches


1 on areas of native vegetation. Furthermore, it is assumed 

that annual rainfall over 30 inches does not contribute 

any additional deep percolation. Precipitation above this 


1 
 level is expected to contribute only to surface runoff. 


As concerns the delineation of the respective recharge 
and confined areas, certain allowances were made for 

.. 	 limited deep percolation of rainfall over the confined 
area. This allowance was made in light of the often 
discontinuous nature of the clay strata which comprise 
the confined area and the potential for perched water to 
be shed off the edges of the confining layer. In addi
tion, the delineation of a confined area involves the 
assignment of a definite dividing line where in actuality 
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a gradational boundary condition exists. Based on the 
judgment of the Water Agency staff as to the relative 
penneability of the confining layers within a particular 
groundwater basin, a value of the effective area of 
permeability which would transmit deep percolation of 
rainfall within the confined area was made. Such values 
range from 50 percent in the Santa Maria valley to 25 
percent in the South Coast basins. 

1 

J 
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r( 
EDMUND G. BROWN JR., Go...rnorSTATE OF CALIFORNIA-RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 
P. O. Box 6598 
LOS 	ANGELES 

90055 

(213) 620-4107 

JAN 14 t881 

Mr. Charles H. Lawrance 
James M. Montgomery, Consulting Engineers, Inc. 

250 North Madison Avenue 

Pasadena, 	 CA 91101 

Dear Mr. Lawrance: 

This is in response to your letter of December 23, 1981, requesting a 
breakdown of the estimate of subsurface outflow for Nipomo Mesa as given 
in the Southern District's report "Ground Water in the Arroyo Grande 
Area" • 

As Harry Iwanaga explained to you on the telephone, he has r~eevaluated 
the data from the area. Following is a breakdown of the range of outflow 
values: subsurface outflow to Arroyo Grande Plain, 225 to 300 acre-feet; 
outflow to the ocean, 225 to 350 acre-feet; and outflow to Santa Maria 
Valley, 2300 to 2800 acre-feet. This gives a rounded total subsurface 
outflow for Nipomo Mesa of 2800 to .3500 acre-feet. 

I hope this information will be helpful to you. 

• 	 Sincerely,
j 

1 J,jV1k~~
t 	 JaCJk J. Coe hief 

So~hern Dis rict 

B-ll 

Copy of document found at  www.NoNewWipTax.com



APPENDIX C 

WATER USE FACTORS AND PROJECTIONS OF WATER DEMAND 

1. Population Projections 

Z. Irrigated Acreage Projections 

3. Water Use Factors 

4. Historic Ground Water Pumpage 

S. Projected Ground Water Demand 

6. Black Lake Project Water Demand 
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Population Projections 

a. 	 SLOCO LUE, Table B, p. 15 shows populations in 1,000, viz: 

Area 7/79 7/80 7/85 7/90 7/95 	 7/00 

Nipomo 5.296 5.487 6.232 6.881 7.527 	 8.233 
So.Co. Rural 4.070 4.190 4.750 5.240 5.740 	 6.280 

(South 
County) 

SLOCO Total 143.9 148.9 168.2 184.9 201.2 	 219.1 

b. 	 Population Rates (JMM) (in percentage) 

Item 7/79 7/80 7/85 7/90 7/95 	 7/00 


LUE Nipomo .. 

SLOCO Total 3.68 3.69 3.71 3.72 3.74 3.76 

LUE Rural .. 

SLOCO Total 2.83 2.81 2.82 2.83 2.85 2.87 

BLSP .. LUE Nipomo 465/ 1270/ 1270/ 1270/ 


62.3 68.8 75.3 82.3 
=7.5 =18.5 =16.9 =15.4 

The ratios indicate that both Nipomo (area) and Rural (South County) are 
projected by LUE to grow at about the same rate as SLOCO generally. 

c. 	 Population Increases in Nipomo or portion thereof (in 1,000) 

1980-85 1985-90 1990-95 1995-2000 

LUE Nipomo Area 0.745 0.649 0.646 0.706 

BLSP 0.465 0.805 o o 


Total Nos: 

for LUE (Nipomo Area - much bigger than Nipomo Mesa) - 2.746 

(1980-00) 


for BLSP - 1.270 (1980-00) 

The population increase data indicate that the Black Lake Specific Plan (BLSP) 
will apparently involve a somewhat greater growth than anticipated for the 
"Mesa" (W. of US 101) under the Land Use Element (LUE). 

d. 	 Based on projections for Nipomo CSD (E. of US 101) and Callf. Cities W. 
Co. (Mesa) From page C-10, it appears that water production increases 
were: 
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Purveyor 1974-75 to 1975-76 1978-79 to 1979-80 1970-71 to 1979-80 

Cal. 
Cities 
W. 	Co. 375.1-310.Z=64.9 AFY 439.4-388.4=51.0 AFY 439.4-185.5=Z53.9 AFY 

ZO.9% (1 yr) 13.1 % (1 yr) 

Arithmetic, not compounded15.Z%/yr (9 yrs) 

N.C.S.D. 	 448.9-355.4=93.5 544.8-539.8=15.0 554.8-Z50.7 
Z6.3% (1 yr) Z.8% (1 yr) 304.1 (9 yrs) 

Arithmetic not compounded 13.5%/yr 

Note: For 1974-75 to 1979-80 1975 to 1980 

(Water) Cal. Cities W. Co. (439.4-310.Z)/310.Z=0.417.5 years=8.3%/yr 
(Water) N.C.S.D. (554.8-355.4)/355.4=0.5611'5 years=ll.Z%/yr 

DWR's AG-NM Pop'n 

(Sheet C-Z) (30.9-Z9.6)/Z9.6=0.0439t5 years = 0.88%/yr 
(includes Arroyo Grande - Not confined to Nipomo Mesa at all) 

LUE Nipomo Pop'n 1979-80 

(5.487-5.Z96)/5.Z96=3.6%/yr 

From the foregoing, it appears that water production of both NCSD and Cal. 
Cities W. Co. has been rising much faster than implied by LUE popln projections 
and DWR's more general popln. projections (larger area). This probably reflects 
climatic variations to some extent. 

Nipomo CSD has reported water consumption (deliveries, not production) as 
separate figures supplied to SLOCO, along with average service connections for 
each fiscal year, viz: 

FY AFY Cons. Avg. Servo Conn. AFY/S.C.·· 

1968-69 156.16 337 0.464 
1969-70 189.1 361 0.5Z4 
1970-71 Z13.4 384 0.556 
1971-7Z Z46.7 4Z4 0.58Z 
197Z-73 Z58.0 493 0.5Z3 
1973-74 Z73.4 543 0.503 
1974-75 30z..5 603 0.50z. 
1975-76 38Z.0 697 0.548 
1976-77 400.9 780 0.514 
1977-78 439.6 875 0.50Z 
1978-79 459.4 9Z6 0.496 
1979-80 47Z.1 957 0.493 
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* Apparently, NCSD uses a factor of 14.9% of production for unaccounted for 

water. Increase in "customers" in past 11 years in (957-337)/337 = 1.84,. 11 years 

=16.7%/yr (arithmetic) 

620 s.c.1l1 years =56.4 s.c./yr over period. (Note: according to Robert Gregg, 

So. Cal. W. Co., Chief Engr, the Calif. Cities W. Co. (Vista) System in Nipomo 

Mesa are only adding about 10 customers/yr.) 


* *Average AFY/service connection for period 0.5+. This is generally typical 
for a mix of residences and businesses, even with some industry. 

It is of interest to consider the 1980!, consumption for public systems, etc. in 
Nipomo Mesa, viz: 

System Production AFY 	 Equiv. Pop'n 
@ 0.2 AFYc 

Calif Cities 450+ 2,250 
NCSD 570+ 2,850 
Misc. 8o!,lassum e) 400 

Total Equiv. Pop = 5,500 5,487 (LUE, p.15) 

e. 	 It is also noted that SLOCO's LUE states (p. 29) "Therefore, a workable 
resource management policy must be based on the realization that prior to 
an actual critical countywide resource shortage, the question is not 
whether popUlation growth should be accomodated,. but where that growth 
should be guided." The significance of this statement is believed to 
include: 

o 	 It was made within the context of "How Resources and Growth are 
related and the importance of the county's identifying resource 
capacities well in advance and resolving issues of population distribu
tion and location, rather than growth versus no-growth. It is for the 
Resource Management System (RMS) to anticipate which resources 
may face shortages and how the shortages may be overcome. 

o 	 The LUE's Chapter 3 "Information Base" had discussed population 
"holding capacities" (constrained both by LUE policies and resources 
availabilities) as well as water resources availability. The RMS 
discussion (p. 30) notes that "potable, plentiful water resources often 
are not conveniently located for ready distribution to urban areas. If 
the county is to grow beyond the present level, supplemental water 
resources (including new facilities for distribution of existing remote 
sources) will be needed. The LUE had established a certain prelim
inary growth rate for South County (page C-l, also LUE, p.15) and it 
may be inferred that the growth within Nipomo Mesa could as well 
involve areas West of the U.S. 101 freeway as East of the freeway. 

o 	 Much of the town of Nipomo (East of the freeway) represents an 
established urban center (although its growth is understood to be 
somewhat constrained due both, to water concerns, and to individual 
sewage disposal system difficulties and lack of public sewerage 
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facilities.) NCSD, the public district which largely serves the town 
of Nipomo, is currently appropriating most of its water supply from 
unconsolidated, water-bearing deposits West of the freeway• 

o 	 California Cities Water Company draws its water supply from 
Nipomo Mesa Ground Water Sub-basin and serves water to customers 
located overlying the unconsolidated deposits West of the freeway. 
This area is also considered by some as being part of "Nipomo". 

o 	 Depending upon future developments, the urban areas west of the 
freeway might exercise increasing overlying rights to the local sub
basin water, but this is too complex to be projected. 

