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To All Parties Interested in the Proposed Joint Groundwater 
Management Plan: 

This letter will remind you that the next meeting of the ad hoc 
group for the formulation of the groundwater management plan for 
the Santa Maria Valley will be held on Thursday, November 17, 
1994, at 3:00 P.M. 

The meeting will be held in the second floor conference room of 
Bonita Packing, rather than the Public Works Conference Room of 
the City of Santa Maria. The Bonita Packing conference room is 
larger than the city's conference room and should better 
accommodate the larger number of people attending the meetings. 
Several persons suggested a larger meeting place after the 
November 3, 1994 meeting. We are grateful to Bonita Packing for 
making their conference room available. 

The Bonita Packing office building is located at 1850 West 
Stowell Road in Santa Maria. The office building is located on 
West Stowell Road between Blosser Road and Black Road. It is 
located on the left side of Stowell Road. Those coming from 
Santa Barbara should exit the freeway at Stowell Road (near 
Costco and Home Base) and proceed west on Stowell Road to the 
Bonita Packing office. 

Enclosed to each of you are copies of the minutes of the 
November 3, 1994 meeting, again prepared by Pam Cosby of Santa 
Barbara County Water Agency. We are again indebted to Pam for 
her work in preparing these minutes. 

The November 17th meeting will be devoted to continuing the 
discussion of facilitating conjunctive use operations and 
mitigation of conditions of overdraft. The discussion of these 
subjects was not completed at the November 3rd meeting. The City 
of Santa Maria did not have an opportunity to present its 
comments on conjunctive use. 

As shown by the enclosed minutes, it seems logical that any extra 
time at the November 17th meeting should be devoted to beginning 
the discussion of groundwater monitoring. This is a most 
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important subject and one of particular interest to the farmers 
in the valley. In addition to the suggestions contained on the 
last page of the minutes, Brian McCord, of Pacific Engineering, 
is prepared to make a brief presentation on how to calculate 
overdraft. These materials were developed by Brian in his 
academic work for a Masters degree in hydrogeology. The 
materials are part of his thesis for his Masters degree. 
Measuring and determining the amount of an overdraft is obviou s ly 
crucial to any groundwater management plan. It is also of 
particular interest to the agricultural community. 

Enclosed to each of you are copies of Brian's Novembe r 13, 1994 
letter and the materials referred to therein. These materials 
should be of use to you in understanding Brian's presentation, 
whether made on November 17th or at some later time. 

MFT:gn 
Encls. 

Yours very truly, 

>' ;lU 'i A .A . V l.- \. 

Maurice F. 
Secretary 

Twitchell, 
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SANTA MARIA VALLEY GROUNDWATER MANAGItMENT PLAN 
MEETING MINUTES . 

1. OPENING 
; 

November 3, 1994 
DRAFT 

The group agreed to talk about two groundwater plan elements: 

E. Mitigation of conditions of overdraft 
H. Facilitating conjunctive use operations 

II. FOX CANYON GROUNDWATER MANAGEMENT AGENCY WORKSHOP , 

Pam C~sby 'with the Santa Barbara County Water Agency repOrted ~at she had contacted Sam 
Mclnty*, the large agricultural growers' representative On the Fbx Canyon Groundwater 
Manag~ent Agency (FCGMA) Board. Mr. McIntyre has agreed u? come to a joint meeting 
of the Santa Maria, Santa Ynez and Buellton groundwater cOmmittees to talk about his Fox 
Canyon : groundwater management experience from an agricu1tural perspective. Several other 
Fox Canyon board members or affected pumpers may also be available 'for the workshop. The 
Santa Maria Groundwater Committee members agreed that they would like to he(lI Sam 
McIntyre's presentation. The workshop date was tentatively set for :Wednesday, December 7 
from 1 W 4p.m .. Pam Cosby will work with Maurice Twitchell to tlnd a large meeting room. 
The time and place will be finalized before the next Santa Mari~ meeting. Santa Maria 
particip~ts · can submit questions for the panelists to Pam Cosby at 568-3545 prior to the 
workshop. 

III. ~ITIGA TION OF CQNDITIONS OF OVERDRAFT 

I 

Rob Alroy of the Santa Barbara County Water Agency began his presentation with an overview 
of the Santa. Maria Basin hydrogeology. He said that he would focus on options to mitigate the 
groundwater overdraft rather than defining the overdraft amount. Rob divided the possible 
mitigatibn methods into two types: Supply Side and Demand Side Options. Most of the methods 
and hydrogeological issues are discussed in the County Water Agency's report entitled, "Santa 
Maria Valley Water Resources Report." · 

A. SUPPLY SIDE OPTIONS 

1. Injection/Percolation of Supplemental Water 

Supplemental water such as State Water Project (SWP) water or water from another water basin 
could be percolated into the groundwater basin through inflltration p~mds or injected into new 
or existiJng unused wells. No one has developed a master plan for injecting supplemental water 

Post.ltT• brand fax tran~mitta\ memo 7071 fiofpag&&. f! 
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yet. One good possibility would be locating injection wells near identified pumping troughs to 
mitigate localized overdraft problems. I 

2. Watershed Management 
i 

. I 

This option consists of increasing available stormwater runoff by managing the watershed. For 
instance, the U. S. Forest Service's controlled burn program is desigrled to minimize excessive 
debris accumulation and to increase available runoff. Watershed management would increase 
runoff in the Santa Ynez basin, but the geometry of the Sisquoc an~ Cuyama basins limit the 
probable benefits of a watershed management program there. i . 

3. Enhanced Recharged 

Enhanced recharge opportunities fall into four basic types: 
I 

o Recharge related to development (Flood Retention/Pertolation Basins) 
o Mining . reclamation . ! 
o Flood flow diversion 
o Existing stream channel 

I 
Each type was described in greater detail. As land is developed, the increase in impervious area 
increases storm runoff. The County, cities, airport and County F~o9d Control are actively 
involved in controlling excessive runoff created by development, colleCting it in retention basins 
and increasing infiltration to the groundwater basin. ' 

An example of a mining reclamation program is one proposed by Co~s~ Rock as part of its 50-
year mining plan. Converting abandoned sand and gravel mining pits: to recharge basins would 
reduce reclamation costs and, depending on design, increase grouhdwater recharge. Two 
possible drawbacks to ongoing or expanded mining are undermining ~of the bridge supports on 
the Santa Maria River or impacts on the surrounding land uses. 

, 

Several projects have been proposed to divert flood flows for temporary storage and later 
releasing them for spreading and basin recharge during low flow petiqds. One proposal is to 
divert Sisquoc River water to a new reservoir on or near the Cuya~a River. Most of these 
options are likely to have a high cost per acre foot since the Santa: Maria River's alluvial 
formations are already an efficient infiltration basin. ! . 

The final category of enhanced recharge projects is modifying the existing river channel by 
installing inflatable dams or contouring the river to slow or divert flood flows. Any 5pecific 
proposed option should be evaluated for its feasibility and cost per a~re foot. 

I • 

DRAFT 2 
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4. Sewage Effluent 

Treated effluent from the Santa Maria and Laguna wastewater tr~tment plants is currently 
percolated through infiltration ponds to the groundwater basin. The location of the Santa Maria 
infiltration ponds appears to help maintain water pressure in tlte downstream confined 
groundwater aquifer and allow reuse of the water by downstream agricultural pumpers. It also 
helps to prevent seawater intrusion that could be induced by pumping in the confined zone and 
in areas to the east. The Laguna infiltration ponds are above the confined aquifer, so most of 
the runoff may eventually spill to the ocean without benefitting local :groundwater basin users. 
Insufficient geological information is available to establish whether Qr not there is hydrologic 
continuity between the Orcutt "Sand Hills\! material and the main aquifers, so a monitoring 
program should be started to understand this important issue. If ~he aquifers are separate, 
options to capture the potential benefits from the Laguna discharge include relocating the 
infiltration ponds to a more strategic location or reusing the treated effluent directly. 

5. Groundwater Desalination 

Because of its high cost, groundwater or seawater desalination is normally only used as an 
emergency or bad .. -up supply for urban users. This high cost and the imminent availability of 
State Water Project (SWP) water suggest that this option may be left to fmure generations when 
the total water demand may be even higher than today. 

6. Surface Water Reservoir 

As part of the Santa Barbara County Plan, the County, U. S. Bureau ,?fReclamation, the Flood 
Control District and others have been involved in a review of potenti~ ; surface water reservoir 
sites. The Round Corral dam site on the Sisquoc River is the mos~ mentioned option. The 
resulting reservoir would have a maximum safe yield of 8,000 AF/year. A permitting 
reconnaissance may be more important than the geological reconnaissance since the 
environmental issues may be the most difficult part of completing a ' new surface reservoir in 
California today. 

7. Conjunctive Use 

Conjunctive use would involve bringing in supplemental water and either: 1) injecting the 
surplus supplemental water during wet years and withdrawing it during drought years, or 2) 
using supplemental water when it is available and reserving the groundwater for the drought 
years when the supplemental water is not available. This process is similar to maintaining a 

I , 

checking account. No one will object to adding water to the groundwater "bank account", but 
there will probably be concerns regarding the timing, amount and' rate of the withdrawals. 
Given the high cost of surface water reservoirs, storing water within underground aquifers is 
increasingly the preferred option. This issue will be dealt with in greater detail by the 
municipalities as pan of the next agenda item. 

DRAFT 3 
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8. Cloud Seedin~ 

Rob did not discuss the cloud seeding option in detail since he considers this County program 
part of the existing water supply baseline. Cloud seeding does increase the available recharge 
to the Santa Maria basin. . 

B. DEMAND SIDE OPTIONS 

1. Urban Conservation 

A review of the County's annual water conservation survey indicates that the water purveyors 
in the Santa Maria basin, the Cities of Santa Maria and Guadalupe, at'\d California Cities Water 
Company, have implemented most of the urban water conservation BeSt Management Practices. 
The ones not implemented are costly or they would provide benefits that are difficult to quantify. 
In Santa Maria where the wastewater effluent recharges the groundwater basin, there would be 
less benefit from increased conservation than in Orcutt where most ofthe infiltrated wastewater 
effluent may flow to the ocean before it is used again. 

2. Agricultural Conservation 

The Resource Conservation District's mobile lab has been an important resource to improve 
agricultural water irrigation efficiency. Efficiency rates of 80 perceqt are an achievable goal. 
The primary water supply benefits are reducing excessive evapotranspiration and salt 
concentration. The primary driving force to implement agricultural consevation will be the 
associated savings in energy and fertilizer costs. 

C. QUESTIONS TO INVESTIGATE 

1. The participants agreed that more groundwater data and monitoring are 
needed to understand the amount of interconnection between the shallow, deep and confined 
aquifers, how much groundwater is lost to the ocean, and if the existing multiple completion 
wells are affecting the yield and water quality of any aquifer. 

2. The effectiveness of directly using tertiary treated sewage and the 
associated water and cost savings from reduced groundwater pumping should be compared 
against the cost and effectiveness of percolating secondary treated sewage to recharge the 
groundwater and then pumping the groundwater again. 

3. How could in-basin water transfers be used to increase use of the higher 
quality groundwater in the basin's east end? Would it be cost effective? What pairs of willing 
participants could find mutual benefits? Fox Canyon pumpers have handled 'this by selling 
groundwater storage credits. 

DRAFT 4 
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4. How important will agricultural water conservation be to 
achieving/inaintaining balanced pumping of the groundwater basin? 

IV . FACILITATING CONJUNCTIVE USE OPERATIONS 

A. CALIFORNIA CITIES - ROGER BRETT 

Roger Brett began the conjunctive use discussion with an explanati6n of California Cities' 
current approach to conjunctive use. A supplemental water source, ~hich could be water from 
the State Water Project, local sources or the Central Valley, is combipoo with the groundwater 
basin supply. As shown in the attached handout (Attachment A), a purveyor needs: a source, 
a conveyance system, a recharge facility, available groundwater storage capacity I extraction 
capacity, and institutional assurances and protections that the injected supplemental water will 
still be there when the purveyor is ready to retrieve it. The state water code lists storage as a 
beneficial use, providing purveyors with a legal framework for a water storage program. 
Nevertheless, working out advance agreements so that the conjunctive use program operates 
according to a plan mutually agreeable to all basin pumpers can help avoid lawsuits. 

Roger used the following example to demonstrate how conjunctive !use of supplemental and 
groundwater supplies can increase the effective yield of SWP supplies without increasing the 
long term groundwater draft. 

CONJUNCTIVE USE AND NET YIELD 

W/ BANKING W/O BANKING 

GROUNDWTR GROUNDWTR 
YEAR SWP IMPORT PUMPING SWP IMPORT PUMPING 

1 500 AF OAF 500 AF OAF 

2 500 0 500 0 

3 1500 -1000 500 0 

4 0 500 0 500 

5 0 500 0 500 

6 500 0 500 0 

7 500 0 500 0 

TOTAL 3500 AF OAF 2500 AF 1000 AF 

YIELD 

DRAFT 5 
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In this example, the SWP is able to provide full deliveries in 5 of 7 years. In th~ two years that 
SWP water is not available, groundwater is pumped to replace the missing water. The 
difference in ~e groundwater banking scenario is that surplus SWP water is injected into the 
groundwater basin during a wet year. This injected water is then available for pumping during 
the next two drought years for a net groundwater demand over 7 years of 0 acre feet compared 
to the net groundwater demand of 1000 AF without banking. Groundwater banking also 
increases the SWP yield from 2500 to 3500 AF. 

Peter Adams asked what impacts banking supplemental water would have on reducing natural 
recharge and increasing the groundwater discharge to the ocean. : Which water would be 
discharged:--local groundwater or the injected supplemental water? . Roger Brett and others 
explained that the groundwater basin would be monitored to estimate the ocean discharge. Any 
increase could be charged first to the stored supplemental water and then to local groundwater. 
In order to evaluate whether or not natural recharge would be affected, it will be necessary to 
know more about the basin's storage capacity. In many basins groundwater can be increased 
Significantly without exceeding the basin's storage capacity. 

A. . CALIFORNIA CITIES - TOM STETSON 

Tom Stetson of Stetson Engineering has been involved in managing California groundwater since 
1957. Oh behalf of California Cities, Mr. Stetson described several groundwater basin 
management programs in which he has been involved. . 

1. Santa Y nez River 

When Tom Stetson became the Santa Ynez River Water Conservation DIstrict Engineer in 1967, 
the Cachuma Operating Agreement required Cachuma releases whenever there was no flow in 
the river immediately below the Cachuma reservoir. Quite often additi~nal run?ff in the lower 
Santa Ynez River was so high that the releases only served to increase the ocean discharge. To 
minimize water losses to the ocean, the Cachuma operating agreement was modified to tabulate 
water flows separately above and below the Narrows. Essentially this was a conjunctive use 
agreement. 

2. Oraug.e County Water District 

The Orange County Water District (OCWD) imports lots of water from the Metropolitan Water 
District (MWri) and uses it to recharge the groundwater with spreading facilities on the Santa 
Ana River. They do not limit groundwater pumping, since they can adjust their groundwater 
recharge t~ offset any excessive pumping. Each pumper is charged a flat rate for each acre foot 
pumped. (Editor's Note: The current rate (FY 94-95) is $88/ AF for domestic pumpers and 
$44/ AF for agricultural pumpers. Source: OCWD) 

DRAFT 6 
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~. Basjn Adjudications 

I 

In the San Gabriel Basin, where Mr. Stetson is the water master, most of the imported MWD 
water is spread for groundwater recharge rather than used directly. The agreement sets higher 
pumping rates ! for pumpers who exceed their adjudicated groundwater rights. The storage 
agreement with MWD also requires their recharge program to operate between specified 
minimum and : maximum water table limits. The purpose is to avoid wasting groundwater 
through discharges from the basin or rejected recharge. Any wasted groundwater discharge or 
recharge would be charged against M\VD's stored water, but the operating limits have prevented 
rejected recharge during a11 the years of operation. 

The Chino BaSin, which is home to many dairy farms, has an estimated storage capacity of 
147,000 AF ~d was adjudicated in 1978. The baseline overlying users' allotment of 75,000 
AF was set based on historical agricultural pumping rates. Non-agricultural overlying users 
were allocated i12,000 AF, and the remaining basin capacity and recharge were allocated to basin 
groundwater a~propriators. 

The pumpers in the Mojave Basin are currently negotiating a stipulated settlement; however, if 
all the pumpers do not agree to the stipulated agreement, the case will probably go to trial. 

I 
I 

As part of a new innovative project, MWD has contracted with the Semitropic Water Service 
District, an irrigation purveyor in Kern County, to spread SWP water during wet years and then 
pump out the stored water and send it on to MWD during drought years. MWD owns the 
facilities, which will handle a maximum storage of 300,000 to 350,000 AF; Semitropic is 
responsible f01~ facility construction and operation. MWD is also arranging a banking agreement 
in Arizona for :excess Colorado River water. 

The CQachell~ Valley County Water District and Desert Water Agenc~ both have SWP 
allocations but! no pipeline connection to the SWP facilities. They have an agreement with 
MWD to take 901orado River water in exchange for their SWP water. In addition, MWD plans 
to bank up to 600,000 AF in the Coachella basin. Since the basin is already so overdrafted, 
there should b~ no problem with potential losses. 

These example groundwater basin experiences demonstrate the variety of ways that local 
pumpers can negotiate among themselves and develop a feasible groundwater management plan 
that protects gtoundwater users. The basin plans and agreements can set conditions for where 
supplemental ~ater is stored, how much can be stored, and how much can be pumped out again 
at what rate. There are also potential energy savings and water quality improvements for local 
pumpers when the injected water raises the water table. Another key criteria for a good 
groundwater rrianagement plan is disallowing net out of basin groundwater transfers. This means 
that only impo~ed. water banked in the groundwater basin can be exported. Furthermore, any 
imported water stored in a groundwater basin should be reduced to account for evaporation 
losses in a sprbding ground, increased groundwater basin outflow, rejected local recharge or 
other similar f~ctors affecting total basin storage. 

I 
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i 

The participants discussed the issue of monitoring potential subsurface outflow increases caused 
by ground'wat~r ' banking, The easiest way to estimate basin outflow is to fust develop a good 
cross-section of ~he groundwater basin, identify aquifer permeability and 'plot a baseline water 
table slope. ohce this background data is available, a strategically placed monitoring well(s) can 
be used to cal~ulate changes in the water table gradient and basin outflow rate. Alternatively. 
ocean outflow ~an be controlled by creating a pumping trough or groundwater mound to contain 
the stored groundwater. 

i . 
V. NEXT ~MEETING 

i 
I 

The next meeting will be held on November 17, 1994 from 3 to 6 p.m. at the City of Santa 
Maria Public Works conference room at 810 West Church Street. The meeting agenda will 
include: : 

1. ;Presentation by City of Santa Maria on their conjunctive use plan (Groundwater 
!Management Plan Element H from draft plan. Continued from November 3 
:meeting.) 

2. !Groundwater Monitoring (Groundwater Management Plan Element G from draft 
plan.) Part of this agenda item will be to identify: 

DRAFT 

a. 

. h. 
i 
! 
C. 
I 

~. 
I 

e. 
I 
~. 
I 
I 

What types of data need to be monitored, (e.g.) water rabIe, water quality, 
pumping?, aquifer permeability, basin outflow, etc.)? 

What data is currently available? 

What new data must be collected? 

Are existing wells available to provide all the needed data or will new 
monitoring wells be required? Where? What type? 

Who will conduct the monitoring program and report the findings? 

How will the monitoring program be funded? 

8 
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Pacific Engineering 
Associates, Incorporated 
2520A Skyway Drive· Santa Maria, CA 93455 

November 11, 1994 

Maurice Twitchell 
Attorney at Law 
Santa Maria Valley Water Conservation District 
215 North Lincoln 
Santa Maria, CA 93454 

Civil and Environmental Engineers 
Telephone: (805) 928-7363· FAX: (805) 928-7096 

SUBJECT: Groundwater Basin Management Calculations 

Dear Mr. Twi tchell: 

Enclosed are some materials for distribution prior to the next meeting of the Ad Hoc 
Groundwater Management Committee. The material outlines the methods for obtaining, 
manipulating and interpreting data for hydrologic basin analysis. I have presented this material, 
in a more specific format for the Sisquoc storage unit, to the Groundwater Resources Association 
and at an American Association of Petroleum Geologists convention. The talk is about twenty 
minutes long. It will be formatted to include the entire Santa Maria Basin and inform the 
participants on how the present overdraft and perennial yield estimates were calculated. 

If you have any questions or comments, please contact me at (805) 928-7363. 

Sincerely, 

PACIFIC ENGINEERING ASSOCIATES, INC., 

/.~ /1 ;#to/ 
Brian M. McCord, R.G., R.E.A. 
Registered Geologist #6012 
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HYDROGEOLOGIC BASIN ANALYSIS 

Overdraft and Perennial Yield Estimates 

GROUNDW ATER STORAGE METHOD HYDROLOGIC EQUATION 

1. Detennine Volume of Storage 

2. Measure Standing Water Levels 

3. Calculate Storage Increase/Decrease 

1. Determine Inflow Element Quantities 

A. Precipitation 
B. Stream Recharge 
C. Artificial Recharge 

(Recycled Water, Return Flow, etc) 
D. Underflow 

2. Determine Outflow Element Quantities 
A. Underflow 
B. Evapotranspiration 
C. Pumping 
D. Surface Flow 

3. Subtract Inflow from Outflow 

COMPUTER 
MODELLING 

1. Calibration 

2. Validation 
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, 

due to inadequate application of water. 

To help alleviate this condition, county Resource Conservation 
Districts (RCDs)2 and the USDA Soil Conservation Service (ses) have 
offered irrigation system evaluations at no fee to the 
cooperators3

• The service included a detailed analysis of the 
irrigation system's hydraulic performance and an evaluation of 
irrigation management practices. The primary constituency for the 
service was commercial agriculture in Santa Barbara and San Luis 
Obispo counties. Within the project area, there are approximately 
1900 farms irrigating nearly 155, 000 acres. Other large water 
users such as public parks and recreation areas, with significant 
acres of irrigated turf, were secondary clientele. This report 
summa:cizes the results of 300 evaluations performed over 5 years. 

The . objectives of the project were to conserve water and 
energy; to improve fertilizer use efficiency, water quality, and 
crop yield; and to reduce production costs through the application 
of best irrigation management practices. 

Background: 

Santa Barbara and San Luis Obispo counties are located along 
the Central Coast of California and are characterized by a wide 
range of climatic conditions due to topography and variation in 
distance from the moderating influence of the Pacific Ocean. These 
factors influence both rainfall and temperature. Much of the 
western portions of the counties are at a relatively low elevation 
and have a mediterranean climate; while much of the east half of 
the counties are more mountainous or have inland valleys that 
assume a more continental climatic character. Temperatures range 
from July high temperatures of around 75 0 F in the coastal valleys 
to high readings of over 100 0 F in the inland valleys on the east 
side of the San Rafael Mountains. These variations in temperature 
resul ts in widely differing growing conditions. In the coastal 
areas, freezes are relatively rare and high value commercial crops 
are grown year around. In general, the climate is arid. Most of 
the rainfall occurs during the winter months and ranges from over 
40 inches in some mountain areas to a low of around 5 inches in the 
Cuyama Valley (UCCE, 1965). 

2 Cachuma and Lompoc Resource Conservation Districts in santa 
Barbara County and the Coastal San Luis Resource Conservation 
District in San Luis Obispo County. 

The project was financially supported at various times by 
other agencies: county of Santa Barbara, California state Water 
Quality Control Board, California Department of Water Resources, 
and County of San Luis Obispo. 

3 
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SUMMARY AND CONCLUSIONS 

The factors affecting distribution uniformity DU were most 
often related to the maintenance of the irrigation systems. For 
sprinkler systems, the two most common observations were: worn 
nozzles and nozzles of mixed diameters. These are inexpensive 
problems to remedy; thus, nozzle replacement is often a cost­
effecti ve solutions to improving irrigation system performance. 
For micro systems, the most frequent problems observed were: 
emitter plugging, excessive pressure variation, and miscellaneous 
maintenance induced conditions. Plugging problems were associated 
with insufficient filtration, inadequate chemical treatment of the 
irrigation water, and infrequent flushing . Excessive pressure 
variation was often caused by improper operation or removal of 
system components (ie. regulating valves) . 

Irrigation efficiency was also diminished by improper 
irrigation scheduling. Growers were often uncertain of the 
evapotranspiration requirements of the crops and frequently unaware 
of the precise application rate of their irrigation systems. 
Calendar methods of planning irrigations were common, often not 
changing to correspond to changes in day length, temperature, or 
crop growth stage. For drip irrigation systems, irrigation 
duration was often too long, causing over irrigation and the 
percolation of water and nutrients. This was often combined with 
insufficient frequency of irrigation, resulting in crop water 
stress and reduced yield. Improvements in management (scheduling) 
are more difficult to quantify, however, many growers indicated in 
the follow-up interview that they altered their irrigation 
practices based on the recommendations of the evaluation. Also 
increasing numbers of growers are showing an interest in using the 
CIMIS network. A few growers used tensiometers, and several 
consultants offered neutron probe services. In general, however, 
significant water conservation would occur given improvement ln 
irrigation scheduling methods and practices. 

Based on the observations of this project, the primary factors 
that imp:1cted the performance of pressurized irrigation system 
were: insufficient attention to system maintenance, poor irrigation 
scheduling, and improper retro-fitting or altering system 
components from the original design. In most cases, the original 
irrigation design met minimum engineering standards (USDA, 1990abc 
and ASAE, 1992). 

12 
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PRESIDENT 

JAMES R , SHARER 

SECRETARY 

MAURICE F. TWITCHELL 

SANTA MARIA V ALLEY 
WATER CONSERVATION DISTRICT 

P. O. BOX 364 -:- PHONE (805) 925-5212 

SANTA MARIA. CALIFORNIA 93456 

October 3, 1994 

JJirr.:ctof.f 
RICHARD MARETTI. DIV . I 
ANTHONY TOGNAZZINI . DIV . 2 
J. C. TEIXEIRA , DIV . 3 

CLIFFORD J. SOUZA. DIV . 4 
RICH .~RD E . ADAM, DIV . 5 

OWEN S. RICE, DIV. 6 
JAMES SHARER . DIV. 7 

To all parties interested in the joint groundwater management 
plan: 

This letter will remind you that the next meeting of the ad hoc 
group for the formulation of a groundwater management plan for 
the Santa Maria Valley will be held on Thursday, October 6, 1994, 
at 2:00 P.M., at the City of Santa Maria Public Works Conference 
Room at 810 West Church Street. 

Enclosed are the following documents that have been submitted 
since the last meeting: 

1. Letter proposal of Pacific Engineering dated 
September 8, 1994. 

2. Pages 1 through 4 and page 12 of a paper sponsored by 
the Cachuma, Lompoc and San Luis Obispo Resource Conservation 
Districts for presentation at the Irrigation Association's 1993 
International Exposition and Technical Conference in San Diego. 

MFT: gn 
Encls. 

Yours very truly, 

\. ( :L-{ C ii.., .- ( i 1- u ~ ({i l 
Maurice F. T~itch~ll, 
Secretary 
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Pacific Engineering 
Associates, Incorporated 
2520A Skyway Drive· Santa Maria , CA 93455 

September 8, 1994 

Maurice Twitchell 
Santa Maria Valley Water Conservation District 
215 North Lincoln 
Santa !'.1aria, CA 93454 

Civil and Environmental Engineers 
Telephone: (805) 928-7363· FAX: (805) 928-7096 

SUBJECT: Groundwater Basin Management Advisory Position (PE40601) 

Dear Mr. Twitchell: 

During the meeting yesterday it became apparent that a variety of debatable subjects, most 
notably overdraft, have and will continue to exacerbate the formation and development of the 
basin plan. Due to the time frame available, it would be advantageous to implement strategies 
to streamline these debates and ensure that additional debates do not arise at a later date. One 
suggestion would be to place Pacific Engineering in an advisory position to critically evaluate 
technical aspects of the plan and recommend modifications or referral for additional study. 

This procedure would be advantageous for the following reasons: 1) Pacific Engineering has the 
experience within this basin and water resources to critically evaluate, structure and present the 
data in a manner that everyone can understand and the SMVWCD would not be paying someone 
to learn the process allover; 2) Pacific Engineering has performed independent studies in the 
valley on water resources and water quality; 3) Pacific Engineering is familiar with the 
regulator} and authority agencies acting within this valley or have the ability to act within this 
valley; 4) Pacif!c Engi!1eering is ::L'1 independent contractor without political tieS arid would be 
more likely to present data without inherent suspicion; 5) Pacific Engineering would review data 
collected by basin plan participants, saving time and money; 6) Pacific Engineering can identify 
current debates and future subjects which may cause time and action limiting arguments and; 
7) Pacific Engineering would integrate the Basin Management Plan with work performed by 
other agencies that have not been represented thus far. 

The Santa Maria Valley Water Conservation District's idea of creating the Groundwater 
Management Plan within the agencies involved is highly commendable and appropriate. 
However, to streamline the debates and allow the process to move ahead, a knowledgeable 
advisory consultant may be invaluable. The groundwater management plan group would 
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continue to develop the groundwater management plan. Pacific Engineering would perform 
work on a time and materials basis at the discretion of the SMVWCD and present proposed costs 
for each task. 

If you have any questions or comments, please contact us at (805) 928-7363. 

Sincerely, 

PACIFIC ENGINEERING ASSOCIATES, INC., 

Brian M. McCord, R.G., R.E.A. 
Registered Geologist #6012 

//:) .; (,.~ /!~ 
Cfi::~;_ .-~Jcci (f:~.t;// 
Clay S. radfield, P/E., R.E.A., 
R.C.E #47085 ( 

.I 
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PRESIDENT 
JAMES R. SHARER 

S ECRETARY 

MAURICE F . TWITCH ELL 

SANT.A. MARIA V ALLEY 
\VATER C()NSERVATION DISTRICT 

P . O. BOX 364 -:- PHONE (805) 925-5212 

SANTA MARIA. CALIFORNIA 93456 

August 30, 1994 

Reese Riddiough, Dwayne Chisam 
and Paul Karp, Public Works 
Department, City of Santa Maria 

Maynard Silva, City of Guadalupe 
Doug Jones, Nipomo Community 

Service District 
Michael Stoker, Supervisor, 

Santa Barbara County 
Timothy J. Staffel, Supervisor, 

Santa Barbara County 
Tom Urbanske 
Rob Almy, Matt NaEtaly and 

Jon Ahlroth, Santa Barbara County 
Water Agency 

Floyd Wicks, Southern California 
Water Company 

Donald K. Saddoris, Southern 
California Water Company 

Roger Brett, California Cities 
Water Company 

Gail Johnson, Woodland Park 
Mutual Water Company 

Istar Holliday, Laguna Negra 
Mutual Water Company 

Charles Varni 
James O. Dale 
Olga Howard 
Henry T. Nowicki 
Charles J. Gulyash 
Warren Bendixen, The University of 

California Cooperative Extension 
Brian McCord and Clay Bradfield, 

Pacific Engineering 
Bob Royster, Santa Maria Valley 

Economic Development Association 
Dick Hulme 
Herb Gerfen, Skyway Engineering, Inc. 
Clint Milne, Engineer, San Luis 

Obispo County 
Rolf Ohlemutz, Kennedy Jenks 

Consultants 
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August 30, 1994 
Page 2 

Board of Directors, Santa Maria 
Valley Water Conservation District 

To Parties Interested in the Groundwater Management Plan: 

Enclosed are the following materials for consideration at the 
adhoc group for the formulation of the groundwater management 
plan to be held September 7, 1994 at 2:00 P.M. at the City of 
Santa Maria Public Works Department Conference Room at 810 West 
Church Street in Santa Maria: 

1. "Status of Basin Report" prepared by Dwayne Chisam of 
the City of Santa Maria and Roger Brett of California Cities 
Water Company, to be utilized as a starting point for the 
September 7th meeting. 

2. Materials obtained by Rob Almy of Santa Barbara County 
Water Agency consisting of Synopsis of AB 3030, draft of 
Department of Water Resources Bulletin 118-3030, Water Resources 
Checklist prepared by the Department of Water Resources and 
AB 3030 Ground Water Management Manual prepared by the 
Association of California Water Agencies. I believe these 
materials were presented to the Santa Ynez River Water 
Conservation District by Carl Hauge of Department of Water 
Resources. 

3. Copy of Santa Ynez River Enhancement Plan dated July 15, 
1994 (also obtained by Rob Almy). 

4. Copy of two articles entitled The Tragedy of the 
Commons, by Professor Garrett Hardin, and The Dynamics of Social 
Dilemmas, by Glance and Huberman, submitted by Rob Almy as 
general interest to members of the group. 

MFT:gn 
Encls. 

Yours very truly, 

Maurice F. Twitchell, 
Secretary 
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STATUS OF BASIN REPORT 
Santa Maria Valley Water Conservation District 

Ground Water Management Group 
September 7, 1994 

(PLEASE NOTE: This status report has been assembled by the sub­
committee with an inclination to furnish conservative, generic, and 
innocuous data that may have a better potential to survlve 
IIconsensus building ll sessions within the general membership of this 
management group.) 

BASIN BOUNDARIES: NIPOMO SUB-UNIT HAS BEEN DEFINED BY LAWRANCE, 
FISK AND MCFARLAND (MAP ATTACHED) 

This map is furnished as a starting point only. No 
producers close to the boundaries will be prevented from 
participating, nor required to participate, in this ground 
water management group. 

POPULATION PROJECTIONS: GROWTH INDUCEMENT SECTION OF SWP EIR 

Santa Barbara County Growth Inducement Potential of state 
Water Importation, Pamela Gene Cosby, 3/15/91, Table 3. 

Santa Maria Annexation Sphere of Influence Study, City of 
Santa Maria, 1993. 

AGRICULTURAL USAGE: CROP PATTERN/USAGE/RETURN FLOW CREDIT 
ESTIMATES 

It is recommended that the Agriculture members of 
this ground water management group furnish this data. 

SEAWATER INTRUSION 

Unlikely, as none has been reported, but if this phenomenon 
occurs in the future. it is within the purview of this group 
to address/correct. 

OVERDRAFT OF BASIN: 30,000 ACRE FEET/YEAR 

city of Santa Maria, Long Term Water Management Plan, 
February, 1991, p.18 (30,026 acre feet/year) 

It is recommended that focus of this group be directed towards 
developing as many projects as possible to provide 
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PAGE TWO, BASIN STATUS REPORT 
SMVWCD 9/7/94 MEETING 

supplemental water to the basin, rather than deliberating the 
precise quantity of the overdraft. 

ORCUTT SUB-BASIN OVERDRAFT: 18,000 ACRE FEET/YEAR 

city of Santa Maria, Long Term Water Management Plan, 
February, 1991, p.19 (18,570 acre feet/year) 

STORAGE CAPABILITY (10 FEET ABOVE SEA LEVEL, TO TOP OF SATURATED 
ZONE): 1,000,000 ACRE FEET 

Santa Maria Valley Water Resources Report, County of santa 
Barbara, 1994, p.39 (1,105,000 million acre feet, with a total 
capacity of 3,072,000 acre feet) 

EXISTING GROUND WATER LEVELS: NO MANIFESTED PROBLEMS 

No current problems have been reported within the County of 
santa Barbara, or within the Nipomo Mesa Area. If rising 
water or artisan water problems are encountered in the 
future, this issue will be revisited. 

CONTAMINATION PROBLEMS: 10 SITES IN GUADALUPE (Oil) 
1 SITES IN ORCUTT (Oil) 

The above problems, as reported to the County Environmental 
Health Department, deal with oil-related water pollution and 
are currently being monitored. 

To minimize future concerns, it is very likely that a "well 
abandonment program" will be recommended to be administered 
by this group. 

att: LFM map of Nipomo sub-unit boundary 
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AB 3030 Sec. 10753.7 (I) 

The Review Of Land Use Plans And Coordination 
With Land Use Planning Agencies To Assess Activities 

Which Create A Reasonable Risk Of Ground Water Contamination 

An important component of developing a ground water management plan is the review of 
land use plans for the surrounding area or basin, and coordinating efforts with regional, sub­
regional, and local land use planning agencies. In California, the majority of land use 
decisions are made by city and county government agencies. Undoubtedly, land activities and 
how they are managed can affect both ground water quality and quantity . The threat that a 
certain land use may pose to a ground water resource is a function of the ground water 
aquifer properties, management practices associated with the individual land use, and actual 
use of surrounding land (cumulative impact of all activities). As an example, hydrologic 
conditions may dictate that in certain areas, the aquifer is more vulnerable to pollution. This 
may be due to the permeability of the underlying soils and/or a shallower depth to the water 
table. To assure protection of ground water quality in the basin, this type of information 
may be taken into consideration when making land use decisions regarding zoning. 

Examples of common land uses with a potential to adversely impact ground water supplies 
include large scale unsewered residential development, and industrial development without 
proper control measures or management practices. Cumulative impacts to a basin and relative 
land development density should also be evaluated. The use of shallow drainage wells to 
dispose of surface run off from streets, highways, parking lots, and agricultural areas, if 
determined to be of concern for the area, can also be addressed in the management plan. In 
this instance, the risk of a major roadway accident or spill, or the potential for the well being 
used as an illegal disposal site for hazardous substances, could be factored into the planning 
process. 

A key aspect of ground water management is maintaining quantity or supply. Land use 
planning decisions that lead to covering up large portions of land with impervious surfaces 
can increase storm water runoff. This can lead to excessive down cutting and erosion in 
stream channels and flooding in the lower part of the watershed. The amount of natural 
recharge to the ground water basin can be significantly reduced. Land use decisions such as 
maintaining green space in areas of high recharge and encouraging the use of pervious 
materials will have a net benefit to the ground water basin. 

The process of developing a ground water management plan can allow for information 
exchange between several parties, including agricultural and industrial water users, citizens, 
and resource, regulatory and planning agencies. The ground water management plan 
ultimately assists local planners, and local planners assist in the process of developing a 
comprehensive plan which can be realistically implemented resulting in effective protection 
and management of the ground water resource. 

For more information on this topic, please contact: 
State 
San Francisco Bay Regional Water Quality Control Board, Dyan Whyte 5101286-1324 

21 
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SYNOPSIS OF AB 3030 
(SWC Sec. 10750 et seq.) 

Procedures and Teclmical Components 

AB 3030 (Water Code Sections 10750 - 10767) 

r. Purpose of AB 3030 

A. Local agency 

B. Management area and agency power 

1. May exercise many of the powers of a Water Replenisrunent District 
(SWC §60220 AND §60300) 

C. Procedures 

1. Publish notice of public hearing 
2. Conduct a hearing on whether to adopt a ground water management plan 
3. May adopt a resolution of intention to adopt a ground water management 

plan 
4. Must publish notice 
5. Must prepare a ground water management plan within 2 years 
6. I f not, return to step 1 
7. Hold a 2d hearing after the plan is prepared 
8. Consider protests 
9. A majority protest consists of more than 50% of the assessed value of the 

land within the agency 
10. If a majority protest exists, the plan shall not be adopted 
11. No new plan for the same area may be considered for 1 year 
12. If there is no majority protest, the ground water management plan may be 

adopted within 35 days after the 2d public hearing 

D. Rules and regulations 

E. Finances 

F. Proposed fees 

G. Coordination with other agencies 

II. Water Code Section 10753.7 states that a ground water management plan may include 
components relating to all of the following: 

A. The control of saline water intrusion 
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B. Identification and management of wellhead protection areas and recharge areas 

C. Regulation of the migration of contaminated ground water . 

D. The administration of a well abandonment and well destruction program 

E. Mitigation of conditions of overdraft 

F. Replenishment of ground water extracted by water producers 

G. Monitoring of ground water levels and storage 

H. Facilitating conjunctive use operations 

I. Identification of well construction policies 

J. The construction and operation by the local agency of ground water 
contamination cleanup, recharge, storage, conservation, water recycling and 
extraction projects 

K. The development of relationshi ps with state and federal regulatory agencies 

L. The review of land use plans and coordination with land use planning agencies to 
assess activities which create a reasonable risk of ground water contamination 

III. Additional powers granted under SWC Part 4 starting with §60220 and Part 6 starting 
with §60300 include levying assessments, conducting technical studies, protecting ground 
water supplies, taking action outside the district to protect ground water, water 
replenishment assessments, and water measuring devices 

IV. Section 3 requires D\VR to publish a bulletin no later than 1 January 1998 that reports on 
the ground water management plans that have been adopted by local agencies. 

V. Benefits of ground water management 

A. The basin is managed efficiently as a ground water reservoir. 
B. Water supply is maximized. 
C. Long term water supply is assured 
D. Costs, benefits and water shortages are shared equitably 

Carl Hauge. Department of Water Resources (916) 327-8861, 12 Aug 94 



Copy of document found at  www.NoNewWipTax.com

DRAFT 
DEPARTMENT OF WATER RESOURCES BULLETIN 118-3030: Status of Ground 
Water Management Plans Adopted and Implemented Pursuant to AB 3030 

Section 3. Chapter 947. Statutes of 1993: The Department of Water Resources shall, on or 
before January 1, 1998, prepare and publish, in a bulletin of the department published 
pursuant to Section 130 of the Water Code, a report on the status of ground water 
management plans adopted and implemented pursuant to Part 2.75 (commencing with Section 
10750) of Division 6 of the Water Code. 

I. 
II. 
III. 

IV. 

V. 

VI. 

VII. 

Table of Contents 

Name of local agency 
County 
Name, number and description of ground water basin 
A. Size. 
B. Major stream. 
C. Water bearing material (s). 
Does the agency include the entire ground water basin? 
A. If not, how many other agencies are partially or wholly within the same basin? 
B. Map showing agency boundaries and ground water basin boundaries. 
What section of the State Water Code has been used to form the ground water 
management plan? 
Status of Ground Water Management Plan 
A. If formed pursuant to SWC Section J 0750 et seq: 

B. 

1. Adopted a resolution of intention to develop a ground water 
management plan. Date. 

2. Entered into Memorandum of Understanding, Joint Powers Agreement, 
or other agreement 'With 1 or more local water service entities to 
develop a ground water management plan. 
Ground water plan adopted. Date. '" .J . 

4. Ground water plan voted down. Date. 
5. Date when new resolution of intention to develop a ground water 

management plan can be adopted. 
If formed pursuant to another Section of the SWC, please list Section number 
and activities included in the plan. 

Contents of plan: 
A. Control of saline water intrusion. 
B. Identification and management of wellhead protection areas and recharge areas. 
C. Regulation of the migration of contaminated ground water. 
D. Administration of a well abandonment and well destruction program. 
E. Mitigation of conditions of overdraft. 
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VIII. 

IX. 

X. 

XI. 
XII. 

XIII. 
XIV. 
XV. 
XVI. 
XVII. 

F. Replenishment of ground water extracted by water producers. 
G. Monitoring of ground water levels and storage. 
H. Facilitating conjunctive use operations. 
1. Identification of well construction policies. 
1. Construction and operation by the local agency of ground water contamination 

cleanup, recharge, storage, conservation, water recycling, and extraction 
projects. 

K. Development of relationships with state and federal regulatory agencies. 
L. Review of land use plans and coordination with land use planning agencies to 

assess activities which create a reasonable risk of ground water contamination. 
M. Other. 
Rules and regulations adopted to implement and enforce the ground water management 
plan 
A. 
B. 

Limitation on extraction and/or water purchasing requirements. 
Other. 

Fees and assessments proposed 
A. Date voted on. 
B. Passed/failed. 
C. Amount of fee. 
Purpose of the fee 
A. Ground water extraction. 
B. Replenishment water. 
C. Administrative and operating costs. 
D. Construction costs for capital facilities. 
Time schedule for implementing the plan's objectives. Identify phases. 
Hydrogeologic characteristics of the basin. 
A. Well yields in gpm: Maximum and average 
B. Depth zone in feet 
C. Storage capacity in acre feet 
D. Usable storage capacity in acre feet 
E. Extraction in acre feet per year 
F. Perennial yield in acre feet per year 
G. Overdraft in acre feet per year 
H. Estimated pump lift in feet 
I. Number of wells monitored: Water level and quality 
Degree of knowledge 
Most recent study 
Problems 
Cost 
Management and status of basin 

2 

Carl Hauge, Department of Water Resources 
(916) 327-8861, 10 Aug 94 
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GROUND WATER MANAGEMENT IN CALIFORNIA 

Conclusions 

1. Goals of ground water basin management have been clearly defined: 

a. Protection of natural recharge and use of intentional recharge. 

b. Planned variation of amount and location of extraction over time. 

c. Use of ground water storage conjunctively with surface water from local and 
imported sources, including recycled water. 

d. Protection and planned maintenance of ground water quality. 

2. There is no single, institutional, financial, legal, or technical program for managing 
ground water in different parts of Califorrlla. 

3. Ground water management plans must match the institutional and technical framework 
that exists in a specific area. For this reason, management plans may not be identical 
from basin to basin or sub-basin to sub-basin. 

4. If there is no ground water management plan in your area, you should start planning 
immediately with the data that are available. Don't wait for other studies to be started 
or finished. 

5. Many existing water service agencies already have some regulatory authority relating 
to ground water. 

6. AB 3030 provides clear procedures for developing a ground water management plan, 
but it does not eliminate previously existing institutional problems. Consensus­
building that leads to resolution of such problems remains the responsibility of water 
managers. 

7. Efficient management of the ground water reservoir maximizes water supply, assures a 
long-term supply, and spreads costs, benefits, and water shortages equitably. 

Carl Hauge, Department a/Water Resources, (916) 327-8861,21 Jul94 
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California Department of Water Resources 
2 February 1993 

WATER RESOURCES CHECKLIST--

SUBJECTS TO CONSIDER IN WATERSHED AND BASIN STUDIES FOR 

WATER MANAGEMENT PLANS 

Includes surface water. ground water. and recvcled water. 

This checklist can be used when planning and undertaking studies of watersheds and 
ground water basins. The checklist includes all subjects that could be considered relevant in 
studies of water resources to ensure effective and efficient water management. 

Some of the subjects on the check list may not be relevant in some areas of the state 
and therefore may not require the same degree of study as in other areas. All of the subjects 
are included on the checklist to allow water managers to decide whether to include all 
subjects in their study or to exclude some subjects because consideration of those subjects 
may not be necessary in that watershed and basin. 

The checklist is organized into 5 phases for ease in contracting with government 
agencies or private vendors to complete the work, and to allow management decisions as 
portions of the work are completed. At the end of anyone of the first 3 phases you may 
decide to change the scope of the following phase before beginning the work, or you may 
decide to go no further with the project. 