C-1. Irrigated Acreage Projections 

The only available data on acreage are from DWR and SLOCO Engineering 
Department. The information used to determine the DWR estimates below were 
reviewed by JMM and resulted in significantly higher acreage estimates. The 
historic and projected acreage figures are estimated as follows: 

DWR District Reporta 

June 1979 JMM Approximationb 

Irrigated Agriculture Semi Ag. Other Irrig. Total 
Year Acres Acres Acres Acres 

1971. 150 836 986 
1977 800 150 1104 11.54 
1980 11.00 
1981 150 11.1.5 1375 
1990 1600 
1.000 	 1900 

a 	 Irrig. acres if from Table 4, p. 10. Irrig. demand is from Table 5, p. 10. 
Applied irrigation is from Table 11, p. 48. 

b JMM values shown should be rounded off; they are shown prior to rounding 
merely for bookkeeping purposes. The 1977 acreages were approximated 
from the DWR Central Coastal Land Use Survey 1977-78 maps for Nipomo, 
Calif. and Oceano, Calif. for which the photo interpretation was made and 
field checked in 1977. Acreages for 1971. and 1981 were approximated as a 
function of change from the 1977 conditions, based upon discussions with the 
San Luis Obispo County Farm Advisors, especially Mr. Jack Foott. 

The SLOCO Land Use Element has designated 1400 acres for agricultural reserve 
purposes for the year 1.000. The agricultural reserve will be likely be under 
irrigation. The rural area may also in part have some acreage in irrigation. The 
rural acreage in irrigation for current and future conditions is not designated in 
the L.U.E. JMM has therefore projected that roughly 5 percent or roughly 400 
acres of rural and rural residential zoning will be under irrigation for year 1.000. 
The semi-agriculture (golf course and cemetery irrigation) should be 
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roughly 200 acres based on the development of the proposed Black Lake Project. 
Based on these estimates, the total irrigated acreage for year 2000 would be 
about 2000 acres. 

C-3 Water Use Factors 

a. Land Use Zoning 

Review of the map "South County-Land Use Categories" (including "Errata"). 
shows the following approximate breakdown of acreages (JMM): 

Category Acres 

Agriculture 1,400 
Rural Lands 3,900 
Recreation 3,900 
Residential Rural 4,700 
Residential Suburban 
Residential Single Family 
Residential Multiple Family 
Office &: Professional 
Commercial Retail 
Commercial Service 
Industrial 1,800 
Public Facilities 
Open Space 
Urban Reserve (Area) 3,100 (Nothing East of U.S. 101) 
Village Reserve (Area) 900 

Subtotal 19,700 
Allowance for Roads 1,400 

Total 2,1,100 

Corresponds to DWR1s area for Nipomo Mesa Sub-basin. 

• Amendments adopted by SLOCO Board of Supervisors 4/27/81 

The existing Land Use Zones may be grouped according to general water use as 
irrigated acreage, population intensive, and other. The Black Lake Project water 
uses have been estimated previously and the value of the water use factors used 
in these estimates are evaluated. 

Irrigated Acreage Population Intensive 

Agriculture Urban Reserve 
Rural Village Reserve 

Recreation Recreation 
Residential Rural Residential Rural 

Rural 
Agriculture 

Other 

Industrial 
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b. Water Use Factors for Irrigated Acreage 

The unit applied factor for irrigated acreage is based on the crop and coastal 
climatic and sandy soil conditions. This information was obtained from the 
DWR's Mr. David Inouye. 

Unit Applied Water, 
Irrigation of: ft/p or AFY/ ac 

Semi-agriculture 3.6 
Pasture 3.6 
Lemons/Oranges 2..2. 
Misc. Semi-tropical 

(probably including kiwis) 2..2. 
Avocado 2..2. 
Field Crops (varies) 1.0-2..3 
Truck (varies) 2..0-2..7 

The semi-agriculture unit applied water is for recreation irrigation. The truck 
crop unit applied water of 2..7 AFYlac is used for agricultural zoning. The rural 
and residential rural categories are estimated to have an unit applied water 
factor of 2..2. AFY. 

c. Water Use Factors for Population Intensive Zoning 

The urban reserve category is the most population intensive with the remaining 
categories village reserve, residential rural, recreation, rural, and agricultural 
reserve in order of decreasing intensity. The per capita water use in various 
areas and per capita water use trends as determined by the DWR and local water 
purveyors are described below: 

(1) 	 DWR Southern District Report "Southern District Urban Per Capita Water 
Use Study, 1971-77," November 1978 cites a few urban per capita values 
noted for this period, viz: 

San Luis Obispo 165 gpcd (0.185 AFYc) 
Arroyo Grande 143 gpcd (0.161 AFYc) 
Santa Maria 195 gpcd (0.2.19 AFYc) 

(2.) 	 DWR Southern District Report "Southern District Urban Per Capita Water 
Use Study, 1960-1970," May 1972. cites: 

San Luis Obispo 166 gpcd (0.187 AFYc) 
Arroyo Grande 143 gpcd (0.161 AFYc) 
Santa Maria 182. gpcd (0.2.04 AFYc) 
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(3) 	 DWR Southern District Report "Ground Water in the Arroyo Grande Area, n 

June 1979 cites: 

Item 	 1970 1980 1990 ZOOO 

Nipomo Pop. (Table Z, p.5) 3,64Z 4,930 6,060 7,180 

Nipomo Domestic & Urban Water 


Demand, AF (Table 3, p. 9) 550 750 9Z0 1,090 

Nipomo per capita use AFYc 


(JMM calculation) 0.150 0.15Z 0.15Z 0.15Z 


No future effects of urban water conservation were assumed by DWR. 

(4) 	 DWR "Water Action Plan for the San Luis Obispo-Santa Barbara Counties 
Area, May 1981 cites: 

o 	 The intensive DWR retrofit ~ampaign in Santa Barbara County in the 
Spring of 1980 involved some llZ,OOO households and is indicated to 
have saved over 800 AFY. (p. 15). This would correspond to about 
0.07Z AFYjhousehold or perhaps 1.5 to 1.6% of current (JMM calcula
tion). 

o 	 The anticipated reduction in urban water demands (pp. 15-18) is: 

San Luis Obispo Santa Barbara 
County County 

Item 1980 1990 ZOOO 1980 1990 ZOOO 

Projected percent below 

unmodified urban demand 


With current supply 1.7 10 17 1.8 8 15 

With supplemental supply 1.7 10 17 1.8 9 17 


o 	 "The statewide goal for reducing per capita demand by ZOOO is 15 
percent below that expected without conservation and is predicted 
upon the implementation of reasonable and practical measures." (p. 
15) 

o 	 "Additional potential reduction in demand can be achieved through 
voluntary efforts. The voluntary efforts include retrofit of existing 
toilets and showers, pressure reduction, and leak repair. Exterior 
uses account for more than 40 percent of residential demand so there 
are potential savings from more efficient watering of existing 
landscaping and more use of low water-using plants in new land
scaping. Recycling and other actions in the industrial sector will also 
reduce demand." (p. 15) 

o 	 DWR used a declining unit urban use water demand in their projec
tions as indicated in the following data: 
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Item 1975 	 1980 1990 2000 
(in thousands) 

Total Applied Demand, AF 
Arroyo Grande - Nipomo Mesa 	 18.2 19.0 20.3 21.5 
Santa Maria Valley (SLOCO) 	 32.3 44.1 44.9 45.8 
Subtotal 	 50.5 63.1 65.2 67.3 

Agricultural Applied Water Demand 
Arroyo Grande - Nipomo Mesa 12.9 13.5 14.4 15.0 
Santa Maria Valley (SLOCO) 31.3 43.1 43.9 44.7 
Subtotal (from p. 23) 44.2 56.6 58.3 59.7 

Difference Equals Applied Urban Demand 6.3 6.5 6.9 7.6 

Projected Population 
Arroyo Grande - Nipomo Mesa 29.6 30.9 36.7 43.7 
Santa Maria Valley (SLOCO) 6.5 6.8 7.2 8.3 
Subtotal (from p. 14) 36.1 37.7 43.9 52.0 

Urban Water Use AFYc (JMM) 0.175 0.172 0.157 0.146 
Urban Water Use gpcd (JMM) 156 153 140 130 

The area embraced by the preceeding tabulation is somewhat larger than that 
considered by the DWR 6/79 Ground Water Report for the Arroyo Grande Area. 
The urban population was not considered to be affected by the presence or 
absence of future supplemental supply. Increase in total applied water demand 
accompanying future supplemental supply was due solely to increased agricul
tural irrigation. . 

d. 	 Industrial 

The primary water user for industrial purposes is the Oso Flaco Refinery which 
was not willing to provide any information on extractions from their wells. The 
water however, is totally consumed through evaporation or ocean outfall. There 
is also a minor amount of other industrial users which extract relatively small 
amounts of ground water. An estimate of 650 AFY was made by DWR (1979). 
This is projected to increase at the same rate as the population while no change 
in industrial water use is anticipated. 

e. 	 Black Lake Project Water Use Factors 

(1) 	 Ervin Engineering "Black Lake Golf Course Development, Nipomo Mesa, 
Preliminary Report on Sewage Treatment Facilities," June, 1981 

o 	 p. 1: 600 DUts @ avg. occupancy of 2.5 and 1000 gpcd (wastewater) 
50-room .botel, avg. occupancy of Z. persons and 50 gpcd (wastewater) 

(2) 	 Perliter & Ingalsbe, Cons. Engrs. letter of 12/3/80 to Mr. Don Engen 

o 	 500 single-family houses have avg. potable water consumption of 
350,000 gpd (p. 1) 

o 	 Country club and commercial - 70,000 gpd avg. (p.l) potable water 
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o 	 100 unit motel - 30,000 gpd avg. (p. 1) potable water 
o 	 27-hole golf course - 500,000 gpd avg. (p. 1) irrigation 

Unit use for single-family dwellings: 
350,000 gpd = 390 AFY 0.78 AFY/DU 
If 3 pers/capita 

2.5 
3.5 
4.0 

0.26 
0.31 
0.2,2. 
0.2,0 

AFYc (unusually high) 
AFYc (unusually high) 
AFYc (unusually high) 
AFYc (more typical) 

(JMM) 
(JMM) 
(JMM) 
(JMM) 

Unit use for Country Club & Commercial 

Unit Use for 100-unit motel 
30,000 gpd 2.00 pers/day avg. occup.? 150 gpcd (High?) (JMM) 

Unit use for 27-hole golf course 
560,000 gpd irrig. 62,6 AFY 
Assuming 160 acres, 62.6/160 = 3.9 ft/yr (seems OK, JMM) 

(3) 	 John F. Mann, Jr. "Water Feasibility Report, Black Lake Country Club," 
July 5, 1976. 

pp. 7-8 	 Add 18 hole golf course 101.5 ac 
Add parks 9.0 ac 
Add green acres 70.6 ac 
Subtotal irrig. 181.1 ac 

Consumptive use of grass 3.33 ft/yr (p. 8-9) 603 AFY 

Domestic: (p. 7) 
375 dwelling units 1,144 pers 3/DU (JMM) 

'I 100 gpcd (p. 8) =0.114 mgd 12,8 AFY (generous, JMM) 
I 

J 

, 
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4. Historic Ground Water Pumpage 

a. M&I EXTRACTIONS, AFY 

SLOCO Engr'g. DeEt. Dataa DWR Dist. ReEort June 1919b TouEsc Tentative~ 
Cal. Cities Nipomo Unorganized Domestic Urban Industrial Ind'l. Total M&I 

Year W. Co. C.S.D. NiE' Mesa & Urban SUEEly Cooling Wtr. Cool. JMM 

1960-61 5.5 62.4 600? 
1961-62 50.5 51.3 
1962-63 68.0 65.3 
1963-64 94.0 69.9 
1964-65 131.1 
1965-66 151.9 
1966-61 156.6 59.4 1,000:!: 
1961-68 171.2 113.0 »

'01968-69 113.5 183.5 '00 (0, 1969-10 182.9 222.2 550 I:'..... P.....o 1910-11 185.5 250.1 
:>4 

1971-1Z 239.6 289.9 0 
1912-13 235.1 303.1 1,000 1,550? 
1913-14 280.9 321.3 
1914-15 310.2 355.4 
1915-16 315.1 448.9 1,000 . 
1916-11 352.0 471.1 300 650 
1911-18 382.1 516.6 
1918-19 388.4 539.8 
1919-80 439.4 554.8 150 2,000 ~ 

aObtained on July 21, 1981 by JMM from SLOCO Engineering Department files. 

bDomestic and urban is from Table 3, p. 9 (for calendar years). Urban supply and industrial cooling water are 
from Table 11, p. 48, understood to be based on 1911 land use conditions. 

cToups Corporation report (1916) cites Union Oil Company's 050 Flaco Refinery as using 1,000 AFY. 

~SGS Water-Resources Investigations 16-128 notes (p. 10) that the Union Oil Co. refinery was built in 1955, and 
disposal has always been by outfall. Water production during the 1960-80 period indicated is based upon 
approximations with available data. 
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b. 	 Estimates of Agricultural Extractions, AFY 

For Nipomo Mesa 


DWR Dist. Report June 1979a JMM Appr()xi!lla.tioll (before rounding)b 

Irrigated Irrigation Applied Semi-Agricult. Other Irrig. Total Irrigation 


Year Ag.Acres Dem., AFY hr. AFY Acres AFY Acres AFY Acres AFY 


1960 
1965 
1970 
197Z 150 540 836 2.,167 986 2.,707 
1977 800 Z,OOO 2.,000 150 540 1,104 2.,970 1,2.54 3,510 
1980 I,ZOO Z,800 
1981 150 540 I,Z2.5 3,374 1,375 3,914 
1990 1,600 3,400 
ZOOO 1,900 4,100 :g> 

o 	 (lI
I f;j.... p..... ahrigated acres are from Table 4, p. 10. Irrigated demand is from Table 5, p. 10. Applied irrigation is from Table .... 

11, p. 48. >II 
() 

bJMM values should be rounded off; they are shown prior to rounding merely for bookkeeping purposes. The 1977 
acreages were approximated from the DWR Central Coastal Land Use Survey 1977-78 maps for Nipomo, Cali 
fornia and Oceano, California, for which the photo interpretation was made in 9/77 and the field check also in 
1977. Acreages for 197Z and 1981 were approximated as a function of change from the 1977 conditions, based 
upon discussions with the San Luis County Farm Advisors, especially Mr. Jack Foott. 
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c. 	 Combined M&I plus Irrigation Extractions for Nipomo Mesa. Values are by 
JMM in AFY and are approximated. 

Year Total Extractions, AFY 
1955 2.00 
1960 1,600 
1965 2.,500 
1970 3,500 
1975 	 4,600 
1980 	 5,700 

d.. 	 Total extractions since Nipomo Mesa initial development, AF, approx. 
(J. F. Mann, Jr. indicates 1952.-55 pumpage = 2.00 AFY 

1950-55 1,000 AF 
1955-60 5,000 
1960-65 10,000 
1965-70 15,000 
1970-75 2.0,000 
1975-80 2.6,000 
1981 5,000 

Total from the first development 82.,000 
82.,000/2.8.:!:. yr =2.,900 AFY avg. 

C-5 Ground Water Demand Projections 

The three water use categories usea in projecting water demand are irrigated 
acreage, population, and other. The DWR, SLOCO Engineering Department, 
SLOCO Planning Department, and local water purveyors have estimated pro
jected growth in these categories to varying degrees. The water demand for the 
Black Lake Project is estimated using the various water use factors previously 
described.. The water demands are projected for the year 2.000. 

(a) 	 Year 2.000 

, 
(1) DWR's year 2.000 projection (w/o supplemental water) was: 

Irrigation 4,100 AFY Nipomo Mesa (p. 10) 

Domestic/Urban 1,350 Nipomo (p. 9) 

Ind'l Cooling 650 Assumed by JMM, after p. 48 

Total 6,100 AFY 


The population projection was 7,180 for Nipomo (DWR, p. 5) 
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(2) Year 2000 Water Use (JMM Estimate) 

Water Use 
Population Factor 

Rural (0.20)(6280) (132 gpcd) 

(Rural, Res., Rural, Rec. 