Phase 1 

1. Identify management goals 

II. Water Management Plan (Local Water Purveyors' plans) 
A. Conservation practices 
B. Conjunctive use 
C. Plans for future phase 2 and phase 3 activities 

III. Institutional Issues 
A. Water Rights 
B. Water Quality 
C. Water management jurisdiction 

1. Statutory authority 
2. Boundaries 

1 
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IV. "Process" Issues 
A. Interagency Coordination 
B. Planning Process 
C. Staffing 
D. Funding 

V. Data Availability 
A. Surface water 
B. Ground water 
C. Water. quality 
D. Precipitation 
E. Geology 
F. Land use 
G. Land ownership 
H. Habitat designation 

Phase 2 

VI. Previous studies 
A. Surface water 
B. Ground water 
C. Water quality 
D. Protection of recharge areas 
E. Health 
F. Sewage treatment 
G. Waste water discharge 
H. Solid waste disposal 
I. Environmental projects 
1. Wetlands 
K. Habitat restoration 
L. Desalination 

VII. Regional Water Budget (surface and ground water) 
A. Basin boundaries 
B. Precipitation 
C. Surface water runoff 
D. Ground water recharge 
E. Ground water outflow 
F. Evapotranspiration 
G. Inflow - outflow = change in storage 

2 
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VIII. Hydrogeology 
A. Well inventory 

1. Drillers logs 
a. Construction infonnation 
b. Lithology 

2. Canvass (field reconnaissance) 
3. Other sources 

a. Local agencies 
b. State, federal agencies 

B. Historical ground water data 
1. Ground water levels 
2. Ground water quality 
3. Change in ground water levels or quality 

C. Regional hydrogeology 
1 . Recharge areas 

a. Recharge characteristics 
(1) Distribution 
(2) Quality 

b. Land use 
c. Hydraulic continuity between recharge and discharge areas 

2. Discharge areas 
4. Aquifer geometry 
5. Aquifer characteristics 

a. Transmissivity (T) 
b. Storativity (S) 

IX. Water demands 
A. Present 

1. Population 
2. Land use 
3. Water demand 

B. Projected 
1. Assumptions 
2. Land use 
3. Population 
4. Water demand 

X. Existing surface water delivery, drainage, and sewage systems 
A. Locations 
B. Capacities 

3 
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XI. Water Quality 

~TT , 

.1\.11. 

A. Surface 
B. Ground water 

1. Protection of recharge areas 
a. Land use zoning 
b. Well Head Protection Areas (WHPAs) 

C. Sources of contamination 
1. Non-point sources 

a. Fertilizer 
b. Sewer leakage 
c. Other 

2. Point sources 
a. Industrial 
b. Sewage Treatment Plants 
c. Mining 
d. Others 

Recycled water 
A. Sources 

1. Amount 
2. Wheeling capability 

B. Facilities 
1. Treatment plants 
2. Pipelines 
3. Storage 

a. Surface 
(1) Location 
(2) Capacity 

b. Ground water recharge 
(1) Location 
(2) Capacity 

C. Potential uses 
1. Ground water recharge 
2 Landscape irrigation 
3 Industrial 
1. Agricultural 
2. Recreation 
3. Firefighting 
4. Construction 
5. Dual plumbing systems 

a. Toilets/urinals in high rises 
b. Cooling plants/towers 

4 



Copy of document found at  www.NoNewWipTax.com

.' . 

XIII. Environmental Impacts 

XIV. 

A. Enhancement 
1. Stream flow augmentation 
2. Habitat restoration 
3. Aesthetics 
4. Other 

B. Damage 
1. Causes 
2. Extent 
3. Mitigation 

Economics of water management and conjunctive use 
A. Benefits 

1. Water demands (see item VIII) 
2, Direct and indirect impacts 

"I 
j. 

a. Income 
b. Employment 
Environmental value 

4. Mitigation of damages 
B. Costs 

1. Project scale 
2. Regional/local comparisons 
3. Proj ect timing 

a. Integration with local activities 
b. Local project assistance 

4. Environmental damage 
a. Foregone value 
b. Mitigation costs 

C. Net project benefits 

XV. Other study issues 
A. GIS capability 
B. Staffing or expertise in the following fields 

1. Ground water 
2. Surface water 
3. Urban/agricultural water demand economics 
4. Environment/ecology 
5. Social impacts 
6. Water recycling 
7. Public participation and workshops 
8. CEQAlNEPA documentation 

5 
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Phase 3 

Selection and design of a surface water allocation model and a ground water model. 
This phase can begin while phase 2 is underway. While conceptual and/or computer models 
are being developed they are useful in helping to increase the understanding of surface water 
and ground water flow in the basin and in helping to evaluate data collection programs for 
effectiveness at assessing the resource. 

Phase 4 

Selection of the preferred water management alternative(s) 
A. Surface water 
B. Recycled water 

1. Test program to prove the suitability of the recycled water for recharge 
C. Ground water 

1. Conjunctive use 
2. Recharge 

a. In-channel 
b. Off-stream spreading basins 
c. Injection wells 
d. In-lieu use of surface water 

3. Identification of recharge sites that are available for a reasonable price 
4. Test programs to certify that available recharge sites have adequate: 

a. Infiltration rates 
b. Hydraulic continuity with discharge areas 

Phase 5 

Implementation of a water management program that will increase the amount of 
water available through more efficient use of all water supplies, including surface water, 
ground water, and recycled water. 

6 
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AB 3030 
GROUND WATER MANAGEMENT 

MANUAL 

ELEMENTS OF A 
GROUND WATER 

MANAGEMENT PLAN 

Produced by: 

Ground Water Committee 
Association of California Water Agencies 

MARCH 1994 

1 
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AB 3030 
THE GROUND WATER MANAGEMENT ACT 

GROUND WATER MANAGEMENT PLAN ELEMENTS 

AB 3030, the Ground Water Management Act, authored by California State Assemblyman 
Jim Costa (D-Fresno) and signed into law in 1992, lists 12 components that may be included 
in a ground water management plan. Each component would play some role in evaluating or 
operating a ground water basin so that ground water can be managed to maximize the total 
water supply while protecting ground water quality. 

Department of Water Resources' Bulletin 118-80 (pg. 9) defines ground water basin 
management as including planned use of the ground water basin yield, storage space, 
transmission capability, and water in storage. Ground water basin management includes: 

(1) protection of natural recharge and use of intentional recharge; 

(2) planned variation in amount and location of pumping over time; 

(3) use of ground water storage conjunctively with surface water from local 
and imported sources; and, 

(4) protection and planned maintenance of ground water quality. 

The 12 components listed in Section 10753.7 of the Ground Water Management Act (AB 
3030) form a basic list of data collection and operation of facilities that may be undertaken by 
an agency operating under this act. 

Data collection will provide information to evaluate the water resources in the basin within 
the boundaries of the district. The construction of facilities will allow operation of the basin 
to protect ground water quality and to maximize the water supply by means of recharge of 
surface water and extraction of ground water at appropriate times and locations. 

Specific comments about each of the 12 items listed in Section 10753.7 are included in the 
discussion that follows. For specific information about any issue, contact the Association of 
California Water Agencies, the California State Water Resources Control Board, the U.S. 
Environmental Protection Agency, or the California Department of Water Resources. Names 
and telephone numbers of appropriate experts are listed at the end of each discussion. 

2 
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GROUNDW ATER MANAGEMENT PLAN ELEMENTS 
AS SET FORTH IN AB 3030 

10753.7 A groupdwater management plan may include components 
relating to all of the following: 

a) The control of saline water intrusion. 

b) Identification and management of wellhead protection areas and recharge 
areas. 

c) Regulation of the migration of contaminated groundwater. 

d) The administration of a well abandonment and well destruction program. 

e) Mitigation of conditions of overdraft. 

f) Replenishment of groundwater extracted by water producers. 

g) Monitoring of groundwater levels and storage. 

h) Facilitating conjunctive use operations. 

i) Identification of well construction policies. 

j) The construction and operation by the local agency of groundwater 
contamination cleanup, recharge, storage, conservation, water recycling, and 
extraction projects. 

k) The development of relationships with state and federal regulatory agencies. 

1) The review of land use plans and coordination with land use planning 
agencies to assess activities which create a reasonable risk of groundwater 
contamination. 

3 
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AB 3030 Sec. 10753.7 (a) 

The Control of Saline Water Intrusion 

Saline water can slowly degrade a ground water basin and ultimately render all or part of a 
basin unusable. Several sources can contribute to increased salinity in ground water. In 
addition to sea water intrusion, saline degradation of ground water can be caused by use and 
re-use of the water supply; lateral or upward migration of saline water; downward seepage of 
sewage and industrial wastes; 'downward seepage of mineralized surface water from streams, 
lakes, and lagoons; and interzonal or interaquifer migration of saline water (see illustration). 

1. Increase in salt content dissolved from earth materials: 
Salts present in soil, sediment and rocks are dissolved by water that flows through 
those materials, increasing the salt content of that ground water. 
Control: 
This is a natural process and can not be prevented. 

2. Lateral or upward migration of saline water: 
High quality ground water in an aquifer can be degraded if a ground water gradient is 
created that induces lower quality water to flow either laterally or vertically into the 
aquifer. This can occur through natural or manmade pathways. In some areas this 
may occur naturally when confining layers in the aquifer system are deposited in 
discontinuous lenses. The most common manmade pathway is a well. If wells are not 
built according to adequate standards, the ground water gradient may induce movement 
of lower quality water to flow into an aquifer with high quality water. 
Control: 
When the problem is naturally occurring, the method of control is to change the 
gradient so that the lower quality water does not flow into the aquifer containing high 
quality water. This can be accomplished by reduction of extraction from the aquifer, 
recharging the aquifer with good quality water, or by importing surface water to use in 
lieu of ground water. When the problem is caused by wells, enforcement of adequate 
well standards in well construction, renovation, and destruction can prevent such 
interzonal movement of lower quality ground water. Every ground water management 
plan should include provisions to ensure that wells in the basin do not become conduits 
for contamination of the aquifer. 

3. Downward seepage of sewage, agricultural, or industrial waste: 
Sewage, agricultural and industrial waste that is disposed of indiscriminately will seep 
downward and eventually enter the aquifer and contaminate the ground water. By law 
such discharges must be permitted by the Regional Water Quality Control Boards under 
waste discharge permits. Discharges that occurred in the past, however, are revealing 
themselves today. 
Control: 
The first step in control is to be sure that such discharges are no longer taking place. 
Such steps include more rigorous enforcement of waste discharge permits on all 

industrial and agricultural operations, and a better understanding of the relationship 
between land use, discharge of pollutants, and ground water contamination. 

4 
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4. Downward seepage of mineralized surface water: 
Mineralized surface water from streams, lakes and lagoons can enter the aquifer and 
contaminate ground water. 
Control: 
If the mineralization is human-caused, better discharge control should be implemented. 
If the mineralization is natural, management options may include treatment, diversion, 
or replacement of the water. 

5. Interzonal or interaquifer migration of saline water: 
If wells are not built according to adequate standards, the ground water gradient may 
induce movement of lower quality water to flow into an aquifer with high quality 
water. In some areas this may occur because confining layers in the aquifer system 
were deposited in discontinuous lenses. 
Control: 
Enforcement of adequate well standards in well construction, renovation, and 
destruction can prevent interzonal movement of lower quality ground water through 
well borings. Every ground water management plan should include provisions to 
ensure that wells in the basin do not become conduits for contamination of the aquifer. 

If discontinuous confining or perching layers in the aquifer provide openings through 
the clay layer that act as conduits for interzonal contamination, ground water managers 
should consider managing the basin to maintain interaquifer gradients that prevent or 
minimize such contamination." 

6. Sea water intrusion (not shown in illustration): 
Sea water intrudes inland into coastal aquifers when the head in the aquifer is reduced 
by ground water extraction inland (up-gradient) of the coast. 
Control: 
Three methods are available to control sea water intrusion. First, extraction of ground 
water up gradient can be reduced. In California, where the popUlation is continuously 
increasing, this has proven to be unworkable. Second (and most common), a sea water 
intrusion barrier can be built that injects water into the aquifer. The barrier consists of 
fresh water at a higher head than the sea water so that the sea water can not flow 
inland into the aquifer. Some of the fresh water injected into the barrier flows seaward 
while some of the injected water flows inland and may be extracted by wells that are 
perforated in the aquifer. Third, a sea water intrusion barrier can be built that extracts 
water along the coast which lowers the ground water levels along the coast below sea 
level and below the level of nearby fresh ground water. The mix of fresh water and 
sea water is then pumped back to the ocean. 

For more information on this topic, please contact: 
State 
Department of Water Resources, Carl Hauge 916/327-8861 

5 
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Key to Illustration 

1. Degradation of Ground Water Through Usc and Re-use 
Example: Irrigation water applied to crops is increased in salinity through evaporation. The seepage, unconsumed 
by vegetation, returns to the ground water and is further degraded en route by leaching salts from the soil. 

2. Degnldation of Ground Water Through Lateral or Upward Migration of Saline Waters 
Example: The sand strata illustrated were deposited in the ocean and were subsequently elevated to their present 
positions. Sea water contained within these sediments since their deposition migrates to the alluvium under 
in[]uence of the hydraulic gradient created by pumping of the wells. Prior to exploitation of ground water such 
migration was generally negligible. 

3. Degradation of Ground Water Through Downward Seepage of Sewage and Industrial Wastes 
Example: Sewage and industrial waste seeping from cesspools or permeable sumps ultimately migrates to the 
ground water supply. 

4. Degradation Through Downward Seepage of Mineralized Surface Waters F'·om Streams, Lakes ami Lagoons 
Example: Mineralized surface water migrates to the ground watcr supply. 

5. Degradation Through Interzonal Migration of Saline Waters 
Example: Degraded water with the upper water-bearing zone enters the lower productive water-bearing zone 
through an opening in the clay layer that separates the two zones or through defective, improperly constructed or 
abandoned wells. 
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AB 3030 Sec. 10753.7 (b) 

Identification and Management of Wellhead Protection Areas 
and Recharge Areas 

The federal Wellhead Protection Program was established by Section 1428 of the Safe 
Drinking Water Act Amendments of 1986. The purpose of the program is to protect ground 
water sources of public drinkiryg water supplies from contamination, thereby eliminating the 
need for costly treatment to meet drinking water standards. The program is based on the 
concept that the development and application of land-use controls (usually applied at the local 
level in California) and other preventative measures can protect ground water. 

A Wellhead Protection Area (WHPA), as defined by the 1986 Amendments is, "the surface 
and subsurface area surrounding a water well or wellfield supplying a public water system, 
through which contaminants are reasonably likely to move toward and reach such water well 
or wellfield". The WHP A may also be the recharge area that provides the water to a well or 
wellfield. Unlike surface watersheds that can be easily determined from topography, WHP As 
can vary in size and shape depending on geology, pumping rates, and well construction. 
There are several different methods which can be used to delineate the lateral boundaries of a 
WHPA. These include simple fixed radius techniques, analytical equations, numerical 
modeling, and geologic mapping. 

Under the Act, states are required to develop an EPA-approved Wellhead Protection Program. 
To date, California has no formal state-mandated program, but instead relies on local agencies 
to plan and implement programs. For this reason, AB 3030 was enacted. A number of local 
governments, including Santa Clara Valley Water District, Descanso Community Water Dis­
trict, West San Bernardino County Water District, and Monterey County Water Management 
District, are in various stages of developing local ground water management programs that 
include WHP As. Wellhead Protection Programs are not regulatory by nature, nor do they 
address specific sources. They are designed to focus on the management of the resource 
rather than control a limited set of activities or contamination sources. 

A complete Wellhead Protection Program should consist of seven elements: 

l. Form a committee of participants and determine the roles of various state agencies, 
local governments, and public water suppliers. The committees should prepare a 
summary and purpose describing how the WHP goal will be achieved; 

2. Delineation of Wellhead Protection Areas (WHP As) based on reasonably available 
hydrogeologic information on ground water flow, recharge and discharge, and other 
information deemed necessary to adequately determine the wellhead protection area; 

3. Identification of potential sources of contaminants within each WH.P A. Current, 
past, and future land uses should be considered when developing the contamination 
source inventory; 

8 
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4. Development of management approaches to protect the ground water from 
contaminants, including technical assistance, financial assistance, implementation of 
control measures, education, training, and demonstration projects; 

5. Development of a contingency plan to provide alternate drinking water supplies in 
case a well or wellfield becomes contaminated; 

6. Development of a plan to prevent new well drilling from contaminating or 
spreading the contamination of ground water; and, 

7. Development of a public participation program so that local citizens can be 
involved throughout the planning process. 

For more information on this topic, please contact: 
State 
Department of Water Resources 
For California ground water information, call: 
Carl Hauge at 916/327-8861 

Federal 
U.S. Environmental Protection Agency 
For specific WHP information, call: 
Sunny Kuegle at 4151744-1830 or 
Susan Whichard at 4151744-1924 

To obtain a listing of WHP documents, call 800/ 426-4791. 

For California ground water information, call: 
Tony Lewis at 4151744-1913 or 
Susan Whichard at 4151744-1924 

U.S. Geological Survey, Water Resources Division, Sacramento 
For California ground water information. 

9 
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AB 3030 Sec. 10753.7 (c) 

Regulating Contaminant Migration In Ground Water 

Ground water contamination originates from a number of sources or activities, such as leaking 
tanks discharging petroleum products or solvents, or the application of pesticides and 
fertilizers. Effective control and clean-up of contaminated ground water requires a 
coordinated effort between allJegulatory agencies involved, source control, understanding of 
the hydrogeology, and delineation of the contamination. 

Agencies with a role to play in mitigating ground water contamination generally include the 
Regional Water Quality Control Board (Regional Water Board), Department of Toxic 
Substances Control, U.S. Environmental Protection Agency, and now the ground water 
management agency (GMA). Each agency has a unique set of regulatory authorities and 
expertise to contribute. The degree to which they participate depends on the nature and 
magnitude of the problem. What ever role the GMA decides to play, it should insure its 
actions are in concert with those of the other involved agencies. 

Typically, source control is the identification of current and past users of hazardous materials, 
and verification of the proper storage and disposal of these materials. In many cases the 
Regional Water Board conducts this activity . If, during the verification process, evidence of 
any uncontrolled discharge or spill of these materials is found, then the Regional Water Board 
can order investigation of the extent of contamination and its subsequent cleanup. Usually, 
these activities are conducted on a site basis and generally do not consider regional 
identification and control of contamination. The GMA should remain in close contact with 
the Regional Water Board during the source investigations and site cleanups. 

In the event that the source(s) of contamination is not found, the GMA can have a role in 
finding, containing, and removing the contamination, usually on a regional scale. Controlling 
the migration of contamination requires an understanding of the hydrogeology of the basin 
and delineating the lateral and vertical extent of the contaminant plume(s) . Technical 
information for many basins is available from a number of sources such as the United States 
Geological Survey and Department of Water Resources. The most common tool for 
delineating the boundaries of a plume is the monitoring well. Monitoring wells can tap one 
aquifer or many, depending on the design and need. Very often, monitoring wells used for 
contaminant control are made part of a larger data collection effort for the GMA (for 
example, a series of wells to monitor water levels throughout the basin). 

Once the location of contamination is verified, the GMA can choose to monitor its migration, 
contain it from moving further into clean aquifers, or remove it from the aquifer. 
Containment is often an interim step to protect downgradient aquifers and drinking water 
supplies and/or to provide time to complete investigations and construct a more 
comprehensive long-term treatment system. 
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Complete removal of some contaminants, such as solvents and nitrates, is often difficult, if 
not impossible. The level of effort undertaken by the GMA to deal with the contamination 
depends on several factors, including available funds, risk to drinking water supplies and 
public health, the extent and concentration of contamination, the ability to use the ground 
water that is removed and treated, and state and federally mandated clean-up levels. 

For more information 00 this topic, please contact: 
Local 
San Gabriel Basin Water Quality Authority 
Jim Goodrich 818/859-7777 

State 
Regional Water Quality Control Board for your area 
Department of Toxic Substances Control District Office for your area 

Federal 
U.S. Environmental Protection Agency, Region 9 
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AB 3030 Sec. 10753.7 (d) 

The Administration Of A Well Abandonment 
And Well Destruction Program 

All wells should be properly destroyed or decommissioned if they are not to be used in the 
future. Wells that are abandoned or improperly destroyed can pollute ground water to the 
point where it is unusable or r~quires expensive treatment. There are three general means by 
which this occurs: 1) pollutants enter the well from the surface, 2) the well establishes 
vertical communication and allows poor quality ground water and pollutants to move from 
one aquifer to another, and (3) the well is used for illegal waste disposal. Ground water 
contamination is not the only threat to public health due to abandoned wells. These wells 
also pose a serious physical hazard to humans and animals. A survey of wells in Fresno 
County found about 10% of abandoned wells were not properly destroyed. 

Property owners or lessees who do not properly destroy an abandoned well on their land may 
be guilty of a misdemeanor (under Section 24400 of the Health and Safety Code). Wells do 
not have to be destroyed if future use is anticipated, but they must be properly capped and 
maintained, as specified in the Code. Criminal penalties do not apply unless the well presents 
a public health hazard or a probable preferential pathway for the movement of pollutants, 
contaminants, or poor quality water. In any case, the owner can be assessed clean-up costs if 
the well causes a ground water contamination problem. 

Sections 13700 through 13806 of the California Water Code require proper destruction of 
wells. Minimum standards for the destruction of wells are specified in Department of Water 
Resources Bulletins 74-81 and 74-90. These standards apply to all water wells, cathodic 
protection wells, and monitoring wells. The only significant exception is oil, gas, and 
geothermal wells, which are regulated by the Department of Conservation. If a local agency 
does not have its own well standards ordinance, it must enforce the State's Model Well 
Ordinance (State Water Resources Control Board Resolution No. 89-98). Local agency 
requirements may exceed State standards. 

For more information on this topic, please contact: 
State 
State Water Resources Control Board 
Ken Harris 916/657-0876 

For copies of DWR Bulletins call 916/653-1097. 
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AB 3030 Sec. 10753.7 (e) 

Mitigation Of Groundwater Overdraft 

Uncontrolled overdraft, long-term depletion of storage or groundwater mining in a ground 
water basin can cause several problems, including subsidence, degradation of ground water 
quality, and increased cost in pumping. In addition, if the storage in a ground water basin is 
depleted and not replaced na~rally or by an artificial recharge program, this source of supply 
cannot be counted upon when surface water sources are limited, as in a prolonged drought. A 
Ground Water Management Plan under AB 3030 would provide a tool to assist in developing 
methods to control and manage ground water overdraft. 

Mitigation of ground water overdraft can occur through the cessation or regulation of 
extractions and/or the increase of recharge to offset over extraction. This could take the form 
of restrictions through strict regulations of amounts extracted. Another form would be the use 
of financial incentives to control the amounts extracted, i.e. significant surcharges on 
quantities extracted in excess of a prescribed limit. 

Controlling ground water overdraft may be accomplished through active replenishment of the 
basin. Surface water may be acquired by the ground water management agency and used to 
recharge the basin supplies. Some enhancement of natural replenishment may be appropriate, 
or a more intensive system of spreading grounds, off-stream recharge basins, and/or injection 
wells could be employed to introduce the recharge water into the basin. 

Managing ground water overdraft may also be accomplished through conjunctive use. The 
establishment of a conjunctive use program would use surface water to recharge the basin in 
times of surplus, and rely more on ground water pumping in times of shortage of surface 
water. The use of surface water "in-lieu" of ground water, and the ability to extract ground 
water to replace limited or depleted surface water supplies, necessitates redundant systems and 
a certain investment in infrastructure to maximize the efficiency of this type of program. 

For more information on this topic, please contact: 
Local 
Orange County Water District 
William R. Mills Jr. 714/378-3200 

State 
Department of Water Resources 
Carl Hauge 916/327-8861 
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AB 3030 Sec. 10753.7 (f) 

Replenishment Of Ground Water Extracted By Producers 

The replenishment of ground water extracted by producers is an important management 
technique of a ground water agency because it can increase the yield of the basin. 