Village, Agriculture) 

Nipomo (Community)(8233) (132 gpcd) 


Irrigated Acreage 


Agriculture 1400 acres (2.7 ft/p) 

Semi-Agriculture 195 acres(3.6 ft/p) 

Rural, 5% = 195 acre3 (2.2 ft/p) 

Res. Rural, 5% =235 acres (2.2 ft/p) 


Total Irrigated Acreage Water Use 

Year 2000 Water Use (Ag. & Dom.) (Rounded) 


Industrial 


(650) (l.5 growth rate) (Rounded) 
Total: Domestic, Irrigated Ag., Industrial 

Less Return Flow 

Domestic 30% 

Applied Water 20% Return Flow 


Total Return Flow 

6. Black Lake Project Water DemandJ 
a. Consumptive Use Aspects

) 

186 AFY 

1217 AFY 
1403 AFY 

3780 AFY 
700 AFY 
430 AFY 
520 AFY 

5430 AFY 
6830 AFY 

980 AFY 
7,810 AFY 

421 AFY 
1086 AFY 

1507 AFY 

] 
(1) All wastewater will be recovered and used for golf course irrigation. 

Due to the greater demand for irr. water than can be supplied by the 
effluent, the storage requirements for effluent (daily regulatory and 
wet weather) will be quite minimal and should involve only negligible 
evaporation losses. In effect, the effluent will be base load and wells 
peaking supply, primarily on a seasonal basis. 

At year 5 (1988), projected population is 1,318 residents 
Tentatively assume inside water is 85 gpcd 
Residential wastewater flow is 112,000+ gpd 
Allow also for 200 seat restaurant 
Assume avg. 2400 meals/day 
Assume 4 gal/meal 
Restaurant wastewater flow is 9,000 gpd 
Incidental visitors to golf course(s) 
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Allow 300 persons @ 5 gpcd or 1,500 gpd 
Other - 1500 gpd 
Total Wastewater Flow 124,000 gpd by 1988 

(2.) 	 Outside water use in residential areas and commercial areas (other 
than the public golf course) will be limited in order to minimize 
losses. 

(a) 	 For incidental uses, e.g. car-washing, allow 5 gpcd 
(b) 	 For irrigation (landscape), possibilities are: 

1. 	 Traditional lawns and shrubs 
2.. 	 Minimal water use per Sunset Magazine October 1976 

issue, "Good looking - unthirsty," pp. 78-85; "Instead of a 
big, thirsty lawn," pp. 86-87 

(3) 	 For existing golf course, 12.0 ac x 3.33'/yr =400 AFY (existing) 
(4) 	 For new 9-hole course, 45 ac x 3.33'/yr = 150 AFY 

(Designers will be "challenged" to minimize the cons. use req'ts.) 
(5) 	 Grading - drainage design of the development should deliberately 

concentrate the urban runoff strategically in favorable percolation 
areas, thereby actually increasing the deep penetration of rainfall 
and other natural recharge modestly. 

(6) 	 Evaluation of landscape irrigation: 

o 	 Traditional lawns and shrubs - Assum e 3'/yr 
o 	 Sunset Magazine type vegetation - Assume 0.3'/yr 
o 	 Assume areas for lawns/shrubs or Sunset Mag. type are about 2. 

x floor plan for each D.U. 

(7) If 1988 total bldg. floor plan is 2.0 ac, then @ 2. x floor plan1 landscaped area (over and above golf course) is - 40 acres. 

If we use traditional irrigation, cons. use might be:] 
40 ac. x 3+ ft/yr = 12.2. AFY 

If we use Sunset Magazine vegetation, absolute minimum water use1 might be: 

40 ac. x 0.3 ft/yr =12. AFY 

If the vegetation planted replaces native vegetation, there might be 
• some tradeoff• 
t 	

If well watered vegetation is installed, there could be enhancement 
of deep penetration by rainfall naturally. 

(8) 	 Net increase in consumptive use of native water due to 1988 level 
Black Lake Project is approximately: 
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o 	 New 9-hole golf course - ISO AFY 

o 	 New landscape irrigation elsewhere - 67 AFY (Say midway 
between extremes) 

o 	 Miscellaneous outside use - 7 AFY 

o Inside use (wastewater) - None 

Total Increase (under assumptions made) - ZZ4 AFY 

b. 	 Note: An additional Z4 AFY will be required pumpage for the proposed 
project for leaching of soil salts underlying the golf course. 

] 


J 


] 
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APPENDIX D 

GROUND WATER QUALITY ASPECTS 

This appendix presents certain supporting information pertaining to the water 
quality aspects of the ground water in Nipomo Mesa Sub-Basin relevant to the 
proposed Black Lake Project. 

CURRENT WATER QUALITY 

Ground water sampling has been conducted in the past primarily by the State of 
California, Department of Water Resources (DWR) and to a more limited extent, 
by the State of California, Department of Health. The latter's work has been 
confined to public water supply water wells in systems having ZOO or more 
service connections. The San Luis Obispo County Health Department samples 
public water wells, from time to time, in systems with fewer than ZOO service 
connections. There are occasional samples taken for private farm or other wells 
as well. Analyses are conducted by State certified laboratories, and most of the 
results have been compiled by DWR. A general updating and compilation of 
results were conducted by JMM in order to obtain an historic and current 
perspective of water quality relevant to the proposed Black Lake Project. 

Table D-l presents an array of representative ground water quality constituents 
in Nipomo Mesa and vicinity. Data are derived from a November 1973 DWR 
compilation, but the water quality objectives for the Central Coastal Regional 
Water Quality Control Board are taken from that Board's Water Quality Control 
{Basin} Plan. It can be seen that Nipomo Mesa's ground water quality is generally 
superior to that of neighboring (lower) Santa Maria Valley to the south and 
bordering Arroyo Grande Sub-Basin to the north. JMM believes that this 
phenomenon is attributable partially to the nature of the sand dunes formations 
found through much of the Mesa, with their somewhat limited salt leaching 
potential, as well as the fact that the land development on the Mesa is relatively 
new, so there has been only limited recycling of water via domestic and 
irrigation use. 

Table D-Z lists the mineral quality of ground water in wells near the proposed 
Black Lake Project in Nipomo Mesa, together with dates of sampling. Of those 
listed, the Bevington Well (llN35WI0Jl) of Nipomo Community Services District 
(NCSD) and the Omya Well (llN35WllJZ) of NCSD are among the closest to the 
Black Lake Project in addition to Wells llN35WI0M and llN35WllC. The water 
quality cited easily conforms to the objectives of the RWQCB. 

There is some variation in the mineral content of the well water cited. In 
discussing water quality for a well believed by JMM to be Well llN35WllGl 
(results not included in the compilation), Dr. John F. Mann, Jr. notes that the 
Total Dissolved Solids (TDS) of 4Z0 mgtl indicated that this well was drawing 
from deeper levels in the Pasa Robles formation where the recharge path was 
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TABLE 0-1 


REPRESENTATIVE GROUND WATER QUALITY CONSTIrUENTS 

IN NIPOMO MESA AND VIClNITYa 


Nipomo Mesa Santa Maria Valley Arroyo Grande 

Quality Typicalb RWQCBc Typicalb RWQCBc Typicalb RWQCBC 
Parameter Units Wells Objectives Wells Objectives WeUs Objectives 

10. C2. tz.. AO 10.Cl 

pH Units 7.4 7.8 7.6 

EC umhos/cm 544 1338 1107 

Ca mg/l 41 133 99 

Mg mg/l 18 63 53 


t; Na mg/l 48 50 88 100 66 50 

I 


N K mg/l 2. 5 3 

C03 mg/l 0.2. 1.1 0.9 


HC03 mg/l 115 2.46 2.84 

S04 mg/l 95 2.00 437 500 2.00 2.00 

Cl mgt} 57 100 76 80 89 100 


N03 mgt} 10.2. 45 18.8 45 49.8 45 

F mgt} 0.2. 0.5 0.3 

B mgt} 0.08 0.2. 0.2.1 0.2. 0.11 0.2. 


Si02. mgt} 

TDS mg/l 373 800 1036 1000 781 800 

TH mg/l 180 585 463 


a Quality data are from Department of Water Resources, Southern District Report "Summary of Groundwater 
Quality in the South Central Coast Drainage Province," November 1973. 

b Designation by DWR of typical wells is hydro unit/subunit/subarea. 
c Central Coastal Regional Water Quality Control Board ground water objectives for Arroyo Grande also includes 

Nipomo Mesa, for Santa Maria Valley refers to Coastal Santa Maria Valley. RWQCB objectives for N03 
(nitrate) are actually stated for nitrogen alone but have been converted to N03 by JMM for this tabulation. 

~ 
'0 
(1) 

~ 
~.... 
>I 

t:1 
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TABLE D-Z 


MINERAL QUALITY OF GROUND WATER IN WELLS NEAR BLACK LAKE PROJECTa 

Wells are in TUN, R35W, sn B&M 

Quality 
Parameter Units 

9P 
(l0/Z6(11) 

9G 
(l0/11/65) 

9ltS 
(4/IZ/19) 

10M 
(6/18/64) 

10JI 
(l0/U(11) 

lOR 
(11/8(14 , 

IOltZ 
(11/8/14) 

IIC 
(tO/Z 1(11, 

11J 
(l0/IZ/13) 

11JI 
(11/5/19, 

lIJZ 
(116/18) 

tI 
.1 

EC 
TIJS 
Alk 
Til 
Ca 
Mg 
Na 
K 

HC03 
S04 
CI 

N03 
F 
B 

SIOl 
pH 

umhos/em 
mgll 
mgll 
mgll 
mgll 
mg/! 
mgll 
mg/! 
mg/! 
mll/i 
mg/l 
mgll 
mgll 
mgll 
mg/! 
unll!! 

Z90 
111 
18 
54 
11 
6.4 

35 
l. I 

46 
II 
50 
12.0 
0.0 
0.00 

7.2 

6Z6 
381 

Z04 
42 
Z4 
45 

Z 
139 
107 

56 
4.0 
O.Z 
0.00 

7.8 

610 

390 
86 
Z6 
43 
l.8 

125 
Z65 
39 

9 
0.2 

8.0 

Z80 
180 

39 
9 
4 

36 
Z 

52 
2 

51 
6.5 
0.1 
0.00 

7.3 

ZH 
188 

39 
II 
l.8 

30 
1.2 

37 
3.7 

49 
9.3 
0.2 
0.00 

6.5 

lJZ 
153 

ZZ 
4.8 
Z.6 

JZ 
Z.O 

2l 
5.8 

45 
8.8 
0.3 
0.00 

7.Z 

350 
ZJZ 

78 
15 
9.7 

34 
2.0 

51 
36 
46 
17.0 
0.3 
0.00 

7.5 

850 
4M 

Z57 
57 
l8 
74 
2.4 

Zl8 
n 

108 
3.0 
O.Z 
0.03 

8.3 

ZH 
188 

39 
II 
Z.8 

30 
I.Z 

37 
37 
49 

9.3 
0.2 
0.00 

6.5 

ZH 
174 

4Z 
10 
4.0 

31 
1.3 

37 
6.0 

48 
6.6 
0.4 
0.0 

7.3 

490 

lAO 
56 
33 
83 
3.3 

150 
III 
98 
13 
0.3 

8.3 

~ 
"0 
rIl 
t:l 
P..... 
>< 
t:J 

a Data obtained are primarily from varlou!! reports by Southern District, State of California, Department of Water Resources, 1'}69-79. 
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longer and the water somewhat more mineralized than that drawn from most 
wells in the vicinity (whose TDS is usually less than 200 mg/l). Dr. Mann's 
discussion was contained in his July 5, 1976 report "Water Feasibility Report, 
Black Lake Country Club." 

PROBABLE QUALITY OF BLACK LAKE PROJECT GROUND WATER 

Based upon the foregoing and the apparent concern that the Black Lake Project 
emphasize use of low TDS supply water (RWQCB concern, p. 9 of JMM Progress 
Report of 9/19/81), the typical supply water for the Black Lake Project is 
assumed to have the following range of quality in mgll: 

Constituent Avg Range 

TDS 300 180 - 420 
TH 125 80 - 250 
Ca 25 15 - 50 
Mg 15 10 - 30 
Na 40 30 - 80 
K 2 1 - 3 


HC03 90 50 - 150 

S04 60 40 - 100 

CI 50 50 - 80 

N03 10 8 - 15 

It would, of course, be hoped that a combination of good yield and favorable 
supply source might provide quality on the lower end of the range assumed\ above. 

EFFECTS OF DOMESTIC USE UPON WATER QUALITY 

The use of domestic water for normal purposes (washing, bathing, toilet flushing, 
food preparation, etc.) has the obvious effects of contributing various organic 
pollutants and microorganisms to the water together with certain mineral salts. 
The resulting sewage is normally treated at municipal treatment plants having at 
least secondary level treatment, including disinfection. This removes the great 
bulk of the organic pollutants and microorganisms and usually renders the 
effluent suitable for certain reuse, such as for golf course irrigation. The 
following discussion confines itself to mineral quality aspects of wastewater 
treatment plant effluent, most particularly TDS, nitrogen,and phosphorus. 
These are quality constituents that increase with each successive use of the 
water and are not normally reduced by the wastewater treatment plant. 

I MINERAL SALTS PICKUP BY MUNICIPAL WATER USE l 

l 
In this context, municipal water use includes normal domestic, commercial, and 
public (but not industrial) uses of water. Various studies have been made in the 
past as to the amount of mineral pickup to be anticipated as a municipal water 
supply is converted to municipal wastewater. A commonly discussed value as 
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regards TDS pickup is about 300 mgll but this makes certain assumptions as to 
the use or nonuse of ion exchange water softeners, per capita 'water consump
tion, industrial contributions, and the like. Table D-3 illustrates these matters 
by comparing the potable supply and wastewater effluent quality for four 
communities in the South Coast of Santa Barbara County, summarized recently 
by a consultant report. It should be noted that the Santa Barbara and 
Carpinteria areas both have industrial water use. All four areas have at least 
some commercial and public use, and probably all areas also have at least some 
home water softening with locally regenerated units. Also, there is some 
likelihood of salt ground water infiltration into the Santa Barbara system. 

Table D-4 displays the apparent mineral pickup in municipal water use, potable 
to secondary effluent, as inferred from Table D-3 for the South Coast com
munities and as listed for general conditions by two authorities. It is implied 
that the lower values shown for the four South Coast of Santa Barbara County 
communities are probably at about the upper limit of the national average. 
Although some water mineralization (from discharge of bodily wastes and 
cleaning residues) is inevitable in any conversion of potable water supply to 
sewage, the less mineralized supply waters tend to experience somewhat less 
mineralization than the more mineralized ones. This is apparently a condition 
largely related to the reduced need for local softening, usually cation exchange 
softeners regenerated by salt. 

Assuming an intermediate value for the future water supply for the Black Lake 
Project as previously listed, and in consideration of the intention of both the 
developer and RWQCB to prohibit the use of locally-regenerated water softeners 
in the Project, a projection of mineral pickup of as low as ZOO mgll TDS and up 
to a maximum of about Z60 mgll TDS is made for the Project's wastewater. This 
includes allowance for a per capita wastewater flow averaging about 85 gallons 
per day. 

Similarly, projections are made for sodium and chloride pickup of approximately 
55 and 50 mgll, respectively for the Black Lake Project wastewater. These are 
somewhat less than the "normal" values, the consideration being the prohibition 
of on-site softener regeneration. Elimination of on-site softening of itself, aside 
from on-site regeneration, could aid in minimizing the mineral pickup. This is 
because in conventional home or commercial softening, two sodium ions (molecu
lar weight 46) are exchanged for a single calcium ion (atomic weight 40) or a 
single magnesium ion (atomic weight Z4.3). 

FERm.JZER ASPECTS OF TREATMENT PLANT EFFLUENT 

Two of the minerals registering accretions in potable water use in municipal 
systems have potential fertilizer values: nitrogen (N) and phosphorus (P). 
Nitrogen pickup is primarily from organic wastes and is not necessarily related 
to the mineral content of the tapwater. The same is true of phosphorus pickup. 
Rather, these are primarily the results of per capita contributions. For example, 
in the Los Angeles River Basin (4B) Water Quality Control Plan, prepared for the 
State Water resources Control Board and adopted by the Regional Water Quality 
Control Board, the wastewater nitrogen and phosphorus were: 
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TABLE D-J 


COMPARISON OF POTABLE SUPPLY AND WASTEWATER EFFLUENT QUALITYa 


Qualit, Santa Barbarab Montecito Summl'!tiand Carpinteria 
Parameter Units Potable Effluent Potable Effluent Potable EUluent Potable Errlnent 

EC umhos/cm 0.9 I. 73 1.0 I. 39 0.9 1.69 1.0 1.60 
TDS mg/l 578 1,370 6Z0 1,061 564 1,318 680 I, I ZO 
Alkalinity mgll Z31 ZU) l?l 339 
Total liard. mcll 3?6 471 37() 365 375 561 383 438 
Ca mgll 90 Il4 93 8Z 78 I<I Z 87 I I I 
Mg mgll 43 39 40 Jj 44 5Z 39 JJ ~ Na mgll 53 U8 6l 158 49 16Z 6Z 157 't:I 

t1 NII3-N mg/l O.l Z 13 IS (1) 

::t
&- N03-N mgll «I 7 «I 5 «I 3 0.97 3 	 p......