Replenishment of ground water can be achieved through recharge of either natural water 
supplies or water acquired fro~ outside the basin by the ground water management agency. 
Maximizing the use of naturally occurring supplies can be accomplished through effective 
management of those resources. A ground water management agency may develop facilities 
to retain rainfall and runoff, and to capture surplus flows in natural streams or rivers, in order 
to have supplies to replenish the ground water basin. 

An assessment of local geology is necessary to determine the areas or sites where surface 
water may be most efficiently percolated into the ground water basin. A careful examination 
should be performed of surplus quarry sites or abandoned excavations, which may have the 
requisite geologic characteristics and provide for a minimal cost opportunity for establishing 
recharge facilities. 

A ground water management agency may also acquire water supplies, through purchase or 
diversion, to replenish a ground water basin. This method may require the securing of water 
rights to a supply . If the ground water management agency is unable to use naturally 
occurring stream beds for the delivery of surface water, the construction of facilities, such as 
canals or pipelines, may be necessary to deliver the water to other facilities used to replenish 
the basin. 

Replenishment of a ground water basin may be in the following ways: 1) through natural 
percolation of surface water through the soil to the basin, 2) the delivery of surface water to 
spreading grounds or basins which are maintained to allow maximum percolation into the 
ground water; or 3) through injection of surface water into the ground water basin through 
injection wells. 

The ground water management agency may have the need for funds to purchase surface 
water, construct facilities to deliver surface water; or purchase, construct or maintain 
replenishment facilities. A Replenishment Assessment (RA) is often levied by ground water 
management agencies to fund the purchase of replenishment water and to finance facilities for 
replenishment. A tiered assessment may be considered in which a lower RA rate is used for 
water pumped below the safe yield and a higher RA rate used to offset the additional burdens 
on the resource caused by overdraft. 

For more information on this topic, please contact: 
Local State 
Orange County Water District 
William R Mills Jr. 714/378-3200 

Department of Water Resources 
Carl Hauge 916/327-8861 
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AB 3030 Sec. 10753.7 (g) 

Monitoring Of Ground Water Levels And Storage 

The purpose of a ground water level monitoring program is to provide infonnation that will 
allow computation of the change of ground water in storage. The infonnation needed 
includes spring and fall ground water levels, the hydraulic properties of the aquiferes) (such 
as penneability and specific y!eld), and the land area covered by the basin. 

An adequate monitoring well network includes wells that are representative of the vertical and 
lateral dimensions of the aquifer(s) . Establishing the network of monitoring wells requires 
that each well be designed to tap individual aquifers in the basin. 

Data collected from each monitoring well should be entered into a computer data base. These 
data can then be used to create hydrographs, ground water elevation contour maps, and 
ground water change contour maps that will provide the tools to evaluate ground water levels 
and detennine changes in ground water in storage. 

While AB 3030 does not mention monitoring of ground water quality, monitoring for water 
quality should be included in any ground water management plan. Water quality and water 
quantity can not be separated. Changes in ground water quality can only be detected by 
comparison with earlier ground water quality data 

For more information on this topic, please call: 
State 
Department of Water Resources 
Carl Hauge 916/327-8861 
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AB 3030 Sec. 10753.7 (h) 

Facilitating Conjunctive Use Operations 

Conjunctive operation of a ground water basin is defined in DWR BuIletin 118-80 as: 

"Operation of a ground water basin in coordination with a surface water reservoir 
system. The basin is inJentionally recharged in years of above average 
precipitation so ground water can be extracted in years of below average 
precipitation when surface water supplies are below normal." 

Another way to describe conjunctive operation of a ground water basin is that the ground 
water reservoir is managed in a manner that is similar to a surface water reservoir. Such 
management includes reduction of storage in the reservoir when water demand is high. 

A conjunctive use program requires: 

a source of surface water in years of high precipitation; 

conveyance facilities to import or export water; 

• recharge facilities; 

• usable storage capacity in the aquifer; 

extraction facilities; and, 

• distribution facilities for surface water and ground water. 

A conjunctive use program can vary from a limited program to a comprehensive, intensively 
managed program that coordinates surface water use and delivery, and ground water use and 
extraction. A limited program makes use of surplus surface water only when it happens to be 
available, whereas the comprehensive program includes contractual commitments to purchase 
surface water for recharge, metered extraction, and control of points and amounts of 
extraction to minimize pump lift and minimize or correct ground water quality problems. In 
addition, there may be many programs that fall between the two extremes. 

Conjunctive operations must also consider several potential undesirable results, including lost 
phreatophyte vegetation and wetland habitat, adverse effects on third parties, land subsidence, 
and degradation of water quality in the aquifer. 

Loss of phreatophytes may occur when ground water levels are lowered and less water is 
available for wetlands. Third party effects might include lowering of ground water levels 
below the bottom of a well, or raising ground water levels so that local flooding occurs. 
Subsidence caused by extraction of ground water can damage canals, wells, buildings, tanks, 
bridges, and other surface facilities that would require costly repair. Ground water quality can 
be degraded if ground water gradients induce movement of lower quality water into the 
aquifer. 

16 



Copy of document found at  www.NoNewWipTax.com

Conjunctive operations are employed in many areas of southern California, San Joaquin 
Valley, and Santa Clara Valley. Conjunctive operations will expand because of the need for 
more water and the expense of new surface water facilities. In general, conjunctive 
operations promise to be less costly than traditional surface water projects, increasing the 
efficiency of water supply systems and causing fewer negative environmental impacts than 
new surface water reservoirs. 

For more information on this topic, please contact: 
State 
Department of Water Resources 
Carl Hauge 916/327-8861 
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AB 3030 Sec. 10753.7 (i) 

Identification Of Well Construction Policies 

Improperly constructed wells can result in poor yields, but more importantly may result in 
contaminated ground water by establishing a pathway for pollutants entering a well for 
drainage from the surface, allow communication between aquifers of varying quality, or the 
unauthorized disposal of wast~ into the well. 

Well construction policies should be identified which ensure that well drillers comply with 
local ordinances and State law. A county permit is required for drilling, deepening, 
modifying, or repairing a well. Whoever performs the work must have an active C-57 
Contractor's license. In most cases, an inspection is required prior to sealing the well. 

Sections 13 700 through 13806 of the California Water Code requires proper construction of 
wells. Minimum standards for the construction of wells are specified in Department of Water 
Resources Bulletins 74-81 and 74-90. These standards apply to all water wells, cathodic 
protection wells, and monitoring wells. The only significant exception is oil, gas, and 
geothermal wells, which are regulated by the Department of Conservation. If a local agency 
does not have its own well standards ordinance, it must enforce the State's Model Well 
Ordinance (State Water Resources Control Board Resolution No. 89-98). Local agency 
requirements may exceed State standards. 

For more information on this topic, please contact: 
State 
State Water Resources Control Board 
Ken Harris 916/657-0876 

For copies of DWR Bulletins call 916/653-1097 
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AB 3030 Sec. 10753.7 U) 

Construction and Operation of 
Ground Water Management Facilities 

Effectively managing a ground water basin requires the planning and construction of proj ects 
that protect the quality of ground water and assures that the quantity of ground water in 
storage is managed to meet 10l)g-term demands. Where conjunctive use is practiced, water 
distribution facilities must be planned to deliver both ground water and surface water, 
depending on the hydrologic conditions in the region or state. Following are examples of 
facilities which aid in efficient management of ground water resources. 

Ground Water Contamination Cleanup Projects 
Contamination of ground water not only results in unusable water supply, but also poses a 
hazard for ground water supplies within the same basin caused by the migration of the 
contamination. In some cases, it may cause a decrease in operational storage and yield of the 
basin. Projects within the basin to cleanup contaminated ground water protect the entire basin 
from further contamination, and are also capable of producing water. 

Ground Water Recharge Facilities 
An agency may find it necessary to acquire, establish or construct ground water recharge 
facilities to quickly replace ground water extracted by producers. These facilities, which can 
increase the operational yield of the basin, may include: stream beds or spreading grounds, 
percolation basins, injection wells, and surface water delivery systems. 

Water Recycling Projects 
Demand management can be achieved by the replacement of irrigation supplies with non­
potable, recycled water. Water recycling projects can relieve demands on the ground water 
basin by lowering the demand for ground water supplies for irrigation of landscaping, some 
agriculture and some industrial uses. Although water recycling projects are capital and O&M 
intensive, they do provi de a reliable source of water. 

Ground Water Extraction Projects 
Conjunctive use programs deliver surface water in-lieu of ground water during surpluses, in 
exchange for increased extraction of ground water during dry periods. The trade off may 
result in users being asked to expand the capacity of their ground water extraction facilities. 
Ground water extraction projects may also be required by the shifting of extractions from one 
part of the basin to another as a result of contamination, hydrologic conditions, or recharge 
efforts. An agency may also construct extraction projects in order to entice the users to 
switch the source of their ground water. 

For more information on this topic, please contact: 
Local State 
Orange County Water District 
William R. Mills Jf. 714/378-3200 
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AB 3030 Sec. 10753.7 (k) 

The Development of Relationships With 
State and Federal Regulatory Agencies 

The formation of a ground water management district involves the development of 
relationships and communication strategies with a variety of state and federal regulatory 
agencies. Working effectively' with each of these agencies requires a local ground water 
management district to understand the role of these players in regulating and managing 
ground water resources. 

Ground water planning, as defined in AB 3030, is a state led activity. The State Water 
Resources Control Board (State Water Board), as the lead state water agency responsible for 
maintaining water quality standards, provides the framework and direction for California's 
ground water protection efforts. Through its Regional Water Quality Control Boards, the 
State Water Board initiates state-wide planning and protection programs. Local communities 
should consider work with the State Water Board and Regional Boards in actually designing 
and implementing their ground water protection programs. 

National policy direction and consistency in ground water protection efforts is provided by the 
Environmental Protection Agency (EPA). EPA provides both national guidance in state-led 
comprehensive ground water protection plans and a portion of the resources needed to carry 
out those planning efforts. While states are provided the flexibility to design programs that 
make sense on a regional and local basis, EPA guidelines ensure that all ground water 
protection plans and programs are preventive in nature, comprehensive in scope and consistent 
in maintaining a high level of protection across the nation. 

For more information on these agencies and their roles and responsibilities, please 
contact: 
State 
State Water Resources Control Board 
Ken Harris 916/657-0876 

Federal 
U.S. Environmental Protection Agency 
Tony Lewis 415/744-1913 
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AB 3030 Sec. 10753.7 (I) 

The Review Of Land Use Plans And Coordination 
With Land Use Planning Agencies To Assess Activities 

Which Create A Reasonable Risk Of Ground Water Contamination 

An important component of developing a ground water management plan is the review of 
land use plans for the surrounding area or basin, and coordinating efforts with regional, sub­
regional, and local land use planning agencies. In California, the majority of land use 
decisions are made by city and county government agencies. Undoubtedly, land activities and 
how they are managed can affect both ground water quality and quantity. The threat that a 
certain land use may pose to a ground water resource is a function of the ground water 
aquifer properties, management practices associated with the individual land use, and actual 
use of surrounding land (cumulative impact of all activities). As an example, hydrologic 
conditions may dictate that in certain areas, the aquifer is more vulnerable to pollution. This 
may be due to the permeability of the underlying soils and/or a shallower depth to the water 
table. To assure protection of ground water quality in the basin, this type of information 
may be taken into consideration when making land use decisions regarding zoning. 

Examples of common land uses with a potential to adversely impact ground water supplies 
include large scale unsewered residential development, and industrial development without 
proper control measures or management practices. Cumulative impacts to a basin and relative 
land development density should also be evaluated. The use of shallow drainage wells to 
dispose of surface run off from streets, highways, parking lots, and agricultural areas, jf 
determined to be of concern for the area, can also be addressed in the management plan. In 
this instance, the risk of a major roadway accident or spill, or the potential for the well being 
used as an illegal disposal site for hazardous substances, could be factored into the planning 
process. 

A key aspect of ground water management is maintaining quantity or supply. Land use 
planning decisions that lead to covering up large portions of land with impervious surfaces 
can increase storm water runoff. This can lead to excessive down cutting and erosion in 
stream channels and flooding in the lower part of the watershed. The amount of natural 
recharge to the ground water basin can be significantly reduced. Land use decisions such as 
maintaining green space in areas of high recharge and encouraging the use of pervious 
materials will have a net benefit to the ground water basin. 

The process of developing a ground water management plan can allow for information 
exchange between several parties, including agricultural and industrial water users, citizens, 
and resource, regulatory and planning agencies. The ground water management plan 
ultimately assists local planners, and local planners assist in the process of developing a 
comprehensive plan which can be realistically implemented resulting in effective protection 
and management of the ground water resource. 

For more information on this topic, please contact: 
State 

San Francisco Bay Regional Water Quality Control Board, Dyan Whyte 510/286-1324 
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STEPS TO APPLY AB 3030 

1) Local Agency holds noticed public hearing on Resolution of Intention 
to draft a Groundwater Management Plan. 

2) After hearing, local Agency drafts Resolution of Intention to adopt a 
Groundwater Management Plan. 

3) Publish Resolution of Intention. 

4) Prepare a draft Groundwater Management Plan (within two years). 

5) After draft Groundwater Management Plan is completed, Local Agency 
holds second noticed public hearing. 

6) . Land owners affected by Plan may file protests to the Plan. 

7) If majority protest occurs (representing more than 50% of assessed 
valuation of the land only, excluding structures), the Ground Water 
Management Plan shall not be adopted. 

8) Otherwise, Plan may be adopted. 

9) A Local Agency may fix and collect fees and assessments for 
groundwater management costs associated with the implementation of 
the Groundwater Management Plan, if such authority is approved by 
a majority of votes cast in a popular election. 
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To All Parties Interested in the Proposed Joint Groundwater 
Management Plan: 

The next meeting of the ad hoc group for the formulation of a joint 
groundwater management plan for the Santa Maria Valley will be held on 
Thursday, February 9, 1995, at 2:00 P.M., at the Bonita Packing 
conferer..ce room, 1850 West Stowell Road, in Santa t-tJ.ria. 

The Bonita Packing office building is located south of West Stowell 
Road between Blosser Road and Black Road. 

At the January, 1995 meeting, it was agreed that the Santa Barbara 
County Water Agency would put together a preliminary draft of a 
proposed groundwater management plan from materials previously 
presented to the committee and from the minutes of prior meetings. 

Enclosed to each of you is the draft prepared by Santa Barbara County 
Water Agency. Darcy Ashton of the water agency staff, and Rob Almy, 
agency manager, did most, if not all , of the work on this draft. 

It was emphasized at the January meeting that the enclosed draft is a 
working document, one that should be extensively amended, corrected or 
modified_ This document is only a starting point and is in no way a 
proposal. Darcy and Rob will not be upset if anyone suggests that 
their work can be improved. They will be pleased. 

It was also suggested and agreed at the January meeting that the 
February meeting would be devoted to discussing the draft with a view 
of improving it. Therefore, please be prepared to offer constructive 
criticism, proposed modifications and additions to the enclosed draft, 
both as to the structure and details of the proposed plan. 
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Also enclosed to each of you for your file is a copy of the minutes of 
the minutes and attendance sheet for the January 12, 1995 meeting. 

MFT:gn 
Encls. 

Yours very truly, 

L Ctoi:l..CCt..-Lll -+ h/ILLttil 
Maurice F. Twitchell, 
Secretary 
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JOINT GROUNDWATER MANAGEMENT PLAN FOR THE SANTA MARIA 
V ALLEY GROUNDWATER BASIN 

I. 
INTRODUCTION 

A. General. 
This groundwater management plan is adopted by and SANTA MARIA 
V ALLEY WATER CONSERVATION DISTRICT pursuant to authority of the 
Groundwater Management Act of 1992 (Water Code Sections 10750, et seq.) for the 
purpose of assuring long term reliability and quality of the groundwater in the Santa 
Maria Valley groundwater basin. 

B. Purpose. , . 
The objective of the plan is to ensure that sufficient water resources are available to 
satisfy the present and projected beneficial uses of water within the plan area. The plan 
is designed to protect groundwater quality within the basin and to balance long-term 
average annual replenishment with extractions and other losses to the basin as may be 
consistent with the public interest. (Source: Slater handoutl16 AUG 94) 

C. References. 
The sources of information for this plan are the Santa Maria Valley Water Resources 
Report, Santa Barbara County Water Agency. April 1994; information presented in a 
series of public meetings (Appendix A); and additional studies as specified in this plan. 

II. 
GOALS FOR THE BASIN 

NOT ADDRESSED 

III. 
CONDITION OF THE BASIN 

A. Monitoring network and results 

The Santa Barbara County Water Agency, City of Santa Maria and California Cities Water 
monitor water levels in the Santa Maria groundwater basin through monitoring wells or active 
agricultural or municipal wells. This information is published annually in USGS groundwater 
reports. These wells are listed in Appendix B. 
(Source: Santa Maria Water Resources Report) 

DRAFf #1 Page 1 
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B. Estimated storage 

The total volume of water in saturated deposits within the Santa Maria Groundwater basin has 
been estimated to be about 100 million acre feet. The total usable groundwater stored in the 
basin was estimated to be 1.5 million acre feet. 
(Source: Santa Maria Water Resources Report) 

c. Historical variations in groundwater level 

Data collected indicates that groundwater levels have declined significantly since 1918. 
Groundwater levels in 1991 suggest total storage was about 1.1 million AF lower than those 
initially recorded in 1918. Groundwater levels in 1984 were significantly higher due to an 
exceptionally wet period beginning in 1978, then declined dramatically in the subsequent 1985 -
1991 dry period. Most groundwater levels recorded in 1991 and 1992 were the lowest in 

recorded history. 
(Source: Santa Maria Water Resources Report) 

D. Historical variations in groundwater pumpage 

Currently, municipal and industrial use accounts for roughly one quarter of the total water used 
in the Valley. Municipal and industrial water use is clearly related to popUlation, and population 
in the Santa Maria Valley nearly doubled between 1970 and 1990. The expected increase in 
water use may be somewhat offset by a projected decrease in per capita demand due to increased 
water efficiency. Per capita M & I water use declined by approximately 12.5% during the 
1980's, and it has been assumed that future efficiency would remain at 10% below 1970 
(baseline) per capita use. However, per capita rates could drop further as additional urban and 
agricultural best management practices are implemented. 

Agricultural water use varies by crop requirements, soil characteristics, precipitation, 
temperatures and irrigation efficiency. In 1944, irrigated lands totalled about 35,000 acres with 
an estimated groundwater pumpage of 71,000 AF. After World War II (1945 to 1958), 
irrigation pumpage jumped upward to levels estimated by the USGS as varying between a low 
of 93,000 AFY in 1951 to a high of 139,000 AFY in 1958, and averaging almost 109,000 AFY. 
The estimate for 1990 agricultural pumpage, using Department of Water Resources cropped 
acreage estimates and University of California Cooperative Extension, Farm Advisor water duty 
factors, is 130,619 AF. 

(Source: Santa Maria Water Resources Report) 

E. Known contamination problems, federal/state response 

Within the Santa Maria groundwater basin there has been some groundwater contamination. The 
City of Santa Maria has shut down one well because of PCB contamination; two more are out 
of service due to high nitrate concentrations (above the 45 ppm limit). Much of the existing 
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Cal. Year AGENCY: 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

M & I GROUNDWATER PUMPAGE, ACRE FEET/YEAR 
1983 - 1993 

City of Santa Maria Cal Cities Water City of Guadalupe 
8903 5714 733 

10299 7079 961 
10605 7276 908 
11033 7625 800 
11191 7616 757 
11849 8678 823 
12464 8860 828 
12052 8691 724 
11476 8210 NR 
12116 8381 NR 
11984 8174 NR 

NR = No record 

From the Santa Barbara County Water Agency, January 1995 
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Table III - 4 
IRRIGATION WATER USE IN SANTA MARIA VALLEY CIRCA 1990 

Santa Maria DAU Applied Applied South SL Obispo Applied Applied Total Applied Water 
IRRIGATED CROP Cropped acres Water (ft/crop) Water (ac tt) DAU croeped ac. Water (ft/crop) Water (ac ft) SM Valley (ac ft) 

Grain 1690 0.5 845 220 0.5 110 955 

Corn 1050 1.8 1890 40 1.5 60 1950 

Other Field 2430 1.8 4374 300 1.5 450 4824 

Alfalfa 890 3.0 2670 110 2.6 286 2956 

PasbJre 2840 3.0 8520 230 2.8 644 9164 

Tomatoes 0 1.7 0 80 1.5 120 120 

Other Truck 41260 1.7 70142 18800 1.6 30080 100222 

Deciduous 10 1.7 17 0 1.2 0 17 

Citrus & Subtropical 70 1.7 119 1110 1.2 1332 1451 

Vineyards 4360 2.0 8720 200 1.2 240 8960 

TOTALS 54600 97297 21090 33322 130619 

NOTES: The above applied water estimates are derived by using California Department of Water Resources (DWR) preliminary 1990 cropped 
acreages combined with the University of California Cooperative Extension (Farm Advisor) unit water duty factors forcrops grown in 
the Santa Maria Valley area. 
"Other Truck" is assumed to be Broccoli, Cabbage, Cauliflower, Carrots, Celery, Lettuce, Potatoes, and Strawberries as per the Crops 
listed under "Vegetables" in the Farm Advisors "IRRIGATION WATER USE TABLE' (see Appendix C). 
The Santa Maria value for Cauliflower (or the Sisquoc value for Broccoli) from the Farm Advisor Table was used to reflect the average 
"Other Truck' crop unit duty factor for the Santa Barbara County part of Santa Maria Valley. For the San Luis Obispo part of Santa 
Maria Valley the "Other Truck" average crop unit duty factor is reduced by one tenth foot (1.7 to 1.6 feet) as most of these plantings are 
in the Oso Flaco alluvial wing of the ground water basin. 
The Sisquoc Range unit duty value (2 ft/yr) for grapes was used to reflect vineyard use in the Santa Barbara County part of Santa Maria 
Valley, while the lower Santa Maria and Lompoc Range value (1.2 ft/yr) was used for vinyards in the San Luis Obispo part of the valley. 
Note that the preliminary 1990 total applied ag water estimated by DWR (17:\528 ac ft, as seen in Appendix C) is 41909 ac ft higher 
than the above estimate of 130,619 ac ft due to the larger unit duty factors used by DWR. 
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STORAGE 
UNIT 

Guadalupe· 

Nipomo 

Beneravia 

Santa Maria 

Fugler Point 

Orcun 

Bradley Cny. 

Sisquoc 

TOTAL 

TABLE VI-I 
SANTA MARIA GROUND WATER BASIN 

ESTIMATED STORAGE ABOVE SEA LEVEL 

SURFACE 
AREA (ACl 

25,000 

10,500 

6,100 

17,400 

5,500 

235 

250 

82 

540 

230 

460 

AF in Storage (x 1.000) 

171 145 125 165 

160 140 136 167 

65 47 34 53 

292 265 190 392 

153 170 151 214 

277 290 

131 

134 

37 

180 

138 

161 16,200 

22,000 

151 1231 
-·----~----~------+_----~f 

992 I 900 931 1.010 1,020 923 

4,200 I 255 252 250 270 302 263 

106,900 3,072 2,362 2,207 1,988 2,534 1,967 

Ground water in storage from 10 f1. above sea level to top of saturated zone 

b) From USGS Water Supply Paper 1819-A, Pg. A7 

c) From Santa Maria Ground Water Basin Budget Status, Jon Ahlroth, SBCWA 
1992 · 
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nitrate contamination has apparently been caused by agricultural fertilization; however, 
technological improvements in nitrogen application rate and residuals monitoring have allowed 
farmers to cut back significantly on their contribution to nitrate levels. Many large-scale 
farming operations have built their own monitoring laboratories. The Cachuma Resource 
Conservation District hopes to add nitrate monitoring to their irrigation efficiency evaluation 
services (Mobile Lab) when they can secure sufficient funding. Septic systems and wastewater 
treatment plants could be other point source contributors to nitrate levels. 