CI mgll 19 331 76 l45 16 190 58 255 >l 
S04 mg/l 1.97 2HZ 1.36 In 301. 558 III 2<13 t1
Total P04 mgll (I 15.3 (I 18.4 (I 18.4 (I Z1.5 
B 	 mgll 0.28 0.5 0.1.7 0.7 0.3 0.6 0.1.9 0.6 
8005 mg/l 15 17 	 31 ZI 
Total S5 mgll 18 7 	 44 IS 
pH value pU 7.4 7.0 7.5 7.4 7.l 7.6 7.5 7.8 
SAR Units SAR 1.0 4.6 1.3 3.7 I . I Z.9 1.4 3.4 
K mgll 3 3 	 3 3 

• nc03 mgll 	 178 146 ll6 
\' . 

I F mgll (I (I 	 (I <I 

a 	The potable analytic data are from Table 3-4 and the effluent (treated wastewater) are from Table 4-3 of the Santa Sa'rbara 
negional Water Iteclamatlon Study FacUlties Plan, (CH1.MIIIII, December 1980., 

b 	In the past, there has been some evidence of salt groundwater Infiltration In the Santa Barbara system, tending to increase the 
sodium (Na), chloride (CII, and Total Dissolved Solids (TDS). 
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TABLED-4 

APPARENT MINERAL PICKUP IN MUNICIPAL WATER USE 

POTABLE TO SECONDARY EFFLUENT 

Quality 
Parameter Units Santa Barbara Montecito Summerland Carpinteria Ref (1) Ref (Z) 

TDS mg/l 79Z 644 754 440 3Z0 150-400 
Alk (CaC03) mg/l 80 171 154 85 100-150 
TR mg/l 75 (11) 186 55 70 
Ca mg/l 34 (11) 64 Z4 15 15-40 
Mg mg/l (4) (7) 8 (6) 7 15-40 
Na mg/l 175 96 113 95 70 40-70 
NR3-N mg/l O.Z Z 13 15 16 
N03-N mg/l 7- 5- 3- Z Z 5-9 "0>
CI mg/l 31Z 167 In 197 75 ZO-50 "0 

(IIt:I 
t:f~ S04 mg/1 (15) 	 (44) Z56 Z2 30 15-30 p.......

Total P04 mg/l 15t 18-+ 18t ZI-+ 8 20-40 x 
B mg/l O.Z 0.4 0.3 0.3 0.1-0.4 t:I 

I
SAR units SAR 3.6 	 2.4 1.8 2.0 
Si03 15 2-10 
RC03 100 50-100 
(BOD) mg/l Z5 
(Organics) mg/l 5Z 

NOZ-N mg/l 0.3 


a 	 For Santa Barbara, Montecito, Summerland, and Carpinteria, data are derived from Table D-3. Santa Barbara's 
TDS, Na, and Cl pickup may be abnormal for most communities and due to salt ground water infiltration in a 
limited area. Ref. (1) is Weinberger, L. W., Stephan, D. G., and Middleton, F. M., "Solving our Water Problems 
Water Renovation and Reuse," Ann. New York Acad. Sci, 136:131-154. Ref. (Z) is Tchobanoglous, G. and 
Eliassen, R., "The Indirect Cycle of Water Reuse," Water Wastes Engineering, Vol. 6, No. Z, 1969. The data 
cited are for domestic sewage. The N03-N increment might be somewhat different in a secondary effluent. 
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Appendix D 

Equivalent 
Constituent Ib/capita/day Con mg/lcentration 

Total nitrogen 0.043 50 
Total phosphorus 0.008 10 

The foregoing concentrations were for wastewater in the Hyperion tributary 
area, where the per capita flow was projected at about 109 gpcd. For systems 
with more concentrated wastes and/or with higher contributions of organic 
wastes, such as from certain industries, the concentrations for nitrogen and 
phosphorus would be higher. However, a portion of these (raw) contributions 
would be removed in the sewage treatment process. For example, both nitrogen 
and phosphorus are reduced in passage through activated sludge aeration tanks. 
However, there is always some N and P content in the effluent unless certain 
tertiary treatment is undertaken. Thus, for instance, the 4B Basin Plan 
projected effluent quality, including N and P, for a number of inland wastewater 
reclamation plants with the Hyperion tributary area as well as for the Hyperion 
Treatment Plant itself. 

Assumed Fertilizer Content in Black Lake Treatment Plant Effluent 

Table D-5 summarizes fertilizer aspects of certain wastewater treatment plant 
effluents, including that of the proposed Black Lake Project plant. Comparative 
data for a number of other secondary plant effluents in Southern California are 
listed, these aiding in developing the assumed quality for the Black Lake plant 
effluent. 

It is understood that secondary treatment will be provided for. the wastewater, 
this being a minimum requirement for reclamation and reuse for golf course 
irrigation in conformance with the State Health Department's Wastewater 
Reclamation Criteria (California Administrative Code Title ZZ, Divison 4 "Envi
ronmental Health.") 

Takeup of Fertilizer Components During Irrigation 

The Basin 4B Plan (Volume II, page n-16-Z39) cites the maximum allowable unit 
(per acre) application to agricultural lands as 500 Ib N/yr with double cropping 
removal of N annually. The corresponding allowable unit PZ05 application was 
700 lb/yr, this being equivalent to about 306 Ib P/yr. These criteria, developed 
by University of California scientists, were within the context of wastewater 
treatment plant digested sludges being applied to agricultural lands for fertiliza
tion and soil conditioning purposes. It is important that the applications not be 
made in excess of the capacities of the crops to take up the nutrients, else there 
is a possibility of leaching of nitrate into the underlying ground water. 

The Project Report on the Green Acres Project by James M. Montgomery, 
Consulting Engineers, Inc. and PRC Toups, for Orange County Water District, 
September 1981 projects a tertiary effluent quality (Table D-S) in the proposed 
landscape irrigation project. The report projects that 30 percent of the N will be 
lost to volatilization by ammonia evaporation and nitrification/denitrification 
processes occurring in the soil. There will be other losses involving leaching of 
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TABLE D-5 

FERTILIZER ASPECTS OF WASTEWATER TREATMENT PLANT EFFLUENTS 

Concentration, Mg/I 
Treatment Plant Effluent Total N Total P NR]-N Organic-N P04-P NOJ-N 

Burbank WRP (1990-l000)a 10.l 5.4 
LA - Glendale WRP (1980)a Il.0 5.l 
Sepulveda WRP (1980) a lZ.O 4.6 
Hyperion TP (1980-l000)a 30 3.0 
OCSD Plant No.1 (1/76-6/71)b 39 5.9 5.5 
Green Acres Projec~ ProjectedC 30 1.5 0.01 1.0 ~ 

'"dSanta BarbaraJ City )1.l 5 O.l 5 1 (l)t! 
I Montecito SD )1 6 l 6 5 t:J 

Po-c> ....
Summerland SDd )16 6 13 6 3 >« 

Carpinteriad )18 1 15 1 3 t:1 
Assumed, Black Lake Projecte 

Average 30 1 II 6 6 l+ 
Range lO-60 6-15 

a From Los Angeles River Basin (4B) Plan. 
b From Orange County Water District Reports, representing secondary effluent from Orange Coutny Sanitation 

Districts Plant No.1. (Same as influent to OCSD's Water Factory 2,1). 
c From the JMM PRC Toups Green Acres Project Report for Orange County Water District, September 1981. This 

will be a tertiary (filtered) effluent. 

d From Tables D-3 and D-4. 

e By JMM, based upon consideration of preceding data. Values listed are approximate. 
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the irrigation water past the root zone. Each acre-foot of reclaimed wastewater 
similar to that expected from OCSD's Water Factory 21 will contain 64 lb N and 
0.2 lb P. Based upon irrigation application rates used in the Green Acres project 
area, losses due to ammonia volatilization,' and an assumed commercial fertilizer 
(16-6-8 NPK) cost of about $0.14/lb, the benefit of using wastewater in the 
project area is estimated to be as much as $53/AF. Potential applications 
included among others: 

Golf Course AFY Acres ft/yr 

Mile Square 370 140 2.64 
Santa Ana 235 100 2.35 
Mesa Verde 400 145 2.76 
Costa Mesa 475 200 2.38 

In a comprehensive study of wastewater reclamation possibilities, including 
market surveys, for park and golf course irrigation within Orange County, a 
range of application rates was evident among the several communities investi 
gated. The application rates depended upon climatic conditions and the nature 
of the soil, a sandy soil usually requiring greater unit irrigation rates than, for 
example, a soil with substantial clay and/or silt content. Data of interest in the 
final report by James M. Montgomery, Consulting Engineers, Inc. ("Engineering 
analysis of Reuse Projects within Orange County, Volume m, Orange & Los 
Angeles Counties, Water Reuse Study," May 1980) included the following: 

Golf Course 
and Park Potential Applied Irrigation Water 

Community Acreage Total AFY Unit Rate (ft/yr) 

Brea 350 959 2.74 

La Habra 54 70 1.30 

Fullerton 700 1,718 2.45 

Placentia 219 802 3.66 

Yorba Linda 130 330 2.54 

Anaheim 862 2,567 2.98 

Orange 2,707 7,447 2.75 

Buena Park 395 1,154 2.92 

La Palma 25 70 2.80 

Cypress 215 579 2.69 

Los Alamitos 200 500 2.50 

Santa Ana 228 553 2.43 

Seal Beach 116 272 2.34 

Newport Beach 1,714 4,493 2.62 


The foregoing gives an indication of potential wastewater treatment plant 
effluent application rates to golf courses, such as the Black Lake Golf Course via 
the Black Lake Project. It is of interest to estimate the probable disposition of 
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nutrients in the effluent, especially nitrogen with particular regard to the 
underlying ground water. 

Approzimate Disposition of Applied Nutrients 

The nutrients in reclaimed effluent of concern vis-a-vis the underlying ground 
water are nitrogen (N) and phosphorus {Pl. As indicated previously, the 
application rates for effluent to golf course turf would be such that there would 
be no significant possibility of the phosphorus not being taken up completely in 
the root system. For example, with an assumed total phosphorus concentration 
in the Black Lake plant effluent of 7 mg/l (nearly 0.0 I tonIAF) and a maximum 
conceivable golf course application rate equivalent to 638 AFY/165 ac. equals 
3.9 ft/yr (Figure 4-1), the maximum application of P would be about 80 lb/ac/yr. 
This would, of course, assume a case of no dilution of effluent with well water 
{not actually planned.} This is only about one-fourth of the upper limit cited 
previously in connection with the 4B Basin Plan. Actually, the effluent would be 
diluted with well water on a ratio of about 3.6 parts of well water to one part 
effluent, so the margin of safety, if such were actually needed for P, is even 
greater. 

On the other hand, N does have some significance in ground water, because the 
Drinking Water Standards still place an upper limit on N as 10 mg/l (correspond
ing to 45 mg/l N03) out of concerns of potential methemoglobinemia in infants. 
Furthermore, the nitrogen concentrations assumed for the effluent are signifi
cantly greater than those for P, being about 0.04 tonIAF as compared to 0.01 
ton/AF, and the allowable application rates to croplands are only 0.25 
ton/acre/yr for the N as compared with 0.35 ton/acre/yr for the P. 

The comtemplated application rate of N to the golf course turf is calculated 
approximately as follows: 

Irrigation rate x Proportion of Effluent x N Concentration, or 

3.9 AF/ac/yr x (1/4.6) x 0.04 Ton/AF = 0.034 T/ac/yr or 68 Ib/ac/yr 

This is comfortably below the upper limit of 500 Ib/ac/yr used in the Basin 4B 
Plan and should allow for considerably greater concentrations of N in the 
effluent or less dilution by well water or both, should this occur. It is expected 
that the primary grassed areas of the golf course will be mowed periodically, 
thereby removing nutrients from the surface on a generally continuous basis. 
With specific respect to frequently mowed grasses, Herman Bouwer {ftGround
water Hydrology, n McGraw-Hill, 1978, p. 415} cites an upper limit of N uptake as 
500 kg/ha/yr or season. This value corresponds to 445 lb/ac/yr or 89 percent of 
the agricultural application limit for the Basin 4B Plan. The 68 lb/ac/yr cited 
above for the Black Lake application rate is comfortably within this turf limit as 
well. 

Bouwer notes that up to 25 percent of the applied N will be removed by 
denitrification. He mentions that if an agricultural crop were to take up to 100 
kg/ha and if denitrification losses were 20 kg/ha, then 60 cm of effluent at 20 
mg/l N content could be applied during the growing season without fear of 
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nitrate contamination of underlying ground water. This means that 120 kg/ha 
(107 lb/ac) could be applied viz: 

0.6 m x 10,000 m 2 x 20 mg/l N = 120 kg N/ha 
Denitrification 	 =20 kg N/ha 

Crop Uptake = 100 kg N/ha 

Bouwer also notes that P uptake ranges from 10-70 kg/ha/yr but that P not 
removed by crop roots will largely be adsorbed or otherwise immobilized in moist 
soils, except in sand with a low pH value. 

The U.S. Environmental Protection Agency Process Design Manual for Land 
Treatment of Municipal Waste Water (October 1977) cites the phenomenon of 
organic nitrogen in a soil being converted to nitrate that eventually reaches 
ground water (page A-22). This EPA Manual also notes that if total N input does 
not greatly exceed crop requirements for N, removals of 35 to 60 percent can be 
expected as a result of crop uptake (page A-23). The Manual discusses storage of 
N in the soil by the mechanisms of fixation of ammonium by clay minerals and 
organic matter, retention of ammonium as an exchangeable cation, and incorpor
ation into soil organic matter, this last being the most important mechanisms 
(pages A-17 to A-21). It was mentioned that at Bakersfield, California, an 
effluent-irrigated cropped area experienced a buildup of 7,400 lb N/ac to a depth 
of 5 ft as a result of 36 years of such irrigation (Page A-21). 

Nitrogen Impacts with Black Lake Golf Course Irrigation 

For the purposes of estimating probable N impacts from recycling of Black Lake 
Treatment Plant effluent for goif course irrigation, two basic cases are 
considered: 

o 	 Case I - Assumes 30 mg/l total N in the effluent and the flow is 
uniformly diluted with well water at 3.6 parts well water to one part 
effluent and used over the entire 165 acres of irrigated golf course. 

o 	 Case n - Assumes 40 mg/l total N in the effluent, dilution of the flow 
with only 2.0 parts of well water to one part effluent and used only 
over 107 acres of irrigated golf course. 

In each case, the effluent is taken as 138 AFY and the unit applied water 
irrigation rate as 3.9 ft/yr, after Figure 4-1. Table D-6 presents an approxima
tion of probable nitrogen impacts of effluent irrigation of Black Lake Golf 
Course under Cases I and n described above. The assumptions used are believed 
reasonable; the resulting percolate concentrations are indicated to be significant 
but should become greatly reduced upon dilution with the main groundwater body 
and the general recharge. They may not represent much of an actual increase to 
total nitrogen in the ground water basin when recognition is given to savings in 
artificial fertilizer applications to be expected as a result of the effluent reuse 
in golf course irrigation. If the new golf course's soil mantle is not very thick, 
there might be a good possibility of considerable long range buildup of nitrogen, 
as well as phosphorus. The nitrogen would eventually reach some equilibrium, 
and nitrates could also be released from the soil and percolate downward. The 
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TABLE D-6 


PROBABLE NITROGEN IMPACTS OF EFFLUENT mRlGATION OF BLACK LAKE GOLF COURSEa 


Item 

Assumed total N concentration in effluent, mg/l 
Assumed dilution ratio, well water: effluent 
Annual effluent quantity, acre-feet 
Annual application, total N, lb 
Annual quantity of blending well water, acre-feet 
Annual irrigation application of total blend, acre-feet 
Unit application of irrigation water, ft/yr 
Golf course area irrigated, acres 
Disposition of applied N, lb/yr 

Surface volatilization at assumed 2.5% 'of applied 
tJ 
I Available for plant-root uptake 

..... 
W 	 Assumed plant-root uptake at 50% 

Available for soU organic matter accumulation 
Soil organic matter accumulation, assumed 2.0% 
Deep percolation of remainder 

Assumed percolation from effluent irrigated area, ft/yrb 

Assumed percolation from effluent irrigated area, acre-feet/yr 
Theoretical N concentration in percolate, TIAF 
Theoretical N concentration in percolate, mg/l 
Theoretical annual N increment in total basin recharge attributable 

to effluent irrigation of golf course, mg/lC 

Case I 

30 
3.6:1 

138 
11,2.50 

500 
638 
3.9 
165 

2,810 
8,440 
4,220 
4,220 

840 
3,380 

0.89 
147 

0.0115 
8.5 

0.27 

Casell 

40 
2:1 

138 


15,000 

276 

415 

3.9 

107 


~ 3,750 "d 
III11,250 	 1::1 
p.

5,630 	 .... 
>4

5,620 tJ 
1,120 
4,500 
0.89 


95 

0.0237 


17 


0.36 

a Refer to Figure 4-1 for basic irrigation schematic, applicable to Case I directly. 
b 	 Assumed at 0.31 £t/yr rainfall percolation and 0.58 ft/yr returns from applied water, 

average values. 
c 	 Assumes total annual recharge is 4,540 AFY basic (p. 3-7) plus 49 AFY enhanced 

recharge by the Project. This does not take credit for possible reduction in artificial 
fertilizers for the golf course. The theoretical increment is probably small in 
comparison with agricultural operations. 
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total applications indicated are probably modest compared with agricultural 
fertilizer use. Also, local effects from septic tank leach fields and leaching 
cesspools are probably more pronounced than for the golf course, although the 
golf course does generally have a significantly greater area of influence than do 
individual on-site sewage disposal systems. 