Currently, wells located along thecoast near the mouth of the Santa Maria River do not indicate 
the presence of sea water intrusion. However, the Santa Maria aquifer extends offshore and it 
is possible that encroachment is occurring further to the west below the Pacific ocean. Both the 
prevailing groundwater gradient (east to west) and the indications of underflow out, support the 
conclusion that encroachment is not taking place. 

(Source: Minutes 20 OCT 94) 

IV. 
FUTURE DEMANDS ON THE BASIN 

A. Potential changes in water usage 
NOT ADDRESSED 

B. Potential changes in land use 
NOT ADDRESSED 

C. Environmental concerns 
NOT ADDRESSED 

D. Impacts on the basin 
NOT ADDRESSED 

V. 
ELEMENTS OF THE GROUNDWATER MANAGEMENT PLAN 

A. Control of saline water intrusions 

Background: 
Sea water intrusion is presently monitored by monitoring wells near the Pacific Ocean 

maintained by the United States Geological Survey. These wells, and other evidence, indicate 
there is presently no sea water intrusion. The freshwater aquifer extends an unknown distance 
beneath the Pacific Ocean. If intrusion is occurring, it is most likely in this zone. 
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Management Strategies: 
Periodically review eXlstmg monitoring wells and adequacy of monitoring plan. If 

appropriate, formulate additional monitoring or remedial action upon changed conditions or 
development of additional monitoring techniques. Particular attention should be paid to the need 
for additional monitoring wells either north or south of the existing wells. 
(Source: Minutes 17 NOV 94) 

B. Identification and management of well head protection areas and recharge areas. 

Background: 
The main recharge area for the Santa Maria groundwater basin has been identified as the 

portion of the Santa Maria Valley east of Black Road and north of the Orcutt uplands. Well 
head protection areas are set by state and county water well construction standards. The main 
source of recharge is the Santa Maria River, which is naturally maintained by periodic flows and 
scouring. Twitchell Reservoir is an integral part of the water supply, capturing flood flows and 
providing a supplemental source of groundwater recharge. Water conserved in the reservoir (up 
to 135,615 AF) is released down the Santa Maria River where it percolates into the groundwater 
basin. No well head protection areas exist or appear warranted at this time. 

(Source: Santa Maria Water Resources Report) 

Management Strategies: 
If state and county standards and enforcement appear to be or become inadequate, 

propose remedial measures to the governing authority, or adopt appropriate regulations not 
prohibited or preempted by law. 

c. Regulation of the migration of contaminated groundwater 

Background: 
Contamination of groundwater and migration of contaminated groundwater is presently 

regulated by county, state and federal authority. The USGS currently monitors water quality 
in certain wells in the groundwater basin and publishes the data annually. 

Management Strategies: 
Monitor the effectiveness of such regulation and, if appropriate, propose modification of 

standards, enforcement or monitoring appropriate for the Santa Maria groundwater basin. 
Evaluate effectiveness of existing monitoring programs, specifically focussing the effect 

of sewage effluent disposal, solid waste disposal and agricultural chemicals upon groundwater 
quality within the Santa Maria groundwater basin. If appropriate, propose modifications to 
monitoring programs or disposal procedures that are found to be beneficial or necessary for the 
Santa Maria groundwater basin. 
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D. Administration of well abandonment and well destruction program. 

Background: 
Well abandonment and well destruction are regulated by Santa Barbara County 

Environmental Health Services. 

Management Strategies: 
Evaluate the effectiveness of regulations and implementation and, if appropriate, propose 

modifications of standards, enforcement or monitoring found to be appropriate for the Santa 
Maria Groundwater basin. Continue to monitor effectiveness of program. 

E. Mitigation of conditions of overdraft 

Background: 
The condition of overdraft in the basin is a controversial issue. Long term dewatering 

of some areas has occurred, however, the various estimates of dewatering are small compared 
to the total volume in storage and observed wet/dry cycle fluctuations. This issue needs to be 
better understood in order to protect the availability of water and protect/improve water qUality. 
Past estimates of the overdraft ranged from 12,000 AFY (USGS, 1945) to 20,000 AFY 
(SBCWA, 1994). 

Management Strategies: 
The level and effects of groundwater overdraft in the Santa Maria groundwater basin will 

be determined by further studies conducted through this groundwater management plan. After 
the degree of overdraft is determined and its adverse impacts assessed, appropriate methods of 
mitigating this overdraft will be implemented. 

Possible mitigation methods for conditions of overdraft fall into two categories: supply 
side options and demand side options discussed below. 

a. SUPPLY SIDE OPTIONS 

1. Injection/Percolation of Supplemental Water 

Supplemental water such as State Water Project (SWP) water or water imported from outside 
the basin can be percolated into the groundwater basin through infiltration ponds or injected into 
new or existing unused wells. Alternatively, this supplemental water may supplant some existing 
pumping i the basin. 

Further Study: A master plan for injecting or other use of supplemental water should be 
developed for the Santa Maria groundwater basin; one possibility is to locate injection wells near 
identified pumping troughs to mitigate localized overdraft problems and to control migration of 
injected water for water quality reasons. 
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2. Watershed Management 

This option consists of increasing available storm water runoff by managing the watershed. 
Controlled bum programs can be designed to minimize excessive debris accumulation and to 
increase available runoff. 

Further Study: The Sisquoc and Cuyama watersheds should be analyzed to determine the 
typical runoff percentage increases that would result from a controlled bum program. To the 
extent opportunities to expand vegetation management in a way to demonstrably increase runoff, 
benefitting entities should pursue such measures. 

3. Enhanced Recharge 

Any specific proposed option for enhanced recharge will be evaluated for its feasibility and cost 
per acre foot. Enhanced recharge opportunities fall into four basic types: 

o Recharge related to development (Flood Retention/Percolation Basins): As land is 
developed, the increase in impervious area increases storm runoff. The County, cities, 
airport and County Flood Control are actively involved in controlling excessive runoff 
created by development, collecting it in retention basins and increasing infiltration to the 
groundwater basin. Special recharge zones may also be adopted to require developers 
to offset lost recharge acreage with retention/infiltration ponds or other improvements. 
Particular attention should be paid to the location of ponds to maximize recharge to main 
basin aquifer zones. 

o Mining reclamation: Converting abandoned sand and gravel mining pits to recharge 
basins can reduce reclamation costs and, depending on design, increase groundwater 
recharge. 

Further Study: Studies should be done to determine whether increased recharge 
through mining reclamation can be accomplished without undermining of bridge 
supports on the Santa Maria River or causing other adverse impacts to 
surrounding land uses. 

o Flood flow diversion: Flood flows can be diverted for temporary storage and 
subsequent release for spreading and basin recharge during low flow periods. One option 
is to divert Sisquoc River water to a new reservoir on or near the Cuyama River. 

Further Study: Options for flood flow diversion should be evaluated for cost per 
acre foot relative to existing natural recharge, as Santa Maria River's alluvial 
formations are already an efficient infiltration basin. 
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o Modification of Existing stream channel: Existing river channels can be modified by 
installing inflatable dams or contouring the river to slow or divert flood flows. 

4. Sewage Effluent 

Treated effluent from the Santa Maria and Laguna wastewater treatment plants is currently 
percolated through infiltration ponds to the groundwater basin. The location of the Santa Maria 
infiltration ponds appears to help maintain water pressure in the down-gradient confined 
groundwater aquifer and maintain pumping levels for downstream agricultural pumpers. It also 
helps to prevent seawater intrusion that could be induced if declining water levels in the confined 
zone and in areas to the east were to occur. 

Further Study: The Laguna infiltration ponds and spray disposal areas are above a perching 
zone, so most of the runoff may eventually spill to the ocean without benefitting or 
contaminating local groundwater basin users. Geological information should be gathered through 
a monitoring program to establish whether or not there is hydrologic continuity between the 
Orcutt "Sand Hills" material and the main aquifers. If the aquifers are separate, options to 
capture the potential benefits from the treated Laguna discharge include relocating the infiltration 
ponds to a more strategic location or reusing the treated effluent directly to replace water 
pumped from the ground. 

The effectiveness of directly using tertiary treated sewage and the associated water and cost 
savings from reduced groundwater pumping should be compared against the cost and 
effectiveness of percolating secondary treated sewage. 

5. Groundwater/Seawater Desalination 

Currently, the high cost of desalination, environmental constraints and the imminent availability 
of State Water Project (SWP) water make this option economically infeasible. However, such 
an option may be considered in the future if water demand, water quality regulatory 
requirements and costs make it economically feasible. 

6. Surface Water Reservoir 

The Round Corral dam site on the Sisquoc River was identified in the U. S. Bureau of 
Reclamation's 1945 Santa Barbara County-wide "Comprehensive Basin Plan" as a potential 
surface reservoir site. The resulting reservoir would have a maximum safe yield of 8,000 
AF/year. 

Further Study: A permitting reconnaissance is necessary before considering this option as the 
environmental regulations developed after 1945 have changed the economic and permitting 
feasibility of building a surface reservoir in the state. 
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7. Conjunctive Use 

Conjunctive use involves bringing in supplemental water and either injecting the surplus 
supplemental water during wet years and withdrawing it during drought years, or using 
supplemental water when it is available and reserving the groundwater for the drought years 
when the supplemental water is not available. See Section H below for information on 
facilitating conjunctive use projects. 

8. Cloud Seeding 

The current cloud seeding program increases the available water within the Santa Maria basin. 
Therefore, the County's cloudseeding program is considered part of the existing water supply 
baseline. The program currently balances water supply augmentation and public safety 
(flooding) concerns. No increased operational opportunities exist at the current time. 

9. Twitchell Reservoir Operational Modifications 

Additional storage potential could be created in Twitchell Reservoir by surcharging above the 
spillway. Under normal circumstances, the Army Corps of Engineers and USBR regulations 
do not allow surcharging of the flood control pool for water conservation purposes prior to 
March 15 during any given year. However, operations could be modified to allow surcharge 
of the flood control pool based on the likelihood of the occurrence of flooding. Operated in this 
manner, the yield of the project could increase significantly. 

b. DEMAND SIDE OPTIONS 

1. Urban Conservation 

Water purveyors in the Santa Maria basin, the Cities of Santa Maria and Guadalupe, and 
California Cities Water Company, have implemented many of the statewide urban water 
efficiency Best Management Practices (BMPs). The BMPs currently not implemented are 
considered economically infeasible, or provide benefits that cannot be quantified at this time. 
However, as water prices increase and more information is made available on the economic 
impact of additional BMPs, more practices may become feasible. In Santa Maria, where the 
wastewater effluent recharges the groundwater basin, there would be less benefit from increased 
conservation than in Orcutt where most of the infiltrated wastewater effluent may flow to the 
ocean before it is used again. However, increased water efficiency would have water quality 
benefits in both Santa Maria and Orcutt. 

2. Agricultural Conservation 

The Cachuma Resource Conservation District's mobile lab provides analysis and technical 
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assistance locally to increase agricultural water irrigation efficiency. Efficiency rates of 80 
percent are an achievable goal. The primary water supply benefits are reducing excessive 
evapotranspiration and salt concentration. The primary driving force to implement agricultural 
conservation will be the associated savings in energy and fertilizer costs. The cities and agencies 
involved in this plan could provide financial support to the mobile lab and publicize its services 
to local growers. 

Further Study: Information needs to be gathered concerning the impact of agricultural water 
conservation on the level of return flows into the groundwater basin. 

(Source: Minutes 03 NOV 94) 

F. Replenishment of groundwater extracted by water purveyors 
NOT ADDRESSED 

G. Monitoring of groundwater levels in storage 

An expanded groundwater monitoring program is needed to improve understanding of the Santa 
Maria Valley groundwater dynamics. This program requires adding more wells to the County's 
current well monitoring program. Key issues to be monitored and evaluated include: 

o Seawater intrusion potential 
o Annual basin outflow to the ocean 
o Basin geology and groundwater flow patterns and rates 
o Groundwater recharge sources and quantities 
o Water table fluctuations seasonally and annually 
o Water quality trends 
o Sources of water quality degradation 
o Groundwater pumping estimates (gross and net) 
o Opportunities for groundwater banking 
o Basin safe yield 
o The likely groundwater table fluctuations within the long term safe yield for wet 

and drought years 
o How basin could be managed to optimize the basin safe yield 
o Best locations for groundwater recharge, available storage capacity and new wells 

from an overall basin management perspective 
o More groundwater data and monitoring are needed to understand the amount of 

interconnection between the shallow, deep and confined aquifers, and if the 
existing multiple completion wells are affecting the yield and water quality of any 
aquifer. 

DRAFf #1 Page 9 



Copy of document found at  www.NoNewWipTax.com

Joint Groundwater Management Plan for the Santa Maria Valley Groundwater Basin 

The enhanced groundwater monitoring program could begin with a detailed study. The basic 
steps would be: 

1. Based on goals for basin, define what additional data is required. 
2. Add strategically placed existing wells to current well monitoring program. 
3. Determine whether existing wells could be added to the monitoring program or 

whether dedicated monitoring wells are needed in certain areas of the basin 
4. Drill additional monitoring wells in key locations and/or to monitor groundwater 

at specific depths. 
5. Collect data at regular intervals. This may involve monitoring some wells 

monthly for two years then annually thereafter. 
6. Analyze basin groundwater data and answer questions identified (see Appendix 

C) in AB3030 plan. 
7. Finalize strategy and programs to bring basin into balance. 
8. Continue monitoring program. 
9. Verify that the trends expected from the detaiJed study are what actually occur. 
10. Monitor the success or inadequacy of programs and actions to bring the 

groundwater basin production and recharge into balance. 
11. Revise basin management projects and actions as needed to meet continuing basin 

management goals. 

(Source: Cosby Scoping Memo, 20 DEC 94) 

H. Facilitating conjunctive use operations. 

Conjunctive use can involve bringing in supplemental water and either: 1) injecting the surplus 
supplemental water during wet years and withdrawing it during drought years, or 2) using 
supplemental water when it is available and reserving the groundwater for the drought years 
when the supplemental water is not available. Any increases in ocean discharge due to banking 
of supplemental water could be charged to the beneficiary or "owner" of the stored supplemental 
water. Estimates of subsurface inflow and outflow are made using studies of the geologic 
composition of the basin and the gradient of the aquifer. The cross sectional area of the aquifer 
is known and the ability of the aquifer to transmit water is used to determine the flow at 
different storage volumes. For the Santa Maria groundwater basin, the groundwater underflow 
loss to the Pacific Ocean has been estimated to be significant (as high as 16,000 AFY in 1918 
with a very full basin). 

Further Study: Guidelines must be developed regarding the timing, amount and rate of the 
withdrawals. More information is needed on the basin's storage capacity in order to determine 
if there is any adverse impact of water banking on natural recharge. 

Other issues to be studied include whether in-basin water transfers could be used to increase use 
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of the higher quality groundwater in the basin's east end, the cost effectiveness of this measure, 
and the possible pairs of willing participants which could benefit from these transactions. 

(Source: Minutes 03 NOV 94; Santa Maria Valley Water Resources Report) 

I. Identification of well construction policies 

Background: 
Well construction policies are regulated by the state and the County Environmental Health 

Services. 

Management Strategies: 
Monitor the effectiveness of regulations and, if appropriate, propose modifications of 

standards, enforcement or monitoring found to be appropriate for the Santa Maria groundwater 
basin. 

(Source: Minutes 20 OCT 94) 

J. The construction and operation by the local agency of groundwater contamination 
cleanup, recharge, storage, conservation, water recycling and extraction projects. 

NOT ADDRESSED 

K. The development of relationships with state and federal regulatory agencies. 

The MOU process allows cooperation with any interested state/federal agencies. The 
Department of Water Resources imports State Water Project water. The U.S. Bureau of 
Reclamation owns but SMWCD operates Twitchell Dam. 

L. The review of land use plans and coordination with land use planning agencies to 
assess activities that create a reasonable risk of groundwater contamination. 

NOT ADDRESSED 

VI. 
BASIN MANAGEMENT COMMITTEE 

A. Representation, responsibilities and funding. 

The Santa Maria Valley Groundwater Management Plan will be administered through a 
Memorandum of Understanding (MOU) between the Santa Maria Valley Water Conservation 
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District, the City of Santa Maria, the City of Guadalupe, California Cities Water, agricultural 
interests and the Santa Barbara County Water Agency. Committees will be established to make 
decisions regarding necessary studies and projects. Decisions on individual signatory 
participation in and funding of each project will be made on a case by case basis. 

Further study: Discussion and direction regarding the administration and cost of the monitoring 
program are needed. 
(Source: Minutes 12 JAN 95) 

B. Annual status report and review. 

NOT ADDRESSED 

C. Procedure for amendment of plan. 

NOT ADDRESSED 

VII. · 
FUTURE PROJECTS 

A. Identification of potential recharge projects. 

1. Enhanced Recharge of Laguna Sanitation Effluent 

The Laguna Sanitation District currently discharges about 2400 AF of effluent a year. This 
effluent is spray irrigated on land underlaid by a perched zone, so the effluent provides little, 
if any, benefit towards recharging the Santa Maria Valley groundwater basin. There is the 
possibility of providing additional treatment and thereby allowing direct recharge of the Laguna 
effluent. 

The Regional Water Quality Control Board classifies groundwater recharge into four categories: 

1. Surface spreading - Organics Removed 
2. Surface spreading - Reclaimed water (Tertiary Treatment) 
3. Surface spreading - Oxidized and disinfected 
4. Direct recharge by injection - Organics removal 

There are also requirements that the reclaimed water be no more than 20 percent of the total 
recharge to the groundwater and that the recharged water travel a minimum distance between 
the infiltration and extraction sites. 
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There are two constituents of Laguna effluent that will be of primary concern to the Regional 
Board: TDS (including chloride levels) and nitrates. The nitrates could be handled by 
nitrification in a biofilter (such as artificial wetlands) and subsequent de-nitrification although 
the existing treatment plant may handle this process adequately. 

There are four basic options for addressing TDS levels: 

1. Reduce TDS in Source Water. This would require California Cities to switch to its 
higher cost but lower TDS wells. 

2. Ban Residential Water Softeners. State law forbids residential water softener bans. A 
current lawsuit by one of Southern California's major water districts may take the issue 
of conflicting state laws (water softeners versus discharge standards) to the California 
Supreme Court, but this lawsuit may take years to resolve. 

3. Partial Demineralization. To reduce the TDS below the 1000 ppm limit would require 
treating a fraction of the wastewater effluent (probably 25 to 30 percent) by reverse 
osmosis or ion exchange and blending back the two effluent streams before final 
discharge. This would be the most expensive option. 

4. Dilution. This alternative would involve blending the wastewater effluent with the 
runoff from the Orcutt surface runoff recharge system designed by Flood Control or with 
the runoff in one of the local creeks. This would be the easiest alternative, but the 
unreliability of runoff water could cause problems. Even though the Regional Board 
allows dischargers to measure the 20 percent mix requirement on an annual basis, the 
widely variable runoff quantities from year to year may make it difficult to consistently 
meet the dilution requirement. 

The feasibility study for using the Laguna Sanitation District effluent to enhance groundwater 
recharge will consider alternatives 1, 3 and 4. Participants may include representatives from 
the Laguna Sanitation District, County Flood Control District, California Cities Water Company, 
the Water Conservation District and AB 3030 committee. 

B. Supplemental sources of water 

State Water Project: The Coastal Branch project and Mission Hills extension, which will bring 
State Water Project water into the Santa Maria Valley, is targeted for completion in mid-1996. 
Currently, the Cities of Santa Maria and Guadalupe are scheduled to receive 16,200 AFY and 
500 AFY of State Water, respectively. The Southern California Water Company currently has 
the option to receive 500 AFY of water. The amount of water actually received by each entity 
depends upon the availability of project water. 
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Additional water may be available for purchase from other Coastal Branch contractors, 
particularly during early years of operation. This could be the basis of a groundwater banking 
scheme or be a means of improving water quality on a short term (5 - 10 year) basis. 

Source: Santa Maria Water Resources Report 

c. Seasonal storage projects 

NOT ADDRESSED 

A. Action Plan 

NOT ADDRESSED 

B. Schedule 

NOT ADDRESSED 

VIII. 
lMPLEMENTATION OF PLAN 
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Appendix A: 

Appendix B: 

Appendix C: 

PROPOSED APPENDICES 

Minutes of Santa Maria Valley Groundwater Plan Meetings 

List of monitoring wells (County, City of Santa Maria, California Cities 
Water) 

Glossary of hydrologic terms 
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APPENDIX C 

Definitions of Terms 

ACRE-FOOT - The quantity of water required to cover one acre to a depth of one foot; equal 
to 43,560 cubic feet, or approximately 325,851 gallons. 

APPLIED WATER DEMAND - The quantity of water that would be delivered for urban or 
agricultural applications if no conservation measures were in place. 

ARTIFICIAL RECHARGE - The addition of water to a ground water reservoir by human 
activity, such as irrigation or induced infiltration form streams, wells, or recharge basins. 
See also GROUND WATER RECHARGE, RECHARGE BASIN. 

BRACKISH WATER - Water containing dissolved minerals in amounts that exceed normally 
acceptable standards for municipal, domestic, and irrigation uses. Considerably less 
saline than sea water. 

CONJUNCTIVE USE - The operation of a ground water basin in coordination with a surface 
water storage and conveyance system. The purpose is to recharge to the basin during 
years of above-average water supply to provide storage that can be withdrawn during 
drier years when surface water supplies are below normal. 

CONSERV ATION - As used in this report, urban water conservation includes reductions 
realized from voluntary, more efficient, water use practices promoted through public 
education and from State-mandated requirements to install water-conserving fixtures in 
newly constructed and renovated buildings. Agricultural water conservation, as used in 
this report, means reducing the amount of water applied in irrigation through measures 
that increase irrigation efficiency. See NET WATER CONSERVATION. 

CRITICAL DRY PERIOD - A series of water-deficient years, usually an historical period, in 
which a full reservoir storage system at the beginning is drawn down (without any spill) 
to minimum storage at the end. 

CRITICAL DRY YEAR - A dry year in which the full commitments for a dependable water 
supply cannot be met and deficiencies are imposed on water deliveries. 

CWA - Santa Barbara County Water Agency (or successor agency). 

DESALTING - A process that converts sea water or brackish water to fresh water or an 
otherwise more usable condition through removal of dissolved solids. Also called 
"desalination. " 

DWR - California Department of Water Resources (or successor agency). 
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FIRM YIELD - The maximum annual supply of a given water development that is expected to 
be available on demand, with the understanding that lower yields will occur in 
accordance with a predetermined schedule or probability. 

GROUND WATER - Water that occurs beneath the land surface and completely fills all pore 
spaces of the alluvium or rock formation in which it is located. 

GROUND WATER BASIN - A ground water reservoir, together with all the overlying land 
surface and underlying aquifers that contribute water to the reservoir. 

GROUND WATER MINING - The withdrawal of water from an aquifer greatly in excess of 
replenishment; if continued, the underground supply will eventually be exhausted or the 
water table will drop below economically feasible pumping lifts. 