Actual Nitrogen Impacts Recently Noticed Nearby 

Reference is made to tbe U. S. Geological Survey Water Resources Investigation 
76-12.8 "Evaluation of Ground-Water Quality in the Santa Maria Valley, Cali 
fornia," by Jerry 1... Hughes, July, 1977. Some of the points of relevance include: 

o 	 In comparison to the solutes from irrigation return, natural recharge, 
and rains, discharge of wastewater from municipal and industrial 
wastewater-treatment facilities contributes less than 10 percent. 
The quality of treated wastewater is often lower in select chemical 
constituents than the receiving water (Abstract). 

o 	 Point source discharges in Santa Maria Valley include two oil 
companies, one sugar refinery, and four municipal wastewater
treatment facilities (Santa Maria, Santa Maria Airport, Laguna 
Sanitation District, and Guadalupe). Municipal treatment plant 
effluent is discharged to streams and to evaporation-percolation 
ponds or is sold to nearby farmers for application on feed crops. 
Regardless of the method, part of the wastewater percolates to and 
influences the quality of ground water in the area of discharge. Most 
of the solutes in these wastewaters were, however, in the ground 
water pumped for the cities and industries represented. 

o 	 Figure 17 (pp. 56-57) "Distribution of Nitrogen in Ground Water, 
Santa Maria Valley, California," indicates contours of total nitrogen, 
mgll in 9-10/75 with intervals of 5 and 10 mg/l: 

Santa Maria's disposal area shows a contour of up to 10 mgll 
Laguna Sanitation District shows a contour of 5 mgll 
Santa Maria Airport shows less than 5 mgll 
Guadalupe shows less than 5 mgll 

These reflect local circumstances. 

o 	 As an example of local effects: 

Recharge of wastewater containing less than 10 mgll N from 
the Santa Maria facility to groundwater with N concentrations 
greater than 10 mgll has improved the quality of groundwater 
with respect to this constituent (p. 60). On the other had, the 
increase in chloride concentration in the area of Santa Maria's 
wastewater discharge is partly a result of the higber CI 
concentration in water from city wells in the Orcutt area and 
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partly from a NaCI contribution associated with regenerating 
water softeners used by some of the city residents (p. 62). 

Within the recharge mound produced by the Guadalupe treat
ment plant discharge all constituents except N show an area of 
degradation related to this point source. (p. 62). 

The effect of wastewater discharge from the Laguna and 
airport facilities on ground water seems to be minimal. (p. 62). 

o 	 The foregoing is presented to illustrate the complexities of ground 
water quality effects and the great importance of local conditions. 
The results in Santa Maria Valley cannot necessarily be extrapolated 
to Nipomo Mesa area (the northeastern portion of Santa Maria Valley. 

SALT BALANCE 

The use of ground water for beneficial purposes almost invariably and inevitably 
is accompanied by some tendency for the ground water to increase (at least 
gradually) in mineral content. Irrigation uses (both agricultural and landscape) 
evapotranspirate much of the applied water but leave the salt content, much of 
which may then tend to return to the ground water by natural or artificial 
flushing. Agriculture (and landscape) activities involve applications of fertilizers 
and possibly herbicides and insecticides (in smaller measure). Industrial and 
municipal (including domestic) use of water provides accretions of salts as 
normal contributions. 

JMM performed a brief, basin-wide investigation of salt balance for Nipomo 
Mesa Ground Water Sub-Basin in order to explore the probable effects of the 
proposed Black Lake Project upon total salts for year 2000 conditions. In making 
this calculation, the following assumptions were made: 

o 	 Precipitation would be expected to contain about 20 mg/l TDS, this 
value being considered appropriate for a coastal area and so used in 
Santa Barbara County Water Agency's December 15, 1977 Report 
n Adequacy of the Groundwater Basins of Santa Barbara County. n 

o 	 Agricultural fertilizers would produce a salt accretion of approxi
mately 0.23 ton/acre/yr, this value having been used in the Basin 4B 
Plan and in the SBCWA Adequacy of the Ground Water Basins Report. 

o 	 Irrigated agricultural lands were assumed thus: 
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Actual 
Zoning Category Irrigated Acreage 

Irrigated agriculture 1,400 
Rural lands 140 
Recreation 480 
Residential rural 350 

Total 1.,370 
Round Off 1.,400 

o 	 Industrial salt contributions would be negligible, this due to an ocean 
outfall export for cooling tower blowdown, etc. at Union Oil Com
pany Refinery. Additional industrial development resulting in theo
retical salt contributions was not anticipated. 

o 	 Year 1.000 Nipomo area population would be 10,000 persons, with the 
town of Nipomo representing about 8,1.00 and rural areas 1,800. 

o 	 Population east of Highway 101 would be 4,100, west of 101 would be 
5,900. 

o 	 Exported pumpage would supply the population served by Nipomo 
Community Services District located east of Highway 101. The 
pumpage would generally be from NCSD's Omya, Bevington, and 
Eureka Wells. 

o 	 There would be no NCSD municipal sewage disposal west of highway 
101. Any individual or'municipal disposal east of 101 would not 
contribute salts to the Nipomo Mesa Sub-basin. 

o 	 The only subsurface outflow would be to the ocean. 

o 	 Salt contributions from stream seepage were sufficiently small to be 
safely ignored. 

Table D-7 presents the estimated Year 1.000 Salt Balance for Nipomo Mesa 
Ground Water Sub-Basin. Under the assumptions made, it appears that the total 
accretion of salt will be about 800 tons/yr, corresponding to about 0.005 T/AF/yr 
(nearly 4 mg/I) when compared with the amount of fresh water reported in 
storage above sea level in 1975. The buildup rate would be greater if the volume 
in storage had been decreased, as would be expected. 

The significance of the calculation of Table D-7 is that some salt buildup is 
inevitable, and the rate indicated for the Nipomo Ground Water Sub-basin does 
not appear excessive in comparison with many other coastal basins. The portion 
attributable to the proposed Black Lake Project is calculated approximately as 
follows: 
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New Black Lake Golf Course T/yr TDS 

45 acres @ 0.23 T/ac/yr 11* 


New Population, including visitors, 

via wastewater treatment plant 


138 AFY @ Z,60 mg/l TDS pickup 49 

(0.35 T/AF) 

Total due to Project 60 

Percent of Total Contributions 


60/1510 = 4% 


*The figure shown does not actually discount the N and P not needed, due to 
effluent irrigation. This would reduce the percentage slightly. 

It is noted that any increased population and agriculture or "semi-agriculture" 
developments will involve increased salt contributions. The proposed Black Lake 
Project may offer regulatory authorities a somewhat better chance of mml
mizing such impact than in the case of an equivalent area comprised of many 
individual private parcels developing without subdivision control. 
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TABLED-7 

ESTIMATED YEAR 2000 SALT BALANCE FOR NIPOMO NESA GROUND WATER SUB-BASINa 

Item 	 Water, AFYb Salt, Tons/yearC 

Additions 

Precipitation 21,100 acres x 14.7/12 = 25,800 25,800 x 20/736 = 700 

Agricultural Fertilizersd 2,400 acres x 0.23 T/ac = 550 

Industrial Contributions Negligible - 

Municipal and Domestic Wastewater 5,900 persons at 0.11 AFYc = 650 650 x 0.4 T/AF = 260 

Total 1,510 
>

Removals 	 "t:I 
"t:I

t:I 	 (I) 
I Subsurface Outflow 	 To ocean only = 260 260 x 0.4 T/AF = 104 l:j ..... 	 p.......00 xDomestic Water Export 	 4,100 persons at 0.13 AFYc = 530 530 x 0.4 T/AF = 210 

t; 
Industrial Assumed value = 1,000 1,000 x 0.4 T/AF 400 

Total 714 

Accretiond Difference 796 

Round Off 800 

a Values are approximate only. See assumptions in text. 
b An overall area per capita wastewater production value is 0.11 AFY (slightly below 100 gpcd). A slightly higher 

value is used for overall area per capita water demand (0.13 AFY). 
c One tonIAF is equivalent to 736 mg/l concentration. Groundwater extracted generally is assumed to average 0.4 

T/AF TDS (nearly 300 mg/I). This same value is applicable to subsurface outflow. 
d 	Includes semi-agricultural uses, such as Black Lake Golf Course and cemeteries. The annual accretion of 800 

T/yr TDS, if applied (for purposes of comparison) to the volume in storage above sea level in 1975 (172,000 AF) 
would correspond to about 0.005 TIAF/yr. 
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