GROUND WATER OVERDRAFT - The condition of a ground water basin in which the amount 
of water withdrawn by pumping exceeds the amount of water that replenishes the basin 
over a period of years. 

GROUND WATER RECHARGE - Increases in ground water by natural conditions or by human 
activity. See also ARTIFICIAL RECHARGE. 

GROUND WATER STORAGE CAPACITY - The space contained in a given volume of 
deposits. Under optimum use conditions, the usable ground water storage capacity is the 
volume of water that can, within specified economic limitations, be alternately extracted 
and replaced in the reservoir. 

GROUND WATER TABLE - The upper surface of the zone of saturation (all pores of subsoil 
filled with water), except where the surface is formed by an impermeable body. 

M&I - Municipal and Industrial (water use); generally urban uses for human activities. 

rog/ f - Abbreviation for "milligrams per liter," the mass (milligrams) of any substance dissolved 
in a standard volume (liter) of water. Nearly the same as parts per million (ppm). 

NET WATER CONSERVATION - The difference between the amount of applied water 
conserved and the amount by which this conservation reduces usable return flows. 

NET WATER DEMAND - The applied water demand less water saved through conservation 
efforts (= net applied water = actual water used). 

OVERDRAFT - Withdrawal of groundwater in excess of a basin's perennial yield; also see 
"PROLONGED OVERDRAFT." 

P&D - Santa Barbara County Planning and Development Department (or successor agency); 
prior to February 1994, named the Resource Management Department (RMD). 



Copy of document found at  www.NoNewWipTax.com

PERCHED GROUNDWATER - Unconfined groundwater separated from an underlying body 
of groundwater by an unsaturated zone. 

PERCOLA TION - The downward movement of water through the soil or alluvium to the ground 
water table. 

PERENNIAL YIELD - "The rate at which water can be withdrawn perennially under specified 
operating conditions without producing an undesired result" (Todd, 1980). An undesired 
result is an adverse situation such as: (1) a reduction of the yield of a water source; (2) 
development of uneconomic pumping lifts; (3) degradation of water quality; (4) 
interference with prior water rights; or (5) subsidence. Perennial yield is an estimate of 
the long-term average annual amount of water which can be withdrawn without inducing 
a long-term progressive drop in water level. The term "safe yield" is sometimes used 
in place of perennial yield, although the concepts behind the terms are not identical: the 
older concept of "safe yield" generally implies a fixed quantity equivalent to a basin's 
average annual natural recharge, while the "perennial yield" of a basin or system can 
vary over time with different operational factors and management goals. 

PROLONGED OVERDRAFT - Net extractions in excess of a basin's perennial yield, averaged 
over a period of ten or more years. (Also see footnote to Goal 1 in main text.) 

ppm - Abbreviation for "parts per million," a measure of a substance's concentration in a 
solution or other mixture. Nearly the same as milligrams per liter (mg/ f). 

RECHARGE BASIN - A surface facility, often a large pond, used to increase the infiltration of 
water into a ground water basin. 

RECLAIMED WATER - Urban waste water that becomes suitable for a specific beneficial use 
as a result of treatment. 

RETURN FLOW - The portion of withdrawn water that is not consumed by evapo-transpiration 
and returns instead to its source or to another body of water. 

REUSE - The additional use of once-used water. 

RMD - Santa Barbara County Resource Management Department; reorganized and renamed as 
the Planning and Development Department (P&D) in February 1994. 

RWQCB - California Regional Water Quality Control Board (or successor agency). 

SAFE YIELD (GROUND WATER) - The maximum quantity of water that can be withdrawn 
from a ground water basin over a long period of time without developing a condition of 
overdraft. Sometimes referred to as sustained yield. 

SALINITY - Generally, the concentration of mineral salts dissolved in water. Salinity may be 
measured by weight (total dissolved solids), electrical conductivity, or osmotic pressure. 
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Where sea water is the major source of salt, salinity is often used to refer to the 
concentration of chlorides in the water. See also TDS. 

SBCFCWCD - Santa Barbara County Flood Control and Water Conservation District (or 
successor agency) . 

SERIOUS OVERDRAFT - Prolonged overdraft which results or, in the reasonably foreseeable 
future (generally within ten years) would result, in measurable, unmitigated adverse 
environmental or economic impacts, either long-term or permanent. Such impacts include 
but are not limited to seawater intrusion, other substantial quality degradation, land 
surface subsidence, substantial effects on riparian or other environmentally sensitive 
habitats, or unreasonable interference with the beneficial use of a basin's resources. 
(Also see Policy 3.5 et seq. in main text.) 

SPREADING WATER - Discharging native or imported water to a permeable area for the 
purpose of allowing it to percolate to the saturated zone. Spreading, artificial recharge, 
and replenishment all refer to operations used to place water in the groundwater basin. 

STORAGE CAPACITY - The volume of space below the land surface that can be used to store 
groundwater. Total Storage Capacity is the total volume of space that could be used to 
store groundwater. A vailable Storage Capacity is that volume of storage capacity that 
does not presently contain groundwater and is therefore available to store recharged 
water. 

SWP - State Water Project. 

SWRCB - California State Water Resources Control Board (or successor agency). 

TDS - Total Dissolved Solids, a quantitative measure of the residual minerals dissolved in water 
that remain after evaporation of a solution. Usually expressed in milligrams per liter 
(mg/£) or in parts per million (ppm). See also Salinity. 

USGS - United States Geological Survey (or successor agency). 

WATER RECLAMATION - The treatment of water of impaired quality, including brackish 
water and sea water, to produce a water suitable for the intended use. 

WATER RIGHT - A legally established entitlement to take possession of water in a water 
supply and to divert that water for beneficial use. 
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SANTA MARIA V ALLEY GROUNDWATER MANAGEMENT PLAN 
MEETING MINUTES 

January 12, 1995 

The meeting was convened by Maurice Twitchell at 2:00 pm in the Bonita Packing conference 
room. The discussion focused on the structure of the groundwater management plan. 

1. ORGANIZATION/STAFFING: ALTERNATIVES 

Rob Almy, Santa Barbara County Water Agency, described some alternatives for a decision 
making structure for the groundwater management plan: 

a) Joint Powers Agreement (JPA) - formed by government agencies 
b) Memorandum of Understanding (MOU) between government agencies 
c) Invite one agency with broad geographic jurisdiction to implement management plan, 
i.e. Santa Maria Valley Water Conservation District or Santa Barbara County Flood 
Control/Water Agency 

Staffing of the managing organization could consist of appointed staff from participating 
agencies. 

Q: What is the difference between a JPA and an MOU? 
A JPA creates a new government agency which has a specific jurisdiction and may have 
actual governmental powers. An MOU is made between existing organizations which 
already have the powers necessary to implement the plan or agreement. An MOD tends 
to be less restrictive and easier to get out of than a IPA. An MOD does not create a new 
agency, it just delineates how existing agencies will operate cooperatively towards a 
common goal. 

After some discussion, the group expressed an overall preference for operating under an MOD. 
Basic principles of the MOD desired by the group include: 

No forced agreements 
Group to work together 
Participation in specific projects is voluntary 
Agencies can act independently if project does no harm to another 

2. ADMINISTRA TION OF MOU 
The question was raised concerning staffing for implementing the management plan. Several 
options were suggested: 

a) Wait until a plan is adopted and then decide the level of staffing on a project by 
project basis. 

b) Appoint committees to study specific issues 

c) Initially, county staff might continue to provide technical and administrative support. 
These options are not mutually exclusive. 
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3. DEVELOPMENT OF MOU 
Once participants agree on a management plan, the elements of the MOU can be defined. 
Maurice Twitchell suggested this outline for steps to develop the MOU. 

1. Agree on further studies to determine the volume and area extent of overdraft or other 
problems in the basin. (To be used as a basis for management objectives.) 

2. Identify ways to reduce overdraft, using supply or demand side solutions. Investigate 
economic feasibility of various overdraft solutions. 

3. Investigate water quality issues. 

Basic principles of the MOU would be that the group would work together and there would be 
no forced agreements. The MOU would be between the District, two cities, two counties and 
other agencies such as Nipomo CSD, with agricultural interests maintaining veto power on 
demand-side measures. 

4. DISCUSSION 

Scott Slater clarified that the purpose of the MOU is to address governance of the groundwater 
management plan, i.e. how the players will inter-relate. The question of who will manage the 
plan should be separated from the implementation of the projects. Creating a dispute resolution 
system is also an imperative to the success of the management plan; this can be done through 
the MOU. 

Concern was expressed that the Santa Maria Valley Water Conservation District will miss its 
September deadline for completing its management plan if it is involved in this cooperative plan. 
In response, most committee. members expressed the opinion that there is enough time to first 
attempt ajoint plan. Twitchell recommended that it would be more advantageous to develop one 
cooperative plan, rather than developing individual plans and then trying to reconcile them. 

5. PLAN OUTLINE 

It was then decided that the next step is to outline a draft plan. This can be done using the 
minutes of meetings of this committee which contain the group's discussions of program 
elements. Rob Almy offered to have Water Agency staff create a draft outline of the 
groundwater management plan following that procedure. The draft plan will then be circulated 
to committee members so that they can review it prior to the next meeting. Revisions to the 
draft will be made at the next committee meeting, before the draft plan is circulated to city 
councils or boards of directors. The goal is to complete the draft plan and mail it to committee 
members within 3 - 4 weeks of this meeting. 

Several committee members requested a model of an MOU, which Almy agreed to provide. The 
MOU will outline <luch elcmcnt<l u<l; 

Process for 
- forming committees 
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- scoping related studies 
- selection of which agency will do the work 

Deciding: 
- who pays/how much 
- who manages projects 
- how to modify/continue the MOU 

6. NEXT MEETING 

The next meeting will be on Thursday, February 9, 1995 from 2:00 pm to 5:00 pm at the 
Bonita Packing conference room. 

CORRECTION: 
Please note the following correction to the November 17 meeting minutes: In Section IlIon the 
Nipomo Mesa Basin, the first two sentences are incorrect and should be deleted. Instead they 
should read: 

"The County of San Luis Obispo has recently initiated a $350,000 study of the San Luis 
Obispo component of the Santa Maria groundwater basin, and results are expected in a 
few years. Susan Ostow gave a copy of the appendix of the South County (San Luis 
Obispo) EIR, which reviews in detail the water situation in the Nipomo Mesa Basin." 

This correction is as per Susan Ostrow of the San Luis Obispo County Planning Commission. 
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as I"ell as on the amount of infonna­
tion aYailable to them. Moreover, both 
generaJ cooperation and defection can 
appear suddenly and unexpectedly, 
These results can SeT\'e as aids for in­
terpreting historical rrends and as 
guidelines for consrructively reorganiz­
ing corporations, rrade lll1ions, govern­
ments and other group enterprises. 

M athernatical theories of sodal 
dilemmas have rraditionaDy 
been formulated y.,'ithin the 

framework of game theory. The mathe­
matician John von Neumann and the 
economist Oskar Morgenstern de\'el­
oped that disdpline in the mid-1940s 
to model the beha\ior of individuals in 

economic and ad\'ersarial Situations. 
.~ incihiduaJ's choices are ranked ac· 
cording to some payoff function, which 
assigns a numerical wonh-in dollars 
or apples or some other commocDt)'­
to the consequences of each choice. 
Within game theory, incD\iduals behave 
rationaDy: they choose the action that 
)ields the highest payoff. (Real people 
may not be consistently rational, but 

they do behave that way when present· 
ed \\ith simple choices and srraightfor­
ward situations.) 

Social dilemmas can readily be 
mapped into game settings. In general 
tenns, a sodal dilemma invol\'es a 
group of people attempting to pro\ide 
themselves v.ith a common good in the 
absence of cenrral authority In the Un· 
scrupulous Diner scenario, for instance, 

WHAT SHOUlD I ORDER? That is the question for individuals in groups that have 
agreed to split the bill equally. An individual can get a modest meal and lower ev­
eI')'one's bill or get a sumptuous meal and eat at the others' expense-but thereby 
increase the chance that others, too, will follow that srrategy. The Diner's Dilemma 
is typical of a class of social problems in which individuals must choose between 
cooperating y.,ith the group or defecting for personal gain. 
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I 
the common good is achie\'ed by mini­
mizing the amount of the check. The 
indi\lduals are said to cooperate if they 
choose a less e.'\-pensive meal; they de­
fect if they spare no o..-pe.nse (for the 
group, that is!). Of course, the game is 
only an ideaJjzed mathematical mod-
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NUIv1B"n OF COOPE;:;/..TING Mi:M3ERS 

STAB ILITY F1.N en 0 N e).:p lains the d y. 
namics of groups confronting social 
dilemmas. No maner what a group's ini­
tial state may be, it quickly shifts into a 
state of relaove eqUWbrlillll. ill ",.web 
either many or few people are cooper· 
ating (top). Small fluctuatioll5 around 
this equilibriwn point are routine (mid· 
die), Large fluctuatioll5. however, wbich 
~ rare. can carry the group over a sta· 
bilit',' bamer. The group "ill then very 
rapidly advance to a lower true equilib· 
rium state (bOl1oml. In the long run. a 
group "ill alwavs settJe into the lowest 
equilibrium Slale. 

el-how well can one quantify intangj­
bles such as the enjo)ment of the meal 
or guilt over saddling friends with a 
large bill? Ne\'ertheless. the dynamics 
of the game are still instructive. 

Each indhidual can choose either to 
contribute to the common good or to 
shirk and "free ride" on the sacrifices 
of others. All indhiduals share equally 
in the common good, regardless of their 
actions. Each person who cooperates 
therefore increases the common good 
by a fixed amount but receives back 
only some fraction of that added value. 
(The return is diminished bv free rid­
ers who benefit without contributing.) 

\'ben an individual realizes that the 
costs of cooperating e.xceed ber share 
of the added benefit. sbe .... ill rationally 
choose to defect and become a free rid­
er. Because every indhidual faces the 
same choice, all the members of a 
group \\ill defect. Thus, the indi\idual­
ly rational strategy of weighing costs 
against benefits has an inferior out­
come: no common good is produced, 
and all the members of the group are 
less well off than they could be. 

The situation changes. however, if the 
players know they \\ill repeat the game 
\\ith the same group. Each indi\idual 
must consider the repercussions of a 
decision to cooperate or defect. The is­
sue of o..-pectations then comes to the 
fore. lndhiduals do not simply react to 
their perceptions of the world; they 
choose among alternatives based on 
their plans. goals and beliefs. 

O f "'hat do these o..-pectations 
and beliefs consist? First. an 
indl\idual has a sense of bow 

long a particular social interaction "ill 
last, and that estimate affects her ded­
sion A diner who goes out with a group 
once is more likely to splurge at the ex· 
pense of others than is one who goes 
out with the same friends frequently. 
We call the o..-pected duration of a game 
the horizon length. A short horizon re­
flects a player's belief that the game "ill 
end soon. whereas a long one means 
the pJayer beUeves the game "ill repeat 
far into the future. 

Second, each player has beliefs about 
how her actions \\ill iniluence the rest 
of the group's future beha\ior. A diner 
may reject the option of an expensj\'e 
weal out of few- \hOlt it ""oI11rl prompt 
others to order la\lshly at the ne.'\1 
ga~hering . The size of the group bears 
directJy on this thinking. In a large 
cro\\'d, a player can reasonably e.\.-pect 
that the effect of her action, coopera· 
tive or not, \\il] be cilluted. (Ten dollars 
more or less on the group's bill maners 
less "hen it is di\ided among 30 diners 
' <o thcr ~han fj\'c) The pla\'er \\111 ,eeson 

that her actions become less iniluential 
as the size of the group increases. 

For groups beyond some size, o\'erall 
cooperation becomes unsustainable. 
The likelihood of bad consequences 
from an indi\idual's defection becomes 
so small, whereas the potential gain 
stars so large, that the disincentive to 
de.fect \·anisbes. As our o..-perimenrs 
ha\'e determined, this critical size de· 
pends on the horizon length: the long· 
er that players o..-pect the game to con· 
tinue.. the more likely they are to coop­
erate. ThatconcJusion reinforces the 
commonsense notion that cooperation 
is most liJ..:ely in small groups \\ith 
lengthy interactions. 

The smallest possible sodal group, 
COnsiStillg of only two players, raises 
the spedallimiting case \\ldely knol\TI 

as the Prisoner's Dilemma. It is so 
named because of one common way in 
which it is framed: a prisoner is gj\'en 
the choice of betrajing a fellow prison­
er (defecting) and going free or keep· 
ing silent (cooperating) and thereby 
risking a harsh punishment if the other 
prisoner betrays him. Because the psy­
chology of the interactions is umque, 
cenain strategies that work well for in' 
di\iduals in the Prisoner's Dilemma fail 
in larger groups. The highly successfill 
one I;no\m as tit·for-tat depends on re­
taJjation and forgiveness. A player ini' 
tially cooperates and thereafter does 
\\'hatever the other plal'ef last did. Tit­
for-tat works because it allows ead'! 
player to recognize that the other's ac· 
tions are in direct response to her O\\TI. 

In groups of more than t\\'O, howe\'er, 
it is impossible for one player to pU!'l' 
ish or reward another specifically be­
cause any modification of her own ac· 
tions affects the entire group. 

In larger groups, an indi\ldual caught 
in a social dilemma forms a strategy for 
conditional cooperation from a calcula· 
tion of the o..-pected payoffs: she \\iU 

cooperate if at least some critical frac· 
tion of the group is also cooperating, 
\\ben enough of the others are cooper· 
ating, she e.,\-pects that her future g3l.o'-S 
\\ill compensate for present losses. 1J 
the number of cooperating indi\idu~s 
falls below that threshold, then her ex· 
pected losses rule out cooperation. and 
she \\ilJ defect. The strategjes, o..-peca· 
tions and thresholds of the indi\ioucJs 
determine "'hether cooperation \\itl'ii ... "1 

a group IS sustamdOle. 
Quite aside from the question of 

"'hether a group can achieve coopera­
tion is the equally important maner of 
how cooperation or defection emerges 
in a social setting. lmagine that the ~\. 
pothetical diners, after many consen.:· 
D\ 'e budget·busting meals, decide '0 

~pUt into smaller groups, hGping ,";:;, 
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the limited size of the resulting tables 
\\ill aid cooperation. Ho'" long does ;1 
la);e for the small groups of defectors 
to shitch? Is the process smoothly ('1 '0-
lunonM), or su dden ? 

To s11.ldl' the el'olution of social co' 
operation:we borrowed methods from 
statistical thITmod)namics, This brane1 
of physics attempts to deril 'e, the mac­
roscopic properties of maner from the 
interactions of its consti11.lent mole­
cules, \\'e adapted the approach to 
srudy the aggregate behalior of incti­
Ii duals confronted ""ith sodal choices, 

Our method relies on the mathenati­
cal consrruction of a cun'e called a sta­
bility function. This cun'e describes L1e 
re la til'e stability of a group's behalior 
in terms of the amount of cooperation 
present. The I'alues of the cun'e derll'e 
from a knowledge of the costs, benen:s 
and inctilidual e.\:pectations associated 
him a given social dilemma, The stabU­
it: ' functio n generally has two mil1i.rr.a. 
or rroughs, \\'hich represent the ::nest 
stable states of the group: I\idespread 
defection and I\idespread cooperation. 
They are separated by a high barrier, 
"'ruch is i.he least stable state, The rel­
atil'e heights of these fea~es depe:1d 
on the size of the group and L1e 
amoun t of information al'ailable to its 
members, From this function, one ca.n 
predict the possible outcomes of the 
diJc!Tl]"';;a and how long the grot.:p I,ill 
Sla)" in a particular state, 

L);e a ball rolling dOhnhiJi. :~e 
group's behalior hill all\'al 'S gral" 
itate from its L"1itial state 101"ud 

thc closest trough, Once in a r.o'Jgn. 
howc\'cr. the slstem does not become 
STatic. Instead it jiggles back and forth 
randomJ l'. Just as a small ball h'ouJd be 
r:1ol'ed by librations, These random 
perrurbations are caused by the uncer­
tal.ntl' that inctiliduals have about :"1e 
behal ior of others , If an L.,ctil iduaJ mis­
perceil'es the lel'el of coopcration in 
the grouP. she may erroneously defect 
and thereby briefly move the sl 'stem 
a\\'ay from equilibrium, The mo;-e un· 
cerlal.nty there is in the system, the 
more likely the;-e I,ill be flucruations 
around an equilibrium state, 

These perrurbations are USUalll ' 
small, so in the short run the 51'Stem 
5Ial'S near one rniT'..i.:Tlum, Ol'er t~e long 
:-un ho\\'el'er. large fluc11.lations beCome 
important. Such fluc11.lations, caused 
bl ' manl inctiliduals Sl\itching from 
dc fec tion 10 cooperation. or lice leisa. 
can push the group o\,er the barrier ~e­
["\"een the miruma, Consequentll ", g!lcn 
suffiCient time. a group I,ill all'alS cnd 
up in the more s table of the tI"O l'OL;J­

Iibrium states, elen if it mihal]1 mo~es 
int o , he other, metastable one, 
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Ol,TBREt..K.S OF COOPERATION can be simulated using computer agents that act 
like indhiduals. In a homogeneous group of agents that are all initially defectors 
(green), the shift to "'idespread cooperation (orange) is sudden and rapid. 

TIME 

HETEROGE."-"EOt.:S GROUPS evolve step,dse toward overall cooperation, "'ith each 
subgroup <'-.'\.-periencing a distinct transition on its 0\>l"Il. 

Huge random flucruations are ex­
rremell ' rare-on al 'erage. they occur 
over periods proportional to the e.\:po­
nential of the size of t he group, Once 
the rransition from the local minimum 
10 the ma'illnum of the function takes 
place, ho\\'cler. :he system slides 001\11 
10 the global mjnimum I-eTY quickh­
in a period proportional to the loga-

rithm of the group size, Thus. the theo' 
ry predicts that although the general 
beha\ior of a group in a dilemma St21S 
the same for long periods. I\hen it 
does change. it does ~o lery fast. 

Compuier e.xperiments demonstrate 
those predictions, ,-\ socicty of compu· 
tational age.nts. or programs acting liJ.;e 
inctilidua.ls. can be preseD1ed hith a 50-

~CTP':-T111C \"\ITRlCAN March I 9~4 7'9 
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cial dilemma. The agents inlenninentJy 
and as)l1chronously ree\'aJuate their 
op tions and decide "'hether to cooper­
ate or to defcct. They base their deci­
sions on information, "'hich may be 
im;Jerfecl and delayed, about how many 
of the others are cooperatl..'1g. The sum 
of all the agents' actions re\'cals the de­
gTee of cooperation or defection in the 
group. The e:\j:le:imenter can compile 
sTatistics on the le\'el of cooperation 
O\'er time. 

One typical e."\lJeriment features a 
group of 10 agents, all of "'hich are ini­
tially defecting . If one agent rrtisjudges 
hOh many others are cooperating and 
s\\itches its be.ha\ior, that change might 
lead the rest of the group 10 make a 
si.;-rjJar shift. The group the;efore stays 
a t or near its initial me;as:able state of 
iTlurual defectio!1 for a long time, until 
a sudden and abrupt transition canies 
L'le group to mutual cooperatioI1-

That abrupt appearance of coopera­
,ion in a computer simulation \,'ell de­
scribes certain real social phE:nomena, 
such as the recent upsu:ge in em1ron­
mental a,,'areness and acri\ism In 
r:1any pans of the LS. and Europe, \'01-
untary recycling has become a nonnal 
pm of daily life. A decade ago that " 'as 
not the case . ReC)cling poscs a social 
di.!ern.:r;a for the cor. su.~er: the en\i­
ronIne:1tal benefits are greaT if most of 
thc ;Jopulation n>C)"Cles but marginal if 
o:1ly a [e\\' do, and the incii\idual's in­
\('s:ed effort in bringing bottles and 
nc\\spapers 10 the ;-eC) 'clL;g center is 
1 he same in either case. Our theoT)' rna\" 
help e.'\j:lla.in \,hy the population, after 
a lor:g period of relaLiH apath\·, has so 
quiclJy embraccd reC)c:ing, emissions 
controls and olher emironmentaJ pro· 
tection measures . , I :1 the h\lJothetical social diler.unas 

\\'e ha\'e describcd so far, aU the in­
di\iduaJs e\'ah .. 2;e their payoffs the 

same \,'ay and share the same e.'\lJecta· 
tions about the outcomes of their ac· 
tlons . In any real group of humans, 
ho\\"e\er, ind.i\iduals ha\e largel\' dis­
parate beliefs. \\'e haH therefore looked 
at '10\\' di\,ersity affects the d\l1amics 
of social dilemmas, 

,~ heterogeneous group can display 
:wo different types of dinrsitY: \'aria· 
: ion arou,"1G a CO;:D7lon 2\'C'~age or seg­
~egatio:1 mto factior:s . The first in\,oh'cs 
a ~irnple spread in opini O:1 or concern 
;:>~nn£ inrl i\iduals \"ho c.~e fundiimen· 
~aU\' the same. For example. some un· 
scruplll ous diners rna\" anticipate and 
\'aJue more fuT1.!I t meals ;han others. If 
the 1\lJica.1 diner 100h5 about 10 meals 
mto the future. then incii\ici uals I,ill 
ha\c horizons '.ha t \2.f\' Jut cluster 
around that 2\Cngc, 

REGJO!\Al RECYCLING PROGRAMS are spreading in accordance "itb the rules of 
cooperation in hierarchies, The enjoyment of benefits from recycling in one com· 
munity spurs neighboring communities to join the effort. 

:\Jthough models of social dilemmas 
that include this T!lJe of di\,ersity are 
more complicated than ones for homo­
geneous groups, their d) l1a.rrDCS still 
foUow a clear panern. Basically the cii­
\'ersiT!' acts as an additional form of 
uncertainT!', instigating fluctuations in 
the state of the group. If most indi\idu· 
cJs are defecting, the first to decide to 
cooperate \,ill probably be the one \\'ho 
has the longest horizon. That decision 
rrtight then comince others \,'ho ha\'e 
longer·than·average horizons to coop· 
erate, 100. Those transitions can tJigger 
a cascade of further cooperation, until 
the ,,'hole group is cooperating. 

The events that led to the mass pro· 
tests in Leipzig and Berlin and to the 
subsequent dOhnfall of the EaSt Ger· 
man go\,emrnent in ~o\'ember 1989 
\i\idJy illusrrate the impact of such di­
\'ersiT!' on the resolution of social di· 
lemmas. Earlier that year Mikh.aiJ S. Gor· 
bache\', then president of the SO\iet 
l'njon. stopped backing the Eastern Eu· 
ropean gO\'emrnents \\ith the force 
of the SO\ iet militaJY His ne\\ policy 
reopened the issue of \\hether the East· 
ern European population would s till 
subscribe to the e.'-dsting social com· 
pact. The citizens of Leipzig \\ho de· 
sired a change of go\,ernment faced a 
ciiJemr:1a. The\' could sta\" home in 
safeT! or dem;nstrate aga~st the gO\" 
ernment and rish arrest - KnO\,ing that 
as the number of demonstrators rose. 
the r isk dcclined and the potennal for 
O\lrlhrO\\ing the rcgime increased. 

; COD$Cf\an\e person "ould demon· 
srratei:.gainq the gO\ernment onJ \ i.f 

thousands were already commined; a 
re\'olutionaT)' rrtight join at the slight· 
est sign of unrest. That \ 'anation in 
threshold is one form of diversity. Peo­
ple cJso differed in their estimates of 
the duration of a demonsrrauon as weU 
as in the amount of risk ;hey were \\ill· 
ing to take, Bernhard Prosch and "jarri."1 
.:"'braham. 1\"0 sociologists from Erlan­
gen L:nj\'ersiT! \\'ho srudied the Leipzig 
demonstrations, claim that lhe di\'ersl' 
T!' in thresholds \\'as imponant in trig· 
gering the mass demonstratior:s. They 
oJso doC'.unented that O\-er Just six 
\\"eehs the number of demonstrators 
grev-' from a handful of mcihiduaJs to 
more than 300,000. 

A second "lJe of di\ 'ersiry "ithin a 
sodal group describes differences thaI 
do not range around an a\'erage \·alue. 
It is fOl.!.Dd i..'1 groups composed of se\· 
eraJ distinct factions, each character· 
izeci by a distinct set of beliefs, .-\mong 
the diners. for e.xample, might be a mix 
of STUdents and professionals. Students 
on a tight budget ha\e concerns differ· 
ent from those of well-off professionals. 
On the v-'hole. the \'a.riation among the 
srudents' preferences would be small 
as compared \\lth the a\ 'erage differ­
ences ben,'een the n\o subgroups. 

\\ nen a large group containing se\'eo· 
al factions changes from o\'eraU defec · 
tion \0 cooperanon, :t ao~s so ~)lJ JU ~jl 
progressj\e transitions, The subgroup 
\\lth the greatest tendcnC) to coopera te 
c fo r cxample. the one "ith the longcst 
~orizon i..'1 its a\erage e:>'lJeclanons or 
the one I\ith the 10l\esl a\'erage (ost s 
'er (oo;:Juationi "ill usuallY be :he fi;- st 
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PUBUC DEMONSTRATIONS signaled the end of the old social compact in East Ger­
many. People dissatisfied ~ith the government saw that the risk of arrest declined as 
more people joined the protes'ts, which fueled the explosive gro'wth of the crowds. 

10 cross over. The other groups \\ill then 
foUow in tum, probably in the order of 
their \\illingness to cooperate. 

Relationships among subgroups 
may powerfully influence the 
evolution of cooperation, a fact 

that is notably important in large hier· 
arclUcal organizations. The weight that 
an indhidual in one di\ision gi\'es :0 
the actions of others depends on those 
persons' placement in the hierarch\', 
Hierarchies are therefore very different 
fr0m le\ 'el groups, 

Functional hierarchies often hid e iIl 
informal settings. .-'ill pollution is a 
problem that the whole world faces and 
must solve coUectiyeJy, Yet each person 
is usually bothered more by a neighbor 
burning a compost pile than by some· 
one across to"'11 doing the same. The 
cill ution of emironmental impact "'i th 
dis tance can be represented as a lUer· 
archy of layered interactions be1'\'een 
neighborhoods, to\\11S, counties, sta tes , 
co;mtries and continents, The effect of 
so:neone else 's actions on \ 'our 0\\11 
choices ",ill depend on how ~an\ ' la\· 
~rs distant she is from \'OU, . . 

The effecti\ 'e size of 'the hierarchY is 
,herefore much smaller than the ntim­
ber of its constituents. Suppose that in 
its effect on \'our decisions, the acbon 
of your nearby neighbor counts zs 
much as the summed actions of an en­
tire distant neighborhood. Then the 
effectiH number of people influencL'lg 
\ our decision is much smaller than the 
total populati on of your to\\11. \, 'e can 
~ a \' that the hiera,;chy has been re-

scaled, because the whole is smaller 
than the sum of its pans, 

Computer e.'I,;periments show how 
cooperation can spread in large hierar­
chical organizations. TranSitions from 
defection to cooperation (or the oth­
er \,'a), around) tend to originate \'ith­
in the smallest units. which usually oc­
cupy the lowest le\ 'el of the hierarchy. 
Cooperation can then progressively 
spread to higher levels. The s\,itching 
t'end can e\'en terminate if the cooper­
ati \ 'e influence of distant units is too 
aTtenuated to be felt . In such a case, 
the organization may contain some 
branches that cooperate and others 
that defect for long periods. 

These results suggest practical ways 
to restructure organizations to secure 
cooperation among members faced 
\' ith a social dilemma. Corporations 
benefit. for example, "'hen managers 
share their knowledge \\ith one anoth­
er. Yet managers may ",ithhold infor­
mation they fear their coUeagues can 
use for their 0\\11 ad\ ·ancement. To vol­
unteer information, a per~on needs to 
feel secure tha t others \\ ill, too. Setting 
up a ne1'\'ork of smaller groups of 
managers could overcome the dilemma 
by promoting that sense of security. 
~1 0reo\ 'er, restructuring a large corpo­
rati on into smaUer units may encour· 
age the appearance of pocJ.:ets of col­
laboration that might spread rapidly. 

( on\'ffsel\', \,'hen organizadons grow 
\\i thout a major reorganization, the 
tend ency to ride for free grO\\'S and 
lo" 'ers efficiency. The act of reorganiz­
in g does not guarantee in~tant im-

provement: the s\~itch to COUeCDye co­
operation may still take a long time. 
That time can be shortened by increas­
ing the benefits for indi\iduals " 'ho co­
operate and by dispersing the most co­
operative managers among small core 
groups throughout the organization, 

The study of social dilerrunas pro­
\ides insight into a cenrral issue 
of beha\ior: ho'" global coope­

ration among indi\;duals confronted 
.... ith conflicting choices can be secured. 
These recent ad\'ances show that coop­
erative beha\ior can indeed arise spon­
taneously in social settings, pro\ided 
that the groups are small and di\ 'erse 
in composition and that their constitu­
ents have long outlooks. Ever! more sig­
nificantly, when cooperation does ap­
pear, it does so suddenly and unpre­
dictably after a long period of stasis, 

The world still echoes \,ith the thun­
derous political and social events mark­
ing the past few years. The fall of the 
Berlin \fall. leading to a unified Ger­
many, and the breakdO\\11 of the cen­
rralized So\iet Union into many au­
tonomous republics are examples of 
abrupt global defections from pre\'aD­
ing sodal compacts. The member coun­
tries of the European Union currently 
face their 0\\11 social diJemma as they 
try to secure supranational coopera­
tion, The pressing issue is whether or 
not those countries can build a bene­
ficial cooperati\ 'e superstructure \\'hile 
each one remains autonomous , If our 
predictions are accurate, these restruc­
turings \,ill not proceed smoothly. Rath­
er they \\ill al"'ays be puncrua ted by 
unexpected outbreaks of cooperati on. 
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The Tragedy of the Commons 

The population problem has no technicLll solu tion; 

it requires a fundamental extension in morLllity. 

~EC. / / ?~g 

At the end of a thoughtful article on 
the future of nucle;.!r war, Wiesner and 
York (I) concluded that: "Both sides in 
the arms race are ... confronted by the 
dilemma of st e:ldily increasing military 
power and st e:ld ily decre:lsing n:ltional 
security. II is our considered projes­
sianal judgmenl Iha l Ih is dilemma has 
no lechnica! solUlion . If the great pow­
ers continue to look for solutions in 
the area of science and technology only, 
the result will be to worsen tte situa­
tiOG." 

I would like to focus your attention 
not on the subject of the article (na­
tion:l! secu rity in a nuclear world) but 
on the kioJ of conclusion they reached, 
namely that there is DO technical solu­
tion to tbe problem. An implicit and 
a lmost un iversal assumption of discus­
sio ns published in professional and 
semipopul:lr scie ntific journals is that 
the problem under discussion has a 
technical solution. A technical solution 
may be defintd as one that requires a 
change only in the techniques of the 
natur::l! sciences. demanding little or 
nothing in tbe way of change in human 
values or ideas of morality. 

In our day (though not in e:lrlier 
times) technical solutions are always 
welcome. Because of previous failures 
in prophecy, it takes courage to assert 
that a de sired technical solution is nOI 
possi hle. Wiesner and York exhib~ed 

this courage; publishing in a science 
journ:ll, they insisted that the solution 
to the problem was not to be found in 
the n:ltural sciences. They cautiously 
qualified their statement with the 
phrJse, " It is our considered profes-

The autho r is prof~5Sor of biology, t:niver; iry 
of Califoro.ia , Sanla Barba;a. This article is 
ba:;eu on 3 presidenlial address preseDled before 
!he meeting of !he Pacific Div;,ion of !he Ameri· 
can AssocialioQ for !he Advancement of Scienu 
al L' !:lh Slale t:o.iversiry, l oga n, 25 June 1968. 

G:urelt Hardin 

sional judgment. ... " Whether they 
were right or not is not the concern of 
the present article. Rather, the concern 
here is with the important concept of a 
class of hum:l.D problems which can be 
called "no technical solution problems." 
and , more specifically, with the identifi­
cation and discussion of one of these. 

It is e:lsy to show that the class is not 
a null class. Recall the game of tick­
tack -toe. ConsiJer the problem, " How 
can I win. the game of tick-tack-toe?" 
It is well known that I cannot. i£ I as­
sume (in kel;!ping with tbe conventions 
of game tbeory) that my opponent un­
derstands the game perfectly. Put an­
other way, there is no "tecbnical solu­
tion" to the problem. I can win only 
by giving a radical meaning to the word 
"win." I can hit my opponent over the 
head ; or I can drug him; or 1 can falsify 
the records. Every way in which I "win" 
involves, in some sense, :In abandon­
ment of the gJ-me, as we intuitively un­
derstand it. (I can also, of course, 
openly abandon the game-refuse to 
play it. This is what most adults do.) 

Tne class of "No technical solution 
problems" has members. My thesis is 
that the "population problem," as con­
ventionally conceived, is a member oi 
this class. How it is conventionally con­
ceived needs some comment. It is fair 
to say that most people who anguish 
over the popUlation problem are trying 
to fiod a way to avoid the evils of over­
population without relinquishing any of 
the privileges they now enjoy. They 
think that farming tbe seas or develop­
iog oew strains o£ wheat will solve the 
problem-technologically. I try' to show 
here that the solution they seek caonot 

be found . The population problem cao­
not be solved in a techoical way, aoy 
more than can tbe problem of winning 
the game of tick-tack-toe. 

What Shall We Muimize? 

Population, as Maltbt:s said, naturally 
tends to grow "geometrically," or, as we 
would now say, exponentially. In a 
finite world tbis means that the per 
capita share of the world's goods must 
steadily decrease. Is ours a finite world? 

A fair defense can be put forward for 
the view that the world is infinite; or 
that we do not know that it is not. But, 
in terms of the practic:lI problems that 
we must face in the next few genera­
tions with the foresee:lble technology, it 
is c1e:lr th:lt we will greatly increase 
human misery if we do not, during the 
immediate future, assume that the world 
available to the terrestrial human pop­
ulation is finite. "Space" is no escape 
(2). 

A finite world can support only a 
finite population; therefore, population 
growth must eventu::Jll y equal zero. (The 
case of perpetu:lI wide t'luctuations 
::Jbove and below zero is a trivial variant 
that need not be discussed. ) When this 
condition is met. what will be the situ~ ... 
tion of mankind" Spec ifically, C:ln Bet:· 
tha;n's goal of "the greatest good for 
the greatest numoer" be realized? 

/Iio--for two reasons, e3.ch sufficient 
by itself. The first is a theoretical one. 
It is not mathematic3.lly possible to 
maximize for two (or more) variables at 
the same timl;!. This was clearly stated 
by von ]\:I;!umann and Morgenstern (3), 
but the principle is implicit in the theory 
of partial differential equations, dati[o .~ 

back at !e:lst to D'Alembert (1717-
1783). 

The second reasoo springs directly 
from biologic:ll facts . To live, any 
organism must have a source of energy 
(for eX3.mple, food). This energy is 
uti I ized for two pUtposes: mere main­
tenance and work. For man, mainte­
nance of life requires about 1600 kilo .. 
calories a day ("maintenance calories"). 
An ything that he does over and above 
merely staving alive will be defined as 
work, and is supported by "work cal­
ories" which he takes in. \Vork calories 
are used not only for what we call work 
in common speech; they are also re­
quired for all forms of enjoyment, from 
swimming and automobile racing to 
playing music and writing poetry. If 
our goal is to maximize population it is 
obvious what we must do: We must 
make the work calories per person ap­
proach as close to zero as possible. No 
gourmet meals, no vacations, no sports, 
no music, no literature, 00 art. ... I 
think that everyo ne will grant, without 
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argument or proof,. that maximizing 
population does not maximize goods. 
Bentham's goal is impossible. 

In reaching this conclusion r have 
made the usual assumption that it is 
the acquisition of energy that is the 
problem. The appearance of atomic 
energy has led some to question this 
assumption. However. given an iniinite 
source of energY, population growth 
still produces an inescapable problem. 
The problem of the acqui sition o f en­
ergy is replaced by the problem of its 
dissipation, as J. H. Fremlin has so wit­
tily shown (4). The arithmetic signs in 
the analysis are, as it were. reversed; 
but Bentham's goal is still unobtainable. 

The optimum population is, then, less 
than the maximum. The difficult y of 
defining the optimum is enormous; so 
far as I know. 00 one has seriously 
tackled this problem . Reaching an ac­
ceptable and stable solution will surely 
require more than ooe generation of 
bard analytical work-and much per­
suasion. 

\Ve want the maximum good per 
person; but what is good? To ooe per­
son it is wilderness. to another it is ski 
lodges for thousands. To one it is estu­
aries to nourish ducks for hunters to 
shoot; to another it is factory land. 
Comparing ooe good with another is, 
we usually say, impossible because 
goods are incommensurable . Incommen­
surables cannot be compared. 

Theoretically this may be true; but in 
real life incommensurables are commen­
surable. Ooly a criterion of judgment 
:'< (Jd a system of weighting are needed. 
In nature the criterion is sun·iva!. Is it 
better for a species to be small and hide­
able, or large and powerful? Natural 
selection commensurates the incommen­
surables. The comprom ise achieved de­
pends on a natural weighting of the 
values of the varia hies. 

Man must imitate this process. There 
is no doubt that in fact he alreadv does. 
but unconsciously. It is when the hidden 
decisions are made explicit that the 
arguments begin . The problem for the 
years ahead is to work out an accept­
able theory of weighting. Synergistic 
effects, nonlinear variation. and difficul­
ties in discounting the future make the 
intellectual problem difficult, but not 
(in principle) insoluble. 

Has any cultural group solved this 
practical problem at the present time, 
even on an intuitive level? On6 simple 
fact proves that none has : there is no 
prosperous population in the world to­
day that has, and has had for some 

time, a growth rate of zero. Any people 
that has intuitively identified its opti­
mum point will soon reach it, after 
which its growth rate becomes and re­
mains zero. 

Of course, a positive growth rate 
might be taken as evidence that a pop­
ulation is below its optimum. However, 
by any reasonable standards, the most 
rapidly growing populations on earth 
today are (in general) the most misera­
ble. This association (which need not be 
invariable) casts doubt on the optimistic 
assumption that the positive growth rate 
of a population is evidence that it has 
yet to reach its optimum. 

We can make little progress in work­
ing toward optimum poulation size until 
we explicitly exorcize the spirit of 
Adam Smith in the field of practical 
demography. In economic affairs, The 
Wea/rh of Narions (1776) popularized 
the "invisible hand," the idea that an 
individual who "intends only his own 
gain," is, as it were, "led by an invisible 
hand to promote ... the public interest" 
(5). Adam Smith did not assert that 
this was invariably true, and perhaps 
neither did any of his followers. But he 
contributed to a dominant tendency of 
thought that has ever since interfered 
with positive action based on rational 
analysis, namel y, the tendency to as­
sume that decisions reached individually 
will, in fact, be the best decisions for an 
entire society. 1f this assumption is 
correct it justifies the continuance of 
our present policy of laissez-faire in 
reproduction. If it is correct we can as­
sume that men will control their individ­
ual fecundity so as to produce the opti­
mum population. If the assumption is 
not correct. we need to reexamine our 
individual freedoms to see which ones 
are defensible. 

Tragedy of Freedom in a Commons 

The rebuttal to the invisible hand in 
popUlation control is to be found in a 
scenario first sketched in a little-known 
pamphlet (6) in 1833 by a mathematical 
amateur named William Forster Lloyd 
(1794-1852). We may well call it "the 
tragedy of the commons," using tbe 
word "tragedy" as the philosopher 
Whitehead used it (7) : "The essence of 
dramatic tragedy is not unhappiness. It 
resides in the solemnity of the remorse­
less working of things." He therr goes on 
to say, "This inevitableness of destiny 
can only be illustrated in terms of hu­
man life by in.cidents which in fact in-

volve unhappiness. For it is only by 
them tbat the futility of escape can be 
made evident in tbe drama." 

The tragedy of the commons develops 
in this way. Picture a pasture open to 
all. It is to be expected that each herds­
man will try to keep as many cattle J.S 

possible on the commons. Such an ar­
rangement may work rea sonably satis­
factorily for centuries because tribal 
wars, poaching, and disease keep the 
numbers of bolh man and beas t well 
below the carrying capacity of the land . 
Finally, however, comes the day of 
reckoning, that is, the day when the 
long-desired goal of social stability be­
comes a reality. At this point, the in­
herent logic of the commons rem orse­
lessly generates tragedy . 

As a rational being, each herdsman 
s6eks to maximize his pin . Explicitlv 
or implicitly, more or less consciously, 
he asks, "What is the utility to me of 
adding one more animal to my herdry" 
This utility has one negative and one 
positive component. 

I) The positive component is a func­
tion of the increment of one animal. 
Since the herdsman receives all the 
proceeds from the sale of the additional 
animal, the positive utility is nearly -1 . 

2) The negative component is a func­
tion of the add itional overgrazing 
created by one more animal. Since, 
however, the effects of overgrazing are 
shared by all the herdsmen. the neg:ltive 
utility for any particular deci sion­
making herdsman is only a fraction of 
-1. 

Adding together the component par­
tial utilities, the rational herdsman 
concludes that the only sensible course 
for him to pursue is to add another 
animal to his herd. And another: and 
another. ... But this is the conclusion 
reached by each and every rational 
herdsman sharing a commons. Therein 
is the tragedy. Each man is locked into 
a system that compels him to increase 
his herd without limit-in a world that 
is limited. Ruin is the destination to­
ward which all men rush, each pursuing 
his own best interest in a society that 
believes in the freedom of the com­
mons. Freedom in a commons brings 
ruin to all. 

Some would say that this is a plati­
tude. Would that it were! In a sense, it 
was learned thousands of years ago, but 
natural selection favors the forces of 
psychological denial (8). The individual 
benefits as an individual from his ability 
to deny the truth even though society as 
a whole, of which he is a part, suffers. 
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EUucJ.tion GlO COllnt~r;lct the nJtural 

tenu~nc\ to do the wrong thing. but the 
inexorabk $ucc~s :; ion of generJ.tions 
requires th:.!t the bJsis for this kno\\l­
euge be con~t:Jn tho refresheu. 

A ,imple inciJent that occurred a few 
\ ears ago in Leominster. Massachusetts. 
~hows how perishJblc the knowkuge is. 
During the Chri stmls shopping se:bon 
the parking metas uowntown were 
co\'t~rcJ with plJ stic bags thJt bore t::lgs 
reauing "Do not open until J.fter Christ­

mas. Free parking courtesy of the 
mayor anJ city council." In other worJs. 
bcing the prosp-cct of an increaseJ de­
m3nu fo r Jlr<::.!uy scarce sp3ce. the city 
t'3thers rc;n :; titllt"u the svstem of the 
commons. (Cynic:.tllv. we suspect that 
they gJined more vo tes than they lost 
by th is retrogress i,e act.l 

In In appro.ximJte way. the logic of 
the commons has heen unJerstood for 
3 long time . perh3ps since the dis­
covery at 3griculture or the invention 
of private property in reJI estate. But 
it is understocd mostly only in speci:ll 
C3ses which are not sufficiently genaJI­
ized. Even at this late date. cattler.1e:1 
leJsing n:Jtional iJnd on the western 
ranges demonstrJte no more than an 
JmbivJ1ent lInlkrstJnding. in constJntly 
pressuring feJeral authorities to increase 
the heaJ count to the point where over­
grning produces erosion and weed­
dominJnce. Likewise. the oceans of the 
world continue to suffer from the sur­
vival of the philosophy of the commons. 
i\faritime nations still respond automat­
ically to the shibboleth of the "freedom 
of the seas." Professing to believe in 
the "inexhaustible resources of the 
oC~:Jns." they bring species after species 
of fish and whales closer to extinction 
(9). 

The l'o'ational Parks present another 
iostar.ce of the working out of the 

tragedy of the commons. At present, 
they are open to all. without limit. The 
parks themselves are limited in exteot­
there is only one Yosemite Yalley­
whe,eas population seems to grow with­
out limit. The values that visitors seek 
in the parks are steadily eroded. Plainly. 
we must soon cease to treat the parks 
3S commons or they will be of no value 
to anyone. 

Wh:Jt sh311 we uo~ \Ve have several 

options. We might sell them off as pri­
vate property. We might keep them as 
puhlic property, but allocate the right 

to enter them. The allOC3tion might be 

on the basis of wealth. by the use of an 

auction system. It might be on the basis 

of merit, as den ned by some agreed-

lIpon sr:JnJ;lf(j.,. It ntighr be by JOllny. 

Or il might be on a first·come. first· 
served bJsis. aJministereu to long 
queues. These. I think. are 311 th.: 
reasonJ b Ie possi bi l i lies. They 3re 311 
objectionable. But we must choose--{)r 
:Jcquiesce in the destruction of the com· 
mons that we C:11i our '-j"tional P;Jrk,. 

Pollutiun 

In J re'efse IN:J), the tr~lgedy ot 
the commons rCappe:lfS in probkms of 
pollution. Hcre it is not J question of 
taking something out of the common". 
but of putting something in-sewage . 
or chemical. r3dioactive. and he3t 
wastes into w:lter: noxious Jnd danger· 
ous fllmes into the Jir: and distr:Jcting 
and unpleJsant Jdvenising signs into 
the line of sight. The c::liclIl3tions of 
utility are mllch the same as before. 
The rationJI m:ln finds that his share of 
the cost of the wastes he discharges into 
the commons is less than the cost of 
purifying his wastes before releasing 
them. Since this is true for everyone. we 
are locked into a system of " fouling our 
own nest." so long as we beh:lve only 
as independent, r:1Iiona1. free·enter· 
prisers. 

The tragedy of the commons as a 
food basket is Jverted by private prop­
erty, or something form311y like it. But 
the air and waters surrounding us can­
not readily be fenced, and so the trag­
edy of the commons as a cesspool must 
be prevented by different means. by co­
ercive laws or taxing devices that make 
it cheaper for the polluter to treat his 
pollutJnts than to discharge them un­
treateJ. \Ve have not progressed as i ar 
with the solution of this problem as we 
have with the first. Indeed, our particu­
lar concept of private prop.:rty, which 

deters us from exhausting the positive 
resources of the earth. favors pollution. 
The owner of a factory on the bank of 
a . stream-whose property extends to 
the middle of the streJm-{)ften hJS 
difficul ty seeing why it is not his natural 
right to muddy the wJters flowing past 
hi~ door. The law. always behind the 
times. requires elaborate stitching aDd 

fitting to adapt it to this newly perceived 
aspect of the commons. 

The pollution problem is a con­
sequence of population. It did not much 
matter how a londy American frontiers­

man disposed of his waste. "Flowing 

water purines itsel f every 10 miles." my 

grandfather used to say. and the myth 

was near enough to the truth \\ hen he 

" ;1.\ " boy. tOf rha..: \Vere not too mao;' 
people. But as popUlation became denser, 
rhe naturJI chemical and biological re­
c)cl ing proccS, eS became overloaded. 
c:JIJlng for :'I r~definition of property 
right,. 

How To I.l'gislall' Temper.lJlce? 

An::d\ sis of the pollution problem as 
a function of popul3tion density un­
covers 3 not genaally recognized prin­
ciple of mor:l!it\. namely: the morality 

oj an (lct is a jllllction oj the state of 

rhe :;."51('111 ar rlr!' rime it is performed 

(/01. C ;ing the commons as a cesspool 
JOes not harm the general public under 
fronti~r conJitions. because there is DO 

public: the SJme heh:'!"ior in a metropo­
lis is unbeJfabk. A hundred aDd fifty 
years ago a plJinsman could kill an 
Amerion bison. cut Ollt only the tongue: 
for hi s dinner. and discard the rest of 
the :.!nimal. He was not in any impor­
tant sense being wasteful. Today. with 
only a few thous:1nd bison left, we 
"ould be appailed at such behavior. 

In pas,ing. it is worth noting tha: the 
mor3Iit\· of :In JCt CJnnot be determined 
from a photograph. One does not know 
wheth..:r a man killing an elephant or 
setting fire to the grJsslJnd is harming 
others until one knows the total system 
in which his Jct appears. "One picture 
is worth a thousand words." said an 

:lOcienr Chinese: but it may take 10.000 
words to validate it. It is as tempting to 
ecologists as it is to reformers in general 
to try to persuade others by way of the 
photogr:lphic shortcut. But the essense 
of an argument cannot be photo­
graphed: it must be presented rationally 
-in words. 

ThJt morality is system-sensitive 
escaped the attention of most codifiers 
of ethics in the past. "Thou shalt 
not ... " is the form of traditional 
ethical directives which make no alIow­
Jnce for p3rticular circumstances. The 
laws of our society follow the pattern of 
:lncient ethics. aDd therefore are poorly 
suited to governing a complex. crowded, 
change:lble worlu. Our epicyclic solu­

tion is to Jugment statutory law with 
admini st rative law. Since it is practically 
impos,ible to spell OLit JII the conditions 

under which it is safe to burn trash in 
the back yard or to run an automobile 
without smog-control. by law we dele­

gate the details to bureaus. The result 

is administrati\'e law. which is rightly 

fe:lred for an ancient reasoo-Quis 
cII)/(lr/ier i (,<(ll CII't(l(ieL?-"Who shall 
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watch the watchers th<!m<,l'l\'.:~')·' John 
Adams said that we must have "a gov ­
ernmeO! of laws and not m<!n .·' Burcau 

administrators, trying to eva luate the 

morality of acts in the tot al system, :.Ire 
singularly liable to corruption, produc­
ing a government by men. not laws. 

Prohibition IS easy 10 legi slate 
(though not necessaril\' to enforccl; but 
how do we kgi ,la te tcmper~ncc ) Ex­

perience indic"les that it can be ac­
com plished best through the mcdiation 

of administrative law. \Ve limit poss i­

bilities unnece~s2rih' if " ·e sup pose that 
the 5entiment of Quis ells/odic/ denies 
us the use of administr~tive law. \Ve 
should rather rt!tain the phrase as a 

perpetual reminder of fearful dangers 
we cannot "void. The great challenge 
facing us now is to invent the corrective 
feedbacks that ;,re needed to keep cus­
todi ans honest. \Ve must nnd ways to 

legitimate the nceded <>uth o rity of both 

the custodi"n,> ;,nd the .:orrective feed­
bacb. 

Freedom To Brcl:d Is IntokrabJc 

The tragedy of the commons is in­
volved in population problems in an­

other way. In a "orld goycrned solely 

by the principle of "Jog cat dog"-if 

indeed there ever was suc h a world­

how many children a fam ilv had would 

not be a matter of puhlic concern. 

Parents who hrcJ too cxuberantl\' would 

leave fewer dcsc~ndants, not more, be­

cause they "ould Ix un ... hle to care 
adequately for their children. David 

Lack and others have found that such a 
negative feedback demonstrably con­

trols the fecundity of birds (J 11. But 
men are not hirJs. :.Ind ha\ 'e not acted 

like them for milknniums, at lea s t. 

If each human fam ily "<!rc dep<!n­
dent only on it s o\\n re, ou rce': if the 

children of impro\'i dent parent s starved 
to death; if, thus, o\crhreeding brought 
its own "puni,hmcnt" to the germ li ne­

then there would be no public interest 
in controlling the hreeding of familie s. 
But our society is deeply committed to 
the welfare state (} 2), and hence is 

confronted with another aspect of the 
tragedy of the commons. 

In a welfare state. how shall ..... e deal 

with the famil y, the religion, the race , 

or tbe class (or indeed any dist inguish­

able and cohesi\'e group) that Jdopts 

overbreeding as a policy to secure its 

own aggrandizement (/3)') To couple 

the concept of freedom to breed with 

the belief that evcryone horn has an 

equal right to the commons is to lock 
lhe world into a tragic course of action. 

Unfortunately this is just the course 
of action that is being pursued by the 
United N a tions. In late 1967, some 30 
nations agreed to the following (14); 

The Universa l Declaralion of Human 
Rights desc ribes the family os the natural 
~nd fundamenlal unit "f societ\'. It fol' 
10" s that :lny choice and deci sion with 
regard to the size of the family must irre­
vocably rest " 'ith the family itself. and 
c~nnot be m ade by anyone else. 

It is painful 10 have to deny categor­
ically the validity of this right: denying 

it. one feels as uncomfortable as a resi­
dent of Salem, M assach usetts, who 
denied the reality of witches in the 17th 

century. At the present time. in liberal 
quarters . something like a tahoo acts to 
inhibil criticism of :he United ~ations, 
There is a feeling that the Cnited 
~ations is "our last and best hope." 

that we shouldn't find fault w ith it: we 

shouldn't play into the hands of the 

archconservativcs. However . let us not 

forget what Robert Louis Ste\'ens(ln 

said: 'The truth that is suppre"ed hy 
friends is the readiest weapon of the 

enemy." If we love the truth we must 

openly deDY the val idity of the Universal 
Declaration of Human Rights. even 

though it is promoted by the United 

Nations. We should also join with 
Kingsley Davis (15) in attempting to 

get Planned Parenthood-World Popula­

tion to see the error of its ways m em­

bracing the sa me tragic ideal. 

Conscience Is Self-Eliminating 

It is a mistake to think that we can 
control the breeding of mankind in the 

long run by an appeal to conscience. 

Charles G a lton D a rwin made this point 

when he spoke on the centennial of the 
publication of his grandfather's great 

book. The argument is straightforward 

and Darwinian. 
People vary . Confronted with appeals 

to limit breeding, some people will un­
doubtedly re spond to the plea more 
than others. Those who have more 
children will produce a larger fraction 

of the next generation than those with 

more susceptible consciences. The dif­

ference will be accentuated, generation 
by generation. 

In C. G, Darwin's \Iords: "It may 

well be that it would ta ke hundreds of 

generations for the progcnit.ive instinct 

to develop in this way, but if it should 

do so, nature would have taken her 

revenge. and the \'ariet)' Homo conrra-

cipiel/s would become ~xtinct and 
would be repJaced by the \'aricl y H O II/O 

progeniri>'us" (16). 

The argument assumes that con­
science or the desire for children (no 
matter which) is hereditary-but herclii­
tary only in the most general, formal 
sense. The result will be the sam.: 
whether the attitude is tran smitted 
through germ cells , or exosomaticall\', 
to use A. J. Lotka's term . (If one denies 

the latter possi bility as well as the 

former, then what's the point of educa ­
tion?) The argument has here , been 

stated in the context of the population 
problem. but it applies equally well to 
any ~nstance in which society appe ;.; ls 
to an individual exploiting a commons 
to restrain himself for the general 
good-by means of his conscience. To 
make such an appeal is to se t u[> a 
sel ective system that works toward the 
elimination of conscience from the race . 

Pathogenic Effects of Conscicnc(' 

The long-term disad v ant3gt' of an 

appeal to conscience should be enough 

to condemn it; but has serious shQrt­

term disadvantages as well. If we ask 

a man who is exploiting a commons to 

desist "in the name of conscience," 

what are we saying to him : What does 

he hear?-not onlv at the moment hut 

also in the wee small hours of the 

night when, half asleep. he rememhers 

not merely the words we used but a lso 

the non,'erbal communication cues we 

gave him unawares~ Sooner or lat e r. 

consciously or subcoo<ciouslv. he senses 
that he has received two communica­

tions, and that they are contradicto['\': 
(i) (intended communication) "If yo\.' 

don't do as we ask. we will openly con­

demn you for not acting like a respon­

sible citizen"; (ii) (the unintended 

communication) "If you do behave as 
we ask, we will secretly condemn you 

for a simpleton who can be shamed 
into sta()ding aside while the rest of us 
exploit the commons." 

Everyman then is caught in what 

Bateson has called a "double bind." 

Bateson and his co-workers have made 
a plausible case for \ 'iewing the double 

bind as an important causative factor in 
the genesis of schizophrenia (17). The 

double bind may not always be so 

damaging, but it always endangers the 

mental health of anyone to whom it is 

applied. "A bad conscience," said 

~ietzsche, "is a kind of illness. " 

To conjure lip a conscience in others 
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is tempting to anyone ~\ bo \\i,hes to 
extend his control beyond the legal 
limits. Leaders at the highest level 
succ um b to this temptation. Has any 
President during the past generation 
failed to calion labor unions to moder­
at e voluntaril y their demands for higher 
wages. or to steel companies to honor 
volunt ary guidelines on prices? I can 
recall none. The rhetoric used on such 
occasions is designed to produce feel­
ings of guilt in noncooperators. 

For centuries it was assumed without 
proof th at guilt was a valuable. perhaps 
even an ind ispcnsable. ingredient of the 
civil;zed life. Now. in thi s post-Freudian 
world . we doubt it. 

Paul Goodman speaks from the 
modern point of view when he says: 
"No good has ever come from feeling 
guilty , neither intelligence, policy, nor 
compassion . The guilty do not pay 
attention to the object but only to them­
selves. and not even to their own in­
terests. which might make sense, but to 
their anx ieti es" (18). 

One does not have to be a profes­
sional psvchiatrist to see the con se­
quences of anxiety. We in the Western 
world are just emerging from a dn:adful 
two-centuri-:s-long D ark Ages of Eros 
that was susta ined partly by prohibi­
tion laws, but perhaps more effectively 
by the an.xiety-generating mechanisms 
of education. Alex Comfort has told the 
story well in The AnxielY Makers (19); 
it is not a pretty one. 

Since proof is difficult, we may even 
concede that the results of anxiety may 
sometimes, from certain points of view. 
be desirable. The larger question we 
should ask is whether, as a matter of 
policy, we should ever encourage the 
use of a techniq ue the tendency (if not 
the intention) of which is psycholog­
ica ll y pathogenic. We hear much talk 
these days of responsible parenthood ; 
the coupled words are incorporated 
into the titles of some organizations de­
voted to birth control. Some people 
ha ve proposed massive propaganda 
campaigns to instill responsibility into 
the nation's (or the world's) breeders. 
But what is the meaning of the word 
responsibility in this context? Is it not 

merely a synonym for the word con­
science? \Vh~n we use the word re­

sponsibility in the absence of substantial 
sanctions are we not trying to browbeat 
a free man in a commons into acting 
against his own interest? Responsibility 

is a verbal counterfeit for a substantial 

qllid pro quo. It is an attempt to get 

~omething for nothing . 

If tbe \I nrJ re~pl)nsjbijil\' is 10 be 

used at all. I suggest that it be in the 
sense Charles Fr:mkcl uses it (.:'01. 
"Responsibilitv." says this philosopher. 
"is the prouuct of definite socia l ar­
rangemeots." 00tice th;1t Frankel calls 
for social arr:lnge01enl ;-not propa­
ganda. 

Mutua! Coerciun 

Mutually Agr~d upon 

The social arrangem.:nts that produce 
responsibility a re arrangements that 
create coercion. of so me sort. Consid­
er bank-robbing. The man who takes 
money from a bank acts as if the bank 
were a commons. How do we pre ve nt 
such action? Certainly not by trying to 

control his behavior solely by a verbal 
appeal to bis sense of responsibility. 
Rather than rely on propaganda we 
follow Frankel's lead and insist tbat a 
hank is not a commOnS; we seek the 
definite social arrangements that will 
keep it from becoming a commons. 
That we thereby infringe on the free­
dom of would-be robbers we neither 
deny nor regret. 

The morality of bank-robbing is 
particularly easy to understand because 
we accept complete prohibition of thi s 
activity. We are willing to say "Thou 
shalt not rob banks." without providing 
for exceptions. But temperance also can 
be created by coercion. Taxing is a good 
coercive device. To keep downtown 
shoppers temper:lte in their use of 
parking space we introduce park ing 
meters for short periods, and traffic 
fines for longer ones. We need not 
actually forbid a citizen to park as long 
as he wants to; we need merely make it 
increasingly expensive for him to do so. 
Not prohibition . but carefully biased 
options are what we offer him. A Madi­
son Avenue man might call thi s per­
suasion: I prefer the greater candor of 
the word coercion. 

Coercion is a dirty word to most 
liberals nOw, but it need not forever be 
so. As with the four-letter words. its 
dirtiness can be cleansed away by e.x­
posure to the light, by saying it over and 

over without apology or embarrassment. 
To many, the word coercion implies 

arbitrary decisions of distant and irre­
sponsible bureaucrats; but this is not a 
necessary part of its mea ning. The only 
kind of coercion I recommend is mutual 
coercion. mutually agreed upon by the 

majority of the people affected. 
To say that we mutually agree to 

coen:ion is Dot to sa y tbat we are re­
quired to enjoy it. or even to pretend 
we enjoy it. Who enjovs taxes? We all 
grumble about th em. But we accept 
compubory taxes beca use we recognize 
th:lt voluntary taxes would favor the 
conscienceless. We institute and (grum­
hlingly) support taxeS "-nd other coercive 
devices to escape the horror of the 
commons. 

An alternative to the commons need 
not be perfectly just to be preferable. 
With real estate and other material 
goods. the alternative we have chosen 
is the institution of private property 
coupled with legal inheritance . Is this 
,ystem perf~ctly just? As a genetically 
train~d biologist I Jen y that it is. It 
set:ms to me that. if there are to be dif­
ferences in individual inheritance , legal 
possession sho uld be perfectly CO[­
related witb biological inherit:lnce-that 
those who are biologically more fit to 
be the custodians of property and power -
should legaUy inherit ·more. But genetic 
recombination continually makes a 
mockery of the doctrine of "like father, 
like so n" implicit in our laws of legal in­
heritance. An idiot can inherit millions. 
anJ a trust fund can keep his estate 
intact. We must admit that our legal 
system of pri va te property plus inheri­
tance is unjust-but we put up with it 
because we are not convinced, at the 
moment. that anyone has invented a 
better system. The alternative of the 
commons is too horrifying to contem­
plate. Injustice is preferable to total 
ruin. 

It is one of the peculiarities of the 
warfare between refo rm and the status 
quo that it is thoughtlessly governed 
by a double standard. Whenever a re­
form measure is proposed it is often 
defeated when its opponents trium­
phantly discover a flaw in it. As Kings­
ley Davis has pointed out (21), worship­
pers of the status quo <ometimes imply 
that no reform is possible without unan­
imous agreement, an implication Con­
trary to h istorical fact. As nearly as I 
can make out. automatic rejection of 
proposed reforms is based on one of 
two unconscious assumptions: (i) that 
the status quo is perfect; or (ij) that the 
choice we face is between reform and 
no action; if the proposed reform is 
imperfec t, we presumClbly should take 
no action at all, while we wait for a 
perfect proposal. 

But we can never do nothing. That 
which we have done for thousands of 
years is also action. It also produ<:es 
eviI~. Once \\'e are a wa re that the 
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qatus quo is action. we can then com­
pare its discoverable ad\'Jntages and 
disadvantages with the predicted ad­
vantages and disadvantages oi the pro­
posed reform. discounting as best we 
can for our lack of experience . On the 
basis of such a comparison. we can 
make a rational decision which ", .. ill not 
involve the unworkable assumption th il t 
only perfect ~y~tem~ :lre tokrJble. 

Recognition of Ne('e~,ily 

Perhaps the ~imple~t Wmmdf\ of this 
analysis of man'~ population problems 
is this: the commons. if ju<,tifiable at 
all. is justifiable only under conditions 
of low-population density. A s the hu­
man population has increa sed . the 
commons has had to be ahandoned in 
one aspect after another. 

First we abandoned .lhe common<- in 
food gathering. enclosing farm land 
and restricting pa5tures and hunting 
and fishing areas . These restrictions 
are still not compkte throllghout thl.' 
lIorld. 

Somell'hat later we ,aw that the com· 
mons as a place tor waste di\po<;al 
would also have to be ahandoned. Re­
strictions on the dispo~al of domestic 
~ell'age are widely accepted in the 
Western world: we are '>till \ truggling 
to close tile common, to pollution bv 
automobiles. factori es. imecticide 
sprayers. fertilizing operations. and 
atomic energy installa t ions. 

In a still more embryonic state is our 
recognition of the e\'ils of the commons 
in matters of pleasure. There is almo~t 
DO restriction on the propagation of 
sound waves in the public medium . The 
shopping public is assaulted with mind­
less music. wit hOllt its consent. Ollr 

goyernl11enr i!; paying out billions of 
dollars to create supersonic transport 
which will disturb 50.000 people for 
everyone person who is whisked from 
coast to coast 3 hours faster. Adver­
tisers muddy the airwaves of radio and 
television and pollute the vie",' of 
tra\'elers . \\'e are a long way from out­
lawing the cOllllllons in matters of 
plea<;ure. Is thi, hecau~e our Puritan 
inheritance makes us view pleasure as 
<'omething of a sin. and pain (that is. 
the pollution of ad\eni,ingl as the sign 
of virtue? 

Every new enclo'>ure of the com· 
mons in\oh'es the infringement of 
~omebody's personal lihertv. infringe­
mentS made in the di stant past are ac­
cepted because no contemporary com· 
plains of a loss. it is the newly pro­
posed infringements That v. e \'igorousl'" 
oppose: cries of "rights" and "freedom" 
fill the air. But what does "freedom" 
mean? When men mutually agreed to 
pa<;s laws against robbing. mankind be­
came more free. not ie5S so. Individuals 
locked into the logic of the commons 
are free only to bring on universal ruin: 
once they see the necessity of mutual 
coercion. they become free to pursue 
other goals. I believe it was Hegel who 
said. "Freedom is the recognition of 
necessity:' 

The most important aspect of neces· 
sity that we must now recognize, is the 
necessity of abandoning the commOnS 
in breeding. No technical solution can 
rescue us from the mi,ery of overpopu­
lation. Freedom to breed will bring 
ruin to all. At the moment, to avoid 
hard decisions many of us are tempted 
to propagandize for conscience and 
responsible parenthood. The tempta­
tion must be resi sted. because an ap­
pe:d to independentl\' ~cting con· 

SCiences selects for the di~ppearance 

of all conscience in the long run , and 
an increase in anxiety in the shon . 

The only way we can preserve and 
nurture other and more precious free­
doms is by relinquishing the freedom 
to breed, and that very soon. "Freedom 
is the recognition of nl.'ct?ssity··-and it 
is the role of education to reveal to :.Ill 
the necessity of ahandoning the free­
dom to breed . Only so. can we PUt :.In 

end to this aspect l1f The tr;Jg<,dy of the 
commons. 
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